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Jet Physics at the EIC

§ Jet physics at the EIC: a fast emerging field of research
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Courtesy of F. Ringer at BNL jet workshop in July



Jets for 3D imaging

§ Using jets for 3D imaging of the nucleon 
§ seems to become quite feasible 

§ seems to attract a lot of interest
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Some recent examples

§ Jet fragmentation functions

§ If one measures only the zh distribution (integrated over jT), one probes 
collinear FFs 
§ unpolarized, longitudinally, transversely polarized

§ If one measures both zh and jT distribution (3D), one probes TMD FFs
§ With all possible polarizations
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jet
<latexit sha1_base64="++WFYt0P/qAGsLwzrodeHHbOGas="></latexit>

q : quark
<latexit sha1_base64="XbRCGp+TqYr3yiRmEOmuzHNfp1E="></latexit>

h : hadron
<latexit sha1_base64="lHz0Letf5I0xgatCXTVo+ttImIk="></latexit>

(p, Sq)
<latexit sha1_base64="78L+9MnsHBhwtYU99x4QXvxaCjI="></latexit>

pJ
<latexit sha1_base64="Jti5Kd1OeFs/VoXhD8KVoH1MN2A="></latexit>

(ph, Sh)
<latexit sha1_base64="MLN7REIK3kd6E52mZ8qaqe0oOEI="></latexit>

�̂h
<latexit sha1_base64="vwXtDMmpTLAG2xUf8fsNdIuwymk="></latexit>

zh =
phT
pJT

jT

<latexit sha1_base64="+zIj1+Wd941vZarcG/6qUnQ1pgg=">AAACDXicbVC7TsMwFHXKq4RXgJHFolAxVQmqBAxIFSyIqUh9SU0UOa7TmDoP2Q5SifoDLPwKCwMIsbKz8Tc4bQYoHMm6R+fca/seL2FUSNP80koLi0vLK+VVfW19Y3PL2N7piDjlmLRxzGLe85AgjEakLalkpJdwgkKPka43usz97h3hgsZRS44T4oRoGFGfYiSV5BoH1Xs3gOfQ9jnCWeJmQWsyyeu1qrpt69Vbt+UaFbNmTgH/EqsgFVCg6Rqf9iDGaUgiiRkSom+ZiXQyxCXFjKh7U0EShEdoSPqKRigkwsmm20zgoVIG0I+5OpGEU/XnRIZCIcahpzpDJAMx7+Xif14/lf6pk9EoSSWJ8OwhP2VQxjCPBg4oJ1iysSIIc6r+CnGAVC5SBairEKz5lf+SznHNqtfObuqVxkURRxnsgX1wBCxwAhrgCjRBG2DwAJ7AC3jVHrVn7U17n7WWtGJmF/yC9vEN+Eea4g==</latexit>



Azimuthal angular dependence

§ All the azimuthal angular dependence for single inclusive jet
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SA

<latexit sha1_base64="TQ/iYeWtFXUeQnCpt6a6e4bPFH4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj14rFS+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPo3/VLZrbhzkFXi5aQMOer90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlqXFa9aqT5Uy7XbPI4CnMIZXIAHV1CDe6hDExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHtyY2S</latexit>

pA

<latexit sha1_base64="fsSpurDh35zNhxq54dNyY8xWh9k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6R/3S9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWruvVeo3eRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEaBo2v</latexit>

pB/p`

<latexit sha1_base64="DFaLNmoSoOQhkeavspuxwMxBuJ8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU02koMdSLx4r2FpsQ9hsJ+3SzSbsboRS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1KNgktsGW4EdlKFNA4FPoSjm5n/8IRK80Tem3GKfkwHkkecUWOlxzRoXKRBD4UIyhW36s5BVomXkwrkaAblr14/YVmM0jBBte56bmr8CVWGM4HTUi/TmFI2ogPsWippjNqfzC+ekjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif953cxE1/6EyzQzKNliUZQJYhIye5/0uUJmxNgSyhS3txI2pIoyY0Mq2RC85ZdXSfuy6tWqtbtapd7I4yjCCZzCOXhwBXW4hSa0gIGEZ3iFN0c7L86787FoLTj5zDH8gfP5Axm6kI0=</latexit>

