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Jets at collider experiments

2

•Collimated sprays of particles
•Most direct access to high-
energy quarks and gluons
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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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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

e(k)
e0(k0)

q

q̄

g

g

G

Quark-like
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EIC jet physics

6

�

⌘ = � 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, cold nuclear matter effects, etc.
•Clean EIC environment
• Jet substructure & correlations
•Versatile jet reconstruction algorithms & frame dependence
•New physics searches
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Jet algoritms

kT type algorithms

Spherically symmetric

�

⌘ = � 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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Jets - Frame & algorithm dependence

Measure electron

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

d�

dpTd⌘
Lab frame

no
Longitudinal alg.

<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.

Vogelsang et al., Boughezal, Petriello et al.



F. Ringer Jets at the Electron-Ion Collider May 11, 2026 9

Jets - Frame & 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

<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.
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Jets - Frame & 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



F. Ringer Jets at the Electron-Ion Collider May 11, 2026

Longitudinally invariant algorithm

11

Algorithm dependence
Lab frame

• NLO matched to parton shower

• Unpolarized and long. polarized

• POWHEG BOX implementation

de Florian, Borsa `22
Borsa, Jager `24

<latexit sha1_base64="M13ROxIYk9sclJ9uDHc5Wh+O4aI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEClISkeqy6MZlhb6gDWEymbZjJw9mJkIN+RI3LhRx66e482+ctllo64ELh3Pu5d57vJgzqSzr2yisrW9sbhW3Szu7e/tl8+CwI6NEENomEY9Ez8OSchbStmKK014sKA48Trve5Hbmdx+pkCwKW2oaUyfAo5ANGcFKS65ZrsZu2mLZue+m7CE7c82KVbPmQKvEzkkFcjRd82vgRyQJaKgIx1L2bStWToqFYoTTrDRIJI0xmeAR7Wsa4oBKJ50fnqFTrfhoGAldoUJz9fdEigMpp4GnOwOsxnLZm4n/ef1EDa+dlIVxomhIFouGCUcqQrMUkM8EJYpPNcFEMH0rImMsMFE6q5IOwV5+eZV0Lmp2vVa/v6w0bvI4inAMJ1AFG66gAXfQhDYQSOAZXuHNeDJejHfjY9FaMPKZI/gD4/MHRIyS2w==</latexit>

(pTi, dij)

Significant effects for 
pol. cross section

Pythia
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Algorithm dependence
Breit frame

• Collinear jet function, 
resummation of 

• Particularly useful for jet substructure

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

lnR

• Quark-jets dominate

• A few percent of gluon jets at NLO

<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)Spherically invariant algorithm



F. Ringer Jets at the Electron-Ion Collider May 11, 2026 13

Algorithm dependence
Breit frame

<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)Spherically invariant algorithm

Requires threshold resummation

• Unpolarized measurement at HERA?

<latexit sha1_base64="JnfU5nLn6M3O4Sv8vuWo0hwbf1M=">AAAB9HicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0s4m7k2II/R1ePCji1R/jzX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRDJosEpHq+FSD4BKayFFAJ1ZAQ19A2x/fzvz2BJTmkXzANAYvpEPJA84oGsnrITxh1khxxOm0X644VWcOe5W4OamQHI1++as3iFgSgkQmqNZd14nRy6hCzgRMS71EQ0zZmA6ha6ikIWgvmx89tc+MMrCDSJmSaM/V3xMZDbVOQ990hhRHetmbif953QSDay/jMk4QJFssChJhY2TPErAHXAFDkRpCmeLmVpuNqKIMTU4lE4K7/PIqaV1U3Vq1dn9Zqd/kcRTJCTkl58QlV6RO7kiDNAkjj+SZvJI3a2K9WO/Wx6K1YOUzx+QPrM8fcsCSjw==</latexit>

