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Introduction

Probing small systems with heavy flavour

Why study heavy flavour production in small systems (pA, pp)?

¢ Modifications of the initial state
e Gluon saturation: nuclear PDFs, Color Glass Condensate (CGC)...

e Interpretation of PbPb results: intermediate size system
o Different interplay of initial state and other cold nuclear matter (CNM) effects, QGP?

¢ Insights on collectivity
o Heavier quark mass: do HF hadrons flow? + comparison with light flavours

e Help understanding collectivity in small systems
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Introduction

Collectivity in small systems: light flavour

0.10

> 003

see e.g. R. Belmont's talk (Tue)

Collectivity (long-range multi-particle correlations) also in small systems (pA, pp)

What is the relative importance of:

e initial state: initial momentum correlations, e.g. CGC
e final state: initial spatial anisotropy + interactions in the final state (hydro, transport)

Light flavours: mostly final-state + geometry?

Heavy flavours (this talk): ...
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Heavy flavour in large systems

Introduction

Heavy flavour production in PbPb: a 1-minute overview

Can roughly separate two regimes:

e Low pr:

e Study the thermalisation of heavy quarks
e Constrain the color potential of HQ-medium

interaction

e High pr:

e Study the energy loss of heavy quarks
o Constrain the flavour hierarchy of parton energy loss
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Experimental overview

@ Experimental overview
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Experimental overview

Flow and correlations: experimental methods

see e.g. Q. Hu's talk (Tue)
Heavy flavour hadron flow in small systems: challenges

e Account for nonflow contribution (estimated using low multiplicity events)

e Extract signal v» from signal + background

e ALICE, CMS: 2-particle correlation (Fourier fit) with nonflow subtraction
o ATLAS: template fit of A¢, accounting for nonflow from peripheral
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Heavy flavour decay leptons in pPb

Experimental overview

ATLAS-CONF-2017-006
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Experimental overview

Heavy flavour decay leptons in pPb

ATLAS-CONF-2017-006

o ; ; 0.3 0-20% d+Au |s,,=200 GeV =+ 0-20% d+Au |s,=200 GeV 1
L (y g ".f:srm!”&??”v - 0.25].* 1 from open heavy flavor decays { « i from open heavy flavor decays |
[ ) ( =~ ) 7 ol PO Vw816 TeV 17T n ] ““’I = Charged hadrons = Charged hadrons
arge vo (up to = 7% 01 05epet Gov i 5 Charged ]
H i 00000000 “F sys Sys_ , =19%
e Over a wide rapidity range: forward and 00 ®?® Yo 1 oo 1

EP

2( 39< V\(JJ)
o
H
:

backward muons, mid-rapidity electrons [ % % m ! % § b % i

e Smaller than charged hadrons F H 1
O 0.5<p2<5 GeV (h-h Correlations) : pHr ENIX
. . O 4<p;<6 GeV (h-u Correlations) preliminary |

¢ Rpr ConSIStent Wlth 1 5‘0 H‘)D 1%0 260 2%0 Nv:escu 015 “I 1{5 é 255 055 : 155 é ZI‘S
o p, [GeVic] p, [GeVic]
JHEP 02 (2020) 077
e s g Ao

P-Pb, {5 = 5.02 TeV ALICE

b (e’ +€)2,-106 <y <014

: PLB 75? (2016) ‘126, PRL‘ 122 (201|9) 07230‘1 25 -+ Minimum bias trigger (PLB 754(2016)81)

Incoherent multiple scattering

=014 T T T T T T T T o F aLice N ' -
E ALICE Preliminary Multiplicity class VOM: 0-20% O.Zj o T ® (cb)—e g <08, An<1.2 | -* Trigger E gy > 7 GeV

@012 Pb, V5= = 8.16 TeV, ut 4 05 [ PPb,\sy=502TeV , crog part,im<08.08<pn<t6 1 ok o Trigger E&% > 11 GeV 1
Q [+ pb. V5 =816 TeV, i, pgoing, 4 < <2 [ (0-20%)-(60-100%) o p,pgoing-4<n¢-2515can<5 ] "
o 01 P-Pb, (S =5.02TeV, (cb) - e, In| < 08 0.151- @ . Pbgoing 4 < 71<-25, 15< ol <5 Normalisation uncertainty
= Phys. Rev. Lett. 122, 072301 L 1 e 150 1
>0.08 F 1t —‘7

008 ﬁ%ﬁﬂl E ] s o | .

