
Disentangling quark and gluon jets  
in the Breit frame

Felix Ringer

Physics Opportunities at an Electron-Ion Collider XI
Florida International University, Miami, 02/28/2025

In collaboration with Alexis NieMiera, Kyle Lee, Nobuo Sato, Richard Whitehill



F. Ringer Physics Opportunities at an Electron-Ion Collider XI February 28, 2025

EIC jet physics

2

•Direct signature of high-energy quarks & gluons
•Relevant for hadron structure, cold nuclear matter effects, etc.
•Clean EIC environment
•Versatile jet reconstruction algorithms & frame dependence

see also Ivan Vitev, Roli Esha and Brian Page’s talks
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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>
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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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Jet algoritms

Longitudinal algorithm

Spherically algorithm

�

⌘ = � ln tan ✓/2

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

<latexit sha1_base64="OtXs/ERMEKkv/ofdobKH7BUt4eQ=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXpHosevFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx47adMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyVylX7i9L1Zssjjw6QsfoFHnoClXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AxjKOnw==</latexit>

e+e� or Breit frame

Angles and energies

Rapidity/azimuth and 
transverse momentum

<latexit sha1_base64="IMijMGXnDY3aBxAmABx6vsT0hCk="></latexit>

dij = min
⇣
E2p

i , E2p
j

⌘
✓2ij/R

2, diB = E2p
i

ep or pp in the lab frame - clusters the beam 
remnants into a jet

<latexit sha1_base64="5Uci+3SFCUxySXBvpZd0uqp7a2Q="></latexit>

dij = min
⇣
p2pTi, p

2p
Tj

⌘
(�⌘ +��2)2/R2, diB = p2pTi
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Frame & jet algorithm dependence

<latexit sha1_base64="Vwlk7WaJYm7tQGLaoQHsbXkE8Q8=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1i0CPRi0eI8khgJbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6wHHC/YgOlAgFo2il+/pjuVcouiV3DrJKvIwUIUOtV/jq9mOWRlwhk9SYjucm6E+oRsEkn+a7qeEJZSM64B1LFY248SfzU6fk3Cp9EsbalkIyV39PTGhkzDgKbGdEcWiWvZn4n9dJMbz2J0IlKXLFFovCVBKMyexv0heaM5RjSyjTwt5K2JBqytCmk7cheMsvr5JmueRVSpX6ZbF6k8WRg1M4gwvw4AqqcAc1aACDATzDK7w50nlx3p2PReuak82cwB84nz/TyI2E</latexit>

Q2 small or large
see also asymmetric Centauro algorithm Makris et al.

Measure electron

<latexit sha1_base64="3SdCUh2nyESvuEK9wlru0eQhTCk=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIVJdFNy4r9AWdYcikmTY0yQxJRijD/IQbf8WNC0XcCu78G9N2Ctp64MLJOfeSe0+YMKq043xbK6tr6xubpa3y9s7u3r59cNhWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzdTvzOA5GKxqKpxwnxORoIGlGMtJEC+9yLJMJZ5kkO+7mn6ICjfP5MgiacO0SjPLArTtWZAi4TtyAVUKAR2F9eP8YpJ0JjhpTquU6i/QxJTTEjedlLFUkQHqEB6RkqECfKz6ZX5fDUKH0YxdKU0HCq/p7IEFdqzEPTyZEeqkVvIv7n9VIdXfsZFUmqicCzj6KUQR3DSUSwTyXBmo0NQVhSsyvEQ2Ri0ibIsgnBXTx5mbQvqm6tWru/rNRvijhK4BicgDPggitQB3egAVoAg0fwDF7Bm/VkvVjv1sesdcUqZo7AH1ifP6Rtn8E=</latexit>

d�

dpTd⌘
Lab frame

no
Longitudinal alg.

e.g. twist-3 Vogelsang et al.
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<latexit sha1_base64="Vwlk7WaJYm7tQGLaoQHsbXkE8Q8=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1i0CPRi0eI8khgJbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6wHHC/YgOlAgFo2il+/pjuVcouiV3DrJKvIwUIUOtV/jq9mOWRlwhk9SYjucm6E+oRsEkn+a7qeEJZSM64B1LFY248SfzU6fk3Cp9EsbalkIyV39PTGhkzDgKbGdEcWiWvZn4n9dJMbz2J0IlKXLFFovCVBKMyexv0heaM5RjSyjTwt5K2JBqytCmk7cheMsvr5JmueRVSpX6ZbF6k8WRg1M4gwvw4AqqcAc1aACDATzDK7w50nlx3p2PReuak82cwB84nz/TyI2E</latexit>

Q2 small or large
see also asymmetric Centauro algorithm Makris et al.

Measure electron

Breit frame

<latexit sha1_base64="3SdCUh2nyESvuEK9wlru0eQhTCk=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIVJdFNy4r9AWdYcikmTY0yQxJRijD/IQbf8WNC0XcCu78G9N2Ctp64MLJOfeSe0+YMKq043xbK6tr6xubpa3y9s7u3r59cNhWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzdTvzOA5GKxqKpxwnxORoIGlGMtJEC+9yLJMJZ5kkO+7mn6ICjfP5MgiacO0SjPLArTtWZAi4TtyAVUKAR2F9eP8YpJ0JjhpTquU6i/QxJTTEjedlLFUkQHqEB6RkqECfKz6ZX5fDUKH0YxdKU0HCq/p7IEFdqzEPTyZEeqkVvIv7n9VIdXfsZFUmqicCzj6KUQR3DSUSwTyXBmo0NQVhSsyvEQ2Ri0ibIsgnBXTx5mbQvqm6tWru/rNRvijhK4BicgDPggitQB3egAVoAg0fwDF7Bm/VkvVjv1sesdcUqZo7AH1ifP6Rtn8E=</latexit>

d�

dpTd⌘
Lab frame

yes

no
Longitudinal alg.

Lab frame

Frame & jet algorithm dependence
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<latexit sha1_base64="Vwlk7WaJYm7tQGLaoQHsbXkE8Q8=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1i0CPRi0eI8khgJbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6wHHC/YgOlAgFo2il+/pjuVcouiV3DrJKvIwUIUOtV/jq9mOWRlwhk9SYjucm6E+oRsEkn+a7qeEJZSM64B1LFY248SfzU6fk3Cp9EsbalkIyV39PTGhkzDgKbGdEcWiWvZn4n9dJMbz2J0IlKXLFFovCVBKMyexv0heaM5RjSyjTwt5K2JBqytCmk7cheMsvr5JmueRVSpX6ZbF6k8WRg1M4gwvw4AqqcAc1aACDATzDK7w50nlx3p2PReuak82cwB84nz/TyI2E</latexit>

Q2 small or large
see also asymmetric Centauro algorithm Makris et al.

Measure electron

Breit frame

<latexit sha1_base64="3SdCUh2nyESvuEK9wlru0eQhTCk=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIVJdFNy4r9AWdYcikmTY0yQxJRijD/IQbf8WNC0XcCu78G9N2Ctp64MLJOfeSe0+YMKq043xbK6tr6xubpa3y9s7u3r59cNhWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzdTvzOA5GKxqKpxwnxORoIGlGMtJEC+9yLJMJZ5kkO+7mn6ICjfP5MgiacO0SjPLArTtWZAi4TtyAVUKAR2F9eP8YpJ0JjhpTquU6i/QxJTTEjedlLFUkQHqEB6RkqECfKz6ZX5fDUKH0YxdKU0HCq/p7IEFdqzEPTyZEeqkVvIv7n9VIdXfsZFUmqicCzj6KUQR3DSUSwTyXBmo0NQVhSsyvEQ2Ri0ibIsgnBXTx5mbQvqm6tWru/rNRvijhK4BicgDPggitQB3egAVoAg0fwDF7Bm/VkvVjv1sesdcUqZo7AH1ifP6Rtn8E=</latexit>

d�

dpTd⌘
Lab frame

yes

no
Longitudinal alg.

Lab frame Longitudinal alg.

Longitudinal alg.

Spherical alg.

