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Exclusive processes (at small-x) from IP-SAT

Back-to-back enhancement of Exclusive Dijet 
production from Impact parameter Saturation 

(IP-SAT) dipole model

Coherent and Incoherent Vector Meson 
production from IP-SAT (=bSat) dipole 

model (compared to no saturation)

Exclusive Dijets Vector Meson production
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T. Altonoluk, N. Armesto, G. Beuf. A, 
Rezaeian. Phys.Lett.B 758 (2016) 373-383
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Exclusive dijet production at small-x 
from CGC

Diffractive dijet production in impact parameter dependent saturation models 
FS, B. Schenke. Phys. Rev. D 100, 034007 (2019) 

Diffractive dijet production and Wigner distributions from the color glass condensate 
H. Mäntysaari, N. Mueller, B. Schenke. Phys. Rev. D 99, 074004 (2019)
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Look also at Heikki’s talk at Temple meeting: https://indico.bnl.gov/event/7449/contributions/35851/).



Exclusive dijet production from CGC

Effective vertices dipole interaction 
with target through Wilson lines,  

the rest is pQCD (at partonic level)

Exclusive process is sensitive 
to 2-point Wilson line 

correlator (project to color 
singlet)

=

Effective vertex resums multiple gluon exchanges
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The dipole picture: Wilson lines correlators
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gauge field (small-x)
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     probed depends on final 
state kinematics 

photon virtuality

center of momentum energy

M2
inv ⇡ 4P 2

?
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Requirement of small                     restricts the 
phase space, large invariant mass probes large

At EIC energies: momentum imbalance

Exclusive dijet production from CGC
The dipole picture: Kinematics

~ mean jet momenta
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Exclusive dijet production
Dipole picture and IPSAT

IP-SAT and b-CGC include impact parameter dependence, but do not include dependence on dipole orientation.

Impact Parameter Saturation (IP-SAT)
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Impact parameter  
dependence
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no angular correlations between       and    
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Color Glass Condensate: 

Exclusive dijet production
Color Glass Condensate and dipole angular correlations
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Exclusive dijet production from CGC

Δ⊥

In the back-to-back limit                    and photo-production            , 
there is a direct relation with gluon dipole Wigner distribution.
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Angular dependence allows access to elliptic part of Wigner.

A beautiful connection:
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Cross-section:

Correlator of 2-light-like Wilson lines 
(scattering of dipole)
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Color Glass Condensate and dipole angular correlations

S(2)(r?, b?)xg =
1

Nc

D
Tr

h
V
⇣
b? +

r?
2

⌘
V †

⇣
b? � r?

2

⌘iE

xg
<latexit sha1_base64="TWiIZH1xVTwYBdbU346WvXQT9io="></latexit>



0 0.5 1 1.5 2 2.5

10-6

10-4

10-2

100

102

Longitudinal
Transverse
Total

Proton
Q2 = 1.0 GeV2

P = 1.0 GeV

0 1 2 3 4 5 6
10-4

10-2

100

102

Longitudinal
Transverse
Total

Proton
Q2 = 1.0 GeV2

 = 0.1 GeV 

Numerical results: differential cross section*
-dependence of angle averaged differential 

cross section
P -dependence of angle averaged differential 

cross section
P

Dip-like structures due to saturation 
(otherwise Gaussian).

Dip structure due to the behavior of the photon-
dipole splitting function (longitudinal)
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Exclusive dijet production from CGC

FS, B. Schenke. Phys. Rev. D 100, 034007 (2019) 
H. Mäntysaari, N. Mueller, B. Schenke. Phys. Rev. D 99, 074004 (2019)*massive quarks

massive quarks



Numerical results: Elliptic anisotropy*
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Exclusive dijet production from CGC

FS, B. Schenke. Phys. Rev. D 100, 034007 (2019) 
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Virtual Compton Scattering and Vector 
Meson production at small-x from CGC

Virtual Compton Scattering and Vector Meson production: correlation with electron angle from CGC 

(work in progress with H. Mäntysaari, K. Roy, B. Schenke)
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Virtual Compton Scattering
Amplitude, electron-photon correlations and polarization change
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dominant contribution 
(polarization preserving)
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*Not considering Bethe-Heitler contribution (supressed at small-x)

