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What ?
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Transverse momentum dependent (TMD) observables, encode information 
about the three-dimensional distribution of partons in the nucleon. Extraction of TMDs rely on  

factorization theorems of hadronic cross section into universal QCD matrix elements. 



How ?

3

An effective field theory (EFT) framework for the description of quarkonium production at  
small transverse momentum.  The EFT is considered a fusion of non-relativistic QCD (NRQCD)  

and soft collinear effective theory (SCET)  

- Factorization of the relevant cross section into QCD matrix elements  



Why ?
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When ?
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EFT - Framework 

State the problem  
Proof of concept

Electron positron  
annihilation EFT operators  

and matrix elements   

Generic frameworks for  
obtaining relevant  

ingredients factorization  
theorems based on EFT  

Demonstrate the need for  
new  

approach based on QCD  
factorization principles

Consider fragmentation  
processes and application  

at LHC and HERA

Quarkonium  
semi-inclusive DIS and 
application at the EIC

6 mo.

18mo.

year 1

!
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Oct. 2019 Oct. 2020

Year 2

6 months Year 1

18 months

Oct. 2021

Apr. 2020

Apr. 2021

Snowmass proceedings EIC - YR

Identify relevant processes beyond  
what is considered during the EFT  

development and provide when possible  
necessary tools 

Semester 1 Semester 2

Semester 3

When ?



What if ?
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arXiv: 2006.10751 (M. Arratia, Y. Makris, D. Neill, F. Ringer, and N. Sato)

Centauro: 
A jet algorithm for DIS 

Revisiting grooming 
in DIS

Open heavy flavor
production 

Joint TMD resummation 

Event shapes 
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<latexit sha1_base64="AlmeOVE8esb9PQrnkYaVkYnYq0Y=">AAAB9XicbVDLTgJBEJzFF+IL9ehlItF4keyiiR5JvHjERB4JrGR26IUJs4/M9KJkw3948aAxXv0Xb/6NA+xBwUomqVR1pXvKi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xveTP3mCJQWUXiP4xjcgPVD4QvO0EgPHYQnTGEEIZ5XJt1iyS7bM9Bl4mSkRDLUusWvTi/iSWDiXDKt244do5syhYJLmBQ6iYaY8SHrQ9vQkAWg3XR29YSeGKVH/UiZFyKdqb8TKQu0HgeemQwYDvSiNxX/89oJ+tduKsI4QQj5fJGfSIoRnVZAe0IBRzk2hHElzK2UD5hiHE1RBVOCs/jlZdKolJ2LcuXuslQ9zerIkyNyTM6IQ65IldySGqkTThR5Jq/kzXq0Xqx362M+mrOyzCH5A+vzB62Ykog=</latexit>

event-3
<latexit sha1_base64="5aUXuBYYcYKVUOJBe/YU5wz7myQ=">AAAB9XicbVDLTgJBEJz1ifhCPXqZSDReJLtgokcSLx4xkUcCK5kdemHC7CMzvSjZ8B9ePGiMV//Fm3/jAHtQsJJJKlVd6Z7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q1vpn5zBEqLKLzHcQxuwPqh8AVnaKSHDsITpjCCEC8qk26haJfsGegycTJSJBlq3cJXpxfxJDBxLpnWbceO0U2ZQsElTPKdREPM+JD1oW1oyALQbjq7ekJPjdKjfqTMC5HO1N+JlAVajwPPTAYMB3rRm4r/ee0E/Ws3FWGcIIR8vshPJMWITiugPaGAoxwbwrgS5lbKB0wxjqaovCnBWfzyMmmUS06lVL67LFbPsjpy5JickHPikCtSJbekRuqEE0WeySt5sx6tF+vd+piPrlhZ5oj8gfX5A68dkok=</latexit>
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= contributes to the transverse momentum measurement �
<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>

region (1) region (2) region (3)

ln
(1

/z
)

<latexit sha1_base64="blxfy4WZqLLM+GQC/Ghjl34LK4M=">AAACBnicbVDLTgIxFL2DL8QX6tJNI8HgBmfQRJckblxiIg8DE9IpHWhoO5O2Y0TC3r1b/QV3xq2/4R/4GZbHAsGTNDk55756gpgzbVz320mtrK6tb6Q3M1vbO7t72f2Dmo4SRWiVRDxSjQBrypmkVcMMp41YUSwCTutB/3rs1x+o0iySd2YQU1/grmQhI9hY6b7FJSp4Z0+n7WzOLboToGXizUgOZqi0sz+tTkQSQaUhHGvd9NzY+EOsDCOcjjKtRNMYkz7u0qalEguq/eHk4BHKW6WDwkjZJw2aqPMdQyy0HojAVgpsenrRG4v/ec3EhFf+kMk4MVSS6aIw4chEaPx71GGKEsMHlmCimL0VkR5WmBibUSY/v2Y8PDbicWSj8RaDWCa1UtE7L5ZuL3Llk1lIaTiCYyiAB5dQhhuoQBUICHiBV3hznp1358P5nJamnFnPIfyB8/UL/ROYxg==</latexit>

ln(1/�)
<latexit sha1_base64="bAo7VpvM2fPzYBPa0iaTz0qrbAo=">AAACC3icbVDLTsJAFJ3iC/GFunQzkWBwgy2a6JLEjUtM5JHQSqbDFCZOp83MrZEQPsG9W/0Fd8atH+Ef+BlOoQsET3KTk3PuK8ePBddg299WbmV1bX0jv1nY2t7Z3SvuH7R0lCjKmjQSker4RDPBJWsCB8E6sWIk9AVr+w/Xqd9+ZErzSN7BKGZeSAaSB5wSMNK9KySuOGcuDBmQ016xZFftKfAycTJSQhkaveKP249oEjIJVBCtu44dgzcmCjgVbFJwE81iQh/IgHUNlSRk2htPv57gslH6OIiUKQl4qs5PjEmo9Sj0TWdIYKgXvVT8z+smEFx5Yy7jBJiks0NBIjBEOI0A97liFMTIEEIVN79iOiSKUDBBFcrzZ9LlMYRPExONsxjEMmnVqs55tXZ7UaqfZCHl0RE6RhXkoEtURzeogZqIIoVe0Ct6s56td+vD+py15qxs5hD9gfX1C+8lmvA=</latexit>

