ATLAS 7

ALICE

Hadronisation studies at
CERN

EMMI Collaboration Meeting : QCD at FAIR Workshop 2025
25th June 2025

Victor Feuillard, University of Cagliary

INFN

Istituto Nazionale di Fisica Nucleare

25th June 2025 Victor Feuillard - Hadronistation Studies at the LHC 1



Introduction

* The production of hadrdons can be described with the factorization approach :

fO-(AB—>CX) X PDF(xa; QZ)PDF(xb; Q2)®O-(ab—>cd)®DcC(Zc; QZ)

e Parton distribution functions (non perturbative)
* Partonic cross section (perturbative)

* Fragmentation functions (non perturbative)

* Particle production ratios are sensitive to hadronization mechanisms

Credits: F. Grosa

* Fragmentation functions are assumed to be universal across collision systems

25th June 2025 Victor Feuillard - Hadronistation Studies at the LHC 2



Introduction — Hadronisation in Pb-Pb
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Hadronisation

Hadronic phase
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Statistical hadronization : charm quarks
distributed to hadrons according to thermal
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Introduction — The LHC
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D-meson production in pp collisions
ALICE

ALICE, JHEP 12 (2023) 086

* Understanding the hadronization mechanism is necessary ALICE, JHEP 10 (2024) 110

as enhancement in the strangeness is expected in QGP EOGALICEl T T IIJI/|I<|0I-5 ' f
st 0.5LPP, Vs =13 TeV ]
* Prompt strange-to-non-strange meson ratio exhibit an g/ i P;odrzﬁ);D ancigtfgmpt D _
increasing trend as a function of pr up to ~8 GeV/c 0’0.4F FONLLLPYTHIA & 1
* No significant trend visible in the non-prompt case 0.3 $ :
. . | 02 A | W
* FONLL calulation describe the data in the pr range ! ]%L ez ! . =
i U@GD‘ == _ N ]
0.1 1@ ' s -

3.3% BR unc. not shown

DO D* D,*
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@ @ @ P, (GeV/c)

FONLL, JHEP 10 (2012) 137
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D-meson production in pp collisions

ALICE

* Results are compatible with the values found for e*e™ collisions
=* Indicates universality of the fragmentation function for mesons

T ——— AN M
LEP e%e, (s=m, —o— LEP e'e” 0.5xf/f, \s=m,| __ PYTHIAS

average HFLAV average | |

- — . p, > 0 |

CDF, s=1.96TeV

H1 ep 0.5xy, w p_(B) > 7 GeVic |

p,(D)>2.5GeV/c | ] T — | —
ATLAS 0.5xf/f,, pp s =7 TeV -
ZEUS vyp 0.5><’yS —e— p(B)>8GeVic | | ]
p_(D) > 3.8 GeV/ic
T — — LHCb, pp Vs =7 TeV | ——
ATLAS 0'5X’Ys/d’ Pp Vs=7TeV pT(B) >0, P; constant fit | | |
pD)>0 | _ LHCb, pp Vs = 13 TeV Lo

p.(B) > 4 GeVic |
ALICE 0.5><ys, pp Vs=7TeV T — ]

p.(D)>0 CMS, pp Vs =13 TeV .|
T — — p,(B) > 18 GeV/c constant fi | |

ALICE, pp Vs = 5.02 TeV -
’ : ALICE, pp Vs =5.02 TeV —'—+—
p.(D)>1GeV/c, p, constant fit | _ p,(D)>2 GE\F/)/C, p, constant fit | ]
ALICE, pp Vs =13 TeV theory sys —— ALICE, pp Vs =13 TeV extrap. sys _.l_
p(D)>1GeVic N p(D) >2 GeV/c, p_constant fit L |. ) |

ALICE, JHEP 12 (2023) 086
ALICE, JHEP 10 (2024) 110
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ALICE

LH Afmeasurement CMS
in pp collisions /

 The A} /D%production in pp collisions shows a decreasing trend with increasing p;
 The At /D°%production in pp collisions in ALICE shows a similar decreasing trend with increasing p;

