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High energy partons travel through hot 
QGP or cold nuclei (eA DIS process) 

Energy loss mechanisms reveal medium 
properties 

Parton energy loss in medium

Parton energy loss mechanisms 

collisional energy loss
radiative energy loss

vacuummedium induced
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Radiative energy loss:assumptions 

Scattering Center : Static or Dynamic?

Extension of GLV to dynamic S.C. 
 Djordjevic,Heinz PRL 101.2 (2008): 022302

Beyond soft appr. of GLV    
 Blagojevic et al. arXiv:1804.07593 

Beyond soft appr. of SCET 
Ovanesyan, Vitev JHEP 2011(6), 80  

k? ⌧ l?

Radiated Gluon : Soft or hard ?

Transverse momentum transfer    : smaller or same order    ?

k?

l?

Dynamic: both momentum and energy transfer

Static: no energy transfer  
(BDMPS-Z, GLV)

z     0 (BDMPS-Z, GLV)

z  finite

k? s l?
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Approaches to radiative energy loss : BDMPS-Z, GLV, AMY,  
SCET, High Twist
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lepton-nucleus scattering 

   

   identify one hadron in final state 

cross section      and hadronic tensor

d� =
e4
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q e
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q
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Z
d4l2
(2⇡)4

2⇡�(l22)
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Semi-inclusive Deeply Inelastic Scattering
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Z

q
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d� Wµ⌫
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Factorization 

   Separate non-perturbative part (pdf, fragmentation function) 
from perturbative part (hard scattering) 

SIDIS process 

   Collinear factorization when final hadron       integrated 

Collinear Factorization for SIDIS

xp x1p

q q

0y

lh

S µν lq

X
Ap Ap

dW
µ⌫
S(0)

dzh
=

Z
dxf

A
q (x)Hµ⌫

(0)Dq!h(zh)

fA
q (x)

Dq!h(zh) quark fragmentation function

lh?

handbag diagram

hadronic tensor

nuclear quark distribution function
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Factorization of Medium Induced Radiation
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XF Guo, XN Wang (2000) PRL 85(17), 3591 
XN Wang and XF Guo (2001) Nucl. Phys. A 696, 788

approximationk? ⌧ l?
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High Twist approach

Collinear factorization
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Factorization of Medium Induced Radiation

xp

q q

x1px3p + k⊥ x2p + k⊥

l

lq

0y2y1y

lh
S

X

Our approach

keep      large, without collinear expansion

YY Zhang, GY Qin, XN Wang 
 arXiv:1905.12699

relax              k? ⌧ l?
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For this specific diagram

quark-gluon correlation function

Approach

Receive contribution from more diagrams

Q2
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Sum up diagrams
Central cut diagrams
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Sum up diagrams
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Right cut diagrams
Interference between vacuum radiation and 
medium induced radiation 
Symmetry between right cut and left cut 
diagrams

Approach



Nuclear enhancement and contact term
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The    function in every term (qg correlation func.) constrain the 
integration range of      and 
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TMD Quark-gluon correlation function

POETIC 2019 ApproachApproach

Neglect contact term, further neglect the interaction between two 
parent nucleons. Approximately factorize        into quark pdf and 
TMD gluon distribution
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TMD gluon distribution

finite      entails energy/momentum transfer        with medium 

TMD gluon pdf relate to TMD jet transport coefficient
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<latexit sha1_base64="vdlguI0yttHMKVmAzH+x6AAW0rk=">AAAB6nicbVDLSsNAFL3xWeur6tLNYBFchaRWTXdFNy4r2ge0oUymk3boZBJmJmIJ/QQ3LhRx6xe582+cPhC1HrhwOOde7r0nSDhT2nE+raXlldW19dxGfnNre2e3sLffUHEqCa2TmMeyFWBFORO0rpnmtJVIiqOA02YwvJr4zXsqFYvFnR4l1I9wX7CQEayNdPvQLXULRceuVMremYcM8c49t4Rc25nimxRhjlq38NHpxSSNqNCEY6XarpNoP8NSM8LpON9JFU0wGeI+bRsqcESVn01PHaNjo/RQGEtTQqOp+nMiw5FSoygwnRHWA/XXm4j/ee1Uh56fMZGkmgoyWxSmHOkYTf5GPSYp0XxkCCaSmVsRGWCJiTbp5E0ICy8vkkbJdk/t0k25WL2cx5GDQziCE3DhAqpwDTWoA4E+PMIzvFjcerJerbdZ65I1nzmAX7DevwCBBY3z</latexit>

x2p
+

<latexit sha1_base64="Gh+cDHe5c3SlUfJdxoIA6wVyrlM=">AAAB7XicbVDLSgMxFM34rPVVdekmWARBGGbGqtNd0Y3LCvYB7VgyaaaNzSRDkhHL0H9w40IRt/6PO//G9IGo9cCFwzn3cu89YcKo0o7zaS0sLi2vrObW8usbm1vbhZ3duhKpxKSGBROyGSJFGOWkpqlmpJlIguKQkUY4uBz7jXsiFRX8Rg8TEsSox2lEMdJGqj90vOT2uFMoOna5XPJPfWiIf+a7HnRtZ4JvUgQzVDuFj3ZX4DQmXGOGlGq5TqKDDElNMSOjfDtVJEF4gHqkZShHMVFBNrl2BA+N0oWRkKa4hhP150SGYqWGcWg6Y6T76q83Fv/zWqmO/CCjPEk14Xi6KEoZ1AKOX4ddKgnWbGgIwpKaWyHuI4mwNgHlTQhzL8+Tume7J7Z3XSpWLmZx5MA+OABHwAXnoAKuQBXUAAZ34BE8gxdLWE/Wq/U2bV2wZjN74Bes9y9tno8K</latexit>
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q̂(~k?)
<latexit sha1_base64="ODqcwLjTxoiUO9RH4lXQsJ7TqvY=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEI8RJmYtTJLejFYwSzQCaEnk4ladKz2N0TCMN48Ve8eFDEq3/hzb+xsyBqfFDweK+KqnpuyJlUpvlppJaWV1bX0uuZjc2t7Z3s7l5dBpGgUKMBD0TTJRI486GmmOLQDAUQz+XQcIdXE78xAiFZ4N+qcQhtj/R91mOUKC11sgfOgKj4Lsk7I6DxMOnETggiTE462ZxZKJdL9pmNNbHPbauIrYI5xTfJoTmqneyH0w1o5IGvKCdStiwzVO2YCMUohyTjRBJCQoekDy1NfeKBbMfTDxJ8rJUu7gVCl6/wVP05ERNPyrHn6k6PqIH8603E/7xWpHp2O2Z+GCnw6WxRL+JYBXgSB+4yAVTxsSaECqZvxXRABKFKh5bRISy8vEjqxYJ1WijelHKVy3kcaXSIjlAeWegCVdA1qqIaougePaJn9GI8GE/Gq/E2a00Z85l99AvG+xee95en</latexit>



depend on the parton energy     and medium color source

TMD gluon distribution function emerge from TMD 
(generalized) transport coefficient 