�SA<latexit sha1_base64="gOjjGqEF8WNOjXwddPXEijVlWdo=">AAAB8nicbZDLSsNAFIYn9VbjrerSTWgRXJVExcuu6sZlRdMW0hAm00k7dDITZiZCCV37BG5cKOLGhU/jzvfwAZykRdT6w8DH/5/DnHPChBKpbPvDKM3NLywulZfNldW19Y3K5lZL8lQg7CJOueiEUGJKGHYVURR3EoFhHFLcDocXed6+xUISzm7UKMF+DPuMRARBpS3P7CYDEmTXwdk4qNTsul3ImgVnCrVGNYruPt3XZlB57/Y4SmPMFKJQSs+xE+VnUCiCKB6b3VTiBKIh7GNPI4Mxln5WjDy2drXTsyIu9GPKKtyfHRmMpRzFoa6MoRrIv1lu/pd5qYpO/IywJFWYoclHUUotxa18f6tHBEaKjjRAJIie1UIDKCBS+kpmcYTTXEffK89Ca7/uHNQPr5xa4xxMVAY7oAr2gAOOQQNcgiZwAQIc3INH8GQo48F4Nl4mpSVj2rMNfsl4+wKr/JS0</latexit>

jet
<latexit sha1_base64="pdBkAQSoRPKY6N5G5YnH89ZdodM=">AAAB8XicbZDLSsNAFIYn9VbrrepSkWARXJVExcuu6MZlC/aCbSmT6Wk7djIJMydiCV36Bm5cKOLWF+hzuPMZfAmTtIhafxj4+P9zmHOO4wuu0bI+jNTM7Nz8Qnoxs7S8srqWXd+oaC9QDMrME56qOVSD4BLKyFFAzVdAXUdA1elfxHn1FpTmnrzCgQ9Nl3Yl73BGMbKuGwh3GN4ADlvZnJW3EpnTYE8gV9gelT7vd0bFVva90fZY4IJEJqjWddvysRlShZwJGGYagQafsj7tQj1CSV3QzTCZeGjuRU7b7HgqehLNxP3ZEVJX64HrRJUuxZ7+m8Xmf1k9wM5pM+TSDxAkG3/UCYSJnhmvb7a5AoZiEAFlikezmqxHFWUYHSmTHOEs1vH3ytNQOcjbh/mjkp0rnJOx0mSL7JJ9YpMTUiCXpEjKhBFJHsgTeTa08Wi8GK/j0pQx6dkkv2S8fQEyEZUa</latexit>

h
<latexit sha1_base64="o0PnW9Qu0oHR+bO/AIAJRGge31A=">AAAB6HicbZDLSsNAFIZPvNZ4q7p0M1gEVyVR8bIQi25ctmAv0IYymU7bsZNJmJkIJfQJ3LhQxK0+jHs34ts4SYuo9YeBj/8/hznn+BFnSjvOpzUzOze/sJhbspdXVtfW8xubNRXGktAqCXkoGz5WlDNBq5ppThuRpDjwOa37g8s0r99SqVgorvUwol6Ae4J1GcHaWJV+O19wik4mNA3uBArnb/ZZ9Pphl9v591YnJHFAhSYcK9V0nUh7CZaaEU5HditWNMJkgHu0aVDggCovyQYdoV3jdFA3lOYJjTL3Z0eCA6WGgW8qA6z76m+Wmv9lzVh3T7yEiSjWVJDxR92YIx2idGvUYZISzYcGMJHMzIpIH0tMtLmNnR3hNNXR98rTUNsvugfFw4pbKF3AWDnYhh3YAxeOoQRXUIYqEKBwBw/waN1Y99aT9TwunbEmPVvwS9bLF0b5kGI=</latexit>

