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Small collision systems

* High-multiplicity pp collisions:
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Small collision systems

* High-multiplicity pp collisions:
similar signatures to those observed
in heavy-ion collisions where the
formation of a quark-gluon plasma

(QGP) is expected:
* Strangeness enhancement

* Long-range multiparticle correlations,

“fl ow”

* Is there a quark-gluon plasma in

pp collisions?

* Or are vacuum-QCD effects
responsible for this behavior
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Heavy-flavor w.r.t. event activity

Multiple Parton Interactions / Ouigping Parton

* QGP-like effects may be generated by complex

vacuum-QCD processes such as multiple-parton
interactions (MP1) with color reconnection (CR)
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Heavy-flavor w.r.t. event activity

* QGP-like effects may be generated by complex
vacuum-QCD processes such as multiple-parton
interactions (MP1) with color reconnection (CR)
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Heavy-flavor quarks work as hard probes down to low pr
=> pQCD benchmark

Measuring the dependence of heavy-flavor production charged-hadron
multiplicity and event activity allows for the investigation of:

Collective-like effects from small to large systems
Interplay between the hard and soft particle production
Role of multiparton interactions in heavy-quark production
Charm fragmentation across different collision systems
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The ALICE experiment (Run-2)
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The ALICE experiment (Run-2)

ElectroMagnetic Calorimeter
sampling scintillator calorimeter
electron identification

I <0.7,14<op<m

Inner Tracking System
silicon detectors
charged-particle tracking,

secondary vertex

= - ill!l” ,\l'

gas detector

charged-particle tracking
and identification

V0: event
characterization

’ ]

Muon spectrometer:
forward: -4<p<-2.5
» muon trigger and tracking

central barrel: |#|<0.9 l L

Time-of-Flight detector:
precise particle identification
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Reconstruction of heavy flavor decays

Semileptonic decays
* ¢cb —pu
* ¢b —e

1 NV

Hadronic decays

(in measurements shown)
c D' 5K a

* D" —-D°(—-K n)n

* D" »>Knn

* Dy'— O(—K'K )n*

e A—>pKn
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Reconstruction of heavy flavor decays

Identification

Semlleptonlc decays

ot rec. track

1 V\’\
+ Primary B,D
Do K vertex =

o

Hadronic decays

(in measurements shown)
* D »Kn

e D* D (—>K* 7[*)7'E+

* D" >Knn

* Dy'— O(—K'K )n*

e A—>pKn
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* PID of daughter hadrons
* Topological selection
* Secondary vertex in the ITS

Lifetime of heavy flavor: ¢z (D) ~100-300 um

ct (B) ~400-500 pm

Secondary vertex resolution: <100 pm

105!Irllllll|lvll|rlil
ALICE

30-50% Pb—Pb, {5y = 5.02 TeV
10°F 2.5 < p; < 3.0 GeV/c, ly| < 0.8

10?

—0.1 —0.05 0 0.05 0.1

d, x sgn(charge x field) (cm)
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Reconstruction of heavy flavor decays &

Semileptonic decays
* ¢cb —pu
* ¢b —e

1 VVJ\

* D -Kn*

e Dt K n'nt

* Dy'— O(—K'K )n*

e A—>pKn
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Primary B,D
vertex =

Hadronic decays
(in measurements shown)

* D" —-D°(—-K n)n

Identification
e * PID of daughter hadrons
* Topological selection

rec. track

* - * Secondary vertex in the ITS
o
— o oopdl T RN
Lifetime of heavy flavor: ¢z (D) ~100-300 um N - ALICE ;
ct (B) ~ 400-500 pm 3 0-°7; P, (5 = 13 TeV E
. . o] I D" — K=" and charge conj. E
Secondary vertex resolution: <100 pm 5 % 0., osceve 1
8105 R R L ‘2 0_05:_backgroundsubtracted 3
= ALICE =] F
& 30-50% Pb—Pb, {Syy = 5.02 TeV S o04;

10°F 2.5 < p_<3.0 GeV/c, ly| < 0.8 0.03

d 0.02F
10 E = (1868 + 2) MeV/c” ]
0.01F o= (9£2) MeV/c? 3
F S=33301+6794 .
T TR E ITERTR | | IR BRI
00057518 18 18 195 2

M(Kn) (GeV/c?)

