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Associated production with onia in pp collisions

JHEP 04 (2014) 172 arXiv:1401.2831

Observation and measurements of the production of prompt and non-prompt J/ψ mesons 
in association with a Z boson in pp collisions at √s = 8 TeV 

Eur. Phys. J. C75 (2015) 229 arXiv:1412.6428

Measurement of the production cross section of prompt J/ψ mesons in association 

with a W± boson in pp collisions at       = 7 TeV with the ATLAS detector
p
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Double onia production in pp collisions
 Measurement of the prompt J/ψ pair production cross-section in pp 

collisions at √ s = 8 TeV with the ATLAS detector 
Eur. Phys. J. C77 (2017) 76 arXiv:1612.02950

Quarkonium production in proton-proton, 
proton-lead and lead-lead collisions at 5.02 TeV

Measurement of quarkonium production in proton-lead and proton-proton 
collisions at 5.02 TeV with the ATLAS detector

Prompt and non-prompt J/ψ and ψ(2S) suppression at high transverse momentum 
in 5.02 TeV Pb+Pb collisions with the ATLAS experiment

submitted to Eur. Phys. J. C arXiv:1805.04077

Eur. Phys. J. C78 (2018) 171 arXiv:1709.03089
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The ATLAS Detector
Muon 

Spectrometer:

air core toroids(average 0.5T)
gas-based muon chambers

Muon trigger and reconstruction
Momentum resolution < 10%

up to E(µ) � 1 TeV

|�| < 2.7

3-level trigger, 
reducing the rate

 from 40 MHz
 to ~200 Hz

Inner Detector:
Si Pixels, Si Strips, TRT straws
Precise tracking and vertexing

pT resolution:

|�| < 2.5, B = 2T

�/pT ⇤ 3.8� 10�4 pT (GeV )⇥ 0.015

HAD Calorimetry:

Fe/scintillator tiles (central), Cu/W-LAr (fwd)
Trigger and measurement of jets and MET

Resolution:

|�| < 5

�/E ⇥ 50%/
⇤

E � 0.03

EM Calorimeter:
  Pb-LAr accordion

trigger, identification and measurement
Resolution:     

e/�

�/E � 10%/
⇥

E
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Quarkonium production in proton-proton, proton-lead 
and lead-lead collisions at 5.02 TeV

Heavy quarkonium bound states (     and     ) are a useful tool for studying the deconfined 
quark-gluon plasma (QGP) created in nucleus-nucleus (A+A) collisions and for disentangling 
the effects from cold nuclear matter (CNM) interactions, predominant in p+A collisions
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Modification of quarkonium production w.r.t that in pp collisions quantified by the Nuclear modification factor
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O(nS) = J/ ,  (2S), and⌥(nS) (n = 1, 2, 3)
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            observed quarkonium yield in a kinematic 
interval, extracted from fits and corrected for 
acceptance, trigger and reconstruction efficiencies
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<latexit sha1_base64="kEql0BQOCX29tKCS+WFUfpLgFB8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgiIiLV48VuiXtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxnczv/1ElWaRbJhJTH2Bh5KFjGBjpcebRj+t1aa31/1iyS27c6BV4mWkBBnq/eJXbxCRRFBpCMdadz03Nn6KlWGE02mhl2gaYzLGQ9q1VGJBtZ/OD56iM6sMUBgpW9Kgufp7IsVC64kIbKfAZqSXvZn4n9dNTHjlp0zGiaGSLBaFCUcmQrPv0YApSgyfWIKJYvZWREZYYWJsRgUbgrf88ippXZQ9t+w9VErVShZHHk7gFM7Bg0uowj3UoQkEBDzDK7w5ynlx3p2PRWvOyWaO4Q+czx+8lo+n</latexit><latexit sha1_base64="kEql0BQOCX29tKCS+WFUfpLgFB8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgiIiLV48VuiXtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxnczv/1ElWaRbJhJTH2Bh5KFjGBjpcebRj+t1aa31/1iyS27c6BV4mWkBBnq/eJXbxCRRFBpCMdadz03Nn6KlWGE02mhl2gaYzLGQ9q1VGJBtZ/OD56iM6sMUBgpW9Kgufp7IsVC64kIbKfAZqSXvZn4n9dNTHjlp0zGiaGSLBaFCUcmQrPv0YApSgyfWIKJYvZWREZYYWJsRgUbgrf88ippXZQ9t+w9VErVShZHHk7gFM7Bg0uowj3UoQkEBDzDK7w5ynlx3p2PRWvOyWaO4Q+czx+8lo+n</latexit><latexit sha1_base64="kEql0BQOCX29tKCS+WFUfpLgFB8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgiIiLV48VuiXtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxnczv/1ElWaRbJhJTH2Bh5KFjGBjpcebRj+t1aa31/1iyS27c6BV4mWkBBnq/eJXbxCRRFBpCMdadz03Nn6KlWGE02mhl2gaYzLGQ9q1VGJBtZ/OD56iM6sMUBgpW9Kgufp7IsVC64kIbKfAZqSXvZn4n9dNTHjlp0zGiaGSLBaFCUcmQrPv0YApSgyfWIKJYvZWREZYYWJsRgUbgrf88ippXZQ9t+w9VErVShZHHk7gFM7Bg0uowj3UoQkEBDzDK7w5ynlx3p2PRWvOyWaO4Q+czx+8lo+n</latexit><latexit sha1_base64="kEql0BQOCX29tKCS+WFUfpLgFB8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgiIiLV48VuiXtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxnczv/1ElWaRbJhJTH2Bh5KFjGBjpcebRj+t1aa31/1iyS27c6BV4mWkBBnq/eJXbxCRRFBpCMdadz03Nn6KlWGE02mhl2gaYzLGQ9q1VGJBtZ/OD56iM6sMUBgpW9Kgufp7IsVC64kIbKfAZqSXvZn4n9dNTHjlp0zGiaGSLBaFCUcmQrPv0YApSgyfWIKJYvZWREZYYWJsRgUbgrf88ippXZQ9t+w9VErVShZHHk7gFM7Bg0uowj3UoQkEBDzDK7w5ynlx3p2PRWvOyWaO4Q+czx+8lo+n</latexit>

mean nuclear thickness function

(normalised to minimum-bias events)

per-event yield,         : number of quarkonia 
produced per bin of transverse momentum, 
rapidity and centrality interval

NAA
<latexit sha1_base64="dtIUvKDk8t5XatoW15Iqd4izTUk=">AAAB7XicdZDLSgMxFIbP1Futt6pLN8EiuBoyUtFlixtXUsFeoB1KJk3b2ExmSDJCGfoOblwo4tb3cefbmGmnoKI/BH6+cw455w9iwbXB+NMprKyurW8UN0tb2zu7e+X9g5aOEkVZk0YiUp2AaCa4ZE3DjWCdWDESBoK1g8lVVm8/MKV5JO/MNGZ+SEaSDzklxqLWTT+t12f9cgW75zgTwi5empx4OalArka//NEbRDQJmTRUEK27Ho6NnxJlOBVsVuolmsWETsiIda2VJGTaT+fbztCJJQM0jJR90qA5/T6RklDraRjYzpCYsf5dy+BftW5ihpd+ymWcGCbp4qNhIpCJUHY6GnDFqBFTawhV3O6K6JgoQo0NqGRDWF6K/jetM9fDrndbrdSqeRxFOIJjOAUPLqAG19CAJlC4h0d4hhcncp6cV+dt0Vpw8plD+CHn/Qs7y47Z</latexit><latexit sha1_base64="dtIUvKDk8t5XatoW15Iqd4izTUk=">AAAB7XicdZDLSgMxFIbP1Futt6pLN8EiuBoyUtFlixtXUsFeoB1KJk3b2ExmSDJCGfoOblwo4tb3cefbmGmnoKI/BH6+cw455w9iwbXB+NMprKyurW8UN0tb2zu7e+X9g5aOEkVZk0YiUp2AaCa4ZE3DjWCdWDESBoK1g8lVVm8/MKV5JO/MNGZ+SEaSDzklxqLWTT+t12f9cgW75zgTwi5empx4OalArka//NEbRDQJmTRUEK27Ho6NnxJlOBVsVuolmsWETsiIda2VJGTaT+fbztCJJQM0jJR90qA5/T6RklDraRjYzpCYsf5dy+BftW5ihpd+ymWcGCbp4qNhIpCJUHY6GnDFqBFTawhV3O6K6JgoQo0NqGRDWF6K/jetM9fDrndbrdSqeRxFOIJjOAUPLqAG19CAJlC4h0d4hhcncp6cV+dt0Vpw8plD+CHn/Qs7y47Z</latexit><latexit sha1_base64="dtIUvKDk8t5XatoW15Iqd4izTUk=">AAAB7XicdZDLSgMxFIbP1Futt6pLN8EiuBoyUtFlixtXUsFeoB1KJk3b2ExmSDJCGfoOblwo4tb3cefbmGmnoKI/BH6+cw455w9iwbXB+NMprKyurW8UN0tb2zu7e+X9g5aOEkVZk0YiUp2AaCa4ZE3DjWCdWDESBoK1g8lVVm8/MKV5JO/MNGZ+SEaSDzklxqLWTT+t12f9cgW75zgTwi5empx4OalArka//NEbRDQJmTRUEK27Ho6NnxJlOBVsVuolmsWETsiIda2VJGTaT+fbztCJJQM0jJR90qA5/T6RklDraRjYzpCYsf5dy+BftW5ihpd+ymWcGCbp4qNhIpCJUHY6GnDFqBFTawhV3O6K6JgoQo0NqGRDWF6K/jetM9fDrndbrdSqeRxFOIJjOAUPLqAG19CAJlC4h0d4hhcncp6cV+dt0Vpw8plD+CHn/Qs7y47Z</latexit><latexit sha1_base64="dtIUvKDk8t5XatoW15Iqd4izTUk=">AAAB7XicdZDLSgMxFIbP1Futt6pLN8EiuBoyUtFlixtXUsFeoB1KJk3b2ExmSDJCGfoOblwo4tb3cefbmGmnoKI/BH6+cw455w9iwbXB+NMprKyurW8UN0tb2zu7e+X9g5aOEkVZk0YiUp2AaCa4ZE3DjWCdWDESBoK1g8lVVm8/MKV5JO/MNGZ+SEaSDzklxqLWTT+t12f9cgW75zgTwi5empx4OalArka//NEbRDQJmTRUEK27Ho6NnxJlOBVsVuolmsWETsiIda2VJGTaT+fbztCJJQM0jJR90qA5/T6RklDraRjYzpCYsf5dy+BftW5ihpd+ymWcGCbp4qNhIpCJUHY6GnDFqBFTawhV3O6K6JgoQo0NqGRDWF6K/jetM9fDrndbrdSqeRxFOIJjOAUPLqAG19CAJlC4h0d4hhcncp6cV+dt0Vpw8plD+CHn/Qs7y47Z</latexit>

NAA =
d2N

dpTdy
⇥B( (nS) ! µ+µ�) =

1

�pT ⇥�y

N (nS)

Nmb
<latexit sha1_base64="nGrbElNeQI4L3P/phsl0A9qJ0Lo="></latexit><latexit sha1_base64="nGrbElNeQI4L3P/phsl0A9qJ0Lo="></latexit><latexit sha1_base64="nGrbElNeQI4L3P/phsl0A9qJ0Lo="></latexit><latexit sha1_base64="nGrbElNeQI4L3P/phsl0A9qJ0Lo="></latexit>

CNM effects in excited quarkonium states w.r.t the ground state quantified by the double ratio

⇢
O(nS)/O(1S)
pPb =

RpPb(O(nS))

RpPb(O(1S))
<latexit sha1_base64="GFuVbg0yNztjLmT1jIbQKRgT014="></latexit><latexit sha1_base64="GFuVbg0yNztjLmT1jIbQKRgT014="></latexit><latexit sha1_base64="GFuVbg0yNztjLmT1jIbQKRgT014="></latexit><latexit sha1_base64="GFuVbg0yNztjLmT1jIbQKRgT014="></latexit>

⇢ (2S)/J/ 
PbPb =

(N (2S)/NJ/ )PbPb

(N (2S)/NJ/ )pp
<latexit sha1_base64="CTdmMwgBdDZSzFla6aLCtYZ96SQ="></latexit><latexit sha1_base64="CTdmMwgBdDZSzFla6aLCtYZ96SQ="></latexit><latexit sha1_base64="CTdmMwgBdDZSzFla6aLCtYZ96SQ="></latexit><latexit sha1_base64="CTdmMwgBdDZSzFla6aLCtYZ96SQ="></latexit>

most sources of detector systematic uncertainty cancel out in the ratio easier to compare to other experiments

initial-state effects expected to largely cancel out since partons are affected similarly before the formation of the 
quarkonium state => study final-state effects
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Quarkonium production in proton-proton, proton-lead 
and lead-lead collisions at 5.02 TeV
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L = 0.42 nb�1 (Pb + Pb)
<latexit sha1_base64="Q8emIVtPHq0WMvcWzEHEUvdbGxI="></latexit><latexit sha1_base64="Q8emIVtPHq0WMvcWzEHEUvdbGxI="></latexit><latexit sha1_base64="Q8emIVtPHq0WMvcWzEHEUvdbGxI="></latexit><latexit sha1_base64="Q8emIVtPHq0WMvcWzEHEUvdbGxI="></latexit>

L = 25 pb�1 (pp)
<latexit sha1_base64="T2e26QGhnDJH4Qshi+RIfp351rs="></latexit><latexit sha1_base64="T2e26QGhnDJH4Qshi+RIfp351rs="></latexit><latexit sha1_base64="T2e26QGhnDJH4Qshi+RIfp351rs="></latexit><latexit sha1_base64="T2e26QGhnDJH4Qshi+RIfp351rs="></latexit>

L = 28 nb�1 (p+ Pb)
<latexit sha1_base64="SIM6omGL8RCj5626+UjFsOd8BMs="></latexit><latexit sha1_base64="SIM6omGL8RCj5626+UjFsOd8BMs="></latexit><latexit sha1_base64="SIM6omGL8RCj5626+UjFsOd8BMs="></latexit><latexit sha1_base64="SIM6omGL8RCj5626+UjFsOd8BMs="></latexit>

pµT > 4 GeV
<latexit sha1_base64="Bk0RPd9WeOWXATOoTrINTvy5HlE=">AAACBnicdZDLSsNAFIYn9VbrLepShMEiuAqJVBQXUnChywq9QRPDZDpth84kYWYilJCVG1/FjQtF3PoM7nwbJ20KKvrDwM93zmHO+YOYUals+9MoLSwuLa+UVytr6xubW+b2TltGicCkhSMWiW6AJGE0JC1FFSPdWBDEA0Y6wfgyr3fuiJA0CptqEhOPo2FIBxQjpZFv7sd+8zZ1eZLBC1iD7jl0OVIjwdMr0s58s2pbJ3YuaFv23BTEKUgVFGr45ofbj3DCSagwQ1L2HDtWXoqEopiRrOImksQIj9GQ9LQNESfSS6dnZPBQkz4cREK/UMEp/T6RIi7lhAe6M99R/q7l8K9aL1GDMy+lYZwoEuLZR4OEQRXBPBPYp4JgxSbaICyo3hXiERIIK51cRYcwvxT+b9rHlmNbzk2tWq8VcZTBHjgAR8ABp6AOrkEDtAAG9+ARPIMX48F4Ml6Nt1lryShmdsEPGe9foWGX5w==</latexit><latexit sha1_base64="Bk0RPd9WeOWXATOoTrINTvy5HlE=">AAACBnicdZDLSsNAFIYn9VbrLepShMEiuAqJVBQXUnChywq9QRPDZDpth84kYWYilJCVG1/FjQtF3PoM7nwbJ20KKvrDwM93zmHO+YOYUals+9MoLSwuLa+UVytr6xubW+b2TltGicCkhSMWiW6AJGE0JC1FFSPdWBDEA0Y6wfgyr3fuiJA0CptqEhOPo2FIBxQjpZFv7sd+8zZ1eZLBC1iD7jl0OVIjwdMr0s58s2pbJ3YuaFv23BTEKUgVFGr45ofbj3DCSagwQ1L2HDtWXoqEopiRrOImksQIj9GQ9LQNESfSS6dnZPBQkz4cREK/UMEp/T6RIi7lhAe6M99R/q7l8K9aL1GDMy+lYZwoEuLZR4OEQRXBPBPYp4JgxSbaICyo3hXiERIIK51cRYcwvxT+b9rHlmNbzk2tWq8VcZTBHjgAR8ABp6AOrkEDtAAG9+ARPIMX48F4Ml6Nt1lryShmdsEPGe9foWGX5w==</latexit><latexit sha1_base64="Bk0RPd9WeOWXATOoTrINTvy5HlE=">AAACBnicdZDLSsNAFIYn9VbrLepShMEiuAqJVBQXUnChywq9QRPDZDpth84kYWYilJCVG1/FjQtF3PoM7nwbJ20KKvrDwM93zmHO+YOYUals+9MoLSwuLa+UVytr6xubW+b2TltGicCkhSMWiW6AJGE0JC1FFSPdWBDEA0Y6wfgyr3fuiJA0CptqEhOPo2FIBxQjpZFv7sd+8zZ1eZLBC1iD7jl0OVIjwdMr0s58s2pbJ3YuaFv23BTEKUgVFGr45ofbj3DCSagwQ1L2HDtWXoqEopiRrOImksQIj9GQ9LQNESfSS6dnZPBQkz4cREK/UMEp/T6RIi7lhAe6M99R/q7l8K9aL1GDMy+lYZwoEuLZR4OEQRXBPBPYp4JgxSbaICyo3hXiERIIK51cRYcwvxT+b9rHlmNbzk2tWq8VcZTBHjgAR8ABp6AOrkEDtAAG9+ARPIMX48F4Ml6Nt1lryShmdsEPGe9foWGX5w==</latexit><latexit sha1_base64="Bk0RPd9WeOWXATOoTrINTvy5HlE=">AAACBnicdZDLSsNAFIYn9VbrLepShMEiuAqJVBQXUnChywq9QRPDZDpth84kYWYilJCVG1/FjQtF3PoM7nwbJ20KKvrDwM93zmHO+YOYUals+9MoLSwuLa+UVytr6xubW+b2TltGicCkhSMWiW6AJGE0JC1FFSPdWBDEA0Y6wfgyr3fuiJA0CptqEhOPo2FIBxQjpZFv7sd+8zZ1eZLBC1iD7jl0OVIjwdMr0s58s2pbJ3YuaFv23BTEKUgVFGr45ofbj3DCSagwQ1L2HDtWXoqEopiRrOImksQIj9GQ9LQNESfSS6dnZPBQkz4cREK/UMEp/T6RIi7lhAe6M99R/q7l8K9aL1GDMy+lYZwoEuLZR4OEQRXBPBPYp4JgxSbaICyo3hXiERIIK51cRYcwvxT+b9rHlmNbzk2tWq8VcZTBHjgAR8ABp6AOrkEDtAAG9+ARPIMX48F4Ml6Nt1lryShmdsEPGe9foWGX5w==</latexit>

