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olliders: beautiful data
from Tevatron/LHC
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= S
Two particle correlations as probe to the
CGC gluon distributions

m Dilute + Dense scattering Jet 1

B+ A— Hi(k)) + Ho(ks) + X

m Correlation limit;
|Eu + EQ_L| L P (k1L — k91)/2
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" A
DIS dijet probes WW gluons

— ki
A = alky) + (k) + X e
oc: ~— Lz

S

m Hard interaction includes the gluon attachments to
both quark and antiquark

m The g, dependence probes the WW gluon

distribution at small-x
Dominguez-Marquet-Xiao-Yuan 2011;
See Tomasz and Farid’s talks
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" JE
Photon-jet correlation probes the dipole
gluon distribution

l\m’\}r\f\/\v l( 1

pA = (k1) +qlky) + X %& ;\\_ ks

m Naive kt-factorization would predict the same
g-dependence
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= S
Dijet-correlation at RHIC

m |nitial state and/or final state interactions N

kJ_

L

Boer-Vogelsang 03
P,S+ Al

Standard (naive) Factorization breaks!

Becchetta-Bomhof-Mulders-
Pijlman, 04-06
ceceee?] o Collins-Qiu 08; Vogelsang-Yuan 08
Rogers-Mulders 10; Xiao-Yuan, 10
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Modified factorization

m Dilute system on a dense target, in the large Nc
limit,
([O.(pA—>Dijet+X)

dP.S.
2
_leq (00) 25 [FOHD, 1+ FOHO)

q9—49 qg—)qg]
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32 |7 99 99—qq T gg—>99)
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Dominguez-Marquet-Xiao-Yuan 2011
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" A
m Hard partonic cross section

u? (5% + u?) 52 (8% + u?)

1 2 _
Hygosqg = _95ui2 Hagag = —250t2
¢ A‘2 AQ 2 AQ K2
g 2 (2 +u?) @ _ 1 4FE+a?)
99791 — N\ 2qt 0 997 YN, 52
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Although the individual diagram depends on the gauge,
the total contribution does not

Dominguez-Marquet-Xiao-Yuan 2011

‘ 6/28/23 9




" S

m Kt-dependent gluon distributions
‘Fé;) — IG(Q)(I‘-(]_L). 'Fq(g) = /;I‘C;(l)(ql) ® F(qo) .
Fod :/ GO (@) ® Fla). Fog) = / G @) @ Fla)
11

Fid) = /IG“)(ql) ® F(q2) ® F(q3) ,
m Color-dipole/CGC agrees with the above results

Dominguez-Marquet-Xiao-Yuan 2011
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= S
Various gluon distributions and their
contributions to the two particle correlation

Pert. Tail can not be
==) described by a
Gaussian

0 N AT
05 10 15
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Beyond leading order picture: additional
dynamics comes in

Soft gluon

/{—)(\{{‘/((\ M Q, P
3 Ky
A
5 kr
N
AO
X kT

m BFKL vs Sudakov resummations (LL)

r‘r’;>| ‘uf
| 12
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" S
Sudakov resummation at small-x

m [ake massive scalar particle production p+A->H+X
as an example to demonstrate the double
logarithms, and resummation

P17, o HM,

—> WW.-gluon distribution

P2 A€
do19) iz, %', ., -
—_— = — = Wil , S(W W) -
dydky ~ " / @2r)2 © Zogp(%o) (1, 7))
o SYW (w1, 91) = = (Tr (AU )V (920U (w2)U' (1))
— 6/28/23 13
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Explicit one-loop calculations

d 1 s
:Bogp(-'ro) / ?gKDMMX & S (l‘my‘_) + (—2) SH " (x;ay.L)Pq/’g & -’Bog(l‘o) )

m Collinear divergence = DGLAP evolution

m Small-x divergence = BK-type evolution
,':}l A Dominguiz-Mueller-Munier-Xiao, 2011
6/28/23



Soft vs Collinear gluons

m Radiated gluon momentum

kg = agpr + Bgpa + kg1
m Soft gluon, a~p<<1
m Collinear gluon, a~1, B<<1

m Small-x collinear gluon, 1-<<1, a->0
Rapidity divergence

A 6/28/23
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Final result

m Double logs at one-loop order

do(LO+NLO) 2z, d2171 - , )
dyd®k, k<@ T 70 (27)2 € SY =in1/za (T L, T )TGp(T, p* =

{1-}-%0}1
v

D)

