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PARTICLE PRODUCTION

» Study interplay between soft and hard QCD

AA collisions

e Direct relation to the initial € of QGP e Reference data for nuclear effect
dEr/d dNg/d . .
€= TO;/RZy ~ 3 (mr) —Tofd/qzn > 1GeV /fm® e Study MPI in high N, collisions

p-Pb collisions

e Discriminate between FSR in AA and ISR of nuclei themselves

» QGP-like effects even in pp and p—Pb collisions at LHC energies
proton (A=1) — p-Pb Xe (A=129) Pb (A=208)
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PROTON-PROTON COLLISIONS IN LHC Run1 aAND Run2
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H

LHC Run2
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PP UNDERLYING EVENTS

At LHC energy — more contributions from hard-processes
» Multi Parton Interactions (MPI) : more than one hard scattering

Still particle production dominated by Soft-QCD processes

» ISR + FSR
(gluon-strahlung)

» colour-connected beam
remnant

» infrared MPI (not primary)

> pr ~ few GeV

» non perturbative
» phenomenology
» modelling

EPJC 62 (2009) 237-242
X
~

Outgoing Parton

Underlying Events Underlying Events

Proton

Proton

Outgoing Parton Fina tate 4/ \
‘//\Fulgm»an,H Decay ¢
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A LARGE loN COLLIDER EXPERIMENT

> 18 detectors, sensitivity at low pr, excellent PID
» Optimized for soft QCD physics

VO (Scintillator hodoscopes)

o triggers forward activity
o multiplicity & centrality estimation

FMD (Forward Multiplicity Detector)

o Three sets of Si strip sensors
o close to VO detectors

B
K/
12 4'49'4"’{é

3\

ITS (Inner Tracking System)

I '
\

o 6-layered silicon detector
e innermost tracking at mid rapidity

nmm/"]max
A side C side
VO 2.8/51 -3.7/-1.7

TPC (Time Projection Chamber)

e Large cylindrical detector

o designed upto dNu, /dn ~ 8000 FMD 17/51 -34/-17
- / ITS -14/1.4
TPC -0.9/0.9
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SUMMARY OF THE RESULTS IN PP COLLISIONS AT LHC

Type /s (TeV) paper
0.9,2.76,7 and 8 Eur. Phys. . C77 (2017) 33
ALICE 0.9,7 and 8 Eur. Phys. ]. C 77 (2017)
5.02,7,13 Eur. Phys. J. C 81 (2021) 630
13 Phys. Lett. B 753 (2016) 319-329
7 Phys. Rev. Lett. 105, 022002
cMS 0.9,2.36 and 7 JHEP 1101 (2011) 079
13 Phys. Lett. B 751, (2015) 143-163
13 Eur. Phys. J. C 78 (2018) 697
8 Eur. Phys. J. C 76 (2016) 403
ATLAS 13 Phys. Lett. B758 (2016) 67
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SUMMARY OF THE RESULTS IN PP COLLISIONS AT LHC

Type \/s (TeV) paper
0.9,2.76, 7and 8 Eur. Phys. J. C 77 (2017) 33
ALICE 0.9,7 and 8 Eur. Phys. J. C 77 (2017)
5.02,7,13 Eur. Phys. J. C 81 (2021) 630
13 Phys. Lett. B 753 (2016) 319-329
7 Phys. Rev. Lett. 105, 022002
CMS 0.9,2.36 and 7 JHEP 1101 (2011) 079
13 Phys. Lett. B 751, (2015) 143-163
13 Eur. Phys. J. C 78 (2018) 697
3 Eur. Phys. . C 76 (2016) 403
ATLAS 13 Phys. Lett. B758 (2016) 67
S_F 4
B7E el INELSO fit e 50114 ’
S [ % ALICE (pp) INEL>0
P4 G * ALICE (pp) INEL>013]
oS o[
C —— NSD fit o 50.114 R
F ALICE (pp) NSD
St q ALIcEgg} NSD[2]
E < UA1 (pp) NSD [68] e
4F O UAS (pp) NSD [66]
F A STA @gp) NSDI69] !
E o CDF (pp)NSDI70]
3 % CMS(pp)NSD[33]
F e " INEL fit oc 50102
2 Qe B ALICE (pp) INEL
E m ALICE (pp) INEL[2]
= A ISR (pp) INEL [25]
C e UA5 (pp) INEL [66]
E ‘ v, PHOBOS (pp) INELI71]
0 L I R A L L1 1 I A L

10° 10*

o)
\'s (GeV)

(dNen/dn) = [ dndNe,/dn
<chh/d77> X SA

» A power law of s
> s: squared centre-of-mass energy

» A: Pomeron trajectory intercept
parameter

» Above LHC energy: the power-law
broken because of the unitarity
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SUMMARY OF THE RESULTS IN PP COLLISIONS AT LHC