|⌘µ| < 2.4
<latexit sha1_base64="7C21MCy0wbPsvj2g1poo3FIAGZk=">AAAB+3icdZDLSsNAFIYnXmu9xbp0M1gEVyEpFV24KLhxWcFeoIllMp20Q2cmYWYilrSv4saFIm59EXe+jZM2BRX9YeDnO+dwzvxhwqjSrvtprayurW9slrbK2zu7e/v2QaWt4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji+yuudeyIVjcWtniQk4GgoaEQx0gb17crUJxrdZT5PZ1N4CWtOvW9XXefMzQVdx12agngFqYJCzb794Q9inHIiNGZIqZ7nJjrIkNQUMzIr+6kiCcJjNCQ9YwXiRAXZ/PYZPDFkAKNYmic0nNPvExniSk14aDo50iP1u5bDv2q9VEcXQUZFkmoi8GJRlDKoY5gHAQdUEqzZxBiEJTW3QjxCEmFt4iqbEJY/hf+bds3xXMe7qVcb9SKOEjgCx+AUeOAcNMA1aIIWwOABPIJn8GLNrCfr1XpbtK5Yxcwh+CHr/QvIPpON</latexit><latexit sha1_base64="7C21MCy0wbPsvj2g1poo3FIAGZk=">AAAB+3icdZDLSsNAFIYnXmu9xbp0M1gEVyEpFV24KLhxWcFeoIllMp20Q2cmYWYilrSv4saFIm59EXe+jZM2BRX9YeDnO+dwzvxhwqjSrvtprayurW9slrbK2zu7e/v2QaWt4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji+yuudeyIVjcWtniQk4GgoaEQx0gb17crUJxrdZT5PZ1N4CWtOvW9XXefMzQVdx12agngFqYJCzb794Q9inHIiNGZIqZ7nJjrIkNQUMzIr+6kiCcJjNCQ9YwXiRAXZ/PYZPDFkAKNYmic0nNPvExniSk14aDo50iP1u5bDv2q9VEcXQUZFkmoi8GJRlDKoY5gHAQdUEqzZxBiEJTW3QjxCEmFt4iqbEJY/hf+bds3xXMe7qVcb9SKOEjgCx+AUeOAcNMA1aIIWwOABPIJn8GLNrCfr1XpbtK5Yxcwh+CHr/QvIPpON</latexit><latexit sha1_base64="7C21MCy0wbPsvj2g1poo3FIAGZk=">AAAB+3icdZDLSsNAFIYnXmu9xbp0M1gEVyEpFV24KLhxWcFeoIllMp20Q2cmYWYilrSv4saFIm59EXe+jZM2BRX9YeDnO+dwzvxhwqjSrvtprayurW9slrbK2zu7e/v2QaWt4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji+yuudeyIVjcWtniQk4GgoaEQx0gb17crUJxrdZT5PZ1N4CWtOvW9XXefMzQVdx12agngFqYJCzb794Q9inHIiNGZIqZ7nJjrIkNQUMzIr+6kiCcJjNCQ9YwXiRAXZ/PYZPDFkAKNYmic0nNPvExniSk14aDo50iP1u5bDv2q9VEcXQUZFkmoi8GJRlDKoY5gHAQdUEqzZxBiEJTW3QjxCEmFt4iqbEJY/hf+bds3xXMe7qVcb9SKOEjgCx+AUeOAcNMA1aIIWwOABPIJn8GLNrCfr1XpbtK5Yxcwh+CHr/QvIPpON</latexit><latexit sha1_base64="7C21MCy0wbPsvj2g1poo3FIAGZk=">AAAB+3icdZDLSsNAFIYnXmu9xbp0M1gEVyEpFV24KLhxWcFeoIllMp20Q2cmYWYilrSv4saFIm59EXe+jZM2BRX9YeDnO+dwzvxhwqjSrvtprayurW9slrbK2zu7e/v2QaWt4lRi0sIxi2U3RIowKkhLU81IN5EE8ZCRTji+yuudeyIVjcWtniQk4GgoaEQx0gb17crUJxrdZT5PZ1N4CWtOvW9XXefMzQVdx12agngFqYJCzb794Q9inHIiNGZIqZ7nJjrIkNQUMzIr+6kiCcJjNCQ9YwXiRAXZ/PYZPDFkAKNYmic0nNPvExniSk14aDo50iP1u5bDv2q9VEcXQUZFkmoi8GJRlDKoY5gHAQdUEqzZxBiEJTW3QjxCEmFt4iqbEJY/hf+bds3xXMe7qVcb9SKOEjgCx+AUeOAcNMA1aIIWwOABPIJn8GLNrCfr1XpbtK5Yxcwh+CHr/QvIPpON</latexit>

O(nS) ! µ+µ�
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to obtain yields for prompt and non-prompt                        and backgroundsJ/  (2S)
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and

⌧unbinned maximum likelihood (ML) fits to the                        invariant mass and pseudo-proper time,J/  (2S)
<latexit sha1_base64="RkzYiqG19pQD85HrAcz1g/u5Zfg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQNyUpoi4LblxWtA9oQplMp+3QmUmYmSgl9lPcuFDErV/izr9x0mahrQcGDufcyz1zwphRpV332yqsrW9sbhW3Szu7e/sHdvmwraJEYtLCEYtkN0SKMCpIS1PNSDeWBPGQkU44uc78zgORikbiXk9jEnA0EnRIMdJG6ttlP1a06nOkx5Kn9bvZWd+uuDV3DmeVeDmpQI5m3/7yBxFOOBEaM6RUz3NjHaRIaooZmZX8RJEY4QkakZ6hAnGignQefeacGmXgDCNpntDOXP29kSKu1JSHZjLLqJa9TPzP6yV6eBWkVMSJJgIvDg0T5ujIyXpwBlQSrNnUEIQlNVkdPEYSYW3aKpkSvOUvr5J2vea5Ne/2vNK4yOsowjGcQBU8uIQG3EATWoDhEZ7hFd6sJ+vFerc+FqMFK985gj+wPn8AytiTpA==</latexit><latexit sha1_base64="RkzYiqG19pQD85HrAcz1g/u5Zfg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQNyUpoi4LblxWtA9oQplMp+3QmUmYmSgl9lPcuFDErV/izr9x0mahrQcGDufcyz1zwphRpV332yqsrW9sbhW3Szu7e/sHdvmwraJEYtLCEYtkN0SKMCpIS1PNSDeWBPGQkU44uc78zgORikbiXk9jEnA0EnRIMdJG6ttlP1a06nOkx5Kn9bvZWd+uuDV3DmeVeDmpQI5m3/7yBxFOOBEaM6RUz3NjHaRIaooZmZX8RJEY4QkakZ6hAnGignQefeacGmXgDCNpntDOXP29kSKu1JSHZjLLqJa9TPzP6yV6eBWkVMSJJgIvDg0T5ujIyXpwBlQSrNnUEIQlNVkdPEYSYW3aKpkSvOUvr5J2vea5Ne/2vNK4yOsowjGcQBU8uIQG3EATWoDhEZ7hFd6sJ+vFerc+FqMFK985gj+wPn8AytiTpA==</latexit><latexit sha1_base64="RkzYiqG19pQD85HrAcz1g/u5Zfg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQNyUpoi4LblxWtA9oQplMp+3QmUmYmSgl9lPcuFDErV/izr9x0mahrQcGDufcyz1zwphRpV332yqsrW9sbhW3Szu7e/sHdvmwraJEYtLCEYtkN0SKMCpIS1PNSDeWBPGQkU44uc78zgORikbiXk9jEnA0EnRIMdJG6ttlP1a06nOkx5Kn9bvZWd+uuDV3DmeVeDmpQI5m3/7yBxFOOBEaM6RUz3NjHaRIaooZmZX8RJEY4QkakZ6hAnGignQefeacGmXgDCNpntDOXP29kSKu1JSHZjLLqJa9TPzP6yV6eBWkVMSJJgIvDg0T5ujIyXpwBlQSrNnUEIQlNVkdPEYSYW3aKpkSvOUvr5J2vea5Ne/2vNK4yOsowjGcQBU8uIQG3EATWoDhEZ7hFd6sJ+vFerc+FqMFK985gj+wPn8AytiTpA==</latexit><latexit sha1_base64="RkzYiqG19pQD85HrAcz1g/u5Zfg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQNyUpoi4LblxWtA9oQplMp+3QmUmYmSgl9lPcuFDErV/izr9x0mahrQcGDufcyz1zwphRpV332yqsrW9sbhW3Szu7e/sHdvmwraJEYtLCEYtkN0SKMCpIS1PNSDeWBPGQkU44uc78zgORikbiXk9jEnA0EnRIMdJG6ttlP1a06nOkx5Kn9bvZWd+uuDV3DmeVeDmpQI5m3/7yBxFOOBEaM6RUz3NjHaRIaooZmZX8RJEY4QkakZ6hAnGignQefeacGmXgDCNpntDOXP29kSKu1JSHZjLLqJa9TPzP6yV6eBWkVMSJJgIvDg0T5ujIyXpwBlQSrNnUEIQlNVkdPEYSYW3aKpkSvOUvr5J2vea5Ne/2vNK4yOsowjGcQBU8uIQG3EATWoDhEZ7hFd6sJ+vFerc+FqMFK985gj+wPn8AytiTpA==</latexit>

and

yields for the bottomonium states obtained from unbinned maximum likelihood fits to the invariant masses 

fits done in intervals of quarkonia transverse momenta, rapidity and centrality
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Production cross section results

 [GeV]
T

p
10 15 20 25 30 35 40

 [1
/G

eV
]

y
Δ Tp

Δ

ψ
J/ N

 
ev

t
N1

12−10

11−10

10−10

9−10

8−10

7−10

6−10

5−10

4−10

3−10
ATLAS

-1 = 5.02 TeV, 0.42 nbNNsPb+Pb, 
, |y| < 2ψPrompt J/

Spin-alignment envelope

, Cent. 0-10 %1data x 10
, Cent. 20-40 %0data x 10
, Cent. 40-80 %-1data x 10

 [GeV]
T

p
10 15 20 25 30 35 40

  [
nb

/G
eV

]
yd Tpd
σ2 d

) -
µ+

µ
→

ψ
(J

/
B 4−10

3−10

2−10

1−10

1

10

210

310
ATLAS

-1 = 5.02 TeV, L = 25 pbs pp
ψPrompt J/

NLO NRQCD
 < 2.00y, 1.50 < 2 10×Data 
 < 1.50y, 0.75 < 1 10×Data 
 < 0.75y, 0.00 < 0 10×Data 

10 15 20 25 30 35 40

D
at

a 
/ T

ho
er

y

1
2
3

 < 0.75y0.00 < 

10 15 20 25 30 35 40

D
at

a 
/ T

ho
er

y

1
2
3

 < 1.50y0.75 < 

 [GeV]
T
p

10 15 20 25 30 35 40

D
at

a 
/ T

he
or

y

0
1
2
3

 < 2.00y1.50 < 

 [GeV]
T

p
10 15 20 25 30 35 40

 [1
/G

eV
]

y
Δ Tp

Δ

ψ
J/ N

 
ev

t
N1

12−10

11−10

10−10

9−10

8−10

7−10

6−10

5−10

4−10

3−10
ATLAS

-1 = 5.02 TeV, 0.42 nbNNsPb+Pb, 
, |y| < 2ψNon-Prompt J/

Spin-alignment envelope

, Cent. 0-10 %1data x 10
, Cent. 20-40 %0data x 10
, Cent. 40-80 %-1data x 10

 [GeV]
T

p
10 15 20 25 30 35 40

  [
nb

/G
eV

]
yd Tpd
σ2 d

) -
µ+

µ
→

ψ
(J

/
B 4−10

3−10

2−10

1−10

1

10

210

310
ATLAS

-1 = 5.02 TeV, L = 25 pbs pp
ψNon-Prompt J/

FONLL
 < 2.00y, 1.50 < 2 10×Data 
 < 1.50y, 0.75 < 1 10×Data 
 < 0.75y, 0.00 < 0 10×Data 

10 15 20 25 30 35 40

D
at

a 
/ T

ho
er

y

1
2
3

 < 0.75y0.00 < 

10 15 20 25 30 35 40

D
at

a 
/ T

ho
er

y
1
2
3

 < 1.50y0.75 < 

 [GeV]
T
p

10 15 20 25 30 35 40

D
at

a 
/ T

he
or

y

0
1
2
3

 < 2.00y1.50 < 

J/ 
<latexit sha1_base64="ILuEUF/BT3kni/8zw67B7cggYmg=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9zE0NZb0Yt4qmBroQ1ls920azfZsLsRSuh/8OJBEa/+H2/+GzdtBRV9MPB4b4aZeUHCmdIIfViFpeWV1bXiemljc2t7p7y711YilYS2iOBCdgKsKGcxbWmmOe0kkuIo4PQ2GF/k/u09lYqJ+EZPEupHeBizkBGsjdS+OuklivXLFWSf1auuV4XIRqjmuE5O3Jp36kHHKDkqYIFmv/zeGwiSRjTWhGOlug5KtJ9hqRnhdFrqpYommIzxkHYNjXFElZ/Nrp3CI6MMYCikqVjDmfp9IsORUpMoMJ0R1iP128vFv7xuqsO6n7E4STWNyXxRmHKoBcxfhwMmKdF8YggmkplbIRlhiYk2AZVMCF+fwv9J27UdZDvXXqVxvoijCA7AITgGDqiBBrgETdACBNyBB/AEni1hPVov1uu8tWAtZvbBD1hvn4fFjxk=</latexit><latexit sha1_base64="ILuEUF/BT3kni/8zw67B7cggYmg=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9zE0NZb0Yt4qmBroQ1ls920azfZsLsRSuh/8OJBEa/+H2/+GzdtBRV9MPB4b4aZeUHCmdIIfViFpeWV1bXiemljc2t7p7y711YilYS2iOBCdgKsKGcxbWmmOe0kkuIo4PQ2GF/k/u09lYqJ+EZPEupHeBizkBGsjdS+OuklivXLFWSf1auuV4XIRqjmuE5O3Jp36kHHKDkqYIFmv/zeGwiSRjTWhGOlug5KtJ9hqRnhdFrqpYommIzxkHYNjXFElZ/Nrp3CI6MMYCikqVjDmfp9IsORUpMoMJ0R1iP128vFv7xuqsO6n7E4STWNyXxRmHKoBcxfhwMmKdF8YggmkplbIRlhiYk2AZVMCF+fwv9J27UdZDvXXqVxvoijCA7AITgGDqiBBrgETdACBNyBB/AEni1hPVov1uu8tWAtZvbBD1hvn4fFjxk=</latexit><latexit sha1_base64="ILuEUF/BT3kni/8zw67B7cggYmg=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9zE0NZb0Yt4qmBroQ1ls920azfZsLsRSuh/8OJBEa/+H2/+GzdtBRV9MPB4b4aZeUHCmdIIfViFpeWV1bXiemljc2t7p7y711YilYS2iOBCdgKsKGcxbWmmOe0kkuIo4PQ2GF/k/u09lYqJ+EZPEupHeBizkBGsjdS+OuklivXLFWSf1auuV4XIRqjmuE5O3Jp36kHHKDkqYIFmv/zeGwiSRjTWhGOlug5KtJ9hqRnhdFrqpYommIzxkHYNjXFElZ/Nrp3CI6MMYCikqVjDmfp9IsORUpMoMJ0R1iP128vFv7xuqsO6n7E4STWNyXxRmHKoBcxfhwMmKdF8YggmkplbIRlhiYk2AZVMCF+fwv9J27UdZDvXXqVxvoijCA7AITgGDqiBBrgETdACBNyBB/AEni1hPVov1uu8tWAtZvbBD1hvn4fFjxk=</latexit><latexit sha1_base64="ILuEUF/BT3kni/8zw67B7cggYmg=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9zE0NZb0Yt4qmBroQ1ls920azfZsLsRSuh/8OJBEa/+H2/+GzdtBRV9MPB4b4aZeUHCmdIIfViFpeWV1bXiemljc2t7p7y711YilYS2iOBCdgKsKGcxbWmmOe0kkuIo4PQ2GF/k/u09lYqJ+EZPEupHeBizkBGsjdS+OuklivXLFWSf1auuV4XIRqjmuE5O3Jp36kHHKDkqYIFmv/zeGwiSRjTWhGOlug5KtJ9hqRnhdFrqpYommIzxkHYNjXFElZ/Nrp3CI6MMYCikqVjDmfp9IsORUpMoMJ0R1iP128vFv7xuqsO6n7E4STWNyXxRmHKoBcxfhwMmKdF8YggmkplbIRlhiYk2AZVMCF+fwv9J27UdZDvXXqVxvoijCA7AITgGDqiBBrgETdACBNyBB/AEni1hPVov1uu8tWAtZvbBD1hvn4fFjxk=</latexit>

*y
2.5− 2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

 [n
b/

G
eV

]
yd Tpd
σ2 d

) -
µ+

µ
→

ψ
(J

/
B

0

20

40

60

80

100
ATLAS

-1 = 5.02 TeV, L = 28 nbNNs+Pb p
 < 40 GeV

T
p8 < 

ψPrompt J/
ψNon-prompt J/

 [GeV]
T
p

10 15 20 25 30 35 40

 [n
b/

G
eV

]
yd Tpd
σ2 d

) -
µ+

µ
→

ψ
(J

/
B

1

10

210

310
ATLAS

-1 = 5.02 TeV, L = 28 nbNNs+Pb p
* < 1.5y-2.0 < 

ψPrompt J/
ψNon-prompt J/

p+Pb: improved measurement, 
consistent with previous results

 [GeV]
T

p
10 15 20 25 30 35 40

N
on

-P
ro

m
pt

 F
ra

ct
io

n

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8
ATLAS

, |y| < 2ψJ/

-1 = 5.02 TeV, 0.42 nbNNsPb+Pb Cent. 0-80%, 
-1 = 5.02 TeV, 25 pbspp, 

Pb+Pb per-event yields
non-prompt fraction

centrality-independent, 
slightly different slope from 
that found in pp collisions