Pythia
<latexit sha1_base64="dWwp7Qf1dUndcpClQFeqmYtXrvc=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlEqsuiGxdFKtgHNKFMppN26OTBzI1YQsCNv+LGhSJu/Ql3/o3TNgttPXDhcM693HuPFwuuwLK+jcLS8srqWnG9tLG5tb1j7u61VJRIypo0EpHseEQxwUPWBA6CdWLJSOAJ1vZGVxO/fc+k4lF4B+OYuQEZhNznlICWeuaBA+wB0pt6PXMi4AFTudDIembZqlhT4EVi56SMcjR65pfTj2gSsBCoIEp1bSsGNyUSOBUsKzmJYjGhIzJgXU1Dore56fSHDB9rpY/9SOoKAU/V3xMpCZQaB57uDAgM1bw3Ef/zugn4F27KwzgBFtLZIj8RGCI8CQT3uWQUxFgTQiXXt2I6JJJQ0LGVdAj2/MuLpHVasauV6u1ZuXaZx1FEh+gInSAbnaMaukYN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+AO4HmF0=</latexit>

NLL→NP
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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

• 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,�⌘ +��)

• Add jet substructure

Leading order

<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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Jet substructure

15

• EIC can constrain flavor 
dependence of track functions

Small QCD scale uncertainty

• Charged particle momentum 
fraction of the jet

Krohn, Schwartz, Lin, Waalewijn `12
Lee, Moult, FR, Waalewijn `23
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New physics searches with jets

16

• Constraints in the low-mass region 
within reach of the EIC

• Consider an exemplary BSM signal

• B-L model,          from gauged 
<latexit sha1_base64="venYGqMqYqHcv8fCOGLq4ld42Ek=">AAAB73icbVA9SwNBEJ31M8avqKXNYhBtDHci0TLExsIigvnA5Ah7m71kyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMPD8WXBvH+UZLyyura+u5jfzm1vbObmFvv6GjRFFWp5GIVMsnmgkuWd1wI1grVoyEvmBNf3g98ZtPTGkeyXszipkXkr7kAafEWKn1cNJNq2e3426h6JScKfAicTNShAy1buGr04toEjJpqCBat10nNl5KlOFUsHG+k2gWEzokfda2VJKQaS+d3jvGx1bp4SBStqTBU/X3REpCrUehbztDYgZ63puI/3ntxARXXsplnBgm6WxRkAhsIjx5Hve4YtSIkSWEKm5vxXRAFKHGRpS3IbjzLy+SxnnJLZfKdxfFSjWLIweHcASn4MIlVOAGalAHCgKe4RXe0CN6Qe/oY9a6hLKZA/gD9PkDJfuPaA==</latexit>

Z →
B↑L

<latexit sha1_base64="Fle7B5WVABpkLcd5TiktxSXLirg=">AAAB8XicbVBNT8JAEJ3iF+IX6tHLRmKCB0lLDHokePHgARMLRGjIdtnChu222d2akIZ/4cWDxnj133jz37hADwq+ZJKX92YyM8+POVPatr+t3Nr6xuZWfruws7u3f1A8PGqpKJGEuiTikez4WFHOBHU105x2Yklx6HPa9sc3M7/9RKVikXjQk5h6IR4KFjCCtZEe3bJz3k8bF3fTfrFkV+w50CpxMlKCDM1+8as3iEgSUqEJx0p1HTvWXoqlZoTTaaGXKBpjMsZD2jVU4JAqL51fPEVnRhmgIJKmhEZz9fdEikOlJqFvOkOsR2rZm4n/ed1EB9deykScaCrIYlGQcKQjNHsfDZikRPOJIZhIZm5FZIQlJtqEVDAhOMsvr5JWteLUKrX7y1K9kcWRhxM4hTI4cAV1uIUmuEBAwDO8wpulrBfr3fpYtOasbOYY/sD6/AH1Y4/S</latexit>

U(1)B→L

<latexit sha1_base64="shiTa3JQOujJPLlUoivGyCEZlh0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM12067dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AH5342d</latexit>

j1

<latexit sha1_base64="SXGsJaxXXgTr3g/bB0p2Lt5iKRI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdZmFkdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK94+9Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8A+2ONng==</latexit>

j2

<latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p

• Electron + 3 jet signal (hadronic decay)

