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Jets at collider experiments
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•Collimated sprays of particles
•Most direct access to high-
energy quarks and gluons
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EIC jet physics
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�

⌘ = � ln tan ✓/2

<latexit sha1_base64="uwTJOWUgXPH/yZSLpbVWlu3IoGQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rFiv6ANZbPdtEs3m7A7EUroT/DiQRGv/iJv/hu3bQ7a+mDg8d4MM/OCRAqDrvvtrK1vbG5tF3aKu3v7B4elo+OWiVPNeJPFMtadgBouheJNFCh5J9GcRoHk7WB8N/PbT1wbEasGThLuR3SoRCgYRSs9Jv1Gv1R2K+4cZJV4OSlDjnq/9NUbxCyNuEImqTFdz03Qz6hGwSSfFnup4QllYzrkXUsVjbjxs/mpU3JulQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMb/xMqCRFrthiUZhKgjGZ/U0GQnOGcmIJZVrYWwkbUU0Z2nSKNgRv+eVV0qpWvKtK9eGyXLvN4yjAKZzBBXhwDTW4hzo0gcEQnuEV3hzpvDjvzseidc3JZ07gD5zPHzbWjcI=</latexit>pT

•Relevant for hadron structure, hadronization, etc.
•Clean EIC environment
• Jet substructure & correlations
•Versatile jet reconstruction algorithms & frame dependence
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Nature of jets at the EIC

Transverse 
momentum

Particle #

Arratia, Jacak, FR, Song `19
see also Aschenauer et al.

• Jet transverse momentum

• Photon virtuality

<latexit sha1_base64="Gh2dfXgIZvhxde9sUVhnrVSGUlI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK/YI2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63U1hb39jcKm6Xdnb39g/Kh0ctE6ea8SaLZaw7ATVcCsWbKFDyTqI5jQLJ28H4bua3n7g2IlYNnCTcj+hQiVAwilZ6TPqNfrniVt05yCrxclKBHPV++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NTp+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YY3viZUEmKXLHFojCVBGMy+5sMhOYM5cQSyrSwtxI2opoytOmUbAje8surpHVR9a6qlw+XldptHkcRTuAUzsGDa6jBPdShCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwA3eo3E</latexit>pT
<latexit sha1_base64="wXULL+pF/Z7m0lUqQ3BJI5uEXKg=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1C1CPRi0eI8khgJbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6wHHC/YgOlAgFo2il+/pjuVcouiV3DrJKvIwUIUOtV/jq9mOWRlwhk9SYjucm6E+oRsEkn+a7qeEJZSM64B1LFY248SfzU6fk3Cp9EsbalkIyV39PTGhkzDgKbGdEcWiWvZn4n9dJMbz2J0IlKXLFFovCVBKMyexv0heaM5RjSyjTwt5K2JBqytCmk7cheMsvr5JmueRdlir1SrF6k8WRg1M4gwvw4AqqcAc1aACDATzDK7w50nlx3p2PReuak82cwB84nz/TJI2C</latexit>

Q2

Two “natural” hard scales

Q2 = (k � k0)2
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<latexit sha1_base64="LssQ32T2XPy8dZ7nJRErrC/E+fg=">AAAB/HicjVDLSsNAFJ3UV62vaJduBovgqiRF1GXRjbiqYB/QhjKZ3rRDZ5IwcyOWUH/FjQtF3Poh7vwbk7YLFQUPXDiccw/3cvxYCoOO82EVlpZXVteK66WNza3tHXt3r2WiRHNo8khGuuMzA1KE0ESBEjqxBqZ8CW1/fJH77VvQRkThDU5i8BQbhiIQnGEm9e1yD+EO0ytAqiIFISZq2rcrbtWZgf5NKmSBRt9+7w0inuRxLpkxXdeJ0UuZRsElTEu9xEDM+JgNoZvRkCkwXjp7fkoPM2VAg0hnEyKdqV8TKVPGTJSfbSqGI/PTy8XfvG6CwZmXijBOEEI+PxQkkmJE8yboQGjgKCcZYVyL7FfKR0wzjllfpf+V0KpV3ZNq7fq4Uj9f1FEk++SAHBGXnJI6uSQN0iScTMgDeSLP1r31aL1Yr/PVgrXIlMk3WG+fYoGVQQ==</latexit>

