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Outline

Catania Quasi-Particle Model for charm quark dynamics:
R, V, and their correlations —Spatial diffusion coefficient D_ (T) of charm.

Predictions for bottom quark
R, V,and v, of electrons from semileptonic B-meson decay.

AA )
Spatial diffusion coefficient D_(T): charm vs bottom and the infinite mass limit
Preliminary: Extension to momentum dependent QPM

Conclusions and new perspectives



Basic scales of charm and bottom quarks

Charm MC=1.3 GeV and Bottom Mb=4.2 GeV
e mc’b >> AQCD
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They experience the full evolution of the QGP.

They carry more informations with respect to their
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0 10’ 10° 10° 10° light counterparts.
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CATANIA MODEL: QUASI-PARTICLE MODEL
AND TRANSPORT THEORY

RAA,v andV_-V_ correlations

in charm sector




Quasi Particle Model (QPM) fitting IQCD

Non perturbative dynamics — M scattering matrices (q,g — Q) Nf=2+1 | \ - -
evaluated by Quasi-Particle Model fit to IQCD thermodynamics Bulk: \ — Sgg)
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Relativistic Boltzmann equation at finite n/s

p“0,.f.(x,p)+m(x)o,m(x)&,f,(x,p)=CIf,.f,]
o

11 x " Equivalent to
P“0,f o(x,p)+m(x)8;m(x)05f o(x, p)=C[f . f,] .

‘ ' viscous hydro at n/s ~ 0.1
— - - SN y n
Free-streaming field interaction Collision term

e —=3p+0 gauged to some n/s# 0

Feynman diagrams at first order pQCD for HQs-bulk
u . .
p a_qu(x’p):C[fq’fg’fQ] interaction:
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X (2 JT)“ O pPitPs;—Pi '—pz') Scattering matrices My , by QPM fit to IQCD thermodynamics

HADRONIZATION: hybrid Coalescence + fragmentation For details: S. Plumari talk [29 Sept at 11.15 ]




Catania QPM: some prediction for charm...

RHIC Au-Au @200 GeV , b=7.5 fm
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Catania QPM: some prediction for charm...
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RHIC Au-Au @200 GeV , b=7.5 fm Scardina et al., PRC 97(2017)
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ALICE collaboration, Phys.Lett.B 813 (2021) 136054 p; (GeVic)
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IQCD [Kaczmarek (2014)]
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Reviews:
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E]

- F. Prino and R. Rapp, JPG(2019)
- X. Dong and V. Greco, Prog.Part.Nucl.Phys. (2019)
- Jiaxing Zhao et al., arXiv:2005.08277

Not a model fit to IQCD data, but D, estimate that

comes from results of R, (p;) and v, (p,)

We have a probe with Teperm = Toep

M T Ds .
Tth = 35— ——(27TD,) 2 1.8 T/T.)? fm/c
FUTURE:
-Access low p and precision data (detector
upgrade)

-Better insight into hadronization

-New observables
-Bottom — Main focus of this talk




CHARM VS BOTTOM:
Ds IN THE INFINITE MASS LIMIT
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Extension to bottom dynamics: R

Hadronization with coalescence + fragmentation model
> Prediction for B meson R, ,
> R,,of electrons from semileptonic B meson decay
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No parameters changed
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e Shift of the peak to higher momenta
- smaller with respect to the one
for D mesons in the same model.

Data from: ALICE coll., arxiv:2211.13985
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https://arxiv.org/abs/2304.02953

Extension to bottom dynamics: v

> Prediction for B meson

> electrons from semileptonic B meson decay

within a coal + fragm model
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Compared to charm quark:
e Efficiency of conversion of €,
= 15% smaller for v, in most central collisions.
= 40% smaller for v at 30-50% centrality.

e Efficiency of conversion of €,
> 30% smaller for v, at both 0 10% and 30-50% centralities.