<latexit sha1_base64="XgtL8+YTlx3UnaTfaJylkF/Rkb0="></latexit>

Lint = gB→LZ
↑
µJ

µ
B→L

<latexit sha1_base64="3YvqDu0/8R3AAAAn47JxgZlRvTE=">AAACGnicbVDLSgMxFM3UV62vqks3wSK4scyIVDdCqRsRFy3YB3TqcCfNtKHJzJBkhDL0O9z4K25cKOJO3Pg3pu0sfB0IHM45l5t7/JgzpW3708otLC4tr+RXC2vrG5tbxe2dlooSSWiTRDySHR8U5SykTc00p51YUhA+p21/dDH123dUKhaFN3oc056AQcgCRkAbySs6V15aO7qe3LoiOXdVIrwANzIpwK4PMg0m2B2AEDDN4MArluyyPQP+S5yMlFCGuld8d/sRSQQNNeGgVNexY91LQWpGOJ0U3ETRGMgIBrRraAiCql46O22CD4zSx0EkzQs1nqnfJ1IQSo2Fb5IC9FD99qbif1430cFZL2VhnGgakvmiIOFYR3jaE+4zSYnmY0OASGb+iskQJBBt2iyYEpzfJ/8lreOyUylXGielai2rI4/20D46RA46RVV0ieqoiQi6R4/oGb1YD9aT9Wq9zaM5K5vZRT9gfXwBAemgQg==</latexit>

Jµ
B→L =

∑

f

Qf
B→Lf̄ω

µfwith

Athanasakos, Grieninger, Liu, 
Mangan, FR, Szafron - in preparation
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<latexit sha1_base64="aArolzKtOv5oF5h3yC6gF5C0hKA=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxoDZBqDBWsLAgFYk+pCaKHMdpTe0ksh2kKsofsPArLAwgxMrKxt/gthmgcCRL555zr67v8RNGpbKsL6O0sLi0vFJeraytb2xumds7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o8uJ370nQtI4ulXjhLgcDSIaUoyUljzz0K47kg44co5h5ggOg3xW14vq2svoXe6ZVatmTQH/ErsgVVCg5ZmfThDjlJNIYYak7NtWotwMCUUxI3nFSSVJEB6hAelrGiFOpJtN78nhgVYCGMZCv0jBqfpzIkNcyjH3dSdHaijnvYn4n9dPVXjuZjRKUkUiPFsUpgyqGE7CgQEVBCs21gRhQfVfIR4igbDSEVZ0CPb8yX9J56RmN2qNm9Nq86KIowz2wD44AjY4A01wBVqgDTB4AE/gBbwaj8az8Wa8z1pLRjGzC37B+PgGKZecKA==</latexit> 1/
ω
d
ω
/d

M
ij

<latexit sha1_base64="TB5vFNjRzwN9eXblMyFMp8v/PEo=">AAAB/HicbVDLSgNBEJyNrxhfqzl6WQyCp7AbJHoMetCLEME8IFnC7KSTDJl9MNMrhmXzK148KOLVD/Hm3zhJ9qCJBQ1FVTfdXV4kuELb/jZya+sbm1v57cLO7t7+gXl41FRhLBk0WChC2faoAsEDaCBHAe1IAvU9AS1vfD3zW48gFQ+DB5xE4Pp0GPABZxS11DOLd73EqaTTThfhCZMbaKZuzyzZZXsOa5U4GSmRDPWe+dXthyz2IUAmqFIdx47QTahEzgSkhW6sIKJsTIfQ0TSgPig3mR+fWqda6VuDUOoK0JqrvycS6is18T3d6VMcqWVvJv7ndWIcXLoJD6IYIWCLRYNYWBhasySsPpfAUEw0oUxyfavFRlRShjqvgg7BWX55lTQrZadart6fl2pXWRx5ckxOyBlxyAWpkVtSJw3CyIQ8k1fyZkyNF+Pd+Fi05oxspkj+wPj8AadllMw=</latexit>

M12 [GeV]

Different jet radii
<latexit sha1_base64="gA+KaQ8q4BwMGmTB+QI+KZDk2aQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALAzjOE=</latexit>

R

Only large-    jets align 
<latexit sha1_base64="gA+KaQ8q4BwMGmTB+QI+KZDk2aQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7ByCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALAzjOE=</latexit>