10?

Peak extraction
(D° example)
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Heavy-flavor production vs. multiplicity

Steeper-than-linear dependence of self-normalized yields on multiplicity at Vs = 13 TeV
¢ Strong constraints for models

* Sensitive to autocorrelation: good simultaneous description of jets and UE needed

D1 02 jl T 1T ‘ T T 71T I T T 1T 1 T T 1T [ T T 1T 1 T 1T I T T l: ;‘-')—2_ T [ B ";__’ R0 T S I . L BB |"'..' ':|‘; __
L]_] > o .
= o :
— - ] ;2 Ky T
_é\ ALICE ] o b 6<p,<8GeVic
— | =" =t = =] = s :
=13TeV = S o ¥
!g‘ 10 PP VS 3Te - e 2 & T f
=2 F cbh—e A e = |
- —— 3= = E al- ’.'
< A : oL
— o ="
I t o
ff £ Data PYTHIA 8.2 (Monash) f e
o / ; fen/{ fdn
kS, F o/ e MM05<p <3GeVic | 3 AN, /dnAdN Jdm)
(\.12 F L [ | 6 < p <12 GeV/c | c:z ra 12<p <24 GeVic ALICE Preliminary
“101_ ¥ + [ 15<p, <30 GeVio _ e, —
1l l - I L L | l I - [ ] i I - I -l | % 10 — o . - »
O L L L L L L B L ‘ LNLEL I %\ Average prompt D°, D%, D** meson, [y < 0.5
E 1 5 | ‘2 8 —— Data
% B, ° SZEE EPOS 3.418i with hydro
() L ---i-m--‘-g-- TETEE B B : EPOS 3.418i without hydro
0.5} v b by b b Py F! I s | S ey === CGC 3 pomeron
] 1 2 3 4 5
1 2 3 4 5 6 di,,/dn/(dN _‘.-'dn}

<t
INEL>0

HF electrons (c + b) D mesons (c)
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Heavy-flavor production vs. multiplicity

Steeper-than-linear dependence of self-normalized yields on multiplicity at Vs = 13 TeV

¢ Strong constraints for models

* Sensitive to autocorrelation:

Performance of models:

* PYTHIA 8 with MPI
(pQCD-based with PS
and Lund fragmentation)
adequately describes data

* EPOS parton model with
hydrodynamic evolution
captures trends

PYTHIA: Comput.Phys.Commun. 191 (2015)
159

EPOS: Nucl.Phys.B Proc.Suppl. 175 (2008) 81
CGC 3 pomeron: PRD 101 (2020) 094020
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good simultaneous description of jets and UE needed
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Transverse spherocity So e

Event-shape observable to express _
jettyness vs. isotropy -ais

¢ _ T (Zi ﬁTixﬁ)z
0_
1 Zz‘pTi

* Sensitive to initial hard scatterings and
underlying event

Z-axis

» X-axis

Jetty Events (S,—0)
Isotropic Events (S;,—> 1)

* Jetty events (So — 0)
dominated by hard QCD processes

* Isotropic events (So — 1) v
dominated by soft QCD processes
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D-meson self-normalized yields vs. Sp

Mid-multiplicit : High-multiplicit i
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* Hint of an enhanced D-meson production toward higher
multiplicity in jetty events

* Effect of hard scatterings leading to average increase in
charged-particle multiplicity
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Transverse event activity Ry

* Event-activity observable representing the
underlying event (UE)

ch
— NT N:°": event multiplicity
T <Nch> in the transverse region
T

B0°<|Ap|<120°

* High-pr leading particle required

* Toward and Away regions typically contain the

leading and subleading jet 5
g g J ;9_ ™ pp, \s=13TeV ALICE
* Transverse region is mostly independent of the :: : :j\jvjjffe;jj:" p 015GV <08 |
hard scattering process for leading particle = ol IR e ————

pr >5 GeV/c, and mostly contains the UE

- Ry <1 :low underlying-event activity

- Ry >1: high underlying-event activity i

In models with multiple-parton interactions (MPI), T T
Ry is strongly correlated with the number of MPIs

JHEPO04 (2020) 192 pEe™ (Gevic)
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D-meson production vs. Ry G

. . . =) E RS RS RS EE S S RS RS e R
* Statistics allowed measurement only in Toward region: L2y o ALICE Preliminary E
=1L Vs =13 TeV -

: L 5 : pp Vs e .