Y. Hatta, B. Xiao, F. Yuan. Phys. Rev. D 95, 114026 (2017)
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Virtual Compton Scattering
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Non-forward phase and dipole angular correlations
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Polarization changes due to:

• non-forward phase (kinematic)

• dipole angular correlations between       and 
(dynamical)*

�
<latexit sha1_base64="zfvLwq2m07+AH9ZRWscgUpUTo3k=">AAACMnicbVDLTsJAFJ3iC+sLNK7cNBITV6RFE10S3bjERB4JEDKdXmDCdNrM3BpIw0e41d/wZ3Rn3PoRDoWFgCeZ5OSce+fee/xYcI2u+2HlNja3tnfyu/be/sHhUaF43NBRohjUWSQi1fKpBsEl1JGjgFasgIa+gKY/up/5zWdQmkfyCScxdEM6kLzPGUUjNTvClAa0Vyi5ZTeDs068BSmRBWq9onXaCSKWhCCRCap123Nj7KZUIWcCpnYn0RBTNqIDaBsqaQi6m2b7Tp0LowROP1LmSXQy9W9HSkOtJ6FvKkOKQ73qzcT/vHaC/dtuymWcIEg2H9RPhIORMzveCbgChmJiCGWKm10dNqSKMjQRLU3J/o6BLV2SjhPJWRTAiipwjIpObds2QXqrsa2TRqXsXZUrj9el6t0i0jw5I+fkknjkhlTJA6mROmFkRF7IK3mz3q1P68v6npfmrEXPCVmC9fMLA7eqXg==</latexit>

�0
<latexit sha1_base64="pKETtpfAzpHuzBbH1tY6+w1++ZY=">AAACM3icbVDLTsJAFJ36xPoCjSs3jcToirRookuiG5eYyCMBQqbTC0yYTpuZWwNp+Am3+ht+jHFn3PoPDoWFgCeZ5OSce+fee/xYcI2u+2GtrW9sbm3nduzdvf2Dw3zhqK6jRDGosUhEqulTDYJLqCFHAc1YAQ19AQ1/eD/1G8+gNI/kE45j6IS0L3mPM4pGaraFKQ3oRTdfdEtuBmeVeHNSJHNUuwXrpB1ELAlBIhNU65bnxthJqULOBEzsdqIhpmxI+9AyVNIQdCfNFp4450YJnF6kzJPoZOrfjpSGWo9D31SGFAd62ZuK/3mtBHu3nZTLOEGQbDaolwgHI2d6vRNwBQzF2BDKFDe7OmxAFWVoMlqYkv0dA1u4JB0lkrMogCVV4AgVndi2bYL0lmNbJfVyybsqlR+vi5W7eaQ5ckrOyCXxyA2pkAdSJTXCiCAv5JW8We/Wp/Vlfc9K16x5zzFZgPXzC3Egqo8=</latexit>

�⇤
<latexit sha1_base64="1Iy44iMVUQBghWZzAzaItxy7O6w=">AAACM3icbVDLSgNBEJz1Gde34snLYhDEQ9iNgh5FLx4jGBNIovROOnFwZnaZ6RXDkp/wqr/hx4g38eo/OIk5mMSCgaKqe7q74lQKS2H47s3Mzs0vLBaW/OWV1bX1jc2tG5tkhmOVJzIx9RgsSqGxSoIk1lODoGKJtfjhYuDXHtFYkehr6qXYUtDVoiM4kJPqzS4oBbeHdxvFsBQOEUyTaESKbITK3aa302wnPFOoiUuwthGFKbVyMCS4xL7fzCymwB+giw1HNSi0rXy4cD/Yd0o76CTGPU3BUP3bkYOytqdiV6mA7u2kNxD/8xoZdU5budBpRqj576BOJgNKgsH1QVsY5CR7jgA3wu0a8HswwMllNDZl+HeKfOyS/CnTgidtnFAlPZGBvu/7LshoMrZpclMuRUel8tVx8ex8FGmB7bI9dsAidsLO2CWrsCrjTLJn9sJevTfvw/v0vn5LZ7xRzzYbg/f9A3ZyqpI=</latexit>