�
<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>

�
<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>

s
<latexit sha1_base64="S+tXCZs7JHBRDUmhhG5NA6i9LWs=">AAAB/nicdVDLSgMxFM3UV62vqks3wVJxNWQ60qm7ghuXLdgHtEPJpJk2NJMZkoxYhoJ7t/oL7sStv+If+BmmD0FFDwQO59ybe+8JEs6URujdyq2tb2xu5bcLO7t7+wfFw6O2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoLJ1dzv3FKpWCxu9DShfoRHgoWMYG2kphoUS8iuuB5yaxDZVVTzLj1DHNepIhc6NlqgBFZoDIof/WFM0ogKTThWquegRPsZlpoRTmeFfqpogskEj2jPUIEjqvxssegMlo0yhGEszRMaLtTvHRmOlJpGgamMsB6r395c/MvrpTqs+RkTSaqpIMtBYcqhjuH8ajhkkhLNp4ZgIpnZFZIxlphok02h/H3M/PNER3czE83X/fB/0q6YsOxK86JUP1uFlAcn4BScAwd4oA6uQQO0AAEUPIBH8GTdW8/Wi/W6LM1Zq55j8APW2yfw+Jay</latexit>

n
<latexit sha1_base64="Tt3RhsLz459/kHgC3RVLxYJIEg8=">AAAB/nicdVDLSsNAFJ34rPVVdelmsFRchaStJt0V3LhswT6gDWUynbRDJ5MwMxFLKLh3q7/gTtz6K/6Bn+GkrVBFDwwczrl37r3HjxmVyrI+jLX1jc2t7dxOfndv/+CwcHTcllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/uc78zh0Rkkb8Vk1j4oVoxGlAMVJaavJBoWiZtuPUamVomZVLx3VcTdwr265WoG1acxTBEo1B4bM/jHASEq4wQ1L2bCtWXoqEopiRWb6fSBIjPEEj0tOUo5BIL50vOoMlrQxhEAn9uIJzdbUjRaGU09DXlSFSY/nby8S/vF6iAtdLKY8TRTheDAoSBlUEs6vhkAqCFZtqgrCgeleIx0ggrHQ2+dLqmOzzWIX3Mx3N9/3wf9Ium3bFLDerxfr5MqQcOAVn4ALYwAF1cAMaoAUwIOARPIFn48F4MV6Nt0XpmrHsOQE/YLx/AQrylsM=</latexit>

ln(1/�)
<latexit sha1_base64="bAo7VpvM2fPzYBPa0iaTz0qrbAo=">AAACC3icbVDLTsJAFJ3iC/GFunQzkWBwgy2a6JLEjUtM5JHQSqbDFCZOp83MrZEQPsG9W/0Fd8atH+Ef+BlOoQsET3KTk3PuK8ePBddg299WbmV1bX0jv1nY2t7Z3SvuH7R0lCjKmjQSker4RDPBJWsCB8E6sWIk9AVr+w/Xqd9+ZErzSN7BKGZeSAaSB5wSMNK9KySuOGcuDBmQ016xZFftKfAycTJSQhkaveKP249oEjIJVBCtu44dgzcmCjgVbFJwE81iQh/IgHUNlSRk2htPv57gslH6OIiUKQl4qs5PjEmo9Sj0TWdIYKgXvVT8z+smEFx5Yy7jBJiks0NBIjBEOI0A97liFMTIEEIVN79iOiSKUDBBFcrzZ9LlMYRPExONsxjEMmnVqs55tXZ7UaqfZCHl0RE6RhXkoEtURzeogZqIIoVe0Ct6s56td+vD+py15qxs5hD9gfX1C+8lmvA=</latexit>�

<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>

ln
(1

/z
)

<latexit sha1_base64="blxfy4WZqLLM+GQC/Ghjl34LK4M=">AAACBnicbVDLTgIxFL2DL8QX6tJNI8HgBmfQRJckblxiIg8DE9IpHWhoO5O2Y0TC3r1b/QV3xq2/4R/4GZbHAsGTNDk55756gpgzbVz320mtrK6tb6Q3M1vbO7t72f2Dmo4SRWiVRDxSjQBrypmkVcMMp41YUSwCTutB/3rs1x+o0iySd2YQU1/grmQhI9hY6b7FJSp4Z0+n7WzOLboToGXizUgOZqi0sz+tTkQSQaUhHGvd9NzY+EOsDCOcjjKtRNMYkz7u0qalEguq/eHk4BHKW6WDwkjZJw2aqPMdQyy0HojAVgpsenrRG4v/ec3EhFf+kMk4MVSS6aIw4chEaPx71GGKEsMHlmCimL0VkR5WmBibUSY/v2Y8PDbicWSj8RaDWCa1UtE7L5ZuL3Llk1lIaTiCYyiAB5dQhhuoQBUICHiBV3hznp1358P5nJamnFnPIfyB8/UL/ROYxg==</latexit>

s
<latexit sha1_base64="S+tXCZs7JHBRDUmhhG5NA6i9LWs=">AAAB/nicdVDLSgMxFM3UV62vqks3wVJxNWQ60qm7ghuXLdgHtEPJpJk2NJMZkoxYhoJ7t/oL7sStv+If+BmmD0FFDwQO59ybe+8JEs6URujdyq2tb2xu5bcLO7t7+wfFw6O2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoLJ1dzv3FKpWCxu9DShfoRHgoWMYG2kphoUS8iuuB5yaxDZVVTzLj1DHNepIhc6NlqgBFZoDIof/WFM0ogKTThWquegRPsZlpoRTmeFfqpogskEj2jPUIEjqvxssegMlo0yhGEszRMaLtTvHRmOlJpGgamMsB6r395c/MvrpTqs+RkTSaqpIMtBYcqhjuH8ajhkkhLNp4ZgIpnZFZIxlphok02h/H3M/PNER3czE83X/fB/0q6YsOxK86JUP1uFlAcn4BScAwd4oA6uQQO0AAEUPIBH8GTdW8/Wi/W6LM1Zq55j8APW2yfw+Jay</latexit>

n
<latexit sha1_base64="Tt3RhsLz459/kHgC3RVLxYJIEg8=">AAAB/nicdVDLSsNAFJ34rPVVdelmsFRchaStJt0V3LhswT6gDWUynbRDJ5MwMxFLKLh3q7/gTtz6K/6Bn+GkrVBFDwwczrl37r3HjxmVyrI+jLX1jc2t7dxOfndv/+CwcHTcllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/uc78zh0Rkkb8Vk1j4oVoxGlAMVJaavJBoWiZtuPUamVomZVLx3VcTdwr265WoG1acxTBEo1B4bM/jHASEq4wQ1L2bCtWXoqEopiRWb6fSBIjPEEj0tOUo5BIL50vOoMlrQxhEAn9uIJzdbUjRaGU09DXlSFSY/nby8S/vF6iAtdLKY8TRTheDAoSBlUEs6vhkAqCFZtqgrCgeleIx0ggrHQ2+dLqmOzzWIX3Mx3N9/3wf9Ium3bFLDerxfr5MqQcOAVn4ALYwAF1cAMaoAUwIOARPIFn48F4MV6Nt0XpmrHsOQE/YLx/AQrylsM=</latexit>

collinear

so
ft

ln
(1

/z
)

