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What is a jet?

• Energetic quarks and gluons radiate and hadronize 
→ Produce sprays of collimated hadrons

Overview N-Jettiness Higgs+0 Jets Jet Mass Applications and Outlook

What is a Jet?

Energetic quarks and gluons produce jets of hadrons

Theory:
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Jet definitions

• Jet definition should be infrared safe (this was not always so)
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Figure 1: A sample parton-level event (generated with Herwig [8]), together with many random soft
“ghosts”, clustered with four different jets algorithms, illustrating the “active” catchment areas of
the resulting hard jets. For kt and Cam/Aachen the detailed shapes are in part determined by the
specific set of ghosts used, and change when the ghosts are modified.

the jets roughly midway between them. Anti-kt instead generates a circular hard jet, which clips a
lens-shaped region out of the soft one, leaving behind a crescent.

The above properties of the anti-kt algorithm translate into concrete results for various quanti-
tative properties of jets, as we outline below.

2.2 Area-related properties

The most concrete context in which to quantitatively discuss the properties of jet boundaries for
different algorithms is in the calculation of jet areas.

Two definitions were given for jet areas in [4]: the passive area (a) which measures a jet’s
susceptibility to point-like radiation, and the active area (A) which measures its susceptibility to
diffuse radiation. The simplest place to observe the impact of soft resilience is in the passive area for
a jet consisting of a hard particle p1 and a soft one p2, separated by a y − φ distance ∆12. In usual
IRC safe jet algorithms (JA), the passive area aJA,R(∆12) is πR2 when ∆12 = 0, but changes when
∆12 is increased. In contrast, since the boundaries of anti-kt jets are unaffected by soft radiation,
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Jet clustering algorithms

• Determine distance between “particles” 

• Cambridge/Aachen:  

• Combine nearest “particles”: 

• Repeat until all distances larger than jet “radius” R 
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• Jets enter in many LHC analyses 
E.g. supersymmetry searches  

• Jets are essential to tag heavy particles at high energies

Page     | Lisa Zeune | Towards realistic predictions for new physics searches at the LHC

Jet vetoes important for new physics searches
• Main challenge: Distinguish new physics from overwhelming  

Standard Model background
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ATLAS SUSY example: 
Search for sbottoms 
JHEP 10 (2013) 189

SUSY:

SM:

b̃

b̃

Veto third jet
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Why do jets matter?
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(a) e+jets event

(b) µ+jets event

Figure 13: Event display for (a) mreco
tt̄ = 2.6 TeV e+jets (b) mreco

tt̄ = 2.5 TeV µ+jets tt̄ candidate events.
The upper left panel displays a transverse (X−Y) view of detector and objects, while the lower left panel
shows the longitudinal (R − z) view. In these two views, jets are represented by circular sectors with
their lengths proportional to the transverse energies. Green jets are reconstructed with R = 0.4, while
red jets are reconstructed with R = 1. The b-tagged R = 0.4 jets are labelled with blue bars. An η − φ
view of the same event is shown in the upper right panel, with the lego-plot of calorimeter energy in the
lower right panel. In this plane, jets are represented by solid circles of the same color scheme, while
the b-tagged ones are labelled by concentric blue circles. The red dashed circle represents the missing
transverse momentum. The area of the circles are proportional to the transverse energy or momentum of
the physics objects.
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Outline

6

• Jet shape at NLL’  
Cal, Ringer, WW - JHEP 1905 (2019) 143 

• TMDs from jets 
Gutierrez-Reyes, Scimemi, WW, Zoppi  
Phys. Rev. Lett. 121 (2018), 162001, arXiv:1904.04259  

• Multi-differential resummation 
Procura, WW, Zeune - JHEP 1502 (2015) 117  
Lustermans, Michel, Tackmann, WW - JHEP 1903 (2019) 124 




1. Jet shape at NLL’



Jet shape definition

• Jet shape is average 

• Numerator & denominator integrated over jet kinematics 
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r
<latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit><latexit sha1_base64="D+vIjYIYiuYBqfGNJBmXYbUZJb0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/dIYz2</latexit>

R
<latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit> dr

<latexit sha1_base64="joosOW01XpXZyxgTUioxJrQe8VM=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0jyHJCGXoZ7hxoYhbv8adf2OmrVBfBwKHc+7lnpwo5cxY3//wSiura+sb5c3K1vbO7l51/6BtVKYJbRHFle5G2FDOJG1ZZjntpppiEXHaicbXhd+5p9owJe/sJKWhwEPJEkawdVKvL7AdaZHHUz2o1oK6PwPyf5EvqwYLNAfV936sSCaotIRjY3qBn9owx9oywum00s8MTTEZ4yHtOSqxoCbMZ5Gn6MQpMUqUdk9aNFOXN3IsjJmIyE0WEc1PrxD/8nqZTS7DnMk0s1SS+aEk48gqVPwfxUxTYvnEEUw0c1kRGWGNiXUtVZZL+J+0z+qBXw9uz2uNq0UdZTiCYziFAC6gATfQhBYQUPAAT/DsWe/Re/Fe56Mlb7FzCN/gvX0C2ZSRnA==</latexit><latexit sha1_base64="joosOW01XpXZyxgTUioxJrQe8VM=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0jyHJCGXoZ7hxoYhbv8adf2OmrVBfBwKHc+7lnpwo5cxY3//wSiura+sb5c3K1vbO7l51/6BtVKYJbRHFle5G2FDOJG1ZZjntpppiEXHaicbXhd+5p9owJe/sJKWhwEPJEkawdVKvL7AdaZHHUz2o1oK6PwPyf5EvqwYLNAfV936sSCaotIRjY3qBn9owx9oywum00s8MTTEZ4yHtOSqxoCbMZ5Gn6MQpMUqUdk9aNFOXN3IsjJmIyE0WEc1PrxD/8nqZTS7DnMk0s1SS+aEk48gqVPwfxUxTYvnEEUw0c1kRGWGNiXUtVZZL+J+0z+qBXw9uz2uNq0UdZTiCYziFAC6gATfQhBYQUPAAT/DsWe/Re/Fe56Mlb7FzCN/gvX0C2ZSRnA==</latexit><latexit sha1_base64="joosOW01XpXZyxgTUioxJrQe8VM=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0jyHJCGXoZ7hxoYhbv8adf2OmrVBfBwKHc+7lnpwo5cxY3//wSiura+sb5c3K1vbO7l51/6BtVKYJbRHFle5G2FDOJG1ZZjntpppiEXHaicbXhd+5p9owJe/sJKWhwEPJEkawdVKvL7AdaZHHUz2o1oK6PwPyf5EvqwYLNAfV936sSCaotIRjY3qBn9owx9oywum00s8MTTEZ4yHtOSqxoCbMZ5Gn6MQpMUqUdk9aNFOXN3IsjJmIyE0WEc1PrxD/8nqZTS7DnMk0s1SS+aEk48gqVPwfxUxTYvnEEUw0c1kRGWGNiXUtVZZL+J+0z+qBXw9uz2uNq0UdZTiCYziFAC6gATfQhBYQUPAAT/DsWe/Re/Fe56Mlb7FzCN/gvX0C2ZSRnA==</latexit><latexit sha1_base64="joosOW01XpXZyxgTUioxJrQe8VM=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0jyHJCGXoZ7hxoYhbv8adf2OmrVBfBwKHc+7lnpwo5cxY3//wSiura+sb5c3K1vbO7l51/6BtVKYJbRHFle5G2FDOJG1ZZjntpppiEXHaicbXhd+5p9owJe/sJKWhwEPJEkawdVKvL7AdaZHHUz2o1oK6PwPyf5EvqwYLNAfV936sSCaotIRjY3qBn9owx9oywum00s8MTTEZ4yHtOSqxoCbMZ5Gn6MQpMUqUdk9aNFOXN3IsjJmIyE0WEc1PrxD/8nqZTS7DnMk0s1SS+aEk48gqVPwfxUxTYvnEEUw0c1kRGWGNiXUtVZZL+J+0z+qBXw9uz2uNq0UdZTiCYziFAC6gATfQhBYQUPAAT/DsWe/Re/Fe56Mlb7FzCN/gvX0C2ZSRnA==</latexit>

dr
<latexit sha1_base64="joosOW01XpXZyxgTUioxJrQe8VM=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0jyHJCGXoZ7hxoYhbv8adf2OmrVBfBwKHc+7lnpwo5cxY3//wSiura+sb5c3K1vbO7l51/6BtVKYJbRHFle5G2FDOJG1ZZjntpppiEXHaicbXhd+5p9owJe/sJKWhwEPJEkawdVKvL7AdaZHHUz2o1oK6PwPyf5EvqwYLNAfV936sSCaotIRjY3qBn9owx9oywum00s8MTTEZ4yHtOSqxoCbMZ5Gn6MQpMUqUdk9aNFOXN3IsjJmIyE0WEc1PrxD/8nqZTS7DnMk0s1SS+aEk48gqVPwfxUxTYvnEEUw0c1kRGWGNiXUtVZZL+J+0z+qBXw9uz2uNq0UdZTiCYziFAC6gATfQhBYQUPAAT/DsWe/Re/Fe56Mlb7FzCN/gvX0C2ZSRnA==</latexit><latexit sha1_base64="joosOW01XpXZyxgTUioxJrQe8VM=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0jyHJCGXoZ7hxoYhbv8adf2OmrVBfBwKHc+7lnpwo5cxY3//wSiura+sb5c3K1vbO7l51/6BtVKYJbRHFle5G2FDOJG1ZZjntpppiEXHaicbXhd+5p9owJe/sJKWhwEPJEkawdVKvL7AdaZHHUz2o1oK6PwPyf5EvqwYLNAfV936sSCaotIRjY3qBn9owx9oywum00s8MTTEZ4yHtOSqxoCbMZ5Gn6MQpMUqUdk9aNFOXN3IsjJmIyE0WEc1PrxD/8nqZTS7DnMk0s1SS+aEk48gqVPwfxUxTYvnEEUw0c1kRGWGNiXUtVZZL+J+0z+qBXw9uz2uNq0UdZTiCYziFAC6gATfQhBYQUPAAT/DsWe/Re/Fe56Mlb7FzCN/gvX0C2ZSRnA==</latexit><latexit sha1_base64="joosOW01XpXZyxgTUioxJrQe8VM=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0jyHJCGXoZ7hxoYhbv8adf2OmrVBfBwKHc+7lnpwo5cxY3//wSiura+sb5c3K1vbO7l51/6BtVKYJbRHFle5G2FDOJG1ZZjntpppiEXHaicbXhd+5p9owJe/sJKWhwEPJEkawdVKvL7AdaZHHUz2o1oK6PwPyf5EvqwYLNAfV936sSCaotIRjY3qBn9owx9oywum00s8MTTEZ4yHtOSqxoCbMZ5Gn6MQpMUqUdk9aNFOXN3IsjJmIyE0WEc1PrxD/8nqZTS7DnMk0s1SS+aEk48gqVPwfxUxTYvnEEUw0c1kRGWGNiXUtVZZL+J+0z+qBXw9uz2uNq0UdZTiCYziFAC6gATfQhBYQUPAAT/DsWe/Re/Fe56Mlb7FzCN/gvX0C2ZSRnA==</latexit><latexit sha1_base64="joosOW01XpXZyxgTUioxJrQe8VM=">AAAB8nicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWQymTY0jyHJCGXoZ7hxoYhbv8adf2OmrVBfBwKHc+7lnpwo5cxY3//wSiura+sb5c3K1vbO7l51/6BtVKYJbRHFle5G2FDOJG1ZZjntpppiEXHaicbXhd+5p9owJe/sJKWhwEPJEkawdVKvL7AdaZHHUz2o1oK6PwPyf5EvqwYLNAfV936sSCaotIRjY3qBn9owx9oywum00s8MTTEZ4yHtOSqxoCbMZ5Gn6MQpMUqUdk9aNFOXN3IsjJmIyE0WEc1PrxD/8nqZTS7DnMk0s1SS+aEk48gqVPwfxUxTYvnEEUw0c1kRGWGNiXUtVZZL+J+0z+qBXw9uz2uNq0UdZTiCYziFAC6gATfQhBYQUPAAT/DsWe/Re/Fe56Mlb7FzCN/gvX0C2ZSRnA==</latexit>

zr = psubjetT /pT
<latexit sha1_base64="bfjerjDSnn36fMAfFBq2y5mtF3M=">AAACFHicbVDJSgNBEO1xjXGLevTSGARBiDMi6EWIePEYIRskcejpVJI2PQvdNWIc5iO8+CtePCji1YM3/8bOctDEBwWP96q6q54XSaHRtr+tufmFxaXlzEp2dW19YzO3tV3VYaw4VHgoQ1X3mAYpAqigQAn1SAHzPQk1r3859Gt3oLQIgzIOImj5rBuIjuAMjeTmDh9cRc9pE+EeR68lCtppErnlm6SpfKpj7xYwTY+M4ubydsEegc4SZ0LyZIKSm/tqtkMe+xAgl0zrhmNH2EqYQsElpNlmrCFivM+60DA0YD7oVjJaI6X7RmnTTqhMBUhH6u+JhPlaD3zPdPoMe3raG4r/eY0YO2etRARRjBDw8UedWFIM6TAh2hYKOMqBIYwrYXalvMcU42hyzJoQnOmTZ0n1uODYBef6JF+8mMSRIbtkjxwQh5ySIrkiJVIhnDySZ/JK3qwn68V6tz7GrXPWZGaH/IH1+QO8IJ8+</latexit><latexit sha1_base64="bfjerjDSnn36fMAfFBq2y5mtF3M=">AAACFHicbVDJSgNBEO1xjXGLevTSGARBiDMi6EWIePEYIRskcejpVJI2PQvdNWIc5iO8+CtePCji1YM3/8bOctDEBwWP96q6q54XSaHRtr+tufmFxaXlzEp2dW19YzO3tV3VYaw4VHgoQ1X3mAYpAqigQAn1SAHzPQk1r3859Gt3oLQIgzIOImj5rBuIjuAMjeTmDh9cRc9pE+EeR68lCtppErnlm6SpfKpj7xYwTY+M4ubydsEegc4SZ0LyZIKSm/tqtkMe+xAgl0zrhmNH2EqYQsElpNlmrCFivM+60DA0YD7oVjJaI6X7RmnTTqhMBUhH6u+JhPlaD3zPdPoMe3raG4r/eY0YO2etRARRjBDw8UedWFIM6TAh2hYKOMqBIYwrYXalvMcU42hyzJoQnOmTZ0n1uODYBef6JF+8mMSRIbtkjxwQh5ySIrkiJVIhnDySZ/JK3qwn68V6tz7GrXPWZGaH/IH1+QO8IJ8+</latexit><latexit sha1_base64="bfjerjDSnn36fMAfFBq2y5mtF3M=">AAACFHicbVDJSgNBEO1xjXGLevTSGARBiDMi6EWIePEYIRskcejpVJI2PQvdNWIc5iO8+CtePCji1YM3/8bOctDEBwWP96q6q54XSaHRtr+tufmFxaXlzEp2dW19YzO3tV3VYaw4VHgoQ1X3mAYpAqigQAn1SAHzPQk1r3859Gt3oLQIgzIOImj5rBuIjuAMjeTmDh9cRc9pE+EeR68lCtppErnlm6SpfKpj7xYwTY+M4ubydsEegc4SZ0LyZIKSm/tqtkMe+xAgl0zrhmNH2EqYQsElpNlmrCFivM+60DA0YD7oVjJaI6X7RmnTTqhMBUhH6u+JhPlaD3zPdPoMe3raG4r/eY0YO2etRARRjBDw8UedWFIM6TAh2hYKOMqBIYwrYXalvMcU42hyzJoQnOmTZ0n1uODYBef6JF+8mMSRIbtkjxwQh5ySIrkiJVIhnDySZ/JK3qwn68V6tz7GrXPWZGaH/IH1+QO8IJ8+</latexit><latexit sha1_base64="bfjerjDSnn36fMAfFBq2y5mtF3M=">AAACFHicbVDJSgNBEO1xjXGLevTSGARBiDMi6EWIePEYIRskcejpVJI2PQvdNWIc5iO8+CtePCji1YM3/8bOctDEBwWP96q6q54XSaHRtr+tufmFxaXlzEp2dW19YzO3tV3VYaw4VHgoQ1X3mAYpAqigQAn1SAHzPQk1r3859Gt3oLQIgzIOImj5rBuIjuAMjeTmDh9cRc9pE+EeR68lCtppErnlm6SpfKpj7xYwTY+M4ubydsEegc4SZ0LyZIKSm/tqtkMe+xAgl0zrhmNH2EqYQsElpNlmrCFivM+60DA0YD7oVjJaI6X7RmnTTqhMBUhH6u+JhPlaD3zPdPoMe3raG4r/eY0YO2etRARRjBDw8UedWFIM6TAh2hYKOMqBIYwrYXalvMcU42hyzJoQnOmTZ0n1uODYBef6JF+8mMSRIbtkjxwQh5ySIrkiJVIhnDySZ/JK3qwn68V6tz7GrXPWZGaH/IH1+QO8IJ8+</latexit>

pT , ⌘
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Jet shape measurements

• Jet shape is classic jet substructure observable, measured in 
                         and heavy ion collisions 

• Constrain parton shower event generators [e.g. ATL-PHYS-PUB-2011-008] 

• Study medium modification in heavy ion collisions

9

pp, pp̄, ep, e+e�
<latexit sha1_base64="d4Qoubz/0iNrp1T39JAaL1ldMes=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIghqSUTQZcWNywr2Am1aJtOTdugkGWYmQgnd+CpuXCji1sdw59s4abPQ1h8OfPznHGbO7wvOlHacb6uwtLyyulZcL21sbm3v2Lt7DRUnkkKdxjyWLZ8o4CyCumaaQ0tIIKHPoemPbrN+8xGkYnH0oMcCvJAMIhYwSrSxevaBEGdYdHwisQHIqnsK3fOeXXYqzlR4EdwcyihXrWd/dfoxTUKINOVEqbbrCO2lRGpGOUxKnUSBIHREBtA2GJEQlJdOD5jgY+P0cRBLU5HGU/f3RkpCpcahbyZDoodqvpeZ//XaiQ6uvZRFItEQ0dlDQcKxjnGWBu4zCVTzsQFCJTN/xXRIJKHaZFYyIbjzJy9C46LiOhX3/rJcvcnjKKJDdIROkIuuUBXdoRqqI4om6Bm9ojfryXqx3q2P2WjBynf20R9Znz/P15SY</latexit><latexit sha1_base64="d4Qoubz/0iNrp1T39JAaL1ldMes=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIghqSUTQZcWNywr2Am1aJtOTdugkGWYmQgnd+CpuXCji1sdw59s4abPQ1h8OfPznHGbO7wvOlHacb6uwtLyyulZcL21sbm3v2Lt7DRUnkkKdxjyWLZ8o4CyCumaaQ0tIIKHPoemPbrN+8xGkYnH0oMcCvJAMIhYwSrSxevaBEGdYdHwisQHIqnsK3fOeXXYqzlR4EdwcyihXrWd/dfoxTUKINOVEqbbrCO2lRGpGOUxKnUSBIHREBtA2GJEQlJdOD5jgY+P0cRBLU5HGU/f3RkpCpcahbyZDoodqvpeZ//XaiQ6uvZRFItEQ0dlDQcKxjnGWBu4zCVTzsQFCJTN/xXRIJKHaZFYyIbjzJy9C46LiOhX3/rJcvcnjKKJDdIROkIuuUBXdoRqqI4om6Bm9ojfryXqx3q2P2WjBynf20R9Znz/P15SY</latexit><latexit sha1_base64="d4Qoubz/0iNrp1T39JAaL1ldMes=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIghqSUTQZcWNywr2Am1aJtOTdugkGWYmQgnd+CpuXCji1sdw59s4abPQ1h8OfPznHGbO7wvOlHacb6uwtLyyulZcL21sbm3v2Lt7DRUnkkKdxjyWLZ8o4CyCumaaQ0tIIKHPoemPbrN+8xGkYnH0oMcCvJAMIhYwSrSxevaBEGdYdHwisQHIqnsK3fOeXXYqzlR4EdwcyihXrWd/dfoxTUKINOVEqbbrCO2lRGpGOUxKnUSBIHREBtA2GJEQlJdOD5jgY+P0cRBLU5HGU/f3RkpCpcahbyZDoodqvpeZ//XaiQ6uvZRFItEQ0dlDQcKxjnGWBu4zCVTzsQFCJTN/xXRIJKHaZFYyIbjzJy9C46LiOhX3/rJcvcnjKKJDdIROkIuuUBXdoRqqI4om6Bm9ojfryXqx3q2P2WjBynf20R9Znz/P15SY</latexit><latexit sha1_base64="d4Qoubz/0iNrp1T39JAaL1ldMes=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIghqSUTQZcWNywr2Am1aJtOTdugkGWYmQgnd+CpuXCji1sdw59s4abPQ1h8OfPznHGbO7wvOlHacb6uwtLyyulZcL21sbm3v2Lt7DRUnkkKdxjyWLZ8o4CyCumaaQ0tIIKHPoemPbrN+8xGkYnH0oMcCvJAMIhYwSrSxevaBEGdYdHwisQHIqnsK3fOeXXYqzlR4EdwcyihXrWd/dfoxTUKINOVEqbbrCO2lRGpGOUxKnUSBIHREBtA2GJEQlJdOD5jgY+P0cRBLU5HGU/f3RkpCpcahbyZDoodqvpeZ//XaiQ6uvZRFItEQ0dlDQcKxjnGWBu4zCVTzsQFCJTN/xXRIJKHaZFYyIbjzJy9C46LiOhX3/rJcvcnjKKJDdIROkIuuUBXdoRqqI4om6Bm9ojfryXqx3q2P2WjBynf20R9Znz/P15SY</latexit>

8 6 Summary

ous studies in CMS which find that the energy that the jets lose in the medium is redistributed
at large distances from the jet axis outside the jet cone [22]. The differential study of the jet
structure presented here provides important additional information and shows that nuclear
modifications are also present inside the jet cone. Qualitatively, a similar trend is predicted by
theory [34, 35] based on parton level calculations for PbPb collisions at a different centre-of-
mass energy. It is expected that a detailed theory-experiment comparison will be performed
in the future, in which the theoretical calculations would include all experimental cuts that
would influence the observed correlations, and model the effects due to the hadronization pro-
cess. This comparison will contribute to our understanding of the medium properties.
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Figure 3: (Color online) Top row: Differential jet shapes in PbPb collisions (filled circles) as a
function of distance from the jet axis for inclusive jets with p

jet
T > 100 GeV/c and 0.3 < |h| < 2 in

five PbPb centrality intervals. The measurements use charged particles with p
track
T > 1 GeV/c.

The pp-based reference shapes (with centrality-based adjustments as described in the text) are
shown with open symbols. Each spectrum is normalised to an integral of unity. The shaded
regions represent the systematic uncertainties for the measurement performed in PbPb colli-
sions, with the statistical uncertainties too small to be visible. Bottom row: Jet shape nuclear
modification factors, r(r)PbPb/r(r)pp. The error bars show the statistical uncertainties, and the
shaded boxes indicate the systematic uncertainties.

6 Summary
The first measurement of jet shapes in PbPb collisions at psNN = 2.76 TeV has been performed.
The results have been compared to reference shapes measured in pp collisions at the same
centre-of-mass energy. Inclusive jets with p

jet
T > 100 GeV/c and 0.3 < |h| < 2 have been recon-

structed using the anti-kT algorithm with a distance parameter R = 0.3, and the jet shapes have
been studied using charged particles with pT > 1 GeV/c as a function of collision centrality. In
peripheral collisions, the shapes in PbPb are similar to those in the pp reference distributions.
A centrality dependent modification of the jet shapes emerges in the more central PbPb colli-
sions. A redistribution of the jet energy inside the cone is found, specifically, a depletion of jet
transverse momentum fraction at intermediate radii, 0.1 < r < 0.2, and an excess at large radii,
r > 0.2. These results are important for characterizing the shower evolution in the presence of
a hot and dense nuclear medium.



Factorization for inclusive sample of jets with

•                        for             [Kaufmann et al, Kang et al, Dai et al] 

• Resum logarithms of                                          with DGLAP
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<latexit sha1_base64="yhll8TwPWbK93lhBScQy7CUZwAY=">AAACFHicbVBNS8MwGE79nPOr6tFLcAgTYWtF0OPEy/A0x75gHSXN0i0sSUuSCqPsR3jxr3jxoIhXD978N7ZdD7r5QPI+PM/7kryPFzKqtGV9Gyura+sbm4Wt4vbO7t6+eXDYUUEkMWnjgAWy5yFFGBWkralmpBdKgrjHSNeb3KZ+94FIRQPR0tOQDDgaCepTjHQiuea5wyP3rpresYMRg/UZdBTlsBy6Ldg8q6YlE5pF1yxZFSsDXCZ2TkogR8M1v5xhgCNOhMYMKdW3rVAPYiQ1xYzMik6kSIjwBI1IP6ECcaIGcbbUDJ4myhD6gUyO0DBTf0/EiCs15V7SyZEeq0UvFf/z+pH2rwcxFWGkicDzh/yIQR3ANCE4pJJgzaYJQVjS5K8Qj5FEWCc5piHYiysvk85FxbYq9v1lqXaTx1EAx+AElIENrkAN1EEDtAEGj+AZvII348l4Md6Nj3nripHPHIE/MD5/AC2snFU=</latexit><latexit sha1_base64="yhll8TwPWbK93lhBScQy7CUZwAY=">AAACFHicbVBNS8MwGE79nPOr6tFLcAgTYWtF0OPEy/A0x75gHSXN0i0sSUuSCqPsR3jxr3jxoIhXD978N7ZdD7r5QPI+PM/7kryPFzKqtGV9Gyura+sbm4Wt4vbO7t6+eXDYUUEkMWnjgAWy5yFFGBWkralmpBdKgrjHSNeb3KZ+94FIRQPR0tOQDDgaCepTjHQiuea5wyP3rpresYMRg/UZdBTlsBy6Ldg8q6YlE5pF1yxZFSsDXCZ2TkogR8M1v5xhgCNOhMYMKdW3rVAPYiQ1xYzMik6kSIjwBI1IP6ECcaIGcbbUDJ4myhD6gUyO0DBTf0/EiCs15V7SyZEeq0UvFf/z+pH2rwcxFWGkicDzh/yIQR3ANCE4pJJgzaYJQVjS5K8Qj5FEWCc5piHYiysvk85FxbYq9v1lqXaTx1EAx+AElIENrkAN1EEDtAEGj+AZvII348l4Md6Nj3nripHPHIE/MD5/AC2snFU=</latexit><latexit sha1_base64="yhll8TwPWbK93lhBScQy7CUZwAY=">AAACFHicbVBNS8MwGE79nPOr6tFLcAgTYWtF0OPEy/A0x75gHSXN0i0sSUuSCqPsR3jxr3jxoIhXD978N7ZdD7r5QPI+PM/7kryPFzKqtGV9Gyura+sbm4Wt4vbO7t6+eXDYUUEkMWnjgAWy5yFFGBWkralmpBdKgrjHSNeb3KZ+94FIRQPR0tOQDDgaCepTjHQiuea5wyP3rpresYMRg/UZdBTlsBy6Ldg8q6YlE5pF1yxZFSsDXCZ2TkogR8M1v5xhgCNOhMYMKdW3rVAPYiQ1xYzMik6kSIjwBI1IP6ECcaIGcbbUDJ4myhD6gUyO0DBTf0/EiCs15V7SyZEeq0UvFf/z+pH2rwcxFWGkicDzh/yIQR3ANCE4pJJgzaYJQVjS5K8Qj5FEWCc5piHYiysvk85FxbYq9v1lqXaTx1EAx+AElIENrkAN1EEDtAEGj+AZvII348l4Md6Nj3nripHPHIE/MD5/AC2snFU=</latexit><latexit sha1_base64="yhll8TwPWbK93lhBScQy7CUZwAY=">AAACFHicbVBNS8MwGE79nPOr6tFLcAgTYWtF0OPEy/A0x75gHSXN0i0sSUuSCqPsR3jxr3jxoIhXD978N7ZdD7r5QPI+PM/7kryPFzKqtGV9Gyura+sbm4Wt4vbO7t6+eXDYUUEkMWnjgAWy5yFFGBWkralmpBdKgrjHSNeb3KZ+94FIRQPR0tOQDDgaCepTjHQiuea5wyP3rpresYMRg/UZdBTlsBy6Ldg8q6YlE5pF1yxZFSsDXCZ2TkogR8M1v5xhgCNOhMYMKdW3rVAPYiQ1xYzMik6kSIjwBI1IP6ECcaIGcbbUDJ4myhD6gUyO0DBTf0/EiCs15V7SyZEeq0UvFf/z+pH2rwcxFWGkicDzh/yIQR3ANCE4pJJgzaYJQVjS5K8Qj5FEWCc5piHYiysvk85FxbYq9v1lqXaTx1EAx+AElIENrkAN1EEDtAEGj+AZvII348l4Md6Nj3nripHPHIE/MD5/AC2snFU=</latexit>

H
<latexit sha1_base64="F9SoOPWE6OZ1dr1l25RuyuIxMVY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RFE8BLzlGMA9IljA76SRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKBHcWN//9tbWNza3tgs7xd29/YPD0tFx06hUM2wwJZRuR9Sg4BIblluB7UQjjSOBrWh8N/NbT6gNV/LBThIMYzqUfMAZtU5qdhkVpNYrlf2KPwdZJUFOypCj3it9dfuKpTFKywQ1phP4iQ0zqi1nAqfFbmowoWxMh9hxVNIYTZjNr52Sc6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagc3YcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1ARVdCMHyy6ukeVkJ/Epwf1Wu3uZxFOAUzuACAriGKtSgDg1g8AjP8ApvnvJevHfvY9G65uUzJ/AH3ucP4emOog==</latexit><latexit sha1_base64="F9SoOPWE6OZ1dr1l25RuyuIxMVY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RFE8BLzlGMA9IljA76SRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKBHcWN//9tbWNza3tgs7xd29/YPD0tFx06hUM2wwJZRuR9Sg4BIblluB7UQjjSOBrWh8N/NbT6gNV/LBThIMYzqUfMAZtU5qdhkVpNYrlf2KPwdZJUFOypCj3it9dfuKpTFKywQ1phP4iQ0zqi1nAqfFbmowoWxMh9hxVNIYTZjNr52Sc6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagc3YcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1ARVdCMHyy6ukeVkJ/Epwf1Wu3uZxFOAUzuACAriGKtSgDg1g8AjP8ApvnvJevHfvY9G65uUzJ/AH3ucP4emOog==</latexit><latexit sha1_base64="F9SoOPWE6OZ1dr1l25RuyuIxMVY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RFE8BLzlGMA9IljA76SRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKBHcWN//9tbWNza3tgs7xd29/YPD0tFx06hUM2wwJZRuR9Sg4BIblluB7UQjjSOBrWh8N/NbT6gNV/LBThIMYzqUfMAZtU5qdhkVpNYrlf2KPwdZJUFOypCj3it9dfuKpTFKywQ1phP4iQ0zqi1nAqfFbmowoWxMh9hxVNIYTZjNr52Sc6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagc3YcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1ARVdCMHyy6ukeVkJ/Epwf1Wu3uZxFOAUzuACAriGKtSgDg1g8AjP8ApvnvJevHfvY9G65uUzJ/AH3ucP4emOog==</latexit><latexit sha1_base64="F9SoOPWE6OZ1dr1l25RuyuIxMVY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RFE8BLzlGMA9IljA76SRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKBHcWN//9tbWNza3tgs7xd29/YPD0tFx06hUM2wwJZRuR9Sg4BIblluB7UQjjSOBrWh8N/NbT6gNV/LBThIMYzqUfMAZtU5qdhkVpNYrlf2KPwdZJUFOypCj3it9dfuKpTFKywQ1phP4iQ0zqi1nAqfFbmowoWxMh9hxVNIYTZjNr52Sc6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagc3YcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1ARVdCMHyy6ukeVkJ/Epwf1Wu3uZxFOAUzuACAriGKtSgDg1g8AjP8ApvnvJevHfvY9G65uUzJ/AH3ucP4emOog==</latexit>

f
<latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit><latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit><latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit><latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit>

f
<latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit><latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit><latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit><latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit> J

<latexit sha1_base64="LdMs4zG9upq4BVKwtfVUNrWphgk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvIinFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qs1Ljvlytu1Z2DrBIvJxXIUe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0rqoem7Va1xWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AZ4ZjMY=</latexit><latexit sha1_base64="LdMs4zG9upq4BVKwtfVUNrWphgk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvIinFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qs1Ljvlytu1Z2DrBIvJxXIUe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0rqoem7Va1xWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AZ4ZjMY=</latexit><latexit sha1_base64="LdMs4zG9upq4BVKwtfVUNrWphgk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvIinFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qs1Ljvlytu1Z2DrBIvJxXIUe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0rqoem7Va1xWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AZ4ZjMY=</latexit><latexit sha1_base64="LdMs4zG9upq4BVKwtfVUNrWphgk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvIinFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qs1Ljvlytu1Z2DrBIvJxXIUe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0rqoem7Va1xWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AZ4ZjMY=</latexit>

[see also Dasgupta et al]

R ⌧ 1
<latexit sha1_base64="47FouIZ6QI8xT8TXBTLFWu4yP+E=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadmJxuQYEMFjFPOAZAmzk9lkyOyDmVkhLPkILx4U8er3ePNvnE1WUNGChqKqm+4uLxZcacf5sAorq2vrG8XN0tb2zu5eef+go6JEUtamkYhkzyOKCR6ytuZasF4sGQk8wbre9DLzu/dMKh6Fd3oWMzcg45D7nBJtpO4tGgiB8LBccexao1E9qyHHdhbICMb1ixrCuVKBHK1h+X0wimgSsFBTQZTqYyfWbkqk5lSweWmQKBYTOiVj1jc0JAFTbro4d45OjDJCfiRNhRot1O8TKQmUmgWe6QyInqjfXib+5fUT7TfclIdxollIl4v8RCAdoex3NOKSUS1mhhAqubkV0QmRhGqTUMmE8PUp+p90qjZ2bHxzXmle5XEU4QiO4RQw1KEJ19CCNlCYwgM8wbMVW4/Wi/W6bC1Y+cwh/ID19glZrI7t</latexit><latexit sha1_base64="47FouIZ6QI8xT8TXBTLFWu4yP+E=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadmJxuQYEMFjFPOAZAmzk9lkyOyDmVkhLPkILx4U8er3ePNvnE1WUNGChqKqm+4uLxZcacf5sAorq2vrG8XN0tb2zu5eef+go6JEUtamkYhkzyOKCR6ytuZasF4sGQk8wbre9DLzu/dMKh6Fd3oWMzcg45D7nBJtpO4tGgiB8LBccexao1E9qyHHdhbICMb1ixrCuVKBHK1h+X0wimgSsFBTQZTqYyfWbkqk5lSweWmQKBYTOiVj1jc0JAFTbro4d45OjDJCfiRNhRot1O8TKQmUmgWe6QyInqjfXib+5fUT7TfclIdxollIl4v8RCAdoex3NOKSUS1mhhAqubkV0QmRhGqTUMmE8PUp+p90qjZ2bHxzXmle5XEU4QiO4RQw1KEJ19CCNlCYwgM8wbMVW4/Wi/W6bC1Y+cwh/ID19glZrI7t</latexit><latexit sha1_base64="47FouIZ6QI8xT8TXBTLFWu4yP+E=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadmJxuQYEMFjFPOAZAmzk9lkyOyDmVkhLPkILx4U8er3ePNvnE1WUNGChqKqm+4uLxZcacf5sAorq2vrG8XN0tb2zu5eef+go6JEUtamkYhkzyOKCR6ytuZasF4sGQk8wbre9DLzu/dMKh6Fd3oWMzcg45D7nBJtpO4tGgiB8LBccexao1E9qyHHdhbICMb1ixrCuVKBHK1h+X0wimgSsFBTQZTqYyfWbkqk5lSweWmQKBYTOiVj1jc0JAFTbro4d45OjDJCfiRNhRot1O8TKQmUmgWe6QyInqjfXib+5fUT7TfclIdxollIl4v8RCAdoex3NOKSUS1mhhAqubkV0QmRhGqTUMmE8PUp+p90qjZ2bHxzXmle5XEU4QiO4RQw1KEJ19CCNlCYwgM8wbMVW4/Wi/W6bC1Y+cwh/ID19glZrI7t</latexit><latexit sha1_base64="47FouIZ6QI8xT8TXBTLFWu4yP+E=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadmJxuQYEMFjFPOAZAmzk9lkyOyDmVkhLPkILx4U8er3ePNvnE1WUNGChqKqm+4uLxZcacf5sAorq2vrG8XN0tb2zu5eef+go6JEUtamkYhkzyOKCR6ytuZasF4sGQk8wbre9DLzu/dMKh6Fd3oWMzcg45D7nBJtpO4tGgiB8LBccexao1E9qyHHdhbICMb1ixrCuVKBHK1h+X0wimgSsFBTQZTqYyfWbkqk5lSweWmQKBYTOiVj1jc0JAFTbro4d45OjDJCfiRNhRot1O8TKQmUmgWe6QyInqjfXib+5fUT7TfclIdxollIl4v8RCAdoex3NOKSUS1mhhAqubkV0QmRhGqTUMmE8PUp+p90qjZ2bHxzXmle5XEU4QiO4RQw1KEJ19CCNlCYwgM8wbMVW4/Wi/W6bC1Y+cwh/ID19glZrI7t</latexit>

d

d lnµ
Ji(z, pTR,µ) =

X

j

Pji(z)⌦ Jj(z, pTR,µ)

<latexit sha1_base64="dFA+3OAkAlO2dDW89swD5yrpBu8="></latexit><latexit sha1_base64="dFA+3OAkAlO2dDW89swD5yrpBu8="></latexit><latexit sha1_base64="dFA+3OAkAlO2dDW89swD5yrpBu8="></latexit><latexit sha1_base64="dFA+3OAkAlO2dDW89swD5yrpBu8="></latexit>



Factorization for inclusive sample of jets with

•                        for             [Kaufmann et al; Kang et al; Dai et al] 

• Resum logarithms of                                          with DGLAP

11

pp ! jet +X
<latexit sha1_base64="rhAda14v2+348leDPLGvV3Hkb30=">AAAB+3icbVBNS8NAEN34WetXrEcvi0UQhJKIoMeKF48V7Ae0oWy2m3btbrLsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8UAluwPO+nZXVtfWNzdJWeXtnd2/fPai0TJJqypo0EYnuhMQwwWPWBA6CdZRmRIaCtcPxzdRvPzJteBLfw0SxQJJhzCNOCVip71aUwj1IcNbTEj8wyM86fbfq1bwZ8DLxC1JFBRp996s3SGgqWQxUEGO6vqcgyIgGTgXLy73UMEXomAxZ19KYSGaCbHZ7jk+sMsBRom3FgGfq74mMSGMmMrSdksDILHpT8T+vm0J0FWQ8VimwmM4XRanA9tlpEHjANaMgJpYQqrm9FdMR0YSCjatsQ/AXX14mrfOa79X8u4tq/bqIo4SO0DE6RT66RHV0ixqoiSh6Qs/oFb05ufPivDsf89YVp5g5RH/gfP4AIkGT1g==</latexit><latexit sha1_base64="rhAda14v2+348leDPLGvV3Hkb30=">AAAB+3icbVBNS8NAEN34WetXrEcvi0UQhJKIoMeKF48V7Ae0oWy2m3btbrLsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8UAluwPO+nZXVtfWNzdJWeXtnd2/fPai0TJJqypo0EYnuhMQwwWPWBA6CdZRmRIaCtcPxzdRvPzJteBLfw0SxQJJhzCNOCVip71aUwj1IcNbTEj8wyM86fbfq1bwZ8DLxC1JFBRp996s3SGgqWQxUEGO6vqcgyIgGTgXLy73UMEXomAxZ19KYSGaCbHZ7jk+sMsBRom3FgGfq74mMSGMmMrSdksDILHpT8T+vm0J0FWQ8VimwmM4XRanA9tlpEHjANaMgJpYQqrm9FdMR0YSCjatsQ/AXX14mrfOa79X8u4tq/bqIo4SO0DE6RT66RHV0ixqoiSh6Qs/oFb05ufPivDsf89YVp5g5RH/gfP4AIkGT1g==</latexit><latexit sha1_base64="rhAda14v2+348leDPLGvV3Hkb30=">AAAB+3icbVBNS8NAEN34WetXrEcvi0UQhJKIoMeKF48V7Ae0oWy2m3btbrLsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8UAluwPO+nZXVtfWNzdJWeXtnd2/fPai0TJJqypo0EYnuhMQwwWPWBA6CdZRmRIaCtcPxzdRvPzJteBLfw0SxQJJhzCNOCVip71aUwj1IcNbTEj8wyM86fbfq1bwZ8DLxC1JFBRp996s3SGgqWQxUEGO6vqcgyIgGTgXLy73UMEXomAxZ19KYSGaCbHZ7jk+sMsBRom3FgGfq74mMSGMmMrSdksDILHpT8T+vm0J0FWQ8VimwmM4XRanA9tlpEHjANaMgJpYQqrm9FdMR0YSCjatsQ/AXX14mrfOa79X8u4tq/bqIo4SO0DE6RT66RHV0ixqoiSh6Qs/oFb05ufPivDsf89YVp5g5RH/gfP4AIkGT1g==</latexit><latexit sha1_base64="rhAda14v2+348leDPLGvV3Hkb30=">AAAB+3icbVBNS8NAEN34WetXrEcvi0UQhJKIoMeKF48V7Ae0oWy2m3btbrLsTsQS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8UAluwPO+nZXVtfWNzdJWeXtnd2/fPai0TJJqypo0EYnuhMQwwWPWBA6CdZRmRIaCtcPxzdRvPzJteBLfw0SxQJJhzCNOCVip71aUwj1IcNbTEj8wyM86fbfq1bwZ8DLxC1JFBRp996s3SGgqWQxUEGO6vqcgyIgGTgXLy73UMEXomAxZ19KYSGaCbHZ7jk+sMsBRom3FgGfq74mMSGMmMrSdksDILHpT8T+vm0J0FWQ8VimwmM4XRanA9tlpEHjANaMgJpYQqrm9FdMR0YSCjatsQ/AXX14mrfOa79X8u4tq/bqIo4SO0DE6RT66RHV0ixqoiSh6Qs/oFb05ufPivDsf89YVp5g5RH/gfP4AIkGT1g==</latexit>

R ⌧ 1
<latexit sha1_base64="Ocm9WJCSqA2B6ZE6RYHtbAO0Fa0=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPFi8cq9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFqp/UB6UhK/71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj93Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGz38lAaM5QTiyhTAt7K2EjqilDm1DFhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDMbwDK/w5qTOi/PufCxaS04xcwx/4Hz+AA5SjrY=</latexit><latexit sha1_base64="Ocm9WJCSqA2B6ZE6RYHtbAO0Fa0=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPFi8cq9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFqp/UB6UhK/71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj93Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGz38lAaM5QTiyhTAt7K2EjqilDm1DFhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDMbwDK/w5qTOi/PufCxaS04xcwx/4Hz+AA5SjrY=</latexit><latexit sha1_base64="Ocm9WJCSqA2B6ZE6RYHtbAO0Fa0=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPFi8cq9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFqp/UB6UhK/71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj93Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGz38lAaM5QTiyhTAt7K2EjqilDm1DFhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDMbwDK/w5qTOi/PufCxaS04xcwx/4Hz+AA5SjrY=</latexit><latexit sha1_base64="Ocm9WJCSqA2B6ZE6RYHtbAO0Fa0=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPFi8cq9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFqp/UB6UhK/71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj93Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGz38lAaM5QTiyhTAt7K2EjqilDm1DFhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDMbwDK/w5qTOi/PufCxaS04xcwx/4Hz+AA5SjrY=</latexit>

µJ/µH ⇠ (pTR)/pT ⇠ R
<latexit sha1_base64="yhll8TwPWbK93lhBScQy7CUZwAY=">AAACFHicbVBNS8MwGE79nPOr6tFLcAgTYWtF0OPEy/A0x75gHSXN0i0sSUuSCqPsR3jxr3jxoIhXD978N7ZdD7r5QPI+PM/7kryPFzKqtGV9Gyura+sbm4Wt4vbO7t6+eXDYUUEkMWnjgAWy5yFFGBWkralmpBdKgrjHSNeb3KZ+94FIRQPR0tOQDDgaCepTjHQiuea5wyP3rpresYMRg/UZdBTlsBy6Ldg8q6YlE5pF1yxZFSsDXCZ2TkogR8M1v5xhgCNOhMYMKdW3rVAPYiQ1xYzMik6kSIjwBI1IP6ECcaIGcbbUDJ4myhD6gUyO0DBTf0/EiCs15V7SyZEeq0UvFf/z+pH2rwcxFWGkicDzh/yIQR3ANCE4pJJgzaYJQVjS5K8Qj5FEWCc5piHYiysvk85FxbYq9v1lqXaTx1EAx+AElIENrkAN1EEDtAEGj+AZvII348l4Md6Nj3nripHPHIE/MD5/AC2snFU=</latexit><latexit sha1_base64="yhll8TwPWbK93lhBScQy7CUZwAY=">AAACFHicbVBNS8MwGE79nPOr6tFLcAgTYWtF0OPEy/A0x75gHSXN0i0sSUuSCqPsR3jxr3jxoIhXD978N7ZdD7r5QPI+PM/7kryPFzKqtGV9Gyura+sbm4Wt4vbO7t6+eXDYUUEkMWnjgAWy5yFFGBWkralmpBdKgrjHSNeb3KZ+94FIRQPR0tOQDDgaCepTjHQiuea5wyP3rpresYMRg/UZdBTlsBy6Ldg8q6YlE5pF1yxZFSsDXCZ2TkogR8M1v5xhgCNOhMYMKdW3rVAPYiQ1xYzMik6kSIjwBI1IP6ECcaIGcbbUDJ4myhD6gUyO0DBTf0/EiCs15V7SyZEeq0UvFf/z+pH2rwcxFWGkicDzh/yIQR3ANCE4pJJgzaYJQVjS5K8Qj5FEWCc5piHYiysvk85FxbYq9v1lqXaTx1EAx+AElIENrkAN1EEDtAEGj+AZvII348l4Md6Nj3nripHPHIE/MD5/AC2snFU=</latexit><latexit sha1_base64="yhll8TwPWbK93lhBScQy7CUZwAY=">AAACFHicbVBNS8MwGE79nPOr6tFLcAgTYWtF0OPEy/A0x75gHSXN0i0sSUuSCqPsR3jxr3jxoIhXD978N7ZdD7r5QPI+PM/7kryPFzKqtGV9Gyura+sbm4Wt4vbO7t6+eXDYUUEkMWnjgAWy5yFFGBWkralmpBdKgrjHSNeb3KZ+94FIRQPR0tOQDDgaCepTjHQiuea5wyP3rpresYMRg/UZdBTlsBy6Ldg8q6YlE5pF1yxZFSsDXCZ2TkogR8M1v5xhgCNOhMYMKdW3rVAPYiQ1xYzMik6kSIjwBI1IP6ECcaIGcbbUDJ4myhD6gUyO0DBTf0/EiCs15V7SyZEeq0UvFf/z+pH2rwcxFWGkicDzh/yIQR3ANCE4pJJgzaYJQVjS5K8Qj5FEWCc5piHYiysvk85FxbYq9v1lqXaTx1EAx+AElIENrkAN1EEDtAEGj+AZvII348l4Md6Nj3nripHPHIE/MD5/AC2snFU=</latexit><latexit sha1_base64="yhll8TwPWbK93lhBScQy7CUZwAY=">AAACFHicbVBNS8MwGE79nPOr6tFLcAgTYWtF0OPEy/A0x75gHSXN0i0sSUuSCqPsR3jxr3jxoIhXD978N7ZdD7r5QPI+PM/7kryPFzKqtGV9Gyura+sbm4Wt4vbO7t6+eXDYUUEkMWnjgAWy5yFFGBWkralmpBdKgrjHSNeb3KZ+94FIRQPR0tOQDDgaCepTjHQiuea5wyP3rpresYMRg/UZdBTlsBy6Ldg8q6YlE5pF1yxZFSsDXCZ2TkogR8M1v5xhgCNOhMYMKdW3rVAPYiQ1xYzMik6kSIjwBI1IP6ECcaIGcbbUDJ4myhD6gUyO0DBTf0/EiCs15V7SyZEeq0UvFf/z+pH2rwcxFWGkicDzh/yIQR3ANCE4pJJgzaYJQVjS5K8Qj5FEWCc5piHYiysvk85FxbYq9v1lqXaTx1EAx+AElIENrkAN1EEDtAEGj+AZvII348l4Md6Nj3nripHPHIE/MD5/AC2snFU=</latexit>

H
<latexit sha1_base64="F9SoOPWE6OZ1dr1l25RuyuIxMVY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RFE8BLzlGMA9IljA76SRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKBHcWN//9tbWNza3tgs7xd29/YPD0tFx06hUM2wwJZRuR9Sg4BIblluB7UQjjSOBrWh8N/NbT6gNV/LBThIMYzqUfMAZtU5qdhkVpNYrlf2KPwdZJUFOypCj3it9dfuKpTFKywQ1phP4iQ0zqi1nAqfFbmowoWxMh9hxVNIYTZjNr52Sc6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagc3YcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1ARVdCMHyy6ukeVkJ/Epwf1Wu3uZxFOAUzuACAriGKtSgDg1g8AjP8ApvnvJevHfvY9G65uUzJ/AH3ucP4emOog==</latexit><latexit sha1_base64="F9SoOPWE6OZ1dr1l25RuyuIxMVY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RFE8BLzlGMA9IljA76SRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKBHcWN//9tbWNza3tgs7xd29/YPD0tFx06hUM2wwJZRuR9Sg4BIblluB7UQjjSOBrWh8N/NbT6gNV/LBThIMYzqUfMAZtU5qdhkVpNYrlf2KPwdZJUFOypCj3it9dfuKpTFKywQ1phP4iQ0zqi1nAqfFbmowoWxMh9hxVNIYTZjNr52Sc6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagc3YcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1ARVdCMHyy6ukeVkJ/Epwf1Wu3uZxFOAUzuACAriGKtSgDg1g8AjP8ApvnvJevHfvY9G65uUzJ/AH3ucP4emOog==</latexit><latexit sha1_base64="F9SoOPWE6OZ1dr1l25RuyuIxMVY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RFE8BLzlGMA9IljA76SRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKBHcWN//9tbWNza3tgs7xd29/YPD0tFx06hUM2wwJZRuR9Sg4BIblluB7UQjjSOBrWh8N/NbT6gNV/LBThIMYzqUfMAZtU5qdhkVpNYrlf2KPwdZJUFOypCj3it9dfuKpTFKywQ1phP4iQ0zqi1nAqfFbmowoWxMh9hxVNIYTZjNr52Sc6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagc3YcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1ARVdCMHyy6ukeVkJ/Epwf1Wu3uZxFOAUzuACAriGKtSgDg1g8AjP8ApvnvJevHfvY9G65uUzJ/AH3ucP4emOog==</latexit><latexit sha1_base64="F9SoOPWE6OZ1dr1l25RuyuIxMVY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RFE8BLzlGMA9IljA76SRjZmeWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKBHcWN//9tbWNza3tgs7xd29/YPD0tFx06hUM2wwJZRuR9Sg4BIblluB7UQjjSOBrWh8N/NbT6gNV/LBThIMYzqUfMAZtU5qdhkVpNYrlf2KPwdZJUFOypCj3it9dfuKpTFKywQ1phP4iQ0zqi1nAqfFbmowoWxMh9hxVNIYTZjNr52Sc6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7M3E/7xOagc3YcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1ARVdCMHyy6ukeVkJ/Epwf1Wu3uZxFOAUzuACAriGKtSgDg1g8AjP8ApvnvJevHfvY9G65uUzJ/AH3ucP4emOog==</latexit>

f
<latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit><latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit><latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit><latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit>

f
<latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit><latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit><latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit><latexit sha1_base64="4jvHqqgzMNdKOmaazoYNXL3sm7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuGgXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv83jKMIZnMMleFCDOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyImM4g==</latexit> G

