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Motivation

* Purpose P
. . . g - :_’_:-‘-::'_j "'.-;,:"' ',,,7-

- Flow induced as medium response to jet shower _——=—"—

- Medium contribution to jet energy loss and shape = =5

* Approach T

- Describe both jet shower and medium evolution
- Interaction between them

Jet shower transport equation

—_— +

Hydrodynamic equation with source term

e Other works about jet with medium response

B. Betz, J. Noronha, G. Torrieri, M. Gyulassy, I. Mishustin, D. H. Rischke (‘09), G.-Y. Qin, A. Majumder, H. Song, U. Heinz ('09), R. B. Neufeld, B. Muller

(’10), R. B. Neufeld, T. Renk ('10), H. Li, F. Liu, G.-L. Ma, X.-N. Wang, Y. Zhu (’11), R. B. Neufeld, I. Vitev ('12), X.-N. Wang, Y. Zhu (’13), YT, T. Hirano (14,
’16), R. P. G. Andrade, J. Noronha, G. S. Denicol ('14), M. Schulc, B. Tomasik ('14),...

Linearized Boltzmann Transport (+ Hydro) Model (Fully Dynamical)

Y. He, T. Luo, X.-N. Wang, Y. Zhu ('15), S. Cao, T. Luo, G.-Y. Qin and X.-N. Wang (’16),
Y. He, H. Stoecker, L.-G. Pang, T. Luo , E. Wang, X.-N. Wang, C. Wei (’16)

Hybrid Strong/Weak Coupling Model

J. Casalderrey-Solana, D. C. Gulhan, J. G. Milhano, D. Pablos,K. Rajagopal ("16)

JEWEL

S. Floerchinger, K. C. Zapp ('14),...




The Coupled Jet-fluid Model




Jet shower evolution

N.-B. Chang and G.-Y. Qin, Phys. Rev. C 94, no. 2, 024902 (2016)

e Transport equations for all partons in jet shower
- Evolution of energy and transverse momentum distributions, f; (w;, k5, ,t)

(7: parton species)
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dtj - 6] awjf <w37k2'J_t)
1 A 2 2
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Fluctuation- dissipation theorem
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3 E (Piesj(z = wj/wi): vacuum splitting function)
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e Transport equations for all partons in jet shower
- Evolution of energy and transverse momentum distributions, /i (w;, k51 ,t)

Collisions with medium constituents (j: parton species)
dfj(wj, k7, .t) .0 KA Collisional energy loss
dt TOw; NI (longitudinal)
1. s , Momentum broadening
+| —=q; Vi, fi(w;j, ki, 1)
4 = J (transverse)
AT i (w;y, k2| wi, k2)) ATy (ws, k2w, k2))
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Jet shower evolution

N.-B. Chang and G.-Y. Qin, Phys. Rev. C 94, no. 2, 024902 (2016)

e Transport equations for all partons in jet shower

- Evolution of energy and transverse momentum distributions, f; (w;, k5, ,t)
Collisions with medium constituents (4 parton species)

dfj(wj, k71, t) o0 ¢ o 2y Collisional energy loss
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Fluctuation- dissipation theorem
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Space-time evolution of QGP medium

e Hydrodynamic equation with source term
- Describe hydrodynamic response to jet and background expansion

(%T(Sép(x) = J"(z)

Energy-momentum tensor Energy and momentum
of the QGP fluid deposited from the jet

e Source term
dw;dk3 dg;  , dfj(w;, k3 1)

7 (x):—%:/ o dt

Momentum exchange
between medium and jet

03 (x — 2 (K, )

col.
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dfj (wjv kJQ'JJ t)
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.0 1.
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Assumption
Instantaneous local thermalization of deposited energy and momentum




Simulations and Results




Flow in QGP fluid induced by jet shower

* (3+1)-D ideal hydro
- Optical Glauber model in central Pb-Pb collisions at \/ SNN = 2.76 TeV
- EoS from latticeQCD z

e Evolution of medium and jet shower —

jet
direction
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Flow in QGP fluid induced by jet shower

* (3+1)-D ideal hydro
Optical Glauber model in central Pb-Pb collisions at \/ SNN = 2.76 TeV
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Flow in QGP fluid induced by jet shower

* (3+1)-D ideal hydro
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Flow in QGP fluid induced by jet shower

* (3+1)-D ideal hydro
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Flow in QGP fluid induced by jet shower
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Flow in QGP fluid induced by jet shower
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Flow in QGP fluid induced by jet shower

* (3+1)-D ideal hydro
Optical Glauber model in central Pb-Pb collisions at \/ SNN = 2.76 TeV

