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Focus of this presentation

<> Focus on_heavy flavor hadronization:
- Surprises!?: Ac/D%~ 0.5-1 not only in AA but even in pp, strong enhancement wrt e*e~

» Studying charm dynamics and production:

Coalescence+Fragm.: Coal-Catania, RR-TAMU(AA), PHSD-Frankfurt, CCNU-Duke,
Coal-TAMU-CCNU, QCM, EPOS4HQ-Nantes

String Fragm./Reconn.: PYTHIA (LC-> CR), POWLANG-HERWIG... AGANTYR
Statistical Hadronization Model: SHM-Heidelberg (AA), SHM-TAMU(pp)]

—> Overview Similarities/Differences and some open questions
- quite a multiple Feazardous self-impased Jask!!

A lot of material and discussion in Altmann, Dubla, Greco, Rossi & Skands, arXiv:2405.19137

[1 week ago]



https://arxiv.org/abs/2405.19137

Relevance of HF Hadronization

<> Hadronization is very relevant:

- in itself: how hadron are produced? Is it a universal process in
ete”, ep, pp, pA and AA?

- HQ transport properties --> estimate2nTD,(T) vs LQCD:
both Raa(pr) & vi(pr) affected

- QGP droplets: infer properties of medium created in pp and/or pA

- Polarization: underlying the interpretation for light hadrons,

: 1-P4P5  frag .. 1+0.5P§
open HF and quarkonia., p§3* = —%1 ~ —— 1
P 9 ’ 3+PyPg ' 7700 3-0.5P%

[Xu-Guang Huang, previous talk]

- ALICE 3: predictions for multi-charm production PbPb vs KrKr vs ArAr
[Plumari, Tue 4, 9:10]
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Hadronization in the light and strange sector
e T T T 1 Dong-Greco, Prog.Part.Nucl.Phys. 104(2019)

Au+Au @ 200GeV
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In 2002-2004 large p/m, A/K at intermediate pr.

- development of coalescence + fragm. in AA collisions
fu = [q®f®P )y [G-Ko-Levai & Fries-Muller-Nonaka-Bass PRLI0(03)]

- v, quark number scaling (~ also for ¢...)
= HF mp ¢ >>Aqcp,T : not created at hadronization
+ close to energy conservation with constituents quarks

SKk0 STAR Preliminary 0.7 . . . .
- P71 % Yields ratios ok in SHM-Heidelberg:
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2npr dprdy

. o



HF Baryon enhancement

<> Heavy Flavor hadronization coal.+fragm. applied to pp and AA:
- in AA: a peak in A/D° = O(1) (STAR and ALICE) predicted by Coal.+Fragm.

- but even pp: A/D°= 0.6, E/D° = 0.25 ALICE data

AA@RHIC-STAR _ PAdaibe - | NEW o [ PP@LHC
®) — PYTHIA ---- Ko et.al: three quark (0-5%) (@] l . ] — 1~ ALICE pp, (s =5.02 TeV -
Io’" ----- Ko et.al: di-quark, (0-5%) o T ALICE Preliminary ] +2 Fy|<05 ]
Q © PYTHIACR Ko et.al: with flow (0-10%) < 25 30-50% Pb—Pb. {5 = 5.02 TeV - < t =— PRL 127 (2021) 202301
A —m Catania, coal.+frag. (10-80%) C » VONN i - ) -
= 3 -~ Catania, coal. (10-80%) C lyl<0.5 ] 0.8 —&— This paper —
g el I(Ig'ggj//o)) o i i —— PYTHIA 8 (Monash)
app et.al (0-20% - —e— data B 1
: t - ga:an_!a, fraglm.+ooal.}(*) ] N - PYTHIA 8 (CR Mode 2) |
. atania, coal. - . 3 i 1
s 2_ 15 N Stat. Hadr. model, arXiv:1901.09200 —| \ T - Catania, fragm.+coa|.
N C ] [ SH model + RQM
e P s 3 B ]
7 i 1= Filled markers: pp measured reference - 04 \ i
1 | — - Opennurkers:pppy-exuapolaled reference . n
o o 30-50% E i
[ e 0.5 0 2 YT |
= THERMUS PXTHI—A C 1 el i S ]
=) B g B i - B . i T
0 2 4 6 8 e I b o F,,-—-I————\—’vi\/\/\
Transverse Momentum (p_) (GeV/c) p. (GeV/c) o— 5 — 10 —
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% 19 prediction in coalescence by Ko PRC(2009) of a very large A/D° even at low pr
>> SHM[PDG] >> ete™ (~ PYTHIA)



HF Baryon enhancement impact

> HF hadronization have stimulated developments:
- PYHTIA beyond Leading Color (LC)=> Color Reconnection (CR) in pp
- Coalescence+Fragmentation approach applied to pp
- Local color recombination: POWLANG in AA and in pp
- Inclusion of HF Coalescence+ Fragmentation in EPOS (pp &AA)

& [~~~ T T OO CTT T[T T[T TIT[TIT[ I 171771} ]_2 — ——]
~ {ALICE pp, Vs =5.02 TeV ] =140 -POWLANG
2 F <05 . <:1 4: ~——— pp HTL, min bias L PP, V SNN =5.02TeV, |y|<0. 5
i —=— ALICE ] 120 “.----. pp IQCD, min bias 1.0} o ALICE |
0.8 —— PYTHIA 8 (Monash) ~.mee pp IQCD, high mult [ = CMS ]
-------- PYTHIA 8 (CR Mode 2) 1 -——: Pb-Pb,IQCD 0-10% 0.8~ —— EPOS4HQ
B atani, ragm.sovnt, o | POWHEG+PYTHIA 3 | + - = Pure EPOS4]
0.8 7\ i
- SH model + RQM r

~ 0.6}

<
L 0.4
0.2" ] L :
- N Calar Rocannectian 5 Local colon vecombination 0.21
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See also: Fionda 3 Mon [11:05], J. Cho, 4 Tue [09:30]



Let’s fix some points starting from the Catania model...



Basic fearures of Catania coal.+fragm. in AA

Statistical factor colour-
spin- |sosp|r}v

Coalescence function ~ Hadron Wigner function

dNyaa d’p
Hza ron Jl_[p‘ do; qu(xl,pl)(CH(xl, ey X D1y e Pn) O (PT Z,PiT)
d DT (2 ) l

For u,d,s Thermal+flow (p;< 2.5 GeV)

_ qu,c‘; <_ VT(mT —pr-Br+ qu)>

T

Same fireball of the predictions for
p/n, A/K, p/¢ and their v,, QNS scaling

at RHIC and LHC [Greco-Ko-Levai, PRL(2003)]
Volume ~ V(SHMc), Andronic et al., PLB 797 (2019)

+ quenched minijets for u,d,s (p; > 2.5 GeV)

For Charm f.(x,p) in AA from the studies of Rys and v,

of D-meson to determine the Space Diffusion coeff.:
simulations solving Relativistic Boltzmann transport eq.



