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lattice QCD

Deconfinament as predicted from

Deconfinament is | ,&
ted for high |'=
EXPECLed TOr nig = - Confinement °
density and above g | Ve T=081T,
a critical f o Ny X .
temperature o L L .
~170 MeV (T) B N :
The strong coupling tol Vi To401T
betwkee_n two ’ il Deconfinemf:;(‘l'}
quarks is expecte o0 6 o o
. 0.5 2300 & o ©
to vanish for T> T W{%E%%?ii 2g0o, 20 °o
Heavy ion collisions S I T R L N B A S
environment to r (fm)

probe it Lattice calculations taken by:

O. Kaczmarek and F. Zantow, Phys. Rev. D 71 (2005) 114510
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The Quark Gluon Plasma (QGP)

Stephan-Boltzmann limit

16 | — ' LF ] Phasg transition occurs at very high
14 | e i density and temperature.
o TN, [ _ Chemical potential vanishes whep 'Fhe
1 centre-of-mass energy of the colliding
10 | ] :
i system increases.
8 t ]
SPS 3 flavour RH |C
6 r 2 flavour -
4t | 8(.A LHC g“‘
TC = (173 +/- 15)2MeV T QUARK GLUON :o'm;RHI(i:uAi
=1 £ ~ 0.7 GeV/fm* T [MeV] | PLASMA °"";;:":;fi;:~i.tf“"*"
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mev ¢ ........ s sog I
Lattic QCD: energy density increases sharply g (GeV)
at T="T. HADRON GAS
dT4 (Stephan-Boltzmann) expected to be ordinary hadronic
- Y SUPERCONDUCTIVITY
proportional to the number of degrees of matter
a
freedom of the system. By J
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Heavy-ion collisions

time

~100 MeV
Tty ~150 Mev
,T(:h

_ Pre-Equilibrium
Phase (< 1)

>
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Hadron Freezeout

Hydrodynamic
Evolution

§

:

Initial state

temperature

Thermal freezeout: no elastic
interactions
A Momentum spectrad T A ES |

Chemical freezeout a
A Particle abundancest T A ES

Bulk of matterproduced in the
collision can be described in
terms of hydrodynamics

w {GNRy3Ife Ayl
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N

-H ¢ <
-, > (/)

Highp; particles and heavy
guarks produced they
interact with the medium as
external probes

Partons interact within the
nuclei (at zero time)

N
p




Global properties

Impact parameter

Overlap region of two nuclei

N\
. - . » 5/30 *
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Global properties

Impact parameter
b =0-5fm:

0-10%

Central collisions

b=10-12 fm
60-80%

Peripheral collisions

Overlap region of two nuclei

N\
. 5/30 *
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Global properties

Quarks and gluons produced in b = 0-5 fm:

binary collisions
0-10%

Central collisions

b=10-12 fm
60-80%

Peripheral collisions

The centrality of the collisions can be
Non interacting nucleons (n,p) also expressed in terms of the number
of nucleons which participate to the
collision, N,or, While N represents
the number of binary nucleon-nucleon
collisions which occur
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A Large lon Collider Experiment:
the detector

19 a. ITS SPD (Pixel)
b. ITS SDD (Drift
Central barrel L USRS AL c. ITS SSD ((Strr'ip))
d. VOand TO
|h|[<0.9 e. FMD

llﬂll!lﬂlﬁiiiiiﬁiﬁiim

Tracking+PID

Muon spectrometer
-4<h<25

1.
i
3.
4.
7 Charged particles tracked
9.

°. I8 starting from hundreds MeV/c
Lil
11. Absorber

12. Muon Tracker
13. Muon Wall

14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD

18. ZDC

19. ACORDE

Particle Identification:

150 MeV/CA 20 GeV/c
il ' 1

N\
e
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The size of the system

Phys. Lett. B696 (2011) 32¢

The spatial extent of the fireball is

L —~ 400——— ,
measured via interferometry by “c [ A E89527, 3.3, 3.8, 4.3GeV ]
exploiting the Bose-Einstein = 350F A NA4987,125,17.3 GeV .