0.04 [ & # [ 3 — B

o
Q
>

ST T T T T

0.5+ N\ Coherent scattering + CNM energy loss -
= FONLL + EPS09NLO shadowing
0 B L \ ) . . . ; \ Blast wave calculation J
4 [o] NI NI W WA S WS FE W R e
0 1 2 8 4 SGV/G 0 4 6 8 10 12 14 16 18 20
p, (GeVio) P, (GeVic) p, Gevie)

Correlations and HF IS 2021



https://cds.cern.ch/record/2244808
https://doi.org/10.1016/j.physletb.2015.12.010
https://doi.org/10.1103/PhysRevLett.122.072301
https://doi.org/10.1007/JHEP02(2020)077

Experimental overview

Prompt D mesons in pPb

PLB 813 (2020) 136036
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http://dx.doi.org/10.1016/j.physletb.2020.136036

Experimental overview

Prompt D meson Rya: midrapidity

Similar results for D™ (— K~n"7T™), D (— K~ 7T), D*" (— D% ™)... even DI (— ¢n™)!
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Experimental overview

Prompt D meson Rja: forward rapidity

JHEP 10 (2017) 090, LHCb-CONF-2019-004

¢ Modification consistent with nPDF expectations (also CGC at forward)

e Precise data: can it be used to constrain nPDF? (gluon shadowing at forward, antishadowing at
backward)

o See e.g. PRL 121 (2018) 052004, JHEP 05 (2020) 037
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Experimental overview

PLB 791 (2019) 172
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Experimental overview

rkonia and final state interactions

4, JHEP 07 (2020) 237
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https://doi.org/10.1007/JHEP11(2018)194
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Experimental overview

Also non-zero v» for charm in pp! But not for beauty?

e ATLAS: HF decay muons
e CMS: prompt D° mesons

PLB 813 (2020) 136036
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Experimental overview

Multiplicity dependence of collecitivity
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Theoretical status

© Theoretical status
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Transport models: PbPb

Theoretical status

e Many models on the market
e Good description of Raa and v, data

o Differences remain in model ingredients (e.g.
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http://arxiv.org/abs/2009.12628
https://doi.org/10.1103/PhysRevC.99.054907
https://doi.org/10.1103/PhysRevC.99.054907

Theoretical status

Transport models for D mesons: Duke, Powlang

Transport models assuming QGP: Duke (1510.07520), POWLANG (JHEP 03 (2016) 123)  AtICE:JHEP 12 (2019) 092
e No hint for peak or high pr suppression in data, even in central data

o Large uncertainties, e.g. hadronisation
e Duke: v» requires a very different spatial diffusion coefficient D in pPb and PbPb
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https://doi.org/10.1007/JHEP03(2016)123
https://doi.org/10.1007/JHEP12(2019)092

Theoretical status

Transport model for J

JHEP 03 (2019) 015

e Includes nPDF, final state from expanding fireball (QGP + hadronic phase)
e Good description of Rypp
e Under-prediction of v,

Conclusions:

e v, cannot originate from final-state interactions alone
e see also similar v» at forward and backward in data

e Elastic interactions? (not in model)
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Theoretical status

PRL 122 (2019) 172302

D
—: (W/) v small r arbitrarily large r
E= - proton proton \\c*
Y t quarl
~1/Qs charged light hadron d charged light hadron
Lappi, Schenke, Schlichting, Venugopalan, ; éA é ; éA é

JHEP 1601 (2016) 061

Recent CGC calculation:

e Angular correlation between HF and LF hadrons

o Difference between closed and open HF: separation of the Q and Q
Caveats:

¢ HQ momentum anisotropy is not correlated with the spatial anisotropy of the IS
e contrasts with experimental results for light flavours

e Only applicable to forward rapidities
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Theoretical status
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e Good description of the data
o Predicts a smaller v, for open beauty as compared to open charm (as observed in data)
e J/1¢ and T are predicted to be the same
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e Good description of the data

Theoretical status
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o Predicts a smaller v, for open beauty as compared to open charm (as observed in data)

e J/1¢ and T are predicted to be the same
e Strong claim: not the case in PbPb...

e Need a measurement in pPb
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Theoretical status

Experimental outlook

Experimental prospects:

e Run 3 of the LHC starting in 2022: more data!
e Major upgrades of the ALICE (and LHCb) detectors

Experimental wishlist:

e More precise v» measurements for charm and bottom in pPb and pp
e Bottomonium (and (2S)?) v, in pPb

e More differential measurements (e.g. event activity or light v» classes)
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Summary

Summary

e "Puzzle": significant HF v, in pPb, but Rya ~ 1 (midrapidity D)

e Transport models fail to provide a good description of both

Good modelling from CGC, within current uncertainties

o For a better understanding of HF colelctivity in small systems:

e More experimental results: T, more precise J/i, D, B
e Improved transport models for pA?
e Theory for pp

Thanks to Pol-Bernard Gossiaux, Wei Li, and Cyrille Marquet for inputs and discussion.
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