<latexit sha1_base64="blxfy4WZqLLM+GQC/Ghjl34LK4M=">AAACBnicbVDLTgIxFL2DL8QX6tJNI8HgBmfQRJckblxiIg8DE9IpHWhoO5O2Y0TC3r1b/QV3xq2/4R/4GZbHAsGTNDk55756gpgzbVz320mtrK6tb6Q3M1vbO7t72f2Dmo4SRWiVRDxSjQBrypmkVcMMp41YUSwCTutB/3rs1x+o0iySd2YQU1/grmQhI9hY6b7FJSp4Z0+n7WzOLboToGXizUgOZqi0sz+tTkQSQaUhHGvd9NzY+EOsDCOcjjKtRNMYkz7u0qalEguq/eHk4BHKW6WDwkjZJw2aqPMdQyy0HojAVgpsenrRG4v/ec3EhFf+kMk4MVSS6aIw4chEaPx71GGKEsMHlmCimL0VkR5WmBibUSY/v2Y8PDbicWSj8RaDWCa1UtE7L5ZuL3Llk1lIaTiCYyiAB5dQhhuoQBUICHiBV3hznp1358P5nJamnFnPIfyB8/UL/ROYxg==</latexit>

ln(1/�)
<latexit sha1_base64="bAo7VpvM2fPzYBPa0iaTz0qrbAo=">AAACC3icbVDLTsJAFJ3iC/GFunQzkWBwgy2a6JLEjUtM5JHQSqbDFCZOp83MrZEQPsG9W/0Fd8atH+Ef+BlOoQsET3KTk3PuK8ePBddg299WbmV1bX0jv1nY2t7Z3SvuH7R0lCjKmjQSker4RDPBJWsCB8E6sWIk9AVr+w/Xqd9+ZErzSN7BKGZeSAaSB5wSMNK9KySuOGcuDBmQ016xZFftKfAycTJSQhkaveKP249oEjIJVBCtu44dgzcmCjgVbFJwE81iQh/IgHUNlSRk2htPv57gslH6OIiUKQl4qs5PjEmo9Sj0TWdIYKgXvVT8z+smEFx5Yy7jBJiks0NBIjBEOI0A97liFMTIEEIVN79iOiSKUDBBFcrzZ9LlMYRPExONsxjEMmnVqs55tXZ7UaqfZCHl0RE6RhXkoEtURzeogZqIIoVe0Ct6s56td+vD+py15qxs5hD9gfX1C+8lmvA=</latexit>

s
<latexit sha1_base64="S+tXCZs7JHBRDUmhhG5NA6i9LWs=">AAAB/nicdVDLSgMxFM3UV62vqks3wVJxNWQ60qm7ghuXLdgHtEPJpJk2NJMZkoxYhoJ7t/oL7sStv+If+BmmD0FFDwQO59ybe+8JEs6URujdyq2tb2xu5bcLO7t7+wfFw6O2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoLJ1dzv3FKpWCxu9DShfoRHgoWMYG2kphoUS8iuuB5yaxDZVVTzLj1DHNepIhc6NlqgBFZoDIof/WFM0ogKTThWquegRPsZlpoRTmeFfqpogskEj2jPUIEjqvxssegMlo0yhGEszRMaLtTvHRmOlJpGgamMsB6r395c/MvrpTqs+RkTSaqpIMtBYcqhjuH8ajhkkhLNp4ZgIpnZFZIxlphok02h/H3M/PNER3czE83X/fB/0q6YsOxK86JUP1uFlAcn4BScAwd4oA6uQQO0AAEUPIBH8GTdW8/Wi/W6LM1Zq55j8APW2yfw+Jay</latexit>

n
<latexit sha1_base64="Tt3RhsLz459/kHgC3RVLxYJIEg8=">AAAB/nicdVDLSsNAFJ34rPVVdelmsFRchaStJt0V3LhswT6gDWUynbRDJ5MwMxFLKLh3q7/gTtz6K/6Bn+GkrVBFDwwczrl37r3HjxmVyrI+jLX1jc2t7dxOfndv/+CwcHTcllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/uc78zh0Rkkb8Vk1j4oVoxGlAMVJaavJBoWiZtuPUamVomZVLx3VcTdwr265WoG1acxTBEo1B4bM/jHASEq4wQ1L2bCtWXoqEopiRWb6fSBIjPEEj0tOUo5BIL50vOoMlrQxhEAn9uIJzdbUjRaGU09DXlSFSY/nby8S/vF6iAtdLKY8TRTheDAoSBlUEs6vhkAqCFZtqgrCgeleIx0ggrHQ2+dLqmOzzWIX3Mx3N9/3wf9Ium3bFLDerxfr5MqQcOAVn4ALYwAF1cAMaoAUwIOARPIFn48F4MV6Nt0XpmrHsOQE/YLx/AQrylsM=</latexit>

�
<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>

�
<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>

cs
<latexit sha1_base64="9qzlDVIz2+3mK0CubAwaq2+/nGw=">AAAB/3icdVDLSgMxFM34rPVVdekmWCquhnlUWncFNy6r2Ae0Q8mkmTY0yQxJRiylC/du9RfciVs/xT/wM8y0FarogcDhnHtz7z1hwqjSjvNhrayurW9s5rby2zu7e/uFg8OmilOJSQPHLJbtECnCqCANTTUj7UQSxENGWuHoMvNbd0QqGotbPU5IwNFA0IhipI10g1WvUHTsasX3Ljzo2Od+2fV8Q1yn4pVd6NrODEWwQL1X+Oz2Y5xyIjRmSKmO6yQ6mCCpKWZkmu+miiQIj9CAdAwViBMVTGabTmHJKH0YxdI8oeFMXe6YIK7UmIemkiM9VL+9TPzL66Q6qgYTKpJUE4Hng6KUQR3D7GzYp5JgzcaGICyp2RXiIZIIaxNOvrQ8Jvs80fx+aqL5vh/+T5qe7fq2d10u1k4XIeXAMTgBZ8AFFVADV6AOGgCDCDyCJ/BsPVgv1qv1Ni9dsRY9R+AHrPcvpguXFQ==</latexit>

�
<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>
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arXiv: 2101.02708 ( Y. Makris)

arXiv: 2008.07531 (R.F. del Castillo, M.G. Echevarria, Y. Makris, I. Scimemi)

arXiv: 2009.11871 (Y. Makris, F. Ringer, and W.J. Waalewijn )

arXiv: 2102.05669 (H.T. Li,  Y. Makris, I.M. Vitev)



Publications and Pre-prints

10

Publications with range  
of collaborators 

Talks and presentations in:  
International workshops  

and conferences 
Seminars 

Participate in community  
efforts and initiatives  

Public code for the  
numerical implementation 



Invited talks and Seminars

11

Publications with range  
of collaborators 

Talks and presentations in:  
International workshops  

and conferences 
Seminars 

Participate in community  
efforts and initiatives  

Public code for the  
numerical implementation 



Community efforts
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Publications with range  
of collaborators 

Talks and presentations in:  
International workshops  

and conferences 
Seminars 

Participate in community  
efforts and initiatives  

Public code for the  
numerical implementation 



Open access code
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Publications with range  
of collaborators 