Sh

<latexit sha1_base64="jrDYGJ0EuJXG9RGxLjL0krf/jEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF4+V2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKzeZgPChX3Kq7AFknXk4qkKMxKH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbSvql6tWnuoVeq3eRxFOINzuAQPrqEO99CAFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEo9I25</latexit>

zJ

<latexit sha1_base64="MpZsu57jNfdSVplhK3x+ktubTfw=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokU9Fj0Ip4q2A9IQ9lsN+3SzW7YnYg19Gd48aCIV3+NN/+NmzYHbX0w8Hhvhpl5YSK4Adf9dlZW19Y3Nktb5e2d3b39ysFh26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnH17nfeWDacCXvYZKwICZDySNOCVjJ7wF7hOxp2r8t9ytVt+bOgJeJV5AqKtDsV756A0XTmEmgghjje24CQUY0cCrYtNxLDUsIHZMh8y2VJGYmyGYnT/GpVQY4UtqWBDxTf09kJDZmEoe2MyYwMoteLv7n+SlEl0HGZZICk3S+KEoFBoXz//GAa0ZBTCwhVHN7K6YjogkFm1Iegrf48jJpn9e8eq1+V682roo4SugYnaAz5KEL1EA3qIlaiCKFntErenPAeXHenY9564pTzByhP3A+fwA2E5E1</latexit>

xJ

<latexit sha1_base64="DAKpGr4/ko36AAPO3SCYPRC5lBc=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KokU9Fj0Ip4q2A9IQ9lsN+3SzW7YnUhL6M/w4kERr/4ab/4bN20O2vpg4PHeDDPzwkRwA6777aytb2xubZd2yrt7+weHlaPjtlGppqxFlVC6GxLDBJesBRwE6yaakTgUrBOOb3O/88S04Uo+wjRhQUyGkkecErCS3wM2gWwy69+X+5WqW3PnwKvEK0gVFWj2K1+9gaJpzCRQQYzxPTeBICMaOBVsVu6lhiWEjsmQ+ZZKEjMTZPOTZ/jcKgMcKW1LAp6rvycyEhszjUPbGRMYmWUvF//z/BSi6yDjMkmBSbpYFKUCg8L5/3jANaMgppYQqrm9FdMR0YSCTSkPwVt+eZW0L2tevVZ/qFcbN0UcJXSKztAF8tAVaqA71EQtRJFCz+gVvTngvDjvzseidc0pZk7QHzifPzMDkTM=</latexit>

yJ

<latexit sha1_base64="2Z3Vgf/4WBLfzPC4mhOPCN0unKg=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoMeiF/FUwX5AG8pmu2mXbnbD7kQMoT/DiwdFvPprvPlv3LQ5aOuDgcd7M8zMC2LBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaMSTVmbKqF0LyCGCS5ZGzgI1os1I1EgWDeY3uR+95Fpw5V8gDRmfkTGkoecErBSfwDsCbJ0NryrDKs1t+7OgVeJV5AaKtAaVr8GI0WTiEmgghjT99wY/Ixo4FSwWWWQGBYTOiVj1rdUkogZP5ufPMNnVhnhUGlbEvBc/T2RkciYNApsZ0RgYpa9XPzP6ycQXvkZl3ECTNLFojARGBTO/8cjrhkFkVpCqOb2VkwnRBMKNqU8BG/55VXSuah7jXrjvlFrXhdxlNEJOkXnyEOXqIluUQu1EUUKPaNX9OaA8+K8Ox+L1pJTzByjP3A+fwA0i5E0</latexit>

