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Heavy-flavour hadronisation in small systems @=>€<@

@ The standard picture based on the factorisation approach:

adronisation via

PQCD partonic fragmentation

cross section

parton distribution
functions

o pQCD models based on the factorisation appoach:
e use fragmentation fractions parametrised on ete- and ep
collision data
@ assume universality of fragmentation fractions versus
collision systems and energies

® Recent measurements of heavy-flavour baryon production challenge
this assumption

@ Additional mechanisms at play in pp collisions beyond simple string
fragmentation?
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Heavy-flavour hadronisation in large systems ‘-)4-‘

e Phase space at the hadronisation is filled with partons
partons which are close to each other in phase space (position and momentum) can recombine into hadrons
® Competing mechanisms for hadronisation in QGP: fragmentation vs recombination

. Recombination/coalescence
Fragmentation

¢/b-quark

A
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e Phase space at the hadronisation is filled with partons

partons which are close to each other in phase space (position and momentum) can recombine into hadrons
® Competing mechanisms for hadronisation in QGP: fragmentation vs recombination

. Recombination/coalescence
Fragmentation

¢/b-quark
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@ Modification of the pr distribution of produced hadrons:

] ] ] [ e ————————e—e—-
Enhancement of baryon-to-meson ratio at intermediate pr o j
Strange quarks abundant in the QGP T _ |

: o 10 fragmenting parton
-> Enhancement of heavy-flavour mesons with strange quarks L R
relative to non-strange heavy-flavour mesons 5104 On Pa |
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@ Phase space at the hadronisation is filled with partons

partons which are close to each other in phase space (position and momentum) can recombine into hadrons
® Competing mechanisms for hadronisation in QGP: fragmentation vs recombination

. Recombination/coalescence
Fragmentation

¢/b-quark

R

@ Modification of the pr distribution of produced hadrons:

Enhancement of baryon-to-meson ratio at intermediate pr - |
Strange quarks abundant in the QGP S .2 \\ .
: o 10 \\\ fragmenting parton

-> Enhancement of heavy-flavour mesons with strange quarks C.c \\ R
relative to non-strange heavy-flavour mesons £ 407 Pg

E 10° - i

'2 - recombi |

10 | -
- 107 »pM - pq1+pq2
Pe = Pq1"Pg2"Pq3.

Ratio of the production yields of different hadron species are sensitive to 10° 3 4 5 6 7 8 9 10
modification of the hadronisation process pr (GeV)
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Heavy-flavour hadronisation in
small systems

D
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Charm meson-over-meson production ratios

@ Charm-hadron-species relative abundances sensitive to fragmentation fractions
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® In agreement within uncertainties with models and with measurements at

e+e- colliders
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® In agreement within uncertainties with models and with measurements at
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+/DPO rati
Ac / at O arXiv:2011.06078 PLB 803 (2020) 135328
arXiv:2011.06079 PbPb 44 ub™, pp 38 nb™' (5.02 TeV)
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e Strong pT trend observed
@ Larger than measurements in ete- and ep collisions
® Compatible results at mid-rapidity between ALICE and CMS

© PYTHIA 8 Monash, HERWIG, POWHEG and GM-VFNS do not reproduce the ot dependence
PYTHIA 8 Monash: EPJ C74 (2014) 3024

HERWIG 7: EPJ C58 (2008) 639 Non universality of the fragmentation fractions for charm baryons
POWHEG: JHEP 09 (2007) 126 L . . _
GM-VENS: PRD 101 ((2023) 114021 Which is the origin of the modification of the A:*/D° ratio?
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http://arxiv.org/abs/2011.06079

A:+/D° vs light flavours ratios

arXiv:2011.06078
arXiv:2011.06079

PRC 101, 044907 (2020) PLB 760 (2016) 720
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Common mechanism for light and charm
baryon formation?

e Caveat:
Light-flavour hadrons have a significant contribution from gluon fragmentation
Low pr light-flavour hadrons mainly originate from soft scattering process involving small momentum transfers
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Ratio of fragmentation fractions through beauty hadrons

PRD 100 (2019) 031 102
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® fau/(fa+fu) strongly depends on pr

Is the decreasing trend of the baryon-
to-meson ratio a baryon/meson effect
or a mass effect?
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Ratio of fragmentation fractions through beauty hadrons
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o fs/fa depends linearly on pr
(significance 60)

@ dependency driven by the 13 TeV
sample (significance 8.30)

@ other energies not significant when
considered separately
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@ depends linearly on energy
(significance 4.80)

New measurements with larger statistics will allow further
investigation of the pr dependence of fs/fq
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http://arxiv.org/abs/2011.06079

B.-meson measurements

@ Ground state of two different heavy-flavour quarks (c+b) with a mass of ~6.4 GeV/c?
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https://doi.org/10.1103/PhysRevD.100.112006
https://arxiv.org/abs/1912.02672
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Which mechanisms could enhance HF baryon production?

@ PYTHIA 8 with enhanced Colour Reconnection (CR) effects Christiansen, Skands, JHEP 1508 (2015) 003

allows string formation beyond leading colour approximation
junction connection topologies enhance baryon formation

q

q
\J T/
4 \

q q q

(b) Type II: junction-style reconnection
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Which mechanisms could enhance HF baryon production?

O Christiansen, Skands, JHEP 1508 (2015) 003

o Statistical Hadronization Model (SHM) including additional excited baryon states predicted by the
Relativistic Quark Model (RQM) SHM: He, Rapp, PLB 795 (2019) 117-121
PDG: 5 A\:(I=0), 3 2c(I=1), 8 = (I=1/2), 2 Q)¢ (I=0) RQM: Ebert, Faustov, Galkin, PRD 84 (2013) 014025
RQM: add 18 /\0, 42 Zc, 02 Ec, 34 QC

n; (-\107* fm=3) DY DT D** DY

PDG(170) 1.161  0.5098 0.5010 0.3165 § 0.3310 §0.0874 0.0064
RQM(170) 1.161  0.5098 0.5010 0.3165 \0.66134 0.1173 0.0144
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Which mechanisms could enhance HF baryon production?

@ PYTHIA 8 with enhanced Colour Reconnection (CR) effects Christiansen, Skands, JHEP 1508 (2015) 003

allows string formation beyond leading colour approximation
junction connection topologies enhance lbaryon formation

@ Statistical Hadronization Model (SHM) including additional excited baryon states predicted by the
Relativistic Quark Model (RQM) SHM: He, Rapp, PLB 795 (2019) 117-121
PDG: 5 \: (I=0), 3 2 (I=1), 8 =c (I=1/2), 2 Q¢ (1=0) RQM: Ebert, Faustov, Galkin, PRD 84 (2013) 014025
RQM: add 18 A¢, 42 2, 62 =¢, 34 Q)¢

@ Catania model Minissale, Plumari, Greco, arXiv:2012.12001
charm hadronisation via both coalescence and fragmentation
coalescence model based on the Wigner formalism
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Which mechanisms could enhance HF baryon production?