�
<latexit sha1_base64="8x1xvIVvbnFG8M1ST5kWcCgzq6s=">AAACMXicbVDLSgNBEJz1GddXonjyshgET2FXBT2KXjwqmERIQuiddJLRmdllplcMS/7Bq/6GX+NNvPoTTh4HEy0YKKq6p7srTqWwFIYf3sLi0vLKamHNX9/Y3NoulnZqNskMxypPZGLuY7AohcYqCZJ4nxoEFUusx49XI7/+hMaKRN/RIMWWgp4WXcGBnFRr9kApaBfLYSUcI/hLoikpsylu2iVvr9lJeKZQE5dgbSMKU2rlYEhwiUO/mVlMgT9CDxuOalBoW/l43WFw6JRO0E2Me5qCsfq7Iwdl7UDFrlIB9e28NxL/8xoZdc9budBpRqj5ZFA3kwElwej2oCMMcpIDR4Ab4XYNeB8McHIJzUwZ/50in7kkf8604EkH51RJz2Rg6Pu+CzKaj+0vqR1XopPK8e1p+eJyGmmB7bMDdsQidsYu2DW7YVXG2QN7Ya/szXv3PrxP72tSuuBNe3bZDLzvHzShqfY=</latexit>

ATT =
4Ncq2f
(2⇡)2

Z
d2b?e

�i�?·b?

Z 1

0

dz

4⇡

⇥
z2 + (1� z)2

⇤ Z
d2r?e

�i�?·r?"K1("r?)
1

r?
D (r?, b?)

<latexit sha1_base64="WFfRgUrk8vUpxZCIvI6hbRRdzF8="></latexit>

ATT,flip = �
8Ncq2f
(2⇡)2

Z
d2b?e

�i�?·b?

Z 1

0

dz

4⇡
z(1� z)

Z
d2r?e

�i�?·r?e2i�r�"K1("r?)
1

r?
D (r?, b?)

<latexit sha1_base64="+U2TVyWkATKe9gU1adC5iospgfg="></latexit>

ALT = �
i4
p
2Ncq2f

(2⇡)2

Z
d2b?e

�i�?·b?

Z 1

0

dz

4⇡
z(1� z)(2z � 1)

Z
d2r?e

�i�?·r?ei�r�QK0("r?)
1

r?
D (r?, b?)

<latexit sha1_base64="6Mn+XzyYfXVTTZ3iVYYw8Xw3F+c="></latexit>

"2 = z(1� z)Q2
<latexit sha1_base64="lphiXcH2gtPnLluBCxdxXNnqRsA="></latexit>

Y. Hatta, B. Xiao, F. Yuan. Phys. Rev. D 95, 114026 (2017)

Expressions for           are consistent with results in A��0
<latexit sha1_base64="d8v4jK4UbECoWh3tdCJgrV58k1E="></latexit>

*Connection to GPDs in the collinear limit. Access 
helicity flip gluon GPD.

D(r?, b?) = 1� S(2)(r?, b?)xg
<latexit sha1_base64="k1uppZZDy80BJ9lzR4zrWJlWGwU="></latexit>



Virtual Compton Scattering
GBW dipole, proton (work in progress)

GBW dipole with modulations (   nonzero)c̃
<latexit sha1_base64="M5kT61/yTk7m7RFCBoMkSYSy33s=">AAACNHicbVDLSsNAFJ34rPHVKq7cBIvgqiRV0GXRjcsK9iFtKZPJbTt0MgkzN9IS+hVu9Tf8F8GduPUbnKZd2NYDA4dz7p177/FjwTW67oe1tr6xubWd27F39/YPDvOFo7qOEsWgxiIRqaZPNQguoYYcBTRjBTT0BTT84d3UbzyD0jySjziOoRPSvuQ9ziga6amNXASQskk3X3RLbgZnlXhzUiRzVLsF66QdRCwJQSITVOuW58bYSalCzgRM7HaiIaZsSPvQMlTSEHQnzTaeOOdGCZxepMyT6GTq346UhlqPQ99UhhQHetmbiv95rQR7N52UyzhBkGw2qJcIByNner4TcAUMxdgQyhQ3uzpsQBVlaEJamJL9HQNbuCQdJZKzKIAlVeAIFZ3Ytm2C9JZjWyX1csm7LJUfroqV23mkOXJKzsgF8cg1qZB7UiU1wkhIXsgrebPerU/ry/qela5Z855jsgDr5xcyHqt+</latexit>GBW dipole c̃ = 0