pp prompt: good agreement with 
NLO NRQCD over full      rangepT

<latexit sha1_base64="cJlGQn0mLDU9N9kFtQXXcDaJ+Xw=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqpc2t4MVjxdYW2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNWUNEHA4/3ZpiZFyScKe04H1ZhbX1jc6u4XdrZ3ds/KB8e3ak4lYR2SMxj2QuwopwJ2tFMc9pLJMVRwGk3mF7lfveeSsVi0dazhPoRHgsWMoK1kW6TYXtYrji216jVLhrIsR3Hq3p1QzzPc+suco2SowIrtIbl98EoJmlEhSYcK9V3nUT7GZaaEU7npUGqaILJFI9p31CBI6r8bHHqHJ0ZZYTCWJoSGi3U7xMZjpSaRYHpjLCeqN9eLv7l9VMdNvyMiSTVVJDlojDlSMco/xuNmKRE85khmEhmbkVkgiUm2qRTMiF8fYr+J3dV23Vs9+ay0qyu4ijCCZzCObhQhyZcQws6QGAMD/AEzxa3Hq0X63XZWrBWM8fwA9bbJ8IEjhA=</latexit><latexit sha1_base64="cJlGQn0mLDU9N9kFtQXXcDaJ+Xw=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqpc2t4MVjxdYW2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNWUNEHA4/3ZpiZFyScKe04H1ZhbX1jc6u4XdrZ3ds/KB8e3ak4lYR2SMxj2QuwopwJ2tFMc9pLJMVRwGk3mF7lfveeSsVi0dazhPoRHgsWMoK1kW6TYXtYrji216jVLhrIsR3Hq3p1QzzPc+suco2SowIrtIbl98EoJmlEhSYcK9V3nUT7GZaaEU7npUGqaILJFI9p31CBI6r8bHHqHJ0ZZYTCWJoSGi3U7xMZjpSaRYHpjLCeqN9eLv7l9VMdNvyMiSTVVJDlojDlSMco/xuNmKRE85khmEhmbkVkgiUm2qRTMiF8fYr+J3dV23Vs9+ay0qyu4ijCCZzCObhQhyZcQws6QGAMD/AEzxa3Hq0X63XZWrBWM8fwA9bbJ8IEjhA=</latexit><latexit sha1_base64="cJlGQn0mLDU9N9kFtQXXcDaJ+Xw=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqpc2t4MVjxdYW2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNWUNEHA4/3ZpiZFyScKe04H1ZhbX1jc6u4XdrZ3ds/KB8e3ak4lYR2SMxj2QuwopwJ2tFMc9pLJMVRwGk3mF7lfveeSsVi0dazhPoRHgsWMoK1kW6TYXtYrji216jVLhrIsR3Hq3p1QzzPc+suco2SowIrtIbl98EoJmlEhSYcK9V3nUT7GZaaEU7npUGqaILJFI9p31CBI6r8bHHqHJ0ZZYTCWJoSGi3U7xMZjpSaRYHpjLCeqN9eLv7l9VMdNvyMiSTVVJDlojDlSMco/xuNmKRE85khmEhmbkVkgiUm2qRTMiF8fYr+J3dV23Vs9+ay0qyu4ijCCZzCObhQhyZcQws6QGAMD/AEzxa3Hq0X63XZWrBWM8fwA9bbJ8IEjhA=</latexit><latexit sha1_base64="cJlGQn0mLDU9N9kFtQXXcDaJ+Xw=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqpc2t4MVjxdYW2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNWUNEHA4/3ZpiZFyScKe04H1ZhbX1jc6u4XdrZ3ds/KB8e3ak4lYR2SMxj2QuwopwJ2tFMc9pLJMVRwGk3mF7lfveeSsVi0dazhPoRHgsWMoK1kW6TYXtYrji216jVLhrIsR3Hq3p1QzzPc+suco2SowIrtIbl98EoJmlEhSYcK9V3nUT7GZaaEU7npUGqaILJFI9p31CBI6r8bHHqHJ0ZZYTCWJoSGi3U7xMZjpSaRYHpjLCeqN9eLv7l9VMdNvyMiSTVVJDlojDlSMco/xuNmKRE85khmEhmbkVkgiUm2qRTMiF8fYr+J3dV23Vs9+ay0qyu4ijCCZzCObhQhyZcQws6QGAMD/AEzxa3Hq0X63XZWrBWM8fwA9bbJ8IEjhA=</latexit>

pp non-prompt: good agreement 
with FONLL over full      rangepT

<latexit sha1_base64="cJlGQn0mLDU9N9kFtQXXcDaJ+Xw=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqpc2t4MVjxdYW2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNWUNEHA4/3ZpiZFyScKe04H1ZhbX1jc6u4XdrZ3ds/KB8e3ak4lYR2SMxj2QuwopwJ2tFMc9pLJMVRwGk3mF7lfveeSsVi0dazhPoRHgsWMoK1kW6TYXtYrji216jVLhrIsR3Hq3p1QzzPc+suco2SowIrtIbl98EoJmlEhSYcK9V3nUT7GZaaEU7npUGqaILJFI9p31CBI6r8bHHqHJ0ZZYTCWJoSGi3U7xMZjpSaRYHpjLCeqN9eLv7l9VMdNvyMiSTVVJDlojDlSMco/xuNmKRE85khmEhmbkVkgiUm2qRTMiF8fYr+J3dV23Vs9+ay0qyu4ijCCZzCObhQhyZcQws6QGAMD/AEzxa3Hq0X63XZWrBWM8fwA9bbJ8IEjhA=</latexit><latexit sha1_base64="cJlGQn0mLDU9N9kFtQXXcDaJ+Xw=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqpc2t4MVjxdYW2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNWUNEHA4/3ZpiZFyScKe04H1ZhbX1jc6u4XdrZ3ds/KB8e3ak4lYR2SMxj2QuwopwJ2tFMc9pLJMVRwGk3mF7lfveeSsVi0dazhPoRHgsWMoK1kW6TYXtYrji216jVLhrIsR3Hq3p1QzzPc+suco2SowIrtIbl98EoJmlEhSYcK9V3nUT7GZaaEU7npUGqaILJFI9p31CBI6r8bHHqHJ0ZZYTCWJoSGi3U7xMZjpSaRYHpjLCeqN9eLv7l9VMdNvyMiSTVVJDlojDlSMco/xuNmKRE85khmEhmbkVkgiUm2qRTMiF8fYr+J3dV23Vs9+ay0qyu4ijCCZzCObhQhyZcQws6QGAMD/AEzxa3Hq0X63XZWrBWM8fwA9bbJ8IEjhA=</latexit><latexit sha1_base64="cJlGQn0mLDU9N9kFtQXXcDaJ+Xw=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqpc2t4MVjxdYW2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNWUNEHA4/3ZpiZFyScKe04H1ZhbX1jc6u4XdrZ3ds/KB8e3ak4lYR2SMxj2QuwopwJ2tFMc9pLJMVRwGk3mF7lfveeSsVi0dazhPoRHgsWMoK1kW6TYXtYrji216jVLhrIsR3Hq3p1QzzPc+suco2SowIrtIbl98EoJmlEhSYcK9V3nUT7GZaaEU7npUGqaILJFI9p31CBI6r8bHHqHJ0ZZYTCWJoSGi3U7xMZjpSaRYHpjLCeqN9eLv7l9VMdNvyMiSTVVJDlojDlSMco/xuNmKRE85khmEhmbkVkgiUm2qRTMiF8fYr+J3dV23Vs9+ay0qyu4ijCCZzCObhQhyZcQws6QGAMD/AEzxa3Hq0X63XZWrBWM8fwA9bbJ8IEjhA=</latexit><latexit sha1_base64="cJlGQn0mLDU9N9kFtQXXcDaJ+Xw=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0iqpc2t4MVjxdYW2lA22027dLMJuxuhhP4ELx4U8eov8ua/cdNWUNEHA4/3ZpiZFyScKe04H1ZhbX1jc6u4XdrZ3ds/KB8e3ak4lYR2SMxj2QuwopwJ2tFMc9pLJMVRwGk3mF7lfveeSsVi0dazhPoRHgsWMoK1kW6TYXtYrji216jVLhrIsR3Hq3p1QzzPc+suco2SowIrtIbl98EoJmlEhSYcK9V3nUT7GZaaEU7npUGqaILJFI9p31CBI6r8bHHqHJ0ZZYTCWJoSGi3U7xMZjpSaRYHpjLCeqN9eLv7l9VMdNvyMiSTVVJDlojDlSMco/xuNmKRE85khmEhmbkVkgiUm2qRTMiF8fYr+J3dV23Vs9+ay0qyu4ijCCZzCObhQhyZcQws6QGAMD/AEzxa3Hq0X63XZWrBWM8fwA9bbJ8IEjhA=</latexit>



 [GeV]
T
p

10 15 20 25 30 35 40

 [n
b/

G
eV

]
yd Tpd
σ2 d

) -
µ+

µ
→

(2
S)

ψ(
B

2−10

1−10

1

10

ATLAS
-1 = 5.02 TeV, L = 28 nbNNs+Pb p

* < 1.5y-2.0 < 
(2S)ψPrompt 

(2S)ψNon-prompt 

77

Production cross section results

 [GeV]
T

p
10 15 20 25 30 35 40

  [
nb

/G
eV

]
yd Tpd
σ2 d

) -
µ+

µ
→

(2
S)

ψ(
B

5−10

4−10

3−10

2−10

1−10

1

10
ATLAS

-1 = 5.02 TeV, L = 25 pbs pp
(2S)ψPrompt 

NLO NRQCD
 < 2.00y, 1.50 < 2 10×Data 
 < 1.50y, 0.75 < 1 10×Data 
 < 0.75y, 0.00 < 0 10×Data 

10 15 20 25 30 35 40

D
at

a 
/ T

ho
er

y

1
2
3

 < 0.75y0.00 < 

10 15 20 25 30 35 40

D
at

a 
/ T

ho
er

y

1
2
3

 < 1.50y0.75 < 

 [GeV]
T
p

10 15 20 25 30 35 40

D
at

a 
/ T

he
or

y

0
1
2
3

 < 2.00y1.50 < 

 [GeV]
T

p
10 15 20 25 30 35 40

  [
nb

/G
eV

]
yd Tpd
σ2 d

) -
µ+

µ
→

(2
S)

ψ(
B

5−10

4−10

3−10

2−10

1−10

1

10
ATLAS

-1 = 5.02 TeV, L = 25 pbs pp
(2S)ψNon-Prompt 

FONLL
 < 2.00y, 1.50 < 2 10×Data 
 < 1.50y, 0.75 < 1 10×Data 
 < 0.75y, 0.00 < 0 10×Data 

10 15 20 25 30 35 40

D
at

a 
/ T

ho
er

y

1
2
3

 < 0.75y0.00 < 

10 15 20 25 30 35 40

D
at

a 
/ T

ho
er

y

1
2
3

 < 1.50y0.75 < 

 [GeV]
T
p

10 15 20 25 30 35 40

D
at

a 
/ T

he
or

y

0
1
2
3

 < 2.00y1.50 < 

 (2S)
<latexit sha1_base64="Pp9crFYJ5qh4DarRhp9d82VRPQs=">AAAB+nicdVDLSsNAFJ3UV62vVJduBotQNyGJoa27ohuXFe0DmlAm00k7dPJgZqKU2E9x40IRt36JO//GSVtBRQ8MHM65l3vm+AmjQprmh1ZYWV1b3yhulra2d3b39PJ+R8Qpx6SNYxbzno8EYTQibUklI72EExT6jHT9yUXud28JFzSObuQ0IV6IRhENKEZSSQO97CaCVt0QyTEPM/t6djLQK6Zx1qjZTg2ahmnWLdvKiV13Th1oKSVHBSzRGujv7jDGaUgiiRkSom+ZifQyxCXFjMxKbipIgvAEjUhf0QiFRHjZPPoMHitlCIOYqxdJOFe/b2QoFGIa+moyzyh+e7n4l9dPZdDwMholqSQRXhwKUgZlDPMe4JBygiWbKoIwpyorxGPEEZaqrZIq4eun8H/SsQ3LNKwrp9I8X9ZRBIfgCFSBBeqgCS5BC7QBBnfgATyBZ+1ee9RetNfFaEFb7hyAH9DePgEukpPy</latexit><latexit sha1_base64="Pp9crFYJ5qh4DarRhp9d82VRPQs=">AAAB+nicdVDLSsNAFJ3UV62vVJduBotQNyGJoa27ohuXFe0DmlAm00k7dPJgZqKU2E9x40IRt36JO//GSVtBRQ8MHM65l3vm+AmjQprmh1ZYWV1b3yhulra2d3b39PJ+R8Qpx6SNYxbzno8EYTQibUklI72EExT6jHT9yUXud28JFzSObuQ0IV6IRhENKEZSSQO97CaCVt0QyTEPM/t6djLQK6Zx1qjZTg2ahmnWLdvKiV13Th1oKSVHBSzRGujv7jDGaUgiiRkSom+ZifQyxCXFjMxKbipIgvAEjUhf0QiFRHjZPPoMHitlCIOYqxdJOFe/b2QoFGIa+moyzyh+e7n4l9dPZdDwMholqSQRXhwKUgZlDPMe4JBygiWbKoIwpyorxGPEEZaqrZIq4eun8H/SsQ3LNKwrp9I8X9ZRBIfgCFSBBeqgCS5BC7QBBnfgATyBZ+1ee9RetNfFaEFb7hyAH9DePgEukpPy</latexit><latexit sha1_base64="Pp9crFYJ5qh4DarRhp9d82VRPQs=">AAAB+nicdVDLSsNAFJ3UV62vVJduBotQNyGJoa27ohuXFe0DmlAm00k7dPJgZqKU2E9x40IRt36JO//GSVtBRQ8MHM65l3vm+AmjQprmh1ZYWV1b3yhulra2d3b39PJ+R8Qpx6SNYxbzno8EYTQibUklI72EExT6jHT9yUXud28JFzSObuQ0IV6IRhENKEZSSQO97CaCVt0QyTEPM/t6djLQK6Zx1qjZTg2ahmnWLdvKiV13Th1oKSVHBSzRGujv7jDGaUgiiRkSom+ZifQyxCXFjMxKbipIgvAEjUhf0QiFRHjZPPoMHitlCIOYqxdJOFe/b2QoFGIa+moyzyh+e7n4l9dPZdDwMholqSQRXhwKUgZlDPMe4JBygiWbKoIwpyorxGPEEZaqrZIq4eun8H/SsQ3LNKwrp9I8X9ZRBIfgCFSBBeqgCS5BC7QBBnfgATyBZ+1ee9RetNfFaEFb7hyAH9DePgEukpPy</latexit><latexit sha1_base64="Pp9crFYJ5qh4DarRhp9d82VRPQs=">AAAB+nicdVDLSsNAFJ3UV62vVJduBotQNyGJoa27ohuXFe0DmlAm00k7dPJgZqKU2E9x40IRt36JO//GSVtBRQ8MHM65l3vm+AmjQprmh1ZYWV1b3yhulra2d3b39PJ+R8Qpx6SNYxbzno8EYTQibUklI72EExT6jHT9yUXud28JFzSObuQ0IV6IRhENKEZSSQO97CaCVt0QyTEPM/t6djLQK6Zx1qjZTg2ahmnWLdvKiV13Th1oKSVHBSzRGujv7jDGaUgiiRkSom+ZifQyxCXFjMxKbipIgvAEjUhf0QiFRHjZPPoMHitlCIOYqxdJOFe/b2QoFGIa+moyzyh+e7n4l9dPZdDwMholqSQRXhwKUgZlDPMe4JBygiWbKoIwpyorxGPEEZaqrZIq4eun8H/SsQ3LNKwrp9I8X9ZRBIfgCFSBBeqgCS5BC7QBBnfgATyBZ+1ee9RetNfFaEFb7hyAH9DePgEukpPy</latexit>

*y
2.5− 2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

 [n
b/

G
eV

]
yd Tpd
σ2 d

) -
µ+

µ
→

(2
S)

ψ(
B

0

0.5

1

1.5

2

2.5

3
ATLAS

-1 = 5.02 TeV, L = 28 nbNNs+Pb p
 < 40 GeV

T
p8 < 

(2S)ψPrompt 
(2S)ψNon-prompt 

p+Pb

pp prompt: good agreement with 
NLO NRQCD over full      rangepT
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p+Pb

comparison with ALICE data

pp: NLO NRQCD gives a relatively good description for      > 15 GeV, but overestimates the cross section at lower pT
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<latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit>

prompt and non-prompt        productionJ/ 
<latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit>

compared with         in charged 
particles and D-mesons

RAA
<latexit sha1_base64="UR0W38M255amqRI4/rm9y9Pidr0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMcWLx6r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD49aRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4Zua3n5g2XMkHO0lYEJOh5BGnxDqpdd/P6vVpv1zBVTwHWiV+TiqQo9Evf/UGiqYxk5YKYkzXx4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKTpzygBFSruSFs3V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqkFVo9joacM2oFRNHCNXc3YroiGhCrQuo5ELwl19eJa2Lqo+r/t1lpYbzOIpwAqdwDj5cQQ1uoQFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzIpjs8=</latexit><latexit sha1_base64="UR0W38M255amqRI4/rm9y9Pidr0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMcWLx6r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD49aRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4Zua3n5g2XMkHO0lYEJOh5BGnxDqpdd/P6vVpv1zBVTwHWiV+TiqQo9Evf/UGiqYxk5YKYkzXx4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKTpzygBFSruSFs3V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqkFVo9joacM2oFRNHCNXc3YroiGhCrQuo5ELwl19eJa2Lqo+r/t1lpYbzOIpwAqdwDj5cQQ1uoQFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzIpjs8=</latexit><latexit sha1_base64="UR0W38M255amqRI4/rm9y9Pidr0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMcWLx6r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD49aRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4Zua3n5g2XMkHO0lYEJOh5BGnxDqpdd/P6vVpv1zBVTwHWiV+TiqQo9Evf/UGiqYxk5YKYkzXx4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKTpzygBFSruSFs3V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqkFVo9joacM2oFRNHCNXc3YroiGhCrQuo5ELwl19eJa2Lqo+r/t1lpYbzOIpwAqdwDj5cQQ1uoQFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzIpjs8=</latexit><latexit sha1_base64="UR0W38M255amqRI4/rm9y9Pidr0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMcWLx6r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ3FuNvr7C2vrG5Vdwu7ezu7R+UD49aRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4Zua3n5g2XMkHO0lYEJOh5BGnxDqpdd/P6vVpv1zBVTwHWiV+TiqQo9Evf/UGiqYxk5YKYkzXx4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKTpzygBFSruSFs3V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqkFVo9joacM2oFRNHCNXc3YroiGhCrQuo5ELwl19eJa2Lqo+r/t1lpYbzOIpwAqdwDj5cQQ1uoQFNoPAIz/AKb57yXrx372PRWvDymWP4A+/zBzIpjs8=</latexit>

compared with theoretical models

non-prompt         productionJ/ 
<latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit>

approximately constant

Pb+Pb: production of        has a modest dependancy on rapidityJ/ 
<latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit>

Pb+Pb: production of        as a function of centrality (number of participants)J/ 
<latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit>

strong suppression in central collisions

surprisingly similar pattern for prompt and non-prompt        in Pb+PbJ/ 
<latexit sha1_base64="R5svDWfE1WiZVdAsQIPXSza5GdY=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjPV0s6u4EZcVbAPaIeSSTNtbCYZkoxQSv/BjQtF3Po/7vwbM20FFT1w4XDOvdx7T5hwpg1CH05uZXVtfSO/Wdja3tndK+4ftLRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD8WXmt++p0kyKWzNJaBDjoWARI9hYqXV91ks06xdLyPVrlcp5DSIXIb/sVy3xfd+retCzSoYSWKLRL773BpKkMRWGcKx110OJCaZYGUY4nRV6qaYJJmM8pF1LBY6pDqbza2fwxCoDGEllSxg4V79PTHGs9SQObWeMzUj/9jLxL6+bmqgWTJlIUkMFWSyKUg6NhNnrcMAUJYZPLMFEMXsrJCOsMDE2oIIN4etT+D9plV0Pud7NRamOlnHkwRE4BqfAA1VQB1egAZqAgDvwAJ7AsyOdR+fFeV205pzlzCH4AeftE7SUjyo=</latexit><latexit sha1_base64="R5svDWfE1WiZVdAsQIPXSza5GdY=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjPV0s6u4EZcVbAPaIeSSTNtbCYZkoxQSv/BjQtF3Po/7vwbM20FFT1w4XDOvdx7T5hwpg1CH05uZXVtfSO/Wdja3tndK+4ftLRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD8WXmt++p0kyKWzNJaBDjoWARI9hYqXV91ks06xdLyPVrlcp5DSIXIb/sVy3xfd+retCzSoYSWKLRL773BpKkMRWGcKx110OJCaZYGUY4nRV6qaYJJmM8pF1LBY6pDqbza2fwxCoDGEllSxg4V79PTHGs9SQObWeMzUj/9jLxL6+bmqgWTJlIUkMFWSyKUg6NhNnrcMAUJYZPLMFEMXsrJCOsMDE2oIIN4etT+D9plV0Pud7NRamOlnHkwRE4BqfAA1VQB1egAZqAgDvwAJ7AsyOdR+fFeV205pzlzCH4AeftE7SUjyo=</latexit><latexit sha1_base64="R5svDWfE1WiZVdAsQIPXSza5GdY=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjPV0s6u4EZcVbAPaIeSSTNtbCYZkoxQSv/BjQtF3Po/7vwbM20FFT1w4XDOvdx7T5hwpg1CH05uZXVtfSO/Wdja3tndK+4ftLRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD8WXmt++p0kyKWzNJaBDjoWARI9hYqXV91ks06xdLyPVrlcp5DSIXIb/sVy3xfd+retCzSoYSWKLRL773BpKkMRWGcKx110OJCaZYGUY4nRV6qaYJJmM8pF1LBY6pDqbza2fwxCoDGEllSxg4V79PTHGs9SQObWeMzUj/9jLxL6+bmqgWTJlIUkMFWSyKUg6NhNnrcMAUJYZPLMFEMXsrJCOsMDE2oIIN4etT+D9plV0Pud7NRamOlnHkwRE4BqfAA1VQB1egAZqAgDvwAJ7AsyOdR+fFeV205pzlzCH4AeftE7SUjyo=</latexit><latexit sha1_base64="R5svDWfE1WiZVdAsQIPXSza5GdY=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjPV0s6u4EZcVbAPaIeSSTNtbCYZkoxQSv/BjQtF3Po/7vwbM20FFT1w4XDOvdx7T5hwpg1CH05uZXVtfSO/Wdja3tndK+4ftLRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD8WXmt++p0kyKWzNJaBDjoWARI9hYqXV91ks06xdLyPVrlcp5DSIXIb/sVy3xfd+retCzSoYSWKLRL773BpKkMRWGcKx110OJCaZYGUY4nRV6qaYJJmM8pF1LBY6pDqbza2fwxCoDGEllSxg4V79PTHGs9SQObWeMzUj/9jLxL6+bmqgWTJlIUkMFWSyKUg6NhNnrcMAUJYZPLMFEMXsrJCOsMDE2oIIN4etT+D9plV0Pud7NRamOlnHkwRE4BqfAA1VQB1egAZqAgDvwAJ7AsyOdR+fFeV205pzlzCH4AeftE7SUjyo=</latexit>

