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Latest LHC results on Quark-Gluon Plasma

* Why heavy-ion collisions at the Large Hadron Collider?
* Characterizing the Quark-Gluon Plasma
e Selected results... strongly ALICE biased!

e What next?

d‘ o Cynthia Hadjidakis ~ Journée Département P2I de 1’Université Paris-Saclay January 1072019
ALICE R e i



Why heavy-1ons at the LHC?
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QCD phase diagram

; 200k Nuclear matter at high temperature and high
) o density = Quark Gluon Plasma (QGP)
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Heavy-ion collision experiments: search for the QGP phase and characterize it
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Space-time evolution of the collision

chemical and kinetic
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Heavy-ion collision
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1 fm/c~ 3 10%*s
QGP volume (at decoupling) = 300 fm?
At high energy: large, hot, dense and long life-time plasma
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Characterizing the QGP

oot e o final detected
Relativistic Heavy-Ion Collisions particle distributions
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collision evolution

t~0fm/c tT~1fm/c T ~ 10 fm/c T ~ 101 fm/c

Various probes:
—soft probes (low momentum particles) — medium expansion and hadronization
—electromagnetic radiation (low momentum photons and low mass dileptons) — medium temperature
—high momentum particles and jets — medium opacity and transport coefficients
—quarkonia — QCD potential in medium

Goal: combination of many measurements to sign and characterize the QGP
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Data samples in LHC Runl and 2

Heavy-1on collision programme:
—Pb-Pb: hot nuclear matter formed 1n central collisions
—pPb: cold nuclear environment (initial/final state)
—pp: test of production models and reference for Pb-Pb and pPb at same energy
—Lyp = A% x Laa for rare probes

— ‘) |
System Year Vsnn (TeV) - Preliminary
'D 4
2010-2011 2.76 E 175 | L ATLAS : 1.797 nb-1 2018
Pb-Pb 2015 5.02 £ | | «CMS:1.802 nb-1
2018 502 = «LHCb : 0.235 nb-1
°-Pb 2013 5.02 5 | ‘
2016 5.02, 8.16 -
2011, 2013 2.76* o Uil3
- ®2015
_ 2015, 2017 5.02* g 05 Pt
PP 2010-2013 7.8 D e
Q .25 |
2015-2018 13 ‘_An"/ “.'_.,,‘m-""
*pp reference runs 0

| 2. Nov 19. Nov 26. Nov
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Central Pb-Pb collisions in ALICE

Run:244918

Timestamp:2015-11-25 11:25:36(UTC)
System: Pb-Pb
Energy: 5.02 TeV

Central collision

o o ~20k charged particles in 5% most central Pb-Pb collisions!
: € ALICE Coll. Phys.Lett. B772 (2017) 567-577
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Selected results on LHC Run 1
and 2 heavy-1on campaigns
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Identified/charged « soft » particles

Relativistic Heavy-Ion Collisions AR Particles at low momenta: probe expansion and hadronization of

made by Chun Shen friienze:i-couf the QGP

Hadronization

}

s % i, A 92

Initial energy
density

Overlap region in semi-central heavy-ion collisions 1s asymmetric,
in « almond » shape: for interacting matter, spatial asymmetry
leads to a momentum anisotropy of final-state particles
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collision
overlap zone

free streaming

collision evolution
t~0fm/c T~1fm/c t ~ 10 fm/c T ~ 10 fm/c

Azimuthal dependence of the particle yield:

dN =
P x1+2 Z v, cosn(p —¥,).
n=1

Y, symmetry planes

Anisotropic flow is sensitive to the initial geometry and energy density fluctuation, and to the properties of
the produced medium
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Identified particle flow

ALICE, JHEP1809(2018)006
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—Large flow for soft probes in semi-central Pb-Pb collisions confirmed at LHC: QGP i1s
an almost perfect fluid with low viscosity

—Mass ordering at low pr <2 GeV/c — hydrodynamic flow, very small fluid viscosity

—Baryon vs meson flow at higher pr: flow at quark-level and recombination?
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From data to QGP properties

From measured charged particles spectra and flow to the properties of the QGP fluid with a
Bayesian procedure  s. Bass er al., arXiv:1808.02106