* PYTHIA 8 predictions shows good agreement with data for p; < 10 GeV/c, understimates data for
pr>10 GeV/c

ALICE, Phys. Rev. D (2023)108, 112003

MS, JHEP 01 (2024) 12
CMS, J. 01 (2024) 128 LHCb, Phys. Rev. D (2019)100, 031102

pp 252 nb™ (5.02 TeV)

[ CMS g 1.4_\ T T T T I T T T T T | T I_
-] < 1 pf Dat © - ALICE, |y| <05 pp, Vs = 13 TeV -
| ata L + a
12r — PYTHIA8 + CR2 5 12 P, PYTHIA 8 CR-BLC Mode 2 ]
- mm PLB821 (2021) 136622 3 - MK p/m* ]
= 10k PLB795 (2019) 117 E - = prompt AJDY AKY .
[N i Global uncertainty: 6.6% 2 1-0F  non-prompt A/D prompt Az/D° B
g L S T LHCb, 20<y <45 non-prompt A;/D° ]
e 08 > 08 o AY(B%+B) ---- AY(B*+BY) -
= A+ < b b
>~ T C o ]
I o B
< 0.6 -
N & :
+ o = —
< 04 .
- ) \ —
ool Serere : 2 = E
. : \ + :'d.\+“b| | | 1 1 1 | 1 1 :
0.0 T e e Catania, Pl’lyS. Lett. B 821 (2021) 136622 5x1 071 1 2 3 4 567890 20 30
' 5 10 15 20 25 30 P, (GeVic)

P, (GeV/c)
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ALICE

LH Afmeasurement CMS
in pp collisions /

* Model with coalescence & fragmentation processes (PLB821(2021)136622) shows good agreement in
the available p; range and reproduces the trend

* Statistical hadronization model shows also good agreement with data in the
available range

ALICE, Phys. Rev. D (2023)108, 112003

CMS, JHEP 01 (2024) 128
(2029) LHCb, Phys. Rev. D (2019)100, 031102

pp 252 nb™ (5.02 TeV)

[ CMS g 1.4_\ T T T T I T T T T T | T I_

Dl < 1 pg Dat © - ALICE, |y| <05 pp, (s =13 TeV

| ata L + a

12 — PYTHIA8 + CR2 S 1oL * p/’&o PYTHIA 8 CR-BLC Mode 2 _]

- mm PLB821 (2021) 136622 3 - MK p/m* ]

= 10k PLB795 (2019) 117 E - = prompt AJDY AKY .

=3 i Global uncertainty: 6.6% 2 1-0F « non-prompt A/D prompt A¢/D° E

g L S T LHCb, 20<y <45 non-prompt A;/D° ]

e 08 > 08 o AY(B%+B) ---- AY(B*+BY) -
= A+ < b b

=~ I C o ]

I o B

< 0.6 -

N & |

+ o = —

< 04 ;

- ) \ —

ool Serere : 2 = E

. : \ + :'d.\*ﬁ | | 1 1 1 | 1 |:

0.0 T e Catania, Pl’lyS. Lett. B 821 (2021) 136622 5x10~" 1 2 3 4 567890 20 30

5 10 15 20 25 30 P, (GeVic)

P, (GeV/c)
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Afmeasurement
iIn pp collisions

ALICE

« A} /DPproduction in pp collisions measured in

Run 3

* Improvement in granularity and statistical

precision

* Described by models with different
hadronization mechanisms

A

&

25th June 2025

PYTHIA 8, JHEP 08 (2015) 003
Catania, Phys. Lett. B 821 (2021) 136622
SHM + ROM, Phys. Lett. B 795 (2019) 117
OCM, EPJC 78, 2018 4, 344

POWLANG, arXiv:2306.02152
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__ ALICE Preliminary

