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Outline ②

· Part I : The Color Glass Condensete

an EFT for high parton
densities

sources & fields ,
Wilson lines ,

non-linear RG evolution ,

the seturation see

· Part It : Azimuthal particle
corveletion :

a window to
saturation

Dyet production
in DIS & 40 & NCO

the back-to-back limit
: CGCITMD correspondance

Joint small-x & Sudekov
resummation

Complete TMD fectorization
& 1-loop

predictions for the
Electron-Ion Collider



③

the Color Gless Condensate

Colored Gloss from Duke Chapel



The Color Glass Condensate Mchevron ,Venugopalen&
CPRD 1994)

sources us fields
gluon proliferate a

small-

3
large occupation number

strong fields
E

gluon density
setuuates

Separation of degrees of freedom : a

a large -x partons eat as
stochestic dessicel color sources I

& partons dynemiod garge field
A generated by 9 .

small-x



The Color Glass Condensate ⑤

Wilson lines
Fest moving parton propegeting on beckground field

the "shockware"
-

⑳ - +-33+ ... =Ne
①

igA(e) m the elkonal approx

resum all scatterings
In eskonal approx

enS(e-y-Je v(x2)
A > A1>>A

Wilson line :
& =
A
t

= 0

if dx A
+(x,x)

A
+

a SCx) V(x2) =I e
color rotation !



The Color Glass Condensate ⑥

non-linear RG evolution

energetic
parton rediate Ether

E -> - diagrams

dipole
Tr [V(x)V31)] Tr[V(s)t vt) t

P Vab(zs)]

doubledipole ↳ large No

ir[V(s) v+(z1)]Tr[V(z) v +c32)]
· leads to non-linear

RG

Balitsky-Rovchegov (BK) /

Jailian-Marian,
Fancu

,
Mchervan , Welgert , Leonidov :

Korner (JIMW(K)
known & NLL

eqS - resum large energy logs



The Color Glass Condensate ⑦

the seturation scale

T = 1- Tr[ver+3) nee
12

& probability that dipole interacts with shockwave"

after evolution
X. X ,

-

-..... - 1
T

strong- :
scattering Q (XI) < Qs(Xo]I ----

T -

weekattering
* Yas Yas (x) Yas(X0)

①s boundary between As grows with energy/sidler
x

week & strong Q5 x x
* Al3

scattering ~ nuchter dependanceW



⑧
Azimuthel particle correlations

a window to saturation

Whic observables are most sensitive

to energy & nuclear
size dependent

seturation scale ?



Hints of gluon seturation & RHIC
⑨

I ,,Ye1

x ,
= Ys (kze"+ kexe"~

x2
=

Yus (k1 * +kee)1

Ky + Key As E larger for nudel

↳ broadening &
suppression

M Q
SAAR Collaboration PRL 2022



D'jet production in DIS & 20 ⑳
Jallian-Marian ,

Gells (2003)
qM = (- xY2g- ,- , 01)

Kiz , Res transverse
momenta of q : I

z = KYG ,
1 - z = k2/G-

frections/ate q2= Ky + Ke1

light-cone

P1 = =(4-1 - k21)

yEA-qEtX
do-H(Q,; ) Xe

.eg(71 : 1 ,15)
X ↑

& striction sade impliat
perturbatively calculable /

distribution built from
Wilsonlines (dipole & quadrupole)



Dijet production in DIS & NL0
Reel Virtual Cancel , Selezar

~ venugopalen
(JMEP2021)

+ 15 diagrams + 23 diagrams

Regularization scheme jet Algorithm
dag &S
eac -> /d/deSa small cone

Zoq
*

- or anti K1-

cut-off dim-reg

Divergences
· kg- - = 2

UV · kg//k& K2 > Ye collinear

Wxz - 0
3

1

Ky- 0 & kg- 0 · by- 0 In (Yz0)

=> In(Yz0) soft "rapiditybed into JIMEE



WV YE ⑫

! . !
+ q-38

+ q=E

Soft In(Yz0)

E! - Em)-s.
I I + 14

+ q

Collineer &

La bewInfr ~!E-)+I
+ C .