Basic fearures of Catania coal.+fragm. in AA

Statistical factor colour-
spin- |sosp|r}v
dNHadron

d?pr

For u,d,s Thermal+flow (p;< 2.5 GeV)

_VT(mT —pr-Pr+ qu)
T

dN, -

q.q
~exp

pr

Same fireball of the predictions for
p/n, A/K, p/¢ and their v,, QNS scaling

at RHIC and LHC [Greco-Ko-Levai, PRL(2003)]
Volume ~ V(SHMc), Andronic et al., PLB 797 (2019)

+ quenched minijets for u,d,s (p; > 2.5 GeV)

Coalescence function ~

_@“_[Pz do; é )3fq(xlrpl)(CH(x1' ey Xn;D1se- s Pn)S (PT ZipiT)

Hadron Wigner function

For Charm f.(x,p) in AA from the studies of Rys and v,

of D-meson to determine the Space Diffusion coeff.:
simulations solving Relativistic Boltzmann transport eq.

=== == Only Fragm.

LI L B B B L

o D° STAR (0-10%)
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Coalescence approach in phase space

Statistical factor colour- Parton Distribution Hadron Wigner function

spin-isospin function
cr Xn; PDS (PT - E _piT)
i

Wigner function width o, fixed by root-mean-
square charge radius from relativistic quark model

Cy(...) = CNa71f, (xl..qu,; D1 ...qu) C.-W. Hwang, EPI €23, 585 (2002);
C. Albertus et al., NPA 740, 333 (2004)

dN Hadron _
d?pr

Coalescence function <-> Wigner function

Wigner function fyy <-> Wave function ¢y

@y (r) meson wave function: gaussian
Ng—1
q

2
x .
fu(xi,; pi) = 1_[ 8 exp (‘%‘ prz,i0r2,i>
i=1

T,

Meson N =2, baryon N,=3



Coalescence approach in phase space

Statistical factor colour- Parton Distribution Hadron Wigner function
spin-isospin function
Ng
dNHadron _ ]
dz—_ bi - (CH(x1;---;xn;p1;---;p 6(pr — Dir
pr i1 i

Wigner function width o, fixed by root-mean-
square charge radius from relativistic quark model

Cy(...) = CNa71f, (xl..qu,; D1 ...qu) C.-W. Hwang, EPI €23, 585 (2002);
C. Albertus et al., NPA 740, 333 (2004)

Coalescence function <-> Wigner function

Wigner function fyy <-> Wave function ¢y .
» Employing <r?> from RQM there are no free

om (1) meson wave function: gaussian parameters! Even if modification of <r?> can be
. X2, envisaged at T=155 MeV

fH(xi:; pi) = 1_[ 8 exp ———% — Dr,i0r; .
i=1 Ir,i » Resonances (D* A, X ...) yields rescaled

Meson N =2 , baryon N =3 according to SHM (thermal suppresion)



Coalescence + fragmentation in phase space

Statistical factor colour- . . .
spin- |Sospm Coalescence function ~ Hadron Wigner function

dNyaq
dzc;;on @jl_[pl dGl (2 )3fq(xup1@ xn»p1>6 pT plT

Coalescence function <-> Wigner function

Cy(..) = CNa7 ' fy (xl..qu,; P1 ---PNq)

< CNa~1 fixed by requiring summing on all hadrons
Pcoal(p=20)=1 not in standard coalescence ....
affects quadratically baryon production, has a quite
physical motivation

<> The charm not “coalescencing” undergo fragmentation:

dNhad _ Z/ deragm Dhad/(‘(zv Q2)
d*prdy d*pr dy 22

Peterson or Kartvelishvili et al.



Coalescence + fragmentation in phase space

Statistical factor colour-
o ;;?n iascosgirc]o o Coalescence function ~ Hadron Wigner function
dNHadron @jl_[ d*p;

Xi, 0 )Cr (X1, o, X D1, eer) 8( _Z - )
dsz bi - (2 )3fq( lpl) H( 1 n P1 pn) pPr iplT

Coalescence function <-> Wigner function SRRSO A AR RSB

TOT = == TOT
< CNa~1 fixed by requiring summing on all hadrons A
Pcoal(p=20)=1 not in standard coalescence .... 3

affects quadratically baryon production, has a quite
physical motivation

<> The charm not “coalescencing” undergo fragmentation:

dNhaa deragm Dhad/C(Za Qz)
-y [
d?pr dy d?prdy 72

S. Plumari, V. Minissale et al., EP) C78(2018) 348

Peterson or Kartvelishvili et al.



Coalescence in pp?

Pb+Pb

Daring to assume a small fireball according
viscous hydro applied to pp as in AA, but

size,time, flow given by hydro for pp =
p+p @5 TeV : .
gp_1 7 fm/c L 2 ’x‘u(m]; R x (fm) X (fm)
0 4 L] L] L] v
_R=25fm T f.(p) from FONNL distribution R. D. Weller, P. Romatschke,PLB 774 (2017) 351-356
- V~30 fm?3
VT(mT —pr-Pr+ .Uq)
fy (@)~ L~ exp ( d
Pr
+ Same ngner funCtlon WldthS G.: superSONIC for p+p, Vs=5.02 TeV, 0-1% superSONIC for p+Pb, Vs=5.02 TeV, 0-5% superSONIC for Pb+Pb, Vs=5.02 TeV, 0-5%
ri : . . : : ; . . .
. | Vo *data for Vs=13 TeV 1 V2 vy
of hadrons in AA o — s o o §
0.12F  ATLAS, Nep=60+ —@— T ATLAS, Nep=110-140 —@— i o T ALICE, 0-5% —@— 4 °
Nq—l 2 o1l CMé\;I"LANS',ide_GlOSB R 1 CMS, Niy=120-150 —B— ° R
Xr 0.08 - o (] ¢ 6-- ' o T
fH(xlan)— 86Xp _O'__ prlarl 2 | ..g]..’ b ] wo. P ¢
i il ...m ; * i P » ? . [ ] . °
m [ ]
o.oz_ » . i - o m.=]:.. Al .::....0
0 05 il 1..5 2 250 0.5 1 1..5 2 25 0.5 1 1I.5 2 2..5
pr (GeV) (Gev) pr (Gev)



“Fragmentation” Fractions in pp Catania Coalescence

1 T | T T T
" ALICE, pp ly| < 0.5 |
| = {s=13TeV |
0.8— = {s=5.02TeV

B === CATANIA coal.+fragm. 5 |eV
+ B factories, e'e”, Vs = 10.5 GeV |
+LEP, e'e”, {s=m, |
e HERA, ep, DIS
o HERA, ep, photoproduction

> Evidence of different “Fragmentation” Fractions
in pp at LHC wrt e*e-(ep) collisions.

