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Heavy hadrons in AA collisions:
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[ Heavy flavour Hadronization: Fragmentation
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[ Hadronization: Coalescence }

Statistical factor Hadron Wigner
colour-spin-isospin function
dN Hadron
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Used to describe first observations in
light sector for the baryon/meson
ratio and elliptic flow splitting at RHIC,
more than a decade ago.
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[ Hadronization: Coalescence }

Statistical factor
colour-spin-isospin
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Thermal+flow for u,d,s (p. < 3 GeV)
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PbPb@5ATEV(0-10%): T=8.41" 5V . =4500 fm

+quenched minijets for u,d,s (p, > 3 GeV)

Hadron Wigner
function
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In AA collisions charm distribution from the
studies of RAAand v, of D-meson to determine the

Space Diffusion coefficient:

parton simulations solving relativistic Boltzmann
transport equation

In pp collisions the charm distribution are the FONLL
distribution

Coa/escence simulation in _a_fireball W/th
rad/al flow for light quarks > dimension set :
{ by experimental constraints 5




[ Hadronization: Coalescence }
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[ Hadronization: Coalescence }

Statistical factor
colour-spin-isospin
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Hadron Wigner
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*The charm that does not coalesce undergo fragmentation
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Heavy flavour: Resonance decay }

Meson Mass(MeV) 1 (J) Decay modes B.R.
Dt =dc 1869 - (0)

2
D° = jic 1865 2(0)
D* = 5c 2011 0(0)
Resonances
D** 2010 ~(1) D°z*; D*X  68%,32%
D 2007 Yy D°z°% D% 62%,38%
Dt 2112 0(l) DX 100%
Baryon
AY =udc 2286 0(5)
= = use 2467 23
=0 = dsc 2470 I
Q° = ssc 2695 0(%)
Resonances
A} 2595 0(3) Atz*a 100%
A} 2625 0C) Atz*n 100%
T+ 2455 1(2) Atz 100%
zt 2520 1(3) Afz 100%
B0 2578 Ly =y 100%
= 2645 (3 Efr, 100%
= 2790 &y =a, 100%
= 2815 13 Ea, 100%
QY 2770 0(2) Q% 100%

In our calculations we take into
account hadronic channels including
the ground states + first excited
states

( Statistical factor suppression for resonances )
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RHIC: results

S. Plumari, V. Minissale et al., Eur. Phys. J. C78 no. 4, (2018) 348 10°E > E
Y LA L UL UL BN AL AL BLELELELE B _1_ \\\ ———- charm
10E > E _10F N = coalescence =
£ N 0 o \ — — fragmentation
i RN ©  D’STAR (0-10)% R INEN R coal + fragm ]
o 10 be} ———- charm = 3 N\ S 3
> N coalescence z 5 \ S o
L 102k - = fragmentation . E107F
(D 10 E g E oy E \ Y
N ~ coal + fragm % N\
<L ] S o'E N
% 10 E E ',;? F AC \
g L ] & 10°F RHIC: Au+Au@200GeV
BR[O ~ 3 = lyl<1 (0-10)%
£ RHIC: Au+Au@200GeV 10°F
g 107E lyll (0-10)% g
- . 1075 R R S— s 6 7 8
107F py (GeV)
10-7_....|....|....|....|....|....|....|....|. 100%_I\I\I\IIIIIII”IIIIHIHHIHHIHHIHHIH‘E
0 1 2 3 4 5 6 7 8 F N +
N N o D' STAR(0-10) %
py (GeV) = 10 \\\ ——— charm
Data from STAR Coll. PRL 113 (2014) no.14, 142301 R ~ coalescence
(B 10°F \\\ — — fragmentation E
= C coal + fragm
For D° coalescence and fragmentation comparable at 2 2 107F E
E
GeV § 10'45— - —;
fragmentation fraction for D*_ are small and less than -~ b TS~ ]
& E =
o = RHIC: Au+Au@200 GeV
about 8% of produced total heavy hadrons 5 ook i<l (0-10)%
A fragmentation is even more smaller, coalescence hi
10°F
gives the dominant contribution g | | | | | | | |
'8 1 1 1 1 11 1 1 1 1 1 1 1
1070 1 2 3 5 6 7 8