@ PYTHIA 8 with enhanced Colour Reconnection (CR) effects Christiansen, Skands, JHEP 1508 (2015) 003

allows string formation beyond leading colour approximation
junction connection topologies enhance lbaryon formation

@ Statistical Hadronization Model (SHM) including additional excited baryon states predicted by the

Relativistic Quark Model (RQM) SHM: He, Rapp, PLB 795 (2019) 117-121
PDG: 5 A\:(I=0), 3 2c(I=1), 8 = (1=1/2), 2 Q)¢ (I=0) RQM: Ebert, Faustov, Galkin, PRD 84 (2013) 014025
RQM: add 18 A¢, 42 2¢, 62 =¢, 34 Q)¢

@ Catania model Minissale, Plumari, Greco, arXiv:2012.12001
charm hadronisation via both coalescence and fragmentation
coalescence model based on the Wigner formalism

® Quark Recombination Mechanism (QCM) song, Li, Shao, EPJ C78 no. 4 (2018) 344
combination of charm quarks with light quarks with equal velocity
relative abundances of the different baryon species fixed by thermal weights

IN FN Grazia Luparello - INFN Trieste SQM 2021 10



Ac+/DP ratio: comparison with models

arXiv:2011.06078
arXiv:2011.06079

O L @ PYTHIA 8 with enhanced CR enhances the baryon production with
=~ 1 ALICE -
> —e— pp, (5=5.02 TeV respect to PYTHIA 8 Monash

B —— PYTHIA 8 (Monash) _

e ?;'3\'/?@8 7(CR Mode2) | @ SHM+RQM enhances the baryon yield with respect to SHM+PDG

Catania, fragm.+coal. o , ,
i M. He and R. Rapp: 1 e Catania is the model that most enhances the baryon yield and slightly
——— SH model + PDG ] overestimates the data
SH model + RQM
-
0.5 —

]
..........
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A:+/DOin low and high multiplicity events
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Ac*/D0in low and high multiplicity events

O 1_ | | | | | | | | | | | | | | | | | | | | | | - - - -
O & ALICE Preliminary 1 @ Evident dependence on multiplicity of Ac+/D°
"o 0-95— pp, Vs =13 TeV, Iyl <0.5 1 @ Also in the lowest multiplicity the Act/DOratio is larger than measurement in ete-
0.8~ e o - and ep collisions
0.73— —c-— [ 14— 7.5], 3.9 _f
- —0— [38.6-152.0], 44.0 .
06__ [ Syst. from data u
E Syst. from B feed-down E
0.5 —]
E high mult. ]
0.4 | —]
0.3 t =
0.2low mulit. i E
0.1 =
= 7.0% uncertainty on multiplicity estimation not shown ]
O_ I N N A U N T N N NN NN S N AN N AN N N B B E
0 5 10 15 20 25
p_ (GeV/c)

Chen, He, PLB (2021) 136144
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Ac*/D0in low and high multiplicity events

o I I I I | I I I I | I I I I | I I I I | I I I I
e 1_2__ ALICE Preliminary Multiplicity classes: Inl < 1.0 | i i o
o [ RGeS B e e Evident dependence on multiplicity of A¢+/D°
N = —e— [ 14- 78, 39 - ® Also in the lowest multiplicity the Act/DO ratio is larger than measurement in ete-
i | Syst. from B feed-down —— [38.6-152.0], 44.0 | o
B + 7.0% unc. on multiplicity estimation not shown _| and ep CO”'SIO”S
— PYTHIAS8 (dN /dn mean): —
0.8 Monash: Mode2: .
- — 3.7 HH 38 ]
REiy, - - 41.4 7)) 41.2 : @ PYTHIA 8 Monash:
0.6— §§ o JHEP 08 (2015) 003  __|
- : does not reproduce the pr trend
0.4l "§" hlgh mult. N -
i Hral . i @ PYTHIA 8 with enhanced CR:
ciz— " i —~ describes the pr trend
ow mu } : : :
[ T T TR TS i describes the magnitude of the Ast/DO ratio
OOI | | I5I | | I1OI | | I15I | | I2OI | | I25
p, (GeVic) o SHM+RQM:
10 B | ! I ! | ! | ! | ' 1 ' L
P = 1aTeV <05 EEECESHM. =39 - shows a multiplicity dependence
» AN /dn = 9. . . . . . . .
08 | EECESHM, dNJin=440 - compatible for the low multiplicity events but understimates the ratio in high
- - ’ on'IN = ’ . ' ' '
7 N [777] CE-SHM (PDG), dN,/dn = 44.0- multiplicity events
5,
[ V_= 2dV/dy = 2°2.4dN_/dn (fm’)
o 2 4 s s 10 1
P, (GeV) Chen, He, PLB (2021) 136144

IN FN Grazia Luparello - INFN Trieste SQM 2021 1o



INFN

2 mass (MeV/c?) | Quark Content
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- mass (MeV/c?) Quark Content
Heavier charmed baryon states: Z.0+++ .
. Nct 2286 udc
2ctt, 260 2455 uuc, ddc

OD ! | I I I | I I I 1 ! I I 1 I l I 1 I l I 1 I I I 1 I EC+ 2467 USC

T o5  ALICE Preliminary 5 _0,+,++/D0 F =c 2411 asc

°e  F pp, Vs = 13 TeV . Q0 2699 SSC
B ¥ <0.5 3
[ ’ PYTHIA 8.243 1

Monash 2013, EPJC 74 (2014) 8, 3024
0.4 - CR beyond LC approx., JHEP 08 (2015) 003 ]
L T eesess Mode 0
[776A°" "%, % e Mode 2 K
: Mode 3 ’_‘
0.3 o =5
ke { | M. He and R. Rapp ]
02k | # _
: i ;
- 0.1 P, -
expectation from - £0% a1 P — =,
Belle ~0.02 L T e ]
»|  +5.2% BR uncertainty not shown 1 i 1
0 2 4 6 8 10 12 14
P, (GeV/c)
o 2:.0+++/D0 [argely enhanced with respect to Pythia 8 Monash and ete- measurements
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Heavier charmed baryon states: 2.0+++ T T
m © At 2286 udc
2ctt, 20 2455 uuc, ddc
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© o5 ALICE Preliminary 0,4+, ++ oF &~ | ALICE Preliminary —F O+ l =c / SC
W pp, Vs = 13 TeV Zo /Do o F ﬁ,p’ ‘% 5 137 Tev: Ao+ Z W< | Q0 2699 SSC
B ¥| < 0.5 ] T 1 I <0. -
--------- , PYTHIA 8.243 = ¥ g
B ' Monash 2013, EPJC 74 (2014) 8, 3024 | < u PYTHIA 8.243 B
0.4 L CR beyond LC approx., JHEP 08 (2015) 003 ] 4 Monash 2013, EPJC 74 (2014) 8, 3024 J
7 e, %, ieemes NOCO i 0.8l CR beyond LC approx., JHEP 08 (2015) 003 N
E 7o+ Modes3 ] - e Maded -
0.3 ', | - :?:72°-:;':-.,,“.“ ) Mode 3 | | -
E w M. He and R. Rapp J - "‘*s...;‘"' ) 1L ' M. He and R. Rapp .
i cezed . 0.6 S, R .
i ) K M, e AUERT)XBRIND -
: Vi a7 ] 0.4 1 -
: TR, ; - Ganir) /P -
tation f 0.1— Sy, 2 —| expectation fron + ------------ "
expectation from - sow a0 —E==F, | Belle ~0.18 o ! B
Belle ~0.02 : ailiaa s Go- ]
> + 5.2% BR uncertainty not shown ) o . B
11111111 T e Y ] ] [ ] ] T ! 1| [ [ [ (o] [ (] T | T T T T T
0 e 4 6 8 10 Gevio) 0 2 4 6 8 10 12t
T
o 2:.0+++/D0 [argely enhanced with respect to Pythia 8 Monash and ete- measurements
® ~40% of feed-down Act from 20+ ++
® only partially accounts for the larger Act/DPO ratio in pp wrt ete- measurements
® PYTHIA 8 with CR describes 2:0.+++/D0 pbut overestimates the NAct(« 20+ ++)/\ct ratio
o SHM+RQM describes both measurements
Grazia Luparello - INFN Trieste SQM 2021 13
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: . — MeV/c2) | Quark Content
Heavier charmed baryon states: =.°and =+ e T, B
2ctt, 20 2455 uuc, ddc
=ct 2467 usc
=c0+/D0 =0 2471 dsc
0.6 arXiv:2105.05187 Q.0 2699 SSC
C_) U ' I ! I ! I ! I ! I ! I o
E - ALICE o ZUD° BRunc.
= 0.5F PP s=13TeV, =+/D° — ® pt dependence of the =:%+/D9 ratio not described by models
3 i y1<0.5 777 SHM+RQM _
E0.4F oo cawania(coal+fagm) 3 e PYTHIA 8 with enhanced CR
o | 4 : -> additional strange-quark production needed?
' i PYTHIA 8.243 1
g 03 — Monash  —
- O I Mode 0 ] © SHM+RQM
(© : 1o - Mode2 1 .
m o[ —+—.J.JT — — Mode3 -> not enough resonances for charm-strange baryons’:
s povrmn, LT )
: A . . ' ~,,'~ T i
- "s,',~ + ) L h @ QCM
0 17/__ """"""" Cenna g"‘ . ->simple coalescence is not enough?
[ a2y . . : R R T R
OO 2 4 6 8 10 12 14 e Catania model closest to the data