TMD gluon distribution function           

q̂(~k?)

        color source density*average kT broadening per scattering

�(x,~k?)

emerge naturally
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q̂ = ⇢

Z
dk2?

hd�i
dk2?

k2?
<latexit sha1_base64="GazaS6D84EsziBRw9vxy+Naws7M="></latexit><latexit sha1_base64="GazaS6D84EsziBRw9vxy+Naws7M="></latexit><latexit sha1_base64="GazaS6D84EsziBRw9vxy+Naws7M="></latexit><latexit sha1_base64="GazaS6D84EsziBRw9vxy+Naws7M="></latexit>

�(x,~k?)
<latexit sha1_base64="OAxKmvebJ3lt5dRWXhvF6eOEp5Q=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARFKQk4iMFFwU3LivYWmhCmExv7dBJMsxMiiVk46+4caGIWz/DnX/j9IH4OnDhcM693HtPKDhT2rY/rJnZufmFxcJScXlldW29tLHZVEkqKTRowhPZCokCzmJoaKY5tIQEEoUcbsL+xci/GYBULImv9VCAH5HbmHUZJdpIQWnbEz22f3foDYBm/TzIPAFS5AdBqWxXqtVj98TFhrinrnOEnYo9xhcpoynqQend6yQ0jSDWlBOl2o4ttJ8RqRnlkBe9VIEgtE9uoW1oTCJQfjZ+IMd7RungbiJNxRqP1e8TGYmUGkah6YyI7qnf3kj8z2unuuv6GYtFqiGmk0XdlGOd4FEauMMkUM2HhhAqmbkV0x6RhGqTWdGE8Oflv6R5VHHsinN1XK6dT+MooB20i/aRg85QDV2iOmoginL0gJ7Qs3VvPVov1uukdcaazmyhH7DePgFCi5bS</latexit><latexit sha1_base64="OAxKmvebJ3lt5dRWXhvF6eOEp5Q=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARFKQk4iMFFwU3LivYWmhCmExv7dBJMsxMiiVk46+4caGIWz/DnX/j9IH4OnDhcM693HtPKDhT2rY/rJnZufmFxcJScXlldW29tLHZVEkqKTRowhPZCokCzmJoaKY5tIQEEoUcbsL+xci/GYBULImv9VCAH5HbmHUZJdpIQWnbEz22f3foDYBm/TzIPAFS5AdBqWxXqtVj98TFhrinrnOEnYo9xhcpoynqQend6yQ0jSDWlBOl2o4ttJ8RqRnlkBe9VIEgtE9uoW1oTCJQfjZ+IMd7RungbiJNxRqP1e8TGYmUGkah6YyI7qnf3kj8z2unuuv6GYtFqiGmk0XdlGOd4FEauMMkUM2HhhAqmbkV0x6RhGqTWdGE8Oflv6R5VHHsinN1XK6dT+MooB20i/aRg85QDV2iOmoginL0gJ7Qs3VvPVov1uukdcaazmyhH7DePgFCi5bS</latexit><latexit sha1_base64="OAxKmvebJ3lt5dRWXhvF6eOEp5Q=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARFKQk4iMFFwU3LivYWmhCmExv7dBJMsxMiiVk46+4caGIWz/DnX/j9IH4OnDhcM693HtPKDhT2rY/rJnZufmFxcJScXlldW29tLHZVEkqKTRowhPZCokCzmJoaKY5tIQEEoUcbsL+xci/GYBULImv9VCAH5HbmHUZJdpIQWnbEz22f3foDYBm/TzIPAFS5AdBqWxXqtVj98TFhrinrnOEnYo9xhcpoynqQend6yQ0jSDWlBOl2o4ttJ8RqRnlkBe9VIEgtE9uoW1oTCJQfjZ+IMd7RungbiJNxRqP1e8TGYmUGkah6YyI7qnf3kj8z2unuuv6GYtFqiGmk0XdlGOd4FEauMMkUM2HhhAqmbkV0x6RhGqTWdGE8Oflv6R5VHHsinN1XK6dT+MooB20i/aRg85QDV2iOmoginL0gJ7Qs3VvPVov1uukdcaazmyhH7DePgFCi5bS</latexit><latexit sha1_base64="OAxKmvebJ3lt5dRWXhvF6eOEp5Q=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARFKQk4iMFFwU3LivYWmhCmExv7dBJMsxMiiVk46+4caGIWz/DnX/j9IH4OnDhcM693HtPKDhT2rY/rJnZufmFxcJScXlldW29tLHZVEkqKTRowhPZCokCzmJoaKY5tIQEEoUcbsL+xci/GYBULImv9VCAH5HbmHUZJdpIQWnbEz22f3foDYBm/TzIPAFS5AdBqWxXqtVj98TFhrinrnOEnYo9xhcpoynqQend6yQ0jSDWlBOl2o4ttJ8RqRnlkBe9VIEgtE9uoW1oTCJQfjZ+IMd7RungbiJNxRqP1e8TGYmUGkah6YyI7qnf3kj8z2unuuv6GYtFqiGmk0XdlGOd4FEauMMkUM2HhhAqmbkV0x6RhGqTWdGE8Oflv6R5VHHsinN1XK6dT+MooB20i/aRg85QDV2iOmoginL0gJ7Qs3VvPVov1uukdcaazmyhH7DePgFCi5bS</latexit>

q̂ ⌘
Z

d2k?
(2⇡)2

Z
dx�(x� k2?

