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@ Motivation
o NLO pQCD, JQ mFFs, and Hydro models

@ Extracting go via single and dihadron suppressions

Au+Au collisions at /syny = 200 GeV;
Pb+Pb collisions at /syny = 2.76 TeV.

@ Predictions for dihadron suppression factors

Pb+Pb collisions at /syy = 5.02 TeV,
Xe+Xe collisions at /syy = 5.44 TeV.

@ Summary and outlook
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Introduction

@ Jet quenching:[X-N. Wang and M. Gyulassy, Phys. Rev. Lett. 68, 1480 (1992)]
The hard jet losses a large amount of its energy via radiating gluon
induced by multiple scattering.
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@ Jet energy loss in the QGP medium AE x § =-Jet transport

coefﬁdcie2nt
Gg= S’Lﬂ: transverse momentum broadening squared per unit length

[BDMPS, NPB 483 (1997) 291]
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[The JET collaboration, Phys. Rev. C. 90. 014909]

6 ; ﬁi‘;& - _ nglgﬁg, For a 10 GeV quark, the values of § temperatures
s [ HT-M available have been obtained as:
4 . J46+£12 at RHIC
f%: i T {3.7 £14  at the LHC.
The corresponding absolute values for § at an
2t initial time 70 = 0.6 fm/c,
o A g 1 (12403 GeV2/fr/n at 370MeV
Yo or oz 03 oa o5 {1.9 +0.7 GeV?/fm  at 470 MeV.

T (GeV)

@ Extracting o via single hadron and dihadron suppression in HIC.

@ Whether the dihadron §g is consistent with the single hadron?
Whether the non-central collisions g is consistent with the central
collisions?

@ Predicting the dihadron suppression factors in Pb+Pb collisions at
V/Snn = 5.02 TeV and in Xe+Xe collisions at /syny = 5.44 TeV.
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NLO pQCD parton model

@ In A+A collisions, the yield of dihadron productions can be given by

th:l ha

dyhl d2 h1 dyh2 d2 h2

dz. d B
g zddzrtA( P)te(7 + b)

abcd

-

X Xa a/A(Xa7 2 _’)beb/B(Xb7/j’27 F+ b)

1do .
x =22 ph (7 12 AE)D™ (2, 42, AE,)
T dt
pr B
x 8°(TL 4+ T5) + 0(a)), (1)
Zd

Cc

@ ta(r) — thickness function: Woods-Saxon
faya — PDFs: CT14, EPPS16 [Phys. Rev. D 95, no. 3, 034003 (2017)], [Eur.
Phys. J. C 77, no. 3, 163 (2017)]

dcr

— hard scattering cross section

Dé’(zc, ©?) — FFs in vacuum: Kretzer [Phys. Rev. D 62, 054001 (2000)]
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Modified fragmentation functions — mFFs

@ Modified fragmentation functions in QGP medium:

~ Z 7!
D?(an N27 AE) =(1- e_(Ng>) Z_CDS(Z::a#2)<Ng>ziDg(zg,mu2)

+e M DYz, 1), (2)

/ /!
where z./ = pr/(p1c — AE.), zg' = (Ng)p71/AE..
g g
[X.-N. Wang, PRC70 (2004) 031901], [H. Z. Zhang, J.F. Owens, Phys. Rev. Lett.
98.212301 (2007)], and [H. Z. Zhang, J.F. Owens, Phys. Rev. Lett. 103, 032302 (2009)]

@ Total energy loss of jet in high-twist method:

AE 2Caas d/2T 21 A .. 2 /-2r7'

== ZEATS =T 1+ (1— Tt

E ™ /dT/ 13 /dz{ +( z)]qsm (4z(l—z)E)
(3)

[W.T. Deng and X.-N. Wang, Phys. Rev. C81,024902(2010], [E. Wang and X.-N. Wang,
Phys. Rev. Lett. 87, 142301 (2001); 89, 162301 (2002)]
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rodynamics medium model

@ § depends on the local T in the jet trajectory:

a ~ Pg ( )p u,u 3 a CA]O
=qo— 1—-1), T _ 4
0 henT > 170MeV
e hadron phase fraction: f(7,r) = whenl = e
1 whenT < 170MeV

