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QCD phase diagram

Fundamental Interaction
&

Collective behavior



�In order to study the question of �vacuum�; …; we 
should investigate some bulk phenomena by 
distributing high energy over a relatively large 
volume.�

T.D.Lee, Rev. Mod. Phys. 47 (1975) 267

Exploring the QCD phase diagram with 
Heavy Ion Collisions
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Heavy-Ion Collisions
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Initial Condition
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Initial Conditions:
• Color Glass Condensate.
• Gluon Saturation Models. 

(Glasma)
• Density Fluctuations.

26

Different stages probes different physics

time
Decreasing energy density

Initial State:
Colliding nuclei are Lorentz contracted.
Glasma?
For mid-rapidity, small-x 
region, gluon saturation 
models.
Density fluctuations. 



Net Baryon Density

Pre-equilibrium phase
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Hard Scatterings:
• Pre-equilibrium.
• Parton Distribution Functions.
• High pT particles.
• Particle Jets.
• Heavy flavored particles.



Net Baryon Density

Hot QCD Matter
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Thermal QCD matter:
• Extremely Dense & Strongly interacting.
• Collective behavior. 
• Hydrodynamic Expansion with low viscosity.
• Partonic degrees of freedom.



Net Baryon Density

Hot QCD Matter
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Interaction of High pT (>~4 GeV/c) particles 
with medium:
• Jet modification and suppression.
• Nuclear modification factors of light and 

heavy flavored particles.
• Affects signatures of collectivity.



Net Baryon Density

Hadronization
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Hadronization:
• Soft probes (pT<~4 GeV/c).
• Particle production mechanisms.
• Chiral symmetry breaking …



Net Baryon Density

Chemical Freeze-out
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Hadron Gas Phase & Chemical Freeze-out:
• End of inelastic scattering.
• Relative particle abundance fixed.
• Application of Statistical Thermal models.



Net Baryon Density

Thermal Freeze-out
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Thermal Freeze-out
• Hadronic Cascade models.
• Coalescence models. 
• Hadronic resonances.
• Transverse momentum spectra.



How to study the different physics 
processes of HIC ?

12“ALICE Status and Highlights” J. Takahashi, LISHEP 2018, Salvador, BA, Brazil

p+p

Compare Pb+Pb results 
with reference data, to 
disentangle genuine 
heavy-ion collision 
effects.

Pb+Pb



How to study the different physics 
processes of HIC ?
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Pb+Pbp+Pb also important as 
reference data:
• Initial vs. final state effects.
• Probe small x.
• Cold nuclear matter, gluon 

saturation and shadowing

p+Pb
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How to study the different physics 
processes of HIC ?
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Central Pb+PbWe can also change the observed 
system size by selecting on the 
collisions centrality. 
Charged particle multiplicity used 
for this selection. 

Peripheral Pb+Pb



Selection of collisions geometry
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ALICE, PRC 88 (2013) 044909
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The ALICE experiment
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Lots of data !

17“ALICE Status and Highlights” J. Takahashi, LISHEP 2018, Salvador, BA, Brazil

Run 1 (2009-2013)
pp 0.9 TeV ~ 200 µb-1

2.76 TeV ~ 100 nb-1

7.0 TeV ~ 1.5 pb-1

8.0 TeV ~ 2.5 pb-1

p-Pb 5.02 TeV ~ 15 nb-1

Pb-Pb 2.76 TeV ~ 75 µb-1
Run 2 (2015-2018)
pp 5.02 TeV ~ 1.3 pb-1

13 TeV ~ 25 pb-1

p-Pb 5.02 TeV ~ 3 nb-1

8.16 TeV ~ 25 nb-1

Xe-Xe 5.44 TeV ~ 0.3 µb-1

Pb-Pb 5.02 TeV ~ 1 nb-1



Some of the observables
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1. Thermal QCD Matter.

2. Bulk particle production.

3. Jet-medium interactions.

4. Heavy flavor.



Direct photons in Pb-Pb
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ALICE, Phys. Lett. B 754 (2016) 235. 
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Measured through Photon 
Conversion Method (PCM), 
PHOS calorimeter and 
EMCal.

Hot QCD matter radiate 
photons free of final state 
interactions.

Hotter radiates more, so 
direct photon spectra probe 
early QGP stage.
But, needs understanding of 
background.



