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Outline

ALICE

> Physics motivation

> The ALICE detector

- Resonances | | o results in this presentation,
e pr spectra in pp, p-Pb and heavy-ion collisions. are published at:
e printegrated yields and {py).
e Particle yield ratios. arXiv:2106.13113

e Nuclear modification factors.

o Summary
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1.2 Physics motivation !
L~ ALICE
Jo-)elastic Collisions

momenta change,
st yields fixed -

K K Good probes to verify the presence of
ration: pseudo-elastic hadronic phase in nucleus - nucleus

1g through resonance state S . : - -
156 in resonance yield % 0 collisions and study its properties.
c
x gﬁ They have lifetimes comparable with the
- fireball lifetime.

_ : Regeneration and rescattering

g elastlati(scattenng processes in hadronic phase affect

' yield resonance yields and transverse
momentum (pr) spectra shapes.

i P w
ing: pseudo-elastic scattering
different resonance state Free Hadrons

yield of original resonance
ﬁ
AT
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Physics motivation

ALICE

Resonance (770)0 K*(892)+ K*(892)° f0(980) Z(1385)+ _(1820)+ A(1520) _(1530)0 $(1020)

Quark
composition \/5

us, is dg,ds unknown uus dds USS uds uss S§

T(fm/c) 1.3 3.6 4.2 large unc. 5-5.5 8.1 12.6 21.7 46.4

........................................................................................................................................................................................................................................................................................................................................................................

Decay Tt - Ksnm Km m*mc Am AK  pK  ZIm KK

........................................................................................................................................................................................................................................................................................................................................................................

B.R.(%) 100 333 666 46 87  unknown 225 = 667 489
- Study the hadrochemistry of particle production.

- Study the in-medium energy loss via Raa.

- Study of the higher mass resonances (=(1820)) could potentially give information on chiral symmetry restoration.
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The ALICE detector

ALICE

| - Time Projection Chamber (TPC)
o Inner Tracking System (ITS) - Gas-filled ionization detector

- 6 layers of silicon detectors - Tracking, vertex, PID (dE/dx)
- Provide trigger, tracking, vertex, PID (dE/dx)

- Time Of Flight (TOF)
e e e T S TS, - PID through particle time of flight

- VOA and VOC
- Trigger, centrality/multiplicity estimator

-‘_
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,/=v - 2010 2.76
v 2011 2.76
2015 5.02
2018 5.02
2017 5.44
2013 5.02
2016 5.02, 8.16
2009-2013 0.9, 2.76, 7
2015-2018 8, 13
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Resonances are reconstructed via the invariant
mass technique.

My =\ (B, + B = (B + 1)’

Uncorrelated background is calculated via event
mixing or like-sign techniques.

PID from ITS, TPC, TOF for the daughter tracks.

Residual background: Correlated pairs or
misidentified decay products, usually modelled by
a polynomial function.

Signal Fit the event-mixing (or like-sign)
subtracted distribution with a Breit-Wigner or
Voigtian function (signal function) and the
polynomial background.

Yields are calculated by Iintegrating the signal
function.
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Resonance reconstruction - Analysis strategy
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pr spectra in heavy-ion collisions

ALICE
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pr spectra in p-Pb collisions

ALICE
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PLB 807 (2020) 135501

The spectra shapes change with
multiplicity in the same way as for

the larger systems.
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P, (GeV/c)

N ALICE pp INEL
"ﬁ"h- 276 TeV
n + 5.02 TeV

= PYTHIA8 Monash 2013 _

- EPOS-LHC
-+ HERWIG -

PYTHIA8 Rope hadro.
PYTHIAG6 Perugia 2011 —

P

P, (GeV/ce)

S
arXiv:2106.13113

Ratio between the two energies evolves with pr.
Hint of saturation at pr~ 5 GeV/c.

ALICE

Pythia tunes give good description except the Monash tune for the ¢.
HERWIG describes the ratio for K* but ¢ only up to ~ 3 GeV/c.
EPOS-LHC underestimates K* but describes ¢ up to ~ 7-8 GeV/c.
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pr integrated yields

