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Introduction — Heavy flavors

Heavy flavor hadrons contain one heavy c or b quark

Because of their large masses (m;, > m, > Ay¢p), they have a short formation time
and experience the whole medium evolution

Heavy quarks are produced in initial hard scattering with moderate to large Q2
-> their production can be described with perturbative QCD calculations

The production can be described with the factorization approach :

JO-(AB—>CX) o PDF (x4, Q*)PDF (xy, Q2)®U(ab—>cd)®DcC(Zc: Q%)

Parton distribution functions (non perturbative)
Partonic cross section (perturbative) Eralis: B s

Fragmentation functions (non perturbative)

Fragmentation functions are assumed to be universal across collision systems
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Introduction — What can we measure and learn?

Initial phase QGP phase  Hadronisation Hadronic phase
i i
o o
4
LR R
\\
Initial Statg effects : JHEP 04 (2009) 065
- Saturation 15F mistudowing Femi
- Modification of PDFs B
- < ..
~
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Introduction — What can we measure and learn?

Initial phase QGP phase  Hadronisation ~ Hadronic phase
o
In medium effects :
* Energy loss : Interaction of heavy quarks . o d3N 1 d?N o _
Collectivity: Toan ~ 27 prdprdy [1 + Yneq1 20, cos(n(qb LPR))]

with the medium

1 y Elliptic flow v, : initial anisotropy
A *and reintteractions

S P Wi Triangular flow v3:fulctuations of

the initial state
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Introduction — What can we measure and learn?

Initial phase QGP phase  Hadronisation ~ Hadronic phase

e Coalescence: combination of
guarks close in phase space

=g

- e

T e o
e
*

Coalescence

 Statistical hadronization : charm quarks
distributed to hadrons according to thermal

weights
. ‘ , Fragmentation
* Fragmentation: ‘break up’ of o e e
k‘.l 7 =
charm quark R v, (500 - (00) Moo

C i::rcg)y = Ko'ole P IRV @0:gn: - @
% W v o .80

@0
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Introduction — Different collision systems

Measurements in different collision size allow to investigate several properties

Proton-proton collisions :

* Measurement of fragmentation fractions o-»- --------- -4—0

» Test of pQCD models regarding hadron formation

Proton-Nucleus collisions :

* Initial state effects p—>--------- <—°
* Interplay between soft and hard process

Nucleus-Nucleus collisions

* Properties of the Quark-Gluon Plasma o .. 4_g
* Final state effects
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LHCD

DO production in p—Pb at 8.16 TeV

* The measurement of D° production in p—Pb allows - Eufgff” j‘@“;ﬁéﬁiffﬁ?
to investigate partonic structures )

Fully Coherent Energy Loss (FCEL), JHEP 01 (2022) 164

. . . m L] L] L] L l L] L] L) rl l L] L] L] L]
* Rpgis the forward/backward production ratio Q:LL 1.5 4 LHCb |5 =8.16TeV [[JEPPSI6rwHF = —
- &~ LHCb |5 =5.02TeV [[JnCTEQIStwHF -
- [ FCEL <

 Significant production asymmetry at low p;

T +—1-
- e B
* Rrg shows a rising trend with p;, beyond 5 GeV/c n‘h_
somewhat higher than nPDF calculations UG |“||““““”|

L 1 l 1 1 1 1

05 prompt D"
i 25< |y* <4.0
" i i A | " i A A 1 i A A "
0 5 o 10 15

@ Py [GeV/c]
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AT measurements

ALICE

* The Af Raais < 1in central Pb—Pb collisions, lower
than in p—Pb

ALICE, Phys. Rev. C 107 (2023) 6, 064901

n A] bzlnlryon
e D’ meson
[]EPPS16, 90% CL
nCTEQ15 - 90% CL

III|III|III|III|III|III|III|II

=> suppression due to shadowing and modificationsin 5 ¢ |
the hadronisation mechanism. $ 14 ALICE
5§ [ \sy=502Tev
§ 1.2~
* In the 30-50% centrality interval, the A} Raa is AN NN\
compatible with 1 within the uncertainties. § N \
208 +
zZ
* The A*C' Ropp is closer to 1 than the R, in central 0.6
collisions oal
=> expected because of smaller shadowing effects in “t
p—Pb compared to Pb—Pb collisions 0.2F-
o: '
* The A{ and DP R, are very similar _O_F;‘pr’y‘*"logj’()4
=> no significant enhancement of charm baryons oms
compared to charm mesons in Pb—Pb vs pp A

