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Quenching at RHIC & LHC
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Jet Quenching at RHIC & LHC
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Properties of QGP

* Space-time profile:
Ty (z) : T(x), u(z)

e EOS:
T, < ¢, P,s,cz = 0p/0e
* Bulk transport: 1 .
n = ilinoﬂ/dtdxezwthazy(O)aTazy(x)D
* EM response: dix .

Jet transport:




Parton scattering in medium

4 du— d2 A A )
Pl = [ GG T (A0 L0, 4)

For an on-shell quark Collins & Soper(82)

L, L) = /dew_iELgLf(ybL) /
o

1 i8 |
f(yJ_a L) . FTM‘C(Ov L 7yJ-)>
— — y_ —
Wiy~ ,yL) EzDL(y)ﬂLg/ d§~ Fy1 (& ,y.1)
Jet transport operator -
due to color Lorentz force Liang, XNW & Zhou (2008)




p; broadening and jet transport

L A ki —a))2 .
falz k)~ —/dZC]L exp [( L — ) ] a(z,q)

TA Lq

Cold nuclear matter:
DIS: HERMES

Gy ~ 0.02 GeV?/fm

80 100 120 140

Consistent with value from jet quenching in DIS:
Deng & XNW, PRC83(2010)024902;
Chang, Deng & XNW, PRC89(2014) 034911
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Jet quenching phenomenology

3+1D hydro + Jettransport + Hadronization

A general framework for numerical
implementation of different approaches &
improvement of jet transport

* Hadronization: fragmentation &
recombination

* Realistic bulk evolutions: e-by-e 3(2)+1 hydro :
constrained by bulk hadron spectra, v,

e |EBE: E-by-E viscous hydro- generating bulk medium
on-demand

* First JET package: viscous hydro+ semi-analytic jet
qguenching: CUJET, McGill-AMY, MARTINI-AMY, HT-
BW, HT-M (will expand to other models)




Parton energy loss in Medium

§E.Q.QQ£ ‘ (BDMPS'96) A E ~ GL*
=

=
=
A,
s
=
—

Arnold, Moor, Yaffe (AMY’01): DS egs.
McGill-AMY: coupled rate equations

5 o :Hard Thermal Loop

Gyulassy-Levai-Vitev (GLV’'00): Opacity expansion

~_ 2 do 2 ng T 2 L
q_/d QJ_<pd2qJ_>QJ_ ddekJ_( 7/’LD7 )

High-twist approach: Modified frag. Func. Guo & XNW’00, Zhang,Wang, XNW’03

JA s q ' B
=2 [ Gasine - 97 [ i@ s ene )

McGill-AMY, MARTINI-AMY, CUJET, HT-BW, HT-M, JEWEL, JaYEM, PCM, BAMPS ....




McGill-AMY
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Jet transport coefficient

JET Collaboration: arXiv:1312.5003
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Jet transport coefficient

boration

JET Collaboration: arXiv:1312.5003
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Jet transport coefficient

=

‘Collaboration

JET Collaboration: arXiv:1312.5003

GLV—CUJET
HT—-BW
HT—M
McGill—AMY
MARTINI

u+Au at 0.2 TeV,

aN/TSff (DIS) < Pb+Pb at 2.76 TeV

n 132 (3/4)! _

r NLO __ 4LO
Usym = | (5/4) TgYM YM — 5YM <1!

Future: dihadron, gamma-hadron, flavor dependence, jet observables
RHIC BES and LHC higher energy




NLO and factorization

e Uncertainty in scale dependence of collinear LO results
* Medium properties & hard scattering factorizable?

arXiv:1106.1106

* Complete cancellation of soft-collinear divergence
 Complete factorization of the collinear divergence Hongxi Xing (Wed. )

d k2 O )NLO
< J;lzi - JoDh(Z,/L?L‘) 0 HNLO('IaxBa QZMU’?") ® qu<x,x1,x2,ll?€)
%, a, [ dz .
mqu(xBaoa()a/i?) — o /a:B " Pag—qg ® 1gqg + qu@)ng(va’O?/‘?)]‘

N ~ 2 Casalderrey-Solana & XNW (2007)
§ = q(£,Q7)

Mehta-Tani (Wed.)




