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Evolution of a heavy-ion collision ALICE
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The ALICE detector ALICE

« Tracking at midrapidity (|n] < 0.9) down to p; ~ 100 MeV/c

« Granularity to measure very high
multiplicity events in central Pb-Pb
collisions

« Multiple detectors for excellent
particle identification (PID)

PID with ITS and TPC at low p; via
specific energy loss

* TOF (time-of-flight) and HMPID
(Cherenkov radiation) complete the
PID at intermediate p;
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Spectra of T, K, p, @ in Xe-Xe at Vs,
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Spectra hardening with
increasing centrality due to
the collective evolution

2 Radial flow
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Spectra of 1, K, p, ®@ in Xe-Xe at Vs = 5.44 TeV
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Multiplicity differential measurements of light-flavor hadrons (m, K, p,...)
p, spectra at (nearly) all collision energies provided by the LHC
. pp: Vs =0.9,2.76,5.02, 13 TeV
. p-Pb: Vs, =5.02 TeV
. Xe-Xe: Vs, =5.44TeV
~ Pb-Pb: Vs, =2.76,5.02 TeV
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Blast-wave model ALICE

At T, particles are released thermally and boosted in transverse direction by a
common velocity field (3;)

= 0'2:""""'"""""""""" e « Simultaneous blast-wave fits to T, K,
G 0.18F . %&x — and p spectra
£ 0.16F —
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{p;) in Pb-Pb and Xe-Xe

S “F ALICE « Continuous evolution: {p;) increases with
D 1.8[ Pb-Pb [Sy=502 TeV (open symbols) charged-particle multiplicity
S C Xe-Xe Sy = 5.44 TeV (solid symbols)
AL SRR + K'+K « p+p o 2 Spectra become harder
| 1§ o? > Radial flow increases at high multiplicity
1.41 > SR
e iy & 1 « Larger relative increase for heavier particles
- i T L 2 Mass dependent hardening
1= K &
- oy ¢ B WUEEESD »  Similar trend for similar hadron mass at high
e multiplicities: p and @
0.6:_ e @@ ¢ O O F @ e 0f m,~0.938 GeV/c2, m,~1.019 GeV/c2
0.4~ « Xe-Xe to Pb-Pb comparison:
02— 182 . 183 ' 2 Dynamics is system independent
arXiv:2101.03100 <chh/ d77>|n| <05
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Baryon-to-meson ratios in Pb-Pb and Xe-Xe
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At matching multiplicity baryon-to-
meson ratios agree for Xe-Xe and
Pb-Pb

Radial flow independent of the
collision system

Radial flow decreases for
peripheral collisions

p-to-® ratio: less dependent on p;

=2 Particle mass drives radial flow
instead of quark content
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Hadron chemistry ALICE
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Hadron chemistry ALICE
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Hadron chemistry

Ratio of yields to (t*+m")
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Continuous evolution of particle production
throughout collision systems and energies

Strangeness production increases with
system size

Strangeness enhancement stronger with
increasing strange quark content
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Strangeness in multiplicity and energy classes

X to average charged-particle multiplicity (normalized to INEL>0) ratio vs.
multiplicity classes for given effective energy
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ALICE

effective energy
C. Oppedisano
T06: We. 10:30

Leading baryons are measured in the Zero
Degree Calorimeters (ZDC) |gading bar;gn

P o |
leading baryon

Energy available for particle production in the
initial state

Eeff: \/E_ (Eleading,1+Eleading,2)

Does strangeness production increase with
multiplicity independent of effective energy?
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Strangeness in multiplicity and energy classes ALICE