&
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Pb—Pb, 30-50% Pb—Pb, 0-10%
ly| <0.5 ly| <0.5

EPPS16, Eur. Phys. J. C 77 (2017) 163



CMS,

Compact Muor

+ /0
A7 /D measurement vs p-

pp 252 nb™* (5.02 TeV)

oS Prefiminary O ACEm, E-502Tev * Models successfully describe At /DO ratio in pp with
B < MOS e e a combination of completely different theoretical
B 1o moE e | Y — bvitins o)
°é 0.8 — + Global un?:ser(ta(i)nt? 6.6% 0.6: ..... h\ Z:;:‘l: ?r;z:'tﬂ::;é)_f fra meWO rks . . .
Goo 'y D, e cran * The ratio in p—Pb is compatible with pp at low p;
+ i 0.47 \ ] . . .
Sodf S f * The shift of the maximum towards higher p; can be
® é 0.2 KZal - — . .
— C T explained by radial flow
P (GoVie) ’ . (GeVic) * The ratio in Pb—Pb at high pr is compatible with pp
=> no significant contribution from the coalescence
PbPb 0.607 nb™, pp 252 nb™" (5.02 TeV) H [ T L ] .
FCMS Preliminary 2 { ALIcE ] process at high pt
Fhl<1 +o | ]
12 ® pp < [ pp, p-Pb, |Sppy = 5.02 TeV ]
[ * 0-90% PbPb r —m —e— PRL 127 (2021) 202301
=~ ® 0-10% PbPb 0.8»— —5- —— This paper B
S Cont 0s0 i
09-’ 08;+ Glo%aél;ncerlainty 0'6,_
a pp: 6.6%
S %8| POPD: 7.3% 0.4F ALICE, Phys. Rev. C 107 (2023) 6, 064901
< o4l d Ll [ Z CMS, CMS-PAS-HIN-21-004
- ! 0_2;/// PYTHIA8+CR2, JHEP 08 (2015) 003
02 *’M . YOS Catania, PLB 821 (2021) 136622
’ ”5””10””15;”?3;;\‘/‘/205)”‘50‘”‘35””40 A p1;°G eVy/c) He and Rapp, PRL124 (2020) 042301
T T OCM, Li, Shao & Song, Chin. Phys. C 45 113105
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D meson in QGP %

ALICE

* D meson R, compared to other particles shows strong indication of mass ordering at low pr.

SrafT T T T T * For pr< 8 GeV/c, Raa(m)<Raa(D)< RaalJ/9)
i ALICE ly| <0.5
4.0 Pb-Pb, |5 = 5.02 TeV
. Centrality 0-10% e For10< pT< 20 GEV/C, RAA(D) < RAA(J/II)non—prompt)
g g ] but RAA(D) ~ RAA(J/¢prompt)

=> charm quarks lose more energy than beauty
quarks in the QGP

. bins
mass A | 08 ° Charged particles
. Jhy, 0-20%, |y| < 0.9
o Prompt J/v, |y| < 2.4, CMS

Non-prompt J/v, |y| < 2.4, CMS

g I

D D*

0 | | | | | | | | | I | | | | | | | | | I 1 | | | |
10 20 30 40 50
P, (GeV/c)

ALICE, JHEP 01 (2022) 174
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D meson in QGP

ALICE

* Models struggle to provide a good description of both Ry and v, in semi-central collisions.

2 16:-' i - T R EEEEd ' Aluclel = > o.35j— 77 TAMU 5 MC@sHQ+EPOS2 E
1.4F Po-PD, Y5y =502 eV 3 0.30F- H—?SOD --- [ﬁ%-{-NLANG—HTL = pd  pt
B Centrality 30-50% E 2 DAB-MOD LGR :
1_2:— Prompt D°, D*, D** average —- 0 25;_ =+ Catania = @ @
s 0-= I—: 0.20E ]
. : 0.15F 4 ALICE, JHEP 01 (2022) 174
] 0.1085 4 LIDO: PRC 100 1.6 (2019) 064911
0.6 = 0050 PHSD: Phys. Rev. C 96 (2017) 014905
a8 . DAB-MOD: Phys. Rev. C 102 n.2 (2020) 024906
0-4;—' & m 0.00F LBT: Phys. Rev. C 94 n.1 (2016) 014909
C R vy . : POWLANG+HLT: EPJC 75 n.3 (2015) 121
02 g 005" entrality 30-50%, ly] < 0.8 LGR: EPJC 80 (2020) 671, EPJC 80 (2020) 1113
E L o _0.10f L L MC@sHQ+EPOS2: Phys. Rev. C 89 (2014) 014905
4x107" 1 2 34567 10 20 30 1 2 3 4 567890 20 30 Catania: Phys. Rev. C 96 (2017) 044905
[N (GeV/c) [ (GeV/c)
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D meson in QGP

ALICE

* Models struggle to provide a good description of both Ras and v, in semi-central collisions.