Type Vs (TeV) paper IR R RN R
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SUMMARY OF THE RESULTS IN PP COLLISIONS AT LHC

Single NBD fit
o T ALIGE INELO |
» Traditional parametrisation of particle §10 o o
TN pp@ \s=7TeV
multiplicity 10
_ T(n+k (m 1" k ¢ 3
Pngp(n, (1), k) = TOT(n+ 1) [(n> +k} % [(n) + k} b

» Single NBD fit overestimates the data at LHC

Double NBD fit 107

» Weighted sum of two NBD functions Bl i<t

P(n) = X aPnpp(1, (1), k1) + (1 — @) Pnpp (1, (12), k2)] " Single NED
» «: soft and MPI (not primary) 107 T DouneNED <
» 1 — «: hard scattering ,L”“”“””“"”“
L e —

It
1
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1

1

g1

» Describes the data better — some hints of MPI 2o
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SUMMARY OF THE RESULTS IN PP COLLISIONS AT LHC

KNO (Koba-Nielsen-Olesen) scaling 25 1F ‘ T ALICE 'gp NSD 3
-~ T 10k Inl <0. -
3{: E
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| [eta]
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Nch/<Nch)
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MPI REGULATION SCENARIOS

Colour reconnection

Colour flux tube

‘Oosogogog OBU@
P—= <~ P

» Colour reconnection (PYTHIA 8 Monash)
» clour strings from two hard scatterings are connected
» two hard scatterings start to dependent in high mul pp collisions
» the rise of (pr) with multiplicity like flow boost

» Core & corona (EPOS-LHC)
» multiparton scattering froms a coulur-flux tube (Pomeron ladder)
» Tube’s high density region — thermalised as a flow-like(core)
» Tube’s edge region — hadronised as conventional
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MutripLiciTY DEPENDENT ANy, /d7)

3
10 ALICE Forward Multplicity Classes s ALICE Vs=5.02TeVE ~ \s=7Tev | (5 =13 TeV ]
- Min. Bias data (%) «f. pp collisions [ Muliplciy estimation Ol0ye, (%)
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Eur. Phys. J. C 81 (2021) 630 Eur. Phys. J. C 81 (2021) 630

» Measurements provide input for the tuning of perturbative and soft QCD
models

» Colour reconnection and core-corona models describe particle production in
high-multiplicity within 10%

» Reference data for all multiplicity dependent studies in pp collisions
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P—I’B AND PPB—PB corLrisions IN LHC Run1 AND Run2

15t p-Pb collisions at /Syy = 5.02 TeV Judtt
300 HL-LHC Goal/month
. 2500
p-Pb collisions at \/Syy = 5.02, 8.16 TeV 2000 = 2018
S 1500 | 2015

100 Goal(all runs)

0

I
ATLAS ALICE CMS  LHCb

LS1

LHC Runl

g8
II

Pb-Pb collisions at \/Syy = 2.76 TeV

LHC Run2

]

l Pb-Pb collisions at 1/syy = 5.02 TeV
Xe-Xe collisions at \/Syy = 5.44 TeV (16 hours)

Pb-Pb collisions at \/syy = 5.02 TeV

15t Pb-Pb collisions at \/Syny = 2.76 TeV
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SUMMARY OF THE RESULTS IN P-I’B, XE—XE, AND PB—PB a1 LHC

Type V5NN (TeV) paper
Pb-Pb 2.76 Phys. Rev. Lett. 106, 032301
Pb-Pb 2.76 Phys. Lett. B 726, (2013) 610-622
ALICE Pb-Pb 5.02 Phys. Rev. Lett. 116 (2016)
Xe—Xe 5.44 Phys.Lett.B 790 (2019) 35-48
p-Pb 5.02 Phys. Rev. Lett. 110 (2013)
p-Pb 8.16 Eur. Phys. J. C (2019) 79: 307
Pb-Pb 2.76 JHEP 08 (2011) 141
CMS Xe—Xe 5.44 Phys. Lett. B 799 (2019) 135049
p—-Pb 5.02 and 8.16 JHEPO1 (2018) 045
ATLAS Pb-Pb 2.76 Phys. Lett. B 710 (2012) 363-382
p-Pb 5.02 Eur. Phys. J. C (2016) 76:199
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CENTRALITY ESTIMATION

ALICE-PUBLIC-2018-003

0 ALICE Xe-Xe |5y = 5.44 TeV' R
g - . Data

2 107 € NBD-Glauber fit =
e 3
S Puux[IN_ o+ (1N_) -
2 f=0.802,u=537 k=10 T
2 i
2
w10 1075,