From central to peripheral:
e enhancement of v, (€,(0-10%)~0.13 and €,(30-50%)~0.42).
e Similar v, (¢,(0-10%)~0.11 and €,(30-50%))~0.21).

(n=2,3) Data from ALICE, PRL 126, 162001 (2021)
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(21'rT)D Charm quark vs Bottom quark

O lQCD [Banerjee etal. ]
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From D_we obtain (inthe 1-2T_ range):
o T (c)~5fm/c
o T1,(b)-11 fm/c  breaking w.r.t. the relation:
T, (b) = (Mb/Mc)Tth(c) ~3.371,(c) ~16.5fm/c

e |QCD data are in MQ—>°° so the D,
evaluated is mass independent +
guenched medium

® QPM use finite mass and includes
dynamical fermions

Ds: ! :Tz—th
My M

From kinetic theory is expected that:
th(b)/ Tth( )Nyc/beMb/Mc

In QPM approach — D (c) is 30-40% larger
than D (b) (no mass independence)

M— < |imit is not reached for charm

M.L. Sambataro et al., e-Print: 2304.02953
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(2mT)D_ratios: Charm quark vs Bottom quark
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(2TrT)D Charm quark vs Bottom quark
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From D_we obtain (inthe 1-2T_ range):
o T (c)~5fm/c
o T1,(b)-11 fm/c  breaking w.r.t. the relation:
T, (b) = (Mb/Mc)Tth(C) ~3.371,(c) ~16.5fm/c

e |QCD data arein M —» %0 S0 D IS mass

independent
Ds:T:TTth
My M

® QPM use finite mass and includes
dynamical fermions

From kinetic theory is expected that:
th(b)/ Tth( )N)/c/beMb/Mc

D (T) from QPM in the infinite mass limit
is the more pertinent to compare to IQCD
simulations evaluated taking into
account dynamical fermions

M.L. Sambataro et al., e-Print: 2304.02953
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PRELIMINARY:

MOMENTUM DEPENDENT QPM
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Going back to Quasi Particle Model (QPM)...

Equation of State and Susceptibilities

Non perturbative dynamics — M scattering matrices (q,g — Q) Nf=2+1
evaluated by Quasi-Particle Model fit to IQCD thermodynamics Bulk:
N u,d,s
Y= e B I no momentum
mi(T) = \L] (1) T? = Thermal masses of gluons and light dependence
I¥Ypq
¢ quarks

Standard QPM
understimates
the quark susceptibilities

g(T) from a fit to € from IQCD data — good reproduction of P, €-3P
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S. Plumari et al, Phys.Rev.D 84 (2011) 094004
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QPM extended — momentum dependence

Dyson-Schwinger studies in the vacuum — following the model

developed by PHSD group

H. Berrehrah, W. et al., Phys.Rev.C 93, 044914
(2016).
C. S. Fischer, J. Phys. G 32, R253 (2006).

2
\
T+ My,

Momentum dependent
factors
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2 2 | 1/2
My (T .11 m:( € o} (T*/Tu(11g)) Tﬁ+l—" ) +m
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S — )
—_ E — -
% s \\\ ]
S ol R, u
2% 8 ~N ]
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F === up and down ]
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p[GeV’]

we have also extended our
quasi-particle model
approach for Nf = 2+1

to Nf=2 + 1 + 1 where the

charm quark is included




QPM extended — momentum dependence

Dyson-Schwinger studies in the vacuum — following the model

developed by PHSD group

3
My(T,pq,p) = (;)(

2

8N,

N —
My (T, j1g.p) =

o X(T*/T,
X (T*/ Te(j1y)) (N~+;Nf

6

¢

2
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gAT /T(-(/l,,))[T2 ¥ 7—‘1]

]

1/2

—

T+ My,

H. Berrehrah, W. et al., Phys.Rev.C 93, 044914

(2016).

