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Charged-particle production in pp collisions
at Vs = 13.6 TeV and Pb—Pb collisions at
Vswv = 5.36 TeV with ALICE
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| | @ Focus of the talk: it ol it el HLICE

= Charged-particle multiplicity density (d/Nc/d#)
= Mid and forward rapidity



Importance of multiplicity

* Fundamental observable to understand the particle production mechanisms

Soft QCD processes
O Low p., non-perturbative

Initial-state radiation Outgoing parton

Underlying event
O Phenomenology and modeling

Image from A. Alkin,

Hard QCD processes QM22

Q High p, perturbative e
utgoing parton .
O Described by pQCD calculation . Fragmentation "+,

4 Final-state radiation
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= Centrality of the collision i
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= Centrality of the collision i
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J. D. Bjorken, PRD 27 (1983) 140-151

% Good input for constraining theoretical models
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A Large Ion Collider Experiment

‘ ALICE in Run 3 ’

ALICE, JINST 19 (2024) P05062

-> Continuous readout of all detectors

- New online-offline (O?) framework

T r _ T 18F 14 @
9;60? ALICE Performance, Run 3, pp, /s = 13.6 TeV 2 "8 ALICE Performance, Run 3 1 2
g | Recorded Z 16 Pb-Pb, |5, =536 TeV 2
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C 0.4 ]
10— N o
C 0.2 E
ot o S g This analysis uses sub-sample of
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= pp 2022 data
- 3.08 nb' recorded for Pb—Pb (~75 times larger than Run 1+2) = Pb—Pb 2023 data

- 82 pb' recorded for pp (~2.5k times larger than Run 1+2)
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Measure N., at midrapidity

l ALICE in Run 3 ’

ALICE, JINST 19 (2024) P05062

Inner Tracking System (ITS2)

. 3 _ E U\ K7
** 7 layers of silicon pixel sensors o, 3
“ Tracking and vertexing sl

|y <1.3

Time Projection Chamber (TPC)
“* GEM-based readout pads

“* Tracking and PID

“|n <0.9

t

Track selection

= Global tracks: Best quality tracks that are matched
between ITS and TPC

= ITS-only tracks
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l ALICE in Run 3 ’

ALICE, JINST 19 (2024) P05062

Measure N., at forward rapidity

Muon Forward Tracker (MFT) Wamaanes;-

i)
",

< 5 detection disks, 2 detection planes
each

< Vertexing for muons
“*-3.6<n<-24

Track selection
= Hits on at least 5 planes of MFT
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Count

Centrality determination

Fast Interaction Trigger (FIT)
“* Collision time, event selection and centrality _

estimation

“* Three sub-detectors — FT0, FV0 and FDD
“ FTOC (-3.3 <7 <-2.1)

WE

10°
10°
10*
10°
102

10

1

ALICE Pb-Pb 5.36 TeV

5%-wide intervals shown alternatingly
Glauber + NBD fit

L —

[ 25-30%
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[ 10-15%

| 5-10%

R
®
=3
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40000 50000
FTOC Amplitude

' ALICE in Run 3 ’

ALICE, JINST 19 (2024) P05062
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Centrality determination
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“* Collision time, event selection and centrality _
estimation

“* Three sub-detectors — FT0, FV0 and FDD
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ALICE, JINST 19 (2024) P05062

»
2~ kel g0

“ FTOC (-3.3 <y <-2.1) —-—

107""|""|""{"""""—5

. ALICE Pb-Pb 5.36 TeV
10 5%-wide intervals shown alternatingly E

Glauber + NBD fit
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Glauber model +  Two-component model
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102
10
1 Pl O e I P il P [
0 10000 20000 30000 40000 50000

FTOC Amplitude
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Centrality determination
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estimation
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ka0

“ FTOC (-3.3 <y <-2.1) —.-
S0 LS L B B B T
sf ALICE Pb-Pb 5.36 TeV
10 5%-wide intervals shown alternatingly E
Glauber + NBD fit
10° 4

. Glauber model +  Two-component model
3 2
p(r)=p0M Nsources =fx Npart + (1 - f) X Ncoll
1+eXP(T) Particle produced by each source is parameterised by
clelelale el 2| & | negative binomial distribution (NBD)
MR IR Nuclear radius (R) = 6.62 + 0.06 fm

