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Inclusive prompt photon-jet correlations as a probe of 
gluon saturation
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• Prompt photon+quark production from CGC

• Numerical results: azimuthal angle correlations at EIC 

• Summary and Outlook
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Outline



Zheng, Aschenauer, Lee, Xiao. Phys. Rev. D 89, 074037 (2014) 

Dihadron correlations
Dihadron back-to-back suppression as a probe of gluon saturation
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e+p/A collisions
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p +p, TMD+ rcBK

d +Au, TMD+ rcBK

�p +p STAR-0.0047

�d +Au STAR -0.014

2.4 < y < 4

pt1 > 2 GeV

1 GeV < pt2 < pt1
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p+p / d+Au collisions

Albacete, Giacalone, Marquet, Matas. Phys. Rev. D 99, 014002 (2019)

see also: Mäntysaari, Lappi. Nucl.Phys. A908 (2013) 51-72



Inclusive prompt-photon+jet in ep-eA: 
collinear pQCD and CGC
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Prompt photon channels

quark initiated
gluon initiated
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dominant channel at small x!

Inclusive photon + jet from collinear pQCD
Prompt photon: quark initiated vs gluon initiated
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e+ p/A ! � + q +X
<latexit sha1_base64="9WOnVuOHLwBQ3lnnYlfI50G4yJY="></latexit>



Multiple scattering and Wilson line correlators

Dense gluon field needs resummation of multiple gluon interactionsAcl ⇠ 1/g
<latexit sha1_base64="QMNtnPX4YxI3mONg6+PloKpnxOQ="></latexit>

Light-like Wilson line:
j i + j i

Acl Acl Acl Acl

⌘ j i

q pp q p

Vij(x) = P exp
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ig

Z
dx�A+,a

cl (x, x�)ta
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<latexit sha1_base64="q5Km/bHs1uiFEOuBYSKc3pWGqvo="></latexit>

Inclusive prompt photon + jet from CGC
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Leading order (in CGC power counting) contribution 
prompt photon+quark production +3 diagrams
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<latexit sha1_base64="L2wneblqSy8AaavFL7re0VRAoK0="></latexit>

hard part Wilson line 
correlators

d��
⇤+A!q+�+X

LO
= H

q�⌦ ⌅
<latexit sha1_base64="q9B7G0IZCsqIVeC1317iTASB2CQ="></latexit>
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McLerran, Venugopalan. 
Phys.Rev.D 49 (1994) 2233-2241 
Phys.Rev.D 49 (1994) 3352-3355

dipole ( ), quadrupole ( ) …n = 2
<latexit sha1_base64="Z7NldXBYpybDNoc9Y/BZtU362/o="></latexit>

n = 4
<latexit sha1_base64="7MoJfhP3wDq2Yy8bXVZ2af3zX24="></latexit>



Inclusive prompt photon + jet from CGC
From prompt photon + dijet to prompt photon + jet
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• Consider separately longitudinally and transversely 
polarized virtual photon  contributionsγ*

• Fully worke out Dirac structure of all 
contributions to cross-section

Roy, Venugopalan. JHEP 05 (2018) 013Start from dijet+photon derived in

dijet+photon LO contributions (in CGC power counting)

Integrate phase-space of anti-quark (analytically):

• Isolate collinear singularity

Kolbé, Roy, FS, Schenke, Venugopalan. 2008.04372



subleading contributions in powers of           
contain correlators with derivatives of Wilson lines

The leading term of direct contribution 
(dominant for                ) contains only dipoles

Inclusive prompt photon + jet from CGC
Direct and fragmentation contributions
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indicates integrated over phase space

Fragmentation contribution matched to collinear 
singularity, includes both dipoles and quadrupole

k�,? & Qs
<latexit sha1_base64="NBqexdd0UtgOzlJyXv1/tq8XyJE="></latexit>

quadrupole Weizsacker-Williams gluon TMD

dipole dipole gluon TMD

Dominguez, Marquet, Xiao, Yuan. Phys.Rev.D 83 (2011) 

Kolbé, Roy, FS, Schenke, Venugopalan. 2008.04372

Qs/k�,?
<latexit sha1_base64="3PTSMjT/HrkgR6RVvOGDDD6vSWQ="></latexit>

d�q�
F / H

qq̄⌦ ⌅ ⌦Dq̄!�
<latexit sha1_base64="TajuSheyyIcRIfJ2j20BJrENvGc="></latexit>

d�q�
D / H

q�(l?; k, k�) ⌦ C(l?)
<latexit sha1_base64="x2VIc9VtXGyeE7zw5HIr3HFABo8="></latexit>



