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q̂(k?)

<latexit sha1_base64="jU9fXWjlj4K3pSdOLJnAeUnICqo=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBHqpiQSabsrunFZwT6gCWEynbRDJ5M4MxFLyK+4caGIW3/EnX/jtI2gogcuHM65l3vvCRJGpbKsD2NldW19Y7O0Vd7e2d3bNw8qPRmnApMujlksBgGShFFOuooqRgaJICgKGOkH08u5378jQtKY36hZQrwIjTkNKUZKS75ZcSdIZbd5bepnbkJEkp/6ZtWqW07DbthQkwU0aTZbzrkD7UKpggId33x3RzFOI8IVZkjKoW0lysuQUBQzkpfdVJIE4Skak6GmHEVEetni9hyeaGUEw1jo4gou1O8TGYqknEWB7oyQmsjf3lz8yxumKmx6GeVJqgjHy0VhyqCK4TwIOKKCYMVmmiAsqL4V4gkSCCsdV1mH8PUp/J/0zuq2U29dO9X2RRFHCRyBY1ADNmiANrgCHdAFGNyDB/AEno3ceDRejNdl64pRzByCHzDePgGLIZTN</latexit>



QCD in Nuclear Matter

© fineartamerica.com

Jet tranport coefficient       T dependence            

JET Collaboration, PRC 90, 014909

q̂ = 0.015 GeV 2/fm
<latexit sha1_base64="t7jXUzZ8sf1EEhhBPK2IPsP+t7c=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSs4l1UtBFECy0VTCLkYtjbzCVL9j7cnRPDcX/Axr9iY6GIrb2d/8ZNTKGJDwYe783szjwvlkKjbX9ZE5NT0zOzubn8/MLi0nJhZbWqo0RxqPBIRuraYxqkCKGCAiVcxwpY4Emoed3Tvl+7A6VFFF5hL4ZGwNqh8AVnaKRmYdPtMExvM3pE7ZLt7FOX0jOo3pR3XIR782DqB1mzUDTmAHScOENSJENcNAufbiviSQAhcsm0rjt2jI2UKRRcQpZ3Ew0x413WhrqhIQtAN9LBNRndMkqL+pEyFSIdqL8nUhZo3Qs80xkw7OhRry/+59UT9A8bqQjjBCHkPx/5iaQY0X40tCUUcJQ9QxhXwuxKeYcpxtEEmDchOKMnj5NqueTslsqXe8Xjk2EcObJONsg2ccgBOSbn5IJUCCcP5Im8kFfr0Xq23qz3n9YJazizRv7A+vgGQYWZ0A==</latexit>

P. Ru et al, arXiv:2004.00027

q̂
<latexit sha1_base64="H8kjwIW8t0mfwQnOh/jgZsTtLwo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGm54/G</latexit>

Heavy Ion Collision

Electron Ion Collision

JET Collaboration, PRC 90, 014909
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q̂ ⇡ 1.2± 0.3 GeV 2/fm

<latexit sha1_base64="WMsRC/0um/I4Fymymo1SmlBRMoU=">AAACD3icbVDLSgMxFM3UV62vqks3oUURhHGmCuqu6EKXFewDOrVk0kwbmszEJCOWoX/gRvBL3LhQxK1bd/0b08dCWw9cOJxzL/fe4wtGlXacgZWam19YXEovZ1ZW19Y3sptbFRXFEpMyjlgkaz5ShNGQlDXVjNSEJIj7jFT97sXQr94TqWgU3uieIA2O2iENKEbaSM3sntdBOrnre0gIGT1A1y5AT3Do2EfQg/CSVG4LhwFvZvOO7YwAZ4k7Iflizjt4HhR7pWb222tFOOYk1JghpequI3QjQVJTzEg/48WKCIS7qE3qhoaIE9VIRv/04a5RWjCIpKlQw5H6eyJBXKke900nR7qjpr2h+J9Xj3Vw2khoKGJNQjxeFMQM6ggOw4EtKgnWrGcIwpKaWyHuIImwNhFmTAju9MuzpFKw3WP77NqkcQ7GSIMdkAP7wAUnoAiuQAmUAQaP4AW8gXfryXq1PqzPcWvKmsxsgz+wvn4ATb2dQQ==</latexit>

RHIC

q̂ ⇡ 1.9± 0.7 GeV 2/fm

<latexit sha1_base64="MRCVGUzO2+WQFQV10v5SsZPcTDg=">AAACD3icbVDLSgMxFM34rPVVdekmtCiCMM4UoXZXdKHLCvYBnVoyaaYNTWZikhHL0D9wI/glblwo4tatu/6N6WOhrQcuHM65l3vv8QWjSjvO0FpYXFpeWU2tpdc3Nre2Mzu7VRXFEpMKjlgk6z5ShNGQVDTVjNSFJIj7jNT83sXIr90TqWgU3ui+IE2OOiENKEbaSK3ModdFOrkbeEgIGT1A1y5CT3Do2AXoQXhJqrf5k4C3MjnHdsaA88Sdklwp6x0/D0v9civz7bUjHHMSasyQUg3XEbqZIKkpZmSQ9mJFBMI91CENQ0PEiWom438G8MAobRhE0lSo4Vj9PZEgrlSf+6aTI91Vs95I/M9rxDo4ayY0FLEmIZ4sCmIGdQRH4cA2lQRr1jcEYUnNrRB3kURYmwjTJgR39uV5Us3b7qldvDZpnIMJUmAfZMERcEEBlMAVKIMKwOARvIA38G49Wa/Wh/U5aV2wpjN74A+srx9fJZ1M</latexit>

LHC

NB Chang et al, PRC 89.3 (2014): 034911

E Wang, XN Wang, PRL 89.16 (2002): 162301



Jet tranport parameter in cold nuclei

Use the suppression of leading hadron to extract      in cold nucleiq̂
<latexit sha1_base64="H8kjwIW8t0mfwQnOh/jgZsTtLwo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGm54/G</latexit>

NB Chang et al, PRC 89.3 (2014): 034911

Use the pT broadening of final-state hadron to extract      in cold nucleiq̂
<latexit sha1_base64="H8kjwIW8t0mfwQnOh/jgZsTtLwo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm9EMXuc9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGm54/G</latexit>

q̂ = 0.015 GeV 2/fm
<latexit sha1_base64="t7jXUzZ8sf1EEhhBPK2IPsP+t7c=">AAACDXicbVA9SwNBEN3zM8avqKXNYhSs4l1UtBFECy0VTCLkYtjbzCVL9j7cnRPDcX/Axr9iY6GIrb2d/8ZNTKGJDwYe783szjwvlkKjbX9ZE5NT0zOzubn8/MLi0nJhZbWqo0RxqPBIRuraYxqkCKGCAiVcxwpY4Emoed3Tvl+7A6VFFF5hL4ZGwNqh8AVnaKRmYdPtMExvM3pE7ZLt7FOX0jOo3pR3XIR782DqB1mzUDTmAHScOENSJENcNAufbiviSQAhcsm0rjt2jI2UKRRcQpZ3Ew0x413WhrqhIQtAN9LBNRndMkqL+pEyFSIdqL8nUhZo3Qs80xkw7OhRry/+59UT9A8bqQjjBCHkPx/5iaQY0X40tCUUcJQ9QxhXwuxKeYcpxtEEmDchOKMnj5NqueTslsqXe8Xjk2EcObJONsg2ccgBOSbn5IJUCCcP5Im8kFfr0Xq23qz3n9YJazizRv7A+vgGQYWZ0A==</latexit>

for DISP. Ru et al, arXiv:2004.00027

q̂ = 0.02GeV 2/fm

<latexit sha1_base64="akeKfASybCTaIgoFaGzb4BSm1n4=">AAACAHicbVC7SgNBFJ31GeNr1cLCZjAIVnE3BNRCCFpoGcE8IFnD7GQ2GTKzu87cFcKyjb9iY6GIrZ9h5984eRSaeODCmXPuZe49fiy4Bsf5thYWl5ZXVnNr+fWNza1te2e3rqNEUVajkYhU0yeaCR6yGnAQrBkrRqQvWMMfXI38xiNTmkfhHQxj5knSC3nAKQEjdez9dp9A+pDhC+wUnRK+ZvX70kkgO3bBvMfA88SdkgKaotqxv9rdiCaShUAF0brlOjF4KVHAqWBZvp1oFhM6ID3WMjQkkmkvHR+Q4SOjdHEQKVMh4LH6eyIlUuuh9E2nJNDXs95I/M9rJRCceSkP4wRYSCcfBYnAEOFRGrjLFaMghoYQqrjZFdM+UYSCySxvQnBnT54n9VLRLRfPb8uFyuU0jhw6QIfoGLnoFFXQDaqiGqIoQ8/oFb1ZT9aL9W59TFoXrOnMHvoD6/MHtIKUkA==</latexit>

Our study: connection between nuclear modification of dijet and  
�(0, k?)

