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Motivation

QGP Probes:
hard probes: large momentum or short distance.
high-pr hadrons, heavy quarks,...

jet quenching:
et energy loss when a jet
propagates in the medium




Motivation
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Jet quenching leads to jet suppression.
Path length dependence of jet quenching leads to jet anisotropy.

Can we describe both jet R44 and vaoin a unified framework?
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The LBT model
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The inclusive jet shower partons from PYTHIA 8

‘ T. Sjostrand, S. Mrenna, and P. Z. Skands, JHEP 05 (2006) 026.

Initial condition from AMPT

‘ Z-W. Lin, C. M. Ko, B.-A Li, B. Zhang, and S. Pal,

Phys. Rev. C 72, 064901 (2005).
evolution with a hydro background:
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e-by.e 3+1D CLVisc: Pang, Wang & Wang, Phys. Rev. C86 (2012) 024911
Pang, Hatta, Wang & Xiao, Phys. Rev. D91 (2015) 074027
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The inclusive jet in pp collisions
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pr distribution of pp collision within PYTHIA 8
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PYTHIA 8 can well describe the experimental data at
LHC energies for different rapidity ranges.



Fix strong coupling constant

Y. He et al, arXiv:1809.02525
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Bulk anisotropy

dN _C(1 425 il 7)) elliptic flow: n=2
do Un cosinle = vy =< cos|2(¢p — Us)] >

i

Coordinate space:

Momentum space:

final asymmetry

initial asymmetry

Nucleus of P
a gold atom P z




Bulk anisotropy

10 - 20 %

1/N dN/dv,

15} 40 - 50 %| | 50 - 60 %
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Inclusive jet anisotropy v-
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Weighted with bulk v2 from e-by-e hydro profiles,
slightly larger than event plane method 11




Inclusive jet anisotropy v2
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Azimuthal angle distributions clearly show the existence of jet va.

Jet vz at both colliding energy are almost the same and have a weak
pT dependence, similar with pr dependence of jet Raa
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Inclusive jet anisotropy vs
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Jet v3 also shows a weak dependence of colliding energy
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Centrality dependence of jet anisotropy
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Hard-soft correlation
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Approximately linear correlation btw jet and bulk anisotropy

=~ The slope should be related to the strength of jet quenching
during jet propagation. 15




Effect of medium response

medium response (me. re.) : medium recoil + back reaction.
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Cone size dependence
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o The LBT model can describe both jet suppression and jet
anisotropy flow.
Jet anisotropy correlates with medium anisotropy

Medium response enhances jet anisotropy, which effect
increases for a larger jet cone size

18



Inclusive jet anisotropy vs
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Nontrivial path length dependence on parton energy loss

Propagation of a single initial jet parton in a
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Underlying Event Subtraction (UES)

UE: collisions of beam remnant, tfluctuation of the background,
non-perturbative eftects. Subtraction is needed to exclude the
soft particles.

- Seed jet: Ep > 3 GeV for at least
| | one parton,and

maa ave
E7* B3 > 4
ATLAS Collaboration, Phys. Lett. B 719, 220 (2013).

EQQES _ E;eedjet - Aseedjetp(l 205 COS[2(¢jet L \112)])

We only subtract the energy of seed jets,
and count all the final jets!
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Effects of medium response and radial expansion
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Cone size dependence of Raa
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v9 of soft particles from hydro profiles

1/N dN/dv,
1/N dN/dv,
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jet-medium transport coefficient
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Results: Inclusive jet suppression
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W neg & w. UES
jr anti-k, R=04

w/o neg & w.UES, 1 wio neg & w/o UES

0.7
: T ——1
206 rﬁ T
0.5H1 gn +
‘]Lr++ —LBT ]L ++ yl<2.1
04" +ATLAS 1 Pb+Pb 0-10%
7100 200 300 100 200 300
P, (GeV) P, (GeV)

28

Suppression!!!
w. neg (wWhote pr range);

w. UES(low pr range)



0.006
0.004

- +
1S Sory RS oo
PPk Y %5 <
0.002 G s
. ./ N //
9
N ’ N

-0.002"

0.006
0.004

en

jet

\%

-0.002 =

0.006

0.004F

0.002 5
’

-0.002

OF

110-20% +LBT w. fluc.
«LBT w/o ﬂuc.

N

0.002 H=E
o

<+ Pb+Pb
5.02 Te

vV

%
A

30-40%  +Pb+Pb
276 Tey

N
| | | |

p, (GeV)

50 100 150 200 250 300 50 100 150 200 250 300

p, (GeV)

29

0.2

0.1

0.2}

0.1

0 0.05

- 5-10% anti-k, R = 0.2

-+ LBT w. fluc.
<< LBT w/o fluc.

“PbPb sy =2.76 TeV |

]

20-30%

- 30-40%
- 100 <p,_ <120 GeV

b, 4

5 .




- anti-k, Vs=5.02TeV lyl<2.1
09} it

0.8
0.7
0.6/

0.5F

04"

dE LN ) X
ek LR ey -
n l‘-lll ::: .: lllll
-:.:"'
"u_u"rym g
o
-
ol “:‘
l.'l
ot
L]

PYTHIA p+p

----- R =03)/ oR = 0.4) _

..... oR=0.2)/ o(R=04) E

200 400 600 800
p, (GeV)

30

1000



Jet reconstruction including medium recoils

and back reaction

- ? n anti-kt algorithm in FASTJET package is
used to reconstruct jets

? Vin—n1)?+(p—¢s)? <R

M. Cacciari, G. P. Salam and G. Soyez, Eur. Phys. J. C 72,
1896 (2012).

consider all the jets

modified FASTJET,
subtract the “negative” particles

medium recoil re-scattering,
back reaction (“negative particles”)
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Inclusive jet anisotropy
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v_{23r{jet} = \frac{\langle \langle v_{2}A{soft} \cos(2[\phiA{jet} - \Psi_{2}]1) \rangle \rangle}{\sqrt{\langle (v_{2}A{soft})A2 \rangle}}
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