C. S. Fischer, J. Phys. G 32, R253 (2006).

Momentum dependent
factors

We correctly reproduce both EoS and quark susceptibilities
which are understimated in the standard QPM approach.
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QPM extended - Preliminary D, and R,

@)

O 1QCD [Kaczmarek (2014)]
v 1QCD [Francis (2015)]
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QPM extended Prellmlnary D.and R,,

1000

lQCD [Banerjee etal. ]
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QPM extended — Preliminary D_ and R, ,

R, (P

1.5

0.5

T T T T | T T T T | T T T T | T T | T

+— QPM N=2+1
— QPM Nf:2+1+1

= QPM N=2+1+1

Decrease at low p

p [GeV]

In a static box

Initial momentum distribuction function

— FONLL for charm quark

Raa = fe(p,ts)/ fo(p,to)

Momentum dependent QPM approach

* Better description of recent IQCD data.

* Effects on the global y?coming from the comparison to

the experimental data of Ry 4, V,?




23

Conclusions

e Extension to bottom quark dynamics: good description of R, ,and v, of electrons from semileptonic B
meson decay and prediction for v,

e Spatial diffusion coefficient D_(T): charm vs bottom and the infinite mass limit
> D(c)/ D(b) ratio of about a factor of 1.5 at T ~ Tc and 1.3 at higher temperatures (T ~ 3 - 4 Tc)
=> For the charm mass scale: the infinite mass limit used in IQCD is not yet reached;
For the bottom mass scale: discrepancy of only about a 20% w.r.t. the infinite mass limit

-> Taking into account mass scale dependence in QPM, we have satisfactory agreement with the
most recent IQCD calculations that include dynamical fermions, differently from previous IQCD data
in quenched approximation.

-> Thermalization time for bottom quark: 1, ~ 10 = 12 fm/c which is about a factor of 2 larger than
charm and so quite smaller than 3.3 as suggest by a simple M/T scaling.

e Extended QPM
Good reproduction of both EoS and susceptibilities.
Preliminary for a static medium: decrease of D_ at small T and decrease of R, , at low p
Perspectives: Effect on observables for realistic simulations?



Thanks for the attention!
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Relativistic Boltzmann equation at finite n/s

p‘“au fq ( X ) )+m ( X) a):lm ( X) 6; fq (X ) p ) — C [fq ) fg] Collision Integral gauged to reproduce viscous Hydro
u X u at fixed /s by means of
p a“f ( ) m(X)6 m(x)a (X’p)zc[fq’fg] Chapman-Ensksog

Y Y (@), T) = =Pl 1

15 g(a)n(@) n/s

Free-streaming field interaction
€ — 3p *0 Equivalent to viscous hydro at n/s = 0.1
u - Feynmann diagrams at first order pQCD for HQs-bulk
P8, folx:p)=C[fs:fs1ql Y ° i

& &
I InCiractiivit.
q ! q
!

b, ) Y g Q
1 d3P2 d3P1'
C i 5 — - J
(o o> ol 2E, J 2E,(22)°*Y 2E,'(2x) p ) ,_
Q ( > g

X [f()(pl')fq,g(p;l’)_f()(pl)fq_g(pl)]

X lM(q.gl-)Q(plpl-)pl'pz')I
x(2x)'8'(p,+p,—p,'—p,') Scattering matrices M, , by QPM fit to IQCD thermodynamics




Extension to higher order anisotropic flows v, (pr)

#N 1 &N < A
E = 1 + Z v,cos[n(ep —¥,)] Sambataro et al.,, Eur.Phys.J.C 82 (2022) 9, 833
dpr 27[ppoTdy i=1 J SRS JLE S AN RAALED RSN ISR RE AN EANES ML IS iy RS
[ Pb+Pb @ 5.02 TeV ]
045 P i (@) 0-10% -
0.10 [—v,
0.05 |
_ "o I
Elliptic flow Triangular flow >C 000 -
Not almond shape 0.2 L
— — g N 01}
Monte Carlo Glauber for initial condition of g, ¥ :
partons > K- [
S.Plumari et al, Phys.Rev.C 92 (2015) 5 5r ¥ 0.0