Jet momentum

Laboratory
frame

<latexit sha1_base64="TFVs4ZB32tKjmzAWiodJXHL4+SY=">AAACAnicjVDLSgMxFM34rPVVdSVugkVwVTpS1GXRjcuK9gFtKZn0ThuaSYbkjliG4sZfceNCEbd+hTv/xvSxUFHwwIWTc+4l954glsJisfjhzc0vLC4tZ1ayq2vrG5u5re2a1YnhUOVaatMImAUpFFRRoIRGbIBFgYR6MDgf+/UbMFZodY3DGNoR6ykRCs7QSZ3cbgvhFtMr90Yw0KUggaPRatTJ5f1CcQL6N8mTGSqd3Hurq3kSgUIumbVNvxhjO2UGBZcwyrYSCzHjA9aDpqOKRWDb6eSEET1wSpeG2rhSSCfq14mURdYOo8B1Rgz79qc3Fn/zmgmGp+1UqDhBUHz6UZhIipqO86BdYdzBcugI40a4XSnvM8O4i8Nm/xdC7ajgHxdKl6V8+WwWR4bskX1ySHxyQsrkglRIlXByRx7IE3n27r1H78V7nbbOebOZHfIN3tsnGi6X5Q==</latexit>

Scattered electron
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Laboratory
frame

<latexit sha1_base64="fkQaVq+hg9VCtG64ATONclY8/+Q=">AAAB9XicjVDLSgNBEJyNrxhfUY9eBoPgxbCRoB6DevAYwTwgWcPspDcZMzu7zPSqYcl/ePGgiFf/xZt/4+RxUFGwoKGo6qaL8mMpDLruh5OZm19YXMou51ZW19Y38ptbdRMlmkONRzLSTZ8ZkEJBDQVKaMYaWOhLaPiDs7HfuAVtRKSucBiDF7KeEoHgDK103Ua4x/RcHNwAmlEnXygV3Qno36RAZqh28u/tbsSTEBRyyYxpldwYvZRpFFzCKNdODMSMD1gPWpYqFoLx0knqEd2zSpcGkbajkE7UrxcpC40Zhr7dDBn2zU9vLP7mtRIMTrxUqDhBUHz6KEgkxYiOK6BdoYGjHFrCuBY2K+V9phlHW1TufyXUD4ulo2L5slyonM7qyJIdskv2SYkckwq5IFVSI5xo8kCeyLNz5zw6L87rdDXjzG62yTc4b5/RCpK7</latexit>

Di-jets

<latexit sha1_base64="TFVs4ZB32tKjmzAWiodJXHL4+SY=">AAACAnicjVDLSgMxFM34rPVVdSVugkVwVTpS1GXRjcuK9gFtKZn0ThuaSYbkjliG4sZfceNCEbd+hTv/xvSxUFHwwIWTc+4l954glsJisfjhzc0vLC4tZ1ayq2vrG5u5re2a1YnhUOVaatMImAUpFFRRoIRGbIBFgYR6MDgf+/UbMFZodY3DGNoR6ykRCs7QSZ3cbgvhFtMr90Yw0KUggaPRatTJ5f1CcQL6N8mTGSqd3Hurq3kSgUIumbVNvxhjO2UGBZcwyrYSCzHjA9aDpqOKRWDb6eSEET1wSpeG2rhSSCfq14mURdYOo8B1Rgz79qc3Fn/zmgmGp+1UqDhBUHz6UZhIipqO86BdYdzBcugI40a4XSnvM8O4i8Nm/xdC7ajgHxdKl6V8+WwWR4bskX1ySHxyQsrkglRIlXByRx7IE3n27r1H78V7nbbOebOZHfIN3tsnGi6X5Q==</latexit>