Direct photons in pp and p-Pb
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ALICE, arXiv:1803.09857. 

pp: NLO pQCD calculations consistent with data.
p-Pb: No excess of thermal photons seen, consistent with 
NSD p-Pb low-pT data.



Some of the observables
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1. Thermal QCD Matter.

2. Bulk particle production.

3. Jet-medium interactions.

4. Heavy flavor.



Particle Production
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• Npart is not a good scaling parameter. Participant quark 
scaling Nq-part seems to describe better the data trend.

• Central Xe-Xe data deviates from observed Npart
dependency.

ALICE overview 
talk in QM2018.



Liquid-like evolution
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Initial conditions 

56 

z Eccentricities quantify the initial anisotropic geometry 
formed by participating nucleons  

z Simplest case: ‘Ellipticity’ 

z General case: 

ALICE, PRL 107(2011) 252301

magnitude of v2ðptÞ is better described by !=s ¼ 0 while
for v3ðptÞ !=s ¼ 0:08 provides a better description. We
anticipate future comparisons utilizing MC-KLN initial
conditions.

For central collisions 0%–5% we observe that at pt $
2 GeV=c v3 becomes equal to v2 and at pt $ 3 GeV=c v4

also reaches the same magnitude as v2 and v3. For more
central collisions 0%–2%, we observe that v3 becomes
equal to v2 at lower pt and reaches significantly larger

values than v2 at higher pt. The same is true for v4

compared to v2.
We compare the structures found with azimuthal corre-

lations between triggered and associated particles to those
described by the measured vn components. The two-
particle azimuthal correlations are measured by calculating

Cð!"Þ % Nmixed

Nsame

dNsame=d!"

dNmixed=d!"
; (3)

where !" ¼ "trig &"assoc. dNsame=d!" (dNmixed=d!")
is the number of associated particles as function of !"
within the same (different) event, and Nsame (Nmixed) the
total number of associated particles in dNsame=d!"
(dNmixed=d!"). Figure 4 shows the azimuthal correlation
observed in very central collisions 0%–1%, for trigger
particles in the range 2<pt < 3 GeV=c with associated
particles in 1< pt < 2 GeV=c for pairs in j!!j> 1. We
observe a clear doubly peaked correlation structure cen-
tered opposite to the trigger particle. This feature has been
observed at lower energies in broader centrality bins
[32,33], but only after subtraction of the elliptic flow
component. This two-peak structure has been interpreted
as an indication for various jet-medium modifications
(i.e., Mach cones) [32,33] and more recently as a manifes-
tation of triangular flow [10–13]. We therefore compare the
azimuthal correlation shape expected from v2, v3, v4, and
v5 evaluated at corresponding transverse momenta with the
measured two-particle azimuthal triggered correlation and
find that the combination of these harmonics gives a natu-
ral description of the observed correlation structure on the
away side.
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vn pT ,η( ) = cos n φ −Ψn( )#$ %&

Transfer of anisotropy 
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P.F. Kolb and U. Heinz, in Quark 
Gluon Plasma, nucl-th/0305084 

As a function of time anisotropy in 
coordinate space decreases, while 
the anisotropy in momentum space 
increases 

Elliptic flow measurements show success of low viscosity 
relativistic hydrodynamics to describe the QGP evolution. 
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Elliptic Flow v2
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Identified particle elliptic flow
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ALICE, JHEP 06 (2015) 190

Elliptic flow of identified hadrons The ALICE Collaboration
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Fig. 5. The pT-differential v2 for different particle species grouped by centrality class of Pb–Pb collisions at√sNN = 2.76 TeV.

interval. While moving from left to right and top to bottom, the top left plot presents results for the
5% most central Pb–Pb collisions, while the most peripheral interval presented in this article, the
50–60% centrality, is shown in the bottom right plot.
A clear mass ordering is seen for all centralities in the low pT region (i.e. pT ≤ 3 GeV/c), attributed
to the interplay between elliptic and radial flow [32–35]. Radial flow tends to create a depletion in
the particle pT spectrum at low values, which increases with increasing particle mass and transverse
velocity. When introduced in a system that exhibits azimuthal anisotropy, this depletion becomes
larger in-plane than out-of-plane, thereby reducing v2. The net result is that at a fixed value of pT,
heavier particles have smaller v2 value compared to lighter ones. In addition, a crossing between
the v2 values of baryons (i.e. p, Λ, Ξ and Ω and their antiparticles) and the corresponding values of
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Consistent with hydrodynamic expansion:
• Low pT shows mass ordering.
• Intermediate pT shows some grouping of baryons and mesons.