Talks and presentations in:  
International workshops  

and conferences 
Seminars 

Participate in community  
efforts and initiatives  

Public code for the  
numerical implementation 

https://github.com/YiannisMakris

work in progress! 
should be complete  

by Oct. 2021 



Thank you
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⇡/2
<latexit sha1_base64="edgOKEg7/eVbIMqqSxqa/k4f0sk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fjw4rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8Xsov6/1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQb5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpa9Zp3Vas/XFcbpIijBKdwBhfgwQ004B6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w8mT44k</latexit>

⇡/4
<latexit sha1_base64="1Xm5TQ2/XPs9azACsNfbr7vXODU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01qQY8FLx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7Hd3O//cS1EYl6xEnKg5gOlYgEo2glv5eKq3q/XHGr7gJknXg5qUCOZr/81RskLIu5QiapMV3PTTGYUo2CST4r9TLDU8rGdMi7lioacxNMF8fOyIVVBiRKtC2FZKH+npjS2JhJHNrOmOLIrHpz8T+vm2F0G0yFSjPkii0XRZkkmJD552QgNGcoJ5ZQpoW9lbAR1ZShzadkQ/BWX14nrVrVu67WHuqVBsnjKMIZnMMleHADDbiHJvjAQMAzvMKbo5wX5935WLYWnHzmFP7A+fwBKVeOJg==</latexit>

3⇡/4
<latexit sha1_base64="uaJO6peb4WW47jvdQ3lIm1Jn/uc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU91tC3osePFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvc387hNVmknxYGYx9SM8FixkBBsrdeqDmF01huWKW3UXQOvEy0kFcrSG5a/BSJIkosIQjrXue25s/BQrwwin89Ig0TTGZIrHtG+pwBHVfrq4do4urDJCoVS2hEEL9fdEiiOtZ1FgOyNsJnrVy8T/vH5iwhs/ZSJODBVkuShMODISZa+jEVOUGD6zBBPF7K2ITLDCxNiASjYEb/XlddKpVb16tXbfqDRRHkcRzuAcLsGDa2jCHbSgDQQe4Rle4c2Rzovz7nwsWwtOPnMKf+B8/gCcjo5j</latexit>

⇡
<latexit sha1_base64="EGuXNweaF4LlNUlOXgYSJQV16Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD/1EDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlQbJ4yjCGZzDJXhwDQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD0bRja8=</latexit>

� = ⇡
<latexit sha1_base64="F4heqzS3Uvk6eDnIq2Uhok6/O4I=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EYouHFZwT6wM5RMmmlDM0lIMkIZ+hduXCji1r9x59+YPhBtPXDhcM693HtPrDgz1ve/vJXVtfWNzcJWcXtnd2+/dHDYNDLThDaI5FK3Y2woZ4I2LLOctpWmOI05bcXDm4nfeqTaMCnu7UjRKMV9wRJGsHXSQ6gGDF2jULFuqexX/CnQDwkWSRnmqHdLn2FPkiylwhKOjekEvrJRjrVlhNNxMcwMVZgMcZ92HBU4pSbKpxeP0alTeiiR2pWwaKr+nshxaswojV1niu3ALHoT8T+vk9nkKsqZUJmlgswWJRlHVqLJ+6jHNCWWjxzBRDN3KyIDrDGxLqSiC2Hp5WXSrFaC80r17qJcQ/M4CnAMJ3AGAVxCDW6hDg0gIOAJXuDVM96z9+a9z1pXvPnMEfyB9/ENiGOQEA==</latexit>

� = �⇡
<latexit sha1_base64="T+FfJRROb3Cl0KEqrZ3CPYX/idQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4cci01U4XQsGNywq2FjpDyaSZNjSTCUlGKKW/4caFIm79GXf+jelDUNEDFw7n3Mu990SSM20Q+nByK6tr6xv5zcLW9s7uXnH/oK3TTBHaIilPVSfCmnImaMsww2lHKoqTiNO7aHQ18+/uqdIsFbdmLGmY4IFgMSPYWCkI5JDBS3gGA8l6xRJy63Wv6pchcs8vaj7yLEGVSs2vQs9Fc5TAEs1e8T3opyRLqDCEY627HpImnGBlGOF0WggyTSUmIzygXUsFTqgOJ/Obp/DEKn0Yp8qWMHCufp+Y4ETrcRLZzgSbof7tzcS/vG5mYj+cMCEzQwVZLIozDk0KZwHAPlOUGD62BBPF7K2QDLHCxNiYCjaEr0/h/6Rddr2KW76plhpwGUceHIFjcAo8UAMNcA2aoAUIkOABPIFnJ3MenRfnddGac5Yzh+AHnLdPxkuQxQ==</latexit>

✓ = 0
<latexit sha1_base64="+pJEhYemBjsoylEwJdXM5RqOcUQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoBeh4MVjBfuBbSib7aRdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QTaiFg94CQBP2JDJULBGVrpsYcjQEZvqNsvV9yqOwddJV5OKiRHo1/+6g1inkagkEtmTNdzE/QzplFwCdNSLzWQMD5mQ+haqlgExs/mF0/pmVUGNIy1LYV0rv6eyFhkzCQKbGfEcGSWvZn4n9dNMbz2M6GSFEHxxaIwlRRjOnufDoQGjnJiCeNa2FspHzHNONqQSjYEb/nlVdKqVb2Lau3+slKneRxFckJOyTnxyBWpkzvSIE3CiSLP5JW8OcZ5cd6dj0VrwclnjskfOJ8/P+OP3w==</latexit>

protonstruck quark

event-1
<latexit sha1_base64="89hgteATPkLlgnxAbYB82oiG0WE=">AAAB9XicbVDLSsNAFJ3UV62vqks3waK4sSRV0GXBjcsK9gFtLJPpTTt0MgkzN9US+h9uXCji1n9x5984bbPQ1gMDh3Pu4d45fiy4Rsf5tnIrq2vrG/nNwtb2zu5ecf+goaNEMaizSESq5VMNgkuoI0cBrVgBDX0BTX94M/WbI1CaR/IexzF4Ie1LHnBG0UgPHYQnTGEEEs/dSbdYcsrODPYycTNSIhlq3eJXpxexJDRxJqjWbdeJ0UupQs4ETAqdRENM2ZD2oW2opCFoL51dPbFPjNKzg0iZJ9Geqb8TKQ21Hoe+mQwpDvSiNxX/89oJBtdeymWcIEg2XxQkwsbInlZg97gChmJsCGWKm1ttNqCKMjRFFUwJ7uKXl0mjUnYvypW7y1L1NKsjT47IMTkjLrkiVXJLaqROGFHkmbySN+vRerHerY/5aM7KMofkD6zPH6wTkoc=</latexit>

