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Physics motivation

DO Raain AA collisions

» Mechanisms of in-medium Ejoss Vu,
» Test flavour dependence of Eioss RO O
* Eioss (g) > Eloss (C) > Eloss (b) Q-O-O-Q".‘,:@m

Ds /D% and A./DO9 ratios
» Study the mechanisms of charm
recombination inside the medium
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DO Raain AA collisions

» Mechanisms of in-medium Ejoss
» Test flavour dependence of Eioss

* Eioss (9) > Eloss (C) > Eioss (D)

Ds /D% and A./DO9 ratios

» Study the mechanisms of charm
recombination inside the medium

Ds/DO or Ae/DO vs multiplicity?

- Can we observe recombination in pp?
 Can this explain the A¢/D° puzzile?

A

o

o
~
o

W,

e
%o
.

QQQQ.Q.

e a
‘> ‘ “
. u

*

o@m

.0
.0
4

‘A

strangeness
enhancement

?

recombination?

Physics motivation

pp

pPb PbPb multiplicity
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Heavy flavour interactions
with the medium



DO Raa In central Pb-Pb collisions

First measurement of charm
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production down to 0 GeV/c!
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Updated for
QM 2019

— Strong experimental constraints on charm Eiss and initial state effects (e.g. shadowing)

— New constraints on the total charm cross section at the LHC!
G.M. Innocenti, Quark Matter 2019, Wuhan (China)

See S. Trogolo’s poster 5




b = DO Raa in central Pb-Pb collisions o

Measurement of non-prompt DO production in central Pb-Pb collisions provide access to beauty
suppression down to very low pr (2 GeV/c)

<

IIII|IIII|IIII|IIII|IIII_l —IIII|IIII|IIII IIII|IIII—

< 6: ALICE Preliminary Non-prompt D° =~ 3'O—_ALICE Preliminary D° meson -
D: T Pb-Pb, \s,\ =5.02 TeV e - Pb-Pb, sy =5.02 TeV -
1.4] 0-10%. lyl<0.5 — D:EE 2.5/ 0-10%, lyl<0.5 —
fof Prompt DO - — :
i Non-prompt DO - o 20 -
1 ___________________________________________________________________________ I_ﬁ _
| - T A g
0.8 — L 150 i
| : jé i -
0.6 _ i
- - o LI e —
0.4 — tﬂ ] — - —4— Data [ TAMU 0-20% |
A I%I @ - i {1 CUJET3 MC@sHQ+EPOS2 el. il
02 :— %ﬂ:‘@i @ + —: 05 __ """""" LGR  swmmss MC@sHQ+EPOS2 el.+rad.+gluon damping —_
O: I I I I 1IO I I I I 2IO I I I I 3IO I I I I 4IO I I I I 5jIO i I I I I é I I I I 1IO I I I I 1I5 I I I I 2IO I I I I ]
pT(GeV/c) p T(GeV/ )
» Described well by calculations that include
* Baa (b—DP0) > Raa (D9) at intermediate pr different Ess for beauty and charm quarks

— From comparison to models, quantitative indication of flavour dependence of Ejoss
G.M. Innocenti, Quark Matter 2019, Wuhan (China) See M. Cai's poster 6
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D</DO9 ratios in central Pb-Pb

Ds/D0to be enhanced in Pb-Pb vs pp in presence of charm recombination and strangeness enhancement
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Updated for
QM 2019

» sizable enhancement at intermediate pr
» Well described by Langevin calculations that
include both fragmentation and recombination

— Supports the hypothesis of a relevant contribution of coalescence in charm hadronization in Pb-Pb

G.M. Innocenti, Quark Matter 2019, Wuhan (China)

See S. Trogolo’s poster 7




Nc/DO ratios in Pb-Pb collisions S QM 2015

N\:/DO (baryon/meson) ratio is also expected to increase in presence of charm recombination in the QGP
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» Moderate enhancement from pp to Pb-Pb - Compatible with models that include recombination
at intermediate prwithin uncertainties but still not conclusive to discriminate alternative HP

— Hint of baryon/meson enhancement, to be improved with future Run3 data
G.M. Innocenti, Quark Matter 2019, Wuhan (China) 8



DO, Ds and A¢ production in pp collisions
at 13 TeV vs multiplicity



Ds/D0In pp collisions vs multiplicity o

Can we observe Ds/D% enhancement in high multiplicity collisions?