» Catania Coal+Fragm. very close to pp FF

» SHM+RQM baryon resonances would have a
similar agreement (T~160-170 MeV)...
except for =

17



Ratio to D in pp

> 5 | | | | | ]
~ 12 = ALCE pp, s=5.02Tev 7]
T - SHM: Phys. Lett. B 795 (2019) 117-121 |
PR PDG, T, = 160 MeV N
R RQM, T, = 160 MeV .

- -~ PDG, T, = 170 MeV .

0.8 [ — RQM,T,=170MeV N

*® | = CATANIA coal.+fragm. 5 TeV -

0.6 - 7]

i

0.4

=
‘%" """"""""""" x 30

0.2

4]
I=

» Catania Coal+Fragm. very close to pp FF

» SHM-+RQM baryon resonances would have a
similar agreement (T~160-170 MeV)

... except for E¢, Q.

Similar for AA with SHMc[Andronic et al., JHEP 07 (2021)]

18



Fractions to D? in pp Catania Coalescence

1.2

H, / D°

0.8

0.6

0.4

0.2

= ALICE, pp, s =5.02 TeV

SHM: Phys. Lett. B 795 (2019) 117-121
PDG, T, = 160 MeV
RQM, T, = 160 MeV
-.--- PDG, T, = 170 MeV
—— RQM, T, =170 MeV
m CATANIA coal.+fragm. 5 TeV

“n@r% ..................... x 30 |

B x 30 |

i | | | e | .
D' D*" D A{ = ) Jy

» Catania Coal+Fragm. very close to pp FF

» SHM-+RQM baryon resonances would have a
similar agreement (T~160-170 MeV)
... except for E¢, Q.

Similar for AA SHM¢[Andronic et al., JHEP 07 (2021)]

Coupling SHMc-RQM in AA to visco hydro

® 1.4F Pb-Pb, {5y = 5.02 TeV, 0-10%
i r AJD% ly 1<0.5
1.2 = ALICE
C #_ | [ SHMc + FastReso + corona
=) 1= ; \
D C 1
~ 081
< 0.6 OK Ratio
o.4j§E == less the p; sectrum
0.2F
O 0 e e e
Andronic, 2308.14821 [hep-ph] Py (Gevie) 19



https://arxiv.org/abs/2308.14821

Coalescence in pp baryon/meson vs py

%llllll‘lll

: coal.+fragm I prerrer e rrrrrrrnnd % ' ' ' j I T T T T T T T T
OTF 27 e €™ FLHC: pp @ 5.02 TeV = 4L ALICE pp, V5 = 5.02 TeV N
—-= coal. £ or vl < 0.5 ]
2 - h i —=&— ALICE 7
1o ,-s‘(& g D, 4= A, A i i
o ] N ] /:L\‘ ] 0.8~ —— PYTHIA 8 (Monash)
'% 10! F (AN 1 -/ \\' \ 1 R PYTHIA 8 (CR Mode 2) -
g ; %x(\« \R\Q 0.6 ' I catania, fragm.+coal. _|
= ] \{e ] ] - [ SH model + RQM i
S0 N W «q» ]
3 ¢ N 3 N . —— acm

S r ] \ N ] ., ] 0.4 RN ]
\\E -1L ) ._\\-A: \"—'Q; i rll SS—on ]
£ N \ : :
[ 1 N\ \ o2 mIE —
107F . 3 \ - IS i
E ] \ - I | _

1073 [ v [ B B B B RN EEEEE 0 5 10
012345678910012345678910012345678910 GeV/c
pr[GeV] Pr lGeVl prlGevl Pr { )

Minissale et al., PLB821(2021)

- Coalescence does not affect significantly D9, but is dominant for baryons A. and E.

- More abundant the coalescence contribution for B even in pp, Minissale et al., 2405.19244

20


https://arxiv.org/abs/2405.19244

Let’s go through the different approaches
to HF Hadronization

21



SHM+ RQM (TAMU for pp) M. He, R. Rapp, PLB795(2019) [charm]

M. He, R. Rapp, PRL131(2023) [bottom]

2
THmK mi '_DOD+D*+DAZ': o AL B
nl — gl 2772 2 T L = ) ) y sy LAy Hcr—=creee e - ALICE = ':B’g’znc
H g 0.4 PP: ¥s=5.02TeV PYTHIASMonash2013_
Needs additional set of [ yi<os e PYTHA S Mok 0
. r === PYTHIA 8 Mode 3
c-baryon state according to RQM(*) (and ~LQCD) 0.3F % o Cataria ot sagm) ]
r NN SHM+RQM ]
0 = ‘ 2! 0.2 .
* Very good A/DP vs data [T;=170 MeV, flavor hierarchy?!] Wﬁ/&// {H ]
« RQM Resonances not yet seen in e*e”, ep 01 e, B ) 1
:\\\\\ - Jlo&w”’”””’ﬂ»’».,. o ]
* For the yield assumes a thermal distribution, but for e T —— ,[ ~
comparing data vs pt a fragmentation function is exploited ° 2z 4 6 10

P; (GeV/c)
 Other ratios like Z/DV still lack yields

+ Extended to bottom in pp: an explanation of Ay/B° evolution
from e*e” to pp >Canonical Suppression

[but assuming V.., values and a linear evolution with Nl

(*)-Increased set of baryons for the A production:  Effective thermal yield
PDG: 5Ac,3%,8 5,2 Qc ROM _ ., PDG
ROQM: 18 A.,42 3,62 Ec, 34 Q. 9n. 9n. 22



SHM+ RQM (TAMU for pp) M. He, R. Rapp, PLB795(2019) [charm]

M. He, R. Rapp, PRL131(2023) [bottom]

2 .
n, = g, Mo g (ﬂ) i =D D*,D**, D, Ay, 2y, By,

22 12 \7 I
H g 0.4 PP: ¥s=5.02TeV PYTHIASMonash2013_
Needs additional set of [ i<o5 e PYTHIA S Mode 0
. r === PYTHIA 8 Mode 3
c-baryon state according to RQM(*) (and ~LQCD) 0.3F % o Cataria ot sagm) ]
C NN SHM+RQM ]
0 = ‘ 2| 0.2 .
* Very good A/D° vs data [Ty=170 MeV, flavor hierarchy?!] W}i&% {H ]
*  RQM Resonances not yet seen in ete”, ep g % ]
* For the yield assumes a thermal distribution, but for e e
1 i i i i 0 2 4 6 10
comparing data vs pr a fragmentation function is exploited o Gevid)
. . : 0 . . 0.8 : :
* Other ratios like 2/D" still lack yields o TaTev

