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ALICE detector
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ALICE detection capabilities
Advanced tracking system
designed to reconstruct events
of highest muliplicity in HIC
Moderate magnetic field 0.2 –
0.5 T allows one to access
softest tracks (pT>50 MeV/c)
Exploit all know methods of
partice identification:
dE/dx, Cherenkov, TOF,
muons, e.m. calorimetry
Wide-range trigger: from
minimum bias to rare-event
triggers on photons, jets,
electrons, muons, event
topology
[IJMPA 29 (2014) 1430044]
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QCD: main goal of ALICE measurements
Small momentum transfer:
● large coupling,
● confinement: q, g are bound in
colorless objects
● Non-perturbative description

Large momentum transfer:
● weak coupling,
● asymptotic freedom,
● perturbative QCD

Summary of measurements of
αs as a function of the energy
scale Q.
C. Patrignani et al. (Particle
Data Group), Chin. Phys. C,
40, 100001 (2016).

ALICE was designed for comprehensive studies of strongly interacting matter in pp, pA
and AA collisions, to discriminate non-perturbative models describing soft hadron
production, to constrain pQCD parameters in hard processes, to study properties of
quark-gluon matter in deconfinement.
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Charged particles η density in pp

In pp collisions at √s=13 TeV, dNch/dη in |η|<0.5
is 5.31±0.18 (INEL) and 6.46±0.19 (INEL>0)

dNch/dη = a·sb,

b=0.103 (INEL) and 0.111 (INEL>0)

Increase by ~20% from √s=7 to 13 TeV
PLB, 753 (2016) 319, Eur. Phys. J. C (2017) 77:33
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Charged particle pT spectrum in pp

PYTHIA 6 (Perugia-2011), PYTHIA 8 (Monash2013) and EPOS LHC describe the pT spectrum
reasonably well, although not in detail.

As expected, the spectrum is significantly harder at
13 TeV than at 7 TeV. PYTHIA 6, PYTHIA 8 and
EPOS LHC reproduce the trend observed in the
data, but exhibit a slightly more pronounced
hardening with energy in the transverse momentum
region of a few GeV/c.

PLB, 753 (2016) 319
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Event multiplicity: from pp to AA
Increase by ~20% from √sNN=2.76 to 5.02
TeV in all event multiplicity classes, from
central to peripheral.
In Pb-Pb ⟨dNch/dη⟩/⟨Npart⟩ increases with
√s following a steeper power law than pp
collisions
Strong rise of event multiplicity in AA is
not solely related to the multiple collisions
undergone by the participants.
Collective effects, minijet production,
gluon saturation can describe data.
Phys. Rev. Lett. 116 (2016) 222302
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System size matters

●

●

Important prerequisit for systematic studies of hadron production in heavy ion
collisions is looking at evolution of measured signatured vs the system size and the
number of participating nucleons.
●

Dependence on event multiplicity

●

Dependence on impact parameter of colliding heavy ions

●

Dependence on colliding particles (ions vs protons)

Principle questions:
●

Is there similarity in AA, pA and pp collisions?

●

Is cold matter in p-A really cold?

●

Are any pp collisions equal?
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Centrality determination
Event multiplicity/centrality classes are derived from
amplitude measured in V0 hodoscopes at 2.8<η<5.1
(V0A) and −3.7<η<−1.7 (V0C)
●
⟨dNch/dη⟩ is measured in |η|<0.5 => no “auto-bias”
in multiplicity determination
In Pb-Pb collisions, Glauber model is used to
relate the V0A&V0C amplitude distribution to
the collision geometry.
Central (0-5%)

Peripheral (70-80%)

Pb-Pb √sNN

Npart

⟨dNch/dη⟩

Npart

⟨dNch/dη⟩

2.76 TeV

383

1601 ± 60

15.8

35 ± 2

5.02 TeV

385

1947 ± 76

15.6

44.9 ± 3.4

In p-Pb collisions, V0A (Pb side) is used:
at √sNN = 5.02 TeV
0-5%: ⟨dNch/dη⟩ = 45 ± 1
60-80%: ⟨dNch/dη⟩ = 9.8 ± 0.2
In pp collisions, V0A&V0C (“V0M”) is used:
at √s = 7 TeV
0-0.95%: ⟨dNch/dη⟩ = 21.3 ± 0.6
48-68%: ⟨dNch/dη⟩ = 3.90 ± 0.14
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ID hadron spectra in Pb-Pb
~80% of charged particles are π, ~13% are K, ~4% are p