J/ 
<latexit sha1_base64="ILuEUF/BT3kni/8zw67B7cggYmg=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9zE0NZb0Yt4qmBroQ1ls920azfZsLsRSuh/8OJBEa/+H2/+GzdtBRV9MPB4b4aZeUHCmdIIfViFpeWV1bXiemljc2t7p7y711YilYS2iOBCdgKsKGcxbWmmOe0kkuIo4PQ2GF/k/u09lYqJ+EZPEupHeBizkBGsjdS+OuklivXLFWSf1auuV4XIRqjmuE5O3Jp36kHHKDkqYIFmv/zeGwiSRjTWhGOlug5KtJ9hqRnhdFrqpYommIzxkHYNjXFElZ/Nrp3CI6MMYCikqVjDmfp9IsORUpMoMJ0R1iP128vFv7xuqsO6n7E4STWNyXxRmHKoBcxfhwMmKdF8YggmkplbIRlhiYk2AZVMCF+fwv9J27UdZDvXXqVxvoijCA7AITgGDqiBBrgETdACBNyBB/AEni1hPVov1uu8tWAtZvbBD1hvn4fFjxk=</latexit><latexit sha1_base64="ILuEUF/BT3kni/8zw67B7cggYmg=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9zE0NZb0Yt4qmBroQ1ls920azfZsLsRSuh/8OJBEa/+H2/+GzdtBRV9MPB4b4aZeUHCmdIIfViFpeWV1bXiemljc2t7p7y711YilYS2iOBCdgKsKGcxbWmmOe0kkuIo4PQ2GF/k/u09lYqJ+EZPEupHeBizkBGsjdS+OuklivXLFWSf1auuV4XIRqjmuE5O3Jp36kHHKDkqYIFmv/zeGwiSRjTWhGOlug5KtJ9hqRnhdFrqpYommIzxkHYNjXFElZ/Nrp3CI6MMYCikqVjDmfp9IsORUpMoMJ0R1iP128vFv7xuqsO6n7E4STWNyXxRmHKoBcxfhwMmKdF8YggmkplbIRlhiYk2AZVMCF+fwv9J27UdZDvXXqVxvoijCA7AITgGDqiBBrgETdACBNyBB/AEni1hPVov1uu8tWAtZvbBD1hvn4fFjxk=</latexit><latexit sha1_base64="ILuEUF/BT3kni/8zw67B7cggYmg=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9zE0NZb0Yt4qmBroQ1ls920azfZsLsRSuh/8OJBEa/+H2/+GzdtBRV9MPB4b4aZeUHCmdIIfViFpeWV1bXiemljc2t7p7y711YilYS2iOBCdgKsKGcxbWmmOe0kkuIo4PQ2GF/k/u09lYqJ+EZPEupHeBizkBGsjdS+OuklivXLFWSf1auuV4XIRqjmuE5O3Jp36kHHKDkqYIFmv/zeGwiSRjTWhGOlug5KtJ9hqRnhdFrqpYommIzxkHYNjXFElZ/Nrp3CI6MMYCikqVjDmfp9IsORUpMoMJ0R1iP128vFv7xuqsO6n7E4STWNyXxRmHKoBcxfhwMmKdF8YggmkplbIRlhiYk2AZVMCF+fwv9J27UdZDvXXqVxvoijCA7AITgGDqiBBrgETdACBNyBB/AEni1hPVov1uu8tWAtZvbBD1hvn4fFjxk=</latexit><latexit sha1_base64="ILuEUF/BT3kni/8zw67B7cggYmg=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9zE0NZb0Yt4qmBroQ1ls920azfZsLsRSuh/8OJBEa/+H2/+GzdtBRV9MPB4b4aZeUHCmdIIfViFpeWV1bXiemljc2t7p7y711YilYS2iOBCdgKsKGcxbWmmOe0kkuIo4PQ2GF/k/u09lYqJ+EZPEupHeBizkBGsjdS+OuklivXLFWSf1auuV4XIRqjmuE5O3Jp36kHHKDkqYIFmv/zeGwiSRjTWhGOlug5KtJ9hqRnhdFrqpYommIzxkHYNjXFElZ/Nrp3CI6MMYCikqVjDmfp9IsORUpMoMJ0R1iP128vFv7xuqsO6n7E4STWNyXxRmHKoBcxfhwMmKdF8YggmkplbIRlhiYk2AZVMCF+fwv9J27UdZDvXXqVxvoijCA7AITgGDqiBBrgETdACBNyBB/AEni1hPVov1uu8tWAtZvbBD1hvn4fFjxk=</latexit>

p+Pb: both prompt and non-prompt J/ RpPb
<latexit sha1_base64="V6pGHAOqKcKHz79K8RwR51+TYHc=">AAACA3icdZDLSgMxFIYz9VbrrepON8EiuBozpdbWVcGNuKpiL9AZhkyaaUMzF5KMUIaCG1/FjQtF3PoS7nwbM20FFf0h8POdc8g5vxdzJhVCH0ZuYXFpeSW/Wlhb39jcKm7vtGWUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHG51n9c4tFZJF4Y0ax9QJ8CBkPiNYaeQW9y6P7VgyaJ/BazeN7QCroQjSpjeZuMUSMk+QVa9WITIRsio1S5t6vaYhtDTJVAJzNd3iu92PSBLQUBGOpexZKFZOioVihNNJwU4kjTEZ4QHtaRvigEonnd4wgYea9KEfCf1CBaf0+0SKAynHgac7sx3l71oG/6r1EuXXnJSFcaJoSGYf+QmHKoJZILDPBCWKj7XBRDC9KyRDLDBROraCDuHrUvi/aZdNC5nWVaXUKM/jyIN9cACOgAVOQQNcgCZoAQLuwAN4As/GvfFovBivs9acMZ/ZBT9kvH0CryCXhw==</latexit><latexit sha1_base64="V6pGHAOqKcKHz79K8RwR51+TYHc=">AAACA3icdZDLSgMxFIYz9VbrrepON8EiuBozpdbWVcGNuKpiL9AZhkyaaUMzF5KMUIaCG1/FjQtF3PoS7nwbM20FFf0h8POdc8g5vxdzJhVCH0ZuYXFpeSW/Wlhb39jcKm7vtGWUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHG51n9c4tFZJF4Y0ax9QJ8CBkPiNYaeQW9y6P7VgyaJ/BazeN7QCroQjSpjeZuMUSMk+QVa9WITIRsio1S5t6vaYhtDTJVAJzNd3iu92PSBLQUBGOpexZKFZOioVihNNJwU4kjTEZ4QHtaRvigEonnd4wgYea9KEfCf1CBaf0+0SKAynHgac7sx3l71oG/6r1EuXXnJSFcaJoSGYf+QmHKoJZILDPBCWKj7XBRDC9KyRDLDBROraCDuHrUvi/aZdNC5nWVaXUKM/jyIN9cACOgAVOQQNcgCZoAQLuwAN4As/GvfFovBivs9acMZ/ZBT9kvH0CryCXhw==</latexit><latexit sha1_base64="V6pGHAOqKcKHz79K8RwR51+TYHc=">AAACA3icdZDLSgMxFIYz9VbrrepON8EiuBozpdbWVcGNuKpiL9AZhkyaaUMzF5KMUIaCG1/FjQtF3PoS7nwbM20FFf0h8POdc8g5vxdzJhVCH0ZuYXFpeSW/Wlhb39jcKm7vtGWUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHG51n9c4tFZJF4Y0ax9QJ8CBkPiNYaeQW9y6P7VgyaJ/BazeN7QCroQjSpjeZuMUSMk+QVa9WITIRsio1S5t6vaYhtDTJVAJzNd3iu92PSBLQUBGOpexZKFZOioVihNNJwU4kjTEZ4QHtaRvigEonnd4wgYea9KEfCf1CBaf0+0SKAynHgac7sx3l71oG/6r1EuXXnJSFcaJoSGYf+QmHKoJZILDPBCWKj7XBRDC9KyRDLDBROraCDuHrUvi/aZdNC5nWVaXUKM/jyIN9cACOgAVOQQNcgCZoAQLuwAN4As/GvfFovBivs9acMZ/ZBT9kvH0CryCXhw==</latexit><latexit sha1_base64="V6pGHAOqKcKHz79K8RwR51+TYHc=">AAACA3icdZDLSgMxFIYz9VbrrepON8EiuBozpdbWVcGNuKpiL9AZhkyaaUMzF5KMUIaCG1/FjQtF3PoS7nwbM20FFf0h8POdc8g5vxdzJhVCH0ZuYXFpeSW/Wlhb39jcKm7vtGWUCEJbJOKR6HpYUs5C2lJMcdqNBcWBx2nHG51n9c4tFZJF4Y0ax9QJ8CBkPiNYaeQW9y6P7VgyaJ/BazeN7QCroQjSpjeZuMUSMk+QVa9WITIRsio1S5t6vaYhtDTJVAJzNd3iu92PSBLQUBGOpexZKFZOioVihNNJwU4kjTEZ4QHtaRvigEonnd4wgYea9KEfCf1CBaf0+0SKAynHgac7sx3l71oG/6r1EuXXnJSFcaJoSGYf+QmHKoJZILDPBCWKj7XBRDC9KyRDLDBROraCDuHrUvi/aZdNC5nWVaXUKM/jyIN9cACOgAVOQQNcgCZoAQLuwAN4As/GvfFovBivs9acMZ/ZBT9kvH0CryCXhw==</latexit>

consistent with unity across the entire      range and rapiditypT
<latexit sha1_base64="aSpxFwxKFLNugziRobs11m4OOgk=">AAAB6nicdZDLSgMxFIbPeK31VnXpJlgEV0NSam13BTcuK/YG7VAyadqGZi4kGaEMfQQ3LhRx6xO5823MtBVU9IfAz3fOIef8fiyFNhh/OGvrG5tb27md/O7e/sFh4ei4raNEMd5ikYxU16eaSxHylhFG8m6sOA18yTv+9Dqrd+650iIKm2YWcy+g41CMBKPGort40BwUiti9xKRWqSDsYkzKVWJNrVa1EBFLMhVhpcag8N4fRiwJeGiYpFr3CI6Nl1JlBJN8nu8nmseUTemY96wNacC1ly5WnaNzS4ZoFCn7QoMW9PtESgOtZ4FvOwNqJvp3LYN/1XqJGVW9VIRxYnjIlh+NEolMhLK70VAozoycWUOZEnZXxCZUUWZsOnkbwtel6H/TLrkEu+S2XKyXVnHk4BTO4AIIXEEdbqABLWAwhgd4gmdHOo/Oi/O6bF1zVjMn8EPO2yeZOY30</latexit><latexit sha1_base64="aSpxFwxKFLNugziRobs11m4OOgk=">AAAB6nicdZDLSgMxFIbPeK31VnXpJlgEV0NSam13BTcuK/YG7VAyadqGZi4kGaEMfQQ3LhRx6xO5823MtBVU9IfAz3fOIef8fiyFNhh/OGvrG5tb27md/O7e/sFh4ei4raNEMd5ikYxU16eaSxHylhFG8m6sOA18yTv+9Dqrd+650iIKm2YWcy+g41CMBKPGort40BwUiti9xKRWqSDsYkzKVWJNrVa1EBFLMhVhpcag8N4fRiwJeGiYpFr3CI6Nl1JlBJN8nu8nmseUTemY96wNacC1ly5WnaNzS4ZoFCn7QoMW9PtESgOtZ4FvOwNqJvp3LYN/1XqJGVW9VIRxYnjIlh+NEolMhLK70VAozoycWUOZEnZXxCZUUWZsOnkbwtel6H/TLrkEu+S2XKyXVnHk4BTO4AIIXEEdbqABLWAwhgd4gmdHOo/Oi/O6bF1zVjMn8EPO2yeZOY30</latexit><latexit sha1_base64="aSpxFwxKFLNugziRobs11m4OOgk=">AAAB6nicdZDLSgMxFIbPeK31VnXpJlgEV0NSam13BTcuK/YG7VAyadqGZi4kGaEMfQQ3LhRx6xO5823MtBVU9IfAz3fOIef8fiyFNhh/OGvrG5tb27md/O7e/sFh4ei4raNEMd5ikYxU16eaSxHylhFG8m6sOA18yTv+9Dqrd+650iIKm2YWcy+g41CMBKPGort40BwUiti9xKRWqSDsYkzKVWJNrVa1EBFLMhVhpcag8N4fRiwJeGiYpFr3CI6Nl1JlBJN8nu8nmseUTemY96wNacC1ly5WnaNzS4ZoFCn7QoMW9PtESgOtZ4FvOwNqJvp3LYN/1XqJGVW9VIRxYnjIlh+NEolMhLK70VAozoycWUOZEnZXxCZUUWZsOnkbwtel6H/TLrkEu+S2XKyXVnHk4BTO4AIIXEEdbqABLWAwhgd4gmdHOo/Oi/O6bF1zVjMn8EPO2yeZOY30</latexit><latexit sha1_base64="aSpxFwxKFLNugziRobs11m4OOgk=">AAAB6nicdZDLSgMxFIbPeK31VnXpJlgEV0NSam13BTcuK/YG7VAyadqGZi4kGaEMfQQ3LhRx6xO5823MtBVU9IfAz3fOIef8fiyFNhh/OGvrG5tb27md/O7e/sFh4ei4raNEMd5ikYxU16eaSxHylhFG8m6sOA18yTv+9Dqrd+650iIKm2YWcy+g41CMBKPGort40BwUiti9xKRWqSDsYkzKVWJNrVa1EBFLMhVhpcag8N4fRiwJeGiYpFr3CI6Nl1JlBJN8nu8nmseUTemY96wNacC1ly5WnaNzS4ZoFCn7QoMW9PtESgOtZ4FvOwNqJvp3LYN/1XqJGVW9VIRxYnjIlh+NEolMhLK70VAozoycWUOZEnZXxCZUUWZsOnkbwtel6H/TLrkEu+S2XKyXVnHk4BTO4AIIXEEdbqABLWAwhgd4gmdHOo/Oi/O6bF1zVjMn8EPO2yeZOY30</latexit>

small increase in         with increasingRAA
<latexit sha1_base64="dVlyLH9JymDYUuClGX+NZHYnHCg=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Zotd21uHFZxT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YPgQVPXDhcM693HtPmHCmDUIfzsrq2vrGZm4rv72zu7dfODhsaZkqQptEcqk6IdaUM0GbhhlOO4miOA45bYfjy5nfvqdKMyluzSShQYyHgkWMYGOl1k0/q9en/UIRucivlEs+RK5fRlWvakkZedXzEvRcNEcRLNHoF957A0nSmApDONa666HEBBlWhhFOp/leqmmCyRgPaddSgWOqg2x+7RSeWmUAI6lsCQPn6veJDMdaT+LQdsbYjPRvbyb+5XVTE1WCjIkkNVSQxaIo5dBIOHsdDpiixPCJJZgoZm+FZIQVJsYGlLchfH0K/yct3/WQ612XijV/GUcOHIMTcAY8cAFq4Ao0QBMQcAcewBN4dqTz6Lw4r4vWFWc5cwR+wHn7BJqyjxk=</latexit><latexit sha1_base64="dVlyLH9JymDYUuClGX+NZHYnHCg=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Zotd21uHFZxT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YPgQVPXDhcM693HtPmHCmDUIfzsrq2vrGZm4rv72zu7dfODhsaZkqQptEcqk6IdaUM0GbhhlOO4miOA45bYfjy5nfvqdKMyluzSShQYyHgkWMYGOl1k0/q9en/UIRucivlEs+RK5fRlWvakkZedXzEvRcNEcRLNHoF957A0nSmApDONa666HEBBlWhhFOp/leqmmCyRgPaddSgWOqg2x+7RSeWmUAI6lsCQPn6veJDMdaT+LQdsbYjPRvbyb+5XVTE1WCjIkkNVSQxaIo5dBIOHsdDpiixPCJJZgoZm+FZIQVJsYGlLchfH0K/yct3/WQ612XijV/GUcOHIMTcAY8cAFq4Ao0QBMQcAcewBN4dqTz6Lw4r4vWFWc5cwR+wHn7BJqyjxk=</latexit><latexit sha1_base64="dVlyLH9JymDYUuClGX+NZHYnHCg=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Zotd21uHFZxT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YPgQVPXDhcM693HtPmHCmDUIfzsrq2vrGZm4rv72zu7dfODhsaZkqQptEcqk6IdaUM0GbhhlOO4miOA45bYfjy5nfvqdKMyluzSShQYyHgkWMYGOl1k0/q9en/UIRucivlEs+RK5fRlWvakkZedXzEvRcNEcRLNHoF957A0nSmApDONa666HEBBlWhhFOp/leqmmCyRgPaddSgWOqg2x+7RSeWmUAI6lsCQPn6veJDMdaT+LQdsbYjPRvbyb+5XVTE1WCjIkkNVSQxaIo5dBIOHsdDpiixPCJJZgoZm+FZIQVJsYGlLchfH0K/yct3/WQ612XijV/GUcOHIMTcAY8cAFq4Ao0QBMQcAcewBN4dqTz6Lw4r4vWFWc5cwR+wHn7BJqyjxk=</latexit><latexit sha1_base64="dVlyLH9JymDYUuClGX+NZHYnHCg=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Zotd21uHFZxT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YPgQVPXDhcM693HtPmHCmDUIfzsrq2vrGZm4rv72zu7dfODhsaZkqQptEcqk6IdaUM0GbhhlOO4miOA45bYfjy5nfvqdKMyluzSShQYyHgkWMYGOl1k0/q9en/UIRucivlEs+RK5fRlWvakkZedXzEvRcNEcRLNHoF957A0nSmApDONa666HEBBlWhhFOp/leqmmCyRgPaddSgWOqg2x+7RSeWmUAI6lsCQPn6veJDMdaT+LQdsbYjPRvbyb+5XVTE1WCjIkkNVSQxaIo5dBIOHsdDpiixPCJJZgoZm+FZIQVJsYGlLchfH0K/yct3/WQ612XijV/GUcOHIMTcAY8cAFq4Ao0QBMQcAcewBN4dqTz6Lw4r4vWFWc5cwR+wHn7BJqyjxk=</latexit>