<latexit sha1_base64="VlZgQhOsATfG76YXtFHMlkQ8z5s=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUoiBXVXdOOygn1AE8JkOmmHTibDzEQsIb/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7TygYVdpxvq3S2vrG5lZ5u7Kzu7d/YB9WuypJJSYdnLBE9kOkCKOcdDTVjPSFJCgOGemFk9uZ33skUtGEP+ipIH6MRpxGFCNtpMCuemJM6845nASZJ4gU+Vlg15yGMwdcJW5BaqBAO7C/vGGC05hwjRlSauA6QvsZkppiRvKKlyoiEJ6gERkYylFMlJ/Nb8/hqVGGMEqkKa7hXP09kaFYqWkcms4Y6bFa9mbif94g1dGVn1EuUk04XiyKUgZ1AmdBwCGVBGs2NQRhSc2tEI+RRFibuComBHf55VXSvWi4zcb1fbPWuiniKINjcALqwAWXoAXuQBt0AAZP4Bm8gjcrt16sd+tj0Vqyipkj8AfW5w/LxJOq</latexit>

Gluon TMD pdf

Input for nuclear modification of dijet

q̂

<latexit sha1_base64="7DpBIX00y9itcG1kU3lvMZ5TovE=">AAAB73icdVBNS8NAEN3Ur1q/qh69LBbBU0ikanMrevFYwX5AG8pmu2mXbjbp7kQooX/CiwdFvPp3vPlv3LYRVPTBwOO9GWbmBYngGhznwyqsrK6tbxQ3S1vbO7t75f2Dlo5TRVmTxiJWnYBoJrhkTeAgWCdRjESBYO1gfD332/dMaR7LO5gmzI/IUPKQUwJG6vRGBLLJDPfLFcf2qm7NOceO7SxgiHvheZ6L3VypoByNfvm9N4hpGjEJVBCtu66TgJ8RBZwKNiv1Us0SQsdkyLqGShIx7WeLe2f4xCgDHMbKlAS8UL9PZCTSehoFpjMiMNK/vbn4l9dNIaz5GZdJCkzS5aIwFRhiPH8eD7hiFMTUEEIVN7diOiKKUDARlUwIX5/i/0nrzHartndbrdSv8jiK6Agdo1PkoktURzeogZqIIoEe0BN6tibWo/VivS5bC1Y+c4h+wHr7BFt1kDY=</latexit>

TMD jet tranport parameter

J Casalderrey-Solana, XN Wang Phys. Rev. C 77, 024902
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q̂ =

Z
d2k?q̂(k?) = C

Z
d2k?⇢�(xg, k?)

<latexit sha1_base64="Nn4Khko3iEHzySGDIrSWNH4Bdng="></latexit>



P

e

g

γ∗

Dijet in e+A collisions

Small Bjorken x Large Bjorken x

jet 1

jet 2
P

e

γ∗

q

jet 1

jet 2

Bjorken x =
Q2

2P ⇤ q
<latexit sha1_base64="hEyD4hgA65KJUu8b2go6YIGeZyk=">AAACD3icbVA9SwNBEN3z2/gVtbRZDIpYhLsoaCOINpYRTBRyMext5nTN3t65OycJx/0DG/+KjYUitrZ2/hs3H4VfDwYe780wMy9IpDDoup/O2PjE5NT0zGxhbn5hcam4vFI3cao51HgsY30RMANSKKihQAkXiQYWBRLOg85x3z+/A21ErM6wl0AzYldKhIIztFKruOkjdDE7uol1B1ROfUq79ID6oWY8O72s5Fmlun2bt4olt+wOQP8Sb0RKZIRqq/jht2OeRqCQS2ZMw3MTbGZMo+AS8oKfGkgY77AraFiqWASmmQ3+yemGVdo0jLUthXSgfp/IWGRMLwpsZ8Tw2vz2+uJ/XiPFcL+ZCZWkCIoPF4WppBjTfji0LTRwlD1LGNfC3kr5NbNRoI2wYEPwfr/8l9QrZW+nXDndLR0ejeKYIWtknWwRj+yRQ3JCqqRGOLknj+SZvDgPzpPz6rwNW8ec0cwq+QHn/Qt35pum</latexit>

g + �⇤ ! q(jet1) + q(jet2)
<latexit sha1_base64="l6jCffDPRz4hKJ63hsLiQq1LdUI=">AAACE3icbZA9SwNBEIb3/Izx69TSZjEIUSHcRUFL0cYygkmEJIa5zeayZvfu3J1TQvA/2PhXbCwUsbWx89+4+SjU+MLCwzszzM4bJFIY9LwvZ2p6ZnZuPrOQXVxaXll119YrJk4142UWy1hfBmC4FBEvo0DJLxPNQQWSV4Pu6aBeveXaiDi6wF7CGwrCSLQFA7RW090N92g9BKXgapfWtQg7CFrHd/Qmf83R36F7Iyru0Kab8wreUHQS/DHkyFilpvtZb8UsVTxCJsGYmu8l2OiDRsEkv8/WU8MTYF0Iec1iBIqbRn940z3dtk6LtmNtX4R06P6c6IMypqcC26kAO+ZvbWD+V6ul2D5q9EWUpMgjNlrUTiXFmA4Coi2hOUPZswBMC/tXyjqggaGNMWtD8P+ePAmVYsHfLxTPD3LHJ+M4MmSTbJE88ckhOSZnpETKhJEH8kReyKvz6Dw7b877qHXKGc9skF9yPr4BJuObyQ==</latexit>

q + �⇤ ! q(jet1) + g(jet2)
<latexit sha1_base64="Uush/0RNcqlpRehAZB+pHb26CME=">AAACE3icbZA9SwNBEIb3/IzxK2ppsxiEmEC4i4KWoo1lBKNCEsPcZnNZs3t32Z1TQvA/2PhXbCwUsbWx89+4F1No9IWFh3dmmJ3Xj6Uw6LqfztT0zOzcfGYhu7i0vLKaW1s/N1GiGa+xSEb60gfDpQh5DQVKfhlrDsqX/MLvHaf1ixuujYjCMxzEvKkgCEVHMEBrtXLFfok2AlAKroq0oUXQRdA6uqX9wjVHb4eWaJBSZYe2cnm37I5E/4I3hjwZq9rKfTTaEUsUD5FJMKbuuTE2h6BRMMnvso3E8BhYDwJetxiC4qY5HN10R7et06adSNsXIh25PyeGoIwZKN92KsCumayl5n+1eoKdg+ZQhHGCPGTfizqJpBjRNCDaFpozlAMLwLSwf6WsCxoY2hizNgRv8uS/cF4pe7vlyule/vBoHEeGbJItUiAe2SeH5IRUSY0wck8eyTN5cR6cJ+fVeftunXLGMxvkl5z3Lyg3m8k=</latexit>

Momentum fraction carried by parton from nucleon
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dominates dominates

x
x



Dijet & TMD jet tranport parameter
YY Zhang, GY Qin, XN Wang, PRD, 100(7), 074031
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<latexit sha1_base64="MJuxbwz02V1T77XIIbY+6cOPPwk="></latexit>

xp

q q

x1px3p + k⊥ x2p + k⊥

l

lq

0y2y1y

lh
S

X

Static medium           small                    

Hard splitting

Caculate the nuclear modification for dijet cross section, include initial quark     !v?

<latexit sha1_base64="aP8OOguQ61iDolbgsImVAQdkpZA=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuwqQJanZFNy4r2Ie0oUymk3boTBJmJoUS+hVuXCji1s9x5984aSuo6IELh3Pu5d57wpQzpRH6sFZW19Y3Nktb5e2d3b39ysFhSyWZJLRJEp7ITogV5SymTc00p51UUixCTtvh+Lrw2xMqFUviOz1NaSDwMGYRI1gb6X7Sz3splemsX6ki+9x3XMeByEZezUduQVzfdz3o2GiOKlii0a+89wYJyQSNNeFYqa6DUh3kWGpGOJ2Ve5miKSZjPKRdQ2MsqAry+cEzeGqUAYwSaSrWcK5+n8ixUGoqQtMpsB6p314h/uV1Mx1dBjmL00zTmCwWRRmHOoHF93DAJCWaTw3BRDJzKyQjLDHRJqOyCeHrU/g/adVsx7P9W69av1rGUQLH4AScAQdcgDq4AQ3QBAQI8ACewLMlrUfrxXpdtK5Yy5kj8APW2yerdZED</latexit>

e+A scattering hardronic tensor (all diagrams)
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Radiated gluon spectrum

�(0, k?)

<latexit sha1_base64="dADT89kQCCKT7Minjga+x91xhxc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0WoICWRgnorevFYwX5AE8JmO22XbpJld6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhYIzpR3n21pZXVvf2CxsFbd3dvf27dJBSyWppNCkCU9kJyQKOIuhqZnm0BESSBRyaIejm6nffgCpWBLf67EAPyKDmPUZJdpIgV3yxJBVnLNRkHkCpJicBnbZqToz4GXi5qSMcjQC+8vrJTSNINaUE6W6riO0nxGpGeUwKXqpAkHoiAyga2hMIlB+Njt9gk+M0sP9RJqKNZ6pvycyEik1jkLTGRE9VIveVPzP66a6f+lnLBaphpjOF/VTjnWCpzngHpNANR8bQqhk5lZMh0QSqk1aRROCu/jyMmmdV91a9equVq5f53EU0BE6RhXkogtUR7eogZqIokf0jF7Rm/VkvVjv1se8dcXKZw7RH1ifP3LAk4A=</latexit>

Hard splitting                   dijet

x2, x3

<latexit sha1_base64="yHHfTcuHJnYZmtKgtEjYqOPt8iw=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5SkLai3ohePFewHtCFstpt26WYTdzfSEvonvHhQxKt/x5v/xm2bg7Y+GHi8N8PMPD/mTGnb/rZya+sbm1v57cLO7t7+QfHwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3Q789tPVCoWiQc9iakb4oFgASNYG6kz9ioXaOxVvWLJLttzoFXiZKQEGRpe8avXj0gSUqEJx0p1HTvWboqlZoTTaaGXKBpjMsID2jVU4JAqN53fO0VnRumjIJKmhEZz9fdEikOlJqFvOkOsh2rZm4n/ed1EB1duykScaCrIYlGQcKQjNHse9ZmkRPOJIZhIZm5FZIglJtpEVDAhOMsvr5JWpezUytf3tVL9JosjDydwCufgwCXU4Q4a0AQCHJ7hFd6sR+vFerc+Fq05K5s5hj+wPn8A17KPNQ==</latexit>

q̂ =

Z
d2k?q̂(k?) = C

Z
d2k?⇢�(xg, k?)