1o 5 10

5 .0
X (fm)

Data taken from ALICE collaboration: Phys.Lett.B 813 (2021) 136054

In the more peripheral collision (30-50 % centrality class) — larger v, and comparable v;
» v, mainly generated by the geometry of overlapping region in larger centrality collision
» vz mainly driven by the fluctuation of the triangularity of overlap region at all centrality



ESE: v, and spectra (20% small/large q )

q,selected v,(pr)

LI B L L B LR R IR R

RARASRARASRARES RARES RARRS
02l POPD @5.02TeV —atingen, @ | g,selected v,(pr) ratio
= ——20% small-q, (D")—_
L (a) 0-10% - = -20% large-q, (c) | ,:5@\ 4 - - T I
g Pb+Pb @ 5.02 TeV 0-10%
g | |
L 3 ot = ot S ML
@ o= - —E— - |
o S 20% small q, | 20 % large q, |
> + 35‘34‘ T
L (b) 30-50% B 20% large-q, ALICE § | 1 30-50%
[ + ® 20%small-,ALICE | g 2 Hi E
| R ool
S Ee e Y :
= 20 % small g, | 20% large q, |
> \ \ L [ I NN BRI

2 4 6 8 102 4 6 8 10
i [GeV/c] Pr [GeV/c]

Data taken from ALICE collaboration:
Phys.Lett.B 813 (2021) 136054

» v, (large- q, /small- g, ) = v, (unbiased) of about 50% in both 0-10% and 30-50% centrality.

M.L. Sambataro, et al., Eur.Phys.J.C 82 (2022)

28



29

Extension to higher order anisotropic flows v,,(p7)

ESE technique and v_ correlations

Selection of events with the same centrality
but differentinitial geometry on the basis of
the magnitude of the second-order harmonic

reduced flow vector q,.

20 % small g, 20 % large q,
Large q, — large ¢,

M
=S

(r" cos[n(qp—@,)])

/
i

[r"sin(n cp):'?'

1
—— P =—arctan -
[\ n
'.\rL [

/

\r', cos(n (p):"

r,=Vx*+y?, @=arctan(y/x)

qzselected vz(pT )

LI B 0 B BB BLELELELE B R

Pb+Pb @ 3. 02 TeV

20% Iarg«-«.:2 (D% A

0.2 - 0 ——20% small-q, (D°) |

L (a) 0-10/0 = = -20% large-q, (c)

I - = +20% small-qz () 1

0.1 |l

N 0.0 ....1....1..*,1““1....1....1.,..1....|..,.l....
> lll||lll|Il|lvlllvvlvvll|l|ll|lllllll|ll|V|'lllll

0.3 F +
- (b) 30-50% {

0.2

B 20% large-q, ALICE -
® 20% small-q, ALICE |

p, (GeVic)

Data from ALICE collaboration:
Phys.Lett.B 813 (2021) 136054

M.L. Sambataro, et al., Eur.Phys.J.C 82 (2022)



Catania QPM: some prediction for charm...

||||||||||||||||||||||||||||

RHIC Au-Au @200 GeV , b=7.5 fm Scardina et al., PRC 97(2017)