* For example : Linear Boltzmann Transport (LBT) model reproduces v, but misses the Raa at low p;

| L I 1 1 1 T | 9 N ) I 1 1 1 T l_ 4 T 1 1 T T 1 LI | I 1 1 .
B . _ g : LID -.= LBT :
- FESRES FoPoti2Ner 0.30F "~ PHSD ﬁ;“zj’LANG-HTL 5 o pr
B Centrality 30-50% - DAB-MOD LGR .
:— Prompt D, D¥, D** average —- 0.25F ... Catania E @ @
C ] 0.20F =
H : ]
: 0.15F 3 ALICE, JHEP 01 (2022) 174
] 010547 NSE-H0d  LIDO: PRC 100 1.6 (2019) 064911
5 0.0507 s \\\\\&\\\ PHSD: Phys. Rev. C 96 (2017) 014905
& g o \\\‘ DAB-MOD: Phys. Rev. C 102 n.2 (2020) 024906
:’ _: 0.00F I LBT: Phys. Rev. C 94 n.1 (2016) 014909
o 3 0.05E POWLANG+HLT: EPJC 75 n.3 (2015) 121
- ; “UF Centrality 30-50%, ly| < 0.8 LGR: EPJC 80 (2020) 671, EPJC 80 (2020) 1113
L Ll L 1l I L 1 1 | e Ll N | I 1 1 1 11 7 _0-1 O :t_ 1 1 1 1 1 L1l I 1 1 MC@SHQ-'-EPOSZ' Phys Rev C 89 (20]4) 014905
410" 1 2 34567 10 20 30 1 2 3 4 5678910 20 30  Catania: Phys. Rev. C96 (2017) 044905
[N (GeV/c) [ (GeV/c)
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D meson in QGP

ALICE

* The data-model comparison allows to constrain the heavy quark spatial diffusion coefficient :

1.5 < 21D, T, < 4.5 T.~155 MeV

=> the thermalisation time of charm quark 3 < Topgrm S 9 fm/c, compatible with the QGP

lifetime
] IQCD, L. Altenkort et al, PRD 103 (2021) 014511
I IQCD, H.T. Ding et al, PRD 86 (2012) 014509

B QCD, D. Banerjee et al., PRD 85 (2012) 014510

N sTAR, PRL 118 (2017) 212301
B ALCE, PLB 813 (2021) 136054
B  ALICE, JHEP 01 (2022) 174

2 4 6 8 10 12 14 16 18

20

onD,T.at T, = 155 MeV
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Charm and beauty hadrons in QGP $ATLAS

EXPERIMENT

ALICE

. . . bﬁe ryrrrryrrrryrrrrprrrrpTrToTd
* There is substantial suppression of muons from . . AR 2 S5 lamas +C'%

both charm- and bottom-hadron decays for the = 6 c-10%ro-rs, (5, =502 Tev ] T T ngyb" 4 bosu
pr range covered

-
o
T

b(—c)—e E 3 ~ i}
5 lyl<0.8 B 1 40-60% -

1.2 4 ATLAS, b (- ¢) = p, i<2 +11<06

PLB 829 (2022) 137077

L - B
08}
06} :
04 F
02} ]
A
0
° — DAB-MOD c—D’—u
— DAB-MOD b—B%—p
18 DREENA-B c D’ -y
& [ALICE DREENA-B b—B°—u

1.6 F0-10% Pb-Pb, /s, = 5.02 TeV

14 oc,b—e b(—c)—e

PLB 804 (2020) 135377
121 4 ATLAS, ¢ — u, i<@ i:y::g.g T |
PLB 829 (2022) 137077 V<D L & |
L LA ] I T ]
0.8 + . O e }
0.6 [- _7_L_+ f c v b by by Py w o |
° N ] 5 i0 15 20 25 30

o]
0z} pyaipy e i e P, [GeV]