<latexit sha1_base64="3mejXGvXHFJuVg/EfruYauZfLOc="></latexit>



Kinematics & Geometry
Breit frame : initial quark 

  quark after photon scattering

Photon-quark scattering (first scattering) at           

Q2 � v2?
<latexit sha1_base64="aKBC9C+KRmVL0m2KPzSICC0XdT8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclSQKuiy6cdmCfUCThsl0kg6dJMPMpBBC/RU3LhRx64e482+ctllo64ELh3Pu5d57As6oVJb1bWxsbm3v7Fb2qvsHh0fH5slpV6aZwKSDU5aKfoAkYTQhHUUVI30uCIoDRnrB5H7u96ZESJomjyrnxItRlNCQYqS05Ju19tCBbhTBqV+4nAg+Gzq+Wbca1gJwndglqYMSLd/8ckcpzmKSKMyQlAPb4sorkFAUMzKrupkkHOEJishA0wTFRHrF4vgZvNDKCIap0JUouFB/TxQoljKPA90ZIzWWq95c/M8bZCq89Qqa8EyRBC8XhRmDKoXzJOCICoIVyzVBWFB9K8RjJBBWOq+qDsFefXmddJ2GfdVw2tf15l0ZRwWcgXNwCWxwA5rgAbRAB2CQg2fwCt6MJ+PFeDc+lq0bRjlTA39gfP4AsACUKA==</latexit>

quark-nucleon scattering (second scattering) at

xPµ + ~v? + qµ ⇡ (
Q

2
, v?x, v?y,�

Q

2
) = (0,

Qp
2
,~v?)

<latexit sha1_base64="BHU3etLZKUzN3ChanG4EPosGs+c="></latexit>

xPµ + ~v? ⇡ (
Q

2
, v?x, v?y,

Q

2
) = (

Qp
2
, 0,~v?)

<latexit sha1_base64="ifOvQZZy32jQ1BTN47+3qQYhy6s="></latexit>

(0, y�0 , ~yN?)

<latexit sha1_base64="N0JLPeRsAkdjm+TGLPB97bij2Lo=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItQoZZECuqu6MaVVLAPaGqYTG/boZMHM5NCCAE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89bsiokKb5reWWlldW1/LrhY3Nre0dfXevKYKIE2iQgAW87WIBjPrQkFQyaIccsOcyaLmj64nfGgMXNPDvZRxC18MDn/YpwVJJjn5QMsuxYz6clu0xkCROneTWDoGH6YmjF82KOYWxSKyMFFGGuqN/2b2ARB74kjAsRMcyQ9lNMJeUMEgLdiQgxGSEB9BR1MceiG4y/SE1jpXSM/oBV+VLY6r+nkiwJ0TsuarTw3Io5r2J+J/XiWT/optQP4wk+GS2qB8xQwbGJBCjRzkQyWJFMOFU3WqQIeaYSBVbQYVgzb+8SJpnFataubyrFmtXWRx5dIiOUAlZ6BzV0A2qowYi6BE9o1f0pj1pL9q79jFrzWnZzD76A+3zB56Gluo=</latexit>

(0, y�1 , ~yN?)

<latexit sha1_base64="d6xt8LCDFU5Zx1cq3HqNGfKlf5k=">AAACA3icbVDJSgNBEO2JW4xb1JteGoMQIYYZCai3oBdPEsEskIxDT6cmadKz0N0TGIaAF3/FiwdFvPoT3vwbO8tBEx8UPN6roqqeG3EmlWl+G5ml5ZXVtex6bmNza3snv7vXkGEsKNRpyEPRcokEzgKoK6Y4tCIBxHc5NN3B9dhvDkFIFgb3KonA9kkvYB6jRGnJyR8UzVLiWA+npc4QaJqMnPS2E4GIRidOvmCWzQnwIrFmpIBmqDn5r043pLEPgaKcSNm2zEjZKRGKUQ6jXCeWEBE6ID1oaxoQH6SdTn4Y4WOtdLEXCl2BwhP190RKfCkT39WdPlF9Oe+Nxf+8dqy8CztlQRQrCOh0kRdzrEI8DgR3mQCqeKIJoYLpWzHtE0Go0rHldAjW/MuLpHFWtirly7tKoXo1iyOLDtERKiILnaMqukE1VEcUPaJn9IrejCfjxXg3PqatGWM2s4/+wPj8AaAelus=</latexit>
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z

q
P

(0, y−0 , yN⊥)
(0, 0,!0)

(0, y−1 , yN⊥)

(Eikonal approximation)



Dijet in e+A: Single scattering

neglect nuclear modification to nPDF

x1p + !v⊥ xp + !v⊥

lq

l
q q

y0

Ap Ap

X

fA
q = AfN

q
<latexit sha1_base64="jTsAJgYXvsJE7nG3I/dp+7K1vIg=">AAAB9XicbZDLSsNAFIZPvNZ6q7p0M1gEVyWpgm6EVjeupIK9QJuWyXTSDp1M4sxEKaHv4caFIm59F3e+jZM2C239YeDjP+dwzvxexJnStv1tLS2vrK6t5zbym1vbO7uFvf2GCmNJaJ2EPJQtDyvKmaB1zTSnrUhSHHicNr3RdVpvPlKpWCju9TiiboAHgvmMYG2srt976FbRJaqmcNsrFO2SPRVaBCeDImSq9QpfnX5I4oAKTThWqu3YkXYTLDUjnE7ynVjRCJMRHtC2QYEDqtxkevUEHRunj/xQmic0mrq/JxIcKDUOPNMZYD1U87XU/K/WjrV/4SZMRLGmgswW+TFHOkRpBKjPJCWajw1gIpm5FZEhlphoE1TehODMf3kRGuWSc1oq350VK1dZHDk4hCM4AQfOoQI3UIM6EJDwDK/wZj1ZL9a79TFrXbKymQP4I+vzB/C6kX8=</latexit>

d�̂e+A

dxdQ2dzd2l?d2lq?
= 2⇡↵2

em

X

q

e2q[1 + (1� Q2

xs
)2]

↵s

2⇡

1 + z2

1� z

(
A

⇡
fN
q (x,~l? +~lq?)

CF

[~l? � (1� z)(~l? +~lq?)]2

)

<latexit sha1_base64="N8EOg9pYfZsptfBq59ZcisgtzI4="></latexit>
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Dijet in e+A : Double scattering

x1p + v⊥

q q

xp+ v⊥x2p + k⊥ x3p+ k⊥

lqlq

yy1y20 X

Ap Ap

l

•   By                                          hadronic tensor for quark without [~l? � (1� z)~v?] , ~l?
<latexit sha1_base64="fLotLP4wDQn2eMJO4V6q27KrGeI=">AAACM3icbVDJSgNBFOxxjXGLevTSGAQ9GGZU0KPoRcRDBLNAZgg9nTdJY89C95tIHPJPXvwRD4J4UMSr/2BnQTRa0FBUveL1Kz+RQqNtP1tT0zOzc/O5hfzi0vLKamFtvarjVHGo8FjGqu4zDVJEUEGBEuqJAhb6Emr+zdnAr3VBaRFH19hLwAtZOxKB4AyN1Cxc0IbbBZ7JfjNzE1BJn+7RHWfvbncod79lj7qXEKAS7Q4ypeJbOplrFop2yR6C/iXOmBTJGOVm4dFtxTwNIUIumdYNx07Qy5hCwSX0826qIWH8hrWhYWjEQtBeNry5T7eN0qJBrMyLkA7Vn4mMhVr3Qt9Mhgw7etIbiP95jRSDYy8TUZIiRHy0KEglxZgOCqQtoYCj7BnCuBLmr5R3mGIcTc15U4IzefJfUt0vOQel/avD4snpuI4c2SRbZIc45IickHNSJhXCyT15Iq/kzXqwXqx362M0OmWNMxvkF6zPLwtkq9M=</latexit>

d��̂e+A

dxdQ2dzd2l?d2lq?
= 2⇡↵2

em

X

q

e2q[1 + (1� Q2

xs
)2]

↵s

2⇡

1 + z2

1� z

2⇡↵s

Nc

Z
d2~k?
(2⇡)2

Z
dy�1 Af

N
q (x,~v?)⇢(y

�
1 ,~0)

�(0,~k?)

k2?
(
CF

"
1

[~l? � (1� z)(~l? +~lq?)]2
� 1

[~l? � (1� z)~v?]2

#
+

1

Nc

"
[~l? � (1� z)~v?] · [~l? � (1� z)(~l? +~lq?)]

[~l? � (1� z)~v?]2[~l? � (1� z)(~l? +~lq?)]2

� 1

[~l? � (1� z)~v?]2

#
⇥ [1� cos[

[~l? � (1� z)~v?]2

2q�z(1� z)
�y�1 ] + CA

"
2

[~l? � (1� z)~v? � ~k?]2
�

� [~l? � (1� z)~v? � ~k?] · [~l? � (1� z)(~l? +~lq?)]

[~l? � (1� z)~v? � ~k?]2[~l? � (1� z)(~l? +~lq?)]2
� [~l? � (1� z)~v?] · [~l? � (1� z)~v? � ~k?]

[~l? � (1� z)~v?]2[~l? � (1� z)~v? � ~k?]2

#

⇥[1� cos[
[~l? � (1� z)~v? � ~k?]2

2q�z(1� z)
�y�1 ]

)

<latexit sha1_base64="pcGbU/3daG8eXVZlCk2kP4LxDsE="></latexit>

~v?
<latexit sha1_base64="PKbbnn/Vv/zEne7nwoL8rdX9m3c=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoJVgETyWpgh6LXjxWsB/QhLDZTtqlm82yuynUkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmhYJRpR3n2yptbG5t75R3K3v7B4fV2tFxVyWpJNAhCUtkP8QKGOXQ0VQz6AsJOA4Z9MLJ3dzvTUEqmvBHPRPgx3jEaUQJ1kYKalVvCiSb5kHmCZAiD2p1p+EsYK8TtyB1VKAd1L68YULSGLgmDCs1cB2h/QxLTQmDvOKlCgQmEzyCgaEcx6D8bHF4bp8bZWhHiTTFtb1Qf09kOFZqFoemM8Z6rFa9ufifN0h1dONnlItUAyfLRVHKbJ3Y8xTsIZVANJsZgomk5labjLHERJusKiYEd/XlddJtNtzLRvPhqt66LeIoo1N0hi6Qi65RC92jNuogglL0jF7Rm/VkvVjv1seytWQVMyfoD6zPH6Bvk7c=</latexit>

•    integrate over                                     
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•    non-LPM term          , LPM terms:CF [...]