2p+l�
)
4⇡↵sC2(R)

N2
c � 1

⇢(y)�(x,~k?)

⌘
Z

d2k?
(2⇡)2

q̂(~k?)
<latexit sha1_base64="W9ithGVqHV08NseFDhMyufjtWfs="></latexit><latexit sha1_base64="W9ithGVqHV08NseFDhMyufjtWfs="></latexit><latexit sha1_base64="W9ithGVqHV08NseFDhMyufjtWfs="></latexit><latexit sha1_base64="W9ithGVqHV08NseFDhMyufjtWfs="></latexit>

energy     (=<p’>) via

l�
<latexit sha1_base64="BiqGUBlOp+W0fus/2hfnBTP/vnw=">AAAB6nicbVDLSsNAFL3xWeur6tLNYBHcGJJSNQUXBTcuK9oHtLFMppN26GQSZiZCCf0ENy4UcesXufNvnD4QtR64cDjnXu69J0g4U9pxPq2l5ZXVtfXcRn5za3tnt7C331BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLya+M0HKhWLxZ0eJdSPcF+wkBGsjXTL70+7haJjVypl78xDhnjnnltCru1M8U2KMEetW/jo9GKSRlRowrFSbddJtJ9hqRnhdJzvpIommAxxn7YNFTiiys+mp47RsVF6KIylKaHRVP05keFIqVEUmM4I64H6603E/7x2qkPPz5hIUk0FmS0KU450jCZ/ox6TlGg+MgQTycytiAywxESbdPImhIWXF0mjZLuO7d6Ui9XLeRw5OIQjOAEXLqAK11CDOhDowyM8w4vFrSfr1XqbtS5Z85kD+AXr/QtiiI3X</latexit><latexit sha1_base64="BiqGUBlOp+W0fus/2hfnBTP/vnw=">AAAB6nicbVDLSsNAFL3xWeur6tLNYBHcGJJSNQUXBTcuK9oHtLFMppN26GQSZiZCCf0ENy4UcesXufNvnD4QtR64cDjnXu69J0g4U9pxPq2l5ZXVtfXcRn5za3tnt7C331BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLya+M0HKhWLxZ0eJdSPcF+wkBGsjXTL70+7haJjVypl78xDhnjnnltCru1M8U2KMEetW/jo9GKSRlRowrFSbddJtJ9hqRnhdJzvpIommAxxn7YNFTiiys+mp47RsVF6KIylKaHRVP05keFIqVEUmM4I64H6603E/7x2qkPPz5hIUk0FmS0KU450jCZ/ox6TlGg+MgQTycytiAywxESbdPImhIWXF0mjZLuO7d6Ui9XLeRw5OIQjOAEXLqAK11CDOhDowyM8w4vFrSfr1XqbtS5Z85kD+AXr/QtiiI3X</latexit><latexit sha1_base64="BiqGUBlOp+W0fus/2hfnBTP/vnw=">AAAB6nicbVDLSsNAFL3xWeur6tLNYBHcGJJSNQUXBTcuK9oHtLFMppN26GQSZiZCCf0ENy4UcesXufNvnD4QtR64cDjnXu69J0g4U9pxPq2l5ZXVtfXcRn5za3tnt7C331BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLya+M0HKhWLxZ0eJdSPcF+wkBGsjXTL70+7haJjVypl78xDhnjnnltCru1M8U2KMEetW/jo9GKSRlRowrFSbddJtJ9hqRnhdJzvpIommAxxn7YNFTiiys+mp47RsVF6KIylKaHRVP05keFIqVEUmM4I64H6603E/7x2qkPPz5hIUk0FmS0KU450jCZ/ox6TlGg+MgQTycytiAywxESbdPImhIWXF0mjZLuO7d6Ui9XLeRw5OIQjOAEXLqAK11CDOhDowyM8w4vFrSfr1XqbtS5Z85kD+AXr/QtiiI3X</latexit><latexit sha1_base64="BiqGUBlOp+W0fus/2hfnBTP/vnw=">AAAB6nicbVDLSsNAFL3xWeur6tLNYBHcGJJSNQUXBTcuK9oHtLFMppN26GQSZiZCCf0ENy4UcesXufNvnD4QtR64cDjnXu69J0g4U9pxPq2l5ZXVtfXcRn5za3tnt7C331BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLya+M0HKhWLxZ0eJdSPcF+wkBGsjXTL70+7haJjVypl78xDhnjnnltCru1M8U2KMEetW/jo9GKSRlRowrFSbddJtJ9hqRnhdJzvpIommAxxn7YNFTiiys+mp47RsVF6KIylKaHRVP05keFIqVEUmM4I64H6603E/7x2qkPPz5hIUk0FmS0KU450jCZ/ox6TlGg+MgQTycytiAywxESbdPImhIWXF0mjZLuO7d6Ui9XLeRw5OIQjOAEXLqAK11CDOhDowyM8w4vFrSfr1XqbtS5Z85kD+AXr/QtiiI3X</latexit>

