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Heavy quarks for QGP characterisation B L

e Heavy quarks produced via hard scattering processes before quark-gluon plasma (QGP) formation

- 7(HF) <0.1fm/c < 7(QGP, =0.3fm/c

rm., LHC)

time

space
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e Heavy quarks produced via hard scattering processes before quark-gluon plasma (QGP) formation

- 7(HF)<0.1 fm/c < t(QG Peom LHC) =0.3fm/c
- Elastic interactions: HQs diffuse in QGP medium
(Boltzmann, Fokker-Planck or Langevin)

= Degree of thermalisation of heavy-quarks in the
medium? Spatial diffusion coefficient (D )?

- Radiative interactions: energy loss of charm and
beauty quarks in the medium

= Colour-charge and quark-mass dependence?

e Key observables: nuclear modification factor (RAA)
and elliptic flow (v,)
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HQ energy loss

o ALCEJHEP12 (2022) 126 ATLAS:
T y LRI I LR R BLELIER RLRLIC NI R LA I RLALE BLELALE BLALI
o " ALICE, Pb—Pb, \(— 5.02 TeV | 1.8~ @@ LIDO model Centrality 0-20%
0-10%, |y| < 0.5 g r — Daietal. llsNN =5.02TeV -
1 5:EILICE e non-prompt D° N . 1.6 —
F e prompt D’ . o u
X | Z 14 —
B i 3 § ]
[&]
- i £ N
1.0p=-=--- Hm . x 12 i
-~ =] _H\ -
s . O . 4 e m=————O————— il
n H I .é g 1 :
0‘3-— N x 0.8 anti-k, R =0.2jets, ly | < 2.1 @)_—
i Tk Pb+Pb 2018, 1 A(1.7) nb™ :
Prompt DO : 06 -— pp 2017 260 pb EXPEI!TMENT -
I—openmarkers:pextrapoatedppreference - PR PN RN RPN PPN SN SIS SRS AAPRFS AP S S
s TR TTY 80 100 120 140 160 180 200 220 240 260 280
1 10 p(GeV/c) p_[GeV]
® R, (charm-hadron) < RAA(beauty—hadron) atlowp, e less suppressed than inclusive jets

: . - in central and midcentral Pb—Pb collisi
e Different effects: flow, shadowing, recombination ihcentratand mideentra collisions

- Not only mass effects, smaller suppression than

- Gluon radiation suppressed at angles smaller than .
gluon jets also due to colour factor

6<mQ/E


https://link.springer.com/article/10.1140/epjc/s10052-023-11427-9
https://home.cern/science/experiments/alice
https://link.springer.com/article/10.1007/JHEP12(2022)126

B-jet structure in heavy-ion collisions ctetanopohtana@toimnt

e Gain additional info studying jet shape: measure of e
charged-particle p, profile w.r.t. radial distance from jet axis o %f’nﬁi;j’jipbpb,tﬁ A CMS
= Depletion of p, at small Ar from jet axis comparedto 2 i f.i,',l‘i'islviff i f.% =
inclusive jet shapes, already present in pp ik =, | . ==

: EE=S
. . 30-90% == 10-30% =2 0-10%
= Enhancement at intermediate-large Ar g oo st po g !

=~
. . . — O @ @ |
which increases with centrality 8 of  pio1Gev g : 4—ﬁ
b o e —
. : _.$+T ’\;"—u—

-

2%
0.5
(AT) P(Ar) 002 °i4Ar016 08 1 02 014Ar016 b 1 02 014Aroie 08 1
P(AT) =
Ejetsztrke(Ar<1)p’t[rk

1 1

trk

P(Ar) = Ay — A, N tzjetsztrke(Ara,Arb)pT
je

Don’t miss P. Das
talk! (06/06)

CMS: PLB 844 (2023) 137849


https://www.sciencedirect.com/science/article/pii/S0370269323001831?via%3Dihub
https://indico.cern.ch/event/1253590/contributions/5833262/