- High pr: D°-meson production is independent of -£°8 P> 5 Gev/e E
transverse activity — these hadrons are produced in wotn T ) g E
connection to the leading process S |81 PN @Endes) L

- R B e ftuial dalata

|Z“ 1 = e e e ————

- Low pr: a hint of transverse-activity dependence o J__l s BT E

: z"'J—-—O<RT<1 PYTHIA 8 -

. 0.6 —— 1< R; <10 —-Monashtune

describes the data within uncertainties 2 4 6 8 10 12 14 16 18 20 22 24
ALICE-PUBLIC-2024-001 p? (GeV/c)
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D-meson production vs. Ry e

. . . =) E REES REas BRES REES RERS \ [
* Statistics allowed measurement only in Toward region: L2y o ALICE Preliminary E
. L. z|° F pp Vs =13 TeV ]
- High pr: D°-meson production is independent of -£°8 P> 5 Gev/e E
transverse activity — these hadrons are produced in wotn T i E
. . Z (g, - D°—K r* (and c.c.) ]
connection to the leading process B T e e — =~ o -
Y_|2“: 1F O e ﬁ:_____,_: -_—j
- Low pr: a hint of transverse-activity dependence . J__I L E
08k =y —0< A <1 PYTHIA 8 .
. 0.6 —— 1< R; <10 —-Monashtune
- PYTHIA 8 with Monash and CR-BLC mode 2 tunes -l —0<R, <10 --- CR-BLC Mode 2.
| witnin u Nt 2 4 6 8 10 12 14 16 18 20 22 24
describes the data within uncertainties 2,,(G o
ALICE-PUBLIC-2024-001 ev/ic
* Transverse region: Bl [T ¢ AR
0 T .
- PYTHIA 8 with Monash and CR-BLC Mode 2 tunes © g shes e
. =z F ' B
suggests dependence on transverse activity at any pr ~Z 15[ ALICE Simulation  — 0 < Ry < 1 E
‘bzu:“?:mQ;- - plp;/_—13TeV —1<R;<10 i
. . . T IT L pf>5GeVic — 0<AR.<10 ]
- Heavy-flavor production is strongly influenced by UE A2 ST ]
[ D°—Kr* (and c.c.) ]
. . . . . B —-M ht ]
* The expected Run 3 luminosity will make it feasible to Dbies i e
measure D-meson production in the transverse region L T
OTII L {II_--_.-_ ______________ +_":
Monash:EPJC74 (2014) 8, 3024 2 lll 6 8 10 12 14 16 18 %0 22 24
CR-BLC: JHEP 08 (2015) 003 pD (GeV/c)
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Heavy flavor fragmentation

Production of heavy-flavor hadrons:

h,
* Parton distribution functions (PDF) :
. --~ Fragmentation
* Hard scattering process PN (non-perturbative)
* Fragmentation c .
—>‘. f AI X, N
. : : \J |
* Factorization hypothesis: these 3 are independent! Hard Scatter \
(perturbative) ; R T
2 2 2 : Parton Distribution
Opprr S (X,07) ® f,(x,,0 qaabaéﬂ@@g—ﬂ(zg:Q j in nucleon
(non-perturbative)
\‘ Feynman-x:
X = pAH /pAH,max
Q : momentum transfer
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Heavy flavor fragmentation

* Production of heavy-flavor hadrons:
* Parton distribution functions (PDF)
* Hard scattering process
* Fragmentation

* Factorization hypothesis: these 3 are independent!
O ph—m =‘ fa(x1?Q2)®fb(x29Q2 O g J Dq—>H(Zq9Q2j

\‘ Feynman-x:

X = pAH /pAH,maX
0 : momentum transfer

* Traditional assumption: fragmentation is independent of collision systems

—\fa|

X4

S

b -~ Fragmentation

(non-perturbative)

.‘/\'"

,l‘\;/

Hard Scatter

(perturbative) ;

* In reality: several effects may influence it (MPI, quark-coalescence)

* Under-explored! Baryon vs. meson? Strange vs. non-strange?