J/ 
<latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit><latexit sha1_base64="TPHrH0SX8yl7KNCufINZtuaGLBU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNDq+2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5CK/Win7ELl+BdW8miUV5NXOy9Bz0RwlsESjX3zvDSRJYyoM4VjrrocSE2RYGUY4nRZ6qaYJJmM8pF1LBY6pDrL5tVN4YpUBjKSyJQycq98nMhxrPYlD2xljM9K/vZn4l9dNTVQNMiaS1FBBFouilEMj4ex1OGCKEsMnlmCimL0VkhFWmBgbUMGG8PUp/J+0fNdDrndTLtX9ZRx5cASOwSnwwAWogyvQAE1AwB14AE/g2ZHOo/PivC5ac85y5hD8gPP2CYrVjw8=</latexit>

in prompt         production
pT

<latexit sha1_base64="aGuQsw5yyk7/xPGGVYcNC5yjw9U=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNLoskt4MVjxLwgWcLsZDYZMju7zMwKIeQTvHhQxKtf5M2/cfIQVLSgoajqprsrTAXXBuMPZ219Y3NrO7eT393bPzgsHB23dJIpypo0EYnqhEQzwSVrGm4E66SKkTgUrB2Or+d++54pzRPZMJOUBTEZSh5xSoyV7tJ+o18oYhf7lXLJR9j1y7jqVS0pY696WUKeixcowgr1fuG9N0hoFjNpqCBadz2cmmBKlOFUsFm+l2mWEjomQ9a1VJKY6WC6OHWGzq0yQFGibEmDFur3iSmJtZ7Eoe2MiRnp395c/MvrZiaqBFMu08wwSZeLokwgk6D532jAFaNGTCwhVHF7K6Ijogg1Np28DeHrU/Q/afmuh13vtlSs+as4cnAKZ3ABHlxBDW6gDk2gMIQHeIJnRziPzovzumxdc1YzJ/ADztsnl6uN8w==</latexit><latexit sha1_base64="aGuQsw5yyk7/xPGGVYcNC5yjw9U=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNLoskt4MVjxLwgWcLsZDYZMju7zMwKIeQTvHhQxKtf5M2/cfIQVLSgoajqprsrTAXXBuMPZ219Y3NrO7eT393bPzgsHB23dJIpypo0EYnqhEQzwSVrGm4E66SKkTgUrB2Or+d++54pzRPZMJOUBTEZSh5xSoyV7tJ+o18oYhf7lXLJR9j1y7jqVS0pY696WUKeixcowgr1fuG9N0hoFjNpqCBadz2cmmBKlOFUsFm+l2mWEjomQ9a1VJKY6WC6OHWGzq0yQFGibEmDFur3iSmJtZ7Eoe2MiRnp395c/MvrZiaqBFMu08wwSZeLokwgk6D532jAFaNGTCwhVHF7K6Ijogg1Np28DeHrU/Q/afmuh13vtlSs+as4cnAKZ3ABHlxBDW6gDk2gMIQHeIJnRziPzovzumxdc1YzJ/ADztsnl6uN8w==</latexit><latexit sha1_base64="aGuQsw5yyk7/xPGGVYcNC5yjw9U=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNLoskt4MVjxLwgWcLsZDYZMju7zMwKIeQTvHhQxKtf5M2/cfIQVLSgoajqprsrTAXXBuMPZ219Y3NrO7eT393bPzgsHB23dJIpypo0EYnqhEQzwSVrGm4E66SKkTgUrB2Or+d++54pzRPZMJOUBTEZSh5xSoyV7tJ+o18oYhf7lXLJR9j1y7jqVS0pY696WUKeixcowgr1fuG9N0hoFjNpqCBadz2cmmBKlOFUsFm+l2mWEjomQ9a1VJKY6WC6OHWGzq0yQFGibEmDFur3iSmJtZ7Eoe2MiRnp395c/MvrZiaqBFMu08wwSZeLokwgk6D532jAFaNGTCwhVHF7K6Ijogg1Np28DeHrU/Q/afmuh13vtlSs+as4cnAKZ3ABHlxBDW6gDk2gMIQHeIJnRziPzovzumxdc1YzJ/ADztsnl6uN8w==</latexit><latexit sha1_base64="aGuQsw5yyk7/xPGGVYcNC5yjw9U=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbNLoskt4MVjxLwgWcLsZDYZMju7zMwKIeQTvHhQxKtf5M2/cfIQVLSgoajqprsrTAXXBuMPZ219Y3NrO7eT393bPzgsHB23dJIpypo0EYnqhEQzwSVrGm4E66SKkTgUrB2Or+d++54pzRPZMJOUBTEZSh5xSoyV7tJ+o18oYhf7lXLJR9j1y7jqVS0pY696WUKeixcowgr1fuG9N0hoFjNpqCBadz2cmmBKlOFUsFm+l2mWEjomQ9a1VJKY6WC6OHWGzq0yQFGibEmDFur3iSmJtZ7Eoe2MiRnp395c/MvrZiaqBFMu08wwSZeLokwgk6D532jAFaNGTCwhVHF7K6Ijogg1Np28DeHrU/Q/afmuh13vtlSs+as4cnAKZ3ABHlxBDW6gDk2gMIQHeIJnRziPzovzumxdc1YzJ/ADztsnl6uN8w==</latexit>
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Nuclear modification factor results

 [GeV]
T
p

0 5 10 15 20 25 30 35 40

pP
b

R

0

0.5

1

1.5

2
-1 = 5.02 TeV, L = 28 nbNNs+Pb, p

-1 = 5.02 TeV, L = 25 pbs, pp

ATLAS
(1S)ϒ

-2.0 < y* < 1.5

*y
2− 1− 0 1 2

pP
b

R

0

0.5

1

1.5

2
-1 = 5.02 TeV, L = 28 nbNNs+Pb, p

-1 = 5.02 TeV, L = 25 pbs, pp

ATLAS
(1S)ϒ

 < 40 GeV
T
p

 [GeV]
T
p

0 5 10 15 20 25 30 35 40

pP
b

R

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8
ATLAS

 = 5.02 TeVs, ppATLAS 
 < 2.0y, -1L = 25 pb

 = 5.02 TeVNNs+Pb, pATLAS 
, -2.0 < y* < 1.5-1L = 28 nb

(1S)ϒ

ψPrompt J/

 = 5.02 TeVNNs+Pb, pALICE 
, -1.37 < y* < 0.43-1bµL = 51 
ψInclusive J/

*y
4− 2− 0 2 4

pP
b

R

0

0.5

1

1.5

2
ATLAS

 = 5.02 TeVNNs+Pb, p
(1S)ϒ

 < 40 GeV
T
pATLAS, 

 < 15 GeV
T
pLHCb,  

 > 0 GeV
T
pALICE, 

Comover Interaction
E. Ferreiro, Phys. Lett. B 731(2014)57

no significant rapidity 
dependence observed

⌥(1S)
<latexit sha1_base64="NiErNwY7v+3z2tXErJLhLvtBkHU=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBahXkISQ1tvRS8eK5paaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk1bQUUfDDzem2FmXpgyKpVlfRilldW19Y3yZmVre2d3r7p/0JVJJjDxcMIS0QuRJIxy4imqGOmlgqA4ZOQunFwW/t09EZIm/FZNUxLEaMRpRDFSWvJ9L5WUJbxu35wOqjXLPG81HLcBLdOymrZjF8RpumcutLVSoAaW6Ayq7/4wwVlMuMIMSdm3rVQFORKKYkZmFT+TJEV4gkakrylHMZFBPr95Bk+0MoRRInRxBefq94kcxVJO41B3xkiN5W+vEP/y+pmKWkFOeZopwvFiUZQxqBJYBACHVBCs2FQThAXVt0I8RgJhpWOq6BC+PoX/k65j2pZpX7u19sUyjjI4AsegDmzQBG1wBTrAAxik4AE8gWcjMx6NF+N10VoyljOH4AeMt095S5FP</latexit><latexit sha1_base64="NiErNwY7v+3z2tXErJLhLvtBkHU=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBahXkISQ1tvRS8eK5paaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk1bQUUfDDzem2FmXpgyKpVlfRilldW19Y3yZmVre2d3r7p/0JVJJjDxcMIS0QuRJIxy4imqGOmlgqA4ZOQunFwW/t09EZIm/FZNUxLEaMRpRDFSWvJ9L5WUJbxu35wOqjXLPG81HLcBLdOymrZjF8RpumcutLVSoAaW6Ayq7/4wwVlMuMIMSdm3rVQFORKKYkZmFT+TJEV4gkakrylHMZFBPr95Bk+0MoRRInRxBefq94kcxVJO41B3xkiN5W+vEP/y+pmKWkFOeZopwvFiUZQxqBJYBACHVBCs2FQThAXVt0I8RgJhpWOq6BC+PoX/k65j2pZpX7u19sUyjjI4AsegDmzQBG1wBTrAAxik4AE8gWcjMx6NF+N10VoyljOH4AeMt095S5FP</latexit><latexit sha1_base64="NiErNwY7v+3z2tXErJLhLvtBkHU=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBahXkISQ1tvRS8eK5paaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk1bQUUfDDzem2FmXpgyKpVlfRilldW19Y3yZmVre2d3r7p/0JVJJjDxcMIS0QuRJIxy4imqGOmlgqA4ZOQunFwW/t09EZIm/FZNUxLEaMRpRDFSWvJ9L5WUJbxu35wOqjXLPG81HLcBLdOymrZjF8RpumcutLVSoAaW6Ayq7/4wwVlMuMIMSdm3rVQFORKKYkZmFT+TJEV4gkakrylHMZFBPr95Bk+0MoRRInRxBefq94kcxVJO41B3xkiN5W+vEP/y+pmKWkFOeZopwvFiUZQxqBJYBACHVBCs2FQThAXVt0I8RgJhpWOq6BC+PoX/k65j2pZpX7u19sUyjjI4AsegDmzQBG1wBTrAAxik4AE8gWcjMx6NF+N10VoyljOH4AeMt095S5FP</latexit><latexit sha1_base64="NiErNwY7v+3z2tXErJLhLvtBkHU=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBahXkISQ1tvRS8eK5paaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk1bQUUfDDzem2FmXpgyKpVlfRilldW19Y3yZmVre2d3r7p/0JVJJjDxcMIS0QuRJIxy4imqGOmlgqA4ZOQunFwW/t09EZIm/FZNUxLEaMRpRDFSWvJ9L5WUJbxu35wOqjXLPG81HLcBLdOymrZjF8RpumcutLVSoAaW6Ayq7/4wwVlMuMIMSdm3rVQFORKKYkZmFT+TJEV4gkakrylHMZFBPr95Bk+0MoRRInRxBefq94kcxVJO41B3xkiN5W+vEP/y+pmKWkFOeZopwvFiUZQxqBJYBACHVBCs2FQThAXVt0I8RgJhpWOq6BC+PoX/k65j2pZpX7u19sUyjjI4AsegDmzQBG1wBTrAAxik4AE8gWcjMx6NF+N10VoyljOH4AeMt095S5FP</latexit>

comparison with ALICE data comparison with ALICE and LHCb data

p+Pb:             production suppressed at 
low      (< 15 GeV) and increases with     

⌥(1S)
<latexit sha1_base64="pFGJZHaMUJsH3sJVvkmTyJXaZb0=">AAAB83icdZDNSgMxFIUz9a/Wv6pLN8Ei1E1JSq3truDGZUWnLXRKyaSZNjSTGZKMUIa+hhsXirj1Zdz5NmbaCip6IHD47r3cm+PHgmuD0IeTW1vf2NzKbxd2dvf2D4qHRx0dJYoyl0YiUj2faCa4ZK7hRrBerBgJfcG6/vQqq3fvmdI8kndmFrNBSMaSB5wSY5HnubHmIpJlfHs+LJZQ5QLhZr0OUQUhXGtga5rNhoUQW5KpBFZqD4vv3iiiScikoYJo3ccoNoOUKMOpYPOCl2gWEzolY9a3VpKQ6UG6uHkOzywZwSBS9kkDF/T7REpCrWehbztDYib6dy2Df9X6iQkag5TLODFM0uWiIBHQRDALAI64YtSImTWEKm5vhXRCFKHGxlSwIXz9FP5vOtUKRhV8Uyu1qqs48uAEnIIywOAStMA1aAMXUBCDB/AEnp3EeXRenNdla85ZzRyDH3LePgF96ZFG</latexit><latexit sha1_base64="pFGJZHaMUJsH3sJVvkmTyJXaZb0=">AAAB83icdZDNSgMxFIUz9a/Wv6pLN8Ei1E1JSq3truDGZUWnLXRKyaSZNjSTGZKMUIa+hhsXirj1Zdz5NmbaCip6IHD47r3cm+PHgmuD0IeTW1vf2NzKbxd2dvf2D4qHRx0dJYoyl0YiUj2faCa4ZK7hRrBerBgJfcG6/vQqq3fvmdI8kndmFrNBSMaSB5wSY5HnubHmIpJlfHs+LJZQ5QLhZr0OUQUhXGtga5rNhoUQW5KpBFZqD4vv3iiiScikoYJo3ccoNoOUKMOpYPOCl2gWEzolY9a3VpKQ6UG6uHkOzywZwSBS9kkDF/T7REpCrWehbztDYib6dy2Df9X6iQkag5TLODFM0uWiIBHQRDALAI64YtSImTWEKm5vhXRCFKHGxlSwIXz9FP5vOtUKRhV8Uyu1qqs48uAEnIIywOAStMA1aAMXUBCDB/AEnp3EeXRenNdla85ZzRyDH3LePgF96ZFG</latexit><latexit sha1_base64="pFGJZHaMUJsH3sJVvkmTyJXaZb0=">AAAB83icdZDNSgMxFIUz9a/Wv6pLN8Ei1E1JSq3truDGZUWnLXRKyaSZNjSTGZKMUIa+hhsXirj1Zdz5NmbaCip6IHD47r3cm+PHgmuD0IeTW1vf2NzKbxd2dvf2D4qHRx0dJYoyl0YiUj2faCa4ZK7hRrBerBgJfcG6/vQqq3fvmdI8kndmFrNBSMaSB5wSY5HnubHmIpJlfHs+LJZQ5QLhZr0OUQUhXGtga5rNhoUQW5KpBFZqD4vv3iiiScikoYJo3ccoNoOUKMOpYPOCl2gWEzolY9a3VpKQ6UG6uHkOzywZwSBS9kkDF/T7REpCrWehbztDYib6dy2Df9X6iQkag5TLODFM0uWiIBHQRDALAI64YtSImTWEKm5vhXRCFKHGxlSwIXz9FP5vOtUKRhV8Uyu1qqs48uAEnIIywOAStMA1aAMXUBCDB/AEnp3EeXRenNdla85ZzRyDH3LePgF96ZFG</latexit><latexit sha1_base64="pFGJZHaMUJsH3sJVvkmTyJXaZb0=">AAAB83icdZDNSgMxFIUz9a/Wv6pLN8Ei1E1JSq3truDGZUWnLXRKyaSZNjSTGZKMUIa+hhsXirj1Zdz5NmbaCip6IHD47r3cm+PHgmuD0IeTW1vf2NzKbxd2dvf2D4qHRx0dJYoyl0YiUj2faCa4ZK7hRrBerBgJfcG6/vQqq3fvmdI8kndmFrNBSMaSB5wSY5HnubHmIpJlfHs+LJZQ5QLhZr0OUQUhXGtga5rNhoUQW5KpBFZqD4vv3iiiScikoYJo3ccoNoOUKMOpYPOCl2gWEzolY9a3VpKQ6UG6uHkOzywZwSBS9kkDF/T7REpCrWehbztDYib6dy2Df9X6iQkag5TLODFM0uWiIBHQRDALAI64YtSImTWEKm5vhXRCFKHGxlSwIXz9FP5vOtUKRhV8Uyu1qqs48uAEnIIywOAStMA1aAMXUBCDB/AEnp3EeXRenNdla85ZzRyDH3LePgF96ZFG</latexit>

pT
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Double ratio results
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CMS, Phys. Rev. Lett. 118, 162301 (2017)

⇢ (2S)/J/ 
PbPb
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prompt: enhanced suppression
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comparison with CMS data

and       integrated            
double ratio: less than unity
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pT
<latexit sha1_base64="aSpxFwxKFLNugziRobs11m4OOgk=">AAAB6nicdZDLSgMxFIbPeK31VnXpJlgEV0NSam13BTcuK/YG7VAyadqGZi4kGaEMfQQ3LhRx6xO5823MtBVU9IfAz3fOIef8fiyFNhh/OGvrG5tb27md/O7e/sFh4ei4raNEMd5ikYxU16eaSxHylhFG8m6sOA18yTv+9Dqrd+650iIKm2YWcy+g41CMBKPGort40BwUiti9xKRWqSDsYkzKVWJNrVa1EBFLMhVhpcag8N4fRiwJeGiYpFr3CI6Nl1JlBJN8nu8nmseUTemY96wNacC1ly5WnaNzS4ZoFCn7QoMW9PtESgOtZ4FvOwNqJvp3LYN/1XqJGVW9VIRxYnjIlh+NEolMhLK70VAozoycWUOZEnZXxCZUUWZsOnkbwtel6H/TLrkEu+S2XKyXVnHk4BTO4AIIXEEdbqABLWAwhgd4gmdHOo/Oi/O6bF1zVjMn8EPO2yeZOY30</latexit><latexit sha1_base64="aSpxFwxKFLNugziRobs11m4OOgk=">AAAB6nicdZDLSgMxFIbPeK31VnXpJlgEV0NSam13BTcuK/YG7VAyadqGZi4kGaEMfQQ3LhRx6xO5823MtBVU9IfAz3fOIef8fiyFNhh/OGvrG5tb27md/O7e/sFh4ei4raNEMd5ikYxU16eaSxHylhFG8m6sOA18yTv+9Dqrd+650iIKm2YWcy+g41CMBKPGort40BwUiti9xKRWqSDsYkzKVWJNrVa1EBFLMhVhpcag8N4fRiwJeGiYpFr3CI6Nl1JlBJN8nu8nmseUTemY96wNacC1ly5WnaNzS4ZoFCn7QoMW9PtESgOtZ4FvOwNqJvp3LYN/1XqJGVW9VIRxYnjIlh+NEolMhLK70VAozoycWUOZEnZXxCZUUWZsOnkbwtel6H/TLrkEu+S2XKyXVnHk4BTO4AIIXEEdbqABLWAwhgd4gmdHOo/Oi/O6bF1zVjMn8EPO2yeZOY30</latexit><latexit sha1_base64="aSpxFwxKFLNugziRobs11m4OOgk=">AAAB6nicdZDLSgMxFIbPeK31VnXpJlgEV0NSam13BTcuK/YG7VAyadqGZi4kGaEMfQQ3LhRx6xO5823MtBVU9IfAz3fOIef8fiyFNhh/OGvrG5tb27md/O7e/sFh4ei4raNEMd5ikYxU16eaSxHylhFG8m6sOA18yTv+9Dqrd+650iIKm2YWcy+g41CMBKPGort40BwUiti9xKRWqSDsYkzKVWJNrVa1EBFLMhVhpcag8N4fRiwJeGiYpFr3CI6Nl1JlBJN8nu8nmseUTemY96wNacC1ly5WnaNzS4ZoFCn7QoMW9PtESgOtZ4FvOwNqJvp3LYN/1XqJGVW9VIRxYnjIlh+NEolMhLK70VAozoycWUOZEnZXxCZUUWZsOnkbwtel6H/TLrkEu+S2XKyXVnHk4BTO4AIIXEEdbqABLWAwhgd4gmdHOo/Oi/O6bF1zVjMn8EPO2yeZOY30</latexit><latexit sha1_base64="aSpxFwxKFLNugziRobs11m4OOgk=">AAAB6nicdZDLSgMxFIbPeK31VnXpJlgEV0NSam13BTcuK/YG7VAyadqGZi4kGaEMfQQ3LhRx6xO5823MtBVU9IfAz3fOIef8fiyFNhh/OGvrG5tb27md/O7e/sFh4ei4raNEMd5ikYxU16eaSxHylhFG8m6sOA18yTv+9Dqrd+650iIKm2YWcy+g41CMBKPGort40BwUiti9xKRWqSDsYkzKVWJNrVa1EBFLMhVhpcag8N4fRiwJeGiYpFr3CI6Nl1JlBJN8nu8nmseUTemY96wNacC1ly5WnaNzS4ZoFCn7QoMW9PtESgOtZ4FvOwNqJvp3LYN/1XqJGVW9VIRxYnjIlh+NEolMhLK70VAozoycWUOZEnZXxCZUUWZsOnkbwtel6H/TLrkEu+S2XKyXVnHk4BTO4AIIXEEdbqABLWAwhgd4gmdHOo/Oi/O6bF1zVjMn8EPO2yeZOY30</latexit>