. : £ - M CERES 17.3 GeV :
enhancement of identical bosons . 300F * STAR62.4,200 GeV + ]
close in phase space. 2 O PHOBOS 62.4, 200 GeV E

L 250F ® ALICE 2760 GeV 1
‘i; = &1 _52 mnn:entum difference of identical bosons [Io 200;_ +2f dzYy S 2 F l:l Ké
qam__sm‘e,hng =q- Iaur.sj:if_fang proj on the 3 directions 150_ & charged track muItlpI|C|ty ]
_ S — ] g %% density from two-pion HBT
3 14} } i 12 100F A correlation: ALICE results
Vot ._-,J‘”&m,_ i A J\mi 5ok ﬁ compared to lower energy ]
02 0 010204 0 010207107071 0.2 experiments ]
GeV/ (GeV/c) (GeV/c) PP R S S I S S S S R S
T O g O g BT % 500 1000 1500 2000
_ (dN /dn )
C(a) = 3(a)/B(q) cn
: / \ More particles A larger freeze-out volume
Particles in From event
the same mixing

N\
event _ . . » 7130
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The temperature of the system

A. Andronic et al., arXiv:1611.01347
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ALICE measured the production of many particle species.
Yields were used to extract the system temperature at chemical freeze-out using
a thermal model to fit data

Hadron abundances, spanning on several orders of magnitude,
In reasonable agreement with a chemically equilibrated system!

N\
8/30 %
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Strangeness enhancement

Phys. Lett. B734 09 (2014)

8 8 o
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Strangeness enhancement in AA collisions:
natural consequence of QGP formation,
thermal production.

Observed at SPS, RHIC and also at the LHC.

Consistent with the prediction of
some thermal models which expect a
saturation at the grand canonical

values
N
9/30
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Strangeness and event multiplicity

Nature Physics 13535 (2017)

Ratio of yields to (n*+m")
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The plateau in the yield ratio of
multistrange hadrons to pions for high
multiplicity events consistent with
predictions of thermal models expecting a
saturation at the grand canonical value.

Challenge for pp event generators.

T. Sjostrand at Quark Matter 2018:
oConventional pp generator successful,
with MPI+CR generating some collectivity
but now cracks ®

MORE DETAILS IN THE PRESENTATIO
P. KALINAK ON THE 10th

N\
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Medium is expanding A radial flow

Phys. Rev. C 88 044910 (2013)

Mass ordering reproduced by

B 100 = T _ £ th hydro models, larger mass ->
S 51 A » PO-FD 8 = 2. L — . . . .
3 0F i STAR, AU-AU{ 5, = 200 GeV E Hardening of the p; larger shift of the p; distribution
S 10 Loy i PN Asas,mzoeey | [ spectra observed at Blast-Wave fit (hydro
© | _ . g
s o S 1+ (< 100 4| LHC wrt RHIC approximation) used to extract
S [ opmese Smeae . Kk 3| consistent with a radial flow parameters.
Aol 6. Z0 op DD”‘" 1| higher radial flow CAVEAT: QCD effects such as
. S 4 -5% Central collisions o - 9 e i
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Baryon anomaly

Phys. Rev. Lett. 111 222301 (2013)

Phys. Lett. 36196 (2014)

Also a coalescence picture is able to reproduce a hardening of |.2 | Pb-Pb s, =2.76 TeV A/KOC
particle spectra at intermediate momenta depending on the L 15 - Centrality 0-10% Lot S -
quark content (meson/baryon). = . $e
How to distinguish between mass and quark content effects2 " '
g 1T ¢ *
A g § p/ﬂ:
5N > ‘0 ******* e, "
o 1 @® I a *
410 «— From coalescence m | Kol o5 '
051 [ofg1 &5 ®*® [0 o] i
© hal ] ®
& : 0.’ o p/¢ x0.1 o
= : o
Z B ALICE
5 10?2 oL
1, 0 1 2 3 4 5
: GeV/c
From fragmentation Pr ( )
103 Comparison between f -meson
and proton is one key observable
to distinguish mass and quark
104 content effects.