<latexit sha1_base64="g+fhIa6Ov5rbsJQOY6tYsw80f+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RFE8BD3qMYB6QLKF3MpuMmZ1ZZmaFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSq4sb7/7a2srq1vbBa2its7u3v7pYPDhlGZpqxOlVC6FaFhgktWt9wK1ko1wyQSrBkNb6Z+84lpw5V8sKOUhQn2JY85ReukRoeiILfdUtmv+DOQZRLkpAw5at3SV6enaJYwaalAY9qBn9pwjNpyKtik2MkMS5EOsc/ajkpMmAnHs2sn5NQpPRIr7UpaMlN/T4wxMWaURK4zQTswi95U/M9rZza+Csdcppllks4XxZkgVpHp66THNaNWjBxBqrm7ldABaqTWBVR0IQSLLy+Txnkl8CvB/UW5ep3HUYBjOIEzCOASqnAHNagDhUd4hld485T34r17H/PWFS+fOYI/8D5/AOBljqE=</latexit><latexit sha1_base64="g+fhIa6Ov5rbsJQOY6tYsw80f+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RFE8BD3qMYB6QLKF3MpuMmZ1ZZmaFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSq4sb7/7a2srq1vbBa2its7u3v7pYPDhlGZpqxOlVC6FaFhgktWt9wK1ko1wyQSrBkNb6Z+84lpw5V8sKOUhQn2JY85ReukRoeiILfdUtmv+DOQZRLkpAw5at3SV6enaJYwaalAY9qBn9pwjNpyKtik2MkMS5EOsc/ajkpMmAnHs2sn5NQpPRIr7UpaMlN/T4wxMWaURK4zQTswi95U/M9rZza+Csdcppllks4XxZkgVpHp66THNaNWjBxBqrm7ldABaqTWBVR0IQSLLy+Txnkl8CvB/UW5ep3HUYBjOIEzCOASqnAHNagDhUd4hld485T34r17H/PWFS+fOYI/8D5/AOBljqE=</latexit><latexit sha1_base64="g+fhIa6Ov5rbsJQOY6tYsw80f+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RFE8BD3qMYB6QLKF3MpuMmZ1ZZmaFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSq4sb7/7a2srq1vbBa2its7u3v7pYPDhlGZpqxOlVC6FaFhgktWt9wK1ko1wyQSrBkNb6Z+84lpw5V8sKOUhQn2JY85ReukRoeiILfdUtmv+DOQZRLkpAw5at3SV6enaJYwaalAY9qBn9pwjNpyKtik2MkMS5EOsc/ajkpMmAnHs2sn5NQpPRIr7UpaMlN/T4wxMWaURK4zQTswi95U/M9rZza+Csdcppllks4XxZkgVpHp66THNaNWjBxBqrm7ldABaqTWBVR0IQSLLy+Txnkl8CvB/UW5ep3HUYBjOIEzCOASqnAHNagDhUd4hld485T34r17H/PWFS+fOYI/8D5/AOBljqE=</latexit><latexit sha1_base64="g+fhIa6Ov5rbsJQOY6tYsw80f+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0RFE8BD3qMYB6QLKF3MpuMmZ1ZZmaFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSq4sb7/7a2srq1vbBa2its7u3v7pYPDhlGZpqxOlVC6FaFhgktWt9wK1ko1wyQSrBkNb6Z+84lpw5V8sKOUhQn2JY85ReukRoeiILfdUtmv+DOQZRLkpAw5at3SV6enaJYwaalAY9qBn9pwjNpyKtik2MkMS5EOsc/ajkpMmAnHs2sn5NQpPRIr7UpaMlN/T4wxMWaURK4zQTswi95U/M9rZza+Csdcppllks4XxZkgVpHp66THNaNWjBxBqrm7ldABaqTWBVR0IQSLLy+Txnkl8CvB/UW5ep3HUYBjOIEzCOASqnAHNagDhUd4hld485T34r17H/PWFS+fOYI/8D5/AOBljqE=</latexit>

d�

d⌘ dpT dzr
=

X

a,b,c

fa(xa)⌦ fb(xb)⌦Hab!c(xa, xb, ⌘, pT /z)

⌦ Gc(z, zr, pTR, r/R)
<latexit sha1_base64="PsfYaY7Wmslmy5paf8raiCfciSE="></latexit><latexit sha1_base64="PsfYaY7Wmslmy5paf8raiCfciSE="></latexit><latexit sha1_base64="PsfYaY7Wmslmy5paf8raiCfciSE="></latexit><latexit sha1_base64="PsfYaY7Wmslmy5paf8raiCfciSE="></latexit>

Jet shape measurement

[see also Dasgupta et al]

R ⌧ 1
<latexit sha1_base64="47FouIZ6QI8xT8TXBTLFWu4yP+E=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadmJxuQYEMFjFPOAZAmzk9lkyOyDmVkhLPkILx4U8er3ePNvnE1WUNGChqKqm+4uLxZcacf5sAorq2vrG8XN0tb2zu5eef+go6JEUtamkYhkzyOKCR6ytuZasF4sGQk8wbre9DLzu/dMKh6Fd3oWMzcg45D7nBJtpO4tGgiB8LBccexao1E9qyHHdhbICMb1ixrCuVKBHK1h+X0wimgSsFBTQZTqYyfWbkqk5lSweWmQKBYTOiVj1jc0JAFTbro4d45OjDJCfiRNhRot1O8TKQmUmgWe6QyInqjfXib+5fUT7TfclIdxollIl4v8RCAdoex3NOKSUS1mhhAqubkV0QmRhGqTUMmE8PUp+p90qjZ2bHxzXmle5XEU4QiO4RQw1KEJ19CCNlCYwgM8wbMVW4/Wi/W6bC1Y+cwh/ID19glZrI7t</latexit><latexit sha1_base64="47FouIZ6QI8xT8TXBTLFWu4yP+E=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadmJxuQYEMFjFPOAZAmzk9lkyOyDmVkhLPkILx4U8er3ePNvnE1WUNGChqKqm+4uLxZcacf5sAorq2vrG8XN0tb2zu5eef+go6JEUtamkYhkzyOKCR6ytuZasF4sGQk8wbre9DLzu/dMKh6Fd3oWMzcg45D7nBJtpO4tGgiB8LBccexao1E9qyHHdhbICMb1ixrCuVKBHK1h+X0wimgSsFBTQZTqYyfWbkqk5lSweWmQKBYTOiVj1jc0JAFTbro4d45OjDJCfiRNhRot1O8TKQmUmgWe6QyInqjfXib+5fUT7TfclIdxollIl4v8RCAdoex3NOKSUS1mhhAqubkV0QmRhGqTUMmE8PUp+p90qjZ2bHxzXmle5XEU4QiO4RQw1KEJ19CCNlCYwgM8wbMVW4/Wi/W6bC1Y+cwh/ID19glZrI7t</latexit><latexit sha1_base64="47FouIZ6QI8xT8TXBTLFWu4yP+E=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadmJxuQYEMFjFPOAZAmzk9lkyOyDmVkhLPkILx4U8er3ePNvnE1WUNGChqKqm+4uLxZcacf5sAorq2vrG8XN0tb2zu5eef+go6JEUtamkYhkzyOKCR6ytuZasF4sGQk8wbre9DLzu/dMKh6Fd3oWMzcg45D7nBJtpO4tGgiB8LBccexao1E9qyHHdhbICMb1ixrCuVKBHK1h+X0wimgSsFBTQZTqYyfWbkqk5lSweWmQKBYTOiVj1jc0JAFTbro4d45OjDJCfiRNhRot1O8TKQmUmgWe6QyInqjfXib+5fUT7TfclIdxollIl4v8RCAdoex3NOKSUS1mhhAqubkV0QmRhGqTUMmE8PUp+p90qjZ2bHxzXmle5XEU4QiO4RQw1KEJ19CCNlCYwgM8wbMVW4/Wi/W6bC1Y+cwh/ID19glZrI7t</latexit><latexit sha1_base64="47FouIZ6QI8xT8TXBTLFWu4yP+E=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadmJxuQYEMFjFPOAZAmzk9lkyOyDmVkhLPkILx4U8er3ePNvnE1WUNGChqKqm+4uLxZcacf5sAorq2vrG8XN0tb2zu5eef+go6JEUtamkYhkzyOKCR6ytuZasF4sGQk8wbre9DLzu/dMKh6Fd3oWMzcg45D7nBJtpO4tGgiB8LBccexao1E9qyHHdhbICMb1ixrCuVKBHK1h+X0wimgSsFBTQZTqYyfWbkqk5lSweWmQKBYTOiVj1jc0JAFTbro4d45OjDJCfiRNhRot1O8TKQmUmgWe6QyInqjfXib+5fUT7TfclIdxollIl4v8RCAdoex3NOKSUS1mhhAqubkV0QmRhGqTUMmE8PUp+p90qjZ2bHxzXmle5XEU4QiO4RQw1KEJ19CCNlCYwgM8wbMVW4/Wi/W6bC1Y+cwh/ID19glZrI7t</latexit>

d

d lnµ
Ji(z, pTR,µ) =

X

j

Pji(z)⌦ Jj(z, pTR,µ)

<latexit sha1_base64="dFA+3OAkAlO2dDW89swD5yrpBu8="></latexit><latexit sha1_base64="dFA+3OAkAlO2dDW89swD5yrpBu8="></latexit><latexit sha1_base64="dFA+3OAkAlO2dDW89swD5yrpBu8="></latexit><latexit sha1_base64="dFA+3OAkAlO2dDW89swD5yrpBu8="></latexit>



Separating jet production from jet shape

• At           : 

• This is NOT a factorization of scales 

• Jet shape has large logarithms for            . E.g. for quark jet

12

O(↵s)
<latexit sha1_base64="oyVWhpKVn2CZF7b4DPNabi7JAbU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLqsuHFnBfuAJoSb6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkTzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLshKMqZoC3NNKfdRFKIQk474fgm9zuPVCoWiwc9SagfwVCwASOgjRTYR14EekSAZ3fTmgc8GUGgzgK76tSdGfAycQtSRQWagf3l9WOSRlRowkGpnusk2s9AakY4nVa8VNEEyBiGtGeogIgqP5vFn+JTo/TxIJbmCY1n6u+NDCKlJlFoJvOwatHLxf+8XqoHV37GRJJqKsj80CDlWMc47wL3maRE84khQCQzWTEZgQSiTWMVU4K7+OVl0j6vu07dvb+oNq6LOsroGJ2gGnLRJWqgW9RELURQhp7RK3qznqwX6936mI+WrGLnEP2B9fkDAkmVfg==</latexit><latexit sha1_base64="oyVWhpKVn2CZF7b4DPNabi7JAbU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLqsuHFnBfuAJoSb6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkTzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLshKMqZoC3NNKfdRFKIQk474fgm9zuPVCoWiwc9SagfwVCwASOgjRTYR14EekSAZ3fTmgc8GUGgzgK76tSdGfAycQtSRQWagf3l9WOSRlRowkGpnusk2s9AakY4nVa8VNEEyBiGtGeogIgqP5vFn+JTo/TxIJbmCY1n6u+NDCKlJlFoJvOwatHLxf+8XqoHV37GRJJqKsj80CDlWMc47wL3maRE84khQCQzWTEZgQSiTWMVU4K7+OVl0j6vu07dvb+oNq6LOsroGJ2gGnLRJWqgW9RELURQhp7RK3qznqwX6936mI+WrGLnEP2B9fkDAkmVfg==</latexit><latexit sha1_base64="oyVWhpKVn2CZF7b4DPNabi7JAbU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLqsuHFnBfuAJoSb6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkTzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLshKMqZoC3NNKfdRFKIQk474fgm9zuPVCoWiwc9SagfwVCwASOgjRTYR14EekSAZ3fTmgc8GUGgzgK76tSdGfAycQtSRQWagf3l9WOSRlRowkGpnusk2s9AakY4nVa8VNEEyBiGtGeogIgqP5vFn+JTo/TxIJbmCY1n6u+NDCKlJlFoJvOwatHLxf+8XqoHV37GRJJqKsj80CDlWMc47wL3maRE84khQCQzWTEZgQSiTWMVU4K7+OVl0j6vu07dvb+oNq6LOsroGJ2gGnLRJWqgW9RELURQhp7RK3qznqwX6936mI+WrGLnEP2B9fkDAkmVfg==</latexit><latexit sha1_base64="oyVWhpKVn2CZF7b4DPNabi7JAbU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLqsuHFnBfuAJoSb6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkTzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLshKMqZoC3NNKfdRFKIQk474fgm9zuPVCoWiwc9SagfwVCwASOgjRTYR14EekSAZ3fTmgc8GUGgzgK76tSdGfAycQtSRQWagf3l9WOSRlRowkGpnusk2s9AakY4nVa8VNEEyBiGtGeogIgqP5vFn+JTo/TxIJbmCY1n6u+NDCKlJlFoJvOwatHLxf+8XqoHV37GRJJqKsj80CDlWMc47wL3maRE84khQCQzWTEZgQSiTWMVU4K7+OVl0j6vu07dvb+oNq6LOsroGJ2gGnLRJWqgW9RELURQhp7RK3qznqwX6936mI+WrGLnEP2B9fkDAkmVfg==</latexit>

r ⌧ R
<latexit sha1_base64="yGL8wmhT39hx7piaeW4F/2Hepes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPFi8cq9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFqprUlPSvLQd6tezZuDrBK/IFUo0Oi7X71BwrKYK2SSGtP1vRSDnGoUTPJppZcZnlI2pkPetVTRmJsgn587JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n9eN8PoOsiFSjPkii0WRZkkmJDZ72QgNGcoJ5ZQpoW9lbAR1ZShTahiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AHGWjvc=</latexit><latexit sha1_base64="yGL8wmhT39hx7piaeW4F/2Hepes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPFi8cq9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFqprUlPSvLQd6tezZuDrBK/IFUo0Oi7X71BwrKYK2SSGtP1vRSDnGoUTPJppZcZnlI2pkPetVTRmJsgn587JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n9eN8PoOsiFSjPkii0WRZkkmJDZ72QgNGcoJ5ZQpoW9lbAR1ZShTahiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AHGWjvc=</latexit><latexit sha1_base64="yGL8wmhT39hx7piaeW4F/2Hepes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPFi8cq9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFqprUlPSvLQd6tezZuDrBK/IFUo0Oi7X71BwrKYK2SSGtP1vRSDnGoUTPJppZcZnlI2pkPetVTRmJsgn587JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n9eN8PoOsiFSjPkii0WRZkkmJDZ72QgNGcoJ5ZQpoW9lbAR1ZShTahiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AHGWjvc=</latexit><latexit sha1_base64="yGL8wmhT39hx7piaeW4F/2Hepes=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPFi8cq9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFqprUlPSvLQd6tezZuDrBK/IFUo0Oi7X71BwrKYK2SSGtP1vRSDnGoUTPJppZcZnlI2pkPetVTRmJsgn587JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n9eN8PoOsiFSjPkii0WRZkkmJDZ72QgNGcoJ5ZQpoW9lbAR1ZShTahiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBmN4hld4c1LnxXl3PhatJaeYOYY/cD5/AHGWjvc=</latexit>

 q(r) = 1 +
↵sCF

2⇡

✓
� 2 ln2

r

R
� 3 ln

r

R
� 9

2
+

6r

R
� 3r2

2R2

◆

<latexit sha1_base64="yposG7+5qy7TVX27+S79PvUAw6A="></latexit><latexit sha1_base64="yposG7+5qy7TVX27+S79PvUAw6A="></latexit><latexit sha1_base64="yposG7+5qy7TVX27+S79PvUAw6A="></latexit><latexit sha1_base64="yposG7+5qy7TVX27+S79PvUAw6A="></latexit>

[Kaufmann et al; Cal, Ringer, WW]

G = �(1� z)�(1� zr) + J (1)(z) �(1� zr) + �(1� z)�G
(1)(zr)

= (�(1� z) + J (1)(z))| {z }
jet production

(�(1� zr) +�G
(1)(zr))| {z }

jet shape

+O(↵2
s)

<latexit sha1_base64="Q8bI0vUYUDOYE01WyfUL0GDP/Ew="></latexit><latexit sha1_base64="Q8bI0vUYUDOYE01WyfUL0GDP/Ew="></latexit><latexit sha1_base64="Q8bI0vUYUDOYE01WyfUL0GDP/Ew="></latexit><latexit sha1_base64="Q8bI0vUYUDOYE01WyfUL0GDP/Ew="></latexit>



Factorization for jet shape with

• Hard emissions must be out of the jet. Only collinear radiation 
contributes to jet shape, but soft radiation displaces jet axis
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pcoll?
<latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit>

psoft?
<latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit>

pcoll?
<latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

psoft?
<latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit> = 0

<latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit><latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit><latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit><latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit>

Jet axis
<latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit><latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit><latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit><latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit>

hard
<latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit><latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit><latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit><latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit>

r ⌧ R
<latexit sha1_base64="G2N6hhNdJa440BIv/0rC9MymIBY=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ8+Q9RYQwWMUs0AyhJ5OJ2nSs9DdI4QhH+HFgyJe/R5v/o09SQQVfVDweK+Kqnp+LLjSGH9Ya+sbm1vbuZ387t7+wWHh6LitokRS1qKRiGTXJ4oJHrKW5lqwbiwZCXzBOv70MvM790wqHoV3ehYzLyDjkI84JdpIHYn6QqDbQaGI7XLNrbslhG3suHWnmhFcqZRd5BiSoQgrNAeF9/4woknAQk0FUarn4Fh7KZGaU8Hm+X6iWEzolIxZz9CQBEx56eLcOTo3yhCNImkq1Gihfp9ISaDULPBNZ0D0RP32MvEvr5foUc1LeRgnmoV0uWiUCKQjlP2OhlwyqsXMEEIlN7ciOiGSUG0SypsQvj5F/5O2azvYdm5KxcbVKo4cnMIZXIADVWjANTShBRSm8ABP8GzF1qP1Yr0uW9es1cwJ/ID19gnW8I9A</latexit><latexit sha1_base64="G2N6hhNdJa440BIv/0rC9MymIBY=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ8+Q9RYQwWMUs0AyhJ5OJ2nSs9DdI4QhH+HFgyJe/R5v/o09SQQVfVDweK+Kqnp+LLjSGH9Ya+sbm1vbuZ387t7+wWHh6LitokRS1qKRiGTXJ4oJHrKW5lqwbiwZCXzBOv70MvM790wqHoV3ehYzLyDjkI84JdpIHYn6QqDbQaGI7XLNrbslhG3suHWnmhFcqZRd5BiSoQgrNAeF9/4woknAQk0FUarn4Fh7KZGaU8Hm+X6iWEzolIxZz9CQBEx56eLcOTo3yhCNImkq1Gihfp9ISaDULPBNZ0D0RP32MvEvr5foUc1LeRgnmoV0uWiUCKQjlP2OhlwyqsXMEEIlN7ciOiGSUG0SypsQvj5F/5O2azvYdm5KxcbVKo4cnMIZXIADVWjANTShBRSm8ABP8GzF1qP1Yr0uW9es1cwJ/ID19gnW8I9A</latexit><latexit sha1_base64="G2N6hhNdJa440BIv/0rC9MymIBY=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ8+Q9RYQwWMUs0AyhJ5OJ2nSs9DdI4QhH+HFgyJe/R5v/o09SQQVfVDweK+Kqnp+LLjSGH9Ya+sbm1vbuZ387t7+wWHh6LitokRS1qKRiGTXJ4oJHrKW5lqwbiwZCXzBOv70MvM790wqHoV3ehYzLyDjkI84JdpIHYn6QqDbQaGI7XLNrbslhG3suHWnmhFcqZRd5BiSoQgrNAeF9/4woknAQk0FUarn4Fh7KZGaU8Hm+X6iWEzolIxZz9CQBEx56eLcOTo3yhCNImkq1Gihfp9ISaDULPBNZ0D0RP32MvEvr5foUc1LeRgnmoV0uWiUCKQjlP2OhlwyqsXMEEIlN7ciOiGSUG0SypsQvj5F/5O2azvYdm5KxcbVKo4cnMIZXIADVWjANTShBRSm8ABP8GzF1qP1Yr0uW9es1cwJ/ID19gnW8I9A</latexit><latexit sha1_base64="G2N6hhNdJa440BIv/0rC9MymIBY=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ8+Q9RYQwWMUs0AyhJ5OJ2nSs9DdI4QhH+HFgyJe/R5v/o09SQQVfVDweK+Kqnp+LLjSGH9Ya+sbm1vbuZ387t7+wWHh6LitokRS1qKRiGTXJ4oJHrKW5lqwbiwZCXzBOv70MvM790wqHoV3ehYzLyDjkI84JdpIHYn6QqDbQaGI7XLNrbslhG3suHWnmhFcqZRd5BiSoQgrNAeF9/4woknAQk0FUarn4Fh7KZGaU8Hm+X6iWEzolIxZz9CQBEx56eLcOTo3yhCNImkq1Gihfp9ISaDULPBNZ0D0RP32MvEvr5foUc1LeRgnmoV0uWiUCKQjlP2OhlwyqsXMEEIlN7ciOiGSUG0SypsQvj5F/5O2azvYdm5KxcbVKo4cnMIZXIADVWjANTShBRSm8ABP8GzF1qP1Yr0uW9es1cwJ/ID19gnW8I9A</latexit>

Gc(z, zr, pTR, r/R, µ) =
X

d

Hcd(z, pTR,µ)

Z
d2k? Cd(zr, pT r, k?, µ, ⌫)

⇥ Sd(�k?, µ, ⌫R)
h
1 +O

⇣
r

R

⌘i

<latexit sha1_base64="lUxqG59S4ZlLnIRrtgSPxsPFf00="></latexit><latexit sha1_base64="lUxqG59S4ZlLnIRrtgSPxsPFf00="></latexit><latexit sha1_base64="lUxqG59S4ZlLnIRrtgSPxsPFf00="></latexit><latexit sha1_base64="lUxqG59S4ZlLnIRrtgSPxsPFf00="></latexit>

[Kang, Ringer, WW]

kcoll?
<latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit><latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit><latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit><latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit>

ksoft?
<latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit><latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit><latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit><latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit>

kcoll?
<latexit sha1_base64="qM86goofrkAEOEj7yF1SWdhIH0Y=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZm+3RXcuKxgH9AZh0yaaUMzD5KMWIb5FTcuFHHrj7jzb0wfgooeuHA4597k3uMnnEmF0Iextr6xubVd2Cnu7u0fHJpHpZ6MU0Fol8Q8FgMfS8pZRLuKKU4HiaA49Dnt+9PLud+/o0KyOLpRs4S6IR5HLGAEKy15ZmnqOQkVyW3miBDq93jumWVkoVqr2ahDZFXsZr3e0KRRbVWqF9C20AJlsELHM9+dUUzSkEaKcCzl0EaJcjMsFCOc5kUnlTTBZIrHdKhphEMq3Wyxew7PtDKCQSx0RQou1O8TGQ6lnIW+7gyxmsjf3lz8yxumKmi5GYuSVNGILD8KUg5VDOdBwBETlCg+0wQTwfSukEywwETpuIo6hK9L4f+kV7FsZNnXtXK7toqjAE7AKTgHNmiCNrgCHdAFBNyDB/AEno3ceDRejNdl65qxmjkGP2C8fQLE+ZTg</latexit><latexit sha1_base64="qM86goofrkAEOEj7yF1SWdhIH0Y=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZm+3RXcuKxgH9AZh0yaaUMzD5KMWIb5FTcuFHHrj7jzb0wfgooeuHA4597k3uMnnEmF0Iextr6xubVd2Cnu7u0fHJpHpZ6MU0Fol8Q8FgMfS8pZRLuKKU4HiaA49Dnt+9PLud+/o0KyOLpRs4S6IR5HLGAEKy15ZmnqOQkVyW3miBDq93jumWVkoVqr2ahDZFXsZr3e0KRRbVWqF9C20AJlsELHM9+dUUzSkEaKcCzl0EaJcjMsFCOc5kUnlTTBZIrHdKhphEMq3Wyxew7PtDKCQSx0RQou1O8TGQ6lnIW+7gyxmsjf3lz8yxumKmi5GYuSVNGILD8KUg5VDOdBwBETlCg+0wQTwfSukEywwETpuIo6hK9L4f+kV7FsZNnXtXK7toqjAE7AKTgHNmiCNrgCHdAFBNyDB/AEno3ceDRejNdl65qxmjkGP2C8fQLE+ZTg</latexit><latexit sha1_base64="qM86goofrkAEOEj7yF1SWdhIH0Y=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZm+3RXcuKxgH9AZh0yaaUMzD5KMWIb5FTcuFHHrj7jzb0wfgooeuHA4597k3uMnnEmF0Iextr6xubVd2Cnu7u0fHJpHpZ6MU0Fol8Q8FgMfS8pZRLuKKU4HiaA49Dnt+9PLud+/o0KyOLpRs4S6IR5HLGAEKy15ZmnqOQkVyW3miBDq93jumWVkoVqr2ahDZFXsZr3e0KRRbVWqF9C20AJlsELHM9+dUUzSkEaKcCzl0EaJcjMsFCOc5kUnlTTBZIrHdKhphEMq3Wyxew7PtDKCQSx0RQou1O8TGQ6lnIW+7gyxmsjf3lz8yxumKmi5GYuSVNGILD8KUg5VDOdBwBETlCg+0wQTwfSukEywwETpuIo6hK9L4f+kV7FsZNnXtXK7toqjAE7AKTgHNmiCNrgCHdAFBNyDB/AEno3ceDRejNdl65qxmjkGP2C8fQLE+ZTg</latexit><latexit sha1_base64="qM86goofrkAEOEj7yF1SWdhIH0Y=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZm+3RXcuKxgH9AZh0yaaUMzD5KMWIb5FTcuFHHrj7jzb0wfgooeuHA4597k3uMnnEmF0Iextr6xubVd2Cnu7u0fHJpHpZ6MU0Fol8Q8FgMfS8pZRLuKKU4HiaA49Dnt+9PLud+/o0KyOLpRs4S6IR5HLGAEKy15ZmnqOQkVyW3miBDq93jumWVkoVqr2ahDZFXsZr3e0KRRbVWqF9C20AJlsELHM9+dUUzSkEaKcCzl0EaJcjMsFCOc5kUnlTTBZIrHdKhphEMq3Wyxew7PtDKCQSx0RQou1O8TGQ6lnIW+7gyxmsjf3lz8yxumKmi5GYuSVNGILD8KUg5VDOdBwBETlCg+0wQTwfSukEywwETpuIo6hK9L4f+kV7FsZNnXtXK7toqjAE7AKTgHNmiCNrgCHdAFBNyDB/AEno3ceDRejNdl65qxmjkGP2C8fQLE+ZTg</latexit>

ksoft?
<latexit sha1_base64="wh5us3LSjE6eWHlqSoQzhvqlg84=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUkbbLsruHFZwT6giWEynbRDJw9mJmIJ+RU3LhRx64+482+cPgQVPXDhcM693HtPkHImFUIfxtr6xubWdmmnvLu3f3BoHlV6MskEoV2S8EQMAiwpZzHtKqY4HaSC4ijgtB9ML+d+/44KyZL4Rs1S6kV4HLOQEay05JuVqe+mVKS3uSsiKJNQFb5ZRVbLrjUbFxBZDqo7qKkJaqBWrQ5tCy1QBSt0fPPdHSUki2isCMdSDm2UKi/HQjHCaVF2M0lTTKZ4TIeaxjii0ssXtxfwTCsjGCZCV6zgQv0+keNIylkU6M4Iq4n87c3Fv7xhpsKml7M4zRSNyXJRmHGoEjgPAo6YoETxmSaYCKZvhWSCBSZKx1XWIXx9Cv8nvZplI8u+dqptZxVHCZyAU3AObNAAbXAFOqALCLgHD+AJPBuF8Wi8GK/L1jVjNXMMfsB4+wTMvpTk</latexit><latexit sha1_base64="wh5us3LSjE6eWHlqSoQzhvqlg84=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUkbbLsruHFZwT6giWEynbRDJw9mJmIJ+RU3LhRx64+482+cPgQVPXDhcM693HtPkHImFUIfxtr6xubWdmmnvLu3f3BoHlV6MskEoV2S8EQMAiwpZzHtKqY4HaSC4ijgtB9ML+d+/44KyZL4Rs1S6kV4HLOQEay05JuVqe+mVKS3uSsiKJNQFb5ZRVbLrjUbFxBZDqo7qKkJaqBWrQ5tCy1QBSt0fPPdHSUki2isCMdSDm2UKi/HQjHCaVF2M0lTTKZ4TIeaxjii0ssXtxfwTCsjGCZCV6zgQv0+keNIylkU6M4Iq4n87c3Fv7xhpsKml7M4zRSNyXJRmHGoEjgPAo6YoETxmSaYCKZvhWSCBSZKx1XWIXx9Cv8nvZplI8u+dqptZxVHCZyAU3AObNAAbXAFOqALCLgHD+AJPBuF8Wi8GK/L1jVjNXMMfsB4+wTMvpTk</latexit><latexit sha1_base64="wh5us3LSjE6eWHlqSoQzhvqlg84=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUkbbLsruHFZwT6giWEynbRDJw9mJmIJ+RU3LhRx64+482+cPgQVPXDhcM693HtPkHImFUIfxtr6xubWdmmnvLu3f3BoHlV6MskEoV2S8EQMAiwpZzHtKqY4HaSC4ijgtB9ML+d+/44KyZL4Rs1S6kV4HLOQEay05JuVqe+mVKS3uSsiKJNQFb5ZRVbLrjUbFxBZDqo7qKkJaqBWrQ5tCy1QBSt0fPPdHSUki2isCMdSDm2UKi/HQjHCaVF2M0lTTKZ4TIeaxjii0ssXtxfwTCsjGCZCV6zgQv0+keNIylkU6M4Iq4n87c3Fv7xhpsKml7M4zRSNyXJRmHGoEjgPAo6YoETxmSaYCKZvhWSCBSZKx1XWIXx9Cv8nvZplI8u+dqptZxVHCZyAU3AObNAAbXAFOqALCLgHD+AJPBuF8Wi8GK/L1jVjNXMMfsB4+wTMvpTk</latexit><latexit sha1_base64="wh5us3LSjE6eWHlqSoQzhvqlg84=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUkbbLsruHFZwT6giWEynbRDJw9mJmIJ+RU3LhRx64+482+cPgQVPXDhcM693HtPkHImFUIfxtr6xubWdmmnvLu3f3BoHlV6MskEoV2S8EQMAiwpZzHtKqY4HaSC4ijgtB9ML+d+/44KyZL4Rs1S6kV4HLOQEay05JuVqe+mVKS3uSsiKJNQFb5ZRVbLrjUbFxBZDqo7qKkJaqBWrQ5tCy1QBSt0fPPdHSUki2isCMdSDm2UKi/HQjHCaVF2M0lTTKZ4TIeaxjii0ssXtxfwTCsjGCZCV6zgQv0+keNIylkU6M4Iq4n87c3Fv7xhpsKml7M4zRSNyXJRmHGoEjgPAo6YoETxmSaYCKZvhWSCBSZKx1XWIXx9Cv8nvZplI8u+dqptZxVHCZyAU3AObNAAbXAFOqALCLgHD+AJPBuF8Wi8GK/L1jVjNXMMfsB4+wTMvpTk</latexit>

(k�, k+, kµ?)
hard(-collinear) pT (1, R2, R)
collinear pT (1, r2, r)
(collinear-)soft pT (r/R, rR, r)

<latexit sha1_base64="i9p2pUSS+2A83uJrOEdVLyaBbvM="></latexit><latexit sha1_base64="i9p2pUSS+2A83uJrOEdVLyaBbvM="></latexit><latexit sha1_base64="i9p2pUSS+2A83uJrOEdVLyaBbvM="></latexit><latexit sha1_base64="i9p2pUSS+2A83uJrOEdVLyaBbvM="></latexit>
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r ⌧ R
<latexit sha1_base64="G2N6hhNdJa440BIv/0rC9MymIBY=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ8+Q9RYQwWMUs0AyhJ5OJ2nSs9DdI4QhH+HFgyJe/R5v/o09SQQVfVDweK+Kqnp+LLjSGH9Ya+sbm1vbuZ387t7+wWHh6LitokRS1qKRiGTXJ4oJHrKW5lqwbiwZCXzBOv70MvM790wqHoV3ehYzLyDjkI84JdpIHYn6QqDbQaGI7XLNrbslhG3suHWnmhFcqZRd5BiSoQgrNAeF9/4woknAQk0FUarn4Fh7KZGaU8Hm+X6iWEzolIxZz9CQBEx56eLcOTo3yhCNImkq1Gihfp9ISaDULPBNZ0D0RP32MvEvr5foUc1LeRgnmoV0uWiUCKQjlP2OhlwyqsXMEEIlN7ciOiGSUG0SypsQvj5F/5O2azvYdm5KxcbVKo4cnMIZXIADVWjANTShBRSm8ABP8GzF1qP1Yr0uW9es1cwJ/ID19gnW8I9A</latexit><latexit sha1_base64="G2N6hhNdJa440BIv/0rC9MymIBY=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ8+Q9RYQwWMUs0AyhJ5OJ2nSs9DdI4QhH+HFgyJe/R5v/o09SQQVfVDweK+Kqnp+LLjSGH9Ya+sbm1vbuZ387t7+wWHh6LitokRS1qKRiGTXJ4oJHrKW5lqwbiwZCXzBOv70MvM790wqHoV3ehYzLyDjkI84JdpIHYn6QqDbQaGI7XLNrbslhG3suHWnmhFcqZRd5BiSoQgrNAeF9/4woknAQk0FUarn4Fh7KZGaU8Hm+X6iWEzolIxZz9CQBEx56eLcOTo3yhCNImkq1Gihfp9ISaDULPBNZ0D0RP32MvEvr5foUc1LeRgnmoV0uWiUCKQjlP2OhlwyqsXMEEIlN7ciOiGSUG0SypsQvj5F/5O2azvYdm5KxcbVKo4cnMIZXIADVWjANTShBRSm8ABP8GzF1qP1Yr0uW9es1cwJ/ID19gnW8I9A</latexit><latexit sha1_base64="G2N6hhNdJa440BIv/0rC9MymIBY=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ8+Q9RYQwWMUs0AyhJ5OJ2nSs9DdI4QhH+HFgyJe/R5v/o09SQQVfVDweK+Kqnp+LLjSGH9Ya+sbm1vbuZ387t7+wWHh6LitokRS1qKRiGTXJ4oJHrKW5lqwbiwZCXzBOv70MvM790wqHoV3ehYzLyDjkI84JdpIHYn6QqDbQaGI7XLNrbslhG3suHWnmhFcqZRd5BiSoQgrNAeF9/4woknAQk0FUarn4Fh7KZGaU8Hm+X6iWEzolIxZz9CQBEx56eLcOTo3yhCNImkq1Gihfp9ISaDULPBNZ0D0RP32MvEvr5foUc1LeRgnmoV0uWiUCKQjlP2OhlwyqsXMEEIlN7ciOiGSUG0SypsQvj5F/5O2azvYdm5KxcbVKo4cnMIZXIADVWjANTShBRSm8ABP8GzF1qP1Yr0uW9es1cwJ/ID19gnW8I9A</latexit><latexit sha1_base64="G2N6hhNdJa440BIv/0rC9MymIBY=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ8+Q9RYQwWMUs0AyhJ5OJ2nSs9DdI4QhH+HFgyJe/R5v/o09SQQVfVDweK+Kqnp+LLjSGH9Ya+sbm1vbuZ387t7+wWHh6LitokRS1qKRiGTXJ4oJHrKW5lqwbiwZCXzBOv70MvM790wqHoV3ehYzLyDjkI84JdpIHYn6QqDbQaGI7XLNrbslhG3suHWnmhFcqZRd5BiSoQgrNAeF9/4woknAQk0FUarn4Fh7KZGaU8Hm+X6iWEzolIxZz9CQBEx56eLcOTo3yhCNImkq1Gihfp9ISaDULPBNZ0D0RP32MvEvr5foUc1LeRgnmoV0uWiUCKQjlP2OhlwyqsXMEEIlN7ciOiGSUG0SypsQvj5F/5O2azvYdm5KxcbVKo4cnMIZXIADVWjANTShBRSm8ABP8GzF1qP1Yr0uW9es1cwJ/ID19gnW8I9A</latexit>

µC/µH ⇠ µS/µH ⇠ ⌫S/⌫C ⇠ r/R
<latexit sha1_base64="qECzgiej+nhFqmDYWIGZAEGpKAY=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrtoZEXThotJNl/VSW+gMQybNtKFJZkgyQhn6Mm58FTcuLCK48lXMTLuwrQcSPv7/HJLzBzGjStv2t1VYW9/Y3Cpul3Z29/YPyodHTypKJCZtHLFIdgOkCKOCtDXVjHRjSRAPGOkEo0bmd56JVDQSj3ocE4+jgaAhxUgbyS/fuDzxG7XsbkJXUQ4zTB8mC5LIJVjLqTETZe3eL1fsqp0XXAVnDhUwr5Zfnrr9CCecCI0ZUqrn2LH2UiQ1xYxMSm6iSIzwCA1Iz6BAnCgvzbecwDOj9GEYSXOEhrn6dyJFXKkxD0wnR3qolr1M/M/rJTq89lIq4kQTgWcPhQmDOoJZZLBPJcGajQ0gLKn5K8RDJBHWJtiSCcFZXnkVni6qjl117i4r9dt5HEVwAk7BOXDAFaiDJmiBNsDgBbyBDzC1Xq1369P6mrUWrPnMMVgo6+cXNKujzQ==</latexit><latexit sha1_base64="qECzgiej+nhFqmDYWIGZAEGpKAY=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrtoZEXThotJNl/VSW+gMQybNtKFJZkgyQhn6Mm58FTcuLCK48lXMTLuwrQcSPv7/HJLzBzGjStv2t1VYW9/Y3Cpul3Z29/YPyodHTypKJCZtHLFIdgOkCKOCtDXVjHRjSRAPGOkEo0bmd56JVDQSj3ocE4+jgaAhxUgbyS/fuDzxG7XsbkJXUQ4zTB8mC5LIJVjLqTETZe3eL1fsqp0XXAVnDhUwr5Zfnrr9CCecCI0ZUqrn2LH2UiQ1xYxMSm6iSIzwCA1Iz6BAnCgvzbecwDOj9GEYSXOEhrn6dyJFXKkxD0wnR3qolr1M/M/rJTq89lIq4kQTgWcPhQmDOoJZZLBPJcGajQ0gLKn5K8RDJBHWJtiSCcFZXnkVni6qjl117i4r9dt5HEVwAk7BOXDAFaiDJmiBNsDgBbyBDzC1Xq1369P6mrUWrPnMMVgo6+cXNKujzQ==</latexit><latexit sha1_base64="qECzgiej+nhFqmDYWIGZAEGpKAY=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrtoZEXThotJNl/VSW+gMQybNtKFJZkgyQhn6Mm58FTcuLCK48lXMTLuwrQcSPv7/HJLzBzGjStv2t1VYW9/Y3Cpul3Z29/YPyodHTypKJCZtHLFIdgOkCKOCtDXVjHRjSRAPGOkEo0bmd56JVDQSj3ocE4+jgaAhxUgbyS/fuDzxG7XsbkJXUQ4zTB8mC5LIJVjLqTETZe3eL1fsqp0XXAVnDhUwr5Zfnrr9CCecCI0ZUqrn2LH2UiQ1xYxMSm6iSIzwCA1Iz6BAnCgvzbecwDOj9GEYSXOEhrn6dyJFXKkxD0wnR3qolr1M/M/rJTq89lIq4kQTgWcPhQmDOoJZZLBPJcGajQ0gLKn5K8RDJBHWJtiSCcFZXnkVni6qjl117i4r9dt5HEVwAk7BOXDAFaiDJmiBNsDgBbyBDzC1Xq1369P6mrUWrPnMMVgo6+cXNKujzQ==</latexit><latexit sha1_base64="qECzgiej+nhFqmDYWIGZAEGpKAY=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrtoZEXThotJNl/VSW+gMQybNtKFJZkgyQhn6Mm58FTcuLCK48lXMTLuwrQcSPv7/HJLzBzGjStv2t1VYW9/Y3Cpul3Z29/YPyodHTypKJCZtHLFIdgOkCKOCtDXVjHRjSRAPGOkEo0bmd56JVDQSj3ocE4+jgaAhxUgbyS/fuDzxG7XsbkJXUQ4zTB8mC5LIJVjLqTETZe3eL1fsqp0XXAVnDhUwr5Zfnrr9CCecCI0ZUqrn2LH2UiQ1xYxMSm6iSIzwCA1Iz6BAnCgvzbecwDOj9GEYSXOEhrn6dyJFXKkxD0wnR3qolr1M/M/rJTq89lIq4kQTgWcPhQmDOoJZZLBPJcGajQ0gLKn5K8RDJBHWJtiSCcFZXnkVni6qjl117i4r9dt5HEVwAk7BOXDAFaiDJmiBNsDgBbyBDzC1Xq1369P6mrUWrPnMMVgo6+cXNKujzQ==</latexit>
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<latexit sha1_base64="86h9ExEa9yExfWmIIH3UNF/wg20="></latexit><latexit sha1_base64="86h9ExEa9yExfWmIIH3UNF/wg20="></latexit><latexit sha1_base64="86h9ExEa9yExfWmIIH3UNF/wg20="></latexit><latexit sha1_base64="86h9ExEa9yExfWmIIH3UNF/wg20="></latexit>

µ
<latexit sha1_base64="ryUPmDxJ0F7Y8IHj95VSpHVAMqc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeIF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV0RjdU=</latexit><latexit sha1_base64="ryUPmDxJ0F7Y8IHj95VSpHVAMqc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeIF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV0RjdU=</latexit><latexit sha1_base64="ryUPmDxJ0F7Y8IHj95VSpHVAMqc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeIF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV0RjdU=</latexit><latexit sha1_base64="ryUPmDxJ0F7Y8IHj95VSpHVAMqc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeIF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV0RjdU=</latexit>

⌫
<latexit sha1_base64="McbT1KKMh5m7JquZ/GA9iuOytEY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPFi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV6WjdY=</latexit><latexit sha1_base64="McbT1KKMh5m7JquZ/GA9iuOytEY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPFi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV6WjdY=</latexit><latexit sha1_base64="McbT1KKMh5m7JquZ/GA9iuOytEY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPFi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV6WjdY=</latexit><latexit sha1_base64="McbT1KKMh5m7JquZ/GA9iuOytEY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPFi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoaeyvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AV6WjdY=</latexit>



Resummation orders

• Single logarithms              , double logarithms
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Fixed-order � �µ �⌫ NGLs
lnR LL tree 1-loop 1-loop - -

NLL 1-loop 2-loop 2-loop - -
NNLL 2-loop 3-loop 3-loop - -

ln(r/R) LL tree 1-loop 1-loop - -
NLL tree 2-loop 2-loop 1-loop LL
NLL0 1-loop 2-loop 2-loop 1-loop LL
NNLL 1-loop 3-loop 3-loop 2-loop NLL

<latexit sha1_base64="0sN4skkVEhgpkoIfUw4ngGLCUuY="></latexit><latexit sha1_base64="0sN4skkVEhgpkoIfUw4ngGLCUuY="></latexit><latexit sha1_base64="0sN4skkVEhgpkoIfUw4ngGLCUuY="></latexit><latexit sha1_base64="0sN4skkVEhgpkoIfUw4ngGLCUuY="></latexit>

↵n
s lnn R

<latexit sha1_base64="EfKK80Hh+cB4BqJXjGOWigWMrSA=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4Crsi6DHixWMU84BkXXons8mQ2dllZlYMS37FiwdFvPoj3vwbJ4+DJhZ0U1R1Mz0VpoJr47rfzsrq2vrGZmGruL2zu7dfOig3dZIpyho0EYlqh6iZ4JI1DDeCtVPFMA4Fa4XD64nfemRK80Tem1HK/Bj7kkecorFSUCp3UaQDDPSDJF0hbb8LShW36k5Blok3JxWYox6Uvrq9hGYxk4YK1Lrjuanxc1SGU8HGxW6mWYp0iH3WsVRizLSfT28fkxOr9EiUKFvSkKn6eyPHWOtRHNrJGM1AL3oT8T+vk5no0s+5TDPDJJ09FGWCmIRMgiA9rhg1YmQJUsXtrYQOUCE1Nq6iDcFb/PIyaZ5VPbfq3Z5XalfzOApwBMdwCh5cQA1uoA4NoPAEz/AKb87YeXHenY/Z6Ioz3zmEP3A+fwBQHJPy</latexit><latexit sha1_base64="EfKK80Hh+cB4BqJXjGOWigWMrSA=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4Crsi6DHixWMU84BkXXons8mQ2dllZlYMS37FiwdFvPoj3vwbJ4+DJhZ0U1R1Mz0VpoJr47rfzsrq2vrGZmGruL2zu7dfOig3dZIpyho0EYlqh6iZ4JI1DDeCtVPFMA4Fa4XD64nfemRK80Tem1HK/Bj7kkecorFSUCp3UaQDDPSDJF0hbb8LShW36k5Blok3JxWYox6Uvrq9hGYxk4YK1Lrjuanxc1SGU8HGxW6mWYp0iH3WsVRizLSfT28fkxOr9EiUKFvSkKn6eyPHWOtRHNrJGM1AL3oT8T+vk5no0s+5TDPDJJ09FGWCmIRMgiA9rhg1YmQJUsXtrYQOUCE1Nq6iDcFb/PIyaZ5VPbfq3Z5XalfzOApwBMdwCh5cQA1uoA4NoPAEz/AKb87YeXHenY/Z6Ioz3zmEP3A+fwBQHJPy</latexit><latexit sha1_base64="EfKK80Hh+cB4BqJXjGOWigWMrSA=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4Crsi6DHixWMU84BkXXons8mQ2dllZlYMS37FiwdFvPoj3vwbJ4+DJhZ0U1R1Mz0VpoJr47rfzsrq2vrGZmGruL2zu7dfOig3dZIpyho0EYlqh6iZ4JI1DDeCtVPFMA4Fa4XD64nfemRK80Tem1HK/Bj7kkecorFSUCp3UaQDDPSDJF0hbb8LShW36k5Blok3JxWYox6Uvrq9hGYxk4YK1Lrjuanxc1SGU8HGxW6mWYp0iH3WsVRizLSfT28fkxOr9EiUKFvSkKn6eyPHWOtRHNrJGM1AL3oT8T+vk5no0s+5TDPDJJ09FGWCmIRMgiA9rhg1YmQJUsXtrYQOUCE1Nq6iDcFb/PIyaZ5VPbfq3Z5XalfzOApwBMdwCh5cQA1uoA4NoPAEz/AKb87YeXHenY/Z6Ioz3zmEP3A+fwBQHJPy</latexit><latexit sha1_base64="EfKK80Hh+cB4BqJXjGOWigWMrSA=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4Crsi6DHixWMU84BkXXons8mQ2dllZlYMS37FiwdFvPoj3vwbJ4+DJhZ0U1R1Mz0VpoJr47rfzsrq2vrGZmGruL2zu7dfOig3dZIpyho0EYlqh6iZ4JI1DDeCtVPFMA4Fa4XD64nfemRK80Tem1HK/Bj7kkecorFSUCp3UaQDDPSDJF0hbb8LShW36k5Blok3JxWYox6Uvrq9hGYxk4YK1Lrjuanxc1SGU8HGxW6mWYp0iH3WsVRizLSfT28fkxOr9EiUKFvSkKn6eyPHWOtRHNrJGM1AL3oT8T+vk5no0s+5TDPDJJ09FGWCmIRMgiA9rhg1YmQJUsXtrYQOUCE1Nq6iDcFb/PIyaZ5VPbfq3Z5XalfzOApwBMdwCh5cQA1uoA4NoPAEz/AKb87YeXHenY/Z6Ioz3zmEP3A+fwBQHJPy</latexit>

↵n
s ln2n(r/R)