Multiplicity estimator: number of “tracklets”
formed in the Silicon Pixel detector

Classes of barrel multiplicity:
<dNcn/dn> ~ 3.9
<dNcw/dn> ~ 6 (MB)
<dNcrh/dn> ~ 13.7
<dNch/dn> ~ 28.1

G.M. Innocenti, Quark Matter 2019, Wuhan (China) oee C. Terrevoli’s poster 10




Ds/DV1n pp collisions vs multiplicity New for

QM 2019
Can we observe Ds/D% enhancement in high multiplicity collisions?
Multiplicity estimator: number of “tracklets” o 06T T
formed in the Silicon Pixel detector Q| ALICE Preliminary -
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G.M. Innocenti, Quark Matter 2019, Wuhan (China) See C. Terrevoli’s poster 11




Ds/D0In pp collisions vs multiplicity o

Can we observe Ds/D% enhancement in high multiplicity collisions?

Multiplicity estimator: number of “tracklets” o 06— 7T T
formed in the Silicon Pixel detector ) | ALICE Preliminary -
~ ~ pp, {s=13TeV, lyl <0.5 1
A 0.5 —— | ~
- ultiplicity classes: Inl < 1.0 -
: dN_ /dn: [ min—-max], mean :
. = = _ — —— [ 1.4- 7.5], 3.9 —
Classes of barrel multiplicity: 0.41- 4 (45 458] 261 —
<d Nch/d n> ~ 3-9 : Syst. from data :
<d Nch/dn> ~ 28.1 O 3__ Syst. from B feed-down __
- ~ § 73] _
0.1 —
: + 3.7% uncertainty on BR not shown :
+ 7.0% uncertainty on multiplicity estimation not shown
O_ N B B B R
0 S 10 15 20 25

P (GeV/c)

— Ds/D0 shows a hint of enhancement from low to high pp multiplicities
G.M. Innocenti, Quark Matter 2019, Wuhan (China) See C. Terrevoli’s poster 12




Nc/DOIn pp collisions vs multiplicity o

Can we observe A:/D%enhancement in high multiplicity collisions?

Multiplicity estimator: number of “tracklets™ 2 L R L B L BN
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G.M. Innocenti, Quark Matter 2019, Wuhan (China) See C. Terrevoli’s poster 13




Nc/DVIn pp collisions vs multiplicity New for

QM 2019
Can we observe A:/D%enhancement in high multiplicity collisions?

Multiplicity estimator: number of “tracklets” a L L L B B
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— A/D9 shows a significant increase for increasing multiplicities
G.M. Innocenti, Quark Matter 2019, Wuhan (China) See C. Terrevoli’s poster 14




NAc/DO vs multiplicity across colliding systems ~ T&v ot

o T
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» Smooth increase from pp to p-Pb to Pb-Pb multiplicities

» ratio in low pp multiplicity > ete-

» ratio in high pp multiplicity ~ Pb-Pb

— |n qualitative agreement with the hypothesis of recombination that “saturates” already in pp!
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Nc/DOratios In PY THIA

19 ALICE Preliminary
- pp, \s=13TeV, lyl <0.5

Nc/ DO

Syst. from data
1= Syst. from B feed-down
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» largely underestimated when comparing
to the default PYTHIA tune (Monash)

G.M. Innocenti, Quark Matter 2019, Wuhan (China)
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* largely underestimated when comparing
to the default PYTHIA tune (Monash)

» Good agreement including color-reconnection

processes (e.g. “junctions"”) between partons
created in different MPls
— “can enhance strange and baryon production!

Alternative description that does not require the presence of a QGP-like medium!
— New experimental constraints on the properties of the proton-proton “medium”!

G.M. Innocenti, Quark Matter 2019, Wuhan (China)
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New observables for stronger experimental constraints
New for QM 2019

See 1. Cheng’s and M. Faggin’s poster and J. Kvapil’s talk
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Ratios of with heavier baryons e.g. =%/ D% or 29,/ DO : Charmed baryon fragmentation studies:
- Expected larger enhancement! - modifications of the fragmentation that reveal

effects of CR mechanisms or recombination
— First measurement of Ac zjat LHC!

