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« At sufficiently high temperature and 2

energy density, nuclear matter undergoes %
a transition to a phase in which quarks

and gluons are not confined:

the quark—gluon plasma (QGP).

Pre-Equilibrium
Glasma Phase (< 1)

* Such an exotic state of strongly interacting i
quantum chromodynamics matter is / \
produced in the laboratory in heavy nuclei / \
high-energy collisions, where an enhanced . .
production of strange hadrons is observed. Nuclei A and B before the collision
[
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Strangeness in QGP

Strangeness production is
considered as a signal of QGP
formation in nuclear collisions, as:

 NO strange valence quarks in the
initial state of the collision.

e Strange quark is sufficiently
light to be created during the
course of the collision and
participate in collective motion.
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Strangeness productionvia:
i) gluonic fusion (fig. a, b, )
li) quark —antiquark annihilation (fig.d)
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TIme Projection Chamber

VOA and VOC (TPC)
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ALICE (A Large lon Collider
Experiment) is dedicated to heavy-ion
physics at the LHC. It is designed to
study the physics of the QGP thanks to
its state-of-the-art PID technology and
high-precision tracking and vertexing.

Time Of Flight

(TOF) Inner Tracking System
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Extending to different collision
systems and energies
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* Ratio of strange to non-strange hadron yields
increases with charged-particle multiplicity -

podiit ¥
-> smooth evolution across different : J&W
collision systemsand energies. i
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* In high-multiplicity pp events strangeness

production rates are in remarkable agreement @* O pp, Vs =7TeV
ith th b din Pb-Pb d Xe-X B ALICE Preliminary ® pp,Vs=13TeV 7
wi o OS€ Observed In Fb-Fb and A€-A€ ¢ pPb, |5, =816 TeV O p-Pb, {5,y = 5.02 TeV
collisions. 108 X XeXe f5,y=544TeV (K2 5,Q) ¥ XeXe, |5y, =544 TeV (p, @)—
E M Pb-Pb, {5, = 5.02 TeV (Kg, A E,Q) M Pb-Pb,|s,, =502TeV (p, @) E
. - . 1 IIIIII| 1 1 IIIIII| 1 IIIIII| IIIII|
» Steeper increase for hadrons with a higher 10 102 103 10*
strangeness content: SE(Q) > SE(=) > SE(A,KOS) <chh/d'7>|n|< .

-> Strange content hierarchy.
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Extending to different collision :g, :
systems and energies &

e Ratio of strange to n
yields increase
multiplicity

-> smooth

collision

* |s the charged particle multiplicity
density a good scaling observable
among different systems to describe
particle production ?

* In hig Questions
produ to be
agreem * Is strangeness enhancement answeredin SN
and Xe-Xe persisting at higher multiplicities in pp Runs -5.02TeV (p, @)

collisions?
* Steeper increas

strange content: SE(Q) >
-> Strange content hierarchy. Maria Barlou, ICNFP 2023, Crete 10-23 July 2023
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Mean <p> & Total Yields: Small ->  Large System
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*2 - o p-Pb,|s5,=502TeV, Phys.Lett.B 728 (2014) 25-38 S = *  p-Pb,|s,=5.02 TeV, Phys.Lett.B 728 (2014) 25-38
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10 = *  Preliminary, Pb-Pb, | s,,= 5.02 TeV g
= g B8
B . L E '
: ' i ﬂ
e o l hﬂ g
- A+A W
- & 05<y<0 ¥ =
- . ~|»stat. 1 q i -05<y<0
10 ' J [I syst. I - stat
- _ _
- i |:] syst.
B I:I syst. uncorr. i [ ]syst. uncorr.
1072 | | ||II|I| | | I|I|II| | | IIIlI\l | 1 1 lllllll 1 1 llll]ll 1 1 lllllll 1
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dN _ /d
{ ch n>|n|<0.5 (d Nch/d 77>Inl<0.5
Continuity across multiplicity is verified for yields. Yet, p; spectra are affected by collective motionin

large systems.
-> The trend is not universal.
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Baryon to meson ratio: Small -> Large System
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~ - [~ VoM Class|, (N_/dy=213 "} [—=— 0-5%, (dN_/dn)=45. T |Pb-Pb ys,, =5.02TeV
< 1.8F == VoM Class X, (dN_/dn)=2.3 T [==—] 60-80%, (dN_/dn) = 9.8 T = 0-5%, (dN_/dn) = 1942.5
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* Enhancement of baryon over meson ratio atintermediate p; across different collision systems.
* Intermediate p;: Bump whose peak drifts from peripheral to central -> Expected in Radial Flow
& described by recombination models. High p:-> consistency between the 3 systems.
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Baryon to meson ratio: Small -> Large System