<latexit sha1_base64="4huE9TTYWdmOtae33ZVe6F824h0=">AAACAnicbVDLSsNAFJ3UV62vqitxM1iEuqlJEXRZceOyin1Ak4ab6aQdOpmEmYlQQnHjr7hxoYhbv8Kdf+P0sdDqgQuHc+7l3nuChDOlbfvLyi0tr6yu5dcLG5tb2zvF3b2milNJaIPEPJbtABTlTNCGZprTdiIpRAGnrWB4NfFb91QqFos7PUqoF0FfsJAR0Ebyiwcu8GQAvuoK7HLRzapijMvy9PbEL5bsij0F/kucOSmhOep+8dPtxSSNqNCEg1Idx060l4HUjHA6LripogmQIfRpx1ABEVVeNn1hjI+N0sNhLE0Jjafqz4kMIqVGUWA6I9ADtehNxP+8TqrDCy9jIkk1FWS2KEw51jGe5IF7TFKi+cgQIJKZWzEZgASiTWoFE4Kz+PJf0qxWHLvi3JyVapfzOPLoEB2hMnLQOaqha1RHDUTQA3pCL+jVerSerTfrfdaas+Yz++gXrI9vvP6WVA==</latexit><latexit sha1_base64="4huE9TTYWdmOtae33ZVe6F824h0=">AAACAnicbVDLSsNAFJ3UV62vqitxM1iEuqlJEXRZceOyin1Ak4ab6aQdOpmEmYlQQnHjr7hxoYhbv8Kdf+P0sdDqgQuHc+7l3nuChDOlbfvLyi0tr6yu5dcLG5tb2zvF3b2milNJaIPEPJbtABTlTNCGZprTdiIpRAGnrWB4NfFb91QqFos7PUqoF0FfsJAR0Ebyiwcu8GQAvuoK7HLRzapijMvy9PbEL5bsij0F/kucOSmhOep+8dPtxSSNqNCEg1Idx060l4HUjHA6LripogmQIfRpx1ABEVVeNn1hjI+N0sNhLE0Jjafqz4kMIqVGUWA6I9ADtehNxP+8TqrDCy9jIkk1FWS2KEw51jGe5IF7TFKi+cgQIJKZWzEZgASiTWoFE4Kz+PJf0qxWHLvi3JyVapfzOPLoEB2hMnLQOaqha1RHDUTQA3pCL+jVerSerTfrfdaas+Yz++gXrI9vvP6WVA==</latexit><latexit sha1_base64="4huE9TTYWdmOtae33ZVe6F824h0=">AAACAnicbVDLSsNAFJ3UV62vqitxM1iEuqlJEXRZceOyin1Ak4ab6aQdOpmEmYlQQnHjr7hxoYhbv8Kdf+P0sdDqgQuHc+7l3nuChDOlbfvLyi0tr6yu5dcLG5tb2zvF3b2milNJaIPEPJbtABTlTNCGZprTdiIpRAGnrWB4NfFb91QqFos7PUqoF0FfsJAR0Ebyiwcu8GQAvuoK7HLRzapijMvy9PbEL5bsij0F/kucOSmhOep+8dPtxSSNqNCEg1Idx060l4HUjHA6LripogmQIfRpx1ABEVVeNn1hjI+N0sNhLE0Jjafqz4kMIqVGUWA6I9ADtehNxP+8TqrDCy9jIkk1FWS2KEw51jGe5IF7TFKi+cgQIJKZWzEZgASiTWoFE4Kz+PJf0qxWHLvi3JyVapfzOPLoEB2hMnLQOaqha1RHDUTQA3pCL+jVerSerTfrfdaas+Yz++gXrI9vvP6WVA==</latexit><latexit sha1_base64="4huE9TTYWdmOtae33ZVe6F824h0=">AAACAnicbVDLSsNAFJ3UV62vqitxM1iEuqlJEXRZceOyin1Ak4ab6aQdOpmEmYlQQnHjr7hxoYhbv8Kdf+P0sdDqgQuHc+7l3nuChDOlbfvLyi0tr6yu5dcLG5tb2zvF3b2milNJaIPEPJbtABTlTNCGZprTdiIpRAGnrWB4NfFb91QqFos7PUqoF0FfsJAR0Ebyiwcu8GQAvuoK7HLRzapijMvy9PbEL5bsij0F/kucOSmhOep+8dPtxSSNqNCEg1Idx060l4HUjHA6LripogmQIfRpx1ABEVVeNn1hjI+N0sNhLE0Jjafqz4kMIqVGUWA6I9ADtehNxP+8TqrDCy9jIkk1FWS2KEw51jGe5IF7TFKi+cgQIJKZWzEZgASiTWoFE4Kz+PJf0qxWHLvi3JyVapfzOPLoEB2hMnLQOaqha1RHDUTQA3pCL+jVerSerTfrfdaas+Yz++gXrI9vvP6WVA==</latexit>



Collinear function

• At tree level, parton is in/out depending on recoil
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Jet axis

✓
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<latexit sha1_base64="/lvEsnpXidDd2uqnmXHzqRuTsb0=">AAAB7nicdVDLSgNBEOyNrxhfUY96GAyCp2V2MSa5Bb14TMCYQLKE2clsMmT2wcysEJZ8hBcPinj1E/wOb978FCeJgooWNBRV3XR3+YngSmP8ZuWWlldW1/LrhY3Nre2d4u7etYpTSVmLxiKWHZ8oJnjEWpprwTqJZCT0BWv744uZ375hUvE4utKThHkhGUY84JRoI7V7PtOk7/aLJWy7tXIZ1xC2HfesVsOGnDrYrVaQY+M5SvXDl+Y7ADT6xdfeIKZpyCJNBVGq6+BEexmRmlPBpoVeqlhC6JgMWdfQiIRMedn83Ck6NsoABbE0FWk0V79PZCRUahL6pjMkeqR+ezPxL6+b6qDqZTxKUs0iulgUpALpGM1+RwMuGdViYgihkptbER0RSag2CRVMCF+fov/JtWs7JqKmSeMcFsjDARzBCThQgTpcQgNaQGEMt3APD1Zi3VmP1tOiNWd9zuzDD1jPH28Ykdk=</latexit><latexit sha1_base64="T3VOV0A5V/YQykqx1CRXEThfWXI=">AAAB7nicdVDLSgMxFM3UV62vqktFgkVwNWQGa9td0Y3LFuwD2qFk0kwbmskMSUYoQ5d+gBsXirj1E/od7vwGf8K0VVDRAxcO59zLvff4MWdKI/RmZZaWV1bXsuu5jc2t7Z387l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7ocua3bqhULBLXehxTL8QDwQJGsDZSq+tTjXtuL19AtlspFlEFIttxzysVZMiZg9xyCTo2mqNQPZzW32+PprVe/rXbj0gSUqEJx0p1HBRrL8VSM8LpJNdNFI0xGeEB7RgqcEiVl87PncATo/RhEElTQsO5+n0ixaFS49A3nSHWQ/Xbm4l/eZ1EB2UvZSJONBVksShIONQRnP0O+0xSovnYEEwkM7dCMsQSE20SypkQvj6F/5OmazsmorpJ4wIskAUH4BicAgeUQBVcgRpoAAJG4A48gEcrtu6tJ+t50ZqxPmf2wQ9YLx9NXZM/</latexit><latexit sha1_base64="T3VOV0A5V/YQykqx1CRXEThfWXI=">AAAB7nicdVDLSgMxFM3UV62vqktFgkVwNWQGa9td0Y3LFuwD2qFk0kwbmskMSUYoQ5d+gBsXirj1E/od7vwGf8K0VVDRAxcO59zLvff4MWdKI/RmZZaWV1bXsuu5jc2t7Z387l5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7ocua3bqhULBLXehxTL8QDwQJGsDZSq+tTjXtuL19AtlspFlEFIttxzysVZMiZg9xyCTo2mqNQPZzW32+PprVe/rXbj0gSUqEJx0p1HBRrL8VSM8LpJNdNFI0xGeEB7RgqcEiVl87PncATo/RhEElTQsO5+n0ixaFS49A3nSHWQ/Xbm4l/eZ1EB2UvZSJONBVksShIONQRnP0O+0xSovnYEEwkM7dCMsQSE20SypkQvj6F/5OmazsmorpJ4wIskAUH4BicAgeUQBVcgRpoAAJG4A48gEcrtu6tJ+t50ZqxPmf2wQ9YLx9NXZM/</latexit><latexit sha1_base64="WSm2aSXqXWTqItwqQTywTMCOeWY=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiB4GnoGYzK3oBePEcwCyRB6Oj1Jk56F7hohDPkILx4U8er3ePNv7CyCij4oeLxXRVW9IJVCAyEfVmFtfWNzq7hd2tnd2z8oHx61dZIpxlsskYnqBlRzKWLeAgGSd1PFaRRI3gkm13O/c8+VFkl8B9OU+xEdxSIUjIKROv2AAx24g3KF2K5XrRIPE9txLz2PGHLhELdew45NFqigFZqD8nt/mLAs4jEwSbXuOSQFP6cKBJN8VupnmqeUTeiI9wyNacS1ny/OneEzowxxmChTMeCF+n0ip5HW0ygwnRGFsf7tzcW/vF4GYd3PRZxmwGO2XBRmEkOC57/joVCcgZwaQpkS5lbMxlRRBiahkgnh61P8P2m7tmMiuiWVxtUqjiI6QafoHDmohhroBjVRCzE0QQ/oCT1bqfVovVivy9aCtZo5Rj9gvX0CXx6PlA==</latexit>

�1
<latexit sha1_base64="+ZnsgGz4N2tFX4Mrs/RtiCtRfAo=">AAAB7nicdVDLSgNBEOyNrxhfUY96GAyCp2U2CW5yC3rxmIB5QLKE2ckkGTL7YGZWCEs+wosHRbz6CX6HN29+ipNEQUULGoqqbrq7/FhwpTF+szIrq2vrG9nN3Nb2zu5efv+gpaJEUtakkYhkxyeKCR6ypuZasE4sGQl8wdr+5HLut2+YVDwKr/U0Zl5ARiEfckq0kdo9n2nSd/r5ArZxyT3HZYTtEq44xaohLsZuuYocGy9QqB2/NN4BoN7Pv/YGEU0CFmoqiFJdB8faS4nUnAo2y/USxWJCJ2TEuoaGJGDKSxfnztCpUQZoGElToUYL9ftESgKlpoFvOgOix+q3Nxf/8rqJHla8lIdxollIl4uGiUA6QvPf0YBLRrWYGkKo5OZWRMdEEqpNQjkTwten6H/SKtoOtp2GSeMClsjCEZzAGTjgQg2uoA5NoDCBW7iHByu27qxH62nZmrE+Zw7hB6znD2AFkc8=</latexit><latexit sha1_base64="IGTBtk1rD3zdqOD9d1KagxNaolA=">AAAB7nicdVDLSgMxFM34rPVVdalIsAiuhkxbnHZXdOOyBfuAdiiZNNOGZjJDkhHK0KUf4MaFIm79hH6HO7/BnzBtFVT0wIXDOfdy7z1+zJnSCL1ZS8srq2vrmY3s5tb2zm5ub7+pokQS2iARj2Tbx4pyJmhDM81pO5YUhz6nLX90OfNbN1QqFolrPY6pF+KBYAEjWBup1fWpxj2nl8sjGxXdc1SCyC6islOoGOIi5JYq0LHRHPnq0bT+fns8rfVyr91+RJKQCk04VqrjoFh7KZaaEU4n2W6iaIzJCA9ox1CBQ6q8dH7uBJ4apQ+DSJoSGs7V7xMpDpUah77pDLEeqt/eTPzL6yQ6KHspE3GiqSCLRUHCoY7g7HfYZ5ISzceGYCKZuRWSIZaYaJNQ1oTw9Sn8nzQLtoNsp27SuAALZMAhOAFnwAEuqIIrUAMNQMAI3IEH8GjF1r31ZD0vWpesz5kD8APWywc+SpM1</latexit><latexit sha1_base64="IGTBtk1rD3zdqOD9d1KagxNaolA=">AAAB7nicdVDLSgMxFM34rPVVdalIsAiuhkxbnHZXdOOyBfuAdiiZNNOGZjJDkhHK0KUf4MaFIm79hH6HO7/BnzBtFVT0wIXDOfdy7z1+zJnSCL1ZS8srq2vrmY3s5tb2zm5ub7+pokQS2iARj2Tbx4pyJmhDM81pO5YUhz6nLX90OfNbN1QqFolrPY6pF+KBYAEjWBup1fWpxj2nl8sjGxXdc1SCyC6islOoGOIi5JYq0LHRHPnq0bT+fns8rfVyr91+RJKQCk04VqrjoFh7KZaaEU4n2W6iaIzJCA9ox1CBQ6q8dH7uBJ4apQ+DSJoSGs7V7xMpDpUah77pDLEeqt/eTPzL6yQ6KHspE3GiqSCLRUHCoY7g7HfYZ5ISzceGYCKZuRWSIZaYaJNQ1oTw9Sn8nzQLtoNsp27SuAALZMAhOAFnwAEuqIIrUAMNQMAI3IEH8GjF1r31ZD0vWpesz5kD8APWywc+SpM1</latexit><latexit sha1_base64="jeGRvhPJ+9/u6oVJ0/EzyfOyA8U=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LbNJcJNb0IvHCOYByRJmJ7PJkNnZZWZWCCEf4cWDIl79Hm/+jZOHoKIFDUVVN91dYSq4Nhh/OGvrG5tb27md/O7e/sFh4ei4pZNMUdakiUhUJySaCS5Z03AjWCdVjMShYO1wfD332/dMaZ7IOzNJWRCToeQRp8RYqd0LmSF9r18oYheX/UtcQdgt46pXqlniY+xXashz8QJFWKHRL7z3BgnNYiYNFUTrrodTE0yJMpwKNsv3Ms1SQsdkyLqWShIzHUwX587QuVUGKEqULWnQQv0+MSWx1pM4tJ0xMSP925uLf3ndzETVYMplmhkm6XJRlAlkEjT/HQ24YtSIiSWEKm5vRXREFKHGJpS3IXx9iv4nrZLrYde7xcX61SqOHJzCGVyABz7U4QYa0AQKY3iAJ3h2UufReXFel61rzmrmBH7AefsEUAuPig==</latexit>

C(0)
d = �(1� zr)⇥(✓ < r)

<latexit sha1_base64="R/R6o5agjvd9l5oaA1McUTyOihM=">AAACGnicbVDLSgMxFM3UV62vqks3wSK0oGVGBF0oKN24VLC20KlDJnNrg5kHyR2hDv0ON/6KGxeKuBM3/o2Z2oVaD4ScnHMvN/f4iRQabfvTKkxNz8zOFedLC4tLyyvl1bVLHaeKQ5PHMlZtn2mQIoImCpTQThSw0JfQ8m8aud+6BaVFHF3gIIFuyK4j0ROcoZG8skNpwwuusqpdG9Ij6gYgkVWdnTtP1dxt6l70wbxdzC96SFWt5JUrdt0egU4SZ0wqZIwzr/zuBjFPQ4iQS6Z1x7ET7GZMoeAShiU31ZAwfsOuoWNoxELQ3Wy02pBuGSWgvViZEyEdqT87MhZqPQh9Uxky7Ou/Xi7+53VS7B10MxElKULEvwf1UkkxpnlONBAKOMqBIYwrYf5KeZ8pxtGkmYfg/F15klzu1h277pzvVY5PxnEUyQbZJFXikH1yTE7JGWkSTu7JI3kmL9aD9WS9Wm/fpQVr3LNOfsH6+AI/VZ1D</latexit><latexit sha1_base64="R/R6o5agjvd9l5oaA1McUTyOihM=">AAACGnicbVDLSgMxFM3UV62vqks3wSK0oGVGBF0oKN24VLC20KlDJnNrg5kHyR2hDv0ON/6KGxeKuBM3/o2Z2oVaD4ScnHMvN/f4iRQabfvTKkxNz8zOFedLC4tLyyvl1bVLHaeKQ5PHMlZtn2mQIoImCpTQThSw0JfQ8m8aud+6BaVFHF3gIIFuyK4j0ROcoZG8skNpwwuusqpdG9Ij6gYgkVWdnTtP1dxt6l70wbxdzC96SFWt5JUrdt0egU4SZ0wqZIwzr/zuBjFPQ4iQS6Z1x7ET7GZMoeAShiU31ZAwfsOuoWNoxELQ3Wy02pBuGSWgvViZEyEdqT87MhZqPQh9Uxky7Ou/Xi7+53VS7B10MxElKULEvwf1UkkxpnlONBAKOMqBIYwrYf5KeZ8pxtGkmYfg/F15klzu1h277pzvVY5PxnEUyQbZJFXikH1yTE7JGWkSTu7JI3kmL9aD9WS9Wm/fpQVr3LNOfsH6+AI/VZ1D</latexit><latexit sha1_base64="R/R6o5agjvd9l5oaA1McUTyOihM=">AAACGnicbVDLSgMxFM3UV62vqks3wSK0oGVGBF0oKN24VLC20KlDJnNrg5kHyR2hDv0ON/6KGxeKuBM3/o2Z2oVaD4ScnHMvN/f4iRQabfvTKkxNz8zOFedLC4tLyyvl1bVLHaeKQ5PHMlZtn2mQIoImCpTQThSw0JfQ8m8aud+6BaVFHF3gIIFuyK4j0ROcoZG8skNpwwuusqpdG9Ij6gYgkVWdnTtP1dxt6l70wbxdzC96SFWt5JUrdt0egU4SZ0wqZIwzr/zuBjFPQ4iQS6Z1x7ET7GZMoeAShiU31ZAwfsOuoWNoxELQ3Wy02pBuGSWgvViZEyEdqT87MhZqPQh9Uxky7Ou/Xi7+53VS7B10MxElKULEvwf1UkkxpnlONBAKOMqBIYwrYf5KeZ8pxtGkmYfg/F15klzu1h277pzvVY5PxnEUyQbZJFXikH1yTE7JGWkSTu7JI3kmL9aD9WS9Wm/fpQVr3LNOfsH6+AI/VZ1D</latexit><latexit sha1_base64="R/R6o5agjvd9l5oaA1McUTyOihM=">AAACGnicbVDLSgMxFM3UV62vqks3wSK0oGVGBF0oKN24VLC20KlDJnNrg5kHyR2hDv0ON/6KGxeKuBM3/o2Z2oVaD4ScnHMvN/f4iRQabfvTKkxNz8zOFedLC4tLyyvl1bVLHaeKQ5PHMlZtn2mQIoImCpTQThSw0JfQ8m8aud+6BaVFHF3gIIFuyK4j0ROcoZG8skNpwwuusqpdG9Ij6gYgkVWdnTtP1dxt6l70wbxdzC96SFWt5JUrdt0egU4SZ0wqZIwzr/zuBjFPQ4iQS6Z1x7ET7GZMoeAShiU31ZAwfsOuoWNoxELQ3Wy02pBuGSWgvViZEyEdqT87MhZqPQh9Uxky7Ou/Xi7+53VS7B10MxElKULEvwf1UkkxpnlONBAKOMqBIYwrYf5KeZ8pxtGkmYfg/F15klzu1h277pzvVY5PxnEUyQbZJFXikH1yTE7JGWkSTu7JI3kmL9aD9WS9Wm/fpQVr3LNOfsH6+AI/VZ1D</latexit>

✓ = k?/pT
<latexit sha1_base64="2WTQkaMgCgMPUAepBZbGtdcUZUg=">AAAB/XicbVDLSgNBEJz1GeMrPm5eBoPgKe6KoBch4sVjhLwgCcvspJMMmd0dZnqFuAR/xYsHRbz6H978GyfJHjSxoKGo6qa7K1BSGHTdb2dpeWV1bT23kd/c2t7ZLezt102caA41HstYNwNmQIoIaihQQlNpYGEgoREMbyd+4wG0EXFUxZGCTsj6kegJztBKfuGwjQNARq/p0G8r0OpM+VW/UHRL7hR0kXgZKZIMFb/w1e7GPAkhQi6ZMS3PVdhJmUbBJYzz7cSAYnzI+tCyNGIhmE46vX5MT6zSpb1Y24qQTtXfEykLjRmFge0MGQ7MvDcR//NaCfauOqmIVIIQ8dmiXiIpxnQSBe0KDRzlyBLGtbC3Uj5gmnG0geVtCN78y4ukfl7y3JJ3f1Es32Rx5MgROSanxCOXpEzuSIXUCCeP5Jm8kjfnyXlx3p2PWeuSk80ckD9wPn8AdKuUkA==</latexit><latexit sha1_base64="2WTQkaMgCgMPUAepBZbGtdcUZUg=">AAAB/XicbVDLSgNBEJz1GeMrPm5eBoPgKe6KoBch4sVjhLwgCcvspJMMmd0dZnqFuAR/xYsHRbz6H978GyfJHjSxoKGo6qa7K1BSGHTdb2dpeWV1bT23kd/c2t7ZLezt102caA41HstYNwNmQIoIaihQQlNpYGEgoREMbyd+4wG0EXFUxZGCTsj6kegJztBKfuGwjQNARq/p0G8r0OpM+VW/UHRL7hR0kXgZKZIMFb/w1e7GPAkhQi6ZMS3PVdhJmUbBJYzz7cSAYnzI+tCyNGIhmE46vX5MT6zSpb1Y24qQTtXfEykLjRmFge0MGQ7MvDcR//NaCfauOqmIVIIQ8dmiXiIpxnQSBe0KDRzlyBLGtbC3Uj5gmnG0geVtCN78y4ukfl7y3JJ3f1Es32Rx5MgROSanxCOXpEzuSIXUCCeP5Jm8kjfnyXlx3p2PWeuSk80ckD9wPn8AdKuUkA==</latexit><latexit sha1_base64="2WTQkaMgCgMPUAepBZbGtdcUZUg=">AAAB/XicbVDLSgNBEJz1GeMrPm5eBoPgKe6KoBch4sVjhLwgCcvspJMMmd0dZnqFuAR/xYsHRbz6H978GyfJHjSxoKGo6qa7K1BSGHTdb2dpeWV1bT23kd/c2t7ZLezt102caA41HstYNwNmQIoIaihQQlNpYGEgoREMbyd+4wG0EXFUxZGCTsj6kegJztBKfuGwjQNARq/p0G8r0OpM+VW/UHRL7hR0kXgZKZIMFb/w1e7GPAkhQi6ZMS3PVdhJmUbBJYzz7cSAYnzI+tCyNGIhmE46vX5MT6zSpb1Y24qQTtXfEykLjRmFge0MGQ7MvDcR//NaCfauOqmIVIIQ8dmiXiIpxnQSBe0KDRzlyBLGtbC3Uj5gmnG0geVtCN78y4ukfl7y3JJ3f1Es32Rx5MgROSanxCOXpEzuSIXUCCeP5Jm8kjfnyXlx3p2PWeuSk80ckD9wPn8AdKuUkA==</latexit><latexit sha1_base64="2WTQkaMgCgMPUAepBZbGtdcUZUg=">AAAB/XicbVDLSgNBEJz1GeMrPm5eBoPgKe6KoBch4sVjhLwgCcvspJMMmd0dZnqFuAR/xYsHRbz6H978GyfJHjSxoKGo6qa7K1BSGHTdb2dpeWV1bT23kd/c2t7ZLezt102caA41HstYNwNmQIoIaihQQlNpYGEgoREMbyd+4wG0EXFUxZGCTsj6kegJztBKfuGwjQNARq/p0G8r0OpM+VW/UHRL7hR0kXgZKZIMFb/w1e7GPAkhQi6ZMS3PVdhJmUbBJYzz7cSAYnzI+tCyNGIhmE46vX5MT6zSpb1Y24qQTtXfEykLjRmFge0MGQ7MvDcR//NaCfauOqmIVIIQ8dmiXiIpxnQSBe0KDRzlyBLGtbC3Uj5gmnG0geVtCN78y4ukfl7y3JJ3f1Es32Rx5MgROSanxCOXpEzuSIXUCCeP5Jm8kjfnyXlx3p2PWeuSk80ckD9wPn8AdKuUkA==</latexit>



Collinear function

• At tree level, parton is in/out depending on recoil 

• At           , determining which partons are in/out involves  
nontrivial    dependence, due to recoil
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Jet axis

✓
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�1
<latexit sha1_base64="+ZnsgGz4N2tFX4Mrs/RtiCtRfAo=">AAAB7nicdVDLSgNBEOyNrxhfUY96GAyCp2U2CW5yC3rxmIB5QLKE2ckkGTL7YGZWCEs+wosHRbz6CX6HN29+ipNEQUULGoqqbrq7/FhwpTF+szIrq2vrG9nN3Nb2zu5efv+gpaJEUtakkYhkxyeKCR6ypuZasE4sGQl8wdr+5HLut2+YVDwKr/U0Zl5ARiEfckq0kdo9n2nSd/r5ArZxyT3HZYTtEq44xaohLsZuuYocGy9QqB2/NN4BoN7Pv/YGEU0CFmoqiFJdB8faS4nUnAo2y/USxWJCJ2TEuoaGJGDKSxfnztCpUQZoGElToUYL9ftESgKlpoFvOgOix+q3Nxf/8rqJHla8lIdxollIl4uGiUA6QvPf0YBLRrWYGkKo5OZWRMdEEqpNQjkTwten6H/SKtoOtp2GSeMClsjCEZzAGTjgQg2uoA5NoDCBW7iHByu27qxH62nZmrE+Zw7hB6znD2AFkc8=</latexit><latexit sha1_base64="IGTBtk1rD3zdqOD9d1KagxNaolA=">AAAB7nicdVDLSgMxFM34rPVVdalIsAiuhkxbnHZXdOOyBfuAdiiZNNOGZjJDkhHK0KUf4MaFIm79hH6HO7/BnzBtFVT0wIXDOfdy7z1+zJnSCL1ZS8srq2vrmY3s5tb2zm5ub7+pokQS2iARj2Tbx4pyJmhDM81pO5YUhz6nLX90OfNbN1QqFolrPY6pF+KBYAEjWBup1fWpxj2nl8sjGxXdc1SCyC6islOoGOIi5JYq0LHRHPnq0bT+fns8rfVyr91+RJKQCk04VqrjoFh7KZaaEU4n2W6iaIzJCA9ox1CBQ6q8dH7uBJ4apQ+DSJoSGs7V7xMpDpUah77pDLEeqt/eTPzL6yQ6KHspE3GiqSCLRUHCoY7g7HfYZ5ISzceGYCKZuRWSIZaYaJNQ1oTw9Sn8nzQLtoNsp27SuAALZMAhOAFnwAEuqIIrUAMNQMAI3IEH8GjF1r31ZD0vWpesz5kD8APWywc+SpM1</latexit><latexit sha1_base64="IGTBtk1rD3zdqOD9d1KagxNaolA=">AAAB7nicdVDLSgMxFM34rPVVdalIsAiuhkxbnHZXdOOyBfuAdiiZNNOGZjJDkhHK0KUf4MaFIm79hH6HO7/BnzBtFVT0wIXDOfdy7z1+zJnSCL1ZS8srq2vrmY3s5tb2zm5ub7+pokQS2iARj2Tbx4pyJmhDM81pO5YUhz6nLX90OfNbN1QqFolrPY6pF+KBYAEjWBup1fWpxj2nl8sjGxXdc1SCyC6islOoGOIi5JYq0LHRHPnq0bT+fns8rfVyr91+RJKQCk04VqrjoFh7KZaaEU4n2W6iaIzJCA9ox1CBQ6q8dH7uBJ4apQ+DSJoSGs7V7xMpDpUah77pDLEeqt/eTPzL6yQ6KHspE3GiqSCLRUHCoY7g7HfYZ5ISzceGYCKZuRWSIZaYaJNQ1oTw9Sn8nzQLtoNsp27SuAALZMAhOAFnwAEuqIIrUAMNQMAI3IEH8GjF1r31ZD0vWpesz5kD8APWywc+SpM1</latexit><latexit sha1_base64="jeGRvhPJ+9/u6oVJ0/EzyfOyA8U=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LbNJcJNb0IvHCOYByRJmJ7PJkNnZZWZWCCEf4cWDIl79Hm/+jZOHoKIFDUVVN91dYSq4Nhh/OGvrG5tb27md/O7e/sFh4ei4pZNMUdakiUhUJySaCS5Z03AjWCdVjMShYO1wfD332/dMaZ7IOzNJWRCToeQRp8RYqd0LmSF9r18oYheX/UtcQdgt46pXqlniY+xXashz8QJFWKHRL7z3BgnNYiYNFUTrrodTE0yJMpwKNsv3Ms1SQsdkyLqWShIzHUwX587QuVUGKEqULWnQQv0+MSWx1pM4tJ0xMSP925uLf3ndzETVYMplmhkm6XJRlAlkEjT/HQ24YtSIiSWEKm5vRXREFKHGJpS3IXx9iv4nrZLrYde7xcX61SqOHJzCGVyABz7U4QYa0AQKY3iAJ3h2UufReXFel61rzmrmBH7AefsEUAuPig==</latexit>

✓ = k?/pT
<latexit sha1_base64="2WTQkaMgCgMPUAepBZbGtdcUZUg=">AAAB/XicbVDLSgNBEJz1GeMrPm5eBoPgKe6KoBch4sVjhLwgCcvspJMMmd0dZnqFuAR/xYsHRbz6H978GyfJHjSxoKGo6qa7K1BSGHTdb2dpeWV1bT23kd/c2t7ZLezt102caA41HstYNwNmQIoIaihQQlNpYGEgoREMbyd+4wG0EXFUxZGCTsj6kegJztBKfuGwjQNARq/p0G8r0OpM+VW/UHRL7hR0kXgZKZIMFb/w1e7GPAkhQi6ZMS3PVdhJmUbBJYzz7cSAYnzI+tCyNGIhmE46vX5MT6zSpb1Y24qQTtXfEykLjRmFge0MGQ7MvDcR//NaCfauOqmIVIIQ8dmiXiIpxnQSBe0KDRzlyBLGtbC3Uj5gmnG0geVtCN78y4ukfl7y3JJ3f1Es32Rx5MgROSanxCOXpEzuSIXUCCeP5Jm8kjfnyXlx3p2PWeuSk80ckD9wPn8AdKuUkA==</latexit><latexit sha1_base64="2WTQkaMgCgMPUAepBZbGtdcUZUg=">AAAB/XicbVDLSgNBEJz1GeMrPm5eBoPgKe6KoBch4sVjhLwgCcvspJMMmd0dZnqFuAR/xYsHRbz6H978GyfJHjSxoKGo6qa7K1BSGHTdb2dpeWV1bT23kd/c2t7ZLezt102caA41HstYNwNmQIoIaihQQlNpYGEgoREMbyd+4wG0EXFUxZGCTsj6kegJztBKfuGwjQNARq/p0G8r0OpM+VW/UHRL7hR0kXgZKZIMFb/w1e7GPAkhQi6ZMS3PVdhJmUbBJYzz7cSAYnzI+tCyNGIhmE46vX5MT6zSpb1Y24qQTtXfEykLjRmFge0MGQ7MvDcR//NaCfauOqmIVIIQ8dmiXiIpxnQSBe0KDRzlyBLGtbC3Uj5gmnG0geVtCN78y4ukfl7y3JJ3f1Es32Rx5MgROSanxCOXpEzuSIXUCCeP5Jm8kjfnyXlx3p2PWeuSk80ckD9wPn8AdKuUkA==</latexit><latexit sha1_base64="2WTQkaMgCgMPUAepBZbGtdcUZUg=">AAAB/XicbVDLSgNBEJz1GeMrPm5eBoPgKe6KoBch4sVjhLwgCcvspJMMmd0dZnqFuAR/xYsHRbz6H978GyfJHjSxoKGo6qa7K1BSGHTdb2dpeWV1bT23kd/c2t7ZLezt102caA41HstYNwNmQIoIaihQQlNpYGEgoREMbyd+4wG0EXFUxZGCTsj6kegJztBKfuGwjQNARq/p0G8r0OpM+VW/UHRL7hR0kXgZKZIMFb/w1e7GPAkhQi6ZMS3PVdhJmUbBJYzz7cSAYnzI+tCyNGIhmE46vX5MT6zSpb1Y24qQTtXfEykLjRmFge0MGQ7MvDcR//NaCfauOqmIVIIQ8dmiXiIpxnQSBe0KDRzlyBLGtbC3Uj5gmnG0geVtCN78y4ukfl7y3JJ3f1Es32Rx5MgROSanxCOXpEzuSIXUCCeP5Jm8kjfnyXlx3p2PWeuSk80ckD9wPn8AdKuUkA==</latexit><latexit sha1_base64="2WTQkaMgCgMPUAepBZbGtdcUZUg=">AAAB/XicbVDLSgNBEJz1GeMrPm5eBoPgKe6KoBch4sVjhLwgCcvspJMMmd0dZnqFuAR/xYsHRbz6H978GyfJHjSxoKGo6qa7K1BSGHTdb2dpeWV1bT23kd/c2t7ZLezt102caA41HstYNwNmQIoIaihQQlNpYGEgoREMbyd+4wG0EXFUxZGCTsj6kegJztBKfuGwjQNARq/p0G8r0OpM+VW/UHRL7hR0kXgZKZIMFb/w1e7GPAkhQi6ZMS3PVdhJmUbBJYzz7cSAYnzI+tCyNGIhmE46vX5MT6zSpb1Y24qQTtXfEykLjRmFge0MGQ7MvDcR//NaCfauOqmIVIIQ8dmiXiIpxnQSBe0KDRzlyBLGtbC3Uj5gmnG0geVtCN78y4ukfl7y3JJ3f1Es32Rx5MgROSanxCOXpEzuSIXUCCeP5Jm8kjfnyXlx3p2PWeuSk80ckD9wPn8AdKuUkA==</latexit>

�
<latexit sha1_base64="al/iHxpO5/ywu8lJY1X3w7Gt30E=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeKF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8ARM7jj4=</latexit><latexit sha1_base64="al/iHxpO5/ywu8lJY1X3w7Gt30E=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeKF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8ARM7jj4=</latexit><latexit sha1_base64="al/iHxpO5/ywu8lJY1X3w7Gt30E=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeKF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8ARM7jj4=</latexit><latexit sha1_base64="al/iHxpO5/ywu8lJY1X3w7Gt30E=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeKF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8ARM7jj4=</latexit>

Jet axis

✓
<latexit sha1_base64="dec9BVVAQejfWaiNcCO9hBDCAVQ=">AAAB7XicdVDLSgNBEOyN7/iKevQyGARPy2xijDmIohePCiYRkhBmJ5NkzOyDmV4hLIKf4MWDIl79FO/e/BsniYKKFjQUVd10dfuxkgYpfXcyU9Mzs3PzC9nFpeWV1dzaes1EieaiyiMV6UufGaFkKKooUYnLWAsW+ErU/cHJyK9fC21kFF7gMBatgPVC2ZWcoZVqTewLZO1cnrq0VK7QXULdIi3QYskSWt4rVgrEc+kY+cPX7MEtAJy1c2/NTsSTQITIFTOm4dEYWynTKLkSN9lmYkTM+ID1RMPSkAXCtNJx2huybZUO6UbaVohkrH6fSFlgzDDwbWfAsG9+eyPxL6+RYHe/lcowTlCEfLKomyiCERmdTjpSC45qaAnjWtqshPeZZhztg7L2CV+Xkv9JreB61PXOaf7oGCaYh03Ygh3woAxHcApnUAUOV3AHD/DoRM698+Q8T1ozzufMBvyA8/IBb+yRMg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ZirP9XIm30DaASLGjnTlJC257pc=">AAAB4nicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHUomvdPGZiZDckcoQ/+DGxeK+KPc+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbatzo3AltBKm27ELSqZYoskKexmBnkSKexEk7t53nlGY6VOH2maYZjwUSpjKTg5q92nMRIf1Op+w1+IbUKwgjqs1BzUvvpDLfIEUxKKW9sL/IzCghuSQuGs0s8tZlxM+Ah7DlOeoA2LxbQzduGcIYu1cScltnB/vyh4Yu00idzNhNPYrmdz87+sl1N8ExYyzXLCVCw/inPFSLP56mwoDQpSUwdcGOlmZWLMDRfkCqq4EoL1lTehfdUI/Ebw4EMZzuAcLiGAa7iFe2hCCwQ8wQu8wbunvVfvY1lXyVv1dgp/5H3+AHhTjdA=</latexit><latexit sha1_base64="7w9AMFIrAUtB2PnKPgNAd0nwQHA=">AAAB4nicdVDLSgNBEOz1GWPU6NXLYBA8LbOJMeYmePEYwTwgWcLsZJKMmX0w0yuEJf/gxYMifpQ3/8bJQ1DRgoaiqpvuriBR0iClH87a+sbm1nZuJ79b2Ns/KB4WWiZONRdNHqtYdwJmhJKRaKJEJTqJFiwMlGgHk+u5334Q2sg4usNpIvyQjSI5lJyhlVo9HAtk/WKJurRaq9NzQt0KLdNK1RJau6jUy8Rz6QIlWKHRL773BjFPQxEhV8yYrkcT9DOmUXIlZvleakTC+ISNRNfSiIXC+Nni2hk5tcqADGNtK0KyUL9PZCw0ZhoGtjNkODa/vbn4l9dNcXjpZzJKUhQRXy4apopgTOavk4HUgqOaWsK4lvZWwsdMM442oLwN4etT8j9plV2Put4thRwcwwmcgQc1uIIbaEATONzDIzzDixM7T87rMq41Z5XbEfyA8/YJ03aOEQ==</latexit><latexit sha1_base64="eKTJlQsp9hLGBU1BlO1bMzlN2Wg=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZlNjDG3oBePEcwDkiXMTibJmNnZZaZXCEv+wYsHRbz6P978GycPQUULGoqqbrq7glgKA4R8OJmV1bX1jexmbmt7Z3cvv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBWMr2Z+655rIyJ1C5OY+yEdKjEQjIKVml0YcaC9fIG4pFypkjNM3BIpklLZElI5L1WL2HPJHAW0RL2Xf+/2I5aEXAGT1JiOR2LwU6pBMMmnuW5ieEzZmA55x1JFQ278dH7tFJ9YpY8HkbalAM/V7xMpDY2ZhIHtDCmMzG9vJv7ldRIYXPipUHECXLHFokEiMUR49jruC80ZyIkllGlhb8VsRDVlYAPK2RC+PsX/k2bR9Yjr3ZBC7XIZRxYdoWN0ijxUQTV0jeqogRi6Qw/oCT07kfPovDivi9aMs5w5RD/gvH0CALSPZQ==</latexit><latexit sha1_base64="eKTJlQsp9hLGBU1BlO1bMzlN2Wg=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZlNjDG3oBePEcwDkiXMTibJmNnZZaZXCEv+wYsHRbz6P978GycPQUULGoqqbrq7glgKA4R8OJmV1bX1jexmbmt7Z3cvv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBWMr2Z+655rIyJ1C5OY+yEdKjEQjIKVml0YcaC9fIG4pFypkjNM3BIpklLZElI5L1WL2HPJHAW0RL2Xf+/2I5aEXAGT1JiOR2LwU6pBMMmnuW5ieEzZmA55x1JFQ278dH7tFJ9YpY8HkbalAM/V7xMpDY2ZhIHtDCmMzG9vJv7ldRIYXPipUHECXLHFokEiMUR49jruC80ZyIkllGlhb8VsRDVlYAPK2RC+PsX/k2bR9Yjr3ZBC7XIZRxYdoWN0ijxUQTV0jeqogRi6Qw/oCT07kfPovDivi9aMs5w5RD/gvH0CALSPZQ==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ZirP9XIm30DaASLGjnTlJC257pc=">AAAB4nicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHUomvdPGZiZDckcoQ/+DGxeK+KPc+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbatzo3AltBKm27ELSqZYoskKexmBnkSKexEk7t53nlGY6VOH2maYZjwUSpjKTg5q92nMRIf1Op+w1+IbUKwgjqs1BzUvvpDLfIEUxKKW9sL/IzCghuSQuGs0s8tZlxM+Ah7DlOeoA2LxbQzduGcIYu1cScltnB/vyh4Yu00idzNhNPYrmdz87+sl1N8ExYyzXLCVCw/inPFSLP56mwoDQpSUwdcGOlmZWLMDRfkCqq4EoL1lTehfdUI/Ebw4EMZzuAcLiGAa7iFe2hCCwQ8wQu8wbunvVfvY1lXyVv1dgp/5H3+AHhTjdA=</latexit><latexit sha1_base64="7w9AMFIrAUtB2PnKPgNAd0nwQHA=">AAAB4nicdVDLSgNBEOz1GWPU6NXLYBA8LbOJMeYmePEYwTwgWcLsZJKMmX0w0yuEJf/gxYMifpQ3/8bJQ1DRgoaiqpvuriBR0iClH87a+sbm1nZuJ79b2Ns/KB4WWiZONRdNHqtYdwJmhJKRaKJEJTqJFiwMlGgHk+u5334Q2sg4usNpIvyQjSI5lJyhlVo9HAtk/WKJurRaq9NzQt0KLdNK1RJau6jUy8Rz6QIlWKHRL773BjFPQxEhV8yYrkcT9DOmUXIlZvleakTC+ISNRNfSiIXC+Nni2hk5tcqADGNtK0KyUL9PZCw0ZhoGtjNkODa/vbn4l9dNcXjpZzJKUhQRXy4apopgTOavk4HUgqOaWsK4lvZWwsdMM442oLwN4etT8j9plV2Put4thRwcwwmcgQc1uIIbaEATONzDIzzDixM7T87rMq41Z5XbEfyA8/YJ03aOEQ==</latexit><latexit sha1_base64="eKTJlQsp9hLGBU1BlO1bMzlN2Wg=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZlNjDG3oBePEcwDkiXMTibJmNnZZaZXCEv+wYsHRbz6P978GycPQUULGoqqbrq7glgKA4R8OJmV1bX1jexmbmt7Z3cvv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBWMr2Z+655rIyJ1C5OY+yEdKjEQjIKVml0YcaC9fIG4pFypkjNM3BIpklLZElI5L1WL2HPJHAW0RL2Xf+/2I5aEXAGT1JiOR2LwU6pBMMmnuW5ieEzZmA55x1JFQ278dH7tFJ9YpY8HkbalAM/V7xMpDY2ZhIHtDCmMzG9vJv7ldRIYXPipUHECXLHFokEiMUR49jruC80ZyIkllGlhb8VsRDVlYAPK2RC+PsX/k2bR9Yjr3ZBC7XIZRxYdoWN0ijxUQTV0jeqogRi6Qw/oCT07kfPovDivi9aMs5w5RD/gvH0CALSPZQ==</latexit><latexit sha1_base64="eKTJlQsp9hLGBU1BlO1bMzlN2Wg=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZlNjDG3oBePEcwDkiXMTibJmNnZZaZXCEv+wYsHRbz6P978GycPQUULGoqqbrq7glgKA4R8OJmV1bX1jexmbmt7Z3cvv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBWMr2Z+655rIyJ1C5OY+yEdKjEQjIKVml0YcaC9fIG4pFypkjNM3BIpklLZElI5L1WL2HPJHAW0RL2Xf+/2I5aEXAGT1JiOR2LwU6pBMMmnuW5ieEzZmA55x1JFQ278dH7tFJ9YpY8HkbalAM/V7xMpDY2ZhIHtDCmMzG9vJv7ldRIYXPipUHECXLHFokEiMUR49jruC80ZyIkllGlhb8VsRDVlYAPK2RC+PsX/k2bR9Yjr3ZBC7XIZRxYdoWN0ijxUQTV0jeqogRi6Qw/oCT07kfPovDivi9aMs5w5RD/gvH0CALSPZQ==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ZirP9XIm30DaASLGjnTlJC257pc=">AAAB4nicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHUomvdPGZiZDckcoQ/+DGxeK+KPc+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbatzo3AltBKm27ELSqZYoskKexmBnkSKexEk7t53nlGY6VOH2maYZjwUSpjKTg5q92nMRIf1Op+w1+IbUKwgjqs1BzUvvpDLfIEUxKKW9sL/IzCghuSQuGs0s8tZlxM+Ah7DlOeoA2LxbQzduGcIYu1cScltnB/vyh4Yu00idzNhNPYrmdz87+sl1N8ExYyzXLCVCw/inPFSLP56mwoDQpSUwdcGOlmZWLMDRfkCqq4EoL1lTehfdUI/Ebw4EMZzuAcLiGAa7iFe2hCCwQ8wQu8wbunvVfvY1lXyVv1dgp/5H3+AHhTjdA=</latexit><latexit sha1_base64="7w9AMFIrAUtB2PnKPgNAd0nwQHA=">AAAB4nicdVDLSgNBEOz1GWPU6NXLYBA8LbOJMeYmePEYwTwgWcLsZJKMmX0w0yuEJf/gxYMifpQ3/8bJQ1DRgoaiqpvuriBR0iClH87a+sbm1nZuJ79b2Ns/KB4WWiZONRdNHqtYdwJmhJKRaKJEJTqJFiwMlGgHk+u5334Q2sg4usNpIvyQjSI5lJyhlVo9HAtk/WKJurRaq9NzQt0KLdNK1RJau6jUy8Rz6QIlWKHRL773BjFPQxEhV8yYrkcT9DOmUXIlZvleakTC+ISNRNfSiIXC+Nni2hk5tcqADGNtK0KyUL9PZCw0ZhoGtjNkODa/vbn4l9dNcXjpZzJKUhQRXy4apopgTOavk4HUgqOaWsK4lvZWwsdMM442oLwN4etT8j9plV2Put4thRwcwwmcgQc1uIIbaEATONzDIzzDixM7T87rMq41Z5XbEfyA8/YJ03aOEQ==</latexit><latexit sha1_base64="eKTJlQsp9hLGBU1BlO1bMzlN2Wg=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZlNjDG3oBePEcwDkiXMTibJmNnZZaZXCEv+wYsHRbz6P978GycPQUULGoqqbrq7glgKA4R8OJmV1bX1jexmbmt7Z3cvv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBWMr2Z+655rIyJ1C5OY+yEdKjEQjIKVml0YcaC9fIG4pFypkjNM3BIpklLZElI5L1WL2HPJHAW0RL2Xf+/2I5aEXAGT1JiOR2LwU6pBMMmnuW5ieEzZmA55x1JFQ278dH7tFJ9YpY8HkbalAM/V7xMpDY2ZhIHtDCmMzG9vJv7ldRIYXPipUHECXLHFokEiMUR49jruC80ZyIkllGlhb8VsRDVlYAPK2RC+PsX/k2bR9Yjr3ZBC7XIZRxYdoWN0ijxUQTV0jeqogRi6Qw/oCT07kfPovDivi9aMs5w5RD/gvH0CALSPZQ==</latexit><latexit sha1_base64="eKTJlQsp9hLGBU1BlO1bMzlN2Wg=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZlNjDG3oBePEcwDkiXMTibJmNnZZaZXCEv+wYsHRbz6P978GycPQUULGoqqbrq7glgKA4R8OJmV1bX1jexmbmt7Z3cvv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBWMr2Z+655rIyJ1C5OY+yEdKjEQjIKVml0YcaC9fIG4pFypkjNM3BIpklLZElI5L1WL2HPJHAW0RL2Xf+/2I5aEXAGT1JiOR2LwU6pBMMmnuW5ieEzZmA55x1JFQ278dH7tFJ9YpY8HkbalAM/V7xMpDY2ZhIHtDCmMzG9vJv7ldRIYXPipUHECXLHFokEiMUR49jruC80ZyIkllGlhb8VsRDVlYAPK2RC+PsX/k2bR9Yjr3ZBC7XIZRxYdoWN0ijxUQTV0jeqogRi6Qw/oCT07kfPovDivi9aMs5w5RD/gvH0CALSPZQ==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ZirP9XIm30DaASLGjnTlJC257pc=">AAAB4nicbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZwT6gHUomvdPGZiZDckcoQ/+DGxeK+KPc+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbatzo3AltBKm27ELSqZYoskKexmBnkSKexEk7t53nlGY6VOH2maYZjwUSpjKTg5q92nMRIf1Op+w1+IbUKwgjqs1BzUvvpDLfIEUxKKW9sL/IzCghuSQuGs0s8tZlxM+Ah7DlOeoA2LxbQzduGcIYu1cScltnB/vyh4Yu00idzNhNPYrmdz87+sl1N8ExYyzXLCVCw/inPFSLP56mwoDQpSUwdcGOlmZWLMDRfkCqq4EoL1lTehfdUI/Ebw4EMZzuAcLiGAa7iFe2hCCwQ8wQu8wbunvVfvY1lXyVv1dgp/5H3+AHhTjdA=</latexit><latexit sha1_base64="7w9AMFIrAUtB2PnKPgNAd0nwQHA=">AAAB4nicdVDLSgNBEOz1GWPU6NXLYBA8LbOJMeYmePEYwTwgWcLsZJKMmX0w0yuEJf/gxYMifpQ3/8bJQ1DRgoaiqpvuriBR0iClH87a+sbm1nZuJ79b2Ns/KB4WWiZONRdNHqtYdwJmhJKRaKJEJTqJFiwMlGgHk+u5334Q2sg4usNpIvyQjSI5lJyhlVo9HAtk/WKJurRaq9NzQt0KLdNK1RJau6jUy8Rz6QIlWKHRL773BjFPQxEhV8yYrkcT9DOmUXIlZvleakTC+ISNRNfSiIXC+Nni2hk5tcqADGNtK0KyUL9PZCw0ZhoGtjNkODa/vbn4l9dNcXjpZzJKUhQRXy4apopgTOavk4HUgqOaWsK4lvZWwsdMM442oLwN4etT8j9plV2Put4thRwcwwmcgQc1uIIbaEATONzDIzzDixM7T87rMq41Z5XbEfyA8/YJ03aOEQ==</latexit><latexit sha1_base64="eKTJlQsp9hLGBU1BlO1bMzlN2Wg=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZlNjDG3oBePEcwDkiXMTibJmNnZZaZXCEv+wYsHRbz6P978GycPQUULGoqqbrq7glgKA4R8OJmV1bX1jexmbmt7Z3cvv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBWMr2Z+655rIyJ1C5OY+yEdKjEQjIKVml0YcaC9fIG4pFypkjNM3BIpklLZElI5L1WL2HPJHAW0RL2Xf+/2I5aEXAGT1JiOR2LwU6pBMMmnuW5ieEzZmA55x1JFQ278dH7tFJ9YpY8HkbalAM/V7xMpDY2ZhIHtDCmMzG9vJv7ldRIYXPipUHECXLHFokEiMUR49jruC80ZyIkllGlhb8VsRDVlYAPK2RC+PsX/k2bR9Yjr3ZBC7XIZRxYdoWN0ijxUQTV0jeqogRi6Qw/oCT07kfPovDivi9aMs5w5RD/gvH0CALSPZQ==</latexit><latexit sha1_base64="eKTJlQsp9hLGBU1BlO1bMzlN2Wg=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZlNjDG3oBePEcwDkiXMTibJmNnZZaZXCEv+wYsHRbz6P978GycPQUULGoqqbrq7glgKA4R8OJmV1bX1jexmbmt7Z3cvv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBWMr2Z+655rIyJ1C5OY+yEdKjEQjIKVml0YcaC9fIG4pFypkjNM3BIpklLZElI5L1WL2HPJHAW0RL2Xf+/2I5aEXAGT1JiOR2LwU6pBMMmnuW5ieEzZmA55x1JFQ278dH7tFJ9YpY8HkbalAM/V7xMpDY2ZhIHtDCmMzG9vJv7ldRIYXPipUHECXLHFokEiMUR49jruC80ZyIkllGlhb8VsRDVlYAPK2RC+PsX/k2bR9Yjr3ZBC7XIZRxYdoWN0ijxUQTV0jeqogRi6Qw/oCT07kfPovDivi9aMs5w5RD/gvH0CALSPZQ==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="kKWqvLr6ZWxbO6tGAQcFU1xzjkw=">AAAB7XicdVDLSgNBEJyNr7i+oh69DAbB0zKbGGMOYtCLxwjmAUkIs5PZZMzsg5leIYT8gxcPinjx4Kd49yL+jZNEQUULGoqqbrq6vVgKDYS8W6m5+YXFpfSyvbK6tr6R2dyq6ShRjFdZJCPV8KjmUoS8CgIkb8SK08CTvO4NziZ+/ZorLaLwEoYxbwe0FwpfMApGqrWgz4F2MlnikEKxRA4wcfIkR/IFQ0jxMF/KYdchU2RPXuzj+OnNrnQyr61uxJKAh8Ak1brpkhjaI6pAMMnHdivRPKZsQHu8aWhIA67bo2naMd4zShf7kTIVAp6q3ydGNNB6GHimM6DQ17+9ifiX10zAP2qPRBgnwEM2W+QnEkOEJ6fjrlCcgRwaQpkSJitmfaooA/Mg2zzh61L8P6nlHJc47gXJlk/RDGm0g3bRPnJREZXROaqgKmLoCt2gO3RvRdat9WA9zlpT1ufMNvoB6/kDYXuSpg==</latexit><latexit sha1_base64="eKTJlQsp9hLGBU1BlO1bMzlN2Wg=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgaZlNjDG3oBePEcwDkiXMTibJmNnZZaZXCEv+wYsHRbz6P978GycPQUULGoqqbrq7glgKA4R8OJmV1bX1jexmbmt7Z3cvv3/QNFGiGW+wSEa6HVDDpVC8AQIkb8ea0zCQvBWMr2Z+655rIyJ1C5OY+yEdKjEQjIKVml0YcaC9fIG4pFypkjNM3BIpklLZElI5L1WL2HPJHAW0RL2Xf+/2I5aEXAGT1JiOR2LwU6pBMMmnuW5ieEzZmA55x1JFQ278dH7tFJ9YpY8HkbalAM/V7xMpDY2ZhIHtDCmMzG9vJv7ldRIYXPipUHECXLHFokEiMUR49jruC80ZyIkllGlhb8VsRDVlYAPK2RC+PsX/k2bR9Yjr3ZBC7XIZRxYdoWN0ijxUQTV0jeqogRi6Qw/oCT07kfPovDivi9aMs5w5RD/gvH0CALSPZQ==</latexit> �
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�
<latexit sha1_base64="jzg5prDUYl7kdjhcxk8LRd6xJjE=">AAAB63icdVDLSgNBEOyNrxhfUY96GAyCp2XWRBJvQS8eEzAPSJYwO5lNhsw+mJkVwpJf8OJBEa/+g9/hzZuf4myioKIFDUVVN91dXiy40hi/Wbml5ZXVtfx6YWNza3unuLvXVlEiKWvRSESy6xHFBA9ZS3MtWDeWjASeYB1vcpn5nRsmFY/Caz2NmRuQUch9TonOpH485oNiCdu1MsZOBWG7XK5U8bkh+KxWq5SRY+M5SvXDl+Y7ADQGxdf+MKJJwEJNBVGq5+BYuymRmlPBZoV+olhM6ISMWM/QkARMuen81hk6NsoQ+ZE0FWo0V79PpCRQahp4pjMgeqx+e5n4l9dLtF9zUx7GiWYhXSzyE4F0hLLH0ZBLRrWYGkKo5OZWRMdEEqpNPAUTwten6H/SPrUdbDtNk8YFLJCHAziCE3CgCnW4gga0gMIYbuEeHqzAurMeradFa876nNmHH7CePwCHIJDG</latexit><latexit sha1_base64="elD8Avb0V0omZZVasiRT/b0EMkk=">AAAB63icdVDLSsNAFJ34rPVVdanIYBFchYmpNO6Kbly2YB/QhjKZTpqhkwczE6GELt26caGIW/+h3+HOb/AnnLQKKnrgwuGce7n3Hi/hTCqE3oyFxaXlldXCWnF9Y3Nru7Sz25JxKghtkpjHouNhSTmLaFMxxWknERSHHqdtb3SZ++0bKiSLo2s1Tqgb4mHEfEawyqVeErB+qYxMx0bIqkBk2nalis41QWeOU7GhZaIZyrWDaeP99nBa75dee4OYpCGNFOFYyq6FEuVmWChGOJ0Ue6mkCSYjPKRdTSMcUulms1sn8FgrA+jHQlek4Ez9PpHhUMpx6OnOEKtA/vZy8S+vmyrfcTMWJamiEZkv8lMOVQzzx+GACUoUH2uCiWD6VkgCLDBROp6iDuHrU/g/aZ2aFjKthk7jAsxRAPvgCJwAC1RBDVyBOmgCAgJwBx7AoxEa98aT8TxvXTA+Z/bADxgvH2Vlkiw=</latexit><latexit sha1_base64="elD8Avb0V0omZZVasiRT/b0EMkk=">AAAB63icdVDLSsNAFJ34rPVVdanIYBFchYmpNO6Kbly2YB/QhjKZTpqhkwczE6GELt26caGIW/+h3+HOb/AnnLQKKnrgwuGce7n3Hi/hTCqE3oyFxaXlldXCWnF9Y3Nru7Sz25JxKghtkpjHouNhSTmLaFMxxWknERSHHqdtb3SZ++0bKiSLo2s1Tqgb4mHEfEawyqVeErB+qYxMx0bIqkBk2nalis41QWeOU7GhZaIZyrWDaeP99nBa75dee4OYpCGNFOFYyq6FEuVmWChGOJ0Ue6mkCSYjPKRdTSMcUulms1sn8FgrA+jHQlek4Ez9PpHhUMpx6OnOEKtA/vZy8S+vmyrfcTMWJamiEZkv8lMOVQzzx+GACUoUH2uCiWD6VkgCLDBROp6iDuHrU/g/aZ2aFjKthk7jAsxRAPvgCJwAC1RBDVyBOmgCAgJwBx7AoxEa98aT8TxvXTA+Z/bADxgvH2Vlkiw=</latexit><latexit sha1_base64="U4aMaw6G5Y8BZ5gg1sWV9SMIbyc=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgacm6la63ohePFawttEvJptluaJJdkqxQSv+CFw+KePUPefPfmG0rqOiDgcd7M8zMizLOtEHowymtrK6tb5Q3K1vbO7t71f2DO53mitA2SXmquhHWlDNJ24YZTruZolhEnHai8VXhd+6p0iyVt2aS0VDgkWQxI9gUUj9L2KBaQ27gI+TVIXJ9v95AF5ag8yCo+9Bz0Rw1sERrUH3vD1OSCyoN4VjrnocyE06xMoxwOqv0c00zTMZ4RHuWSiyoDqfzW2fwxCpDGKfKljRwrn6fmGKh9UREtlNgk+jfXiH+5fVyEwfhlMksN1SSxaI459CksHgcDpmixPCJJZgoZm+FJMEKE2PjqdgQvj6F/5O7M9dDrneDas3LZRxlcASOwSnwQAM0wTVogTYgIAEP4Ak8O8J5dF6c10VryVnOHIIfcN4+AXcmjoE=</latexit>