- pp,Vs=13.6 TeV, |y| < 0.5 .
. PYTHIA 8.243 SHM+RQM ]
- Monash | Catania —
. —— Mode 0 QCM -
- T Mode 2 — — POWLANG, HTL 1
= - — — POWLANG, IQCD 7

"\ D% Vs=13TeV 1
FONLL(/S=13.6 TeV) -
FONLL(Vs=13TeV) —
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Afmeasurement
iIn pp collisions

ALICE

* SHM + RQM : Statistical hadronization with
feed-down from charm baryons based on

o T I T T | T T T T | T T T T | T T T T T T T T T
e . . o B i 7
Relativistic Quark model predictions 7o 1.0 ALICE Preliminary -
< ~ pp,Vs=13.6 TeV, |y| <0.5 1
* Catania: anlescence +in-vacuum L PYTHIA 8.243 SHM+RQM ]
fragmentation 0.8 - Monash s Catania _
. —— Mode 0 QCM i
« QCM : quark recombination model based on - Moge 2 — — POWLANG, HTL 1
- == — — POWLANG, IQCD -
“equal quark-velocity” coalescence 0.6 " = _
. . . 0 7
« POWLANG : Expanding fireball assumed in pp N\ D,is=13Tev .
. o : o : 0\ FONLL(Vs=136TeV) -
collisions. Hadronisation via recombination with 0.4 N\ scaled by =R e
light quarks
0.2
s i
AC [~
PYTHIA 8’ JHEP 08 (20]5) 003 | | | | | | | | 1 | | 1 1 | | | | | | | | | | | | | | |
Catania, Phys. Lett. B 8§21 (20_2] ) 136622 0 5 10 15 20 25
SHM + ROM, Phys. Lett. B 795 (2019) 117
OCM, EPJC 78, 2018 4, 344 p. (GeV/c)
POWLANG, arXiv:2306.02152 T
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(2520) measurement in pp collisions

ALICE

* - first measurement of 22" (2520) in ALICE

C\L) 40i<‘1(')3l O . E‘D_)\ 40:| TT | TTT | TTT | TTT | TTT I TTT | TTT | TTT | TTT | TTT | :_ | :
S o SE e R ALCEPRImnEy  oms L egees
hu F 3 Al - pKnot . i‘o - pp’E=13'6TeV 1 .
8 30 and charge conj. — w C vyl < 0.5 PYTHIA 8 I ]
@ F e ] S 3.0F . [JMonash - SHMc GSI-Heidelberg ]
S _oF 4@ - Ay = (167.23 £0.06) MeV/c? E 9] C Mode0 I B ]
8 25: o = 1.2 MeV/c2 (fixed) R & r SHM+RQM gMgdZQ T (817, = 156.6 Mev 1
Sor Signal = 17288+ 435 e = é:;o 2.5 T, =170 MeV [ JMode3 T Belle (PRD 97 072005)‘_
F ] A N I belle ) ]
c ] r T e'e, ¥s=10.52GeV T
15; . 8<p <12GeV/c = . :* *: e-eProsmpt € ]
1of % "'(2520) ] - T o Direct .
E U — u(Ad) = (281.34 £ 0.53) MeV/c? r T ]
E o = 1.2 MeV/c? (fixed) ] T I 1 hi I " 201
5 Signal = 24758 + 1558 = - T ] Pythia 8 (Monash), Eur. Phys. J. ,C 74 (2014)
c J\“ ] O - | . Pythia 8 (Mode 0/2/3), JHEP 08 (2015) 003
& 4opoE TS - I ] SHM+RQM, Phys. Lett. B 795 (2019) 117-121
2 3000 E 52 I 3 SHMec, Phys. Lett. B 797 (2019) 134836
o 1008 3 ' o 3 - T ] Belle, Phys. Rev. D 97, 072005 (2018)
o E gt ottt ’»'A.m‘ w y W ': i ’w,,“‘.'g r ]
o E L L L n L L L ¢ 00 11 | 111 | || | L1 | | I 11 | L1l | | | 11 | L1l | 1
0.14 0.16 0.18 0.2 0.22 024 0.26 0.28 0 2 4 6 8 10 12 14 16 18 20
M(pKnr) - M(pKr) (GeV/c?)
P, (GeV/c)
°

