ALICE results on the production of charged
particles in pp, p-Pb, Xe-Xe and Pb-Pb
collisions at the LHC

Jacek Otwinowski (IFJ PAN, Krakow)
On behalf of the ALICE Collaboration

XIV Polish Workshop on Relativistic Heavy-lon Collisions: Interplay between
soft and hard probes of heavy-ion collisions
‘ 6-7 April 2019

arge lon Collider Experiment .i

s aliceinfo.cern.ch www.ifj.edu.pl

;




25 years of ALICE Collaboration

6/4/2019
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* Excellent particle identification capabilities in the large p; range 0.1-20 GeV/c
* Good momentum resolution ~1-5% for p; = 0.1-50 GeV/c
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ALICE at work since 2009

System Year Vs (TeV) L :
Pb-Pb 2010-2011 2.76 ~75 pb-l e -
2015 5.02 ~250 pb?
2018 5.02 ~0.9 nb’! PP
Xe-Xe 2017 5.44 ~0.3 pb? i)
ALICE
p-Pb 2013 5.02 ~15 nb?
2016 5.02, 8.16 ~3 nb1, ~25 nb?
pp 2009-2013 0.9,2.76, | ~200 pb, ~100 pb?,
7,8 ~1.5pbl, ~2.5pbt | ° e
2015-2018 5.02, 13 ~1.3 pbl,~59 pbl | _ p-Pb

* Energy and system dependence studies of particle
production are possible

* Large statistics of pp, p-Pb and Pb-Pb collisions at
the same Vs,

—> precise comparison studies

6/4/2019 4



6/4/2019

N\
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Charged-particle multiplicity measurements in
pp, p-Pb, Pb-Pb and Xe-Xe
— Bulk matter properties
Transverse momentum spectra and nuclear
modification factors in p-Pb, Pb-Pb and Xe-Xe
- Thermodynamic and transport properties of
matter
Outlook



Charged-particle multiplicity in pp,
p-Pb, Pb-Pb and Xe-Xe

Phys. Lett. B 790 (2019) 35
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Xe - Xe 4/sun=5.44TeV
Bl 0-25%
Bl 25- 5% Xe-Xe
B 5-75%
W75 10%
B 10- 20%
Bl 20 - 30%
B 30- 40%
40 - 50%
50 - 60%
B 60 - 70%
Bl 70- 80%
B 80- 90%
+ Data (symmetrised)
o Reflected
[ Uncorr.syst.uncer
Il Corr.syst.uncer

Measurement in broad rapidity range and

several centrality intervals
* Fit assuming Gaussian shape of dN, /dy

Vs dependence in Xe-Xe similar to other AA

systems and differs from pp and p-Pb

Total charged-particle multiplicity from

extrapolationton ==y, .
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Charged-particle multiplicity vs N _., in pp,
p-Pb, Pb-Pb and Xe-Xe
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e Charge-particle multiplicity density and total multiplicity as a function of centrality
* Deviation from N, scaling (also seen at RHIC)
» Steeper rise in most central Xe-Xe and Pb-Pb collisions

Comparison to models shows that collision geometry plays an important role in particle
production
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Charged-particle p; spectra in pp,
p-Pb, Pb-Pb and Xe-Xe

JHEP 1811 (2018) 013
Vsyn = 2.76 TeV

Phys. Lett. B 788 (2019) 166
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p; spectra in Pb-Pb and Xe-Xe measured in nine centrality intervals
p; reference spectra measured in pp and p-Pb collisions

All spectra obtained using updated corrections (MC tuned on data)
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PP, P-PB AND PB-PB COMPARISON
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N\
Ratios of spectra Vs, = 5.02 / 2.76 TeV %

JHEP 1811 (2018) 013

* Spectra get significantly harder

5-10%  ALICE with collision energy

charged particles

e Similar increase with energy in pp
and peripheral Pb-Pb collisions

e Gradual reduction of the ratio
towards central Pb-Pb collisions
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N\
Charged-particle R,, at Vs, = 2.76 and 5.02 TeV %