B-jet structure in heavy-ion collisions ctetanopohtana@toimnt

. _ . . . VS = 5.02 TeV, PbPb 1.69 nb™, pp 27.4 pb™", anti-k; jet (R = 0.4): p¥' > 120 GeV, In_| < 1.6
e Gain additional info studying jet shape: measure of T
. . . . CMS
charged-particle p, profile w.r.t. radial distance from jet axis ol %f’;,ﬁ;j’fipbpb,tg A
. . . = [&] Inclusive (pp) y :
= Depletion of p_at small Ar from jet axis comparedto £ [ %, s iew |4 e, ‘
inclusive jet shapes, already present in " i b, | -
J ’ y p pp 0 30-90% %#10-39% . Eafﬁ_:ﬁ:: -10% =

= Fnhancement at intermediate-large Ar

2.5-|I|b(P(beP)/b)/(pp)( | ] @ @ |
. . o . @1 incl.(PbPb)/incl. -
which increases with centrality e l - ~Fd
el e %15 - b=
= Quantitative measurement of & - , -
s’ 1 - - e = B - |
dead-cone effect for b-jets o
. |
Pan) 4 B |
P(Ar) = P I P> 1GeV
Yjets Xtrke(Ar<1) Pt 215}y
= IR
qa
1 1 r
P(Ar) = Sjets Strke(Ary, Arp) PT N AL By T R SR
Arb . Ara Njet jets &trke (Ary, Arp) PT 0 02 0.4Ar0‘6 08 1 02 04 06 08 1 02 04 06 08 1

Don’t miss P. Das
talk! (06/06)

CMS: PLB 844 (2023) 137849



https://www.sciencedirect.com/science/article/pii/S0370269323001831?via%3Dihub
https://indico.cern.ch/event/1253590/contributions/5833262/

HF elliptic flow
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e Positive v, of HF hadrons and leptons from HQ decays
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— Participation to the collective motion of the system

0.3

Pb-Pb, 5.02 TeV - Beauty v, lower than charm one for p_ < 10 GeV/c

= Partial thermalisation of open beauty in QGP?
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HF elliptic flow
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Transport models in hydrodynamical expanding QGP
including collisional energy loss + coalescence describe data
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Constraining HQ transport
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I sTAR, PRL 118 (2017) 212301
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IQCD, H.T. Ding et al., PRD 86 (2012) 014509

IQCD, D. Banerjee et al, PRD 85 (2012) 014510 @

ALICE, PLB 813 (2021) 136054

e R,, andv,of muonsfrom HF hadron decays

from ATLAS
- Charm: 2]TDSTC=2.23, Bottom: 2]TDSTC= 2.79

= Compatible results between ATLAS and
ALICE
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Constraining spatial diffusion coefficient D via D
meson measurements

Simultaneous fit to R, , (*/ndf < 5) and v, (*/ndf < 2)
=3-8fm/c
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Heavy quarks hadronisation in QGP et N

e Heavy quarks produced via hard scattering processes before quark-gluon plasma (QGP) formation

- 7(HF) <0.1fm/c < 7(QGP, =0.3fm/c

rm., LHC)

e Modification of hadronisation mechanism in presence of
QGP? time



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906

Heavy quarks hadronisation in QGP et N

e Heavy quarks produced via hard scattering processes before quark-gluon plasma (QGP) formation

- 7(HF)<0.1fm/c < 7(QGP,_ ,..) =0.3fm/c

= Quark distribution
e Modification of hadronisation mechanism in presence of
QGP?

- Fragmentation Dq—>H(zq, Q?): parton shares fraction of
its momentum z, with hadron H (dominant at high p.)