p+
<latexit sha1_base64="WNhSgueR9udsm6DnmwqymbHw7Gg=">AAAB6nicbVDLSsNAFL3xWeur6tLNYBEEISSlagouCm5cVrQPaGOZTCft0MkkzEyEEvoJblwo4tYvcuffOH0gaj1w4XDOvdx7T5BwprTjfFpLyyura+u5jfzm1vbObmFvv6HiVBJaJzGPZSvAinImaF0zzWkrkRRHAafNYHg18ZsPVCoWizs9Sqgf4b5gISNYG+k2uT/tFoqOXamUvTMPGeKde24JubYzxTcpwhy1buGj04tJGlGhCcdKtV0n0X6GpWaE03G+kyqaYDLEfdo2VOCIKj+bnjpGx0bpoTCWpoRGU/XnRIYjpUZRYDojrAfqrzcR//PaqQ49P2MiSTUVZLYoTDnSMZr8jXpMUqL5yBBMJDO3IjLAEhNt0smbEBZeXiSNku06tntTLlYv53Hk4BCO4ARcuIAqXEMN6kCgD4/wDC8Wt56sV+tt1rpkzWcO4Bes9y9lmI3Z</latexit><latexit sha1_base64="WNhSgueR9udsm6DnmwqymbHw7Gg=">AAAB6nicbVDLSsNAFL3xWeur6tLNYBEEISSlagouCm5cVrQPaGOZTCft0MkkzEyEEvoJblwo4tYvcuffOH0gaj1w4XDOvdx7T5BwprTjfFpLyyura+u5jfzm1vbObmFvv6HiVBJaJzGPZSvAinImaF0zzWkrkRRHAafNYHg18ZsPVCoWizs9Sqgf4b5gISNYG+k2uT/tFoqOXamUvTMPGeKde24JubYzxTcpwhy1buGj04tJGlGhCcdKtV0n0X6GpWaE03G+kyqaYDLEfdo2VOCIKj+bnjpGx0bpoTCWpoRGU/XnRIYjpUZRYDojrAfqrzcR//PaqQ49P2MiSTUVZLYoTDnSMZr8jXpMUqL5yBBMJDO3IjLAEhNt0smbEBZeXiSNku06tntTLlYv53Hk4BCO4ARcuIAqXEMN6kCgD4/wDC8Wt56sV+tt1rpkzWcO4Bes9y9lmI3Z</latexit><latexit sha1_base64="WNhSgueR9udsm6DnmwqymbHw7Gg=">AAAB6nicbVDLSsNAFL3xWeur6tLNYBEEISSlagouCm5cVrQPaGOZTCft0MkkzEyEEvoJblwo4tYvcuffOH0gaj1w4XDOvdx7T5BwprTjfFpLyyura+u5jfzm1vbObmFvv6HiVBJaJzGPZSvAinImaF0zzWkrkRRHAafNYHg18ZsPVCoWizs9Sqgf4b5gISNYG+k2uT/tFoqOXamUvTMPGeKde24JubYzxTcpwhy1buGj04tJGlGhCcdKtV0n0X6GpWaE03G+kyqaYDLEfdo2VOCIKj+bnjpGx0bpoTCWpoRGU/XnRIYjpUZRYDojrAfqrzcR//PaqQ49P2MiSTUVZLYoTDnSMZr8jXpMUqL5yBBMJDO3IjLAEhNt0smbEBZeXiSNku06tntTLlYv53Hk4BCO4ARcuIAqXEMN6kCgD4/wDC8Wt56sV+tt1rpkzWcO4Bes9y9lmI3Z</latexit><latexit sha1_base64="WNhSgueR9udsm6DnmwqymbHw7Gg=">AAAB6nicbVDLSsNAFL3xWeur6tLNYBEEISSlagouCm5cVrQPaGOZTCft0MkkzEyEEvoJblwo4tYvcuffOH0gaj1w4XDOvdx7T5BwprTjfFpLyyura+u5jfzm1vbObmFvv6HiVBJaJzGPZSvAinImaF0zzWkrkRRHAafNYHg18ZsPVCoWizs9Sqgf4b5gISNYG+k2uT/tFoqOXamUvTMPGeKde24JubYzxTcpwhy1buGj04tJGlGhCcdKtV0n0X6GpWaE03G+kyqaYDLEfdo2VOCIKj+bnjpGx0bpoTCWpoRGU/XnRIYjpUZRYDojrAfqrzcR//PaqQ49P2MiSTUVZLYoTDnSMZr8jXpMUqL5yBBMJDO3IjLAEhNt0smbEBZeXiSNku06tntTLlYv53Hk4BCO4ARcuIAqXEMN6kCgD4/wDC8Wt56sV+tt1rpkzWcO4Bes9y9lmI3Z</latexit>

�(x,~k?) ⌘
Z

dy�

2⇡p+

Z
d2y?e

ixp+y��i~k?·~y?hp|F↵
+(0)F+↵(y�, y?)|pi
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p′ p′

l l′ l′ l

xp + k⊥ xp + k⊥

0 X y

Approach

x = k2?/2p
+l�

<latexit sha1_base64="osQnfwEfov7Q605oCnOx9dZWsdo=">AAACA3icbVDLSsNAFJ34rPVVdaebwSIIYk1i1XQhFN24rGAf0BeT6aQdOkmGmYlYQsCNv+LGhSJu/Ql3/o3TB6LWAxcO59zLvfe4nFGpTPPTmJmdm19YTC2ll1dW19YzG5sVGUYCkzIOWShqLpKE0YCUFVWM1LggyHcZqbr9y6FfvSVC0jC4UQNOmj7qBtSjGCkttTPbd+cw7rfjBieCJy07OYpt3jpgrcOkncmauUIh75w4UBPn1LFsaOXMEb5JFkxQamc+Gp0QRz4JFGZIyrplctWMkVAUM5KkG5EkHOE+6pK6pgHyiWzGox8SuKeVDvRCoStQcKT+nIiRL+XAd3Wnj1RP/vWG4n9ePVKe04xpwCNFAjxe5EUMqhAOA4EdKghWbKAJwoLqWyHuIYGw0rGldQhTL0+Tip2zjnP2dT5bvJjEkQI7YBfsAwucgSK4AiVQBhjcg0fwDF6MB+PJeDXexq0zxmRmC/yC8f4FkoqXfA==</latexit>



Gluon Spectrum Result: Full Result

We get radiated gluon spectrum from the hadronic tensor

Gluon spectrum : probability of quark to radiate one gluon with   
longitudinal momentum        transverse momentum  zq�
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dW
µ⌫
D(1)g

dzh
=

Z
dxf

A
q (x)Hµ⌫

(0)(x)
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Z
dl

2
?

dNg

dl
2
?dz

.