0.7
0.6

VELO VELO
= N I<N tracks

tracks

+ Extended to bottom in pp: an explanation of Ay/B° evolution

from e*e” to pp >Canonical Suppression 05
[but assuming V., values and a linear evolution with Nyl %’2:

0.2F
CE-SHM (RQM)

(*)-Increased set of baryons for the A_production: Effective thermal yield 01 [V ~10 m® —f—

PDG: SAc, 32(;, 8 Ec, 2 Qc RQM PDG 0.0 —'VC=50frIn3

RQM: 18 Ac,42 3¢, 62 Ec, 34 Q. 9. ~ 294, Yo 5 10 15 20
pr (GeV)




SHM+RQM (TAMU for pp)

M. He, R. Rapp, PLB795(2019
M. He, R. Rapp, PRL131(2023

) [charm]
) [bottom]

n; = 9i THm2 KZ (ﬁ)

s 0 + * 4 —
27_[2 TH l — D ’D ,D ,Ds, AC’ZC’ I_IC’---

Needs additional set of

c-baryon state according to RQM(*)

(*)-Increased set of baryons for the A_production:
PDG: 5Ac,3%,8 5,2 Qc ;
RQM: 18 Ac,42 X, 62 Ec, 34 Qc 9a; = 20

(and ~LQCD)

Very good A/DP vs data [T=170 MeV, flavor hierarchy?!]
ROQM Resonances not yet seen in e*e”, ep

For the yield assumes a thermal distribution, but for
comparing data vs pr a fragmentation function is exploited

Other ratios like E/DO still lack yields
Extended to bottom in pp: an explanation of A,/BY evolution
from e*e” to pp >Canonical Suppression

[but assuming V.., values and a linear evolution with Nl

Effective thermal yield

RQM PDG

. Ntrack.s
Dai- He, 2402.03692

?ni’o 4 Pp. 5=5.02Tev

T T T | T T T T T T | T T T
- ALICE = Daa
r BR unc.
PYTHIA 8 Monash2013]
N —— PYTHIA8Mode2
[ vI<05 e PYTHIA 8 Mode 0
+ = == PYTHIA 8 Mode 3

O 3 )| ees=s= QCM B

TR 2y Catania (coal. +fragm)

C NN SHM+ROM

0.2 '?/////// -
7777 ////////,, 8

T Y S S ST
pT(GeV/c)

-—— CE-SHM (RQM)
- — -CE-SHM (PDG)

T

= LHCb pp 13 TeV (p,>0)

1 2 3 4 5 6 7
VELO /<NtracksVELO>



https://arxiv.org/abs/2402.03692

PYTHIA Color Reconnection

Altmann et al,, arXiv 2405.19137 Leading Color (N.>0): Prob. of Local Color neutralization=>0

® ?
® ® I Q In LC HF baryon only by [di-quark+HF] with HF as
_ (9 Dipol-ype reconnction. string end point [c from string exp(-rtm?./k) < 10°1]

¢ o0 L When string color reconnection is switched-on in pp
® according to SU(3) counting:

- Very large baryon A, £. enhancement

) Junction reconnection.

- not that relevant for D, ~ coalescence+fragmentation

v" Not indipendent strings - Local reconnection - string
energy minimization-> smaller invariant mass and
breaking of long y correlation

v" Not so different qualitatevely wrt Coalescence and
a) Mesonic reconnection. aryonic reconnection. . .
@ t (b) Bary t POWLANG Local color recombination

25



Going deeper into A.enhancement

Altmann et al., arXiv 2405.19137

p. (GeVic)

- Catania-coal & SHM-RQM/QCM natural good description of £/D%and A, € X.

- PYTHIA-CR too many . 2>

P (GeVlc)

A,/D°

80-8 :'l 1 T +l T IOIIII T ..|IIIlll|I(I)I+LI|IIIII|IIIIIIIII.IIIIIIIIIIIIIIOI+I+IIIIIIIIIII:
= FALICE A /D % x 3/2/ D° Pl A2 X321 A ]
E0.7 : 0 pp,:E:STeV « pp, 15 =13 Tev F S0 ¢ pp, f5=13TeV E
‘A ,(s=13Tev 1§ i N ]
S06H Bys. s 32 3 o pvTHIAB243 Monash 203 F .S, ¢
o L 4 - \\".
N 1 PYTHIA8.243, CR-BLC: : NN
w05F T il T ---ModeO - Mode2 =:-Mode3 F "y E
Y LM e
004 pimidl_ - I g i SHWRQM T {H' RRS 7
003: Rl R, ;"'\, e Catania : \\ x,_;
: ' ‘N " % QCM “:‘ _tj__E I ol ok
0.2} y
0.1f
:ll Il 1 | i | |:IIIIIIIlIIIIIIIIIIIlIIIIIIIII:IIIIIIIIIIIIIIIIIIIIIIIIIII:
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Going deeper into A.enhancement

Altmann et al., arXiv 2405.19137

Cross section ratios

O-8 :ll T T +l T |0|||| T :.IITIII|||(TJ|+L]|TIIII|IIII|IIII:IIII1III]TIIIIIIIITIIIIIII : + 1-2_[ T I T T I T T I T T I T T I T ]—
0.7 LALICE  Ac/D 1 x 3/2/D° o AN(eZ)x 32/ A ] J [pp Vs=13Tev ]
- -4 L i — L —— AL -
I o pp. Is =5 Tev - pp5=13Tev TN wpps=13Tev | B LIyik05 oo ]
1 * pp, (s=13Tev 1 [ N, ] ¢ PYTHIAB.306 CRBLC, Mode 2 |
06F —s g PYTHIA 8.243, Monash 2013 T PRbQG000N. cham vekes:
_—_ 1  PYTHIA8.243, CR-BLC: i —r N
0.5F T WI<05 3 . Modeo=--Moge2 =-=Modes § , E%
/m gl [ /. — 10
0.4 pimid’._ - ! e SHM+RQM T . Q]S(/,O ]
- P R ., . Catania - =8, 1
03k '~ . % QCM T ==K R
[ ] e =3 [ 1
0.2 - quafk ;
ol L Ll 1 "||||l|||||||l|l||||||||||||||:|||||||||||||||||||||||||||: 00'"é'll‘;"'élllé'l'1loll|-2
1 10 2 4 6 8 101214 2 4 6 8 10 12 1 Rcevd

p. (GeVic) P (GeVlc) P, (GeVic)

- Catania-coal & SHM-RQM/QCM natural good description of ./D%and A. € X,
- PYTHIA-CR too many 2. =2 A./D?; associated to a suppression of junction diquark /=7 (set ~ e*e™ for
string di-quark). Removing it 2 Agreeement to data of A. € Z.