Pb-Pb 5.02 TeV
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FIG. 7 Simulated observables compared to experimental data for Pb-Pb collisions at y/sxn = 5.02 TeV. Top row: explicit
model calculations (no emulator) for each of the d = 500 design points; bottom row: emulator predictions for n = 100 random
samples drawn from the posterior. Points with error bars are experimental data from ALICE with statistical and systematic
errors added in quadrature [72, 74].
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From data to QGP properties

From measured charged particles spectra and flow to the properties of the QGP fluid with a
Bayesian procedure  s. Bass er al., arXiv:1808.02106

Pb-Pb 5.02 TeV
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model calculations (no emulator) for each of the d = 500 design points; bottom row: emulator predictions for n = 100 random
samples drawn from the posterior. Points with error bars are experimental data from ALICE with statistical and systematic
errors added in quadrature [72, 74].
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Thermal radiation

ALICE, PLB 754 (2016) 235-248

o et _ e fri_nal de?:;fiiions C? E (I | b | I 1| | S D | | L | L | L | =
Rﬂ:?::,s:,:; l:hi:vy TIon Collisions - particle distrib q‘Q z Pb-Pb |5, = 2.76 TeV =
Hadronization freem:f J % 1035— 7‘ 0-200/0 ALlCE - PDF. CTEQGMS’ FF: GRV —E
- il o 3 "+ 120-40% ALICE - - (n)PDF: CTEQ6.1M/EPS09, 7
a s, 102 +140-80% ALICE ~ FF:BFG2 —
5o F =
. = o= | JETPHOX =
= %5 [O_ 10 PDF: CT10, FF: BFG2 =
/ . Q F nPDF: EPS09, FF: BFG2 -
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& T é
N 107 E
free streaming = =
collision evolution b ; a ]
t~0fm/c T~ c T~ c T ~ 102 fm/c — —
0 fm/ 1fm/ 10 fm/ ! 10 Er -::~ Centl‘al
— Photons do not interact with the color charges 10‘9% —% collisions
— Direct photon yield at low pr give access to 107°E E
thermal photons emitted by QGP and hadronic - 3
107 =
. 10k -
— In most central collisions: excess of low pr 8 -
direct photons wrt pQCD calculations 107 ;ﬁ _;
— pr-spectrum described at pr< 2.1 GeV/c by an 100°% o Lol b by lav sl b
exponential with an inverse slope parameter: 0 2 4 6 8 10 p1 2(G eV}g)
Tetr= (304 = 11 = 40) MeV 1n central collisions T
(30% higher than at RHIC)
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Jet quenching from charged particles

Jets are quenched from gluon radiation of

partons crossing the medium: measure jets ALICE, JHEP 1811 (2018) 013

: : & 1.4 \s -502TeV, charged partidles ]
or high pr particles T T mp_,,b Pb-Pb,0-5% _
S 4 o[ M ALICE [l ALICE cosod)
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AT UNeoir) dNPP Jdprdy o e e oMl ]
_ , 1 10 10°
- Raa = 1: no modification p. (GeVic)

- Raa < 1: suppression

- Raa > 1: enhancement

— At high pr, Rpupb as low as 0.13 — suppression of charged particles from final-state parton
energy loss in the hot medium, medium opaque to color probes
—Rppy consistent with unity — effect observed in Pb-Pb 1s a final-state effect from hot medium

d‘ PN Cynthia Hadjidakis ~ Journée Département P21 de 1’Université Paris-Saclay January 1042019 1 5

ALICE OB



Full jet reconstruction

Full jet reconstructed within a cone

Out-of-cone radiation
RA<1

Incoming
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/
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Jet broadening
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ALICE Preliminary

Pb-Pb 0-10% |sy, =5.02 TeV
pp \Syy = 5.02 TeV

Anti-k; R =0.2 | M | < 0.5

p':ad"m >5GeV/c

m Full jets

1 Correlated uncertainty
Shape uncertainty

= HybridModel, L, = 0

@ Hybrid Model, L= 2/(nT)
JEWEL, recoils on, 4MomSub

JEWEL, recoils off

0

—High suppression of jet production over a large pr range
—Raa < 1 suggests that the radiated energy is not recovered within the jet cone: large

angle and/or low pr
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Probing QGP with quarkonia