R
<latexit sha1_base64="4Gd+wV45NzNT0l77z3NO7j/KzbE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovoqiRFqsuiGzdCBfvANoTJdNIOnZmEmYlSYj7FjQtF3Pol7vwbp20W2nrgwuGce7n3niBmVGnH+bYKK6tr6xvFzdLW9s7unl3eb6sokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjK+mfueBSEUjcacnMfE4GgoaUoy0kXy7fOOnbi3rK8oh99P7k8y3K07VmQEuEzcnFZCj6dtf/UGEE06Exgwp1XOdWHspkppiRrJSP1EkRniMhqRnqECcKC+dnZ7BY6MMYBhJU0LDmfp7IkVcqQkPTCdHeqQWvan4n9dLdHjhpVTEiSYCzxeFCYM6gtMc4IBKgjWbGIKwpOZWiEdIIqxNWiUTgrv48jJp16puvVq/Pas0LvM4iuAQHIFT4IJz0ADXoAlaAINH8AxewZv1ZL1Y79bHvLVg5TMH4A+szx9dZJNx</latexit>

M12 → mZ→

<latexit sha1_base64="shiTa3JQOujJPLlUoivGyCEZlh0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM12067dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AH5342d</latexit>

j1

<latexit sha1_base64="SXGsJaxXXgTr3g/bB0p2Lt5iKRI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdZmFkdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK94+9Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8A+2ONng==</latexit>

j2

<latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p

• B-L model,          from gauged 
<latexit sha1_base64="venYGqMqYqHcv8fCOGLq4ld42Ek=">AAAB73icbVA9SwNBEJ31M8avqKXNYhBtDHci0TLExsIigvnA5Ah7m71kyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMPD8WXBvH+UZLyyura+u5jfzm1vbObmFvv6GjRFFWp5GIVMsnmgkuWd1wI1grVoyEvmBNf3g98ZtPTGkeyXszipkXkr7kAafEWKn1cNJNq2e3426h6JScKfAicTNShAy1buGr04toEjJpqCBat10nNl5KlOFUsHG+k2gWEzokfda2VJKQaS+d3jvGx1bp4SBStqTBU/X3REpCrUehbztDYgZ63puI/3ntxARXXsplnBgm6WxRkAhsIjx5Hve4YtSIkSWEKm5vxXRAFKHGRpS3IbjzLy+SxnnJLZfKdxfFSjWLIweHcASn4MIlVOAGalAHCgKe4RXe0CN6Qe/oY9a6hLKZA/gD9PkDJfuPaA==</latexit>

Z →
B↑L

<latexit sha1_base64="Fle7B5WVABpkLcd5TiktxSXLirg=">AAAB8XicbVBNT8JAEJ3iF+IX6tHLRmKCB0lLDHokePHgARMLRGjIdtnChu222d2akIZ/4cWDxnj133jz37hADwq+ZJKX92YyM8+POVPatr+t3Nr6xuZWfruws7u3f1A8PGqpKJGEuiTikez4WFHOBHU105x2Yklx6HPa9sc3M7/9RKVikXjQk5h6IR4KFjCCtZEe3bJz3k8bF3fTfrFkV+w50CpxMlKCDM1+8as3iEgSUqEJx0p1HTvWXoqlZoTTaaGXKBpjMsZD2jVU4JAqL51fPEVnRhmgIJKmhEZz9fdEikOlJqFvOkOsR2rZm4n/ed1EB9deykScaCrIYlGQcKQjNHsfDZikRPOJIZhIZm5FZIQlJtqEVDAhOMsvr5JWteLUKrX7y1K9kcWRhxM4hTI4cAV1uIUmuEBAwDO8wpulrBfr3fpYtOasbOYY/sD6/AH1Y4/S</latexit>