event-2
<latexit sha1_base64="AlmeOVE8esb9PQrnkYaVkYnYq0Y=">AAAB9XicbVDLTgJBEJzFF+IL9ehlItF4keyiiR5JvHjERB4JrGR26IUJs4/M9KJkw3948aAxXv0Xb/6NA+xBwUomqVR1pXvKi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xveTP3mCJQWUXiP4xjcgPVD4QvO0EgPHYQnTGEEIZ5XJt1iyS7bM9Bl4mSkRDLUusWvTi/iSWDiXDKt244do5syhYJLmBQ6iYaY8SHrQ9vQkAWg3XR29YSeGKVH/UiZFyKdqb8TKQu0HgeemQwYDvSiNxX/89oJ+tduKsI4QQj5fJGfSIoRnVZAe0IBRzk2hHElzK2UD5hiHE1RBVOCs/jlZdKolJ2LcuXuslQ9zerIkyNyTM6IQ65IldySGqkTThR5Jq/kzXq0Xqx362M+mrOyzCH5A+vzB62Ykog=</latexit>

event-3
<latexit sha1_base64="5aUXuBYYcYKVUOJBe/YU5wz7myQ=">AAAB9XicbVDLTgJBEJz1ifhCPXqZSDReJLtgokcSLx4xkUcCK5kdemHC7CMzvSjZ8B9ePGiMV//Fm3/jAHtQsJJJKlVd6Z7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q1vpn5zBEqLKLzHcQxuwPqh8AVnaKSHDsITpjCCEC8qk26haJfsGegycTJSJBlq3cJXpxfxJDBxLpnWbceO0U2ZQsElTPKdREPM+JD1oW1oyALQbjq7ekJPjdKjfqTMC5HO1N+JlAVajwPPTAYMB3rRm4r/ee0E/Ws3FWGcIIR8vshPJMWITiugPaGAoxwbwrgS5lbKB0wxjqaovCnBWfzyMmmUS06lVL67LFbPsjpy5JickHPikCtSJbekRuqEE0WeySt5sx6tF+vd+piPrlhZ5oj8gfX5A68dkok=</latexit>

⇡/2
<latexit sha1_base64="edgOKEg7/eVbIMqqSxqa/k4f0sk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fjw4rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8Xsov6/1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQb5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpa9Zp3Vas/XFcbpIijBKdwBhfgwQ004B6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w8mT44k</latexit>

⇡/4
<latexit sha1_base64="1Xm5TQ2/XPs9azACsNfbr7vXODU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01qQY8FLx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7Hd3O//cS1EYl6xEnKg5gOlYgEo2glv5eKq3q/XHGr7gJknXg5qUCOZr/81RskLIu5QiapMV3PTTGYUo2CST4r9TLDU8rGdMi7lioacxNMF8fOyIVVBiRKtC2FZKH+npjS2JhJHNrOmOLIrHpz8T+vm2F0G0yFSjPkii0XRZkkmJD552QgNGcoJ5ZQpoW9lbAR1ZShzadkQ/BWX14nrVrVu67WHuqVBsnjKMIZnMMleHADDbiHJvjAQMAzvMKbo5wX5935WLYWnHzmFP7A+fwBKVeOJg==</latexit>

3⇡/4
<latexit sha1_base64="uaJO6peb4WW47jvdQ3lIm1Jn/uc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU91tC3osePFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvc387hNVmknxYGYx9SM8FixkBBsrdeqDmF01huWKW3UXQOvEy0kFcrSG5a/BSJIkosIQjrXue25s/BQrwwin89Ig0TTGZIrHtG+pwBHVfrq4do4urDJCoVS2hEEL9fdEiiOtZ1FgOyNsJnrVy8T/vH5iwhs/ZSJODBVkuShMODISZa+jEVOUGD6zBBPF7K2ITLDCxNiASjYEb/XlddKpVb16tXbfqDRRHkcRzuAcLsGDa2jCHbSgDQQe4Rle4c2Rzovz7nwsWwtOPnMKf+B8/gCcjo5j</latexit>

⇡
<latexit sha1_base64="EGuXNweaF4LlNUlOXgYSJQV16Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD/1EDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlQbJ4yjCGZzDJXhwDQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD0bRja8=</latexit>

� = ⇡
<latexit sha1_base64="F4heqzS3Uvk6eDnIq2Uhok6/O4I=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EYouHFZwT6wM5RMmmlDM0lIMkIZ+hduXCji1r9x59+YPhBtPXDhcM693HtPrDgz1ve/vJXVtfWNzcJWcXtnd2+/dHDYNDLThDaI5FK3Y2woZ4I2LLOctpWmOI05bcXDm4nfeqTaMCnu7UjRKMV9wRJGsHXSQ6gGDF2jULFuqexX/CnQDwkWSRnmqHdLn2FPkiylwhKOjekEvrJRjrVlhNNxMcwMVZgMcZ92HBU4pSbKpxeP0alTeiiR2pWwaKr+nshxaswojV1niu3ALHoT8T+vk9nkKsqZUJmlgswWJRlHVqLJ+6jHNCWWjxzBRDN3KyIDrDGxLqSiC2Hp5WXSrFaC80r17qJcQ/M4CnAMJ3AGAVxCDW6hDg0gIOAJXuDVM96z9+a9z1pXvPnMEfyB9/ENiGOQEA==</latexit>

� = �⇡
<latexit sha1_base64="T+FfJRROb3Cl0KEqrZ3CPYX/idQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4cci01U4XQsGNywq2FjpDyaSZNjSTCUlGKKW/4caFIm79GXf+jelDUNEDFw7n3Mu990SSM20Q+nByK6tr6xv5zcLW9s7uXnH/oK3TTBHaIilPVSfCmnImaMsww2lHKoqTiNO7aHQ18+/uqdIsFbdmLGmY4IFgMSPYWCkI5JDBS3gGA8l6xRJy63Wv6pchcs8vaj7yLEGVSs2vQs9Fc5TAEs1e8T3opyRLqDCEY627HpImnGBlGOF0WggyTSUmIzygXUsFTqgOJ/Obp/DEKn0Yp8qWMHCufp+Y4ETrcRLZzgSbof7tzcS/vG5mYj+cMCEzQwVZLIozDk0KZwHAPlOUGD62BBPF7K2QDLHCxNiYCjaEr0/h/6Rddr2KW76plhpwGUceHIFjcAo8UAMNcA2aoAUIkOABPIFnJ3MenRfnddGac5Yzh+AHnLdPxkuQxQ==</latexit>