JHEP 1811 (2018) 013

”””””””””””” charged particles~ § * T

° |\ =5.02TeV
S = 5.02Te In1<0.8

© V5 =276TeV Nuclear overlap function <T,,>
from Glauber MC

» Different suppression pattern depending
on Pb-Pb collision centrality

 Maximum suppression by a factor ~7
(6 < p;< 7 GeV/c) in 0-5% collisions

* No significant evolution with collision
energy

= Indication of larger parton energy loss
at Vs, =5.02 TeV

0 10 20 30 40 50 0 10 20 30 40 50 0O 10 20 30 40 50
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N\
Charged-particle R, and R, at Vs, = 5.02 TeV %%

For p; > 7 GeV/c JHEP 1811 (2018) 013

» Strong suppression in central Pb-Pb
collisions

* Small suppression in peripheral Pb-Pb ! e e o
collisions (possible due to biased
centrality selection)

* No modification in p-Pb collisions (no
centrality selection)

—> Suppression in central Pb-Pb
collisions is due to final state

effects! . —e— e Pb-Pb,0-5%
—e— Pb-Pb,70-80%

¢ p-PbNSD-0.3<7,_ <13

Confirmed also by jet measurements
ALICE, Phys. Lett. B749 (2015) 68
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Suppression in peripheral Pb-Pb collisions?

ALICE, arXiv:1805.05212 * Rayaverage over 8 < p; <20 GeV/c
3 * R,, never reach unity

@ Pb-Pb, |fs,, = 5.02 TeV, charged particles, | n | < 0.8
= ALICE data, 8 < p, < 20 GeV/e

HG-PYTHIA, PLB 773 (2017) 408 * HG-Pythia contains no nuclear effects
........................................................ > no need for jet quenching
—> centrality selection is biased by fluctuations
in particle production towards smaller
#MPIs

80 100
Centrality (%)

HG-Pythia model:
* incoherent superposition of Pythia pp
collisions with #MPIls from HIJING-Glauber
A. Morsh & C. Loizides, PLB 773 (2017) 408
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Suppression in peripheral Pb-Pb collisions?

* R,,average over 8 < p;< 20 GeV/c
* R, never reach unity

ALICE, arXiv:1805.05212

@ Pb-Pb, |fs,, = 5.02 TeV, charged particles, | n | < 0.8

= ALICE data,8<pT<20 GeV/c . .
HG-PYTHIA, PLB 773 (2017) 408 * HG-Pythia contains no nuclear effects

........................................................ > no need for jet quenching
—> centrality selection is biased by fluctuations

in particle production towards smaller
#MPIs
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ALICE, Pb-Pb, \'s,,, = 5.02 TeV
charged particles, || <0.8
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HG-Pythia model:
* incoherent superposition of Pythia pp
collisions with #MPIs from HUUING-Glauber .
A. Morsh & C. Loizides, PLB 773 (2017) 408 ’ ° b Gevio)

R, scaled with high-p; bias from HG-Pythia
- Indication that Ry, ~ 1 for 75-90% central collisions
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R,, of D mesons and light hadrons in Pb-Pb at %
Vs, = 5.02 TeV

JHEP10 (2018) 174

ALICE e Average D°, D*, D", lyl <0.5
Pb-Pb, sNN =5.02 TeV m Charged particles, Inl <0.8
arXiv:1802.09145

30-50%
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* For p; > 10 GeV/c: the same suppression of light-flavor hadrons and D mesons in
Pb-Pb collisions = similar energy loss of heavy and light partons in the QGP?