[X. Chen, T. Hirano, E. Wang, X.-N. Wang, H. Z. Zhang, Phys. Rev. C84 (2011) 034902]
@ T,u are given by 241D hydro to describe the medium evolution
[Z. Qiu, C. Shen and U. Heinz, Phys. Lett. B 707, 151 (2012)]
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Nuclear modification factor

@ Single hadron nuclear modification factor:

Ras — dNaa/dyd?pr (5)
(TAA>d0pp/dyd2pT

@ Dihadron nuclear modification factor:

Daa(zr) _ Daa(p7°9)
laa(zT) = = 6
(1) Dpp(z7) Dpp(pF°° ©
where z1 = pi::—c.
T
. thth dvtried trig y3550€ passoc
Daa(zr) = pifs PMas L&Y Zdor_ oy dpy ™

(Tan)doly/dytiedpe
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Extracting qo via single and di-hadron productions in HIC

@ Extracting go in central Au+Au collisions at /syy= 200 GeV.

1.0

0-10% ' ! j j j ! 10 T T T T T T T T T .1
089200GeV Au*Au — = [n]<0.35 3 o 3—R,,(PHENIX 2008 +PHENIX 2012)
~o5n ) o PHENIX (2012)] 0-10%
2 70, (GeVIim)=09-1.5 . PHENIX (200! 83— (STAR)
204 71 3
—R_+|
029 &3 « 64 A AR 3
S
0.0 T T T T T T T T 54 E
0sd © 8 10 12 14 16 18 3 R P 3
©3200GeV AutAu - z'+h* [n|<1.0
T8 2<p‘T”9<20Ge\/ Z,=P:SW°/P‘TW 1 34 E
04 24 E
024 EH 14 E
0.0 = STARO0-10% 0 T T T T T T T T T T T
’ y y ¥ y g § § 0708091011121314 151617 1.8 1920

03 04 05 06 07 08 09 n o
q,(GeV'/fm)

At To=378 MeV, §o = 1.1 ~ 1.2 GeV?/fm

Data from [[PHENIX Collaboration], [Phys. Rev. C 87, no. 3,034911(2013), Phys. Rev. Lett.
101, 232301(2008)], and [[STAR], [Phys. Rev. Lett. 97, 162301 (2006)]]
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Raa and l44 in mid-central Au+Au collisions at 200 GeV
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: poent
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:Z «  PHENIX(2008) gle hadron.

2iiE 2

os] & 8 0 2 14 16 48 @ Mid-central collisions results is
gw'ﬁ%‘j { I consistent with central collisions
_%044 : 7 l
200GeV AuAu—h™+h” [q|<1.0 at RHIC.

0.

N
N

B<pl<15GeV z,=p™**/p® = STAR 20-40%]

0.04— T T T T T T

03 04 05 06 0.7 08 09
z

T

Data from [[PHENIX Collaboration], [Phys. Rev. C 87, no. 3,034911(2013), Phys. Rev.
Lett. 101, 232301(2008)], and [[STAR], [Phys. Rev. Lett. 97, 162301 (2006)]]
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Extracting go in central Pb+Pb collisions at 2.76 TeV

0-10%

32.76TeV Pb+Pb - h* [n|<0.8
T 067G, (GeVm)=1.3-1.9

10

0892.76TeV Pb+Pbsr'+h*

0.0 T T T

+ ALICE (8<p"<16GeV)]

12.76TeV Pb+Pb — h*+h*

*  ALICE (8<p™<16GeV)]

4 5 6

p:ssuc (GeV)

Data from [[ALICE Collaboration], [Phys. Lett. B 720 52-62(2013), Phys. Lett. B 763
238-250(2016)], [CMS Collaboration], [Nuclear. Phys. A 904-905 451c-454c(2013), and [Eur.