p. (GeV/c) -> poth fragmentation and coalescence needed?
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Heavier charmed baryon states: Q.° e B
E c Act 2286 udc
2ctt, 20 2455 uuc, ddc
BR * Q.0/D0° \ BR * Q.0/=.0 \ =ct 2467 usc
S E ' 1 T F¥——F—F—F T T P T — T3 =0 2471 dsc
o E ALICE Preliminary x] - ALICE Preliminary 3 Q.0 2699 SSC
L 4oL Pp. Vs=13TeV, [y| <0.5 L - pp, Vs=13TeV, |y| < 0.5 -
o = o Data PYTHIA 8 S 101k ° Data PYTHIA 8 _
B 4~ | v Catania(coal.+fragm.) x BR Monash x BR B = -...Catania(coal.+fragm.) x BR Monash x BR 3
X 107 £ - acmx BR CR-BLC X - ... QCM x BR CR-BLC ]
B - 13.7%BRunc. .. Mode 2 x BR L i 13.7%BRunc. . Mode 2 x BR  _
lC/)}r 1073 E — = " l(/)}r 102 | —
C = * -
THOME ¥ | T :
oC et e (C | o commmrmcm
m F R e R . E
10°¢ T L E BT
10°F . 1074 & —
BR(QF — Q n*)l = (0.51 i|0-07)% [EIPJC 80, :066 (20210)] = BR(Q) - QY) = (0.51+ 0.07)% [EPJC 80, 1066 (2020)] 3
1 1 1 1 1 1 1 — ] | ] | 1 | ] | ] | 1 | 1 N
o 2 4 6 8 10 12 14 o 2 4 6 8 10 12 14
P, GeV/c P, GeV/c
BR((QL—=11t(2) = (0.51+£0.07)% from theory calculations  Yu-Kuo Hsiao et al., EPJC 80 (2020) 1066
® BR*Q:9/DO ratio shows no pt dependence
® All the models underestimate the BR*(2.0/D0 and BR*()0/=0
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Charm fragmentation fractions in pp collisions

arXiv:2105.06335

~1.0 | | | | Calculated as the ratio of the pr-integrated cross section of each
L i 1 measured hadron specie by the sum of the cross sections of the
i " =ALICE, pp, /s =5.02 TeV ] different ground-states charm hadrons
=08 ¢+ B factories, e'e”, Vs = 10.5 GeV .
. EEEFF’; : e, ‘S; m; : HL f(c = Ho)[%] f(c->H.) different in pp and
; j’ , €P, — D%  37.5+1.6(stat) 33 (syst) et+e- and ep collisions
0.6 — 9% oHERA, ep, PHP n
— : D" 16.64 1.7(stat) "} 3(syst) - T
oal *l“' factor 1.2 - Di 7.0+ 1.0(stat) t18(syst)
: : A 23.741.3(stat) )] (syst)
0ol %: * # - B0 7.6+ 1.2(stat) 24 (syst)
i ’ J D*t  14.94 1.1(stat) "33 (syst)
i e . x4
| | | ) |

irst measurement of f(c—=c9)

B factories: EPJC 76 no. 7 (2016) 397
LEP: EPJC 75 no. 1 (2015) 19
HERA: EPJC 76 no. 7 (2016) 397

Important for the calculation of the total charm cross section
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Heavy-flavour hadronisation in
large systems "-)é"

L]
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Ds+*/D°in nucleus-nucleus collisions

arXiv:2101.11793

A

+ 3.7% BR uncertainty not shown

(@) B [ [ [ [ 1T 11 | [ [ [ ] -
Jr% 0 95 ALICE Preliminary lyl<0.5 4 081" STAR Au+Au ® 0-10%
o= - Pb-Pb, \s,,,=5.02 TeV BN I \/SNN =200 GeV O 10-40%
08~ , .. 10 o6} A 40-80%
S 12 — PYTHIA
0.7¢ 30-50% 1 = o rg
0.6; o pp, (s=5.02 TeV, Eur. Phys. J. C (2019) 79:388_% ’075 04 ,I én ré ; §J B enhancement
E Pb-Pb 0-10% 1 +F T o ~1.5-2 times
0.5 - 0O t ~ ——
B b '+' 7] ~ 0.2 -
— —o— - PYTHIAS8 M h dicti
0) 4: L i - onash pp prediction (a)
0 3:_ T L TIT 4 4l - U | . | . l . 1 1 |
- bp m BT [ - 2 4 6 8 10
0.2F- =al " =T - Transverse Momentum p_ (GeV/c)
0.1 =
1

10
p. (GeV/c)

@ Hint of enhanced Ds*/D0° ratio in nucleus-nucleus collisions compared
to pp collisions for pr< 8-10 GeV/c at both RHIC and LHC energies
® Similar magnitude in central and semi-central collisions

IN FN Grazia Luparello - INFN Trieste SQM 2021 18




D:*/D°in nucleus-nucleus collisions

arXiv:2101.11793

A

(@) B [ [ [ [ 1T 11 | [ [ [ ] -
9 0o ALICE Preliminary lyl<0.5 - 081" STAR Au+Au ® 0-10%
- - Pb-Pb, sy =5.02 TeV Ci'“ " sy =200 GeV O 10-40%
08 . o 10m 15 08p 4 oo e A Andronic et al, arXivi2104.12754
0.7 «  30-50% 12 ) % — PYTHIA -c%, 0.7 E.Pb-Pb, {5, =5.02 TeV, 0-10% E
0.6%— o pp, (s=5.02TeV, Eur. Phys. J. C (2019) 79:388é ~» 0.4 I i??: g ; ? % enhancement | € g6 E_D;'/DO, ly1<0.5 Ter=156.5 MeV =
: Pb-Pb 0-10% 1w | : ° ~1.5-2times | os5E =
0.5 - 0 g - e - ]
S | =02 2 o 0.4 :
0.4F il :i: - ) PYTHIA 8 Monash pp prediction (a) 03 E
0 3:_ T L[ _-——l—— vl _: U ] ] | . | L | ] ] O 2 - =
- pp ¢ “é“ ;___ [ . 2 4 6 8 10 . é = ALICE data é
- 1 I I —§— o— — O 1_— -
0.2 £ " p=Eal = Transverse Momentum p_ (GeV/c) - TE@SHMc + FastReso + corona -
- _— - 0'..I...I...I.I.I...l...l...l...l‘
0_1;_ + 3.7% BR uncertainty not shown _; 2 4 6 8 10 12 P: Z(lGe‘{/6)
- l [ 1 | | | l l .
1 10 ® Dst/DO ratio at low prin Pb-Pb collisions
p, (GeVic) compatible within uncertainties with the Statistical
@ Hint of enhanced Ds+*/D0 ratio in nucleus-nucleus collisions compared Hadronisation Model (SHM)

to pp collisions for pr< 8-10 GeV/c at both RHIC and LHC energies
® Similar magnitude in central and semi-central collisions
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Ds* nuclear modification factor

<2.4
AN

1.
1.