Scattered electron

<latexit sha1_base64="TFVs4ZB32tKjmzAWiodJXHL4+SY=">AAACAnicjVDLSgMxFM34rPVVdSVugkVwVTpS1GXRjcuK9gFtKZn0ThuaSYbkjliG4sZfceNCEbd+hTv/xvSxUFHwwIWTc+4l954glsJisfjhzc0vLC4tZ1ayq2vrG5u5re2a1YnhUOVaatMImAUpFFRRoIRGbIBFgYR6MDgf+/UbMFZodY3DGNoR6ykRCs7QSZ3cbgvhFtMr90Yw0KUggaPRatTJ5f1CcQL6N8mTGSqd3Hurq3kSgUIumbVNvxhjO2UGBZcwyrYSCzHjA9aDpqOKRWDb6eSEET1wSpeG2rhSSCfq14mURdYOo8B1Rgz79qc3Fn/zmgmGp+1UqDhBUHz6UZhIipqO86BdYdzBcugI40a4XSnvM8O4i8Nm/xdC7ajgHxdKl6V8+WwWR4bskX1ySHxyQsrkglRIlXByRx7IE3n27r1H78V7nbbOebOZHfIN3tsnGi6X5Q==</latexit>

Scattered electron

<latexit sha1_base64="AhXc0hRkxkVzuWfvGLTw1yrMdrw=">AAAB+nicjVDLSsNAFJ3UV62vVJduBovgqiRS1GXRjcuK9gFtKJPpTTt2MgkzN2qJ/RQ3LhRx65e4829MHwsVBQ9cOJxzL/dw/FgKg47zYeUWFpeWV/KrhbX1jc0tu7jdMFGiOdR5JCPd8pkBKRTUUaCEVqyBhb6Epj88m/jNG9BGROoKRzF4IesrEQjOMJO6drGDcIfppVB9CfQacNy1S27ZmYL+TUpkjlrXfu/0Ip6EoJBLZkzbdWL0UqZRcAnjQicxEDM+ZH1oZ1SxEIyXTqOP6X6m9GgQ6WwU0qn69SJloTGj0M82Q4YD89ObiL957QSDEy8VKk4QFJ89ChJJMaKTHmhPaOAoRxlhXIssK+UDphnHrK3C/0poHJbdo3LlolKqns7ryJNdskcOiEuOSZWckxqpE05uyQN5Is/WvfVovVivs9WcNb/ZId9gvX0Cn5qUPw==</latexit>

Single jet

• Cf. proton-proton: jets vs. Z+jet
• Different quark/gluon fractions
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Frame dependence
Lab frame

• Analogous to a 
fragmentation function

QCD factorization

<latexit sha1_base64="8+Gi06QmoLTDIa2oSnQZh0pmHLs="></latexit>

d�Lab

dQ2d⌘dpT
⇠

X

ab

fa ⌦Hab ⌦ Jb

• Quark-jets dominate
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<latexit sha1_base64="8+Gi06QmoLTDIa2oSnQZh0pmHLs="></latexit>

d�Lab

dQ2d⌘dpT
⇠

X

ab

fa ⌦Hab ⌦ Jb
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Frame dependence
Lab frame QCD factorization

Breit frame Rotate and boost

<latexit sha1_base64="KAwXQWjnCBvtoSzGFdZ+Ue27wS8="></latexit>

d�Breit

dQ2d⌘dpT
⇠

X

ab

fa ⌦ H̃ab ⌦ Jb
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<latexit sha1_base64="8+Gi06QmoLTDIa2oSnQZh0pmHLs="></latexit>

d�Lab

dQ2d⌘dpT
⇠

X

ab

fa ⌦Hab ⌦ Jb
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Frame dependence
Lab frame QCD factorization

Breit frame Rotate and boost

<latexit sha1_base64="KAwXQWjnCBvtoSzGFdZ+Ue27wS8="></latexit>

d�Breit

dQ2d⌘dpT
⇠

X

ab

fa ⌦ H̃ab ⌦ Jb

Leading order vs.

<latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e

<latexit sha1_base64="IZTywYQOmLMf5Bsd/7S0Vt6TEzQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN6LjP4=</latexit>q
<latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g

<latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e
<latexit sha1_base64="RmIhIcc96OVgeQ7eZV6aQIOc4wQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJvbLFbfqzkFWiZeTCuRo9MtfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzFuM8g==</latexit>e

<latexit sha1_base64="IZTywYQOmLMf5Bsd/7S0Vt6TEzQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN6LjP4=</latexit>q
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Frame dependence
Lab frame QCD factorization

Breit frame Rotate and boost

<latexit sha1_base64="KAwXQWjnCBvtoSzGFdZ+Ue27wS8="></latexit>

d�Breit

dQ2d⌘dpT
⇠

X

ab

fa ⌦ H̃ab ⌦ Jb

• Different than in proton-proton both are on equal footing!
• Systematically study quark/gluon differences NieMiera, Lee, FR, Sato 

- in preparation

<latexit sha1_base64="8+Gi06QmoLTDIa2oSnQZh0pmHLs="></latexit>

d�Lab

dQ2d⌘dpT
⇠

X

ab

fa ⌦Hab ⌦ Jb
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Lab-frame jet substructure

11

Krohn, Schwartz, Lin, Waalewijn `12
Lee, Moult, FR, Waalewijn `23• Charged particle momentum fraction 

of the jet

• Track functions related to multi-hadron 
fragmentation functions

Chen, Jaarsma, Li, Moult, Waalewijn, Zhu `22

• Probe of multi-parton and non-linear 
QCD dynamics
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Lab-frame jet substructure

12

Lee, Moult, FR, Waalewijn `23

• EIC can constrain flavor dependence

Small QCD scale uncertainty

• Charged particle momentum fraction 
of the jet

• Track functions related to multi-hadron 
fragmentation functions
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Laboratory
frame

<latexit sha1_base64="Lf9N8jBWhL2cwMMtG37KkcVBGrY=">AAACF3icjVDLSgMxFM34rPU16tJNsAiCUtoi6kYounFZoS/ojEMmvdPGZh4mmUIZ5i/c+CtuXCjiVnf+jem0iyoKHrhwcs693NzjRpxJVSp9GnPzC4tLy7mV/Ora+samubXdlGEsKDRoyEPRdokEzgJoKKY4tCMBxHc5tNzB5dhvDUFIFgZ1NYrA9kkvYB6jRGnJMYvWECi+c+rnGYmc+k1iHWFID2fewsdauwWVOmahXCxlwH+TApqi5pgfVjeksQ+BopxI2SmXImUnRChGOaR5K5YQETogPehoGhAfpJ1kd6V4Xytd7IVCV6Bwps5OJMSXcuS7utMnqi9/emPxN68TK+/MTlgQxQoCOlnkxRyrEI9Dwl0mgCo+0oRQwfRfMe0TQajSUeb/F0KzUiyfFCvXx4XqxTSOHNpFe+gAldEpqqIrVEMNRNE9ekTP6MV4MJ6MV+Nt0jpnTGd20DcY71/ex56A</latexit>

~qT = ~p e
T + ~p jet

T

<latexit sha1_base64="LssQ32T2XPy8dZ7nJRErrC/E+fg=">AAAB/HicjVDLSsNAFJ3UV62vaJduBovgqiRF1GXRjbiqYB/QhjKZ3rRDZ5IwcyOWUH/FjQtF3Poh7vwbk7YLFQUPXDiccw/3cvxYCoOO82EVlpZXVteK66WNza3tHXt3r2WiRHNo8khGuuMzA1KE0ESBEjqxBqZ8CW1/fJH77VvQRkThDU5i8BQbhiIQnGEm9e1yD+EO0ytAqiIFISZq2rcrbtWZgf5NKmSBRt9+7w0inuRxLpkxXdeJ0UuZRsElTEu9xEDM+JgNoZvRkCkwXjp7fkoPM2VAg0hnEyKdqV8TKVPGTJSfbSqGI/PTy8XfvG6CwZmXijBOEEI+PxQkkmJE8yboQGjgKCcZYVyL7FfKR0wzjllfpf+V0KpV3ZNq7fq4Uj9f1FEk++SAHBGXnJI6uSQN0iScTMgDeSLP1r31aL1Yr/PVgrXIlMk3WG+fYoGVQQ==</latexit>