<latexit sha1_base64="/Sny5gLzSYoh7TdSWpyxcVBnyjA=">AAACOHicbVDLSsNAFJ3UV42vqrhyM1gEVyWpgm6EohuXCrYV2iCTya0dOpnEmRuxhH6HW/0N/8SdO3HrFziNXdjqgYHDOfc1J0ylMOh5b05pbn5hcam87K6srq1vVDa3WibJNIcmT2Sib0JmQAoFTRQo4SbVwOJQQjscnI/99gNoIxJ1jcMUgpjdKdETnKGVgi4KGUHOR/SUereVqlfzCtC/xJ+QKpng8nbT2elGCc9iUMglM6bjeykGOdMouISR280MpIwP2B10LFUsBhPkxdUjum+ViPYSbZ9CWqi/O3IWGzOMQ1sZM+ybWW8s/ud1MuydBLlQaYag+M+iXiYpJnQcAY2EBo5yaAnjWthbKe8zzTjaoKa2FLNT4FM/yR8zJXgSwYwq8RE1G7mua4P0Z2P7S1r1mn9Yq18dVRtnk0jLZJfskQPik2PSIBfkkjQJJ/fkiTyTF+fVeXc+nM+f0pIz6dkmU3C+vgELbqxT</latexit>

significant increase in                   modulation due 
to dipole angular modulation

cos(2�e�)
<latexit sha1_base64="f9elH4NW7Pe6fiupCJlVwaBE89E=">AAACQnicbVDLSgMxFM3UVx1frdKVm8Ei6KbMVEGXoi5cVrAqdErJpLc2NJMMyR2xDP0Yt/ob/oS/4E7cujCddmGrBwKHc+4rJ0oEN+j7705hYXFpeaW46q6tb2xulcrbt0almkGTKaH0fUQNCC6hiRwF3CcaaBwJuIsGF2P/7hG04Ure4DCBdkwfJO9xRtFKnVIlZMoc1MOkzzsZhJcgkI4OO6WqX/NzeH9JMCVVMkWjU3YqYVexNAaJTFBjWoGfYDujGjkTMHLD1EBC2YA+QMtSSWMw7Sy/f+TtW6Xr9ZS2T6KXq787MhobM4wjWxlT7Jt5byz+57VS7J22My6TFEGyyaJeKjxU3jgMr8s1MBRDSyjT3N7qsT7VlKGNbGZLPjsBNvOT7CmVnKkuzKkCn1DTkeu6NshgPra/5LZeC45q9evj6tn5NNIi2SV75IAE5ISckSvSIE3CSEaeyQt5dd6cD+fT+ZqUFpxpzw6ZgfP9A8YisCE=</latexit>

angular modulation due solely non-forward phase
cos(�e�)

<latexit sha1_base64="k/HTLFS0cKkZe1t6tesmGgx1GtM=">AAACQXicbVDLSgMxFM34rOOrvlZuBougmzJTBV2KunBZwVahU0omvbXBTDIkd6R16L+41d/wK/wEd+LWjem0C1s9EDicc185USK4Qd9/d2Zm5+YXFgtL7vLK6tp6cWOzblSqGdSYEkrfRdSA4BJqyFHAXaKBxpGA2+jhYujfPoI2XMkb7CfQjOm95B3OKFqpVdwOmTIHYdLlrQzCSxBIB4etYskv+zm8vyQYkxIZo9racHbCtmJpDBKZoMY0Aj/BZkY1ciZg4IapgYSyB3oPDUsljcE0s/z8gbdvlbbXUdo+iV6u/u7IaGxMP45sZUyxa6a9ofif10ixc9rMuExSBMlGizqp8FB5wyy8NtfAUPQtoUxze6vHulRThjaxiS357ATYxE+yXio5U22YUgX2UNOB67o2yGA6tr+kXikHR+XK9XHp7HwcaYHskj1yQAJyQs7IFamSGmHkiTyTF/LqvDkfzqfzNSqdccY9W2QCzvcPQu6v5Q==</latexit>

dominant modulation

S(2)(r?, b?) = exp

⇢
�1

4
Q2

sr
2
?Tp(b?) (1 + c̃ cos(2�rb))