FoS from lattice QCO =2 K-
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Flow in QGP fluid induced by jet shower
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Flow in QGP fluid induced by jet shower

* (3+1)-D ideal hydro
Optical Glauber model in central Pb-Pb collisions at \/SNN = 2.76 TeV
EoS from lattice QCO K-

D jet
direction

ro= \/(np = Mjet)? + (Pp — Pjet)?

e Evolution of medium and jet shower —

Medium energy densit ' ' ' ' ! '
gy Yy | . 1500 + present 7
r = 51 fm/c e (GeV/fmd) % previous ===
€ @ Jet energy distribution
~ 1000
-
5 =
~—
=
D)
4 E’ﬂ 500 | .
=
9 /N
sl e
, O 40 F Deopsited (col.+boad.) —— -
e — 35
3 i . i
3 8 50 - Change of jet energy | |
N 15 F .
S 10F .
0 < 5 —\_,_\_—] 7
C /g g B | | | | | |
¢ (fm) < 0 01 02 03 04 05 06 07
Inital jet energy: 150 GeV o

r 10



Flow in QGP fluid induced by jet shower
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Flow in QGP fluid induced by jet shower
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Flow in QGP fluid induced by jet shower

e (3+1)-D ideal hydro
Optical Glauber model in central Pb-Pb collisions at \/SNN = 2.76 TeV
EoS from lattice QCO K-
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Flow in QGP fluid induced by jet shower

* (3+1)-D ideal hydro
Optical Glauber model in central Pb-Pb collisions at \/SNN = 2.76 TeV
EoS from lattice QCD = A
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Flow in QGP fluid induced by jet shower

* (3+1)-D ideal hydro
Optical Glauber model in central Pb-Pb collisions at \/SNN = 2.76 TeV

FoS from lattice QCO =2 K-
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Flow in QGP fluid induced by jet shower

* (3+1)-D ideal hydro
Optical Glauber model in central Pb-Pb collisions at \/SNN = 2.76 TeV
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Flow in QGP fluid induced by jet shower

* (3+1)-D ideal hydro
Optical Glauber model in central Pb-Pb collisions at \/SNN = 2.76 TeV
EoS from lattice QCD = A

D jet
direction

ro= \/(np = Mjet)? + (Pp — Pjet)?

e Evolution of medium and jet shower —
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Medium response contribution to full jet

R Jet-cone r= \/(7729 — 77jet)2 + (¢p — ¢jet)2 <R

size

direction Counted as part of jet

e Full jet energy loss and suppression (Jet Quenching)
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Medium response contribution to full jet

| } R jet-cone . _ \/(77]9 — et)2 A+ (D — diet)2 < R
size
N4 ¥

4—‘ jet _
» direction Counted as part of jet
Y

h S
9

e Full jet energy loss and suppression (Jet Quenching)

1) Collisional energy loss (and absorption)
2) Kick outside the jet cone (by momentum broadening)
3) Medium-induced radiation outside the jet cone

e Particles from excited medium (Jet-correlated, cannot be subtracted )

- Partially compensate the lost energy via 1) and 2)

AdN _dN dN Cooper-Frye formula
d3p 3 S dT . dN; g pl'do,(x)
p p w/ jet p w/o jet E; Bp; (27T)3 /2 eXp[pfuﬂ(a:;L/T(a:)]ZFl
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{Upiy (GeVic)

Full jet energy loss and suppression
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{Upiy (GeVic)

Full jet energy loss and suppression
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p(7)

Modification of full jet shape

(jets are generated by PyTHIiA & MC Glauber)

¢ Jet shape function

r =1/ (Mp = Mjet)* + (Dp — Pjet)?
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Modification of full jet shape

(jets are generated by PyTHIiA & MC Glauber)

¢ Jet shape function

r= /(M — Mjet)* + (¢p —
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Modification of full jet shape

(jets are generated by PyTHIiA & MC Glauber)

¢ Jet shape function

r = \/(np - njet)Z + (¢p - ¢jet)2

trk
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Modification of full jet shape

(jets are generated by PyTHIiA & MC Glauber)

¢ Jet shape function

r = \/(T}p - njet)Z + (¢p - ¢jet)2
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Summary




Summary

YT, Chang, Qin, PRC 95, 044909 (2017)

e Full jet shower + hydro model
- Jet shower evolution: transport equations for partons in jet

Medium evolution: hydrodynamic equation with sourcfe term

Constructed from jet transport equation

* Medium response contribution to jet energy loss

Increase of jet cone size dependence

* Medium response contribution to jet shape modification

Further broadening of jet shape
- Significantly modification except for very small-r

Medium contribution dominates large-r region
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