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Feb 10, 2000:

“...The data provide evidence for colour
deconfinement in the early collision stage and
for a

collective explosion of the collision fireball in its
late stages. The new state of matter exhibits
many of

the characteristic features of the theoretically
predicted Quark-Gluon Plasma.”

“The higher energies of RHIC and LHC are
needed to complete the picture and provide a
full

characterization of the Quark-Gluon Plasma.”
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Feb 10, 2000:

“...The data provide evidence for colour
deconfinement in the early collision stage and
for a

collective explosion of the collision fireball in its
late stages. The new state of matter exhibits
many of

the characteristic features of the theoretically
predicted Quark-Gluon Plasma.”

“The higher energies of RHIC and LHC are
needed to complete the picture and provide a
full

characterization of the Quark-Gluon Plasma.”

RHIC's results:
 observation of strong “elliptic” flow (Phys.Rev.Lett 86:402-407,2001)

 observation of jet quenching (suppression of hadrons with large pT,
Phys.Rev.Lett.88:022301,2002)

22nd International Symposium on Very Hi

09.07.2024 /



https://indico.cern.ch/event/1323265/
mailto:mario.rodriguez@correo.buap.mx

Signhatures of the QGP formation

Some signatures of the QGP in

Heavy-ion collisions:

 Collective flow: radial and
anisotropic

e Long-range angular
correlations (hydrodynamical
evolution of the medium)

e Suppression of high pT
hadrons (energy loss of
partons in the medium)

 Enhancement of thermal
photons and dileptons due
to the emission from the
plasma
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Signatures of the QGP formation
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LHC results

L HC's results

» observation of long-range, near-side angular correlations in PbPb
and pPb collisions (Phys. Lett. B (718) 795-814 )

 hot and dense matter created in HIC behaves like a fluid with
almost zero friction (constrain on n/s, PRL 105, 252302 (2010))

* enhanced production of multi-strange hadrons in high-multiplicity
p-p collisions (proton collisions present similar patterns to those
observed in HIC, doi:10.1038/nphys4111)

- angular correlations in photo-nuclear ultra peripheral Pb+Pb
collisions (26/01/2021, https://arxiv.org/pdf/2101.10771.pdf)
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Jet-quenching
(Bjorken, 1982)

22nd International Symposium on Very Hi

,_— JJJJ & L '\_7’:' |

1 T  pn g e e ——

» d+Au FTPC-Au 0-20%

" * Au+Au Central

/Ny gger AN/A(AG)

* * * 2

0.2 . -
- ,b — p+p min. bias ﬁrln »

O.IP ' I 4
> J’ .- Mw. »
4 * A | z
ow ........ *gfm *%;1’&4&

+

- ‘ 0‘ ‘ A 2 ‘ 3
Phys. Rev. Lett. 91 (2003) 072304

Phys. Rev. Lett. 97 (2006) 162301 A ¢ (radians)

Indication of jet quenching:

Suppression of high p; particles
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Discovery

® The first LHC Discovery (pp, Sept 2010)

= long range rapidity 'ridge' in 2-particle correlations
@ visible in the highest multiplicity pp collisions
& arguably still the most unexpected LHC discovery

pT<3.0GeVIc

'Away Side JET'

If we are here today it is because we didn’t succeed to kill it.

We have therefore submitted the paper to expose our findings to the scrutiny

of the scientific community at large.

G. Tonelli, CERN/INFN/UNIPI

CERN LPCC/EP/PP SEMINAR September, 21 2010

Cosmic Ra
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'Near Side JET'
v | g Particles That Flock:
4 | 3l Strange Synchronization
"2 Behavior at the Large
I Ha,dmn Co‘lider Scients fic American February (2011)
Scientists at the Large Hadron Collider are trying to solve a
I puzzie of their own making: why partides sometimes fly in

sync
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ALICE Collaboration

40 countries, 169 institutes, 2006 members

ALICE

22nd International Symposium on Very Hi ' ' 09.07.2024 /


https://indico.cern.ch/event/1323265/
mailto:mario.rodriguez@correo.buap.mx

ALICE main goals

« ALICE is optimized to study the collisions of
nuclei at the ultra-relativistic energies

provided by the LHC.