It goes in the direction of simply recombine according to SU(3) ~ simple colaescence
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POWLANG Local Color Neutralization — eruos . trceaz

E ) mmenesery o] 4 charm recombine locally with quarks & diquarks assumed
centr. 0-10% —edoiosmo | 3 thermally dlstrlbuted + radial flow :
R o1l HTL transp. coeff. : E:SU(W/O:MC) 4 T m m _ _
3T e T e () B R AL ACORICO M CO
I 1 H
S o ]
g " %@C‘ Narrow invariant M distribution = Space Momentum Corr. :
z < Sl ] .
S0 ] IfM> M, 2-body decay into g.s charm hadrons
: T T If M > M,,=4 GeV string fragmentation (YPYTHIA/HERWIG)
0 5 M(ge\/) 15 20
o T Dense medium (pp &AA) 2local color statistical neutralization,
< -=— ALICE ] .
12 % pomane s 4 ualitatevely similar to PYTHIA with local CR = smaller M
1k 1 - again ~ Coalescence & Resonance Recombination(TAMU)
08:_ Pb-Pb, ys\,=5.02 TeV _]
Centrality 0-10% E
TLocal I

..
- -
LR - 1
- "smmm=

OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0O 2 4 6 8 10 12 14 16 28
pT(GeV/c)




POWLANG Local Color Neutralization — eruos . trceaz

1N, (dN/AM) (GeV')

tot

o

o
=

0,001

Pb-Pb coll. @ 5.02 TeV
centr. 0-10%

HTL transp. coeff.

— c+l (w/ SMC)

—— ¢+l (w/o SMC)

— c+s (w/ SMC)

—— c+s (w/o SMC)
— c+(ud) (w/ SMC)
— c+(ud)O (w/o SMC)

1l

««««««

\\\\

4. 4
YA~ —a
Ve~

— Clus

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIlll.
-=— ALICE
er, with SMC

'_ Pb-Pb, ysy=5.02 TeV ]
Centrality 0-10%

' J__.Tm.

~ -
- .
v ~ w e
il T I

Charm recombine locally with quarks & diquarks assumed

1 thermally distributed + radial flow :

THml (ml
2

—) I =q,3,53 ud), (s)o, (521, -
Tn

gsgl

Narrow invariant M distribution = Space Momentum Corr. :

If M > My 2-body decay into g.s charm hadrons
If M > M, =4 GeV string fragmentation (YPYTHIA/HERWIG)

Dense medium (pp &AA) >local color statistical neutralization,
3 % PoweAN mp_ qualitatevely similar to PYTHIA with local CR = smaller M
— - again ~ Coalescence & Resonance Recombination(TAMU)

_f Specific of the approach:

0 2 4 6 8

10

12 14 16
P, (GeV/c)

Existence of thermal flowing diquarks
Very strong impact on v,(py) from c=> D, A, (all recomb.)

Large D4 production already in pp



Resonance Recombination (TAMU for AA)

M. He, R. Rapp, PRL124 (2020)

d Ny d3ﬁ1d3ﬁg . 3, L . _Ar (T'm)?
Eprdy / “(2m®) o 0P =P = P2) )= 80 T+ (T
' S . B14fy|<05 30°50% Pb—Pb]
Coalescence fM =~ fq®fq M@ 6(pM - pq - p(j) +<"1.25_ SHMc+FastReso+corona—f
1 o _
r TAMU E
Recomb. according not to a w.f. but to a Breit-Wigner cross section Ly N E
(still a closeness in phase space costrained byT'y_; ~ 100-300 MeV): gj B ;
- Assumed a set of additional RQMc-baryons(*)[as in SHM] 0-2;— - —
- Similar effects to coalescence on Ry and v, of D & A, because 3 1%p_(GeV/e)
. 0.25 . . . .
fu= [4®fg, 8 = [¢®fq ® fq 2 quark v, enhanced with n, (QNS) OZO—PMPb.VSN = 5.02 TeV, 30-50%
- Again is a local phase-space recombination with strong
0.16
Space-Momentum-Correlation=> small M objects o
0056 . gys D°, 30-50%
(*) gFM~2 gkPé e B TN T S

P, (GeV)



Coalescence and invariant mass distribution

— Ac Invariant mass . - 0.50
SOMMA LC == H i O
107 | ‘ POWLANG c+(ud)y o~ | D" g.s.
ﬁCatania Coal. POWLANG c+(ud)y (/o SMC) — - !
i F’"/b’ay E
b Presy,. . EVernin x®)
_2 €l iminar = o030}
10 ¢ Y cale, . .
P U/af/O/;s Z
1\
/ I‘?\ ie)
Z \\OWLANG- 0.20 |
1073 3 - rec
“POWLANG- local SMC ™~ ~=~~—___ 010 |
3 ———
Q__
107 5 ' '
0 5 10 15 20 aitg

1.6
Invariant mass M

- POWLANG local recombination = small M ~ coalescence [non local 2 large M= small A./D]

- Coalescence invariant mass objects with I'~,/m,T~ 0.15 — 0.20 GeV

- RR-TAMU Breit-Wigner resonance with I'y_g~0.1 — 0.3 GeV (like T-matrix in medium resonances)
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Many Coalescence[+Fragmentations] model:
Catania, Coal-TAMU(KO), Ko-Cao, CCNU-Duke,
[QCM], PHSD, RRM-TAMU, Nantes-EPOS4HQ),...

Many, different and in contradiction?

32



Many colescence models? Many & different?

Coal-Catania, Ko-TAMU, Ko-Cao-LBT - good A/D° with PDG states
SHM-TAMU and RR (pp&AA), SHM. needs to add baryon states according to RQM, who is right?

Not orthoghonal approaches: one can include additional RQM baryon states in Coal.—>
this modifies the coeff. enforcing P.,.(pr=0)=1 in Catania or Ko-Cao-LBT
The two should tend to compensate... but to be done!
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Many colescence models? Many & different?

Gossiaux, 4 Tue [9:30]

Coal-Catania, Ko-TAMU, Ko-Cao-LBT - good A/D° with PDG states
TAMU-SHM/RR (pp&AA) needs to add baryon states according to RQM, who is right?

Not orthoghonal approaches: one can include additional baryon states in Coal.=>
this modifies the coeff. enforcing P.,.(pr=0)=1 in Catania or Ko-Cao-LBT
The two should tend to compensate... but to be done!