* For p; <10 GeV/c: smaller suppression of D mesons than light-flavor hadrons
(difficult to interpret due to other effects e.g. radial flow, recombination,...)
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XE-XE AND PB-PB COMPARISON
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Mean p; spectra in Xe-Xe and Pb-Pb

Phys. Lett. B 788 (2019) 166

—=— Xe-Xe, \[s=5.44TeV
—— Pb-Pb, |/s,,,=5.02 TeV

-e-Data
[ ]Giacalone et al.

Centrality (%)
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Testing system size (A) dependence

 Similar <p;> as function of centrality
in Xe-Xe and Pb-Pb collisions

* <p;>increases with centrality due to
radial flow

* Predictions by Giacalone et al. [Phys.
Rev. C 97, 034904 (2018)] describes
trend in the data

* Event-by-event simulations:
TRENTo initial condition +
viscous hydro

—> Strong constraints on the
hydrodynamic evolution of the system

17



Charged-particle R,, in Pb-Pb and Xe-Xe

Phys. Lett. B 788 (2019) 166

e Similar suppression pattern in Xe-Xe
and Pb-Pb

ALICE
charged particles

® Xe-Xe, |syy=5.44TeV Inl<0.8 . . .
““Fo Po-Pb, {5, = 5.02TeV * Larger suppression in Pb-Pb than in
Xe-Xe collisions at high p; at the

same centrality

* Normalization uncertainty (T,, and
pp norm.) are much larger for Xe-Xe
* |ess precisely known nuclear-
charge-density distribution of
deformed *?°Xe nucleus

- Result of interplay between
geometry and path length
dependence of parton energy loss

P, (GeV/c)
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Charged-particle R,, in Xe-Xe and Pb-Pb

Phys. Lett. B 788 (2019) 166

ALICE charged particles, In1<0.8 Xe-Xe |sy, =5.44 TeV, 30-40%

-+ Xe-Xe {8,y =5.44 TeV, 0-5% (N, /dn)=315 =8

(AN, J cn)=1167 = 24 -o-Pb-Pb |5, =5.02 TeV, 40-50%

& Pb-Pb |5, =5.02 TeV, 10-20% (dN, 7 dn)=318 = 12

<chh/ dn)=1180 = 31
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* Similar R,, in central Xe-Xe
and Pb-Pb collisions at
similar multiplicity

* Different R,, in more
peripheral collisions

- Result of interplay between
geometry and path length
dependence of parton
energy loss

19



Charged-particle R,, vs dN_ /dn
in Xe-Xe and Pb-Pb

Phys. Lett. B 788 (2019) 166

ALICE charged particles, Inl<0.8
p.= 1.2-4.2GeV/c

p.= 5-8GeV/c
-= Xe-Xe, \ST:N =5.44TeV
~Pb-Pb, |5, = 5.02TeV
——Pb-Pb, |5, = 2.76 TeV

‘ol
B e

—Egh‘_""rsr—-_

p,=10-20GeV/c
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* Aremarkable similarity is found for
all p; ranges for <dN_,/dn> > 400

* Dashed lines are fits to the spectra
- Result of interplay between

geometry and path length
dependence of parton energy loss

20



Outlook

e Bulk matter properties

Deviation from N, scaling at the LHC

* The collision geometry plays an important role in particle production
* The underlying mechanism to describe the increase of N, as function of

Ny, @and Vs is still unknown

* p;spectra and nuclear modification factors

6/4/2019

Indication of larger energy loss at higher collision energy

Suppression in central Pb-Pb collisions is due to final state effects
Onset of suppression in peripheral Pb-Pb collisions is due to biases in
centrality selection

Similar suppression is observed in central Pb-Pb and Xe-Xe at the same
multiplicity, but smaller in Xe-Xe for more peripheral events

No mass dependence of parton energy loss at high p;?