— Looking forward to more accurate measurements with high luminosity pp data!
G.M. Innocenti, Quark Matter 2019, Wuhan (China) 18
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Thank you for your attention!
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D meson Raa : comparison to models
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* In semi- peripheral events, most of the models
show a good agreement with the data
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D meson Raa : comparison to models
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BAMPS el. + rad., BAMPS el.:

 overestimate the low pr region probably because of absence of PDF modification in nuclei
(shadowing)

* In presence of radiative energy loss the Pb-Pb is pushed more at lower momenta and
therefore the Raa goes higher

- (Good description of the low pt region including very low printervals thanks to EPS09 + shadowing.
« FONLL as production mechanisms helps having a proper initial pr shape
 Description at high pr suffers from missing radiative component

POWLANG:

- The Raa shape is shifted at high pt . Effect of different HQ production mechanisms?

« The effect of PDF modification is visible at low momenta where the Raa decreases significantly,
more than in TAMU

- At high pt. The Raa is smaller than data, which is surprising given that there is no radiative
energy loss

Catania:
- Results similar to TAMU, but with a shift of the pt spectrum (or Raa) at lower pt . Effects of the
different recombination?

LIDO:
* Results similar to TAMU. Not available for the very low pt region

MC@sHQ+EPOS2:
 Pretty good agreement at high pT.
» Underestimate the low pr region
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Overview of theoretical calculations

Model HQ production Medium modelling Quark-medium interaction H(.) : Tuning of r.nedlum References
hadronization coupling
https://
BAMPS el MC@NLO 3d+1 expansion Transport with Boltzmann = RHIC (then scaled by dN/ arxiv.org/
| No PDF shadowing parton cascade rad. + coll. J an abs/
1408.2964
Transport with Langevin https://
TAMU EPgC%N(IL\ILLO) 2d+1 expansion coll. only = Rec Assume 1-QCD arxiv.org/
. parton cascade Diffusion in hadronic phase J-F | U potential apbs/
PDF shadowing .
Improved space-mom correlation 1401.3817
. . . https://
POWLANG 2d+1 expansion Transport with Langevin Assume 1-QCD arxiv ora/
POWLANG EPS09 (NLO) with viscous fluido- coll. only Frag. + Rec. o TR
PDF shadowing dyn evolution U potentia abs/
1410.6082
. . https://
FONLL . Transport with Langevin Frag. + Rec. ] .
Catania EPS09 (NLO) 2d+1 expansion coll. only (different from Assume | Q?D W
PDF shadowing parton cascade TAMU?) U potentia pdf/
' 1712.00730.
FONLL od+1 rel fluido- Transport with Langevin + empirical Coefficients fixed with a_D_WVS(,):rQ/
LIDO EPS09 (NLO) . transport coefficients to capture the | Frag. + Rec. | Bayesian analysis to LHC D o
PDF shadowing dynamics non-perturbative part. (Boltzmann) and B results pdl;
' 1806.08848.
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https://arxiv.org/abs/1408.2964
https://arxiv.org/abs/1401.3817
https://arxiv.org/abs/1410.6082
https://arxiv.org/pdf/1712.00730.pdf
https://arxiv.org/pdf/1806.08848.pdf

Overview of theoretical calculations

Model HQ production Medium modelling Quark-medium interaction HQ hadronization Tun";%:;ﬂ:’d'um References
https://
| | | Microscopic covariant transport | ocal covariant arxiv.org/
1908.00451.
FONLL QGP transport https://
MC@ sHQ+ £PS09 (NLO) 3d+1 expansion Transport with Boltzmann Crag. + Rec coefficients fixed at | arxiv.org/
EPOS2 PDF shadowin (EPOS model) coll. (+rad when mentioned) J: | LHC, adapted for abs/
J RHIC 1305.6544
FONLL Glauber model RHIC (then scaled by
WHDG . nuclear overlap rad. + coll. Frag.
no PDF shadowing . dN/dn
No fluido-dyn evol.
Glauber model
Vitev et al Non-zero mass VENS | nuclear overlap rad. + coll. Cra RHIC (then scaled by
| no PDF shadowing |deal fluido-dyn In medium meson dissociation J dN/dn
Bjorken expansion
Semi quark gluon Model parameters a%\%r[é/
CUJETS3 rad. Frag. tuned on light flavor —
monopole plasma data abs/
1704.04577
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non-prompt DO Raa : comparison to CMS b—J/y
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Comparison to 2015 measurement in 0-80%
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=0c /DO cross section ratio compared to PYTHIA
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¢ longitudinal momentum fraction zjin pp
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DO, Ds and A¢ corrected yields
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DO, Ds and Ac ratios to MB corrected yields
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A\c /DO vs multiplicity: comparison to PYTHIA
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PY THIA color reconnection parameters