r T T T T T T I = - -
: LR T e ] Good description of
15/ Ac 0] n:s‘r.\n 10-40% QM2018+2014 , [y|<0.5 025— Only Frag . —:
o oeen b8 auceqesep’n' iz R AA? V2 at RHIC & LHC energies
< 1 ‘ 5 within error bars
o ]
i E Monte Carlo Glauber for initial
| Shadowingnateladed E condition of partons
° ; * ortcevy” = 3 S.Plumari et al, Phys.Rev.C 92 (2015) 5
Predictions for D mesons _Triangularflow v,
V, v, Correlations 015 fmpb BT o :
() Event_Shape 0047 T T | | 1 T T T T 1 :---Vs(c) = V,ALICE 1
E . =V 010 % i 30-50 %1 01O p—yen R ;
ngeenering 003l —Y% 1t : b ]
Technique: — i
Prediction for similar sy Ea _
correlation for hard 0.011° 11 Pb-Pb5.02TeV |
particles wrt bulk N T S S
0.02 0.04 006 0.08 0.04 0.08 0.12
V2 V2

L L 1
0O 1 2 3 4 5 6 7 8 9 10

ALICE collaboration, Phys.Lett.B 813 (2021) 136054 p; (GeVic)
M.L. Sambataro, et al.. Eur.Phvs.J).C 82 (2022)
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Extension to higher order anisotropic flows v, (pr)

ESE technique and v_ correlations 0.8 , Pb-Pb 5,02
. T T T T T T T T T T T T I T |
Selection of events with the same centrality i 20-30% T o4l 30-0% ]
but different initial geometry on the basis of 0.6~
the magnitude of the second-order harmonic ¢ 1 . T 1
reduced flow vector g,. « 0-4_— 7% 02 o ———
—_— 0.2 i = - -
@ =10lVM I I ) I PO P B
A I NI NI BT
M "' 0 1 2 3 4 5 AL
Q2 — Z elZ(pj q2 )
Vi T T T T 1 T 1
20 % small g, 20 % large q, - 30-50% . Anti-correlation between

Large g, — large ¢, 0.4 | g2 and g3
Ofr ~ /

Non-linear correlation

Monte Carlo Glauber for initial - | betweene; and g4
condition of partons i i
S.Plumari et al, Phys.Rev.C 92 (2015) 5 :

M.L. Sambataro, et al., Eur.Phys.J.C 82



ESE: vn — vm correlations M.L. Sambataro, et al., Eur.Phys.J.C 82

(2022)

Charged particles
0.07

I
| & V3 ALICE trality 15-20 % |
0.06F __ v, QPM Cataniacen ralty 7

0.05| ¢ V4ALICE - Predictions for D mesons

== v, QPM Catania
o 0.04- N

=004
0.031
0.02-
0.01- | 0.03

0.04

T I T

T
— Vo 0-10 %

30-50 %

<
~

| L | L
0005 0.1 2002

|

lIIIIllIIIIlllI
T T T T T T T T T T T T T T 7T

Correlations between the €,, and €, presentin the initial
geometry - correlations between flow
harmonics different orders, i.e. correlations v, and v,,

0.01 Pb - Pb 5.02 TeV

1 I _F 1§ Il 1 11 11 L L 11 1

1 | 1 |

L
® Good description of v___ correlation for bulk ' Y 006 0.08 0.04 0'%8 0.12

e Prediction for similar correlation for hard 2 2
particles
e Correlation for D mesons provide insights on the

interaction
Plumari et al, Phys.Lett.B 805 (2020) 135460 Data taken from: S. Mohapatra Nucl.Phys.A 956 (2016) 59-66
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ESE: v,, — v,,, correlations

Charged

0.07 particles
- & v,ALICE

0.06 | == v, QPM Catania
0.05 ¢ V4ALICE

- == v, QPM Catania
0.04
[=]
>
0.03+
0.02r

0.01+-
0 |

_centrality 15-20 % _|

0.04
0.03
=50.02

0.01

o

M.L. Sambataro, et al., Eur.Phys.J.C 82

Correlations between the €,, and €, presentin the initial

geometry - correlations between flow

harmonics different orders, i.e. correlations v, and v,,

® Good description of v___ correlation for bulk
e Prediction for similar correlation for hard

particles

e Correlation for D mesons provide insights on the

interaction and its temperature dependence
Plumari et al, Phys.Lett.B 805 (2020) 135460