Jet momentum

<latexit sha1_base64="LU4gQ0f6d6j4s3PrQGLgzWD97fs="></latexit>

Measure electron/neutrino-jet imbalance
<latexit sha1_base64="x8uvCsu3k1jmrO2UfZPIYvs4zBA=">AAACIXicdZDLSgMxFIYzXmu9VV26CRZBsJSpVNsuhKIblxVaK3RqyaSnNTaTGZNMoQzzKm58FTcuFOlOfBnTi2C9/BD4+M855JzfDThT2rbfrbn5hcWl5cRKcnVtfWMztbV9pfxQUqhRn/vy2iUKOBNQ00xzuA4kEM/lUHd756N6vQ9SMV9U9SCApke6gnUYJdpYrVTR6QON7uNW9XRMgaGbyMlAxhFhfDjjOR7Rt9KL7kDHcSuVtrOl0rGdL+DfkMvaY6XRVJVWaui0fRp6IDTlRKlGzg50MyJSM8ohTjqhgoDQHulCw6AgHqhmNL4wxvvGaeOOL80TGo/d7xMR8ZQaeK7pHC2pftZG5l+1Rqg7xWbERBBqEHTyUSfkWPt4FBduMwlU84EBQiUzu2J6SySh2oSaNCF8XYr/h6ujbO4km7/Mp8tn0zgSaBftoQOUQwVURheogmqIogf0hF7Qq/VoPVtv1nDSOmdNZ3bQjKyPT0CKpX4=</latexit>

~qT = ~p e,⌫
T + ~p jet

T
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~p jet
T

e p

~p jet
T

~p e
T

e

~qT

~ST

~qT = ~p e
T + ~p jet

T

• Sensitivity to TMD PDFs but no TMD FF

• Electron-jet imbalance at the EIC

• TMD factorization

see also Boer, Vogelsang `05
Gutierrez-Reyes, Scimemi, Waalewijn, Zoppi `18, `19
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15

~qT = ~p e
T + ~p jet

T

• Electron-jet imbalance at the EIC
⌘

Liu, FR, Vogelsang, Yuan `18, `20
Arratia, Kang, Prokudin, FR`20

H1, PRL 128 (2022) 13, 132002 

• Sensitivity to TMD PDFs but no TMD FF

• TMD factorization

• Sensitivity to the Sivers function
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Electron-jet correlations in eA
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• Constrain cold nuclear matter effects

Liu, FR, Vogelsang, Yuan `18 Feng, Ke, Shao, Terry `23

Standard jet axis

• Winner-take-all jet axis

• Broadening • Forward scattering in the medium
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• E.g. quark vs. gluon jet classification

•LHC vs. EIC
<latexit sha1_base64="IZTywYQOmLMf5Bsd/7S0Vt6TEzQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN6LjP4=</latexit>q <latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g

<latexit sha1_base64="gRs1syMBj9qQ+sGaHr71Hfxp+wU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgKSRS1GPRi8cK9gPbUDbbTbt0swm7k2IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiu0XW/rcLa+sbmVnG7tLO7t39QPjxq6jhVlDVoLGLVDohmgkvWQI6CtRPFSBQI1gpGtzO/NWZK81g+4CRhfkQGkoecEjTSYxfZE2Zj7Ux75YrruHPYq8TLSQVy1Hvlr24/pmnEJFJBtO54boJ+RhRyKti01E01SwgdkQHrGCpJxLSfzS+e2mdG6dthrExJtOfq74mMRFpPosB0RgSHetmbif95nRTDaz/jMkmRSbpYFKbCxtievW/3uWIUxcQQQhU3t9p0SBShaEIqmRC85ZdXSfPC8S6d6n21UrvJ4yjCCZzCOXhwBTW4gzo0gIKEZ3iFN0tbL9a79bFoLVj5zDH8gfX5A+vRkRc=</latexit>vs.