(2 �)
<latexit sha1_base64="swXH+itiDV+Y0VST2GiUmX92WH0=">AAAB83icdZDLSgMxFIYz9VbrrerSTbAIdTMkpdbWVcGNywr2Ap2hZNK0Dc1khiQjlKGv4caFIm59GXe+jZm2gor+EPj5zjmckz+IBdcGoQ8nt7a+sbmV3y7s7O7tHxQPjzo6ShRlbRqJSPUCopngkrUNN4L1YsVIGAjWDabXWb17z5Tmkbwzs5j5IRlLPuKUGIu8csW7gp7m45CcD4ol5F4g3KjVIHIRwtU6tqbRqFsIsSWZSmCl1qD47g0jmoRMGiqI1n2MYuOnRBlOBZsXvESzmNApGbO+tZKETPvp4uY5PLNkCEeRsk8auKDfJ1ISaj0LA9sZEjPRv2sZ/KvWT8yo7qdcxolhki4XjRIBTQSzAOCQK0aNmFlDqOL2VkgnRBFqbEwFG8LXT+H/plNxMXLxbbXUrKziyIMTcArKAINL0AQ3oAXagIIYPIAn8OwkzqPz4rwuW3POauYY/JDz9gnFVJDR</latexit><latexit sha1_base64="swXH+itiDV+Y0VST2GiUmX92WH0=">AAAB83icdZDLSgMxFIYz9VbrrerSTbAIdTMkpdbWVcGNywr2Ap2hZNK0Dc1khiQjlKGv4caFIm59GXe+jZm2gor+EPj5zjmckz+IBdcGoQ8nt7a+sbmV3y7s7O7tHxQPjzo6ShRlbRqJSPUCopngkrUNN4L1YsVIGAjWDabXWb17z5Tmkbwzs5j5IRlLPuKUGIu8csW7gp7m45CcD4ol5F4g3KjVIHIRwtU6tqbRqFsIsSWZSmCl1qD47g0jmoRMGiqI1n2MYuOnRBlOBZsXvESzmNApGbO+tZKETPvp4uY5PLNkCEeRsk8auKDfJ1ISaj0LA9sZEjPRv2sZ/KvWT8yo7qdcxolhki4XjRIBTQSzAOCQK0aNmFlDqOL2VkgnRBFqbEwFG8LXT+H/plNxMXLxbbXUrKziyIMTcArKAINL0AQ3oAXagIIYPIAn8OwkzqPz4rwuW3POauYY/JDz9gnFVJDR</latexit><latexit sha1_base64="swXH+itiDV+Y0VST2GiUmX92WH0=">AAAB83icdZDLSgMxFIYz9VbrrerSTbAIdTMkpdbWVcGNywr2Ap2hZNK0Dc1khiQjlKGv4caFIm59GXe+jZm2gor+EPj5zjmckz+IBdcGoQ8nt7a+sbmV3y7s7O7tHxQPjzo6ShRlbRqJSPUCopngkrUNN4L1YsVIGAjWDabXWb17z5Tmkbwzs5j5IRlLPuKUGIu8csW7gp7m45CcD4ol5F4g3KjVIHIRwtU6tqbRqFsIsSWZSmCl1qD47g0jmoRMGiqI1n2MYuOnRBlOBZsXvESzmNApGbO+tZKETPvp4uY5PLNkCEeRsk8auKDfJ1ISaj0LA9sZEjPRv2sZ/KvWT8yo7qdcxolhki4XjRIBTQSzAOCQK0aNmFlDqOL2VkgnRBFqbEwFG8LXT+H/plNxMXLxbbXUrKziyIMTcArKAINL0AQ3oAXagIIYPIAn8OwkzqPz4rwuW3POauYY/JDz9gnFVJDR</latexit><latexit sha1_base64="swXH+itiDV+Y0VST2GiUmX92WH0=">AAAB83icdZDLSgMxFIYz9VbrrerSTbAIdTMkpdbWVcGNywr2Ap2hZNK0Dc1khiQjlKGv4caFIm59GXe+jZm2gor+EPj5zjmckz+IBdcGoQ8nt7a+sbmV3y7s7O7tHxQPjzo6ShRlbRqJSPUCopngkrUNN4L1YsVIGAjWDabXWb17z5Tmkbwzs5j5IRlLPuKUGIu8csW7gp7m45CcD4ol5F4g3KjVIHIRwtU6tqbRqFsIsSWZSmCl1qD47g0jmoRMGiqI1n2MYuOnRBlOBZsXvESzmNApGbO+tZKETPvp4uY5PLNkCEeRsk8auKDfJ1ISaj0LA9sZEjPRv2sZ/KvWT8yo7qdcxolhki4XjRIBTQSzAOCQK0aNmFlDqOL2VkgnRBFqbEwFG8LXT+H/plNxMXLxbbXUrKziyIMTcArKAINL0AQ3oAXagIIYPIAn8OwkzqPz4rwuW3POauYY/JDz9gnFVJDR</latexit>

slight decrease          in pPb double ratios with increasing centrality(1 �)
<latexit sha1_base64="S0SakTlFQAaVO1Vp3m7Jmk6XjBM=">AAAB8nicdZDLSgMxFIYz9VbrrerSTbAIdTMkpdbWVcGNywr2AjNDyaSZNjRzIckIZehjuHGhiFufxp1vY6atoKI/BH6+cw455/cTwZVG6MMqrK1vbG4Vt0s7u3v7B+XDo56KU0lZl8YilgOfKCZ4xLqaa8EGiWQk9AXr+9PrvN6/Z1LxOLrTs4R5IRlHPOCUaIOcKnavXMXHITkflivIvkC41WhAZCOE601sTKvVNBBiQ3JVwEqdYfndHcU0DVmkqSBKORgl2suI1JwKNi+5qWIJoVMyZo6xEQmZ8rLFynN4ZsgIBrE0L9JwQb9PZCRUahb6pjMkeqJ+13L4V81JddD0Mh4lqWYRXX4UpALqGOb3wxGXjGoxM4ZQyc2ukE6IJFSblEomhK9L4f+mV7MxsvFtvdKureIoghNwCqoAg0vQBjegA7qAghg8gCfwbGnr0XqxXpetBWs1cwx+yHr7BGx/kKY=</latexit><latexit sha1_base64="S0SakTlFQAaVO1Vp3m7Jmk6XjBM=">AAAB8nicdZDLSgMxFIYz9VbrrerSTbAIdTMkpdbWVcGNywr2AjNDyaSZNjRzIckIZehjuHGhiFufxp1vY6atoKI/BH6+cw455/cTwZVG6MMqrK1vbG4Vt0s7u3v7B+XDo56KU0lZl8YilgOfKCZ4xLqaa8EGiWQk9AXr+9PrvN6/Z1LxOLrTs4R5IRlHPOCUaIOcKnavXMXHITkflivIvkC41WhAZCOE601sTKvVNBBiQ3JVwEqdYfndHcU0DVmkqSBKORgl2suI1JwKNi+5qWIJoVMyZo6xEQmZ8rLFynN4ZsgIBrE0L9JwQb9PZCRUahb6pjMkeqJ+13L4V81JddD0Mh4lqWYRXX4UpALqGOb3wxGXjGoxM4ZQyc2ukE6IJFSblEomhK9L4f+mV7MxsvFtvdKureIoghNwCqoAg0vQBjegA7qAghg8gCfwbGnr0XqxXpetBWs1cwx+yHr7BGx/kKY=</latexit><latexit sha1_base64="S0SakTlFQAaVO1Vp3m7Jmk6XjBM=">AAAB8nicdZDLSgMxFIYz9VbrrerSTbAIdTMkpdbWVcGNywr2AjNDyaSZNjRzIckIZehjuHGhiFufxp1vY6atoKI/BH6+cw455/cTwZVG6MMqrK1vbG4Vt0s7u3v7B+XDo56KU0lZl8YilgOfKCZ4xLqaa8EGiWQk9AXr+9PrvN6/Z1LxOLrTs4R5IRlHPOCUaIOcKnavXMXHITkflivIvkC41WhAZCOE601sTKvVNBBiQ3JVwEqdYfndHcU0DVmkqSBKORgl2suI1JwKNi+5qWIJoVMyZo6xEQmZ8rLFynN4ZsgIBrE0L9JwQb9PZCRUahb6pjMkeqJ+13L4V81JddD0Mh4lqWYRXX4UpALqGOb3wxGXjGoxM4ZQyc2ukE6IJFSblEomhK9L4f+mV7MxsvFtvdKureIoghNwCqoAg0vQBjegA7qAghg8gCfwbGnr0XqxXpetBWs1cwx+yHr7BGx/kKY=</latexit><latexit sha1_base64="S0SakTlFQAaVO1Vp3m7Jmk6XjBM=">AAAB8nicdZDLSgMxFIYz9VbrrerSTbAIdTMkpdbWVcGNywr2AjNDyaSZNjRzIckIZehjuHGhiFufxp1vY6atoKI/BH6+cw455/cTwZVG6MMqrK1vbG4Vt0s7u3v7B+XDo56KU0lZl8YilgOfKCZ4xLqaa8EGiWQk9AXr+9PrvN6/Z1LxOLrTs4R5IRlHPOCUaIOcKnavXMXHITkflivIvkC41WhAZCOE601sTKvVNBBiQ3JVwEqdYfndHcU0DVmkqSBKORgl2suI1JwKNi+5qWIJoVMyZo6xEQmZ8rLFynN4ZsgIBrE0L9JwQb9PZCRUahb6pjMkeqJ+13L4V81JddD0Mh4lqWYRXX4UpALqGOb3wxGXjGoxM4ZQyc2ukE6IJFSblEomhK9L4f+mV7MxsvFtvdKureIoghNwCqoAg0vQBjegA7qAghg8gCfwbGnr0XqxXpetBWs1cwx+yHr7BGx/kKY=</latexit>

non-prompt: consistent with unity

comparison with CMS data
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The study of double onia and associated onia production
offers new tests of Quantum Chromodynamics (QCD)

DPS not distinguishable on an event-by-event basis from SPS but expected to 
differ in overall kinematic features, such as angular correlations

Large uncertainties due to possible higher-order SPS contributions, feed-down 
and limited knowledge of the proton’s transverse profile

The production of two objects in the same pp collision can be due to

�DPS
A+B =

1

1 + �AB

�A�B

�e↵ �e↵ effective cross section

Single Parton Scattering (SPS):
the two objects are produced 
by some process in a single 
interaction of two partons

Double Parton Scattering (DPS): simultaneous interaction of two 
pairs of partons, each producing 
one of the two objects

independent and uncorrelated

assumed to be independent of the scattering process and 
p
s

Distinguish between production of a heavy quark system in 
colour-singlet (CS) and colour-octet (CO) states

�AB =

(
1, A = B

0, A 6= B
~(2 — 20) mb

LO CS

DPS

LO CO

Associated production with onia in pp collisions
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Prompt       in association with aJ/ W±

 Invariant Mass [GeV]-µ+µ
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W
multi-jets

-1 dt = 4.5 fbL∫ = 7 TeV, s, ATLAS

W+multi-jets hypothesis

W Transverse Mass [GeV]
0 50 100 150 200

No
rm
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ize

d 
Yi

el
d

0

0.01

0.02

0.03

0.04

0.05 -1 dt = 4.5 fbL∫ = 7 TeV, s, ATLAS

W template
multi-jets template

p
s = 7 TeV

L = 4.51 fb�1

fiducial phase space 8.5 < pJ/ T < 30 GeV |yJ/ | < 2.1

|⌘µ| < 2.5|⌘µ| < 1.3

|⌘µ| > 1.3

pµT > 3.5 GeV

pµT > 2.5 GeV

pµT > 4 GeVat least one

|⌘µ(W )| < 2.4pµ(W )
T > 25 GeV

including                from pile-up:1.8± 0.2

DPS yield: 10.8± 4.2

fit to the weighted W boson transverse mass

using templates to extract

assign weights with sPlot arXiv:physics/0402083

arXiv:1401.2831
J/ ! µ+µ�

W± ! µ⌫µ

⌧ ⌘
~L · ~pT J/ 

pJ/ T

mµ+µ�

pJ/ T

unbinned maximum likelihood (ML) fit

J/ prompt and non-prompt        and backgrounds

J/ invariant mass andin the

pseudo-proper time     to obtain yields for⌧

29.2+7.5
�6.5 5.1�signal yield:

assuming �e↵ = 15± 3 (stat) +5
�3 (syst) mb

arXiv:1104.3038and          from�J/ 

arXiv:1301.6872



14

Prompt       in association with aJ/ W±

Fiducial        Inclusive   DPS-subtracted
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Ratios of the           prompt        cross section to the inclusive        cross section W±W±+ J/ 
normalised to unit rapidity

corrected for the fiducial acceptance of the muons from J/ 

last uncertainty from variations with 5 extreme scenarios
isotropic spin-alignment assumed

Rfid
J/ = (51± 13± 4)⇥ 10�8fiducial

Rincl
J/ = (126± 32± 9+41

�25)⇥ 10�8inclusive

RDPS sub
J/ = (78± 32± 22+41

�25)⇥ 10�8DPS subtracted

compared to LO CS and NLO CO predictions

dominated by CS productionW + J/ 

Inclusive differential cross section ratio
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SPS and DPS 
contributions

total rate at low pJ/ T

SPS is the dominant 
contribution to the 

arXiv:1401.2831
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Prompt and non-prompt       in association with aJ/ Z
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and pseudo-proper time to obtain yields for
prompt and non-prompt        and backgroundsJ/ 

signal and multi-jet background templates
for weighted Z mass used to extract signal yield

separately for                  and Z ! e+e�Z ! µ+µ�

56± 10± 5 (5�) 95± 12± 8 (9�)
non-promptprompt

from DPS 11.1+5.7
�5.0 5.8+2.8

�2.6

presence of both SPS and DPS contributions

arXiv:1412.6428

assuming �e↵ = 15± 3 (stat) +5
�3 (syst) mb

arXiv:1104.3038and          from�J/ 

arXiv:1301.6872

J/ ! µ+µ�

Yields:

assuming all observed signal in the first bin (<
⇡

5
)

is due to DPS, a lower limit is set on �e↵ > 5.3 mb
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Fiducial Inclusive DPS-subtracted
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-610×

LO NLO

Data
Spin-alignment uncertainty
NLO NRQCD CS
NLO NRQCD CO
NLO NRQCD CO+CS
LO CSM

 -1=8 TeV, 20.3 fbs, ATLAS
 Z→+Z : pp ψ prompt J/→pp 

 < 100 GeVψJ/
T

| < 2.1, 8.5 < p
ψJ/

|y

Prompt and non-prompt       in association with aJ/ Z
Ratios of the                 cross section to the inclusive    cross section Z + J/ Z

non-promptprompt

fiducial

inclusive

DPS subtracted

pRfid
Z+J/ = (36.8± 6.7± 2.5)⇥ 10�7 npRfid

Z+J/ = (65.8± 9.2± 4.2)⇥ 10�7

npRincl
Z+J/ = (102± 15± 5± 3)⇥ 10�7pRincl

Z+J/ = (63± 13± 5± 10)⇥ 10�7

pRDPS sub
Z+J/ = (45± 13± 6± 10)⇥ 10�7 npRDPS sub

Z+J/ = (94± 15± 5± 3)⇥ 10�7

 [GeV]ψJ/
T

p
910 20 30 40 50 210

 [1
/G

eV
]

T
dp

)
ψ

(Z
+J

/
σd  

(Z
)

σ
1

 ×) 
µ
µ

→
ψ

B(
J/

-1110

-1010

-910

-810

-710

-610

-510  -1=8 TeV, 20.3 fbs, ATLAS
 Z→+Z : pp ψ prompt J/→pp 

Data
Spin-alignment uncert.
Total theoretical uncert. 
NLO NRQCD CO
NLO NRQCD CS
DPS uncert.
Estimated DPS contrib.

Inclusive differential cross section ratio

The expected production rate from the sum of CO and CS is lower than the data by a factor of 2 to 5

a higher production rate predicted through CO than through CS, CO dominant at high transverse momentum

npfDPS = (8± 2)%pfDPS = (29± 9)%DPS fraction

arXiv:1412.6428

discrepancy increasing with transverse momentum



17

Prompt       pair productionJ/ 
p
s = 8 TeV

L = 11.4 fb�1

fiducial phase space |yJ/ | < 2.1pJ/ T > 8.5 GeV
pµT > 2.5 GeV |⌘µ| < 2.3

unbinned ML fit to the two invariant masses to extract di-        signal J/ 

signal used to create prompt-prompt event weights from a 2D fit 
to the transverse decay length distributions of the two J/ 

cross sections reported for two rapidity regions based on the sub-leading         rapidityJ/ 

|yJ/ 2
| < 1.05 1.05 < |yJ/ 2

| < 2.1

NJ/ J/ = 3310± 330 NJ/ J/ = 3140± 370

�fid
J/ J/ = 13.5± 1.3± 1.1± 0.2 (B)± 0.3(L) pb�fid

J/ J/ = 15.6± 1.3± 1.2± 0.2 (B)± 0.3(L) pb

�J/ J/ = 82.2± 8.3± 6.3± 0.9 (B)± 1.6(L) pb �J/ J/ = 78.3± 9.2± 6.6± 0.9 (B)± 1.5(L) pb

after correcting for muon acceptance and assuming unpolarised production

the fraction of DPS events is determined by fitting DPS and SPS templates to the data |�y| vs |��|
assign DPS and SPS event weights

|�y|fDPS = (9.2± 2.1± 0.5)% from

�DPS
J/ J/ = 14.8± 3.5± 1.5± 0.2 (B)± 0.3(L) pb

consistent with other experiments
�e↵ measured from prompt di-J/ 

arXiv:1612.02950

�J/ J/ 
e↵ = 6.3± 1.6± 1.0(B)± 0.1(L) mb

lower than from other final states
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Prompt       pair productionJ/ 
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210

 2.2%± = 9.5% DPSf
Data
DPS Estimate

.DPS Pred
NLO* SPS+DPS Pred.