�max
1

<latexit sha1_base64="Qf2zKER0gX3jJOyZws7s+ha1790=">AAAB/XicdVDLSgNBEOz1bXzFx83LoAiellkjRm+iF48KRoUkhtlJRwdnH8z0inEJ/ooXD4p49T+8CR78FCeJgooWNBRV3XR3halWljh/9QYGh4ZHRsfGCxOTU9Mzxdm5I5tkRmJFJjoxJ6GwqFWMFVKk8SQ1KKJQ43F4sdv1jy/RWJXEh9ROsR6Js1i1lBTkpEZxoRYiiUZwmtcIryiPxFWn0yguc5+Xyht8nXG/xDeDtS1HypyX17dY4PMelreXVt/eAWC/UXypNROZRRiT1MLaasBTqufCkJIaO4VaZjEV8kKcYdXRWERo63nv+g5bcUqTtRLjKibWU79P5CKyth2FrjMSdG5/e13xL6+aUWuznqs4zQhj2V/UyjSjhHWjYE1lUJJuOyKkUe5WJs+FEZJcYAUXwten7H9ytOYH3A8OXBo70McYLMISrEIAZdiGPdiHCki4hlu4hwfvxrvzHr2nfuuA9zkzDz/gPX8AoweYOA==</latexit><latexit sha1_base64="6sgQYijYz09ILJaessNS+vVk+uo=">AAAB/XicdVDLSgNBEJz1GeMrPm5eBkXwtMya4MZb0ItHBaNCEsPspKODsw9mesW4BD/EixcPinj1G7x6E/0YJ4mCihY0FFXddHcFiZIGGXt1hoZHRsfGcxP5yanpmdnC3PyBiVMtoCpiFeujgBtQMoIqSlRwlGjgYaDgMDjb7vmH56CNjKN97CTQCPlJJNtScLRSs7BYDwB50zvO6ggXmIX8otttFlaYy4r+BitR5hZZ2VvftMRnzC9tUs9lfaxUltfe3/zn691m4aXeikUaQoRCcWNqHkuwkXGNUijo5uupgYSLM34CNUsjHoJpZP3ru3TVKi3ajrWtCGlf/T6R8dCYThjYzpDjqfnt9cS/vFqK7XIjk1GSIkRisKidKoox7UVBW1KDQNWxhAst7a1UnHLNBdrA8jaEr0/p/+Rg3fWY6+3ZNLbIADmyRJbJGvGITypkh+ySKhHkktyQO3LvXDm3zoPzOGgdcj5nFsgPOE8fwRuZzg==</latexit><latexit sha1_base64="6sgQYijYz09ILJaessNS+vVk+uo=">AAAB/XicdVDLSgNBEJz1GeMrPm5eBkXwtMya4MZb0ItHBaNCEsPspKODsw9mesW4BD/EixcPinj1G7x6E/0YJ4mCihY0FFXddHcFiZIGGXt1hoZHRsfGcxP5yanpmdnC3PyBiVMtoCpiFeujgBtQMoIqSlRwlGjgYaDgMDjb7vmH56CNjKN97CTQCPlJJNtScLRSs7BYDwB50zvO6ggXmIX8otttFlaYy4r+BitR5hZZ2VvftMRnzC9tUs9lfaxUltfe3/zn691m4aXeikUaQoRCcWNqHkuwkXGNUijo5uupgYSLM34CNUsjHoJpZP3ru3TVKi3ajrWtCGlf/T6R8dCYThjYzpDjqfnt9cS/vFqK7XIjk1GSIkRisKidKoox7UVBW1KDQNWxhAst7a1UnHLNBdrA8jaEr0/p/+Rg3fWY6+3ZNLbIADmyRJbJGvGITypkh+ySKhHkktyQO3LvXDm3zoPzOGgdcj5nFsgPOE8fwRuZzg==</latexit><latexit sha1_base64="fklBBL914Y0XedeIZL5GEJcflx0=">AAAB/XicdVDLSgNBEJz1GeNrfdy8DAbB0zIbxZhb0IvHCEaFJIbZSScZMvtgpleMS/BXvHhQxKv/4c2/cRIjqGhBQ1HVTXdXkChpkLF3Z2p6ZnZuPreQX1xaXll119bPTZxqATURq1hfBtyAkhHUUKKCy0QDDwMFF0H/eORfXIM2Mo7OcJBAM+TdSHak4GillrvZCAB5y7/KGgg3mIX8ZjhsuQXmsb3SAdunzNtjh36xbEmJsdJ+mfoeG6NAJqi23LdGOxZpCBEKxY2p+yzBZsY1SqFgmG+kBhIu+rwLdUsjHoJpZuPrh3THKm3aibWtCOlY/T6R8dCYQRjYzpBjz/z2RuJfXj3FzmEzk1GSIkTic1EnVRRjOoqCtqUGgWpgCRda2lup6HHNBdrA8jaEr0/p/+S86PnM809ZoXI0iSNHtsg22SU+KZEKOSFVUiOC3JJ78kienDvnwXl2Xj5bp5zJzAb5Aef1A5I4lfI=</latexit>

�max
2

<latexit sha1_base64="kOe5SlfJjVmtC1Yn16AuMLVfD3k=">AAAB/XicdVDJSgNBEK1xN25xuXlpFMFT6BncchO9eFQwKiQx9HQq2tiz0F0jxiH4K148KOLV//AmePBT7CQKKvqg4PFeFVX1wlQrS5y/egODQ8Mjo2PjhYnJqemZ4uzckU0yI7EiE52Yk1BY1CrGCinSeJIaFFGo8Ti82O36x5dorEriQ2qnWI/EWaxaSgpyUqO4UAuRRCM4zWuEV5RH4qrTaRSXeSkor6/zMuMlP9gol7kjaz4PtjaZX+I9LG8vrb69A8B+o/hSayYyizAmqYW1VZ+nVM+FISU1dgq1zGIq5IU4w6qjsYjQ1vPe9R224pQmayXGVUysp36fyEVkbTsKXWck6Nz+9rriX141o9ZWPVdxmhHGsr+olWlGCetGwZrKoCTddkRIo9ytTJ4LIyS5wAouhK9P2f/kKCj5LqIDl8YO9DEGi7AEq+DDJmzDHuxDBSRcwy3cw4N34915j95Tv3XA+5yZhx/wnj8AsieYQg==</latexit><latexit sha1_base64="UVEJEirgIiV1xe4DIA6/yxDcqeE=">AAAB/XicdVDLSgNBEJz1bXzFx83LoAiewuxiTHITvXhUMCaQxDA76ejg7IOZXklcgh/ixYsHRbz6DV69iX6Mk0RBRQsaiqpuurv8WEmDjL06I6Nj4xOTU9OZmdm5+YXs4tKxiRItoCwiFemqzw0oGUIZJSqoxhp44Cuo+Od7fb9yAdrIKDzCbgyNgJ+Gsi0FRys1syt1H5A3vZO0jtDBNOCdXq+ZXWc5r5TPsxJlOdfbLpWYJVsu84oF6ubYAOs7a5vvb4Xn64Nm9qXeikQSQIhCcWNqLouxkXKNUijoZeqJgZiLc34KNUtDHoBppIPre3TDKi3ajrStEOlA/T6R8sCYbuDbzoDjmfnt9cW/vFqC7WIjlWGcIIRiuKidKIoR7UdBW1KDQNW1hAst7a1UnHHNBdrAMjaEr0/p/+TYy7k2okObxi4ZYoqskjWySVxSIDtknxyQMhHkktyQO3LvXDm3zoPzOGwdcT5nlskPOE8f0DuZ2A==</latexit><latexit sha1_base64="UVEJEirgIiV1xe4DIA6/yxDcqeE=">AAAB/XicdVDLSgNBEJz1bXzFx83LoAiewuxiTHITvXhUMCaQxDA76ejg7IOZXklcgh/ixYsHRbz6DV69iX6Mk0RBRQsaiqpuurv8WEmDjL06I6Nj4xOTU9OZmdm5+YXs4tKxiRItoCwiFemqzw0oGUIZJSqoxhp44Cuo+Od7fb9yAdrIKDzCbgyNgJ+Gsi0FRys1syt1H5A3vZO0jtDBNOCdXq+ZXWc5r5TPsxJlOdfbLpWYJVsu84oF6ubYAOs7a5vvb4Xn64Nm9qXeikQSQIhCcWNqLouxkXKNUijoZeqJgZiLc34KNUtDHoBppIPre3TDKi3ajrStEOlA/T6R8sCYbuDbzoDjmfnt9cW/vFqC7WIjlWGcIIRiuKidKIoR7UdBW1KDQNW1hAst7a1UnHHNBdrAMjaEr0/p/+TYy7k2okObxi4ZYoqskjWySVxSIDtknxyQMhHkktyQO3LvXDm3zoPzOGwdcT5nlskPOE8f0DuZ2A==</latexit><latexit sha1_base64="mHS75QJYc3tfsfhD8D9gQzkbPLc=">AAAB/XicdVDJSgNBEO1xN27jcvPSGARPoWcwam5BLx4VTBSSGHo6laSxZ6G7RhKH4K948aCIV//Dm39jZxFU9EHB470qquoFiZIGGftwpqZnZufmFxZzS8srq2vu+kbVxKkWUBGxivVVwA0oGUEFJSq4SjTwMFBwGdycDP3LW9BGxtEF9hNohLwTybYUHK3UdLfqASBv+tdZHaGHWch7g0HTzbOCXyoWWYmygucflErMkn2P+UeH1CuwEfJkgrOm+15vxSINIUKhuDE1jyXYyLhGKRQMcvXUQMLFDe9AzdKIh2Aa2ej6Ad21Sou2Y20rQjpSv09kPDSmHwa2M+TYNb+9ofiXV0uxfdTIZJSkCJEYL2qnimJMh1HQltQgUPUt4UJLeysVXa65QBtYzobw9Sn9n1T9gmcjOmf58vEkjgWyTXbIHvHIISmTU3JGKkSQO/JAnsizc+88Oi/O67h1ypnMbJIfcN4+AaFYlfw=</latexit>

r
<latexit sha1_base64="YpSWpecGL7qZrGp8ELbPU6jl3TI=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVZNdYslt+xORZbBm0Pp6rNw+QgA1W7xq9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9ti5JGqP1sOuiYnFinR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya88DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3BHsFbXHkZGmdlzy17NbdUuYaZ8nAEx3AKHpxDBW6hCnVggPAEL/Dq3DvPzpvzPivNOfOeQ/gj5+MHSyiOvw==</latexit><latexit sha1_base64="Y9u+/QMcZfrmPX3VY9RxGqFy0+E=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVUZ18wSt6E5FF8GdQuPxwL5L3L7fcyX+2ujFLI5SGCap10/cS086oMpwJHLmtVGNC2YD2sGlR0gh1O5sMOiLH1umSMFb2SUMm7u+OjEZaD6PAVkbU9PV8Njb/y5qpCc/bGZdJalCy6UdhKoiJyXhr0uUKmRFDC5QpbmclrE8VZcbexrVH8OdXXoTaadH3in7FK5SuYKocHMIRnIAPZ1CCGyhDFRggPMATPDt3zqPz4rxOS5ecWc8B/JHz9gM8t5Az</latexit><latexit sha1_base64="Y9u+/QMcZfrmPX3VY9RxGqFy0+E=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVUZ18wSt6E5FF8GdQuPxwL5L3L7fcyX+2ujFLI5SGCap10/cS086oMpwJHLmtVGNC2YD2sGlR0gh1O5sMOiLH1umSMFb2SUMm7u+OjEZaD6PAVkbU9PV8Njb/y5qpCc/bGZdJalCy6UdhKoiJyXhr0uUKmRFDC5QpbmclrE8VZcbexrVH8OdXXoTaadH3in7FK5SuYKocHMIRnIAPZ1CCGyhDFRggPMATPDt3zqPz4rxOS5ecWc8B/JHz9gM8t5Az</latexit><latexit sha1_base64="BBKACyBIODzV0xbaakp+kxEr08Y=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVaalCtuXV3AbJOvILUoEBzUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEYurDIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6CnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzqdgQvNWX10n7qu65da/l1hq3RRxlOINzuAQPrqEB99AEHxggPMMrvDmPzovz7nwsW0tOMXMKf+B8/gDb4Yzy</latexit>

r
<latexit sha1_base64="YpSWpecGL7qZrGp8ELbPU6jl3TI=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVZNdYslt+xORZbBm0Pp6rNw+QgA1W7xq9OLWRqhNExQrduemxg/o8pwJnBc6KQaE8qGtI9ti5JGqP1sOuiYnFinR8JY2ScNmbq/OzIaaT2KAlsZUTPQi9nE/C9rpya88DMuk9SgZLOPwlQQE5PJ1qTHFTIjRhYoU9zOStiAKsqMvU3BHsFbXHkZGmdlzy17NbdUuYaZ8nAEx3AKHpxDBW6hCnVggPAEL/Dq3DvPzpvzPivNOfOeQ/gj5+MHSyiOvw==</latexit><latexit sha1_base64="Y9u+/QMcZfrmPX3VY9RxGqFy0+E=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVUZ18wSt6E5FF8GdQuPxwL5L3L7fcyX+2ujFLI5SGCap10/cS086oMpwJHLmtVGNC2YD2sGlR0gh1O5sMOiLH1umSMFb2SUMm7u+OjEZaD6PAVkbU9PV8Njb/y5qpCc/bGZdJalCy6UdhKoiJyXhr0uUKmRFDC5QpbmclrE8VZcbexrVH8OdXXoTaadH3in7FK5SuYKocHMIRnIAPZ1CCGyhDFRggPMATPDt3zqPz4rxOS5ecWc8B/JHz9gM8t5Az</latexit><latexit sha1_base64="Y9u+/QMcZfrmPX3VY9RxGqFy0+E=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVUZ18wSt6E5FF8GdQuPxwL5L3L7fcyX+2ujFLI5SGCap10/cS086oMpwJHLmtVGNC2YD2sGlR0gh1O5sMOiLH1umSMFb2SUMm7u+OjEZaD6PAVkbU9PV8Njb/y5qpCc/bGZdJalCy6UdhKoiJyXhr0uUKmRFDC5QpbmclrE8VZcbexrVH8OdXXoTaadH3in7FK5SuYKocHMIRnIAPZ1CCGyhDFRggPMATPDt3zqPz4rxOS5ecWc8B/JHz9gM8t5Az</latexit><latexit sha1_base64="BBKACyBIODzV0xbaakp+kxEr08Y=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVaalCtuXV3AbJOvILUoEBzUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEYurDIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6CnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzqdgQvNWX10n7qu65da/l1hq3RRxlOINzuAQPrqEB99AEHxggPMMrvDmPzovz7nwsW0tOMXMKf+B8/gDb4Yzy</latexit>

✓ < r
<latexit sha1_base64="LFNKqSQzhLGfTJAxDTgZ5fkna/M=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0MIiYmMZwcRAcoS9zSRZsrd37s4J4cifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0ykMOR5305hZXVtfaO4Wdra3tndK+8fNE2cao4NHstYt0JmUAqFDRIksZVoZFEo8SEc3Uz9hyfURsTqnsYJBhEbKNEXnJGVWh0aIrEr3S1XvKo3g7tM/JxUIEe9W/7q9GKeRqiIS2ZM2/cSCjKmSXCJk1InNZgwPmIDbFuqWIQmyGb3TtwTq/TcfqxtKXJn6u+JjEXGjKPQdkaMhmbRm4r/ee2U+pdBJlSSEio+X9RPpUuxO33e7QmNnOTYEsa1sLe6fMg042QjKtkQ/MWXl0nzrOp7Vf/uvFK7zuMowhEcwyn4cAE1uIU6NICDhGd4hTfn0Xlx3p2PeWvByWcO4Q+czx/6b4/p</latexit><latexit sha1_base64="LFNKqSQzhLGfTJAxDTgZ5fkna/M=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0MIiYmMZwcRAcoS9zSRZsrd37s4J4cifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0ykMOR5305hZXVtfaO4Wdra3tndK+8fNE2cao4NHstYt0JmUAqFDRIksZVoZFEo8SEc3Uz9hyfURsTqnsYJBhEbKNEXnJGVWh0aIrEr3S1XvKo3g7tM/JxUIEe9W/7q9GKeRqiIS2ZM2/cSCjKmSXCJk1InNZgwPmIDbFuqWIQmyGb3TtwTq/TcfqxtKXJn6u+JjEXGjKPQdkaMhmbRm4r/ee2U+pdBJlSSEio+X9RPpUuxO33e7QmNnOTYEsa1sLe6fMg042QjKtkQ/MWXl0nzrOp7Vf/uvFK7zuMowhEcwyn4cAE1uIU6NICDhGd4hTfn0Xlx3p2PeWvByWcO4Q+czx/6b4/p</latexit><latexit sha1_base64="LFNKqSQzhLGfTJAxDTgZ5fkna/M=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0MIiYmMZwcRAcoS9zSRZsrd37s4J4cifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0ykMOR5305hZXVtfaO4Wdra3tndK+8fNE2cao4NHstYt0JmUAqFDRIksZVoZFEo8SEc3Uz9hyfURsTqnsYJBhEbKNEXnJGVWh0aIrEr3S1XvKo3g7tM/JxUIEe9W/7q9GKeRqiIS2ZM2/cSCjKmSXCJk1InNZgwPmIDbFuqWIQmyGb3TtwTq/TcfqxtKXJn6u+JjEXGjKPQdkaMhmbRm4r/ee2U+pdBJlSSEio+X9RPpUuxO33e7QmNnOTYEsa1sLe6fMg042QjKtkQ/MWXl0nzrOp7Vf/uvFK7zuMowhEcwyn4cAE1uIU6NICDhGd4hTfn0Xlx3p2PeWvByWcO4Q+czx/6b4/p</latexit><latexit sha1_base64="LFNKqSQzhLGfTJAxDTgZ5fkna/M=">AAAB73icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0MIiYmMZwcRAcoS9zSRZsrd37s4J4cifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0ykMOR5305hZXVtfaO4Wdra3tndK+8fNE2cao4NHstYt0JmUAqFDRIksZVoZFEo8SEc3Uz9hyfURsTqnsYJBhEbKNEXnJGVWh0aIrEr3S1XvKo3g7tM/JxUIEe9W/7q9GKeRqiIS2ZM2/cSCjKmSXCJk1InNZgwPmIDbFuqWIQmyGb3TtwTq/TcfqxtKXJn6u+JjEXGjKPQdkaMhmbRm4r/ee2U+pdBJlSSEio+X9RPpUuxO33e7QmNnOTYEsa1sLe6fMg042QjKtkQ/MWXl0nzrOp7Vf/uvFK7zuMowhEcwyn4cAE1uIU6NICDhGd4hTfn0Xlx3p2PeWvByWcO4Q+czx/6b4/p</latexit>

• Residual     integral, but              can be calculated analytically 

• Simplifies when averaging over 

O(↵s)
<latexit sha1_base64="h/XwxQa3UPNYYx/FVlJVW9LldTk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJliEuikz1douCyK4s4J9QGcod9K0Dc08SDJCGQr+ihsXirj1O9z5N2baEVT0QOBwzr3ck+NFnEllWR9Gbml5ZXUtv17Y2Nza3jF399oyjAWhLRLyUHQ9kJSzgLYUU5x2I0HB9zjteJOL1O/cUSFZGNyqaURdH0YBGzICSkt988DxQY0J8OR6VnKAR2Poy5O+WbTK1Xq9clrFVtmaIyW2XTuvYjtTiihDs2++O4OQxD4NFOEgZc+2IuUmIBQjnM4KTixpBGQCI9rTNACfSjeZx5/hY60M8DAU+gUKz9XvGwn4Uk59T0+mYeVvLxX/8nqxGtbdhAVRrGhAFoeGMccqxGkXeMAEJYpPNQEimM6KyRgEEKUbK+gSvn6K/yftStm2yvbNWbFxmdWRR4foCJWQjWqoga5QE7UQQQl6QE/o2bg3Ho0X43UxmjOynX30A8bbJ02jlbU=</latexit><latexit sha1_base64="h/XwxQa3UPNYYx/FVlJVW9LldTk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJliEuikz1douCyK4s4J9QGcod9K0Dc08SDJCGQr+ihsXirj1O9z5N2baEVT0QOBwzr3ck+NFnEllWR9Gbml5ZXUtv17Y2Nza3jF399oyjAWhLRLyUHQ9kJSzgLYUU5x2I0HB9zjteJOL1O/cUSFZGNyqaURdH0YBGzICSkt988DxQY0J8OR6VnKAR2Poy5O+WbTK1Xq9clrFVtmaIyW2XTuvYjtTiihDs2++O4OQxD4NFOEgZc+2IuUmIBQjnM4KTixpBGQCI9rTNACfSjeZx5/hY60M8DAU+gUKz9XvGwn4Uk59T0+mYeVvLxX/8nqxGtbdhAVRrGhAFoeGMccqxGkXeMAEJYpPNQEimM6KyRgEEKUbK+gSvn6K/yftStm2yvbNWbFxmdWRR4foCJWQjWqoga5QE7UQQQl6QE/o2bg3Ho0X43UxmjOynX30A8bbJ02jlbU=</latexit><latexit sha1_base64="h/XwxQa3UPNYYx/FVlJVW9LldTk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJliEuikz1douCyK4s4J9QGcod9K0Dc08SDJCGQr+ihsXirj1O9z5N2baEVT0QOBwzr3ck+NFnEllWR9Gbml5ZXUtv17Y2Nza3jF399oyjAWhLRLyUHQ9kJSzgLYUU5x2I0HB9zjteJOL1O/cUSFZGNyqaURdH0YBGzICSkt988DxQY0J8OR6VnKAR2Poy5O+WbTK1Xq9clrFVtmaIyW2XTuvYjtTiihDs2++O4OQxD4NFOEgZc+2IuUmIBQjnM4KTixpBGQCI9rTNACfSjeZx5/hY60M8DAU+gUKz9XvGwn4Uk59T0+mYeVvLxX/8nqxGtbdhAVRrGhAFoeGMccqxGkXeMAEJYpPNQEimM6KyRgEEKUbK+gSvn6K/yftStm2yvbNWbFxmdWRR4foCJWQjWqoga5QE7UQQQl6QE/o2bg3Ho0X43UxmjOynX30A8bbJ02jlbU=</latexit><latexit sha1_base64="h/XwxQa3UPNYYx/FVlJVW9LldTk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJliEuikz1douCyK4s4J9QGcod9K0Dc08SDJCGQr+ihsXirj1O9z5N2baEVT0QOBwzr3ck+NFnEllWR9Gbml5ZXUtv17Y2Nza3jF399oyjAWhLRLyUHQ9kJSzgLYUU5x2I0HB9zjteJOL1O/cUSFZGNyqaURdH0YBGzICSkt988DxQY0J8OR6VnKAR2Poy5O+WbTK1Xq9clrFVtmaIyW2XTuvYjtTiihDs2++O4OQxD4NFOEgZc+2IuUmIBQjnM4KTixpBGQCI9rTNACfSjeZx5/hY60M8DAU+gUKz9XvGwn4Uk59T0+mYeVvLxX/8nqxGtbdhAVRrGhAFoeGMccqxGkXeMAEJYpPNQEimM6KyRgEEKUbK+gSvn6K/yftStm2yvbNWbFxmdWRR4foCJWQjWqoga5QE7UQQQl6QE/o2bg3Ho0X43UxmjOynX30A8bbJ02jlbU=</latexit>

e� =
�max
2

�max
1 + �max

2
<latexit sha1_base64="Oupct0zudqBWRdo89AObHr+5nyQ=">AAACOnicbVDLSgMxFM34tr6qLt0EiyAIZUYE3QiKG5ctWBU6tWQydzSYzAzJHbUM811u/Ap3Lty4UMStH2DaDvioBwIn55xLck+QSmHQdZ+csfGJyanpmdnK3PzC4lJ1eeXUJJnm0OKJTPR5wAxIEUMLBUo4TzUwFUg4C66P+v7ZDWgjkvgEeyl0FLuMRSQ4Qyt1q03/VoSAQoaQ+wEgK+g+9SPN+PDa3b7Ifa2oYndFUUret7Q1GupWa27dHYCOEq8kNVKi0a0++mHCMwUxcsmMaXtuip2caRRcQlHxMwMp49fsEtqWxkyB6eSD1Qu6YZWQRom2J0Y6UH9O5EwZ01OBTSqGV+av1xf/89oZRnudXMRphhDz4UNRJikmtN8jDYUGjrJnCeNa2L9SfsVsb2jbrtgSvL8rj5LT7brn1r3mTu3gsKxjhqyRdbJJPLJLDsgxaZAW4eSePJNX8uY8OC/Ou/MxjI455cwq+QXn8wtNQK7q</latexit><latexit sha1_base64="Oupct0zudqBWRdo89AObHr+5nyQ=">AAACOnicbVDLSgMxFM34tr6qLt0EiyAIZUYE3QiKG5ctWBU6tWQydzSYzAzJHbUM811u/Ap3Lty4UMStH2DaDvioBwIn55xLck+QSmHQdZ+csfGJyanpmdnK3PzC4lJ1eeXUJJnm0OKJTPR5wAxIEUMLBUo4TzUwFUg4C66P+v7ZDWgjkvgEeyl0FLuMRSQ4Qyt1q03/VoSAQoaQ+wEgK+g+9SPN+PDa3b7Ifa2oYndFUUret7Q1GupWa27dHYCOEq8kNVKi0a0++mHCMwUxcsmMaXtuip2caRRcQlHxMwMp49fsEtqWxkyB6eSD1Qu6YZWQRom2J0Y6UH9O5EwZ01OBTSqGV+av1xf/89oZRnudXMRphhDz4UNRJikmtN8jDYUGjrJnCeNa2L9SfsVsb2jbrtgSvL8rj5LT7brn1r3mTu3gsKxjhqyRdbJJPLJLDsgxaZAW4eSePJNX8uY8OC/Ou/MxjI455cwq+QXn8wtNQK7q</latexit><latexit sha1_base64="Oupct0zudqBWRdo89AObHr+5nyQ=">AAACOnicbVDLSgMxFM34tr6qLt0EiyAIZUYE3QiKG5ctWBU6tWQydzSYzAzJHbUM811u/Ap3Lty4UMStH2DaDvioBwIn55xLck+QSmHQdZ+csfGJyanpmdnK3PzC4lJ1eeXUJJnm0OKJTPR5wAxIEUMLBUo4TzUwFUg4C66P+v7ZDWgjkvgEeyl0FLuMRSQ4Qyt1q03/VoSAQoaQ+wEgK+g+9SPN+PDa3b7Ifa2oYndFUUret7Q1GupWa27dHYCOEq8kNVKi0a0++mHCMwUxcsmMaXtuip2caRRcQlHxMwMp49fsEtqWxkyB6eSD1Qu6YZWQRom2J0Y6UH9O5EwZ01OBTSqGV+av1xf/89oZRnudXMRphhDz4UNRJikmtN8jDYUGjrJnCeNa2L9SfsVsb2jbrtgSvL8rj5LT7brn1r3mTu3gsKxjhqyRdbJJPLJLDsgxaZAW4eSePJNX8uY8OC/Ou/MxjI455cwq+QXn8wtNQK7q</latexit><latexit sha1_base64="Oupct0zudqBWRdo89AObHr+5nyQ=">AAACOnicbVDLSgMxFM34tr6qLt0EiyAIZUYE3QiKG5ctWBU6tWQydzSYzAzJHbUM811u/Ap3Lty4UMStH2DaDvioBwIn55xLck+QSmHQdZ+csfGJyanpmdnK3PzC4lJ1eeXUJJnm0OKJTPR5wAxIEUMLBUo4TzUwFUg4C66P+v7ZDWgjkvgEeyl0FLuMRSQ4Qyt1q03/VoSAQoaQ+wEgK+g+9SPN+PDa3b7Ifa2oYndFUUret7Q1GupWa27dHYCOEq8kNVKi0a0++mHCMwUxcsmMaXtuip2caRRcQlHxMwMp49fsEtqWxkyB6eSD1Qu6YZWQRom2J0Y6UH9O5EwZ01OBTSqGV+av1xf/89oZRnudXMRphhDz4UNRJikmtN8jDYUGjrJnCeNa2L9SfsVsb2jbrtgSvL8rj5LT7brn1r3mTu3gsKxjhqyRdbJJPLJLDsgxaZAW4eSePJNX8uY8OC/Ou/MxjI455cwq+QXn8wtNQK7q</latexit>

�
<latexit sha1_base64="al/iHxpO5/ywu8lJY1X3w7Gt30E=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeKF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8ARM7jj4=</latexit><latexit sha1_base64="al/iHxpO5/ywu8lJY1X3w7Gt30E=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeKF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8ARM7jj4=</latexit><latexit sha1_base64="al/iHxpO5/ywu8lJY1X3w7Gt30E=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeKF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8ARM7jj4=</latexit><latexit sha1_base64="al/iHxpO5/ywu8lJY1X3w7Gt30E=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeKF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8ARM7jj4=</latexit>

1/✏, 1/⌘
<latexit sha1_base64="Gz7tAP/o94gM0ploueIBfa5ddKM=">AAAB+3icbZDLSgMxFIbPeK31Ntalm2ARXEidEUGXFTcuK9gLtEPJpJk2NJMMSUYsQ1/FjQtF3Poi7nwbM+0stPWHwMd/zuGc/GHCmTae9+2srK6tb2yWtsrbO7t7++5BpaVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm/zevuRKs2keDCThAYxHgoWMYKNtfpuxT/v0UQzLsUZytngvlv1at5MaBn8AqpQqNF3v3oDSdKYCkM41rrre4kJMqwMI5xOy71U0wSTMR7SrkWBY6qDbHb7FJ1YZ4AiqewTBs3c3xMZjrWexKHtjLEZ6cVabv5X66Ymug4yJpLUUEHmi6KUIyNRHgQaMEWJ4RMLmChmb0VkhBUmxsZVtiH4i19ehtZFzfdq/v1ltX5TxFGCIziGU/DhCupwBw1oAoEneIZXeHOmzovz7nzMW1ecYuYQ/sj5/AFbHpNW</latexit><latexit sha1_base64="Gz7tAP/o94gM0ploueIBfa5ddKM=">AAAB+3icbZDLSgMxFIbPeK31Ntalm2ARXEidEUGXFTcuK9gLtEPJpJk2NJMMSUYsQ1/FjQtF3Poi7nwbM+0stPWHwMd/zuGc/GHCmTae9+2srK6tb2yWtsrbO7t7++5BpaVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm/zevuRKs2keDCThAYxHgoWMYKNtfpuxT/v0UQzLsUZytngvlv1at5MaBn8AqpQqNF3v3oDSdKYCkM41rrre4kJMqwMI5xOy71U0wSTMR7SrkWBY6qDbHb7FJ1YZ4AiqewTBs3c3xMZjrWexKHtjLEZ6cVabv5X66Ymug4yJpLUUEHmi6KUIyNRHgQaMEWJ4RMLmChmb0VkhBUmxsZVtiH4i19ehtZFzfdq/v1ltX5TxFGCIziGU/DhCupwBw1oAoEneIZXeHOmzovz7nzMW1ecYuYQ/sj5/AFbHpNW</latexit><latexit sha1_base64="Gz7tAP/o94gM0ploueIBfa5ddKM=">AAAB+3icbZDLSgMxFIbPeK31Ntalm2ARXEidEUGXFTcuK9gLtEPJpJk2NJMMSUYsQ1/FjQtF3Poi7nwbM+0stPWHwMd/zuGc/GHCmTae9+2srK6tb2yWtsrbO7t7++5BpaVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm/zevuRKs2keDCThAYxHgoWMYKNtfpuxT/v0UQzLsUZytngvlv1at5MaBn8AqpQqNF3v3oDSdKYCkM41rrre4kJMqwMI5xOy71U0wSTMR7SrkWBY6qDbHb7FJ1YZ4AiqewTBs3c3xMZjrWexKHtjLEZ6cVabv5X66Ymug4yJpLUUEHmi6KUIyNRHgQaMEWJ4RMLmChmb0VkhBUmxsZVtiH4i19ehtZFzfdq/v1ltX5TxFGCIziGU/DhCupwBw1oAoEneIZXeHOmzovz7nzMW1ecYuYQ/sj5/AFbHpNW</latexit><latexit sha1_base64="Gz7tAP/o94gM0ploueIBfa5ddKM=">AAAB+3icbZDLSgMxFIbPeK31Ntalm2ARXEidEUGXFTcuK9gLtEPJpJk2NJMMSUYsQ1/FjQtF3Poi7nwbM+0stPWHwMd/zuGc/GHCmTae9+2srK6tb2yWtsrbO7t7++5BpaVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm/zevuRKs2keDCThAYxHgoWMYKNtfpuxT/v0UQzLsUZytngvlv1at5MaBn8AqpQqNF3v3oDSdKYCkM41rrre4kJMqwMI5xOy71U0wSTMR7SrkWBY6qDbHb7FJ1YZ4AiqewTBs3c3xMZjrWexKHtjLEZ6cVabv5X66Ymug4yJpLUUEHmi6KUIyNRHgQaMEWJ4RMLmChmb0VkhBUmxsZVtiH4i19ehtZFzfdq/v1ltX5TxFGCIziGU/DhCupwBw1oAoEneIZXeHOmzovz7nzMW1ecYuYQ/sj5/AFbHpNW</latexit>

zr
<latexit sha1_base64="HypNAwiu5uK54gDnA03Tu5O6Ur0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9RX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP3DzjeI=</latexit><latexit sha1_base64="HypNAwiu5uK54gDnA03Tu5O6Ur0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9RX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP3DzjeI=</latexit><latexit sha1_base64="HypNAwiu5uK54gDnA03Tu5O6Ur0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9RX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP3DzjeI=</latexit><latexit sha1_base64="HypNAwiu5uK54gDnA03Tu5O6Ur0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9RX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP3DzjeI=</latexit>



Soft function

• Only soft radiation inside jet recoils jet axis. Up to           , 

• Nonglobal logarithms [Dasgupta, Salam]
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O(↵s)
<latexit sha1_base64="oyVWhpKVn2CZF7b4DPNabi7JAbU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLqsuHFnBfuAJoSb6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkTzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLshKMqZoC3NNKfdRFKIQk474fgm9zuPVCoWiwc9SagfwVCwASOgjRTYR14EekSAZ3fTmgc8GUGgzgK76tSdGfAycQtSRQWagf3l9WOSRlRowkGpnusk2s9AakY4nVa8VNEEyBiGtGeogIgqP5vFn+JTo/TxIJbmCY1n6u+NDCKlJlFoJvOwatHLxf+8XqoHV37GRJJqKsj80CDlWMc47wL3maRE84khQCQzWTEZgQSiTWMVU4K7+OVl0j6vu07dvb+oNq6LOsroGJ2gGnLRJWqgW9RELURQhp7RK3qznqwX6936mI+WrGLnEP2B9fkDAkmVfg==</latexit><latexit sha1_base64="oyVWhpKVn2CZF7b4DPNabi7JAbU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLqsuHFnBfuAJoSb6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkTzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLshKMqZoC3NNKfdRFKIQk474fgm9zuPVCoWiwc9SagfwVCwASOgjRTYR14EekSAZ3fTmgc8GUGgzgK76tSdGfAycQtSRQWagf3l9WOSRlRowkGpnusk2s9AakY4nVa8VNEEyBiGtGeogIgqP5vFn+JTo/TxIJbmCY1n6u+NDCKlJlFoJvOwatHLxf+8XqoHV37GRJJqKsj80CDlWMc47wL3maRE84khQCQzWTEZgQSiTWMVU4K7+OVl0j6vu07dvb+oNq6LOsroGJ2gGnLRJWqgW9RELURQhp7RK3qznqwX6936mI+WrGLnEP2B9fkDAkmVfg==</latexit><latexit sha1_base64="oyVWhpKVn2CZF7b4DPNabi7JAbU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLqsuHFnBfuAJoSb6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkTzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLshKMqZoC3NNKfdRFKIQk474fgm9zuPVCoWiwc9SagfwVCwASOgjRTYR14EekSAZ3fTmgc8GUGgzgK76tSdGfAycQtSRQWagf3l9WOSRlRowkGpnusk2s9AakY4nVa8VNEEyBiGtGeogIgqP5vFn+JTo/TxIJbmCY1n6u+NDCKlJlFoJvOwatHLxf+8XqoHV37GRJJqKsj80CDlWMc47wL3maRE84khQCQzWTEZgQSiTWMVU4K7+OVl0j6vu07dvb+oNq6LOsroGJ2gGnLRJWqgW9RELURQhp7RK3qznqwX6936mI+WrGLnEP2B9fkDAkmVfg==</latexit><latexit sha1_base64="oyVWhpKVn2CZF7b4DPNabi7JAbU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLqsuHFnBfuAJoSb6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkTzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLshKMqZoC3NNKfdRFKIQk474fgm9zuPVCoWiwc9SagfwVCwASOgjRTYR14EekSAZ3fTmgc8GUGgzgK76tSdGfAycQtSRQWagf3l9WOSRlRowkGpnusk2s9AakY4nVa8VNEEyBiGtGeogIgqP5vFn+JTo/TxIJbmCY1n6u+NDCKlJlFoJvOwatHLxf+8XqoHV37GRJJqKsj80CDlWMc47wL3maRE84khQCQzWTEZgQSiTWMVU4K7+OVl0j6vu07dvb+oNq6LOsroGJ2gGnLRJWqgW9RELURQhp7RK3qznqwX6936mI+WrGLnEP2B9fkDAkmVfg==</latexit>
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<latexit sha1_base64="jVHAzfB0wttXmdSfuLsX7KJC3KA="></latexit><latexit sha1_base64="jVHAzfB0wttXmdSfuLsX7KJC3KA="></latexit><latexit sha1_base64="jVHAzfB0wttXmdSfuLsX7KJC3KA="></latexit><latexit sha1_base64="jVHAzfB0wttXmdSfuLsX7KJC3KA="></latexit>
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<latexit sha1_base64="d98e6r8vIW6UOxbuJl+CFyEjW5k="></latexit><latexit sha1_base64="d98e6r8vIW6UOxbuJl+CFyEjW5k="></latexit><latexit sha1_base64="d98e6r8vIW6UOxbuJl+CFyEjW5k="></latexit><latexit sha1_base64="d98e6r8vIW6UOxbuJl+CFyEjW5k="></latexit>

3 Soft function and Non Global Logs

Global Soft function at one loop

SG
q (k?, µ, ⌫R) = �2(k?)+
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<latexit sha1_base64="cIceTIHIW/WUiVFBEsIfwWrxrHI="></latexit><latexit sha1_base64="cIceTIHIW/WUiVFBEsIfwWrxrHI="></latexit><latexit sha1_base64="cIceTIHIW/WUiVFBEsIfwWrxrHI="></latexit><latexit sha1_base64="cIceTIHIW/WUiVFBEsIfwWrxrHI="></latexit>

NGLs arise from soft emissions probing inside and outside
of jet simultaneously

Soft Dasgupta, Salam 01’
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Soft function and nonglobal logarithms

• Only soft radiation inside jet recoils jet axis. Up to           , 

• Nonglobal logarithms [Dasgupta, Salam] 
 

• Upon integrating with the collinear function, this is the same 
as the hemisphere case [Banfi, Dasgupta, Khelifa-Kerfa, Marzani] 

• Extends to leading nonglobal logs:

20

O(↵s)
<latexit sha1_base64="oyVWhpKVn2CZF7b4DPNabi7JAbU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLqsuHFnBfuAJoSb6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkTzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLshKMqZoC3NNKfdRFKIQk474fgm9zuPVCoWiwc9SagfwVCwASOgjRTYR14EekSAZ3fTmgc8GUGgzgK76tSdGfAycQtSRQWagf3l9WOSRlRowkGpnusk2s9AakY4nVa8VNEEyBiGtGeogIgqP5vFn+JTo/TxIJbmCY1n6u+NDCKlJlFoJvOwatHLxf+8XqoHV37GRJJqKsj80CDlWMc47wL3maRE84khQCQzWTEZgQSiTWMVU4K7+OVl0j6vu07dvb+oNq6LOsroGJ2gGnLRJWqgW9RELURQhp7RK3qznqwX6936mI+WrGLnEP2B9fkDAkmVfg==</latexit><latexit sha1_base64="oyVWhpKVn2CZF7b4DPNabi7JAbU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLqsuHFnBfuAJoSb6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkTzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLshKMqZoC3NNKfdRFKIQk474fgm9zuPVCoWiwc9SagfwVCwASOgjRTYR14EekSAZ3fTmgc8GUGgzgK76tSdGfAycQtSRQWagf3l9WOSRlRowkGpnusk2s9AakY4nVa8VNEEyBiGtGeogIgqP5vFn+JTo/TxIJbmCY1n6u+NDCKlJlFoJvOwatHLxf+8XqoHV37GRJJqKsj80CDlWMc47wL3maRE84khQCQzWTEZgQSiTWMVU4K7+OVl0j6vu07dvb+oNq6LOsroGJ2gGnLRJWqgW9RELURQhp7RK3qznqwX6936mI+WrGLnEP2B9fkDAkmVfg==</latexit><latexit sha1_base64="oyVWhpKVn2CZF7b4DPNabi7JAbU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLqsuHFnBfuAJoSb6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkTzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLshKMqZoC3NNKfdRFKIQk474fgm9zuPVCoWiwc9SagfwVCwASOgjRTYR14EekSAZ3fTmgc8GUGgzgK76tSdGfAycQtSRQWagf3l9WOSRlRowkGpnusk2s9AakY4nVa8VNEEyBiGtGeogIgqP5vFn+JTo/TxIJbmCY1n6u+NDCKlJlFoJvOwatHLxf+8XqoHV37GRJJqKsj80CDlWMc47wL3maRE84khQCQzWTEZgQSiTWMVU4K7+OVl0j6vu07dvb+oNq6LOsroGJ2gGnLRJWqgW9RELURQhp7RK3qznqwX6936mI+WrGLnEP2B9fkDAkmVfg==</latexit><latexit sha1_base64="oyVWhpKVn2CZF7b4DPNabi7JAbU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJCLqsuHFnBfuAJoSb6bQdOpmEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy/3zAkTzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLshKMqZoC3NNKfdRFKIQk474fgm9zuPVCoWiwc9SagfwVCwASOgjRTYR14EekSAZ3fTmgc8GUGgzgK76tSdGfAycQtSRQWagf3l9WOSRlRowkGpnusk2s9AakY4nVa8VNEEyBiGtGeogIgqP5vFn+JTo/TxIJbmCY1n6u+NDCKlJlFoJvOwatHLxf+8XqoHV37GRJJqKsj80CDlWMc47wL3maRE84khQCQzWTEZgQSiTWMVU4K7+OVl0j6vu07dvb+oNq6LOsroGJ2gGnLRJWqgW9RELURQhp7RK3qznqwX6936mI+WrGLnEP2B9fkDAkmVfg==</latexit>
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Nonperturbative effects

• Significant effects from soft radiation: initial-state radiation, 
multi-parton interactions and hadronization effects
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Nonperturbative model

• 1: uniform contamination, 

• 2: localized contamination, also displaces jet axis
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<latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit><latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit><latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit><latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit>