<latexit sha1_base64="QUI75xUIxa2Fy972lvvlcrS8nl4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN6KBfFYwX5AGspmu2mXbjZxdyOU0D/hxYMiXv073vw3btMctPXBwOO9GWbmBQlnSjvOt1VaW9/Y3CpvV3Z29/YPqodHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk+bc7z5RqVgsHvQ0oX6ER4KFjGBtpF5zcOvZtu0PqjXHdnKgVeIWpAYFWoPqV38YkzSiQhOOlfJcJ9F+hqVmhNNZpZ8qmmAywSPqGSpwRJWf5ffO0JlRhiiMpSmhUa7+nshwpNQ0CkxnhPVYLXtz8T/PS3V45WdMJKmmgiwWhSlHOkbz59GQSUo0nxqCiWTmVkTGWGKiTUQVE4K7/PIq6VzYbt2+vq/XGjdFHGU4gVM4BxcuoQF30II2EODwDK/wZj1aL9a79bFoLVnFzDH8gfX5A4ZwjwA=</latexit>

1

Nc
[...][1� cos(a1 ⇤ y�1 )]

<latexit sha1_base64="190crPqiXldgEKXpBKntNRyu3kA=">AAACDXicbVDLSsNAFJ3UV62vqEs3wSpUoSEjBXVXdONKKtgHpDFMppN26OTBzEQIIT/gxl9x40IRt+7d+TdO2yy0euDC4Zx7ufceL2ZUSMv60koLi0vLK+XVytr6xuaWvr3TEVHCMWnjiEW85yFBGA1JW1LJSC/mBAUeI11vfDnxu/eECxqFtzKNiROgYUh9ipFUkqsf9H2OcAbz7NrFuW2apmPDOo5EDbnwOHXhXf3IcfWqZVpTGH8JLEgVFGi5+md/EOEkIKHEDAlhQyuWToa4pJiRvNJPBIkRHqMhsRUNUUCEk02/yY1DpQwMP+KqQmlM1Z8TGQqESANPdQZIjsS8NxH/8+xE+mdORsM4kSTEs0V+wgwZGZNojAHlBEuWKoIwp+pWA4+QikeqACsqBDj/8l/SOTFhwzy/aVSbF0UcZbAH9kENQHAKmuAKtEAbYPAAnsALeNUetWftTXuftZa0YmYX/IL28Q10+Jnl</latexit>

CA[...][1� cos(a2 ⇤ y�1 )]

<latexit sha1_base64="zNX6tZzLNYVUPh8JnOQcHQS/3tg=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItQhYakFNRdtRuXFewD0hgm00k7dJIJMxMhhIIbf8WNC0Xc+hPu/BunbRZaPXDhcM693HuPH1MipGV9aYWl5ZXVteJ6aWNza3tH393rCJZwhNuIUcZ7PhSYkgi3JZEU92KOYehT3PXHzanfvcdcEBbdyjTGbgiHEQkIglJJnn7Q9C4d0zRdx64iJirQq52mnn1XPXE9vWyZ1gzGX2LnpAxytDz9sz9gKAlxJBGFQji2FUs3g1wSRPGk1E8EjiEawyF2FI1giIWbzX6YGMdKGRgB46oiaczUnxMZDIVIQ191hlCOxKI3Ff/znEQG525GojiROELzRUFCDcmMaSDGgHCMJE0VgYgTdauBRpBDJFVsJRWCvfjyX9KpmXbdvLiplxtXeRxFcAiOQAXY4Aw0wDVogTZA4AE8gRfwqj1qz9qb9j5vLWj5zD74Be3jGweRlTw=</latexit>

q-LPM term

g-LPM term

k?, '2 ⌘ \(k?, lq?), y�1

<latexit sha1_base64="xAL5r2fJ8lN7Egg7wT/0YflXwFM="></latexit>



TMD pdf of quarks and gluons

AP

e

γ∗

q

TMD pdf : TMDlib package, set “PB-NLO-HERAI+II-2018-set1”
F Hautmann, et al., The European Physical Journal C, 74(12), 3220

• The quark  and gluon TMD pdf drop quickly as      ,      increase  

~v?
<latexit sha1_base64="PKbbnn/Vv/zEne7nwoL8rdX9m3c=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoJVgETyWpgh6LXjxWsB/QhLDZTtqlm82yuynUkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmhYJRpR3n2yptbG5t75R3K3v7B4fV2tFxVyWpJNAhCUtkP8QKGOXQ0VQz6AsJOA4Z9MLJ3dzvTUEqmvBHPRPgx3jEaUQJ1kYKalVvCiSb5kHmCZAiD2p1p+EsYK8TtyB1VKAd1L68YULSGLgmDCs1cB2h/QxLTQmDvOKlCgQmEzyCgaEcx6D8bHF4bp8bZWhHiTTFtb1Qf09kOFZqFoemM8Z6rFa9ufifN0h1dONnlItUAyfLRVHKbJ3Y8xTsIZVANJsZgomk5labjLHERJusKiYEd/XlddJtNtzLRvPhqt66LeIoo1N0hi6Qi65RC92jNuogglL0jF7Rm/VkvVjv1seytWQVMyfoD6zPH6Bvk7c=</latexit>

~v?
<latexit sha1_base64="PKbbnn/Vv/zEne7nwoL8rdX9m3c=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoJVgETyWpgh6LXjxWsB/QhLDZTtqlm82yuynUkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmhYJRpR3n2yptbG5t75R3K3v7B4fV2tFxVyWpJNAhCUtkP8QKGOXQ0VQz6AsJOA4Z9MLJ3dzvTUEqmvBHPRPgx3jEaUQJ1kYKalVvCiSb5kHmCZAiD2p1p+EsYK8TtyB1VKAd1L68YULSGLgmDCs1cB2h/QxLTQmDvOKlCgQmEzyCgaEcx6D8bHF4bp8bZWhHiTTFtb1Qf09kOFZqFoemM8Z6rFa9ufifN0h1dONnlItUAyfLRVHKbJ3Y8xTsIZVANJsZgomk5labjLHERJusKiYEd/XlddJtNtzLRvPhqt66LeIoo1N0hi6Qi65RC92jNuogglL0jF7Rm/VkvVjv1seytWQVMyfoD6zPH6Bvk7c=</latexit>

~k?
<latexit sha1_base64="fY+jSISYcSGICycCzlfY3bkNkvw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWpgh6LXjxWsB/QhLDZTtqlm82yuynU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRYJRpV332yptbG5t75R3K3v7B4dV++i4o9JMEmiTlKWyF2EFjHJoa6oZ9IQEnEQMutH4bu53JyAVTfmjngoIEjzkNKYEayOFdtWfAMnHszD3BUgxC+2aW3cXcNaJV5AaKtAK7S9/kJIsAa4Jw0r1PVfoIMdSU8JgVvEzBQKTMR5C31COE1BBvjh85pwbZeDEqTTFtbNQf0/kOFFqmkSmM8F6pFa9ufif1890fBPklItMAyfLRXHGHJ068xScAZVANJsagomk5laHjLDERJusKiYEb/XlddJp1L3LeuPhqta8LeIoo1N0hi6Qh65RE92jFmojgjL0jF7Rm/VkvVjv1seytWQVMyfoD6zPH49gk6w=</latexit>

~k?
<latexit sha1_base64="fY+jSISYcSGICycCzlfY3bkNkvw=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWpgh6LXjxWsB/QhLDZTtqlm82yuynU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRYJRpV332yptbG5t75R3K3v7B4dV++i4o9JMEmiTlKWyF2EFjHJoa6oZ9IQEnEQMutH4bu53JyAVTfmjngoIEjzkNKYEayOFdtWfAMnHszD3BUgxC+2aW3cXcNaJV5AaKtAK7S9/kJIsAa4Jw0r1PVfoIMdSU8JgVvEzBQKTMR5C31COE1BBvjh85pwbZeDEqTTFtbNQf0/kOFFqmkSmM8F6pFa9ufif1890fBPklItMAyfLRXHGHJ068xScAZVANJsagomk5laHjLDERJusKiYEb/XlddJp1L3LeuPhqta8LeIoo1N0hi6Qh65RE92jFmojgjL0jF7Rm/VkvVjv1seytWQVMyfoD6zPH49gk6w=</latexit>

Q2 >> k2?, v
2
?

<latexit sha1_base64="md0Ix5qwCBrzVWzlI3P9AFloYLg=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZQkCroqRTcuW7APaNMwmU7aoZNkmJkUSujSjb/ixoUibv0Ed/6N0zagth64cOace5l7j88Zlcqyvozcyura+kZ+s7C1vbO7Z+4fNGScCEzqOGaxaPlIEkYjUldUMdLigqDQZ6TpD2+nfnNEhKRxdK/GnLgh6kc0oBgpLXnmca3rwHIZDr20w4ngk65zDkc/D88sWiVrBrhM7IwUQYaqZ352ejFOQhIpzJCUbdviyk2RUBQzMil0Ekk4wkPUJ21NIxQS6aazQybwVCs9GMRCV6TgTP09kaJQynHo684QqYFc9Kbif147UcG1m9KIJ4pEeP5RkDCoYjhNBfaoIFixsSYIC6p3hXiABMJKZ1fQIdiLJy+ThlOyL0pO7bJYucniyIMjcALOgA2uQAXcgSqoAwwewBN4Aa/Go/FsvBnv89ackc0cgj8wPr4B4caYow==</latexit>
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• “Small-x” gluon TMD pdf

�(xg ⇡ 0, k?)