ATLAS
-1 = 8 TeV, 11.4 fbs

)ψ,J/ψy(J/Δ

0 0.5 1 1.5 2 2.5 3 3.5 4
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0.

3]
Δ

/d
σd

2−10

1−10

1
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 2.1%± = 9.2% DPSf

Data
DPS Estimate

.DPS Pred
NLO* SPS+DPS Pred.

ATLAS
-1 = 8 TeV, 11.4 fbs

arXiv:1612.02950
Differential cross sections as a function of the sub-leading           , the di-            and invariant mass J/ pTJ/ pT
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/
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310 )| < 1.05
2

ψ|y(J/
Data
Stat + Syst Uncertainty
Spin-Alignment
DPS Estimate
ATLAS

-1 = 8 TeV, 11.4 fbs

events produced back-to-back

) [GeV] ψ J/ψ(J/
T

p
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]

ψ
 J

/
ψ

(J
/

T
/d
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210

310 )| < 2.1
2

ψ |y(J/≤1.05 
Data
Stat + Syst Uncertainty
Spin-Alignment
DPS Estimate
ATLAS

-1 = 8 TeV, 11.4 fbs

events produced together
and back-to-back to a gluon

DPS estimate from data

central and forward         rapidity ranges J/ 2

Total and DPS cross sections (full rapidity range) 
in the muon fiducial volume:

compared to:
LO DPS normalised to measured

with a feed-down correction factorNLO* SPS

disagreement for large invariant mass, large �y

and in the low-     regionpT

Data largely in agreement with NLO* SPS + LO DPS

contributions from feed-down and/or intrinsic parton transverse momentum needed

J/ pT and invariant mass,       and ���ydi-
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Summary

19

Double onia and associated onia production:

Data largely in agreement with NLO* SPS + LO DPS
contributions from feed-down and/or intrinsic 
parton transverse momentum may be needed

Theoretical predictions of the dependence of �e↵

on the process and the centre-of-mass energy are needed

arXiv:1612.02950Ex
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 ATLAS
ATLAS (

p
s = 8 TeV, J/ + J/ , 2016)

DØ (
p
s = 1.96 TeV, J/ + J/ , 2014)

DØ (
p
s = 1.96 TeV, J/ +⌥, 2016)

LHCb (
p
s = 7&8 TeV, ⌥(1S) + D

0,+
, 2015)

LHCb (
p
s = 7 TeV, J/ + ⇤

+
c , 2012)

LHCb (
p
s = 7 TeV, J/ + D

+
s , 2012)

LHCb (
p
s = 7 TeV, J/ + D

+
, 2012)

LHCb (
p
s = 7 TeV, J/ + D

0
, 2012)

ATLAS (
p
s = 7 TeV, 4 jets, 2016)

CDF (
p
s = 1.8 TeV, 4 jets, 1993)

UA2 (
p
s = 630 GeV, 4 jets, 1991)

AFS (
p
s = 63 GeV, 4 jets, 1986)

DØ (
p
s = 1.96 TeV, 2� + 2 jets, 2016)

DØ (
p
s = 1.96 TeV, � + 3 jets, 2014)

DØ (
p
s = 1.96 TeV, � + b/c + 2 jets, 2014)

DØ (
p
s = 1.96 TeV, � + 3 jets, 2010)

CDF (
p
s = 1.8 TeV, � + 3 jets, 1997)

ATLAS (
p
s = 8 TeV, Z + J/ , 2015)

CMS (
p
s = 7 TeV, W + 2 jets, 2014)

ATLAS (
p
s = 7 TeV, W + 2 jets, 2013)

CMS (
p
s = 8 TeV, ⌥(1S) +⌥(1S), 2016)

CMS + Lansberg, Shao (
p
s = 7 TeV, J/ + J/ , 2014)

LHCb (
p
s = 13 TeV, J/ + J/ , 2017)

Quarkonia production:
p+Pb Pb+Pb

data indicates weak modification of         production at 
central rapidity and high pt

J/ 
<latexit sha1_base64="Zy0177KUluvV+4dXvyrNxWAO40w=">AAAB7XicdZDNSgMxFIUz9a/Wv6pLN8EiuBoTqbXdFdyIqwq2FdqhZNJMG5tJhiQjlNJ3cONCEbe+jzvfxkxbQUUPBA7fvZfce8JEcGMR+vByS8srq2v59cLG5tb2TnF3r2VUqilrUiWUvg2JYYJL1rTcCnabaEbiULB2OLrI6u17pg1X8saOExbEZCB5xCmxDrWuTrqJ4b1iCflnCNcqFYh8hHC5ip2p1aoOQuxIphJYqNErvnf7iqYxk5YKYkwHo8QGE6Itp4JNC93UsITQERmwjrOSxMwEk9m2U3jkSB9GSrsnLZzR7xMTEhszjkPXGRM7NL9rGfyr1kltVA0mXCapZZLOP4pSAa2C2emwzzWjVoydIVRztyukQ6IJtS6gggvh61L4v2md+hj5+LpcqpcXceTBATgExwCDc1AHl6ABmoCCO/AAnsCzp7xH78V7nbfmvMXMPvgh7+0TjP2PEg==</latexit><latexit sha1_base64="Zy0177KUluvV+4dXvyrNxWAO40w=">AAAB7XicdZDNSgMxFIUz9a/Wv6pLN8EiuBoTqbXdFdyIqwq2FdqhZNJMG5tJhiQjlNJ3cONCEbe+jzvfxkxbQUUPBA7fvZfce8JEcGMR+vByS8srq2v59cLG5tb2TnF3r2VUqilrUiWUvg2JYYJL1rTcCnabaEbiULB2OLrI6u17pg1X8saOExbEZCB5xCmxDrWuTrqJ4b1iCflnCNcqFYh8hHC5ip2p1aoOQuxIphJYqNErvnf7iqYxk5YKYkwHo8QGE6Itp4JNC93UsITQERmwjrOSxMwEk9m2U3jkSB9GSrsnLZzR7xMTEhszjkPXGRM7NL9rGfyr1kltVA0mXCapZZLOP4pSAa2C2emwzzWjVoydIVRztyukQ6IJtS6gggvh61L4v2md+hj5+LpcqpcXceTBATgExwCDc1AHl6ABmoCCO/AAnsCzp7xH78V7nbfmvMXMPvgh7+0TjP2PEg==</latexit><latexit sha1_base64="Zy0177KUluvV+4dXvyrNxWAO40w=">AAAB7XicdZDNSgMxFIUz9a/Wv6pLN8EiuBoTqbXdFdyIqwq2FdqhZNJMG5tJhiQjlNJ3cONCEbe+jzvfxkxbQUUPBA7fvZfce8JEcGMR+vByS8srq2v59cLG5tb2TnF3r2VUqilrUiWUvg2JYYJL1rTcCnabaEbiULB2OLrI6u17pg1X8saOExbEZCB5xCmxDrWuTrqJ4b1iCflnCNcqFYh8hHC5ip2p1aoOQuxIphJYqNErvnf7iqYxk5YKYkwHo8QGE6Itp4JNC93UsITQERmwjrOSxMwEk9m2U3jkSB9GSrsnLZzR7xMTEhszjkPXGRM7NL9rGfyr1kltVA0mXCapZZLOP4pSAa2C2emwzzWjVoydIVRztyukQ6IJtS6gggvh61L4v2md+hj5+LpcqpcXceTBATgExwCDc1AHl6ABmoCCO/AAnsCzp7xH78V7nbfmvMXMPvgh7+0TjP2PEg==</latexit><latexit sha1_base64="Zy0177KUluvV+4dXvyrNxWAO40w=">AAAB7XicdZDNSgMxFIUz9a/Wv6pLN8EiuBoTqbXdFdyIqwq2FdqhZNJMG5tJhiQjlNJ3cONCEbe+jzvfxkxbQUUPBA7fvZfce8JEcGMR+vByS8srq2v59cLG5tb2TnF3r2VUqilrUiWUvg2JYYJL1rTcCnabaEbiULB2OLrI6u17pg1X8saOExbEZCB5xCmxDrWuTrqJ4b1iCflnCNcqFYh8hHC5ip2p1aoOQuxIphJYqNErvnf7iqYxk5YKYkwHo8QGE6Itp4JNC93UsITQERmwjrOSxMwEk9m2U3jkSB9GSrsnLZzR7xMTEhszjkPXGRM7NL9rGfyr1kltVA0mXCapZZLOP4pSAa2C2emwzzWjVoydIVRztyukQ6IJtS6gggvh61L4v2md+hj5+LpcqpcXceTBATgExwCDc1AHl6ABmoCCO/AAnsCzp7xH78V7nbfmvMXMPvgh7+0TjP2PEg==</latexit>

the observed suppression of            at low pt 
suggests that the nuclear parton distribution functions 
are modified relative to those of the nucleon

⌥(1S)
<latexit sha1_base64="0imJ6t3z/p8vkjjM4qe5LNC4ud4=">AAAB83icdZDNSgMxFIUz/tb6V3XpJliEuhkSqbXdFdy4rOi0hc5QMmmmDc1khiQjlNLXcONCEbe+jDvfxkxbQUUPBA7fvZd7c8JUcG0Q+nBWVtfWNzYLW8Xtnd29/dLBYVsnmaLMo4lIVDckmgkumWe4EaybKkbiULBOOL7K6517pjRP5J2ZpCyIyVDyiFNiLPJ9L9VcJLKCb8/6pTJyLxBu1GoQuQjhah1b02jULYTYklxlsFSrX3r3BwnNYiYNFUTrHkapCaZEGU4FmxX9TLOU0DEZsp61ksRMB9P5zTN4askARomyTxo4p98npiTWehKHtjMmZqR/13L4V62XmageTLlMM8MkXSyKMgFNAvMA4IArRo2YWEOo4vZWSEdEEWpsTEUbwtdP4f+mfe5i5OKbarlZXcZRAMfgBFQABpegCa5BC3iAghQ8gCfw7GTOo/PivC5aV5zlzBH4IeftE36DkUg=</latexit><latexit sha1_base64="0imJ6t3z/p8vkjjM4qe5LNC4ud4=">AAAB83icdZDNSgMxFIUz/tb6V3XpJliEuhkSqbXdFdy4rOi0hc5QMmmmDc1khiQjlNLXcONCEbe+jDvfxkxbQUUPBA7fvZd7c8JUcG0Q+nBWVtfWNzYLW8Xtnd29/dLBYVsnmaLMo4lIVDckmgkumWe4EaybKkbiULBOOL7K6517pjRP5J2ZpCyIyVDyiFNiLPJ9L9VcJLKCb8/6pTJyLxBu1GoQuQjhah1b02jULYTYklxlsFSrX3r3BwnNYiYNFUTrHkapCaZEGU4FmxX9TLOU0DEZsp61ksRMB9P5zTN4askARomyTxo4p98npiTWehKHtjMmZqR/13L4V62XmageTLlMM8MkXSyKMgFNAvMA4IArRo2YWEOo4vZWSEdEEWpsTEUbwtdP4f+mfe5i5OKbarlZXcZRAMfgBFQABpegCa5BC3iAghQ8gCfw7GTOo/PivC5aV5zlzBH4IeftE36DkUg=</latexit><latexit sha1_base64="0imJ6t3z/p8vkjjM4qe5LNC4ud4=">AAAB83icdZDNSgMxFIUz/tb6V3XpJliEuhkSqbXdFdy4rOi0hc5QMmmmDc1khiQjlNLXcONCEbe+jDvfxkxbQUUPBA7fvZd7c8JUcG0Q+nBWVtfWNzYLW8Xtnd29/dLBYVsnmaLMo4lIVDckmgkumWe4EaybKkbiULBOOL7K6517pjRP5J2ZpCyIyVDyiFNiLPJ9L9VcJLKCb8/6pTJyLxBu1GoQuQjhah1b02jULYTYklxlsFSrX3r3BwnNYiYNFUTrHkapCaZEGU4FmxX9TLOU0DEZsp61ksRMB9P5zTN4askARomyTxo4p98npiTWehKHtjMmZqR/13L4V62XmageTLlMM8MkXSyKMgFNAvMA4IArRo2YWEOo4vZWSEdEEWpsTEUbwtdP4f+mfe5i5OKbarlZXcZRAMfgBFQABpegCa5BC3iAghQ8gCfw7GTOo/PivC5aV5zlzBH4IeftE36DkUg=</latexit><latexit sha1_base64="0imJ6t3z/p8vkjjM4qe5LNC4ud4=">AAAB83icdZDNSgMxFIUz/tb6V3XpJliEuhkSqbXdFdy4rOi0hc5QMmmmDc1khiQjlNLXcONCEbe+jDvfxkxbQUUPBA7fvZd7c8JUcG0Q+nBWVtfWNzYLW8Xtnd29/dLBYVsnmaLMo4lIVDckmgkumWe4EaybKkbiULBOOL7K6517pjRP5J2ZpCyIyVDyiFNiLPJ9L9VcJLKCb8/6pTJyLxBu1GoQuQjhah1b02jULYTYklxlsFSrX3r3BwnNYiYNFUTrHkapCaZEGU4FmxX9TLOU0DEZsp61ksRMB9P5zTN4askARomyTxo4p98npiTWehKHtjMmZqR/13L4V62XmageTLlMM8MkXSyKMgFNAvMA4IArRo2YWEOo4vZWSEdEEWpsTEUbwtdP4f+mfe5i5OKbarlZXcZRAMfgBFQABpegCa5BC3iAghQ8gCfw7GTOo/PivC5aV5zlzBH4IeftE36DkUg=</latexit>

a stronger cold nuclear matter effect observed in excited 
quarkonium states compared to that in ground states

prompt                 shows an increasing 
trend with pt, constant for non-prompt

J/ RAA
<latexit sha1_base64="Udvv5nRNKz1zovqJxulskRPOIqQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWaGqbauWtyIqyr2AZ1SMmmmDc08SDKFMvRP3LhQxK1/4s6/MX0IKnrgwuGce7n3Hj/hTCqEPozcyura+kZ+s7C1vbO7Z+4fNGWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH13N/NaYCsni6F5NEtoN8SBiASNYaalnmjdnXiIZ9C7hXS+r1aY9s4gs5JRLrgOR5ZRQxa5oUkJ25dyFtoXmKIIl6j3z3evHJA1ppAjHUnZslKhuhoVihNNpwUslTTAZ4QHtaBrhkMpuNr98Ck+00odBLHRFCs7V7xMZDqWchL7uDLEayt/eTPzL66QqKHczFiWpohFZLApSDlUMZzHAPhOUKD7RBBPB9K2QDLHAROmwCjqEr0/h/6TpWDay7Fu3WHWXceTBETgGp8AGF6AKrkEdNAABY/AAnsCzkRmPxovxumjNGcuZQ/ADxtsnI8CSpw==</latexit><latexit sha1_base64="Udvv5nRNKz1zovqJxulskRPOIqQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWaGqbauWtyIqyr2AZ1SMmmmDc08SDKFMvRP3LhQxK1/4s6/MX0IKnrgwuGce7n3Hj/hTCqEPozcyura+kZ+s7C1vbO7Z+4fNGWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH13N/NaYCsni6F5NEtoN8SBiASNYaalnmjdnXiIZ9C7hXS+r1aY9s4gs5JRLrgOR5ZRQxa5oUkJ25dyFtoXmKIIl6j3z3evHJA1ppAjHUnZslKhuhoVihNNpwUslTTAZ4QHtaBrhkMpuNr98Ck+00odBLHRFCs7V7xMZDqWchL7uDLEayt/eTPzL66QqKHczFiWpohFZLApSDlUMZzHAPhOUKD7RBBPB9K2QDLHAROmwCjqEr0/h/6TpWDay7Fu3WHWXceTBETgGp8AGF6AKrkEdNAABY/AAnsCzkRmPxovxumjNGcuZQ/ADxtsnI8CSpw==</latexit><latexit sha1_base64="Udvv5nRNKz1zovqJxulskRPOIqQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWaGqbauWtyIqyr2AZ1SMmmmDc08SDKFMvRP3LhQxK1/4s6/MX0IKnrgwuGce7n3Hj/hTCqEPozcyura+kZ+s7C1vbO7Z+4fNGWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH13N/NaYCsni6F5NEtoN8SBiASNYaalnmjdnXiIZ9C7hXS+r1aY9s4gs5JRLrgOR5ZRQxa5oUkJ25dyFtoXmKIIl6j3z3evHJA1ppAjHUnZslKhuhoVihNNpwUslTTAZ4QHtaBrhkMpuNr98Ck+00odBLHRFCs7V7xMZDqWchL7uDLEayt/eTPzL66QqKHczFiWpohFZLApSDlUMZzHAPhOUKD7RBBPB9K2QDLHAROmwCjqEr0/h/6TpWDay7Fu3WHWXceTBETgGp8AGF6AKrkEdNAABY/AAnsCzkRmPxovxumjNGcuZQ/ADxtsnI8CSpw==</latexit><latexit sha1_base64="Udvv5nRNKz1zovqJxulskRPOIqQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWaGqbauWtyIqyr2AZ1SMmmmDc08SDKFMvRP3LhQxK1/4s6/MX0IKnrgwuGce7n3Hj/hTCqEPozcyura+kZ+s7C1vbO7Z+4fNGWcCkIbJOaxaPtYUs4i2lBMcdpOBMWhz2nLH13N/NaYCsni6F5NEtoN8SBiASNYaalnmjdnXiIZ9C7hXS+r1aY9s4gs5JRLrgOR5ZRQxa5oUkJ25dyFtoXmKIIl6j3z3evHJA1ppAjHUnZslKhuhoVihNNpwUslTTAZ4QHtaBrhkMpuNr98Ck+00odBLHRFCs7V7xMZDqWchL7uDLEayt/eTPzL66QqKHczFiWpohFZLApSDlUMZzHAPhOUKD7RBBPB9K2QDLHAROmwCjqEr0/h/6TpWDay7Fu3WHWXceTBETgGp8AGF6AKrkEdNAABY/AAnsCzkRmPxovxumjNGcuZQ/ADxtsnI8CSpw==</latexit>

strong suppression of prompt and non-prompt        and J/ 
<latexit sha1_base64="82pkgWa0z/W8blsKbahOP9ipcls=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNlqu2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5KJyteKXIXLLFVTzapZUkFc796HnojlKYIlGv/jeG0iSxlQYwrHWXQ8lJsiwMoxwOi30Uk0TTMZ4SLuWChxTHWTza6fwxCoDGEllSxg4V79PZDjWehKHtjPGZqR/ezPxL6+bmqgaZEwkqaGCLBZFKYdGwtnrcMAUJYZPLMFEMXsrJCOsMDE2oIIN4etT+D9plV0Pud6NX6r7yzjy4Agcg1PggQtQB1egAZqAgDvwAJ7AsyOdR+fFeV205pzlzCH4AeftE4tvjxE=</latexit><latexit sha1_base64="82pkgWa0z/W8blsKbahOP9ipcls=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNlqu2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5KJyteKXIXLLFVTzapZUkFc796HnojlKYIlGv/jeG0iSxlQYwrHWXQ8lJsiwMoxwOi30Uk0TTMZ4SLuWChxTHWTza6fwxCoDGEllSxg4V79PZDjWehKHtjPGZqR/ezPxL6+bmqgaZEwkqaGCLBZFKYdGwtnrcMAUJYZPLMFEMXsrJCOsMDE2oIIN4etT+D9plV0Pud6NX6r7yzjy4Agcg1PggQtQB1egAZqAgDvwAJ7AsyOdR+fFeV205pzlzCH4AeftE4tvjxE=</latexit><latexit sha1_base64="82pkgWa0z/W8blsKbahOP9ipcls=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNlqu2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5KJyteKXIXLLFVTzapZUkFc796HnojlKYIlGv/jeG0iSxlQYwrHWXQ8lJsiwMoxwOi30Uk0TTMZ4SLuWChxTHWTza6fwxCoDGEllSxg4V79PZDjWehKHtjPGZqR/ezPxL6+bmqgaZEwkqaGCLBZFKYdGwtnrcMAUJYZPLMFEMXsrJCOsMDE2oIIN4etT+D9plV0Pud6NX6r7yzjy4Agcg1PggQtQB1egAZqAgDvwAJ7AsyOdR+fFeV205pzlzCH4AeftE4tvjxE=</latexit><latexit sha1_base64="82pkgWa0z/W8blsKbahOP9ipcls=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNlqu2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5KJyteKXIXLLFVTzapZUkFc796HnojlKYIlGv/jeG0iSxlQYwrHWXQ8lJsiwMoxwOi30Uk0TTMZ4SLuWChxTHWTza6fwxCoDGEllSxg4V79PZDjWehKHtjPGZqR/ezPxL6+bmqgaZEwkqaGCLBZFKYdGwtnrcMAUJYZPLMFEMXsrJCOsMDE2oIIN4etT+D9plV0Pud6NX6r7yzjy4Agcg1PggQtQB1egAZqAgDvwAJ7AsyOdR+fFeV205pzlzCH4AeftE4tvjxE=</latexit>