<latexit sha1_base64="xFqiDqDhRwFhkY/LMVUtoX+rzwA="></latexit>

dNg
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2
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=
⇡
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q (x)
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D
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<latexit sha1_base64="EBXJDGZl5sP9cAPoEt1++f76seQ="></latexit>

Results and Approximations

l?
<latexit sha1_base64="uXIpRXkMsHwJgBSoZ3nz/LhrkqQ=">AAAB8HicbVDLSgMxFM3UV62vqks3wSK4GmZq1emu6MZlBfuQdiiZNNOGJpmQZIQy9CvcuFDErZ/jzr8xfSBqPXDhcM693HtPJBnVxvM+ndzK6tr6Rn6zsLW9s7tX3D9o6iRVmDRwwhLVjpAmjArSMNQw0paKIB4x0opG11O/9UCUpom4M2NJQo4GgsYUI2Ole9bLupIoOekVS55brVaC8wBaElwEfhn6rjfDNymBBeq94ke3n+CUE2EwQ1p3fE+aMEPKUMzIpNBNNZEIj9CAdCwViBMdZrODJ/DEKn0YJ8qWMHCm/pzIENd6zCPbyZEZ6r/eVPzP66QmDsKMCpkaIvB8UZwyaBI4/R72qSLYsLElCCtqb4V4iBTCxmZUsCEsvbxMmmXXP3PLt5VS7WoRRx4cgWNwCnxwCWrgBtRBA2DAwSN4Bi+Ocp6cV+dt3ppzFjOH4Bec9y+rLZD8</latexit>

H̃
D
L = · · ·

<latexit sha1_base64="HYZ2LBBm2E93HHeDIuZt1qiQIqU=">AAACAHicbVC7SgNBFJ2NrxhfUQsLm8EgWIXdGHVTCEEtUlhEMA9IYpidnSRDZh/M3BXCso2/YmOhiK2fYeffOHkgajxw4XDOvdx7jxMKrsA0P43UwuLS8kp6NbO2vrG5ld3eqasgkpTVaCAC2XSIYoL7rAYcBGuGkhHPEazhDC/HfuOeScUD/xZGIet4pO/zHqcEtNTN7rWBC5fFleTuqnuNz3GbugEo3M3mzHypVLRPbKyJfWpbBWzlzQm+SQ7NUO1mP9puQCOP+UAFUaplmSF0YiKBU8GSTDtSLCR0SPqspalPPKY68eSBBB9qxcW9QOryAU/UnxMx8ZQaeY7u9AgM1F9vLP7ntSLo2Z2Y+2EEzKfTRb1IYAjwOA3scskoiJEmhEqub8V0QCShoDPL6BDmXp4n9ULeOs4Xboq58sUsjjTaRwfoCFnoDJVRBVVRDVGUoEf0jF6MB+PJeDXepq0pYzazi37BeP8C4kqV9A==</latexit>

H̃
D
C = · · ·

<latexit sha1_base64="XGAqzETBK6shYWFYHwIaheBCYjc=">AAACAHicbVDJSgNBEO2JW4zbqAcPXhqD4CnMxKiTgxCMhxwjmAWSGHp6OkmTnoXuGiEMufgrXjwo4tXP8Obf2FkQNT4oeLxXRVU9NxJcgWV9Gqml5ZXVtfR6ZmNza3vH3N2rqzCWlNVoKELZdIliggesBhwEa0aSEd8VrOEOyxO/cc+k4mFwC6OIdXzSD3iPUwJa6poHbeDCY0ll3C3fXeNL3KZeCCrTNbNWrlgsOGcO1sQ5d+w8tnPWFN8ki+aods2PthfS2GcBUEGUatlWBJ2ESOBUsHGmHSsWETokfdbSNCA+U51k+sAYH2vFw71Q6goAT9WfEwnxlRr5ru70CQzUX28i/ue1Yug5nYQHUQwsoLNFvVhgCPEkDexxySiIkSaESq5vxXRAJKGgM5uEsPDyIqnnc/ZpLn9TyJau5nGk0SE6QifIRheohCqoimqIojF6RM/oxXgwnoxX423WmjLmM/voF4z3L7L0ldU=</latexit>

H̃
D
R = · · ·

<latexit sha1_base64="MNV3zIVCCWGpJ+Zk/+5OseZs8mg=">AAACAHicbVDJSgNBEO2JW4xb1IMHL41B8BRmYtTJQQjqIccoZoEkhp6eTtKk Z6G7RgjDXPwVLx4U8epnePNv7CyIGh8UPN6roqqeEwquwDQ/jdTC4tLySno1s7a+sbmV3d6pqyCSlNVoIALZdIhigvusBhwEa4aSEc8RrOEML8d+455JxQP/FkYh63ik7/MepwS01M3utYELl8WVpHtzd4XPcZu6AahMN5sz86VS0T6xsSb2qW0VsJU3J/gmOTRDtZv9aLsBjTzmAxVEqZZlhtCJiQROBUsy7UixkNAh6bOWpj7xmOrEkwcSfKgVF/cCqcsHPFF/TsTEU2rkObrTIzBQf72x+J/XiqBnd2LuhxEwn04X9SKBIcDjNLDLJaMgRpoQKrm+FdMBkYSCzmwcwtzL86ReyFvH+cJ1MVe+mMWRRvvoAB0hC52hMqqgKqohihL0iJ7Ri/FgPBmvxtu0NWXMZnbRLxjvX8pkleQ=</latexit>



1.Static Scattering Center Approximations
   no energy transfer for medium scattering
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Q2 � l2?
z(1�z) ,

k2
?

z(1�z) or

�(xL +
1� z

z
xT ,~k?) ⇡ �(xT ,~k?) ⇡ · · · ⇡ �(0,~k?)

<latexit sha1_base64="PJYI0nTAUS+VH9F7zLXDbgUOaI8="></latexit><latexit sha1_base64="PJYI0nTAUS+VH9F7zLXDbgUOaI8="></latexit><latexit sha1_base64="PJYI0nTAUS+VH9F7zLXDbgUOaI8="></latexit><latexit sha1_base64="PJYI0nTAUS+VH9F7zLXDbgUOaI8="></latexit>

no x dependence in TMD gluon distribution function

fA
q (xB + xL +

xT

z
) ⇡ f(xB + xL) ⇡ fA

q (xB)
<latexit sha1_base64="wLe8Zw+8sVZ5u8zVukrmEuNvL9Q="></latexit><latexit sha1_base64="wLe8Zw+8sVZ5u8zVukrmEuNvL9Q="></latexit><latexit sha1_base64="wLe8Zw+8sVZ5u8zVukrmEuNvL9Q="></latexit><latexit sha1_base64="wLe8Zw+8sVZ5u8zVukrmEuNvL9Q="></latexit>
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1� z
)p+y�1 ])

+
1
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"
~l? · (~l? � z~k?)
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~l? � z~k?)2

� 1

l2?