 The aim is to study the physics of strongly
interacting matter at the highest energy
densities reached so far in the laboratory. In
such conditions, an extreme phase of matter -
called the quark-gluon plasma (QGP) - is
formed

« The ALICE detector was specifically designed SN e A
to study the QGP created at LHC energies. W A e ﬁ‘g
N Wt - RN

e y
s ALICE .g!’i
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ALICE setupin Run1 & 2
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EMCal | Electromagnetic Calorimeter

HMPID | High Momentum Particle
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ALICE setupin Run1 & 2
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2.8<m<5.1(VOA) and-3.7<n<1.7 (VOC) ALICE
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ALICE setupin Run1 & 2
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ALICE setupin Run1 & 2
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PID for high momentum charged particles
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ALICE setupin Run1 & 2
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PID using the time of flight of charged particles
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Time line / Outline

Run 1 (2009-2013) =>pp, pPb and PbPb

ALICE 1
Run 2 (2015-2018) = pp, pPb, XeXe and PbPb
\ " Run 3 (2022-2025)
ALICE 2 M@l o022 pp, pPb, pO, 00 and PbPb High
' . luminosity for
| (2029-2032) o
Run 4 -
ALICE2.1 op, pPb, and PbPb
HL-LHC
i | Run5(2035-)

ALICE
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ALICE publications and collected data
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ALICE’s contribution so far

CERN-EP-2022-227
27 October 2022 %

The ALICE experiment:
A journey through QCD

22nd International Symposium on Very Hi

Elliptic flow of charged particles in Pb-Pb collisions at 2.76 TeV

ALICE Collaboration - K Aamodt (Bergen U.) et al. (Nov, 2010)
Published in: Phys.Rev.Lett. 105 (2010) 252302 - e-Print: 1011.3914 [nucl-ex]

Long-range angular correlations on the near and away side in p-Pb collisions at ,/syny = 5.02
TeV

ALICE Collaboration - Betty Abelev (LLNL, Livermore) et al. (Dec, 2012)
Published in: Phys.Lett.B 719 (2013) 29-41 - e-Print: 1212.2001 [nucl-ex]

Centrality dependence of 7, K, p production in Pb-Pb collisions at /syny = 2.76 TeV
ALICE Collaboration - Betty Abelev (LLNL, Livermore) et al. (Mar 4, 2013)

Published in: Phys.Rev.C 88 (2013) 044910 - e-Print: 1303.0737 [hep-ex]

Centrality dependence of the charged-particle multiplicity density at mid-rapidity in Pb-Pb
collisions at \/syny = 2.76 TeV

ALICE Collaboration - Kenneth Aamodt (Bergen U.) et al. (Dec, 2010)

Published in: Phys.Rev.Lett. 106 (2011) 032301 - e-Print: 1012.1657 [nucl-ex]
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ALICE’s contribution so far

CERN-EP-2022-227
27 October 2022 %

ALICE

The ALICE experiment:
A journey through QCD
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Enhanced production of multi-strange hadrons in high-multiplicity proton-proton collisions
ALICE Collaboration - Jaroslav Adam (Prague, Tech. U.) et al. (Jun 23, 2016)
Published in: Nature Phys. 13 (2017) 535-539 - e-Print: 1606.07424 [nucl-ex]

Production of charged pions, kaons, and (anti-)protons in Pb-Pb and inelastic pp collisions at

A/SNN =5.02 TeV

ALICE Collaboration - Shreyasi Acharya (Calcutta, VECC) et al. (Oct 16, 2019)
Published in: Phys.Rev.C 101 (2020) 4, 044907 - e-Print: 1910.07678 [nucl-ex]

Measurement of D, D™, D** and D, production in Pb-Pb collisions at /sy = 5.02 TeV

ALICE Collaboration « S. Acharya et al. (Apr 24, 2018)
Published in: JHEP 10 (2018) 174 - e-Print: 1804.09083 [nucl-ex]

Multiplicity dependence of (multi-)strange hadron production in proton-proton collisions at
\/8=13TeV
ALICE Collaboration - Shreyasi Acharya (Calcutta, VECC) et al. (Aug 5, 2019)
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ALICE’s contribution so far

CERN-EP-2022-227
27 October 2022 %

ALICE

The ALICE experiment:
A journey through QCD

22nd International Symposium on Very Hi

Measurement of anti-3He nuclei absorption in matter and impact on their propagation in the