<latexit sha1_base64="g9awI29RLok2UulSWsBQ/iUXhkk=">AAACKnicbZBNT8IwGMc7fEN8m3r00khMPJGNGPSIePEICW8Jw6UrHTS029J2RrLs83jxq3jhoCFe/SAWGImC/6TJr//nedI+fy9iVCrLmhm5re2d3b38fuHg8Oj4xDw9a8swFpi0cMhC0fWQJIwGpKWoYqQbCYK4x0jHGz/M651nIiQNg6aaRKTP0TCgPsVIacs17x1fIJwkjuBwkDqSDjlKV9cXtwYzbDyVM4rc5sp0iEKpaxatkrUQ3AQ7gyLIVHfNqTMIccxJoDBDUvZsK1L9BAlFMSNpwYkliRAeoyHpaQwQJ7KfLFZN4ZV2BtAPhT6Bggv390SCuJQT7ulOjtRIrtfm5n+1Xqz8u35CgyhWJMDLh/yYQRXCeW5wQAXBik00ICyo/ivEI6SzUzrdgg7BXl95E9rlkl0pVRo3xWotiyMPLsAluAY2uAVV8AjqoAUweAXv4AN8Gm/G1JgZX8vWnJHNnIM/Mr5/ANDsqBs=</latexit>

d�

dxBdQ2dpTd⌘

<latexit sha1_base64="zu7aPl7JB+V5U4Wn6zCw/xltXSg=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCp9FOmR7HvHjcwL3AOkuapltY0pYkFWfpB/HiV/HiQREvHgS/jdlWQTf/EPjl/zwPyfP3YkalsqwvY2l5ZXVtvbBR3Nza3tk19/bbMkoEJi0csUh0PSQJoyFpKaoY6caCIO4x0vFGl5N655YISaPwWo1j0udoENKAYqS05ZqnTiAQTlNHcOhnjqQDjrKf651bhzk2byo53WeuWbLK1lRwEewcSiBXwzU/HD/CCSehwgxJ2bOtWPVTJBTFjGRFJ5EkRniEBqSnMUScyH46XS6Dx9rxYRAJfUIFp+7viRRxKcfc050cqaGcr03M/2q9RAUX/ZSGcaJIiGcPBQmDKoKTpKBPBcGKjTUgLKj+K8RDpNNSOs+iDsGeX3kR2pWyXS1Xm2elWj2PowAOwRE4ATY4BzVwBRqgBTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyR8fkN3GuieQ==</latexit>

d�

dxBdQ2dz

Frame & jet algorithm dependence
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Measure electron

Breit frame

<latexit sha1_base64="3SdCUh2nyESvuEK9wlru0eQhTCk=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIVJdFNy4r9AWdYcikmTY0yQxJRijD/IQbf8WNC0XcCu78G9N2Ctp64MLJOfeSe0+YMKq043xbK6tr6xubpa3y9s7u3r59cNhWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzdTvzOA5GKxqKpxwnxORoIGlGMtJEC+9yLJMJZ5kkO+7mn6ICjfP5MgiacO0SjPLArTtWZAi4TtyAVUKAR2F9eP8YpJ0JjhpTquU6i/QxJTTEjedlLFUkQHqEB6RkqECfKz6ZX5fDUKH0YxdKU0HCq/p7IEFdqzEPTyZEeqkVvIv7n9VIdXfsZFUmqicCzj6KUQR3DSUSwTyXBmo0NQVhSsyvEQ2Ri0ibIsgnBXTx5mbQvqm6tWru/rNRvijhK4BicgDPggitQB3egAVoAg0fwDF7Bm/VkvVjv1sesdcUqZo7AH1ifP6Rtn8E=</latexit>

d�

dpTd⌘
Lab frame

yes

no
Longitudinal alg.

Lab frame Longitudinal alg.

Longitudinal alg.

Spherical alg.

<latexit sha1_base64="g9awI29RLok2UulSWsBQ/iUXhkk=">AAACKnicbZBNT8IwGMc7fEN8m3r00khMPJGNGPSIePEICW8Jw6UrHTS029J2RrLs83jxq3jhoCFe/SAWGImC/6TJr//nedI+fy9iVCrLmhm5re2d3b38fuHg8Oj4xDw9a8swFpi0cMhC0fWQJIwGpKWoYqQbCYK4x0jHGz/M651nIiQNg6aaRKTP0TCgPsVIacs17x1fIJwkjuBwkDqSDjlKV9cXtwYzbDyVM4rc5sp0iEKpaxatkrUQ3AQ7gyLIVHfNqTMIccxJoDBDUvZsK1L9BAlFMSNpwYkliRAeoyHpaQwQJ7KfLFZN4ZV2BtAPhT6Bggv390SCuJQT7ulOjtRIrtfm5n+1Xqz8u35CgyhWJMDLh/yYQRXCeW5wQAXBik00ICyo/ivEI6SzUzrdgg7BXl95E9rlkl0pVRo3xWotiyMPLsAluAY2uAVV8AjqoAUweAXv4AN8Gm/G1JgZX8vWnJHNnIM/Mr5/ANDsqBs=</latexit>

d�

dxBdQ2dpTd⌘

<latexit sha1_base64="Vwlk7WaJYm7tQGLaoQHsbXkE8Q8=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1i0CPRi0eI8khgJbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6wHHC/YgOlAgFo2il+/pjuVcouiV3DrJKvIwUIUOtV/jq9mOWRlwhk9SYjucm6E+oRsEkn+a7qeEJZSM64B1LFY248SfzU6fk3Cp9EsbalkIyV39PTGhkzDgKbGdEcWiWvZn4n9dJMbz2J0IlKXLFFovCVBKMyexv0heaM5RjSyjTwt5K2JBqytCmk7cheMsvr5JmueRVSpX6ZbF6k8WRg1M4gwvw4AqqcAc1aACDATzDK7w50nlx3p2PReuak82cwB84nz/TyI2E</latexit>

Q2 small or large
see also asymmetric Centauro algorithm Makris et al.

<latexit sha1_base64="zu7aPl7JB+V5U4Wn6zCw/xltXSg=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCp9FOmR7HvHjcwL3AOkuapltY0pYkFWfpB/HiV/HiQREvHgS/jdlWQTf/EPjl/zwPyfP3YkalsqwvY2l5ZXVtvbBR3Nza3tk19/bbMkoEJi0csUh0PSQJoyFpKaoY6caCIO4x0vFGl5N655YISaPwWo1j0udoENKAYqS05ZqnTiAQTlNHcOhnjqQDjrKf651bhzk2byo53WeuWbLK1lRwEewcSiBXwzU/HD/CCSehwgxJ2bOtWPVTJBTFjGRFJ5EkRniEBqSnMUScyH46XS6Dx9rxYRAJfUIFp+7viRRxKcfc050cqaGcr03M/2q9RAUX/ZSGcaJIiGcPBQmDKoKTpKBPBcGKjTUgLKj+K8RDpNNSOs+iDsGeX3kR2pWyXS1Xm2elWj2PowAOwRE4ATY4BzVwBRqgBTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyR8fkN3GuieQ==</latexit>

d�

dxBdQ2dz

<latexit sha1_base64="pXOf3PhP5nXM/cgh/5bKN39ybbU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgHsKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3OTjLk=</latexit>→

Fixed order Daleo, Sassot `05; Gehrmann, Vogt, et al. `18

<latexit sha1_base64="pXOf3PhP5nXM/cgh/5bKN39ybbU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgHsKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3OTjLk=</latexit>→

Frame & jet algorithm dependence
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Algorithm dependence
Breit frame

• Collinear jet function, 
resummation of 

Spherically invariant algorithm

• Quark jets dominate

<latexit sha1_base64="MKtG44sdBU4ivkS+FAh6+6N1jEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49VTFtoQ9lsJ+3SzSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVbyu0KSh1654lbdOcgq8XJSgRyNXvmr209YFqM0TFCtO56bmmBCleFM4LTUzTSmlI3oADuWShqjDibzY6fkzCp9EiXKljRkrv6emNBY63Ec2s6YmqFe9mbif14nM9F1MOEyzQxKtlgUZYKYhMw+J32ukBkxtoQyxe2thA2poszYfEo2BG/55VXSvKh6tWrt/rJSv8njKMIJnMI5eHAFdbiDBvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBTgSOXw==</latexit>

lnR

• Gluon contribution         to

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

d�Lab

dQ2d⌘dpT
⇠

X

ab

fa ⌦Hab ⌦ Jb

<latexit sha1_base64="G6ZT5o5/xd8czDf5PoNKIVsPqY8=">AAACJXicbZDLSgMxFIYz9VbrbdSlm2ARXJWZItWFi1I3umvRXqDTlkyaaUOTmSHJiHWYl3Hjq7hxYRHBla9i2o6grT8EvvznHJLzuyGjUlnWp5FZWV1b38hu5ra2d3b3zP2DhgwigUkdBywQLRdJwqhP6ooqRlqhIIi7jDTd0dW03rwnQtLAv1PjkHQ4GvjUoxgpbfXMS8cTCMexIzjsJ46kA466s9vtTZL8+A+9Ckyx1i2m9Jj0zLxVsGaCy2CnkAepqj1z4vQDHHHiK8yQlG3bClUnRkJRzEiScyJJQoRHaEDaGn3EiezEsy0TeKKdPvQCoY+v4Mz9PREjLuWYu7qTIzWUi7Wp+V+tHSnvohNTP4wU8fH8IS9iUAVwGhnsU0GwYmMNCAuq/wrxEOnYlA42p0OwF1dehkaxYJcKpdpZvlxJ48iCI3AMToENzkEZXIMqqAMMnsALeAMT49l4Nd6Nj3lrxkhnDsEfGV/f6hCmIA==</latexit>

d�SI

dxBdQ2dz

See Arratia, Makris, Neill, FR, Sato `20
Caucal, Iancu, Mueller, Yuan `24

<latexit sha1_base64="fTbpWFk8xovbnvXNtGfVE+pUwxM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJSPVYFMFjBfsBbQmb7aZdu9mE3YlSYn+KFw+KePWXePPfuG1z0OqDgcd7M8zM82PBNTjOl5VbWl5ZXcuvFzY2t7Z37OJuU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/upz6rXumNI/kLYxj1gvJQPKAUwJG8uxi+crjx10YMiBeyu8mR55dcirODPgvcTNSQhnqnv3Z7Uc0CZkEKojWHdeJoZcSBZwKNil0E81iQkdkwDqGShIy3Utnp0/woVH6OIiUKQl4pv6cSEmo9Tj0TWdIYKgXvan4n9dJIDjvpVzGCTBJ54uCRGCI8DQH3OeKURBjQwhV3NyK6ZAoQsGkVTAhuIsv/yXNk4pbrVRvTku1iyyOPNpHB6iMXHSGauga1VEDUfSAntALerUerWfrzXqft+asbGYP/YL18Q17jZOG</latexit>