#
⇥

�
1� cos[xLp

+y�1 ]
�
)

�(0,~k?)

k2?
<latexit sha1_base64="wfNfWOmF9FNPGK/PQfbhBsztcy4="></latexit>

L Zhang, DF Hou, GY Qin 
 PRC 98.3 (2018): 034913

xB � xL,
xD

1� z
<latexit sha1_base64="Ph1AD4GORQBPjBRRXQgK/n4VGjc=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgoWE3Rt10IVpYWEQwD8iGZXYymwyZfTAzK4nLNjb+io2FIrb+g51/4+SBqPHAhcM593LvPU7IqJC6/qml5uYXFpfSy5mV1bX1jezmVl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP75yG/cEi5o4N/IYUjaHur61KUYSSXZ2d2BXYFWtwsH9tUhtFyOcDywL5LYOLpL7GxOz5dKRfPEhIqYp6ZRgEZeH+Ob5MAUVTv7YXUCHHnEl5ghIVqGHsp2jLikmJEkY0WChAj3UZe0FPWRR0Q7Hn+RwH2ldKAbcFW+hGP150SMPCGGnqM6PSR74q83Ev/zWpF0zXZM/TCSxMeTRW7EoAzgKBLYoZxgyYaKIMypuhXiHlJJSBVcRoUw8/IsqRfyxnG+cF3MlSvTONJgB+yBA2CAM1AGl6AKagCDe/AInsGL9qA9aa/a26Q1pU1ntsEvaO9fXs6X4g==</latexit>
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y

q

l

ν

xp x1p + k⊥

y1 y

q

l

ν

xp x1p + k⊥

y1

~l? = 0
<latexit sha1_base64="KtYx53VEDXoVr2Y3nLpUPac7YjE=">AAAB+nicbVDJSgNBEO2JW4zbRI9eGoPgKczEqJODEPTiMYJZIDOEnk4ladKz0N0TCWM+xYsHRbz6Jd78GzsLosYHBY/3qqiq58ecSWVZn0ZmZXVtfSO7mdva3tndM/P7DRklgkKdRjwSLZ9I4CyEumKKQysWQAKfQ9MfXk/95giEZFF4p8YxeAHph6zHKFFa6ph5dwQ05ZOOG4OI8SW2OmbBKlYqZefMwZo4545dwnbRmuGbFNACtY754XYjmgQQKsqJlG3bipWXEqEY5TDJuYmEmNAh6UNb05AEIL10dvoEH2uli3uR0BUqPFN/TqQkkHIc+LozIGog/3pT8T+vnaie46UsjBMFIZ0v6iUcqwhPc8BdJoAqPtaEUMH0rZgOiCBU6bRyOoSll5dJo1S0T4ul23KherWII4sO0RE6QTa6QFV0g2qojii6R4/oGb0YD8aT8Wq8zVszxmLmAP2C8f4F5w+TxA==</latexit>

~l? � ~k? = 0
<latexit sha1_base64="2eo4SZ1jiTyqGEDgFfJi5P2wSNY=">AAACCnicbVC7SgNBFJ2NrxhfUUub0SDYGHZj1E0hBG0sI5gHZJcwO7lJhsw+mJkNhCW1jb9iY6GIrV9g5984eShqPDBw7jn3cuceL+JMKtP8MFILi0vLK+nVzNr6xuZWdnunJsNYUKjSkIei4REJnAVQVUxxaEQCiO9xqHv9q7FfH4CQLAxu1TAC1yfdgHUYJUpLrey+MwCa8FHLiUBE+BhP6v5XfYHNVjZn5kulon1qY03sM9sqYCtvTvBNcmiGSiv77rRDGvsQKMqJlE3LjJSbEKEY5TDKOLGEiNA+6UJT04D4IN1kcsoIH2qljTuh0C9QeKL+nEiIL+XQ93SnT1RP/vXG4n9eM1Yd201YEMUKAjpd1Ik5ViEe54LbTABVfKgJoYLpv2LaI4JQpdPL6BDmTp4ntULeOskXboq58uUsjjTaQwfoCFnoHJXRNaqgKqLoDj2gJ/Rs3BuPxovxOm1NGbOZXfQLxtsnsRKaQA==</latexit>

y

q

l

ν

xp x1p + k⊥

y1

~l? � z~k? = 0
<latexit sha1_base64="v15t/jSCMszaZICLKsCkZ244HWw=">AAACC3icbZC7SgNBFIZnvcZ4i1raDAmCjWE3Rt0UQtDGMoK5QHYJs5OTZMjshZnZQFzS2/gqNhaK2PoCdr6Nk4uixh8Gfr5zDmfO70WcSWWaH8bC4tLyympqLb2+sbm1ndnZrckwFhSqNOShaHhEAmcBVBVTHBqRAOJ7HOpe/3Jcrw9ASBYGN2oYgeuTbsA6jBKlUSuTdQZAEz5qORGICB/h2wnof4FzbLYyOTNfKhXtExtrY5/aVgFbeXOib5NDM1VamXenHdLYh0BRTqRsWmak3IQIxSiHUdqJJUSE9kkXmtoGxAfpJpNbRvhAkzbuhEK/QOEJ/TmREF/Koe/pTp+onvxbG8P/as1YdWw3YUEUKwjodFEn5liFeBwMbjMBVPGhNoQKpv+KaY8IQpWOL61DmDt53tQKees4X7gu5soXszhSaB9l0SGy0BkqoytUQVVE0R16QE/o2bg3Ho0X43XaumDMZvbQLxlvn51DmsQ=</latexit>

Renormalization of  
quark distribution function 
/q-g correlation function

         LPM effect Renormalization of 
quark fragmentation 
function

Divergences in gluon spectrum with static s.c.