Soft

New axis

axis displacement term

6 NON PERTUBATIVE EFFECTS6 Nonperturbative effects
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Model 1:  
Uniform contamination
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<latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit><latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit><latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit><latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit>

with f =
<latexit sha1_base64="0n2QS6KzgnvgRquUVjCdZ3S7avI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG87pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwBMvo0x</latexit><latexit sha1_base64="0n2QS6KzgnvgRquUVjCdZ3S7avI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG87pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwBMvo0x</latexit><latexit sha1_base64="0n2QS6KzgnvgRquUVjCdZ3S7avI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG87pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwBMvo0x</latexit><latexit sha1_base64="0n2QS6KzgnvgRquUVjCdZ3S7avI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG87pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwBMvo0x</latexit>
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<latexit sha1_base64="zC/DXafudGyjjVB6/cWJWrqaefs=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUHwFGY06y3oxWOEbJCMoafTkzTpWeiuUcM4n+LFgyJe/RJv/o2dRVDRBwWP96qoqueEgiswzQ8jtbK6tr6R3sxsbe/s7mVz+20VRJKyFg1EILsOUUxwn7WAg2DdUDLiOYJ1nMnFzO/cMKl44DdhGjLbIyOfu5wS0NIgmwsHzeu4D+wOYhW4kCSDbN4s1KqVYrmMzcJZrVqyappYpWqpbGGrYM6RR0s0Btn3/jCgkcd8oIIo1bPMEOyYSOBUsCTTjxQLCZ2QEetp6hOPKTuen57gY60MsRtIXT7gufp9IiaeUlPP0Z0egbH67c3Ev7xeBG7VjrkfRsB8uljkRgJDgGc54CGXjIKYakKo5PpWTMdEEgo6rYwO4etT/D9pnxYsncxVMV8/X8aRRofoCJ0gC1VQHV2iBmohim7RA3pCz8a98Wi8GK+L1pSxnDlAP2C8fQLVV5UI</latexit><latexit sha1_base64="zC/DXafudGyjjVB6/cWJWrqaefs=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUHwFGY06y3oxWOEbJCMoafTkzTpWeiuUcM4n+LFgyJe/RJv/o2dRVDRBwWP96qoqueEgiswzQ8jtbK6tr6R3sxsbe/s7mVz+20VRJKyFg1EILsOUUxwn7WAg2DdUDLiOYJ1nMnFzO/cMKl44DdhGjLbIyOfu5wS0NIgmwsHzeu4D+wOYhW4kCSDbN4s1KqVYrmMzcJZrVqyappYpWqpbGGrYM6RR0s0Btn3/jCgkcd8oIIo1bPMEOyYSOBUsCTTjxQLCZ2QEetp6hOPKTuen57gY60MsRtIXT7gufp9IiaeUlPP0Z0egbH67c3Ev7xeBG7VjrkfRsB8uljkRgJDgGc54CGXjIKYakKo5PpWTMdEEgo6rYwO4etT/D9pnxYsncxVMV8/X8aRRofoCJ0gC1VQHV2iBmohim7RA3pCz8a98Wi8GK+L1pSxnDlAP2C8fQLVV5UI</latexit><latexit sha1_base64="zC/DXafudGyjjVB6/cWJWrqaefs=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUHwFGY06y3oxWOEbJCMoafTkzTpWeiuUcM4n+LFgyJe/RJv/o2dRVDRBwWP96qoqueEgiswzQ8jtbK6tr6R3sxsbe/s7mVz+20VRJKyFg1EILsOUUxwn7WAg2DdUDLiOYJ1nMnFzO/cMKl44DdhGjLbIyOfu5wS0NIgmwsHzeu4D+wOYhW4kCSDbN4s1KqVYrmMzcJZrVqyappYpWqpbGGrYM6RR0s0Btn3/jCgkcd8oIIo1bPMEOyYSOBUsCTTjxQLCZ2QEetp6hOPKTuen57gY60MsRtIXT7gufp9IiaeUlPP0Z0egbH67c3Ev7xeBG7VjrkfRsB8uljkRgJDgGc54CGXjIKYakKo5PpWTMdEEgo6rYwO4etT/D9pnxYsncxVMV8/X8aRRofoCJ0gC1VQHV2iBmohim7RA3pCz8a98Wi8GK+L1pSxnDlAP2C8fQLVV5UI</latexit><latexit sha1_base64="zC/DXafudGyjjVB6/cWJWrqaefs=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUHwFGY06y3oxWOEbJCMoafTkzTpWeiuUcM4n+LFgyJe/RJv/o2dRVDRBwWP96qoqueEgiswzQ8jtbK6tr6R3sxsbe/s7mVz+20VRJKyFg1EILsOUUxwn7WAg2DdUDLiOYJ1nMnFzO/cMKl44DdhGjLbIyOfu5wS0NIgmwsHzeu4D+wOYhW4kCSDbN4s1KqVYrmMzcJZrVqyappYpWqpbGGrYM6RR0s0Btn3/jCgkcd8oIIo1bPMEOyYSOBUsCTTjxQLCZ2QEetp6hOPKTuen57gY60MsRtIXT7gufp9IiaeUlPP0Z0egbH67c3Ev7xeBG7VjrkfRsB8uljkRgJDgGc54CGXjIKYakKo5PpWTMdEEgo6rYwO4etT/D9pnxYsncxVMV8/X8aRRofoCJ0gC1VQHV2iBmohim7RA3pCz8a98Wi8GK+L1pSxnDlAP2C8fQLVV5UI</latexit>

psoftT

pjetT
<latexit sha1_base64="U+RlllyxwC4MxfrYyjeGidSIyCw=">AAACEXicbZC7SgNBFIZn4y3G26qlzWIQUoVdEbQM2lhGyA2yMcxOziZjZi/MnBXDsq9g46vYWChia2fn2zjZpNDEHwZ+vnMOZ87vxYIrtO1vo7Cyura+UdwsbW3v7O6Z+wctFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sZX03r7HqTiUdjASQy9gA5D7nNGUaO+WXF9SVka9xu3qYvwgKmKfMyyLEczcgca9M2yXbVzWcvGmZsymaveN7/cQcSSAEJkgirVdewYeymVyJmArOQmCmLKxnQIXW1DGoDqpflFmXWiycDyI6lfiFZOf0+kNFBqEni6M6A4Uou1Kfyv1k3Qv+ilPIwThJDNFvmJsDCypvFYAy6BoZhoQ5nk+q8WG1EdEeoQSzoEZ/HkZdM6rTp21bk5K9cu53EUyRE5JhXikHNSI9ekTpqEkUfyTF7Jm/FkvBjvxsestWDMZw7JHxmfP3kun04=</latexit><latexit sha1_base64="U+RlllyxwC4MxfrYyjeGidSIyCw=">AAACEXicbZC7SgNBFIZn4y3G26qlzWIQUoVdEbQM2lhGyA2yMcxOziZjZi/MnBXDsq9g46vYWChia2fn2zjZpNDEHwZ+vnMOZ87vxYIrtO1vo7Cyura+UdwsbW3v7O6Z+wctFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sZX03r7HqTiUdjASQy9gA5D7nNGUaO+WXF9SVka9xu3qYvwgKmKfMyyLEczcgca9M2yXbVzWcvGmZsymaveN7/cQcSSAEJkgirVdewYeymVyJmArOQmCmLKxnQIXW1DGoDqpflFmXWiycDyI6lfiFZOf0+kNFBqEni6M6A4Uou1Kfyv1k3Qv+ilPIwThJDNFvmJsDCypvFYAy6BoZhoQ5nk+q8WG1EdEeoQSzoEZ/HkZdM6rTp21bk5K9cu53EUyRE5JhXikHNSI9ekTpqEkUfyTF7Jm/FkvBjvxsestWDMZw7JHxmfP3kun04=</latexit><latexit sha1_base64="U+RlllyxwC4MxfrYyjeGidSIyCw=">AAACEXicbZC7SgNBFIZn4y3G26qlzWIQUoVdEbQM2lhGyA2yMcxOziZjZi/MnBXDsq9g46vYWChia2fn2zjZpNDEHwZ+vnMOZ87vxYIrtO1vo7Cyura+UdwsbW3v7O6Z+wctFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sZX03r7HqTiUdjASQy9gA5D7nNGUaO+WXF9SVka9xu3qYvwgKmKfMyyLEczcgca9M2yXbVzWcvGmZsymaveN7/cQcSSAEJkgirVdewYeymVyJmArOQmCmLKxnQIXW1DGoDqpflFmXWiycDyI6lfiFZOf0+kNFBqEni6M6A4Uou1Kfyv1k3Qv+ilPIwThJDNFvmJsDCypvFYAy6BoZhoQ5nk+q8WG1EdEeoQSzoEZ/HkZdM6rTp21bk5K9cu53EUyRE5JhXikHNSI9ekTpqEkUfyTF7Jm/FkvBjvxsestWDMZw7JHxmfP3kun04=</latexit><latexit sha1_base64="U+RlllyxwC4MxfrYyjeGidSIyCw=">AAACEXicbZC7SgNBFIZn4y3G26qlzWIQUoVdEbQM2lhGyA2yMcxOziZjZi/MnBXDsq9g46vYWChia2fn2zjZpNDEHwZ+vnMOZ87vxYIrtO1vo7Cyura+UdwsbW3v7O6Z+wctFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sZX03r7HqTiUdjASQy9gA5D7nNGUaO+WXF9SVka9xu3qYvwgKmKfMyyLEczcgca9M2yXbVzWcvGmZsymaveN7/cQcSSAEJkgirVdewYeymVyJmArOQmCmLKxnQIXW1DGoDqpflFmXWiycDyI6lfiFZOf0+kNFBqEni6M6A4Uou1Kfyv1k3Qv+ilPIwThJDNFvmJsDCypvFYAy6BoZhoQ5nk+q8WG1EdEeoQSzoEZ/HkZdM6rTp21bk5K9cu53EUyRE5JhXikHNSI9ekTpqEkUfyTF7Jm/FkvBjvxsestWDMZw7JHxmfP3kun04=</latexit>

6 NON PERTUBATIVE EFFECTS6 Nonperturbative effects
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Model 1 Model 2



Nonperturbative model

• 1: uniform contamination, 

• 2: localized contamination, also displaces jet axis 

• Model 2 agrees better, used when comparing to LHC data
23

 (r) ! 1

1 + f
 (r) +

f

1 + f

⇣ r

R

⌘2

<latexit sha1_base64="tVcFi9t22b7h65XIPGm5QJhKxW4="></latexit><latexit sha1_base64="tVcFi9t22b7h65XIPGm5QJhKxW4="></latexit><latexit sha1_base64="tVcFi9t22b7h65XIPGm5QJhKxW4="></latexit><latexit sha1_base64="tVcFi9t22b7h65XIPGm5QJhKxW4="></latexit>

Model 2:  
1 particle contamination

⇢(r) ! 2f

1 + f

r

R2
+

1

1 + f
⇢(r)

<latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit><latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit><latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit><latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit>

Soft

New axis

axis displacement term

6 NON PERTUBATIVE EFFECTS6 Nonperturbative effects
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Model 1:  
Uniform contamination

Soft

⇢(r) ! 2f

1 + f

r

R2
+

1

1 + f
⇢(r)

<latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit><latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit><latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit><latexit sha1_base64="W9Kcn+KREbE816DQTXjmW9nyyX8=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0WoFEpSBF0Wu3FZxT6giWUynbRDJ5kwMxFKyAe58VcEcWERt36HkzaCtl4YOPece7hzjxcxKpVlzYzC2vrG5lZxu7Szu7d/YB4edSSPBSZtzBkXPQ9JwmhI2ooqRnqRICjwGOl6k2amdx+JkJSH92oaETdAo5D6FCOlqYHZdMSYw4o4h47i0PEFwkndTxO76qd5K9Lk7qGewmre2z9q7iwNzLJVs+YFV4GdgzLIqzUwX50hx3FAQoUZkrJvW5FyEyQUxYykJSeWJEJ4gkakr2GIAiLdZH5sCs80M4Q+F/qFCs7Z344EBVJOA09PBkiN5bKWkf9p/Vj5V25CwyhWJMSLRX7MoM4lSw4OqSBYsakGCAuq/wrxGOlElM43C8FePnkVdOo126rZtxflxnUeRxGcgFNQATa4BA1wA1qgDTB4Ai/gHcyMZ+PN+DA+F6MFI/ccgz9lfH0DhgSl5g==</latexit>

with f =
<latexit sha1_base64="0n2QS6KzgnvgRquUVjCdZ3S7avI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG87pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwBMvo0x</latexit><latexit sha1_base64="0n2QS6KzgnvgRquUVjCdZ3S7avI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG87pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwBMvo0x</latexit><latexit sha1_base64="0n2QS6KzgnvgRquUVjCdZ3S7avI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG87pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwBMvo0x</latexit><latexit sha1_base64="0n2QS6KzgnvgRquUVjCdZ3S7avI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6SG87pcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwBMvo0x</latexit>

psoftT
<latexit sha1_base64="zC/DXafudGyjjVB6/cWJWrqaefs=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUHwFGY06y3oxWOEbJCMoafTkzTpWeiuUcM4n+LFgyJe/RJv/o2dRVDRBwWP96qoqueEgiswzQ8jtbK6tr6R3sxsbe/s7mVz+20VRJKyFg1EILsOUUxwn7WAg2DdUDLiOYJ1nMnFzO/cMKl44DdhGjLbIyOfu5wS0NIgmwsHzeu4D+wOYhW4kCSDbN4s1KqVYrmMzcJZrVqyappYpWqpbGGrYM6RR0s0Btn3/jCgkcd8oIIo1bPMEOyYSOBUsCTTjxQLCZ2QEetp6hOPKTuen57gY60MsRtIXT7gufp9IiaeUlPP0Z0egbH67c3Ev7xeBG7VjrkfRsB8uljkRgJDgGc54CGXjIKYakKo5PpWTMdEEgo6rYwO4etT/D9pnxYsncxVMV8/X8aRRofoCJ0gC1VQHV2iBmohim7RA3pCz8a98Wi8GK+L1pSxnDlAP2C8fQLVV5UI</latexit><latexit sha1_base64="zC/DXafudGyjjVB6/cWJWrqaefs=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUHwFGY06y3oxWOEbJCMoafTkzTpWeiuUcM4n+LFgyJe/RJv/o2dRVDRBwWP96qoqueEgiswzQ8jtbK6tr6R3sxsbe/s7mVz+20VRJKyFg1EILsOUUxwn7WAg2DdUDLiOYJ1nMnFzO/cMKl44DdhGjLbIyOfu5wS0NIgmwsHzeu4D+wOYhW4kCSDbN4s1KqVYrmMzcJZrVqyappYpWqpbGGrYM6RR0s0Btn3/jCgkcd8oIIo1bPMEOyYSOBUsCTTjxQLCZ2QEetp6hOPKTuen57gY60MsRtIXT7gufp9IiaeUlPP0Z0egbH67c3Ev7xeBG7VjrkfRsB8uljkRgJDgGc54CGXjIKYakKo5PpWTMdEEgo6rYwO4etT/D9pnxYsncxVMV8/X8aRRofoCJ0gC1VQHV2iBmohim7RA3pCz8a98Wi8GK+L1pSxnDlAP2C8fQLVV5UI</latexit><latexit sha1_base64="zC/DXafudGyjjVB6/cWJWrqaefs=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUHwFGY06y3oxWOEbJCMoafTkzTpWeiuUcM4n+LFgyJe/RJv/o2dRVDRBwWP96qoqueEgiswzQ8jtbK6tr6R3sxsbe/s7mVz+20VRJKyFg1EILsOUUxwn7WAg2DdUDLiOYJ1nMnFzO/cMKl44DdhGjLbIyOfu5wS0NIgmwsHzeu4D+wOYhW4kCSDbN4s1KqVYrmMzcJZrVqyappYpWqpbGGrYM6RR0s0Btn3/jCgkcd8oIIo1bPMEOyYSOBUsCTTjxQLCZ2QEetp6hOPKTuen57gY60MsRtIXT7gufp9IiaeUlPP0Z0egbH67c3Ev7xeBG7VjrkfRsB8uljkRgJDgGc54CGXjIKYakKo5PpWTMdEEgo6rYwO4etT/D9pnxYsncxVMV8/X8aRRofoCJ0gC1VQHV2iBmohim7RA3pCz8a98Wi8GK+L1pSxnDlAP2C8fQLVV5UI</latexit><latexit sha1_base64="zC/DXafudGyjjVB6/cWJWrqaefs=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUHwFGY06y3oxWOEbJCMoafTkzTpWeiuUcM4n+LFgyJe/RJv/o2dRVDRBwWP96qoqueEgiswzQ8jtbK6tr6R3sxsbe/s7mVz+20VRJKyFg1EILsOUUxwn7WAg2DdUDLiOYJ1nMnFzO/cMKl44DdhGjLbIyOfu5wS0NIgmwsHzeu4D+wOYhW4kCSDbN4s1KqVYrmMzcJZrVqyappYpWqpbGGrYM6RR0s0Btn3/jCgkcd8oIIo1bPMEOyYSOBUsCTTjxQLCZ2QEetp6hOPKTuen57gY60MsRtIXT7gufp9IiaeUlPP0Z0egbH67c3Ev7xeBG7VjrkfRsB8uljkRgJDgGc54CGXjIKYakKo5PpWTMdEEgo6rYwO4etT/D9pnxYsncxVMV8/X8aRRofoCJ0gC1VQHV2iBmohim7RA3pCz8a98Wi8GK+L1pSxnDlAP2C8fQLVV5UI</latexit>

psoftT

pjetT
<latexit sha1_base64="U+RlllyxwC4MxfrYyjeGidSIyCw=">AAACEXicbZC7SgNBFIZn4y3G26qlzWIQUoVdEbQM2lhGyA2yMcxOziZjZi/MnBXDsq9g46vYWChia2fn2zjZpNDEHwZ+vnMOZ87vxYIrtO1vo7Cyura+UdwsbW3v7O6Z+wctFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sZX03r7HqTiUdjASQy9gA5D7nNGUaO+WXF9SVka9xu3qYvwgKmKfMyyLEczcgca9M2yXbVzWcvGmZsymaveN7/cQcSSAEJkgirVdewYeymVyJmArOQmCmLKxnQIXW1DGoDqpflFmXWiycDyI6lfiFZOf0+kNFBqEni6M6A4Uou1Kfyv1k3Qv+ilPIwThJDNFvmJsDCypvFYAy6BoZhoQ5nk+q8WG1EdEeoQSzoEZ/HkZdM6rTp21bk5K9cu53EUyRE5JhXikHNSI9ekTpqEkUfyTF7Jm/FkvBjvxsestWDMZw7JHxmfP3kun04=</latexit><latexit sha1_base64="U+RlllyxwC4MxfrYyjeGidSIyCw=">AAACEXicbZC7SgNBFIZn4y3G26qlzWIQUoVdEbQM2lhGyA2yMcxOziZjZi/MnBXDsq9g46vYWChia2fn2zjZpNDEHwZ+vnMOZ87vxYIrtO1vo7Cyura+UdwsbW3v7O6Z+wctFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sZX03r7HqTiUdjASQy9gA5D7nNGUaO+WXF9SVka9xu3qYvwgKmKfMyyLEczcgca9M2yXbVzWcvGmZsymaveN7/cQcSSAEJkgirVdewYeymVyJmArOQmCmLKxnQIXW1DGoDqpflFmXWiycDyI6lfiFZOf0+kNFBqEni6M6A4Uou1Kfyv1k3Qv+ilPIwThJDNFvmJsDCypvFYAy6BoZhoQ5nk+q8WG1EdEeoQSzoEZ/HkZdM6rTp21bk5K9cu53EUyRE5JhXikHNSI9ekTpqEkUfyTF7Jm/FkvBjvxsestWDMZw7JHxmfP3kun04=</latexit><latexit sha1_base64="U+RlllyxwC4MxfrYyjeGidSIyCw=">AAACEXicbZC7SgNBFIZn4y3G26qlzWIQUoVdEbQM2lhGyA2yMcxOziZjZi/MnBXDsq9g46vYWChia2fn2zjZpNDEHwZ+vnMOZ87vxYIrtO1vo7Cyura+UdwsbW3v7O6Z+wctFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sZX03r7HqTiUdjASQy9gA5D7nNGUaO+WXF9SVka9xu3qYvwgKmKfMyyLEczcgca9M2yXbVzWcvGmZsymaveN7/cQcSSAEJkgirVdewYeymVyJmArOQmCmLKxnQIXW1DGoDqpflFmXWiycDyI6lfiFZOf0+kNFBqEni6M6A4Uou1Kfyv1k3Qv+ilPIwThJDNFvmJsDCypvFYAy6BoZhoQ5nk+q8WG1EdEeoQSzoEZ/HkZdM6rTp21bk5K9cu53EUyRE5JhXikHNSI9ekTpqEkUfyTF7Jm/FkvBjvxsestWDMZw7JHxmfP3kun04=</latexit><latexit sha1_base64="U+RlllyxwC4MxfrYyjeGidSIyCw=">AAACEXicbZC7SgNBFIZn4y3G26qlzWIQUoVdEbQM2lhGyA2yMcxOziZjZi/MnBXDsq9g46vYWChia2fn2zjZpNDEHwZ+vnMOZ87vxYIrtO1vo7Cyura+UdwsbW3v7O6Z+wctFSWSQZNFIpIdjyoQPIQmchTQiSXQwBPQ9sZX03r7HqTiUdjASQy9gA5D7nNGUaO+WXF9SVka9xu3qYvwgKmKfMyyLEczcgca9M2yXbVzWcvGmZsymaveN7/cQcSSAEJkgirVdewYeymVyJmArOQmCmLKxnQIXW1DGoDqpflFmXWiycDyI6lfiFZOf0+kNFBqEni6M6A4Uou1Kfyv1k3Qv+ilPIwThJDNFvmJsDCypvFYAy6BoZhoQ5nk+q8WG1EdEeoQSzoEZ/HkZdM6rTp21bk5K9cu53EUyRE5JhXikHNSI9ekTpqEkUfyTF7Jm/FkvBjvxsestWDMZw7JHxmfP3kun04=</latexit>

6 NON PERTUBATIVE EFFECTS6 Nonperturbative effects
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Model 1 Model 2



ATLAS integrated jet shape

• Good agreement. Perturbative uncertainty largest for small 
Nonperturbative effects 24/ 1/pT

<latexit sha1_base64="UhyL3tbVVtj97PF/fZQHE2y51rA=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY8VLx4rtLXQLiWbZtvQbBKTbKEs/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqGZlqQptEcqnbETaUM0GblllO20pTnEScPkaju5n/OKbaMCkadqJomOCBYDEj2Dop7CotlZUouFC9Rq9c8av+HGiVBDmpQI56r/zV7UuSJlRYwrExncBXNsywtoxwOi11U0MVJiM8oB1HBU6oCbP50VN05pQ+iqV2JSyaq78nMpwYM0ki15lgOzTL3kz8z+ukNr4JMyZUaqkgi0VxypF7c5YA6jNNieUTRzDRzN2KyBBrTKzLqeRCCJZfXiWty2rgV4OHq0rtNo+jCCdwCucQwDXU4B7q0AQCT/AMr/Dmjb0X7937WLQWvHzmGP7A+/wBEMSRng==</latexit><latexit sha1_base64="UhyL3tbVVtj97PF/fZQHE2y51rA=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY8VLx4rtLXQLiWbZtvQbBKTbKEs/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqGZlqQptEcqnbETaUM0GblllO20pTnEScPkaju5n/OKbaMCkadqJomOCBYDEj2Dop7CotlZUouFC9Rq9c8av+HGiVBDmpQI56r/zV7UuSJlRYwrExncBXNsywtoxwOi11U0MVJiM8oB1HBU6oCbP50VN05pQ+iqV2JSyaq78nMpwYM0ki15lgOzTL3kz8z+ukNr4JMyZUaqkgi0VxypF7c5YA6jNNieUTRzDRzN2KyBBrTKzLqeRCCJZfXiWty2rgV4OHq0rtNo+jCCdwCucQwDXU4B7q0AQCT/AMr/Dmjb0X7937WLQWvHzmGP7A+/wBEMSRng==</latexit><latexit sha1_base64="UhyL3tbVVtj97PF/fZQHE2y51rA=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY8VLx4rtLXQLiWbZtvQbBKTbKEs/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqGZlqQptEcqnbETaUM0GblllO20pTnEScPkaju5n/OKbaMCkadqJomOCBYDEj2Dop7CotlZUouFC9Rq9c8av+HGiVBDmpQI56r/zV7UuSJlRYwrExncBXNsywtoxwOi11U0MVJiM8oB1HBU6oCbP50VN05pQ+iqV2JSyaq78nMpwYM0ki15lgOzTL3kz8z+ukNr4JMyZUaqkgi0VxypF7c5YA6jNNieUTRzDRzN2KyBBrTKzLqeRCCJZfXiWty2rgV4OHq0rtNo+jCCdwCucQwDXU4B7q0AQCT/AMr/Dmjb0X7937WLQWvHzmGP7A+/wBEMSRng==</latexit><latexit sha1_base64="UhyL3tbVVtj97PF/fZQHE2y51rA=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY8VLx4rtLXQLiWbZtvQbBKTbKEs/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqGZlqQptEcqnbETaUM0GblllO20pTnEScPkaju5n/OKbaMCkadqJomOCBYDEj2Dop7CotlZUouFC9Rq9c8av+HGiVBDmpQI56r/zV7UuSJlRYwrExncBXNsywtoxwOi11U0MVJiM8oB1HBU6oCbP50VN05pQ+iqV2JSyaq78nMpwYM0ki15lgOzTL3kz8z+ukNr4JMyZUaqkgi0VxypF7c5YA6jNNieUTRzDRzN2KyBBrTKzLqeRCCJZfXiWty2rgV4OHq0rtNo+jCCdwCucQwDXU4B7q0AQCT/AMr/Dmjb0X7937WLQWvHzmGP7A+/wBEMSRng==</latexit>

pT = 30� 40GeV
<latexit sha1_base64="5rIPPO709vGR8qqXukiEPh5syio=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiY0YAiCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz5yTvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2LpqJCKIYIeCTRZ1YUgzpKA7aFgo4yoEhjCthbqW8xxTjaELLmBDc2ZfnSeU05zo59y6fLVxO40iTfXJAjohLzkmB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AGSrlOo=</latexit><latexit sha1_base64="5rIPPO709vGR8qqXukiEPh5syio=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiY0YAiCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz5yTvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2LpqJCKIYIeCTRZ1YUgzpKA7aFgo4yoEhjCthbqW8xxTjaELLmBDc2ZfnSeU05zo59y6fLVxO40iTfXJAjohLzkmB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AGSrlOo=</latexit><latexit sha1_base64="5rIPPO709vGR8qqXukiEPh5syio=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiY0YAiCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz5yTvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2LpqJCKIYIeCTRZ1YUgzpKA7aFgo4yoEhjCthbqW8xxTjaELLmBDc2ZfnSeU05zo59y6fLVxO40iTfXJAjohLzkmB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AGSrlOo=</latexit><latexit sha1_base64="5rIPPO709vGR8qqXukiEPh5syio=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiY0YAiCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz5yTvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2LpqJCKIYIeCTRZ1YUgzpKA7aFgo4yoEhjCthbqW8xxTjaELLmBDc2ZfnSeU05zo59y6fLVxO40iTfXJAjohLzkmB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AGSrlOo=</latexit>

pT = 60� 80GeV
<latexit sha1_base64="O8nJawy+RL+PbVjhVdylfs66oDs=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiYEdEgCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz52TvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF28s1EBFGMEPDJok4sKYZ0FAdtCwUc5cAQxpUwt1LeY4pxNKFlTAju7MvzpHKac52ce3eWLVxO40iTfXJAjohLLkiB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AG+ylPE=</latexit><latexit sha1_base64="O8nJawy+RL+PbVjhVdylfs66oDs=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiYEdEgCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz52TvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF28s1EBFGMEPDJok4sKYZ0FAdtCwUc5cAQxpUwt1LeY4pxNKFlTAju7MvzpHKac52ce3eWLVxO40iTfXJAjohLLkiB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AG+ylPE=</latexit><latexit sha1_base64="O8nJawy+RL+PbVjhVdylfs66oDs=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiYEdEgCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz52TvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF28s1EBFGMEPDJok4sKYZ0FAdtCwUc5cAQxpUwt1LeY4pxNKFlTAju7MvzpHKac52ce3eWLVxO40iTfXJAjohLLkiB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AG+ylPE=</latexit><latexit sha1_base64="O8nJawy+RL+PbVjhVdylfs66oDs=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiYEdEgCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz52TvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF28s1EBFGMEPDJok4sKYZ0FAdtCwUc5cAQxpUwt1LeY4pxNKFlTAju7MvzpHKac52ce3eWLVxO40iTfXJAjohLLkiB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AG+ylPE=</latexit>

pT = 110� 160GeV
<latexit sha1_base64="ikB9jgnTjYxHej4MvErRkO6zE+s=">AAACA3icbVDJSgNBEO2JW4xb1JteGoPgQcO0iIogBDzoMUI2SELo6VSSJj0L3TViGAJe/BUvHhTx6k9482/sLAeNPih4vFdFVT0vUtKg6345qbn5hcWl9HJmZXVtfSO7uVUxYawFlEWoQl3zuAElAyijRAW1SAP3PQVVr3818qt3oI0MgxIOImj6vBvIjhQcrdTK7kStEr2kjLlH7NRtHNIGwj0m11AZtrI5N++OQf8SNiU5MkWxlf1stEMR+xCgUNyYOnMjbCZcoxQKhplGbCDios+7ULc04D6YZjL+YUj3rdKmnVDbCpCO1Z8TCfeNGfie7fQ59sysNxL/8+oxds6biQyiGCEQk0WdWFEM6SgQ2pYaBKqBJVxoaW+losc1F2hjy9gQ2OzLf0nlOM/cPLs9yRUupnGkyS7ZIweEkTNSIDekSMpEkAfyRF7Iq/PoPDtvzvukNeVMZ7bJLzgf303wlWA=</latexit><latexit sha1_base64="ikB9jgnTjYxHej4MvErRkO6zE+s=">AAACA3icbVDJSgNBEO2JW4xb1JteGoPgQcO0iIogBDzoMUI2SELo6VSSJj0L3TViGAJe/BUvHhTx6k9482/sLAeNPih4vFdFVT0vUtKg6345qbn5hcWl9HJmZXVtfSO7uVUxYawFlEWoQl3zuAElAyijRAW1SAP3PQVVr3818qt3oI0MgxIOImj6vBvIjhQcrdTK7kStEr2kjLlH7NRtHNIGwj0m11AZtrI5N++OQf8SNiU5MkWxlf1stEMR+xCgUNyYOnMjbCZcoxQKhplGbCDios+7ULc04D6YZjL+YUj3rdKmnVDbCpCO1Z8TCfeNGfie7fQ59sysNxL/8+oxds6biQyiGCEQk0WdWFEM6SgQ2pYaBKqBJVxoaW+losc1F2hjy9gQ2OzLf0nlOM/cPLs9yRUupnGkyS7ZIweEkTNSIDekSMpEkAfyRF7Iq/PoPDtvzvukNeVMZ7bJLzgf303wlWA=</latexit><latexit sha1_base64="ikB9jgnTjYxHej4MvErRkO6zE+s=">AAACA3icbVDJSgNBEO2JW4xb1JteGoPgQcO0iIogBDzoMUI2SELo6VSSJj0L3TViGAJe/BUvHhTx6k9482/sLAeNPih4vFdFVT0vUtKg6345qbn5hcWl9HJmZXVtfSO7uVUxYawFlEWoQl3zuAElAyijRAW1SAP3PQVVr3818qt3oI0MgxIOImj6vBvIjhQcrdTK7kStEr2kjLlH7NRtHNIGwj0m11AZtrI5N++OQf8SNiU5MkWxlf1stEMR+xCgUNyYOnMjbCZcoxQKhplGbCDios+7ULc04D6YZjL+YUj3rdKmnVDbCpCO1Z8TCfeNGfie7fQ59sysNxL/8+oxds6biQyiGCEQk0WdWFEM6SgQ2pYaBKqBJVxoaW+losc1F2hjy9gQ2OzLf0nlOM/cPLs9yRUupnGkyS7ZIweEkTNSIDekSMpEkAfyRF7Iq/PoPDtvzvukNeVMZ7bJLzgf303wlWA=</latexit><latexit sha1_base64="ikB9jgnTjYxHej4MvErRkO6zE+s=">AAACA3icbVDJSgNBEO2JW4xb1JteGoPgQcO0iIogBDzoMUI2SELo6VSSJj0L3TViGAJe/BUvHhTx6k9482/sLAeNPih4vFdFVT0vUtKg6345qbn5hcWl9HJmZXVtfSO7uVUxYawFlEWoQl3zuAElAyijRAW1SAP3PQVVr3818qt3oI0MgxIOImj6vBvIjhQcrdTK7kStEr2kjLlH7NRtHNIGwj0m11AZtrI5N++OQf8SNiU5MkWxlf1stEMR+xCgUNyYOnMjbCZcoxQKhplGbCDios+7ULc04D6YZjL+YUj3rdKmnVDbCpCO1Z8TCfeNGfie7fQ59sysNxL/8+oxds6biQyiGCEQk0WdWFEM6SgQ2pYaBKqBJVxoaW+losc1F2hjy9gQ2OzLf0nlOM/cPLs9yRUupnGkyS7ZIweEkTNSIDekSMpEkAfyRF7Iq/PoPDtvzvukNeVMZ7bJLzgf303wlWA=</latexit>

pT = 500� 600GeV
<latexit sha1_base64="je2K0vTnxbHdexHR7Qup8vMSU54=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8aOgRNwQh4EGPEbJBEkJPp5I06VnorhHDEPDir3jxoIhXf8Kbf2NnOWj0QcHjvSqq6nmRkgYZ+3JmZufmFxZTS+nlldW19czGZtmEsRZQEqEKddXjBpQMoIQSFVQjDdz3FFS83tXQr9yBNjIMitiPoOHzTiDbUnC0UjOzHTWL9JKeMHZ4ylj9gNYR7jG5hvKgmcmyHBuB/iXuhGTJBIVm5rPeCkXsQ4BCcWNqLouwkXCNUigYpOuxgYiLHu9AzdKA+2AayeiHAd2zSou2Q20rQDpSf04k3Dem73u20+fYNdPeUPzPq8XYPm8kMohihECMF7VjRTGkw0BoS2oQqPqWcKGlvZWKLtdcoI0tbUNwp1/+S8pHOZfl3NvjbP5iEkeK7JBdsk9cckby5IYUSIkI8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HN1EplWI=</latexit><latexit sha1_base64="je2K0vTnxbHdexHR7Qup8vMSU54=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8aOgRNwQh4EGPEbJBEkJPp5I06VnorhHDEPDir3jxoIhXf8Kbf2NnOWj0QcHjvSqq6nmRkgYZ+3JmZufmFxZTS+nlldW19czGZtmEsRZQEqEKddXjBpQMoIQSFVQjDdz3FFS83tXQr9yBNjIMitiPoOHzTiDbUnC0UjOzHTWL9JKeMHZ4ylj9gNYR7jG5hvKgmcmyHBuB/iXuhGTJBIVm5rPeCkXsQ4BCcWNqLouwkXCNUigYpOuxgYiLHu9AzdKA+2AayeiHAd2zSou2Q20rQDpSf04k3Dem73u20+fYNdPeUPzPq8XYPm8kMohihECMF7VjRTGkw0BoS2oQqPqWcKGlvZWKLtdcoI0tbUNwp1/+S8pHOZfl3NvjbP5iEkeK7JBdsk9cckby5IYUSIkI8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HN1EplWI=</latexit><latexit sha1_base64="je2K0vTnxbHdexHR7Qup8vMSU54=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8aOgRNwQh4EGPEbJBEkJPp5I06VnorhHDEPDir3jxoIhXf8Kbf2NnOWj0QcHjvSqq6nmRkgYZ+3JmZufmFxZTS+nlldW19czGZtmEsRZQEqEKddXjBpQMoIQSFVQjDdz3FFS83tXQr9yBNjIMitiPoOHzTiDbUnC0UjOzHTWL9JKeMHZ4ylj9gNYR7jG5hvKgmcmyHBuB/iXuhGTJBIVm5rPeCkXsQ4BCcWNqLouwkXCNUigYpOuxgYiLHu9AzdKA+2AayeiHAd2zSou2Q20rQDpSf04k3Dem73u20+fYNdPeUPzPq8XYPm8kMohihECMF7VjRTGkw0BoS2oQqPqWcKGlvZWKLtdcoI0tbUNwp1/+S8pHOZfl3NvjbP5iEkeK7JBdsk9cckby5IYUSIkI8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HN1EplWI=</latexit><latexit sha1_base64="je2K0vTnxbHdexHR7Qup8vMSU54=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8aOgRNwQh4EGPEbJBEkJPp5I06VnorhHDEPDir3jxoIhXf8Kbf2NnOWj0QcHjvSqq6nmRkgYZ+3JmZufmFxZTS+nlldW19czGZtmEsRZQEqEKddXjBpQMoIQSFVQjDdz3FFS83tXQr9yBNjIMitiPoOHzTiDbUnC0UjOzHTWL9JKeMHZ4ylj9gNYR7jG5hvKgmcmyHBuB/iXuhGTJBIVm5rPeCkXsQ4BCcWNqLouwkXCNUigYpOuxgYiLHu9AzdKA+2AayeiHAd2zSou2Q20rQDpSf04k3Dem73u20+fYNdPeUPzPq8XYPm8kMohihECMF7VjRTGkw0BoS2oQqPqWcKGlvZWKLtdcoI0tbUNwp1/+S8pHOZfl3NvjbP5iEkeK7JBdsk9cckby5IYUSIkI8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HN1EplWI=</latexit>

r
<latexit sha1_base64="m4tqZ8xVXvu7FPEANRRtO83GNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/c1Iz1</latexit><latexit sha1_base64="m4tqZ8xVXvu7FPEANRRtO83GNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/c1Iz1</latexit><latexit sha1_base64="m4tqZ8xVXvu7FPEANRRtO83GNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/c1Iz1</latexit><latexit sha1_base64="m4tqZ8xVXvu7FPEANRRtO83GNko=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/c1Iz1</latexit>



ATLAS differential jet shape

• Nonperturbative effects particularly important in tail 
(not the region where         resummation is important)
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pT = 110� 160GeV
<latexit sha1_base64="ikB9jgnTjYxHej4MvErRkO6zE+s=">AAACA3icbVDJSgNBEO2JW4xb1JteGoPgQcO0iIogBDzoMUI2SELo6VSSJj0L3TViGAJe/BUvHhTx6k9482/sLAeNPih4vFdFVT0vUtKg6345qbn5hcWl9HJmZXVtfSO7uVUxYawFlEWoQl3zuAElAyijRAW1SAP3PQVVr3818qt3oI0MgxIOImj6vBvIjhQcrdTK7kStEr2kjLlH7NRtHNIGwj0m11AZtrI5N++OQf8SNiU5MkWxlf1stEMR+xCgUNyYOnMjbCZcoxQKhplGbCDios+7ULc04D6YZjL+YUj3rdKmnVDbCpCO1Z8TCfeNGfie7fQ59sysNxL/8+oxds6biQyiGCEQk0WdWFEM6SgQ2pYaBKqBJVxoaW+losc1F2hjy9gQ2OzLf0nlOM/cPLs9yRUupnGkyS7ZIweEkTNSIDekSMpEkAfyRF7Iq/PoPDtvzvukNeVMZ7bJLzgf303wlWA=</latexit><latexit sha1_base64="ikB9jgnTjYxHej4MvErRkO6zE+s=">AAACA3icbVDJSgNBEO2JW4xb1JteGoPgQcO0iIogBDzoMUI2SELo6VSSJj0L3TViGAJe/BUvHhTx6k9482/sLAeNPih4vFdFVT0vUtKg6345qbn5hcWl9HJmZXVtfSO7uVUxYawFlEWoQl3zuAElAyijRAW1SAP3PQVVr3818qt3oI0MgxIOImj6vBvIjhQcrdTK7kStEr2kjLlH7NRtHNIGwj0m11AZtrI5N++OQf8SNiU5MkWxlf1stEMR+xCgUNyYOnMjbCZcoxQKhplGbCDios+7ULc04D6YZjL+YUj3rdKmnVDbCpCO1Z8TCfeNGfie7fQ59sysNxL/8+oxds6biQyiGCEQk0WdWFEM6SgQ2pYaBKqBJVxoaW+losc1F2hjy9gQ2OzLf0nlOM/cPLs9yRUupnGkyS7ZIweEkTNSIDekSMpEkAfyRF7Iq/PoPDtvzvukNeVMZ7bJLzgf303wlWA=</latexit><latexit sha1_base64="ikB9jgnTjYxHej4MvErRkO6zE+s=">AAACA3icbVDJSgNBEO2JW4xb1JteGoPgQcO0iIogBDzoMUI2SELo6VSSJj0L3TViGAJe/BUvHhTx6k9482/sLAeNPih4vFdFVT0vUtKg6345qbn5hcWl9HJmZXVtfSO7uVUxYawFlEWoQl3zuAElAyijRAW1SAP3PQVVr3818qt3oI0MgxIOImj6vBvIjhQcrdTK7kStEr2kjLlH7NRtHNIGwj0m11AZtrI5N++OQf8SNiU5MkWxlf1stEMR+xCgUNyYOnMjbCZcoxQKhplGbCDios+7ULc04D6YZjL+YUj3rdKmnVDbCpCO1Z8TCfeNGfie7fQ59sysNxL/8+oxds6biQyiGCEQk0WdWFEM6SgQ2pYaBKqBJVxoaW+losc1F2hjy9gQ2OzLf0nlOM/cPLs9yRUupnGkyS7ZIweEkTNSIDekSMpEkAfyRF7Iq/PoPDtvzvukNeVMZ7bJLzgf303wlWA=</latexit><latexit sha1_base64="ikB9jgnTjYxHej4MvErRkO6zE+s=">AAACA3icbVDJSgNBEO2JW4xb1JteGoPgQcO0iIogBDzoMUI2SELo6VSSJj0L3TViGAJe/BUvHhTx6k9482/sLAeNPih4vFdFVT0vUtKg6345qbn5hcWl9HJmZXVtfSO7uVUxYawFlEWoQl3zuAElAyijRAW1SAP3PQVVr3818qt3oI0MgxIOImj6vBvIjhQcrdTK7kStEr2kjLlH7NRtHNIGwj0m11AZtrI5N++OQf8SNiU5MkWxlf1stEMR+xCgUNyYOnMjbCZcoxQKhplGbCDios+7ULc04D6YZjL+YUj3rdKmnVDbCpCO1Z8TCfeNGfie7fQ59sysNxL/8+oxds6biQyiGCEQk0WdWFEM6SgQ2pYaBKqBJVxoaW+losc1F2hjy9gQ2OzLf0nlOM/cPLs9yRUupnGkyS7ZIweEkTNSIDekSMpEkAfyRF7Iq/PoPDtvzvukNeVMZ7bJLzgf303wlWA=</latexit>

pT = 30� 40GeV
<latexit sha1_base64="5rIPPO709vGR8qqXukiEPh5syio=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiY0YAiCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz5yTvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2LpqJCKIYIeCTRZ1YUgzpKA7aFgo4yoEhjCthbqW8xxTjaELLmBDc2ZfnSeU05zo59y6fLVxO40iTfXJAjohLzkmB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AGSrlOo=</latexit><latexit sha1_base64="5rIPPO709vGR8qqXukiEPh5syio=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiY0YAiCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz5yTvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2LpqJCKIYIeCTRZ1YUgzpKA7aFgo4yoEhjCthbqW8xxTjaELLmBDc2ZfnSeU05zo59y6fLVxO40iTfXJAjohLzkmB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AGSrlOo=</latexit><latexit sha1_base64="5rIPPO709vGR8qqXukiEPh5syio=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiY0YAiCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz5yTvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2LpqJCKIYIeCTRZ1YUgzpKA7aFgo4yoEhjCthbqW8xxTjaELLmBDc2ZfnSeU05zo59y6fLVxO40iTfXJAjohLzkmB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AGSrlOo=</latexit><latexit sha1_base64="5rIPPO709vGR8qqXukiEPh5syio=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiY0YAiCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz5yTvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2LpqJCKIYIeCTRZ1YUgzpKA7aFgo4yoEhjCthbqW8xxTjaELLmBDc2ZfnSeU05zo59y6fLVxO40iTfXJAjohLzkmB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AGSrlOo=</latexit>

pT = 60� 80GeV
<latexit sha1_base64="O8nJawy+RL+PbVjhVdylfs66oDs=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiYEdEgCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz52TvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF28s1EBFGMEPDJok4sKYZ0FAdtCwUc5cAQxpUwt1LeY4pxNKFlTAju7MvzpHKac52ce3eWLVxO40iTfXJAjohLLkiB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AG+ylPE=</latexit><latexit sha1_base64="O8nJawy+RL+PbVjhVdylfs66oDs=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiYEdEgCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz52TvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF28s1EBFGMEPDJok4sKYZ0FAdtCwUc5cAQxpUwt1LeY4pxNKFlTAju7MvzpHKac52ce3eWLVxO40iTfXJAjohLLkiB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AG+ylPE=</latexit><latexit sha1_base64="O8nJawy+RL+PbVjhVdylfs66oDs=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiYEdEgCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz52TvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF28s1EBFGMEPDJok4sKYZ0FAdtCwUc5cAQxpUwt1LeY4pxNKFlTAju7MvzpHKac52ce3eWLVxO40iTfXJAjohLLkiB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AG+ylPE=</latexit><latexit sha1_base64="O8nJawy+RL+PbVjhVdylfs66oDs=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiYEdEgCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz52TvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF28s1EBFGMEPDJok4sKYZ0FAdtCwUc5cAQxpUwt1LeY4pxNKFlTAju7MvzpHKac52ce3eWLVxO40iTfXJAjohLLkiB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AG+ylPE=</latexit>

pT = 500� 600GeV
<latexit sha1_base64="je2K0vTnxbHdexHR7Qup8vMSU54=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8aOgRNwQh4EGPEbJBEkJPp5I06VnorhHDEPDir3jxoIhXf8Kbf2NnOWj0QcHjvSqq6nmRkgYZ+3JmZufmFxZTS+nlldW19czGZtmEsRZQEqEKddXjBpQMoIQSFVQjDdz3FFS83tXQr9yBNjIMitiPoOHzTiDbUnC0UjOzHTWL9JKeMHZ4ylj9gNYR7jG5hvKgmcmyHBuB/iXuhGTJBIVm5rPeCkXsQ4BCcWNqLouwkXCNUigYpOuxgYiLHu9AzdKA+2AayeiHAd2zSou2Q20rQDpSf04k3Dem73u20+fYNdPeUPzPq8XYPm8kMohihECMF7VjRTGkw0BoS2oQqPqWcKGlvZWKLtdcoI0tbUNwp1/+S8pHOZfl3NvjbP5iEkeK7JBdsk9cckby5IYUSIkI8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HN1EplWI=</latexit><latexit sha1_base64="je2K0vTnxbHdexHR7Qup8vMSU54=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8aOgRNwQh4EGPEbJBEkJPp5I06VnorhHDEPDir3jxoIhXf8Kbf2NnOWj0QcHjvSqq6nmRkgYZ+3JmZufmFxZTS+nlldW19czGZtmEsRZQEqEKddXjBpQMoIQSFVQjDdz3FFS83tXQr9yBNjIMitiPoOHzTiDbUnC0UjOzHTWL9JKeMHZ4ylj9gNYR7jG5hvKgmcmyHBuB/iXuhGTJBIVm5rPeCkXsQ4BCcWNqLouwkXCNUigYpOuxgYiLHu9AzdKA+2AayeiHAd2zSou2Q20rQDpSf04k3Dem73u20+fYNdPeUPzPq8XYPm8kMohihECMF7VjRTGkw0BoS2oQqPqWcKGlvZWKLtdcoI0tbUNwp1/+S8pHOZfl3NvjbP5iEkeK7JBdsk9cckby5IYUSIkI8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HN1EplWI=</latexit><latexit sha1_base64="je2K0vTnxbHdexHR7Qup8vMSU54=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8aOgRNwQh4EGPEbJBEkJPp5I06VnorhHDEPDir3jxoIhXf8Kbf2NnOWj0QcHjvSqq6nmRkgYZ+3JmZufmFxZTS+nlldW19czGZtmEsRZQEqEKddXjBpQMoIQSFVQjDdz3FFS83tXQr9yBNjIMitiPoOHzTiDbUnC0UjOzHTWL9JKeMHZ4ylj9gNYR7jG5hvKgmcmyHBuB/iXuhGTJBIVm5rPeCkXsQ4BCcWNqLouwkXCNUigYpOuxgYiLHu9AzdKA+2AayeiHAd2zSou2Q20rQDpSf04k3Dem73u20+fYNdPeUPzPq8XYPm8kMohihECMF7VjRTGkw0BoS2oQqPqWcKGlvZWKLtdcoI0tbUNwp1/+S8pHOZfl3NvjbP5iEkeK7JBdsk9cckby5IYUSIkI8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HN1EplWI=</latexit><latexit sha1_base64="je2K0vTnxbHdexHR7Qup8vMSU54=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8aOgRNwQh4EGPEbJBEkJPp5I06VnorhHDEPDir3jxoIhXf8Kbf2NnOWj0QcHjvSqq6nmRkgYZ+3JmZufmFxZTS+nlldW19czGZtmEsRZQEqEKddXjBpQMoIQSFVQjDdz3FFS83tXQr9yBNjIMitiPoOHzTiDbUnC0UjOzHTWL9JKeMHZ4ylj9gNYR7jG5hvKgmcmyHBuB/iXuhGTJBIVm5rPeCkXsQ4BCcWNqLouwkXCNUigYpOuxgYiLHu9AzdKA+2AayeiHAd2zSou2Q20rQDpSf04k3Dem73u20+fYNdPeUPzPq8XYPm8kMohihECMF7VjRTGkw0BoS2oQqPqWcKGlvZWKLtdcoI0tbUNwp1/+S8pHOZfl3NvjbP5iEkeK7JBdsk9cckby5IYUSIkI8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HN1EplWI=</latexit>

r/R
<latexit sha1_base64="Ey9ynKb1MIs7ziOTyiiUikPHsP8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMeIF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD/rsvleuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHrRI2K</latexit><latexit sha1_base64="Ey9ynKb1MIs7ziOTyiiUikPHsP8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMeIF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD/rsvleuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHrRI2K</latexit><latexit sha1_base64="Ey9ynKb1MIs7ziOTyiiUikPHsP8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMeIF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD/rsvleuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHrRI2K</latexit><latexit sha1_base64="Ey9ynKb1MIs7ziOTyiiUikPHsP8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoMeIF4/xkQckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFKD/rsvleuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHrRI2K</latexit>