. (2022)
Predictions for D
i | T | T ‘ T ] i T T ‘ ]
F =3 0-10% 1 ¢ 30-50 %
L ¥ 1 L i
L 4 _ L J
- 41 | Pb-Pb5.02TeV |
I I IR R B . | s \ ]
0.02 0.04 006 0.08 0.04 0.08 0.12
v v
2 2 2 2 2 2
(X10'6) SCm,n) =<v v _">-<v ><v >
4 T T T T T T T T T T T T
- B8 (3,2) QPM Catania l - Iy’(3,2) QIPM Catania l
3+ m-@ (4,2) QPM Catania —+ & (4,2) QPM Catania
LS (3.2) ALICE L
2L S (42)ALICE $ -+
/:t 1__ o # _: ) .
g/ r ﬂ@/ 3 = -
3 ope=— - 3
- i e
-1F \ﬁ 1
2| Charged particles -+ r;fgﬂ:::ns
i | I 1 | 1 1 | I I | 1 1 | 1 1 | L ]
-3 0-10  10-30 30-50 0-10 10-30 30-50 (%)
centrality centrality

Data taken from: S. Mohapatra Nucl.Phys.A 956 (2016) 59-66
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D meson: Impact of large A, production on Ry,

ALICE coll. Zampolli SQM2019
1.4 : o 3_ T T T T Na
s ®  ALICE: D" 30-50% - ALICE Preliminary ]
[ 2] e cOQl+fragm. ?25- o
[ N\ D’ coal.+fragm. with A effect ' ikt St
c ] lyl<05
N\ i
2j —e— data ]
r Catania, fragm. +coal. } (*)
L Catania, coal
1.5 3 Stat. Hadr. model, arGv:1901 08200 -
4 ' 'y o St ]
0.2[ ] 05: : ﬂ + 30-50%
()()lljlIllllzljlA3AAll4llll51lll(‘llll7lAAA8 r -*— :
p, (GeV) 8 10 20
P, (GeV/c)
D,(T) of charm quark that reproduces R,, and v, » With the same coalescence plus fragmentation
gives good description of model we describe the A,/ D°

> Impact of A/ D°
» Triangular flow v;(pr).
> q, selected anisotropic flow and spectra.

S. Plumari, et al.,
Eur. Phys. J. C78 no. 4, (2018) 348
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Numerical solution of Boltzmann Equation

QO Use Test-Particle Method to sample the phase space distribution function
NI?S!

FR B =0 ) 8V®=F6DF - Bin)
i=1

F. solution of Boltzmann eq.
— Test particles solve classical Hamilton eq. of motion

. . op;
{pi(t -+ At) = pi(t - At) +2At - <%>coll

7i(t + At) = 7i(t — At) — 2A¢t - [gggﬂ

Q Collision Integral mapped through a Stochastic Al At [10and A3x (10 : exact

52 solution
Pm = ANSOH? = V1O 99 At
= AN] AN2 = ARX

Final phase-space of HQ + bulk parton scattering sampled according to |MQCD|2 1 code test

through simulations in a “box” _ _
[Scardina, Colonna, Plumari, and Greco PLB v.724, 296
(2013)]
[Xu and Greiner PRC v. 71, (2005)]



Hybrid Hadronization Model for HQs

v : Formula developed for the light sector [Greco, Ko, Levai PRL 90 (2003)]

dNu 5 i
T / 1l g do

e : Hadron Wigner Function
Parton Distribution Functions (parameters fix according to quark model)

: C.-W. Hwang, EPJ C23, 585 (2002)
(after Boltzmann evolution) C. Albertus et al., NPA 740, 333 (2004)

Statistical Igactor
Color-spin-isospin

v FRAGMENTATION: HQs that do not undergo to Coalescence

dN dNs D
N5 f ol et
d? P 7 d*pr 2

We use Peterson parametrization: Dy (z) « {z <1 —=_

Z 1—2z

29 -1
> ] Peterson et al. PRD 27 (1983) 105

Parameter ¢_tuned to reproduce D and B meson spectra in pp collisions.