Galaxy

ALICE Collaboration - Shreyasi Acharya (Calcutta, VECC) et al. (Feb 3, 2022)
Published in: Nature Phys. 19 (2023) 1, 61-71 - e-Print: 2202.01549 [nucl-ex]

Prompt D?, D*, and D** production in Pb—Pb collisions at /sny = 5.02 TeV

ALICE Collaboration - Shreyasi Acharya (Calcutta, VECC) et al. (Oct 18, 2021)
Published in: JHEP 01 (2022) 174 - e-Print: 2110.09420 [nucl-ex]

Study of cosmic ray events with high muon multiplicity using the ALICE detector at the CERN
Large Hadron Collider

ALICE Collaboration - Jaroslav Adam (Prague, Tech. U.) et al. (Jul 27, 2015)
Published in: JCAP 01 (2016) 032 - e-Print: 1507.07577 [astro-ph.HE]
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ALICE’s contribution so far

What does the Standard Model have to say about the
plausibility of the existence of the QGP?

Are there emergent phenomena that arise from high density
QCD?

Does the QGP behave as a gas or a liquid? How quickly does it
expand?

What happens to the QGP when it is excited by the presence
of large momentum/mass quarks or gluons?

How do QGP constituents react to the enormous
electromagnetic fields created by heavy-ion collisions?

Are the extremely high energies at the LHC sufficient for the
formation of the QGP in proton-proton collisions? (small
systems)

How do the hadrons that emerge in the dense medium after
the transition from QGP to normal matter interact between
themselves?

What can we learn from these studies regarding the
properties of the extremities in the Universe, such as the core
of neutron stars?

22nd International Symposium on Very Hi
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Particle identification with ALICE

ALICE has excellent tracking and PID capabilities
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ALICE’s results on elliptic flow

The azimuthal dependence for the particle yield can be written in the form

of a Fourier series: E: energy of the particle
’ . . p: momentum
Ed3N _ 1 dN (1 + Y 2v,cosn(¢ — ‘IIR)]). pr. transverse momentum
d°p 2mpdpdy\ [ ¢: azimuthal angle

Yr: reaction plane angle
vn: differential flow (vi, directed flow
and vz elliptic flow)

participants 'projectile
<
Qo
>
j i E (‘Q\
6.00
>

3
A
B4

* Flow provides information on the equation
state and the transport properties of matter
created in a heavy-ion collision.

* Azimuthal anisotropy in particle production 4
is the clearest experimental signature of ¥
collective flow.

<
 Elliptic flow depends on the ratio of shear x.b : " <
viscosity to entropy ratio: n/s. ; =t
 Measurements of elliptic flow at RHIC I
revealed that hot and dense matter created
in the collision there flows as a good fluid defined by the beam
(almost no friction) axis zand the impact %
parameter direction ALICE
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ALICE’s results on elliptic flow

o 0.2 T T T T T
0.1F S
- o® 1 The measurements from ALICE show that the
- o® oMy, i E{jm 4 elliptic flow of charged particles increases by
0.08 n . Uﬁ’ "1 about 30% compared with flow measured at
- <1 RHICat0.2TeV.
0.06 — ] —
i o V{2 i
004l °° 2 zzgi(same charge) 1 This result indicates that the hot and dense
B = - v§{4} (same charge) 4  matter created in HIC behaves like a fluid with
o® ¢ V,{q-dist} 1 almost zero friction = strong constraint on the
s V,{LYZ} —
0.02 %—ﬁ vz{EP} STAR 1 temperature dependence of n/s.
3 v,{LYZ} STAR .
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Phys.Rev.Lett. 105 (2010) 252302
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ALICE’s results on elliptic flow ot

Phys.Lett.B 719 (2013) 29-41

ALICE
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Azimuthal correlations in high-multiplicity pPb collisions exhibit
a long-range structure at the near side (A¢ = 0). This ridge-like
structure is qualitatively similar to that observed in pp collisions
at v/s = 7 TeV (JHEP 09 (2010) 091) and in AA collisions over a
broad range of center-of-mass energies
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ALICE’s results on elliptic flow

TRIGGER: 2~ (ssd) or E* (ssd)

ASSOCIATED PARTICLE:
K~(us), A (uds), ...