CMS differential jet shape

• Similar level of agreement  
Slightly larger     and nonperturbative effects
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pT = 30� 40GeV
<latexit sha1_base64="5rIPPO709vGR8qqXukiEPh5syio=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiY0YAiCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz5yTvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2LpqJCKIYIeCTRZ1YUgzpKA7aFgo4yoEhjCthbqW8xxTjaELLmBDc2ZfnSeU05zo59y6fLVxO40iTfXJAjohLzkmB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AGSrlOo=</latexit><latexit sha1_base64="5rIPPO709vGR8qqXukiEPh5syio=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiY0YAiCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz5yTvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2LpqJCKIYIeCTRZ1YUgzpKA7aFgo4yoEhjCthbqW8xxTjaELLmBDc2ZfnSeU05zo59y6fLVxO40iTfXJAjohLzkmB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AGSrlOo=</latexit><latexit sha1_base64="5rIPPO709vGR8qqXukiEPh5syio=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiY0YAiCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz5yTvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2LpqJCKIYIeCTRZ1YUgzpKA7aFgo4yoEhjCthbqW8xxTjaELLmBDc2ZfnSeU05zo59y6fLVxO40iTfXJAjohLzkmB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AGSrlOo=</latexit><latexit sha1_base64="5rIPPO709vGR8qqXukiEPh5syio=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPGiY0YAiCAEPeoyQDZIQejqVpEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw08UHB470qqup5kRQaHefbSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf71yK/eg9IiDEo4iKDps24gOoIzNFLL3otaJXpFz5yTvNM4pg2EB0xuoDJs2Vkn54xB54k7JVkyRbFlfzXaIY99CJBLpnXddSJsJkyh4BKGmUasIWK8z7pQNzRgPuhmMv5gSA+N0qadUJkKkI7V3xMJ87Ue+J7p9Bn29Kw3Ev/z6jF2LpqJCKIYIeCTRZ1YUgzpKA7aFgo4yoEhjCthbqW8xxTjaELLmBDc2ZfnSeU05zo59y6fLVxO40iTfXJAjohLzkmB3JIiKRNOHskzeSVv1pP1Yr1bH5PWlDWd2SV/YH3+AGSrlOo=</latexit>

pT = 500� 600GeV
<latexit sha1_base64="je2K0vTnxbHdexHR7Qup8vMSU54=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8aOgRNwQh4EGPEbJBEkJPp5I06VnorhHDEPDir3jxoIhXf8Kbf2NnOWj0QcHjvSqq6nmRkgYZ+3JmZufmFxZTS+nlldW19czGZtmEsRZQEqEKddXjBpQMoIQSFVQjDdz3FFS83tXQr9yBNjIMitiPoOHzTiDbUnC0UjOzHTWL9JKeMHZ4ylj9gNYR7jG5hvKgmcmyHBuB/iXuhGTJBIVm5rPeCkXsQ4BCcWNqLouwkXCNUigYpOuxgYiLHu9AzdKA+2AayeiHAd2zSou2Q20rQDpSf04k3Dem73u20+fYNdPeUPzPq8XYPm8kMohihECMF7VjRTGkw0BoS2oQqPqWcKGlvZWKLtdcoI0tbUNwp1/+S8pHOZfl3NvjbP5iEkeK7JBdsk9cckby5IYUSIkI8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HN1EplWI=</latexit><latexit sha1_base64="je2K0vTnxbHdexHR7Qup8vMSU54=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8aOgRNwQh4EGPEbJBEkJPp5I06VnorhHDEPDir3jxoIhXf8Kbf2NnOWj0QcHjvSqq6nmRkgYZ+3JmZufmFxZTS+nlldW19czGZtmEsRZQEqEKddXjBpQMoIQSFVQjDdz3FFS83tXQr9yBNjIMitiPoOHzTiDbUnC0UjOzHTWL9JKeMHZ4ylj9gNYR7jG5hvKgmcmyHBuB/iXuhGTJBIVm5rPeCkXsQ4BCcWNqLouwkXCNUigYpOuxgYiLHu9AzdKA+2AayeiHAd2zSou2Q20rQDpSf04k3Dem73u20+fYNdPeUPzPq8XYPm8kMohihECMF7VjRTGkw0BoS2oQqPqWcKGlvZWKLtdcoI0tbUNwp1/+S8pHOZfl3NvjbP5iEkeK7JBdsk9cckby5IYUSIkI8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HN1EplWI=</latexit><latexit sha1_base64="je2K0vTnxbHdexHR7Qup8vMSU54=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8aOgRNwQh4EGPEbJBEkJPp5I06VnorhHDEPDir3jxoIhXf8Kbf2NnOWj0QcHjvSqq6nmRkgYZ+3JmZufmFxZTS+nlldW19czGZtmEsRZQEqEKddXjBpQMoIQSFVQjDdz3FFS83tXQr9yBNjIMitiPoOHzTiDbUnC0UjOzHTWL9JKeMHZ4ylj9gNYR7jG5hvKgmcmyHBuB/iXuhGTJBIVm5rPeCkXsQ4BCcWNqLouwkXCNUigYpOuxgYiLHu9AzdKA+2AayeiHAd2zSou2Q20rQDpSf04k3Dem73u20+fYNdPeUPzPq8XYPm8kMohihECMF7VjRTGkw0BoS2oQqPqWcKGlvZWKLtdcoI0tbUNwp1/+S8pHOZfl3NvjbP5iEkeK7JBdsk9cckby5IYUSIkI8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HN1EplWI=</latexit><latexit sha1_base64="je2K0vTnxbHdexHR7Qup8vMSU54=">AAACA3icbVDJSgNBEO1xjXGLetNLYxA8aOgRNwQh4EGPEbJBEkJPp5I06VnorhHDEPDir3jxoIhXf8Kbf2NnOWj0QcHjvSqq6nmRkgYZ+3JmZufmFxZTS+nlldW19czGZtmEsRZQEqEKddXjBpQMoIQSFVQjDdz3FFS83tXQr9yBNjIMitiPoOHzTiDbUnC0UjOzHTWL9JKeMHZ4ylj9gNYR7jG5hvKgmcmyHBuB/iXuhGTJBIVm5rPeCkXsQ4BCcWNqLouwkXCNUigYpOuxgYiLHu9AzdKA+2AayeiHAd2zSou2Q20rQDpSf04k3Dem73u20+fYNdPeUPzPq8XYPm8kMohihECMF7VjRTGkw0BoS2oQqPqWcKGlvZWKLtdcoI0tbUNwp1/+S8pHOZfl3NvjbP5iEkeK7JBdsk9cckby5IYUSIkI8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HN1EplWI=</latexit>

pT = 600� 1000GeV
<latexit sha1_base64="uhGC/t5MrVEfHGhUn805KwEhZP4=">AAACAXicbVDJSgNBEO2JW4xb1IvgZTAIHjT0iKgIQsCDHiNkgyQMPZ2apEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw0+qDg8V4VVfW8WAqNlH5Zmbn5hcWl7HJuZXVtfSO/uVXTUaI4VHkkI9XwmAYpQqiiQAmNWAELPAl1r3818ut3oLSIwgoOYmgHrBsKX3CGRnLzO7FbuTyl9MihlLYOWwj3mF5DbejmC7RIx7D/EmdKCmSKspv/bHUingQQIpdM66ZDY2ynTKHgEoa5VqIhZrzPutA0NGQB6HY6/mBo7xulY/uRMhWiPVZ/TqQs0HoQeKYzYNjTs95I/M9rJuift1MRxglCyCeL/ETaGNmjOOyOUMBRDgxhXAlzq817TDGOJrScCcGZffkvqR0XHVp0bk8KpYtpHFmyS/bIAXHIGSmRG1ImVcLJA3kiL+TVerSerTfrfdKasaYz2+QXrI9vsGOVGg==</latexit><latexit sha1_base64="uhGC/t5MrVEfHGhUn805KwEhZP4=">AAACAXicbVDJSgNBEO2JW4xb1IvgZTAIHjT0iKgIQsCDHiNkgyQMPZ2apEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw0+qDg8V4VVfW8WAqNlH5Zmbn5hcWl7HJuZXVtfSO/uVXTUaI4VHkkI9XwmAYpQqiiQAmNWAELPAl1r3818ut3oLSIwgoOYmgHrBsKX3CGRnLzO7FbuTyl9MihlLYOWwj3mF5DbejmC7RIx7D/EmdKCmSKspv/bHUingQQIpdM66ZDY2ynTKHgEoa5VqIhZrzPutA0NGQB6HY6/mBo7xulY/uRMhWiPVZ/TqQs0HoQeKYzYNjTs95I/M9rJuift1MRxglCyCeL/ETaGNmjOOyOUMBRDgxhXAlzq817TDGOJrScCcGZffkvqR0XHVp0bk8KpYtpHFmyS/bIAXHIGSmRG1ImVcLJA3kiL+TVerSerTfrfdKasaYz2+QXrI9vsGOVGg==</latexit><latexit sha1_base64="uhGC/t5MrVEfHGhUn805KwEhZP4=">AAACAXicbVDJSgNBEO2JW4xb1IvgZTAIHjT0iKgIQsCDHiNkgyQMPZ2apEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw0+qDg8V4VVfW8WAqNlH5Zmbn5hcWl7HJuZXVtfSO/uVXTUaI4VHkkI9XwmAYpQqiiQAmNWAELPAl1r3818ut3oLSIwgoOYmgHrBsKX3CGRnLzO7FbuTyl9MihlLYOWwj3mF5DbejmC7RIx7D/EmdKCmSKspv/bHUingQQIpdM66ZDY2ynTKHgEoa5VqIhZrzPutA0NGQB6HY6/mBo7xulY/uRMhWiPVZ/TqQs0HoQeKYzYNjTs95I/M9rJuift1MRxglCyCeL/ETaGNmjOOyOUMBRDgxhXAlzq817TDGOJrScCcGZffkvqR0XHVp0bk8KpYtpHFmyS/bIAXHIGSmRG1ImVcLJA3kiL+TVerSerTfrfdKasaYz2+QXrI9vsGOVGg==</latexit><latexit sha1_base64="uhGC/t5MrVEfHGhUn805KwEhZP4=">AAACAXicbVDJSgNBEO2JW4xb1IvgZTAIHjT0iKgIQsCDHiNkgyQMPZ2apEnPQneNGIZ48Ve8eFDEq3/hzb+xsxw0+qDg8V4VVfW8WAqNlH5Zmbn5hcWl7HJuZXVtfSO/uVXTUaI4VHkkI9XwmAYpQqiiQAmNWAELPAl1r3818ut3oLSIwgoOYmgHrBsKX3CGRnLzO7FbuTyl9MihlLYOWwj3mF5DbejmC7RIx7D/EmdKCmSKspv/bHUingQQIpdM66ZDY2ynTKHgEoa5VqIhZrzPutA0NGQB6HY6/mBo7xulY/uRMhWiPVZ/TqQs0HoQeKYzYNjTs95I/M9rJuift1MRxglCyCeL/ETaGNmjOOyOUMBRDgxhXAlzq817TDGOJrScCcGZffkvqR0XHVp0bk8KpYtpHFmyS/bIAXHIGSmRG1ImVcLJA3kiL+TVerSerTfrfdKasaYz2+QXrI9vsGOVGg==</latexit>

R
<latexit sha1_base64="LHFLUqU+l3MgI3f2BKCgcJHSxk8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrFSM1Q==</latexit><latexit sha1_base64="LHFLUqU+l3MgI3f2BKCgcJHSxk8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrFSM1Q==</latexit><latexit sha1_base64="LHFLUqU+l3MgI3f2BKCgcJHSxk8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrFSM1Q==</latexit><latexit sha1_base64="LHFLUqU+l3MgI3f2BKCgcJHSxk8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPFi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrFSM1Q==</latexit>
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• First jet shape calculation beyond LL: recoil of soft radiation 

• Collinear function with recoil is more complicated 

• Nonglobal logarithms are fortunately same as for the 
hemisphere case 

• Good agreement with data when using nonperturbative model 
→ Can grooming help to reduce this sensitivity?



2. TMDs from Jets



TMDs from SIDIS
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•      describes transverse momentum    of parton i in terms of 
Fourier conjugate variable    

•           encodes transverse momentum                  of hadron h 
fragmenting from parton i. Total trans. momentum

Fi(x,k)
<latexit sha1_base64="TCYEgTzCNFepdTdTImfJ9ZtFJ7I=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpREBF1WBHFZwT6gCWEymbZDJ5kwM5GW0IUbf8WNC0Xc+hHu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Ngorq2vrG8XN0tb2zu6euX/QljwRmLQwZ1x0fSQJoxFpKaoY6caCoNBnpOOPrjO/80CEpDy6V5OYuCEaRLRPMVJa8szyjUdr41Mn9Pk4dXzOghCpIayOqtMTz6xYdWsGuEzsnFRAjqZnfjkBx0lIIoUZkrJnW7FyUyQUxYxMS04iSYzwCA1IT9MIhUS66eyJKTzWSgD7XOiKFJypvydSFEo5CX3dmZ0oF71M/M/rJap/6aY0ihNFIjxf1E8YVBxmicCACoIVm2iCsKD6VoiHSCCsdG4lHYK9+PIyaZ/Vbatu351XGld5HEVQBkegBmxwARrgFjRBC2DwCJ7BK3gznowX4934mLcWjHzmEPyB8fkDXA+XPw==</latexit><latexit sha1_base64="TCYEgTzCNFepdTdTImfJ9ZtFJ7I=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpREBF1WBHFZwT6gCWEymbZDJ5kwM5GW0IUbf8WNC0Xc+hHu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Ngorq2vrG8XN0tb2zu6euX/QljwRmLQwZ1x0fSQJoxFpKaoY6caCoNBnpOOPrjO/80CEpDy6V5OYuCEaRLRPMVJa8szyjUdr41Mn9Pk4dXzOghCpIayOqtMTz6xYdWsGuEzsnFRAjqZnfjkBx0lIIoUZkrJnW7FyUyQUxYxMS04iSYzwCA1IT9MIhUS66eyJKTzWSgD7XOiKFJypvydSFEo5CX3dmZ0oF71M/M/rJap/6aY0ihNFIjxf1E8YVBxmicCACoIVm2iCsKD6VoiHSCCsdG4lHYK9+PIyaZ/Vbatu351XGld5HEVQBkegBmxwARrgFjRBC2DwCJ7BK3gznowX4934mLcWjHzmEPyB8fkDXA+XPw==</latexit><latexit sha1_base64="TCYEgTzCNFepdTdTImfJ9ZtFJ7I=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpREBF1WBHFZwT6gCWEymbZDJ5kwM5GW0IUbf8WNC0Xc+hHu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Ngorq2vrG8XN0tb2zu6euX/QljwRmLQwZ1x0fSQJoxFpKaoY6caCoNBnpOOPrjO/80CEpDy6V5OYuCEaRLRPMVJa8szyjUdr41Mn9Pk4dXzOghCpIayOqtMTz6xYdWsGuEzsnFRAjqZnfjkBx0lIIoUZkrJnW7FyUyQUxYxMS04iSYzwCA1IT9MIhUS66eyJKTzWSgD7XOiKFJypvydSFEo5CX3dmZ0oF71M/M/rJap/6aY0ihNFIjxf1E8YVBxmicCACoIVm2iCsKD6VoiHSCCsdG4lHYK9+PIyaZ/Vbatu351XGld5HEVQBkegBmxwARrgFjRBC2DwCJ7BK3gznowX4934mLcWjHzmEPyB8fkDXA+XPw==</latexit><latexit sha1_base64="TCYEgTzCNFepdTdTImfJ9ZtFJ7I=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpREBF1WBHFZwT6gCWEymbZDJ5kwM5GW0IUbf8WNC0Xc+hHu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Ngorq2vrG8XN0tb2zu6euX/QljwRmLQwZ1x0fSQJoxFpKaoY6caCoNBnpOOPrjO/80CEpDy6V5OYuCEaRLRPMVJa8szyjUdr41Mn9Pk4dXzOghCpIayOqtMTz6xYdWsGuEzsnFRAjqZnfjkBx0lIIoUZkrJnW7FyUyQUxYxMS04iSYzwCA1IT9MIhUS66eyJKTzWSgD7XOiKFJypvydSFEo5CX3dmZ0oF71M/M/rJap/6aY0ihNFIjxf1E8YVBxmicCACoIVm2iCsKD6VoiHSCCsdG4lHYK9+PIyaZ/Vbatu351XGld5HEVQBkegBmxwARrgFjRBC2DwCJ7BK3gznowX4934mLcWjHzmEPyB8fkDXA+XPw==</latexit>

k
<latexit sha1_base64="C0XZnB6Bq+4XoMko0HdWZNBztjk=">AAAB/XicbVDLSgMxFM34rPU1PnZugq3gqsyIoMuKG5cV7APaoWQymTY0jyHJiHUo/oobF4q49T/c+Tdm2llo64HA4Zx7uScnTBjVxvO+naXlldW19dJGeXNre2fX3dtvaZkqTJpYMqk6IdKEUUGahhpGOokiiIeMtMPRde6374nSVIo7M05IwNFA0JhiZKzUdw97PJQPWS+ULOLIDGF1VJ303YpX86aAi8QvSAUUaPTdr14kccqJMJghrbu+l5ggQ8pQzMik3Es1SRAeoQHpWioQJzrIpukn8MQqEYylsk8YOFV/b2SIaz3moZ3ME+p5Lxf/87qpiS+DjIokNUTg2aE4ZdBImFcBI6oINmxsCcKK2qwQD5FC2NjCyrYEf/7Li6R1VvO9mn97XqlfFXWUwBE4BqfABxegDm5AAzQBBo/gGbyCN+fJeXHenY/Z6JJT7ByAP3A+fwAXu5T2</latexit><latexit sha1_base64="C0XZnB6Bq+4XoMko0HdWZNBztjk=">AAAB/XicbVDLSgMxFM34rPU1PnZugq3gqsyIoMuKG5cV7APaoWQymTY0jyHJiHUo/oobF4q49T/c+Tdm2llo64HA4Zx7uScnTBjVxvO+naXlldW19dJGeXNre2fX3dtvaZkqTJpYMqk6IdKEUUGahhpGOokiiIeMtMPRde6374nSVIo7M05IwNFA0JhiZKzUdw97PJQPWS+ULOLIDGF1VJ303YpX86aAi8QvSAUUaPTdr14kccqJMJghrbu+l5ggQ8pQzMik3Es1SRAeoQHpWioQJzrIpukn8MQqEYylsk8YOFV/b2SIaz3moZ3ME+p5Lxf/87qpiS+DjIokNUTg2aE4ZdBImFcBI6oINmxsCcKK2qwQD5FC2NjCyrYEf/7Li6R1VvO9mn97XqlfFXWUwBE4BqfABxegDm5AAzQBBo/gGbyCN+fJeXHenY/Z6JJT7ByAP3A+fwAXu5T2</latexit><latexit sha1_base64="C0XZnB6Bq+4XoMko0HdWZNBztjk=">AAAB/XicbVDLSgMxFM34rPU1PnZugq3gqsyIoMuKG5cV7APaoWQymTY0jyHJiHUo/oobF4q49T/c+Tdm2llo64HA4Zx7uScnTBjVxvO+naXlldW19dJGeXNre2fX3dtvaZkqTJpYMqk6IdKEUUGahhpGOokiiIeMtMPRde6374nSVIo7M05IwNFA0JhiZKzUdw97PJQPWS+ULOLIDGF1VJ303YpX86aAi8QvSAUUaPTdr14kccqJMJghrbu+l5ggQ8pQzMik3Es1SRAeoQHpWioQJzrIpukn8MQqEYylsk8YOFV/b2SIaz3moZ3ME+p5Lxf/87qpiS+DjIokNUTg2aE4ZdBImFcBI6oINmxsCcKK2qwQD5FC2NjCyrYEf/7Li6R1VvO9mn97XqlfFXWUwBE4BqfABxegDm5AAzQBBo/gGbyCN+fJeXHenY/Z6JJT7ByAP3A+fwAXu5T2</latexit><latexit sha1_base64="C0XZnB6Bq+4XoMko0HdWZNBztjk=">AAAB/XicbVDLSgMxFM34rPU1PnZugq3gqsyIoMuKG5cV7APaoWQymTY0jyHJiHUo/oobF4q49T/c+Tdm2llo64HA4Zx7uScnTBjVxvO+naXlldW19dJGeXNre2fX3dtvaZkqTJpYMqk6IdKEUUGahhpGOokiiIeMtMPRde6374nSVIo7M05IwNFA0JhiZKzUdw97PJQPWS+ULOLIDGF1VJ303YpX86aAi8QvSAUUaPTdr14kccqJMJghrbu+l5ggQ8pQzMik3Es1SRAeoQHpWioQJzrIpukn8MQqEYylsk8YOFV/b2SIaz3moZ3ME+p5Lxf/87qpiS+DjIokNUTg2aE4ZdBImFcBI6oINmxsCcKK2qwQD5FC2NjCyrYEf/7Li6R1VvO9mn97XqlfFXWUwBE4BqfABxegDm5AAzQBBo/gGbyCN+fJeXHenY/Z6JJT7ByAP3A+fwAXu5T2</latexit>
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Fq(x, b)Dq!h(z, b)
<latexit sha1_base64="mFd17Y6dEKBFeoQc7qGyhzKfOMU="></latexit><latexit sha1_base64="mFd17Y6dEKBFeoQc7qGyhzKfOMU="></latexit><latexit sha1_base64="mFd17Y6dEKBFeoQc7qGyhzKfOMU="></latexit><latexit sha1_base64="mFd17Y6dEKBFeoQc7qGyhzKfOMU="></latexit>

Di!h(z,k)
<latexit sha1_base64="ING9rz6uXOzN+c2ACoO726UW06I="></latexit><latexit sha1_base64="ING9rz6uXOzN+c2ACoO726UW06I="></latexit><latexit sha1_base64="ING9rz6uXOzN+c2ACoO726UW06I="></latexit><latexit sha1_base64="ING9rz6uXOzN+c2ACoO726UW06I="></latexit>
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<latexit sha1_base64="7a6n6U5mrq77HQlBjOYOrydDepM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPy5GM5A==</latexit><latexit sha1_base64="7a6n6U5mrq77HQlBjOYOrydDepM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPy5GM5A==</latexit><latexit sha1_base64="7a6n6U5mrq77HQlBjOYOrydDepM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPy5GM5A==</latexit><latexit sha1_base64="7a6n6U5mrq77HQlBjOYOrydDepM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPy5GM5A==</latexit>

b
<latexit sha1_base64="g9AzQwIKz9A9oKpRz6BCLRS9jLk="></latexit><latexit sha1_base64="g9AzQwIKz9A9oKpRz6BCLRS9jLk="></latexit><latexit sha1_base64="g9AzQwIKz9A9oKpRz6BCLRS9jLk="></latexit><latexit sha1_base64="g9AzQwIKz9A9oKpRz6BCLRS9jLk="></latexit>

Transverse momentum distributions !2

Fp!a(q, x, µ) Da!h(q, z, µ)

TMD Parton distribution functions TMD Fragmentation functions 

Z
dqDa!h(q, z, µ) = da!h(z, µ)

Z
dqFp!a(q, x, µ) = fp!a(x, µ)

Collinear parton distributions / fragmentation functions

Universal, enter factorisation theorems (extract from a process, apply to different ones)

Longitudinal momentum 

Transverse momentum 

Fp!a(q, x, µ) = fNP(x,q)⌦
X

b

Ca b(q, x, µ)⌦ fp!b(x, µ)
h
1 +O

⇣ q2

⇤2
QCD

⌘i

Transverse momentum

Longitudinal momentum x
<latexit sha1_base64="PtFN5Ems+ihzxhMk2Dzrj8edM6c="></latexit><latexit sha1_base64="PtFN5Ems+ihzxhMk2Dzrj8edM6c="></latexit><latexit sha1_base64="PtFN5Ems+ihzxhMk2Dzrj8edM6c="></latexit><latexit sha1_base64="PtFN5Ems+ihzxhMk2Dzrj8edM6c="></latexit>

k
<latexit sha1_base64="/igW70LpAsZ3bTY2cvTAvoJJc34="></latexit><latexit sha1_base64="/igW70LpAsZ3bTY2cvTAvoJJc34="></latexit><latexit sha1_base64="/igW70LpAsZ3bTY2cvTAvoJJc34="></latexit><latexit sha1_base64="/igW70LpAsZ3bTY2cvTAvoJJc34="></latexit>

k0 = ph/z
<latexit sha1_base64="Q1IUBWtumySObEpwBkHBOPzPDCg="></latexit><latexit sha1_base64="Q1IUBWtumySObEpwBkHBOPzPDCg="></latexit><latexit sha1_base64="Q1IUBWtumySObEpwBkHBOPzPDCg="></latexit><latexit sha1_base64="Q1IUBWtumySObEpwBkHBOPzPDCg="></latexit>

q = k + k0
<latexit sha1_base64="92crKlYE6+IDPW9SfCY+32YJeSo="></latexit><latexit sha1_base64="92crKlYE6+IDPW9SfCY+32YJeSo="></latexit><latexit sha1_base64="92crKlYE6+IDPW9SfCY+32YJeSo="></latexit><latexit sha1_base64="92crKlYE6+IDPW9SfCY+32YJeSo="></latexit>
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<latexit sha1_base64="mFd17Y6dEKBFeoQc7qGyhzKfOMU="></latexit><latexit sha1_base64="mFd17Y6dEKBFeoQc7qGyhzKfOMU="></latexit><latexit sha1_base64="mFd17Y6dEKBFeoQc7qGyhzKfOMU="></latexit><latexit sha1_base64="mFd17Y6dEKBFeoQc7qGyhzKfOMU="></latexit>

TMDs from SIDIS with jets
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•      describes transverse momentum    of parton i, in terms of 
Fourier conjugate variable    

•           encodes transverse momentum                  of jet 
fragmenting from parton i, reducing nonperturbative sensitivity

Fi(x,k)
<latexit sha1_base64="TCYEgTzCNFepdTdTImfJ9ZtFJ7I=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpREBF1WBHFZwT6gCWEymbZDJ5kwM5GW0IUbf8WNC0Xc+hHu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Ngorq2vrG8XN0tb2zu6euX/QljwRmLQwZ1x0fSQJoxFpKaoY6caCoNBnpOOPrjO/80CEpDy6V5OYuCEaRLRPMVJa8szyjUdr41Mn9Pk4dXzOghCpIayOqtMTz6xYdWsGuEzsnFRAjqZnfjkBx0lIIoUZkrJnW7FyUyQUxYxMS04iSYzwCA1IT9MIhUS66eyJKTzWSgD7XOiKFJypvydSFEo5CX3dmZ0oF71M/M/rJap/6aY0ihNFIjxf1E8YVBxmicCACoIVm2iCsKD6VoiHSCCsdG4lHYK9+PIyaZ/Vbatu351XGld5HEVQBkegBmxwARrgFjRBC2DwCJ7BK3gznowX4934mLcWjHzmEPyB8fkDXA+XPw==</latexit><latexit sha1_base64="TCYEgTzCNFepdTdTImfJ9ZtFJ7I=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpREBF1WBHFZwT6gCWEymbZDJ5kwM5GW0IUbf8WNC0Xc+hHu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Ngorq2vrG8XN0tb2zu6euX/QljwRmLQwZ1x0fSQJoxFpKaoY6caCoNBnpOOPrjO/80CEpDy6V5OYuCEaRLRPMVJa8szyjUdr41Mn9Pk4dXzOghCpIayOqtMTz6xYdWsGuEzsnFRAjqZnfjkBx0lIIoUZkrJnW7FyUyQUxYxMS04iSYzwCA1IT9MIhUS66eyJKTzWSgD7XOiKFJypvydSFEo5CX3dmZ0oF71M/M/rJap/6aY0ihNFIjxf1E8YVBxmicCACoIVm2iCsKD6VoiHSCCsdG4lHYK9+PIyaZ/Vbatu351XGld5HEVQBkegBmxwARrgFjRBC2DwCJ7BK3gznowX4934mLcWjHzmEPyB8fkDXA+XPw==</latexit><latexit sha1_base64="TCYEgTzCNFepdTdTImfJ9ZtFJ7I=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpREBF1WBHFZwT6gCWEymbZDJ5kwM5GW0IUbf8WNC0Xc+hHu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Ngorq2vrG8XN0tb2zu6euX/QljwRmLQwZ1x0fSQJoxFpKaoY6caCoNBnpOOPrjO/80CEpDy6V5OYuCEaRLRPMVJa8szyjUdr41Mn9Pk4dXzOghCpIayOqtMTz6xYdWsGuEzsnFRAjqZnfjkBx0lIIoUZkrJnW7FyUyQUxYxMS04iSYzwCA1IT9MIhUS66eyJKTzWSgD7XOiKFJypvydSFEo5CX3dmZ0oF71M/M/rJap/6aY0ihNFIjxf1E8YVBxmicCACoIVm2iCsKD6VoiHSCCsdG4lHYK9+PIyaZ/Vbatu351XGld5HEVQBkegBmxwARrgFjRBC2DwCJ7BK3gznowX4934mLcWjHzmEPyB8fkDXA+XPw==</latexit><latexit sha1_base64="TCYEgTzCNFepdTdTImfJ9ZtFJ7I=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpREBF1WBHFZwT6gCWEymbZDJ5kwM5GW0IUbf8WNC0Xc+hHu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6Ngorq2vrG8XN0tb2zu6euX/QljwRmLQwZ1x0fSQJoxFpKaoY6caCoNBnpOOPrjO/80CEpDy6V5OYuCEaRLRPMVJa8szyjUdr41Mn9Pk4dXzOghCpIayOqtMTz6xYdWsGuEzsnFRAjqZnfjkBx0lIIoUZkrJnW7FyUyQUxYxMS04iSYzwCA1IT9MIhUS66eyJKTzWSgD7XOiKFJypvydSFEo5CX3dmZ0oF71M/M/rJap/6aY0ihNFIjxf1E8YVBxmicCACoIVm2iCsKD6VoiHSCCsdG4lHYK9+PIyaZ/Vbatu351XGld5HEVQBkegBmxwARrgFjRBC2DwCJ7BK3gznowX4934mLcWjHzmEPyB8fkDXA+XPw==</latexit>

k
<latexit sha1_base64="C0XZnB6Bq+4XoMko0HdWZNBztjk=">AAAB/XicbVDLSgMxFM34rPU1PnZugq3gqsyIoMuKG5cV7APaoWQymTY0jyHJiHUo/oobF4q49T/c+Tdm2llo64HA4Zx7uScnTBjVxvO+naXlldW19dJGeXNre2fX3dtvaZkqTJpYMqk6IdKEUUGahhpGOokiiIeMtMPRde6374nSVIo7M05IwNFA0JhiZKzUdw97PJQPWS+ULOLIDGF1VJ303YpX86aAi8QvSAUUaPTdr14kccqJMJghrbu+l5ggQ8pQzMik3Es1SRAeoQHpWioQJzrIpukn8MQqEYylsk8YOFV/b2SIaz3moZ3ME+p5Lxf/87qpiS+DjIokNUTg2aE4ZdBImFcBI6oINmxsCcKK2qwQD5FC2NjCyrYEf/7Li6R1VvO9mn97XqlfFXWUwBE4BqfABxegDm5AAzQBBo/gGbyCN+fJeXHenY/Z6JJT7ByAP3A+fwAXu5T2</latexit><latexit sha1_base64="C0XZnB6Bq+4XoMko0HdWZNBztjk=">AAAB/XicbVDLSgMxFM34rPU1PnZugq3gqsyIoMuKG5cV7APaoWQymTY0jyHJiHUo/oobF4q49T/c+Tdm2llo64HA4Zx7uScnTBjVxvO+naXlldW19dJGeXNre2fX3dtvaZkqTJpYMqk6IdKEUUGahhpGOokiiIeMtMPRde6374nSVIo7M05IwNFA0JhiZKzUdw97PJQPWS+ULOLIDGF1VJ303YpX86aAi8QvSAUUaPTdr14kccqJMJghrbu+l5ggQ8pQzMik3Es1SRAeoQHpWioQJzrIpukn8MQqEYylsk8YOFV/b2SIaz3moZ3ME+p5Lxf/87qpiS+DjIokNUTg2aE4ZdBImFcBI6oINmxsCcKK2qwQD5FC2NjCyrYEf/7Li6R1VvO9mn97XqlfFXWUwBE4BqfABxegDm5AAzQBBo/gGbyCN+fJeXHenY/Z6JJT7ByAP3A+fwAXu5T2</latexit><latexit sha1_base64="C0XZnB6Bq+4XoMko0HdWZNBztjk=">AAAB/XicbVDLSgMxFM34rPU1PnZugq3gqsyIoMuKG5cV7APaoWQymTY0jyHJiHUo/oobF4q49T/c+Tdm2llo64HA4Zx7uScnTBjVxvO+naXlldW19dJGeXNre2fX3dtvaZkqTJpYMqk6IdKEUUGahhpGOokiiIeMtMPRde6374nSVIo7M05IwNFA0JhiZKzUdw97PJQPWS+ULOLIDGF1VJ303YpX86aAi8QvSAUUaPTdr14kccqJMJghrbu+l5ggQ8pQzMik3Es1SRAeoQHpWioQJzrIpukn8MQqEYylsk8YOFV/b2SIaz3moZ3ME+p5Lxf/87qpiS+DjIokNUTg2aE4ZdBImFcBI6oINmxsCcKK2qwQD5FC2NjCyrYEf/7Li6R1VvO9mn97XqlfFXWUwBE4BqfABxegDm5AAzQBBo/gGbyCN+fJeXHenY/Z6JJT7ByAP3A+fwAXu5T2</latexit><latexit sha1_base64="C0XZnB6Bq+4XoMko0HdWZNBztjk=">AAAB/XicbVDLSgMxFM34rPU1PnZugq3gqsyIoMuKG5cV7APaoWQymTY0jyHJiHUo/oobF4q49T/c+Tdm2llo64HA4Zx7uScnTBjVxvO+naXlldW19dJGeXNre2fX3dtvaZkqTJpYMqk6IdKEUUGahhpGOokiiIeMtMPRde6374nSVIo7M05IwNFA0JhiZKzUdw97PJQPWS+ULOLIDGF1VJ303YpX86aAi8QvSAUUaPTdr14kccqJMJghrbu+l5ggQ8pQzMik3Es1SRAeoQHpWioQJzrIpukn8MQqEYylsk8YOFV/b2SIaz3moZ3ME+p5Lxf/87qpiS+DjIokNUTg2aE4ZdBImFcBI6oINmxsCcKK2qwQD5FC2NjCyrYEf/7Li6R1VvO9mn97XqlfFXWUwBE4BqfABxegDm5AAzQBBo/gGbyCN+fJeXHenY/Z6JJT7ByAP3A+fwAXu5T2</latexit>

Dq!h(z,k)Jq(z, b, QR)
<latexit sha1_base64="pA6CCF2hYgTGuwi1iOH7gzzkklQ="></latexit><latexit sha1_base64="pA6CCF2hYgTGuwi1iOH7gzzkklQ="></latexit><latexit sha1_base64="pA6CCF2hYgTGuwi1iOH7gzzkklQ="></latexit><latexit sha1_base64="pA6CCF2hYgTGuwi1iOH7gzzkklQ="></latexit>

Jq
<latexit sha1_base64="fq01h2bOlxKCyMf1q1IKW2zPYaE="></latexit><latexit sha1_base64="fq01h2bOlxKCyMf1q1IKW2zPYaE="></latexit><latexit sha1_base64="fq01h2bOlxKCyMf1q1IKW2zPYaE="></latexit><latexit sha1_base64="fq01h2bOlxKCyMf1q1IKW2zPYaE="></latexit>

b
<latexit sha1_base64="g9AzQwIKz9A9oKpRz6BCLRS9jLk="></latexit><latexit sha1_base64="g9AzQwIKz9A9oKpRz6BCLRS9jLk="></latexit><latexit sha1_base64="g9AzQwIKz9A9oKpRz6BCLRS9jLk="></latexit><latexit sha1_base64="g9AzQwIKz9A9oKpRz6BCLRS9jLk="></latexit>

Transverse momentum distributions !2

Fp!a(q, x, µ) Da!h(q, z, µ)

TMD Parton distribution functions TMD Fragmentation functions 

Z
dqDa!h(q, z, µ) = da!h(z, µ)

Z
dqFp!a(q, x, µ) = fp!a(x, µ)

Collinear parton distributions / fragmentation functions

Universal, enter factorisation theorems (extract from a process, apply to different ones)

Longitudinal momentum 

Transverse momentum 

Fp!a(q, x, µ) = fNP(x,q)⌦
X

b

Ca b(q, x, µ)⌦ fp!b(x, µ)
h
1 +O

⇣ q2

⇤2
QCD

⌘i

Transverse momentum

Longitudinal momentum

J
<latexit sha1_base64="BQiyP92ygqtgqvaeSmEAT4D6Xws="></latexit><latexit sha1_base64="BQiyP92ygqtgqvaeSmEAT4D6Xws="></latexit><latexit sha1_base64="BQiyP92ygqtgqvaeSmEAT4D6Xws="></latexit><latexit sha1_base64="BQiyP92ygqtgqvaeSmEAT4D6Xws="></latexit>

k0 = pJ/z
<latexit sha1_base64="QXaf9AtdaQQGE2WKht5MNpfCCcY="></latexit><latexit sha1_base64="QXaf9AtdaQQGE2WKht5MNpfCCcY="></latexit><latexit sha1_base64="QXaf9AtdaQQGE2WKht5MNpfCCcY="></latexit><latexit sha1_base64="QXaf9AtdaQQGE2WKht5MNpfCCcY="></latexit>



Soft recoil

• Jet axis along total jet momentum, recoiled by soft radiation 
inside jet → nonglobal logarithms limit accuracy to NLL’

31

pcoll?
<latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit>

psoft?
<latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit>

pcoll?
<latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

psoft?
<latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit> = 0

<latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit><latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit><latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit><latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit>

Jet axis
<latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit><latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit><latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit><latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit>

hard
<latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit><latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit><latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit><latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit>

kcoll?
<latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit><latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit><latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit><latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit>

ksoft?
<latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit><latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit><latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit><latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit>

kcoll?
<latexit sha1_base64="qM86goofrkAEOEj7yF1SWdhIH0Y=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZm+3RXcuKxgH9AZh0yaaUMzD5KMWIb5FTcuFHHrj7jzb0wfgooeuHA4597k3uMnnEmF0Iextr6xubVd2Cnu7u0fHJpHpZ6MU0Fol8Q8FgMfS8pZRLuKKU4HiaA49Dnt+9PLud+/o0KyOLpRs4S6IR5HLGAEKy15ZmnqOQkVyW3miBDq93jumWVkoVqr2ahDZFXsZr3e0KRRbVWqF9C20AJlsELHM9+dUUzSkEaKcCzl0EaJcjMsFCOc5kUnlTTBZIrHdKhphEMq3Wyxew7PtDKCQSx0RQou1O8TGQ6lnIW+7gyxmsjf3lz8yxumKmi5GYuSVNGILD8KUg5VDOdBwBETlCg+0wQTwfSukEywwETpuIo6hK9L4f+kV7FsZNnXtXK7toqjAE7AKTgHNmiCNrgCHdAFBNyDB/AEno3ceDRejNdl65qxmjkGP2C8fQLE+ZTg</latexit><latexit sha1_base64="qM86goofrkAEOEj7yF1SWdhIH0Y=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZm+3RXcuKxgH9AZh0yaaUMzD5KMWIb5FTcuFHHrj7jzb0wfgooeuHA4597k3uMnnEmF0Iextr6xubVd2Cnu7u0fHJpHpZ6MU0Fol8Q8FgMfS8pZRLuKKU4HiaA49Dnt+9PLud+/o0KyOLpRs4S6IR5HLGAEKy15ZmnqOQkVyW3miBDq93jumWVkoVqr2ahDZFXsZr3e0KRRbVWqF9C20AJlsELHM9+dUUzSkEaKcCzl0EaJcjMsFCOc5kUnlTTBZIrHdKhphEMq3Wyxew7PtDKCQSx0RQou1O8TGQ6lnIW+7gyxmsjf3lz8yxumKmi5GYuSVNGILD8KUg5VDOdBwBETlCg+0wQTwfSukEywwETpuIo6hK9L4f+kV7FsZNnXtXK7toqjAE7AKTgHNmiCNrgCHdAFBNyDB/AEno3ceDRejNdl65qxmjkGP2C8fQLE+ZTg</latexit><latexit sha1_base64="qM86goofrkAEOEj7yF1SWdhIH0Y=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZm+3RXcuKxgH9AZh0yaaUMzD5KMWIb5FTcuFHHrj7jzb0wfgooeuHA4597k3uMnnEmF0Iextr6xubVd2Cnu7u0fHJpHpZ6MU0Fol8Q8FgMfS8pZRLuKKU4HiaA49Dnt+9PLud+/o0KyOLpRs4S6IR5HLGAEKy15ZmnqOQkVyW3miBDq93jumWVkoVqr2ahDZFXsZr3e0KRRbVWqF9C20AJlsELHM9+dUUzSkEaKcCzl0EaJcjMsFCOc5kUnlTTBZIrHdKhphEMq3Wyxew7PtDKCQSx0RQou1O8TGQ6lnIW+7gyxmsjf3lz8yxumKmi5GYuSVNGILD8KUg5VDOdBwBETlCg+0wQTwfSukEywwETpuIo6hK9L4f+kV7FsZNnXtXK7toqjAE7AKTgHNmiCNrgCHdAFBNyDB/AEno3ceDRejNdl65qxmjkGP2C8fQLE+ZTg</latexit><latexit sha1_base64="qM86goofrkAEOEj7yF1SWdhIH0Y=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZm+3RXcuKxgH9AZh0yaaUMzD5KMWIb5FTcuFHHrj7jzb0wfgooeuHA4597k3uMnnEmF0Iextr6xubVd2Cnu7u0fHJpHpZ6MU0Fol8Q8FgMfS8pZRLuKKU4HiaA49Dnt+9PLud+/o0KyOLpRs4S6IR5HLGAEKy15ZmnqOQkVyW3miBDq93jumWVkoVqr2ahDZFXsZr3e0KRRbVWqF9C20AJlsELHM9+dUUzSkEaKcCzl0EaJcjMsFCOc5kUnlTTBZIrHdKhphEMq3Wyxew7PtDKCQSx0RQou1O8TGQ6lnIW+7gyxmsjf3lz8yxumKmi5GYuSVNGILD8KUg5VDOdBwBETlCg+0wQTwfSukEywwETpuIo6hK9L4f+kV7FsZNnXtXK7toqjAE7AKTgHNmiCNrgCHdAFBNyDB/AEno3ceDRejNdl65qxmjkGP2C8fQLE+ZTg</latexit>

ksoft?
<latexit sha1_base64="wh5us3LSjE6eWHlqSoQzhvqlg84=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUkbbLsruHFZwT6giWEynbRDJw9mJmIJ+RU3LhRx64+482+cPgQVPXDhcM693HtPkHImFUIfxtr6xubWdmmnvLu3f3BoHlV6MskEoV2S8EQMAiwpZzHtKqY4HaSC4ijgtB9ML+d+/44KyZL4Rs1S6kV4HLOQEay05JuVqe+mVKS3uSsiKJNQFb5ZRVbLrjUbFxBZDqo7qKkJaqBWrQ5tCy1QBSt0fPPdHSUki2isCMdSDm2UKi/HQjHCaVF2M0lTTKZ4TIeaxjii0ssXtxfwTCsjGCZCV6zgQv0+keNIylkU6M4Iq4n87c3Fv7xhpsKml7M4zRSNyXJRmHGoEjgPAo6YoETxmSaYCKZvhWSCBSZKx1XWIXx9Cv8nvZplI8u+dqptZxVHCZyAU3AObNAAbXAFOqALCLgHD+AJPBuF8Wi8GK/L1jVjNXMMfsB4+wTMvpTk</latexit><latexit sha1_base64="wh5us3LSjE6eWHlqSoQzhvqlg84=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUkbbLsruHFZwT6giWEynbRDJw9mJmIJ+RU3LhRx64+482+cPgQVPXDhcM693HtPkHImFUIfxtr6xubWdmmnvLu3f3BoHlV6MskEoV2S8EQMAiwpZzHtKqY4HaSC4ijgtB9ML+d+/44KyZL4Rs1S6kV4HLOQEay05JuVqe+mVKS3uSsiKJNQFb5ZRVbLrjUbFxBZDqo7qKkJaqBWrQ5tCy1QBSt0fPPdHSUki2isCMdSDm2UKi/HQjHCaVF2M0lTTKZ4TIeaxjii0ssXtxfwTCsjGCZCV6zgQv0+keNIylkU6M4Iq4n87c3Fv7xhpsKml7M4zRSNyXJRmHGoEjgPAo6YoETxmSaYCKZvhWSCBSZKx1XWIXx9Cv8nvZplI8u+dqptZxVHCZyAU3AObNAAbXAFOqALCLgHD+AJPBuF8Wi8GK/L1jVjNXMMfsB4+wTMvpTk</latexit><latexit sha1_base64="wh5us3LSjE6eWHlqSoQzhvqlg84=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUkbbLsruHFZwT6giWEynbRDJw9mJmIJ+RU3LhRx64+482+cPgQVPXDhcM693HtPkHImFUIfxtr6xubWdmmnvLu3f3BoHlV6MskEoV2S8EQMAiwpZzHtKqY4HaSC4ijgtB9ML+d+/44KyZL4Rs1S6kV4HLOQEay05JuVqe+mVKS3uSsiKJNQFb5ZRVbLrjUbFxBZDqo7qKkJaqBWrQ5tCy1QBSt0fPPdHSUki2isCMdSDm2UKi/HQjHCaVF2M0lTTKZ4TIeaxjii0ssXtxfwTCsjGCZCV6zgQv0+keNIylkU6M4Iq4n87c3Fv7xhpsKml7M4zRSNyXJRmHGoEjgPAo6YoETxmSaYCKZvhWSCBSZKx1XWIXx9Cv8nvZplI8u+dqptZxVHCZyAU3AObNAAbXAFOqALCLgHD+AJPBuF8Wi8GK/L1jVjNXMMfsB4+wTMvpTk</latexit><latexit sha1_base64="wh5us3LSjE6eWHlqSoQzhvqlg84=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUkbbLsruHFZwT6giWEynbRDJw9mJmIJ+RU3LhRx64+482+cPgQVPXDhcM693HtPkHImFUIfxtr6xubWdmmnvLu3f3BoHlV6MskEoV2S8EQMAiwpZzHtKqY4HaSC4ijgtB9ML+d+/44KyZL4Rs1S6kV4HLOQEay05JuVqe+mVKS3uSsiKJNQFb5ZRVbLrjUbFxBZDqo7qKkJaqBWrQ5tCy1QBSt0fPPdHSUki2isCMdSDm2UKi/HQjHCaVF2M0lTTKZ4TIeaxjii0ssXtxfwTCsjGCZCV6zgQv0+keNIylkU6M4Iq4n87c3Fv7xhpsKml7M4zRSNyXJRmHGoEjgPAo6YoETxmSaYCKZvhWSCBSZKx1XWIXx9Cv8nvZplI8u+dqptZxVHCZyAU3AObNAAbXAFOqALCLgHD+AJPBuF8Wi8GK/L1jVjNXMMfsB4+wTMvpTk</latexit>

transverse to jet axis



Soft recoil and the Winner-Take-All axis

• Jet axis along total jet momentum, recoiled by soft radiation 
inside jet → nonglobal logarithms limit accuracy to NLL’ 

• Remove by Winner-Take-All clustering in jet algorithm → N3LL
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pcoll?
<latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit>

psoft?
<latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit>

pcoll?
<latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit><latexit sha1_base64="J1Y/UtqxIyfUnj9yoxXwUxprBM0=">AAAB/nicdVBNSwMxEM36WetXVTx5CRbB05LVYu2t6MVjBVuFtpZsOtVgdjcks2JZCv4VLx4U8erv8Oa/Mf0QVPTBwOO9mWTmhVpJi4x9eFPTM7Nz87mF/OLS8spqYW29YZPUCKiLRCXmIuQWlIyhjhIVXGgDPAoVnIc3x0P//BaMlUl8hn0N7YhfxbInBUcndQqbutPSYPRl1kK4w8y9qAaDTqHIfLZfPmAlyvx9dhjsVRwpM1YuVWjgsxGKZIJap/De6iYijSBGobi1zYBpbGfcoBQKBvlWakFzccOvoOlozCOw7Wy0/oDuOKVLe4lxFSMdqd8nMh5Z249C1xlxvLa/vaH4l9dMsXfYzmSsU4RYjD/qpYpiQodZ0K40IFD1HeHCSLcrFdfccIEusbwL4etS+j9p7PkB84PTUrF6NIkjR7bINtklASmTKjkhNVIngmTkgTyRZ+/ee/RevNdx65Q3mdkgP+C9fQLl5Za+</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

psoft?
<latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit> = 0

<latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit><latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit><latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit><latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit>

