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Extremely large temperature

Deconfinement of quarks and gluons

Hydrodynamic evolution

Hadron gas
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Signatures of the QGP formation
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LHC results
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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 
to study the QGP created at LHC energies.
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ALICE setup in Run 1 & 2
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ALICE setup in Run 1 & 2

MB & centrality trigger
2.8 < 𝜼 < 5.1 (V0A) and -3.7 < 𝜼 < 1.7 (V0C)

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


1422nd International Symposium on Very High Energy Cosmic Ray Interactions (ISVHECRI 2024)                               09.07.2024 / mario.rodriguez@correo.buap.mx

ALICE setup in Run 1 & 2

Tracking & ID (dE/dx)
|𝜼| < 0.9

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


1522nd International Symposium on Very High Energy Cosmic Ray Interactions (ISVHECRI 2024)                               09.07.2024 / mario.rodriguez@correo.buap.mx

ALICE setup in Run 1 & 2

Primary & secondary vertices, tracking
|𝜼| < 0.9
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ALICE setup in Run 1 & 2

PID for high momentum charged particles
|𝜼| < 0.6, 57.60 azimuth
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ALICE setup in Run 1 & 2

PID using the time of flight of charged particles
|𝜼| < 0.9
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Time line / Outline 

ALICE 1

ALICE 2

ALICE 3

Run 1 (2009-2013) àpp, pPb and PbPb 

Run 2 (2015-2018) à pp, pPb, XeXe and PbPb 

Run 3 (2022-2025)
pp, pPb, pO, OO and PbPb 

Run 4 (2029-2032)
pp, pPb, and PbPb ALICE 2.1

Run 5 (2035 - )
pp, pPb? and PbPb 

High 
luminosity for 

ions

HL-LHC

We are here

09.07.2024
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ALICE publications and collected data

2009-2018

Last year we 
almost doubled 
the integrated 
luminosity w.r.t. 
runs 1 & 2.
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ALICE’s contribution so far

Accepted for publication in EPJC
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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? 
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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
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ALICE’s results on elliptic flow

Phys.Rev.Lett. 105 (2010) 252302

The measurements from ALICE show that the
elliptic flow of charged particles increases by
about 30% compared with flow measured at
RHIC at 0.2 TeV.  

This result indicates that the hot and dense
matter created in HIC behaves like a fluid with
almost zero friction à strong constraint on the
temperature dependence of η/s. 
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ALICE’s results on elliptic flow

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

Azimuthal correlations in high-multiplicity pPb collisions exhibit
a long-range structure at the near side (∆φ ≈ 0). This ridge-like
structure is qualitatively similar to that observed in pp collisions
at √s = 7 TeV (JHEP 09 (2010) 091) and in AA collisions over a
broad range of center-of-mass energies

ALICE

ALICE

CMS
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https://doi.org/10.1016/j.physletb.2013.01.012
http://dx.doi.org/10.1007/JHEP09(2010)091
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ALICE’s results on elliptic flow

https://indico.in2p3.fr/event
/29792/contributions/13715
6/attachments/85074/1272
69/SQM2024_ChiaraDeMart
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ALICE’s results on elliptic flow

From SQM 2024
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ALICE’s results on strangeness

Strangeness originally proposed as a signature of QGP

à Enhanced production of strangeness in lead-lead collisions is 
considered as a signature of quark-gluon plasma (QGP)

à  not expected in pp collisions
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ALICE’s results on strangeness

Strangeness originally proposed as a signature of QGP

à Enhanced production of strangeness in lead-lead collisions is 
considered as a signature of quark-gluon plasma (QGP)

à  not expected in pp collisions

ALICE, Eur.Phys.J.C 80, 167 (2020)