- Quarkonia: cc/bb pair produced in the initial hard collisions
-At T>> 0, high density of colour charge in the medium induces Debye screening
- At T> Tp, melting of quarkonium state Matsui, Satz PLB178(1986)
- Since quarkonia (J/y, y(2S), Y(nS),...) have different binding energy and 7Tp
— sequential suppression of quarkonium states xarsen, Sarz z.Phys.c51 (1991) 209

prompt JAy in pp = 10% y(2S) + 30% yc + 60% direct J/y

I < T, T> To,
e
0¥ o@ :
aba\ > z
-8 |}
& :
S |
|2 i
1@ 1, ® : i
| .
> E '
= i corona effect --+----=
: I
€(25)/e(1P) g (1S)
Energy Density
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Probing QGP with quarkonia

- Quarkonia: cc/bb pair produced in the initial hard collisions
-At T>> 0, high density of colour charge in the medium induces Debye screening
- At T> Tp, melting of quarkonium state Matsui, Satz PLB178(1986)
- Since quarkonia (J/y, y(2S), Y(nS),...) have different binding energy and 7p
— sequential suppression of quarkonium states xarsen, Sarz z.Phys.c51 (1991) 209

prompt JAy in pp = 10% y(2S) + 30% yc + 60% direct J/y

T <Tvp,
e ©

statistical regeneration

[e—

sequential suppressionL

2S) /(1P IS
(25) /< Ezlergy Density (15)

J/W Production Probability

Or regeneration?
- Total charm cross-section increases with energy

- ¢ and ¢ combination in the QGP or at the phase boundary
RN regeneration Of J/\V Braun-Munzinger, Stachel PLB490(2000)
Thews et al. PRC62(2000)

= J/y enhancement (depending on open charm cross-section)
- Small regeneration expected for bottomonia
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Quarkonium production

J/y production
ALICE, PLB766 (2017) 212

14 -r Inclusive J/y — p*u, 0-20% centrality ki
" ® ALICE, Pb-Pb |s,, =5.02TeV,25<y <4
W ALICE, Pb-Pb\s,, =276 TeV,25< y <4

m  PHENIX, Au-Au | s, =02 TeV, 1.2 < |y| <2.2

RAA

!
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o.sg—H @l —:
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0.2;-@[.][4.]* ['h g -
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P, (GeV/c)

Jhy suppression at low pr: less suppression at
LHC wrt RHIC — regeneration (low pt) and
color screening (larger pr) at LHC?
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Quarkonium production

J/y production
ALICE, PLB766 (2017) 212
< i I I 1 L] ] I ] I 1 I 1 1 I I 1 ] 1 I L] ] 1
[t< 14 [ Inclusive J/y — p*u’, 0-20% centrality
i ® ALICE, Pb—Pb |5, =5.02TeV,2.5< y < 4
{of ™ ALCE Pb-Pb\s,=276TeV,25<y <4
“r m PHENIX, Au-Au | s, = 0.2TeV, 1.2 < |y| <2.2

g 1

0.8F M — .
:H o )
o6fp O & .
; ¥ @ :
0.4F .
5 "B Zee M W
02r@m w B m L 2
0-1 PR T T TR TR TN NN SN TN T [N SRR TR SR N ST N T NN T 1:
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P, (GeV/c)

Jhy suppression at low pr: less suppression at
LHC wrt RHIC — regeneration (low pt) and
color screening (larger pr) at LHC?

Y (nS) production
CMS, arXiv:1805.09915
PbPb 368 ub’’, pp 28.0 pb™' (5.02 TeV)

1
ook Pr=0eY CMS
F lyl <2.4 3
0.8 - Cent. 0-100% -
0.70 e 8 ] (5,=502TeV
0.6} e £ ] \5,=276TeV
2 o050 3
m 0.5: g :
0.3F =
0.2} 95% CL -
0.1 Om I _

Y(1S) Y(2S) Y(3S
—No sign of Y(3S)

—Results consistent with sequential suppression of
Y (nS) states: 7,= 3.57., 1.37,and 17T, for the
Y(1S), Y(2S), and Y(3S) states

—Suppression by comovers (comoving medium)
also possible explanation
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Unexpected results in pp and p-Pb

pp and p-Pb collisions not as simple: collective-like effects observed in small systems for
high multiplicity events

s Féh! - T T T T T LI I T T T 1 T T LI I T T ]
QY] = 0.16— pp 13 TeV p-Pb 5.02 TeV Xe-Xe 5.44 TeV Pb-Pb 5.02 TeV —
A 0.3 Pb-Pb 40-50% > E 0 v,{4} . V,{4} QO v, {4} E
g oni 0.14— s v2{4}3-sub a V2{4}3-sub * v2{4}3-sub ¢ v2{4}3-sub -
. o K O V,{6} 0 V,{6} ¥ V {6} O Vv {6} 7]
£ 0.2 ‘:5*9 012 ALIGE Preliminary i v,(8} VA6l
> & K 0.1C 02<p <3.0GeVic . V,{5} .
(% o A+A - ml<08 f

0.1 ® x i 0-08__ ¢ ]
ALIGE Pb-Pb Y5 =502 T v% - g ' ¢ ‘ 3§ .