✓ = 0
<latexit sha1_base64="+pJEhYemBjsoylEwJdXM5RqOcUQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoBeh4MVjBfuBbSib7aRdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QTaiFg94CQBP2JDJULBGVrpsYcjQEZvqNsvV9yqOwddJV5OKiRHo1/+6g1inkagkEtmTNdzE/QzplFwCdNSLzWQMD5mQ+haqlgExs/mF0/pmVUGNIy1LYV0rv6eyFhkzCQKbGfEcGSWvZn4n9dNMbz2M6GSFEHxxaIwlRRjOnufDoQGjnJiCeNa2FspHzHNONqQSjYEb/nlVdKqVb2Lau3+slKneRxFckJOyTnxyBWpkzvSIE3CiSLP5JW8OcZ5cd6dj0VrwclnjskfOJ8/P+OP3w==</latexit>

protonstruck quark

event-1
<latexit sha1_base64="89hgteATPkLlgnxAbYB82oiG0WE=">AAAB9XicbVDLSsNAFJ3UV62vqks3waK4sSRV0GXBjcsK9gFtLJPpTTt0MgkzN9US+h9uXCji1n9x5984bbPQ1gMDh3Pu4d45fiy4Rsf5tnIrq2vrG/nNwtb2zu5ecf+goaNEMaizSESq5VMNgkuoI0cBrVgBDX0BTX94M/WbI1CaR/IexzF4Ie1LHnBG0UgPHYQnTGEEEs/dSbdYcsrODPYycTNSIhlq3eJXpxexJDRxJqjWbdeJ0UupQs4ETAqdRENM2ZD2oW2opCFoL51dPbFPjNKzg0iZJ9Geqb8TKQ21Hoe+mQwpDvSiNxX/89oJBtdeymWcIEg2XxQkwsbInlZg97gChmJsCGWKm1ttNqCKMjRFFUwJ7uKXl0mjUnYvypW7y1L1NKsjT47IMTkjLrkiVXJLaqROGFHkmbySN+vRerHerY/5aM7KMofkD6zPH6wTkoc=</latexit>

event-2
<latexit sha1_base64="AlmeOVE8esb9PQrnkYaVkYnYq0Y=">AAAB9XicbVDLTgJBEJzFF+IL9ehlItF4keyiiR5JvHjERB4JrGR26IUJs4/M9KJkw3948aAxXv0Xb/6NA+xBwUomqVR1pXvKi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xveTP3mCJQWUXiP4xjcgPVD4QvO0EgPHYQnTGEEIZ5XJt1iyS7bM9Bl4mSkRDLUusWvTi/iSWDiXDKt244do5syhYJLmBQ6iYaY8SHrQ9vQkAWg3XR29YSeGKVH/UiZFyKdqb8TKQu0HgeemQwYDvSiNxX/89oJ+tduKsI4QQj5fJGfSIoRnVZAe0IBRzk2hHElzK2UD5hiHE1RBVOCs/jlZdKolJ2LcuXuslQ9zerIkyNyTM6IQ65IldySGqkTThR5Jq/kzXq0Xqx362M+mrOyzCH5A+vzB62Ykog=</latexit>

event-3
<latexit sha1_base64="5aUXuBYYcYKVUOJBe/YU5wz7myQ=">AAAB9XicbVDLTgJBEJz1ifhCPXqZSDReJLtgokcSLx4xkUcCK5kdemHC7CMzvSjZ8B9ePGiMV//Fm3/jAHtQsJJJKlVd6Z7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q1vpn5zBEqLKLzHcQxuwPqh8AVnaKSHDsITpjCCEC8qk26haJfsGegycTJSJBlq3cJXpxfxJDBxLpnWbceO0U2ZQsElTPKdREPM+JD1oW1oyALQbjq7ekJPjdKjfqTMC5HO1N+JlAVajwPPTAYMB3rRm4r/ee0E/Ws3FWGcIIR8vshPJMWITiugPaGAoxwbwrgS5lbKB0wxjqaovCnBWfzyMmmUS06lVL67LFbPsjpy5JickHPikCtSJbekRuqEE0WeySt5sx6tF+vd+piPrlhZ5oj8gfX5A68dkok=</latexit>
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= contributes to the transverse momentum measurement �
<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>

region (1) region (2) region (3)

ln
(1

/z
)

<latexit sha1_base64="blxfy4WZqLLM+GQC/Ghjl34LK4M=">AAACBnicbVDLTgIxFL2DL8QX6tJNI8HgBmfQRJckblxiIg8DE9IpHWhoO5O2Y0TC3r1b/QV3xq2/4R/4GZbHAsGTNDk55756gpgzbVz320mtrK6tb6Q3M1vbO7t72f2Dmo4SRWiVRDxSjQBrypmkVcMMp41YUSwCTutB/3rs1x+o0iySd2YQU1/grmQhI9hY6b7FJSp4Z0+n7WzOLboToGXizUgOZqi0sz+tTkQSQaUhHGvd9NzY+EOsDCOcjjKtRNMYkz7u0qalEguq/eHk4BHKW6WDwkjZJw2aqPMdQyy0HojAVgpsenrRG4v/ec3EhFf+kMk4MVSS6aIw4chEaPx71GGKEsMHlmCimL0VkR5WmBibUSY/v2Y8PDbicWSj8RaDWCa1UtE7L5ZuL3Llk1lIaTiCYyiAB5dQhhuoQBUICHiBV3hznp1358P5nJamnFnPIfyB8/UL/ROYxg==</latexit>

ln(1/�)
<latexit sha1_base64="bAo7VpvM2fPzYBPa0iaTz0qrbAo=">AAACC3icbVDLTsJAFJ3iC/GFunQzkWBwgy2a6JLEjUtM5JHQSqbDFCZOp83MrZEQPsG9W/0Fd8atH+Ef+BlOoQsET3KTk3PuK8ePBddg299WbmV1bX0jv1nY2t7Z3SvuH7R0lCjKmjQSker4RDPBJWsCB8E6sWIk9AVr+w/Xqd9+ZErzSN7BKGZeSAaSB5wSMNK9KySuOGcuDBmQ016xZFftKfAycTJSQhkaveKP249oEjIJVBCtu44dgzcmCjgVbFJwE81iQh/IgHUNlSRk2htPv57gslH6OIiUKQl4qs5PjEmo9Sj0TWdIYKgXvVT8z+smEFx5Yy7jBJiks0NBIjBEOI0A97liFMTIEEIVN79iOiSKUDBBFcrzZ9LlMYRPExONsxjEMmnVqs55tXZ7UaqfZCHl0RE6RhXkoEtURzeogZqIIoVe0Ct6s56td+vD+py15qxs5hD9gfX1C+8lmvA=</latexit>