Pb-Pb

25



Identified particle elliptic flow
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v2 in p-Pb (small) system 
also shows signs consistent 
with hydrodynamic 
expansion.

26

Need to evaluate effects by other processes such as 
String Color Reconnection, Color Ropes (PYTHIA), parton
escape (AMPT) and hadronic re-scattering (UrQMD). 



V2 as a probe to fluctuations
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Fig. 1. (Color online.) v2, v3, and v4 measured for unidentified charged particles as a function of transverse momentum for various centrality classes. The dashed line
represents the WHDG model calculations for neutral pions v2 [43] extrapolated to the LHC collision energy. For clarity, the markers for v3 and v4/Ψ2 results are slightly
shifted along the horizontal axis. Note that the highest pT data point for v4/Ψ4 in 5–10% centrality is out of the plotting range. Error bars (shaded boxes) represent the
statistical (systematic) uncertainties.

Fig. 2. (Color online.) Comparison of the ALICE results on vn(pT) obtained with the event plane method to the analogous measurements from ATLAS [26] and CMS [27]
collaborations, as well as v2 measurements by STAR [44]. Only statistical errors are shown.

plane. The difference between the two, indicative of flow fluctua-
tions, persists at least up to pT = 8 GeV/c.

Fig. 2 compares our results obtained with the event plane
method for 30–40% centrality to the analogous measurements by
ATLAS [26] and CMS [27] collaborations, and results obtained at
RHIC by the STAR Collaboration [44]. An excellent agreement is
observed between results from all three LHC experiments. v2(pT)
at top RHIC energy has a peak value about 10% lower than at LHC
although it is very similar in shape.

To investigate further the role of flow fluctuations at differ-
ent transverse momenta we study the relative difference between
v2{EP} and v2{4}, [(v2{EP}2 − v2{4}2)/(v2{EP}2 + v2{4}2)]1/2,
which for small non-flow is proportional to the relative flow fluc-

tuations σv2/⟨v2⟩ [1]. Fig. 3 presents this quantity as a function of
transverse momentum for various centrality classes. The relative
flow fluctuations are minimal for mid-central collisions and be-
come larger for peripheral and central collisions, similar to those
observed at RHIC energies [1]. It is remarkable that in the 5–30%
centrality range, relative flow fluctuations are within errors in-
dependent of momentum up to pT ∼ 8 GeV/c, far beyond the
region where the flow magnitude is well described by hydrody-
namic models (pT < 2–3 GeV/c). This indicates a common origin
for flow fluctuations, which are usually associated with fluctua-
tions of the initial collision geometry, at least up to the regime
where hard scattering and jet energy loss are expected to dom-
inate. The ratio develops a momentum dependence, starting to
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region where the flow magnitude is well described by hydrody-
namic models (pT < 2–3 GeV/c). This indicates a common origin
for flow fluctuations, which are usually associated with fluctua-
tions of the initial collision geometry, at least up to the regime
where hard scattering and jet energy loss are expected to dom-
inate. The ratio develops a momentum dependence, starting to
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Initial State Fluctuations play central role in vn data !!!! 
Only possible due to low viscosity plasma.
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Consistent with Non-Bessel-Gaussian fluctuations.
Allows determination of Elliptic Power distribution, for 
comparison to initial-state models.



Strangeness Enhancement
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Gluon fusion dominates 
production of strangeness.

When T ≥ ms, thermal 
production dominates and in 
a chemically equilibrated 
QGP, strangeness abundance 
similar to other light quarks.

Strangeness enhancement is 
signature of the formation of a 
thermal gluon medium. 
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10 The ALICE Collaboration5