V4-HEP Prague 2024 R. Vértesi — ALICE Heavy-flavor vs. multiplicity
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Charm-quark hadronization: HERA to LHC

LEP e*e- and the LHC pp collisions

s 1 | | [ | |

i ] _ < [ ALICE, pp ly| < 0.5 |

Charm-quark fragmentation fractions into T [ a{5=13TeV |
different hadrons f(c—h.) from HERA ep, L 0.8 = V5=5.02TeV |
I

|

+ B factories, e'e, Vs = 10.5 GeV

| T
oIS

+LEP, e'e’, \s=m,
e HERA, ep, DIS
o HERA, ep, photoproduction

 Reduction of D mesons by about 1/3 0.6

* Enhancement of charmed baryons

1| ] 11 1 | 11 | L1 1 | 11 1

I |
- |
r |
0.4/ g |
* No significant discrepancy between - . I "
' LH i L ¢
different LHC energies 0.2} g " g o &
Fragmentation is not universal I Py g B0 & E::z?fl
0 | | | | | | |

D° D' Df A, = E Jy Dt gl

ALI-PUB=56T7906

JHEP 12 (2023) 086
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Comparison of heavy-flavor mesons

T U L DL UL B B

+/D+

New Run-3 measurements in pp collisions at Vs =13.6 TeV  Sost ﬁpL'?E Proiminary v ous 3
* Strange vs. non-strange charm: Ds*/D* ratio 0.7;_ B e o0 3 %f:n% go2
°%F A e Ll b
- No substantial pr-dependence present o-sg—g%%% LY g3
0.4 e E 2 3373™
- Catania (coalescence and thermalized fragmentation) o.ai}E[j:} ______ . 1 gg@g%g
describes data 025 b by s KK owrne 1252288
0AE e o o 275 e 3%gss ¢

- POWLANG (QGP) overestimates data GOZ'”;_"‘)“"é"'E‘a"‘1‘0"‘1‘2'"1'5"1'6‘"1‘8‘;3‘2‘0(‘;526/'(%4

- PYTHIA 8 underestimates measurement
CR-BLC vs. Monash difference is minor
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Comparison of heavy-flavor mesons

+/D+

T U L DL UL B B

New Run-3 measurements in pp collisions at Vs =13.6 TeV  Sost ﬁpL'?E Proiminary v ous E I
E o~ PYTHIA 8 ] & o
035_[,4'/ "\'1.\‘} I Monash __ g %’T § )
. + + 1 - T, GR-Modeo 4 T F [ 3
* Strange vs. non-strange charm: Ds*/D" ratio z: e o e 2508
oL Rl AR - CR-Mode3 o -* U 0%
. E N 4 O«
- No substantial pr-dependence present 0.53—5%%5—% ‘ = %Qéﬁ
i - 22338
- Catania (coalescence and thermalized fragmentation) o.:f%i?-*’ ESES
. e e Catania ia 8 oo
describes data 02 b v ors kiR o 2282
015 Emine (ot v 0% olsV=X Begs
-  POWLANG (QGP) overestimates data Ot bl e
ALI-PREL-571922 pT (GEV,"C)
- PYTHIA 8 underestimates measurement R AL A A A A A A A
. . . ] L ALICE Preliminary

CR-BLC vs. Monash difference is minor £ [ D°meson, Iy <05 ]

" 0.15~ « pp, ¥5=13 TeV (JHEP 10 (2023) 092) —

. I = pp, ¥s=136TeV b

* Charm vs. beauty: prompt to non-prompt D ratio /—tM —

_ 0.10( = i

- Trend in pr captured by models ' : :

. . . 0.05H ';f:::' PYTHIA 8 _ ]

- PYTHIA 8 tunes (MPI with CR) overestimate the ratio i Noresh | ERBLCO

i D EPOS 4 Colour Hopes ]

- EPOS (parton dynamics) underestimates it N S S R VRE T RS VRS 20(622\”2)4

p_(GeVic

V4-HEP Prague 2024

R. Vértesi

ALI-PREL-571369

— ALICE Heavy-flavor vs. multiplicity
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€00 (S102) 80 d3HF :019-¥D
¥20€ ‘8 (¥102) ¥20rd3 :yseuop

