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QCD at small x: gluon saturation

high gluon density: multiple eikonal scatterings

high energy: evolution in x via BK/JIMWLK

p: broadening

suppression of single inclusive spectra/away side peak

P,
A systematic formalism for multi-particle production in QCD 1)\ 93
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nuclear shadowing/modification factor, azimuthal correlations X
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connections to TMD,.... 4
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Probing CGC in high energy collisions

nucleus-nucleus collisions: “dense on dense” significant modeling/QGP

proton-nucleus collisions: “dilute on dense”

DIS: (inclusive/diffractive) much less modeling

structure functions

EIC

to start in ~ 10 years

particle production

angular correlations



CGC at RHIC

Single and double inclusive hadron production in dA collisions
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Dihadr()ns at EIC next talk by Alina Czajka
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SIDIS:
larger kinematic phase space than dihadrons

Sudakov effect can be avoided



SIDIS at small x: toward precision

F. Bergabo, JJM, JHEP 01 (2023) 095, and arXiv:2401.06259

Caucal, Ferrand, Salazar, arXiv:2401.01934
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One loop corrections - real diagrams

3-parton production: Ayala, Hentschinski, JJM, Tejeda-Yeomans
PLB 761 (2016) 229 and NPB 920 (2017) 232

Iancu, Mulian, JHEP 07 (2023) 121



One loop corrections — virtual diagrams

F. Bergabo and JJM, dihadrons, 2207.03606

P. Taels et al., djjets, 2204.11650
P. Caucal et al., dijets, 2108.06347 8



NLO corrections to SIDIS: some of the contributions are
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SIDIS at small x: NLO corrections

all quadrupole contributions cancel: dipoles only at leading N
cancelation of UV/soft divergences

rapidity/collinear divergences renormalize the dipoles/fragmentation functions

o1 AKX — 51 6 @ IIMWLK + 01,0 ® Dy /q(zn, 12) + gk

2
EIC will have a reasonably large window in Q? where Q% >> pf,h so that as log (sz ) ~ 1
t,h

CGC contains no Sudakov double logs in SIDIS unlike dihadron production (wrong sign)

2
avold large Sudakov logs: Pf,h ~ Q? sothat log (sz ) ~ ()
t,h
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SIDIS at small x: including Sudakov double logs

Altinoluk, JJM, Marquet, arXiv:2406.08277

taking the high Q* is tricky! Qf =z:1(1 -2,)Q® — 0 inside the Bessel functions

introduce the delta function
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SIDIS at small x: including Sudakov double logs

to get Sudakov logs one must introduce a kinematic constraint

needed for self-consistency of evolution equations (avoid negative cross sections)

at small x we require k" < z¢1", this is sufficient at LL accuracy

at NLO accuracy we also need to impose a condition on lifetimes of fluctuations

introduce a cutoff on - component of momenta k= > z;1~ with z;zf ~ 1

Sudakov single logs will be sensitive to the details of this cutoft
Altinoluk, JJM, Marquet, Yu, in progress



SIDIS at small x: including Sudakov double logs
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Sudakov double logs in SIDIS
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Quark TMD Marquet, Xiao, Yuan 0906.1454
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Scale

N (A — o)

A2
Q?

- Q

virtual diagrams Q?

non-cancelation of log 2 contributions
{

log cancel among virtual diagrams

_ P_t

real diagrams

A_QCD

16



Summary

(QOCD at high energy
dense hadron/nucleus: gluon saturation, strong color fields - CGC
strong hints from RHIC, LHC,...
to be probed precisely at EIC
toward precision: NLO, beyond-eikonal corrections, ...
deep connections to TMD, Sudakov physics, ...

missing a unified approach to large and small x!
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EIC

kinematics of inclusive dihadron production
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Fig. courtesy of Xiaoxuan Chu

transition region: from large x to small x



divergences
* Ultraviolet:

Real corrections are UV finite

UV divergences cancel among virtual corrections k — o0 or X3 — Xj
(ng; -+ dJll)UV = ()
(d(T@, -+ d(TlQ)UV =0

(dUg + doo + doyay + dU14(2))UV = 0




divergences
- Soft: k' — 0 (x5 — oo AND z — 0)

Soft divergencescancelbetweenreal and virtual corrections
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Inclusive dihadron production in forward rapidity: LO

X1 P
] target: a classical color field
quark, antiquark multiply scatter on the target
q I R e
X2 = e
Ao A—aaX €2Q2(2122)2N05(1 ) : m i et Voo
= — 21 — %
d?p d?q dy, dys (2m)7 b
/d8$L€ip°(x,1_xl)eiq°(x/2_x2) S122117 — S12 — S + 1] with

ipol = - f
{42122[{0(‘:812‘Ql)KO(‘xl’Q"Ql)‘l‘ dlpoe S1 TTV(:El)V (332)

h i I WY
(22 4 23) 227 K1(|9312\Q1)K1(\931'2'|Q1)}

Z12||z172] quadrupole

— 1
8122/1/ = N. Tr V(Xl) VT (Xg) V(Xg/) VT(le)
Only dipoles and quadrupoles contribute: DMXY, PRD 83 (2011) 105005