C
.

All divergences Cancel
!

excep for In (Yz0)



Rapidity divergence & impact fector ⑬

divio=I danco (g)
Zo

If

a doncolo + I
*

d [dorco-dorco (0) O(zf-E e
donLo= Lo
-

Impect fector
↓ OIF

JIMWLK factorization -finite !

dENco(0) = H
=
dOco - H& H22G

JIMWLK

evolution of CO

Y= In (4z0)< = HLL G I color correlator



Review of back-to-back
limit ⑭

Dominguez , Marquet ,
Xieo &Yan (PRD 2011)

proved smell-x TMD fectorization & 40

In the correlation limit (92 >Qs<P1) and

↳ forward jets high-energy limit (P1) .

7

KIL
zj

= k+ Key

but back-to-beck
M

in the = P1= (4)-ks)

close to
transverse plane ↓ =Kit

k2L

"TMD" built fromdo < H ,Q ,P1) G(Y , 11) t Wilson line correlators
↑
setoration @s implicit

t of phenomenology e .g ·

Dihadron correlations EIC



Beyond 20 : soft gluon resummation ⑮
Mueller , Nico, Yuan (PRL

2012 & PRD 2013)

/
soft gluon emission

- Rg1 generates
kg2

L e Imbalance
Lee &~ ↑ ↓kew double

W

MYY postulated the joint resummation of
small-y & sudekov logs

- b1'11 - Ssud(P2 >b1)
do < H(z ,Q ,P1)I2 G(y , b1)2

LO
b1 ↑

obeys snat-x
evolution

Sudekov
form fector : double log BK-JIMWLK/DMMXe

92 Dominguez, Mueller,
sud

in ) Munier ,
XIxo(PLB2011)

S (4xb)= a t eI
Colby

11

large logs incomplete cancellation
1)

betweenvirtual & real
emissions



The needfor the kinematic constraint ⑯
Caucel

,
Selezer , Schenke ,Venugopelen (THEP2022)
Altinoluk, Deuf , Marquet ,Teels (THEP2022)

Photoproduction
Eg 2 2

zg
=

af

I - E
R

+

**·
s Ky1 Zg( = kez

I
v

I - < kgt
Ievolution 2 order in lifetime

Rinemetic constraint
If -

dovo= adorcold o (Eas-r? ) - (4) keYrLo
+ I d [donco-dorco (a) O(z-zg)O(E)
-

"correct impact factor dOIF"



Smell-x evolution in the back-to-back limit ⑰
If

-

2 Kinemetically consir

- I Gw LL evolution eq forLo - WW +]

What kind of logs are
we resumming ?

I
If 2

zo<Zg4- -> Er2
· war MayetOf

What's Zo ? Minimum light-cone frection

kI
zo =

=

Enginex
*

-
*
r

Phase spect

2

In (4m2)g(zg< Fer*-
Smell-X log



Impect fector in the back-to-back limit ⑱
Carcel

,
Selezer , Schenke ,

Stebel ,Venugopelan (THEP2023)

- b1'11

dOIF- H (EsQ ,
PL

·EfI2 Gww(b1)Ssud(P<>b1)
LO+NO

↑
b1

/fully analytic absorbs Sudekov

finite pieces not log
enhanced double & single

logs

PI

Ssua( ,b) =
=See Itin(iYre)+rin(z)- An(rY-

Nc 1

-
Seme as In CSS

discrepancy
see : eg .

HXYE 2021



Smell-x TMD fectorization .

& NLO ⑲
&

Combining evolution
& impact fector

& assumming
sudekov logs exponent for feator

-
- b1'11 Ssud(P1 >b1)

do a H20+No (E ,Q ,P1iZf)I2 G(y , b1)2
ww I

b1-

- TMD/UGD
Yo

= In (E0)
hard function Setisfies K. d

DMMX eq Yf = In (zf)
In repidity y

PI

Ssua( ,b) =
=See Itin(iYre)+rin(z)- An(rY-

Nc 1

-
Seme as In CSS

discrepancy I
see : eg .