Zs«p/'

ALICE pp Vs =13 TeV
0.8< p‘Trig <12 GeV/c

(E"K* + E*K)/2

0.2 < p2se° < 3 GeV/c T

04/06/2024

22nd International Symposium on Very High Energy Cosmic Ray Interactions (ISVHECRI 2024)

% 0.45[- ALICE pp Vs = 13 TeV, minimum bias

= F =K

9— [

5 0.4:—|Ay|<1 OS:E—K++C C

3 SS="K  +c.c
20.35 EEIE]

< (=]

(=]
&7

Chiara De Martin - SQM 2024

Vs

https://indico.in2p3.fr/event
S.S O.SALICE [/29792/contributions/13715
m mPYTHIA8 Monash  6/attachments/85074/1272
m mEVTHIAS “F’g%r;gcé'scms 69/SQM2024 ChiaraDeMart
= hERWIG in.pdf
OS = correlation between

particles with opposite-sign
S quantum number

SS = correlation between
particles with same-sign

S quantum number From SQM 2024

| 0OS -SS to isolate quantum-

number dependent
correlation and remove flow
and (mini-)jet correlations

arXiv:2308.16706 %

ALICE

09.07.2024 /


https://indico.cern.ch/event/1323265/
mailto:mario.rodriguez@correo.buap.mx
https://indico.in2p3.fr/event/29792/contributions/137156/attachments/85074/127269/SQM2024_ChiaraDeMartin.pdf
https://indico.in2p3.fr/event/29792/contributions/137156/attachments/85074/127269/SQM2024_ChiaraDeMartin.pdf
https://indico.in2p3.fr/event/29792/contributions/137156/attachments/85074/127269/SQM2024_ChiaraDeMartin.pdf
https://indico.in2p3.fr/event/29792/contributions/137156/attachments/85074/127269/SQM2024_ChiaraDeMartin.pdf
https://indico.in2p3.fr/event/29792/contributions/137156/attachments/85074/127269/SQM2024_ChiaraDeMartin.pdf

ALICE’s results on elliptic flow
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0350 EE‘EI PYTHIAS8 (string hadronization model)
2 [ = — predicts SE if ropes/junctions are included

HERWIG (cluster hadronization model)
— qualitatively predicts SE with baryonic ropes mechanism

\—) ss are produced in pairs and remain correlated in final state /

From SQM 2024

KEPOS LHC (core-corona model) )
o — describes SE as an increase of the “core” part (thermalised medium
/ | / ¢ {rag) with global strangeness conservation) wrt “corona”(string-breaking)
OS correlation attributed to s§ pair — decorrelation of s quarks
No SS near-side peak (no shared qq) \ / %
[ | HERWIG
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ALICE’s results on elliptic flow
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ALICE’s results on elliptic flow
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Multiplicity dependent < p; > increases in pp systems with a steeper trend for higher hadron
masses supporting the picture of a collective evolution in small systems (similar to radial flow)

» s-quark is sufficiently light to participate in the collective motion

Roman Nepeivoda SQM 2024 - Strasbourg 6
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ALICE’s results on strangeness

Strangeness originally proposed as a signature of QGP

- Enhanced production of strangeness in lead-lead collisions is
considered as a signature of quark-gluon plasma (QGP)
—> not expected in pp collisions
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ALICE’s results on strangeness
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ALICE’s results on strangeness

Strangeness originally proposed as a signature of QGP
- Enhanced production of strangeness in lead-lead collisions is

considered as a signature of quark-gluon plasma (QGP)
—> not expected in pp collisions

» the yields of strange hadrons increase with the charged particle
multiplicity following a power law behaviour

* thetrendisthesameat7 TeVand 13 TeV
» the abundance of strange hadrons depends on the local charged

particle density and turns out to be invariant with the collision
energy,

22nd International Symposium on Very Hi

1072E

1073

B T T T T 11T] | | ]
ALICE pp, Vs = 13 TeV
f pp, mult. dependent VOM: —+ stat. :
L & (s=13TeV [ syst. 2
| ¥ Vs=7Tev syst. uncorr. 0 |
B ' Ks _
o,
— pp, inclusive INEL > 0: 2 . “ A —
E 4 (s=13Tev 5® o ® " .
[ 4 (s=7Tev L ol 7
L. @ ™ o
L (
i 7 . m"’ _ ]
w® vy lon
= (. 7=
: w® oY .
B " v L ]
B . * i
B " i
® Q