<latexit sha1_base64="zdOqoWLGw8ifohxSoi5CaHOcGW0=">AAACBnicbVDLSsNAFJ3UV219RF2KMFiFClISEdRd0Y3LCvYBTQiT6aQdOkmGmUlpCV258VfcuFDUreAfuPNDdO30sdDqgQuHc+7l3nt8zqhUlvVhZObmFxaXssu5/Mrq2rq5sVmTcSIwqeKYxaLhI0kYjUhVUcVIgwuCQp+Rut+9GPn1HhGSxtG1GnDihqgd0YBipLTkmTsO79Bi32s7iHMR96F1CLte6nAi+PDAMwtWyRoD/iX2lBTKe5/Pb738V8Uz351WjJOQRAozJGXTtrhyUyQUxYwMc04iCUe4i9qkqWmEQiLddPzGEO5rpQWDWOiKFByrPydSFEo5CH3dGSLVkbPeSPzPayYqOHVTGvFEkQhPFgUJgyqGo0xgiwqCFRtogrCg+laIO0ggrHRyOR2CPfvyX1I7KtnHpbMrncY5mCALtsEuKAIbnIAyuAQVUAUY3IA78AAejVvj3ngyXiatGWM6swV+wXj9BhjQnLE=</latexit>

f(x, v?)

<latexit sha1_base64="Qe8O63BClTOY2rxjXmJbQuB2A2E=">AAAB9XicbVDLSgNBEOyNrxhfUY9ehgQhooRdEdRb0IvHCOYB2TXMTmaTIbO7w8xsNCz5Cw9ePCji1X/xlr9x8jhotKChqOqmu8sXnClt22Mrs7S8srqWXc9tbG5t7+R39+oqTiShNRLzWDZ9rChnEa1ppjltCklx6HPa8PvXE78xoFKxOLrTQ0G9EHcjFjCCtZHug9LjyaCduoJKMTpq54t22Z4C/SXOnBQrBff4aVwZVtv5L7cTkySkkSYcK9VybKG9FEvNCKejnJsoKjDp4y5tGRrhkCovnV49QodG6aAglqYijabqz4kUh0oNQ990hlj31KI3Ef/zWokOLryURSLRNCKzRUHCkY7RJALUYZISzYeGYCKZuRWRHpaYaBNUzoTgLL78l9RPy85Z+fLWpHEFM2ThAApQAgfOoQI3UIUaEJDwDK/wZj1YL9a79TFrzVjzmX34BevzGz4clVg=</latexit>

xg ⇡ k2?
Q2

⇤ x

<latexit sha1_base64="r0agkgB6tYWwMVpll+x0IUIh8SM=">AAACDnicbVDLSgMxFM34rPU16tJNsBREsMwUwbqy6EKXLdgHdOqQSTNtaGYmJBlpGeYL3Pgrblwo4tat7lz5K6aPhbYeuJfDOfeS3ONxRqWyrC9jYXFpeWU1s5Zd39jc2jZ3dusyigUmNRyxSDQ9JAmjIakpqhhpckFQ4DHS8PqXI79xR4SkUXijhpy0A9QNqU8xUlpyzfzA7UIHcS6iAXR8gXDSdxOHE8HT22KaVHU7GrhmzipYY8B5Yk9Jrnz+/TE4Ll1VXPPT6UQ4DkioMENStmyLq3aChKKYkTTrxJJwhPuoS1qahiggsp2Mz0lhXisd6EdCV6jgWP29kaBAymHg6ckAqZ6c9Ubif14rVn6pndCQx4qEePKQHzOoIjjKBnaoIFixoSYIC6r/CnEP6UyUTjCrQ7BnT54n9WLBPimcVXUaF2CCDNgHB+AQ2OAUlME1qIAawOAePIJn8GI8GE/Gq/E2GV0wpjt74A+M9x//a5+8</latexit>

�(xg ⇡ 0, k?, µ = k?)

<latexit sha1_base64="BtTda/aqPYH4VuECCB3YASh9+Ls=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVSpmRgroQim5cVrAP6AxDJk3b0GQmJBlpGfoTbvwVNy4UcSu4829M20G09cCFk3PuJfeeUDCqtON8WUvLK6tr67mN/ObW9s6uvbffUHEiManjmMWyFSJFGI1IXVPNSEtIgnjISDMcXE/85j2RisbRnR4J4nPUi2iXYqSNFNglT/RpcRj0PCSEjIfQKcFBkHqCSDEuQY8nlz/Pk8AuOGVnCrhI3IwUQIZaYH96nRgnnEQaM6RU23WE9lMkNcWMjPNeoohAeIB6pG1ohDhRfjq9agyPjdKB3ViaijScqr8nUsSVGvHQdHKk+2rem4j/ee1Ed8/9lEYi0STCs4+6CYM6hpOIYIdKgjUbGYKwpGZXiPtIIqxNkHkTgjt/8iJpnJbdSvnitlKoXmVx5MAhOAJF4IIzUAU3oAbqAIMH8ARewKv1aD1bb9b7rHXJymYOwB9YH9/Lzp6e</latexit>



Gluon saturation & qhat
Saturation scale : the pT broadening of gluon in nuclei. Determined self-consistently

k?
<latexit sha1_base64="4XEJDAPDw0h+OdymdameWV5hR4c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh6LXjxWsB/SLiWbZtvQJBuSrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJJqQpsk4YnuRNhQziRtWmY57ShNsYg4bUfj25nffqLasEQ+2ImiocBDyWJGsHXS47if9RTVatovV/yqPwdaJUFOKpCj0S9/9QYJSQWVlnBsTDfwlQ0zrC0jnE5LvdRQhckYD2nXUYkFNWE2P3iKzpwyQHGiXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGpUkslWSyKU45sgmbfowHTlFg+cQQTzdytiIywxsS6jEouhGD55VXSqlWDi2rt/rJSv8njKMIJnMI5BHAFdbiDBjSBgIBneIU3T3sv3rv3sWgtePnMMfyB9/kDNx6QrQ==</latexit>

k? < Qs
<latexit sha1_base64="acFoO5XJs3G6nvIMAYZu+pLQ724=">AAAB+HicbVA9SwNBEJ3zM8aPnFraLAbBKtxFQQuLoI1lAuYDkuPY22ySJXt7y+6eEI/8EhsLRWz9KXb+GzfJFZr4YODx3gwz8yLJmTae9+2srW9sbm0Xdoq7e/sHJffwqKWTVBHaJAlPVCfCmnImaNMww2lHKorjiNN2NL6b+e1HqjRLxIOZSBrEeCjYgBFsrBS6pXGY9SRVcopuUCPUoVv2Kt4caJX4OSlDjnrofvX6CUljKgzhWOuu70kTZFgZRjidFnupphKTMR7SrqUCx1QH2fzwKTqzSh8NEmVLGDRXf09kONZ6Eke2M8ZmpJe9mfif103N4DrImJCpoYIsFg1SjkyCZimgPlOUGD6xBBPF7K2IjLDCxNisijYEf/nlVdKqVvyLSrVxWa7d5nEU4ARO4Rx8uIIa3EMdmkAghWd4hTfnyXlx3p2PReuak88cwx84nz8b0JK5</latexit>

In the integration over      :             ,

Jet transport coefficient :

Fit with the                              from paper                                 ,q̂ = 0.015 GeV 2/fm
<latexit sha1_base64="OnKYZSsH/YagcmYR9wnZ5NOCmW8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZ2pim6EogtdVrAP6Iwlk2ba0CQzJhmhDAU3/oobF4q49Sfc+Tem7Sy09cCFwzn3cu89Qcyo0o7zbeXm5hcWl/LLhZXVtfUNe3OrrqJEYlLDEYtkM0CKMCpITVPNSDOWBPGAkUbQvxz5jQciFY3ErR7ExOeoK2hIMdJGats7Xg/p9H4Iz6FTctwT6MErUr8rH4a8bReNNAacJW5GiiBDtW1/eZ0IJ5wIjRlSquU6sfZTJDXFjAwLXqJIjHAfdUnLUIE4UX46/mEI943SgWEkTQkNx+rviRRxpQY8MJ0c6Z6a9kbif14r0eGZn1IRJ5oIPFkUJgzqCI4CgR0qCdZsYAjCkppbIe4hibA2sRVMCO70y7OkXi65R6XyzXGxcpHFkQe7YA8cABecggq4BlVQAxg8gmfwCt6sJ+vFerc+Jq05K5vZBn9gff4AP9WVVg==</latexit>

P. Ru et al, arXiv:2004.00027

we get the overall suppression factor s1 

We have parameters  s0, s1 for                      and Qs ! 
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q̂(y) = s1 ⇤
C2(Q)

N2
c � 1

⇢(y�,~0)

Z
d2k?↵s�(xg =

k2?
Q2

x,~k?)

<latexit sha1_base64="dBrTW+QflzqfQ3w3tQfrmu7AC5c="></latexit>

Q2
s =

Z
dy�q̂(y) =

C2(G)

N2
c � 1

Z
dy�⇢(y�,~0)

Z
d2k?↵s�(xg =

k2?
Q2

x, k?)

<latexit sha1_base64="p9Rf5HL0lX7zlBRCBDjTg55oBpo="></latexit>

� = s0 ⇤ �(xg =
Q2

s

Q2
x,Qs)

<latexit sha1_base64="/0c6yhq4x/OkA8ie81IonEsbtTw="></latexit>

�(xg =
k2?
Q2

x, k?)