The hyperon-to-pion ratios Ξ/π ≡ (Ξ−+Ξ+)/(π−+π+) and Ω/π ≡ (Ω−+Ω+)/(π−+π+), for A–A and pp
collisions both at LHC [30, 47, 48, 52, 53] and RHIC [49, 54, 14] energies, are shown in Fig. 5c as a
function of ⟨Npart⟩. They indicate that different mechanisms contribute to the evolution with centrality
of the enhancements as defined above. Indeed, the relative production of strangeness in pp collisions is
larger than at lower energies. The increase in the hyperon-to-pion ratios in A–A relative to pp (∼ 1.6
and 3.3 for Ξ and Ω, respectively) is about half that of the standard enhancement ratio as defined above.
It displays a clear increase in strangeness production relative to pp, rising with centrality up to about
⟨Npart⟩ ∼ 150, and apparently saturating thereafter. A small drop is observed in the Ξ/π ratio for the most
central collisions, which is however of limited significance given the size of the systematic errors. Also
shown are the predictions for the hyperon-to-pion ratios at the LHC from the thermal models, based on a
grand canonical approach, described in [55] (full line, with a chemical freeze-out temperature parameter
T = 164 MeV) and [56] (dashed line, with T = 170 MeV). We note that the predictions for T = 164 MeV
agree with the present data while, for this temperature, the proton-to-pion ratio is overpredicted by about
50% [47]. It is now an interesting question whether a grand-canonical thermal model can give a good de-
scription of the complete set of hadron yields in Pb–Pb collisions at LHC energy with a somewhat lower
T value. Alternatively, the low p/π ratio has been addressed in three different approaches: i) suppression
governed by light quark fugacity in a non-equilibrium model [57, 58], ii) baryon-antibaryon annihila-
tion in the hadronic phase, which would have a stronger effect on protons than on multi-strange par-
ticles [59, 60, 61, 62], iii) effects due to pre-hadronic flavour-dependent bound states above the QCD
transition temperature [63, 64].
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Fig. 5: (a,b) Enhancements in the rapidity range |y|< 0.5 as a function of the mean number of participants ⟨Npart⟩,
showing LHC (ALICE, full symbols), RHIC and SPS (open symbols) data. The LHC data use interpolated pp
values (see text). Boxes on the dashed line at unity indicate statistical and systematic uncertainties on the pp
or p–Be reference. Error bars on the data points represent the corresponding uncertainties for all the heavy-ion
measurements and those for p–Pb at the SPS. (c) Hyperon-to-pion ratios as a function of ⟨Npart⟩, for A–A and pp
collisions at LHC and RHIC energies. The lines mark the thermal model predictions from [55] (full line) and [56]
(dashed line).

6 Conclusions

In summary, the measurement of multi-strange baryon production in heavy-ion collisions at the LHC
and the corresponding strangeness enhancements with respect to pp have been presented. Transverse
momentum spectra of mid-rapidity Ξ−, Ξ+,Ω− andΩ+ particles in Pb–Pb collisions at√sNN = 2.76 TeV
have been measured in five centrality intervals. The spectra are compared with the predictions from
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Clear observation of Strangeness Enhancement in HIC !!!
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New Paradigm
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• Strangeness Enhancement in 
pp data, where no QGP 
expected.

• Models fail to describe 
observed enhancement.

• Charged particle density 
scales strangeness 
enhancement measured in 
different systems and different 
energies.
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Particle chemistry for all systems
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Some of the observables
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1. Thermal QCD Matter.

2. Bulk particle production.

3. Jet-medium interactions.

4. Heavy flavor.



In-medium energy loss

• suppression stronger than at RHIC
• strongest for pT ~6-7 GeV/c 
• Essential constraint for parton 

energy loss models

Evgeny Kryshen Overview of ALICE results 12

yield in Pb-Pb

yield in pp

• Partons travel ~4 fm in the high 
colour-density medium created in 
central Pb-Pb collisions

• Energy loss mainly due to medium-
induced gluon radiation

• Nuclear modification factor:

ALICE, PLB 720 (2013) 52

RAA=1 in the absence of nuclear effects

Parton Energy Loss
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√sNN = 2.76 TeV. The Pb–Pb data are for charged particle [9, 25],
direct photon [26], Z0 [27] and W± [28] production. All data are for midrapidity.

understood in theoretical models as a consequence of parton energy loss in (deconfined) QCD matter
(see [9] and references therein), has no contribution from initial state effects. The ALICE p–Pb data show
no sign of nuclear matter modification of hadron production at high pT and are therefore fully consistent
with the observation of binary collision scaling in Pb–Pb of observables which are not affected by hot
QCD matter (direct photons [26] and vector bosons [27, 28])

