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g in QGP and Cold Nuclei

-average pT transfer squared per unit length
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Heavy Ion Collision

g~ 12%03 GeV’/fm RHIC
G~19+0.7 GeV’/fm LHC

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 Relax I, >k, nok, /twist expansion — medium-induced radiation spectra

o Radiation spectra contain medium gluon TMD pdf ¢(x;, k,) or TMD g(k,)
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Dijet to probe gluon TMD pdf or TMD (k)

Hard splitting

N

4,

R

Tiﬁzp—l— /{’J_ i
L3P + kJ_
2 X yi Y P AP

0 Generalized High Twist Approach deals with hard splitting
O Second scattering directly probe gluon TMD pdf

o Further include initial quark transverse momentum v,
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Dijet in e+A: Single scattering
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: nuclear modification
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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

Txgp—i-ku_ |
T1p + V] 3]3]94‘]@_ lTp +v )
Under two-parton correlation factorization = G TS G T ==
(©)
A _ — — — 7
qu — pA(yO) ® pA(yl ) ® QN(-XBa V J_) ® ¢N('XG7 k J_) o Y= ki smaller than x,

2p*q-
e harder than gauge link gluons

dé., _ 2na; 2 a1 422 2na, [ d%
y » Z e 11+ (1 = )2] LT T J = szbldyo‘dyl—
dXBszdZdzlJ_dzqu_ . 2 1—7 NC (2][)2
Pa0Ts B DpAOTs b )anip Vi, b)) Dy xZl D) | ynonlPM . yGLPM ., gLPM

O intial quark g,(x, 71»?& 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

N TN 2¢7z(1 = 2) % Kw H
/’/gLPI\/I - — () |1 = cosX : 0y T = — q — [lg_—<(11_—-z))y2
c | g ([, = (1 =27V, ] ,. 1=(=2)7]
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gLPM _ V=Y 7, = 2q 1 -2 7777 ﬁ
N =C,(+++) | I —cos( ) ¢ 7 . o~ T o ' [|—(1—2)7, —k
g A Tgf [lJ_ (1 Z) Vi k J_] A [fj—(l—z)ﬁf—gf]Q
()
wRONLPM _ (.. no LPM interference | z} '[g(uzﬁ(@g@;]
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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§

¢?\7(M2 — ki)? kJ_ > QS?

¢N(xG7 kJ_a :uz) —

Calculate saturation scale self-consistently

d*k

Qs2 (xg, O 2» b)=C JdYJ pP(Yo,>b1) J (27;2 (1PN (X, Kk 5 /12)

Scale in a,(u) and ¢y(xg, ky, u?) is u* =k*
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TMDIib Package
F Hautmann et al., EPJC 74 (2014), 3220
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g - from our simple saturation model

From definition of saturation scale, relation between quark ghat & gluon ghat

N A
Qsz — de()_QA(y() 9bJ_9 kj_)a dr = EQA

For kinematics: x, =0.1 —0.4,02=2 -6 GeV”

Our simple model give 4% ~ 0.014 — 0.025 GeV~/fm

pT broadening of final-state hadron method give 4% ~ 0.015 GeV*/fm
P. Ru et al, arXiv:2004.00027

Suppression of leading hadron method give 4% ~ 0.02 — 0.03 GeV’/fm
NB Chang et al, PRC 89.3 (2014): 034911
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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
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Dijet Spectrum A=A
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O Dijet spectra from e+p and e+A scattering peak at A¢ ==

o Double scattering dijet Xsection small, can be negative due to non-LPM term
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Azimuthal angle A¢ dependence : Rﬁ
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|1, + 1,1 | = 213(1 + cos A¢h)

nonLPM: finite(relative
contribution increase
with z increase)

gLPM: negligible(suppress
by color and LPM factor)

gLPM: dominant
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Azimuthal angle A¢ dependence : ReSA & RQSX D
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o Single scattering dominates in dijet Xsection, R, dominate in R>;"

o Q, artificially increase, peak in R, moves, RS contribution increase
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Rapidity gap | Vi, — y;| dependence
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o R>, only due to quark pT broadening, independent of rapidity gap [y, = ¥

o R, dominant - gLPM term with LPM suppression factor

v, =il .21 .71, when 2R,/z,. > 2z, LPM suppression disappear, increased incoherent contribution
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Nuclear size R, dependence
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Non-linear R, dependence
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Summary
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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

Yuan-Yuan Zhang Nuclear Modification of Dijet



Thanks for your attention!