(Ei, ✓ij)

<latexit sha1_base64="vXCzDijnhsRNxF5YVo6L3Sjngwg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CZaCF8uulOqx6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJpEtvUB2WK27NXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescVa0yQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDGT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNW8Rq3xUK80b/M4inAG53ABHlxDE+6hBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kD9e2NjA==</latexit>

→1%
<latexit sha1_base64="CNEX5KfhY2hzsq5eMDCpqLctVgc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CZaCF8uuSvVY9OKxgv2AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyV3md56o0iySj2YaU1/gkWQhI9hk0vllvzooV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZqlpliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeGNnzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59Vr94arSuM3jKMIJnMIZeHANDbiHJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucP+PmNjg==</latexit>

→3%

<latexit sha1_base64="mq14bu6MRBeK+huy93C84Lmb1gU=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0iGWmSOuy6EbcWME+oFOHO2mmDc08SDJCHfopbvwVNy4U0Z1+jelD0OqBCyfn3EvuPW7EmVSm+WGkFhaXllfSq5m19Y3Nrez2TkOGsSC0TkIeipYLknIW0LpiitNWJCj4LqdNd3A29pu3VEgWBtdqGNGOD72AeYyA0pKTrVw4ri2Zb3cpV5C3ju4KhzbwqA+OxJ7j5vU7sQlwfDnKfxs3pYKTzZlFcwL8l1gzkkMz1Jzsu90NSezTQBEOUrYtM1KdBIRihNNRxo4ljYAMoEfbmgbgU9lJJgeO8IFWutgLha5A4Yn6cyIBX8qh7+pOH1Rfzntj8T+vHSvvpJOwIIoVDcj0Iy/mWIV4nBbuMkGJ4kNNgAimd8WkDwKI0plmdAjW/Ml/SaNUtMrF8tVxrno6iyON9tA+yiMLVVAVnaMaqiOC7tEjekYvxoPxZLwab9PWlDGb2UW/YHx+AStHob8=</latexit>

Jb → ω(1↑ z) + εsfb(z) +O(ε2
s)
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Algorithm dependence
Breit frame Spherically invariant algorithm

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

d�Lab

dQ2d⌘dpT
⇠

X

ab

fa ⌦Hab ⌦ Jb

Fixed order calculations de Florian, Borsa; 
Gehrmann et al.

<latexit sha1_base64="KIvW3foKm7bDCgrwGZsaD9l6jwk="></latexit>

d�LI

dxBdQ2dpTd⌘

Longitudinally invariant algorithm

<latexit sha1_base64="G6ZT5o5/xd8czDf5PoNKIVsPqY8=">AAACJXicbZDLSgMxFIYz9VbrbdSlm2ARXJWZItWFi1I3umvRXqDTlkyaaUOTmSHJiHWYl3Hjq7hxYRHBla9i2o6grT8EvvznHJLzuyGjUlnWp5FZWV1b38hu5ra2d3b3zP2DhgwigUkdBywQLRdJwqhP6ooqRlqhIIi7jDTd0dW03rwnQtLAv1PjkHQ4GvjUoxgpbfXMS8cTCMexIzjsJ46kA466s9vtTZL8+A+9Ckyx1i2m9Jj0zLxVsGaCy2CnkAepqj1z4vQDHHHiK8yQlG3bClUnRkJRzEiScyJJQoRHaEDaGn3EiezEsy0TeKKdPvQCoY+v4Mz9PREjLuWYu7qTIzWUi7Wp+V+tHSnvohNTP4wU8fH8IS9iUAVwGhnsU0GwYmMNCAuq/wrxEOnYlA42p0OwF1dehkaxYJcKpdpZvlxJ48iCI3AMToENzkEZXIMqqAMMnsALeAMT49l4Nd6Nj3lrxkhnDsEfGV/f6hCmIA==</latexit>

d�SI

dxBdQ2dz

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

d�Breit

dQ2d⌘dpT
⇠

X

ab

fa ⌦ H̃ab ⌦ Jb

Expect significant fraction of gluon jets

<latexit sha1_base64="fTbpWFk8xovbnvXNtGfVE+pUwxM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJSPVYFMFjBfsBbQmb7aZdu9mE3YlSYn+KFw+KePWXePPfuG1z0OqDgcd7M8zM82PBNTjOl5VbWl5ZXcuvFzY2t7Z37OJuU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/upz6rXumNI/kLYxj1gvJQPKAUwJG8uxi+crjx10YMiBeyu8mR55dcirODPgvcTNSQhnqnv3Z7Uc0CZkEKojWHdeJoZcSBZwKNil0E81iQkdkwDqGShIy3Utnp0/woVH6OIiUKQl4pv6cSEmo9Tj0TWdIYKgXvan4n9dJIDjvpVzGCTBJ54uCRGCI8DQH3OeKURBjQwhV3NyK6ZAoQsGkVTAhuIsv/yXNk4pbrVRvTku1iyyOPNpHB6iMXHSGauga1VEDUfSAntALerUerWfrzXqft+asbGYP/YL18Q17jZOG</latexit>

(Ei, ✓ij)

<latexit sha1_base64="4Cgcq3yZPZNXcO9dvEdL8GQhc90=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgRJQwIxI9BvXgMUI2yITQ06kkTXoWumuEMOToxVfx4kERrz6CN9/GznLQxB8aPv6qorp+L5JCo21/W6ml5ZXVtfR6ZmNza3snu7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9wM67XH0BpEQYVHEbQ8lkvEF3BGRqrnT3MR+2kIkZn7i1IZNQFZKdTdqO+OGlnc3bBnogugjODHJmp3M5+uZ2Qxz4EyCXTuunYEbYSplBwCaOMG2uIGB+wHjQNBswH3Uomh4zosXE6tBsq8wKkE/f3RMJ8rYe+Zzp9hn09Xxub/9WaMXavWokIohgh4NNF3VhSDOk4FdoRCjjKoQHGlTB/pbzPFONossuYEJz5kxehdl5wioXi/UWudD2LI00OyBHJE4dckhK5I2VSJZw8kmfySt6sJ+vFerc+pq0pazazT/7I+vwBZrSY9w==</latexit>

(pTi,�⌘ +��)
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Algorithm dependence
Breit frame Spherically invariant algorithm

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

d�Lab

dQ2d⌘dpT
⇠

X

ab

fa ⌦Hab ⌦ Jb

<latexit sha1_base64="KIvW3foKm7bDCgrwGZsaD9l6jwk="></latexit>

d�LI

dxBdQ2dpTd⌘

Longitudinally invariant algorithm

<latexit sha1_base64="G6ZT5o5/xd8czDf5PoNKIVsPqY8=">AAACJXicbZDLSgMxFIYz9VbrbdSlm2ARXJWZItWFi1I3umvRXqDTlkyaaUOTmSHJiHWYl3Hjq7hxYRHBla9i2o6grT8EvvznHJLzuyGjUlnWp5FZWV1b38hu5ra2d3b3zP2DhgwigUkdBywQLRdJwqhP6ooqRlqhIIi7jDTd0dW03rwnQtLAv1PjkHQ4GvjUoxgpbfXMS8cTCMexIzjsJ46kA466s9vtTZL8+A+9Ckyx1i2m9Jj0zLxVsGaCy2CnkAepqj1z4vQDHHHiK8yQlG3bClUnRkJRzEiScyJJQoRHaEDaGn3EiezEsy0TeKKdPvQCoY+v4Mz9PREjLuWYu7qTIzWUi7Wp+V+tHSnvohNTP4wU8fH8IS9iUAVwGhnsU0GwYmMNCAuq/wrxEOnYlA42p0OwF1dehkaxYJcKpdpZvlxJ48iCI3AMToENzkEZXIMqqAMMnsALeAMT49l4Nd6Nj3lrxkhnDsEfGV/f6hCmIA==</latexit>

d�SI

dxBdQ2dz

<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

<latexit sha1_base64="fTbpWFk8xovbnvXNtGfVE+pUwxM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJSPVYFMFjBfsBbQmb7aZdu9mE3YlSYn+KFw+KePWXePPfuG1z0OqDgcd7M8zM82PBNTjOl5VbWl5ZXcuvFzY2t7Z37OJuU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/upz6rXumNI/kLYxj1gvJQPKAUwJG8uxi+crjx10YMiBeyu8mR55dcirODPgvcTNSQhnqnv3Z7Uc0CZkEKojWHdeJoZcSBZwKNil0E81iQkdkwDqGShIy3Utnp0/woVH6OIiUKQl4pv6cSEmo9Tj0TWdIYKgXvan4n9dJIDjvpVzGCTBJ54uCRGCI8DQH3OeKURBjQwhV3NyK6ZAoQsGkVTAhuIsv/yXNk4pbrVRvTku1iyyOPNpHB6iMXHSGauga1VEDUfSAntALerUerWfrzXqft+asbGYP/YL18Q17jZOG</latexit>