Numerical results for azimuthal angle 
correlations in prompt photon+jet at EIC
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Setup for prompt photon+quark production from CGC
Kinematics: Correlators and small-x evolution:

Observable:
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Small-x evolution of dipole: 
running coupling Balitsky Kovchegov equation

Lappi, Mäntysaari. Phys.Rev. D 88, 114020 (2013)

Balitsky. Phys.Rev.D 75 014001 (2007) 

C(��q�) =
dNq�(��q�)

dQ2dW 2

. dNq

dQ2dW 2
<latexit sha1_base64="QG4J1Y9oeJHVtfeHT/5nO4kff+I="></latexit>

correlation coefficient of direct photons 
(associated yield) for a quark/jet trigger

c.o.m. energy 

virtuality of photon probeQ2 = 1, 2, 4 GeV2
<latexit sha1_base64="cn3PeignFsPK+z48swkmAGfLKNc="></latexit>

y = 0.9
<latexit sha1_base64="VT1NreXX0rWhWiwFQj8HLWd1hTg=">AAACMnicbVBNS8NAEN34bfxWPHlZLIKnklRBPQiiF48KthXaUDbbabt0swm7E7GE/giv+jf8M3oTr/4It2kOtvXBwuO9mZ2ZFyZSGPS8D2dufmFxaXll1V1b39jc2t7ZrZk41RyqPJaxfgyZASkUVFGghMdEA4tCCfWwfzPy60+gjYjVAw4SCCLWVaIjOEMr1Qf0knrli9Z2ySt7Oegs8QtSIgXuWjvOfrMd8zQChVwyYxq+l2CQMY2CSxi6zdRAwnifdaFhqWIRmCDL9x3SI6u0aSfW9imkufq3I2ORMYMotJURw56Z9kbif14jxc55kAmVpAiKjwd1UkkxpqPjaVto4CgHljCuhd2V8h7TjKONaGJK/ncCfOKS7DlVgsdtmFIlPqNmQ9d1bZD+dGyzpFYp+yflyv1p6eq6iHSFHJBDckx8ckauyC25I1XCSZ+8kFfy5rw7n86X8z0unXOKnj0yAefnF+MrqS4=</latexit>

p
s = 90 GeV

<latexit sha1_base64="fqsBXPUuOzdjjxgDlcrznd91Eig="></latexit>

inelasticity
Initial conditions: 
modified McLerran Venugopalan (MVe) 
+ optical Glauber
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2.0 GeV < k?, k�,? < 3.0 GeV
<latexit sha1_base64="NjL/mzdCblpSSDvaCXNAOSlGfwk="></latexit>

photon and quark kinematics

Dipole correlator
1.2 < ⌘q, ⌘� < 1.7

<latexit sha1_base64="72je6wP5uh2PAWCTWy9UR7nw17k="></latexit>



Azimuthal angle correlations: prompt photon+quark
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for kinematics of the EIC

Two features: 

• Back-to-back (away side) peak, 
suppressed for e+A compared to e+p 

• Near side peak due to photon 
emitted collinearly from quark, not 
significantly affected by nuclear 
species.

Kolbé, Roy, FS, Schenke, Venugopalan. 2008.04372



Suppression and broadening of back-to-back peak due to nuclear enhancement of                           for min-bias. 
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<latexit sha1_base64="4qIT3KCqSNbWeZgid9nrAVkdMCw="></latexit>

Back-to-back (away side) peak suppression 
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Azimuthal angle correlations: prompt photon+quark
ReA =

C(��q�)[eAu]

C(��q�)[ep]
<latexit sha1_base64="2dGTL29x1lmLYNqrCG8toii3zqw="></latexit>

Kolbé, Roy, FS, Schenke, Venugopalan. 2008.04372
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Azimuthal angle correlations: prompt photon+quark
 dependence: a tuning knob from dilute to denseQ2

Suppression weakens as photon 
resolution  is increasedQ2

In the dilute limit ( ) the ratio Q2 ≫ Q2
s

ReA → 1

Virtuality of DIS provides an additional 
handle compared to p+A collisions

Kolbé, Roy, FS, Schenke, Venugopalan. 2008.04372  useful to characterize multiple scattering with 
dense gluon system