be
tte

r

Traditional 
observable

AI/ML Deep set architecture

Komiske, Metodiev, Thaler `19

<latexit sha1_base64="SQqGTwSzqfiT9Y5UkJr7+2fCz3A="></latexit>

f(p1, . . . , pM ) = F

✓ MX

i=1

�(pi)

◆

see also Hannah Bossi’s talk
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• E.g. quark vs. gluon jet classification

•LHC vs. EIC
<latexit sha1_base64="IZTywYQOmLMf5Bsd/7S0Vt6TEzQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN6LjP4=</latexit>q <latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g

<latexit sha1_base64="gRs1syMBj9qQ+sGaHr71Hfxp+wU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgKSRS1GPRi8cK9gPbUDbbTbt0swm7k2IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiu0XW/rcLa+sbmVnG7tLO7t39QPjxq6jhVlDVoLGLVDohmgkvWQI6CtRPFSBQI1gpGtzO/NWZK81g+4CRhfkQGkoecEjTSYxfZE2Zj7Ux75YrruHPYq8TLSQVy1Hvlr24/pmnEJFJBtO54boJ+RhRyKti01E01SwgdkQHrGCpJxLSfzS+e2mdG6dthrExJtOfq74mMRFpPosB0RgSHetmbif95nRTDaz/jMkmRSbpYFKbCxtievW/3uWIUxcQQQhU3t9p0SBShaEIqmRC85ZdXSfPC8S6d6n21UrvJ4yjCCZzCOXhwBTW4gzo0gIKEZ3iFN0tbL9a79bFoLVj5zDH8gfX5A+vRkRc=</latexit>vs.

be
tte

r

Komiske, Metodiev, Thaler `19

better

Lee, Mulligan, Ploskon, FR, Yuan `22
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• E.g. quark vs. gluon jet classification

•LHC vs. EIC
<latexit sha1_base64="IZTywYQOmLMf5Bsd/7S0Vt6TEzQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN6LjP4=</latexit>q <latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g

<latexit sha1_base64="gRs1syMBj9qQ+sGaHr71Hfxp+wU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgKSRS1GPRi8cK9gPbUDbbTbt0swm7k2IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiu0XW/rcLa+sbmVnG7tLO7t39QPjxq6jhVlDVoLGLVDohmgkvWQI6CtRPFSBQI1gpGtzO/NWZK81g+4CRhfkQGkoecEjTSYxfZE2Zj7Ux75YrruHPYq8TLSQVy1Hvlr24/pmnEJFJBtO54boJ+RhRyKti01E01SwgdkQHrGCpJxLSfzS+e2mdG6dthrExJtOfq74mMRFpPosB0RgSHetmbif95nRTDaz/jMkmRSbpYFKbCxtievW/3uWIUxcQQQhU3t9p0SBShaEIqmRC85ZdXSfPC8S6d6n21UrvJ4yjCCZzCOXhwBTW4gzo0gIKEZ3iFN0tbL9a79bFoLVj5zDH8gfX5A+vRkRc=</latexit>vs.

be
tte

r

Komiske, Metodiev, Thaler `19

Lee, Mulligan, Ploskon, FR, Yuan `22

better

Full event 
information
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•How can we apply these techniques to spin-dependent observables?

•Reformulate regression task as 
classification problem

e.g.

1.   Supervised machine learning

2.   Train on data

Upper limit on what can possibly be achieved

Identify new observables

Lee, Mulligan, Ploskon, FR, Yuan `22
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Summary
• Jets will be versatile tools at the EIC

• Can take advantage of the EIC’s clean environment, high luminosity, etc.

• New recent calculations such as jets in eA

• Exploration of ML-based classification, generative modeling