2
3
6

1.4

1.

2
:

0.8
0.6
0.4
0.2

INFN

0

B [ T 1T | [ [ [ T 1T | [ [ [ ]
- ALICE Preliminary 7
B o _ .
— lyl<0.5 —
- D°, D*, D** average D} .
— e data + data —
— -==: PHSD ==« PHSD 7
- ) TAMU TAMU
o — Catania - Catania _—
- 77N N
// N % -
oD DD -g4- % — | I 7 .._
B | 2 é% |
— 2 7 pp reference B
- ) ///%%/Z;%%” Filled markers: measured -
— ///W /%%/ %/4%”, Open markers: pT-extrapoIated ]
N . “ s + 7
S %_:
R L 1]

1

p_ (GeV/c)

TAMU: PLB 735 (2014) 445-450
PHSD: PRC 92, 014910 (2015)
Catania: EPJC 78, 348 (2018)

Grazia Luparello - INFN Trieste

o Smaller with respect to non-strange D-meson Raa

@ Ds* enhancement qualitatively reproduced by models
including charm-quark coalescence Iin a strangeness
rich environment

® Charm-quark coalescence is an important ingredient of the
models to describe the measurement at intermediate pr

SQM 2021 20



A:*/D0in nucleus-nucleus collisions

=, 09
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

|

'H'—H—

Open marker: ;.o

|

|
ALICE Preliminary
\'Syy =5.02 TeV, lyl <0.5

—e— (0-10% Pb-Pb
—a— 30-50% Pb-Pb
—— pp

Pb-Pb 0-10%

Pb-Pb 30-50%

—H——

calc. with pT-extrapoIated pp reference

|

I | | | | I |

|

O |

10 20

p_(GeV/c)

T

PLB 803 (2020) 135328
PbPb 44 ub™”, pp 38 nb™' (5.02 TeV)

0.7r -
E CMS [#] Data
0.6[ Iyl <1 2 PYTHIA 8
i vv PYTHIA 8 + CR
|°A - PbPb — EPJCT78 (2018) 348
- 0.57 | Data: Cent. 0-100% ... PLB 795 (2019) 117
+ i
OQ 0.4~ Global uncertainty
g S T pp: 20%
O~ AF ? ‘ PbPb: 31%
- - - o
0.1 o—a —o Ph-Pb 0-100%
Ot ' BT BT AT B R AR A BTN AT AT
4 6 8 10 12 14 16 18 20
P, (GeV/c)

Baryon/Meson Ratio

PRL 124 (2020) 172301

@ srar . Ai+AL
_ Au+Au, \s,, =200 GeV D°4+D°
10-80% o A+A
- 2K
° L P+D
T+
. 00«
Q
0 +°<><>
11— OED 0
0 \
O DD T]DDDE’S
Lg?fp ---------- "9 g 3
& PYTHIA 8 with CR predichion * = = =% - - -
L | i

0 > 4

6 8

Transverse Momentum (pT) (GeV/c)

@ Hint of enhancement of A:+/D? in Pb-Pb collisions wrt pp collision at intermediate pr at both RHIC and LHC energies

@ hadronisation mechanism? Radial-flow push in Pb-Pb collisions?

® N\c+/D0 compatible with pp at high pr(>10 GeV/c)

INFN

Grazia Luparello - INFN Trieste
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Ac+/DP0 ratio compared with models

o 3 . . . . | ! ! ! ! I ! PRL 124 (2020) 172301
O T . : .
=~ ALICE Preliminary _ . (b) — pyTHIA ---- &g g:g: g;_rggacma(rla_gqg/o)
<25 — 0-10% Pb-Pb, \/s,, = 5.02 TeV ] |OD -~ PYTHIA,CR wwn Ko et.al: with flow (0-10%)
- iyl <0.5 i o -.-.-.. Catania, coal.+frag. (J 0-80%)
- - O 3 s Catania, coal. (10-80%)
> [/ — e— data | :\: — — Tsinghua (10-80%)
- ' Catania, fragm.+coal. n ' é’ i Rapp et.al (0-20%
- N e Catania, coal. i R “~.._ = . Cao et.al (10-80%
i SHM (A. Andronic et al.) _ +
15 TAMU | + ol s ',
: Open marker: f, . calc. with pT-extrapoIated pp reference: S - A N,
L - /_ —_— .\.
- - - e, 7 N S
— — " - / """"""" '“,‘N "l,,’, -~
: : J=7 S N, .
| __ .- =" 'T\\'\'\"\? ‘\ Mgy, mmmmmm;u,,““”“m
: ﬁ.;.:.{.-‘ﬁ«:"\i‘|\\\\“““ e e .\ﬁ‘s"'.‘:"?.*:.\. — ——
; - THERMUS B P
T S A E— BT R R | P i
b (GeV/o) 0 e 4 6 8
T Transverse Momentum GeV/c
T

® Act/DO ratio described by models implementing heavy-quark hadronisation via recombination and

. T - - Catania: EPJ C78 (2018) 348
fragmentation and by the statistical hadronisation model TAMU: PRL 124 (2020) 042301

® Pure coalescence models clearly overestimate the data SHM: A. Andronic et al, arXiv:2104.12754
Ko et al. three quark: PRC 79 (2009) 044905

Ko et al. with flow: PRC 101 (2020) 024909
Tsinghua: arXiv:1805.10858
Cao et al.: PLB 807 (2020) 135561
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Ac+/D° from pp to Pb-Pb

0.6

0.4

INFN

6F pp

0.2

1

~ 2<p <4GeVie
Pb-Pb

b
i

P

i 8<p <12 GeV/c

7

i increasing muItiincit;_(' .:

1 4<pT<6GeV/c

 6<p <8GeVic ] @ Smooth trend vs multiplicity from
op to Pb-Pb collisions at low and

intermediate pr”?

v

1 12 <p_ <24 GeVic

102 10°
(dN_/dn)

|1l<0.5

ALICE Preliminary

gh pp, (s=13TeV
SPD multiplicity classes

(O p-Pb Minimum Bias, |s,, = 5.02 TeV
arXiv:2011.06078

() Pb-Pb,|s,, =5.02TeV
VO multiplicity classes

10 10°
(dN_ /dn)

|nl<0.5

Grazia Luparello - INFN Trieste

Caveat: a trend in a given pr range
could be also be due to a modification
of the prshape
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Coalescence of beauty quarks?