36

Plumari, Minissale, Das , Coci, Greco, EPJ C 78 (2018) no.4



QPM with N = 2 + 1 + 1 including charm

Recently, new lattice results for the equation of state of QCD with 2+1+1 dynamical flavors have become available. Therefore, we extend our

QPM approach for Ny = 2+ 1t N¢ = 2 + 1 + 1 where the charm quark is included.

2.5 T T T T T T T T T
| = m_ thermal m‘2=m‘;,:+|'ug|"l">l‘\3 withm_, = 1.3 GeV | Three cases:
— - m =15 GeV C tant =
Sl= == m Petrecrky - ons me = 1.5 GeV
' mass
= | 2 _ 2 | NZ=1 27
% sk Thermal mg = Mg+ 91
s | mass ; - -
I Charm IYIa_s_s constrained by quark [Petreczky]
: susceptibility from IQCD
0-5'—‘ 201|||||||||1|||1|16|( T ||||||4|||
: ' - PIT e
T[GeV] B DR 5] },«H%HL—
cpowsst J !i"flg
15+ ,',Lw"w.w = T ﬁ)ﬁ'ﬂﬁkﬁ
0 Energy density fit to IQCD data L g 14 T eoNae |
_ il / 1 3} Jz" T
0 Good reproduction of pressure and * L/ . R | H f g, == Seiwr;
interaction measure for three sld —= @MNDslef | 21 / M% ‘ ]
different charm quark masses. Bl l@g & M}?‘?Pv?’«-o.
5 1 [ : .
0 1 1 1 1 1 1 1 1 1 l 1 11 l 1 1 1 () }l I | 1 /| I 1 I L I 1 | 1 I 1 1 1

Petreczky, Heavy-Quark Transport from Lattice-QCD, Heavy flavor transport in

QCD matter workshop (2021).
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QPM extended — momentum dependence

Dyson-Schwinger studies in the vacuum — following the model

developed by PHSD group

3\ [ eX(T*/Tu(12y)) 1 N, >
My(T,pq,p) = (3)(”%1(1 (Nc‘f';Nf)Tz'f'T(Z—

Momentum dependent
factors

2
c

N
My (T, j1g.p) = SN,

= lq
g T*/ T (11q)) 72 +

T l0§
361 s gluon p=0 GeV 1 ’
32 = = =« gluon p=1 GeV ] I
o e — up and dm\.:n pi() (]e\»: - f — -‘\
. = =« up and down p=1 GeV 5 E ~ ]
= 24| " t ~S -
< . 0l ) ~
g ; S : 5
il 1 = \\
S e —gUON ~
'3_ e P _,,-_...---- 3 0.01% strange \,
e T __/ ¢ === upand down 3
0,4 ..___ - -..---...---9 0001:‘1 NETYTTY EENETITTY EEPEETTTY PRI EEPrTrrT IR
ol artuf | " : : 0.001  0.01 0.1 I 10 100 1000

u’ 0.4 0.6 0.8 1 ISP
T[GeV] pGeV]