3000040000 20000 Skin thickness (a) = 0.546 + 0.010 fm
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Count

Centrality determination
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“* Three sub-detectors — FT0, FV0 and FDD
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[ ALICE Pb-Pb 5.36 TeV
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Glauber + NBD fit ]
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Glauber model +  Two-component model
10° M . ,
102 p(r)=p0M Nsources =fx Npart + (1 - f) x Ncoll
10 1+eXP(—a ) Particle produced by each source is parameterised by
sl el e |2 | 2 | 2 | negative binomial distribution (NBD)
HIEEed|Z|2|2 18|32 | : Nuclear radius (R) = 6.62 + 0.06 fm _ _
00000 20000 3000040000 o000 Skin thickness (a) = 0.546 + 0.010 fm The NBD-Glauber fit provides a good
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Results from pp collisions



dN/dn

Model/Data

9_ L L AL T -
8; ALICE Preliminary -
7 E
> ~®- ALICE, -36< n< -24 -
6 —e— ALICE, || < 0.5 pp, Vs=136TeV -
_ === Pythia 8 Monash INEL >0 .
5:_ win Pythia 8 CR1 _:
TP Pythia 8 CR2 ]
AL —— EPOS 4 NEW! E
- | | ;
1.2
1.1—
1
0.9
08_4 -3 _I2 — 0 1

dN./dn in pp collisions
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dN./dn in pp collisions

©

5 °F 7 INEL>0:
} — imi I . .
= gt ALICE Preliminary s = Inelastic events having at least one charged
5 % i e PaIicle in [y < 1
7 -
> ~®- ALICE, -36< n< -24 -
6 e~ ALICE, [ < 0.5 pp, V5=136TeV 1
— == Pythia 8 Monash INEL > 0 ]
5:_ win Pythia 8 CR1 B
C wn Pythia 8 CR2 ]
4:_ —— EPOS 4 NEW! -
- - | | :
=1.2
Q11
g 1
§ 0.9
0.84 3 2 —1 0 1
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dN./dn in pp collisions
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dN./dn in pp collisions

©

S 7 INEL > 0:
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i ~® ALICE, -36< n< -24 . Forward rapidity (-3.6 < < -2.4) results for the
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dN./dn in pp collisions

~ 9 T T T T T
o - _
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© L _|
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N *1=1+ Pythia 8 CR2 _
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:. L ]
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= 1.2
o 1.1
g 1
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INEL > 0:

= Inelastic events having at least one charged
particle in |y| < 1

Midrapidity (]#] < 0.5) results

Forward rapidity (-3.6 < < -2.4) results for the
first time using tracks thanks to the newly
installed MFT detector

PYTHIA 8 EPOS 4
- QCD strings with Lund - Core—corona model +
fragmentation statistical hadronization

= Collective effects: hydro-
dynamical evolution

= Hadronisation mechanism:
Color reconnection modes
(Monash, CR1, CR2)

C. Bierlich et al. SPC 2022 (2022), 8 K. Werner, PRC 108 (2023) 064903
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dN./dn in pp collisions

5 °F | T 7 INEL > 0:
= [ imi . . .
= gt ALICE Preliminary s = Inelastic events having at least one charged
S L T i particle in |5| < 1
7 S Midrapidity (|y| < 0.5) results
62 """""" ~® ALICE, -36< n< -24 N Forward rapidity (-3.6 < < -2.4) results for the
- —e— ALICE, |n| < 0.5 pp, Vs=13.6 TeV - first time using tracks thanks to the newly
5: = Pythia 8 Monash INEL > 0 n installed MFT detector
. i Pythia 8 CR1 7 PYTHIAS EPOS 4
C wen Pythia 8 CR2 7 = QCD strings with Lund = Core—corona model +
4— —— EPOS 4 NE w, ] fragmentation statistical hadronization
- 7 = Hadronisation mechanism: = Collective effects: hydro-
N | N R B Color reconnection modes dynamical evolution
£12 (Monash, CR1, CR2)
0 1.1 C. Bierlich et al. SPC 2022 (2022), 8 K. Wemer, PRC 108 (2023) 064903
o 1
3 0.9 MC In] < 0.5 3.6<py<-24
=08y PYTHIA ©
n EPOS
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dN./dn in pp collisions

ALICE Prellmlnary

o 011503)
ALICE (pp) INEL>0 : Il\ll\lsElil)_?i(t)its‘)‘%“(?’)
ALICE (pp) NSD === INEL fit o< %1026
UA1 (pp) NSD
UA5 (pp) NSD
STAR (pp) NSD
CDF (pp) NSD
CMS (pp) NSD

® o> O &[] x

o
¢
.
.
.