x

<latexit sha1_base64="qt4o6cXFMptE+aIX3nJAFlDDbZE=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokU9Fj04rGC/YA2lM120i7dbOLuRFpC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxuZ37rCbQRsXrASQJ+xAZKhIIztFK7izDGbDztlcpuxZ2DrhIvJ2WSo94rfXX7MU8jUMglM6bjuQn6GdMouIRpsZsaSBgfsQF0LFUsAuNn83un9NwqfRrG2pZCOld/T2QsMmYSBbYzYjg0y95M/M/rpBhe+5lQSYqg+GJRmEqKMZ09T/tCA0c5sYRxLeytlA+ZZhxtREUbgrf88ippXla8aqV6Xy3XbvI4CuSUnJEL4pErUiN3pE4ahBNJnskreXMenRfn3flYtK45+cwJ+QPn8wepApBi</latexit>

y

<latexit sha1_base64="yROZwmE8+zxU+27vIONWJwVaqvU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0oWy2m3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2ilTg/5E2aTab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5vVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmT1PBkJzhnJiCWVa2FsJG1FNGdqISjYEb/nlVdK6qHq1au2uVqlf53EU4QRO4Rw8uIQ63EIDmsBAwjO8wpvz4Lw4787HorXg5DPH8AfO5w+qh5Bj</latexit>

z

<latexit sha1_base64="W+TNK2M6NF1BZDNyl6nbBlVxvG0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj04rGC/YA2lM120y7dbOLuRKyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR9dRvPXBtRKzucJxwP6IDJULBKFqp3UX+iNnTpFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns3gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTJ8nfaE5Qzm2hDIt7K2EDammDG1ERRuCt/jyMmmeV7xqpXpbLdeu8jgKcAwncAYeXEANbqAODWAg4Rle4c25d16cd+dj3rri5DNH8AfO5w+sDJBk</latexit>

�̂Sh

<latexit sha1_base64="MV5cx/Pg1hWKCAkcU4w6WN5D6YU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkoMeiF48V7Qc0IWy2m2bpZhN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MONMacf5tiobm1vbO9Xd2t7+weGRfXzSVWkuCe2QlKeyH2JFORO0o5nmtJ9JipOQ0144vpv7vQmViqXiSU8z6id4JFjECNZGCmzbi7EuvCxms6B4DOJZYNedhrMAWiduSepQoh3YX94wJXlChSYcKzVwnUz7BZaaEU5nNS9XNMNkjEd0YKjACVV+sbh8hi6MMkRRKk0JjRbq74kCJ0pNk9B0JljHatWbi/95g1xHN37BRJZrKshyUZRzpFM0jwENmaRE86khmEhmbkUkxhITbcKqmRDc1ZfXSfeq4TYbzYdmvXVbxlGFMziHS3DhGlpwD23oAIEJPMMrvFmF9WK9Wx/L1opVzpzCH1ifPw+Vk/E=</latexit>

�̂h

<latexit sha1_base64="pS1iGr4hOLxAf81n3HjD73fQask=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cK9gPaWDbbTbN0swm7E6WE/A8vHhTx6n/x5r9x2+agrQ8GHu/NMDPPTwTX6DjfVmltfWNzq7xd2dnd2z+oHh51dJwqyto0FrHq+UQzwSVrI0fBeoliJPIF6/qTm5nffWRK81je4zRhXkTGkgecEjTSwyAkmA2SkOfDLMyH1ZpTd+awV4lbkBoUaA2rX4NRTNOISaSCaN13nQS9jCjkVLC8Mkg1SwidkDHrGypJxLSXza/O7TOjjOwgVqYk2nP190RGIq2nkW86I4KhXvZm4n9eP8Xgysu4TFJkki4WBamwMbZnEdgjrhhFMTWEUMXNrTYNiSIUTVAVE4K7/PIq6VzU3Ua9cdeoNa+LOMpwAqdwDi5cQhNuoQVtoKDgGV7hzXqyXqx362PRWrKKmWP4A+vzBzQWkvo=</latexit>

Sh?