U(1)B→L

• Signal cross section for 
<latexit sha1_base64="9x4yKc6iN6LU+GxpNdxh7txvqAA=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFdlURKdSMUXeiygn1gG8JkOmmHzkzCzEQIof0VNy4UceuHuPNvnLZZaOuBC4dz7uXee4KYUaUd59taWV1b39gsbBW3d3b39u2Dw5aKEolJE0cskp0AKcKoIE1NNSOdWBLEA0bawehm6refiFQ0Eg86jYnH0UDQkGKkjeTbJe5nj6fjq6ozyXqSw1vSGvt22ak4M8Bl4uakDHI0fPur149wwonQmCGluq4Tay9DUlPMyLjYSxSJER6hAekaKhAnystmx4/hiVH6MIykKaHhTP09kSGuVMoD08mRHqpFbyr+53UTHV56GRVxoonA80VhwqCO4DQJ2KeSYM1SQxCW1NwK8RBJhLXJq2hCcBdfXiat84pbq9Tuq+X6dR5HARyBY3AGXHAB6uAONEATYJCCZ/AK3qyJ9WK9Wx/z1hUrnymBP7A+fwCy65Qt</latexit>

mZ→ = 40 GeV

Athanasakos, Grieninger, Liu, 
Mangan, FR, Szafron - in preparation
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<latexit sha1_base64="shiTa3JQOujJPLlUoivGyCEZlh0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM12067dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rHn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AH5342d</latexit>

j1

<latexit sha1_base64="SXGsJaxXXgTr3g/bB0p2Lt5iKRI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdZmFkdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK94+9Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8A+2ONng==</latexit>

j2

<latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p

<latexit sha1_base64="aArolzKtOv5oF5h3yC6gF5C0hKA=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxoDZBqDBWsLAgFYk+pCaKHMdpTe0ksh2kKsofsPArLAwgxMrKxt/gthmgcCRL555zr67v8RNGpbKsL6O0sLi0vFJeraytb2xumds7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o8uJ370nQtI4ulXjhLgcDSIaUoyUljzz0K47kg44co5h5ggOg3xW14vq2svoXe6ZVatmTQH/ErsgVVCg5ZmfThDjlJNIYYak7NtWotwMCUUxI3nFSSVJEB6hAelrGiFOpJtN78nhgVYCGMZCv0jBqfpzIkNcyjH3dSdHaijnvYn4n9dPVXjuZjRKUkUiPFsUpgyqGE7CgQEVBCs21gRhQfVfIR4igbDSEVZ0CPb8yX9J56RmN2qNm9Nq86KIowz2wD44AjY4A01wBVqgDTB4AE/gBbwaj8az8Wa8z1pLRjGzC37B+PgGKZecKA==</latexit> 1/
ω
d
ω
/d

M
ij

<latexit sha1_base64="TB5vFNjRzwN9eXblMyFMp8v/PEo=">AAAB/HicbVDLSgNBEJyNrxhfqzl6WQyCp7AbJHoMetCLEME8IFnC7KSTDJl9MNMrhmXzK148KOLVD/Hm3zhJ9qCJBQ1FVTfdXV4kuELb/jZya+sbm1v57cLO7t7+gXl41FRhLBk0WChC2faoAsEDaCBHAe1IAvU9AS1vfD3zW48gFQ+DB5xE4Pp0GPABZxS11DOLd73EqaTTThfhCZMbaKZuzyzZZXsOa5U4GSmRDPWe+dXthyz2IUAmqFIdx47QTahEzgSkhW6sIKJsTIfQ0TSgPig3mR+fWqda6VuDUOoK0JqrvycS6is18T3d6VMcqWVvJv7ndWIcXLoJD6IYIWCLRYNYWBhasySsPpfAUEw0oUxyfavFRlRShjqvgg7BWX55lTQrZadart6fl2pXWRx5ckxOyBlxyAWpkVtSJw3CyIQ8k1fyZkyNF+Pd+Fi05oxspkj+wPj8AadllMw=</latexit>

M12 [GeV]
<latexit sha1_base64="vCGJHK6KvJ+fQEhqgWEBAZw1dQc=">AAAB/HicbVDJSgNBEO2JW4zbaI5eBoPgKcyoRI9BD3oRIpgFJsPQ06kkTXoWumvEMCS/4sWDIl79EG/+jZ3loIkPCh7vVVFVL0gEV2jb30ZuZXVtfSO/Wdja3tndM/cPGipOJYM6i0UsWwFVIHgEdeQooJVIoGEgoBkMrid+8xGk4nH0gMMEvJD2It7ljKKWfLN452fO2WjsthGeMLuBxsjzzZJdtqewlokzJyUyR803v9qdmKUhRMgEVcp17AS9jErkTMCo0E4VJJQNaA9cTSMagvKy6fEj61grHasbS10RWlP190RGQ6WGYaA7Q4p9tehNxP88N8XupZfxKEkRIjZb1E2FhbE1ScLqcAkMxVATyiTXt1qsTyVlqPMq6BCcxZeXSeO07FTKlfvzUvVqHkeeHJIjckIcckGq5JbUSJ0wMiTP5JW8GWPjxXg3PmatOWM+UyR/YHz+AKj3lM0=</latexit>