Parameter Monash Mode 0 Mode 2 Mode 3
StringPT:sigma =0.335 =0.335 =0.335 =(0.335
StringZ.:alLund = (.68 =0.36 =0.36 =0.36
StringZ:bLund =098 =0.56 =0.56 = (.56
StringFlav:probQQtoQ =0.081 =0.078 =0.078 =0.078
StringFlav:ProbStoUD =0.217 =0.2 =(.2 = (.2
=0.5, =0.0275, =0.0275, =0.0275,
. .. 0.7, 0.0275, 0.0275, 0.0275,
stringFlav:probQQ1toQQ0joIn 0.9, 00275, 00275,  0.0275,
1.0 0.0275 0.0275 0.0275
MultiPartonInteractions:pTORef =228 =212 =2.15 = 2.05
BeamRemnants:remnantMode =0 =] =1 =]
BeamRemnants:saturation - = — =
ColourReconnection:mode =0 =] =] =]
ColourReconnection:allowDoubleJunRem =on = off = off = off
ColourReconnection:m0 - =29 =0.3 =0.3
ColourReconnection:allowJunctions - = on =o0n = 0on
ColourReconnection:junctionCorrection : = 1.43 =1.20 = 1.15
ColourReconnection:timeDilationMode - =0 =2 =3
ColourReconnection:timeDilationPar - - =0.18 = 0.073

JHEP 08 (2015) 003, arXiv:1505.01681v 1
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Overview of color reconnection in PYTHIA

No CR MPIl-based CR More-QCD CR

i (2) 0 (%)
® O-mn @ OO

» Uses a simple model of the colour rules of

' 53”"??’ ‘;reatfd in different MPls + Color reconnection allowed between QCD to determine the formation of strings
O notinierac partons from different MPIs to and introduce junctions
minimize string length » Minimization of the string length over all

possible configurations
« As implemented in Monash

« ColorReconnection:mode =0 » Include CR with MPIs and with beam
remnants

* ColorReconnection:mode = 1

JHEP 08 (2015) 003, arXiv:1505.01681v1
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Ds/DO ratios in central Pb-Pb Updated for

QM 2019
Ds/D0to be enhanced in PbPb vs pp in presence of charm recombination and strangeness enhancements

Al J>_< I()I3I | 0 | T | T | T T _| Q 3_ | | s | | | | —
§ 3.5 ALICE Preliminary - ST ALICE Prellmmary lyl<0.5 -
S [ 0-10% Pb-Pb, 5, = 5.02 TeV - 5"’ 2.5 0-10% Pb-Pb, {sy, =502 TeV -
© 3.0 88 x 10° events o g i i -
o F D! — ¢t — K'Kr* - [ i
o - S : - nd —
% 2.0 and charge con;. ] Cga\n' 2r + _
S - 2<p_<3GeVic - =, - L :
8 2.0 — a) 1 5L Ll -
:¢ . I O BN O 7 1., _
1 5?_ s —) T_—,-_—_’:—"'\c?‘:f\}\—‘&_\_—::ka_ bk /,'/7‘//?“’ :
- s 1— A P I B ~
1.01- — ", TAMU 7 -
- © Standard selection x 0.25 - 0.5~ — - Catania frag+coal —
0.5 — I ]
[« BDT selection - - --- PHSD Centrahty 0 10% )

I_ [ 1 | | I | I I | I I | I I | I I —I l l l l S

185 1.9 195 2 205 2.1 1 10

M(KKr) (GeV/c?) p. (GeV/c)

Ds/D° (PbPb) / Ds/DY (pp):

* Low printerval (2-3 GeV/c) extracted using

. . . » sizable enhancement at intermediate pr
machine learning technigues

» Well described by Langevin calculations
— Supports the hypothesis of a relevant contribution of coalescence in charm hadronization in Pb-Pb
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Counts/0.5 MeV/c?

Heavier charmed baryons
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