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O Introduction

0 Impact of T dependence drag on heavy quarks observables
I) Nuclear suppression factor
IT) Elliptic flow

0 Heavy quark momentum evolution: Langevin vs Boltzmann

0 Impact of pre-equilibrium phase on heavy quark
observables.

O Impact of the electromagnetic filed on heavy quark dynamics
(sizable heavy quark v1)

0 Summary and outlook



Heavy Quark & QGP

At very high density and temperature hadrons melt to a new phase of
matter called Quark Gluon Plasma (QGP).
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M c,b >> AQCD

Produced by pQCD process (out of Equil.)

TC,b >> TQGP They go through all the QGP life time

M c,b >> TO No thermal production



Boltzmann Kinetic equation
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where we have defined the kernels
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Langevin Equation
dx, = i g
E

dp; =—Ip,dt+~/dtC, (t, p+&dp) o,

where | s the deterministic friction (drag) force

Cij is stochastic force in terms of independent
Gaussian-normal distributed random variable
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interpretation of the momentum argument of the covariance matrix.

dN Au + Au
_ [d Py dyj

~ [ dN j‘”p
I\Icoll 2
d~ prdy

P; — P,
2

: H
p: + P;

VZ(pT):




Heavy flavor at RHIC
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At RHIC energy heavy flavor suppression
is similar to light flavor

Simultaneous description of RAA and v2 is a tough challenge for all the models.



Heavy Flavors at LHC

JHEP 1209 (2012) 112
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Charm dynamics with upscaled pQCD cross section
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It’ s not just a matter of pumping up pQCD elastic cross section:
too low R,, or too low v,
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Time evolution of Heavy quarks observables
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Das, Scardina, Plumari, Greco
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RAA and dN/dphi_ccbar developed during the
early stage of the evolution T i

V2 developed duringing the later stage of
the evolution T c

T dependence of the interaction i.e the transport
Coefficients are the essential ingradiant for the
symultanious description of HQ observabbles



T- dependence of the Drag Coefficient

Drag Coefficient pQCD (Combridge)
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but with a bulk of massless qand g



RAA and v2 @ RHIC
(Au+Au@200AGeV, b=8 fm)
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Light flavor sector:
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RAA and v2 @ ALICE
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Heavy quark momentum evolution: Langevin vs Boltzmann
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Boltzmann Equation Fokker Planck

It will be interesting to study both the equation in a identical environment
to ensure the validity of this assumption at different momentum transfer
and their subsequent effects on RAA and v2.

Langevin dynamics:

dx, = 21 gt
E

dpj — _ijdt + \/acjk (t’ P+ gdp)pk H. v. Hees and R. Rapp
arXiv:0903.1096

] is the deterministic friction (drag) force

C i is stochastic force in terms of independent

Gaussian-normal distributed random variable.



Transport theory
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dN/dp

Evolution: Boltzmann vs Langevin (Charm)

Momentum evolution starting from a 6 (Charm) in a Box
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In case of Langevin the distributions are In case of Boltzmann the charm quarks does
Gaussian as expected by construction not follow the Brownian motion
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PRC,90,044901(2014)
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In case of Langevin the distributions are

Lanaevin

Evolution: Boltzmann vs Langevin (Charm)

Momentum evolution starting from a 8 (Charm) in a Box
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In case of Boltzmann the charm quarks follow

the Brownian motion: At Low Momentum.



dN/dp
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R, .(Pp)

1.5

R, @and v2 at RHIC

(With near isotropic cross-section)
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At fixed RAA Boltzmann approach generate larger v2 .
(depending on mD and M/T)

With isotropic cross section one can describe both RAA and V2
simultaneously within the Boltzmann approach !



Summary on the build-up of v, at fixed Ry,
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R, @and V, are correlated but still one can have
R,, @about the same while V, can change up to a factor 2-3
v(T) + Boltzmann dynamics+ hadronization+ hadronic phase



Impact of Pre-equilibrium Phase
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It will be interesting to study the role of Pre-equilibrium on Raa and va.
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RAA and v2 @ RHIC
(Au+Au@200AGeV, b=8 fm)
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Under Preparation

Pre-equilibrium phase affect the RAA significantly.
Impact on v2 is nominal.



RAA and v2 @ RHIC
(Au+Au@200AGeV, b=8 fm)
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One can mock the impact of the pre-equilibrium phase with early locally thermalized QGP !
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Impact of EM field on heavy quark dynamics at LHC
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Heavy quark vi@LHC
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The simulation is done starting from tau_0=0.2 fm.
The sign of v1 due to B is decided by V X B
E act opposite to B.

