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Parton Saturation
Lepton-Jet Correlation — New Channel for Saturation
Harmonics of inclusive Lepton-Jet Correlation

Harmonics of ditfractive Lepton-Jet Correlation

Summary
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+ In high energy proton/nucleus, large-x parton

Low Energy

radiates small-x gluon (1), high density gluon

Gluon

Density ' fusion(| ), gluon density saturates

Grows

* When gluon density saturates, typical transverse
High Energy | f
size of gluons —, saturation scale Q.
\Y

» QS2 ~ A3 same transverse area Au has more

gluons

than p, smaller transverse size, larger O,




Proton/Nucleus Rest Frame y* — g + g

qq ( dipole ) scatter with Proton/Nucleus, scattering matrix S,

Small—x quark TMD distribution  marquet-Xiao-Yuan, PLB 682, 207-211 (2009
' Xiao-Yuan-Zhou, NPB 921,104-126 (2017
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+ Various two-particle correlation

* di-jet Dominguez-Xiao-Yuan PRL106, 022301 (2011) Mantysaari-Mueller-Salazar-Schenke PRL124,112301(2020

e di-hadron zheng-Aschenauer-Lee-Xiao, PRD89,074037(2014)  Bergabo-Jalilian-Marian 2301.03117

photon—jet KolbéfRoy—SaIaZar—Schenke—VenugopaIan JHEPO1(2021)052

» Back-to-back configuration

q,= . s k o1  Imbalance momentum

—

P = (?1 = ks l)/ 2  Relative momentum

q < P | correlation limit{

pr obe saturation thro gh




* TMD factorization at one-loop order
d’c
dyydke d=q,

x Xf, (X, K1 ) @ Hryp & 55 (4
Hard factor

e Resum the soft gluon radiation, average over azimuthal angle ¢

A

~ Kang-Liu-Mantry-Shao PRL 125, 242003(2020)
Biviiies - Arratia-Kang-Prokudin-Ringer PRD1 02,074015 (2020)
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Measurement of LJC at HERA(H1) % Simulation studies at the EIC.

H1 Collaboration, PRL 128,132002(2022) Arratia-Song-Ringer-dacak PRC101,065204(2020)
Arratia-Kang-Prokudin-Ringer PRD102,074015
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One soft gluon radiation x (5;, + 9,

d? - { iso  angle-independent part
dy,d*P,d*q, -

aniso  angle-dependent part
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Sudakov factor

eep e”o — TMD factorization formula

niso contains cos ng , all the asymmetry




= 0y + 20,

e (COS n¢)2 as “how much” the cos n¢ contribute to LJC

» soft gluon radiation of final jet - ¢ asymmetry




Hatta-Xiao-Yuan-Zhou, PRD104,054037 (2021

+ TMD factorization + Collins-Soper-Sterman(CSS) resummation

Crc (R)

cc xfx, 1) ® ¢~ ® Uoq1b1) + Y, 2cos(n)a () ———J, (4101

n=1

EIC /5=140GeV, P, =20GeV, y,=1.5, Q =25 GeV
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Numerical Results of Harmonics (cos n)
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| Striking difference between
saturation and non-saturation model
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— (cos 30) Ay X 4

x = 0.008
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\/scN = 80 GGV, 4
rcBK

In correlation limit ¢ |, < P | < O, use saddle point approximation

saddle point of numerator b” of demoninator b 7
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Plot the €4/ and (cosn¢) , agree well in small ¢, région
* Use small b, approximation of quark IMD £ (x,b7 x Q2In |1/ . b

: - | Mueller NPB 558, 285-303 (1999) |
A bﬁz In sbf;)a - Xiao-Yuan-Zhou, NPB 921,104-126 (2017)

o) bm) (ol (D with O, (1), (cosng) | QRS < RE, <R,
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QED corrections: numerical results
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caleulation: inclusive harmonics
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‘Besides lepton-jet, large rapidity gap between hard
interaction product X and remnant proton/nucleus p’

.. fg(ﬂa bJ_? xIP) —SU.d bJ_ .. : CFCn(R)
dYpdt D Hp) - - nx
: . fcll)(ﬁa by;xip) —Sud(b,

Jblde_Jn _LbJ_

(cosngp) =

Jbidb,Jy (q.by IV ot

eplace quark TMD PDF by quark T -~
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Same as semi-inclusive diffractive DIS: Y '~ In(1/x;p)

- Lorentz transformation between these two frames involve
boost and rotation

* Diffractive lepton-jet process — lepton-nucleon rest frame

» Semi-inclusive diffractive DIS — photon-nucleon rest frame

~ Rapidity gap invariant under Lorentz boost

z rotation matrix nearly identity matrix

39GeV, y, =y, =241, x = 0.008
0O cosd O —siné
P, =4GeV, O = 5.6GeV, = 0.94

sin@ 0 cosé
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Analytlcal expressmn (cosng)

, S e f q S% — quark TMD DPDF
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dYIPdt'
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1. No b, dependence
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- Larger diffractive Lepton-Jet harmonics (cos n¢) j;¢f — better probes for saturation,

obes for nucleus density profile
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