cm2.2_||||||| 1 1 T T T T 1] I LI || | | IIIIII| I IIIIII| I I 1T T 1T
4 - ALICE Preliminary[pp Ys =7 TeV ALICE|p-Pb s, = 5.02 Teu ALICE Preliminary
—  E=—] VOM Class I, (dN_ /dn) = 21.3 - L\ — 45 1 Pb-Pb {s,, = 5.02 TeV
< 1.8L == VOM Class X, (dN_/dn) = 2. === 0-5%, (dN_ /dn) = 1942.5
; 65 (VOM Multiplicity Cla S<] 70-80%, (dN_/dn) = 44.9
b * How constistent are the heavy-ion and
; 25_ pp ratios at high and low p; ?
3 . .
0.6F * |sthere a sharp change in behaviour H
0.6C between pp and peripheral heavy-ion =
0.4F collisions? +H
0.2F %ﬁ
ot L * |sthe effect energy dependent? T

* Does it saturate?
 Enhancement of baryon over meson ross different collision systems.

* Intermediate p;: Bump whose peak drifts from peripheral to central -> Expected in Radial Flow
& described by recombination models. High p:-> consistency between the 3 systems.
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Baryon to meson ratio:
Small ->  Large System

e Ratios depend on multiplicity in a remarkably
similar manner for all collision systemes,
despite differences in energy and collision
geometry.

* [sthis behavior connected to hard or soft
processes such as in jet or out-of-jet
processes?
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Phys. Lett. B 827,136984
(2022)
Ba ryo n tO m eSO n ratio arXiv:2211.08936 (2022)
O L L
in and out of jets T ALGE pp {5 - 13 TV
-
jet axis 8 * Inclusive
@ .ul o Perp. cone
ist cone - v Particle in jets
D cs X
= < o . '
o —
g A+ A
M Particle |n| < 0.75 2Kg

particle of interest

4 6 8 10 12

p. (GeV/c)
=1 . . . .
wa * The enhancementis observed in UE, but is very much reduced in jets.
o e Similar situationin p-Pb collisionsat 5.02 TeV.
\\\\ -> The baryon-over-meson enhancement emerges
arXiv:2203.13416v 1 ) from transverse-to-leading processes.
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to leading N

Larger contribution of out-of-jet processes on strange and

multi-strange hadron production.

No centre-of-mass energy dependence.

Maria Barlou, ICNFP 2023, Crete 10-23 July 2023



Stra

NKg/Ntrigg 1/(A7T A(p)

NE/Nlrigg 1/(/—\77 A@)

ngen

ess in and out of jets

: T | T T T T | I I T T T 1 T T T I T T :
0.45F ALICE Preliminary [ Jsyst. error 3
E , stat. error =

0.4 h-K correlation, p:'gg >3 GeV/c ¢ =
0355_ ¢ pp,\s=13TeV 3
Yt e Toward leading pp, 1s=502TeV 13
0.3 |An| < 0.75, |Ap| < 0.85 . =

= m Transverse to leading $ 3
0.25F 0.75<jAn<1.2,0.85<Ap<2.0 3 & =
= ¢ Full =
0-2; A7 < 1.2, -u/2 < Ap < 31/2 E
0.15F s —
= T =
0.1= R () —=
0.055— ‘ ° . & & ° e o e 3
PN BN B P e 1 3

0 5 10 15 20 25 30 35 4

- LA L L B B N BB B L | T L T ]

= ALICE Preliminar [ lsyst error 5
0.035¢- V ¢ stat.error
- —_ . trigg . .