: ) ) E
B w 0" 3
- M -
B @ & ]
: Mo -
i L Lol ! ! i
1 10

(dN ch/ d 77>|n| <05
ALICE, Eur.Phys.J.C 80, 167 (2020)

09.07.2024 /



https://indico.cern.ch/event/1323265/
mailto:mario.rodriguez@correo.buap.mx

Multiplicity dependent < pr > of strange particles
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e the production rate of K2, A, ¢, E, and  increases with mul-
tiplicity faster than that for charged particles;

e the higher the strangeness content of the hadron, the more pro-
nounced is the increase;

e the ratios do not seem to depend on the system size or collision
energies.
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ALICE’s UPC

* The photo production of vector mesons can . .
Ny be studied in ultra peripheral collisions (UPC) @ Coherent process: photon interacts with the

at LHC. entire ion (all nucleons). In most of the
. « UPC occurs if b > Ra+Rs —> the photons and cases there are not neutron emission (80%)
[ . Ry nuclei can interact in several ways.
b>R #Ry - « Hadronic interactions are suppressed: only * |ncoherent Process: the phOtOﬂ Interacts
, HAN ane interactions mediated by the strong with single nucleon (most of the times the
m_— 7 ellectromagnetlc flelfj behaving as a flux of ) )
virtual photons possible. target nucleus dissociates)
« LHC is used as a photon collider. = PbvPb = PbePbedly (o S276ToV  a) |
_: ) S el » ALICE Coherent Jiy
he AB-MSTWO08 model, which assumes that the forward scattering cross = f ______ﬁii.';f‘."é.fv P ., Reflected
section scales with the number of nucleons squared, disagrees with the R Frwac SN ;
measurement, both for the value of the cross section and for the ratio of i ',.-/',_~:x,
the two rapidity intervals, and is strongly disfavoured. STARLIGHT A: i
deviates by nearly three standard deviations in the cross section and is 2k
also disfavoured. Best agreement is found with models which include E
nuclear gluon shadowing consistent with the EPS09 or EPS08 BB A | -
parameterizations ’ " ' v IR

Physics Letters B
Volume 718, Issues 45, 29 January 2013, Pages 1273-1283 ﬂ LICE
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* The photo production of vector mesons can . .
Ny be studied in ultra peripheral collisions (UPC) @ Coherent process: photon interacts with the

at LHC. entire ion (all nucleons). In most of the
. « UPC occurs if b > Ra+Rs —> the photons and cases there are not neutron emission (80%)
[ . Ry nuclei can interact in several ways.
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ALICE’s UPC
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$ Devoted to the study of the nuclear matter created in heavy ‘an colllsmns (HIC)

® Several particle identification techniques: time of flight, Cherenkov, dE/dx
® Main results

® Hot and dense matter created in HIC behaves like a fluid with almost zero
‘ friction (Phys. Lett. B (718) 795-814)

® Enhanced production of multi-strange hadrons' in high-multiplicity p+p‘
collisions (Nature Phys. 13, 535-539 (2017)). Proton Collisions behaves S|m|Iar
to HIC.

® Study of cosmlc ray events wrth hlgh muon muIt|pI|C|ty (JCAP 01 (2016) 032)
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ALICE’s results on multi-muon events
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We find a smooth distribution up to #u <70 and 5 events
with more than 100 atmospheric muons (HMM)
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ALICE’s results on multi-muon events

O O
CORSIKA 6990 | CORSIKA 7350 ALICE results on Cosmic Ray Physics
HMM events QGSIJET I1-03 QGSJET II-04 | Data
proton iron proton iron 2 T
_ ©10° -  JCAP01(2016)032 ALICE