0 500 1000 1500

Lol

20-30%

o
B 15
o ittty \ |
Impact parameter (b 055 5000 70000 75000 20000 25000
p p ( ) VOM amplitude (arb. units)
> The degree of geometrlcal overlap Centrality estimation for Xe—Xe
> Centrality : fraction of geometrical | il Deformation of the nuclear density considered

cross-section

» Multiplicity with the VO detector
> Npart/ Ncoll

» NBD Glauber fit coupled to a two
component model
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(dNe/dn) N p — Pb coLLisioNs

Eur. Phys. J. C (2019) 79: 307

HIJING (Phys. Rev. C86 (2012) 051901)

- strong b dependence of parton shadowing
— combines pQCD and soft QCD
- reproduces magnitude and shape for Pb-going side

.

EPOS LHC (Phys. Rev. C92 (2015) 034906)

— collective effects like flow included
- reproduces Pb-going side

e T T T
g ]
_g 25— e
3 [ Y o
= [ ]

T 201
r- p-Pb, (s =8.16TeV
150 = ALICE NSb ]
B o CMS NSD i
- -~ HIJING 2.1 with sg = 0.28 |
i EPOS 3 ]
o= EPOS LHC ]
o e MC-rcBK B
L e KLN s
w £ ' ! 7
o 1
- B
< ]
P ]
ko) ]
‘(—'u N
14 7
08~—— = 0 1 2 n

lab

All models lie within 15% of data

EPOS 3 (Phys. Rev. C89 (2014) 064903)

— includes a full viscous hydrodynamical simulation
— only the most forward part in the Pb-going side

re-BK (Nucl. Phys. A897 (2013) 1-27)

KLN (Phys. Rev. C85 (2012) 044920)

— saturation based models
— perform better in n,, > —1.3
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dN,/dn vs 7 AND MODELS FOR 0—5% CENTRAL XE—XE COLLLISIONS

PYTHIA/Angantyr
EPOS-LHC
rcBK-MC

KLN, A = 0.252
‘‘‘‘‘‘‘ IP-Glasma + subnucleon fluct.

underestimate data overall

arX1V 1805 04432
< T
<1400 Xe-Xe, \/sTN 5.44 Tev .
5 r ] Good match in mid, overestimate at forward
1200 - (due to large value of sg)
1000/ .
800:, 7: fairly good, slight overestimate at forward 7

© : : :
8 ml ] rcBK-MC: overall overestimation
R KLN: matches in mid 7, not true for forward 7
° L o g
2 oo IP-Glasma: wider than data

0sf ]

07 : ; i
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(dNen/dn) anp N2 1N Pb — Pb AND Xe — Xe COLLISIONS

arXiV:1805.04432

ALICE

Xe - Xe /syn=5.44TeV
Bl 0-25%
El25- 5%
Il 5-75%
- 10%
Il 10- 20%
B 20- 30%
B 30- 40%
40 - 50%
50 - 60%
- 70%
Il 70- 80%
B 80- 90%
« Data (symmetrised)
o Reflected
m | Uncorr.systuncer
[l Corr.syst.uncer

L L1
N
o

1
Ll |
m
3

vvyyvyy

for the most 5% central collisions

Xe—Xe result is in agreement with the trend
A stronger rise w.r.t /5NN than for pp

At |n] < 0.5 p-Pb fits with INEL pp points

arX1V 1805. 04432

E
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F oA ISR B
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- M ALICE -
[+ PHOBOS =
I 1 } f —
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[ m ALICEPb-Pb ]
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SCALING OF <

—(dNen/dn)

arXiv:1805.04432
& M — —
) - ALICE, || < 0.5 1
S i Xe-Xe Sy = 5.44 TeV Pb-Pb (Syy=5.02TeV |
2 ] part ® Ny
T 12 o N3 =35 % Ng&=3 —
~ [ * N=5, u=4.3 * N5 g
3 § i 3 *
Z 1o £ ]
= |
RS |
2% 8 =
T [ A Ny === Nogy —— FNpart(1-F )N gy |
~ — = (AN Jdm) Neat KN fdn), Noow |
[\
AN a 6 i ]
1}
‘\Z/ P R * L
. |
S . o ow e
4 |
[ Ll R B B
0 100 200 300 400
part

Different scalings for particle production
1. Power law function
2. Two component model

3. Core and corona model
(Phys. Rev. Lett. 98 (2007) 152301))

4. Quark-Glauber parametrisation
(Phys. Rev. C67 (2003) 064905 , Phys.Rev. C94 no. 2, (2016)
024914)

> using wounded constituent quarks
» Ng=3and5

» A scaling violation for the 0-5%
centrality range in Xe—Xe collisions
(0-1-2-3-4-5% binning)
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LHC Rung