(Ei, ✓ij)

<latexit sha1_base64="4Cgcq3yZPZNXcO9dvEdL8GQhc90=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgRJQwIxI9BvXgMUI2yITQ06kkTXoWumuEMOToxVfx4kERrz6CN9/GznLQxB8aPv6qorp+L5JCo21/W6ml5ZXVtfR6ZmNza3snu7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9wM67XH0BpEQYVHEbQ8lkvEF3BGRqrnT3MR+2kIkZn7i1IZNQFZKdTdqO+OGlnc3bBnogugjODHJmp3M5+uZ2Qxz4EyCXTuunYEbYSplBwCaOMG2uIGB+wHjQNBswH3Uomh4zosXE6tBsq8wKkE/f3RMJ8rYe+Zzp9hn09Xxub/9WaMXavWokIohgh4NNF3VhSDOk4FdoRCjjKoQHGlTB/pbzPFONossuYEJz5kxehdl5wioXi/UWudD2LI00OyBHJE4dckhK5I2VSJZw8kmfySt6sJ+vFerc+pq0pazazT/7I+vwBZrSY9w==</latexit>

(pTi,�⌘ +��)
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Algorithm dependence

<latexit sha1_base64="KIvW3foKm7bDCgrwGZsaD9l6jwk="></latexit>

d�LI

dxBdQ2dpTd⌘

Longitudinally invariant algorithm

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

d�Breit

dQ2d⌘dpT
⇠

X

ab

fa ⌦ H̃ab ⌦ Jb

Breit frame Spherically invariant algorithm

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

d�Lab

dQ2d⌘dpT
⇠

X

ab

fa ⌦Hab ⌦ Jb

<latexit sha1_base64="G6ZT5o5/xd8czDf5PoNKIVsPqY8=">AAACJXicbZDLSgMxFIYz9VbrbdSlm2ARXJWZItWFi1I3umvRXqDTlkyaaUOTmSHJiHWYl3Hjq7hxYRHBla9i2o6grT8EvvznHJLzuyGjUlnWp5FZWV1b38hu5ra2d3b3zP2DhgwigUkdBywQLRdJwqhP6ooqRlqhIIi7jDTd0dW03rwnQtLAv1PjkHQ4GvjUoxgpbfXMS8cTCMexIzjsJ46kA466s9vtTZL8+A+9Ckyx1i2m9Jj0zLxVsGaCy2CnkAepqj1z4vQDHHHiK8yQlG3bClUnRkJRzEiScyJJQoRHaEDaGn3EiezEsy0TeKKdPvQCoY+v4Mz9PREjLuWYu7qTIzWUi7Wp+V+tHSnvohNTP4wU8fH8IS9iUAVwGhnsU0GwYmMNCAuq/wrxEOnYlA42p0OwF1dehkaxYJcKpdpZvlxJ48iCI3AMToENzkEZXIMqqAMMnsALeAMT49l4Nd6Nj3lrxkhnDsEfGV/f6hCmIA==</latexit>

d�SI

dxBdQ2dz

<latexit sha1_base64="fTbpWFk8xovbnvXNtGfVE+pUwxM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJSPVYFMFjBfsBbQmb7aZdu9mE3YlSYn+KFw+KePWXePPfuG1z0OqDgcd7M8zM82PBNTjOl5VbWl5ZXcuvFzY2t7Z37OJuU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/upz6rXumNI/kLYxj1gvJQPKAUwJG8uxi+crjx10YMiBeyu8mR55dcirODPgvcTNSQhnqnv3Z7Uc0CZkEKojWHdeJoZcSBZwKNil0E81iQkdkwDqGShIy3Utnp0/woVH6OIiUKQl4pv6cSEmo9Tj0TWdIYKgXvan4n9dJIDjvpVzGCTBJ54uCRGCI8DQH3OeKURBjQwhV3NyK6ZAoQsGkVTAhuIsv/yXNk4pbrVRvTku1iyyOPNpHB6iMXHSGauga1VEDUfSAntALerUerWfrzXqft+asbGYP/YL18Q17jZOG</latexit>

(Ei, ✓ij)

<latexit sha1_base64="4Cgcq3yZPZNXcO9dvEdL8GQhc90=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgRJQwIxI9BvXgMUI2yITQ06kkTXoWumuEMOToxVfx4kERrz6CN9/GznLQxB8aPv6qorp+L5JCo21/W6ml5ZXVtfR6ZmNza3snu7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9wM67XH0BpEQYVHEbQ8lkvEF3BGRqrnT3MR+2kIkZn7i1IZNQFZKdTdqO+OGlnc3bBnogugjODHJmp3M5+uZ2Qxz4EyCXTuunYEbYSplBwCaOMG2uIGB+wHjQNBswH3Uomh4zosXE6tBsq8wKkE/f3RMJ8rYe+Zzp9hn09Xxub/9WaMXavWokIohgh4NNF3VhSDOk4FdoRCjjKoQHGlTB/pbzPFONossuYEJz5kxehdl5wioXi/UWudD2LI00OyBHJE4dckhK5I2VSJZw8kmfySt6sJ+vFerc+pq0pazazT/7I+vwBZrSY9w==</latexit>

(pTi,�⌘ +��)

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

- in preparation



F. Ringer Physics Opportunities at an Electron-Ion Collider XI February 28, 2025 15

Jet substructure

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

d�Lab

dQ2d⌘dpT
⇠

X

ab

fa ⌦Hab ⌦ Jb

Longitudinally invariant algorithm

<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

<latexit sha1_base64="mjcG+B942ZSCBKsYOTOhlKk2z/E="></latexit>

d�LI

dxBdQ2dpTd⌘d⌧

<latexit sha1_base64="pAh9Omnrd0i8NOielV5/wxxiCK0=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0GIl7ArEj0GvXiMYB6QDWF20kmGzD6Y6RXDsuDFX/HiQRGv/oQ3/8ZJsgdNLGgoqrqnp8uLpNBo29/W0vLK6tp6biO/ubW9s1vY22/oMFYc6jyUoWp5TIMUAdRRoIRWpID5noSmN7qe+M17UFqEwR2OI+j4bBCIvuAMjdQtHCYuwgNOH0oU9NKEllxk8WmadgtFu2xPQReJk5EiyVDrFr7cXshjHwLkkmndduwIOwlTKLiENO/GGiLGR2wAbUMD5oPuJNPVKT0xSo/2Q2UqQDpVf08kzNd67Hum02c41PPeRPzPa8fYv+wkIohihIDPFvVjSTGkk0BoTyjgKMeGMK6E+SvlQ6YYRxNb3oTgzJ+8SBpnZadSrtyeF6tXWRw5ckSOSYk45IJUyQ2pkTrh5JE8k1fyZj1ZL9a79TFrXbKymQPyB9bnD7MymDQ=</latexit>

(⌧)

<latexit sha1_base64="pAh9Omnrd0i8NOielV5/wxxiCK0=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0GIl7ArEj0GvXiMYB6QDWF20kmGzD6Y6RXDsuDFX/HiQRGv/oQ3/8ZJsgdNLGgoqrqnp8uLpNBo29/W0vLK6tp6biO/ubW9s1vY22/oMFYc6jyUoWp5TIMUAdRRoIRWpID5noSmN7qe+M17UFqEwR2OI+j4bBCIvuAMjdQtHCYuwgNOH0oU9NKEllxk8WmadgtFu2xPQReJk5EiyVDrFr7cXshjHwLkkmndduwIOwlTKLiENO/GGiLGR2wAbUMD5oPuJNPVKT0xSo/2Q2UqQDpVf08kzNd67Hum02c41PPeRPzPa8fYv+wkIohihIDPFvVjSTGkk0BoTyjgKMeGMK6E+SvlQ6YYRxNb3oTgzJ+8SBpnZadSrtyeF6tXWRw5ckSOSYk45IJUyQ2pkTrh5JE8k1fyZj1ZL9a79TFrXbKymQPyB9bnD7MymDQ=</latexit>

(⌧)

Breit frame Spherically invariant algorithm

<latexit sha1_base64="PFuvFk2nvUU2wBoVmVhH03z5ptk="></latexit>

d�SI

dxBdQ2dzd⌧

<latexit sha1_base64="fTbpWFk8xovbnvXNtGfVE+pUwxM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJSPVYFMFjBfsBbQmb7aZdu9mE3YlSYn+KFw+KePWXePPfuG1z0OqDgcd7M8zM82PBNTjOl5VbWl5ZXcuvFzY2t7Z37OJuU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/upz6rXumNI/kLYxj1gvJQPKAUwJG8uxi+crjx10YMiBeyu8mR55dcirODPgvcTNSQhnqnv3Z7Uc0CZkEKojWHdeJoZcSBZwKNil0E81iQkdkwDqGShIy3Utnp0/woVH6OIiUKQl4pv6cSEmo9Tj0TWdIYKgXvan4n9dJIDjvpVzGCTBJ54uCRGCI8DQH3OeKURBjQwhV3NyK6ZAoQsGkVTAhuIsv/yXNk4pbrVRvTku1iyyOPNpHB6iMXHSGauga1VEDUfSAntALerUerWfrzXqft+asbGYP/YL18Q17jZOG</latexit>