�
<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>

�
<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>

s
<latexit sha1_base64="S+tXCZs7JHBRDUmhhG5NA6i9LWs=">AAAB/nicdVDLSgMxFM3UV62vqks3wVJxNWQ60qm7ghuXLdgHtEPJpJk2NJMZkoxYhoJ7t/oL7sStv+If+BmmD0FFDwQO59ybe+8JEs6URujdyq2tb2xu5bcLO7t7+wfFw6O2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoLJ1dzv3FKpWCxu9DShfoRHgoWMYG2kphoUS8iuuB5yaxDZVVTzLj1DHNepIhc6NlqgBFZoDIof/WFM0ogKTThWquegRPsZlpoRTmeFfqpogskEj2jPUIEjqvxssegMlo0yhGEszRMaLtTvHRmOlJpGgamMsB6r395c/MvrpTqs+RkTSaqpIMtBYcqhjuH8ajhkkhLNp4ZgIpnZFZIxlphok02h/H3M/PNER3czE83X/fB/0q6YsOxK86JUP1uFlAcn4BScAwd4oA6uQQO0AAEUPIBH8GTdW8/Wi/W6LM1Zq55j8APW2yfw+Jay</latexit>

n
<latexit sha1_base64="Tt3RhsLz459/kHgC3RVLxYJIEg8=">AAAB/nicdVDLSsNAFJ34rPVVdelmsFRchaStJt0V3LhswT6gDWUynbRDJ5MwMxFLKLh3q7/gTtz6K/6Bn+GkrVBFDwwczrl37r3HjxmVyrI+jLX1jc2t7dxOfndv/+CwcHTcllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/uc78zh0Rkkb8Vk1j4oVoxGlAMVJaavJBoWiZtuPUamVomZVLx3VcTdwr265WoG1acxTBEo1B4bM/jHASEq4wQ1L2bCtWXoqEopiRWb6fSBIjPEEj0tOUo5BIL50vOoMlrQxhEAn9uIJzdbUjRaGU09DXlSFSY/nby8S/vF6iAtdLKY8TRTheDAoSBlUEs6vhkAqCFZtqgrCgeleIx0ggrHQ2+dLqmOzzWIX3Mx3N9/3wf9Ium3bFLDerxfr5MqQcOAVn4ALYwAF1cAMaoAUwIOARPIFn48F4MV6Nt0XpmrHsOQE/YLx/AQrylsM=</latexit>

ln(1/�)
<latexit sha1_base64="bAo7VpvM2fPzYBPa0iaTz0qrbAo=">AAACC3icbVDLTsJAFJ3iC/GFunQzkWBwgy2a6JLEjUtM5JHQSqbDFCZOp83MrZEQPsG9W/0Fd8atH+Ef+BlOoQsET3KTk3PuK8ePBddg299WbmV1bX0jv1nY2t7Z3SvuH7R0lCjKmjQSker4RDPBJWsCB8E6sWIk9AVr+w/Xqd9+ZErzSN7BKGZeSAaSB5wSMNK9KySuOGcuDBmQ016xZFftKfAycTJSQhkaveKP249oEjIJVBCtu44dgzcmCjgVbFJwE81iQh/IgHUNlSRk2htPv57gslH6OIiUKQl4qs5PjEmo9Sj0TWdIYKgXvVT8z+smEFx5Yy7jBJiks0NBIjBEOI0A97liFMTIEEIVN79iOiSKUDBBFcrzZ9LlMYRPExONsxjEMmnVqs55tXZ7UaqfZCHl0RE6RhXkoEtURzeogZqIIoVe0Ct6s56td+vD+py15qxs5hD9gfX1C+8lmvA=</latexit>�

<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>

ln
(1

/z
)

<latexit sha1_base64="blxfy4WZqLLM+GQC/Ghjl34LK4M=">AAACBnicbVDLTgIxFL2DL8QX6tJNI8HgBmfQRJckblxiIg8DE9IpHWhoO5O2Y0TC3r1b/QV3xq2/4R/4GZbHAsGTNDk55756gpgzbVz320mtrK6tb6Q3M1vbO7t72f2Dmo4SRWiVRDxSjQBrypmkVcMMp41YUSwCTutB/3rs1x+o0iySd2YQU1/grmQhI9hY6b7FJSp4Z0+n7WzOLboToGXizUgOZqi0sz+tTkQSQaUhHGvd9NzY+EOsDCOcjjKtRNMYkz7u0qalEguq/eHk4BHKW6WDwkjZJw2aqPMdQyy0HojAVgpsenrRG4v/ec3EhFf+kMk4MVSS6aIw4chEaPx71GGKEsMHlmCimL0VkR5WmBibUSY/v2Y8PDbicWSj8RaDWCa1UtE7L5ZuL3Llk1lIaTiCYyiAB5dQhhuoQBUICHiBV3hznp1358P5nJamnFnPIfyB8/UL/ROYxg==</latexit>

s
<latexit sha1_base64="S+tXCZs7JHBRDUmhhG5NA6i9LWs=">AAAB/nicdVDLSgMxFM3UV62vqks3wVJxNWQ60qm7ghuXLdgHtEPJpJk2NJMZkoxYhoJ7t/oL7sStv+If+BmmD0FFDwQO59ybe+8JEs6URujdyq2tb2xu5bcLO7t7+wfFw6O2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoLJ1dzv3FKpWCxu9DShfoRHgoWMYG2kphoUS8iuuB5yaxDZVVTzLj1DHNepIhc6NlqgBFZoDIof/WFM0ogKTThWquegRPsZlpoRTmeFfqpogskEj2jPUIEjqvxssegMlo0yhGEszRMaLtTvHRmOlJpGgamMsB6r395c/MvrpTqs+RkTSaqpIMtBYcqhjuH8ajhkkhLNp4ZgIpnZFZIxlphok02h/H3M/PNER3czE83X/fB/0q6YsOxK86JUP1uFlAcn4BScAwd4oA6uQQO0AAEUPIBH8GTdW8/Wi/W6LM1Zq55j8APW2yfw+Jay</latexit>

n
<latexit sha1_base64="Tt3RhsLz459/kHgC3RVLxYJIEg8=">AAAB/nicdVDLSsNAFJ34rPVVdelmsFRchaStJt0V3LhswT6gDWUynbRDJ5MwMxFLKLh3q7/gTtz6K/6Bn+GkrVBFDwwczrl37r3HjxmVyrI+jLX1jc2t7dxOfndv/+CwcHTcllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/uc78zh0Rkkb8Vk1j4oVoxGlAMVJaavJBoWiZtuPUamVomZVLx3VcTdwr265WoG1acxTBEo1B4bM/jHASEq4wQ1L2bCtWXoqEopiRWb6fSBIjPEEj0tOUo5BIL50vOoMlrQxhEAn9uIJzdbUjRaGU09DXlSFSY/nby8S/vF6iAtdLKY8TRTheDAoSBlUEs6vhkAqCFZtqgrCgeleIx0ggrHQ2+dLqmOzzWIX3Mx3N9/3wf9Ium3bFLDerxfr5MqQcOAVn4ALYwAF1cAMaoAUwIOARPIFn48F4MV6Nt0XpmrHsOQE/YLx/AQrylsM=</latexit>

collinear

so
ft

ln
(1

/z
)