Spectra get harder with increasing centrality, according to mass ordering
● Particles with similar mass have similar mean p in central Pb-Pb
T
Expected in presence of collective hydrodynamic expansion (p = m·βγ)
● Clear signature of radial flow, also at √s
= 5.02 TeV
NN
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Kaon/pion ratio in Pb-Pb

No significant difference in K/π ratio in Pb-Pb collisions from √sNN=2.76 to 5.02 TeV
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Proton/pion ratio in Pb-Pb

Small shift to higher pT (“blue shift”) in p/π ratio in Pb-Pb collisions
from √sNN=2.76 to 5.02 TeV → increase of radial flow with collision energy
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Baryon/meson ratio in Pb-Pb

In central Pb-Pb collisions
● p/π, Λ/K0 enhancement at intermediate p
S
T
●
●
●

Λ/K ratio: Phys. Rev. Lett. 111 (2013) 222301
p/π ratio: Phys. Rev. C 88 (2013) 044910
p/φ ratio: Phys. Rev. C 91 (2015) 024609

Effect arising in the bulk and not from jets
Can be explained by hydro and recombination
p/ϕ independent of pT → yields are determined by mass, but by quark content
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Baryon/meson ratio vs multiplicity
pp

p-Pb

Pb-Pb

Baryon-to-meson ratios evolve
with multiplicity very similarly in all
collision systems (pp, p-Pb, PbPb)
From low multiplicity (peripheral)
to high multiplicity (central):
●

Baryon/Meson ratios depleted at
low pT

●

Enhanced at intermediate pT.

●

Little change at high pT
→ particle production via
fragmentation
Phys. Rev. Lett. 111 (2013) 22301
Phys. Rev. C 93 (2016) 034913
Phys. Lett. B 728 (2014) 25-38
arXIv:1606.07424

Evidence of multiplicity dependence of hadron production, rather than dependence on
colliding system
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Integrated hadron ratio vs multiplicity
Integrated yields are obtained by extrapolation of pT spectra to pT→0 by Blast wave model

Smooth evolution of the p/π and K/π ratios across different systems
- High multiplicity pp at 7 TeV and peripheral Pb-Pb at 2.76 and 5.02 TeV are consistent

Another evidence that hadron production is driven by event multiplicity, rather than
colliding system
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Strangeness enhancement: from AA to pp at high multiplicity
CERN press release 2000 “New state of
matter created at CERN”: http://cds.cern.ch/record/716634
Among other signatures of QGP,
strangeness enhancement in heavy-ion
collisions was reported:
● “Global strangeness enhancement by a
factor of two”
● Ω yield increased by a factor of 15
●

●

Nature Physics 13, 535–539 (2017)

s-quarks are produced in early stage of
collisions via qq → ss, gg → ss
s-quarks are also created during the
subsequent partonic evolution via
g → ss

CERN press release 2017 “Novel
phenomena in proton collisions”:
● Proton collisions sometimes present
similar patterns to those observed in the
collisions of heavy nuclei
● Yield of multy-strange hyperons increases
with event multiplicity in pp collisions

Particle yield ratios to pions normalized to the values
measued in the inclusive INEL>0 pp sample
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Nuclear modification of hadron spectra
●

Pb–Pb:
● High p : suppression by factor of 4-5, flavor
T
independent
● Intermediate p : baryon/meson differences
T
●

●

●

●

Difference between p and φ due to
differences in reference spectra
ρ0 (not shown) and D similar to other
mesons
Less suppression for strange hyperons
(suppression vs baryon enhancement)

p–Pb:
● High p : no modification
T
●
●

●

Intermediate pT: Cronin peak
D and φ (not shown) between π and p:
possible baryon/meson differences?
Enhancement of strange hyperons
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Nuclear modification of particle spectra

Pb+Pb: clear suppression
(RAA < 1): parton energy loss
[ALICE: PLB 720 (2013) 52]
[ALICE: PLB 746 (2015) 1]

RAA ≈ 1 for γ, Z, W:
No energy loss for
electromagnetic and weak probes
[ALICE: PLB 720, 52; EPJ. C74, 3054]
[CMS: EPJ. C72, 1945; PLB 710, 256;
PLB 715, 66]
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Hierarchy of parton energy loss
Radiative parton energy loss and
dense QCD matter is color charge
dependent (Casimir coupling factor)
R. Baier et al., NPB 483, (1997), 291
Gluon radiation suppressed at small
angles (θ<mQ/EQ):
ΔEg > ΔEu,d,s > ΔEc > ΔEb