(Ei, ✓ij)

<latexit sha1_base64="4Cgcq3yZPZNXcO9dvEdL8GQhc90=">AAACCHicbZDJSgNBEIZ74hbjFvXowcYgRJQwIxI9BvXgMUI2yITQ06kkTXoWumuEMOToxVfx4kERrz6CN9/GznLQxB8aPv6qorp+L5JCo21/W6ml5ZXVtfR6ZmNza3snu7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9wM67XH0BpEQYVHEbQ8lkvEF3BGRqrnT3MR+2kIkZn7i1IZNQFZKdTdqO+OGlnc3bBnogugjODHJmp3M5+uZ2Qxz4EyCXTuunYEbYSplBwCaOMG2uIGB+wHjQNBswH3Uomh4zosXE6tBsq8wKkE/f3RMJ8rYe+Zzp9hn09Xxub/9WaMXavWokIohgh4NNF3VhSDOk4FdoRCjjKoQHGlTB/pbzPFONossuYEJz5kxehdl5wioXi/UWudD2LI00OyBHJE4dckhK5I2VSJZw8kmfySt6sJ+vFerc+pq0pazazT/7I+vwBZrSY9w==</latexit>

(pTi,�⌘ +��)

NieMiera, Lee, FR, Sato, Whitehill 
- in preparation
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Breit frame jets - I
• Spherically invariant jets           in the Breit frame

• Appears to cleanly separate the current and 
target fragmentation regions

Pythia

NLL⌦NP

Inclusive jets Breit frame
p
s = 63 GeV , Q > 10 GeV

d
�

R = 0.8

Arratia, Makris, Neill, FR, Sato `18

<latexit sha1_base64="ZWz1ikDTchufHAOULd/IYsn68Ww=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJFPVYFMFjBfsBbQmb7aZdu9mE3YlSYn+KFw+KePWXePPfuG1z0OqDgcd7M8zM82PBNTjOl5VbWl5ZXcuvFzY2t7Z37OJuU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/upz6rXumNI/kLYxj1gvJQPKAUwJG8uxi+crjx10YMiBeyu8mR55dcirODPgvcTNSQhnqnv3Z7Uc0CZkEKojWHdeJoZcSBZwKNil0E81iQkdkwDqGShIy3Utnp0/woVH6OIiUKQl4pv6cSEmo9Tj0TWdIYKgXvan4n9dJIDjvpVzGCTBJ54uCRGCI8DQH3OeKURBjQwhV3NyK6ZAoQsGkVTAhuIsv/yXNk4p7WqneVEu1iyyOPNpHB6iMXHSGauga1VEDUfSAntALerUerWfrzXqft+asbGYP/YL18Q166ZOE</latexit>

(Ei, ✓ij)
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Breit frame jets - II
• Longitudinally invariant jet algorithm

<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

Hard functions known at NLO

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

d�Breit

dQ2d⌘dpT
⇠

X

ab

fa ⌦ H̃ab ⌦ Jb

Daleo, de Florian, Sassot `05
Wang, Gonzalez, Rogers, Sato `19

Use Mellin space implementation 
to convolve with jet functions

<latexit sha1_base64="KIvW3foKm7bDCgrwGZsaD9l6jwk="></latexit>

d�LI

dxBdQ2dpTd⌘

Problems due to functional form of
<latexit sha1_base64="bwFx10QAKJXoYhb06JN4HRNsczY=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR6DXoKnCOaBSQi9k9lkyOzsMjMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPd5ceCa+O6387K6tr6xmZuK7+9s7u3Xzg4bOgoUZTVaSQi1fJRM8ElqxtuBGvFimHoC9b0R7dTv/nElOaRfDDjmHVDHEgecIrGSo9ph6Ig1cn5Xa9QdEvuDGSZeBkpQoZar/DV6Uc0CZk0VKDWbc+NTTdFZTgVbJLvJJrFSEc4YG1LJYZMd9PZxRNyapU+CSJlSxoyU39PpBhqPQ592xmiGepFbyr+57UTE1x3Uy7jxDBJ54uCRBATken7pM8Vo0aMLUGquL2V0CEqpMaGlLcheIsvL5PGRckrl8r3l8XKTRZHDo7hBM7AgyuoQBVqUAcKEp7hFd4c7bw4787HvHXFyWaO4A+czx+x4ZBL</latexit>

H, J
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Breit frame jets - II
• Longitudinally invariant jet algorithm

<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

NieMiera, Lee, FR, Sato, Whitehill 
- in preparation

<latexit sha1_base64="Ko6xpTSWSfaoP7eo0cKV76m8shc="></latexit>

ω =
Q2(1→ y)(1→ z) + Sye→2ω

(Q2 + S) (1→ y)(1→ z)

<latexit sha1_base64="KIvW3foKm7bDCgrwGZsaD9l6jwk="></latexit>

d�LI

dxBdQ2dpTd⌘

with

<latexit sha1_base64="sbE09195JL+Sfl+LwfHhhfHZU+E="></latexit>

→
∑

ij

∫ e2ω

1+e2ω

eω
pT→

S

dy

1↑ y

∫ 1→ y
1↑y e↑2ω

0

dz

1↑ z
fi(ω) Jj(ε)Hij(xB , Q

2
, y, z)

<latexit sha1_base64="7XKUjWVveh8D/VAZCoRG5tnsMnQ=">AAACDXicbVA9SwNBEN2L3/Hr1NJmMQpW4U4k2giijWXERAO5GPY2c7pk78PdOeE87g/Y+FdsLBSxtbfz37iJKTT6YODtezPszPMTKTQ6zqdVmpicmp6ZnSvPLywuLdsrq+c6ThWHJo9lrFo+0yBFBE0UKKGVKGChL+HC7x8P/ItbUFrEUQOzBDohu4pEIDhDI3XtTe8OkB14gWI8h0vPPGjSbdAi9/SNwvysoFnRtStO1RmC/iXuiFTICPWu/eH1Yp6GECGXTOu26yTYyZlCwSUUZS/VkDDeZ1fQNjRiIehOPrymoFtG6dEgVqYipEP150TOQq2z0DedIcNrPe4NxP+8dorBficXUZIiRPz7oyCVFGM6iIb2hAKOMjOEcSXMrpRfMxMMmgDLJgR3/OS/5Hyn6taqtdPdyuHRKI5Zsk42yDZxyR45JCekTpqEk3vySJ7Ji/VgPVmv1tt3a8kazayRX7DevwDizpwZ</latexit>

ω =
eωpT→
Sy

cf. Daleo, de Florian, Sassot `05
Daleo, Sassot `05

Wang, Gonzalez, Rogers, Sato `19
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Breit frame jets - II
• Longitudinally invariant jet algorithm

NieMiera, Lee, FR, Sato, Whitehill 
- in preparation

<latexit sha1_base64="KIvW3foKm7bDCgrwGZsaD9l6jwk="></latexit>

d�LI

dxBdQ2dpTd⌘

<latexit sha1_base64="di41cv2WOJr5A9kcFfpCqmzL0Hg="></latexit>

→

∑

ij

∫ y1

y0

dy

∫ z1(y)

0
dz Jj(y0/y)Hij(xB , Q

2, y, z)
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Breit frame jets - II
• Longitudinally invariant jet algorithm

NieMiera, Lee, FR, Sato, Whitehill 
- in preparation

<latexit sha1_base64="KIvW3foKm7bDCgrwGZsaD9l6jwk="></latexit>

d�LI

dxBdQ2dpTd⌘

<latexit sha1_base64="Bfj56uA8+2DDIe8GJoeDfACyVWE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJViEeqmJSPVY9CKeKtgPaEPYbDft2s0m7G6EGPpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMPD9mVCrb/jYKK6tr6xvFzdLW9s5u2dzbb8soEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH19P/c4jEZJG/F6lMXFDNOQ0oBgpLXlm+dZ7qKaefZr2VWQ5J55ZsWv2DNYycXJSgRxNz/zqDyKchIQrzJCUPceOlZshoShmZFLqJ5LECI/RkPQ05Sgk0s1mh0+sY60MrCASuriyZurviQyFUqahrztDpEZy0ZuK/3m9RAWXbkZ5nCjC8XxRkDBL/zhNwRpQQbBiqSYIC6pvtfAICYSVzqqkQ3AWX14m7bOaU6/V784rjas8jiIcwhFUwYELaMANNKEFGBJ4hld4M56MF+Pd+Ji3Fox85gD+wPj8Adx+kfA=</latexit>

Jj(y0/y → 1) Integrable but divergent

<latexit sha1_base64="di41cv2WOJr5A9kcFfpCqmzL0Hg="></latexit>

→

∑

ij

∫ y1

y0

dy

∫ z1(y)

0
dz Jj(y0/y)Hij(xB , Q

2, y, z)
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Breit frame jets - II
• Longitudinally invariant jet algorithm

NieMiera, Lee, FR, Sato, Whitehill 
- in preparation

<latexit sha1_base64="KIvW3foKm7bDCgrwGZsaD9l6jwk="></latexit>

d�LI

dxBdQ2dpTd⌘

<latexit sha1_base64="di41cv2WOJr5A9kcFfpCqmzL0Hg="></latexit>

→

∑

ij

∫ y1

y0

dy

∫ z1(y)