CMS Preliminary

CMS-PAS-HIN-19-011
PbPb 5.02 TeV(1.7 nb™)

1 _8 _I 11 | 1T 11 | T 11 | 11 1T 11 | T 11 | 11 | 1T 11 | L I_
B BO Cent. 0-90% |
1'6;_ B—f % 15<ly|<24 -
1.4 C %PbPb: CMS 5.02 TeV * Iyl <24 .
o 1.2~ PbPb: TAMU —
S . —pp: LHCb 13 TeV :
o 1 :
2] B Global uncert.: £ 8.1 % ]
% 0.8 —
> 0.6 = -
IRl - ~ Pb-Pb -
A== s z
0.2 Bi&?é?f?&iﬁ?.ﬁé LHCb f./f, @ 13 TeV -
O L1 11 |[| (I H |1|0|0| | | ] |(|2|0|1|9|M |0|3|1|1 02]I ] | L1 11 | L1 1 |:

5 10 15 20 25 30 35 40 45 50

e Bs9/B+ ratio compatible with both

o (GeV/c)

Ds* from Bs/B

Dofrom B
O’_\ 5_O:I I I I | I I I I | I I I I | I I I I | I I I I |:
o  _£ ALICE Preliminary -
= 4.5F =
e [ 0-10% Pb-Pb, \s,,, =5.02 TeV -
5 - lyl < 0.5 -
s 3.5 e data =
- B 1 u
< 3.0 TAMU -
A - —o- -
O 50k E
e . :
S 1.5- ﬁ n _ 1 E
O — _
c 1.0f + . -
o - T -
£ N il -
:E 055_ open markers: pp extrapolated reference _:
m I T Y | I I | I I | I I | I I | |
0 <) 10 15 20 25
p. (GeV/c)

for Pb-Pb collisions and pp reference results

® Raa (non-prompt Ds*)/Raa (non-prompt D9 above unity at low pr
describes the observed trend
@ Enhanced production of Bs? mesons at low pr from beauty-quark hadronisation via coalescence

INFN

Grazia Luparello - INFN Trieste
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~ 50% of Ds* from Bs

TAMU: PLB 735 (2014) 445
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Coalescence of beauty quarks?

CMS-PAS-HIN-19-011 Ds* :rom Bs/B
CMS Preliminary PbPb 5.02 TeV(1.7 nb™ DOfrom B

1_8_||||||||||||||||||||||||||||||||||||||||||| O,\5.0:""|"".|.""|"||||||||:

- g0 Cent.0-90% 0, &F ALICE Preliminary 1~ 50% of Ds* from Bs
1.6F B x15<ly|<24 | & | 0-10% Pb-Pb, \[s, = 5.02 TeV -
- * 2.4 . O 4.0¢ —
1.4 % PoPb: CMS 5.02 Tev Vi< E S y1<0.5 -
B | - __ _
o 1.2F  PbPb: TAMU 3 8 3'5§ | ® data
W [ —pp:LHCb 13 TeV i < 3.0 TAMU e
oC 1 ] 'y - A :
% i Global uncert.: + 8.1 % i —~ 2-5:_ | e
> ) i B F 7
0.6~ 7 — E <L E
i - 5 1.5 g . :
0.4 g ~ Pb-Pb Q. F b | -
e =l * - B 1 z
02 ~ ppref%mfltto LHCb fs/fu @ 13 TeV - \-;::: 05;_ open markers: pp extrapola;d reference _;
O | 1 1 | |[| | | H I1|0|0| I I | I(|2Iol1lglh I0I3I1I102]I ] | | 11 1 | | | 1 I: m - | | | | I | | | | I | | | | I | | | | I | | | | I :
5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25
p_ (GeV/c) p_ (GeVic)

e Bs%/B+ ratio compatible with both for Pb-Pb collisions and pp reference results

® Raa (non-prompt Ds*)/Raa (non-prompt D9 above unity at low pr
describes the observed trend
@ Enhanced production of Bs® mesons at low pt from beauty-quark hadronisation via coalescence

: L. o TAMU: PLB 735 (2014) 445
Interesting to see the results on B¢ production in Pb-Pb collisions from CMS
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2

9 | | ' I ' | ' I ' | ' I '
m -§ - ALICE o 2YD° BR unc.
Conclusions and outlook c 0.5F PP Ve =13TeV. zp —
2 - |ly| <0.5 )
o] L vz SHM+RQM .
= B = - Catania (coal.+fragm.) -
. 1 04- ----- QCM -
eSeveral measurements of single heavy-flavour hadrons e SVTHIA 8043
- - - - - - - '_ _]
available -> indicate non universality of the fragmentation R Monash
= 0] :‘ n Mode 2
fractions D 0.21 J$L{EL-_J£4 L ——Modes
K ."~_‘J'EJ‘ {
@ Various models proposed to explain the enhancement of the o 'L':':u,EE ,,,,,, = E
charm baryon-to-meson ratio observed in pp collisions o:-' RSt s
® Further comparison between data and models useful to 0 2 4 6 8 10 G1 2V/ 14
understand the picture py (Gevic)
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O
o

——
ALICE

Open marker: ., calc. with pT-extrapoIated pp reference

o U.br
M -§ - o 2YD° BR unc.
Conclusions and outlook = 0.5 PP 15 =19TeV. 2o —
2 C |yl <0.5 )
o] _ 777 SHM+RQM 4
= O 4'_ =t . CC)g[?/Inia (coal.+fragm.) -
eSeveral measurements of single heavy-flavour hadrons S H SVTHIA 8243 -
- - - - - . c ’_ _
available -> indicate non universality of the fragmentation 30-33 _______ Vv
: © N Mode 2
fractions oy 3T 71—  @qok H}{E-y —— Modes -
. ALICE Preliminary i SRR 41t M
- ' < [ -10% _ — ] B ”I"',,
e Various models proposed to explain the ennancement of the ™ *°F . I POoPD o s 02TeY O | 1 — g
charm baryon-to-meson ratio observed in pp collisions N : e - N ', et
o Further comparison between data and models useful to i A — Catania, col 0" : 0 2 4 6 8 10 12 14
. B " SHM (A. Andronic et al.) | p (GeV/C)
understand the picture 1.5 " TAMU . T

e Ds*/D% and Ac+/DO ratios in Pb-Pb collisions compatible with a 5
scenario of hadronisation via coalescence at low pt and
fragmentation at high pr and calculations from the 0
statistical hadronisation model

- K3

@ Understanding of heavy-tflavour hadronisation interesting to
extract heavy quark transport parameters of the QGP

@ Common trend for heavy-flavour hadron production with

multiplicity going from small (pp and p-Pb) to large (Pb-Pb)
systems”/
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= ALICE Preliminary ) SRR 41t M
- . < L ~10% Pb- — _ B %’"" —
e Various models proposed to explain the enhancement of the ~ =7} I POoPD o s 02TeY 0.1F ccoomeees _E_ —i=
charm baryon-to-meson ratio observed in pp collisions N . - OF bt Rt
o Further comparison between data and models useful to S U Catania, col 0" : 0 2 4 6 8 10 12 14
) B SHM (A. Andronic et al.) | p (GeV/C)
understand the picture 1.5~ _sssTw T
1 :_ _: CMS Preliminary PbPb 5.02 TeV(1.7 nb)
| n . _I T | T T I T T | T T IIIIIIIIIlIIlIlIIIIIIIII_
_ . o . . B . I_ Bg Cent. 0-90% _I
® Ds+/D° and Ac+/DO ratios in Pb-Pb collisions compatible with a R 168 22 K15<lyl<24
scenario of hadronisation via coalescence at low pr and \ : 1.4 4 PoPb: CMS 5.02 Tev xhiess o
fragmentation at high pr and calculations from the N T R o 1.2 PoPo:TAMY .
statistical hadronisation model p,(GeVie) & 4 “eeLHObTOTeV :
% 0 8:— Global uncert.: + 8.1 % _:
QO T i
® Understanding of heavy-flavour hadronisation interesting to > 0.6 ]
extract heavy quark transport parameters of the QGP 0.41 * L . E
L | —
0.2 TTT—— | -
O:I L 11 | L 111 | | | L 111 | L 111 | 1111 | L1 1 I| IIIIIIII :

|
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o (GeV/c)