0 5 10 15 20 25 30 ALICE, arxiv:2211.13985
p; (Gevie) ATLAS, Phys.Lett.B 829 (2022) 137077
DAB-MOD, Phys. Rev. C 96 (2017) 064903
DREENA-B, Phys. Lett. B 791 (2019) 236-241
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s Charm and beauty hadrons in QGP $ATLAS

HLICE EXPERIMENT

. . . b H e T LI rTrTd 11T 11T LI
* There is substantial suppression of muons from . . e H S5 lamas e
- - " 16 Focton Pb-Pb, Sy = 5.02 TeV ] - Pb+PDb, 5.02TeV, 246 wot L, o
both charm- and bottom-hadron decays for the Tt
Il b(—c)—e | N a060% -
Pr range covered 12F ' L'gTslz'g\gbgz )(1—;7%)7: w, Il<2 f:g:jgg ] 1T PO e e — ]
Ll o] |
08f e — ¢ ]
e ALICE and ATLAS measurments shows good >
agreement 0zf T
3 MRARANRERERRRRES RERERRRRRS|
—DAB-MOD c—>D%—>pu
I — DAB-MOD b—B’—p
* Model calculations agree qualitatively with both e mi orcENA s b5
v, and Ry, for both charm and bottom muons g [ PP Yo =502 TV TR T 1
’ PL(;,804_)2(?20 135377 b(_) C) —e L
2 iAgcowhe  (NSE , I3 ==
L T | b - :‘;L’q':;&k
0.8 i B L0 7]
0.6 ks _4TL+ b .llllllllllllllllllllllllllI
04 b [[E 7] Fy= 1 5 10 15 20 25 30
02f nin —LLT*%_L p_ [GeV]
% 5 10 15 2 25 30 ALICE, arxiv:2211.13985
p; (Gevie) ATLAS, Phys.Lett.B 829 (2022) 137077

DAB-MOD, Phys. Rev. C 96 (2017) 064903
DREENA-B, Phys. Lett. B 791 (2019) 236-241
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s

ALICE

Charm and beauty hadrons in QGP $ATLAS

EXPERIMENT

* There is substantial suppression of muons from  _ ., b ceHr F5[ e T
+ C—,
both charm- and bottom-hadron decays for the < [ 2HSE . o coorev : | Poupb, S0z Tev, 206" 7Y
pr range covered 14f e ] o 02 TeV 117D
12F 4 ATLAS, b (= ¢) — p, Ii<2 f:g:jgg """""""""""""""""""""""""""""""""" y
b...PLB829(2022) 187077 ] " ||
- o =1 |
0.8
* ALICE and ATLAS measurments shows good osl kb ¥ ]
agreement 04l
0.2 L J
l I 1 1 1 I L1 1 1 I 11 1 1 I 11 1 1 | 11 1 | I
00 -I I LI I LI | LI | L | LI I-

— DAB-MOD ¢—D°—u
~— DAB-MOD b—B%—p

* Model calculations agree qualitatively with both . >
| DREENA-B c—0D —
v, and R, for both charm and bottom muons s [ oREENA S 5B

© 1e F0-10% Pb-Pb, |5, = 5.02 TeV ] ]
14 c,b—e o) e
1ok iLB 804 (2020) 135377 %(Iyl <3.8 ] :%j
. # ATLAS, ¢ — u, Inl<2 ¢ Iy1<0.6 J
* The mass ordering at low p; follows > [ Rememr ] [ S
expectations? 8 ! 1 opr S ]
=> charm quarks lose more energy than beauty  pe/ il 0 o e 0 e 50
qufarks in the QGP since m;, > m_ (dead cone i il i p. [GeV]
effect e e sea S
) % 5 10 15 20 25 30 ALICE, arxiv:2211.13985
p; (GeVic) ATLAS, Phys.Lett.B 829 (2022) 137077

DAB-MOD, Phys. Rev. C 96 (2017) 064903
DREENA-B, Phys. Lett. B 791 (2019) 236-241
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Non-prompt and prompt D° in QGP

