


HEAVY FLAVOR PROBES TIME EVOLI

Special role of heavy flavor: negligible thermal production (mass > temperature), Brownian m

From production at less than @hic until QGP lifetime: experience whole evolution

Initial production: from Santosh Kumar Das, HP 2023
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Dynamics in QGP 10°F |m-ELHC ) E
Heavy quark interaction, transport, thermalization T . § .

Hadronization = § i
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Coalescence, fragmentation, rescattering S = § = E
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Main heavy flavor observables: 10 3
Baryon/meson ratios: hadronization o2k ﬁﬁ .
'Y :interaction, energy loss
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Baryaneson ratios

PROMPTO RATIO AT 5.02 TEV

AFirst measurement of promptfO at forward rapidities ilPbPb[LHCb arXiv:2210.06939]
| Enhancement at intermedigte PYTHIA8+CR compatible, Statistical hadroniz&®iQMFrag above data

AEnhanced ratio iRbPbcompared to pp at intermediatg [ALICE, arXiv:2112.08156]
| Possibly due to interplay of coalescence and radial flow, or hadronic rescatteri?igPlor

A(¥ ¥ )X(O 'O) consistent in pp arlbPH[CMSPASHIN-21-004]

| No significant contribution from coalescence?
PbPb 0.607 nb™ pp 252 nb™" (5.02 TeV)
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Baryaneson ratios

PROMPT AN:ERED@IE’KI\[D) Q\AI NPBPB

ANonprompt Qand ¥ production measured
iIn PbPbby ALICE

ACompared to prompt results
and model calculations

ALarger norprompt R, than prompR,
| For bottnonrpromptD, and D°
| Larger impact of deaetone effect for beauty

AHints of larger @D, yields in AA than in pp
| Coalescence production in a strangemniessenvironment

AALICE paper: arXiv:2204.10386

AFurther results in recent ALICE publications
[ JHEP 12 (2022) 126, JHEP 01 (2022) 174, etc.
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Baryaneson ratios

CHARM QUARK HADRONAAB\ LEONENN |

AFirst conclusive measurement @0 vs multiplicity ipPb (note similar ALICE preliminary for QM22)
| Different trend compared to strange sector: smaller dependence

AExtending the syster,, and centrality dependence
| ¥ 7O inpPband MBPbPbconsistent at intermediate momenta
| High momenta: MB and centPddPbapproach the ratio frorf2 Q : no coalescence
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Nuclear modification

PROMPHFRIDDUCTHRIMBRINB.16 TEV

AForward: suppression consistent with 5.02 TeV resuftPRifand CGC
ABackward: data partly belomPDFRt high

ARoom for additional effects at backward rapidity

LHChpaper: arXiv:2205.03936
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Nuclear modification

D-TAGGERJEPBPB

ANuclear modification of Btagged jets inPbPb <
measured by ALICE

ACompared with singlparticle I and inclusivgets

ALarger R, for D°-jets tharsingleparticle D°

| in common range

| hadronto-parton and jetto-partonr) scales differ

ALarger R, for D’-jets than inclusive jets

| Here quark/gluon jet ratio and parton fragmentation diffe

AResults:
ALIPREB06534
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Nuclear modification

BJETSHBRIRBOLLISIONS

AB-jets: different from inclusive jets due to quark mass
| Mediuminduced gluon radiation suppresskdesmaller amount energy than gluon jets due to color factor

AB-jet ID: jets with muoniedecays;template fit of muon momentum relative to jet axis
'Y decreased for more central events; larger fejeks than for lighjets
| Reason: different gluon fractiérb-mass subdominant at high

< IS T B R B L B B B B L I A LN LA B B LR [NLELELE S NS BLLS R

Q:< 14— ATLAS @3 LIDO model b-jets A 14 VSNN =5.02 TeV arXIV22041353C{
- Pb+Pb 2018, 1.4(1.7) nb” E3LIDO model lightjets | QT | .
L pp 2017, 260 pb'1 — Daietal. b-jets ] [@] b-jets 5
1.2 anti-k, R=02]ets, |y | <2.1 Dai etal indlusive jets - — 1.2 @Jinclusive jets -
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0.6 _—:—E— = - ATLAS E
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Nuclear modification