Implicitely done now with EPOS4HQ!
To describe HF spectra & ratios needs Coalescence
in phase space ~Catania

Only difference wrt Catania:
- Assume RQM states like in SHM

* Il only difference: m=0.1 GeV -> longer py tail
[m,~0.3 GeV in Catania, Cao-Ko, Duke, PHSD]

12—

1.0

0.8

<

PP. Vsnn

R
= 5.02TeV, |y|<0.5

e ALICE

—

CMS

EPOS4HQ —
Pure EPOS4

J.Zhao et al., PRD109 (2024)

0.5

=
~
I

—

PP. Yy =

[

5.02TeV, |y|<0.5

® ALICE
== EPOS4HQ
Pure EPOS4

pr (GeV/e)
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HF coalescence in EPOS4HQ

>

Advantages of implementing coal. in EPOS4:

I T
0.15\ —
pp. \/snn = 13TeV, 60 < Nep < 1201

m ATLAS, c->p

Full dynamical realistic dynamics from ep, pp to AA L — erosia, o2

Able to predict also a sizeable elliptic flows & oo + 1a
- more solid costraints to hadronization a —
and the properties of the pp QCD matter created 4 ]
2> V,(AJ/V,(DY) would give more insight into coal. oottt
Would PYHTIA-CR predict finite v, of D, A, in pp? prioe
String shoving?
J. Zhao et al.
|} Pom, i = 5027V, 0-10%

A/ D°

0.5}

0.0

=
(=]

T

J.Zhao et al., PRD109 (2024)
[ [ I

0.15— —
pp. «jsNN =13TeV, Ng > 100

® CMS,D°
0.10 === EPOS4HQ, D° —

-0.05 ' ' '

pr (GeV/e)

Extension to AA and bottom,

arXiv:2401.11275

e ALICE

= EPOS4HQ I

gl A I
[ PbPb, 4/syy =5.02TeV, 30-50%

e ALICE
= EPOS4HQ ]




Coalescence Ko-Cao(LBT) vs Catania

S. Cao, et al. et C. Ko, PLB 807 (2020)

As already mentioned wrt to Ko-Cao both enforce P, (pr=0)=1 [but with a different procedure]

1 T T < T I

M M static medium i . togal
> A difference Ko-Cao(LBT) wrt to Catania, EPOS4HQ,QCM: pemedun 1 -3
. el . . "
for Resonances with /=T it is considered the proper -
S waves | s+ p waves
Wigner transform from harm.osc. wave function: N
[-9 FW
(?'V U) 2 —olp?2 . \\\\ .\T\
= - P~ for |=1 but integrated over r ‘ \
Wp(pr) = gh——— 30 Pr € 8 ol 1 ".\ N i
. . '\ \\
® AN ®
0 2 4 0 4
p.(GeV) p,. (GeV)
2 T . 1 o 1 < l 1 I 1 I
® STAR 200 GeV — = 200 GeV
B ALICE 5.02 TeV| ] M| — 5.03 TeV
L6 A /D" 7 0.8 (Su(ﬁ)(_.‘. ;;}/GCV spectr.)[]
L - fl [
12k @f" o;l(\)/o Gev10-80% J (6l D,/ D’ A
cE E r 5.02 TeV 30-50% | 'E 200 GeV 10-40% |
<u0.8—i -'-Spectrum i QA0.4 5.02 TeV 30-50% |
1A i
i ‘ .
0.4 —j - 0.2F .\"l--—it- *.L
[ (a) \ii-'-'-'ﬂ!*“ [ (b
%5 0 15 20 0()'5'10'15'20

Pr (GeV) py (GeV)



Coalescence Ko-Cao(LBT) vs Catania

S. Cao, et al. et C. Ko, PLB 807 (2020)

As already mentioned wrt to Ko-Cao both enforce P, (pr=0)=1

[but with a different procedure]

1 T T T T
. . . : = total
» A difference Ko-Cao(LBT) wrt to Catania, EPOS4HQ,QCM: e e -z
. .. . A
for Resonances with /=T it is considered the proper
S waves s + p waves
Wigner transform from harm.osc. wave function: N
o W
2.\/ o 3 2 2,2 . N ‘\T\
Wp(p,) = g,,( ) ;0’21)' —0"Pr~  for =1 but integrated over r N o VN
R RN T v ;
’ [ .‘.‘\ \\
@ T XU
’ ’ (GeV) ° I G V)A\
> It should be studied how this compares to
resonances according a thermal suppression T o nes (e T
B ALICE 5.02 TeV]| | |- — - 5.03 TeV
[Catanla, RR &SHM TAMU, QCM, EPOS4HQ,] L6 A_/D” n 0.8 - (Sl;(ﬁ)(i:!’r(‘):(}/(ic\’ spectr.) [
_ 12k p ‘.ﬂog(\)/o Gev 10-80% J gl p’
> Phase-space coalescence with I=0,7 Wigner functions 2 | Jis 3®TVe% 2} %OCT;»: 'féiﬁ X
. o " = : . A 5.02 Te o
are being developed also for quarkonia in both pp 08yl M- spectium 4 Foa g;\i I
and AA [Frankfurt-Nantes with PHSD medium)| aailf ] d  ml *-ﬁ--i- -
[Song, Tue 4,14:00] @ SEe g F ®)
[Zhao, this afternoon] %36 15 20 % 5 10 s 21()
Pr (GeV) o (GeV)



Impact of diquark?

O Coal. Approaches (Catania, LBT, EPOS4HQ... RR-TAMU)
2> Vy(A)> v (DY) at pr> 2 GeV -
because A, gets flow from 2 light quarks, D° from 1+fragm. % oosf

L POWLANG assume diquark hydrodynamical flow and B D e ]
A=(gg)+C > vo(A)~V,(DO) at intermediate py o2}

-0.04

QCD challenges from pp to AA, EPJC 84(2024)

0.1

—— CATANIA O
008} POWLANG HTL AW

POWLANG IQCD -

. \a

0.02r

PbPb@5.02TeV 30-50%

15 l2 21.5 23 31.5 :1 4l.5 5
pr (GeV)
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I m paCt Of d lq uark? QCD challenges from pp to AA, EPJC 84(2024)

0.1

O Coal. Approaches (Catania, LBT, EPOS4HQ... RR-TAMU)

2> Vy(A)> v (DY) at pr> 2 GeV -

o

because A, gets flow from 2 light quarks, D° from 1+fragm. % oosf

L POWLANG assume diquark hydrodynamical flow and B R
A=(gq)+C -> Vvo(A)~V,(DY) at intermediate 002} ]
=99 22 P PbPb@5.02TeV 30-50%
-0.04 - g
15 2 25 3 35 4 a5 5
0.7 pr (GeV)
[ Catania+ [gs] diquark (m(4s) =580 MeV, T, = 181 MeV, Tx = 181 MeV)
0.6 528 Catania+ [gs] diquark (mpgs) = 580 MeV, T, = 165 MeV, Tx =181 MeV)
. aiceoevriream) O Quark model gives (us), large binding energy =>small mass.
+ 0.5 _ . . . .
£ PP, V5 =5.02TeV, ly|<0.3 If V(r,T) potential at finite T with large mp ~ LQCD
? 0.4 )
£ Assumption:
So3 . . . . .
g - Again (us)o thermal yield flowing with the medium
>
0.2 . .
& * More precise data needed to draw any conclusion
0.1
0.0

pr (GeV/c)

