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@ Introduction

@ Heavy quarks dynamics in QGP within transport approach
@ The puzzling relation between R, , and v,(p;) for Heavy Flavors

@ Comparison to IQCD Diff. coeff.
@ Initial state fluctuations within transport approach:

@ Vv, (p;) of D mesons
@ v (heavy)-v (light) correlations

@ Impact of ElectroMagnetic field on Heavy quarks dynamics:
sizeable v, for charm quarks (anti-charms)

@ Conclusions



Specific of Heavy Quarks
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em,, >> Aycp produced by pQCD P ;o =
process (out of equilibrium) Y g
o' s heavy -

) ) _1__ , ﬁ/ ight

@m., >> T, no thermal production T _f
@ T,<< Togp Probes all the QGP life time R ol S

2 m>>T, g°<<m?® — dynamics reduced to Brownian motion

(statement that can be challenged for charm quarks PRC90, 044901 (2014))



Various model at work
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Simultaneous description of R, , and v, is a tough challenge for all models



Impact of T dep. interaction on R,,-Vv,

S.K. Das, F. Scardina, S. Plumari, V. Greco, PLB747 (2015) 260.
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Looking at it beyond the specific modelings
Y = T? [Ads/CFT, pQCD as=const]

Y =T [pQCD strong as running]

Y = const. [QPM]
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Boltzmann

p"d, f(x,p)+M(X)o,M[X)0, f(X,p)=Cy

“ -~ 2N v J o\ )

free-streaming field interaction collisions
e-3p#0 n=0

s Describes the evolution of the one body distribution function f(x,p)
s |t is valid to study the evolution of both bulk and Heavy quarks
a Possible to include f(x,p) out of equilibrium

Cp=[ d’k[o(p+ k,K)f(p+ k)—o(p,k)f(p)] olp,k)=] dq F'(Q)VierO g pok.ar

(27)

@ Numerically the Boltzmann eq. solved by puR ;é “\I;
standard test particle method to sample '{\" T
f(x,p). g
. ] ] . . A Nz_)2 A
® Numerical implementation of the collision / P ol _ 5. AL
integral by stochastic algorithm. A3x 27 A N/AN, ™72 Ay

Z. Xu, C. Greiner PRC 71 (2005) 064901



Boltzmann

pﬂay f(x3p)+M(X)a‘uM(X)a‘z f(Xﬁp) — C22
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s Describes the evolution of the one body distribution function f(x,p)
s |t is valid to study the evolution of both bulk and Heavy quarks
a Possible to include f(x,p) out of equilibrium

Cp=[ d’k[o(p+ k,K)f(p+ k)—o(p,k)f(p)] olp,k)=] dq F'(Q)VierO g pok.ar
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RHIC results: Ry, - v,

Data from STAR Coll., PRL 113, 142301 (2014)
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In (0-10)% coalescence implies an increase of the
Raa for p; > 1 GeV.

The impact of coalescence decreases with p;and
fragmentation is dominant at high p;.

In (0-80)% the v,(p;) due to only coalescence
increase a factor 2 compared to the v,(p;) charm.

In (0-80)% coalescence+fragmentation give a
good description of exp. data.
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LHC results: R,, - v,

Data from ALICE Coll. JHEP 03 (2016) 081
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« At LHC the coalescence implies an increasing of
the R,, for p;>1GeV similar to RHIC energies.

« At LHC the effect of coalescence is less
significant than RHIC energy.

« Due to hadronization D meson v,(p;) get an

enhancement of about 20% respect to charm
V,(Pr)-
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Data from ALICE Coll.PRC 90, 034904 (2014)
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Comparlson to IQCD Diff. coef.
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reduction compared to Boltzmann (BM)
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Heavy Flavour dynamics:

event-by-event transport approach

We have developed an event-by-event transport approach for the bulk:
S. Plumari, G.L. Guardo, F. Scardina, V. Greco PRC92 (2015) no.5, 054902

Extented to study:

s Heavy quark v _(p+)
s Heavy quark-bulk correlations

Some recent calculations using event-by-event viscous hydro
M. Nahrgang, J. Aichelin, S. Bass,

P. B. Gossiaux, K. Werner PRC91 (2015) no.1, 014904.

C.A. G. Prado et al., arXiv:1611.02965 [nucl-th].

t=1.6 fm 1=2.6 fm

107 T




Heavy Flavour dynamics:

event-by-event transport approach

We implement Monte Carlo Glauber initial conditions
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Heavy Flavour dynamics:

event-by-event transport approach

Data taken from CMS coll. talk by J. Sun QM2017
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Impact of large Electromagnetic field

on the Charm dynamics

3 Impacts on:
1 - Quarkonia states

- Radiative E,

- Electromagnetic radiation
- HQ transport coefficient D>>D,

@ We solve the relativistic Langevin

A. Bzdak, V. Skokov, PLB 710 (2012) 171-174 equation in an expanding QGP
K. Tuchin, PRC 88, 024911 (2013). background with Lorentz force.
K. Tuchin, Adv. High Energy Phys. 2013, 1 (2013).