1

(~l? � ~k?)2
(1� cos[

(~l? � ~k?)2

2p+q�z(1� z)
p+y�1 ])

<latexit sha1_base64="lmLwYkUjLU3DMJzKY6bnfO9Ay64="></latexit>



2.Soft radiated gluon approximation

  the radiated gluon momentum fraction z     0

fA
q�
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<latexit sha1_base64="b3Kqtth28RvHiXDsL4A7lX7LCfg="></latexit>

Pqg(z) ⇡ 2/z
<latexit sha1_base64="AKInashLKNXsuEFxViOWX9XzRJk=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuolJrJruim5cVrAPaEOYTKft0MnDmYnYhoK/4saFIm79Dnf+jdMHotYDFw7n3Mu99/gxo0Ka5qeWWVhcWl7JrubW1jc2t/TtnZqIEo5JFUcs4g0fCcJoSKqSSkYaMSco8Bmp+/3LsV+/I1zQKLyRg5i4AeqGtEMxkkry9L2Kl952R4XhEWyhOObRPbSPh56eN41SqeicOlAR58yxbGgZ5gTfJA9mqHj6R6sd4SQgocQMCdG0zFi6KeKSYkZGuVYiSIxwH3VJU9EQBUS46eT8ETxUSht2Iq4qlHCi/pxIUSDEIPBVZ4BkT/z1xuJ/XjORHcdNaRgnkoR4uqiTMCgjOM4CtiknWLKBIghzqm6FuIc4wlIlllMhzL08T2q2YZ0Y9nUxX76YxZEF++AAFIAFzkEZXIEKqAIMUvAInsGL9qA9aa/a27Q1o81mdsEvaO9fctKVKg==</latexit>

no dependence on z except splitting function               ,     and

(H̃D
L )soft = · · ·

<latexit sha1_base64="0K9oGX+X+6NJ9W1cbstgk7M/LOA="></latexit>

(H̃D
R )soft = · · ·

<latexit sha1_base64="fzj3juVeDKaNJACnbBI4KKXTUf0="></latexit>



3. Static+Soft Approximations

Q2 � l2?
z(1�z) ,

k2
?

z(1�z) (                   )   as z      0     xB � xL,
xT

z

the gluon spectrum is 
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�(x,~k?)
<latexit sha1_base64="OAxKmvebJ3lt5dRWXhvF6eOEp5Q=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARFKQk4iMFFwU3LivYWmhCmExv7dBJMsxMiiVk46+4caGIWz/DnX/j9IH4OnDhcM693HtPKDhT2rY/rJnZufmFxcJScXlldW29tLHZVEkqKTRowhPZCokCzmJoaKY5tIQEEoUcbsL+xci/GYBULImv9VCAH5HbmHUZJdpIQWnbEz22f3foDYBm/TzIPAFS5AdBqWxXqtVj98TFhrinrnOEnYo9xhcpoynqQend6yQ0jSDWlBOl2o4ttJ8RqRnlkBe9VIEgtE9uoW1oTCJQfjZ+IMd7RungbiJNxRqP1e8TGYmUGkah6YyI7qnf3kj8z2unuuv6GYtFqiGmk0XdlGOd4FEauMMkUM2HhhAqmbkV0x6RhGqTWdGE8Oflv6R5VHHsinN1XK6dT+MooB20i/aRg85QDV2iOmoginL0gJ7Qs3VvPVov1uukdcaazmyhH7DePgFCi5bS</latexit><latexit sha1_base64="OAxKmvebJ3lt5dRWXhvF6eOEp5Q=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARFKQk4iMFFwU3LivYWmhCmExv7dBJMsxMiiVk46+4caGIWz/DnX/j9IH4OnDhcM693HtPKDhT2rY/rJnZufmFxcJScXlldW29tLHZVEkqKTRowhPZCokCzmJoaKY5tIQEEoUcbsL+xci/GYBULImv9VCAH5HbmHUZJdpIQWnbEz22f3foDYBm/TzIPAFS5AdBqWxXqtVj98TFhrinrnOEnYo9xhcpoynqQend6yQ0jSDWlBOl2o4ttJ8RqRnlkBe9VIEgtE9uoW1oTCJQfjZ+IMd7RungbiJNxRqP1e8TGYmUGkah6YyI7qnf3kj8z2unuuv6GYtFqiGmk0XdlGOd4FEauMMkUM2HhhAqmbkV0x6RhGqTWdGE8Oflv6R5VHHsinN1XK6dT+MooB20i/aRg85QDV2iOmoginL0gJ7Qs3VvPVov1uukdcaazmyhH7DePgFCi5bS</latexit><latexit sha1_base64="OAxKmvebJ3lt5dRWXhvF6eOEp5Q=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARFKQk4iMFFwU3LivYWmhCmExv7dBJMsxMiiVk46+4caGIWz/DnX/j9IH4OnDhcM693HtPKDhT2rY/rJnZufmFxcJScXlldW29tLHZVEkqKTRowhPZCokCzmJoaKY5tIQEEoUcbsL+xci/GYBULImv9VCAH5HbmHUZJdpIQWnbEz22f3foDYBm/TzIPAFS5AdBqWxXqtVj98TFhrinrnOEnYo9xhcpoynqQend6yQ0jSDWlBOl2o4ttJ8RqRnlkBe9VIEgtE9uoW1oTCJQfjZ+IMd7RungbiJNxRqP1e8TGYmUGkah6YyI7qnf3kj8z2unuuv6GYtFqiGmk0XdlGOd4FEauMMkUM2HhhAqmbkV0x6RhGqTWdGE8Oflv6R5VHHsinN1XK6dT+MooB20i/aRg85QDV2iOmoginL0gJ7Qs3VvPVov1uukdcaazmyhH7DePgFCi5bS</latexit><latexit sha1_base64="OAxKmvebJ3lt5dRWXhvF6eOEp5Q=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARFKQk4iMFFwU3LivYWmhCmExv7dBJMsxMiiVk46+4caGIWz/DnX/j9IH4OnDhcM693HtPKDhT2rY/rJnZufmFxcJScXlldW29tLHZVEkqKTRowhPZCokCzmJoaKY5tIQEEoUcbsL+xci/GYBULImv9VCAH5HbmHUZJdpIQWnbEz22f3foDYBm/TzIPAFS5AdBqWxXqtVj98TFhrinrnOEnYo9xhcpoynqQend6yQ0jSDWlBOl2o4ttJ8RqRnlkBe9VIEgtE9uoW1oTCJQfjZ+IMd7RungbiJNxRqP1e8TGYmUGkah6YyI7qnf3kj8z2unuuv6GYtFqiGmk0XdlGOd4FEauMMkUM2HhhAqmbkV0x6RhGqTWdGE8Oflv6R5VHHsinN1XK6dT+MooB20i/aRg85QDV2iOmoginL0gJ7Qs3VvPVov1uukdcaazmyhH7DePgFCi5bS</latexit>

non-perturbative
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<latexit sha1_base64="BTw6ohBO2uEQz3j+37APWlHwfUY="></latexit>



