__« International Conference on
- Hard and Electromagnetic
Probes of High-Energy Nuclear

" Collisions

Parton energy loss effect afirjetproduction in highenergy
nuclear collisions

ShanLiang Zhang
Central China Normal university
In collaboration with Tan Lud{inNianWang, BenWel Zhang

Hard Probes 2018, 30 Sep. to 5 Oct. 2018

ShanLiang. Zhang, T. Luo, X. N. Wang and B. W. ZRaygRevC98 (2018) 021901



U Introduction

U Jet production within Sherpa
U Jet propagation within a Linear Boltzmann Transport (LBT) moc
U Numerical results

U Summary



Z+jet: Golden channel to study jet quenching.
V. Kartvelishvili, R. Kvatadze and R. Shanidze, Phys. Lett. B 356, 589 (1995)
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a Sreeypath of Z boson is longer than the size of QGP.
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. Important background to new physics, e.g. tops and Higgs. .
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A Z+jet azimuthal angle correlations
S. Chatrchyan et al. [CMS Collaboration], Phys. Lé&2B38 (2013)
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b NLO calculations suffer divergencysdto + = .
b LO+PS calculations underestimate3%. 2.

A We adopt NLO+PS amibsgo studyZ+jetcorrelations.



Sherpa:Smulate of High-EnergyReactions ofPAticlesin the SM.

Merging schemes are provided to calculataltijets.

T. Gleisberg, S. Hoeche, F. Krauss, M. Schonherr, S. Schumann, F. Siegert and J. Wi8&2, 06ER2009);
S.Hoeche,Krauss,SSchumann and F. S,JHEP 0905,053(2009);JHEP 1108,123(2011);JHEP 1304,027/

b Low multiplicities: NLO matched to tiparton shower.
b High multiplicities: LO merged on tparton shower.

Matching scheme can be simply formulated as:

(O)NtoPe) = [adp [B +V + 5] (35) PSB (43, 0)
+ [d®g [R — D3] (®R)PSg(tr.O)

e B, V and R is born, virtual and real terms respectively.
oD (I° = [d®, D)) is the (Integrated) subtraction term.

e PS: the parton shower branch.

Sherpa: Gauge bosanZ, W )+jets, b(c) jets, tops, Higgs...
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A Z+jetcorrelations inp+pcollisions.
Loop MEOpenLoops F.cascioliP.Maierhoferand SPozzorini Phys. Rev. Lett. 108, 111601
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A NLO matched PS calculations show excellent agreement with experiment
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Linear Boltzmann jet Transport

H. Li, F. L, G. 1. Ma, X. N. W anc

Elastic collision + Induced gluon radiation. Y. Z, PhysRevLett.106.012301;
X. N. Wang and Y. Zhu,

—=  Follow the propagation of recoiled parton. PhysRevlLett.111.062301;
Y. He, T. Luo, X. N. Wang and

__ Back reaction of the Boltzmann transport. Y. Zhu, PhysRevC.91.054908.
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Medium Excitation

d3 dB d3
p1-9fa(pr) =— | (Qw)fQQEg J (2«)523@3 J (zw)fﬁlEét
X5 Yp(e.d) fa(P1) o(p2) — fc(PB)fd(pél)]lﬂ’fab—}ch
X Sa(s,t,u)(2m)*6*(p1 + p2 — ps — pa)

Elastic ScatteringComplete set of 2 scattering processes.
Radiation-Higher TwistGuo and Wang (2000), Majumder (2012); Zhang, Wang and Wang (2
dN,  2a,CaP(z)k% : cin? (tz_i)

dzdk? dt — w(k3 +22M2)id

LBT: light/heavy flavor hadron, single inclusive jetsadron/jet.

T. Luo, S. Cao, Y. He and X. N. Wang, arXiv:1803.06785;
W. Chen, S. Cao, T. Luo, L. G. Pang and X. N. Wang, Phys. Lett. B 777, 86 (2018);
S. Cao, T. Luo, G. Y. Qin and X. N. Wang, Phys. Rev. C 94, no. 1, 014909 (2016). 8




Jet production(Sherpa)

Jets location are decided by
probability of binary collisions

Jet propagation
LBT+(3+1)D hydro




A Fix the parameter via the comparison with they =0 /0 .
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- Large fraction of jets lose energy and fall below 30 GeV threshold.
-] =0.20 is fixed to best describe experimental datRlPlcollisions.
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A Shift of momentum imbalance®
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w is shifted to smaller value.
- Transverse momentum of Z boson is unattenuated.
- Jet transverse momentum is modified by medium.
Multi-jets have almost 50% contributionsdm < 0.5 region.
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A Suppression of azimuthal angle correlations
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3% IS moderately suppressed Fb+Plxollisions, almost a constant.