0
dz Jj(y0/y)Hij(xB , Q

2, y, z)

<latexit sha1_base64="IrMiMTCaUaEBtRuzGWwz32prey0="></latexit>

+
∑

ij

∫ y1

y0

dy

∫ z1(y0)

0
dz Jj(y0/y)Hij(xB , Q

2, y0, z)

<latexit sha1_base64="S5rHpUUhnGkNobmKRoKTBQ2/Jfk="></latexit>

=
∑

ij

∫ y1

y0

dy

[∫ z1(y)

0
dzHij(xB , Q

2, y, z)→

∫ z1(y0)

0
dzHij(xB , Q

2, y0, z)

]
Jj(y0/y)
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Breit frame jets - II
• Longitudinally invariant jet algorithm

NieMiera, Lee, FR, Sato, Whitehill 
- in preparation

<latexit sha1_base64="KIvW3foKm7bDCgrwGZsaD9l6jwk="></latexit>

d�LI

dxBdQ2dpTd⌘
<latexit sha1_base64="FvANP1cVP0yLkDys1+wwMPoxzDw="></latexit>

=
∑

ij

1

2ωi

∫
dN J(N)

∫ y1

y0

dy

[∫ z1(y)

0
dzHij(xB , Q

2, y, z)→

∫ z1(y0)

0
dzHij(xB , Q

2, y0, z)

]
(y0/y)

→N

<latexit sha1_base64="E9zXUuRdo1zOYC1I1WgyEbs9I1k="></latexit>

+
∑

ij

∫ y1

y0

dy Jj(y0/y)

∫ z1(y0)

0
dzHij(xB , Q

2, y0, z)

Calculate analytically in Mellin space

Evaluate using Mellin grid cf. Stratmann, Vogelsang



F. Ringer Physics Opportunities at an Electron-Ion Collider XI February 28, 2025 23

Breit frame jets - II
• Longitudinally invariant jet algorithm

<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

• Different functional form compared spherical algorithm
• Large higher order effects NLO + lnR resummation 
• Extract quark/gluon fractions for jet substructure

Preliminary

<latexit sha1_base64="3pmxCK17k+RcyqRHish9BXjoMdI=">AAACAHicbVDJSgNBEO1xjXEb9eDBy2AQPIUZCdGLEPSgxwhmgUwIPZ2apEnPYneNGIbx4K948aCIVz/Dm39jZzlo4oOCx3tVVNXzYsEV2va3sbC4tLyymlvLr29sbm2bO7t1FSWSQY1FIpJNjyoQPIQachTQjCXQwBPQ8AaXI79xD1LxKLzFYQztgPZC7nNGUUsdc99VdxJTlZ07JfvRRXjA9ArqWccs2EV7DGueOFNSIFNUO+aX241YEkCITFClWo4dYzulEjkTkOXdREFM2YD2oKVpSANQ7XT8QGYdaaVr+ZHUFaI1Vn9PpDRQahh4ujOg2Fez3kj8z2sl6J+1Ux7GCULIJov8RFgYWaM0rC6XwFAMNaFMcn2rxfpUUoY6s7wOwZl9eZ7UT4pOuVi+KRUqF9M4cuSAHJJj4pBTUiHXpEpqhJGMPJNX8mY8GS/Gu/ExaV0wpjN75A+Mzx/cN5aY</latexit>p
s = 140 GeV

<latexit sha1_base64="6qb7FGtxm/uc+vFeX0ekJcUR9cg=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0hEWi9C0YvHKqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphyprTrflultfWNza3ydmVnd2//wD48aqkkk4T6JOGJ7IRYUc4E9TXTnHZSSXEcctoOx7czv/1EpWKJeNSTlAYxHgoWMYK1kfyHa9ep9+2q67hzoFXiFaQKBZp9+6s3SEgWU6EJx0p1PTfVQY6lZoTTaaWXKZpiMsZD2jVU4JiqIJ8fO0VnRhmgKJGmhEZz9fdEjmOlJnFoOmOsR2rZm4n/ed1MR1dBzkSaaSrIYlGUcaQTNPscDZikRPOJIZhIZm5FZIQlJtrkUzEheMsvr5LWhePVnNr9ZbVxU8RRhhM4hXPwoA4NuIMm+ECAwTO8wpslrBfr3fpYtJasYuYY/sD6/AGEwo3b</latexit>

R = 0.7

NieMiera, Lee, FR, Sato, Whitehill 
- in preparation
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Cal, Neill, FR, Waalewijn `20

Jet substructure — angles between jet axes
• 1. Standard jet axis, E-scheme

• 2. Winner-Take-All (WTA)

<latexit sha1_base64="pnt9nyZqCNVYPHlWeZEARS8uvK4=">AAACA3icbVDLSgMxFM34rPU16k43wSIIQpkZRN0IRTcuK9gHtOOQSTNtaDITkoxQhoIbf8WNC0Xc+hPu/Bsz7Sy09UC4h3Pu5eaeUDCqtON8WwuLS8srq6W18vrG5ta2vbPbVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCscXud+64FIRZP4To8E8TnqxzSiGGkjBfa+CDLXG993eXopAjevJyLw8hrYFafqTADniVuQCihQD+yvbi/BKSexxgwp1XEdof0MSU0xI+NyN1VEIDxEfdIxNEacKD+b3DCGR0bpwSiR5sUaTtTfExniSo14aDo50gM16+Xif14n1dGFn9FYpJrEeLooShnUCcwDgT0qCdZsZAjCkpq/QjxAEmFtYiubENzZk+dJ06u6Z1Xv9rRSuyriKIEDcAiOgQvOQQ3cgDpoAAwewTN4BW/Wk/VivVsf09YFq5jZA39gff4A/wuXHQ==</latexit>

pµ12 = pµ1 + pµ2

• Follow more energetic clustering

• Insensitive to soft recoil

• Angle is a measure of soft physics
• Hadronization correction relatively well under control

Relative angle between axes is IRC safe but TMD evolution
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Recent results from the LHC
• ALICE — pp and AA

• CMS — AA

Theory corrected to 
charged-particle level

JHEP 07 (2023) 201,  ALICE
PLB 849 (2024) 138412, ALICE

2502.13020, CMS
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Jet substructure in the Breit frame

26

• Jet algorithm differences

• Spherical jet algorithm: Gluon 
fraction around         to

<latexit sha1_base64="vXCzDijnhsRNxF5YVo6L3Sjngwg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CZaCF8uulOqx6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJpEtvUB2WK27NXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescVa0yQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDGT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNW8Rq3xUK80b/M4inAG53ABHlxDE+6hBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kD9e2NjA==</latexit>

→1%
<latexit sha1_base64="CNEX5KfhY2hzsq5eMDCpqLctVgc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CZaCF8uuSvVY9OKxgv2AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyV3md56o0iySj2YaU1/gkWQhI9hk0vllvzooV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZqlpliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeGNnzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59Vr94arSuM3jKMIJnMIZeHANDbiHJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucP+PmNjg==</latexit>

→3%

• Longitudinal jet algorithm
<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1
<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

NieMiera, Lee, FR, Sato, Whitehill 
- in preparation

<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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• Jet algorithm differences

• At NLO + NLL: weighted 
average of quark/gluon jet 
substructure

• Spherical jet algorithm: Gluon 
fraction around         to

<latexit sha1_base64="vXCzDijnhsRNxF5YVo6L3Sjngwg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CZaCF8uulOqx6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJpEtvUB2WK27NXQCtEy8nFcjRGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pRILqv10cescVa0yQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDGT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNW8Rq3xUK80b/M4inAG53ABHlxDE+6hBW0gMIFneIU3RzgvzrvzsWwtOPnMKfyB8/kD9e2NjA==</latexit>

→1%
<latexit sha1_base64="CNEX5KfhY2hzsq5eMDCpqLctVgc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CZaCF8uuSvVY9OKxgv2AdinZNNuGJtklyQpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyV3md56o0iySj2YaU1/gkWQhI9hk0vllvzooV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZqlpliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeGNnzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59Vr94arSuM3jKMIJnMIZeHANDbiHJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucP+PmNjg==</latexit>

→3%

• Longitudinal jet algorithm
<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1
<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

NieMiera, Lee, FR, Sato, Whitehill 
- in preparation

<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

ω

<latexit sha1_base64="wGFxBf2Ks27SFDRRZUEplf8pq38=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4kDYRqR6LXjxWsB/QhLLZbNulu0nYnQgl9OzFv+LFgyJe/QXe/Ddu2xy09cHA470ZZuYFieAaHOfbWlpeWV1bL2wUN7e2d3btvf2mjlNFWYPGIlbtgGgmeMQawEGwdqIYkYFgrWB4M/FbD0xpHkf3MEqYL0k/4j1OCRipax+5FU/zviTYO8OZpyQOxzOhEnowYEC6dskpO1PgReLmpIRy1Lv2lxfGNJUsAiqI1h3XScDPiAJOBRsXvVSzhNAh6bOOoRGRTPvZ9JUxPjFKiHuxMhUBnqq/JzIitR7JwHRKAgM9703E/7xOCr0rP+NRkgKL6GxRLxUYYjzJBYdcMQpiZAihiptbMR0QRSiY9IomBHf+5UXSPC+71XL17qJUu87jKKBDdIxOkYsuUQ3dojpqIIoe0TN6RW/Wk/VivVsfs9YlK585QH9gff4AzTuZvg==</latexit> 1/
ω
d
ω
/d