QPM extended — coupling and drag coefficient

0,155 < T < 0,4 GeV 04 <T <1GeV

15 - T T T T L | T ¥ T ! o117 T T U Do R bl (YL o B o [ 2D D 1
1af :
13 — QPMN =241 -
12k e QPM N 24141 [m Petrecsky| A i T
<K — QPMN =24141 m 1.5 GeV -
5 s 3 3 vt ~.
105 QPMN =24141 m "=, “4aeg™T (m =1 3 GeV) 2 . -
- Q- \\ QP\!I \'{:?0]»! [mip)] m.:l SGeV I ———
': S . Y — M N <2t1+1 [mip}] [m_Petreczky) t
o6 a0 W =0 — QPMN =241
6 - N e QPMN =24141 [m_Petreczky]
- \\ = — OPMN <2414 m <15 GeV —
j - \\‘ QPM N <2+1+1m '-m, rag T im <13 GeV)
= A Mo .
2 | e s ~a i QFM .\:-Eoltllmlp)lmv-l.:\ GeV A
:) - M - Q‘P.\l. N=241+1 [mip)] [, Peneczky)
l—l | ! ! | ! 1—.1 P R BRI S | PRETEE BT
0.2 0.3 0.4 9).4 0.5 0.6 0.7 0.8 0.9 1
T[GeV] T[GeV]

« Large enhancement at low T

Coupling g(T) — standard QPM vs extended QPM

* Comparable value at high T with a
discrepancy



Drag and

D. in QPM extended

I T
m— QPM N=2+1 p=0.1 GeV
— = QPM Nf:2+1+1
= — QPM N=2+1+1
0.2+ f
g
<
0.1+
I | I | | |
%.l 0.2 0.3 0.4 0.5
T [GeV]
I (0] I IQ(I‘D[B:mer_jc'c et ul,I] ! !1" =I()‘|5|5 GCIV !
[m} 1QCD [Kaczmarek (2014)] IT; =1.5GeV
v 1QCD [Francis (2015)] o
A 1QCD [Brambilla (2019))
@ 1QCD [Brambilla (2020)]
100 e opm N=2+1 E
[ o QPMN=2+141
an [ m o QPM'N24141 pQCD 0, =0.4
= -
5 ==
= >
10 g
|
! L I | | pesicer |
04 08 12 1.6 2 24 28 32 36

Drag coefficient — standard QPM

standard QPM including charm
extended QPM

* Increase at low T consistent with the large
enhancement of the coupling in the same T
region

* Decrease at high T

Spatial diffusion coefficient D

T/T. < 2 - strong non-perturbative behaviour near to T.

high T region = the Dg reaches the pQCD limit quickly than the
standard QPM.



DQPM Dynamical Quasi-particle Model

In order to determinate the parton masses and widths within the DQPM approach, the analytical
expression of the dynamical quasi-particle entropy density soeris fitted to the IQCD entropy density Siaco

d ined pum |
lgfgpmil Qv HQan’p Ong/r.p x (Tln(—A7Y) + IILRA;)

iZgaq? 2m(2m)? T ’

Quasi-particle contribution interaction

contribution
The spectral functions within DQPM approach describe the variation of parton masses as a function of

the medium properties with result that these spectral functions are no longer 6 functions in the

invariant mass squared (as in the case for bare masses) but related to the imaginary part of the trace of
the effective propagator Dvand to the partonic

self-energies 2 as:

T Z/" (p) 41

S(p) x ID}(p) [P — RZE(p )] + [ZZ4(p)]?

Self energy



Preliminary: Off-shell

BOX CALCULATION FOR CHARM - static medium

evolution of charm quark distribuction function

(o)
(=]
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dN/dp [G
- N W
o O O O

60

* T > T, slower dynamics
* T — T, theincrease in the drag coefficient leads to a faster evolution

T =200 MeV
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Preliminary:
Nuclear modification factor R, 4

R = fc (p.tr)/ fe(p,to)

+—+ QPM N=2+1
— QPM Nf=2+1+1

~—= QPM N=2+1+1

1.5

Initial momentum distribuction function

— FONLL for charm quark

Momentum dependent QPM approach
0.5

R,, (p)
T T T | T T 1 T ’T T T 1 T | T T ) T

* Better description of recent IQCD data.
Decrease at )

0,—_ IOWp L | 1 | 1 | 1 | 1
0 1 Z > 4 5 6 7 8

* Effects on the global y?coming from the comparison to

the experimental data of Ry 4, v),?