<latexit sha1_base64="blxfy4WZqLLM+GQC/Ghjl34LK4M=">AAACBnicbVDLTgIxFL2DL8QX6tJNI8HgBmfQRJckblxiIg8DE9IpHWhoO5O2Y0TC3r1b/QV3xq2/4R/4GZbHAsGTNDk55756gpgzbVz320mtrK6tb6Q3M1vbO7t72f2Dmo4SRWiVRDxSjQBrypmkVcMMp41YUSwCTutB/3rs1x+o0iySd2YQU1/grmQhI9hY6b7FJSp4Z0+n7WzOLboToGXizUgOZqi0sz+tTkQSQaUhHGvd9NzY+EOsDCOcjjKtRNMYkz7u0qalEguq/eHk4BHKW6WDwkjZJw2aqPMdQyy0HojAVgpsenrRG4v/ec3EhFf+kMk4MVSS6aIw4chEaPx71GGKEsMHlmCimL0VkR5WmBibUSY/v2Y8PDbicWSj8RaDWCa1UtE7L5ZuL3Llk1lIaTiCYyiAB5dQhhuoQBUICHiBV3hznp1358P5nJamnFnPIfyB8/UL/ROYxg==</latexit>

ln(1/�)
<latexit sha1_base64="bAo7VpvM2fPzYBPa0iaTz0qrbAo=">AAACC3icbVDLTsJAFJ3iC/GFunQzkWBwgy2a6JLEjUtM5JHQSqbDFCZOp83MrZEQPsG9W/0Fd8atH+Ef+BlOoQsET3KTk3PuK8ePBddg299WbmV1bX0jv1nY2t7Z3SvuH7R0lCjKmjQSker4RDPBJWsCB8E6sWIk9AVr+w/Xqd9+ZErzSN7BKGZeSAaSB5wSMNK9KySuOGcuDBmQ016xZFftKfAycTJSQhkaveKP249oEjIJVBCtu44dgzcmCjgVbFJwE81iQh/IgHUNlSRk2htPv57gslH6OIiUKQl4qs5PjEmo9Sj0TWdIYKgXvVT8z+smEFx5Yy7jBJiks0NBIjBEOI0A97liFMTIEEIVN79iOiSKUDBBFcrzZ9LlMYRPExONsxjEMmnVqs55tXZ7UaqfZCHl0RE6RhXkoEtURzeogZqIIoVe0Ct6s56td+vD+py15qxs5hD9gfX1C+8lmvA=</latexit>

s
<latexit sha1_base64="S+tXCZs7JHBRDUmhhG5NA6i9LWs=">AAAB/nicdVDLSgMxFM3UV62vqks3wVJxNWQ60qm7ghuXLdgHtEPJpJk2NJMZkoxYhoJ7t/oL7sStv+If+BmmD0FFDwQO59ybe+8JEs6URujdyq2tb2xu5bcLO7t7+wfFw6O2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoLJ1dzv3FKpWCxu9DShfoRHgoWMYG2kphoUS8iuuB5yaxDZVVTzLj1DHNepIhc6NlqgBFZoDIof/WFM0ogKTThWquegRPsZlpoRTmeFfqpogskEj2jPUIEjqvxssegMlo0yhGEszRMaLtTvHRmOlJpGgamMsB6r395c/MvrpTqs+RkTSaqpIMtBYcqhjuH8ajhkkhLNp4ZgIpnZFZIxlphok02h/H3M/PNER3czE83X/fB/0q6YsOxK86JUP1uFlAcn4BScAwd4oA6uQQO0AAEUPIBH8GTdW8/Wi/W6LM1Zq55j8APW2yfw+Jay</latexit>

n
<latexit sha1_base64="Tt3RhsLz459/kHgC3RVLxYJIEg8=">AAAB/nicdVDLSsNAFJ34rPVVdelmsFRchaStJt0V3LhswT6gDWUynbRDJ5MwMxFLKLh3q7/gTtz6K/6Bn+GkrVBFDwwczrl37r3HjxmVyrI+jLX1jc2t7dxOfndv/+CwcHTcllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/uc78zh0Rkkb8Vk1j4oVoxGlAMVJaavJBoWiZtuPUamVomZVLx3VcTdwr265WoG1acxTBEo1B4bM/jHASEq4wQ1L2bCtWXoqEopiRWb6fSBIjPEEj0tOUo5BIL50vOoMlrQxhEAn9uIJzdbUjRaGU09DXlSFSY/nby8S/vF6iAtdLKY8TRTheDAoSBlUEs6vhkAqCFZtqgrCgeleIx0ggrHQ2+dLqmOzzWIX3Mx3N9/3wf9Ium3bFLDerxfr5MqQcOAVn4ALYwAF1cAMaoAUwIOARPIFn48F4MV6Nt0XpmrHsOQE/YLx/AQrylsM=</latexit>

�
<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>

�
<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>

cs
<latexit sha1_base64="9qzlDVIz2+3mK0CubAwaq2+/nGw=">AAAB/3icdVDLSgMxFM34rPVVdekmWCquhnlUWncFNy6r2Ae0Q8mkmTY0yQxJRiylC/du9RfciVs/xT/wM8y0FarogcDhnHtz7z1hwqjSjvNhrayurW9s5rby2zu7e/uFg8OmilOJSQPHLJbtECnCqCANTTUj7UQSxENGWuHoMvNbd0QqGotbPU5IwNFA0IhipI10g1WvUHTsasX3Ljzo2Od+2fV8Q1yn4pVd6NrODEWwQL1X+Oz2Y5xyIjRmSKmO6yQ6mCCpKWZkmu+miiQIj9CAdAwViBMVTGabTmHJKH0YxdI8oeFMXe6YIK7UmIemkiM9VL+9TPzL66Q6qgYTKpJUE4Hng6KUQR3D7GzYp5JgzcaGICyp2RXiIZIIaxNOvrQ8Jvs80fx+aqL5vh/+T5qe7fq2d10u1k4XIeXAMTgBZ8AFFVADV6AOGgCDCDyCJ/BsPVgv1qv1Ni9dsRY9R+AHrPcvpguXFQ==</latexit>

�
<latexit sha1_base64="9rvWPPmth1Iy7mDUZLdkLK3H5G0=">AAACE3icbVDLSsNAFJ34rPUVHzs3wVJwVZIq6LLoxmUF+4AmlMlk0g6dZMLMjVhDP8O9W/0Fd+LWD/AP/AwnbRa19cIwh3Mf53D8hDMFtv1trKyurW9slrbK2zu7e/vmwWFbiVQS2iKCC9n1saKcxbQFDDjtJpLiyOe0449u8n7ngUrFRHwP44R6ER7ELGQEg6b65rHrCx6ocaS/zBXAIqomfbNi1+xpWcvAKUAFFdXsmz9uIEga0RgIx0r1HDsBL8MSGOF0UnZTRRNMRnhAexrGWKt42dT9xKpqJrBCIfWLwZqy8xsZjlRuUE9GGIZqsZeT//V6KYRXXsbiJAUak5lQmHILhJVHYQVMUgJ8rAEmkmmvFhliiQnowMrVeZn8eALRYx6NsxjEMmjXa855rX53UWlcFyGV0Ak6RWfIQZeogW5RE7UQQU/oBb2iN+PZeDc+jM/Z6IpR7ByhP2V8/QLqhJ94</latexit>
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