—— CATANIA

POWLANG HTL < P\N\U
POWLANG IQCD, . Q%

. \
R\

¢ 5 p é 8 10 4 yun, S.H. Lee et al., PLB 851(2024)

39



Strangeness in pp for HF sector

1_|||||I\|||I[Illl||||\I\|||||I\I‘II!|\II|III‘I\I

+D C . . 7 o T T T I T T T | T T T l T T T I T T T
Emo o ALI‘/C_E I;’Sr%IHr_n\l/n?r'y 05 —o- Data ] (@] [ ALICE = Data ]
YL pp, Vs =13.6 TeV, |y|< 0. E -~ - BR unc. E
Fo PYTHIA 8 ] T T pp, ¥s=5.02TeV PYTHIA 8 Monash2013]
081 ™, Monash 3 0.4 —— PYTHIA8Mode 2
o ] L lyl<05 wmmm PYTHIA8 Mode 0 -
07 CR - Mode 0 = s m PYTHIA 8 Mode 3 7
E CR-Mode?2 3 03  []] === QcMm 7
0.6/~ CR-Mode 3 ~L ww Catania (coal.+iragm.)
a = ] r SN SHM+RQM -
0.5 = C ]
g : 0.2% .
0.4 - %, .
= B = 77777 /////////,,// 7]
o.sjﬂ E X ]
e - Catania 7 01_ . ‘__.----------..?@;ﬁi ]
02 b D' gn'os KK POWLANG E E\t\_\ ~ , R~
r andchargeconj, ... HTL d = — = iR -
0'1:_ BR unc. (not shown): 57 % —.—1QCD B . k
O:I 11 | L1l | L1l ‘ L1l | L1l | L1l | L1l | L1l ‘ L1l | L1l | 111 ‘ L1 I: 0 2 4 6 8G V/ 10
0 2 4 6 8 10 12 14 16 18 20 22 24 eV/ec
p. (GeV/c) p; ( )

ALICE - Faggin, 4 Tue 11:00

- Catania Coalesc.+Frag. quite ok, but it is large the fragmentation contribution
- POWLANG/LCN too high, but the approach has only recombination also for mesons

- PYTHIA-CR seems to have a lack of strangeness [see also E ]
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Early results and predictions for Bottom in pp

5 Altmann et al., 2405.19137 [hep-ph] i V. Minissale et al., 2405.19244 [hep ph] i
o L l T T 7T I T T 17T | T T T I T 17T l T T T 1T - T T T T T T T T -
0 R N
CZ" 1. 4:_ pp, Vs =13 TeV  _ LHCb, 2<y<4 5 _:
C === He and Rapp, SHM + RQM |
1.2 0 = He and Rapp, SHM (PDG) —]
B j’}\ — EPOS4HQ ]
1 ’S7 aiis EPOS4HQcoal —
C o4 ] o
r p PYTHIA 8.243 . e
0.8 CP Monash, 2<lyl<4.5 - g
= Mode 2, 2<lyl<4 5 ]
0‘6_ N\t QQq/ " Mode 2, lyl<05 _:
RIS _;
C ~ i
02:_, o - -~ . g N7 ..“,4:;
- PYTHIA .
0 lllll 0 1234567809101 234567801012345678010°°
0 5 10 15 20 b, (Gew Ce;o pr (GeV) pr (GeV) pr (Ge

Plumari, Tue 4-[9:10]
- Again Need CR in PYTHIA- seems too strong at forward (no rapidity dependence)

- EPOS4HQ+coal close to data (rapidity dependence?). At y=0 Catania results
- SHM +RQM about close, less the pt shape (Frag.-Function)
- Coal./Fragm. ratio in pp larger for B than D 41


https://arxiv.org/abs/2405.19244
https://arxiv.org/abs/2405.19137

Common features, some open question and next

Emerging from Coalescence a common framework for HF hadronization from pp to AA.
Other approaches (PYTHIA-CR, POWLANG-LCN,RR-TAMU...) point anyway to:

- In medium local recombination 2 small (reduced) invariant mass widths

- Large evolution from e*e~(e™ p) to pp (@TeV), while reshuffling in pr from pp to AA

- Several imply resonances (or diquark) yields and/or yields close to thermal equilibrium (SHM)
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Common features, some open question and next

Emerging from Coalescence a common framework for HF hadronization from pp to AA.
Other approaches (PYTHIA-CR, POWLANG-LCN,RR-TAMU...) point anyway to:

- In medium local recombination 2 small (reduced) invariant mass widths

- Large evolution from e*e~(e™ p) to pp (@TeV), while reshuffling in pr from pp to AA
- Several imply resonances (or diquark) yields and/or yields close to thermal equilibrium (SHM)

@ quarktastic
A suggestion from Instagram....
POV: you are playing

around with the new

LHC data

@é ———
What we think our How it actually is
progress looks like

43
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Common features, some open question and next

= Assessment of open issues and several microscopic mechanism/ ”details”(?):

- Rapidity evolution of baryon/meson [most work at y~0]

- Extension to bottom + reduced data error bars, will show similar agreement?
- Coal./Fragm. dominance of coal. in A.¢ & a probe large vyp /Vouc Vs pr

- di-quark role in E/D° ¢ need smaller error at low pr

- hydro flowing diquarks? € v,(Ao) — v,(D) at intermediat pr

- strength SpaceMomentumCorrelation, PDG/RQM resonances ...

= Multicharm baryon production (ALICE3): Q. yield large sensitivity to charm kinetic
equilibration and its wave function width [¢? < 2uT)™] Plumari, Tue 4 [5:10]
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Strong system S|ze/mu|t|pI|C|ty dependence

o IIIII TT I
o 2;_ALICE |y|<o.5_;
<1.85 0 pp, (5= 13TeV — stat. © SHMc
1.6 Y PP, Vs=5.02TeV [_]syst. * Catania

- A p-Pb, |5, = 5.02 TeV extr. & TAMU
1.45 4 po-po, Vs =5.02 TeV Y total PYTHIA8
1.2F ¢ Au-Au, |[s,,, = 200 GeV —Monash
1:_ STAR, PRL 124 (2020) 172301 —CR-BLC 2
0.8F - E
0.6F .
0.4;— L] =
0.2 3
: l_ IIIIT |_ l_l lIlllI 1 1 1 lIlllI 1 1 1

1 10 102 10°

(dN . /dm)c0s

A, /DO

15+

0.5

[ . (ALICE) pp Iyl <05

L A (LHCb) PbPb (N,.» =15.752<y<4.5
r ™ (CMS) PbPb0-90% lyl <1

|~ @ (ALICE) PbPb 30-50% lyl < 0.5

L M (CMS) PbPb0-10% lyl <1

L ® (ALICE) PbPb0-10% lyl <0.5

I (STAR) AuAu 10-80% lyl < 1

”&

+$§.%%

|-

PR BRI

|

]

p; (GeVic)

1 Main change is from

e*e” and ep to pp (TeV)

> Once coalescence sets in Baryon/Meson yields ratio expected to have a weak dependence on the
yield: because very similar local density or Ty.