In summary, we have extended our measurements of the charged-particle pT spectra and nuclear mod-
ification factor in minimum-bias (NSD) p–Pb collisions at √sNN = 5.02 TeV. The results, covering a
substantially-extended pT range, 0.15< pT < 50 GeV/c, exhibit, within uncertainties, no deviation from
binary collision scaling at high pT; the nuclear modification factor remains consistent with unity for
pT ! 2 GeV/c. The data are described by a prediction based on NLO pQCD calculations with PDF
shadowing and further underline our earlier observation [4] that initial state effects do not contribute to
the strong suppression of hadron production at high pT observed at the LHC in Pb–Pb collisions.
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ification factor in minimum-bias (NSD) p–Pb collisions at √sNN = 5.02 TeV. The results, covering a
substantially-extended pT range, 0.15< pT < 50 GeV/c, exhibit, within uncertainties, no deviation from
binary collision scaling at high pT; the nuclear modification factor remains consistent with unity for
pT ! 2 GeV/c. The data are described by a prediction based on NLO pQCD calculations with PDF
shadowing and further underline our earlier observation [4] that initial state effects do not contribute to
the strong suppression of hadron production at high pT observed at the LHC in Pb–Pb collisions.
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Fig. 3. Nuclear modification factor RAA of charged particles as a function of ⟨Npart⟩
(top panel) and dNch/dη (bottom panel) measured by ALICE in Pb–Pb collisions in
different pT-intervals, compared to PHENIX results in 5 < pT < 7 GeV/c [9]. The
boxes around the data represent the pT-dependent uncertainties on the Pb–Pb pT
spectra. The boxes at RAA = 1 represent the systematic uncertainties on the pp
reference in different pT-intervals (pT-interval increases from left to right, the left-
most is for PHENIX). The systematic uncertainties on the overall normalization for
ALICE and PHENIX are not shown.

collisions and a characteristic centrality and pT dependence of
the nuclear modification factors. In central collisions (0–5%) the
yield is most strongly suppressed (RAA ≈ 0.13) at pT = 6–7 GeV/c.
Above pT = 7 GeV/c, there is a significant rise in the nuclear mod-
ification factor, which reaches RAA ≈ 0.4 for pT > 30 GeV/c. This
result is in agreement with the CMS measurement within statis-
tical and systematic uncertainties. The suppression is weaker in
peripheral collisions (70–80%) with RAA = 0.6–0.7 and no strong
pT dependence. The observed suppression of high-pT particles in
central Pb–Pb collisions provides evidence for strong parton energy
loss and a large medium density at the LHC. We observe that the
suppression of charged particles with 5 < pT < 7 GeV/c reaches
similar values when results from RHIC are compared to results
from LHC in terms of the dNch/dη. The measured RAA in 0–5%

Fig. 4. Nuclear modification factor RAA of charged particles measured by ALICE in
the most central Pb–Pb collisions (0–5%) in comparison to results from CMS [25]
and model calculations [26–31]. The boxes around the data denote pT-dependent
systematic uncertainties. For CMS statistical and systematic uncertainties on RAA
are added in quadrature. The systematic uncertainties on the normalization which
are related to ⟨TAA⟩ and the normalization of the pp data are added in quadrature
and shown as boxes at RAA = 1 (the right-most is for CMS).

central collisions is compared to model calculations. An increase of
RAA due to a decrease of the relative energy loss with increasing
pT is seen for all the models. The measurement presented here,
together with measurements of particle correlations [32] and mea-
surements using jet reconstruction [33], will help in understanding
the mechanism of jet quenching and the properties of the medium
produced in heavy-ion collisions.
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RAA in very peripheral collisions
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• Change of behavior in trend beyond 80% centrality.
• Can be explained by event selection and collisions 

geometry, without nuclear modification.

ALICE overview 
talk in QM2018.



RAA in Xe-Xe collisions
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ALICE, arXiv:1805.04399

Xe-Xe and Pb-Pb
compared using similar 
multiplicity bins.

Suppression differences 
could probe the interplay 
between geometry and 
path length dependence.



Some of the observables
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1. Thermal QCD Matter.

2. Bulk particle production.

3. Jet-medium interactions.

4. Heavy flavor.



Heavy-flavor measurements
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• Produced in initial hard parton scattering, so 
sensitive to full evolution of the QGP.

• Allows better comparison to pQCD calculations.

• Measured through the semileptonic and hadronic 
decay channels.

ALICE, PLB 754 (2016) 81. ALICE, JHEP 03 (2016) 081.



Heavy-flavor measurements
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Very challenging, but feasible in all colliding systems!!!

ALICE, JHEP04 (2018) 108.

pp @ 7 TeV

p-Pb @ 5.02 TeV

Pb-Pb @ 5.02 TeV



Open heavy-flavor
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See Camila de Conti’s talk on Thursday. 