Production ratio is consistent with p; integrated results from e*e~ experiments
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Charm fragmentention functions

ALICE

ALICE, arXiv:2405.14571

* Heavy-flavor charm mesons and baryonsare I— | | | | |
used to evaluate the charm fragmentation 7 I A'—:{QE’ pp Iyl < 0.5
fractions o - mis=13TeV
— 0.8/ = Vs=5.02TeV

+ B factories, e'e”, Vs = 10.5 GeV
+LEP, e'e’, Vs =m,
e HERA, ep, DIS

|
|

|

|

|

* The values are consistent between pp and p—Pb 06 I
o HERA, ep, photoproduction I
|

|

|

|

|

collisions

| |
ers

4
* Adifference is observed in pp and p—Pb 0

collisions with respect to e*e- and ep collisions .
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A [
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Charm fragmentention functions

ALICE

ALICE, arXiv:2405.14571
I

1 I I I | I

e Heavy-flavor charm mesons and baryons are
" ALICE, pp ly| < 0.5

used to evaluate the charm fragmentation
fractions T . = {s=13TeV
=

© 0.8 = {s=5.02TeV

concomitant decrease in DY

|
| |

| i

| B

: | _

* The values are consistent between pp and p—Pb - + B factories, e'e, Vs = 10.5 GeV | _
collisions 068 | +LEP e, (s=m, | _

: e HERA, ep, DIS .

i o HERA, ep, photoproduction | i

* A difference is observed in pp and p—Pb 0.4 | _
collisions with respect to e*e- and ep collisions &[4 I -
02l & P

* Increase in A¥ production accompanied by a L ® ® ® = o] [ i
L | |

_ (=]

=> evidence that universality (i.e. collision-
system independence) of parton-to-hadron
fragmentation is not valid

DOTOCSE O
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Non-prompt J/ fraction ATLAS

EXPERIMENT

km B T T T T T T T | T T T T T T 17T I
e ALICE results are in agreement with results [ ATLAS[ERJC 84 (2024) 1691 . _
. —+pp, Vs=13TeV, J/y—pu, ly| <0.75

from ATLAS and LHCb experiments 1= 7
_ LHCb [JHEP 10 (2015) 172] _
- ——pp, Vs=13TeV,Jy-p'u-,3.0< y<3.5 -
0.8— |
* ALICE extends the ATLS results to low py " ALICE Preliminary o ++*+++++++:
- pp, Vs=13.6 TeV " g
06— —— J/y—uu,-3.6< y<-25 +*“ —
. . . _ 4~ ¢ —
* The increase of f; with p; is more pronounced L oyt <08 e .
. . qe — —e |
at mid rapidity compared to forward 0.41— Pl f—— ]
=? Indicates pairs are predominantly produced i —5 ] ]

. . qe -y Non-prompt J/y fraction
at midrapidity - 1+l -
0.2— - == _|
L -o- i |
_==_=._=q_+ _

| | 1 1 L1 11 | | | 1 11 11 | |
1 10 10°

P, (GeV/c)

®
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ATLAS

EXPERIMENT

e PYTHIA calculations can describe the data at
mid-rapidity within uncertainties

* New implementation in PYTHIA v8.310:
production of quarkonia via NRQCD in a time-
like parton shower

* No significant difference between PYTHIA
versions within uncertainty until p;r = 11 GeV/c

PYTHIA 8.311 CR Mode 2, EPJC (2024) 84, 432
PYTHIA 8.304 CR Mode 2, JHEP 08 (2015) 003

25th June 2025
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ALICE Preliminary

pp, Vs=13.6 TeV, Non-prompt J/y fraction
—— J/y—e'e, |y| < 0.8

. I PYTHIA8.311 CR Mode 2

| PYTHIA8.304 CR Mode 2
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ALICE