- Z-jet angle correlations is modified by jatedium interactions?
- Reduction of jet yields above 30 GeV threshold?
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- The suppression of Z+1 jet angle correlations is mild.
- Z+multtjets angle correlations is considerably suppressed.
Suppression of mulets lead to the modification of +jetangle correlations
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A Shift off  spectrum in differenty bins.

L R B e . S L B £ I R O S S S B B B B B B B S B B L e e L B ) I R B S R B | — 71 1 1 1 Tt [ T T
. —— Sherpa p+p| 1 —— Sherpa p+p| } —— Sherpa p+p| Sherpa p+p
e ——Pb+Pb [ —— Pb+Pb [} ——Pb+Ph [ Ph+Ph ]
Sﬂ;- Vs=5.02 TeV Z+jet “ 15=5.02 TeV Z+jet m s=5.02 TeV Z+jet “ V5=5.02 TeV Z+jet ]

o 40<p2<50 GeVic o] 50<p;<60 GeVic : 60<p;<80 GeVic ot pz>80 GeVic
4 4 :
zuf- 235: Q?Dimzq_c-
: < — a4 ]
' N = — e R o wm e e
P, (GEV) ", (GeV) P, (GEV) ", iGev)
S L I L B — T 1 T T T ]
dN FPb+Pb  anP+P 30k antik jetR=03 ~ —40<p;<50 GeVic
Taa = dpit / dpict p>30 GeVic 50<p7<60 GeV/c -]
T T 2sf <16 ——60<p7<80 GeV/c ]
Ag>Twi8 ——]80<p? GeVic
20k .
- t hft d t I I \s=5.02 TeV Z+jet 0-30%
N spectrums are snlirted 1o iower value. 2. - ;
1.0 I -
L] - \
The largest suppression is ngar ot e
L 1 PR |

B0 90 1

p’ (GeV)

M IR T IR B
00 110 120 130 140 150



E‘Etb

- —

( trk /plEt}

trkE[rﬂ,rb}
5 I:rk PI
jets Z f ) .
trkE[U;rﬂ Normalized to unity over r < 0.3
T T j 3.0 ~——+r—-r—1+-r—r—r—"r1"r—"r"r—"rT"Tr"r""TrrTrrT T
—pp p %260 GeVic 2
—-=Pb+Pb bg+sig antik jet R=0.3) p P760Gevie Z(lly+jet @ 5.02TeV ]
......... Pb+Pb bg . 25 - anti—ijet R=0.3 5
Pb+Pb sig PIT_ ?‘30 GeVic - p>30 GeVic
|T’[Je |‘¢16 Q920 [ jet ]
g 20F <16 ]
A4p>(Tm)/8 N N (L)
— L iz
E ------ _ -9:0 15:_ -
------ o L
E L
£ 10}
oo ] = |
S e 1 = osf ]
Z(Ih+jet @ 5.02TeV | [
“"“-“:“-;"i- P Y PUE R TR S S N NN T SN SN N NN N N 0_0-""'"""""""'.'.......-
0.05 0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30
r I

Pb+PbLarge fraction ofet energy is carried far away from the jet axis

16



[ = Ph+Pb W-+jets
Lesnosns Sherpa p+p W+1Jet

O eeeeses Pb+Pb W+1jet
10°F. ’

A B
f e Sherpa p+p W+jets

p, >60GeV

ankt-k jets,R=0.4
p,">30GeV |yl <4.4

= f— = Sherpa p+p W+(>2)jets S
=1 [ = Pb+Pb W+(=2)jets ™
:-O- [ . l/ - e
2 1
=z Rk -
z 107} 5
= [
< - S
= A2 S mi<2s
107 S m >40GeV 3
. .-..,- pT| > 95 GeV
s - <. p, >25GeV
- 1 1 P P 1 1 1
100.0 0.5 1.0 2.0 2.5 3.0

WHjets @ 5.02 TeV
ankt-ijets,R=0.4

p,">30GeV |y <44
p, " '>60GeV

AQ,,>7/8r

e BRI 3
0'8.0 02 04 06 08 10 12 14 16 18 20

X

--------

jet

w=Ps

/pf’rV

Sherpa p+p W+jets
Sherpa p+p W+1jet

== =Sherpa p+p W+(22)jetd]

Pb+Pb W+jets

seeses Pb+Pb W+1jet

Pb+Pb W+(=2)jets

<25
m, > 40 GeV

p, > 25 GeV
p, >25GeV

17