LS1

LHC Runl LHC Run2 LHC Run3 LHC Run4
’ Year Systems, /Sy Time L;ne
Pb-Pb5.5TeV  3weeks 2.3nb |
2022 pp 5.5 TeV 1week 3 pb ! (ALICE), 300 pb~! (ATLAS, CMS), 25 pb~! (LHCb)
Pb-Pb55TeV  5weeks 3.9nb '
2023 0-0, p-0 1week 500 b~ " and 200 b~
p-Pb 8.8 TeV 3weeks 0.6 pb ' (ATLAS, CMS), 0.3 pb_ ' (ALICE, LHCb)
6024 pp 8.8 TeV few days 1.5 pb~ ' (ALICE), 100 pb~ ' (ATLAS, CMS, LHCb) J
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LHC Runj - ALICE

Time Projection Chamber Inner Tracking System 2

»
pad plane Aol o0 Beam pipe

Muon Forward Tracker

10 Half-tisks — 2 detecton planes each
Disk2

MFT doses.
<300 krad Dk 1
<2101 MoV et
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LHC Rung

LS1

LHC Runl LHC Run2 LHC Run3

(" «13nb? (0.5T, 0.2T) Pb-Pb collisions

* Heavy flavor meson and baryon measurements down to very low pT

e Thermal direct radiation via dielectrons

¢ Quarkonia

¢ Light nuceli, hyper-nuclei, dibayons

\, * Forward direct photons Yy

LHC Run4

=] g8
H
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LHC Rung - ALICE

Inner Tracking System 3

Beam pipe

awais - : iy
1y > s 5

Replace 3 innermost layers
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PREDICTED PARTICLE PRODUCTION FOR LIGHT IONS IN RUN3

PYTHIA/Angantyr

6 D — Pb-Pb

i _ Xe-Xe

- —_— Cu-Cu
4 0-0

oo o b b b b e by s by by v v by
D 50 100 150 200 250 300 350 400 450

ON [

part
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FCC-hh
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THE oPERATION OF FCC-HH WITH HEAVY-ION BEAMS

» Center-of-mass energy for Pb—Pb collisions

VNN = 100TeV x \/Z1Z,/A1A2 =100 TeV x /82 x 82/208/208 = 39.4 TeV
» Center-of-mass energy for p—Pb collisions

VANN = 100 TeV x \/Z1Z,/A1A; = 100 TeV x +/82/208 = 62.8 TeV

Quantity Pb-Pb 2.76 TeV | Pb-Pb5.5TeV | Pb-Pb 39.4 TeV
dNg,/dnatn =0 1600 2000 3600
dEr/dn 1.8-2 TeV 2.3-2.6 TeV 5.2-5.8 TeV
gatt=1fm/c | 12-13 GeV/ fm3 | 1617 GeV/fm? | 35-40 GeV/fm3
T 400 MeV 550 MeV 800-1000 MeV

Table: arXiv:1901.10952
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dN¢, /dn IN pp COLLISIONS AT /5 = 39.4 AND 100 TeV

dN_/dn

14

12

10

pp Simulation at Vs = 39.4 TeV

INEL

1
[$2)
o
&)

dN_ /dn

pp Simulation at Vs = 100 TeV

INEL

TTT T RG]

Sor
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dNa,/dn 1IN p-Pb coLLisioNs AT /snN = 39.4 TeV

Ratio to ALICE

T

25— e T
2019 :
o p-Pb, (s =816 TeV |
15 » ALICE NSD J
i o CMS NSD 1

- - HIJING 2.1 with sg = 0.28 |

C ---EPOS 3 ]
10— -....EPOS LHC J
L MC-rcBK N
S KLN R
—— 1 ; ‘ —
11 1
1F .
0.9F .
08: L L 1 L 1 :

=2 = 0 1 2
n

o
o

dN_/dn

50

40

30

20

10

p-Pb Simulation at \sy, = 39.4 TeV

NSD
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dN,/dn in Pb—Pb coLLiSIONS AT /SNN =5.02 AND 39.4 TeV

. T 7 Pb-Pb /5y = 5.02TeV
1 . 0-5%
5-10%
10-20%
20-30%

N 30-40%
40-50%
50-60%

. 60-70%

1 W 70-80%

B 80-90%

1 —e— Data (symmetrised)
~| —e— Reflected

-
. . m
P | ! [] Uncorr. syst. unc.

i L
5 4 3 2 -1 0 1 2 3 4 5 Bl Corr. syst. unc.