Period [days per event] 155 8.6 11.6 6.0 6.2 B

Rate [x 1076 Hz] 0.8 1.3 1.0 1.9 1.9 S ‘°6

Uncertainty (%) (syst + stat) 13 16 8 20 49 féw

3 10° + Data
Pure iron sample simulated with QGSJET 1I-04 model reproduces HMM event rate in - _ 10° " » Uncertainties: syst, + stat.
close agreement with the measured value. 10° "
102 e
Independent of the version model, the rate of HMM events with pure proton cosmic- E
ray composition is more difficult to reproduce. L *** }ﬁ 1} § T ‘ ) '
1 1 1) 1. .1 i
This result is compatible with recent measurements which suggest that the 5 £ o7 ET s St 300
composition of the primary cosmic-ray spectrum with energies larger than 106 eV is Number of muons
dominated by heavier elements: Phys. Rev. Lett. 107 (2011) 171104. We find a smooth distribution up to #u < 70 and 5 events
with more than 100 atmospheric muons (HMM)
O O
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ALICE’s results on multi-muon events

JCAPO01(2016)032

» In 30.8 days (Run 1 data), ALICE collected 5 events with more than
100 muons.

* In ALICE’s cosmic paper, we reported that the frequency of such kind
of events can be reproduced with the QGSJET I[I-04 hadronic
interaction model (tuned with LHC data).

* These events are originated due to EAS from primary cosmic rays
whose composition is dominated by a heavy component (Fe) with
energies larger than 1016 eV.

» The core of the EAS is located very close from the ALICE at LHC with
a zenith angles less than 50 degrees.

» This result may put significant constraints on alternative, more exotic,
production mechanisms (e.g. QGP in cosmic ray showers
Astropart.Phys.17:355-365,2002).

ALICE
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ALICE’s results on multi-muon events

some theoretical work: ApJ 839, 31 (2017) From Maciej Rybczyriski, ISMD 2017
106 ! * T : = y
3 Fsou/Fror ~24-10° " :
Strange quark matter ; ''''' - F(‘
10* & —— SQM -
Roughly equal numbers of u, d, s quarks in a single ‘bag’ of cold hadronic matter. = - ‘1& -
> 3
: 2 |\ ¥ ]
A 10 ApJ 839, 31 (2017)
. 1 | e — I._“; e T — _
P Mentmsnesncamsacisy | |
. ALICE
10°° 1 L ’
0 50 100 150 200 250 300
Nucleus (12C) Strangelet* -\-/l
7":(” ,\:1_2 A=lz (3_6 quarks) Integral multiplicity distribution of muons for the ALICE data (circles) published in JCAP 01
SN AmERe (2016) 032. Monte Carlo simulations for primary protons (dotted line); iron nuclei (dashed
From Maciej Rybczyriski, ISMD 2017 dot line) and primary strangelets with mass A taken from the A7 distribution (full line)

with abundance of the order of 2 - 10 of the total primary flux.

*small lump of Strange Quark Matter

ALICE
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Run 2 data sample

2015: 33.9 dayS The paper is under collaboration review (round 1)
2016: 8.4 days

2017: 7.7 days
2018: 12.5 days
Total: 62.5 days (~ 165 millions events, mostly single-muon)

A comparison with the predictions given by EPOS-LHC, SIBYLL and QGSJET-II-04 was done with the new

ALICE data
ALICE
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The paper is under collaboration review (round 1)
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O ALICE data, Run 1
ALICE data, Run 2
EPOS-LHC: Fe
EPOS-LHC: p

QGSJET-11-04: Fe

QGSJET-II-04: p
SIBYLL: Fe
SIBYLL: p
l l ,
5 10 15
The paper is under collaboration review (round 1) Days per event
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LHC conditions for heavy ions: S
v
< 200
* High Temperature v
 Low chemical potential =
* Large heavy-flavor yields 8'100 e
qE) point?
=t Hadron gas /)&5}'0 ]
) ) 50 | % . Color —
5 matter ‘ 4
- ' o'A./..|...|...|...|\,-.|..J|...|..;
* Precision measurements of dilepton spectra (QGP o 200 400 600 800 1,000 1,200 1,400 1,600
evolution) and heavy-flavour probes (transport properties) Baryon doping, g (MeV)

e Charmed baryons and exotic states (transition from QPG
to hadrons) o e c/b

« Systematic measurements of different collision sytems
(collectivity in small systems) \/ G