 (2S)
<latexit sha1_base64="xt5Ka5Co16JKDJ3BIF/2kVJyIYk=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoMQL8vsstHkFvDiMaIxgWQJs5NJMmT24cysEJb8hBcPinj1d7z5N04egooWNBRV3XR3BYngSmP8YeVWVtfWN/Kbha3tnd294v7BrYpTSVmTxiKW7YAoJnjEmpprwdqJZCQMBGsF44uZ37pnUvE4utGThPkhGUZ8wCnRRmp3E8XL7vVpr1jCNnarFc9F2HYruObUDKlgp3bmIcfGc5RgiUav+N7txzQNWaSpIEp1HJxoPyNScyrYtNBNFUsIHZMh6xgakZApP5vfO0UnRumjQSxNRRrN1e8TGQmVmoSB6QyJHqnf3kz8y+ukelD1Mx4lqWYRXSwapALpGM2eR30uGdViYgihkptbER0RSag2ERVMCF+fov/JrWs72HauvFLdW8aRhyM4hjI4cA51uIQGNIGCgAd4gmfrznq0XqzXRWvOWs4cwg9Yb59n8Y+C</latexit><latexit sha1_base64="xt5Ka5Co16JKDJ3BIF/2kVJyIYk=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoMQL8vsstHkFvDiMaIxgWQJs5NJMmT24cysEJb8hBcPinj1d7z5N04egooWNBRV3XR3BYngSmP8YeVWVtfWN/Kbha3tnd294v7BrYpTSVmTxiKW7YAoJnjEmpprwdqJZCQMBGsF44uZ37pnUvE4utGThPkhGUZ8wCnRRmp3E8XL7vVpr1jCNnarFc9F2HYruObUDKlgp3bmIcfGc5RgiUav+N7txzQNWaSpIEp1HJxoPyNScyrYtNBNFUsIHZMh6xgakZApP5vfO0UnRumjQSxNRRrN1e8TGQmVmoSB6QyJHqnf3kz8y+ukelD1Mx4lqWYRXSwapALpGM2eR30uGdViYgihkptbER0RSag2ERVMCF+fov/JrWs72HauvFLdW8aRhyM4hjI4cA51uIQGNIGCgAd4gmfrznq0XqzXRWvOWs4cwg9Yb59n8Y+C</latexit><latexit sha1_base64="xt5Ka5Co16JKDJ3BIF/2kVJyIYk=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoMQL8vsstHkFvDiMaIxgWQJs5NJMmT24cysEJb8hBcPinj1d7z5N04egooWNBRV3XR3BYngSmP8YeVWVtfWN/Kbha3tnd294v7BrYpTSVmTxiKW7YAoJnjEmpprwdqJZCQMBGsF44uZ37pnUvE4utGThPkhGUZ8wCnRRmp3E8XL7vVpr1jCNnarFc9F2HYruObUDKlgp3bmIcfGc5RgiUav+N7txzQNWaSpIEp1HJxoPyNScyrYtNBNFUsIHZMh6xgakZApP5vfO0UnRumjQSxNRRrN1e8TGQmVmoSB6QyJHqnf3kz8y+ukelD1Mx4lqWYRXSwapALpGM2eR30uGdViYgihkptbER0RSag2ERVMCF+fov/JrWs72HauvFLdW8aRhyM4hjI4cA51uIQGNIGCgAd4gmfrznq0XqzXRWvOWs4cwg9Yb59n8Y+C</latexit><latexit sha1_base64="xt5Ka5Co16JKDJ3BIF/2kVJyIYk=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoMQL8vsstHkFvDiMaIxgWQJs5NJMmT24cysEJb8hBcPinj1d7z5N04egooWNBRV3XR3BYngSmP8YeVWVtfWN/Kbha3tnd294v7BrYpTSVmTxiKW7YAoJnjEmpprwdqJZCQMBGsF44uZ37pnUvE4utGThPkhGUZ8wCnRRmp3E8XL7vVpr1jCNnarFc9F2HYruObUDKlgp3bmIcfGc5RgiUav+N7txzQNWaSpIEp1HJxoPyNScyrYtNBNFUsIHZMh6xgakZApP5vfO0UnRumjQSxNRRrN1e8TGQmVmoSB6QyJHqnf3kz8y+ukelD1Mx4lqWYRXSwapALpGM2eR30uGdViYgihkptbER0RSag2ERVMCF+fov/JrWs72HauvFLdW8aRhyM4hjI4cA51uIQGNIGCgAd4gmfrznq0XqzXRWvOWs4cwg9Yb59n8Y+C</latexit>

similar dependence of the nuclear modification factor 
on centrality for prompt and non-prompt J/ 

<latexit sha1_base64="82pkgWa0z/W8blsKbahOP9ipcls=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNlqu2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5KJyteKXIXLLFVTzapZUkFc796HnojlKYIlGv/jeG0iSxlQYwrHWXQ8lJsiwMoxwOi30Uk0TTMZ4SLuWChxTHWTza6fwxCoDGEllSxg4V79PZDjWehKHtjPGZqR/ezPxL6+bmqgaZEwkqaGCLBZFKYdGwtnrcMAUJYZPLMFEMXsrJCOsMDE2oIIN4etT+D9plV0Pud6NX6r7yzjy4Agcg1PggQtQB1egAZqAgDvwAJ7AsyOdR+fFeV205pzlzCH4AeftE4tvjxE=</latexit><latexit sha1_base64="82pkgWa0z/W8blsKbahOP9ipcls=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNlqu2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5KJyteKXIXLLFVTzapZUkFc796HnojlKYIlGv/jeG0iSxlQYwrHWXQ8lJsiwMoxwOi30Uk0TTMZ4SLuWChxTHWTza6fwxCoDGEllSxg4V79PZDjWehKHtjPGZqR/ezPxL6+bmqgaZEwkqaGCLBZFKYdGwtnrcMAUJYZPLMFEMXsrJCOsMDE2oIIN4etT+D9plV0Pud6NX6r7yzjy4Agcg1PggQtQB1egAZqAgDvwAJ7AsyOdR+fFeV205pzlzCH4AeftE4tvjxE=</latexit><latexit sha1_base64="82pkgWa0z/W8blsKbahOP9ipcls=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNlqu2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5KJyteKXIXLLFVTzapZUkFc796HnojlKYIlGv/jeG0iSxlQYwrHWXQ8lJsiwMoxwOi30Uk0TTMZ4SLuWChxTHWTza6fwxCoDGEllSxg4V79PZDjWehKHtjPGZqR/ezPxL6+bmqgaZEwkqaGCLBZFKYdGwtnrcMAUJYZPLMFEMXsrJCOsMDE2oIIN4etT+D9plV0Pud6NX6r7yzjy4Agcg1PggQtQB1egAZqAgDvwAJ7AsyOdR+fFeV205pzlzCH4AeftE4tvjxE=</latexit><latexit sha1_base64="82pkgWa0z/W8blsKbahOP9ipcls=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjNlqu2u4EZcVbAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3pg9BRQ9cOJxzL/feEyacaYPQh5NbWV1b38hvFra2d3b3ivsHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDnz2/dUaSbFrZkkNIjxULCIEWys1Lo+6yWa9Ysl5KJyteKXIXLLFVTzapZUkFc796HnojlKYIlGv/jeG0iSxlQYwrHWXQ8lJsiwMoxwOi30Uk0TTMZ4SLuWChxTHWTza6fwxCoDGEllSxg4V79PZDjWehKHtjPGZqR/ezPxL6+bmqgaZEwkqaGCLBZFKYdGwtnrcMAUJYZPLMFEMXsrJCOsMDE2oIIN4etT+D9plV0Pud6NX6r7yzjy4Agcg1PggQtQB1egAZqAgDvwAJ7AsyOdR+fFeV205pzlzCH4AeftE4tvjxE=</latexit>

 (2S)/J/ 
<latexit sha1_base64="EEIHKLWv5oPz0fofsz01eeTEOQA=">AAAB+nicdVDLSgMxFM3UV62vVpdugkWom2lmaLXdFdyIq4r2Ae1QMmmmDc08SDJKGfspblwo4tYvceffmGkrqOiBCyfn3EvuPW7EmVQIfRiZldW19Y3sZm5re2d3L1/Yb8swFoS2SMhD0XWxpJwFtKWY4rQbCYp9l9OOOzlP/c4tFZKFwY2aRtTx8ShgHiNYaWmQL/QjyUr29Qksw8ty+hjki8hEdq1asSEy7SqqW3VNqsiqn1agZaI5imCJ5iD/3h+GJPZpoAjHUvYsFCknwUIxwuks148ljTCZ4BHtaRpgn0onma8+g8daGUIvFLoCBefq94kE+1JOfVd3+liN5W8vFf/yerHyak7CgihWNCCLj7yYQxXCNAc4ZIISxaeaYCKY3hWSMRaYKJ1WTofwdSn8n7Rt00KmdVUpNirLOLLgEByBErDAGWiAC9AELUDAHXgAT+DZuDcejRfjddGaMZYzB+AHjLdPLVSSnQ==</latexit><latexit sha1_base64="EEIHKLWv5oPz0fofsz01eeTEOQA=">AAAB+nicdVDLSgMxFM3UV62vVpdugkWom2lmaLXdFdyIq4r2Ae1QMmmmDc08SDJKGfspblwo4tYvceffmGkrqOiBCyfn3EvuPW7EmVQIfRiZldW19Y3sZm5re2d3L1/Yb8swFoS2SMhD0XWxpJwFtKWY4rQbCYp9l9OOOzlP/c4tFZKFwY2aRtTx8ShgHiNYaWmQL/QjyUr29Qksw8ty+hjki8hEdq1asSEy7SqqW3VNqsiqn1agZaI5imCJ5iD/3h+GJPZpoAjHUvYsFCknwUIxwuks148ljTCZ4BHtaRpgn0onma8+g8daGUIvFLoCBefq94kE+1JOfVd3+liN5W8vFf/yerHyak7CgihWNCCLj7yYQxXCNAc4ZIISxaeaYCKY3hWSMRaYKJ1WTofwdSn8n7Rt00KmdVUpNirLOLLgEByBErDAGWiAC9AELUDAHXgAT+DZuDcejRfjddGaMZYzB+AHjLdPLVSSnQ==</latexit><latexit sha1_base64="EEIHKLWv5oPz0fofsz01eeTEOQA=">AAAB+nicdVDLSgMxFM3UV62vVpdugkWom2lmaLXdFdyIq4r2Ae1QMmmmDc08SDJKGfspblwo4tYvceffmGkrqOiBCyfn3EvuPW7EmVQIfRiZldW19Y3sZm5re2d3L1/Yb8swFoS2SMhD0XWxpJwFtKWY4rQbCYp9l9OOOzlP/c4tFZKFwY2aRtTx8ShgHiNYaWmQL/QjyUr29Qksw8ty+hjki8hEdq1asSEy7SqqW3VNqsiqn1agZaI5imCJ5iD/3h+GJPZpoAjHUvYsFCknwUIxwuks148ljTCZ4BHtaRpgn0onma8+g8daGUIvFLoCBefq94kE+1JOfVd3+liN5W8vFf/yerHyak7CgihWNCCLj7yYQxXCNAc4ZIISxaeaYCKY3hWSMRaYKJ1WTofwdSn8n7Rt00KmdVUpNirLOLLgEByBErDAGWiAC9AELUDAHXgAT+DZuDcejRfjddGaMZYzB+AHjLdPLVSSnQ==</latexit><latexit sha1_base64="EEIHKLWv5oPz0fofsz01eeTEOQA=">AAAB+nicdVDLSgMxFM3UV62vVpdugkWom2lmaLXdFdyIq4r2Ae1QMmmmDc08SDJKGfspblwo4tYvceffmGkrqOiBCyfn3EvuPW7EmVQIfRiZldW19Y3sZm5re2d3L1/Yb8swFoS2SMhD0XWxpJwFtKWY4rQbCYp9l9OOOzlP/c4tFZKFwY2aRtTx8ShgHiNYaWmQL/QjyUr29Qksw8ty+hjki8hEdq1asSEy7SqqW3VNqsiqn1agZaI5imCJ5iD/3h+GJPZpoAjHUvYsFCknwUIxwuks148ljTCZ4BHtaRpgn0onma8+g8daGUIvFLoCBefq94kE+1JOfVd3+liN5W8vFf/yerHyak7CgihWNCCLj7yYQxXCNAc4ZIISxaeaYCKY3hWSMRaYKJ1WTofwdSn8n7Rt00KmdVUpNirLOLLgEByBErDAGWiAC9AELUDAHXgAT+DZuDcejRfjddGaMZYzB+AHjLdPLVSSnQ==</latexit>

                   production below (consistent) 
with unity for prompt (non-prompt) mesons

generally lower than from other final states
measured from prompt di-J/ �e↵

<latexit sha1_base64="XTyiAYf6148CVnnErgbmrFUUkkY=">AAAB/nicdVBPS8MwHE3nvzn/VcWTl+AQPJV0TjdvAy8eJ7hNWEtJs3QLS9qSpMIoA7+KFw+KePVzePPbmG4TVPRB4PHe78fv5YUpZ0oj9GGVlpZXVtfK65WNza3tHXt3r6uSTBLaIQlP5G2IFeUsph3NNKe3qaRYhJz2wvFl4ffuqFQsiW/0JKW+wMOYRYxgbaTAPvAUGwoc5J7AeiRFTqNoOg3sKnLQed2tuRA5Z8ht1tCcXDROoeugGapggXZgv3uDhGSCxppwrFTfRan2cyw1I5xOK16maIrJGA9p39AYC6r8fBZ/Co+NMoBRIs2LNZyp3zdyLJSaiNBMFiHVb68Q//L6mY6afs7iNNM0JvNDUcahTmDRBRwwSYnmE0MwkcxkhWSEJSbaNFYxJXz9FP5PujXHRY57Xa+26os6yuAQHIET4IIGaIEr0AYdQEAOHsATeLburUfrxXqdj5asxc4++AHr7ROMfpZ4</latexit><latexit sha1_base64="XTyiAYf6148CVnnErgbmrFUUkkY=">AAAB/nicdVBPS8MwHE3nvzn/VcWTl+AQPJV0TjdvAy8eJ7hNWEtJs3QLS9qSpMIoA7+KFw+KePVzePPbmG4TVPRB4PHe78fv5YUpZ0oj9GGVlpZXVtfK65WNza3tHXt3r6uSTBLaIQlP5G2IFeUsph3NNKe3qaRYhJz2wvFl4ffuqFQsiW/0JKW+wMOYRYxgbaTAPvAUGwoc5J7AeiRFTqNoOg3sKnLQed2tuRA5Z8ht1tCcXDROoeugGapggXZgv3uDhGSCxppwrFTfRan2cyw1I5xOK16maIrJGA9p39AYC6r8fBZ/Co+NMoBRIs2LNZyp3zdyLJSaiNBMFiHVb68Q//L6mY6afs7iNNM0JvNDUcahTmDRBRwwSYnmE0MwkcxkhWSEJSbaNFYxJXz9FP5PujXHRY57Xa+26os6yuAQHIET4IIGaIEr0AYdQEAOHsATeLburUfrxXqdj5asxc4++AHr7ROMfpZ4</latexit><latexit sha1_base64="XTyiAYf6148CVnnErgbmrFUUkkY=">AAAB/nicdVBPS8MwHE3nvzn/VcWTl+AQPJV0TjdvAy8eJ7hNWEtJs3QLS9qSpMIoA7+KFw+KePVzePPbmG4TVPRB4PHe78fv5YUpZ0oj9GGVlpZXVtfK65WNza3tHXt3r6uSTBLaIQlP5G2IFeUsph3NNKe3qaRYhJz2wvFl4ffuqFQsiW/0JKW+wMOYRYxgbaTAPvAUGwoc5J7AeiRFTqNoOg3sKnLQed2tuRA5Z8ht1tCcXDROoeugGapggXZgv3uDhGSCxppwrFTfRan2cyw1I5xOK16maIrJGA9p39AYC6r8fBZ/Co+NMoBRIs2LNZyp3zdyLJSaiNBMFiHVb68Q//L6mY6afs7iNNM0JvNDUcahTmDRBRwwSYnmE0MwkcxkhWSEJSbaNFYxJXz9FP5PujXHRY57Xa+26os6yuAQHIET4IIGaIEr0AYdQEAOHsATeLburUfrxXqdj5asxc4++AHr7ROMfpZ4</latexit><latexit sha1_base64="XTyiAYf6148CVnnErgbmrFUUkkY=">AAAB/nicdVBPS8MwHE3nvzn/VcWTl+AQPJV0TjdvAy8eJ7hNWEtJs3QLS9qSpMIoA7+KFw+KePVzePPbmG4TVPRB4PHe78fv5YUpZ0oj9GGVlpZXVtfK65WNza3tHXt3r6uSTBLaIQlP5G2IFeUsph3NNKe3qaRYhJz2wvFl4ffuqFQsiW/0JKW+wMOYRYxgbaTAPvAUGwoc5J7AeiRFTqNoOg3sKnLQed2tuRA5Z8ht1tCcXDROoeugGapggXZgv3uDhGSCxppwrFTfRan2cyw1I5xOK16maIrJGA9p39AYC6r8fBZ/Co+NMoBRIs2LNZyp3zdyLJSaiNBMFiHVb68Q//L6mY6afs7iNNM0JvNDUcahTmDRBRwwSYnmE0MwkcxkhWSEJSbaNFYxJXz9FP5PujXHRY57Xa+26os6yuAQHIET4IIGaIEr0AYdQEAOHsATeLburUfrxXqdj5asxc4++AHr7ROMfpZ4</latexit>

Several ATLAS measurements contributing to the 
understanding of the production of heavy quark systems 
have been performed, with new results expected soon

Presence of both SPS and DPS contributions observed in 
associated onia production
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Nuclear modification factor results
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p+Pb: ratios to Z boson production 
(normalised to the ratio in 0-90% centrality)

p+Pb: quarkonium self-normalised yields 
(normalised to the yields in 0-90% centrality)
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Prompt       pair productionJ/ 
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