VS = 5.02 TeV, PbPb 1.69 nb™, pp 27.4 pb™, anti-k; jet (R = 0.4): p¥' > 120 GeV, gyl <18
FCMS [#]bjets (PbPb)
. (=] bjets (pp)

10 D El Inclusive (PbPb)

R e N N,
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| Already present in ppconsistentitha dead-cone of
| Quantitative measurement of deadne effect for bets?
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Nuclear modification

BOTTOM QUARIBRB

AElectrons from-tecays measureloly ALICEdrXiv2211.13985]
AConsistent with models ofjbark energy loss

ASimilar R, of electrons from bottom and charm
| C.f.: mass orderlng or differences seen previously by PHENIX [2203.17058], STAR [2111.14615] and ATLAS [2109.004

< 1.8

18 A L L
< "°FALICE arXiv:2211.13965 < [ALICE arXiv.2211.13985.
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Flow

EXPLORE ENERGY LOSS ANR/NGR\E

AConstraining spatial diffusion coefficient s Frsf
| Different transport models forl&ss & hadronlzatlon
| Simultaneous descriptip@ ¢ O°Y &
| HF probes becoming powerful tomography tools

AMeasurement 0¥ andb for c and b
| Mass splitting ob at lowr) , convergence at high
| CharmD; 2.23 (bottom: 2.79; in IinewithALICEw

ALICE = 0.2

N sTAR, PRL 118 (2017) 212301
I ALICE, JHEP 01 (2022) 174

2 4 6 8 10 12 14 16 18 20
21D, T, at T, ~ 155 MeV

IQCD, A. Francis et al, PRD 92 (2015) 116003

IQCD, H.T. Ding et al., PRD 86 (2012) 014509
0.1
IQCD, D. Banerjee et al, PRD 85 (2012) 014510

ALICE, PLB 813 (2021) 136054
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Flow

NORROMPHLDIPTIC FIRKBNBN

ANonprompt D v, measured in 360% PbPbby ALICE, compared with prom§t D
ANonzero nosprompt flow observed, although smaller than prompt and larger uncertainties
ALIDO model compatible with current and earlier data(© @) © Q

https://alice-figure.web.cern.ch/node/21498
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Flow

PROMYND NEROMPT HEAVY ANBMOR

APromptand norprompt’O : DCA separation
ACharmb andv : affected by flow and energy loss characteristics

ABottom: less flow, more resistant to collective effects, but stikpgtih dependent energy loss
CMS PbPb 5.02 TeV (0.58 nb™)

0.2 -+ Prompt D° (LB 816 (2021) 136253) | 3
-+ D" from b hadron decays : L 2
o 0.1 ly| < 1 i i o
i L T [ E
o (¥ ST A e | 1 @
0.1F - - ™
H Centrality 0-10% | Hﬂﬂ 10-30% | H | 30-50% | &
[ [ S
0.05F - | - HJ 0o
g @1@ e HE | i L PHE
e N = L
[ [ =t m
0 L .5! PR -1 |0| L -1 |5- P -2 1 0- PR .2 1 5- ------- é- PR -1 |0| L -1 1 5- P .2 1 01 PR -2 |5 -------- 5' PR -1 |0| PR -1 |5. P |2 1 0- PR -2 |5- PRI
P, (GeV/ce) P, (GeV/ce) P, (GeV/e)

May 23, 2023 M. CSANAD @ LHCP 1315



Flow

HEAVY FLAVOR FLOW HIERARCHY

ABridging heavy flavor flow measurements in small and large systems
AClear mass hierarchy: heavier particles exhibit less flBWwRiand inhighmultiplicitypPbas well

["Q,0,0f &0 0,00 o ,| p"Y
AQuestion: open/closed b flow as well? l

https://boundino.qgithub.io/hinHFplot/
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