ALICE

ALICE, JHEP 12 (2022) 126

non—prompt/Rprompt and

* Models reproduce the R, » AA ' FamcE E
show a similar trend at low py T a0y ]
* including elastic collisions only (TAMU) §§ 3_ E
* including both radiative and collisional processes (Langevin- © =
transport with Gluon Radiation (LGR), MC@sHQ+EPOS2) -
NI |
E B ° cjata i — Lé‘;“R central value i i
- . 82T T e thedomng Y L e coatescence e g
* For pr>5 GeV/c, the ratio is larger than unity s T I~ ]
. g - 4
=> larger suppression of prompt D° sk 7 T—— 3
80:5 C / ~ ]
21 _
%
5 5 10 15 20
pT(GeV/c)

LGR: EPJC 80 (2020) 671, EPJC 80 (2020) 1113
MC@sHQ+EPOS2: Phys. Rev. C 89 (2014) 014905
CUJETS3: Chin. Phys. C 43 (2019) 04410

)=
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Non-prompt and prompt D° in QGP %

ALICE

ALICE, JHEP 12 (2022) 126

* Models reproduce the RXIO;‘_pmmPt/Rpmnrlpt and

AA gg L ALICE ' =T =
show a similar trend at low py T oo S02TeY Mc@sHpuEPos2 3
* including elastic collisions only (TAMU) §§ 3_ _;
* including both radiative and collisional processes (Langevin- © 2 ! .
transport with Gluon Radiation (LGR), MC@sHQ+EPOS2) H\ ____________________
E - (] data LGR central value j
L : E I g s ettt e i 1 e Lo I
* For p; > 5 GeV/c, the ratio is larger than unity =
: 5
=> larger suppression of prompt DO 3
Cﬂ:<
* Coalescence can also explain the minimum : prompt D° &>
acquire a higher momentum than the parent charm L ; - . "
gua rk p(GeV/c)
=> hardening of the p; spectra .
D LGR: EPJC 80 (2020) 671, EPJC 80 (2020) 1113
MC@sHQ+EPOS2: Phys. Rev. C 89 (2014) 014905
CUJET3: Chin. Phys. C 43 (2019) 04410
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Non-prompt and prompt D° in QGP %

ALICE

21/07/2023

non—prompt , ,prompt
Models reproduce the R, 5 /Rapn — and

show a similar trend at low py
* including elastic collisions only (TAMU)

* including both radiative and collisional processes (Langevin-

transport with Gluon Radiation (LGR), MC@sHQ+EPOS2)

For pr > 5 GeV/c, the ratio is larger than unity
=> |larger suppression of prompt DO

Coalescence can also explain the minimum : prompt D°
acquire a higher momentum than the parent charm

qguark
=> hardening of the p; spectra

The energy loss in medium is dependent on the mass

=> Non-prompt to prompt D° Ratio > 1

ALICE, JHEP 12 (2022) 126

prompt
AA

4
- Pb-Pb, |5, = 5.02 TeV
- 0-10%, lyl <0.5

non-prompt 'R

AA

R

||||/y||‘,_l,l TTTT]

e data []GRr
MC@sHQ+EPOS2

LGR central value

prompt

AA

non-prompt R

AA

R

------------- ii) m_set to m, (coalescence) 4
— — iv) Wlo coalescence b

Victor Feuillard - Lepton Photon 2023

70 15 20

pT(GeV/ c)

LGR: EPJC 80 (2020) 671, EPJC 80 (2020) 1113
MC@sHQ+EPOS2: Phys. Rev. C 89 (2014) 014905
CUJET3: Chin. Phys. C 43 (2019) 04410
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Non-prompt and prompt D° in QGP

CMS

* The v, of non-prompt DY is significantly
lower prompt D° v, at low py

* This difference becomes more
pronounced in peripheral collisions
where v, is large

* Flow is shifted to higher p; with
increasing mass

=> incomplete thermalization of b
quark?

21/07/2023

CMS, arXiv:2212.01636

CMS PbPb 5.02 TeV (0.58 nb™)
0.2 <+ Prompt D° (PLB 816 (2021) 136253) i _
+D° from b hadron decays : ﬁ% g
0.1F Iyl <1 _HE s g fﬂﬁ-ﬂ—_g_ E 3
[ g g | :|$EE'=E;E:§; B =
of -- - AT T ------------------- e I == -
0.1F l =
: HH Centrality 0-10% | HB{} 10-30% | H 30-50%
@% O -'HHE&H j
B ful 1
oj—H %‘W -------- HEH@ ---------------
- i = m
0 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
P, (GeV/c) [ (GeV/c) P, (GeV/c)