HXYZ 2021

-



Smell-x TMD fectorization .

& NLO ⑳

From Y =
In (
*+z0) to 2 =

In (Y/xs) evolution
I

I

↳ evolution equation becomes
non-local

do a Ho+Nco (E ,Q ,P1) I
- b1'11

MS

Ssud(P1 >b1)
2 G( -b1)2

ww

b1 ↑ Mo
= 0

setisfies K .
C

non-al DMMX eq
= In("xs)

- endlogous to Dudove
etcl (THEP2019)

PI

Ssua( ,b) = -See Not In (Yr)+ (a)
- An(r]]
e

Seme as In CSS

see : eg .

HXYE 2021



Nuclear modification Retio ⑳
dN min-osss

ReA I e 3

is the

yield
* LO result

shows suppression &
Cronin peak

(broadening)

& N40 (Sudekov only)

Shows a slight suppression
but close to unity

* Full NLO (Sud-smell-x evol)

Show significat A-dependant

suppression !

Caucel
,
Selezer ,

Schenke
,
Stebel ,Venugopelen

spreprint)



Summary
⑫

· CGC is an effective theory
to describe the physics

of high parton density
& small-x

· Azimuthal correlation
are a promising

tool to

seerch for signatures of gluon
seturation

· We performed a complete
NLO calculation

for dyet production
in DIS within the COC

· We showed
TMD factorization (1-loop) at

small-x holds when jets
are back-to-back

· Provided numerical predictions for EIC
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Slides



The missing "s." sudakov single log
the beak-to-back limit

one has .

Simple obs :
In

ij
-

-> vjr; s Gww(b1)E

2

but & what scale Morun &s
& Grw ?

2

Let M
= C8/b2 < intrinsic scale of TMD

0

elect as (M) Gwwr(bcMo)
but Is typically runs of

hard scale P1
PL2C

- SdrYo(s() zww(b1 ,Mo)=

x>4) e u
e

Bo Sudekov log :



Factorization of finite pieces
into WW

-

finite pieces :

④ diagrams gluon does
not interact with shock-ware

·

trivially (as Lo
cesel give

terms proportional to ww
↳ seme color correlator
e -g

met o a it o
=>>

as 20

·

⑭ diegrems gluon ints with the shockwave I
additional Zy coordinet

more complex color
->> involvingmet - met correlator coordinate

usual correlation limit rsby ,
what about rabs ?

(19Size) 199 size)



Factorization of finite pieces
into WW

rzb1 r~Ypj fourier transform

Fre Explicit expension
in VzbL

comes with powers YPI !

Leading contribution involves only
WWdistrib .

Physically , gluon rediction
is dominated by hard emissions

Yrzby Kg1 P1

CLP)
Red emission crossing Sh

does not contribute
& LeadingPower

↳ All finite corrections & LP can
be absorbed

NLO herd feator HNL0by defining new eco Zizz In order to have LP- If --- convergent
P12+

2

PBy product : fives

yuset
↳Stil-In[+

*"I
L I

consistent -
with our expectation consistent with

HXY2 2021



X to t evolution
2

+②
2 M1q

Let's assume we can use the Gaussian approximation M1 --co22

For BK our Kinematic constraint implies re =
min (U25 , re)

Oscros= SEE O(-Y-InCrm)i [Sy(rzb)S(rzb)-Sycra-

&Y

Can be cast as ⑧ Acrob= E GC2-In())me
-

on
Same eq

/res)(rzb) Ar-Incrbrabig (rab) -AnCubbl)2S Duclove - [Ar-Incros
Iancu :

Mueller
, Soyez

Trientafyllopoulos (THEP 2019) non-local equation

with m = YS+ Inc r)- In (*)Relation SYS - Anf M1
between Y . &N :

evolution -

natural
Note when y=- InCrM) -> = In[] = r E choice

I --

- S
-> In(2t)Will cancel

&

sudekov single log-1 !



. Numericel Results