»
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(dN_/dm)

»
,,,
“ »
-
-

m ALICE (pp) INEL
+ ISR (pp) INEL
([ J
v

»
-
-‘--
-
-

-
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

T UA5 (pp) INEL
PHOBOS (pp) INEL
1 1 l I | | 1 1 1 L1111 | 1 1 1 I | | 1 1 1
10° 10° 10*
s (GeV)
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dN./dn in pp collisions

8;— LICE Prellmlnary =
- % ALICE (pp) INEL>0 &6 INEL>O fit e s>1°® o 2
e PP 7 = NSD fit e 1140 .
6f O ALICE (pp)NSD = INEL fit oc s>, E
~ f @ UAI(pp)NSD ¥ . 3
S 5 o UA5(pp)NSD ~ y E
o - a STAR (pp) NSD Yy =
S 4f © GDF(pp)NSD & E
P % CMS (pp) NSD .
S F A .
~ 3k =
25_ ------ m ALICE (pp) INEL
S o » ISR (pp) INEL .
£ 7 e UA5(pp) INEL
- v PHOBOS (pp) INEL -
O_ | | | 1 1 1 II| | | | 1 1 1 II| | | | 1 1 III| | | I_

10° 10° 10*

/s (GeV)

(chhIdi]):
= dN.w/dy averaged over || < 0.5
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ALICE Prellmlnary

iz INEL>O fit oc s%11°®

| E
ALICE INEL>0 =
nr ®P) 77 s NSD fit o 821146 -
6f O ALICE (pp)NSD = INEL fit oc s>, E
-~ [ % UA1(pp)NSD ¥ ]
= i o UA5(pp)NSD ~ ¥ E
o - A STAR (pp) NSD Yy =
S 4f © GDF (pp) NSD A E
P % CMS (pp) NSD .
O - D ]
~ 3 =
25_ e m ALICE (pp) INEL
- s ISR (pp) INEL .
£ 7 e UA5(pp)INEL -
- v PHOBOS (pp) INEL -
O_ | | | IIIII| | | | IIIII| | | | IIIII| | | I_

102 10° 10*

/s (GeV)

(chhIdi]):
= dN.w/dy averaged over || < 0.5

(dNcr/dy) vs s
= Power law dependence

= INEL: «
> NSD:
2 INEL > 0:

SO.102

S0 114 [NSD: non-single diffractive]

80.115
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® o> O &[] x

(dN_/dm)

ALICE Preliminary

ALICE (pp) INEL>0

ALICE (pp) NSD
UAT1 (pp) NSD
UA5 (pp) NSD
STAR (pp) NSD
CDF (pp) NSD
CMS (pp) NSD

-
»
-

siia INEL>O fit o %11°0
=== NSD fit o s>
INEL fit oc s%1%2®)

‘I
@
LS

o
¢
.
.
.

»
-*

»
-
»
PR

- m ALICE (pp) INEL
- g s ISR (pp) INEL
=5 e UAS5 (pp) INEL
- v PHOBOS (pp) INEL
C | | | I 11 11 | | | | I 1111 | | | | I 1 111 | | | |
102 10° 10*
s (GeV)

\

13.6 TeV

(chhIdi]):
= dN.w/dy averaged over || < 0.5

(dNcr/dy) vs s
= Power law dependence
2 INEL: o 50102

> NSD:; o g0114 [NSD: non-single diffractive]
> INEL > 0: oc $0115
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ALICE (pp) INEL>0

ALICE (pp) NSD
UAT1 (pp) NSD
UA5 (pp) NSD
STAR (pp) NSD
CDF (pp) NSD
CMS (pp) NSD

® o> O &[] x

(dN_/dm)

»
-
-‘--
-
-

ALICE Preliminary

-
»
-

ziwis INEL>O fit o< s%71°@
== NSD fit o s>
..... INEL fit o s”1%%% ¢

o
¢
.
.
.