ALICE
>\ 02 _I 1 | T | T | T T T T T T [T 1 I_ >‘ 1 _2_ F 0 | P01 | T 1 | 1T T 1 | T 1T 1 | T T 1 ]
§ 0 18:_ ALICE, p-Pb - 'Q - +p-Pb, |5, =5.02 TeV (EPJC 76, 245 (2016)) -
S | . = " ©pp, Is=7 TeV (PRC 99, 024906 (2019)) N
01gC. ¢ VSw=5.02TeV, Eur. Phys. J. G 80, 160 (2020) - S 1= ALICE Preliminary ]
C ¢ Preliminary sy, =8.16 TeV - - ep-Pb, |5, =8.16 TeV &
0141 . _  4-pp,Vs=13TeV B
- VOA event multiplicity classes e - 0'8_ VO Multiplicity Event Classes L4 ]
0.12— O<y<0.5 — i _
- — . i K*O 1
0.1k A(1520)+ A(1520) re _ 0.6 —
- " . i |
0.08 — i H H il
- § 0.4 —
0.06[ " - : @B ] -
_ i ] _ i
‘_ H _‘ - 7
0.04f : 0.2- @_I,_QJ N .
0.02— o Uncertainties:stat. (bars), sys. (boxes), — B @41)@ 3:5;“2';3“9&1:‘3; d(bb?)fe)é)sys' (boxes),
- | u|n00r-fy8-(fhade|dbox|68) | L OC“|||||
% 5 10 15 20 25 30 35 40 45 50 0 10 20 30 40 50 60
dN_/d (dN _ /dn)
< ch 77>|;7| <0.5 ch n Inlabl <0.5

In pp and p-Pb collisions there is a linear increase of dN/dy following a common trend for
all resonances analysed, independent of the collision energy.
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pr integrated yields

ALICE
0.03 3
ALICE i
\syy (TeV) 2.76  5.02 =
- o0 ®pp T 190122 dN/dy, scaled by the average charged
- K Pb-Pb+ Pb-Pb T ¢ : 5 particle multiplicity measured at
s | ' H H ‘ oy 5  midrapidity
5 002r P 1 i 3
) - E i I H “ : - The dependence on (dNch/dn)ini<o.5 is
3 ﬂ g H 5 H 0.008 found to be the same regardless of the
00151 JT 7 * ' beam energy.
0} | R T RN II—_I AT R ._.0'006
10 102 10° 10 102 10°
<dN ch/ d 77>|1q|<o.5 <dN ch/ d 77>|1q|<o.5
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Mean transverse momentum

ALICE
ALICE §
\suy (TeV) 0.2 276  5.02 1 . =
O pp PP ®pp S
* Au-Au o= Pb-Pb 4 Pb-Pb T 7 -~
O K*O .I.__ (I) —11.5 \Q/
_ AT | P
i bl | 44
g tonil | g ¢ _
_ f i + I L # ; : The {py> values increase with charged particle
- ® f I l T H H H HHH@ 11 multiplicity.

i @ H The {(py> of K*0 and ¢ mesons (which have
el ol ol similar masses) are similar for events with the
10 10 a /;°> 10 10 a /;0> same (dNen/ddini<o.5 in Pb—Pb collisions —

o i<0.5 o0 Consistent with the picture of a growing
contribution of radial flow with increasing
arXiv:2106.13113 (dNeh/dmini<o.5

The (p;> values are larger for higher energy
collisions at similar values of (dNcn/dnini<o.5.
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Mean transverse momentum

ALICE
6\ I I N I| iiEI'
% 1.4 ' j ! .
= 1.2
— % Steeper rise of {(py» for the heavier
3 1 %

. A particles.
A
& A

K*, p and ¢ (they have similar masses):

0.6 CELNY - At the higher multiplicities have

0.4 4w 4 K4K m K 4 D+D o 0 similar {py> within the uncertainties.
ALICE, Pb-Pb = 5.02 TeV e L

0.2 | S ° - At lower multiplicities mass scaling is

Uncertainties: stat. (bars), sys. (boxes)

-
o0
III|III|III|III|III|III|III|II
|
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breaking.
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107 10°
(dN _/dn)
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Mean transverse momentum

ALICE
9 ALICEI Preliminalr © N B R |
> ! = | ALICE Preliminary _
s Pb-Pb, | s, = 5.02 TeV O
© sl FIONN T o Pb-Pb, \[s), = 5.02 TeV
16 o Xe-X _ 5.44 TeV = A
s e-Xe, | Syy =544 Te 165 L Xe-Xe, Sy = 544 TeV -
& ly| < 0.5 3'_
%0 - 0(1020), |y | < 0.5 i
14 K H ;
1.4 - - _
RS .
1219 :
1.27 _
- Uncertainties: stat. (bars), sys. (boxes) I )
It | | | | | | | | | | |
500 1000 1500 500 1000 1500 2000
dN _/dn) <chh/dn>

Similar evolution of {p;> in Pb-Pb and Xe-Xe collisions. For the same particle {py> is driven by the
multiplicity.