22



Charmed-baryon enhancement

° charm baryon Vs. meson OQ- L T T T T | T T T T I T T T T T T T T ‘ T T T T ‘ T i
o . . 2 1.0~ PYTHIA 8.243 m'LCoE.S -
* Significant enhancement in prompt A:* to D° ratio i Mgggsg 2013 SHRRG I
. . . s B — + T
at low to intermediate pr vs. e*e  and ep collisions - ---Mode 2 s Catania .
0.8 — — Mode 3 — . - QCM —
« PYTHIA 8 Monash tune (based on e*e-and ep i — — POWLANG, HTL |
fragmentation) fails to describe the trends L — — POWLANG, IQCD -
0.6 " -
* Several proposed models reproduce the behavior s op, Vs = 13 TeV
I \\\\ ® p >1GeVvic i
-  Color-reconnection with color string junctions 0.4 HHOREH G P %1 GoNig lispapal
(CR-BLC modes 0, 2, 3)
« Statistical hadronization model with extra 0.2
charm-baryon resonances (SHM+RQM)
° rk | n m I —I oo b b b o by | 1—
%uae}[ani(;o::dsc(:)eClc\:/le) odels "% 2 10 L 0 el
Monash:EPJC74 (2014) 8, 3024 pT (GGV/C)
«  POWLANG (assuming QGP-like medium) SHMFRQM: PLE 765 (2019) 117

Catania: EPJC 78 no. 4, (2018) 348
POWLANG: JHEP 03 (2016) 123
EPOS4: PRC 108 (2023) 064903

V4-HEP Prague 2024 R. Vértesi — ALICE Heavy-flavor vs. multiplicity 23



Beauty hadrons

* Similar enhancement present for non-prompt A:* at
low and intermediate pr

=T T 11 T T T T T T T7T

C | T |4

LALICE pp, Vs =13 TeV ly| < 0.5

[ FONLL + PYTHIA8 Decayer ® Data
flo—Ag) o BRH,=AZ+X)
A}« B%+B+BlAL

A}« BY+B"+B?

Age/\g

~

—
N

PYTHIA 8

—
o

* (most non-prompt A;* comes from Ay?)

* Both beauty and charm baryons show an
enhancement compared to mesons

Q
o)

Non-prompt A}/ non-prompt D°
o
2]

IIlllJl‘llI\lll‘lllllll‘lJ

o o
N ~
IITlﬁT‘lll(lll‘IllllTl

i i) L —T—Trrrrt 1

5x107" 1 2 3456 10 20 30
pT(GeV/c)
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Beauty hadrons

* Similar enhancement present for non-prompt A:* at
low and intermediate pr

* (most non-prompt A;* comes from Ay?)

* Both beauty and charm baryons show an
enhancement compared to mesons

o [ | T |4
% 14CALICE pp, (s = 13 TeV ly| <0.5]
g 1_2; FONLL + PYTHIA8 Decayer ® Data _|
5— E f(b_’Ag)LHCb’ BR(Hb_)AZ+X)PYTHIA8 E
§ 1.0 | A «B%+B"+BX+AL .
~ [ | A} <B%B"4B ]
+ o - -
< 0.8~ A} « Ag ]
"g‘_ L ezl
o 0.6~ 7]
o L ]
g 0.4 _$ $ .

0.2_— ]
: 1 1 | | | 1 1 Il 1 1 L 11 l 1 1 :
5<107" 1 2 3456 10 20 30
P, (GeV/c)

?0_6; LA I AL AL R L LA R B ]
O [ALICE ly| <0.5 |
of 0.50PP, Vs =13 TeV 1
9, [ Prompt D Non-prompt D
o [ o data e data ]
0 0.4r B8 FONLL+PYTHIA 8
03 :
0.2- Eagaentioh bty
[ ==  E— ——
r o0 ==
0.4k 5= = PYTHIA 8 decayer
3.3% BR unc. not shown
R A R FONLL: JHEP 9805 (1998) 007
0 5 10 15

g
P, (GeV/c) 159

V4-HEP Prague 2024

PYTHIA: Comput.Phys.Commun. 191 (2015)

is well described by pQCD calculations with
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Non-prompt D.*/(D°+D") ratio, on the contrary,
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Charmed hadron yields vs. multiplicity

Charmed strange-to-nonstrange mesons
* Independent of pr and multiplicity
* Described well by PYTHIA tunes