Jet axis
<latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit><latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit><latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit><latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit>

hard
<latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit><latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit><latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit><latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit>

kcoll?
<latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit><latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit><latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit><latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit>

ksoft?
<latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit><latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit><latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit><latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit>

kcoll?
<latexit sha1_base64="qM86goofrkAEOEj7yF1SWdhIH0Y=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZm+3RXcuKxgH9AZh0yaaUMzD5KMWIb5FTcuFHHrj7jzb0wfgooeuHA4597k3uMnnEmF0Iextr6xubVd2Cnu7u0fHJpHpZ6MU0Fol8Q8FgMfS8pZRLuKKU4HiaA49Dnt+9PLud+/o0KyOLpRs4S6IR5HLGAEKy15ZmnqOQkVyW3miBDq93jumWVkoVqr2ahDZFXsZr3e0KRRbVWqF9C20AJlsELHM9+dUUzSkEaKcCzl0EaJcjMsFCOc5kUnlTTBZIrHdKhphEMq3Wyxew7PtDKCQSx0RQou1O8TGQ6lnIW+7gyxmsjf3lz8yxumKmi5GYuSVNGILD8KUg5VDOdBwBETlCg+0wQTwfSukEywwETpuIo6hK9L4f+kV7FsZNnXtXK7toqjAE7AKTgHNmiCNrgCHdAFBNyDB/AEno3ceDRejNdl65qxmjkGP2C8fQLE+ZTg</latexit><latexit sha1_base64="qM86goofrkAEOEj7yF1SWdhIH0Y=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZm+3RXcuKxgH9AZh0yaaUMzD5KMWIb5FTcuFHHrj7jzb0wfgooeuHA4597k3uMnnEmF0Iextr6xubVd2Cnu7u0fHJpHpZ6MU0Fol8Q8FgMfS8pZRLuKKU4HiaA49Dnt+9PLud+/o0KyOLpRs4S6IR5HLGAEKy15ZmnqOQkVyW3miBDq93jumWVkoVqr2ahDZFXsZr3e0KRRbVWqF9C20AJlsELHM9+dUUzSkEaKcCzl0EaJcjMsFCOc5kUnlTTBZIrHdKhphEMq3Wyxew7PtDKCQSx0RQou1O8TGQ6lnIW+7gyxmsjf3lz8yxumKmi5GYuSVNGILD8KUg5VDOdBwBETlCg+0wQTwfSukEywwETpuIo6hK9L4f+kV7FsZNnXtXK7toqjAE7AKTgHNmiCNrgCHdAFBNyDB/AEno3ceDRejNdl65qxmjkGP2C8fQLE+ZTg</latexit><latexit sha1_base64="qM86goofrkAEOEj7yF1SWdhIH0Y=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZm+3RXcuKxgH9AZh0yaaUMzD5KMWIb5FTcuFHHrj7jzb0wfgooeuHA4597k3uMnnEmF0Iextr6xubVd2Cnu7u0fHJpHpZ6MU0Fol8Q8FgMfS8pZRLuKKU4HiaA49Dnt+9PLud+/o0KyOLpRs4S6IR5HLGAEKy15ZmnqOQkVyW3miBDq93jumWVkoVqr2ahDZFXsZr3e0KRRbVWqF9C20AJlsELHM9+dUUzSkEaKcCzl0EaJcjMsFCOc5kUnlTTBZIrHdKhphEMq3Wyxew7PtDKCQSx0RQou1O8TGQ6lnIW+7gyxmsjf3lz8yxumKmi5GYuSVNGILD8KUg5VDOdBwBETlCg+0wQTwfSukEywwETpuIo6hK9L4f+kV7FsZNnXtXK7toqjAE7AKTgHNmiCNrgCHdAFBNyDB/AEno3ceDRejNdl65qxmjkGP2C8fQLE+ZTg</latexit><latexit sha1_base64="qM86goofrkAEOEj7yF1SWdhIH0Y=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcDZm+3RXcuKxgH9AZh0yaaUMzD5KMWIb5FTcuFHHrj7jzb0wfgooeuHA4597k3uMnnEmF0Iextr6xubVd2Cnu7u0fHJpHpZ6MU0Fol8Q8FgMfS8pZRLuKKU4HiaA49Dnt+9PLud+/o0KyOLpRs4S6IR5HLGAEKy15ZmnqOQkVyW3miBDq93jumWVkoVqr2ahDZFXsZr3e0KRRbVWqF9C20AJlsELHM9+dUUzSkEaKcCzl0EaJcjMsFCOc5kUnlTTBZIrHdKhphEMq3Wyxew7PtDKCQSx0RQou1O8TGQ6lnIW+7gyxmsjf3lz8yxumKmi5GYuSVNGILD8KUg5VDOdBwBETlCg+0wQTwfSukEywwETpuIo6hK9L4f+kV7FsZNnXtXK7toqjAE7AKTgHNmiCNrgCHdAFBNyDB/AEno3ceDRejNdl65qxmjkGP2C8fQLE+ZTg</latexit>

ksoft?
<latexit sha1_base64="wh5us3LSjE6eWHlqSoQzhvqlg84=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUkbbLsruHFZwT6giWEynbRDJw9mJmIJ+RU3LhRx64+482+cPgQVPXDhcM693HtPkHImFUIfxtr6xubWdmmnvLu3f3BoHlV6MskEoV2S8EQMAiwpZzHtKqY4HaSC4ijgtB9ML+d+/44KyZL4Rs1S6kV4HLOQEay05JuVqe+mVKS3uSsiKJNQFb5ZRVbLrjUbFxBZDqo7qKkJaqBWrQ5tCy1QBSt0fPPdHSUki2isCMdSDm2UKi/HQjHCaVF2M0lTTKZ4TIeaxjii0ssXtxfwTCsjGCZCV6zgQv0+keNIylkU6M4Iq4n87c3Fv7xhpsKml7M4zRSNyXJRmHGoEjgPAo6YoETxmSaYCKZvhWSCBSZKx1XWIXx9Cv8nvZplI8u+dqptZxVHCZyAU3AObNAAbXAFOqALCLgHD+AJPBuF8Wi8GK/L1jVjNXMMfsB4+wTMvpTk</latexit><latexit sha1_base64="wh5us3LSjE6eWHlqSoQzhvqlg84=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUkbbLsruHFZwT6giWEynbRDJw9mJmIJ+RU3LhRx64+482+cPgQVPXDhcM693HtPkHImFUIfxtr6xubWdmmnvLu3f3BoHlV6MskEoV2S8EQMAiwpZzHtKqY4HaSC4ijgtB9ML+d+/44KyZL4Rs1S6kV4HLOQEay05JuVqe+mVKS3uSsiKJNQFb5ZRVbLrjUbFxBZDqo7qKkJaqBWrQ5tCy1QBSt0fPPdHSUki2isCMdSDm2UKi/HQjHCaVF2M0lTTKZ4TIeaxjii0ssXtxfwTCsjGCZCV6zgQv0+keNIylkU6M4Iq4n87c3Fv7xhpsKml7M4zRSNyXJRmHGoEjgPAo6YoETxmSaYCKZvhWSCBSZKx1XWIXx9Cv8nvZplI8u+dqptZxVHCZyAU3AObNAAbXAFOqALCLgHD+AJPBuF8Wi8GK/L1jVjNXMMfsB4+wTMvpTk</latexit><latexit sha1_base64="wh5us3LSjE6eWHlqSoQzhvqlg84=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUkbbLsruHFZwT6giWEynbRDJw9mJmIJ+RU3LhRx64+482+cPgQVPXDhcM693HtPkHImFUIfxtr6xubWdmmnvLu3f3BoHlV6MskEoV2S8EQMAiwpZzHtKqY4HaSC4ijgtB9ML+d+/44KyZL4Rs1S6kV4HLOQEay05JuVqe+mVKS3uSsiKJNQFb5ZRVbLrjUbFxBZDqo7qKkJaqBWrQ5tCy1QBSt0fPPdHSUki2isCMdSDm2UKi/HQjHCaVF2M0lTTKZ4TIeaxjii0ssXtxfwTCsjGCZCV6zgQv0+keNIylkU6M4Iq4n87c3Fv7xhpsKml7M4zRSNyXJRmHGoEjgPAo6YoETxmSaYCKZvhWSCBSZKx1XWIXx9Cv8nvZplI8u+dqptZxVHCZyAU3AObNAAbXAFOqALCLgHD+AJPBuF8Wi8GK/L1jVjNXMMfsB4+wTMvpTk</latexit><latexit sha1_base64="wh5us3LSjE6eWHlqSoQzhvqlg84=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUkbbLsruHFZwT6giWEynbRDJw9mJmIJ+RU3LhRx64+482+cPgQVPXDhcM693HtPkHImFUIfxtr6xubWdmmnvLu3f3BoHlV6MskEoV2S8EQMAiwpZzHtKqY4HaSC4ijgtB9ML+d+/44KyZL4Rs1S6kV4HLOQEay05JuVqe+mVKS3uSsiKJNQFb5ZRVbLrjUbFxBZDqo7qKkJaqBWrQ5tCy1QBSt0fPPdHSUki2isCMdSDm2UKi/HQjHCaVF2M0lTTKZ4TIeaxjii0ssXtxfwTCsjGCZCV6zgQv0+keNIylkU6M4Iq4n87c3Fv7xhpsKml7M4zRSNyXJRmHGoEjgPAo6YoETxmSaYCKZvhWSCBSZKx1XWIXx9Cv8nvZplI8u+dqptZxVHCZyAU3AObNAAbXAFOqALCLgHD+AJPBuF8Wi8GK/L1jVjNXMMfsB4+wTMvpTk</latexit>

Er = E1 + E2

n̂r =

⇢
n̂1 if E1 > E2

n̂2 if E2 > E1 [Salam; Bertolini, Chan, Thaler]

Winner-Take-All axis

transverse to jet axis



Angular decorrelation in 

• Angular decorrelation related to transverse momentum 

•            : no jet axis dependence
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Angular decorrelation in 

• Angular decorrelation related to transverse momentum 

•            : no jet axis dependence 

•           : finite terms in jet function depend on axis choice

34
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Angular decorrelation in 

• Angular decorrelation related to transverse momentum 

•            : no jet axis dependence 

•           : finite terms in jet function depend on axis choice 

•            : factorization only holds for Winner-Take-All
35
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Jet function

36

• We have calculated the jet function at one loop for the 
standard jet axis and Winner-Take-All 

•                            : axis dependence drops out, matches onto 
semi-inclusive jet functions    , same coefficients     as TMD FFs  

• DGLAP evolution resums
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Jet function

37

• We have calculated the jet function at one loop for the 
standard jet axis and Winner-Take-All 

•                            : axis dependence drops out, matches onto 
semi-inclusive jet functions    , same coefficients     as TMD FFs  

• DGLAP evolution resums 

•                            for WTA: jet radius dependence drops out 

• Determined by known anomalous dimensions up to two-loop 
constant, which we extract for quarks from EVENT2 [Catani, Seymour]
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Jet radius dependence
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• Even for medium values of R, we can use large R jet function 

• Large R jet function determined at two loop → N3LL



         results
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• Implemented in arTeMiDe [Scimemi, Vladimirov] 

• Good perturbative convergence: uncertainty bands overlap 
and reduce at higher orders
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SIDIS results
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• Transverse momentum distribution for Hera and EIC for 
different elasticity intervals



Sensitivity to nonperturbative parameters

41

• Vary nonperturbative parameters of TMD PDFs within current 
uncertainty from Drell-Yan extraction [Bertone, Scimemi, Vladimirov]
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Conclusions

42

• The transverse momentum distribution of partons in a proton 
can be extracted from SIDIS using jets 

• Calculable z dependence → reduced nonpert. uncertainty 

• Perturbative ingredients available for N3LL 

• Potential experimental issue: angular resolution. Could be 
remedied with charged particle jets



3. Multi-differential resummation



Why multi-differential resummation?

• The classic: threshold and transverse mom. resummation 
[Laenen, Sterman, Vogelsang; Li; Lustermans, WW, Zeune; Marzani, Theeuwes; Muselli, Forte, Ridolfi, …] 

• LHC analyses involve multiple cuts  
→ describe correlations beyond accuracy of parton shower 

• Ratio observables require double-differential resummation  
E.g. N-subjettiness, energy correlation functions, planar flow, … 

• Toy example: ratio of two angularities
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Ratios require double-differential resummation

• Ratio                   is not IR safe 
[Soyez, Salam, Kim, Dutta, Cacciari]
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• Definition of angularities:

• Phase space for the measurement of two 
angularities     and     between: 
 

Boundary B1: 
(from jet radius requirement) 

 

Boundary B2: 
(from energy conservation) 

Measuring two angularities on one jet

23

recoil free  
jet axis

i
✓i

R

e↵ =
1

EJ

X

i2J

Ei
sin ✓i tan↵�1 ✓i

2

sinR tan↵�1 R
2

⇡ 1

EJ

X

i2J

Ei

✓
✓i
R

◆↵

Jet energy Approximation valid for R ≪ 1 

e↵ e�

e�↵ = e↵�

e↵ = e�

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

eb

e a

Larkoski, Neill, Thaler, ’14; 
Bertolini, Chan, Thaler, ’13 

Almeida, Lee, Perez, Sterman, Sung, Virzi, ’09; 
Ellis,Vermilion, Walsh, Hornig, Lee, ’10; 

Berger, Kucs, Sterman, ’03;

↵ > �

↵ > 0

for IRC safety

IR divergence

fixed r

d�

dr
=

Z
de↵ de�

d2�

de↵ de�
�
⇣
r � e↵

e�

⌘

<latexit sha1_base64="XPItutThjwHczOUDA7SIl9QvSP8="></latexit><latexit sha1_base64="XPItutThjwHczOUDA7SIl9QvSP8="></latexit><latexit sha1_base64="XPItutThjwHczOUDA7SIl9QvSP8="></latexit><latexit sha1_base64="XPItutThjwHczOUDA7SIl9QvSP8="></latexit>



Ratios require double-differential resummation

• Ratio                   is not IR safe 
[Soyez, Salam, Kim, Dutta, Cacciari] 

• IR region is Sudakov suppressed [Larkoski, Thaler] 
Requires simultaneous resummation of  

46

r = e↵/e�

Page     | Lisa Zeune | Resummation of double-differential cross sections

• Definition of angularities:

• Phase space for the measurement of two 
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Boundary B1: 
(from jet radius requirement) 

 

Boundary B2: 
(from energy conservation) 
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d�

dr
=

p
↵s

p
CF�

↵� �

1

r
+ . . .
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Simple example: beam thrust    and      in Drell-Yan

• Light cone coordinates 

• Measurement determines modes: 

•                                   described by 
SCETI  with
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SCETI SCETII

n-collinear Q(�2, 1,�) Q(�2, 1,�)
n̄-collinear Q(1,�2,�) Q(1,�2,�)
soft Q(�2,�2,�2) Q(�,�,�)

p�

p+

Q

Q

SCETI

�2Q

�2Q

p2 ⇠ �2Q2

p2 ⇠ �4Q2

qT
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T =
P

i min{p+i , p
�
i }
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pµ = (p+, p�, pµ?) = (p0�p3, p0+p3, pµ?)
<latexit sha1_base64="X/qanErI7MP7p63hdquU0JFqfy8="></latexit><latexit sha1_base64="X/qanErI7MP7p63hdquU0JFqfy8="></latexit><latexit sha1_base64="X/qanErI7MP7p63hdquU0JFqfy8="></latexit><latexit sha1_base64="X/qanErI7MP7p63hdquU0JFqfy8="></latexit>



Simple example: beam thrust    and      in Drell-Yan

• Light cone coordinates 

• Measurement determines modes: 

•                                   described by 
SCETI  with 

•                     is SCETII with
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SCETI SCETII

n-collinear Q(�2, 1,�) Q(�2, 1,�)
n̄-collinear Q(1,�2,�) Q(1,�2,�)
soft Q(�2,�2,�2) Q(�,�,�)

p�

p+

Q

Q

SCETI

�2Q

�2Q

p2 ⇠ �2Q2
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p�

p+

Q

Q

SCETII

p2 ⇠ �2Q2

�Q

�Q

T =
P

i min{p+i , p
�
i }

<latexit sha1_base64="Rph2RSzctyEh3Z2U83czQyeqJCg="></latexit><latexit sha1_base64="Rph2RSzctyEh3Z2U83czQyeqJCg="></latexit><latexit sha1_base64="Rph2RSzctyEh3Z2U83czQyeqJCg="></latexit><latexit sha1_base64="Rph2RSzctyEh3Z2U83czQyeqJCg="></latexit>
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<latexit sha1_base64="2RWImwLTtKHfLLjOrSn5vfgnkgA=">AAACDHicdVDLSgMxFM34rPVVdekm2AquStKFbRdCxY1LBatCpwyZ9LYGMzMxyRTK0A9w46+4caGIWz/AnX9jplZQ0QOBwznncnNPqKQwlpB3b2Z2bn5hsbBUXF5ZXVsvbWyemyTVHNo8kYm+DJkBKWJoW2ElXCoNLAolXITXR7l/MQRtRBKf2ZGCbsQGsegLzqyTglK54g+B45vgDB9g36RRIPBEUUEmfAVajSsuRaqEEEopzgmt7xNHms1GjTYwzS2HMpriJCi9+b2EpxHElktmTIcSZbsZ01ZwCeOinxpQjF+zAXQcjVkEpptNjhnjXaf0cD/R7sUWT9TvExmLjBlFoUtGzF6Z314u/uV1UttvdDMRq9RCzD8X9VOJbYLzZnBPaOBWjhxhXAv3V8yvmGbcuv6KroSvS/H/5LxWpaRKT2vl1uG0jgLaRjtoD1FURy10jE5QG3F0i+7RI3ry7rwH79l7+YzOeNOZLfQD3usHLsWadQ==</latexit><latexit sha1_base64="2RWImwLTtKHfLLjOrSn5vfgnkgA=">AAACDHicdVDLSgMxFM34rPVVdekm2AquStKFbRdCxY1LBatCpwyZ9LYGMzMxyRTK0A9w46+4caGIWz/AnX9jplZQ0QOBwznncnNPqKQwlpB3b2Z2bn5hsbBUXF5ZXVsvbWyemyTVHNo8kYm+DJkBKWJoW2ElXCoNLAolXITXR7l/MQRtRBKf2ZGCbsQGsegLzqyTglK54g+B45vgDB9g36RRIPBEUUEmfAVajSsuRaqEEEopzgmt7xNHms1GjTYwzS2HMpriJCi9+b2EpxHElktmTIcSZbsZ01ZwCeOinxpQjF+zAXQcjVkEpptNjhnjXaf0cD/R7sUWT9TvExmLjBlFoUtGzF6Z314u/uV1UttvdDMRq9RCzD8X9VOJbYLzZnBPaOBWjhxhXAv3V8yvmGbcuv6KroSvS/H/5LxWpaRKT2vl1uG0jgLaRjtoD1FURy10jE5QG3F0i+7RI3ry7rwH79l7+YzOeNOZLfQD3usHLsWadQ==</latexit><latexit sha1_base64="2RWImwLTtKHfLLjOrSn5vfgnkgA=">AAACDHicdVDLSgMxFM34rPVVdekm2AquStKFbRdCxY1LBatCpwyZ9LYGMzMxyRTK0A9w46+4caGIWz/AnX9jplZQ0QOBwznncnNPqKQwlpB3b2Z2bn5hsbBUXF5ZXVsvbWyemyTVHNo8kYm+DJkBKWJoW2ElXCoNLAolXITXR7l/MQRtRBKf2ZGCbsQGsegLzqyTglK54g+B45vgDB9g36RRIPBEUUEmfAVajSsuRaqEEEopzgmt7xNHms1GjTYwzS2HMpriJCi9+b2EpxHElktmTIcSZbsZ01ZwCeOinxpQjF+zAXQcjVkEpptNjhnjXaf0cD/R7sUWT9TvExmLjBlFoUtGzF6Z314u/uV1UttvdDMRq9RCzD8X9VOJbYLzZnBPaOBWjhxhXAv3V8yvmGbcuv6KroSvS/H/5LxWpaRKT2vl1uG0jgLaRjtoD1FURy10jE5QG3F0i+7RI3ry7rwH79l7+YzOeNOZLfQD3usHLsWadQ==</latexit><latexit sha1_base64="2RWImwLTtKHfLLjOrSn5vfgnkgA=">AAACDHicdVDLSgMxFM34rPVVdekm2AquStKFbRdCxY1LBatCpwyZ9LYGMzMxyRTK0A9w46+4caGIWz/AnX9jplZQ0QOBwznncnNPqKQwlpB3b2Z2bn5hsbBUXF5ZXVsvbWyemyTVHNo8kYm+DJkBKWJoW2ElXCoNLAolXITXR7l/MQRtRBKf2ZGCbsQGsegLzqyTglK54g+B45vgDB9g36RRIPBEUUEmfAVajSsuRaqEEEopzgmt7xNHms1GjTYwzS2HMpriJCi9+b2EpxHElktmTIcSZbsZ01ZwCeOinxpQjF+zAXQcjVkEpptNjhnjXaf0cD/R7sUWT9TvExmLjBlFoUtGzF6Z314u/uV1UttvdDMRq9RCzD8X9VOJbYLzZnBPaOBWjhxhXAv3V8yvmGbcuv6KroSvS/H/5LxWpaRKT2vl1uG0jgLaRjtoD1FURy10jE5QG3F0i+7RI3ry7rwH79l7+YzOeNOZLfQD3usHLsWadQ==</latexit>

� = qT /Q
<latexit sha1_base64="s4kb43jogX1GB+D5TW8i53r0Kj8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVzURQTdCxY3LFvqCNoTJZNIOnUzizESopV/ixoUibv0Ud/6N0zYLbT0wcDjnXO6dE6ScKe0431ZhbX1jc6u4XdrZ3dsv2weHbZVkktAWSXgiuwFWlDNBW5ppTruppDgOOO0Eo7uZ33mkUrFENPU4pV6MB4JFjGBtJN8u97kJhxjdoAe/ed7w7YpTdeZAq8TNSQVy1H37qx8mJIup0IRjpXquk2pvgqVmhNNpqZ8pmmIywgPaM1TgmCpvMj98ik6NEqIokeYJjebq74kJjpUax4FJxlgP1bI3E//zepmOrr0JE2mmqSCLRVHGkU7QrAUUMkmJ5mNDMJHM3IrIEEtMtOmqZEpwl7+8StoXVdepuo3LSu02r6MIx3ACZ+DCFdTgHurQAgIZPMMrvFlP1ov1bn0sogUrnzmCP7A+fwAywpIe</latexit><latexit sha1_base64="s4kb43jogX1GB+D5TW8i53r0Kj8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVzURQTdCxY3LFvqCNoTJZNIOnUzizESopV/ixoUibv0Ud/6N0zYLbT0wcDjnXO6dE6ScKe0431ZhbX1jc6u4XdrZ3dsv2weHbZVkktAWSXgiuwFWlDNBW5ppTruppDgOOO0Eo7uZ33mkUrFENPU4pV6MB4JFjGBtJN8u97kJhxjdoAe/ed7w7YpTdeZAq8TNSQVy1H37qx8mJIup0IRjpXquk2pvgqVmhNNpqZ8pmmIywgPaM1TgmCpvMj98ik6NEqIokeYJjebq74kJjpUax4FJxlgP1bI3E//zepmOrr0JE2mmqSCLRVHGkU7QrAUUMkmJ5mNDMJHM3IrIEEtMtOmqZEpwl7+8StoXVdepuo3LSu02r6MIx3ACZ+DCFdTgHurQAgIZPMMrvFlP1ov1bn0sogUrnzmCP7A+fwAywpIe</latexit><latexit sha1_base64="s4kb43jogX1GB+D5TW8i53r0Kj8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVzURQTdCxY3LFvqCNoTJZNIOnUzizESopV/ixoUibv0Ud/6N0zYLbT0wcDjnXO6dE6ScKe0431ZhbX1jc6u4XdrZ3dsv2weHbZVkktAWSXgiuwFWlDNBW5ppTruppDgOOO0Eo7uZ33mkUrFENPU4pV6MB4JFjGBtJN8u97kJhxjdoAe/ed7w7YpTdeZAq8TNSQVy1H37qx8mJIup0IRjpXquk2pvgqVmhNNpqZ8pmmIywgPaM1TgmCpvMj98ik6NEqIokeYJjebq74kJjpUax4FJxlgP1bI3E//zepmOrr0JE2mmqSCLRVHGkU7QrAUUMkmJ5mNDMJHM3IrIEEtMtOmqZEpwl7+8StoXVdepuo3LSu02r6MIx3ACZ+DCFdTgHurQAgIZPMMrvFlP1ov1bn0sogUrnzmCP7A+fwAywpIe</latexit><latexit sha1_base64="s4kb43jogX1GB+D5TW8i53r0Kj8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVzURQTdCxY3LFvqCNoTJZNIOnUzizESopV/ixoUibv0Ud/6N0zYLbT0wcDjnXO6dE6ScKe0431ZhbX1jc6u4XdrZ3dsv2weHbZVkktAWSXgiuwFWlDNBW5ppTruppDgOOO0Eo7uZ33mkUrFENPU4pV6MB4JFjGBtJN8u97kJhxjdoAe/ed7w7YpTdeZAq8TNSQVy1H37qx8mJIup0IRjpXquk2pvgqVmhNNpqZ8pmmIywgPaM1TgmCpvMj98ik6NEqIokeYJjebq74kJjpUax4FJxlgP1bI3E//zepmOrr0JE2mmqSCLRVHGkU7QrAUUMkmJ5mNDMJHM3IrIEEtMtOmqZEpwl7+8StoXVdepuo3LSu02r6MIx3ACZ+DCFdTgHurQAgIZPMMrvFlP1ov1bn0sogUrnzmCP7A+fwAywpIe</latexit>

qT
<latexit sha1_base64="UP375AFFVLUsLFc2BMEL8jRwFcQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCCC4rtrbQDiWTZtrQTGZMMkIZ+gluXCji1i9y59+YaSuo6IELh3Pu5d57/JgzpRH6sHJr6xubW/ntws7u3v5B8fDoVkWJJLRDIh7Jno8V5UzQjmaa014sKQ59Trv+9CLzu/dUKhaJtp7F1AvxWLCAEayNdHM3bA+LJWRX6m7DLUNkI8dtOLWMoGq14kLHkAwlsEJrWHwfjCKShFRowrFSfQfF2kux1IxwOi8MEkVjTKZ4TPuGChxS5aWLU+fwzCgjGETSlNBwoX6fSHGo1Cz0TWeI9UT99jLxL6+f6KDupUzEiaaCLBcFCYc6gtnfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D+5dW0H2c51udS8XMWRByfgFJwDB9RAE1yBFugAAsbgATyBZ4tbj9aL9bpszVmrmWPwA9bbJ5sfjgQ=</latexit><latexit sha1_base64="UP375AFFVLUsLFc2BMEL8jRwFcQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCCC4rtrbQDiWTZtrQTGZMMkIZ+gluXCji1i9y59+YaSuo6IELh3Pu5d57/JgzpRH6sHJr6xubW/ntws7u3v5B8fDoVkWJJLRDIh7Jno8V5UzQjmaa014sKQ59Trv+9CLzu/dUKhaJtp7F1AvxWLCAEayNdHM3bA+LJWRX6m7DLUNkI8dtOLWMoGq14kLHkAwlsEJrWHwfjCKShFRowrFSfQfF2kux1IxwOi8MEkVjTKZ4TPuGChxS5aWLU+fwzCgjGETSlNBwoX6fSHGo1Cz0TWeI9UT99jLxL6+f6KDupUzEiaaCLBcFCYc6gtnfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D+5dW0H2c51udS8XMWRByfgFJwDB9RAE1yBFugAAsbgATyBZ4tbj9aL9bpszVmrmWPwA9bbJ5sfjgQ=</latexit><latexit sha1_base64="UP375AFFVLUsLFc2BMEL8jRwFcQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCCC4rtrbQDiWTZtrQTGZMMkIZ+gluXCji1i9y59+YaSuo6IELh3Pu5d57/JgzpRH6sHJr6xubW/ntws7u3v5B8fDoVkWJJLRDIh7Jno8V5UzQjmaa014sKQ59Trv+9CLzu/dUKhaJtp7F1AvxWLCAEayNdHM3bA+LJWRX6m7DLUNkI8dtOLWMoGq14kLHkAwlsEJrWHwfjCKShFRowrFSfQfF2kux1IxwOi8MEkVjTKZ4TPuGChxS5aWLU+fwzCgjGETSlNBwoX6fSHGo1Cz0TWeI9UT99jLxL6+f6KDupUzEiaaCLBcFCYc6gtnfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D+5dW0H2c51udS8XMWRByfgFJwDB9RAE1yBFugAAsbgATyBZ4tbj9aL9bpszVmrmWPwA9bbJ5sfjgQ=</latexit><latexit sha1_base64="UP375AFFVLUsLFc2BMEL8jRwFcQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCCC4rtrbQDiWTZtrQTGZMMkIZ+gluXCji1i9y59+YaSuo6IELh3Pu5d57/JgzpRH6sHJr6xubW/ntws7u3v5B8fDoVkWJJLRDIh7Jno8V5UzQjmaa014sKQ59Trv+9CLzu/dUKhaJtp7F1AvxWLCAEayNdHM3bA+LJWRX6m7DLUNkI8dtOLWMoGq14kLHkAwlsEJrWHwfjCKShFRowrFSfQfF2kux1IxwOi8MEkVjTKZ4TPuGChxS5aWLU+fwzCgjGETSlNBwoX6fSHGo1Cz0TWeI9UT99jLxL6+f6KDupUzEiaaCLBcFCYc6gtnfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D+5dW0H2c51udS8XMWRByfgFJwDB9RAE1yBFugAAsbgATyBZ4tbj9aL9bpszVmrmWPwA9bbJ5sfjgQ=</latexit>

T
<latexit sha1_base64="qIPu34PBgl0YnrzMrsOBxnIYOeo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2boc1cQwWWFvmA6lEyaaUMzmSHJCGXoZ7hxoYhbv8adf2OmraCiBwKHc+4l554g4UxphD6sjc2t7Z3dwl5x/+Dw6Lh0ctpTcSoJ7ZKYx3IQYEU5E7SrmeZ0kEiKo4DTfjC7zv3+PZWKxaKj5wn1IzwRLGQEayN5wwjrKcE86yxGpTKyqw236VYgspHjNp16TlCtVnWhY0iOMlijPSq9D8cxSSMqNOFYKc9BifYzLDUjnC6Kw1TRBJMZnlDPUIEjqvxsGXkBL40yhmEszRMaLtXvGxmOlJpHgZnMI6rfXi7+5XmpDht+xkSSairI6qMw5VDHML8fjpmkRPO5IZhIZrJCMsUSE21aKpoSvi6F/5OeazvIdu4q5dbNuo4COAcX4Ao4oA5a4Ba0QRcQEIMH8ASeLW09Wi/W62p0w1rvnIEfsN4+AfI6kbI=</latexit><latexit sha1_base64="qIPu34PBgl0YnrzMrsOBxnIYOeo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2boc1cQwWWFvmA6lEyaaUMzmSHJCGXoZ7hxoYhbv8adf2OmraCiBwKHc+4l554g4UxphD6sjc2t7Z3dwl5x/+Dw6Lh0ctpTcSoJ7ZKYx3IQYEU5E7SrmeZ0kEiKo4DTfjC7zv3+PZWKxaKj5wn1IzwRLGQEayN5wwjrKcE86yxGpTKyqw236VYgspHjNp16TlCtVnWhY0iOMlijPSq9D8cxSSMqNOFYKc9BifYzLDUjnC6Kw1TRBJMZnlDPUIEjqvxsGXkBL40yhmEszRMaLtXvGxmOlJpHgZnMI6rfXi7+5XmpDht+xkSSairI6qMw5VDHML8fjpmkRPO5IZhIZrJCMsUSE21aKpoSvi6F/5OeazvIdu4q5dbNuo4COAcX4Ao4oA5a4Ba0QRcQEIMH8ASeLW09Wi/W62p0w1rvnIEfsN4+AfI6kbI=</latexit><latexit sha1_base64="qIPu34PBgl0YnrzMrsOBxnIYOeo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2boc1cQwWWFvmA6lEyaaUMzmSHJCGXoZ7hxoYhbv8adf2OmraCiBwKHc+4l554g4UxphD6sjc2t7Z3dwl5x/+Dw6Lh0ctpTcSoJ7ZKYx3IQYEU5E7SrmeZ0kEiKo4DTfjC7zv3+PZWKxaKj5wn1IzwRLGQEayN5wwjrKcE86yxGpTKyqw236VYgspHjNp16TlCtVnWhY0iOMlijPSq9D8cxSSMqNOFYKc9BifYzLDUjnC6Kw1TRBJMZnlDPUIEjqvxsGXkBL40yhmEszRMaLtXvGxmOlJpHgZnMI6rfXi7+5XmpDht+xkSSairI6qMw5VDHML8fjpmkRPO5IZhIZrJCMsUSE21aKpoSvi6F/5OeazvIdu4q5dbNuo4COAcX4Ao4oA5a4Ba0QRcQEIMH8ASeLW09Wi/W62p0w1rvnIEfsN4+AfI6kbI=</latexit><latexit sha1_base64="qIPu34PBgl0YnrzMrsOBxnIYOeo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2boc1cQwWWFvmA6lEyaaUMzmSHJCGXoZ7hxoYhbv8adf2OmraCiBwKHc+4l554g4UxphD6sjc2t7Z3dwl5x/+Dw6Lh0ctpTcSoJ7ZKYx3IQYEU5E7SrmeZ0kEiKo4DTfjC7zv3+PZWKxaKj5wn1IzwRLGQEayN5wwjrKcE86yxGpTKyqw236VYgspHjNp16TlCtVnWhY0iOMlijPSq9D8cxSSMqNOFYKc9BifYzLDUjnC6Kw1TRBJMZnlDPUIEjqvxsGXkBL40yhmEszRMaLtXvGxmOlJpHgZnMI6rfXi7+5XmpDht+xkSSairI6qMw5VDHML8fjpmkRPO5IZhIZrJCMsUSE21aKpoSvi6F/5OeazvIdu4q5dbNuo4COAcX4Ao4oA5a4Ba0QRcQEIMH8ASeLW09Wi/W62p0w1rvnIEfsN4+AfI6kbI=</latexit>

pµ = (p+, p�, pµ?) = (p0�p3, p0+p3, pµ?)
<latexit sha1_base64="X/qanErI7MP7p63hdquU0JFqfy8="></latexit><latexit sha1_base64="X/qanErI7MP7p63hdquU0JFqfy8="></latexit><latexit sha1_base64="X/qanErI7MP7p63hdquU0JFqfy8="></latexit><latexit sha1_base64="X/qanErI7MP7p63hdquU0JFqfy8="></latexit>



Beam thrust and transverse momentum resummation

• Make     or      factorization formulas  
more differential: 

• Structure dictated by power counting

49

f

H

I

I

J

f

1

2

3

s

soft or Glauber

−

+

J

J

[Larkoski, Moult, Neill]

[Jain, Procura, WW]
d�

d~qT dT = H(Q)B(QT , ~qT )⌦B(QT , ~qT )⌦ S(T )

d�

d~qT dT = H(Q)B(~qT )⌦B(~qT )⌦ S+(T , ~qT )⌦ S+(T , ~qT )⌦ S(T )

d�

d~qT dT = H(Q)B(~qT )⌦B(~qT )⌦ S(T , ~qT )
<latexit sha1_base64="fF5ST+6FEpd2uc5OhilPJu1be2I="></latexit><latexit sha1_base64="fF5ST+6FEpd2uc5OhilPJu1be2I="></latexit><latexit sha1_base64="fF5ST+6FEpd2uc5OhilPJu1be2I="></latexit><latexit sha1_base64="fF5ST+6FEpd2uc5OhilPJu1be2I="></latexit>

SCETI : ~qT = ~q coll
T + ~q coll

T +O(�2) ! QT ⇠ ~q 2
T

SCETII : T = T
soft +O(�2) ! T

2
⇠ ~q 2

T
<latexit sha1_base64="woN5gcXfBC+fPVkNIzM9b3A2aGA="></latexit><latexit sha1_base64="woN5gcXfBC+fPVkNIzM9b3A2aGA="></latexit><latexit sha1_base64="woN5gcXfBC+fPVkNIzM9b3A2aGA="></latexit><latexit sha1_base64="woN5gcXfBC+fPVkNIzM9b3A2aGA="></latexit>

T
<latexit sha1_base64="DD+1DVcC9s1ZMEq3cPvvv5qBGqg=">AAACCXicbVDNS8MwHE3n15xfVY9egkPwMEYqgh4nXjxO2Bd0ZaRZuoWlaUlSYZRevfivePGgiFf/A2/+N6ZdD7r5IPB47/dLXp4fc6Y0Qt9WZW19Y3Orul3b2d3bP7APj3oqSiShXRLxSA58rChngnY105wOYklx6HPa92e3ud9/oFKxSHT0PKZeiCeCBYxgbaSRDdNhcYkrJ76XOg3UQBkchlhPCeZpJ8tGdh01UQG4SpyS1EGJ9sj+Go4jkoRUaMKxUq6DYu2lWGpGOM1qw0TRGJMZnlDXUIFDqry0CJHBM6OMYRBJc4SGhfp7I8WhUvPQN5N5RrXs5eJ/npvo4NpLmYgTTQVZPBQkHOoI5rXAMZOUaD43BBPJTFZIplhiok15NVOCs/zlVdK7aDqo6dxf1ls3ZR1VcAJOwTlwwBVogTvQBl1AwCN4Bq/gzXqyXqx362MxWrHKnWPwB9bnD+ttmdM=</latexit><latexit sha1_base64="DD+1DVcC9s1ZMEq3cPvvv5qBGqg=">AAACCXicbVDNS8MwHE3n15xfVY9egkPwMEYqgh4nXjxO2Bd0ZaRZuoWlaUlSYZRevfivePGgiFf/A2/+N6ZdD7r5IPB47/dLXp4fc6Y0Qt9WZW19Y3Orul3b2d3bP7APj3oqSiShXRLxSA58rChngnY105wOYklx6HPa92e3ud9/oFKxSHT0PKZeiCeCBYxgbaSRDdNhcYkrJ76XOg3UQBkchlhPCeZpJ8tGdh01UQG4SpyS1EGJ9sj+Go4jkoRUaMKxUq6DYu2lWGpGOM1qw0TRGJMZnlDXUIFDqry0CJHBM6OMYRBJc4SGhfp7I8WhUvPQN5N5RrXs5eJ/npvo4NpLmYgTTQVZPBQkHOoI5rXAMZOUaD43BBPJTFZIplhiok15NVOCs/zlVdK7aDqo6dxf1ls3ZR1VcAJOwTlwwBVogTvQBl1AwCN4Bq/gzXqyXqx362MxWrHKnWPwB9bnD+ttmdM=</latexit><latexit sha1_base64="DD+1DVcC9s1ZMEq3cPvvv5qBGqg=">AAACCXicbVDNS8MwHE3n15xfVY9egkPwMEYqgh4nXjxO2Bd0ZaRZuoWlaUlSYZRevfivePGgiFf/A2/+N6ZdD7r5IPB47/dLXp4fc6Y0Qt9WZW19Y3Orul3b2d3bP7APj3oqSiShXRLxSA58rChngnY105wOYklx6HPa92e3ud9/oFKxSHT0PKZeiCeCBYxgbaSRDdNhcYkrJ76XOg3UQBkchlhPCeZpJ8tGdh01UQG4SpyS1EGJ9sj+Go4jkoRUaMKxUq6DYu2lWGpGOM1qw0TRGJMZnlDXUIFDqry0CJHBM6OMYRBJc4SGhfp7I8WhUvPQN5N5RrXs5eJ/npvo4NpLmYgTTQVZPBQkHOoI5rXAMZOUaD43BBPJTFZIplhiok15NVOCs/zlVdK7aDqo6dxf1ls3ZR1VcAJOwTlwwBVogTvQBl1AwCN4Bq/gzXqyXqx362MxWrHKnWPwB9bnD+ttmdM=</latexit><latexit sha1_base64="DD+1DVcC9s1ZMEq3cPvvv5qBGqg=">AAACCXicbVDNS8MwHE3n15xfVY9egkPwMEYqgh4nXjxO2Bd0ZaRZuoWlaUlSYZRevfivePGgiFf/A2/+N6ZdD7r5IPB47/dLXp4fc6Y0Qt9WZW19Y3Orul3b2d3bP7APj3oqSiShXRLxSA58rChngnY105wOYklx6HPa92e3ud9/oFKxSHT0PKZeiCeCBYxgbaSRDdNhcYkrJ76XOg3UQBkchlhPCeZpJ8tGdh01UQG4SpyS1EGJ9sj+Go4jkoRUaMKxUq6DYu2lWGpGOM1qw0TRGJMZnlDXUIFDqry0CJHBM6OMYRBJc4SGhfp7I8WhUvPQN5N5RrXs5eJ/npvo4NpLmYgTTQVZPBQkHOoI5rXAMZOUaD43BBPJTFZIplhiok15NVOCs/zlVdK7aDqo6dxf1ls3ZR1VcAJOwTlwwBVogTvQBl1AwCN4Bq/gzXqyXqx362MxWrHKnWPwB9bnD+ttmdM=</latexit>

qT
<latexit sha1_base64="sAmu7TDjqIckburNoviSdhAQUY0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJSSEUGXFTcuK/QF02HIpJk2NJMZk4xQhrrxV9y4UMStf+HOvzGdzkJbD1w4nHNvbu4JEs6URujbKq2srq1vlDcrW9s7u3v2/kFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4ZuZ3H6hULBYtPUmoF+GhYCEjWBvJt4+yfv6IK4eBl6EaqjlTeO+3pr5dRXWUAy4TpyBVUKDp21/9QUzSiApNOFbKdVCivQxLzQin00o/VTTBZIyH1DVU4IgqL8uXT+GpUQYwjKUpoWGu/p7IcKTUJApMZ4T1SC16M/E/z011eOVlTCSppoLMF4UphzqGszjggElKNJ8Ygolk5q+QjLDERJvQKiYEZ/HkZdI5rzuo7txdVBvXRRxlcAxOwBlwwCVogFvQBG1AwCN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD1dYliU=</latexit><latexit sha1_base64="sAmu7TDjqIckburNoviSdhAQUY0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJSSEUGXFTcuK/QF02HIpJk2NJMZk4xQhrrxV9y4UMStf+HOvzGdzkJbD1w4nHNvbu4JEs6URujbKq2srq1vlDcrW9s7u3v2/kFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4ZuZ3H6hULBYtPUmoF+GhYCEjWBvJt4+yfv6IK4eBl6EaqjlTeO+3pr5dRXWUAy4TpyBVUKDp21/9QUzSiApNOFbKdVCivQxLzQin00o/VTTBZIyH1DVU4IgqL8uXT+GpUQYwjKUpoWGu/p7IcKTUJApMZ4T1SC16M/E/z011eOVlTCSppoLMF4UphzqGszjggElKNJ8Ygolk5q+QjLDERJvQKiYEZ/HkZdI5rzuo7txdVBvXRRxlcAxOwBlwwCVogFvQBG1AwCN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD1dYliU=</latexit><latexit sha1_base64="sAmu7TDjqIckburNoviSdhAQUY0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJSSEUGXFTcuK/QF02HIpJk2NJMZk4xQhrrxV9y4UMStf+HOvzGdzkJbD1w4nHNvbu4JEs6URujbKq2srq1vlDcrW9s7u3v2/kFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4ZuZ3H6hULBYtPUmoF+GhYCEjWBvJt4+yfv6IK4eBl6EaqjlTeO+3pr5dRXWUAy4TpyBVUKDp21/9QUzSiApNOFbKdVCivQxLzQin00o/VTTBZIyH1DVU4IgqL8uXT+GpUQYwjKUpoWGu/p7IcKTUJApMZ4T1SC16M/E/z011eOVlTCSppoLMF4UphzqGszjggElKNJ8Ygolk5q+QjLDERJvQKiYEZ/HkZdI5rzuo7txdVBvXRRxlcAxOwBlwwCVogFvQBG1AwCN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD1dYliU=</latexit><latexit sha1_base64="sAmu7TDjqIckburNoviSdhAQUY0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJSSEUGXFTcuK/QF02HIpJk2NJMZk4xQhrrxV9y4UMStf+HOvzGdzkJbD1w4nHNvbu4JEs6URujbKq2srq1vlDcrW9s7u3v2/kFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4ZuZ3H6hULBYtPUmoF+GhYCEjWBvJt4+yfv6IK4eBl6EaqjlTeO+3pr5dRXWUAy4TpyBVUKDp21/9QUzSiApNOFbKdVCivQxLzQin00o/VTTBZIyH1DVU4IgqL8uXT+GpUQYwjKUpoWGu/p7IcKTUJApMZ4T1SC16M/E/z011eOVlTCSppoLMF4UphzqGszjggElKNJ8Ygolk5q+QjLDERJvQKiYEZ/HkZdI5rzuo7txdVBvXRRxlcAxOwBlwwCVogFvQBG1AwCN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD1dYliU=</latexit>



Beam thrust and transverse momentum resummation

• Make     or      factorization formulas  
more differential 

• Structure dictated by power counting
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[Larkoski, Moult, Neill]

[Jain, Procura, WW]
d�

d~qT dT = H(Q)B(QT , ~qT )⌦B(QT , ~qT )⌦ S(T )

d�

d~qT dT = H(Q)B(~qT )⌦B(~qT )⌦ S+(T , ~qT )⌦ S+(T , ~qT )⌦ S(T )

d�

d~qT dT = H(Q)B(~qT )⌦B(~qT )⌦ S(T , ~qT )
<latexit sha1_base64="fF5ST+6FEpd2uc5OhilPJu1be2I="></latexit><latexit sha1_base64="fF5ST+6FEpd2uc5OhilPJu1be2I="></latexit><latexit sha1_base64="fF5ST+6FEpd2uc5OhilPJu1be2I="></latexit><latexit sha1_base64="fF5ST+6FEpd2uc5OhilPJu1be2I="></latexit>

SCETI : ~qT = ~q coll
T + ~q coll

T +O(�2) ! QT ⇠ ~q 2
T

SCETII : T = T
soft +O(�2) ! T

2
⇠ ~q 2

T
<latexit sha1_base64="woN5gcXfBC+fPVkNIzM9b3A2aGA="></latexit><latexit sha1_base64="woN5gcXfBC+fPVkNIzM9b3A2aGA="></latexit><latexit sha1_base64="woN5gcXfBC+fPVkNIzM9b3A2aGA="></latexit><latexit sha1_base64="woN5gcXfBC+fPVkNIzM9b3A2aGA="></latexit>

T
<latexit sha1_base64="DD+1DVcC9s1ZMEq3cPvvv5qBGqg=">AAACCXicbVDNS8MwHE3n15xfVY9egkPwMEYqgh4nXjxO2Bd0ZaRZuoWlaUlSYZRevfivePGgiFf/A2/+N6ZdD7r5IPB47/dLXp4fc6Y0Qt9WZW19Y3Orul3b2d3bP7APj3oqSiShXRLxSA58rChngnY105wOYklx6HPa92e3ud9/oFKxSHT0PKZeiCeCBYxgbaSRDdNhcYkrJ76XOg3UQBkchlhPCeZpJ8tGdh01UQG4SpyS1EGJ9sj+Go4jkoRUaMKxUq6DYu2lWGpGOM1qw0TRGJMZnlDXUIFDqry0CJHBM6OMYRBJc4SGhfp7I8WhUvPQN5N5RrXs5eJ/npvo4NpLmYgTTQVZPBQkHOoI5rXAMZOUaD43BBPJTFZIplhiok15NVOCs/zlVdK7aDqo6dxf1ls3ZR1VcAJOwTlwwBVogTvQBl1AwCN4Bq/gzXqyXqx362MxWrHKnWPwB9bnD+ttmdM=</latexit><latexit sha1_base64="DD+1DVcC9s1ZMEq3cPvvv5qBGqg=">AAACCXicbVDNS8MwHE3n15xfVY9egkPwMEYqgh4nXjxO2Bd0ZaRZuoWlaUlSYZRevfivePGgiFf/A2/+N6ZdD7r5IPB47/dLXp4fc6Y0Qt9WZW19Y3Orul3b2d3bP7APj3oqSiShXRLxSA58rChngnY105wOYklx6HPa92e3ud9/oFKxSHT0PKZeiCeCBYxgbaSRDdNhcYkrJ76XOg3UQBkchlhPCeZpJ8tGdh01UQG4SpyS1EGJ9sj+Go4jkoRUaMKxUq6DYu2lWGpGOM1qw0TRGJMZnlDXUIFDqry0CJHBM6OMYRBJc4SGhfp7I8WhUvPQN5N5RrXs5eJ/npvo4NpLmYgTTQVZPBQkHOoI5rXAMZOUaD43BBPJTFZIplhiok15NVOCs/zlVdK7aDqo6dxf1ls3ZR1VcAJOwTlwwBVogTvQBl1AwCN4Bq/gzXqyXqx362MxWrHKnWPwB9bnD+ttmdM=</latexit><latexit sha1_base64="DD+1DVcC9s1ZMEq3cPvvv5qBGqg=">AAACCXicbVDNS8MwHE3n15xfVY9egkPwMEYqgh4nXjxO2Bd0ZaRZuoWlaUlSYZRevfivePGgiFf/A2/+N6ZdD7r5IPB47/dLXp4fc6Y0Qt9WZW19Y3Orul3b2d3bP7APj3oqSiShXRLxSA58rChngnY105wOYklx6HPa92e3ud9/oFKxSHT0PKZeiCeCBYxgbaSRDdNhcYkrJ76XOg3UQBkchlhPCeZpJ8tGdh01UQG4SpyS1EGJ9sj+Go4jkoRUaMKxUq6DYu2lWGpGOM1qw0TRGJMZnlDXUIFDqry0CJHBM6OMYRBJc4SGhfp7I8WhUvPQN5N5RrXs5eJ/npvo4NpLmYgTTQVZPBQkHOoI5rXAMZOUaD43BBPJTFZIplhiok15NVOCs/zlVdK7aDqo6dxf1ls3ZR1VcAJOwTlwwBVogTvQBl1AwCN4Bq/gzXqyXqx362MxWrHKnWPwB9bnD+ttmdM=</latexit><latexit sha1_base64="DD+1DVcC9s1ZMEq3cPvvv5qBGqg=">AAACCXicbVDNS8MwHE3n15xfVY9egkPwMEYqgh4nXjxO2Bd0ZaRZuoWlaUlSYZRevfivePGgiFf/A2/+N6ZdD7r5IPB47/dLXp4fc6Y0Qt9WZW19Y3Orul3b2d3bP7APj3oqSiShXRLxSA58rChngnY105wOYklx6HPa92e3ud9/oFKxSHT0PKZeiCeCBYxgbaSRDdNhcYkrJ76XOg3UQBkchlhPCeZpJ8tGdh01UQG4SpyS1EGJ9sj+Go4jkoRUaMKxUq6DYu2lWGpGOM1qw0TRGJMZnlDXUIFDqry0CJHBM6OMYRBJc4SGhfp7I8WhUvPQN5N5RrXs5eJ/npvo4NpLmYgTTQVZPBQkHOoI5rXAMZOUaD43BBPJTFZIplhiok15NVOCs/zlVdK7aDqo6dxf1ls3ZR1VcAJOwTlwwBVogTvQBl1AwCN4Bq/gzXqyXqx362MxWrHKnWPwB9bnD+ttmdM=</latexit>

qT
<latexit sha1_base64="sAmu7TDjqIckburNoviSdhAQUY0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJSSEUGXFTcuK/QF02HIpJk2NJMZk4xQhrrxV9y4UMStf+HOvzGdzkJbD1w4nHNvbu4JEs6URujbKq2srq1vlDcrW9s7u3v2/kFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4ZuZ3H6hULBYtPUmoF+GhYCEjWBvJt4+yfv6IK4eBl6EaqjlTeO+3pr5dRXWUAy4TpyBVUKDp21/9QUzSiApNOFbKdVCivQxLzQin00o/VTTBZIyH1DVU4IgqL8uXT+GpUQYwjKUpoWGu/p7IcKTUJApMZ4T1SC16M/E/z011eOVlTCSppoLMF4UphzqGszjggElKNJ8Ygolk5q+QjLDERJvQKiYEZ/HkZdI5rzuo7txdVBvXRRxlcAxOwBlwwCVogFvQBG1AwCN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD1dYliU=</latexit><latexit sha1_base64="sAmu7TDjqIckburNoviSdhAQUY0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJSSEUGXFTcuK/QF02HIpJk2NJMZk4xQhrrxV9y4UMStf+HOvzGdzkJbD1w4nHNvbu4JEs6URujbKq2srq1vlDcrW9s7u3v2/kFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4ZuZ3H6hULBYtPUmoF+GhYCEjWBvJt4+yfv6IK4eBl6EaqjlTeO+3pr5dRXWUAy4TpyBVUKDp21/9QUzSiApNOFbKdVCivQxLzQin00o/VTTBZIyH1DVU4IgqL8uXT+GpUQYwjKUpoWGu/p7IcKTUJApMZ4T1SC16M/E/z011eOVlTCSppoLMF4UphzqGszjggElKNJ8Ygolk5q+QjLDERJvQKiYEZ/HkZdI5rzuo7txdVBvXRRxlcAxOwBlwwCVogFvQBG1AwCN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD1dYliU=</latexit><latexit sha1_base64="sAmu7TDjqIckburNoviSdhAQUY0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJSSEUGXFTcuK/QF02HIpJk2NJMZk4xQhrrxV9y4UMStf+HOvzGdzkJbD1w4nHNvbu4JEs6URujbKq2srq1vlDcrW9s7u3v2/kFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4ZuZ3H6hULBYtPUmoF+GhYCEjWBvJt4+yfv6IK4eBl6EaqjlTeO+3pr5dRXWUAy4TpyBVUKDp21/9QUzSiApNOFbKdVCivQxLzQin00o/VTTBZIyH1DVU4IgqL8uXT+GpUQYwjKUpoWGu/p7IcKTUJApMZ4T1SC16M/E/z011eOVlTCSppoLMF4UphzqGszjggElKNJ8Ygolk5q+QjLDERJvQKiYEZ/HkZdI5rzuo7txdVBvXRRxlcAxOwBlwwCVogFvQBG1AwCN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD1dYliU=</latexit><latexit sha1_base64="sAmu7TDjqIckburNoviSdhAQUY0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJSSEUGXFTcuK/QF02HIpJk2NJMZk4xQhrrxV9y4UMStf+HOvzGdzkJbD1w4nHNvbu4JEs6URujbKq2srq1vlDcrW9s7u3v2/kFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4ZuZ3H6hULBYtPUmoF+GhYCEjWBvJt4+yfv6IK4eBl6EaqjlTeO+3pr5dRXWUAy4TpyBVUKDp21/9QUzSiApNOFbKdVCivQxLzQin00o/VTTBZIyH1DVU4IgqL8uXT+GpUQYwjKUpoWGu/p7IcKTUJApMZ4T1SC16M/E/z011eOVlTCSppoLMF4UphzqGszjggElKNJ8Ygolk5q+QjLDERJvQKiYEZ/HkZdI5rzuo7txdVBvXRRxlcAxOwBlwwCVogFvQBG1AwCN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD1dYliU=</latexit>