- h-Z correlation, p ™" > 3 GeV/c .
0.03 ¢ pp,1s=13TeV —
- e Toward leading op, 1S = 5.02 TeV -
0.025— |An| <0.75, |Ap| < 0.85 ’ ' —
E m Transverse to leading ') 3
0.02- 075</Ap/<1.2,085<Ap <20 —
= o Full 2 ! ]
0.015F Al <1.2,-n/2 < Ap < 3n/2 4
- ) =
0.01:— . » -
= ] =
0.005: " . =
S T TR L S . S A D

0 5 10 15 20 25 30 35 4

(N, /d 77>\n|<o.5

= [ elwiwm,  AUCEPeimnay
2[1] 0.12— m Transverse to leading png>3GeV/c —
i 0.75<|An7| <1.2,0.85 < Ap < 2.0 ¢ PP, \s=13TeV i
| & Ful 1
0.4  Anl<t2-w2<Ap<3w2 pp. 1s=502TeV |
- ;lsysl.error i
0.08 N stat. error N
B i iy ! ! ]
B ﬂ & ﬁ H i
0.06_— ? B
-t o ﬁ $ ﬁ ¢ t ]
0'04; * % _i
”é i & H -- pol0 fit & _'
T * """ ﬂ """""" % 4 [ i
0 5 110 115 2b 25 3JO 3I5 40
<chh/dn)\rj\<0.5
* Larger contribution of out-of-jet processes on strange and
multi-strange hadron production.
* No centre-of-mass energy dependence.
N Toward leading and transverse to leading processes are
consistent in strangeness enhancement.
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&

ALICE
HE UPGRADED ALICE

In order to answer the questions discussed above ALICE has now achieved:
* Higher luminosity (multiplicity in pp events reaches the multiplicity of central Pb-Pb'events)
e Higher Interaction rates ( “50kHz in Pb-Pb collision)

* Excellent resolution to lower p;
* Improved statistics

Multi-differential analysis is taking place in order to show that:

* thereis a unified picture of particle production and QCD mechanisms from small (pp, p-
Pb) to large (Pb-Pb) systems, or

* new mechanisms are important in heavy ion collision.
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Improved pointing resolution

THE UPGRADED ALICE
* Increased readout rate

Detectors * Larger data collection
e Greater background supression

New Inner Tracking System (ITS) New Fast Interaction Trigger (FIT)  Upgraded Time Projection Chamber (TPC)
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THE UPGRADED ALICE
Performance

By

ALICE Performance
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Summary & Expectations

eStrange hadron yields increase with charged-particle multiplicity density, regardless of the collision
system or the center-of-mass energy.

*Several features observed in large collision systems and explained as due to the formation of the QGP
or collective phenomena are also observed in the small systems.

Studies in ALICE RUN 3 results expect to:
 demonstrate whether strangeness production in huge multiplicity pp collisions saturates at the
thermal equilibrium that is reached in Pb-Pb collisions or continues to increase.

e understand the mechanisms responsible for the behavior in small systems.



Thank you




BACKUP
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Strangeness Enhancement:

1rst observation in pp collisions

B ALICE
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Strangeness hadron production:

 dependson charged particle multiplicity rather than
in the initial collision system or center-of-mass energy.

* |s proportional to the strangeness contentin

the hadron.

Strangeness
enhancement has
been observed at SPS,
RHICand LHC in large
collision systemes.
The
unprecedented
observation of
enhanced production
of multi strange
hadrons in high-
multiplicity pp
collisions with the
ALICE
experiment showed
that strangeness
enhancement is not an
exclusive feature
of heavy ion collisions.

—
Dl

Ratio of yields to (n*+n-)

1073
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Strangeness Enhancement:

1rst observation in pp collisions

The pT spectra become harder as the
multiplicity increases, with the hardening
being more pronounced for higher-mass
particles.

A similar observation was reported for p—
Pb collisions, where the results are
consistent with the appearance of
collective behaviour at high multiplicity.

In heavy-ion collisions these observations
are successfully described by models
based on relativistic hydrody-namics.

In this framework, the pT distributions are
determined by particle emission from a
collectively expanding thermal source.
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Transverse
momentum
spectra in
elementary
interactions are
affected by
partonic
collectivity even
when only few
particles are
produced at
midrapidity.
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Current Analysis close to finalization:

Strangeness Production
in Pb-Pbat5.02 TeV

N and KOs:

v are the lightest baryon and meson
respectively.

v’ they decay only through weak interaction.
Thus,

v’ they have distinctive decay topologies,
separated from the primary vertex.

v are identified via the topology of V° :
neutral particle decayingweakly into a pair
of charged particles (V-shaped decay).

Kg — gt +x

AN — p@+7 (nh)

VOs Reconstruction with ALICE
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Preliminary:
Strangeness Production
in Pb-Pb at5.02 TeV
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