(Gev—2)

dn
npr dprdy

L
2

- Coalescence/Recombination: partons close in phase
space recombine into higher p_hadron (dominant at

low p_)

= Higher baryon-to-meson ratio at intermediate p_

e Key observables: relative hadron production
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ALICE: PLB 827 (2022) 136986,TAMU: PRL 124, 042301 (2020),LGR: EPJC 80 (2020) 7, 671, : PRC 96,044905 (2017),PHSD: PRC 93,034906 (2016)
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Higher Ds+/D°in central Pb-Pbwrt ppin 2 < p. <8 GeV/cby 2.30
— Hadronisation via recombination + strangeness enhancement

= (Partial) thermal equilibrium required
Described by transport models including strangeness enhancement
and fragmentation + recombination


https://home.cern/science/experiments/alice
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.034906
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HF hadronisation: meson-to-meson ratios Il .

ALICE: PLB 827 (2022) 136986,TAMU: PRL 124, 042301 (2020),LGR: EPJC 80 (2020) 7, 671, : PRC 96,044905 (2017),PHSD: PRC 93,034906 (2016)
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e Enhanced charm baryon-to-mesonratiowrte*e~ e First measurement of prompt /\C"/DO at forward
- Modification increasing from pp to central rapidities in Pb-Pb by LHCb in 65-90%
Pb-Pb collisions — Similar to ALICE/CMS but lower in absolute
values
= Rapidity dependence? Specific for 65-90%?
= PYTH|A8+CR compatible
= Down to 30% centrality in Run 3

= Similar results between ALICE and CMS
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e Enhanced charm baryon-to-mesonratiowrte’e” e p_-integrated /\C+/D0 ratio as function of average

- Modification increasing from pp to central charged-particle multiplicity

Pb-Pb collisions - Similar values from pp, p-Pb, to Pb-Pb

= Similar results between ALICE and CMS = Different p_ redistribution between baryons

and mesons?
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Constraining charm quark diffusion coefficient
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Ry, JHEPO1 (2022) 174 v,: PLB 813 (2021) 136054
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e Boltzmann equation for HQ phase-space distribution (f,)
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— consider p?~m,T >> g~ T?(e.g. HF)
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— relaxation time: t,= 1/y

— spatial diffusion coefficient: D_= T/[y(p=0)mQ] —yp= TmQ/DS
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Models Bulk nPDFs HQ interactions Hadronization Hadron D Ref.
phase ¢
CATANIA quzzgf;?rat?crlles Langevin Recomb. (ICM) + Frag. No 3.5-4.5 EL‘;’Z E:t‘i(é Zg 22(2372)0?‘;‘;232&@5
D/?I\BA-Q/'II'())D '?V‘ff)rgp"rszig)s Langevin Recomb. (ICM) + Frag. No 25 Phys. Rev. C 102, 024906 (2020)
LBT H()(;:JlgoHvl\ils:Vc\)l;ls Boltzmann coll+rad Recomb. (ICM) + Frag. No 2 PE%\S/SRli-/ttC g ‘;;27%;8)1%}22(5)9
LIDO Hydro viscous Boltzngzlr:zrl_aa:jngevin Recomb. (ICM) + Frag. Yes 2-4 Phys. Rev. C 100,064911
LGR Hydro ,‘_’I'EE‘E’;’S (3+1 Langevin coll+rad Recomb. + Frag. 2-4 Eur. Phys. J. C, 80 (2020) 671
MEI?OS?S+ Hydro ideal (EPOS) Boltzmann coll+rad Recomb. (ICM) + Frag. No 1.5 Phys. Rev. C 89 (2014) 014905
PHSD Off;igi!g:r;ton Collisional Recomb. (ICM) + Frag. Yes 4 Phys. Rev.C 9C3 ’90233223%0(38)1“5';4 C)Phys. Rev.
POWLANG ?Eygm)"_igg;)s Langevin coll In-medium strings No 7 Eur. rjuyEsbJ(.)g (72%(123 10331(% 1)(RAA)
TAMU Hydro ideal Langevin T-matrix (coll) Recomb. (RRM) + Frag. Yes 4 Phys. Rev. Lett. 124,042301 (2020)