* CE-SH (canonical ensemble + statistical
hadronization) model overestimates data
at high multiplicities

V4-HEP Prague 2024

5 ALICE
F pp, (s=13TeV, |y| <0.5

N, multiplicity classes

(dN,/dmn): ALICE; PYTHIA; SH model T
M 2, i
—— 37.8; 40.6; 37.8

—

9; 3.1

T PYTHIA 8.243
T == Monash

Y. Chen and M. He
E-SH model
CR-BLC Mode 0
B8 CR-BLC Mode 2
CR-BLC Mode 3

O e
S N
-

Monash:EPJC74 (2014) 8, 3024
CR-BLC: JHEP 08 (2015) 003
CE-SH: PLB 815 (2021) 136144
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Charmed hadron yields vs. multiplicity

Charmed strange-to-nonstrange mesons
* Independent of pr and multiplicity
* Described well by PYTHIA tunes

* CE-SH (canonical ensemble + statistical
hadronization) model overestimates data
at high multiplicities

Charmed baryon-to-meson ratio

* Significant dependence on multiplicity at
low pr (5.30 difference)

*  PYTHIA 8 with CR-BLC qualitatively
describes the multiplicity dependence

* CE-SH model also describes the trends

Monash:EPJC74 (2014) 8, 3024
CR-BLC: JHEP 08 (2015) 003
CE-SH: PLB 815 (2021) 136144

V4-HEP Prague 2024

5 ALICE

[ pp, (s=13TeV, |y|<0.5

L Ny, multiplicity classes

(dN,/dmn): ALICE; PYTHIA; SH model
—a— 3:1; 2.9; 3.1
—0— 37.8; 40.6; 37.8

PYTHIA 8.243 Y. Chen and M. He
=== Monash =t CE-SH model
7] CR-BLC Mode 0
B8 CR-BLC Mode 2

CR-BLC Mode 3

PLB 829 (2022) 137065
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Charmed hadron yields vs. multiplicity ®

Charmed strange-to-nonstrange mesons

OD DSEALICEI | + PYTHIA 8.243 Y. Chen and M. He | _:
ST e - pp. (s =13 TeV, |y| < 0.5 g gl ; d
* Independent of pr and multiplicity T I town o g
0'4_ z'::llNz,fdn): ALSIC;E: PY';!-;:A: SH godel T 75 CR-BLC Mode 2 -
1 F .13 .9; .1 B 5 &
* Described well by PYTHIA tunes [ 3= &8 406 ars  J ESICREICMdes 3

0.3f
* CE-SH (canonical ensemble + statistical _

hadronization) model overestimates data
at high multiplicities

Charmed-strange baryon-to-meson ratio

. t ALICE Preliminary + i

* Hint of pr-dependence " pp, (5= 13TeV, ly| <05 £ o

E Ny muliiplicity classes ¥ [ CR-BLC Mode 0

(dN,,/dnm): ALICE; PYTHIA ¥ CR-BLC Mode 2
— 4.4,

4; 4.4 + CR-BLC Mode 3
—— 318 315 ¥ oce

* no multiplicity dependence within
uncertainties

* Significantly underestimated by
PYTHIA CR-BLC at all multiplicities

Monash:EPJC74 (2014) 8, 3024
CR-BLC: JHEP 08 (2015) 003
CE-SH: PLB 815 (2021) 136144




Toward larger systems

* Large system: observed phenomena come from multiple sources

1) High-multiplicity vacuum-QCD effects

e MPI with CR
p q
2) Hot nuclear effects " . e
* Collisional and radiative energy loss of heavy quark \ F

* Participation in hydrodynamical evolution c : \
* Thermalization \
 Coalescence i
1—-_______\_'
3) Cold nuclear effects
e Shadowing, etc.

* Comparative measurements of baryons, strange and non-strange
mesons in different collisions help clarify the picture
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Charm baryon-meson ratios in HI collisions

T |
D g9 ALICE Preliminary

o [ p-Pb,pp,|s,, =502TeV

<08

T T T o ™ T T T T — T . .
-0.96<y<0.044 0 ALICE Preliminary -0.96 < y < 0.04
] ?<U 1.4 p-Pb,Pb-Pb, |'s,, = 5.02 TeV .