Physics Letters B 772 (2017) 567-577

T

dN_/dn

6000

5000

4000

3000

2000

100

Pb-Pb Simulation at /sy, = 39.4 TeV
i
-&-30-40%

+-5-10%
-+-40-50%

+-10-20% 20-30%
50-70% -+ 70-100%

S of
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%(dNCh/dm UP 1O 100 TeV

<Npart

O 30pmr—rr
<~ F - ]
S L pp(pp), NSD AA, central ]
=_ [ o ALICE m ALICE Xe-Xe ]
2 G  ae :
-y _
S r'v UA5 : ATLAS ]
O [ % UAL + PHOBOS ]
B ¥ SR § ERAbMS ]
N _ 220~ v —
F B), INEL STAR B
=H. . RPED ¥ NAso y :
r CMS ]
15;: UA5 ]
[ + PHOBOS i
A ISR B
[ pA(dA), NSD i
10y ALICE - "
[ + PHOBOS [ 4 ]
5 ]
I ; 71 <0.5 7

OHH‘ L \HHH‘ L \HHH‘ L \HHH‘ L \HHH‘

10 10? 10° 10* 10°

(S (GEV)
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dNjet/dpr N Pb-Pb coLLisiONs AT /snn =39.4 TeV

10" ; : 10°g ; ; -
132 Pb-Pb Simulation at |/s,,, = 39.4 TeV L Pb-Pb Simulation at {s,, =39.4 TeV
101 Centrality 108 E Centrality
1071 +-0-506x10°  —-5-10%x10* - 10-20%x10% - 20-30%x10°
'% 10° b 30-4006x10" 1 40-50%x10° - 50-70%6x10°—- 70-100%x10"
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SUMMARY

collisions at \/snn = 39 and 63 TeV, respectively

» The operation of the FCC with heavy ions would provide Pb—Pb and p-Pb

» Projected per-month integrated luminosities of up to 110 nb! and 29 pb~!.

Quantity Pb-Pb2.76 TeV | Pb-Pb55TeV | Pb—Pb 39.4 TeV
dNg,/dnatn =0 1600 2000 3600
dEr/dn 1.8-2 TeV 2.3-2.6 TeV 5.2-5.8 TeV
catT=1fm/c | 12-13 GeV/fm3 | 16-17 GeV/fm? | 35-40 GeV/fm3
T 400 MeV 550 MeV 800-1000 MeV

Table: arXiv:1901.10952




Backup

22222



TO “CENTRALT

Wo0ODSs-SAXON DISTRIBUTIONS €&

» Xe ion (deformed) » Pb ion (spherical)
1
) = Pk =
p(r,9) pol+exp(# p(r,ﬂ)fpol_'_exp
»  pg : the nucleon density »  pp : the nucleon density

»  The nuclear skin thickness 2 = 0.546 & 0.01 fm

> The nuclear skin thickness 2 = 0.59 + 0.07 fm !
»  Nuclear radius R = 6.62 4 0.06 fm

»  Nuclear radius R(¥) = Rg[1 + B2 Y20 (9)]

8 _= .
== SSA
E .
7 N\
RY i ARk
M
£ .
i U s
N R )
NN %
-

7,
i

l

lPhys. Rev. Lett. 118 no. 26, (2017) 262501
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MULTIPLICITY FLUCTUATION?

NBD-Glauber Multiplicity

30000

N
=}
S
=}
S

n n n n n
0 50 100 150 200 250 300

MC-Glauber N ;.

Xe—Xe case

410°

107

10

NBD-Glauber Multiplicity (fitted to VOM) and
MC-Glauber (Npart) filled on left

1. When sliced by centrality (0-1-2-3-4-5-7.5-10-20-...) and
measured Mo (dNCh/dn> vs (Npart). (open circle)

2. When pro]ected on (Npart)-axis then measured

%ﬁ (dNen/dn) vs (Npart) (blue line)
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DIFFRACTION

When the squared momentum transfer is much less than /s

a c

.

t=(pa —pc)* <5

/i-\

» Help us understand QCD in the non-perturbative regime
(t~0orq* < Ajep)

» By Regge theory ! 2 3, diffraction proceeds via the exchange of Pomerons
(ggleading order 1 888next leading order +-0)

'P.D.B.Collins,An Introduction to Regge Theory and High Energy Physics, Cambridge, 1977
2 A.B.Kaidalov,Phys.Rep.50,157,1979

3V. Barone, E. Predazzi, High-Energy Particle Diffraction ,Springer, Berlin, 200
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SD, DD anp ND

Outgoing undiffracted ] ~ =
| Diffractive ) ’ ' A
VOA | system voc < N\ B
: VoA VN voc
A : )
No pseudorapidity gap
B
t Difi J h
_ iffractive
Diffractive
VOA system (1) system 2) voc