Effects: - small size (corona) = baryon are more suppressed when Vi;epaii~ Vi

- High-multiplicity = more radial flow (SMC) = mainly reshuffle in p1 (peak shift)
> On this would agree Catania Coal, EPOS4HQ, POWLANG [HQ biased towards hot spots in pp],

LBT, RR-TAMU ...

to be scrutizined/modified in PYTHIA (strong multiplicity dependence=> new version)



Coalescence approach: impact of widths

Statistical factor colour-
spin-isospin

N
dNyadron @j ‘ q‘ dgpi ( E :
—_— = - do; —— Xi, Pi)Cy (X1, ..., X0 D1, -+ 0 - )
dsz | bi 1(21_[)3 fq( lpl) H( 1 n P1 pn) pPr iplT

Hadron Wigner function

In non-relativistic approx. for Gaussian w.f. + therm. distr + no flow w1, <2 p1. p2) = Awexp (= 22 — pi0?)

o2
of

a2 >> (2uT) ! large width or large T = sensitivity off

N ~ Meson (7’2)Ch Opl  Op2
M oZ+(2um)~? m~ 0.2 m~ 2T~ 1.6 fm! . o

=[cd] |0.184 0.282 —
D+ [5c] | 0.083 0.404 —

e 5
D*: 62=(0.7)2~05fm? and (2uT)"'~0.46 fm?> o1 7 % yield increase a factor of 2 Baryon  [(r’)en op1 op2
increasing <r?> by a factor 2 >30% more AF = [udc]| 0.15 0.251 0.424

EF = [usc]| 0.2 0.242 0.406

QO [ssc] |-0.12 0.337 0.53

2 -1 ee . .
Q. : 0% ~(0.58)2 = 0.34 fm? 0% ~(0.35)% 0.12 fm?  Or < (ZHT) more sensitivity widths
Increasing <r?> by a factor of 2

_ -1
QussT)TH =06 fm? - (2u(ss)cT)  ~0.22fm* 59 5 ore



Hadronlzatlon in the Ilght and strange sector

Baryon/Meson Ratios

107

—_

’ ~,
1 Greco Sl . 10-60% |

1 0-5%, Ko: di-quark =

T Ko three-quark

I SHM

Au+Au @ 21]0(:eV
o (AT

STAR Preliminary (D" +30)

.....
34

N
"".,
N
»

PYTHIA
L L

Transverse Momentum (GeV/c)

In 2002-2004 large p/m, A/K at intermediate pr.

- development of coalescence + fragm. in AA collisions

fu = [7®f7@Py [GKL and FMNB PRLI0(2003)]

- v, quark number scaling (~ also for ¢...)

e "' 1Dong-Greco, Prog.Part.Nucl.Phys. 104(2019)

% Yields ratios ok in SHM-Heidelberg:
T,p, KA, ...

(GeV-2)

anv
2npr dprdy

o



H, / D°

1.2

0.8

[ I [ l
= ALICE, pp, {s=5.02 TeV
------- Catania
—— SHM+RQM, T, = 170 MeV

------------- PYTHIA Monash 2013
—ee PYTHIA CR Mode 2

| | | I | L1 1 | L1 1 | |
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CSHMc coupled to blast-wave+ corona

p T T T T T T
% ; ',/r o glk))-:)bl, Vso 5: 5.02 TeV, 0-10%
! \ Ly 1<0.
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https://arxiv.org/abs/2308.14821

HF strangeness in pp
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- Catania-Coal the closest to Z/D° not QCM/SHM-RQM/PYTHIA —CR.

- In Ec there could be effects of diquark [S.H. Lee]
- Also Q. of Catania is the closest, but large uncertainties on exicted states and BR
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Multicharm production PbPb and KrKr

—+,++
=cc ) QSCC/ QCCC

Baryon

ELTT =dec,uce 3621 3 (%)

Qf.. = sce 3679 0 (g)

QLY = cee 4761 0(3)

Resonances

B 3648 5(3) L7lxgs ike S.Cho and S.H. Lee, PRC101 (2020)
Qe 3765 0(3) 123X g.s from R.A. Briceno et al., PRD 86(2012)

Strengths of the approach:

- Does not rely on distribution in equilibrium for charm
> useful for small AA down to pp collisions and at pr> 3-4 GeV

- Provide a pr dependence of spectra and their ratios vs pt
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Yields in PbPb from coalescence vs SHM
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A standard harmonic oscillator scaling as for Q2

would give Q...~ 10

Obtained starting for D from the <r?>
of the quark model, but for A, we
have reduce it by 20%.

22,22 Q2 from quark model

E:C’++, (. obtained rescaling the width

according to the harmonic oscillator relations

mymy (my + mo)ms
ori = 1/ /i m= D r—

mi+mjp mi+moy+ms3

Qcec Tixing <r>=0.5fm and o, - 6,= 1.5
according to Tsinghua PLB746 (2015)
[Solution of Schoedinger eq. under V(r)]
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O 1.4FALICE 0-10% Pb-PbTly| <05  30-50% Pb-Pbysy=5.02 TeV op -
+0, AF _ I I E
<1 '25 Catania T - SHMc + FastReso + corona
1:_ W SMC 7+ o Catania E

0.8F T F TAMU E

C T T PYTHIA8.243 7

0.6k I —— Monash -
0.4 1 ¥ - - CRMode 2
0.2 2 h

Cl N o .

1 10p_(GeVic) 10p_(GeVic)

PRELIMINARY Catania coal.+fragm. With SMC similarly to TAMU
TAMU is SHM+RQM Reso in pp and RR in PbPb
SHMc suffers from baryon states in PDG
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Quarkonium? Song et al.,

Song-Aichel

PRC108(2023)
in-Bratkovskaya,PRC96(2017)

Recombination as by decades been recognized as an hadronization mechanism in AA
Now developments with same Wigner phase-space approach as for open HF both in pp and AA

Bd’c/dydp, (nb/GeV)

10° Y(nS) in ptp @ 5.02 TeV (Jy|<2.4) D CO"ISIO“S
] T i T ! T ! T L j ] i ' d ' J ' ' ' : ' d LI T T LI B |
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% ] // esn g 2 directJiy -+~ y' > JhytntN ]
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- Unified framework between pp and AA for the hadronization

- In AA if one neglects quarkonium suppression-> yield J/Y quite large

These development could/should couple also to those on the polarization

[Song, Tue 4,14:00]
[ Zhao, this afternoon]

in AA
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