B-meson production in pp collisions

CMS

* B9 meson production cross section measured
down to pr =1 GeV/c

* Results compatible with CMS measurements

* Results are compatible with FONLL predictions
within uncertainties

* Constrains beauty hadronization

Data/FONLL

FONLL, JHEP 10 (2012) 137

25th June 2025

ALICE, preliminary
CMS, Phys. Lett. B 771 (2017) 435-456

102EALICE Preliminary

= B® mesons =

= pp collisions ALICE, Vs=13.6TeV 7
10 -o—|y| <0.5 —=
= —E— =
—— — :E:_!_ -
= . _am 5

= - =
10’15— —= =
= - -
10° - == =
- ERE
10° & -« =
= + - 3

- B" mesons FONLL e
10*="CMS, Vs=13TeV == {s=136TeV,|y|<05 =
E ——|y|<1.45 Vs=13TeV, |y| < 1.45 3
1045_g—0—|y!<2.1l —H\II_=13TeV |y|<21 =
= ' ' L T
2 ‘@' —

1 10 10

P, (GeV/c)
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I H

=& production in p—Pb collisions

ALICE

* The Ef /A ratio show no significant p; dependence for LHCD, Phys. Rev € 202 108 049%01
bOth p_Pb and Pb—p direCtionS. =+ 01 _4 IIIIIIIII|IIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIII
=> strong indication that the same processes govern <0 ALICE 5Pb collisions i
hadronization in p—Pb and Pb—p collisions W12l ]

[ ALICE ZJ/A;, (s =5.02TeV ® —0.96<y <0.04
. . S L .. 1 L P O15<y <40 B
e ALICE and LHCb points are compatible within uncertainties - LHCb E(/AS, (s = 8.16 TeV eme -
08 | B -50< ycms< 2.5 ]
i BR uncertainty ]
n | -
0.6 | ]
[ ! i
0 e H .
0.2 :—‘ﬂ— o
_I 111 I 1111 l 1111 I 1111 I 1111 l 1111 I 1111 I 1111 I 1111 I 111 l_
o+ 2 3 4 5 6 7 8 9 10 11 12

g/ [ (GeV/c)
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=& production in p—Pb collisions

I H

* The Z} /A ratio show no significant p; dependence for
both p—Pb and Pb—p directions.
=> strong indication that the same processes govern
hadronization in p—Pb and Pb—p collisions

e ALICE and LHCb points are compatible within uncertainties

* The EPPS16 model significantly overestimates LHCb data
but shows similar trend

 PYTHIA 8.3 calculations describe data within uncertainties

e EPOS4HQ calculations describe data within uncertainties
but show different trend

+

R
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LHCb, Phys. Rev. C (2024) 109, 044901

LI LI L LI B N B N BB B N B
i spPb LHCb, {5y =8.16 TeV |
L *Pbp pPb: 1.5<y*<40 -
i Pbp:-50<y*<-25
[ BR unc. _
- EPOS4HQ -
: EPPS16.90CL Rwgt :
i PYTHIA 8309 CR, Mode2
y :E:E—%?@:%: = —=, i
WP P B IR BRI T B
2 4 6 8 10 12 14

p. [GeVic]

EPPS16, Eur. Phys. J. C 77 (2017) 163
EPOS4HQ, Phys. Rev. C (2023) 108, 034904
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Afmeasurement in pp & Pb—Pb collisions >

CMS, JHEP 01 (2024) 128
 The A} /D°production in Pb—Pb collisions is compatible with PbPb 0.607 nb", pp 252 nb" (5.02 TeV)

the pp result fy:l'!'? ® pp
1.2 * 0-90% PbPb
i m 0-10% PbPb
— - PRL124 (2020) 042301
A 100 Cent. 0-20%
* Model prediction shows good agreement with the data in og 08l Global uncertainty
the overlapping p; range (10 < p; < 12.5 GeV/c) Z + FF’,E:P%_";?/EO/
o6l
=% e
+§j 0.4 é%”
* Both pp and Pb—Pb results tend toward the value found for . 2:_ ,ﬁ
ete” col!isic_)r.ms in this high Pr region . - S
=> No significant contribution from coalescence at high p; 0.0l b L e i
in Pb_Pb ' 5 10 15 20 25 30 35 40