Victor Feuillard - Lepton Photon 2023

DO

®

20




Non-prompt and prompt D° in QGP

CMS

* The v, of non-prompt DY is significantly
lower prompt D° v,

* This difference becomes more
pronounced in peripheral collisions
where v, is large

* Flow is shifted to higher p; with
increasing mass
=> incomplete thermalization of b
quark?

hadrons

_ . T

CMS, arXiv:2212.01636

PbPb 5.02 TeV (0.58 nb™)
0.2 <+ Prompt D° (PLB 816 (2021) 136253) _ _
+D° from b hadron decays : ﬁ% g
0.1 Iyl <1 _HE ~ &
[ [ i B g g b b s
[ af g | & ====I i@@E ==
of -- - AT T ------------------- e I == -
0.1F - -
[ HH Centrality 0-10% | HB{} 10-30% | H H 30-50%
0.05;@%' b o '_%H i
B ful 1
0:—H Eé_mfl -------- H@@ --------------- ik
- i = m
0 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
P, (GeV/c) [ (GeV/c) P, (GeV/c)

Measurements also suggest an increase of v, towards peripheral collisions, similar to light

=> further indication that flow is a consequence of initial space anisotropy

21/07/2023
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CMS

Bl in the QGP

» B{ is a unique charm-bottom state, sensitive to both energy loss (suppression) and
recombination

* Moderate suppression at high py, hint of an enhancement at low pr

CMS, Phys. Rev. Lett. 128, 252301 (2022)

5.02 TeV PbPb (0.37-1.6 nb") + pp (27-302 pb") 5.02 TeV PbPb (0.37-1.6 nb™) + pp (27-302 pb™)

e Less suppression than other 3ECMS 2015 cotally G.100% 3F CMS 2015, contalty 0-100%
heavy mesons (except for BY) o Supplementary . DO ly<1 F Suppementary  prompt iy [ 0% %<5
=> Recombination is an important ot : g e e W(2S) [w i< 16

: C s VI <z N : Y(1S) = |y|<24
component of BY production oF 2017:18, contaity 0:00% of Y(2S) 4 lyl<24
f( - ’ . 1B§(Vi|8i|ble 2k|:) < r ‘ o 2017-.13, oTn:;rali;ylﬂgg‘z
= : w<lyli<e - : ¢ Syl <2
o 1.5: + B ()i <2.3 o 1.5: (visible kin) @ |y|<23
| | e —— e
S o ++ S 6
L 0] °® rox :
0.5gmee%* ¢ e 0.5 " — ¥
4 "‘ﬂ'f-vtp t '.M“:**
- N I+Il|l‘l*llltllll|ll*llﬁllll+lll|IIIlIIIIlIIIIIIIIlIl
0 ""'%'0 : 1(')2 — %510 15 20 25 30 35 40 45 50
p. [GeV] by [GeV]
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b-jets in QGP ATLAS

EXPERIMENT

* Jets from b are interesting because of the large mass of the b quark and the color charge is
controlled as opposed to inclusive jets

* In central collisions the Raa Values for b-jets are higher than for inclusive jets

* Possible influence of b-jet fragmentation and/or mass effect on parton energy loss (expected to

be small at large pr) ATLAS, arXiv-2204.13530
LIDO: Phys. Rev. C 100, 064911 (2019)

|G LA N L L B N N BB B LA

e — T S —
14— ATLAS ) [z LIDO model b-jets — 2 14— ATLAS 3 LIDO model b-jets ] b [ |5, =5.02 TeV -
© Pb+Pb2018, 14(17) 0" EIUOOmedslignies | @ E ppipy 201, 1.4(1.7) nb” EILID0 model lightjets | & T4F B s ]
12f PRENT20P0 Dai ot al. inclusive jets ] - pp 2017, 260 pb- T Daletal inueve jots ] C [ incusive jets 1
- antirk A=02jets, lyl<2.1 : 1217 anti-k, R=0.2jets, ly | <2.1 ] 1.2 -
o VSNN =5.02 TeV, Centrality 0-20% b - Centrality 20-50% ] - 1
k: ] 1E8 3 I B 1 :
e 3 E 0.8 *::ﬁ“ I.I ] 0.8 ]
3 = : 06l ATLAS E
] 0.6 -] " Pb+Pb2018,1.4(1.7) nb” 0O model biots ]
—- C VS =5.02 TeV ] - pp 2017, 260 pb %uoo model Iigjht»jets 5
[ v s . 0.4 NN . 04— anti-k, R=0.2jets, lyl <21  —paietal bjets
, . . . . . , : X '1 L C IE b-jets @ inclusive jets 7 - Centrality 50-80% Dai et al. inclusive jets |
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Charm fragmentation fractions in pp %