Beam thrust and transverse momentum resummation

• Make     or      factorization formulas  
more differential 

• Structure dictated by power counting 

• Intermediate regime requires extra collinear-soft functions
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[Larkoski, Moult, Neill]

[Jain, Procura, WW]

[Procura, WW, Zeune]

d�

d~qT dT = H(Q)B(QT , ~qT )⌦B(QT , ~qT )⌦ S(T )

d�

d~qT dT = H(Q)B(~qT )⌦B(~qT )⌦ S+(T , ~qT )⌦ S+(T , ~qT )⌦ S(T )

d�

d~qT dT = H(Q)B(~qT )⌦B(~qT )⌦ S(T , ~qT )
<latexit sha1_base64="fF5ST+6FEpd2uc5OhilPJu1be2I="></latexit><latexit sha1_base64="fF5ST+6FEpd2uc5OhilPJu1be2I="></latexit><latexit sha1_base64="fF5ST+6FEpd2uc5OhilPJu1be2I="></latexit><latexit sha1_base64="fF5ST+6FEpd2uc5OhilPJu1be2I="></latexit>

SCETI : ~qT = ~q coll
T + ~q coll

T +O(�2) ! QT ⇠ ~q 2
T

SCETII : T = T
soft +O(�2) ! T

2
⇠ ~q 2

T
<latexit sha1_base64="woN5gcXfBC+fPVkNIzM9b3A2aGA="></latexit><latexit sha1_base64="woN5gcXfBC+fPVkNIzM9b3A2aGA="></latexit><latexit sha1_base64="woN5gcXfBC+fPVkNIzM9b3A2aGA="></latexit><latexit sha1_base64="woN5gcXfBC+fPVkNIzM9b3A2aGA="></latexit>

T
<latexit sha1_base64="DD+1DVcC9s1ZMEq3cPvvv5qBGqg=">AAACCXicbVDNS8MwHE3n15xfVY9egkPwMEYqgh4nXjxO2Bd0ZaRZuoWlaUlSYZRevfivePGgiFf/A2/+N6ZdD7r5IPB47/dLXp4fc6Y0Qt9WZW19Y3Orul3b2d3bP7APj3oqSiShXRLxSA58rChngnY105wOYklx6HPa92e3ud9/oFKxSHT0PKZeiCeCBYxgbaSRDdNhcYkrJ76XOg3UQBkchlhPCeZpJ8tGdh01UQG4SpyS1EGJ9sj+Go4jkoRUaMKxUq6DYu2lWGpGOM1qw0TRGJMZnlDXUIFDqry0CJHBM6OMYRBJc4SGhfp7I8WhUvPQN5N5RrXs5eJ/npvo4NpLmYgTTQVZPBQkHOoI5rXAMZOUaD43BBPJTFZIplhiok15NVOCs/zlVdK7aDqo6dxf1ls3ZR1VcAJOwTlwwBVogTvQBl1AwCN4Bq/gzXqyXqx362MxWrHKnWPwB9bnD+ttmdM=</latexit><latexit sha1_base64="DD+1DVcC9s1ZMEq3cPvvv5qBGqg=">AAACCXicbVDNS8MwHE3n15xfVY9egkPwMEYqgh4nXjxO2Bd0ZaRZuoWlaUlSYZRevfivePGgiFf/A2/+N6ZdD7r5IPB47/dLXp4fc6Y0Qt9WZW19Y3Orul3b2d3bP7APj3oqSiShXRLxSA58rChngnY105wOYklx6HPa92e3ud9/oFKxSHT0PKZeiCeCBYxgbaSRDdNhcYkrJ76XOg3UQBkchlhPCeZpJ8tGdh01UQG4SpyS1EGJ9sj+Go4jkoRUaMKxUq6DYu2lWGpGOM1qw0TRGJMZnlDXUIFDqry0CJHBM6OMYRBJc4SGhfp7I8WhUvPQN5N5RrXs5eJ/npvo4NpLmYgTTQVZPBQkHOoI5rXAMZOUaD43BBPJTFZIplhiok15NVOCs/zlVdK7aDqo6dxf1ls3ZR1VcAJOwTlwwBVogTvQBl1AwCN4Bq/gzXqyXqx362MxWrHKnWPwB9bnD+ttmdM=</latexit><latexit sha1_base64="DD+1DVcC9s1ZMEq3cPvvv5qBGqg=">AAACCXicbVDNS8MwHE3n15xfVY9egkPwMEYqgh4nXjxO2Bd0ZaRZuoWlaUlSYZRevfivePGgiFf/A2/+N6ZdD7r5IPB47/dLXp4fc6Y0Qt9WZW19Y3Orul3b2d3bP7APj3oqSiShXRLxSA58rChngnY105wOYklx6HPa92e3ud9/oFKxSHT0PKZeiCeCBYxgbaSRDdNhcYkrJ76XOg3UQBkchlhPCeZpJ8tGdh01UQG4SpyS1EGJ9sj+Go4jkoRUaMKxUq6DYu2lWGpGOM1qw0TRGJMZnlDXUIFDqry0CJHBM6OMYRBJc4SGhfp7I8WhUvPQN5N5RrXs5eJ/npvo4NpLmYgTTQVZPBQkHOoI5rXAMZOUaD43BBPJTFZIplhiok15NVOCs/zlVdK7aDqo6dxf1ls3ZR1VcAJOwTlwwBVogTvQBl1AwCN4Bq/gzXqyXqx362MxWrHKnWPwB9bnD+ttmdM=</latexit><latexit sha1_base64="DD+1DVcC9s1ZMEq3cPvvv5qBGqg=">AAACCXicbVDNS8MwHE3n15xfVY9egkPwMEYqgh4nXjxO2Bd0ZaRZuoWlaUlSYZRevfivePGgiFf/A2/+N6ZdD7r5IPB47/dLXp4fc6Y0Qt9WZW19Y3Orul3b2d3bP7APj3oqSiShXRLxSA58rChngnY105wOYklx6HPa92e3ud9/oFKxSHT0PKZeiCeCBYxgbaSRDdNhcYkrJ76XOg3UQBkchlhPCeZpJ8tGdh01UQG4SpyS1EGJ9sj+Go4jkoRUaMKxUq6DYu2lWGpGOM1qw0TRGJMZnlDXUIFDqry0CJHBM6OMYRBJc4SGhfp7I8WhUvPQN5N5RrXs5eJ/npvo4NpLmYgTTQVZPBQkHOoI5rXAMZOUaD43BBPJTFZIplhiok15NVOCs/zlVdK7aDqo6dxf1ls3ZR1VcAJOwTlwwBVogTvQBl1AwCN4Bq/gzXqyXqx362MxWrHKnWPwB9bnD+ttmdM=</latexit>

qT
<latexit sha1_base64="sAmu7TDjqIckburNoviSdhAQUY0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJSSEUGXFTcuK/QF02HIpJk2NJMZk4xQhrrxV9y4UMStf+HOvzGdzkJbD1w4nHNvbu4JEs6URujbKq2srq1vlDcrW9s7u3v2/kFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4ZuZ3H6hULBYtPUmoF+GhYCEjWBvJt4+yfv6IK4eBl6EaqjlTeO+3pr5dRXWUAy4TpyBVUKDp21/9QUzSiApNOFbKdVCivQxLzQin00o/VTTBZIyH1DVU4IgqL8uXT+GpUQYwjKUpoWGu/p7IcKTUJApMZ4T1SC16M/E/z011eOVlTCSppoLMF4UphzqGszjggElKNJ8Ygolk5q+QjLDERJvQKiYEZ/HkZdI5rzuo7txdVBvXRRxlcAxOwBlwwCVogFvQBG1AwCN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD1dYliU=</latexit><latexit sha1_base64="sAmu7TDjqIckburNoviSdhAQUY0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJSSEUGXFTcuK/QF02HIpJk2NJMZk4xQhrrxV9y4UMStf+HOvzGdzkJbD1w4nHNvbu4JEs6URujbKq2srq1vlDcrW9s7u3v2/kFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4ZuZ3H6hULBYtPUmoF+GhYCEjWBvJt4+yfv6IK4eBl6EaqjlTeO+3pr5dRXWUAy4TpyBVUKDp21/9QUzSiApNOFbKdVCivQxLzQin00o/VTTBZIyH1DVU4IgqL8uXT+GpUQYwjKUpoWGu/p7IcKTUJApMZ4T1SC16M/E/z011eOVlTCSppoLMF4UphzqGszjggElKNJ8Ygolk5q+QjLDERJvQKiYEZ/HkZdI5rzuo7txdVBvXRRxlcAxOwBlwwCVogFvQBG1AwCN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD1dYliU=</latexit><latexit sha1_base64="sAmu7TDjqIckburNoviSdhAQUY0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJSSEUGXFTcuK/QF02HIpJk2NJMZk4xQhrrxV9y4UMStf+HOvzGdzkJbD1w4nHNvbu4JEs6URujbKq2srq1vlDcrW9s7u3v2/kFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4ZuZ3H6hULBYtPUmoF+GhYCEjWBvJt4+yfv6IK4eBl6EaqjlTeO+3pr5dRXWUAy4TpyBVUKDp21/9QUzSiApNOFbKdVCivQxLzQin00o/VTTBZIyH1DVU4IgqL8uXT+GpUQYwjKUpoWGu/p7IcKTUJApMZ4T1SC16M/E/z011eOVlTCSppoLMF4UphzqGszjggElKNJ8Ygolk5q+QjLDERJvQKiYEZ/HkZdI5rzuo7txdVBvXRRxlcAxOwBlwwCVogFvQBG1AwCN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD1dYliU=</latexit><latexit sha1_base64="sAmu7TDjqIckburNoviSdhAQUY0=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJSSEUGXFTcuK/QF02HIpJk2NJMZk4xQhrrxV9y4UMStf+HOvzGdzkJbD1w4nHNvbu4JEs6URujbKq2srq1vlDcrW9s7u3v2/kFHxakktE1iHstegBXlTNC2ZprTXiIpjgJOu8H4ZuZ3H6hULBYtPUmoF+GhYCEjWBvJt4+yfv6IK4eBl6EaqjlTeO+3pr5dRXWUAy4TpyBVUKDp21/9QUzSiApNOFbKdVCivQxLzQin00o/VTTBZIyH1DVU4IgqL8uXT+GpUQYwjKUpoWGu/p7IcKTUJApMZ4T1SC16M/E/z011eOVlTCSppoLMF4UphzqGszjggElKNJ8Ygolk5q+QjLDERJvQKiYEZ/HkZdI5rzuo7txdVBvXRRxlcAxOwBlwwCVogFvQBG1AwCN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD1dYliU=</latexit>

S+
<latexit sha1_base64="+hjvYY5aXVFijq1wuYtXHTGd05I="></latexit><latexit sha1_base64="+hjvYY5aXVFijq1wuYtXHTGd05I="></latexit><latexit sha1_base64="+hjvYY5aXVFijq1wuYtXHTGd05I="></latexit><latexit sha1_base64="+hjvYY5aXVFijq1wuYtXHTGd05I="></latexit>



Consistency relations

• Between SCETI and SCET+ 

• Between SCETII and SCET+ 

• Verified for anomalous dimensions and NLO ingredients
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<latexit sha1_base64="s1j8GZ0zluR0JixQW8wUT5ukDKw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V+wVtKJvtpF262cTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfudJ1Sax7Jppgn6ER1JHnJGjZUeHgfNQbniVt0FyDrxclKBHI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqudWvftapV7L4yjCGZzDJXhwDXW4gwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nDzHcja4=</latexit><latexit sha1_base64="s1j8GZ0zluR0JixQW8wUT5ukDKw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V+wVtKJvtpF262cTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfudJ1Sax7Jppgn6ER1JHnJGjZUeHgfNQbniVt0FyDrxclKBHI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqudWvftapV7L4yjCGZzDJXhwDXW4gwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nDzHcja4=</latexit><latexit sha1_base64="s1j8GZ0zluR0JixQW8wUT5ukDKw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V+wVtKJvtpF262cTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfudJ1Sax7Jppgn6ER1JHnJGjZUeHgfNQbniVt0FyDrxclKBHI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqudWvftapV7L4yjCGZzDJXhwDXW4gwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nDzHcja4=</latexit><latexit sha1_base64="s1j8GZ0zluR0JixQW8wUT5ukDKw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V+wVtKJvtpF262cTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfudJ1Sax7Jppgn6ER1JHnJGjZUeHgfNQbniVt0FyDrxclKBHI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqudWvftapV7L4yjCGZzDJXhwDXW4gwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nDzHcja4=</latexit>

T
<latexit sha1_base64="RcJslUdnJHOyYOHPMdGqo8jwlUw=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXBjcsKfUEbymQ6aYdOJmHmRiihn+HGhSJu/Rp3/o2TNgttPTBwOOde5twTJFIYdN1vp7S1vbO7V96vHBweHZ9UT8+6Jk414x0Wy1j3A2q4FIp3UKDk/URzGgWS94LZfe73nrg2IlZtnCfcj+hEiVAwilYaDCOKU0Zl1l6MqjW37i5BNolXkBoUaI2qX8NxzNKIK2SSGjPw3AT9jGoUTPJFZZganlA2oxM+sFTRiBs/W0ZekCurjEkYa/sUkqX6eyOjkTHzKLCTeUSz7uXif94gxfDOz4RKUuSKrT4KU0kwJvn9ZCw0ZyjnllCmhc1K2JRqytC2VLEleOsnb5LuTd1z695jo9ZsFHWU4QIu4Ro8uIUmPEALOsAghmd4hTcHnRfn3flYjZacYucc/sD5/AGI95Fc</latexit><latexit sha1_base64="RcJslUdnJHOyYOHPMdGqo8jwlUw=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXBjcsKfUEbymQ6aYdOJmHmRiihn+HGhSJu/Rp3/o2TNgttPTBwOOde5twTJFIYdN1vp7S1vbO7V96vHBweHZ9UT8+6Jk414x0Wy1j3A2q4FIp3UKDk/URzGgWS94LZfe73nrg2IlZtnCfcj+hEiVAwilYaDCOKU0Zl1l6MqjW37i5BNolXkBoUaI2qX8NxzNKIK2SSGjPw3AT9jGoUTPJFZZganlA2oxM+sFTRiBs/W0ZekCurjEkYa/sUkqX6eyOjkTHzKLCTeUSz7uXif94gxfDOz4RKUuSKrT4KU0kwJvn9ZCw0ZyjnllCmhc1K2JRqytC2VLEleOsnb5LuTd1z695jo9ZsFHWU4QIu4Ro8uIUmPEALOsAghmd4hTcHnRfn3flYjZacYucc/sD5/AGI95Fc</latexit><latexit sha1_base64="RcJslUdnJHOyYOHPMdGqo8jwlUw=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXBjcsKfUEbymQ6aYdOJmHmRiihn+HGhSJu/Rp3/o2TNgttPTBwOOde5twTJFIYdN1vp7S1vbO7V96vHBweHZ9UT8+6Jk414x0Wy1j3A2q4FIp3UKDk/URzGgWS94LZfe73nrg2IlZtnCfcj+hEiVAwilYaDCOKU0Zl1l6MqjW37i5BNolXkBoUaI2qX8NxzNKIK2SSGjPw3AT9jGoUTPJFZZganlA2oxM+sFTRiBs/W0ZekCurjEkYa/sUkqX6eyOjkTHzKLCTeUSz7uXif94gxfDOz4RKUuSKrT4KU0kwJvn9ZCw0ZyjnllCmhc1K2JRqytC2VLEleOsnb5LuTd1z695jo9ZsFHWU4QIu4Ro8uIUmPEALOsAghmd4hTcHnRfn3flYjZacYucc/sD5/AGI95Fc</latexit><latexit sha1_base64="RcJslUdnJHOyYOHPMdGqo8jwlUw=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXBjcsKfUEbymQ6aYdOJmHmRiihn+HGhSJu/Rp3/o2TNgttPTBwOOde5twTJFIYdN1vp7S1vbO7V96vHBweHZ9UT8+6Jk414x0Wy1j3A2q4FIp3UKDk/URzGgWS94LZfe73nrg2IlZtnCfcj+hEiVAwilYaDCOKU0Zl1l6MqjW37i5BNolXkBoUaI2qX8NxzNKIK2SSGjPw3AT9jGoUTPJFZZganlA2oxM+sFTRiBs/W0ZekCurjEkYa/sUkqX6eyOjkTHzKLCTeUSz7uXif94gxfDOz4RKUuSKrT4KU0kwJvn9ZCw0ZyjnllCmhc1K2JRqytC2VLEleOsnb5LuTd1z695jo9ZsFHWU4QIu4Ro8uIUmPEALOsAghmd4hTcHnRfn3flYjZacYucc/sD5/AGI95Fc</latexit>

B(QT , ~qT ) = B(~qT )⌦ S+(T , ~qT )

⇥
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<latexit sha1_base64="p/VA9m4NGlJ4ZbV+w/SzyIY6RZU="></latexit><latexit sha1_base64="p/VA9m4NGlJ4ZbV+w/SzyIY6RZU="></latexit><latexit sha1_base64="p/VA9m4NGlJ4ZbV+w/SzyIY6RZU="></latexit><latexit sha1_base64="p/VA9m4NGlJ4ZbV+w/SzyIY6RZU="></latexit>
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<latexit sha1_base64="p/VA9m4NGlJ4ZbV+w/SzyIY6RZU="></latexit><latexit sha1_base64="p/VA9m4NGlJ4ZbV+w/SzyIY6RZU="></latexit><latexit sha1_base64="p/VA9m4NGlJ4ZbV+w/SzyIY6RZU="></latexit><latexit sha1_base64="p/VA9m4NGlJ4ZbV+w/SzyIY6RZU="></latexit>



Scales choices and matching

• Natural scales connect regimes: 

• Turn resummation off using profile scales [Ligeti, Stewart, Tackmann] 

• Combining different regimes: [Lustermans, Michel, Tackmann, WW]
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µH = Q ,

µB = qT , ⌫B = Q ,

µS+ = qT , ⌫S+ = q2
T
/T ,

µS = T
<latexit sha1_base64="kwZfv2qJDzIAoURcfJih1Th/+zo="></latexit><latexit sha1_base64="kwZfv2qJDzIAoURcfJih1Th/+zo="></latexit><latexit sha1_base64="kwZfv2qJDzIAoURcfJih1Th/+zo="></latexit><latexit sha1_base64="kwZfv2qJDzIAoURcfJih1Th/+zo="></latexit>

� = �+(µ) + [�I � �+](µI) + [�II � �+](µII)

+ [�FO � �I � �II + �+](µFO)
<latexit sha1_base64="CFTI9BhuhLCeCCgIK3NKeTdvHmE="></latexit><latexit sha1_base64="CFTI9BhuhLCeCCgIK3NKeTdvHmE="></latexit><latexit sha1_base64="CFTI9BhuhLCeCCgIK3NKeTdvHmE="></latexit><latexit sha1_base64="CFTI9BhuhLCeCCgIK3NKeTdvHmE="></latexit>
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<latexit sha1_base64="s1j8GZ0zluR0JixQW8wUT5ukDKw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V+wVtKJvtpF262cTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfudJ1Sax7Jppgn6ER1JHnJGjZUeHgfNQbniVt0FyDrxclKBHI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqudWvftapV7L4yjCGZzDJXhwDXW4gwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nDzHcja4=</latexit><latexit sha1_base64="s1j8GZ0zluR0JixQW8wUT5ukDKw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V+wVtKJvtpF262cTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfudJ1Sax7Jppgn6ER1JHnJGjZUeHgfNQbniVt0FyDrxclKBHI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqudWvftapV7L4yjCGZzDJXhwDXW4gwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nDzHcja4=</latexit><latexit sha1_base64="s1j8GZ0zluR0JixQW8wUT5ukDKw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V+wVtKJvtpF262cTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfudJ1Sax7Jppgn6ER1JHnJGjZUeHgfNQbniVt0FyDrxclKBHI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqudWvftapV7L4yjCGZzDJXhwDXW4gwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nDzHcja4=</latexit><latexit sha1_base64="s1j8GZ0zluR0JixQW8wUT5ukDKw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48V+wVtKJvtpF262cTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfudJ1Sax7Jppgn6ER1JHnJGjZUeHgfNQbniVt0FyDrxclKBHI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqudWvftapV7L4yjCGZzDJXhwDXW4gwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nDzHcja4=</latexit>

T
<latexit sha1_base64="RcJslUdnJHOyYOHPMdGqo8jwlUw=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXBjcsKfUEbymQ6aYdOJmHmRiihn+HGhSJu/Rp3/o2TNgttPTBwOOde5twTJFIYdN1vp7S1vbO7V96vHBweHZ9UT8+6Jk414x0Wy1j3A2q4FIp3UKDk/URzGgWS94LZfe73nrg2IlZtnCfcj+hEiVAwilYaDCOKU0Zl1l6MqjW37i5BNolXkBoUaI2qX8NxzNKIK2SSGjPw3AT9jGoUTPJFZZganlA2oxM+sFTRiBs/W0ZekCurjEkYa/sUkqX6eyOjkTHzKLCTeUSz7uXif94gxfDOz4RKUuSKrT4KU0kwJvn9ZCw0ZyjnllCmhc1K2JRqytC2VLEleOsnb5LuTd1z695jo9ZsFHWU4QIu4Ro8uIUmPEALOsAghmd4hTcHnRfn3flYjZacYucc/sD5/AGI95Fc</latexit><latexit sha1_base64="RcJslUdnJHOyYOHPMdGqo8jwlUw=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXBjcsKfUEbymQ6aYdOJmHmRiihn+HGhSJu/Rp3/o2TNgttPTBwOOde5twTJFIYdN1vp7S1vbO7V96vHBweHZ9UT8+6Jk414x0Wy1j3A2q4FIp3UKDk/URzGgWS94LZfe73nrg2IlZtnCfcj+hEiVAwilYaDCOKU0Zl1l6MqjW37i5BNolXkBoUaI2qX8NxzNKIK2SSGjPw3AT9jGoUTPJFZZganlA2oxM+sFTRiBs/W0ZekCurjEkYa/sUkqX6eyOjkTHzKLCTeUSz7uXif94gxfDOz4RKUuSKrT4KU0kwJvn9ZCw0ZyjnllCmhc1K2JRqytC2VLEleOsnb5LuTd1z695jo9ZsFHWU4QIu4Ro8uIUmPEALOsAghmd4hTcHnRfn3flYjZacYucc/sD5/AGI95Fc</latexit><latexit sha1_base64="RcJslUdnJHOyYOHPMdGqo8jwlUw=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXBjcsKfUEbymQ6aYdOJmHmRiihn+HGhSJu/Rp3/o2TNgttPTBwOOde5twTJFIYdN1vp7S1vbO7V96vHBweHZ9UT8+6Jk414x0Wy1j3A2q4FIp3UKDk/URzGgWS94LZfe73nrg2IlZtnCfcj+hEiVAwilYaDCOKU0Zl1l6MqjW37i5BNolXkBoUaI2qX8NxzNKIK2SSGjPw3AT9jGoUTPJFZZganlA2oxM+sFTRiBs/W0ZekCurjEkYa/sUkqX6eyOjkTHzKLCTeUSz7uXif94gxfDOz4RKUuSKrT4KU0kwJvn9ZCw0ZyjnllCmhc1K2JRqytC2VLEleOsnb5LuTd1z695jo9ZsFHWU4QIu4Ro8uIUmPEALOsAghmd4hTcHnRfn3flYjZacYucc/sD5/AGI95Fc</latexit><latexit sha1_base64="RcJslUdnJHOyYOHPMdGqo8jwlUw=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXBjcsKfUEbymQ6aYdOJmHmRiihn+HGhSJu/Rp3/o2TNgttPTBwOOde5twTJFIYdN1vp7S1vbO7V96vHBweHZ9UT8+6Jk414x0Wy1j3A2q4FIp3UKDk/URzGgWS94LZfe73nrg2IlZtnCfcj+hEiVAwilYaDCOKU0Zl1l6MqjW37i5BNolXkBoUaI2qX8NxzNKIK2SSGjPw3AT9jGoUTPJFZZganlA2oxM+sFTRiBs/W0ZekCurjEkYa/sUkqX6eyOjkTHzKLCTeUSz7uXif94gxfDOz4RKUuSKrT4KU0kwJvn9ZCw0ZyjnllCmhc1K2JRqytC2VLEleOsnb5LuTd1z695jo9ZsFHWU4QIu4Ro8uIUmPEALOsAghmd4hTcHnRfn3flYjZacYucc/sD5/AGI95Fc</latexit>



Result with only    or      resummation
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• Single differential distributions (on back wall) clearly show that 
only one variable is resummed while the other is not 

• Sharp edge in left plot due to              for one emission  

qT
<latexit sha1_base64="UP375AFFVLUsLFc2BMEL8jRwFcQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCCC4rtrbQDiWTZtrQTGZMMkIZ+gluXCji1i9y59+YaSuo6IELh3Pu5d57/JgzpRH6sHJr6xubW/ntws7u3v5B8fDoVkWJJLRDIh7Jno8V5UzQjmaa014sKQ59Trv+9CLzu/dUKhaJtp7F1AvxWLCAEayNdHM3bA+LJWRX6m7DLUNkI8dtOLWMoGq14kLHkAwlsEJrWHwfjCKShFRowrFSfQfF2kux1IxwOi8MEkVjTKZ4TPuGChxS5aWLU+fwzCgjGETSlNBwoX6fSHGo1Cz0TWeI9UT99jLxL6+f6KDupUzEiaaCLBcFCYc6gtnfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D+5dW0H2c51udS8XMWRByfgFJwDB9RAE1yBFugAAsbgATyBZ4tbj9aL9bpszVmrmWPwA9bbJ5sfjgQ=</latexit><latexit sha1_base64="UP375AFFVLUsLFc2BMEL8jRwFcQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCCC4rtrbQDiWTZtrQTGZMMkIZ+gluXCji1i9y59+YaSuo6IELh3Pu5d57/JgzpRH6sHJr6xubW/ntws7u3v5B8fDoVkWJJLRDIh7Jno8V5UzQjmaa014sKQ59Trv+9CLzu/dUKhaJtp7F1AvxWLCAEayNdHM3bA+LJWRX6m7DLUNkI8dtOLWMoGq14kLHkAwlsEJrWHwfjCKShFRowrFSfQfF2kux1IxwOi8MEkVjTKZ4TPuGChxS5aWLU+fwzCgjGETSlNBwoX6fSHGo1Cz0TWeI9UT99jLxL6+f6KDupUzEiaaCLBcFCYc6gtnfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D+5dW0H2c51udS8XMWRByfgFJwDB9RAE1yBFugAAsbgATyBZ4tbj9aL9bpszVmrmWPwA9bbJ5sfjgQ=</latexit><latexit sha1_base64="UP375AFFVLUsLFc2BMEL8jRwFcQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCCC4rtrbQDiWTZtrQTGZMMkIZ+gluXCji1i9y59+YaSuo6IELh3Pu5d57/JgzpRH6sHJr6xubW/ntws7u3v5B8fDoVkWJJLRDIh7Jno8V5UzQjmaa014sKQ59Trv+9CLzu/dUKhaJtp7F1AvxWLCAEayNdHM3bA+LJWRX6m7DLUNkI8dtOLWMoGq14kLHkAwlsEJrWHwfjCKShFRowrFSfQfF2kux1IxwOi8MEkVjTKZ4TPuGChxS5aWLU+fwzCgjGETSlNBwoX6fSHGo1Cz0TWeI9UT99jLxL6+f6KDupUzEiaaCLBcFCYc6gtnfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D+5dW0H2c51udS8XMWRByfgFJwDB9RAE1yBFugAAsbgATyBZ4tbj9aL9bpszVmrmWPwA9bbJ5sfjgQ=</latexit><latexit sha1_base64="UP375AFFVLUsLFc2BMEL8jRwFcQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCCC4rtrbQDiWTZtrQTGZMMkIZ+gluXCji1i9y59+YaSuo6IELh3Pu5d57/JgzpRH6sHJr6xubW/ntws7u3v5B8fDoVkWJJLRDIh7Jno8V5UzQjmaa014sKQ59Trv+9CLzu/dUKhaJtp7F1AvxWLCAEayNdHM3bA+LJWRX6m7DLUNkI8dtOLWMoGq14kLHkAwlsEJrWHwfjCKShFRowrFSfQfF2kux1IxwOi8MEkVjTKZ4TPuGChxS5aWLU+fwzCgjGETSlNBwoX6fSHGo1Cz0TWeI9UT99jLxL6+f6KDupUzEiaaCLBcFCYc6gtnfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D+5dW0H2c51udS8XMWRByfgFJwDB9RAE1yBFugAAsbgATyBZ4tbj9aL9bpszVmrmWPwA9bbJ5sfjgQ=</latexit>

T
<latexit sha1_base64="qIPu34PBgl0YnrzMrsOBxnIYOeo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2boc1cQwWWFvmA6lEyaaUMzmSHJCGXoZ7hxoYhbv8adf2OmraCiBwKHc+4l554g4UxphD6sjc2t7Z3dwl5x/+Dw6Lh0ctpTcSoJ7ZKYx3IQYEU5E7SrmeZ0kEiKo4DTfjC7zv3+PZWKxaKj5wn1IzwRLGQEayN5wwjrKcE86yxGpTKyqw236VYgspHjNp16TlCtVnWhY0iOMlijPSq9D8cxSSMqNOFYKc9BifYzLDUjnC6Kw1TRBJMZnlDPUIEjqvxsGXkBL40yhmEszRMaLtXvGxmOlJpHgZnMI6rfXi7+5XmpDht+xkSSairI6qMw5VDHML8fjpmkRPO5IZhIZrJCMsUSE21aKpoSvi6F/5OeazvIdu4q5dbNuo4COAcX4Ao4oA5a4Ba0QRcQEIMH8ASeLW09Wi/W62p0w1rvnIEfsN4+AfI6kbI=</latexit><latexit sha1_base64="qIPu34PBgl0YnrzMrsOBxnIYOeo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2boc1cQwWWFvmA6lEyaaUMzmSHJCGXoZ7hxoYhbv8adf2OmraCiBwKHc+4l554g4UxphD6sjc2t7Z3dwl5x/+Dw6Lh0ctpTcSoJ7ZKYx3IQYEU5E7SrmeZ0kEiKo4DTfjC7zv3+PZWKxaKj5wn1IzwRLGQEayN5wwjrKcE86yxGpTKyqw236VYgspHjNp16TlCtVnWhY0iOMlijPSq9D8cxSSMqNOFYKc9BifYzLDUjnC6Kw1TRBJMZnlDPUIEjqvxsGXkBL40yhmEszRMaLtXvGxmOlJpHgZnMI6rfXi7+5XmpDht+xkSSairI6qMw5VDHML8fjpmkRPO5IZhIZrJCMsUSE21aKpoSvi6F/5OeazvIdu4q5dbNuo4COAcX4Ao4oA5a4Ba0QRcQEIMH8ASeLW09Wi/W62p0w1rvnIEfsN4+AfI6kbI=</latexit><latexit sha1_base64="qIPu34PBgl0YnrzMrsOBxnIYOeo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2boc1cQwWWFvmA6lEyaaUMzmSHJCGXoZ7hxoYhbv8adf2OmraCiBwKHc+4l554g4UxphD6sjc2t7Z3dwl5x/+Dw6Lh0ctpTcSoJ7ZKYx3IQYEU5E7SrmeZ0kEiKo4DTfjC7zv3+PZWKxaKj5wn1IzwRLGQEayN5wwjrKcE86yxGpTKyqw236VYgspHjNp16TlCtVnWhY0iOMlijPSq9D8cxSSMqNOFYKc9BifYzLDUjnC6Kw1TRBJMZnlDPUIEjqvxsGXkBL40yhmEszRMaLtXvGxmOlJpHgZnMI6rfXi7+5XmpDht+xkSSairI6qMw5VDHML8fjpmkRPO5IZhIZrJCMsUSE21aKpoSvi6F/5OeazvIdu4q5dbNuo4COAcX4Ao4oA5a4Ba0QRcQEIMH8ASeLW09Wi/W62p0w1rvnIEfsN4+AfI6kbI=</latexit><latexit sha1_base64="qIPu34PBgl0YnrzMrsOBxnIYOeo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2boc1cQwWWFvmA6lEyaaUMzmSHJCGXoZ7hxoYhbv8adf2OmraCiBwKHc+4l554g4UxphD6sjc2t7Z3dwl5x/+Dw6Lh0ctpTcSoJ7ZKYx3IQYEU5E7SrmeZ0kEiKo4DTfjC7zv3+PZWKxaKj5wn1IzwRLGQEayN5wwjrKcE86yxGpTKyqw236VYgspHjNp16TlCtVnWhY0iOMlijPSq9D8cxSSMqNOFYKc9BifYzLDUjnC6Kw1TRBJMZnlDPUIEjqvxsGXkBL40yhmEszRMaLtXvGxmOlJpHgZnMI6rfXi7+5XmpDht+xkSSairI6qMw5VDHML8fjpmkRPO5IZhIZrJCMsUSE21aKpoSvi6F/5OeazvIdu4q5dbNuo4COAcX4Ao4oA5a4Ba0QRcQEIMH8ASeLW09Wi/W62p0w1rvnIEfsN4+AfI6kbI=</latexit>

T  qT
<latexit sha1_base64="S+B0j3OCMBV4ISDPruDr/wz5GRs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuKG5cV+hCaECbT23boZJLOTIQair/ixoUibv0Pd/6NkzYLbT0wcDjnXu6ZEyacKe0431ZpZXVtfaO8Wdna3tnds/cP2ipOJYUWjXks70OigDMBLc00h/tEAolCDp1wdJP7nQeQisWiqScJ+BEZCNZnlGgjBfaRFxE9pIRnzSn2OIzxOGgGdtWpOTPgZeIWpIoKNAL7y+vFNI1AaMqJUl3XSbSfEakZ5TCteKmChNARGUDXUEEiUH42Sz/Fp0bp4X4szRMaz9TfGxmJlJpEoZnMs6pFLxf/87qp7l/5GRNJqkHQ+aF+yrGOcV4F7jEJVPOJIYRKZrJiOiSSUG0Kq5gS3MUvL5P2ec11au7dRbV+XdRRRsfoBJ0hF12iOrpFDdRCFD2iZ/SK3qwn68V6tz7moyWr2DlEf2B9/gAVnZT2</latexit><latexit sha1_base64="S+B0j3OCMBV4ISDPruDr/wz5GRs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuKG5cV+hCaECbT23boZJLOTIQair/ixoUibv0Pd/6NkzYLbT0wcDjnXu6ZEyacKe0431ZpZXVtfaO8Wdna3tnds/cP2ipOJYUWjXks70OigDMBLc00h/tEAolCDp1wdJP7nQeQisWiqScJ+BEZCNZnlGgjBfaRFxE9pIRnzSn2OIzxOGgGdtWpOTPgZeIWpIoKNAL7y+vFNI1AaMqJUl3XSbSfEakZ5TCteKmChNARGUDXUEEiUH42Sz/Fp0bp4X4szRMaz9TfGxmJlJpEoZnMs6pFLxf/87qp7l/5GRNJqkHQ+aF+yrGOcV4F7jEJVPOJIYRKZrJiOiSSUG0Kq5gS3MUvL5P2ec11au7dRbV+XdRRRsfoBJ0hF12iOrpFDdRCFD2iZ/SK3qwn68V6tz7moyWr2DlEf2B9/gAVnZT2</latexit><latexit sha1_base64="S+B0j3OCMBV4ISDPruDr/wz5GRs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuKG5cV+hCaECbT23boZJLOTIQair/ixoUibv0Pd/6NkzYLbT0wcDjnXu6ZEyacKe0431ZpZXVtfaO8Wdna3tnds/cP2ipOJYUWjXks70OigDMBLc00h/tEAolCDp1wdJP7nQeQisWiqScJ+BEZCNZnlGgjBfaRFxE9pIRnzSn2OIzxOGgGdtWpOTPgZeIWpIoKNAL7y+vFNI1AaMqJUl3XSbSfEakZ5TCteKmChNARGUDXUEEiUH42Sz/Fp0bp4X4szRMaz9TfGxmJlJpEoZnMs6pFLxf/87qp7l/5GRNJqkHQ+aF+yrGOcV4F7jEJVPOJIYRKZrJiOiSSUG0Kq5gS3MUvL5P2ec11au7dRbV+XdRRRsfoBJ0hF12iOrpFDdRCFD2iZ/SK3qwn68V6tz7moyWr2DlEf2B9/gAVnZT2</latexit><latexit sha1_base64="S+B0j3OCMBV4ISDPruDr/wz5GRs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuKG5cV+hCaECbT23boZJLOTIQair/ixoUibv0Pd/6NkzYLbT0wcDjnXu6ZEyacKe0431ZpZXVtfaO8Wdna3tnds/cP2ipOJYUWjXks70OigDMBLc00h/tEAolCDp1wdJP7nQeQisWiqScJ+BEZCNZnlGgjBfaRFxE9pIRnzSn2OIzxOGgGdtWpOTPgZeIWpIoKNAL7y+vFNI1AaMqJUl3XSbSfEakZ5TCteKmChNARGUDXUEEiUH42Sz/Fp0bp4X4szRMaz9TfGxmJlJpEoZnMs6pFLxf/87qp7l/5GRNJqkHQ+aF+yrGOcV4F7jEJVPOJIYRKZrJiOiSSUG0Kq5gS3MUvL5P2ec11au7dRbV+XdRRRsfoBJ0hF12iOrpFDdRCFD2iZ/SK3qwn68V6tz7moyWr2DlEf2B9/gAVnZT2</latexit>



Result with joint     and      resummation
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• Resummation yields a two-dimensional Sudakov peak 

• Relative uncertainties shown in heat map
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<latexit sha1_base64="UP375AFFVLUsLFc2BMEL8jRwFcQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCCC4rtrbQDiWTZtrQTGZMMkIZ+gluXCji1i9y59+YaSuo6IELh3Pu5d57/JgzpRH6sHJr6xubW/ntws7u3v5B8fDoVkWJJLRDIh7Jno8V5UzQjmaa014sKQ59Trv+9CLzu/dUKhaJtp7F1AvxWLCAEayNdHM3bA+LJWRX6m7DLUNkI8dtOLWMoGq14kLHkAwlsEJrWHwfjCKShFRowrFSfQfF2kux1IxwOi8MEkVjTKZ4TPuGChxS5aWLU+fwzCgjGETSlNBwoX6fSHGo1Cz0TWeI9UT99jLxL6+f6KDupUzEiaaCLBcFCYc6gtnfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D+5dW0H2c51udS8XMWRByfgFJwDB9RAE1yBFugAAsbgATyBZ4tbj9aL9bpszVmrmWPwA9bbJ5sfjgQ=</latexit><latexit sha1_base64="UP375AFFVLUsLFc2BMEL8jRwFcQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCCC4rtrbQDiWTZtrQTGZMMkIZ+gluXCji1i9y59+YaSuo6IELh3Pu5d57/JgzpRH6sHJr6xubW/ntws7u3v5B8fDoVkWJJLRDIh7Jno8V5UzQjmaa014sKQ59Trv+9CLzu/dUKhaJtp7F1AvxWLCAEayNdHM3bA+LJWRX6m7DLUNkI8dtOLWMoGq14kLHkAwlsEJrWHwfjCKShFRowrFSfQfF2kux1IxwOi8MEkVjTKZ4TPuGChxS5aWLU+fwzCgjGETSlNBwoX6fSHGo1Cz0TWeI9UT99jLxL6+f6KDupUzEiaaCLBcFCYc6gtnfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D+5dW0H2c51udS8XMWRByfgFJwDB9RAE1yBFugAAsbgATyBZ4tbj9aL9bpszVmrmWPwA9bbJ5sfjgQ=</latexit><latexit sha1_base64="UP375AFFVLUsLFc2BMEL8jRwFcQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCCC4rtrbQDiWTZtrQTGZMMkIZ+gluXCji1i9y59+YaSuo6IELh3Pu5d57/JgzpRH6sHJr6xubW/ntws7u3v5B8fDoVkWJJLRDIh7Jno8V5UzQjmaa014sKQ59Trv+9CLzu/dUKhaJtp7F1AvxWLCAEayNdHM3bA+LJWRX6m7DLUNkI8dtOLWMoGq14kLHkAwlsEJrWHwfjCKShFRowrFSfQfF2kux1IxwOi8MEkVjTKZ4TPuGChxS5aWLU+fwzCgjGETSlNBwoX6fSHGo1Cz0TWeI9UT99jLxL6+f6KDupUzEiaaCLBcFCYc6gtnfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D+5dW0H2c51udS8XMWRByfgFJwDB9RAE1yBFugAAsbgATyBZ4tbj9aL9bpszVmrmWPwA9bbJ5sfjgQ=</latexit><latexit sha1_base64="UP375AFFVLUsLFc2BMEL8jRwFcQ=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCCC4rtrbQDiWTZtrQTGZMMkIZ+gluXCji1i9y59+YaSuo6IELh3Pu5d57/JgzpRH6sHJr6xubW/ntws7u3v5B8fDoVkWJJLRDIh7Jno8V5UzQjmaa014sKQ59Trv+9CLzu/dUKhaJtp7F1AvxWLCAEayNdHM3bA+LJWRX6m7DLUNkI8dtOLWMoGq14kLHkAwlsEJrWHwfjCKShFRowrFSfQfF2kux1IxwOi8MEkVjTKZ4TPuGChxS5aWLU+fwzCgjGETSlNBwoX6fSHGo1Cz0TWeI9UT99jLxL6+f6KDupUzEiaaCLBcFCYc6gtnfcMQkJZrPDMFEMnMrJBMsMdEmnYIJ4etT+D+5dW0H2c51udS8XMWRByfgFJwDB9RAE1yBFugAAsbgATyBZ4tbj9aL9bpszVmrmWPwA9bbJ5sfjgQ=</latexit>

T
<latexit sha1_base64="qIPu34PBgl0YnrzMrsOBxnIYOeo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2boc1cQwWWFvmA6lEyaaUMzmSHJCGXoZ7hxoYhbv8adf2OmraCiBwKHc+4l554g4UxphD6sjc2t7Z3dwl5x/+Dw6Lh0ctpTcSoJ7ZKYx3IQYEU5E7SrmeZ0kEiKo4DTfjC7zv3+PZWKxaKj5wn1IzwRLGQEayN5wwjrKcE86yxGpTKyqw236VYgspHjNp16TlCtVnWhY0iOMlijPSq9D8cxSSMqNOFYKc9BifYzLDUjnC6Kw1TRBJMZnlDPUIEjqvxsGXkBL40yhmEszRMaLtXvGxmOlJpHgZnMI6rfXi7+5XmpDht+xkSSairI6qMw5VDHML8fjpmkRPO5IZhIZrJCMsUSE21aKpoSvi6F/5OeazvIdu4q5dbNuo4COAcX4Ao4oA5a4Ba0QRcQEIMH8ASeLW09Wi/W62p0w1rvnIEfsN4+AfI6kbI=</latexit><latexit sha1_base64="qIPu34PBgl0YnrzMrsOBxnIYOeo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2boc1cQwWWFvmA6lEyaaUMzmSHJCGXoZ7hxoYhbv8adf2OmraCiBwKHc+4l554g4UxphD6sjc2t7Z3dwl5x/+Dw6Lh0ctpTcSoJ7ZKYx3IQYEU5E7SrmeZ0kEiKo4DTfjC7zv3+PZWKxaKj5wn1IzwRLGQEayN5wwjrKcE86yxGpTKyqw236VYgspHjNp16TlCtVnWhY0iOMlijPSq9D8cxSSMqNOFYKc9BifYzLDUjnC6Kw1TRBJMZnlDPUIEjqvxsGXkBL40yhmEszRMaLtXvGxmOlJpHgZnMI6rfXi7+5XmpDht+xkSSairI6qMw5VDHML8fjpmkRPO5IZhIZrJCMsUSE21aKpoSvi6F/5OeazvIdu4q5dbNuo4COAcX4Ao4oA5a4Ba0QRcQEIMH8ASeLW09Wi/W62p0w1rvnIEfsN4+AfI6kbI=</latexit><latexit sha1_base64="qIPu34PBgl0YnrzMrsOBxnIYOeo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2boc1cQwWWFvmA6lEyaaUMzmSHJCGXoZ7hxoYhbv8adf2OmraCiBwKHc+4l554g4UxphD6sjc2t7Z3dwl5x/+Dw6Lh0ctpTcSoJ7ZKYx3IQYEU5E7SrmeZ0kEiKo4DTfjC7zv3+PZWKxaKj5wn1IzwRLGQEayN5wwjrKcE86yxGpTKyqw236VYgspHjNp16TlCtVnWhY0iOMlijPSq9D8cxSSMqNOFYKc9BifYzLDUjnC6Kw1TRBJMZnlDPUIEjqvxsGXkBL40yhmEszRMaLtXvGxmOlJpHgZnMI6rfXi7+5XmpDht+xkSSairI6qMw5VDHML8fjpmkRPO5IZhIZrJCMsUSE21aKpoSvi6F/5OeazvIdu4q5dbNuo4COAcX4Ao4oA5a4Ba0QRcQEIMH8ASeLW09Wi/W62p0w1rvnIEfsN4+AfI6kbI=</latexit><latexit sha1_base64="qIPu34PBgl0YnrzMrsOBxnIYOeo=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2boc1cQwWWFvmA6lEyaaUMzmSHJCGXoZ7hxoYhbv8adf2OmraCiBwKHc+4l554g4UxphD6sjc2t7Z3dwl5x/+Dw6Lh0ctpTcSoJ7ZKYx3IQYEU5E7SrmeZ0kEiKo4DTfjC7zv3+PZWKxaKj5wn1IzwRLGQEayN5wwjrKcE86yxGpTKyqw236VYgspHjNp16TlCtVnWhY0iOMlijPSq9D8cxSSMqNOFYKc9BifYzLDUjnC6Kw1TRBJMZnlDPUIEjqvxsGXkBL40yhmEszRMaLtXvGxmOlJpHgZnMI6rfXi7+5XmpDht+xkSSairI6qMw5VDHML8fjpmkRPO5IZhIZrJCMsUSE21aKpoSvi6F/5OeazvIdu4q5dbNuo4COAcX4Ao4oA5a4Ba0QRcQEIMH8ASeLW09Wi/W62p0w1rvnIEfsN4+AfI6kbI=</latexit>

[Lustermans, Michel, Tackmann, WW]



Two-dimensional slices
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• SCET+ interpolates between SCETI and SCETII 

• Cut on beam thrust     changes shape of      spectrum
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• Collisions at the LHC involve many scales, whose ratios can 
give rise to large logarithms → SCET+ 

• SCET+ for beam thrust and  

• Additional collinear-soft modes 

• Joint resummation → two-dimensional Sudakov peak 

• SCET+ interpolates between SCETI and SCETII 

• Most ingredients already available for N3LL
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• Collisions at the LHC involve many scales, whose ratios can 
give rise to large logarithms → SCET+ 

• SCET+ for beam thrust and  

• Additional collinear-soft modes 

• Joint resummation → two-dimensional Sudakov peak 

• SCET+ interpolates between SCETI and SCETII 

• Most ingredients already available for N3LL
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