<latexit sha1_base64="Gv5+1Fw6/7rPMq2Z9bRYm0nFl2U="></latexit>

�

<latexit sha1_base64="uGd0okehDoFk+oRyzO0MixH+Fuk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0jCJ2Khac+vuAmideAWpQYH2qPo1HMckFVQawrHWA89NjJ9hZRjhdF4ZppommEzxhA4slVhQ7WeLW+fowipjFMbKljRoof6eyLDQeiYC2ymwifSql4v/eYPUhNd+xmSSGirJclGYcmRilD+OxkxRYvjMEkwUs7ciEmGFibHxVGwI3urL66R7Vfca9ZuHRq11W8RRhjM4h0vwoAktuIc2dIBABM/wCm+OcF6cd+dj2VpyiplT+APn8wcXaI5L</latexit>

k?

<latexit sha1_base64="61rjSk9AhhqsZOdVG7G7tBi/nKw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnorevFYwX5Iu5Rsmm1Dk2xIskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMkmqCW2ShCe6E2FDOZO0aZnltKM0xSLitB2Nb2d++4lqwxL5YCeKhgIPJYsZwdZJj+N+1lNUq2m/XPGr/hxolQQ5qUCORr/81RskJBVUWsKxMd3AVzbMsLaMcDot9VJDFSZjPKRdRyUW1ITZ/OApOnPKAMWJdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcakSi2VZLEoTjmyCZp9jwZMU2L5xBFMNHO3IjLCGhPrMiq5EILll1dJ66Ia1KrX97VK/SaPowgncArnEMAl1OEOGtAEAgKe4RXePO29eO/ex6K14OUzx/AH3ucPObCQtQ==</latexit>

Qs

<latexit sha1_base64="Hl2QdEY14U6E8oEluf3mIyNdGDc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5btB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzSRBP6JDyUPOqLHSQ6Ov++WKW3XnIKvEy0kFctT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt5l9aZxWand5nEU4QRO4Rw8uIIa3EMdmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wc4Lo3H</latexit>



Nuclear modified dijet : A dependence
d��̂e+A

dxdQ2dzd2l?d2lq?
/

d�̂e+A

dxdQ2dzd2l?d2lq?
<latexit sha1_base64="tvonsrtq+5n0gnhwri+UixUKsi4="></latexit>

Ratio of nuclear modification/ dijet e+A   

1.Non-LPM term (          )

2.LPM terms (  q-LPM                            ,  g-LPM                            )

Consider the integration over y1- 

Z p
2RA/�

0
dy�1 [1� cos(a ⇤ y�1 )]

=

p
2RA

�
[1�

sin(a ⇤
p
2RA
� )

a ⇤
p
2RA
�

]

<latexit sha1_base64="CuU2W8In1DuNAcKaV3UPjVonoNc="></latexit>

a1 =
[~l? � (1� z)v?]2

2q�z(1� z)
�

<latexit sha1_base64="fAwl0F5x7oy26cNe3B9aZ66e3KI="></latexit>

a2 =
[~l? � (1� z)v? � ~k?]2

2q�z(1� z)
�

<latexit sha1_base64="9rrqwCY8My9MBTb2Qr/NVrniePk="></latexit>

Z p
2RA/�

0
dy�1 =

p
2RA/� ⇠ A1/3

<latexit sha1_base64="mR4XfWCK9usAse0y6pznoBAC/xU="></latexit>

CF [...]

<latexit sha1_base64="QUI75xUIxa2Fy972lvvlcrS8nl4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN6KBfFYwX5AGspmu2mXbjZxdyOU0D/hxYMiXv073vw3btMctPXBwOO9GWbmBQlnSjvOt1VaW9/Y3CpvV3Z29/YPqodHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk+bc7z5RqVgsHvQ0oX6ER4KFjGBtpF5zcOvZtu0PqjXHdnKgVeIWpAYFWoPqV38YkzSiQhOOlfJcJ9F+hqVmhNNZpZ8qmmAywSPqGSpwRJWf5ffO0JlRhiiMpSmhUa7+nshwpNQ0CkxnhPVYLXtz8T/PS3V45WdMJKmmgiwWhSlHOkbz59GQSUo0nxqCiWTmVkTGWGKiTUQVE4K7/PIq6VzYbt2+vq/XGjdFHGU4gVM4BxcuoQF30II2EODwDK/wZj1aL9a79bFoLVnFzDH8gfX5A4ZwjwA=</latexit>

1

Nc
[...][1� cos(a1 ⇤ y�1 )]

<latexit sha1_base64="190crPqiXldgEKXpBKntNRyu3kA=">AAACDXicbVDLSsNAFJ3UV62vqEs3wSpUoSEjBXVXdONKKtgHpDFMppN26OTBzEQIIT/gxl9x40IRt+7d+TdO2yy0euDC4Zx7ufceL2ZUSMv60koLi0vLK+XVytr6xuaWvr3TEVHCMWnjiEW85yFBGA1JW1LJSC/mBAUeI11vfDnxu/eECxqFtzKNiROgYUh9ipFUkqsf9H2OcAbz7NrFuW2apmPDOo5EDbnwOHXhXf3IcfWqZVpTGH8JLEgVFGi5+md/EOEkIKHEDAlhQyuWToa4pJiRvNJPBIkRHqMhsRUNUUCEk02/yY1DpQwMP+KqQmlM1Z8TGQqESANPdQZIjsS8NxH/8+xE+mdORsM4kSTEs0V+wgwZGZNojAHlBEuWKoIwp+pWA4+QikeqACsqBDj/8l/SOTFhwzy/aVSbF0UcZbAH9kENQHAKmuAKtEAbYPAAnsALeNUetWftTXuftZa0YmYX/IL28Q10+Jnl</latexit>
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CA[...][1� cos(a2 ⇤ y�1 )]

<latexit sha1_base64="zNX6tZzLNYVUPh8JnOQcHQS/3tg=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItQhYakFNRdtRuXFewD0hgm00k7dJIJMxMhhIIbf8WNC0Xc+hPu/BunbRZaPXDhcM693HuPH1MipGV9aYWl5ZXVteJ6aWNza3tH393rCJZwhNuIUcZ7PhSYkgi3JZEU92KOYehT3PXHzanfvcdcEBbdyjTGbgiHEQkIglJJnn7Q9C4d0zRdx64iJirQq52mnn1XPXE9vWyZ1gzGX2LnpAxytDz9sz9gKAlxJBGFQji2FUs3g1wSRPGk1E8EjiEawyF2FI1giIWbzX6YGMdKGRgB46oiaczUnxMZDIVIQ191hlCOxKI3Ff/znEQG525GojiROELzRUFCDcmMaSDGgHCMJE0VgYgTdauBRpBDJFVsJRWCvfjyX9KpmXbdvLiplxtXeRxFcAiOQAXY4Aw0wDVogTZA4AE8gRfwqj1qz9qb9j5vLWj5zD74Be3jGweRlTw=</latexit>

� � � � � �
�

�

�

�

�

�

�

�

� � -
��� (��� �)
��� �



LPM Terms bring the non-linear       dependence !

 Nuclear modified dijet : A dependence

RA

<latexit sha1_base64="56xjATZ+yyFjUyxdLVRGX2gStRg=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgKiSlYrOrunFZH31AG8pkOmmHTiZhZiKU0k9w40IRt36RO//GaRtQqwcuHM65l3vvCRLOlHacTyu3srq2vpHfLGxt7+zuFfcPmipOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKRlczv/VApWKxuNfjhPoRHggWMoK1ke5uexe9Ysmxq2de2fOQYztzfBM3IyXIUO8VP7r9mKQRFZpwrFTHdRLtT7DUjHA6LXRTRRNMRnhAO4YKHFHlT+anTtGJUfoojKUpodFc/TkxwZFS4ygwnRHWQ7XszcT/vE6qw6o/YSJJNRVksShMOdIxmv2N+kxSovnYEEwkM7ciMsQSE23SKZgQ3OWX/5Jm2XYrtndTKdUuszjycATHcAounEMNrqEODSAwgEd4hheLW0/Wq/W2aM1Z2cwh/IL1/gUsKo3A</latexit>

linear

non-linear

non-linear

Hard Probe 2020                                                                2020/06/02                                                                                          12

x = 0.4 z = 0.2 Q2 = 10000 GeV 2 l? = lq? = 2.8 GeV '1 = 1

<latexit sha1_base64="IKRdniRIRRO0AKPU0LFPI3HMc6U="></latexit>

non-LPM
q-LPM
g-LPM



Nuclear modified dijet : Azimuthal angle
The peak of angle distribution move to left, 
with final dijet pT             decrease 

gluon TMD pdf suppressed for  

quark TMD pdf            , gluon TMD pdf             drop quickly for large

l?(lq?)
<latexit sha1_base64="2oSlMcCtCN1F5jQ9WhEogKilqN4=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3AwWoW5KUgVdFt24rGAv0IYwmU7aoZNJnJkIJXbhq7hxoYhbX8Odb+O0zUJbfxj4+M85nDN/kHCmtON8W0vLK6tr64WN4ubW9s6uvbffVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJ7UWw9UKhaLOz1KqBfhvmAhI1gby7cPuZ91EyqTMSobvJ/xqW+XnIozFVoEN4cS5Kr79le3F5M0okITjpXquE6ivQxLzQin42I3VTTBZIj7tGNQ4IgqL5veP0YnxumhMJbmCY2m7u+JDEdKjaLAdEZYD9R8bWL+V+ukOrz0MiaSVFNBZovClCMdo0kYqMckJZqPDGAimbkVkQGWmGgTWdGE4M5/eRGa1Yp7VqnenpdqV3kcBTiCYyiDCxdQgxuoQwMIPMIzvMKb9WS9WO/Wx6x1ycpnDuCPrM8fBeGWGQ==</latexit>

f(x, v?)