ε

<latexit sha1_base64="0pozKiVlfppGZOpeZ0khYjX4WAM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cWbC00oWy223bpZhN2Z8US+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8KBVco+d9O4W19Y3NreJ2aWd3b/+gfHjU1olRlLVoIhLViYhmgkvWQo6CdVLFSBwJ9hCNb2f+wyNTmifyHicpC2MylHzAKUErBQGyJ8yahqjxtFeueFVvDneV+DmpQI5Gr/wV9BNqYiaRCqJ11/dSDDOikFPBpqXAaJYSOiZD1rVUkpjpMJvfPHXPrNJ3B4myJdGdq78nMhJrPYkj2xkTHOllbyb+53UNDq7DjMvUIJN0sWhghIuJOwvA7XPFKIqJJYQqbm916YgoQtHGVLIh+Msvr5L2RdWvVWvNy0r9Jo+jCCdwCufgwxXU4Q4a0AIKKTzDK7w5xnlx3p2PRWvByWeO4Q+czx+mUpIa</latexit>

Quark

<latexit sha1_base64="Jfe45crF+vzmPo0pspP2W81pzP8=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoQY8V7Ad0l5JN0zY0myzJRCxL/4YXD4p49c9489+YtnvQ1gcDj/dmmJkXp4Ib8P1vb2V1bX1js7BV3N7Z3dsvHRw2jbKasgZVQul2TAwTXLIGcBCsnWpGkliwVjy6mfqtR6YNV/IBximLEjKQvM8pASeFIbAnyG6FVXLSLZX9ij8DXiZBTsooR71b+gp7itqESaCCGNMJ/BSijGjgVLBJMbSGpYSOyIB1HJUkYSbKZjdP8KlTerivtCsJeKb+nshIYsw4iV1nQmBoFr2p+J/XsdC/ijIuUwtM0vmivhUYFJ4GgHtcMwpi7AihmrtbMR0STSi4mIouhGDx5WXSPK8E1Ur1/qJcu87jKKBjdILOUIAuUQ3doTpqIIpS9Ixe0ZtnvRfv3fuYt654+cwR+gPv8wenuZIb</latexit>

Gluon Angle between jet axes 
for EIC kinematics
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• At NLO + NLL: weighted 
average of quark/gluon jet 
substructure

NieMiera, Lee, FR, Sato, Whitehill 
- in preparation

Angle between jet axes 
for EIC kinematics

<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

ω

<latexit sha1_base64="wGFxBf2Ks27SFDRRZUEplf8pq38=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4kDYRqR6LXjxWsB/QhLLZbNulu0nYnQgl9OzFv+LFgyJe/QXe/Ddu2xy09cHA470ZZuYFieAaHOfbWlpeWV1bL2wUN7e2d3btvf2mjlNFWYPGIlbtgGgmeMQawEGwdqIYkYFgrWB4M/FbD0xpHkf3MEqYL0k/4j1OCRipax+5FU/zviTYO8OZpyQOxzOhEnowYEC6dskpO1PgReLmpIRy1Lv2lxfGNJUsAiqI1h3XScDPiAJOBRsXvVSzhNAh6bOOoRGRTPvZ9JUxPjFKiHuxMhUBnqq/JzIitR7JwHRKAgM9703E/7xOCr0rP+NRkgKL6GxRLxUYYjzJBYdcMQpiZAihiptbMR0QRSiY9IomBHf+5UXSPC+71XL17qJUu87jKKBDdIxOkYsuUQ3dojpqIIoe0TN6RW/Wk/VivVsfs9YlK585QH9gff4AzTuZvg==</latexit> 1/
ω
d
ω
/d

ε

<latexit sha1_base64="0pozKiVlfppGZOpeZ0khYjX4WAM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cWbC00oWy223bpZhN2Z8US+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8KBVco+d9O4W19Y3NreJ2aWd3b/+gfHjU1olRlLVoIhLViYhmgkvWQo6CdVLFSBwJ9hCNb2f+wyNTmifyHicpC2MylHzAKUErBQGyJ8yahqjxtFeueFVvDneV+DmpQI5Gr/wV9BNqYiaRCqJ11/dSDDOikFPBpqXAaJYSOiZD1rVUkpjpMJvfPHXPrNJ3B4myJdGdq78nMhJrPYkj2xkTHOllbyb+53UNDq7DjMvUIJN0sWhghIuJOwvA7XPFKIqJJYQqbm916YgoQtHGVLIh+Msvr5L2RdWvVWvNy0r9Jo+jCCdwCufgwxXU4Q4a0AIKKTzDK7w5xnlx3p2PRWvByWeO4Q+czx+mUpIa</latexit>

Quark

<latexit sha1_base64="Jfe45crF+vzmPo0pspP2W81pzP8=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8lV2R6rHoQY8V7Ad0l5JN0zY0myzJRCxL/4YXD4p49c9489+YtnvQ1gcDj/dmmJkXp4Ib8P1vb2V1bX1js7BV3N7Z3dsvHRw2jbKasgZVQul2TAwTXLIGcBCsnWpGkliwVjy6mfqtR6YNV/IBximLEjKQvM8pASeFIbAnyG6FVXLSLZX9ij8DXiZBTsooR71b+gp7itqESaCCGNMJ/BSijGjgVLBJMbSGpYSOyIB1HJUkYSbKZjdP8KlTerivtCsJeKb+nshIYsw4iV1nQmBoFr2p+J/XsdC/ijIuUwtM0vmivhUYFJ4GgHtcMwpi7AihmrtbMR0STSi4mIouhGDx5WXSPK8E1Ur1/qJcu87jKKBjdILOUIAuUQ3doTpqIIpS9Ixe0ZtnvRfv3fuYt654+cwR+gPv8wenuZIb</latexit>

Gluon

Spherical Longitudinal

<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

ω

<latexit sha1_base64="wGFxBf2Ks27SFDRRZUEplf8pq38=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4kDYRqR6LXjxWsB/QhLLZbNulu0nYnQgl9OzFv+LFgyJe/QXe/Ddu2xy09cHA470ZZuYFieAaHOfbWlpeWV1bL2wUN7e2d3btvf2mjlNFWYPGIlbtgGgmeMQawEGwdqIYkYFgrWB4M/FbD0xpHkf3MEqYL0k/4j1OCRipax+5FU/zviTYO8OZpyQOxzOhEnowYEC6dskpO1PgReLmpIRy1Lv2lxfGNJUsAiqI1h3XScDPiAJOBRsXvVSzhNAh6bOOoRGRTPvZ9JUxPjFKiHuxMhUBnqq/JzIitR7JwHRKAgM9703E/7xOCr0rP+NRkgKL6GxRLxUYYjzJBYdcMQpiZAihiptbMR0QRSiY9IomBHf+5UXSPC+71XL17qJUu87jKKBDdIxOkYsuUQ3dojpqIIoe0TN6RW/Wk/VivVsfs9YlK585QH9gff4AzTuZvg==</latexit> 1/
ω
d
ω
/d

ε

<latexit sha1_base64="xSqoFIaSGs4TWbm/Ms8xhNpVG/8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi1WPRi8eK9gPaUDbbSbt0swm7k2IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZekAiu0XW/rcLa+sbmVnG7tLO7t39gHx41dZwqBg0Wi1i1A6pBcAkN5CignSigUSCgFYxuZ35rDErzWD7iJAE/ogPJQ84oGqln212EJ8wekiEoI4ppzy67FXcOZ5V4OSmTHPWe/dXtxyyNQCITVOuO5yboZ1QhZwKmpW6qIaFsRAfQMVTSCLSfzS+fOmdG6TthrExJdObq74mMRlpPosB0RhSHetmbif95nRTDaz/jMkkRJFssClPhYOzMYnD6XAFDMTGEMsXNrQ4bUkUZmrBKJgRv+eVV0ryoeNVK9f6yXLvJ4yiSE3JKzolHrkiN3JE6aRBGxuSZvJI3K7NerHfrY9FasPKZY/IH1ucPMZ2UCg==</latexit>

Spherical

<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

ω
<latexit sha1_base64="wGFxBf2Ks27SFDRRZUEplf8pq38=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4kDYRqR6LXjxWsB/QhLLZbNulu0nYnQgl9OzFv+LFgyJe/QXe/Ddu2xy09cHA470ZZuYFieAaHOfbWlpeWV1bL2wUN7e2d3btvf2mjlNFWYPGIlbtgGgmeMQawEGwdqIYkYFgrWB4M/FbD0xpHkf3MEqYL0k/4j1OCRipax+5FU/zviTYO8OZpyQOxzOhEnowYEC6dskpO1PgReLmpIRy1Lv2lxfGNJUsAiqI1h3XScDPiAJOBRsXvVSzhNAh6bOOoRGRTPvZ9JUxPjFKiHuxMhUBnqq/JzIitR7JwHRKAgM9703E/7xOCr0rP+NRkgKL6GxRLxUYYjzJBYdcMQpiZAihiptbMR0QRSiY9IomBHf+5UXSPC+71XL17qJUu87jKKBDdIxOkYsuUQ3dojpqIIoe0TN6RW/Wk/VivVsfs9YlK585QH9gff4AzTuZvg==</latexit> 1/
ω
d
ω
/d