.\ P, (GeV/c)
Ac

&
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Charmonium production IH
\

ALICE in Pb—Pb collisions
LHCb, arXiv:2411.05669
* First forward rapidity measurement of prompt

charmonium production S Y 7 — e i
AN - —e— LHCb 5.02 TeV PbPb, .
|2 0.06F —— ALICE 5.02 TeV PbPb, 3
* Flat J/)to-P(2S) ratio observed as a function of B|° - —=— LHCb 13.0 TeV pp, -
multiplicity ~_ 005F LHCb 8.16 TeV pPb, =
=4 - —+— LHCb 8.16 TeV Pbp, .
%% 0.04F =
« Compatible with other LHCb in pp and pPb and 4l 35 -
ALICE measurements in Pb-Pb S 0.03F —— E
Q - ]
002 =« ‘ + -]
- i ]
001F %‘ P E
0 B o o 3

1 10 10
N o)
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Charmonium production LH
iIn Pb—Pb collisions

LHCb, arXiv:2411.05669

 TAMU model prediction is in relatively good ~ o 00— .
agreement with the data Q> L e LHCb5.02TeV,20<y<4.5, this work -
é% 006 = % SHMc 502 TeV,20 <y <45, PRB 797 (2019) 134836 ]
b. [ ] TAMUS5.02TeV,2.5 <y <4.0,N] .
* SHMc model prediction slightly underestimates Tl 0.05F E
the data but shows a similar flat trend 2% ook E
1 R "
Q> - .
SIS 0.03F =
=] : -
002 -]
0.01E' :
O N L L | | . | .
20 40 60
(N o

SHMc, Phys. Lett. B 797 (2019) 134836
TAMU, Nucl.Phys.A 943 (2015) 147-158
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Charmonium production

in Pb—Pb collisions ALICE

The J/{/D° provides tight constraint to models because uncertainties related to the ct cross section

cancel out
=> parameter-free prediction relying only on
deconfined and thermalized charm quarks

The ratio is sensitive to the hadronisation
mechanisms of the different charm hadron

The ratio is higher in most central collisions

SHMc model predictions describe the data well
- hints that both J/ and D° are produced via
the coalescence of charm quarks

0.04

Jhy 1 D°

0.03

0.02

0.01

ALICE, Phys. Lett. B 849 (2024) 138451

ALICE

Pb-Pb, \syy = 5.02 TeV

Inclusive J/y, |y| < 0.9, 0.15 < p, < 15 GeV/c
Prompt D°, |y| < 0.5, p.>0

e Data
SHMc (A.Andronic et al.)

[¢]
KX
0-10% 30-50%
Centrality

SHMc, Phys. Lett. B 797 (2019) 134836



Conclusions

ALICE

* The measurement of many heavy flavor species offers a solid ground to test the pQCD
models and the factorization approach

=> breaking of universal hadronisation for all systems
* A comprehensive description of all experimental observations is still missing

* Run 3 data allows more precise measurements with smaller uncertainties, as well as access
to higher mass hadrons whose production has not been measured before
=> First Run 3 results are starting to be shown



THANK YOU FOR YOUR
ATTENTION !