« High-multiplicity pp collisions and intermediate systems
(pO, O0) > onset of collective behaviour

c/b
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LHC conditions for heavy ions: S
S 200
* High Temperature v
 Low chemical potential = TS0l
» Large heavy-flavoryi o |
arge heavy-flavor yields 2 b 4
_ point?
: H d /)‘S\/é(- T
Observables Kinematic range 50 L adron gas Nuclear ’O,) Color N
Y superconductor
Heavy-flavour hadrons pr — 0, / acuim matter e |
|n| < 4 O Y 1 1 L I 1 1 1 I 1 L 1 I 1 1 L I Nﬂ I 1 L | I 1 L 1 I L 1 I;
0 200 400 600 800 1,000 1,200 1,400 1,600
Dielectrons PT ~ 0.05 to 3GCV/C, Baryon doping’ U (MeV)
M, ~ 0.05 to 4GeV/c?
Photons pr ~ 0.1 to 50GeV/c,

—2< n < 4 4 o e m
Quarkonia and exotica pr — 0,

In| < 1.75 &
Ultrasoft photons pr ~ 1to 50MeV/e, ? (c

3<n<S °
Nuclei pr— 0, c/b

In| <4

ALICE

22nd International Symposium on Very High Energy Cosmic Ray Interactions (ISVHECRI 2024) 09.07.2024 /


https://indico.cern.ch/event/1323265/
mailto:mario.rodriguez@correo.buap.mx

ALICES3

E ALICE 1
=
> ALICE
Q
% ALICE 2
= ) Run3
o %ALICEZ ALICE 2
E 10 ALTCE Run 4
(44}
: \ ALICE 2.1
g
3 ®
3 ALICE 3
(¢]1]
=
£ ALICE 3
8 1
1 10 100 1000

Acceptance (An)X Pb-Pb interaction rate (kHz)
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ALICES3

—~ 100
= ALICE 1
C ®
> ALICE
W
8 \ ALICE 2
g @ Run 3
o % ALICE 2
E 10 ALICE RUI’I 4
4y}
0
5
v ALICE 3
0o
£
=
o 1
a
1 10 100 1000

Acceptance (An)X Pb-Pb interaction rate (kHz)
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System gpmonth  gpRun5+6
pp 0.5fb~! 18 fb~!
pp reference 100pb~! 200 pb™!
A-A
Xe—Xe 26nb~!  156nb~!
Pb-Pb 5.6nb~!  33.6nb™
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Component Observables Barrel (|n| < 1.75) Forward (1.75 < |n| < 4) Detectors

Vertexing (Multi-)charm Best possible DCA resolution, Best possible DCA resolution, retractable Si-pixel tracker:
baryons, opca ~ 10um at opca ~ 30um at Opos ~ 2.5um,
dielectrons pr =200MeV/e,n =0 pr =200MeV/e,n =3 Ry, ~ 5mm,
X /Xo =~ 0.1% for first layer
Tracking (Multi-)charm Opr /pr=~1—-2% Silicon pixel tracker:
baryons, Opos ~ 10um,
dielectrons, Rout = 80cm,
photons . .. L~ 44m
X /Xo =~ 1% per layer
Hadron ID (Multi-)charm n /K / p separation up to a few GeV/c Time of flight: G, &~ 20ps
baryons RICH: n ~ 1.006 — 1.03,
Op ~ 1.5mrad
Electron ID  Dielectrons, pion rejection by 1000x Time of flight: oy, ~ 20ps
quarkonia, up to 2-3 GeV/c RICH: n ~ 1.006 — 1.03,
Xc1(3872) Op ~ 1.5mrad

Muon ID Quarkonia, reconstruction of J/y at rest, steel absorber: L ~ 70cm
Xc1(3872) i.e. muons from pt ~ 1.5 GeV/c at muon detectors
=0
ECal Photons, large acceptance Pb-Sci sampling calorimeter
jets
ECal Xe high-resolution segment PbWO, calorimeter
Soft photon  Ultra-soft photons measurement of photons Forward conversion tracker
detection in pr range 1-50 MeV/c based on silicon pixel tracker
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ALICES3

ALICE 3 overview

3.0 | MUon chambers -
251 | absorber
2.0
E :
e 1.5] B
1.0/ |
0.5/ | —
Feerm | SSe—e ’ .
>0 6 -4 -2 o 2 4 a 6
Zlm

ALICE
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ALICES3

Sl

PbPb  \/sN,=5.02 TeVv

2&10_
+ 5
pd a

! 1 ! I ! ! ! ! | | ! | I I I | I |

—— Full acceptance

—— ALICE 3, Barrel+Forward, ~52% of full acc.
—— ALICE 3, Barrel, ~25% of full acc.