Das, Plumari, Chartarjee, Scardina, Greco, Alam
Under preparation

At RHIC the v1 could be around 1-2 % on which we are working currently.
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Summmy & Outlook ......

» Rpa-V, of charm quarks seems to indicate:
» Drag about constantin T or weak T dependence to describe
both RAA and v2 simultaneously.

» Simultaneous study of RAA and v2 can put constrain on various energy
loss models.

» Boltzmann dynamics more efficient for v, even at fixed R,

» Hadronization by coalescence of heavy quarks as well as the role of hadronic
medium modify R,, vs v, relation toward a bette agreement with the data.

» Pre-equibrium phase have significant impact on RAA but one can mock it
with early locally thermalized QGP phase .

» Heavy quark have a finite v1 due to the presence of strong EM field created
at heavy ion collision which can be measurable.

+* Implementation of all these effects including radiation within a

single framework (within Boltzmann equation) is going on........






R, and v2 at RHIC at mD=gT
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At fixed RAA Boltzmann approach generate larger v2 .
(depending on mD and M/T)
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J/Psi in Hadronic Phase
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Boltzmann Kinetic equation
e absence of any

(& +E5+R )G r)= ()
external force, F=0 v,

R(p.t)= gﬂj _ [aKfalp + k k)T (p+k)—ap. k)fﬂ

d’q
o(p,k)=9 Lpkqik = is rate of collisions which change the momentum
j (27 ) wpan-ka of the charmed quark from p to p-k

3D, (a)f )

B, (p)f]:| Fokker-Planck equation
B. Svetitsky PRD 37(1987)2484

o(p+k,k)f(p+k)=a(p,k)f(p)+ k.a%)(a)f )+%kik

of O O
= A

j

where we have defined the kernels
» A = Id3kw(p, K)k; — Drag Coefficient H. v. Hees and R. Rapp

= _fdska)(p, Kk)k;k; — Diffusion Coefficient arXiv:0903.1096

dx = 4t
Fokker planck equation can be solved Xi = E

Stocastically by Langevin eqation
[ is the drag force and C i is the stochastic force. dpj - _ijdt + \/acik (t, p+5dp) o



[ I) LPM effect: Suppression of bremsstrahlung and pair production.]

Formation length (I f =~ ) : The distance over which interaction is spread out

1)  Itisthe distance required for the final state particles to separate enough that they act as separate particles.

2) Itis also the distance over which the amplitude from several interactions can add coherently to the total
cross section.

As . increase = [, reduce > Radiation drops proportional
f
S. Klein, Rev. Mod. Phys 71 (1999)1501

[ (I1) Dead cone Effect : Suppression of radiation due to mass ]
1 d 20‘ a. 1 92 m2
=89 ¢ %= =2-X - _
o dzd&? "oz (492 + 47/)2 where 7=2-% =X, and V= ?

Where X, = 2Eq / \/E and X, = 2Eq / \E — the energy fraction of the final state quark and anti-quark.

A

Radiation from heavy quarks suppress in the cone
from 0 =0 (minima) to 06=2 \y (maxima)




Radiative Energy Loss

AE—&-Q

QEpf (zﬂ}ﬂquf (%}32@[ (27)32E,
1 . ; )
X ;Zlﬂ-ﬂ%ﬂ(?ﬂ}‘iﬁ(ﬁq—p —¢)fl@)(1 £ f(d)(p—p)

4?—}3

zEpf (QTT}EQqu (zﬁ)ﬁzﬁq;f (2m)32E,,
dng 1 1712 a1 el r r \
X fm;ih‘ﬂz—}a(zﬂ Flp+q—p —q —ks)
x  f(E)(1 £ f(Ep)(1+ f(Es))8(r — 75)0(E, — Es)(p — p);

258 22, d*ks 19,21 Mazumder, Bhattacharyya, Alam
A7 = A 27)2F g: K2 PRD, 89 (2014) 014002

M2 N
X (1 +—e y) [1+ f(E5))0(T — 7r)8(E, — Es)

)—2 Abir, Greiner, Martinez, Mustafa, Uphoff

(M55 = [M]5_, % 12g5 & Phys. Rev. D 85, 054012 (2012)

1ﬂf—f — Lol +FRad Deﬁ — DCoII + DRad

€




Radiative vs Collisional
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RAA and v2 @ RHIC (Collisional vs Collisonal+Radiative)
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RAA and v2 @ ALICE (Collisional vs Collisonal+Radiative)
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