More stuff...
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Charmonium production in pp collisions gkgees

LHCb, JHEP 05 (2024) 243

* First forward rapidity measurement of prompt o 1.4 —————————————
charmonium production & " F ]
= 1.3F ; LHCb pp Vs=13TeV 3
* Flat J/U)to-W(2S) ratio observed as a function of c 1.2 - E
multiplicity '§ | lf— _E
N T T
e Compatible with other LHCb in pp and pPb and > = B .
ALICE measurements in Pb-Pb Z 09F =
u 8 ]
0.8 f + prompt e
0.7 §—+—non-prompt _E
" E[ ] co-mover model .
0.6— PR SR RN TN A TR ST SN RN N SN S SUN SHN SN T S S S N S

0 1 2 3PV -

NtraCkS/<Ntracks>NB

Comover, Phys. Lett. B731 (2014) 57

25th June 2025 Victor Feuillard - Hadronistation Studies at the LHC 26



=Imeasurement in pp collisions

« EF/D%production in pp collisions measured in

Run 2

« Models that describe At /D ratio
underestimate £} /D°

* Even greater enhancement of charm-strange

baryon production w.r.t. e+e- collisions

A

&

25th June 2025

PYTHIA 8, JHEP 08 (2015) 003

Catania, Phys. Lett. B 821 (2021) 136622
SHM + ROM, Phys. Lett. B 795 (2019) 117
POWLANG, arXiv:2306.02152

Baryon-to-meson ratio

0.6

0.2
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ALICE
T T T | I T T | [ [ I | I | | | | T T | T T T | T T T
" PYTHIA 8.243 sHM+RaQMm ALICE -
| Monash 2013 i <0.5_
_~ Monast gaét'?/lnla | _/\/\/P
. --- Mode 2 - B
—Mode 3 — — POWLANG, HTL %
B — - POWLANG, IQCD
BR unc. ]
z/D°
— m pp, Vs =13 TeV —
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=5 (3055,3080) observation in pp collisions

ALICE

* First measurement of 2 (3055, 3080) production in ALICE thanks to Run 3 statistics!
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Afmeasurement in pp collisions %

) ALICE
* First measurement of A production vs gl\/\/z
multiplicity in Run 3 2 i o i\/fl .
© ., | ALICE Preliminary <dNg/dn>:
z10° g = 434 = 558
— = pp, Vs=13.6 TeV, |y| < 0.5
* Ratios to minimume-bias class increase - N "7 142
L Prompt A; = 15.94 = 20.07

(decrease) with increasing py for the high (low)
multiplicity classes

= Hardening of the p; spectra as multiplicity
increases

 PYTHIA 8 Monash overestimates relative A+c
production in low multiplicity
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Non-prompt fractions

ALICE

* Constraints generators differing in MPI, fragmentation and

hadronization:

« All PYTHIA 8 tunes tend to overestimate the D non-prompt fraction,
while EPOS 4 tends to underestimate it

 PYTHIA 8 Monash tune underestimates the A} non-prompt fraction,

while PYTHIA 8 CR-BLC tunes have better agreement
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PYTHIA 8 Monash: Eur. Phys. J. C 74 (2014) 3024

PYTHIA 8 CR-BLC: J. High Energ. Phys. 08 (2015) 003

EPOS 4: Phys. Rev. C. 108 (2023) 064903
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Excited D, mesons in pp collisions

ALICE

* Measurement of orbitally excited D, mesons in Run 3

* Result compatible with p; integrated results from Run 2 and lepton colliders
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. . CMS
Afmeasurement in Pb—Pb collisions

ALICE

CMS, JHEP 01 (2024) 128

* The Rx, shows a suppression for central collisions, ALICE, Phys. Lett. B 839 (2023) 137796

with a maximal suppression around p; = 14 GeV/c ) PbPb 0.607 nb™, pp 252 nb™ (5.02 TeV)
1.8 CMS Supplementary A: + A,
- —5
1.6 - CMS PbPb Cent. (ly| < 1) ALICE PbPb Cent. (ly| < 0.5)
J4p W 0-10% 71 0-10%
. . ' @ 30-50% O 30-50%
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. ) 1.2 Global uncertainty CMS
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e ALICE and CMS combined results show that the . 45 “
suppression is larger at intermediate p; values, i +
similar to what was observed for D°® mesons 0.2 - : .
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