X to average charged-particle multiplicity (normalized to INEL>0) ratio vs.
effective energy classes for given the multiplicity
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high-p; hadron
Strangeness productlon In and out-of-jet ey ALICE
S- =
< u ALICE Prellmlnary m
= 0'018_ pp. \s=13TeV new [syst.error 73
™ 00181 h-= correlation, p** > 3 Gev/c Peetemer 3« Eand K are measured in the
= 0.014 PP — — . . . .
= - e Near-side jet - - -0f-
> SOiE T 207 el 0 o] E near-side jet and out-of-jet region
= m Out—of-jet 8 = . . .
=) e e i " —-| + Out-of-jet yield increases faster
0.008E " g/ < 1.2, -n/2 < Ap < 32 E w.r.t the near-side jet production
0.006- ‘ = vs. multiplicity
0.004F " = . . e
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high-p; hadron
Strangeness productlon In and out-of-jet ey ALICE
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0.006- ‘ = vs. multiplicity
0.004F " = . . e
0002 8 ] : . \ = > With increasing multiplicity
PR S S S out-of-jet component
Zx E e Near-side jet ALICE Preliminary E dominates total y|e|d
T 0.12F | g’ﬂ;g:ﬁ"’““gs pp, (s =13TeV
< - 075<Mnl<12,085<Ap<20 p-3cevic 1 o E-to-Kratio tends to increase with multiplicity
A — . . .
0 i Eﬁ:'<1.2,_n/z<m<3n/z q for out-of-jet and near-side jet component
0081 | [aystiener ﬁ - (with current precision not conclusive)
- ¢ stat. error ﬂ T ] )
0.06]- ; L 3« Out-of-jet processes are dominant
- L ¢ § H ] contribution to strange-particle production
oo o r
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Summary

« Mass ordering of the {p-) is consistent with radial-flow expectation
« Enhancement of p/m ratio at intermediate p; indicates collective motion

» Relative particle abundances are mostly dependent on charged-particle multiplicity
« Strangeness production is mostly driven by the final-state multiplicity

« QOut-of-jet (soft) processes are the dominant contribution to strange particle production

Michael Habib | EPS 2021 | 16



A Large lon Collider Experiment

Summary

« Mass ordering of the {p-) is consistent with radial-flow expectation
« Enhancement of p/m ratio at intermediate p; indicates collective motion

» Relative particle abundances are mostly dependent on charged-particle multiplicity
« Strangeness production is mostly driven by the final-state multiplicity

« QOut-of-jet (soft) processes are the dominant contribution to strange particle production

Thank you for you attention!
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Spectra of 1T, K, p in Pb-Pb at Vs, = 5.02 TeV

1/N,, &°N/(dp_ dy) [(GeV/c) ]

Spectra hardening with increasing centrality due to the collective evolution — Radial flow
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Resonances

Particle Yield Ratios
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ALICE Preliminary
¢ p-Pb ys, = 5.02 TeV

O Pb-Pb {5y, = 2.76 TeV
5 Pb-Pb s = 5.02 TeV
% Xe-Xe |syy = 5.44 TeV

ALICE
X pp Is=2.76 TeV

® ppVs=7TeV
* p-Pb |syy = 5.02 TeV

B Pph-Pb VSN =2.76 TeV
+ Pb-Pb VSNN =5.02 TeV
* Xe-Xe VSNN =5.44TeV

STAR
X pp Vs =200 GeV

% Au-Au sy = 200 GeV

— EPOS3

0 2 4 6 8 102 =14 16

1/3
(dN_/dn)

-- EPOS3 (UrQMD OFF)

Short-lived resonances (p°, Ko,
>+, /\(1520)) show suppression in
large systems

Rescattering in hadronic phase of
collision

Long-live resonances (® and =)
show no suppression

EPOS +UrQMD described the
trend qualitatively
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Strangeness in multiplicity and energy classes

Expected correlation between average charge particle multiplicity and effective energy
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Strangeness production in and out-of-jet ALICE

——r——— 7T
0.25[ ALICE Preliminary KS i
200 0 l
C pp, Vs=13TeV [ Jsyst. error 7
_ h—K3 correlation, p"% > 3 GeV/c ¢ stat. error il
0.2 T &
- e Near—side jet i
T |An] <0.75, |Ag| < 0.85 | 1
0.15—m Out—of-jet il
T 0.75<]An|<1.2,0.85< A9 <2.0 i
- o Full ! ,
0.1 A7l<1.2,-m/2 < Ap < 3n/2 s L]
E ) ]
005 5 I
C & . . » i ]
L riltee kb IR (S | retuss | ek BN ir e lISSsies) I pRIE liles ]
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K2 and E are measured near-side
jet and out-of-jet

Out-of-jet yield increases faster
w.r.t the near-side jet production
vs. multiplicity

= With increasing multiplicity
out-of-jet component
dominates
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A Large lon Collider Experiment

AP

Thermal model prediction
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ALICE

Hadron formation happens at
chemical free-out with ug and T,

as free parameter
T., = 153 MeV

Particle yields are described for
large mass range by the thermal
model
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