Multiplicity classes 10" l Mutltiplicity classes

0.7 (AN ,/dn): E [ . (dN_/dn) 1
F p-Pb 3 N 1 p-Pb a
0.61 —+-68 E 1 | H‘ — 68
Elal | " 415 = i = 415
0'55 H 4] PP (arXiv:2111.11948) R q: Pb-Pb (arXiv:2112.08156)
04| = 44 1 0 Gi H —+— 30-50% 1
F 315 1 -
F rh " ] : -B-0-10%
03" L E E fe8 % 1
[ ] rom —

[ L ] 0.4
0.2 e L 4%
0.1 0.2 T

er T ml
T

N R B - L L ‘
5 10 15 20 5 10 15 20

p. (GeVic) p, (GeV/c)

Multiplicity-dependence of the A_*/D° ratio

e Similar enhancement pattern to that in light
baryon-to-meson ratios

e High-multiplicity pp, low- and high-mult p—Pb, and
semicentral Pb—Pb are similar

e Strong separation for low-multiplicity pp:
Threshold effect?

¢ Radial-flow-like pattern in central Pb-Pb
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Charm baryon-meson ratios in HI collisions

o
096<y<004_ [m]

=) 0.9~ ALICE Prellmlnary
+» © p-Pb,pp, |s,, =502TeV
< 0.8;
E Multiplicity classes
0.7- (AN, /) =
£ p-Pb
0.6- —+68 E
EL " 415
0.5~ H pp (arXiv:2111.11948)
04 | = a4
L = 315
03" . E ;
T
0.2 i 1
0.1- 3
e L e L
5 10 15 20
P (GeV/ce)

0.8

0.6

0.4-

0.2

ALICE Prellmlnary

-
-0y

! I
096<y<004

4~ p-Pb,Pb-Pb, \s =5.02 TeV

Multiplicity classes
(AN /dm
p-Pb
+ 6.8
= 415
Pb-Pb (arXiv:2112.08158)
—+— 30-50%

k H % n = 0-10%
I R f
m {# H
i
| L | I | |
5 10 15 20
P, (GeV/c)

Multiplicity-dependence of the A_*/D° ratio

Similar enhancement pattern to that in light
baryon-to-meson ratios

High-multiplicity pp, low- and high-mult p—Pb, and

semicentral Pb—Pb are similar
Strong separation for low-multiplicity pp:
Threshold effect?
Radial-flow-like pattern in central Pb-Pb

V4-HEP Prague 2024

R. Vértesi

— ALICE Heavy-flavor vs. multiplicity

A_/D° ratio in Pb-Pb collisions vs. models
Data qualitatively described by TAMU and
Catania, SHMc slightly underestimates it
Interplay of radial flow and recombination
Different p; redistribution for mesons and

baryons SHMc: JHEP 07 (2021) 03

Catania: EPJC 78 no. 4, (2018) 348
TAMU: PRL 110 (2013) 15

0-10% F"b—'Pl')i

1
;

-E}

10 p. (GeV/c)

SHMc + FastReso + corona
Catania
TAMU

ALICE
VS, = 5.02 TeV

vl < 0.5
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Charm hadron ratios vs. multiplicity

pr-integrated A_*/D° ratios:

* Dependence on multiplicity, from low-pr pp up S A

= T T U TTorg T T T 11Tt L L LI |
()] C ]
to central Pb-Pb collisions =~ 2-ALICE VI <0.5-
< 1.8_ e pp, Vs =13 TeV — stat. @ SHMc
»  Despite strong N.-dependent trends at mid-pr, 1.6 7 PP. 15 =5.02TeV [ Jsyst. s Catania 7
idence of pr-integrated N..-dependence 4 P7PD, Yoy =002 TeV 1 extr & TAMU
no evi Pr g ch-dep 145 a Po_Pb, {5, = 5.02 TeV S total PYTHIAS
L ) ) 1.2[~ ¢ Au-Au, \s,, =200 GeV —Monash —
*  Significantly higher values than in e*e- and ep SR PRL 124 (2020) 172301 — CR-BLC 2
* Collision-energy dependence is weak: 0'8; - " ]
STAR 200 GeV and ALICE 5.02 TeV consistent 0.6 bow ¥ X @ E
- o 0 ]
04 ® & E
* Model performance: 0.2 .
. . I T R S R i W Lol ]
* Increase predicted by PYTHIA 8 CR-BLC is not 1 10 102 10°
supported AN/ dm) ;205
PLB 829 (2022) 137065
* SHMc (Pb—Pb): flat trend, but underestimates data SHMo: JHEP 07 (2021) 0
. . Catania: EPJC 78 no. 4, (2018) 348
* TAMU, Catania: similar for pp and Pb—Pb TAMU: PRL 110 (2013) 15