Future measurements of multi-charm baryons, beauty baryons and mesons, and exotic states will be
fundamental to investigate the hadronisation process in both small and large systems
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X(3872)

e Exotic state whose nature is unknown: B
- compact tetraguark object (ccuu), loosely bound hadronic molecule (DD%*) or something else?
® Production enhanced or suppressed in QGP depending on its internal structure

X(3872) = J/vwrnrw
N ( ) '

pp,PbPb
P

INFN

1.7 nb”' (PbPb 5.02 TeV)

- CMS

Prompt

m PbPb (5.02 TeV)
ly| < 1.6, 0-90%

" i - —

B pp (7 TeV)
ly| < 1.2 (CMS)
pp (8 TeV)
ly| < 0.75 (ATLAS)

OI

20

30

40

50 60

p. (GeV/c)

Grazia Luparello - INFN Trieste

/70

® Raa(Y(2S)) = 0.142 = 0.061 (stat) = 0.020 (syst) in 15< pr< 20 GeV/c
=> Raa (X(3872))>1
but compatible with unity within 1o and with Raa(Y(2S)) within 20
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Heavy-flavour meson production in pp collisions

@ Theory calculations based on the factorisation theorem describe heavy-flavour meson production within uncertainties
@ use fragmentation fractions parametrised on ete- and ep collision data
® include NLO calculations with NLL resummation

10* —————r———————9HEP 12 (2017) 026
0 — LHCDb /s = 13TeV + Data

FONLL
* 2.0 <y < 2.5

|

=Describe D and B meson production within uncertainties

i

. 2.5 <y <3.0(x10?)

/

3.0 <v<3.5(x10%

dzo'/ddey [ub/(GeV/c)]
'/M ' )

i

;\ * 3.5 <y <4.0 (x10°)
prompt D°| arXiv:2102.13601 107 F — 10 <+ <45 10
- 0<y<4,
DOofrom B | EPJ C79 no. 5 (2019) 388 ‘ D+\ JHEP 05 (2017) 074 o £ <y <45 (x107)
:G 3f_AL|CE II|||05|f 7:103_ | | e TLHCb D+‘ POWHEG+NNPDF3.0L | N T T T T
3 [ PP (s=502Tev ; R Rt Es e — Vo= Ty = s — 107 10 20 30 40
(-g 102 E-::::- ¢ [P)raotranpt ’ _§ % ]0(1) —__;—__':::— :EE:,_' ' 20<y<25, m=0 d pT [GeV/C]
E N FONLL T 27 [ * BEREEEESSS——— 28.0 pb™' (pp 5.02 TeV)
> 10 = my ':!!_ go[]-prompt D° E <'=: :8» — E}= _ e 1 107 _ Up PP o.
[ - - . ata a s P — S ‘ L f : Y ' _.5<_\‘<3. ,m=2 =
§ 1;_ -N-Em = FONLL + PYTHIA8 Decayer = ?]0_3 L - 4‘:%3’_‘7' ‘ : 7 T— - CMS . D ¢ PLB 796 (2019) 168
Q_.g - m, == : 310—4—_._. —— — , ; . 30<y<35, m=4 - - |y| <24 ata
107 e E =107} - s e © 0%
= — - (o) 6= 1 } { 1 =
S :_ _*_ _: oio/lo _ — — ;{ﬁ-ﬁ! ; : 3.5<_\:<4.(). m=6 > = FON LL
102E 07| L - — o [ =
2 : = 3 —_— 5 B |
_3;_12.10/0 lumi. unc. not shown T _; 1077 ‘—%El% - ‘ 40<y<45 m=8 | 0O oL GIObaI UnCertalnty
107 E" .0.8% BR unc. not shown = 1079} ] ! ; : : ) o 10 =
- N R AU RN EPUPRPR S 10-10 1 | | | | | | . —_ - +7.9%
0 2 4 6 8 10 12 14 Q B
pr [GeV/c| o8 o
S ©10* =
- »
|
© —11.50
FONLL: JHEP 1210 (2012) 137 oL 10 s . % -1
pT (GeV/C) GM-VFNS: EPJ C72 (201 2) 2082 D 8 0-5:_ ] | ] | ] | ] ] I ] ] ] | | ] ] ] ] | | ] ] ] | ] ]
POWHEG: JHEP 06 (2010) 043 10 20 30 40 o0
pT (GeV/c) —
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A:*/DOin low and high multiplicity events

~ ALICE Preliminary A} /D"

{ @ Evident dependence on multiplicity of Ac*/D°

T b, 5= 13Tev, Iyl <05 wuripiciy desses: <o | @ AlSO In the lowest multiplicity the Ac+/DO ratio larger than measurement in ete- and
| dN . /dn: [ min—max], mean o
B [ Syst. from data —m— [ 1.4- 7.5], 3.9 ep CO”'SIOHS

0.8 Syst. from B feed-down 4 [24.5-45.8] 26.1 B

Y 0 + 7.0% uncertainty on multiplicity - i i i ]
I h'g m”'t'h’i\é ﬁsml]'t s | @ Similar trend in the heavy-flavour and light-flavour sector
| Ao

A Kg (Eur.Phys.J.C 80, 167 (2020)) —

O
o))
|

Multiplicity classes: Inl < 0.8 -

dN,,/dn: mean

—0— 3.8+0.1
—&— 23.4+04

Baryon-over-meson ratio

o
~
|

%

N
N
N

0.2

g
W,

low mult. A:+/DO° .

high llnult. NII'(S0 | | i
O | | | | | | | | | | | | | | | | | | | |

0 5 10 15 20 25
p_ (GeV/c)
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Ratio of fragmentation fractions: fs/(fu+fq)

@ Based on measurements of the heavy-strange mesons over heavy-non-strange mesons

T T T [ T T T |C|h||a|rlrnl [ T [ I I I I T T T T | T T Iblelalljltlyl T T T T | T T T T
. - EPJC 75 (2015) 1 _ HFLAYV, arXiv:1909.12524
average P, = 0 HFLAV average P> 0
447 PRD 77 (2008) 072003

H1ep 0.5xy_— —W— — CDF, pp Vs = 1.96 TeV — o( ) —

p,(D)>2.5 GeVic p_(B) >7 GeV/c
US40 0 6 JHEP 09 (2013) 058 PRL 115 (2015) 262001

VP Voxy i— —eT ] ATLAS 0.5xf /f,, pp Vs =7 TeV |— - —

pT(D) > 3.8 GeV/c h p (B) > 8 GeV/c
T

ATLAS 0.5xy_, pp Vs =7 TeV |- — — LHCb, pp 1§ = 7 TeV (2012) B

P T(D) >0 pT(B) >0, P, constant fit
PLB 718 (2012) 279
_ | _ PRD 100 (2019) 031102

ALICE, pp Vs = r ey . LHCb, pp V5 =13 TeV | . (2019) _

p.(D) > p_(B) >4 GeV/c
arXiv:2102.13601 .