<latexit sha1_base64="RS9ybw2G2Ikrkae3Yvss+AHK4Vc=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFWCKsFYwcJYBH1ITRQ5jtNadezIdpCqKAu/wsIAQqx8Bht/g9NmgJYjWT46517de0+YMqq043xbK6tr6xubta369s7u3r59cNhTIpOYdLFgQg5CpAijnHQ11YwMUklQEjLSDyc3pd9/JFJRwR/0NCV+gkacxhQjbaTAPvZCwSI1TcyX3xdBPvZSItMisBtO05kBLhO3Ig1QoRPYX14kcJYQrjFDSg1dJ9V+jqSmmJGi7mWKpAhP0IgMDeUoIcrPZwcU8MwoEYyFNI9rOFN/d+QoUeWOpjJBeqwWvVL8zxtmOr7yc8rTTBOO54PijEEtYJkGjKgkWLOpIQhLanaFeIwkwtpkVjchuIsnL5PeRdNtNVt3rUb7uoqjBk7AKTgHLrgEbXALOqALMCjAM3gFb9aT9WK9Wx/z0hWr6jkCf2B9/gDxj5dI</latexit>

j?

<latexit sha1_base64="R6rG05HWmdXACM+5sHH9aVu/CGo=">AAAB/3icbVDNS8MwHE3n15xfVcGLl+AQPI1WBnocevE4wX3AWkqaZltcmoYkFUbtwX/FiwdFvPpvePO/Md160M0HIY/3fj/y8kLBqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKuSVGLSwQlLZD9EijDKSUdTzUhfSILikJFeOLku/N4DkYom/E5PBfFjNOJ0SDHSRgrsIy9MWKSmsbmy+zzIPEGkyAO77jScGeAycUtSByXagf3lRQlOY8I1ZkipgesI7WdIaooZyWteqohAeIJGZGAoRzFRfjbLn8NTo0RwmEhzuIYz9fdGhmJVRDSTMdJjtegV4n/eINXDSz+jXKSacDx/aJgyqBNYlAEjKgnWbGoIwpKarBCPkURYm8pqpgR38cvLpHvecJuN5m2z3roq66iCY3ACzoALLkAL3IA26AAMHsEzeAVv1pP1Yr1bH/PRilXuHII/sD5/AElFlu0=</latexit>

ST

<latexit sha1_base64="VYhKseuvPbgIFYnpL6gXUNvLPI8=">AAAB+3icbVDNS8MwHE3n15xfdR69BIfgabQy0OPQi8eJ+4KtlDRNt7A0KUkqjtJ/xYsHRbz6j3jzvzHdetDNByGP934/8vKChFGlHefbqmxsbm3vVHdre/sHh0f2cb2vRCox6WHBhBwGSBFGOelpqhkZJpKgOGBkEMxuC3/wSKSignf1PCFejCacRhQjbSTfro8DwUI1j82VPeR+1s19u+E0nQXgOnFL0gAlOr79NQ4FTmPCNWZIqZHrJNrLkNQUM5LXxqkiCcIzNCEjQzmKifKyRfYcnhslhJGQ5nANF+rvjQzFqohnJmOkp2rVK8T/vFGqo2svozxJNeF4+VCUMqgFLIqAIZUEazY3BGFJTVaIp0girE1dNVOCu/rlddK/bLqtZuu+1WjflHVUwSk4AxfABVegDe5AB/QABk/gGbyCNyu3Xqx362M5WrHKnRPwB9bnD8qnlO8=</latexit>

Kang, Kyle, Zhao, arXiv:2005.02398

Collins effect

Lambda 
polarization



Examples

§ Collins effect at the EIC

§ Lambda polarization at the EIC
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Back-to-back region for TMD PDFs

§ One can also study TMD PDFs via back-to-back jet production
§ e+p→e+jet+X

§ p+p→(Z, 𝛾, …)+jet+X
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Examples

§ Sivers asymmetry at the EIC
§ electron-jet back-to-back production
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All seem to be nice

§ Perception: all seem to be nice, complimentary to SIDIS 
measurement 
§ It seems that something is missing, or has not been discussed much

§ That is flavor separation, which is important in mapping out the flavor and spin 
structure of the nucleon – an essential mission of EIC

§ Flavor separation in DIS or SIDIS
§ In DIS: using different target – proton, deuteron, He3 (neutron)

§ gives us u and d flavor separation

§ In SIDIS: measure different hadrons in the final state (pi+, pi-, K+, K-, etc)
§ Because FFs are different (pi+ will select u quark, pi- more d quark, Kaons for s quark)

§ Of course it is highly important to know very well FFs for these hadrons, in order to 
make firm conclusion on the flavor structure of the nucleon

§ How do we perform flavor separation for jet observables?