<latexit sha1_base64="ZTTNPBOe1CmTZEKl3VMyb6mSz0g=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKai3ohePFewHtLVk02wbms2GJFstS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZ50vOtHHdbyezsrq2vpHdzG1t7+zu5fcP6jqKFaE1EvFINX2sKWeC1gwznDalojj0OW34w5up3xhRpVkk7s1Y0k6I+4IFjGBjpYeg+HQ26iZtSZWcnHbzBbfkzoCWiZeSAqSodvNf7V5E4pAKQzjWuuW50nQSrAwjnE5y7VhTickQ92nLUoFDqjvJ7OoJOrFKDwWRsiUMmqm/JxIcaj0OfdsZYjPQi95U/M9rxSa47CRMyNhQQeaLgpgjE6FpBKjHFCWGjy3BRDF7KyIDrDAxNqicDcFbfHmZ1M9LXrl0dVcuVK7TOLJwBMdQBA8uoAK3UIUaEFDwDK/w5jw6L8678zFvzTjpzCH8gfP5AyNzkk0=</latexit>

�(0, k?)

<latexit sha1_base64="dADT89kQCCKT7Minjga+x91xhxc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0WoICWRgnorevFYwX5AE8JmO22XbpJld6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhYIzpR3n21pZXVvf2CxsFbd3dvf27dJBSyWppNCkCU9kJyQKOIuhqZnm0BESSBRyaIejm6nffgCpWBLf67EAPyKDmPUZJdpIgV3yxJBVnLNRkHkCpJicBnbZqToz4GXi5qSMcjQC+8vrJTSNINaUE6W6riO0nxGpGeUwKXqpAkHoiAyga2hMIlB+Njt9gk+M0sP9RJqKNZ6pvycyEik1jkLTGRE9VIveVPzP66a6f+lnLBaphpjOF/VTjnWCpzngHpNANR8bQqhk5lZMh0QSqk1aRROCu/jyMmmdV91a9equVq5f53EU0BE6RhXkogtUR7eogZqIokf0jF7Rm/VkvVjv1se8dcXKZw7RH1ifP3LAk4A=</latexit>

{

The               contain                               

v?, k?

<latexit sha1_base64="z3nXm00OGImqJu9SkRiSQuBKypk=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuJCSSEHdFd24rGAv0IYwmU7aoZNkmJkUaii+ihsXirj1Pdz5Nk7bCNr6w8DHf87hnPkDwZnSjvNlLS2vrK6tFzaKm1vbO7v23n5DJakktE4SnshWgBXlLKZ1zTSnLSEpjgJOm8HgZlJvDqlULInv9UhQL8K9mIWMYG0s3z4c+llHUCnGZ2jwg75dcsrOVGgR3BxKkKvm25+dbkLSiMaacKxU23WE9jIsNSOcjoudVFGByQD3aNtgjCOqvGx6/RidGKeLwkSaF2s0dX9PZDhSahQFpjPCuq/maxPzv1o71eGll7FYpJrGZLYoTDnSCZpEgbpMUqL5yAAmkplbEeljiYk2gRVNCO78lxehcV52K+Wru0qpep3HUYAjOIZTcOECqnALNagDgQd4ghd4tR6tZ+vNep+1Lln5zAH8kfXxDdjElYA=</latexit>

small but           gives largest                                      largest   

~l? +~lq? = ~v? + ~k?

<latexit sha1_base64="izCE4pL91pcp/EW+XSyenWTGvqg=">AAACK3icbVDLSgMxFM3UV62vqks3wSIIQpmRgroQSt24rGAf0ClDJr3ThmYeJplCGfo/bvwVF7rwgVv/w3Q6FG09EDj3nHu5uceNOJPKND+M3Mrq2vpGfrOwtb2zu1fcP2jKMBYUGjTkoWi7RAJnATQUUxzakQDiuxxa7vBm6rdGICQLg3s1jqDrk37APEaJ0pJTrNkjoAmfOIkdgYgmZ/P6YSbga5xKo4WW4bx2iiWzbKbAy8TKSAllqDvFF7sX0tiHQFFOpOxYZqS6CRGKUQ6Tgh1LiAgdkj50NA2ID7KbpLdO8IlWetgLhX6Bwqn6eyIhvpRj39WdPlEDuehNxf+8Tqy8y27CgihWENDZIi/mWIV4GhzuMQFU8bEmhAqm/4rpgAhClY63oEOwFk9eJs3zslUpX91VStVaFkceHaFjdIosdIGq6BbVUQNR9Iie0Rt6N56MV+PT+Jq15oxs5hD9gfH9A1rdqjg=</latexit>
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x = 0.4 z = 0.2 Q2 = 10000 GeV 2

<latexit sha1_base64="oCx1vkHKeVOXr0qprbsll8uNhAA=">AAACHXicbVDLSgMxFM3UV62vUZduLhbBVZkpBXVRKLrQZQv2AX2RSdM2NPMwyYh16I+48VfcuFDEhRvxb8y0g2jrgcC559zLzT1OwJlUlvVlpJaWV1bX0uuZjc2t7R1zd68m/VAQWiU+90XDwZJy5tGqYorTRiAodh1O687oIvbrt1RI5nvXahzQtosHHuszgpWWumbhDopg5QoA0LoJcQ/gPq7zP3Wlky+CbWm04JLWOrHTNbNWzpoCFomdkCxKUO6aH62eT0KXeopwLGXTtgLVjrBQjHA6ybRCSQNMRnhAm5p62KWyHU2vm8CRVnrQ94V+noKp+nsiwq6UY9fRnS5WQznvxeJ/XjNU/dN2xLwgVNQjs0X9kIPyIY4KekxQovhYE0wE038FMsQCE6UDzegQ7PmTF0ktn7MLubNKIVs6T+JIowN0iI6RjU5QCV2hMqoigh7QE3pBr8aj8Wy8Ge+z1pSRzOyjPzA+vwGlt5t4</latexit>

Three peaks give same

Transverse momentum conservation

' Qs

<latexit sha1_base64="o6+G9Z6Ryjh9D16wUZtGRCUIMec=">AAAB+HicbVDLSgMxFM3UV62PjrpUJFgEV2VGBHVXdOOyBfuAdhgyadqGZpKQZMQ6dOlXuHGhiFtX/Q53foM/YfpYaOuBC4dz7uXeeyLJqDae9+VklpZXVtey67mNza3tvLuzW9MiUZhUsWBCNSKkCaOcVA01jDSkIiiOGKlH/euxX78jSlPBb81AkiBGXU47FCNjpdDNt7pGISmVuIewEurQLXhFbwK4SPwZKZQORpXvx8NROXQ/W22Bk5hwgxnSuul70gQpUoZiRoa5VqKJRLiPuqRpKUcx0UE6OXwIj63Shh2hbHEDJ+rviRTFWg/iyHbGyPT0vDcW//OaielcBCnlMjGE4+miTsKgEXCcAmxTRbBhA0sQVtTeCnEPKYSNzSpnQ/DnX14ktdOif1a8rNg0rsAUWbAPjsAJ8ME5KIEbUAZVgEECnsALeHUenGfnzXmftmac2cwe+APn4wdYHJaa</latexit>

k? < Qs

<latexit sha1_base64="gjQxSaakksZwpr88O5hy3qz7OkA=">AAAB9XicbVDLSgNBEOyNrxhfUY+KDAbBU9gVQQUPQS8eEzAPSNZldjKbDJmdXWZmlbDk6D948aCIV6/5Dm9+gz/h5HHQxIKGoqqb7i4/5kxp2/6yMguLS8sr2dXc2vrG5lZ+e6emokQSWiURj2TDx4pyJmhVM81pI5YUhz6ndb93PfLr91QqFolb3Y+pG+KOYAEjWBvpruelrZjKeHCJKp7y8gW7aI+B5okzJYXS/rDy/XgwLHv5z1Y7IklIhSYcK9V07Fi7KZaaEU4HuVaiaIxJD3do01CBQ6rcdHz1AB0ZpY2CSJoSGo3V3xMpDpXqh77pDLHuqllvJP7nNRMdnLspE3GiqSCTRUHCkY7QKALUZpISzfuGYCKZuRWRLpaYaBNUzoTgzL48T2onRee0eFExaVzBBFnYg0M4BgfOoAQ3UIYqEJDwBC/waj1Yz9ab9T5pzVjTmV34A+vjBzmqlg0=</latexit>

|~v? + ~k?|

<latexit sha1_base64="+8x2wmzdC+psBQiwCnuxU35bY4I=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2Y4IgBMKuCGoXtLGMYB6QXcLs5CYZMvtgZjYQNlvbWPobNhaK2PoFdvkbJw9EEw8MnHvOvdy5x4s4k8qyxkZmZXVtfSO7mdva3tndM/cPajKMBYUqDXkoGh6RwFkAVcUUh0YkgPgeh7rXv5n49QEIycLgXg0jcH3SDViHUaK01DKPR84AaDJIW4kTgYjS4rTu/9SjllmwStYUeJnYc1Io553i07g8rLTML6cd0tiHQFFOpGzaVqTchAjFKIc058QSIkL7pAtNTQPig3ST6SkpPtFKG3dCoV+g8FT9PZEQX8qh7+lOn6ieXPQm4n9eM1adSzdhQRQrCOhsUSfmWIV4kgtuMwFU8aEmhAqm/4ppjwhClU4vp0OwF09eJrWzkn1eurrTaVyjGbLoCOXRKbLRBSqjW1RBVUTRA3pGr+jNeDRejHfjY9aaMeYzh+gPjM9ve0KfCA==</latexit>

f(x, v?) ⇤ �(0, k?)