Expected behavior at high pT:
RAA(π) < RAA(D) < RAA(B)

[ALICE, JHEP 11 (2015) 205]
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Heavy flavor production
Heavy quarks in pp collisions:
●

Test of QCD

●

perturbative: heavy-quark producton

●

non-perturbative: bound state formation

●

Reference to study the effects in AA collisions

Heavy quarks in Pb-Pb collisions at the LHC:
●

Produced in the first stages (charm ~ 0.1 fm/c, beauty ~ 0.01 fm/c vs. QGP ~ 0.3 fm/c)

●

Experience the full evolution of the system

●

Interact with the hot and dense QCD matter: sensitive to the medium properties

Open heavy flavour:
●

●

In-medium energy loss: collisional and radiative processes, depend on medium density and
volume + colour-charge and quark-mass
Modification of hadronisation in presence of a medium: fragmentation vs. recombination

Quarkonia:
●

Suppression via colour screening: depends on binding energy and medium temperature

●

(Re)generation: depends on HQ abundance and medium effects
20

D-mesons in pp
Measurement of Dmesons (D0, D+, D*+, Ds+)
and their charge
conjugates is a direct tool
to measure cc cross
section

arXiv:1702.00766

FONLL:
● PDF CTEQ6.6
● FF (c→D) from LEP data
● Large uncertainties
● Underestimates data,
especially in pp at 5.02 TeV
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Charmonia production in pp vs collision energy
Eur. Phys. J. C 77 (2017) 392

●

●
●

Good agreement between the models and the data is observed for all measured cross sections,
for both J/ψ and ψ(2S) as a function of either pT or y and in pp collisions at √s=5.02, 7, 8 TeV
Relying on FONLL, it is expected that non-prompt J/ψ contribute up to 50% to the total yield.
Experimental confirmation possible in Run3 after ALICE upgrade
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J/ψ (y) in p-Pb collisions at √sNN = 8.16 TeV

ALICE-PUBLIC-2017-001

●

Compatible with 1 at backward (Pb-going) rapidities and clear suppression at forward (pgoing) rapidities

●

Similar results at 5.02 and 8.16 TeV

●

Can be explained by energy loss model and by color evaporation model
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J/ψ (pT) in p-Pb collisions at √sNN = 8.16 TeV
ALICE-PUBLIC-2017-001

Backward (Pb-fragmentation) rapidities:
● Small suppression at low p and small
T
enhancement at high pT.

Forward (p-fragmentation) rapidities:
● Large suppression at low p and now at
T
high pT.

Qualitative agreement with models. Data provides constraints on model uncertainties
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J/ψ in Pb-Pb collisions at √sNN = 5.02 TeV
Phys. Lett. B 766 (2017) 212-224

●
●

●

●

Suppression is similar in central and forward rapidities.
Transport models TM1 (Nucl. Phys. A 859 (2011) 114) and TM2 (Phys. Rev. C 89 no. 5, 459 (2014)
054911): continuous interplay between dissociation and (re)generation
Statistical hadronization (Nucl. Phys. A 904-905 (2013) 535c-538c): all J/ψ are dissociated in the
plasma. (Re)generation occurs at the phase boundary
Co-movers (Phys. Lett. B 731 (2014) 57–63): Similar to transport models via interactions with
(partonic) co-movers. Does not assume thermal equilibrium
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Υ in Pb-Pb collisions at √sNN = 5.02 TeV

●
●

Υ suppressed stronger than J/ψ
Indication that Υ is less suppressed in Pb-Pb at 5.02 TeV than at 2.76 TeV, although
within uncertainties
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Summary
●

●

●

●

●

●

●

The complete data set of pp, p-Pb, and Pb-Pb collisions is being analysed
and allows excellent systematic studies.
ALICE took very high quality data during the LHC Run 1, continues to do
so in LHC Run 2 and has ambitious plans for LHC Run 3.
Hadron inclusive differential spectra and total integrated yields probe QCD
in non-perturbative and perturbative regimes
Precise measurement provides contraints on theoretical models
Event multiplicity plays an important role in hadron production, even more
than colliding system
Measurements in pp are interesting not only as a reference for p-A and A-A
collisions, but as a new probe for thermalized QCD matter
Clear support for the creation of a fireball in local thermodynamical
equilibrium in Pb-Pb collisions.
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