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1 Introduction

Model description

O Linear Boltzmann transport model(LBT)

O 3+1D hydrodynamic model(CLVisc)

O ColBT-hydro model for jet transport and jet-induced
medium excitation.

Qutlines
Results

O Medium modification of y-triggered fragmentation
function at RHIC

O Medium modification of y-triggered fragmentation
function at LHC

A Summary and outlook
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To probe quark-gluon plasma:

® o . ./ \e& v' Observables : based on jet
/ » v" Phenomenon: jet quenching due to QGP
0. . / o— o “ medium effect
/ oo © * Elastic scattering with medium constituents
® % o Medium * Medium-induced gluon radiation

v" Technique: jet tomography
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v’ jet profiles
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It is very important to determine the medium-
modified jet:

* Energy loss of the leading shower partons

* The redistribution of the lost jet energy with

medium flow.

The study of medium response to jet-deposited energy is
essential for a complete understanding of jet-medium
Interaction

From Yasuki Tachibana



® Frameworks for the study of medium response to jet transport

v" Full Boltzmann transport approach

Bulk matter: a collection of quasi-classical gluons and quarks

v" Jet+hydrodynamics approach

Bulk matter: simulated by relativistic hydrodynamics

Jet: jet transport equations or Monte Carlo model.

Problems in some study:

* No recoil partons contribution in final reconstructed jet

* Neglect the effect of medium response on the subsequent evolution of hard jets

* No concurrent to simulate for both jet transport and medium evolution.



“ I Linear Boltzmann Transport model(LBT)

CoLBT-hydro model

Linear Boltzmann Transport model 4+ 3+1D hydrodynamic model
(LBT) (CLVisc)

v" Jet transport is simulated according to
linear Boltzmann equations

p1-0f1 [:Il-.-pl) = I [:CEI + Cinel) :

v' Elastic scattering and medium-induced
gluon radiation
d*V; . 2asCAPa(z} kj_ p-u.

. (m)siﬂg(t i
dzdk>dt m (2 +22m2)t py T

)}

v" Keep track of jet shower partons and
thermal recoil partons.

v Introduce|“negative partons’] as back
reaction.
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Il 3+1D hydrodynamic model(CLVisc)

vt
CoLBT-hydro model

Linear Boltzmann Transport model 4+ 3+1D hydrodynamic model
(LBT) (CLVisc)

v" Jet transport is simulated according to
linear Boltzmann equations

p1-0fi(@1,p1) = E1(Ca + Ciner) v" Hydrodynamic evolution of bulk
v" Elastic scattering and medium-induced medium
gluon radiation
IN® 20 CoPy(2) y t v" Hadron spectrum calculated from
g ZevATals L R ALY 2Lt freeze-out hypersurface
d.ﬁdk’idt - (-Ifi +22m2)4 Do ga($)51ﬂ- ( T )} yp
v" Keep track of jet shower partons and ¥ Hadron resonance decay

thermal recoil partons.

v Introduce|“negative partons’] as back
reaction.
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if ColLBT-hydro model

CoLBT-hydro model

Linear Boltzmann Transport model 4+ 3+1D hydrodynamic model
(LBT) (CLVisc)

v’ formulated in Milne coordinates (7, z . ns)

Hydro Evo

v" simulated in sync with each other
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if ColLBT-hydro model

CoLBT-hydro model

Linear Boltzmann Transport model 4+ 3+1D hydrodynamic model
(LBT) (CLVisc)

CLVisc

v’ formulated in Milne coordinates (., z ., 1)

Hydro Evo

v' simulated in sync with each other

(1) provide medium info (T, u) to jet partons

(2) carry out jet shower partons’ transport
according to medium Info.

Hydro Evo.

3 soft(p-u < p2,) and ‘negative’(p-u < 0)
partons deposited into medium as source
term

4) hard(p-u > pl, ) partons propagate in
LBT frame

(5) update the medium info through solving
0, TH — ¥ 9



J§ Hydrodynamic equations with source term

Assumption: Instantaneous local thermalization of deposited energy and momentum

Hydrodynamic equation with source term

uThep(z) = Jet(2)

Energy-momentum Energy and momentum

tensor of QGP fluid deposited from jet
(SR S 5

source term:| ji.(z IZ out PP S (@ — ) |

soft partons negative partons
(P-U < Prut ) ( p-u=0)

B TERRY. NRY:
Gaussian approximation: ° (-7 ! Emp[_[m-q L) _ [”*2 1)si)
2oz i,

]
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if Initial condition

Initial condition

Pythia8 AMPT

Energy-momentum of jet partons \ L
Energy density distribution

Production position of jet partons <

AMPT:

v Energy density distribution includes transverse and longitudinal
fluctuation.

v Production positions of jet partons: sampled from spatial
distribution of binary hard processes.