Summary

First step towards quantitative extraction of ghat from combined
jet quenching at RHIC and LHC
Future: mapping out energy and T-dependence at RHIC & LHC

| AutAu at RHIC
Pb+Pb at LHC
0.2 0.3 0.4

> 2% Majumder, Muller & XNW (2007)
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Backup




Broadening of y-hadron correlation

v-hadron from AMPT calculation v-jet from LBT
—e—-hadron(/6.0) (10mb) ()— | O(,( PhPh

—— y-hadron(/4.5) (6mb) 7
y-hadron(/2.5) (3mb) * — +\/
«— y-hadron(/1.5) (1mb) NS=42 76 TL \

trig
P, (y) ~15 GeV/c| . ., parton(/2.0) (10mb)
T : " 1S

-—-#-- y-parton(/1.5) (6mb) i C l\l S
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Jet azimuthal angle broadening is
smaller but still finite

Li, Liu, Ma, XNW and Zhu, PRL 106 (2010) 012301
Ma and XNW, PRL 106 (2011) 162301




Linear Boltzmann jet transport

p1-0fi(p1) = —/dpzdpsdp4(f1f2 — fsfa) IMia—sal” (2m)64 () ps),
fz(p) T (271')353(]7@' — ﬁo)(SS(f— _’0 — tﬁz)[l — 1, 3]
1 .
ff(pi) — (g?)'é.'u/T ] (Z o 27 4)
do 9 o 3
— = [M12-34|/167"s = YT
ng B QCYSNC R N t—t()
Induced radiation  dzd2k, dt 77]‘341 P)(p - u)gsin( 2T )

Li, Liu, Ma, XNW and Zhu, PRL 106 (2010) 012301
XNW and Zhu, PRL 111 (2013) 062301



Jet-induced medium excitation

t=4fm/c
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Effect of recoils and jet broadening

XNW and Zhu, PRL 111 (2014) 062301
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Broadening of jet transv. profile

1 1 pr(r — Ar/2,7 + Ar/2)
)= N 2 0B

pT(O: R)

R=0.3




Medium mod. of frag function

Seen in CMS & ATLAS single jets XNW and Zhu, PRL 111(2013)062301
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Energy of reconstructed jet dominated by leading particle
Suppression of fragmentation functions relative to initial energy




Factorization at twist-4

" Transverse momentum square weighted
Cross section

2
(MilhTi(ﬂ :O‘o/ —Dq/h z ,U / —TF (2,0,0 ,u )o(1 —2)o(1 — 2) —> T-4 LO
L dz dr 2 ) ] A A
+ 00% —Dq/h(z Iz )/ . {ln (32 ) [(5(1 — Z)Pyy(2) +0(1 — 2) P,y (2)) Tr(z,0,0, 42

+ 5(1 - Z)qu—>qg( ) ®TF(IE7$7$B>:U/2)] + (Fc(iaé) + FA('CAUVg)) ®TF(CU7337$B>/~L2)}

Finite contribution from asymmetric-cut diagrams
FA('@ 2) & TF(aja T, TpB, #2)

C 1+ 7
:——A5(1— )(1 +f§ [TL(x,O,:CB—x,,u2)—TR(a:B,0,x—xB,,u2)—TL(a:,wB—m,a:B—x,/f)—l—TR(:vB,‘
122 2 R 2
= 0(1 = &)= (1 +£)Ca [T"(x,0,0,4%) + T"(x,0,0, *)]
B CF(1_2>+C 5 14 z22 dT*(z,z0, 25 — x, pi?) N dT%(xp, 29,2 — x5, u?)
2 32 dxo 20=0 dxo ro—t—2p
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" Evolution equation for T4 - NEW

0 1 R
“za_/RT r(zp,0,0 ,u 2)Tr(z,0,0 ,u + Pyyyqe(2) @ Tp(z, 2,28, 1
€T 0 0 €T A /
Qj p—

< -~

soft-soft hard-hard & soft-hard & hard-soft

qu—>qg(55) ®Tp(z,z,2B)

2 1 142
=Cy [ —T(xpg,x —xp,x) — =
(1—2)+

21— )y

When T — thereis no phase space for the gluon radiation from the initial gluon.
loll'aboratlon

(T(a:, 0,z — :B) + T(ZEB,CE — IR, T — iUB))]
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Running coupling in jet quenching

Solid: LHC
"I Dashed: RHIC

Buzzatti, Gyulassy
| : 2013




Jet quenching phenomenology

McGill-AMY

" Nice (05%) PHENIX 08+12  CMSIALICE
3,=2.0,24,2.8 32, — — CMS+ALICE ‘a. eIO(RH|C)=€|0(|—HC)/2

HT-BW

2 25 3
g, GeV?/fm (LHC)

HT-M

] \
r:_rr\rrl ‘m|

BERKELEY LAB



