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Heavy quarks in uRHIC
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Relativistic Boltzmann eq. at finite n/s

Bulk evolution

R0, f,(x,p) + m(x)Fm(x)3L f,(x,p) = C|fy f,]
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free-streaming  field interaction

g-3p#0

collision

HQ evolution
pu({)#fQ(CU,p) — C[fcb fga fQKxap)

1
2F4

d3p2
2F5(2m)3
x [fo(P1) fa,9(P2) — fo(P1) fa,9(p2)]
X |M(q,g)+Q(p1p2 — pflpfz)‘z
x (27)*6% (p1 + p2 — PL — Ph) .
M scattering matrix by QPM model fit to IQCD EoS

d>ph
QE]_! (27{'}3

| ey |

gauged to some n/s#0

Equivalent to viscous
hydro n/s=0.1

S. Plumari et al.,J.Phys.Conf.Ser. 981 012017 (2018).
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Quasi Particle Model (QPM)

Non perturbative dynamics — M scattering matrices (q,g — Q)
evaluated by Quasi-Particle Model fit to IQCD thermodynamics
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Thermal masses of gluons

and light quarks

g(T) from a fit to € from IQCD data — good reproduction of P, €-3P
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Indipendent fragmentation

Spectrum of heavy quarks produced in pp-collisions can be computed up to NLO in s with available tools

Transition from quark momentum spectrum to hadron momentum, using fragmentation model:

th_zf ; deD o) q->mK,p,A.
dzph_ f Zdzpf f-n'\Z c->D, DA, ..

- Fragmentation functions D, are phenomenological functions to parameterize the non-perturbative
parton-to-hadron transition (z = fraction of the parton momentum taken by the hadron h)

- Fragmentation functions assumed universal among energy and collision systems and constrained from
e*eand ep

- Different models for FFs are currently in use in literature:
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- Petersonetal.,, D(z)= ( 1'5’1;.)2.
11—z

- Kartvelishvili et al., D(z) = Cz"(1 — 2)



Coalescence approach in phase space for HQ

Parton For details see talk: V. Minissale [20 july 2024]
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Catania QPM: some predictions for charm
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Extension to bottom dynamics: R,,

No parameters changed
with respect to charm dynamics - same interaction
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Data from: ALICE coll., arxiv:2211.13985
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Hadronization with coalescence + fragmentation model
> Prediction for B meson R,,
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1> R, 0f electrons from semileptonic B meson decay

Shift of the peak to higher momenta
— smaller with respect to the one
for D mesons in the same model.

M.L. Sambataro et al., Phys.Lett.B 849 (2024) 138480



Extension to bottom dynamics: v,(p+), Vs(P+)

No parameters changed

with respect to charm dynamics - same interaction Data from ALICE, PRL 126, 162001 (2021)
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Compared to charm quark:

Efficiency of conversion of g, :
15% smaller for v, in most central collisions.
40% smaller for v, at 30-50% centrality.

Efficiency of conversion of €5 :

30% smaller for v; at both 0-10% and 30-50% centralities.

From central to peripheral:
o enhancement of v, (g,(0-10%)=0.13 and &,(30-50%)=0.42)
o similar v; (g5(0-10%)=0.11 and €5(30-50%))=0.21)

M.L. Sambataro et al., Phys.Lett.B 849 (2024) 138480




MOMENTUM DEPENDENT Quasi Particle Model:
QPM vs QPMp




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

Equation of State and Susceptibilities

Non perturbative dynamics — M scattering matrices (q9,g — Q) Ne=2+1
evaluated by Quasi-Particle Model fit to IQCD thermodynamics
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QPM extension: QPMp(N=2+1+1)

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).
M.L. Sambataroet al. e-Print: 2404.17459
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QPM extension: QPMp(N=2+1+1) and m(T)

we have also extended our
guasi-particle model
approach for Nf = 2+1
toNf=2+1+ 1 where the
charm quark is included
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QPM extension: QPMp(N=2+1+1) and m(T)

we have also extended our
guasi-particle model
approach for Nf = 2+1
toNf=2+1+ 1 where the
charm quark is included
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QPMp — spatial diffusion coefficient D.

Spatial diffusion coefficient D — standard QPM
standard QPM including charm
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QPMp — spatial diffusion coefficient D.

Spatial diffusion coefficient D — standard QPM
standard QPM including charm
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QPMp — spatial diffusion coefficient D.

Spatial diffusion coefficient D¢ — standard QPM
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QPMp — spatial diffusion coefficient D.

Spatial diffusion coefficient D¢ — standard QPM
standard QPM including charm
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Conclusions

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

Charm mass [T] parametrization: charm susceptibility as function of T implies a decreasing m(T)
from 1.9 at T.down to 1.5 at 2T, getting closer to IQCD data for Ds.

QPMp

Good reproduction of both EoS and susceptibilities -> decrease of D, at small T.

Bottom D, very close to the new |QCD data for M->ee.

Spatial diffusion coefficient D(T) in the infinite mass limit -> satisfactory agreement with the
|QCD calculations that include dynamical fermions, differently from previous IQCD data in
guenched approximation.

e Perspectives: Effect on observables for realistic simulations.






Catania QPM: some prediction for charm...

Scardina et al., PRC 97(2017)
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LHC: results
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