ALICE, pp Vs =5.02 T§V — [ theory sys —e= — ALICE, pp V5 = 5.02 TeV |- Etheory sys - arXiv:2102.13601

p.(D)>1GeV/c, p_constant fit T Y T T p_(D)>2 GeVic, p. constant fit
0 0.05 0.1 0.15 0.2 0.25 T T -

M I N
0 0.05 0.1 0.15 0.2 0.25

charm f/(f +f ) beauty f/(f +f)

® All the measurements are in agreement within uncertainties and with PYTHIA 8 Monash predictions
® Similar results between charm and beauty P. Skands et al., EPJC 74 (2014) 3024
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INFN

H:/DP° ratio: comparison with PYTHIA 8, Monash, SHM

oD | [ I I | I
~ 1.2~ « ALICE, pp, s =5.02 TeV ~
T PYTHIA 8: JHEP 08 (2015) 003
1} —— Monash 2013 -
------- CR Mode 0
R CR Mode 2
08 - ... CRMode3 B
0.6 |- + B
:"“T“"“" ..................... o 30
0.4 | ! . - il
30 bbb
0.2 |- 4 A —
0 | l l I—[ ........ ..;-.] —"
D* D* D A = 0 Jw
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OD | | I | | | |
~ 1.2~ « ALICE pp, /s =5.02 TeV .
= SHM: Phys. Lett. B 795 (2019) 117-121 ’
1 PDG, T, = 160 MeV .
""""""" RQM, T, =160 MeV i
- - - PDG, T, =170 MeV -
08 - RraM, T, =170 MeV B
06 | : -
..EB.‘ .................... %30 _
0.4 [T TF <30 -
0.2 |- 1 J I -

O | | l l l:‘."l“.“.":".“.“.".‘fl l

D' D** D! A} = o Jhy
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Baryon-to-meson ratio: comparison with e+e- resulits

AF/DO + stat. +syst.  System /s (GeV) Notes
ALICE 0.624+0.05+0.05 1991 pp 5020 pr>0,|y| <0.5
ALICE 0.45+0.03+0.0673%  p-Pb 5020 pr > 0,—0.96 <y < 0.04
CLEO [7] 0.1194+0.021+0.019 ete” 10.55
ARGUS [6, 8] 0.127+0.031 ete- 10.55
LEP average [9] 0.1134+0.0134+0.006 ete™ 91.2
1 < 0% < 1000 GeV?,
ZEUS DIS [12] 0.124+£0.03419925 e p 320 ¢ :
0<pr<10GeV/c,0.02<y<0.7
ZEUS 7p, 130 < W < 300 GeV, Q? < 1 GeV?,
P 0.220+0.035t9%7 e p 320 oV, ¢ :
HERA 1[10] pr >3.8GeV/c, |n| < 1.6
ZEUS vp, 130 < W < 300 GeV, Q* < 1 GeV?,
P 0.1074+0.018708% e p 320 ¢
HERA II [11] pr >3.8GeV/c, |n| < 1.6

arXiv:2011.06078
arXiv:2011.06079
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http://arxiv.org/abs/2011.06079

mass (MeV/c?) Quark Content
Heavier charmed baryon states: =c.°and = e 7050 e
2ctt, 20 2455 uuc, ddc
=ct 2467 usc
=c0+/D0O =c0 2471 dsc
arXiv:2105.05187 arXiv:2105.05187 0.0 2699 ssC
_c_>0.6_'|'|'|'|'|'|'_ o E T T T T T 1 T T T T T '3
-§ - ALICE o ZUD° BRunc. "§ - ALICE VAL :g+/20+++5
= 0.5F PP; \/g; 13 TeV, =¢/D° — - " pp, Vs=13TeV pya o . ]
- = O B -
B - <0 217 SHM+RQM ; > yl<0.5 FF’,@HH'Q\%'}CA%Z&:; IIIIIIIIIIIIIIIIIIIIIIIIIIII
- - == Gatania (coal.+fragm.) - © 10 — Cataniq == =
S 0.4 S | QCM T 'g - [ BR unc. QCM  srerere coeeeee ]
= - PYTHIA 8.243 1 "T' - SHM+RQM 2z 7277 -
o 0.3F Monash  — S o =F | ._—\_______:ﬂ = _0,+/3 .0+, ++
> """F cwme Mode 0 SO s s ¥ : =o0/Z
S K 1 - Mode2 17 © e —————————m—
M 0.2 _—“; —-o-—_]._% — — Mode 3 ] 2l 1 llllllllllllllllllllllllllllllllllllll -
O | o g ] e ____,_,...__ ,,,,,,,,,,,,,,,,, _-
T, = : expecta|t'%ﬂ, WM//WW/W« A
O i 1 ' 1 | 1 I ' m
0 2 4 6 8 10 12 14 02468101214
p. (GeVic) p_ (GeVic)
® =9\t larger than expectations and models calculations
=c0+/2:0+++ described within uncertainties by Pythia Monash and by Catania
@ Different quark content but very similar mass
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Ac:* baryon cross sections in pp collisions

® /\¢t baryon production cross section measured at mid and forward rapidity

® Theory calculations based on the factorisation theorem underestimate the data ad mid-rapidity

arXiv:2011.06078
arXiv:2011.06079

PLB 803 (2020) 135328

PbPb 44/102 ub™, pp 38 nb! (5.02 TeV) S 5 S | - _ _ e
At + AL D - ALICE pp, Vs =5.02 TeV i = ! 1 l r 1 l l
10? E_CMS < ¢ O 102 -m=- Prompt Ag, |y| < 0.5 | = LHCD
—~ - lyl<1 pp 2 [ - = 3 %102 Vs=7TeV _
'._O - [+ ]Data 0O — —e— data ] 9 ! — 1 :
> 10 & PYTHIA 8 CUETP8M1 = - - RN . = ’
o = 3 % PYTHIA 8 + CR 10 e — =
- — POWHEG+PYTHIAG = (S—
o - JHEP 12 (2017) 021 Q = . E
= = : 3 = with CT14NLO PDF e \
2 = PbPb Cent. S f haia : <) \\J
< o 1E T [%10-100% o - B B e
< F — [510-30% 5 5 L |
-2 r [530-100% S - \\ 2.0 <y <4.5
5 10 ! = Global uncertainty 4 B - g 1Ot AN
T~ | P21% - 107 = : N
'8 -8' — PbPb: 31% & ~  +2.1% lumi. uncertainty not shown =
i —+— ——— | . \+
1072 - T I \
= L 1 I I 1 ] fﬂ 10 = - E N :
el . — . = - =
Sl 3l -+‘ === pp global uncertainty ‘3‘ é - - .  HCh dat \\*-0—
5= o 1L VAN N VN 778777777 — . ata '
a E 21— —§ 4 $ © 'E = — — GMVFNS AN
. : W) E —n— [ | AN B | S B ' I Ly |
a2 4r e 12 3 4 5 6 7 8
S g_ e Al= = p. [GeV/c!
Qls : LT S RN R R S A SRR AR E T
ajs 1B : — -
0 4 6 8 10 G 6 14 16 18 20 0 5 10
P, (GeVic) p_ (GeV/c)
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Ds*/D° from pp to Pb-Pb

00.6}

0.5F
0.4f
0.3f

02

0.1F

' Increasing multiplicity '33
- ol L 1 aanul Lt ol L T

o

O

+ »

0.5F
0.4f
0.3F

INFN

\0-7; 8 < p.< 12 GeV/c

0o.6f

0.2
0.1k

090_75_ 2<pT<4GeV/C

b

4<pT<6GeV/C

-ID‘H'.|.

a 6<pT<SGeV/c

12 <pT<24 GeV/c

10°

(dN_ /dm)

10°

|nl<0.5

10°
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10°
(dN_ /dm)

|nl<0.5

10° 10°
(dN_/dn)

|nl<0.5

ALICE Preliminary

dh pp, Vs =13 TeV
SPD multiplicity classes

O p-Pb Minimum Bias, |s,,, = 5.02 TeV
arXivi1906.03425

@ Pb-Pb (2015),|s,, =5.02 TeV
JHEP 10 (2018) 174
VO multiplicity classes

() Pb-Pb (2018), s, =5.02 TeV
VO multiplicity classes

+3.7% BR uncertainty not shown

SQM 2021

© Smooth trend vs multiplicity from pp

to Pb-Pb collisions?