�

<latexit sha1_base64="h3O8zwNiX41F1JtrXvEEwk5huy0="></latexit>

GBW dipole:
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Virtual Compton Scattering
CGC dipole, proton (work in progress)

15

Differential cross section VCS 
from CGC dipole

Angular modulation between 
electron and photon

v n
(%

)
<latexit sha1_base64="nOYMQ2SPXZVkp+OQ4zYN6WeF7zU=">AAACPnicbVDLTgIxFO34dnyBxpWbRkKCGzKDJrokunGpiQgJENIpF2jodCbtHYRM+BS3+hv+hj/gzrh1aUEWAp6kycm5r9MTxFIY9Lx3Z2V1bX1jc2vb3dnd2z/IZA8fTZRoDhUeyUjXAmZACgUVFCihFmtgYSChGvRvJvXqALQRkXrAUQzNkHWV6AjO0EqtTLYRMuzpMB2MW4oWGvmzVibnFb0p6DLxZyRHZrhrZZ3jRjviSQgKuWTG1H0vxmbKNAouYew2EgMx433WhbqlioVgmunU+5jmrdKmnUjbp5BO1b8TKQuNGYWB7Zw4NYu1ifhfrZ5g56qZChUnCIr/HuokkmJEJ0HQttDAUY4sYVwL65XyHtOMo41r7sp0dwx87ifpMFGCR21YUCUOUbOx67o2SH8xtmXyWCr658XS/UWufD2LdIuckFNSID65JGVyS+5IhXDyRJ7JC3l13pwP59P5+m1dcWYzR2QOzvcPFvGuSA==</latexit>

*does not include JIMWLK evolution modulation of 15-20% for                cos(2�e�)
<latexit sha1_base64="f9elH4NW7Pe6fiupCJlVwaBE89E=">AAACQnicbVDLSgMxFM3UVx1frdKVm8Ei6KbMVEGXoi5cVrAqdErJpLc2NJMMyR2xDP0Yt/ob/oS/4E7cujCddmGrBwKHc+4rJ0oEN+j7705hYXFpeaW46q6tb2xulcrbt0almkGTKaH0fUQNCC6hiRwF3CcaaBwJuIsGF2P/7hG04Ure4DCBdkwfJO9xRtFKnVIlZMoc1MOkzzsZhJcgkI4OO6WqX/NzeH9JMCVVMkWjU3YqYVexNAaJTFBjWoGfYDujGjkTMHLD1EBC2YA+QMtSSWMw7Sy/f+TtW6Xr9ZS2T6KXq787MhobM4wjWxlT7Jt5byz+57VS7J22My6TFEGyyaJeKjxU3jgMr8s1MBRDSyjT3N7qsT7VlKGNbGZLPjsBNvOT7CmVnKkuzKkCn1DTkeu6NshgPra/5LZeC45q9evj6tn5NNIi2SV75IAE5ISckSvSIE3CSEaeyQt5dd6cD+fT+ZqUFpxpzw6ZgfP9A8YisCE=</latexit>

� & 1.0 GeV
<latexit sha1_base64="vRsIxEay9ngYLCfqzo4MmnsKOxA="></latexit>



Vector Meson Production

�
<latexit sha1_base64="zfvLwq2m07+AH9ZRWscgUpUTo3k=">AAACMnicbVDLTsJAFJ3iC+sLNK7cNBITV6RFE10S3bjERB4JEDKdXmDCdNrM3BpIw0e41d/wZ3Rn3PoRDoWFgCeZ5OSce+fee/xYcI2u+2HlNja3tnfyu/be/sHhUaF43NBRohjUWSQi1fKpBsEl1JGjgFasgIa+gKY/up/5zWdQmkfyCScxdEM6kLzPGUUjNTvClAa0Vyi5ZTeDs068BSmRBWq9onXaCSKWhCCRCap123Nj7KZUIWcCpnYn0RBTNqIDaBsqaQi6m2b7Tp0LowROP1LmSXQy9W9HSkOtJ6FvKkOKQ73qzcT/vHaC/dtuymWcIEg2H9RPhIORMzveCbgChmJiCGWKm10dNqSKMjQRLU3J/o6BLV2SjhPJWRTAiipwjIpObds2QXqrsa2TRqXsXZUrj9el6t0i0jw5I+fkknjkhlTJA6mROmFkRF7IK3mz3q1P68v6npfmrEXPCVmC9fMLA7eqXg==</latexit>