21
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Parton energy loss and jet quenching

Radiative and collisional parton energy loss:
AE = AE , + AE 4 AE(E, m, Cy; p,, O, T, L)
D. d’Enterria, arXiv:0902.2011

Radiative energy loss dominate at high-p;:
* Color charge dependence C;: Cz . > Cp g

> AE,> AE,q
 Mass dependence “dead cone”: gluon
Y . .
@C}}/AE radiation suppression at ©<my/E
— > AE, > AE,
E-AE L. Dokshitzer & D.E. Kharzeev, PLB 519 (2001) 199
(medium)
collisional radiative
* Instatic medium: AE_, ~ L, AE, ~ L?

* Characterize medium transport properties
via parton energy loss
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Event Centrality Selection

ALICE-PUBLIC-2018-011

)

NBD-Glauber fit

Pk X [f Npan + (1-f)N°o”]
f=0801,u=464,k=15
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.Gi'i‘i - E&;’!- i
o

ﬁl]i»
Events (

5000 10000 15000 20000 25000 30000 35000
VOM amplitude (arb. units)

Correlate particle multiplicity with collision geometry i.e. impact
parameter, volume and shape (A. Biatas et al. APPB 8 (1977) 389)

* N Noare @nd Tpp = Ny / 0"V, values determined by fitting NBD-Glauber
coupled to two parameter model
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Relative Particle Abundance

ALICE, arXiv:1802.09145

Relative particle abundance is not
properly calculated in MC generators

Influences corrections to the spectra

Relative abundance

ALICE pp Iyl <0.8

Open: PYTHIA 8 (Monash-2013)
Vs =5.02 TeV
Full: Data+extrap., Vs =7 TeV
—@—

p+p
K +K
—,— 34T (derived from A)
*4+3" (derived from A)
—— Rest, PYTHIA 8
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Improvements to the p; spectra analysis

ALICE, arXiv:1802.09145

ALICE sy =5.02TeV
charged particles | n1<0.8

ALICE \/sy, = 5.02 TeV charged particles | n1<0.8
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Pb-Pb 70-80% HIJING
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—— pp PYTHIA 8 (Monash-2013)
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* Improved efficiency and contamination corrections based on measured particle species
— Reduced systematic uncertainties by a factor of 2 as compared to previous analyses
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Charged-particle multiplicity vs models
in Xe-Xe

Phys. Lett. B 790 (2019) 35
Xe-Xe, \[syy =5.44 TeV, Inl <0.5

[Cm ] ALICE
HIJF)\ITG 2.1, 8y = 0.28

! —— HIJING 2.1,s_=0.28
- AMPT ’
PYTHIA/Angantyr
EPOS-LHC

rcBK-MC

ASW _
- KLN, A = 0.252
e IP-Glasma + subnucleon fluct.
— — EKRT, n/s = param1

¥ = ALICE

rcBK-MC
- KLN, x = 0.252
IP- Glasma + subnucleon fluct

Model/Data
Model/Data

Models do not describe charged-particle production in the whole rapidity range
N,..« dependence is best described by rcBK-MC: CGC saturation model based on Balitsky-

Kovchegov gluon evolution equation
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Charged-particle R,, vs models in Pb-Pb and Xe-Xe

JHEP 1811 (2018) 013 Phys. Lett. B 788 (2019) 166

()

ALICE Pb- Pb \'Syy = 5.02TeV 0- 5%
charged partlcles In1<0.8

E#= Data (Norm. + 3.9%)

ALICE Xe-Xe \s,, =5.44TeV

\III/I 1111

\

charged particles, 1 71<0.8

—e— Data 0-5% ( £8.3% norm unc.)

CUJET3.0 (0-5%)

Magdalena - Constant T (0-5%)

[ ] Magdalena - Bjorken (0-5%)
LBT (0-10%)

Y Bianchi et al.
771 CUJET3.0
[ Andrés et al.

{77) SCET ;-Vitev 3
£ Djordjewc et aI

o

P, (GeV/c)

* All models include radiative energy loss
* CUIJET3.0 and Magdalena Djordjevic models also include elastic energy loss
e (Calculations are performed in dynamically expanding medium except that of Vitev et al.
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