<latexit sha1_base64="j5PedqTHQaJjFB3TBnDzjKchruY=">AAACCXicbVDLSsNAFJ3UV62vqEs3Q4tQtZREBHVXdOOygn1AE8JkOmmHTpJhZlIsoVs3bv0MNy4UcesfuOvfOH0g2nrgwuGce7n3Hp8zKpVljYzM0vLK6lp2PbexubW9Y+7u1WWcCExqOGaxaPpIEkYjUlNUMdLkgqDQZ6Th967HfqNPhKRxdKcGnLgh6kQ0oBgpLXkmDIr3pb6XOpwIPjw6dniXFq1S70fxzIJVtiaAi8SekUIl75w8jSqDqmd+Oe0YJyGJFGZIypZtceWmSCiKGRnmnEQSjnAPdUhL0wiFRLrp5JMhPNRKGwax0BUpOFF/T6QolHIQ+rozRKor572x+J/XSlRw4aY04okiEZ4uChIGVQzHscA2FQQrNtAEYUH1rRB3kUBY6fByOgR7/uVFUj8t22fly1udxhWYIgsOQB4UgQ3OQQXcgCqoAQwewDN4BW/Go/FivBsf09aMMZvZB39gfH4Davmchg==</latexit>

d��e+A

d�e+A

<latexit sha1_base64="C+UFulMoX7jXykYrYdlnvyxqS0s=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQCiWRgrqrj4XLCvYBTSiTyU07dPJgZiKU0I9w46+4caGIWxfu/BunbRa29cCFM+fcy9x7vIQzqSzrxyisrK6tbxQ3S1vbO7t75v5BS8apoNCkMY9FxyMSOIugqZji0EkEkNDj0PaGNxO//QhCsjh6UKME3JD0IxYwSpSWembFCQShme/cAlcEO5L1Q9LLoHI1Hmf+/Ltnlq2qNQVeJnZOyihHo2d+O35M0xAiRTmRsmtbiXIzIhSjHMYlJ5WQEDokfehqGpEQpJtNjxrjE634OIiFrkjhqfp3IiOhlKPQ050hUQO56E3E/7xuqoILN2NRkiqI6OyjIOVYxXiSEPaZAKr4SBNCBdO7YjogOiWlcyzpEOzFk5dJ66xq16qX97Vy/TqPo4iO0DE6RTY6R3V0hxqoiSh6Qi/oDb0bz8ar8WF8zloLRj5ziOZgfP0C73aexQ==</latexit>

|~l? +~lq?| =
q
l2? + l2q? + 2l?lq?cos('1) ⇡ Qs

<latexit sha1_base64="K5V1ByhZrGMkBQsWI2aYxh4vc5I="></latexit>

f(x, v?) ⇤ �(0, k?)

<latexit sha1_base64="j5PedqTHQaJjFB3TBnDzjKchruY=">AAACCXicbVDLSsNAFJ3UV62vqEs3Q4tQtZREBHVXdOOygn1AE8JkOmmHTpJhZlIsoVs3bv0MNy4UcesfuOvfOH0g2nrgwuGce7n3Hp8zKpVljYzM0vLK6lp2PbexubW9Y+7u1WWcCExqOGaxaPpIEkYjUlNUMdLkgqDQZ6Th967HfqNPhKRxdKcGnLgh6kQ0oBgpLXkmDIr3pb6XOpwIPjw6dniXFq1S70fxzIJVtiaAi8SekUIl75w8jSqDqmd+Oe0YJyGJFGZIypZtceWmSCiKGRnmnEQSjnAPdUhL0wiFRLrp5JMhPNRKGwax0BUpOFF/T6QolHIQ+rozRKor572x+J/XSlRw4aY04okiEZ4uChIGVQzHscA2FQQrNtAEYUH1rRB3kUBY6fByOgR7/uVFUj8t22fly1udxhWYIgsOQB4UgQ3OQQXcgCqoAQwewDN4BW/Go/FivBsf09aMMZvZB39gfH4Davmchg==</latexit>

d��e+A

d�e+A

<latexit sha1_base64="C+UFulMoX7jXykYrYdlnvyxqS0s=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQCiWRgrqrj4XLCvYBTSiTyU07dPJgZiKU0I9w46+4caGIWxfu/BunbRa29cCFM+fcy9x7vIQzqSzrxyisrK6tbxQ3S1vbO7t75v5BS8apoNCkMY9FxyMSOIugqZji0EkEkNDj0PaGNxO//QhCsjh6UKME3JD0IxYwSpSWembFCQShme/cAlcEO5L1Q9LLoHI1Hmf+/Ltnlq2qNQVeJnZOyihHo2d+O35M0xAiRTmRsmtbiXIzIhSjHMYlJ5WQEDokfehqGpEQpJtNjxrjE634OIiFrkjhqfp3IiOhlKPQ050hUQO56E3E/7xuqoILN2NRkiqI6OyjIOVYxXiSEPaZAKr4SBNCBdO7YjogOiWlcyzpEOzFk5dJ66xq16qX97Vy/TqPo4iO0DE6RTY6R3V0hxqoiSh6Qi/oDb0bz8ar8WF8zloLRj5ziOZgfP0C73aexQ==</latexit>



Nuclear modified dijet : jet pT

The peak of jet pT distribution also move to left, as azimuthal angle      between 
dijet decrease

'1
<latexit sha1_base64="nRX7jsuG+o6fJcXXihxtFG5JaIY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9kPapWTTbBuaZEOSLZSlv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR3cxvjak2LJGPdqJoKPBAspgRbJ301B1jrYasF/RKZb/iz4FWSZCTMuSo90pf3X5CUkGlJRwb0wl8ZcMMa8sIp9NiNzVUYTLCA9pxVGJBTZjND56ic6f0UZxoV9Kiufp7IsPCmImIXKfAdmiWvZn4n9dJbXwTZkyq1FJJFovilCOboNn3qM80JZZPHMFEM3crIkOsMbEuo6ILIVh+eZU0q5XgslJ9uCrXbvM4CnAKZ3ABAVxDDe6hDg0gIOAZXuHN096L9+59LFrXvHzmBP7A+/wBpvSQTg==</latexit>
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x = 0.4 z = 0.2 Q2 = 10000 GeV 2

<latexit sha1_base64="oCx1vkHKeVOXr0qprbsll8uNhAA=">AAACHXicbVDLSgMxFM3UV62vUZduLhbBVZkpBXVRKLrQZQv2AX2RSdM2NPMwyYh16I+48VfcuFDEhRvxb8y0g2jrgcC559zLzT1OwJlUlvVlpJaWV1bX0uuZjc2t7R1zd68m/VAQWiU+90XDwZJy5tGqYorTRiAodh1O687oIvbrt1RI5nvXahzQtosHHuszgpWWumbhDopg5QoA0LoJcQ/gPq7zP3Wlky+CbWm04JLWOrHTNbNWzpoCFomdkCxKUO6aH62eT0KXeopwLGXTtgLVjrBQjHA6ybRCSQNMRnhAm5p62KWyHU2vm8CRVnrQ94V+noKp+nsiwq6UY9fRnS5WQznvxeJ/XjNU/dN2xLwgVNQjs0X9kIPyIY4KekxQovhYE0wE038FMsQCE6UDzegQ7PmTF0ktn7MLubNKIVs6T+JIowN0iI6RjU5QCV2hMqoigh7QE3pBr8aj8Wy8Ge+z1pSRzOyjPzA+vwGlt5t4</latexit>

|~l? +~lq?| =
q
l2? + l2q? + 2l?lq?cos('1) ⇡ Qs

<latexit sha1_base64="K5V1ByhZrGMkBQsWI2aYxh4vc5I="></latexit>



Outlook

• Derive the nuclear modification to dijet in e+A collision 

• Gluon TMD pdf and TMD  

• The non-linear       dependence due to LPM effect 

• The structure of azimuthal angle/pT distribution related to saturation scale 

• Consider the pT broadening of quark and radiated gluon 

• Understand the overall suppression s1 of gluon TMD pdf constrained by q̂

<latexit sha1_base64="0Z6qamsXx6u3upKtQWljW+3Oit8=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSZNULMrunFZwT6gDWUynbRDJ5M4MxFK6Ee4caGIW7/HnX/jpK2gogcuHM65l3vvCVPOlEbowyqtrK6tb5Q3K1vbO7t71f2DtkoySWiLJDyR3RArypmgLc00p91UUhyHnHbCyVXhd+6pVCwRt3qa0iDGI8EiRrA2Uqc/xjq/mw2qNWSf+Y7rOBDZyKv7yC2I6/uuBx0bzVEDSzQH1ff+MCFZTIUmHCvVc1CqgxxLzQins0o/UzTFZIJHtGeowDFVQT4/dwZPjDKEUSJNCQ3n6veJHMdKTePQdMZYj9VvrxD/8nqZji6CnIk001SQxaIo41AnsPgdDpmkRPOpIZhIZm6FZIwlJtokVDEhfH0K/yftuu14tn/j1RqXyzjK4Agcg1PggHPQANegCVqAgAl4AE/g2UqtR+vFel20lqzlzCH4AevtEwpJkBE=</latexit>
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q̂

<latexit sha1_base64="i1vzrYomTdn52Qc/Bi85KDhvm3c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtqlm03cnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2r0Rxexx2i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+7pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZr+TgdCcoZxYQpkW9lbCRlRThjahkg3BW355lbQuql6ten1fq9Rv8jiKcAKncA4eXEId7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wepeY/O</latexit>

Further work

RA

<latexit sha1_base64="jnwMSVAF2FHt4Hfeqt9RbULFri8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL1FvXiMjzwgWcLsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwupn6zSeujYjUI45j7od0oERfMIpWerjvXnWLJbfszkCWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8kmhkxgeUzaiA962VNGQGz+dnTohJ1bpkX6kbSkkM/X3REpDY8ZhYDtDikOz6E3F/7x2gv0LPxUqTpArNl/UTyTBiEz/Jj2hOUM5toQyLeythA2ppgxtOgUbgrf48jJpnJW9SvnyrlKqXmdx5OEIjuEUPDiHKtxCDerAYADP8ApvjnRenHfnY96ac7KZQ/gD5/MH7d2Nlg==</latexit>

Qs

<latexit sha1_base64="Hl2QdEY14U6E8oEluf3mIyNdGDc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5btB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzSRBP6JDyUPOqLHSQ6Ov++WKW3XnIKvEy0kFctT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqt5l9aZxWand5nEU4QRO4Rw8uIIa3EMdmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wc4Lo3H</latexit>



Thanks for your attention!