B field strength: experimental data on the R, ,(p+)

- created on Earth = 10" Gauss and v, of D meson
- Neutron Star = 10° Gauss




Electromagnetic field: time evolution

Solve the Maxwell eq.s by starting with a point- L B B L
like charge at the X; in the transverse plane and ll{)H%C‘i: fAu+A% @200GeV | — 6 0.0 fm”
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B _ / o [ e o) V. Greco, PLB768 (2017) 260-264.
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K. Tuchin, Adv. High Energy Phys. 2013, 1 (2013).

U. Gursoy, D. Kharzeev, K. Rajagopal PRC 89, 054905 (2014). currents is neg“glble

@ No event-by-event fluctuations



Electromagnetic field: time evolution

Solve the Maxwell eq.s by starting with a point- RHIC: Au+Au @ 200 GeV, b=7.5 fm

like charge at the X; in the transverse plane and 10°5'"""""""""""'g T T T

moving in the +z direction with velocity B. - Ex n=0.5 1f n=1.0 1} n=1.5 ;
- - |— B, 1 1

V-E=ed(z—pt)d(x—x;)

A

V B=0 VXE:—%—?

VxB=2E 46, B+ epd(z-pu)d(x—x)

Fold them with the nuclear transverse density
profile of the spectator nuclei and sum forward
(+) and backward (-)

eField (GeV/fm)

10°F HF HF E

Pl Tous (¢) C 1E 1k ]
eBys = —Z/ d¢’/ dx' a' p_(z') A M e
-5 Zin (P') t (fm/c) t (fm/c) t (fm/c)
X €B+(T,7],{L‘J_,7T—¢)+€B+(T,—7],$J_,¢) 5
( Y = o (') Y ) S. K. Das, S. Plumari, S. Chatterjee, J. Alam, F. Scardina,
2 out
By, = 7 / Ao’ da' 2/, p(2,) V. Greco, PLB768 (2017) 260-264.
-z xin(¢’) -
: Assumptions:
—eEt — Er(r. — ASSUMPLoNs. . o
like in: X (eBr (T zL,m = @) + By (T, —n,21,9)) @ Electric conductivity o, const. in time
K. Tuchin, PRC 88, 024911 (2013). @ Modification in the bulk due to

K. Tuchin, Adv. High Energy Phys. 2013, 1 (2013).

U. Gursoy, D. Kharzeev, K. Rajagopal PRC 89, 054905 (2014). currents is neg“glble

@ No event-by-event fluctuations



Direct Flow v, of charm quarks

002F —— Dlcq] For light quarks was predicted v,= 10*° -10™
v1:<

— == Dcq] &> | |U. Gursoy, D. Kharzeev, K. Rajagopal PRC 89, 054905 (2014).

For charm quarks due to early form. time we
find a sizeable v, with the same E-B evolution

S. K. Das, S. Plumari, S. Chatterjee, J. Alam, F. Scardina,
V. Greco, PLB768 (2017) 260-264.
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Direct Flow v, of charm quarks
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For light quarks was predicted v,= 10*° -10™
U. Gursoy, D. Kharzeev, K. Rajagopal PRC 89, 054905 (2014).

For charm quarks due to early production we
find a sizeable v, with the same E-B evolution

S. K. Das, S. Plumari, S. Chatterjee, J. Alam, F. Scardina,
V. Greco, PLB768 (2017) 260-264.
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Conclusions

s Simultaneous predict of both R, , and v,:
needs T dep. of Ds + coal. + BM dynamics

s Good description of R,, and v,(p;) from RHIC to LHC
s At RHIC hadronization by coal.+fragm. increases v,(p;) of about 30%
s At LHC energies the effect is smaller of about 20%

s Event-by-event transport approach: new observables
s Further constraints for transport coefficients from v,(p;) and v;(p;)

s Strong correlation between v,(light) and v,(heavy)
s weaker correlation between v,(light) and v;(heavy)

s Electromagnetic field impact: heavy quarks larger w.r.t. light quarks
consequence of early formation time (1,= 0.1 fm/c) and larger kinetic
equilibration time
Large charm v,(p;) permits to access to the initial E-M field



Summary on the build-up of v2 at = fixed RAA
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