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I) CGC basics

Ace by field generated by fast
(large-x) partons

↳
[DMs
= y = j]

eikonal current

X-

JM gMt(p(X,X))
↓ A= 0 gange*
Al= O & some

-A+(x5X1) = -g(x-jX)

initial repidity
Yo W

Non-pert input to describe sourcesf and its correlations

2 .g Mcherren-Venugopalen model (gxg))=Megabg)Yo ③



Parton propagating in the background field

#=
Effective querk (GC Vertex

T = 2 S(l
-

)y
=

(d
-x k(x1)-14

&

resums all elkonal
(coherent) scattering

with

by field At

Light-like Wilson
line

V(X) = De
ig (dx-A

+
(x>X)

· Similar expression for

gloom propagation &



Quark-nucleus scattering

#"Mruu())de
k = (0 , k, 01)

P = (( , p , P1)
2p

do -iP1 : (X-*1)

~ Jdxde S ]
Y

(2)

Sy() = +Gr[V(x2)vt(
*2)]Yy

Na

dipole
2pt correlator of Wilson

lines
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In the MV model :
2

do Q saturation scale

2- - PI/Os
implicat in dipole S2)e~ L

2
E

MV model

inpert
PL

Q M transverse

color charge

density

- X

Q increases with energy (RGE) : QSX
Xn0 . 3

2

QS increases with nuclear size
: ~As
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Deep inelastic scattering

ODIS(QYNCImTM
*A-y

*

A] < optiel
tha

↑ forward scatt emplitude

~
r = X1-Y1

dipole
↓

y 2

Im(M) = Jaxdy/I(Q ,zor)(x32)]
↑

QED ETy(X1 ,32)
⑦

RG evolution

~

~
(X -Y1)2
-asSdE1 (X -E1)4y1z1)2
[Sy(x2 . (2) - Sy(x2z2) Sy (32223]



RG evolution : gluons with
momentum 1Ckg* > K< N:

are accounted by sources ; but large corrections of typeLs In (ET)
In high energy limit &) No

q-

S-As
&Sy(X1c]1)

2
BR-equation-

Jy
-CNd (X -E1)491-51)

y= In (15/n: ) [Sy (x2z2) Sy (3222) - Sy (41 . (1) ]
Recover BERL S-1-T & T1
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Dipole amplitude

Ty (1) ---- ------ 2

- initial condition

scatteringFbecomesstronger"
Ars
more strongly scatters weeky satters strongly
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Confronting DIS with HERA

geometric soding
Reduced structure function

Hanninen et al (2020)

i = QY/Q5(*)
Stasto et al (2000)
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# CGC-TMD correspondence
(gluon TMDS)

Semi-inclusive dyjet production in
DIS

Y
*

(f) + A(qa) -> q(p)
+q(P)

S = (PA+q)2

M13
- = P+ Pes
high energy
limit kinematics P = & (P - P21)· due to multiple satt*

loop momentum

↓
C . C. emplitude

>

do ~SardH(B ,Q: ,1) Gy (42 :(l)- -I
pert computable correlator of

Wilson lines
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Momentum space expansion

For Kinematics 1 ,QsP ,Q

↳ Alm k@gPQ

Taylor expansion around I , ly

do Ha haJared 12Gy (R1 ;%()
↑-

[ Weizsacker
y
&
g -q Gar Williams
hard factor gwon TMD

knows about the physics
do n H(i ,Q) of saturation Qs
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A tale oftwo gluon distributions &

Correspondence can be shown for
other process eg

photon-jet/hedron in pA

but another TMD distribution emerges
: dipole-type

z ww

E I
X
E

only final state interections

W

both inte a
findseaSu 4
-
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Dijet production of
NLO

One-loop correction will generate large logs

CsIn(%2) a small- log
resums

Ls In2 (PY) Sudakov log sudakov
↓

- In (2)
do~H (P ,Q) Gy (k) e

↑ resums small-X log

Caucel ,FS ,Schenke, Stebel ,VenugopdauFor full NLO see
(2023)

needed to impose knematic
constraint

in small-x evolution ⑭



Pheno : dihedron production & EIC

Ad azimuthal angle
between hedrons

two-part-core
C(D)) =-

trigger

decorrelation due
to saturation

we expect further
decorrelation of lower-X.

/ higher energies
Aschenauer et (2014 (

Focal ?
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# Where are sea querks ?

Sea quarks are

numerous too&
low-X

they come from
splitting of low-X gluons

g- q

So where are they
in the shockwere ?

Do we need to
introduce a quark
background field ? ⑯



SIDIS

dofdFy(l)H(k↑

F Hourier transform of dipole

2
=

-l
-
-

↓ H-fdzTFCZE (4-1)2+z(-z)0 I
g

Study limit K ,QsQ

Controlled by end point 1-zm
***

=H()
A

sea quark MMD
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Sea querk TMD from small gluons

Ko (k(s)

qy(k) - Sat Fy(es)[1-(2-1) In (en)]
↑
dipole

a
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Two-partide correlations

We proved these correspondence for all two-particle

correlation involving one photon
when gg

E .g. 9g jet production in
DIS

are back-to-back

E
----

D-
2
-

3

i
we-----
-- -> ↑

TMD

- Same sea-querkE

y9-99. ↓ as SIDIS

donH(
,Q) fy(k) ⑲



Process dependence

gluon jet + photon production in pA

&
when gy#or - -

te-per
are back-to-back ~

IE
+u other

3
q5-yg

3
(e)

diagrams don H (PL) fy (KI)

both initial & final state interactions

q(x2) = &y (42)* F(KI)

gauge link structure
consitzt with Bomhogetal (2006)
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Summary
⑦ Rich correspondence between

CGC-TMD

↑

⑪ Two-particle azimuthal decorrection
a consequence

of saturation .
Need to study energy ,rapidity,

nuclear size dependence : RAIC ,
LHC
,
EFC

⑪ Extend CGC-TMD correspondence

to see-quark initiated channels

⑪