Monash:EPJC74 (2014) 8, 3024
CR-BLC: JHEP 08 (2015) 003
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Summary and outlook

o e
Event-activity-dependent heavy-flavor measurements: O © ALICE Preliminary 096 <y <004 |
o140 p-Po,Pb-Pb, s =502 TeV b
< I
* Opportunity to understand the complexity of pp collisions 12 Mtipictycsses
— Fragmentation is not universal - [‘E S
. . 0.8 V F:F:i iv:2112.08156) |
* Examine the interplay of hot and cold nuclear, and vacuum effects : AP
N . . N 0.6~ B —m 0-10% ]
— Large systems can still be described within the standard E | % 4 o ;
ags = . . . 4
thermal equilibrium + hydrodynamical evolution picture M B "
0.2
: TERNEN IR L L [ \T\ |
5 10 15 20
P, (GeV/c)
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Summary and outlook

. . o RN L
Event-activity-dependent heavy-flavor measurements: B - ALICE Preiminary 096 <y <004 |
T 145 p-Pb,Pb-Pb, |/, = 5.02 TeV .
< I
* Opportunity to understand the complexity of pp collisions 12| Mtipictycsses :
— Fragmentation is not universal - [‘E P .
. H 0.8 F:F:i iv:2112.08156) |
* Examine the interplay of hot and cold nuclear, and vacuum effects ol g
— Large systems can still be described within the standard | ‘ E% 4 o |
g . . . . 0.4 b
thermal equilibrium + hydrodynamical evolution picture R " :
0.2
: T |
LHC Run-3 in progress: B S R TR
P, (GeV/c)
T * New ITS, GEM-based inner TPC
S | ALICE Performance 1 . . L
3 20-p0. 15 136 Tev . * Approximately 100x luminosity in pp
< | offline trigger ]
£ * Continuous readout system
| * Precision and differential measurements
15
2 | ) * Novel observables to disentangle possible sources
| D" — K'n* and charge conj. 5
b >1GeVic _ of the observed effects
M(Kx) (GeV/c?) Stay tuned for new, precise Run 3 results!
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Strangeness in Pb-Pb coII|S|ons e

T T
[= 0 b—[} 10%: Pb-Pb 1 30 J-E' F"D Fb __r:u[..'- 7]
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0.3 Hﬁ ______;;:__:i'&é-'r:_*_ ! T W | ;
g S D e ——

0.2f e e l A [ Iﬂ——ﬁ_w 7
: - {
0.1 T
3.7% :H unceraing 5, nal shown 1 43.7% BR uncertainty not shown 1 +£3.7% BR uncertainty not shawn
} o] M PR | .

|
o

iy T ] ET S
0-10% Pb-Pb } 30-50% Pb-Pb P 2345 10 20

o (GeVic)
2.0k f . !
; M i |+ 1 ALICE
: H 4 :i__"_i_ ] V&, =502 Tev

* 1.3k

(o3 /10°)

& ﬁ : T (1l 1 I¥l<05
Pl L) $,{1_ | ] SHMe + FastReso + corona
=) o M LGR

0.5k : . TAMU

Catlana

Fot

1 A o] et yo oai piayogeyeioy PR EHSD
1 2 3456 10 2030 1 2 3458 10 20 30
p_ (GeV/ic) P, (GeV/ic)

« A2.3c enhancement in the strange - non-strange D double ratio at 4<p,<8 GeV/c
* Described by models including strangeness enhancement with fragmentation and recombination
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ALICE 3 — the detector concept

 Compact silicon tracker
with a very low material budget

Absorber
Magnet

Muon chambers

e Superconducting magnet system FCT
(Max field: B=2T)

* Particle identification in a wide range
of momenta and |n|<4

* Precise vertexing capabilities and
great momentum resolution

TOF
Tracker

Vertex detector

e Continuous readout,
online data processing
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