P

Pseudorapidity gap

DD
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N IN pp COLLISIONS

0 85c T T T T T T ]

S E pp INEL, (s =13 TeV E

B S 3
S ] S E E
S F o INEL fit 0§70 =++= INEL>0 fit 0 s*1* ] é 7.5 PYTHIAG Perugia2011 —
= 7 4 E 3
S7F m  Auce INEL . E D ALCE e PYTHIA8 Monash 3
é n . (Pp) ® ALICE (pp) INEL>0 - 7E . erosuie =
r CMS (pp) INEL 1 E 3

6 # PHOBOS (pp) INEL = 2=
Y UAs(p) INEL - ] =

[ A ISR(pp) INEL . 3

5 v - 3

[ ] 5 =

Py - E =

F Ay ] B S e AR R e e

F [ L E o E XX PYTHIAG (Perugiazo1t) 3

3 _.“" — = 1'1: #4474 PYTHIAB Monash B

C ) _” . g r #H EPOS LHC 3

- ] 1.05F -

»E + 1 o F E

- b = 3 E

E e <0s 3 i3 3

P a—— ......|2 - ......|3 - ......|4 ] 0_955_ _f
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09 e
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INEL o 50103
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N IN Xe — Xe COLLISIONS

2
(N

(dN, fdn)

part

L A L T S
[ pp(pp), INEL AA, central ]
[ O ALICE m ALICE 1
125 cms ¢ CMS ]
IV UAs o ATLAS
jol_% PHOBOS + PHOBOS B
b a ISR A PHENIX 1
[ ¥V BRAHMS ¢f o s*'%5¢)]
8- PpA(dA),NSD « STAR B
[ = ALICE x NA50 ]
o+ PHOBOS B
[ &
[ Pl
4+ e
R % AR ial o So.wa(z;:
2 e ]
[* Il <0.5 ]
0 il sl | ul
10 10 10° 10*
sy (GeV)

» HIJING using gluon shadowing parameter s, = 0.28

<05 ! "
1o Ll
L *]# o
[ L
[ L]
8 % -
6+ $ —
H $ ALICE i
L m Pb-Pb, |5, = 5.02 TeV
H + p-Pb, |5, =5.02 TeV 1
4 5* 0 Pb-Pb, s =2.76 TeV (x1.2) |
H & pp, (S = 2.76 TeV (x1.13)
| I B 1 1
0 100 200 300 400
(N

part

5 @N, fdn)

2
N
o

m ALICE

HIJING 2.1, s, =0.28

— EKRT, n/s =0.20
---1cBK-MC, MV
--- EPOS LHC
----- Armesto et al.
- Kharzeev et al.

| I I

Pb-Pb, |5 = 5.02 TeV

‘ 200
(N

part

300
)

» EPOS based on Gribov-Regge theory incorporated with collected effect
» Saturation-inspired models : rcBK-MC, Armesto, Kharzeev and EKRT

|
400
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N IN pp COLLISIONS

» Published multiplicity papers

Type Vs (TeV) paper
0.9,276,7and8 | Eur. Phys. J. C 77 (2017) 33
PP 13 Phys. Lett. B 753 (2016) 319-329

» Reference data to study nuclear effect

» in nucleus—nucleus
» in proton—nucleus collisions

» Big contribution from non-perturbative QCD processes
» INEL': ND +SD + DD + CD ...
» NSD:ND + DD (to ignore large uncertainty from SD)
» INEL., : INEL + at least one activity in || = 1
(effective filter for SD and DD events)

HINEL = ND(~ 70 %) + SD (~ 20 %) + DD (~ 10 %) + CD (< 1 %) arXiv:1208.4968
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N IN p — Pb cotLisions

» Published (ongoing) multiplicity papers

Type | /snn (TeV) paper
b 5.02 PRL 110 (2013) 032301
P 8.16 preliminary

» Valuable tool to discriminate between
» final state effects in nucleus—nucleus
» initial state effect of nuclei themselves
> N, ch
» Discriminate the initial and final state effects

> A tool to study the various models of gluon saturation’
» Providing constraints to the initial state and small Bjorken-x modeling

I Different descriptions of the upper limit in growth of the parton density
34/26



(dNdn) In Pb — Pb anp Xe — Xe COLLISIONS

» Published (and ongoing) multiplicity papers

Type | snn (TeV) paper

Pb-Pb 2.76 Phys. Rev. Lett. 106, (2011) 032301
5.02 Phys. Rev. Lett. 116 (2016) 222302

Xe-Xe 5.44

» N : A key observable in the QGP (initial energy density)
» Impact parameter (b): The degree of geometrical overlap