Heavy-flavor also shows 
strong suppression.



Heavy-flavor electrons

44“ALICE Status and Highlights” J. Takahashi, LISHEP 2018, Salvador, BA, Brazil

See Camila de Conti’s talk on Thursday. 

Smaller suppression of 
beauty than 
beauty+charm.



Correlations with heavy-flavor
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See Henrique Zanoli’s talk on Friday. 

ALICE, PRL 120 (2018) 102301.

• Non-zero v2 measured for 
D-mesons in Pb-Pb
collisions.

• Similar v2 for D’s and p’s.

• Suggests charm-quark 
transport in a hydro-
expanding medium.



Heavy-flavor electrons v2 in p-Pb
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See Henrique Zanoli’s talk on Friday. 

ALICE, arXiv:1805.04367

Non-zero v2 also 
observed in small 
system.

Important to 
disentangle initial and 
final state effects.



The bright ALICE future
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• Un-triggered data sample, with capability to save all Pb-Pb
interactions at 50 kHz.

New TPC readout, GEM + SAMPA chip.
New Inner Tracking System (ITS).
Integrated Online-Offline system (O2).

• Improve tracking efficiency and resolution at low-pT.
TPC upgrade.
New Inner Tracking System (ITS).

• New PID detectors.



The SAMPA chip
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Transverse momentum dependence of inclusive primary charged-particle production . . . 7
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Fig. 4: Transverse momentum dependence of the nuclear modification factor RpPb of charged particles (h±) mea-
sured in minimum-bias (NSD) p–Pb collisions at√sNN = 5.02 TeV in comparison to data on the nuclear modifica-
tion factor RPbPb in central Pb–Pb collisions at

√sNN = 2.76 TeV. The Pb–Pb data are for charged particle [9, 25],
direct photon [26], Z0 [27] and W± [28] production. All data are for midrapidity.

understood in theoretical models as a consequence of parton energy loss in (deconfined) QCD matter
(see [9] and references therein), has no contribution from initial state effects. The ALICE p–Pb data show
no sign of nuclear matter modification of hadron production at high pT and are therefore fully consistent
with the observation of binary collision scaling in Pb–Pb of observables which are not affected by hot
QCD matter (direct photons [26] and vector bosons [27, 28])

In summary, we have extended our measurements of the charged-particle pT spectra and nuclear mod-
ification factor in minimum-bias (NSD) p–Pb collisions at √sNN = 5.02 TeV. The results, covering a
substantially-extended pT range, 0.15< pT < 50 GeV/c, exhibit, within uncertainties, no deviation from
binary collision scaling at high pT; the nuclear modification factor remains consistent with unity for
pT ! 2 GeV/c. The data are described by a prediction based on NLO pQCD calculations with PDF
shadowing and further underline our earlier observation [4] that initial state effects do not contribute to
the strong suppression of hadron production at high pT observed at the LHC in Pb–Pb collisions.

Acknowledgements

The ALICE Collaboration would like to thank all its engineers and technicians for their invaluable con-
tributions to the construction of the experiment and the CERN accelerator teams for the outstanding
performance of the LHC complex.
The ALICE Collaboration gratefully acknowledges the resources and support provided by all Grid cen-
tres and the Worldwide LHC Computing Grid (WLCG) collaboration.
The ALICE Collaboration acknowledges the following funding agencies for their support in building and
running the ALICE detector:
State Committee of Science, World Federation of Scientists (WFS) and Swiss Fonds Kidagan, Armenia,
Conselho Nacional de Desenvolvimento Cientı́fico e Tecnológico (CNPq), Financiadora de Estudos e

What did we not expect !!! 

51 

Strongly interacting  
particles get suppressed in 
central collisions, whereas 
photons, W and Z are not 
suppressed. 

It is dense and 
opaque !!!! 

ALICE Collab. arXiv:1405.2737 

Final Remarks
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• Large amount of data allows for detailed 
studies of QGP properties, including quantum 
fluctuations.

• Clear picture of HIC can only be done with 
combination of different observables.

• QGP is a strongly interacting matter, that 
behaves like a low viscosity liquid.



Final Remarks
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• There are still many, many, many other 
observables measured by ALICE.

• Rich set of heavy-flavor measurements opens 
new probes to the QGP.

• What is going on in small systems?
• New upgrades will further improve ALICE 

capabilities.



Thank you !!!
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