M13 [GeV]
<latexit sha1_base64="X4+wFyAKm4kOLgZe7sTEgIJLcB8=">AAAB/HicbVDJSgNBEO1xjXEbzdHLYBA8hZko0WPQg16ECGaByRB6OpWkSc9Cd404DMmvePGgiFc/xJt/Y2c5aOKDgsd7VVTV82PBFdr2t7Gyura+sZnbym/v7O7tmweHDRUlkkGdRSKSLZ8qEDyEOnIU0Iol0MAX0PSH1xO/+QhS8Sh8wDQGL6D9kPc4o6iljlm462Tls9HYbSM8YXYDjZHXMYt2yZ7CWibOnBTJHLWO+dXuRiwJIEQmqFKuY8foZVQiZwJG+XaiIKZsSPvgahrSAJSXTY8fWSda6Vq9SOoK0ZqqvycyGiiVBr7uDCgO1KI3Ef/z3AR7l17GwzhBCNlsUS8RFkbWJAmryyUwFKkmlEmub7XYgErKUOeV1yE4iy8vk0a55FRKlfvzYvVqHkeOHJFjckocckGq5JbUSJ0wkpJn8krejLHxYrwbH7PWFWM+UyB/YHz+AKqKlM4=</latexit>

M23 [GeV]

Use full event information!

• B-L model,          from gauged 
<latexit sha1_base64="venYGqMqYqHcv8fCOGLq4ld42Ek=">AAAB73icbVA9SwNBEJ31M8avqKXNYhBtDHci0TLExsIigvnA5Ah7m71kyd7eubsnhCN/wsZCEVv/jp3/xk1yhSY+GHi8N8PMPD8WXBvH+UZLyyura+u5jfzm1vbObmFvv6GjRFFWp5GIVMsnmgkuWd1wI1grVoyEvmBNf3g98ZtPTGkeyXszipkXkr7kAafEWKn1cNJNq2e3426h6JScKfAicTNShAy1buGr04toEjJpqCBat10nNl5KlOFUsHG+k2gWEzokfda2VJKQaS+d3jvGx1bp4SBStqTBU/X3REpCrUehbztDYgZ63puI/3ntxARXXsplnBgm6WxRkAhsIjx5Hve4YtSIkSWEKm5vxXRAFKHGRpS3IbjzLy+SxnnJLZfKdxfFSjWLIweHcASn4MIlVOAGalAHCgKe4RXe0CN6Qe/oY9a6hLKZA/gD9PkDJfuPaA==</latexit>

Z →
B↑L

<latexit sha1_base64="Fle7B5WVABpkLcd5TiktxSXLirg=">AAAB8XicbVBNT8JAEJ3iF+IX6tHLRmKCB0lLDHokePHgARMLRGjIdtnChu222d2akIZ/4cWDxnj133jz37hADwq+ZJKX92YyM8+POVPatr+t3Nr6xuZWfruws7u3f1A8PGqpKJGEuiTikez4WFHOBHU105x2Yklx6HPa9sc3M7/9RKVikXjQk5h6IR4KFjCCtZEe3bJz3k8bF3fTfrFkV+w50CpxMlKCDM1+8as3iEgSUqEJx0p1HTvWXoqlZoTTaaGXKBpjMsZD2jVU4JAqL51fPEVnRhmgIJKmhEZz9fdEikOlJqFvOkOsR2rZm4n/ed1EB9deykScaCrIYlGQcKQjNHsfDZikRPOJIZhIZm5FZIQlJtqEVDAhOMsvr5JWteLUKrX7y1K9kcWRhxM4hTI4cAV1uIUmuEBAwDO8wpulrBfr3fpYtOasbOYY/sD6/AH1Y4/S</latexit>

