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*Smell-xTMD factorization & NLO
( from full (GC computation]

based on

in collaboration with Paul laurel, Rejuvenugopelen, Bjrn
Schenke&Tomasz Stebe

Two-particle correlation in the CGC

CGC cross-section/amplitudes

I

convolution of perturbative fector (2)
werefunctions)

with correlator of Wilson lines

For example: y** A - dyet + X (enol

Gelis & Jalilian Marian (PRD2003)
d8 ~LO
i ky.(X1-x1)-ik(31-31) y

*

X S e 2

X1,X1
y13d

Isfaulttestaidedindealissetonoverthe↑grasp analytically
For incoherent diets see

③ Dionysios' telk

met



Dyet productionDIS in CGC @ NLO

Carce.1. Selezer, Venugopelen (THEP 2021)
inclusive

First complete NLO calculation fortwo-partide correlations

In the CGC: y* + A - dyet + X & NLO

Ex of diagrams
& NLO

me- inmet
real correction virtual correction

As usual introduce
a lower cut-off for momenta

modes

Calong projectile direction) no= Z.+
dimreg in"s"components

N20.Ifdowco= In [**2]Hsimmndoco + do-
-

Proof of LL JIMWLK fectorization expressed as
convolution of LC

⑭ with correlator of WilsonLines



Dyet productionDIS in CGC @ NLO
Carce.1. Selezer, Venugopelen (THEP 2021)

Impact feetor

mvolves color correlators D,Q.CID,
DQ&QQ

will,nonee
& convolutions with part factors

2

in (as)Isimmydo

For diff dyet see

Bousserie etal (JHEP 2016)

For dihedrons see Jamel's talk
↑only long pol ase

shown

Extremely difficultto evaluate
numerically

=>no phenomenology any time soon!

⑤



Smell-x TMD factorization & L0

Dominguez, Marquet, Xieo
& Yuan (PRD 2011)

proved smell-x TMDfectorization & 40

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

↳ forward jets high-energy limit (P1<W).
12 =k+Key

butback-to-beck
·

*-uain the q1
close to

transverse plane
=Kit

k2L

11

TMD built fromdo x Hz,Q,P1) G(Y,q1)t Wilson line correlators
↑
setoration as implicit

Lot of phenomenology e.g extensions such as ITMD see e.g
Dihadron correlations EIC

Rotko,kutck, Marquet,Petreska,Sapetas
anHemeren (SHEP

2015)

See Charlotte's talk
⑨ Bousserie,Mintyseer,Selzzer,

Schenke (THEP 2021)



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

2012 & PRD 2013)

soft gluon emission KIL
Kg1 generates

kg2e Imbalance
~rk I double

k2L

MYY postulated the sont
resumination ofsmelly&sudekov logs

- b1'11 - Sud(P2,b1)
do x H(z,Q,P1)I2 G(y,b1)2

LO
b1 ↑

obeys sndl-x
evolution

Sudekov
form fector: double log BK-JIMWLK/DMMX e1

92 Dominguez, Mueller,
S(P2,bs)=SN Satin () Munier, XIxo(PLB2011)
sud

"large logs incomplete cancellation,
betweenvirtuel & real

emissions

⑦



Our goal:
ij - b1'11 ↳j

- Sud(P2,b1)

dox H(z,G,P1(I2 G(y,b1)2
LO+NLO b1

⑪Whatevolution equation governs they
evolution of

↳ Kinematically constrained JIMWLK/DMMX?-G(Y,b1 )-
Is this equation related

to aceleq's known
in smellliterature.I

-
-

⑭ Is it possible to determine sudekov
double & logs?

⑰ censrepsmellfactorizedongrabares---
(In the impactfector) the

WW gluon dist

Iinpolarized & polerized)?
---

⑭ Put all ingredients together to produce complete
numerical results for dyet production in

DIS @NCO

⑧



the need for a kinematically constrained
Taels, Altinoluk

evolution (See Pieter's telk ( Marquet & Bef (TUEPCOZ
kg- photoproducti

.!-2

Kg
-

< NI kg-15 & I↓
⑰

Sudakov double

log with opposite sign! H kgf rg
correct Q

conclusion: Sudakor double log

Separating smell-x & Sudekov logs requires emmending
Smell-X evolution eq with a

kinematic constraint

Cordering in + 8-components)⑨



Sudakov fector: single & double & finite Na
obeys

Caucal, Selezer, Schenke
small-xevol Ola- I
with kinematic

& Venugopelen (JHEP 2022) constraint

- b1'11
↓

- Sud(P1,b1)
do a Holz,Q,P1) G(Y,b2) eI2 Ifinite pieces

b1 O(as)

Ssra(PL,bz),=SNTn(Yne) +.so-st]
So
=In (EzR). Sf

=Inc
- I intriguing

contribution
observed in coll feet

see e.g. Hatte, Xizo,Yuan,
Zhou (PRD 20211

⑩



- b1'11 - Sud(P2,b1)

Holz,Q,P1)I2 G(y,b1)2
b1

Ssrs(P2cb2)=SNSIn (E)

-Factorization of finite pieces
into WW

Caucal, Selezer, SchenkesStebel

finitepieces: & Venugopelen (2304.03304)

④ diagrams gluon does
not interactwith shock-ware

↳trivially(asno
cese)give

termsproportionalfora
e.g

metto anitto
=>>

as ho

-

⑰ diegrems gluon its with the shockwave I
additional zy coordinate

more complex color
->> correlators involvingmetto meet =>coordinate

↓S

usual correlation limits.
What about rebs?