ReA



Azimuthal angle correlations: prompt photon+quark
Kinematics of the photon dependence
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dependence

suppression maximal when 

k�,?
<latexit sha1_base64="4zvm/PS/aPgID7HI1OUdaimd59M=">AAACPXicbVDLSgMxFM34dnxVxZWbwSK4kDKjgi5FNy4VrAptKXfS2xqaZEJyRyxD/8St/obf4Qe4E7duTWsXtnogcDjnvnJSI4WjOH4LpqZnZufmFxbDpeWV1bXS+saNy3LLscozmdm7FBxKobFKgiTeGYugUom3afd84N8+oHUi09fUM9hQ0NGiLTiQl5qlUrdZ1DugFOzXDVrTb5bKcSUeIvpLkhEpsxEum+vBVr2V8VyhJi7BuVoSG2oUYElwif2wnjs0wLvQwZqnGhS6RjE8vR/teqUVtTPrn6ZoqP7uKEA511Opr1RA927SG4j/ebWc2ieNQmiTE2r+s6idy4iyaJBD1BIWOcmeJ8Ct8LdG/B4scPJpjW0ZzjbIx35SPOZa8KyFE6qkR7LQD8PQB5lMxvaX3BxUksPKwdVR+fRsFOkC22Y7bI8l7Jidsgt2yaqMswf2xJ7ZS/AavAcfwedP6VQw6tlkYwi+vgF0tK6M</latexit>

k�,? ⇠ k?
<latexit sha1_base64="OHYKoN8ZW2MxraH5Z2/7IXXYS8w="></latexit>

suppression weakly depends on rapidity 
limited small-x evolution

dependence⌘�
<latexit sha1_base64="yawzNLpxagbpFSLirn0NUuTpdcI=">AAACNnicbVC7SgNBFJ31GddXoljZLAbBKuyqoKVoY6lgVEhCuDu5iYPzWGbuimHJZ9jqb/grNnZi6yc4iSlM9MDA4Zz7mpNmUjiK47dgZnZufmGxtBQur6yurZcrG9fO5JZjnRtp7G0KDqXQWCdBEm8zi6BSiTfp/dnQv3lA64TRV9TPsKWgp0VXcCAvNZpI0G72QClol6txLR4h+kuSMamyMS7alWCr2TE8V6iJS3CukcQZtQqwJLjEQdjMHWbA76GHDU81KHStYnTzINr1SifqGuufpmik/u4oQDnXV6mvVEB3btobiv95jZy6x61C6Cwn1PxnUTeXEZloGEDUERY5yb4nwK3wt0b8Dixw8jFNbBnNzpBP/KR4zLXgpoNTqqRHsjAIw9AHmUzH9pdc79eSg9r+5WH15HQcaYltsx22xxJ2xE7YObtgdcaZYU/smb0Er8F78BF8/pTOBOOeTTaB4OsbevmsHQ==</latexit>



fragmentation: sensitive to quadrupole correlator/ (unpol) Weizsacker Williams gluon TMD

suppression and broadening of back-to-back peak

Summary

• Computed inclusive prompt photon+quark differential cross-section within CGC

• Numerical study of azimuthal angle correlations at EIC

direct: sensitive to dipole correlator/ dipole gluon TMD 

study dependence on virtuality, and transverse momenta and rapidity of photon
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Outlook
• Extend our results to Next-to-Leading-Order (in CGC power counting)

• Incorporate Sudakov resummation

• Include fragmentation, parton shower and jet reconstruction

Numerical evaluation of: NLO impact factor +  NLO JIMWLK/BK

Studied in dihadron production in eA

Need reconstruction of small  jets  k⊥
Alternatively study prompt photon+hadron correlations

16

Zheng, Aschenauer, Lee, Xiao. Phys. Rev. D 89, 074037 (2014) 

Mueller, Xiao, Yuan. Phys.Rev.D 88 11, 114010 (2013) 

Roy, Venugopalan. Phys. Rev. D 101, 034028 (2020)

for p+A collisions: 

Jalilian-Marian, Rezaeian. Phys.Rev.D 86 034016 (2012)
Benić, Dumitru. Phys. Rev. D 97, 014012 (2018)

https://arxiv.org/search/hep-ph?searchtype=author&query=Beni%C4%87%2C+S
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