<2_4_ [ [T T T | [ [ [ [T T T | [ ]
<C - o ]
@ oo ALICE Preliminary -
y4n o _ =
2 lyl<0.5 ]
1 82_ D°, D*, D** average D} B
16:_ e data 4+ data —:
u ===+ PHSD - PHSD
1.4¢ ) TAMU TAMU -
1 2:_ - — Catania o Catania _:
- — S~ .
1:_ """ I Z%% ~ ppreference -
m ) ///%,%;%%, Filled markers: measured .
0.8F el 0 kers: p_-extrapolated ]
O % %ﬁ @z%%% n pen markers: p_-extrapolated
— W * . : 27 :
— o "‘ '3 “‘ |
0'6: “““ \ [ " | ]
045 o ﬁ " / .
Rl > “ 4 //////////// u
0.2 -
: | | | 11 1 | | | | 1 1 1 | ]

0

1 10
p_ (GeV/c)
@ Smaller

@ Dst enhancement qualitatively reproduced by models

with respect to non-strange D-meson Raa

including charm-quark coalescence in a strangeness
rich environment

INFN

TAMU: PLB 735 (2014) 445-450
PHSD: PRC 92, 014910 (2015)
Catania: EPJC 78, 348 (2018)
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Ds* nuclear modification factor and v
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® Positive vo for

transport

@ Charm-quark coalescence is an important ingredient of

10 15

and non-strange D mesons
reproduced by theoretical models based on charm-quark
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the models 1o describe the measurement at
iIntermediate pr
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Ac+/DPin p-Pb collisions

arXiv:2011.06078
arXiv:2011.06079

OD I 1 1 1 1 I 1 1 1 1 I 1 1 | OD -l LI I LI I LI I LI I LI I LI I LI I LI I LI I LI l—
o 1 p-Pb, \sy, =5.02 TeV - > 1 pPb sy =5.02Tev -
0.8l —=— - 0.96 < y < 0.04 h 08F +i;C‘LT<1ZGeWC "
i LHCb (JHEP 02 (2019) 102) ) I —— 2<p_<10GeV/c 1
B —— 1.5<y<4.0 - 06__ N
0.6F HHJ&HP e 45<y<-25 } T + ]
. "+ : 04f- 11 o I k
T H%ﬁﬁ% o ‘ Z 1H Sliik
I -C f% i 0.2F -
0.2 %i 4 — I ]
c = O I-l L1 1 I L1 11 I L1 11 I | I . | I L1 11 I L1l 11 I L1 11 I L1 I L1 11 I L1 1 l—l
O ) | | | | I | ] | | I | | ] _5 _4 _3 —2 —1 O 1 2 3 4 5
0 10 20 y

p. (GeV/c)
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Measurement of multi-charm hadrons?

A. Andronic et al, arXiv:2104.12754

> :
g 10¢ :[c; ) Pb-Pb \/s,,=5.02 TeV 0-10%
T 4L 'f; o lyl<0.5 :
107} PRI : : -
o i @SHMc predicts very large enhancements for hadrons with 2 or 3
1021 &L 1 charm quarks with respect to pure thermal production
JX(2900) #7505 §
: cd N6 (e : |
107° ¢ ee 1 ®As a consequence of the enhancement, a charm hadron hierarchy
. Z Q* appears
i P.(4320)
105 SHMc, T, =156.5 MeV
- do__ /dy=0.532 = 0.096 mb o :
—6 PR SN ST N (T WY WA TN AN (N T W U S S SN S SN S S S S S S S S S S S S S S S .
045 2 25 3 35 4 45 5
Mass (GeV)
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A:+/DPin p-Pb collisions

® /\¢* Rppp consistent with D meson Rppo
— | - @ Consistent with unity for pt> 2 GeV/c

S - . .
0 ALICE  p-Pb, \sy, =5.02 TeV oln 1< pr< 2 GeV/c Rppp< 1 with 4.10 significance
O 10+ Prompt Ag, -0.96 < y <0.04 = X
S B . Pt fle, TSB S V=000 2 © POWHEG+PYTHIAG6 and POWLANG do not describe the
% - - —e— A/i;’ Iiar)l(.iv:. 2011.06079) 1 da'ta quantltatlvely
~ ' —— A, Preliminary
3L ¢ _
o 10°s 1 ® POWHEG+PYTHIAG E
e 'E_ | — with CT14NLO+EPPS16 nPDF .
~ % — ]
Q B B hc-) B | I | I | I | | I | | I | 1 | L I LI I | L I | L I LI I | L I I _
ND 102 = = o 2.2F ALICE p-Pb, VS = 5.02 TeV el =
©O = - = 22_ -0.96<y<0.04 s E
B ] 18;— nk. o Nl Il
10 = = 1.6 o ||| (O
- " - 1.4F
B | 1.2F
- _ - ol
1 =+ 3.7% lumi. uncertainty not shown = 1 D K H H H T
B B mesons T
I R N N N N N N B I 0.8 JHEP 1912 (2019) 092, 2019 =
(La 10 ;El__._--..._.__-_ i ook 1 ——— D (average D°, D*, D) I
B T o T 0 T RN
0 = 1 s 2722 A A S -] 0'4: -8~ A; (arXiv: 2011.06079) T " _+ (o .
O 2 3 0ok A%, Preliminary T+ _ POWLANG with HTL transport
N - . I (extlrapolatecll pp refelrence) I I + I I coefflc:ents (chiarmed h?drons) B
O 10 EO(GGV/C) 0 2 4 6 8 10 12 2 4 6 8 10 12

p. (GeV/e) p. (GeV/c)
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Charm fragmentation fractions in pp collisions

arXiv:2105.06335

— Calculated as the ratio of the pr-integrated cross section of each
> 1.0 | | | | . 9 |
L i i measured hadron specie by the sum of the cross sections of the
l I "= ALICE, pp, Vs =5.02 TeV | different ground-states charm hadrons
< 08 |- + B factories, e'e”, Vs = 10.5 GeV "
+ LEP, e'e’, \s=m, | He f(c = Ho)[%] f(c->Hc) different in pp and
< HERA, ep, DIS - DO  37.5+ 1.6(stat) 23 (syst) e+e- and ep collisions
06 ¢ o HERA, ep, PHP n N +1.5 — _—
- 4 : D" 16.641.7(stat)” 5(syst)
i l"' factor 1.2 i D} 7.0+ 1.0(stat) "5 (syst)
N B
0 ] l At 23.7:I:1.3(stat)fé:‘11(syst) - S S
- al —- 3 - -
i ; - § - ) 7.6+ 1.2(stat)f%:§(syst) s |+ ALCE H .-
. | — =10° B
0.2 ; 7 D** 149+ 1.1(stat)*>I(syst) s [ °PHENKX K
' = [ STAR :
i x4 1 2 _ R i
N i] é n i '8 - .
| | | | | ‘ .
— * 10 =
DO D* D; A; -"-g D** : :
B factories: EPJC 76 no. 7 (2016) 397 i ]
LEP: EPJC 75 no. 1 (2015) 19 I _
HERA: EPJC 76 no. 7 (2016) 397 FONLL
10 ——— NNLO =
e Total cc cross section at |/s=5.02 calculated with the new fragmentation fractions B | o T

e Updated values at \/s=2.76 and 7 TeV are ~40% larger than previous measurements 4x10* 107'2x10”" 1 2345 10

/s (TeV)
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