10

[ RHIC: Baryon/meson |

STAR, Phys.Rev.Lett. 124 (2020) 17, 172301
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S. Plumari, V. Minissale et al., Eur. Phys. J. C78 no. 4, (2018) 348

Compared to light baryon/meson ratio
the A/DP ratio has a larger width

(flatter)

More flatter - should coalescence
extend to higher pt? Indication also in

light sector
V. Minissale, F. Scardina, V. Greco PRC 92,054904 (2015)
Cho, Sun, Ko et al.,PRC 101 (2020) 2, 024909

Needed data at low p;
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LHC: results |

wave function widths a, of baryon and mesons are the same at RHIC and LHC!

Data from ALICE Coll. JHEP 1209 (2012) 112
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Only Coalescence ratio is similar at both energies.

Fragmentation ~ 0.1 at both energies.

\\

the combined ratio is different because the coalescence over

NE LHC:

RHIC:

fragmentation ratio at LHC is smaller than at RHIC [ Au+AU@200 GeV e
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Therefore at LHC the larger contribution in particle production 0 1 2 3p E‘Ge\% 6 7 80 1 2 3p E‘Ge‘% 6 7 8
from fragmentation leads to a final ratio that is smaller than at ' !
RHIC.

S. Plumari, V. Minissale et al., Eur. Phys. J. C78 no. 4, (2018) 348



Small systems: Coalescence in pp?

Common consensus of possible presence of
QGP in smaller system.

What if: p+p @ 5 TeV
« Assuming QGP formation also in pp? - 1. =2fm/c
e What coalescence+fragmentation predicts in - BO=0_4
this case? Data from: - R=2.5 fm
S. Acharya et al. (ALICE), Eur. Phys. J. C 79, 388 (2019) -~ ) 3
5 Acharya et al. (ALICE) (2020) 2011 06078 - 2011.06079 - V~30 fm
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( Small systems:

. 13
Coalescence in pp? |
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The increase of A_production in pp has big

effecton R,, of A, - coal.+fragm. has different

behaviour especially at low momenta.

Reduction of rise-and-fall behaviour in /\c/ D° ratio:

-Confronting with AA: Coal. contribution smaller w.r.t.
Fragm.

-FONLL distribution flatter w/o evolution trough QGP
-Volume size effect
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Small systems: Coalescence in pp?
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Conclusions }

Good agreement with experimental data of hadrons spectra in AA

collisions from RHIC to LHC
Extension to pp: description of D mesons and AA_spectra
Coalescence plus fragmentation gives peculiar enhancement in

baryon/ meson ratio for all heavy hadrons N,Z,Q

Outlook: multicharm hadrons production
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Elliptic Flow — Quark Number Scaling |

Fourier expansion of the azimuthal distribution

flo,pr) =1+2 i@ﬂ cosng
n=1

momentum anisotropy In the transverse p:G!"P

coalescence brings to

Partonic
elliptic flow

Hadronic
elliptic flow

n=2 Elliptic flow

Assumption

one dimensional

Dirac delta for Wigner
function

isotropic radial flow

not including resonance

effect




Ratio p/m

Baryon to meson ratio at RHIC }
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* coalescence naturally predict a baryon/meson enhancement in the region p;

= 2-4GeV with respect to pp collisions
* Lack of baryon yield in the region p,= 5-7GeV
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[ Relativistic Boltzmann transport at finite n/s

Bulk evolution

P 0ufag () + MG FEM () 0y g (5P = Caalfg]

Y
free-streaming ﬁeld;_n3te;z:)ct|on collisions
P n#0
Heavy quark evolution S acows ] :
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0.35; m=0 SB —
0.3: ’ :
‘Describes the evolution of the one body R I""/ 5
distribution function f(x,p) 0-25: / . .

0.2

It is valid to study the evolution of both
bulk and Heavy quarks 0.15F

-Possible to include f(x,p) out of equilibrium 0.1%

'5@4"

(D°D+D I\

raaaal

£ (GeV/fm )

100

S. Plumari et al.,J.Phys.Conf.Ser. 981 012017 (2018).
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