—— ALICE 1-2, ~4.5% of full acc.

Ultra-peripheral (STARLIGHT)forp' > m ' m @ m
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dN/dy for p’-> w*mrtt in Pb + Pb collisions at VSyy=5.8 TeV
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ALICE 3 Study L,

PbPb \s = 5.5 TeV 30-50%
A) = Nm(AY — pKnY), lyl<1.44

I1 I I
=35nb’
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ALICE3 vs ALICE2

= ALICE3 7]
ITS3, L,, =10 nb™

ITS2, L, =10 nb™
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P, (A,) (GeVic)
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Superconducting g|cH
magnet system

Muon
absorber

Muon
chambers
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MUON CHAMBERS

STEEL ABSORBER

S~ MUON CHAMBERS

(B

ALICE
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The goal of the muon identifier is the reconstruction of quarkonia
M | D D E EC O R (charmonia), down to pT = 0 in the muon channel, which
complements the electron identification capabilities.

MUON CHAMBERS
L

MUON ID - MUON CHAMBERS + STEEL ABSORBER

/"

STEEL ABSORBER

—

MUON CHAMBERS

MID will provide muon tagging for particles reconstructed in
the tracker.
It will be composed of chambers to track charged particles
that pass through the hadron absorber of about 1kt.
MID will ensure good efficiency for charmonia down to pT =
0 GeV/c = muons down to momenta of p ~ 1.5 GeV/c atn =
0
Granularity of AnA¢ = 0.02x0.02 for muon identification
Two technologies *
 RPC with a pad size between 50 mm and 60 mm =
40,000 channels.
« To layers of plastic scintillator bars (5 cm wide with a 20
cm gap) equipped with wave-length shifting fibers +
SiPM = 13,440 channels.
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State Mass Width S-wave threshold  Coupled Channels
(MeV/c?) (MeV/c?) (MeV/c?)
X(3872) [227] 3872.0+£0.2 1.19-0.21 D*'D%(—0.04), ntn=I/y,
D**D~(-8.11) zwtx a'T/y
X(3940) [227] 3942 +9 37 D'D" (-7549)  D*D
X(4140) [227] 4147.0£4.5 83 +21 DD, (-667%3)  ¢J/wy
X(4274) [227] 4273.0+8.3 56 +11 DD, (-49.17%1)  ¢J/y
Z,(10610) [227]  10607.0£2.0 18.4+2.4 BB (4+3.2) Y (nS)
ﬂihb (nP)
Z;(10650) [227] 1065224 1.5 115422 B*B*(+2.9) =Y (nS)
ﬂihb (nP)
P.*(4312) [83] 4311.940.7+58 >.D(-9.7) pl/y
P.*(4440) [83]  44403+1.3%;; 20.6+4.9%]], I.D*(-21.8) pl/y, 5 DD
P, (4457) [83] 4457.3+0.671)  6.4+2.0137 X .D*(-4.8) pJ/y,Z.DX!D
Teet [57] 3874.827 0.410 D**D%(-0.273), D'Dz*

D*'D*(-1.523)
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MID is found to be nearly 100 % efficient in identifying
muons starting from pT ~ 1.5 GeV/catn=0

Acc x Eff x uPID for muons

ALICE3 02 Performance study
PYTHIA 8 pp Vs = 14TeV

MID PID

Layout v1, n|< 1.5, B = 0.5T
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Final comments

Locally correlated strangeness production in pp collisions overestimated by string breaking
models and underestimated by models with thermalised medium

The ratios of strange particle yields to pions in Pb-Pb collisions at 5.02 TeV follow the same continuous trend
observed before starting from low-multiplicity pp at s =7 TeV up to central Pb-Pb collisions at 2.76 TeV

Hadron yields depend only on the multiplicity, while the average pl of the formed hadrons is affected by the
hadronizing environment

Elliptic flow studies support the collective evolution in small systems

ALICE collected 62.5 days of data taking 2 comparison on muon multiplicity distribution with SIBYLL, EPOS-
LHC and QGSJET-I1-04 is finished. To be send to JCAP soon.
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