[ Sii =9s e i |

e 0.06¢ % % % @ i+ + .

O il S G DA Al T 0.04— ! o ]

0 2 4 6 8 10 12 14 | u ]

p. (GeV/c) 0.021— -

0 E 1 1 1 1 | 11 | 1 1 1 1 1 1 11 I 1 1 ]

10° 1
N, (| < 0.8)

—E.g. similar flow effect in pp and p-Pb, comparable to Pb-Pb at similar event multiplicity and
similar behavior for identified charged particles in p-Pb wrt Pb-Pb

—Droplet of QGP 1n small systems? Or effect from initial-state or hadronisation in high
multiplicity environment?
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pp and p-Pb collisions not as simple: collective-like effects observed in small systems for

Unexpected results in pp and p-Pb

high multiplicity events

? 0_25 llllllll I LI I L I llllllllllll
S ALICE Preliminary 0- 20% (VOA)
A - p-Pb s, =5.02 TeV
& F = 02FMm<08 2V —
A 03F Pb-Pb 40-50% 4 Tr@e i i 17 -
§ o @ ont ol - [=] KO l 0 o -
- [ & oK 5 " ke } ] o
£ 0.2 Q % p+p 230 0190 W o ¢ f 'y ¢ . B
N 00 > - @ o F 8 { 3
i ¢ <K [ e o8 1 3
i o A+A - [©] A@Y) 38""‘-’ 0 ~ E
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J ALICE Pb-Pb s, = 5.02 TeV [ e % Il =
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T O I-l 11 1 l L1 1 1 l L1 1 1 l 11 1 1 l 11 1 1 l 11 1 1 l 11 1 1-l :
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—E.g. similar flow effect in pp and p-Pb, comparable to Pb-Pb at similar event multiplicity and
similar behavior for identified charged particles in p-Pb wrt Pb-Pb

—Droplet of QGP 1n small systems? Or effect from initial-state or hadronisation in high
multiplicity environment?
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What next at the LHC?

LHC Run 3/4 heavy-ion programme
—Increase in delivered luminosity in
Pb-Pb (Lprypb=13/nb) and p-Pb, and

LS2 starting in 2019
LS3 LHC: starting in 2024
Injectors: in 2025

LHC roadmap: according to MTP 2016-2020 V1

=> 24 months + 3 months BC
=> 30 months + 3 months BC
=> 13 months + 3 months BC

B Physics

- Shutdown
Beam commissioning
- Technical stop

ith 1 1 diti 2015 2016 2017 2018 2019 2020 2021
pp Wi OW pilc-up conditions Q11Q2|Q3]04]Q1{Q2]Q3/Q4|Q102{Q3Q4|Q1 |02 |Q3]Q4]|Q1]Q2[Q3]Q4|Q1]Q2{Q3[Q4|Q1{Q2 |23 104
—ALICE/ATLAS/CMS/LHCb e [ ]
upgrades Injectors Run 2 LS 2
° PHASE 1
—Fixed-target at LHC (LHCb 2022 2023 2024 2025 2026 2027 2028
? AL T TAS A i AL P P
ALICE?) Q1/Q21Q3/04|Q11Q2{Q3{04|Q11Q21Q3{04|Q1{Q2{Q3{Q4|Q1{Q2{Q3{Q4|Q1 2|03 Q4|Q11Q2{Q3 Q4
:-nH'fe:ctors Run 3 LS 3 . . R4
CERN Yellow report : .
Xiv:1812.06772 . . PHASE 2
ArALy: : 2029 2030 2031 2032 2033 2034 2035
Q1iC2iQ5Q4|Q1{Q2!Q3|04|Q1Q2{Q3[Q4|Q1{Q2{Q3/Q4|Q1 Q2 03|04 |Q1!Q2{Q3{04|Q1{Q2 Q3 Q4
:-r:fe:ctors LS 4 I Run 5 LS5 I
Beyond 2030 (LHC Run 5/6) .