» Centrality : Experimental proxy of b

» Npart : the number of nucleons participating in the collision

» Nou : the number of binary nucleon-nucleon collisions among the participant
nucleons
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A LARGE IoN CoOLLIDER EXPERIMENT

» 17 different detectors, Low pr sensitivity, excellent PID

SPD

ADA
voc
-—.—
ZDC A-side ABC
-
VOA ZDC C-side

Trigger detectors
Tmin / Tmax
A side Cside
SPD -2/2

VO 2.8/51 -3.7/-17
AD 48/63  -7/-49
ZDC ~ +10
SPD (Silicon Pixel Detector)

» Innermost two-layer
silicon detector

» r=39,76cm
» Triggers central activity
VO (Scintillator hodoscopes)
» Triggers forward activity
> z2=-09,33m
AD (Alice Diffraction)
» Scintillation counters
> z2=-195,17m
7DC : 36/26




A LARGE IoN CoOLLIDER EXPERIMENT

» 17 different detectors, Low pr sensitivity, excellent PID Data taking de:]ecm/r;
'min / 7/max
A side C side
s TS 14/14
= TPC 10.9/0.9

SPD + SDD + SSD

FMD 1.7/51 -34/-17
ITS (Inner Tracking System)

» 6 layers of Si detectors
» Containing SPD
7 TPC (Time Projection Chamber)

FMD Aside ~ s — » Large cylindrical detector

» -250< z <250 cm

> 86< r <250 cm

» 558 k readout channels
FMD (Forward Multiplicity Detector)

» Two sets of Si strip sensors

FMD C-side

» close to VO detectors
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<dNCh/d17> AND

h AS A FUNCTION OF CENTRALITY

0.6

08 1
(N, 2)  (2)

<Npar’t < art)
LJ T T T T T —
5 w<os % % %& ] Data are scaled to /s, \/snn = 5.44 TeV (prev.) to
2T #} % % % % :%. = match with Xe—Xe results.
g5 1
N2 [ 7 o
g L A e ] » ALICE data decreasing by 2
T P ] from the most central to the peripheral
L = RHIC (PHOBOS) S =502TeV (x102)
S48 ‘éiii‘ w0 p;r UEZEJ(VLS.“); » smoothly connect to pp and p-Pb
5 1200 ‘ ‘ # wi
[ | 4
b =4 ’ E
Nggloof % $ % $ % + éﬁ# ]
[ % * ALICE ]
80— B XeXe, |5, =544 TeV —
®  Pb-Pb,\5,, =502 TeV (x 1.03) o
r O Pb-Pb, |5, =2.76 TeV (x 1.29)
60— RHIC (PHOBOS)
O AuAu |5, =02TeV (x3.77) -
r O Cu-Cu,|5,,=02TeV (x3.77) -
4076 L 1 1 PR R | ]
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A LARGE loN COLLIDER EXPERIMENT

> 18 detectors, sensitivity at low pr, excellent PID

VO (Scintillator hodoscopes)

o triggers forward activity
0-37<n<-17,28<n <51

ZDC A-side
SPD (Silicon Pixel Detector)
o Two-layer silicon detector FMD A-side
e counting tracklets at mid rapidity

e-2< <2 VoA JA=23 e

- ’ 208 c.side
FMD (Forward Mult. Detector)

o three sets of Si strip sensors
e counting N, at forward rapidity
0-37<n<-17,17<n <5.1

ZDC (Zero Degree Calorimeter)

7
I \

e measuring E of spectator nucleons
e~ +10
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(dNc/dn) IN pp COLLISIONS

= T T T T E "y — 5
S [ (EJALIGE (NEL>0) --- EPOS LHC £ ALICE Preliminary ALICE Preliminary, pp collisions
5 | (®JALICE (INEL)  =---PYTHIA 8 (Monash-2013) a5 PP, \s =13 TeV, INEL> 0 V—— — INEL>0 = 5711 Forward muliplicity class (%)
g ©° CMS(INEL) ~ — PYTHIA6 (Perugia-2011) o s ©ALGE (R INELSO 4 o1 g0
T gl ] I

o Boon

o NSD M 4 001-0.1= 21
00101 O ALIGE (pp)NSD 14 0175
B & UA1 (pp) NSO PERAPR
O UAS (pp) NSD. 415
4 STAR(o)NsO 4510 59
+ pp) 010150 1
IS (pp) NSD
L “ ) 4 1520w s
- e DA
= ALICE (pp) INEL - 0-doas
A ISR (pp) INEL 4 40-S0wa
® UAS (D) INEL 50-70 = &
61— v PHOBOS (pp) INEL 4