ALICE

ALICE, Phys. Rev. D 105 (2022) L011103

» Heavy-flavor charm mesons and baryons are used to e L R
evaluate the charm fragmentation functions oo = ALICE, pp, s = 5.02 TeV | —
<08+ * B factories, e"e”, Vs = 10.5 GeV | -
] . _ o ) i +LEP, e'e’, \s=m, | ]
* A difference is observed in pp collisions with respect I « HERA, ep, DIS | I
to e*e” and ep collisions 06 - 44 ©HERA ep, PHP { N
I | 1
I | 1
0.4 - | .
[ -
I ’ 1
I + |
02 - 3 ] l -
I e qe (] I l
| I | I
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Charm fragmentation fractions in pp

ALICE

e Heavy-flavor charm mesons and baryons are used to
evaluate the charm fragmentation functions

» Adifference is observed in pp collisions with respect
to e*e” and ep collisions

* Increase in A} production accompanied by a
concomitant decrease in D
=> evidence that universality (i.e. collision-system

independence) of parton-to-hadron fragmentation is
not valid
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Beauty fragmentation functions

CMS

* Heavy-flavor beauty mesons and are used to evaluate the beauty fragmentation fractions ratio

* The ratio f;/f, does not depend
on py or rapidity

* The average is consistent with 1
=> expected from strong isospin
symmetry.
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CMS, arXiv:2212.02309
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. . CMS
Beauty fragmentation functions

* The ratio of BY to B* decreases as a function of p; and the is flat for pr > 18 GeV/c and shows no

rapidity dependence CMS, arXiv:2212.02309
LHCB, PRL 124 (2020) 122002

| CMS
-5 L=61.6fb"
o450y, (s=13TeV
012 J?H_Q— i
- ! BR(BS-J/¢p)BR(¢p—>KTK™)
i = S
- %H‘H‘" ——— t M+‘H‘ + Rs = fs/tu BR(B*—J/WK™)
. o i . . .
is the efficiency corrected ratio used
T _ since available f; and BR(BS - ] /y¢)
. § CMS data; lyl <2.4 I measurements are correlated
- — Average for p,> 18 GeV - 12<p <70 GeV

008— { LHCbdata;2<y<4.5 =

I 1 1 1 I I 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1

0 — 20 40 — 60
p.(GeV) ° T 2

* LHCb data at forward rapidity is compatible in the overlapping p; range
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Beauty fragmentation functions

* The BY/B™ cross section ratio increases with multiplicity of pr < 6 GeV/c

* No significant dependence on multiplicity for p; > 6 GeV/c, consistent with data from ete-
collisions

=> Expected with hadronisation via quark coalescence in high-multiplicity pp collisions at low py
and via fragmentation in vacuum for high-p; b quarks

LHCbD : arXiv:2204.13042
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Baryon to meson ratio

ALICE

* The light- and heavy-flavour baryon-to-meson ratios, A/K2 and A¥ /DO, show a similar trend as a
function of multiplicity.

* The peaks shifts towards higher p;, with increasing multiplicity
=> potential common mechanism for light valence quark- and charm-baryon formation in
hadronic collisions at LHC energies.

ALICE, Phys. Lett. B 829 (2022) 137065
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CMS

Baryon to meson rati

0

ALICE

* The light- and heavy-flavour baryon-to-meson ratios, A/K(S) and A{ /DO, show a similar (different?)
trend as a function of multiplicity.

* The peaks shifts towards higher p;, with increasing multiplicity
=> potential common mechanism for light valence quark- and charm-baryon formation in
hadronic collisions at LHC energies?

ALICE, Phys. Lett. B 829 (2022) 137065

CMS, CMS-PAS-HIN-21-016
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. s, LHCD
ATLAS Conclusion

ALICE

* The ability to measure several observables (Raa, V5, production ratios...) provides a solid base for
model comparison and improves our understanding of heavy quark interaction with the medium

* However more precise measurements and models are needed to differentiate between different

scenarios :
* The apparent collective motion in small systems can be explained by intial and final state
effects
* The role of fragmentation and hadronisation is still being studied, both in medium and in
vacuum.

* Run 3 data will allow more precise measurments with smaller uncertainties. Stay tuned!
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