U(1)B→L

• Signal cross section for 
<latexit sha1_base64="9x4yKc6iN6LU+GxpNdxh7txvqAA=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFdlURKdSMUXeiygn1gG8JkOmmHzkzCzEQIof0VNy4UceuHuPNvnLZZaOuBC4dz7uXee4KYUaUd59taWV1b39gsbBW3d3b39u2Dw5aKEolJE0cskp0AKcKoIE1NNSOdWBLEA0bawehm6refiFQ0Eg86jYnH0UDQkGKkjeTbJe5nj6fjq6ozyXqSw1vSGvt22ak4M8Bl4uakDHI0fPur149wwonQmCGluq4Tay9DUlPMyLjYSxSJER6hAekaKhAnystmx4/hiVH6MIykKaHhTP09kSGuVMoD08mRHqpFbyr+53UTHV56GRVxoonA80VhwqCO4DQJ2KeSYM1SQxCW1NwK8RBJhLXJq2hCcBdfXiat84pbq9Tuq+X6dR5HARyBY3AGXHAB6uAONEATYJCCZ/AK3qyJ9WK9Wx/z1hUrnymBP7A+fwCy65Qt</latexit>

mZ→ = 40 GeV

Athanasakos, Grieninger, Liu, 
Mangan, FR, Szafron - in preparation
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• Signal + background

• Use full event information

• Train classifier on data vs. 
signal-free background events

• Use conditional generative model 
trained on sideband regions

See e.g. Nachman, Mikuni, Thaler, Plehn et al.

Enhance signal sensitivity

LHC

Athanasakos, Grieninger, Liu, 
Mangan, FR, Szafron - in preparation
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Athanasakos, Grieninger, Liu, 
Mangan, FR, Szafron - in preparation

Signal

Preliminary

<latexit sha1_base64="RInp+9/AW2zTb02Dxg6Z7ig9iXw=">AAAB73icbVDLSgMxFL2pr1pfVZdugkVwVWekVDdCqRuXFe0D2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb03YWWj0QcjjnXu69x48F18ZxvlBuZXVtfSO/Wdja3tndK+4ftHSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuRKc0jeW8mMfNCMpQ84JQYK3XuzupXTtmp9Isl+82B/xI3IyXI0OgXP3uDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm+U3xilQEOImWfNHiu/uxISaj1JPRtZUjMSC97M/E/r5uY4NJLuYwTwyRdDAoSgU2EZ8fjAVeMGjGxhFDF7a6Yjogi1NiICjYEd/nkv6R1Xnar5eptpVSrZ3Hk4QiO4RRcuIAa3EADmkBBwBO8wCt6QM/oDb0vSnMo6zmEX0Af3+jDjpg=</latexit>

S/B = 0.04
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Athanasakos, Grieninger, Liu, 
Mangan, FR, Szafron - in preparation

Signal

Additional cut on 
classifier output

Dashed: Fits excluding 
the signal region

Preliminary

<latexit sha1_base64="RInp+9/AW2zTb02Dxg6Z7ig9iXw=">AAAB73icbVDLSgMxFL2pr1pfVZdugkVwVWekVDdCqRuXFe0D2qFk0kwbmsmMSUYoQ3/CjQtF3Po77vwb03YWWj0QcjjnXu69x48F18ZxvlBuZXVtfSO/Wdja3tndK+4ftHSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztj69nfvuRKc0jeW8mMfNCMpQ84JQYK3XuzupXTtmp9Isl+82B/xI3IyXI0OgXP3uDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm+U3xilQEOImWfNHiu/uxISaj1JPRtZUjMSC97M/E/r5uY4NJLuYwTwyRdDAoSgU2EZ8fjAVeMGjGxhFDF7a6Yjogi1NiICjYEd/nkv6R1Xnar5eptpVSrZ3Hk4QiO4RRcuIAa3EADmkBBwBO8wCt6QM/oDb0vSnMo6zmEX0Af3+jDjpg=</latexit>

S/B = 0.04
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Summary
• Jets will be versatile tools at the EIC

• Algorithm and frame dependence

• Clean environment at the EIC

• More quantitative studies of hadron structure, TMDs, CNM, etc.

• Enable new physics searches