(98 size)

⑪



Factorization of finite pieces
into WW

51-Ypj fourier transform

Explicit expension
in WebLFree

e

comes with powers YPI!

Leading contribution involves only
WWdistrib.

Physically, gluon rediction is
dominated by hard emissions

Yrzby Kg1P1

CLP) >I
Red emission crossing St

does not contribute
a LeadingPower

↳ All finite corrections & LP can
be absorbed

by defining new
NLO hard fector MNCs
eco Zizz In order to have LP-
- - 2 convergent

By product: fixesa
S1= 1 - Inti*↳ -

⑲ consistent with

HXYZ 2021



met

The missing "."Sudekov single log
One-loop correction

to background field

Ayela, Jellier
- Marien, CO).i AY:-)

e

Molerren & Venugopalen (PRD 1996)
Acx)=Ascel+

quantum correction
-

CO) cw

A""(x2) =YEw[Bo+finite pieces)
As (x2)

T
running of the coupling

&

-
2 Tr [veiviba) vointcos]
-

↳ (ybiM)=2)a renormalized, natural scale M=PL
P

↳
G(Y,bziM) =SMY2 6(Y,b): 65)I Ie
e

See Zhon
PRD2018

missing "o"Sudekor
->

for an
alternative
approach

⑬



Smell-x TMD fectorization & NLOCaucal, Selezer, SchenkesStebel

& Venugopelen (2304.03304)

- b1'11 -> Ssud(P1,b1)

do 2H [E,Q,P1iZf)I2 G(y,b1)2
I

LO+NLO

↑
b1 ↑ Yo

=In (70)

fully analytic DMMX eq Yf= In (zf)
contius in (*xs)

&

Setisfies k.c d

8 hiz residualitdeperee
Ssua(P1,b2) =JNtn(Y) +(a)-An(Y-

Seine as in CSS
discrepancy!

see.eg.

⑭ HXYZ 2021

mvolves color correlators D,Q.CID,
DQ&QQ

isll,none
e

2

in (as)Isimmydo

For diff dyet see
Bousserie etal (JHEP 2016)

For dihedrons see Jamel's talk

Extremely difficultto evaluate
numerically

=>no phenomenology any time soon!

⑤



Preliminary numerical results cancel, solezer, Schenkesstebel& Venugopelen (2304.03304)

*No evolution (only initial
conditions)

* Added non-perturbative sudekov
to avoid Lander pole

dor= SLdN"[I+vecos24+vecosYd]
o angle between P1

0 11

⑮

dor= SLdN"[I+vecos24+vacosYd]

dor= SLdN"[I+vecos24+vecosYd]



Caucal, Selezer, SchenkesStebelPreliminary numerical results & Venugopelen (2304.03304)

*No evolution (only initial
conditions)

Added non-perturbative sudekov
to avoid Lander pole

dor= SLdN"[I+vecos24+vecosYd]
↓angle between P2 & 11

⑯



dor= SLdN"[I+vecos24+vecosYd]Caucal, Selezer, SchenkesStebel

& Venugopelen (2304.03304)

Anew insight:from y to t evolution
2
+Q

2 M1q
-

Let's assume we can use
the Gaussian approximation My= co22

2

For BK our Kinematic constraint implies r => min (W25',VE)

scron- SEEO(-Y-InCrme)- [Sy(rzb)S(r2b)-sy(row]
&Y

canbecestas

first-JG(n-In(l) mime

Same eq
25 Duclove -> [An-inCrores) (rzb) Ar-Incrbrabig (rab) -Ancubbl)
Iancu, Mueller, Soyez

Trientafyllopoulos (THEP 2019) non-local equation

Relation S =An with eg=Ys+ InCr&2)-1n(xB;/x0)
between Y. In: YI if

evolution natural2

choiceNote when y=-Incrom) -> ng=In []*=E
- W2

Will cancel
I

Caucal, Selezer, SchenkesStebel

sudekov single log-1! 18& Venugopelen (in progress (



Smell-x TMD fectorization & NLO
ordered inn

- b1'11 - Sud(P1,b1)

do 2H (E,Q, P13 I2 G(1,1) e
LO+NLO

↑
b1 ↑ Mo

=0

fully analytic setisfiesR =In("xi
non-local

contains In(*s)
& dilogarithms

Ssua(P1,b)=JNt(a)-An(Y)
Seine as in CSS

see.eg.
Caucal, Selezer, SchenkesStebel HXYZ 2021

& Venugopelen (In progress (

⑱



Outlook

* Implement K.C.
evolution to our

numerical results

*Study dihedron prod
& UPCs

*Extend to other two-particle
correlation

(e.g in PA)

(a)



met



Beck-up
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Smell-xWW distribution

In G(x11) In [95/93] seturetion regime

-I
k

· Q5Y perturbative
tal

Int



K.[aX]
X
= Zizz(X-y)" +z,z3(X -z) +E2Es (y-

z)

- Zize r +Es(b-
z)

=zizz [ r2 +E(6-z)]
r1
- Y1 r(b-z us

↳ Essent


