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g in QGP and Cold Nuclei
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g ~ 0.015 GeV*/fm
P. Ru et al, arXiv:2004.00027
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Introduction

Heavy Ion Collision

RHIC
LHC

§~12+03 GeV/fm
§~19+0.7 GeV’/fm

JET Collaboration, PRC 90, 014909



Existing efforts on ¢ In cold nuclel

High Twist Approach
o Use the pT broadening of final-state hadron (DIS) to extract g

§ ~ 0.015 GeV-/fm P. Ru et al, arXiv:2004.00027

0 Use the the suppression of leading hadron (DIS) to extract g
§ ~ 0.02 GeV*/fm NB Chang et al, PRC 89.3 (2014): 034911

Generalized High Twist Approach Zzhang, Y. Y., Qin, G. Y., & Wang, X. N. (2019). PRD, 100(7), 074031

o [,l,, ~k;, no collinear expansion
0 medium induced radiation spectra contain medium gluon TMD pdf ¢(x;, k) or TMD g(k),)

@ — I'deJ‘Q (kJ_) — C[dzklp¢ (.xg, kJ_)
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Dijet to probe gluon TMD pdf or TMD (k)

Hard splitting

N

LR

R

TZUQ]?—I— kJ_ i
L3P + kJ_
2 X yi Y = AP

0 Generalized High Twist Approach deals with hard splitting

O Further include initial quark transverse momentum v,

IR2@EIC Introduction



Dijet in e+A: Single scattering

@i
N

lg ! lq
T1p+ Uy | : lzp+v)
| nuclear modification
Ap = X y T AP |
I
46 2702 2 14722 C XV
eA _ em 2 65[1 (1 Q )2] ) < F QA( B J_)

dxpdQ?dzd?*l, d?l,, 0 - xgs' 2m l—z mw [, —(1 =2V, ]

O

multiple soft interaction (eikonalized as gauge link) — quark pT broadening
pT broadening embedded in effective gy(x, v |, b ), gaussian broadening with width

AF(?D = J'dyo‘c}F(yo‘,?l) depend on g  Liang, Z. T, Wang, X. N., & Zhou, J. (2008). PRD, 77(12), 125010.
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Dijet in e+A : Double scattering §
Under two-parton correlation factorization S E= QTN ?) y g e A
dé? 2 2 a. 1472 2na. [ d%k
o ”“’””Z gt + (1 - Py S S NS o sy
deszdzdzlldzlql , 2r 1—z N. ) (2n)?
- _ — k)| ‘
P20+ B DpAOT B Dan(ip V1. B ) ¢N(xlfz 2 ynontPM . alPM - gLPM
1
O intial quark gy(x, VL,Zl) contain pT broadening, depend on g indirectly
O depend on ¢(x;, k) ~ gk,) directly
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Different contribution in double scattering

Contribution divided by how gluon radiated, understand from central cut diagrams

ol

nonLPM _ . B
N = Cp () no LPM interference ,. i AT
(a)
] ) B 2q_z(1 B Z) % /{m
1 — _ —_—
AAPM o — oy |1 = cos(—2) Tof = = — [=-air,
N. 7, f ([, = (1 =2)V ] | L —(1-2)7, ]

' -y 247 z(1 — 2)
'/’/gLPM _ CA() 1 — COS(yl Yo ) Tgf _ 7777 /@{\

Ty [, — (1 =2V, = k] i; :
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A simple model for gluon saturation in ¢(x, k) ~ g(k,)

Simple model to include saturation

9\[ at Qsa kJ_ < Qs;

¢N(aijkJ_7:u2) — {
¢(])\7(:u2 — kﬁ_)v kJ_ > QS?

Calculate saturation scale self-consistently

d*k

Qs2 (xg, O 2» b)=C JdYJ pP(Yo,>b1) J lzas(//i)ébN(xGa k), //tz)
(27)

Scale in a,(u) and ¢y(xg, ky, u?) is u* =k*
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Nuclear Modification Ratio

Ratio of dijet cross section in e+A and e+p

S(D) de3” do, P
RSOy, 0. 0) = =2 IA— 2 dP = dxydQdzdl Pl

Don’t distinguish quark jet from gluon jet

Kinematics for calculation:
E,=10 GeV,E, = 100 GeV,x, = 0.2, 0> = 200 GeV", A = 208

Kinematic constraints from approximations, experiments

IR2@EIC Nuclear Modification of Dijet



Azimuthal angle A¢ dependence : R£4 |1+ Ly | = 2131 +cos Ag)
A¢

AG forl, =1,
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A A gLPM: negligible(suppress

314 289 264 237 209 179 145  1.01 314 294 273 252 230 207 182 155

0.008 f——+——— by color and LPM factor)

0.020 1 — Total Q% =200 GeV?, x5 =0.2 Q2 =200 GeV?, xg = 0. —— Total
— == Non-LPM I.(l,.) =4 GeV/c _ll(IQL)=4.9 GeV/c . )
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............................ —-— g-LPM
ST T N ooo44d  /  ___ M.
0.010 A R L Ty
Qg QT
O S Y~ e RS e,
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00054 A _eeTTTTTe—l - - _ :
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0000d el et DN 0.000 4 =resrrz=. Rl it i T LTS p— \_*\_\ .....
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o R7, magnitude decrease with increase of [,(l,,), double scattering contribution power suppressed by /,(l, )
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Azimuthal angle A¢ dependence : ReSA & Rfj D
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o Single scattering dominates in dijet Xsection, R}, dominate in R>}"

o Q, artificially increase, peak in R?, moves, R” contribution increase
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<

Rapidity gap | i, — Y | dependence y, =¥ =In(-

Z
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o R, only due to quark pT broadening, independent of rapidity gap [y, = ¥

i — Yo
Tof

[y, =yl 1,21 ,7 1, when 2R,/7,, > = LPM suppression disappear, increased incoherent contribution

o RY dominant - gLPM term with LPM suppression factor 1 — cos
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Nuclear size R, dependence
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» Use dijet correlation in e+A to probe gluon TMD pdf ¢(x;, k) or TMD g(k )

» Nuclear modification in single and double scattering depend on ¢(x, k)

» LPM effect and gluon saturation embedded in ¢(x;, k) bring unique features in
A, \qu — y;| , R, dependence of nuclear modification ratio
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Thanks for your attention!



Backup: Saturation scale Q- 2
Q;(xp, Q°,b)) & QSZO(XB, 0*)A 1/3\/ 1 =
Qso2

0.20

0.15

0.10

| 0.008
xp=0.1-1,0%=2-100 GeV’ %y = 0.001 — 0.01, 0% = 2 — 100 GeV?

can reach 1 GeV” at x, = 0.001,0% = 100 GeV”