P. Ganoti EPS - HEP Conference 2021 14



Particle yield ratios

ALICE
K*/K:
X050(a)  STAR, |5y =200 GeV 1 (b) A-Aand p-Pb Data: Central - Gradual decrease with the system size— effect
Y f * pp ¢ Cu-Cu » Au-Au T STAR % pp ¢ CuCu x Au-Au ]
04l T - of rescattering.
' m} T * 1% o1 Lower values for Au-Au and Pb-Pb central
>SF [IJEIJ#’E Vg TR ‘ S 1 collisions in all centre-of-mass energies.
LN TP & B |
[ ALICE, \s, (TeV) | "5 1 : & : K-
- pp 0276 m=502 070 1 ALICECpp Op-Pb m Pb-Pb - /A .
0.1 - .
- p-Pb 0 5.02 e Thermal Model T, = 156 Mev | aPproximately constant with the system size
gp.PoFb w276 w802 X - (due to the larger lifetime) and centre-of-mass
é (C) STAR, \sy, = 200 GeV | (d) A-A, p-Pb and d-Au Data: Central | energies_
* pp” X d-Au” ¢ Cu-Cux Au-Au™ | STAR¥ pp* X d-Au* ¢ Cu-Cux Au-Au*
02 RIIEG T - 1 o The thermal model predictions without
| | _ rescattering effects agree with the ¢/K and
! B\ N H - the K*/K in small systems, but
_ i % - B
| oY &
0_1_ ' e — L — * . . .
.== Thermal Model T =156 MeV | | K*/K n central Pb-Pb collisions is not
_ TTEPOS3 - EPOS3wo UMD, described.
0 2 4 6 8 10 2 102 10° 10*
(AN, /dn) \ S (GeV) e EPOS3 with UrQMD afterburner
arXiv:2106.13113 (Phys. Rev. C 93 (2016) 014911) describes

better the two ratios.
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Particle yield ratios
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ALICE Preliminary
9 p-Pb {5, = 5.02 TeV

O Pb-Pb s\ = 2.76 TeV

7P Pb-Pb ys, = 5.02 TeV

¥ Xe-Xe sy = 5.44 TeV
ALICE

X pp Vs =2.76 TeV

® pp Vs=7TeV

* p-Pb \sy, = 5.02 TeV

B Pb-Pb |5, = 2.76 TeV

+ Pb-Pb ys,, = 5.02 TeV

* Xe-Xe s\ = 5.44 TeV
STAR

X pp Vs =200 GeV

2 Au-Au \s, = 200 GeV

— EPOS3

0 2 4 6 8 10 12 14 16

-- EPOS3 (UrQMD OFF)
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ALICE

All particle ratios evolve smoothly with system
size for the measured systems and energies.

Short-lived resonances like p9, K*0, 2*+ A*
are affected by re-scattering in the hadronic
phase.

=* production is rather independent of the
system size.

¢ IS not suppressed as it decays after the
Kinetic freeze-out.

EPOS with UrQMD qualitatively describes the
trends, except for 2= /A.

Short-lived resonances are used to measure
the hadronic phase lifetime: 4-7 fm/c (PLB 802
(2020) 135225) in the most central collisions, In
agreement with femtoscopic measurements.
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Nuclear modification factors (Raa)

ALICE
——rt . 1 °+~ r T T T r T r Tt 1T T T Tt T T 7 :
ALICE | Raa(py) = — Yicldaa(pr)
Pb-Pb |5, = 5.02 TeV (0-10 %) Yieldp, (pr) % < Neon >
1 e 1.
o T+ -
s K"+ K | pr<2GeVic:
¢ D+D ) K* Raa values are the smallest —
K *0 Effect of re-scattering.
* O 2 < pr< 8 GeV/c:
‘ ) - hadron mass dependence for mesons.
x - Protons have the highest values of Raa—
| — baryon-meson ordering.
!
* pr > 8 GeV/c: similar Raa values for all hadron
) species within the uncertainties —
— the relative particle composition at high pr
15 20 remains the same as in vacuum.
p_ (GeV/c)

arXiv:2106.13113
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Summary

2udo-)elastic Collisions
ron momenta change,
most yields fixed -

K* K
neration: pseudo-elastic
attering through resonance state
rease in resonance yield

etic
frgeze out

sars out mass peak
uces resonance yield

itering: pseudo-elastic scattering
a different resonance state
es yield of original resonance

A —————————————————————
At
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Results from resonance reconstruction
in pp, p-Pb and Pb-Pb collisions at
various centre-of-mass energies
show:

- No dependence of resonance
production on the collision energy
and system. It is driven by the
charged particle multiplicity.

Rescattering Is the dominant
process Iin the hadronic phase for
short-lived resonances

(ct < ~15 fm/c).
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ALICE Preliminary

¢ p-Pb s, =5.02 TeV

O Pb-Pb sy = 2.76 TeV

% Pb-Pb {5y = 5.02 TeV

¥ Xe-Xe |syy = 5.44 TeV
ALICE

X pp Vs =2.76 TeV

® pp (s=7TeV

¢ p-Pb s = 5.02 TeV

B Pb-Pb |5,y = 2.76 TeV

*+ Pb-Pb s, = 5.02 TeV

*+ Xe-Xe |sy = 5.44 TeV
STAR

X pp Vs =200 GeV

3 Au-Au s = 200 GeV

—EPOS3
-- EPOS3 (UrQMD OFF)
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