Pythia8:
v" Energy-momentum of jet partons
different in each event.
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Hadronization

-

Cooper-Frye formula
Recombination model +
(Texas A-M group) Hadron resonance decay

Hadron spectrum

Momentum spectrum of
hadrons

Hadron list

Not consider:
v" Recombination between jet shower partons and thermal partons

v" hadron cascade
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Jet transport and jet-induce medium excitation




N Medium modification of y-triggered fragmentation function

/ h 1 1 dN
z=p—)7; e =log— D(z) =
. Pr Z Nevent dz
Dpp(z) Dja(8)
- Iia(2) = Lia(e) = AA
Dyp(2) a4 D,y (€)

Y

In our calculation:
v’ p+p results:

jet partons from Pythia8 + recombination model
v' Au+Au results :

LM-* LM!' w/ et {EP‘IL no/ jet
D(z) = @t +H Rl - j
dydz LEBT dydz hydro dyd: hydrao
background
| Remnant recoil Medium response by energy-

l parton contribution momentum deposition |

jet-induced medium excitation(j.i.m.e) 14



Medium modification of y-triggered fragmentation function
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I v-triggered fragmentation function at LHC energy

Jet-hadron FF

D(e) 1 dN | 1
£) = — e = log—
Nje: de Z
Pi
z pjet
In our calculation,
Use all final particles from both jet Project p¥(p") onto jet axis and look at the fraction

. t i
shower particles and j.i.m.e with Anti-kr In Te (2089

algorithm in the FASTIET framework.
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[ ColLBT-hydro 0-10%

C -1 CoLBT-hydro 10-30%(+2)
i7"7% CoLBT-hydro 30-50%(+4)

® ® CMS 0-10%

A A CMS 10-30%(+2) |
B B CMS 30-50%(+4) |}

1/NtdN/d&}

w
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[ ColLBT-hydro 0-10%

C -1 CoLBT-hydro 10-30%(+1)
i777% CoLBT-hydro 30-50%(+2)

® ® CMS 0-10%

A A CMS 10-30%(+1) ||
B B CMS 30-50%(+2) ||

T = I?1_|ﬁ|2.
R

v' Based on the initial parton energy before jet
quenching approximately.

Centrality dependence:

v' Enhancement of low p? hadrons

v' Suppression of high p? hadrons

=) path length and temperature different

No(slightly) centrality dependence:
v" Transition point (I54 = 1) from relative
enhancement to suppression.

gl ~3.2 > pht ~2~3GeV
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f 1 CoLBT-hydro 0-10% ® ® CMS 0-10% f .1?'
8f CZ2 ColLBT-hydro 10-30%(+2) A A CMS 10-30%(+2) ot 12
i {7771 CoLBT-hydro 30-50%(+4) H B CMS 30-50%(+4) |] ; Ej(’t z |ﬁj€ |
7L 1 S NEN ST »'._.-,-.-._ o= ﬂ,—
£jet —l Iﬁi&le ,....! ’ — ’ ﬁ‘h . ﬁ)ﬁt
¥ 6f = “r'h_ﬁjet - - 1 P projected to jet axis
= °f —— a4 A
T S A ! T A [ v Based on reconstructed jet energy
5 A T :
— 3 o --A--]
2 .
' ’ @ Centrality dependence:
' v Enhancement of low p! hadron
E—— Pb+Pb v5 = 5.02TeV/c ance _ ento _0 p,Z' adrons
O e e ] v Suppression of high p7 hadrons
I [—1 CoLBT-hydro 0-10% ® ® CMS 0-10% 1 .
J o1 coBT-hydro 10-30%(+1) A A CMS 10-30%(+1) | path length and temperature different
i i_.i CoLBT-hydro 30-50%(+2) B B CMS 30-50%(+2) ||

No(slightly) centrality dependence:
v" Transition point (I54 = 1) from relative
enhancement to suppression.
get ~ 2.5 - pt ~ 2~3 GeV
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[ ColLBT-hydro 0-10%
C -2 ColBT-hydro 10-30%(+1)

sy

i ColBT-hydro 30-50%(+2)
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The modification in the ratio PbPb/pp is more apparent in the e’T' case than in the
get case.

v Reconstructed jet energy is smaller than initial parton energy(y energy) in p+p

collision

v" Jet lose their energy and momentum due to jet quenching in Pb+Pb collision



'if Particle ratio in reconstructed jet
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B Summary and outlook

Summary:

v" We develop CoLBT-Hydro model for simultaneous event-by-event simulations
of jet propagation and hydrodynamic evolution of the bulk medium including
jet-induced medium excitation.

v" Medium response is important in analysis of jet-related observables.

Outlook:
1. The improvement of CoLBT-hydro model

2. More jet-related observables calculated using CoLBT-hydro model.
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