»
-*

»
-
»
PR

m ALICE (pp) INEL
+ ISR (pp) INEL
e UAS5 (pp) INEL
v PHOBOS (pp) INEL

@\

102

10° 10*

s (GeV)

13.6 TeV

(chhIdi]):
= dN.w/dy averaged over || < 0.5

(dNcr/dy) vs s
= Power law dependence
2 INEL: o 50102

> NSD:; o g0114 [NSD: non-single diffractive]
> INEL > 0: oc $0115

New result is in agreement with
expectations from previous
measurements in pp collisions
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Results from Pb—Pb collisions
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https://arxiv.org/abs/2504.02505

I T
0-5%
5-10%
10-20%
3 _|
- 20-30%
) [ @] 30‘40‘% 1
40-50% |
50-60% |
60-70%
70-80% |
- ALICE n
Pb-Pb, m =5.36 TeV - Uncorr. sys. unc.
L, =130 ub™ [ ] Corr. sys. unc.
I Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il I

-1.5 -1 -0.5 0 0.5 1 1.5

ALICE, arXiv: 2504.02505 n

dNu/dn in Pb—Pb collisions

| Central

dN../dn for different centrality classes

= Rapid increase of dN/dn with collision

centrality

Peripheral

07/07/2025

Abhi Modak - EPS-HEP 2025

11/16


https://arxiv.org/abs/2504.02505
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dNu/dn in Pb—Pb collisions

| Central
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= Rapid increase of dN/dn with collision
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2> (dNcw/dy) = 2047 + 54 (syst) for 0-5%
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https://arxiv.org/abs/2504.02505
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ALICE, arXiv: 2504.02505 n

dNu/dn in Pb—Pb collisions

| Central

dN../dn for different centrality classes

= Rapid increase of dN/dn with collision

centrality

2> (dNcw/dy) = 2047 + 54 (syst) for 0-5%
2 (dNaun/dy) = 23.2 £ 2.8 (syst) for 80—90%
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https://arxiv.org/abs/2504.02505

dNu/dn in Pb—Pb collisions

ALICE
= Multiplicity-based centrality estimator

CMS

= Transverse energy based centrality estimator

Results from two experiments are

consistent with each other

’S T T | T T T T T T T T T T T T T T T T | T T
©
R
= 4;;*%*}4}*?—%* 5
E -
3
< « ALICE o CMS
N I Uncorr. sys. unc. PLB 861 (2025) 139279
] Corr. sys. unc.
3 _ |
107 L, =130ub” NEW! -
i N 0-80% N |
B —¢—'¢' '¢“¢' O-lolelel ol-O ‘¢"¢' '¢'—¢- 7
ng X *?{
- Pb-Pb, |5, =5.36 TeV .
I I | I I I I | I I I I | I I I I | I I I I | I I
-2 -1 0 1 2
ALICE. arXiv: 2504.02505 n
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https://arxiv.org/abs/2504.02505

dNu/dn in Pb—Pb collisions

I:|Q 14_IIII| T T IIIIII| T T IIIIII| T T IIIIII| I_
S L AA, central i
T~ - . . - -
5 10| ¥ This analysis (|sy, = 5.36 TeV), L, = 130 ub N
é -~ ® ALICE ({5, =2.76,5.02 TeV) i
- O CMS .
5. 105 5 aTias N
! i
%Q [ <5 PHOBOS i
N 8~ A PHENIX N
~ - BRAHMS .
6— ¢ STAR —
. X NA50 i
o NEW! -
4+ NN —
- -
- X Inf<0.5 -

Olllll | | IIIIII| | | IIIIII|3 | | IIIIII| |

10 10? 10 10*

ALICE, arXiv: 2504.02505 | Sy (GEV)

(2/{Npart)) (dNcn/dz) vs Vsnn
= Power law dependence

> o SN 15°

= Heavy-ion collisions exhibit a steeper energy
dependence than in pp (« s%1°)
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dNu/dn in Pb—Pb collisions
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dNu/dn in Pb—Pb collisions
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dNu/dn in Pb—Pb collisions
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dNu/dn in Pb—Pb collisions
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Summary and outlook

- Charged-particle multiplicity was measured using upgraded ITS, TPC and
newly installed MFT detector, showing good performance of upgraded
ALICE experimental setup

2 Results from new LHC energy show good compatibility with earlier
measurements

= New input for constraining theoretical models

Looking forward to new exciting results with
O-0, p—0O and Ne—Ne data

Thanks for your kind attention!
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