2
L

@t _1( @1\
‘80 ].n Cg 2 ln Cg + 2 ]

m Collins-Soper-Sterman resummation (NLL)

do{resum) Pr T 4 sa@2) W
dydi’—kll'“’l«(‘):m)/W‘3 ke T S 1 (71, 7))
2
Qg T
Xz g,(z, p* = cg/r7) [1 + ?TNC] ;
{@ A Mueller, Xiao, Yuan 2013
| 6/28/23
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" A
Sudakov resummation in CGC:

other examples

m Dijet production in DIS (NLL)

Caucal-Salazar-Schenke-Venugopalan 2022, 2023
Paels-Altinoluk-Beuf-Marquet 2022

m Sudakov logs can be re-summed consistently in
the small-x formalism

m Kinematics of Sudakov logs and small-x evolution
are well separated

Soft vs collinear gluons

_ 6/28/23
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" A
Extend to dijet in hadronic processes:
count the leading double logs

m Each incoming parton contributes to a half of
the associated color factor

Initial gluon radiation, aka, TMDs
m Soft gluon radiation in collinear calculation also
demonstrates this rule
Sterman, et al

Sub-leading logs will be much complicated, usually
a matrix form

: \| 6/28/23 Mueller, Xiao, Yuan 2013
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" A
Beyond the leading double logs: collinear

m Jet size-dependence is computed by averaging the
azimuthal angle between the soft gluon and leading jet

m Matrix form due to colored final state Kidonakis-Sterman 1997
1 fa(x1, 0 = bo/b)x2 fo(x2, p = bo/b_l_)e—Ssud(Q2 b1)

Q du Q@ 4
Tr {Hab_)cdexp[— / —'YST]Sab—mdeXp[ / 'u’)’ ]]
bo/b, M bo/b, M

(Sun, C.-P. Yuan, F. Yuan, PRL 2014)

Q? du2 Q2 Q2 Q2
2 _ ap”
Ssua(Q2,b1) /bg/bi ) [1 (u )A+B+DllnP2R% +D2lnP%R%]

D: color-factor for the jet

r’\l |R jet size
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= S
Compare to the full calculations
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" S

Compare to the data
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NLL Resummation:
Sun,C.P.Yuan, F.Yuan, PRL2014
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Include Sudakov effects in the CGC for

di-hadron correlations
m Unintegrated gluon distributions w/ Sudakov, e.g.,
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https://arxiv.org/abs/1805.05712

Real data teach us more on the physics

m Compare pp to pA
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= S
Simple extraction of nuclear suppression
indicates a Pt-broadening effects

m Suppression factor depends on RpA
the background subtraction 1.4,

13

1 STAR fit: constant ?

background+simple Gaussian
shows no Pt-broadening

m Pt-broadening is not as profound
as our previous predictions

11t may change if different
background subtraction used

'-"'j'}l " 6/28/23 24

-l:




Looking forward

m \We need more data
Cross check the background! E.g., through charged particle
pairs, mixed pairs etc., and photon+hadron correlations

m \We need theory developments

Complete NLL resummation for dijet in hadronic collisions in
CGC (collinear framework done)

Need BK-JIMWLK evolution for all different UGDs, at least
qualitatively

”:>| "'| 6/28/23 25
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Photon-Jet correlation

m Leading order

o
-

Dipole gluon distribution

ceccee?] | 6/28/23
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= S
BK-evolution

ol

b
o

T |
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L

_S(Q) Ti, — /
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Soft gluon radiation

S=al Sl

g‘ @ S

) » |:><_% Cr + OA) 2 (QQ(IEL 0 yL)2>
ki H
oﬁ $ y

m A2 from (a,b) contribute to C¢/2 (jet)
m A2 from (c,d) contribute to Cr
m Interference contribute to 1/2Nc

rreee | 6/28/23
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= S
Di-jet correlations in pA

m Effective kt-factorization

do-(pA—>Dijet+X)
dP.S.
2
as 1) 77(1 (2) 17(2)
= z r1q(71) 52 .7:( )Hég)_)qg-l—f" )Hq(g—>qg]

a2
+ ;1‘19(41*1)725 []:g(;) (Hsgg%qq + Hg(;—mg)

+FD (Hghgg+ HE,,,) + FOH
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r;:r} ifi
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| |A1|29CA, |A2|29C|:/2’ |A3|29CF/2
H 2A1*(A2+A3)9'NC/2
m 2A,*A;, 1/Nc suppressed

6/28/23



— <_% 2 >1n2<622(mc%yﬁ2>

| |A1|29CF, |A2|29C|:/2’ |A3|2%CA/2
H 2A3*(A1 +A2)9'NC/2
m 2A*A,, large Nc suppressed
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| |A1|29CA, |A2|29CA/2’ |A3|29CA/2
| 2A1*(A2+A3)+2A2*A39'NC

6/28/23
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