�⇤
<latexit sha1_base64="1Iy44iMVUQBghWZzAzaItxy7O6w=">AAACM3icbVDLSgNBEJz1Gde34snLYhDEQ9iNgh5FLx4jGBNIovROOnFwZnaZ6RXDkp/wqr/hx4g38eo/OIk5mMSCgaKqe7q74lQKS2H47s3Mzs0vLBaW/OWV1bX1jc2tG5tkhmOVJzIx9RgsSqGxSoIk1lODoGKJtfjhYuDXHtFYkehr6qXYUtDVoiM4kJPqzS4oBbeHdxvFsBQOEUyTaESKbITK3aa302wnPFOoiUuwthGFKbVyMCS4xL7fzCymwB+giw1HNSi0rXy4cD/Yd0o76CTGPU3BUP3bkYOytqdiV6mA7u2kNxD/8xoZdU5budBpRqj576BOJgNKgsH1QVsY5CR7jgA3wu0a8HswwMllNDZl+HeKfOyS/CnTgidtnFAlPZGBvu/7LshoMrZpclMuRUel8tVx8ex8FGmB7bI9dsAidsLO2CWrsCrjTLJn9sJevTfvw/v0vn5LZ7xRzzYbg/f9A3ZyqpI=</latexit>

�0
<latexit sha1_base64="pKETtpfAzpHuzBbH1tY6+w1++ZY=">AAACM3icbVDLTsJAFJ36xPoCjSs3jcToirRookuiG5eYyCMBQqbTC0yYTpuZWwNp+Am3+ht+jHFn3PoPDoWFgCeZ5OSce+fee/xYcI2u+2GtrW9sbm3nduzdvf2Dw3zhqK6jRDGosUhEqulTDYJLqCFHAc1YAQ19AQ1/eD/1G8+gNI/kE45j6IS0L3mPM4pGaraFKQ3oRTdfdEtuBmeVeHNSJHNUuwXrpB1ELAlBIhNU65bnxthJqULOBEzsdqIhpmxI+9AyVNIQdCfNFp4450YJnF6kzJPoZOrfjpSGWo9D31SGFAd62ZuK/3mtBHu3nZTLOEGQbDaolwgHI2d6vRNwBQzF2BDKFDe7OmxAFWVoMlqYkv0dA1u4JB0lkrMogCVV4AgVndi2bYL0lmNbJfVyybsqlR+vi5W7eaQ5ckrOyCXxyA2pkAdSJTXCiCAv5JW8We/Wp/Vlfc9K16x5zzFZgPXzC3Egqo8=</latexit>

J/ 
<latexit sha1_base64="HvozY5bVc8t6PDXvVhJ9RU8rn3s=">AAACMXicbVDLTgJBEJz1iesLNJ68bCQmnnAXTfRI9GI8YSKPBAiZHRoYmZ3dzPQayIZ/8Kq/4ddwM179CYeFg4CVTFKp6p7uLj8SXKPrTqy19Y3Nre3Mjr27t39wmM0dVXUYKwYVFopQ1X2qQXAJFeQooB4poIEvoOYP7qd+7RWU5qF8xlEErYD2JO9yRtFI1cfLZqR5O5t3C24KZ5V4c5Inc5TbOeuk2QlZHIBEJqjWDc+NsJVQhZwJGNvNWENE2YD2oGGopAHoVpKuO3bOjdJxuqEyT6KTqn87EhpoPQp8UxlQ7Otlbyr+5zVi7N62Ei6jGEGy2aBuLBwMnentTocrYChGhlCmuNnVYX2qKEOT0MKU9O8I2MIlyTCWnIUdWFIFDlHRsW3bJkhvObZVUi0WvKtC8ek6X7qbR5ohp+SMXBCP3JASeSBlUiGMvJA38k4+rE9rYn1Z37PSNWvec0wWYP38AsTlqbg=</latexit>

Numerical results for cross section and anisotropy coming soon!