ε

<latexit sha1_base64="BCg5cxXM7w3bi+ay8Bl57lksuxw=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBKR6rHoxYOHCvYD2lA2m027dLMJuxMxhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMPD8RXIPjfFsrq2vrG5ulrfL2zu7evn1w2NZxqihr0VjEqusTzQSXrAUcBOsmipHIF6zjj6+nfueBKc1jeQ9ZwryIDCUPOSVgpIFd6QN7hPw2lkMOacAlEZOBXXVqzgx4mbgFqaICzYH91Q9imkZMAhVE657rJODlRAGngk3K/VSzhNAxGbKeoZJETHv57PgJPjFKgMNYmZKAZ+rviZxEWmeRbzojAiO96E3F/7xeCuGll3OZpMAknS8KU4EhxtMkcMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2Wc2t1+p359XGVRFHCR2hY3SKXHSBGugGNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gCyYJV3</latexit>

Longitudinal

Preliminary Preliminary
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Frame & jet algorithm dependence

Measure electron

Breit frame

<latexit sha1_base64="3SdCUh2nyESvuEK9wlru0eQhTCk=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIVJdFNy4r9AWdYcikmTY0yQxJRijD/IQbf8WNC0XcCu78G9N2Ctp64MLJOfeSe0+YMKq043xbK6tr6xubpa3y9s7u3r59cNhWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzdTvzOA5GKxqKpxwnxORoIGlGMtJEC+9yLJMJZ5kkO+7mn6ICjfP5MgiacO0SjPLArTtWZAi4TtyAVUKAR2F9eP8YpJ0JjhpTquU6i/QxJTTEjedlLFUkQHqEB6RkqECfKz6ZX5fDUKH0YxdKU0HCq/p7IEFdqzEPTyZEeqkVvIv7n9VIdXfsZFUmqicCzj6KUQR3DSUSwTyXBmo0NQVhSsyvEQ2Ri0ibIsgnBXTx5mbQvqm6tWru/rNRvijhK4BicgDPggitQB3egAVoAg0fwDF7Bm/VkvVjv1sesdcUqZo7AH1ifP6Rtn8E=</latexit>

d�

dpTd⌘
Lab frame

yes

no
Longitudinal alg.

Lab frame Longitudinal alg.

Longitudinal alg.

Spherical alg.

<latexit sha1_base64="g9awI29RLok2UulSWsBQ/iUXhkk=">AAACKnicbZBNT8IwGMc7fEN8m3r00khMPJGNGPSIePEICW8Jw6UrHTS029J2RrLs83jxq3jhoCFe/SAWGImC/6TJr//nedI+fy9iVCrLmhm5re2d3b38fuHg8Oj4xDw9a8swFpi0cMhC0fWQJIwGpKWoYqQbCYK4x0jHGz/M651nIiQNg6aaRKTP0TCgPsVIacs17x1fIJwkjuBwkDqSDjlKV9cXtwYzbDyVM4rc5sp0iEKpaxatkrUQ3AQ7gyLIVHfNqTMIccxJoDBDUvZsK1L9BAlFMSNpwYkliRAeoyHpaQwQJ7KfLFZN4ZV2BtAPhT6Bggv390SCuJQT7ulOjtRIrtfm5n+1Xqz8u35CgyhWJMDLh/yYQRXCeW5wQAXBik00ICyo/ivEI6SzUzrdgg7BXl95E9rlkl0pVRo3xWotiyMPLsAluAY2uAVV8AjqoAUweAXv4AN8Gm/G1JgZX8vWnJHNnIM/Mr5/ANDsqBs=</latexit>

d�

dxBdQ2dpTd⌘

<latexit sha1_base64="Vwlk7WaJYm7tQGLaoQHsbXkE8Q8=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1i0CPRi0eI8khgJbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6wHHC/YgOlAgFo2il+/pjuVcouiV3DrJKvIwUIUOtV/jq9mOWRlwhk9SYjucm6E+oRsEkn+a7qeEJZSM64B1LFY248SfzU6fk3Cp9EsbalkIyV39PTGhkzDgKbGdEcWiWvZn4n9dJMbz2J0IlKXLFFovCVBKMyexv0heaM5RjSyjTwt5K2JBqytCmk7cheMsvr5JmueRVSpX6ZbF6k8WRg1M4gwvw4AqqcAc1aACDATzDK7w50nlx3p2PReuak82cwB84nz/TyI2E</latexit>

Q2 small or large
see also asymmetric Centauro algorithm Makris et al.

<latexit sha1_base64="zu7aPl7JB+V5U4Wn6zCw/xltXSg=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCp9FOmR7HvHjcwL3AOkuapltY0pYkFWfpB/HiV/HiQREvHgS/jdlWQTf/EPjl/zwPyfP3YkalsqwvY2l5ZXVtvbBR3Nza3tk19/bbMkoEJi0csUh0PSQJoyFpKaoY6caCIO4x0vFGl5N655YISaPwWo1j0udoENKAYqS05ZqnTiAQTlNHcOhnjqQDjrKf651bhzk2byo53WeuWbLK1lRwEewcSiBXwzU/HD/CCSehwgxJ2bOtWPVTJBTFjGRFJ5EkRniEBqSnMUScyH46XS6Dx9rxYRAJfUIFp+7viRRxKcfc050cqaGcr03M/2q9RAUX/ZSGcaJIiGcPBQmDKoKTpKBPBcGKjTUgLKj+K8RDpNNSOs+iDsGeX3kR2pWyXS1Xm2elWj2PowAOwRE4ATY4BzVwBRqgBTB4AE/gBbwaj8az8Wa8z1qXjHzmAPyR8fkN3GuieQ==</latexit>

d�

dxBdQ2dz
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Summary

• Jets can be versatile tools at the EIC

• Algorithm and frame dependence

• Baseline for PDFs, spin physics, Cold Nuclear Matter, etc.

• HERA measurements?
<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

ω

<latexit sha1_base64="wGFxBf2Ks27SFDRRZUEplf8pq38=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4kDYRqR6LXjxWsB/QhLLZbNulu0nYnQgl9OzFv+LFgyJe/QXe/Ddu2xy09cHA470ZZuYFieAaHOfbWlpeWV1bL2wUN7e2d3btvf2mjlNFWYPGIlbtgGgmeMQawEGwdqIYkYFgrWB4M/FbD0xpHkf3MEqYL0k/4j1OCRipax+5FU/zviTYO8OZpyQOxzOhEnowYEC6dskpO1PgReLmpIRy1Lv2lxfGNJUsAiqI1h3XScDPiAJOBRsXvVSzhNAh6bOOoRGRTPvZ9JUxPjFKiHuxMhUBnqq/JzIitR7JwHRKAgM9703E/7xOCr0rP+NRkgKL6GxRLxUYYjzJBYdcMQpiZAihiptbMR0QRSiY9IomBHf+5UXSPC+71XL17qJUu87jKKBDdIxOkYsuUQ3dojpqIIoe0TN6RW/Wk/VivVsfs9YlK585QH9gff4AzTuZvg==</latexit> 1/
ω
d
ω
/d

ε

<latexit sha1_base64="BCg5cxXM7w3bi+ay8Bl57lksuxw=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBKR6rHoxYOHCvYD2lA2m027dLMJuxMxhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMPD8RXIPjfFsrq2vrG5ulrfL2zu7evn1w2NZxqihr0VjEqusTzQSXrAUcBOsmipHIF6zjj6+nfueBKc1jeQ9ZwryIDCUPOSVgpIFd6QN7hPw2lkMOacAlEZOBXXVqzgx4mbgFqaICzYH91Q9imkZMAhVE657rJODlRAGngk3K/VSzhNAxGbKeoZJETHv57PgJPjFKgMNYmZKAZ+rviZxEWmeRbzojAiO96E3F/7xeCuGll3OZpMAknS8KU4EhxtMkcMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2Wc2t1+p359XGVRFHCR2hY3SKXHSBGugGNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gCyYJV3</latexit>

Longitudinal

Preliminary



F. Ringer Physics Opportunities at an Electron-Ion Collider XI February 28, 2025 31

Cal, Neill, FR, Waalewijn `20

Jet substructure — angles between jet axes
pp ! jet +X•Jet production 

<latexit sha1_base64="IULha1L4KH64nzULOabfwP0/7KU="></latexit>

d�pp!jetX

d⌘dpTdk?
= fa/p ⌦ fb/p ⌦H

c
ab ⌦z Gc(z, k?) + O(R2)

• Angle between Standard & WTA axes

Collinear Soft Non-global

TMD factorization, SCETII, but IRC safe; Solve numerically in b-space w/ b* prescription
Collins, Soper, Sterman `85
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Breit frame - I: Jet substructure
Lee, Moult, FR, Waalewijn `23

• EIC can constrain flavor dependence

Small QCD scale uncertainty

• Charged particle momentum fraction 
of the jet