9

Sato, Andres, Ethier, Melnitchouk, arXiv:1905.03788 
(strange quark) 

R. Milner, arXiv:1809.05626
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Jet charge

§ Jet charge: a flavor prism

§ Jet charge definition
§ One might use subset of hadrons (pions, Kaons) in jet to construct jet charge 
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Charge of the hadron



Charge distribution of u and d quark jets

§ Jet charge distribution

§ If one sums over all particles, u and d jet charges sum over, we 
have a distribution around QJ ~ 0
§ If one can select the positive jet charge bin, then our result is more sensitive to 

u quark jet

§ Negative jet charge bin: sensitive to d quark jet

12

Krohn, Schwartz, Lin, Waalewijn, arXiv:1209.2421

Courtesy of S. Mantry



Pick an example

§ Pick an example, demonstrate if it works, how it works
§ Sivers asymmetry in electron-jet back-to-back production

§ In the back-to-back region
§ Nice thing: e+q → e+q dominates at leading power

§ So jet flavor is the same as the incoming quark flavor

§ Factorization formalism
§ Unpolarized production: for a particular quark scattering (qT: imbalance)

§ Jet function: describe transition from a parton i into a jet with pT and R
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Jet charge function

§ Now besides characteristics (pT, R) of the jet, we also want to 
measure the jet charge 
§ Need a new jet function - called it “jet charge function”

§ In comparison with the standard jet production

§ Obviously if one integrates over the jet charge      , one would get back to the 
usual jet function

§ Another NICE thing: due to RG consistency, these two jet functions have the 
same QCD evolution
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The weighting factor

§ The N-th moment of the jet charge in a particular jet charge bin

§ This ratio is RG-invariant, has a small pT*R dependence from NLO as an 
argument in the coupling constant

§ This weighting factor is non-perturbative but universal, thus one can determine 
from other jet production process in p+p, e+e- collisions (recall STAR dijet), it is 
just a number (like NRQCD matrix elements)

§ Then build the cross section in a specific jet charge bin, easily 
generalize to polarized case (Sivers effect): same weighting factor
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Unpolarized: weighting factors

§ Using Pythia for now to determine these non-perturbative 
weighting factors
§ Pythia works well for this observable: u-quark jet

§ Kappa ~ 0.3 – 0.5, the energy dependence of these ratios are extremely small 
(~5%)
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Unpolarized: sensitivity

§ In general, u quark is more dominant (charge enhancement 𝑒!" vs 𝑒#")
§ By selecting negative jet charge bin, one can enhance the d quark sensitivity a 

lot
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Sivers asymmetry

§ What will experimentalists measure?
§ Sivers asymmetry in different jet charge bins
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Looks familiar?

§ SIDIS Sivers asymmetry of pi+, pi0, pi-

§ Fragmentation functions in SIDIS are replaced by jet charge weighting 
factors in jet production
§ Functions → numbers
§ Both universal: can be determined via global analysis
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HERMES collaboration, arXiv:0906.3918



Polarized: sensitivity

§ With jet charge bin selection, the sensitivity to d-quark Sivers is 
significantly enhanced 
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Summary

§ For 3D imaging, jet observables have become quite promising and  
complementary to the standard SIDIS process

§ We demonstrate jet charge can be used for flavor separation in 
spin asymmetries
§ We demonstrate the effectiveness using Sivers asymmetry, but apparently it 

should work also for collinear functions, e.g., helicity distributions
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Thank you!