TMD gluon pdf relation to transport parameter q̂

q̂ =
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N2
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Z
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One method : Static potential model to calculate q̂
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<latexit sha1_base64="mFwzPRsZzZPhWAwT09/GmrHw5GI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiZdkNUTfgIZCLxyjmAckSZieTZMzszjIzK4Ql/+DFgyJe/R9v/o2TB6LGgoaiqpvuriDmTGnH+bRWVtfWNzYzW9ntnd29/dzBYUOJRBJaJ4IL2QqwopxFtK6Z5rQVS4rDgNNmMKpO/eYDlYqJ6E6PY+qHeBCxPiNYG6lR7RYLt2fdXN6xy+WSd+4hQ7wLzy0i13Zm+CZ5WKDWzX10eoIkIY004ViptuvE2k+x1IxwOsl2EkVjTEZ4QNuGRjikyk9n107QqVF6qC+kqUijmfpzIsWhUuMwMJ0h1kP115uK/3ntRPc9P2VRnGgakfmifsKRFmj6OuoxSYnmY0MwkczcisgQS0y0CShrQlh6eZk0irbr2O5NKV+5WsSRgWM4gQK4cAkVuIYa1IHAPTzCM7xYwnqyXq23eeuKtZg5gl+w3r8AliKOdQ==</latexit><latexit sha1_base64="mFwzPRsZzZPhWAwT09/GmrHw5GI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiZdkNUTfgIZCLxyjmAckSZieTZMzszjIzK4Ql/+DFgyJe/R9v/o2TB6LGgoaiqpvuriDmTGnH+bRWVtfWNzYzW9ntnd29/dzBYUOJRBJaJ4IL2QqwopxFtK6Z5rQVS4rDgNNmMKpO/eYDlYqJ6E6PY+qHeBCxPiNYG6lR7RYLt2fdXN6xy+WSd+4hQ7wLzy0i13Zm+CZ5WKDWzX10eoIkIY004ViptuvE2k+x1IxwOsl2EkVjTEZ4QNuGRjikyk9n107QqVF6qC+kqUijmfpzIsWhUuMwMJ0h1kP115uK/3ntRPc9P2VRnGgakfmifsKRFmj6OuoxSYnmY0MwkczcisgQS0y0CShrQlh6eZk0irbr2O5NKV+5WsSRgWM4gQK4cAkVuIYa1IHAPTzCM7xYwnqyXq23eeuKtZg5gl+w3r8AliKOdQ==</latexit><latexit sha1_base64="mFwzPRsZzZPhWAwT09/GmrHw5GI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiZdkNUTfgIZCLxyjmAckSZieTZMzszjIzK4Ql/+DFgyJe/R9v/o2TB6LGgoaiqpvuriDmTGnH+bRWVtfWNzYzW9ntnd29/dzBYUOJRBJaJ4IL2QqwopxFtK6Z5rQVS4rDgNNmMKpO/eYDlYqJ6E6PY+qHeBCxPiNYG6lR7RYLt2fdXN6xy+WSd+4hQ7wLzy0i13Zm+CZ5WKDWzX10eoIkIY004ViptuvE2k+x1IxwOsl2EkVjTEZ4QNuGRjikyk9n107QqVF6qC+kqUijmfpzIsWhUuMwMJ0h1kP115uK/3ntRPc9P2VRnGgakfmifsKRFmj6OuoxSYnmY0MwkczcisgQS0y0CShrQlh6eZk0irbr2O5NKV+5WsSRgWM4gQK4cAkVuIYa1IHAPTzCM7xYwnqyXq23eeuKtZg5gl+w3r8AliKOdQ==</latexit><latexit sha1_base64="mFwzPRsZzZPhWAwT09/GmrHw5GI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiZdkNUTfgIZCLxyjmAckSZieTZMzszjIzK4Ql/+DFgyJe/R9v/o2TB6LGgoaiqpvuriDmTGnH+bRWVtfWNzYzW9ntnd29/dzBYUOJRBJaJ4IL2QqwopxFtK6Z5rQVS4rDgNNmMKpO/eYDlYqJ6E6PY+qHeBCxPiNYG6lR7RYLt2fdXN6xy+WSd+4hQ7wLzy0i13Zm+CZ5WKDWzX10eoIkIY004ViptuvE2k+x1IxwOsl2EkVjTEZ4QNuGRjikyk9n107QqVF6qC+kqUijmfpzIsWhUuMwMJ0h1kP115uK/3ntRPc9P2VRnGgakfmifsKRFmj6OuoxSYnmY0MwkczcisgQS0y0CShrQlh6eZk0irbr2O5NKV+5WsSRgWM4gQK4cAkVuIYa1IHAPTzCM7xYwnqyXq23eeuKtZg5gl+w3r8AliKOdQ==</latexit>
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3. Static+Soft Approximations



�(0,~k?)substitute            into gluon spectrum, one get

agrees with of GLV result at first order in opacity  

arguments in Cosine function 
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3. Static+Soft Approximations
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Numerical Comparisons

Results and Approximations

  Plot the integration kernel of gluon spectrum
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Summary

Radiative gluon spectrum (energy loss) in SIDIS. Relax               
the            approximation in HT.   

  
Approximately factorize TMD gluon pdf from TMD quark-
gluon correlation function. TMD (generalized) transport 
coefficient relate to TMD gluon pdf 

Our result with static scattering center and soft radiative 
gluon approximations agrees with GLV result 

Further work

implementation into CoLBT-Hydro Model
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k? ⌧ l?

Investigate the divergences, other observable (single inclusive jet)  
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