—Possible new detectors in ALICE
—Upgrade of LHCb

—Lighter 1ons in LHC?

—HE-LHC (LHC Vsnn*2)
—FCC-hh (LHC Vsnnx7)

Cynthia Hadjidakis
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ALICE upgrade

Run 3 design G ACORDE | ALICE Cosmic Rays Detector
e AD | ALICE Diffractive Detector
ALICE Lol, J. Phys. G 41 (2014) 087001
1 9 DCal | Di-jet Calorimeter
-
LI\ RN STei ST SENTS £ o EMCal | Electromagnetic Calorimeter
o HMPID | High Momentum Particle
Identification Detector
: e ITS-IB | Inner Tracking System - Inner Barrel
@ e / N 2 ‘~J 222 o o ITS-OB | Inner Tracking System - Outer Barrel
¢ B e T .
- N , “I.‘l o i b b MCH | Muon Tracking Chambers
- p Ml O
il 0 MFT | Muon Forward Tracker
e C(Central Barrel (|n|<0.9)
e Muon Spectrometer (2.5 <n <4)
e Upgrade Run3/4
—New Silicon Tracker: charm and beauty with the Central Barrel
— Muon Forward Tracker: charm and beauty (and quarkonia) with
the Muon Spectrometer
— Continous readout (50-100 kHz in Pb-Pb) to get 10/100x higher
statistics: new readout electronics
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ALICE upgrade

. ACORDE | ALICE Cosmic Rays Detector
Run 3 design o
e AD | ALICE Diffractive Detector
ALICE Lol, J. Phys. G 41 (2014) 087001
1 9 DCal | Di-jet Calorimeter
-
o v 8 Y o EMCal | Electromagnetic Calorimeter
o HMPID | High Momentum Particle
Identification Detector
G ITS-IB l Inner Tracking System - Inner Barrel
o e — | siLi} 22 3 o ITS-OB | Inner Tracking System - Outer Barrel
® 0o — L ;" . ol
e ‘\‘G\ ‘ ) ".‘ ) e 4__—/ . “ & ‘{f"

e C(Central Barrel (|n|<0.9)
e Muon Spectrometer (2.5 <n <4)
e Upgrade Run3/4
—New Silicon Tracker: charm and beauty with the Central Barrel
— Muon Forward Tracker: charm and beauty (and quarkonia) with
the Muon Spectrometer
— Continous readout (50-100 kHz in Pb-Pb) to get 10/100x higher
statistics: new readout electronics
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ALICE upgrade

Run 3 design

ALICE Lol, J. Phys. G 41 (2014) 087001 2
-
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e C(Central Barrel (|n|<0.9)
e Muon Spectrometer (2.5 <n <4)
e Upgrade Run3/4
—New Silicon Tracker: charm and beauty with the Central Barrel
— Muon Forward Tracker: charm and beauty (and quarkonia) with
the Muon Spectrometer
— Continous readout (50-100 kHz in Pb-Pb) to get 10/100x higher
statistics: new readout electronics

Q000000

ACORDE | ALICE Cosmic Rays Detector
AD | ALICE Diffractive Detector

DCal | Di-jet Calorimeter

EMCal | Electromagnetic Calorimeter

HMPID | High Momentum Particle
Identification Detector
ITS-IB | Inner Tracking System - Inner Barrel

ITS-OB I Inner Tracking System - Outer Barrel

LDO (x3)

Flex Connector

Detector C (input channels)

Power Supply Connector
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ALICE upgrade

ACORDE | ALICE Cosmic Rays Detector

Run 3 design

ALICE Lol, J. Phys. G 41 (2014) 087001
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ITS-IB | Inner Tracking System - Inner Barrel
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e C(Central Barrel (|n|<0.9)
e Muon Spectrometer (2.5 <n <4)
e Upgrade Run3/4
—New Silicon Tracker: charm and bea
— Muon Forward Tracker: charm and
the Muon Spectrometer
— Continous readout (50-100 kHz in F
statistics: new readout electronics

d‘ P Cynthia Hadjidakis ~ Journée Département P2I de 1’Université Paris-Saclay January 10" 2019 2 1