�
p
2(2� y)

p
1� y [ALLATL +ALTATT +ALTATT,flip] cos (�e�)

<latexit sha1_base64="d5O/hzFGoQF09UnrYX/SfBHQaTs="></latexit>

+(1� y)
⇥
2ATTATT,flip +A2

TL

⇤
cos (2�e�)

)

<latexit sha1_base64="Wv/kXUSC/K2Aty8+caIE53OSHo0="></latexit>

and so on….

The amplitude have the form

"2f = m2
f + z(1� z)Q2

<latexit sha1_base64="eF844Wc6aiUpCw4sV1EMk3E7XM8="></latexit>

J/ 
<latexit sha1_base64="HvozY5bVc8t6PDXvVhJ9RU8rn3s=">AAACMXicbVDLTgJBEJz1iesLNJ68bCQmnnAXTfRI9GI8YSKPBAiZHRoYmZ3dzPQayIZ/8Kq/4ddwM179CYeFg4CVTFKp6p7uLj8SXKPrTqy19Y3Nre3Mjr27t39wmM0dVXUYKwYVFopQ1X2qQXAJFeQooB4poIEvoOYP7qd+7RWU5qF8xlEErYD2JO9yRtFI1cfLZqR5O5t3C24KZ5V4c5Inc5TbOeuk2QlZHIBEJqjWDc+NsJVQhZwJGNvNWENE2YD2oGGopAHoVpKuO3bOjdJxuqEyT6KTqn87EhpoPQp8UxlQ7Otlbyr+5zVi7N62Ei6jGEGy2aBuLBwMnentTocrYChGhlCmuNnVYX2qKEOT0MKU9O8I2MIlyTCWnIUdWFIFDlHRsW3bJkhvObZVUi0WvKtC8ek6X7qbR5ohp+SMXBCP3JASeSBlUiGMvJA38k4+rE9rYn1Z37PSNWvec0wWYP38AsTlqbg=</latexit>

• massive quarks
•           can have longitudinal polarization

Following a similar calculation to that of VCS we 
computed         production.J/ 

<latexit sha1_base64="HvozY5bVc8t6PDXvVhJ9RU8rn3s=">AAACMXicbVDLTgJBEJz1iesLNJ68bCQmnnAXTfRI9GI8YSKPBAiZHRoYmZ3dzPQayIZ/8Kq/4ddwM179CYeFg4CVTFKp6p7uLj8SXKPrTqy19Y3Nre3Mjr27t39wmM0dVXUYKwYVFopQ1X2qQXAJFeQooB4poIEvoOYP7qd+7RWU5qF8xlEErYD2JO9yRtFI1cfLZqR5O5t3C24KZ5V4c5Inc5TbOeuk2QlZHIBEJqjWDc+NsJVQhZwJGNvNWENE2YD2oGGopAHoVpKuO3bOjdJxuqEyT6KTqn87EhpoPQp8UxlQ7Otlbyr+5zVi7N62Ei6jGEGy2aBuLBwMnentTocrYChGhlCmuNnVYX2qKEOT0MKU9O8I2MIlyTCWnIUdWFIFDlHRsW3bJkhvObZVUi0WvKtC8ek6X7qbR5ohp+SMXBCP3JASeSBlUiGMvJA38k4+rE9rYn1Z37PSNWvec0wWYP38AsTlqbg=</latexit>

• need model for          light-cone wave-function 
(e.g Boosted Gaussian)

J/ 
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• Couple our DVCS/VM results to MC Event Generator (e.g. Sartre) 

• Include jet fragmentation to our partonic “dijet” cross-sections (e.g. Pythia)

• Study incoherent processes: 
incoherent diffractive dijets

incoherent DVCS/VM 
(electron angle correlations)

Some results can be found here: 
H. Mäntysaari, N. Mueller, FS, B. Schenke. 
Phys. Rev. Lett. 124, 112301 (2020)

currently working on this
with H. Mäntysaari, K. Roy, B. Schenke

Soft Gluon ressumation 

Y. Hatta, N. Mueller, T. Ueda, F. Yuan 
Phys.Lett.B 802, 135211 (2020)

• Include NLO contributions
Impact factor exclusive processes at NLO

R. Boussarie et al.

Phys.Rev.Lett. 119 (2017)    
JHEP 11 (2016) 149

NLO BK evolution 
T. Lappi, H. Mäntysaari, 
Phys. Rev. D 93, 094004 (2016)
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Thank you. 
 
             Any questions?