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

• the trend is the same at 7 TeV and 13 TeV

• the abundance of strange hadrons depends on the local charged 
particle density and turns out to be invariant with the collision 
energy, 
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Anchordoqui L. et al, Physics Letters B, Volume 810, 10 November 2020, 
135837

https://indico.cern.ch/event/1323265/
mailto:mario.rodriguez@correo.buap.mx
https://www.sciencedirect.com/journal/physics-letters-b
https://www.sciencedirect.com/journal/physics-letters-b/vol/810/suppl/C


3822nd International Symposium on Very High Energy Cosmic Ray Interactions (ISVHECRI 2024)                               09.07.2024 / mario.rodriguez@correo.buap.mx

ALICE’s UPC
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ALICE’s UPC

• Coherent process: photon interacts with the
entire ion (all nucleons). In most of the
cases there are not neutron emission (80%)

• Incoherent process: the photon interacts
with single nucleon (most of the times the
target nucleus dissociates)

he AB-MSTW08 model, which assumes that the forward scattering cross 
section scales with the number of nucleons squared, disagrees with the 
measurement, both for the value of the cross section and for the ratio of 
the two rapidity intervals, and is strongly disfavoured. STARLIGHT 
deviates by nearly three standard deviations in the cross section and is 
also disfavoured. Best agreement is found with models which include 
nuclear gluon shadowing consistent with the EPS09 or EPS08 
parameterizations

Physics Letters B
Volume 718, Issues 4–5, 29 January 2013, Pages 1273-1283
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ALICE’s UPC Four pion photo-production
https://arxiv.org/pdf/2404.07542 , to apper in PLB

The π +π −π +π − invariant mass distribution is best 
described by the fit assuming two excited 
resonances, ρ(1450) and ρ(1700), and the 
interference term between them
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ALICE’s results on multi-muon events
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ALICE’s results on multi-muon events
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ALICE’s results on multi-muon events
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ALICE’s results on multi-muon events
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A comparison with the predictions given by EPOS-LHC, SIBYLL and QGSJET-II-04 was done with the new 
ALICE data

The paper is under collaboration review (round 1)
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ALICE3

LHC conditions for heavy ions:

• High Temperature
• Low chemical potential
• Large heavy-flavor yields

Heavy ion physics at the LHC

• Precision measurements of dilepton spectra (QGP 
evolution) and heavy-flavour probes (transport properties)

• Charmed baryons and exotic states (transition from QPG 
to hadrons)

• Systematic measurements of different collision sytems 
(collectivity in small systems)

• High-multiplicity pp collisions and intermediate systems 
(pO, OO) à onset of collective behaviour
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ALICE3

ALICE 1

ALICE 2

ALICE 3

ALICE 2.1
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ALICE3

ALICE 2

ALICE 2.1
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ALICE3
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ALICE3
√𝒔𝑵𝑵=5.02 TeVPbPb Ultra-peripheral (STARLIGHT) for 𝝆! → 𝝅 + 𝝅 − 𝝅 + 𝝅 −

ALICE3 vs ALICE2
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MUON CHAMBERS
STEEL ABSORBER

MUON CHAMBERS

MUON ID à MUON CHAMBERS + STEEL ABSORBER
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Time line / Outline 

MID DETECTOR
• 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 à muons down to momenta of p ~ 1.5 GeV/c at η ≈
0	

• Granularity of ΔηΔϕ = 0.02×0.02 for muon identification
• Two technologies *

• RPC with a pad size between 50 mm and 60 mm à 
40,000 channels.

• To layers of plastic scintillator bars (5 cm wide with a 20 
cm gap) equipped with wave-length shifting fibers + 
SiPM à 13,440 channels.
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Time line / Outline MID is found to be nearly 100 % efficient in identifying 
muons starting from pT ∼ 1.5 GeV/c at η = 0

MID provides a pion 
and kaon rejection 
factors of 50–100
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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 pT 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 à comparison on muon multiplicity distribution with SIBYLL, EPOS-
LHC and QGSJET-II-04 is finished. To be send to JCAP soon.
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