INSTITUT DE PHYSIQUE MUCLEARE

ALICE -



Fixed-target at LHC: QGP perspective

: 2.76 A TeV Pb beam
Study the quark-gluon plasma between SPS and RHIC energies:
—Charm and beauty (including y. for charmonium family) ‘ SO e
—Drell-Yan process ‘
—Access a broad rapidity coverage to scan the phase space diagram
7 TeV proton beam
arXiv:1807.00603 e s ;
H150 S AR R R Early Universe ‘- —_—
% [ 62.4 GoV 27 GeV l t
- 0<y<05 0<y<05 19.6 GeV 1
E : PRERRS ‘ Deconfined quarks
- 140 — LA TEA — ; and gluons
* j 7} 4 _osy<es ] oy
: \ ZEOVQ F%/ 7.7 GeVv : : 4
130 P ;zgayo:o.s . ;.25650:54 osy'f ! 2
72 GeV Critical Point
1 20 .- O dN/dy scan =, K, p, A i i Hadron Gas Col9r/
® |Integratedy =, K, p, A | Superconductor
| b "BES"0<y<0.5 =, K p, A (a) : \/Vacuum fx;:;ye:r’ Nelutnon Sr?{s
J s [ g B TN P, B LR e " ke
1 00 200 300 400 Baryon Chemical Potential
U [MeV]

—Already in LHCDb with a low density gas target (SMOG)

—Investigations/projects ongoing in ALICE and LHCDb (already in Run 3) for the
implementation of fixed-target setups at high luminosity
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Summary

e Ultra-relativistic heavy-ion collisions at LHC aim at studying the quark gluon
plasma

* The measurements of various probes, soft or hard, allow to characterize the created
medium [many probes/results were not discussed 1n this talk...]

* From Run 2 data, access to new probes thanks to the high luminosity and increase
precision on QGP parameter extraction. 2018 Pb-Pb data analysis ongoing!

e High multiplicity events in pp and pPb collisions show similar behavior as Pb-Pb
collisions: studies remain to be done to understand the observed features

* Long Shutdown 2 at LHC has now started and detector upgrades are ongoing: Run 3
will start in 2021!

J‘PN Cynthia Hadjidakis  Journée Département P21 de 1’Université Paris-Saclay January 1002019 23
ALICE e i



back-up shides

.% WSTITUT D PHYSIUE MUCLEARE

ALICE -]

Cynthia Hadjidakis

Journée Département P21 de I’Université Paris-Saclay January 10™2019

24



Collision geometry: few definitions

Centrality of the collisions: overlap of two nuclei

semi-central collision central collision

o~ A

v v Npart = 2 Neon = 1
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? e e LA A L Npart =9 NcoII -
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i ! $ b J—<€—> b=0 Pb-Pbcent. N,,=360 N,=1500
v e—ﬁ‘:: v}_’, .}_’,
) v v p-Pbcent. N,,=16 N =15
v
v
Impact parameter of the collision: b
Number of participants nucleons: Npart
Number of binary collisions: Ncoi
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Collision geometry: few definitions

Centrality of the collisions: overlap of two nuclei

semi-central collision central collision _ _
Npart =2 NcoII =1
A -~ . AAA _ _
o 2 & Moo =5 Noan 3
A\A::-% P ;. a “u A .
0 b J—<€—> b=0 Pb-Pbcent. N,,=360 N,=1500
"v "‘A. "‘5’1 "‘5’1
W) p-Pbcent. N,,=16 N, =15
"'
Impact parameter of the collision: b
Number of participants nucleons: Npart
Number of binary collisions: Ncoi
Event centrality determination
- Cannot measure b, Npart, Ncon directly
- Multiplicity measurements with forward or central
detectors (charged particles multiplicity - n, K, p...
-, spectator neutrons, ...)
- Use Glauber model to map the measured
multiplicities in A-A collisions to b, Npart and Neon
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Collision geometry: few definitions

Centrality of the collisions: overlap of two nuclei

semi-central collision

e
g %
AA
A - xia
:v‘:v “‘{ b ‘A\":ﬁ—
V" h{ﬁ w:':"
6 v v
%
v
v

Impact parameter of the collision: b
Number of participants nucleons: Npart
Number of binary collisions: Ncoi

Event centrality determination

- Cannot measure b, Npart, Ncon directly
- Multiplicity measurements with forward or central

detectors (charged particles multiplicity - n, K, p...

-, spectator neutrons, ...)
- Use Glauber model to map the measured
multiplicities in A-A collisions to b, Npart and Neoir
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