Rhys. J. C 72, 1945(2012)]]
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Extracting go in central Pb+Pb collisions at 2.76 TeV

R ALICE+CMS) T T 01C
12_—IM(ALICE+CMS) o At Tp = 486 MeV
83— R, do = 1.5 ~ 1.9 GeV? /fm

o With the similar values of gg,
our jet energy loss model can
provide a consistent
description of both Raa and

T T T T T T T T T T T T T T l
1.1121.31.4151.61.71.81.92.02.1222.324252.6 AA .
4,(GeV’/fm)
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Raa and /44 in non-central Pb+Pb collisions at 2.76 TeV

" Jeoeon @ Our model can provide a consistent

32.76TeV Pb+Pb—>h* n|<0.8

g "0fa@am=tsiets [lg : description for Raa and a4 in
i Tt Mi%%‘.&% central and non-central A-A
1ajsoeo% o T 3 collisions at RHIC and the LHC
o 2.76TeV Pb+Pb>h*+h* [n|<1.0 ] 4I< )

Tl b IRE energies.

- CMS (19.2<p!®<24.0GeV)
T

B S ki @ Interesting phenomenon: a4 > Raa.
B : High pt single hadrons mainly come
Tl ; from surface bias emission jets, while
= CMS (24.0<p"™<28.8GeV) . .

o4 T high pr dihadrons come from a
=17 V//////%ﬁ combination of surfacial and
. o (28.8<p1<35 2GoV) tangential jets as well as

[T punching-through jets.

1.0 L

Lol

[T

124

104

SE ] [H. Zhang, J. F. Owens, E. Wang and X. N.
E - CMS (35.2<p["<48.0GeV) | Wang, Phys. Rev. Lett. 98, 212301 (2007), J.
T e T Phys. G 35, 104067 (2008)]
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Extracting qo via single hadron Ras at 5.02 and 5.44 TeV

Pb+Pb collisions
5.02 TeV, 0 - 10%

Xe+Xe collisions
5.44 TeV, 0 - 5%

5.02TeV Pb+Pb - h* [n|<0.8
4,(GeV¥m)=14151617 1819
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o At Top = 516 MeV

o At Tp = 469 MeV
do = 1.7 GeV? /fm

do = 1.8 GeV? /fm

Data from [[CMS Collaboration], [JHEP 1704, 039 (2017), JHEP 1810, 138 (2018)], [ALICE
Collaboration], [JHEP 1811, 013 (2018), and Phys. Lett. B 788, 166 (2019)]]
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Predicting Isa at 5.02 and 5.44 TeV

Pb+Pb collisions Xe+Xe collisions

5.02 TeV, 0 - 10% 5.44 TeV, 0 - 5%
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@ Interesting observation: the values of /4 also increase as one
increases pTé.
With increasing ptTrig, the contribution from punching-through jets
increases, thus the average total energy loss of jets decreases.
[H. z. Zhang, J. F. Owens, E. Wang and X.- N. Wang, J. Phys. G 35, 104067 (2008)]
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go from single hadron and dihadron nuclear suppressions at

RHIC and the LHC

o] 1 & =41~44,T=378MeV, Au+Au0.2A TeV;
l { 1 & =35 T =469 MeV, Xe+Xe 5.44A TeV;
24 "1 & =26~33, T =486 MeV, Pb+Pb2.76A TeV;

0.2 TeV Au+Au

1 ] Jet collaboration ® 544 TeV Xe+Xe |

4 0.2 TeVAutAu 2.76 TeV Pb+Pb .
ol Y ZTOTVRETY | ¥ SRTVRORN] & =25, T =516 MeV, Pb+Pb 5.02A TeV.
T(GeV)

@ The scaled jet quenching parameter §/ T3 has some temperature
dependence:
it decreases as one increases the temperature, which can be
understood as decreasing jet-medium interaction strength with
increasing temperature.
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Summary and outlook

Large p1 hadrons are studied in a NLO pQCD parton model in
heavy-ion collisions with mFFs due to jet quenching.

First, we quantitatively extract the jet quenching parameter g for four
different collisions systems via a global x? analysis.

Second, our model can provide a consistent description for the nuclear
modification factors of single hadron Raa and dihadron /44, not only
in central but also in non-central A-A collisions at RHIC and the LHC
energies.

Third, here are some other interesting results: the dihadron
Iaa > Raa in the same collision system and the values of /44 also

. . trij
INCrease as one Increases p—,—’g.

Finally, we find §/ T3 decreases as one increases the temperature.

On going: we are calculating the v — h correlations to study QGP,
and studying the additional temperature dependence of §/T3...

(Xie Man (CCNU)) QPT 2019 (Enshi) August 18, 2019 17 / 18



THANK YOU!
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