Phys. Lett. B 753, 319 (2016) " QM?2018 poster

s @en)'®

» Inclusive study : INEL o s°192, NSD 514 and INEL ' oc s*114

» Multiplicity dependence study”
» (dNg,/dn) for different multiplicity classes
» The evolution of (dN,/dn) with /s : steeper for higher multiplicity class (MPI)

NEL requiring at least one charged particle in |n| =1
Z”Multiplicity dependence study of the n-density distribution of charged particles in pp collisions with ALICE” by Prabhakar Palni
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SUMMARY

Charged-particle multiplicity density studies on various collision systems and
energies in centre of mass

pp and p-Pb collisions

» Compared to various theoretical models: for p-Pb better agreement with
saturation based models

> |5 < 0.5 (dNu/dn) (| < 0.5) in p-Pb fits with INEL pp points

Pb—Pb and Xe—Xe collisions

> The high statistics distributions are useful to constrain the available models

> N n) (dNg /dn) an o

in agreement w1th the prev1ous AA power-law trend

central Xe—Xe collisions

> steep rise of (dNCh /dn) and sz\t, and Npari-scaling violation for the
0-5% central Xe Xe
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SUMMARY

» Update of the Xe—Xe paper done by reflecting all comments

» New binning Pb-Pb results updated
» Particle production model fitting redone for the new results
» all answers for the referee prepared

> Uptick study on = (dNCh /dn) in Pb—Pb and Xe—Xe data

» The whole effect is global in 7, not local.

» The effect is not relevant to ony fluctuation.

» Multiplicity fluctuation for a given (Npart) and partly artificial effect of the
centrality slicing.

» Contribution from the multiplicity bias (but expected to be small) could be
related partially.
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(dNCh /dn) AND MODELS IN Xe — Xe COLLISIONS

<N part
. arX1V 1805 04432
T T
fs: [ Xe Xe \/? 544Tev |r]|<05 ]
g 12} I' AR 21, 5,=028 { - initial state by HIJING
E'% - BV ] —and then hydrodynamical evolution
RERTE .
8; 7: — performing each nucleon-pair (parton level)
o ] - Lund strings hadronised as an ensemble
L KLN, X =0.252 ]
A o g’};gl?srwsa:;:m;leun fluct. E Duke global (Phys. Rev. C92 no. 1, (2015)
@ 1o : : : : ] S
g v ] — viscous hydrodynamics coupled to a hadronic
% 1 cascade model
3 E
= ]

50 100 150 200

250

part

— saturation-inspired models to limit Nparton

All models describe data within £20%

01. Phys. Rev. Lett. 94 (2005) 022002, 2. Phys. Rev. Lett. 108 (2012) 252301, 3. Phys. Rev. C97 no. 3, (2018) 034911
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= (dNgp/dn) AND = N%! As A FUNCTION OF (Npart)

<Npart> <Npart>
arXiv:1805.04432 Data are scaled to /s, \/snn = 5.44 TeV (prev.) to
T Mhcos ‘ ] match with Xe-Xe results.
T IR E |
S %Jé( L e » ALICE data decreasing by 2
N b
ST . from the most central to the peripheral
) . ]
°hr e S (PHOBOS) » smoothly connect to pp and p—Pb
4,3? P © e . » Xe-Xe shapes exceed Pb—Pb
:2: 20 o, +‘L 1 at similar (Npart)
SE L 4 #’%%, } }5 . M ﬁ' bapet for the top 10 % central collisions
=10 w * -% . e E » RHIC data show hint of same
soj—? ¥ s A ] el ot
of mmem
40’ 100 200 300 460"

part) 43/26



SCALING OF < (dNCh /dn)

7<N§art> (dNen/dn) as functions of (Npart) and ({(Npart) — 2)/(24).

1

~
5 F<os ] S [ Inl<05 ]
5 . 1 SERTS 1
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3z ﬁ 14 % %.r 1 3 o il 1
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=zt ) 1 S . ]
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- ° ]
I . 1 6 -
6 . r + ]
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O Avu (o =02TeV (<273 O o K
A ic R A 275312“11;“’ 1 R K
. " 1 - ; : 1
S Z 1200

I ; W.i
\Z,gmo}%“%#wﬁﬁ*ﬁ*é L +‘+¢# = X i 7]
so.ww pimE i “ : B |
. j 1 S e |

o r-wn\r* 276TeV (x1.29) |
RHIC (PHOBOS) | 60— RHIC (PHOBOS)

s O AwhufEg=02Tevixam)

O GCuCu, s, =02TeV (x377)

oo

Ay, {5y = 02TeV (x377) |
Cu-Cu By =02TaV (x377) o

0.6 0.‘8 1
(N 32 (28)

part

L | | ] 40
409 100 200 300 400 0 02 04

part

<Npart> (dNg,/dn) depends on centrality rather than on the size of collision systems
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