1 2 3 4 5 [GeV/c] N
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Resonances as probe for the time
evolution of the medium

wn LIS R v LINURNL BN | L VR v T . .
Q 0=r ALICE '| Short living resonances as a probe of the
© *0) ~ s p-Pb5.02 TeV 11 N . . .
T t(K 4.21mjc o prosoatev 1| i e evolution of the medium (their
© 0.4 i | ~
s s oniatey e 11 lifetime is comparable to that).
T a Pb-Pb5.02 TeV j - o
S 03 W h eXesd4Tev A Suppression of the visible resgnances c;lue
| + ; | to daughter particle rescattering (possible
H | mitigation from recombination).
0.2} ¢ (f) ~ 462fm/c 4§ 0k b g )
: /K B Ba t| I
ﬁ =
il v LT 0 af Bs
: Uncertainties: stat. (bars), sys. (boxes), uncor. sys. (shaded boxes) ]
) SR B IR PR S B I A Thermal freezeout
0 2 4 6 8 10 12
dN_. nlab>w <05 . rescatteri

ALICE measured a large sample of such
resonances to constrain their production
mechanism in the medium.
MORE DETAILS IN THE PRESENTATION OF
M. VASILIEIU ON THE 10th om0
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Chemical freezeout




Anisotropic flow

Effects due to a spatial asymmetry in
the initial state of the collisioncan
be used to probe the QGP.

A Coordinate space Eccentricity &, =

a) Overlap of independent coll.

Overlap of all
col_!l_slp_ns

b) Ideal fluid with collective behaviour

Overlap of all
collisions
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y2+X2

Depending on medium transport
properties, initial spatial asymmetries
produce asymmetries in momentum
space A Elliptic flow

Low shear viscosity valug

high anisotropic coefficients

v, = (cof2lj -y )




Elliptic flow

arXiv: 1805.04390 (2018)

Phys. Rev. Lett., 105 252302 (2010)
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; gl 10-20% ,/’1 ALICE Preliminary IP-Glasmas+
I ' - 4 Pb-Pb |5,y =5.02TeV  MUSIC+UrQMD
o i o ly| < 0.5 arXiv:1609.02958
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Mass ordering observed: the larger the mass the
larger is the boost in momentum (hydro behavior)

¢KS AYyGS3IANI GS
at the LHC is larger than at
RHIC.

v {2, pn}=0.9]

0.3}

0.2f

0.1f

10-20% L 40-50% imi
_ e ALICE F"Ellmlnar)r
: $ 1 Pb-Pb 5,5, = 5.02 TeV
P o i (' -
e S [
& i“ F’ [ e § i % Kt
o - Iil'- a
B 1+ 1y .o
: o
o ¢
B T A T B A D I T
2 4 6 10 12 14 0 2 4 [i] 8 10 12 14
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At low momentum f has a similar behavior as the proton (same mass a hydro)

but at intermediate p; A
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Higher harmonics

3
Zd°N _ 1

dN %+

dp’

2p pdpdyc  m

a 2v, codn/ - Y,

I- OO

Event-by-event fluctuations may produce other
changes in the shape of the energy density profile in
the interacting region affecting the measured value of
v, and leading to non-zero values for v, v,, ..., v
Therefore, we need to measure higher order
harmonicstoo in order to constrain (inputs in the)
models: A Geometry propertiesand fluctuations

n

=
>

0.3

0.2

0.1f

[ Pb-Pb Vs, =2.76 TeV

[ Centrality: 20-30 %
[ <08

L e v,{2,)An>0.8}
m V;{2,/An>0.8}
L v,{2,An>0.8)

-y {2} (MC-Glauber, 1/s=0.08)
[ —v,{2} (MC-KLN, 1/s=0.20)
- —v,{2} (IP-Glasma, 1Ys=0.20)
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The best description
was achieved with the
|IP-Glasma initial
conditions and shear
viscosity h/s = 0.2
IP-GLASMA: PRL 110, 012302

N\
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High precision constraints from ALICE

High data quality enables quantitative extraction of medium parameters

Ae.g.: Bayesian parameter estimation from ALICE datéDuke+OSU) [v,, PID, mean p]
Astrong constraints on initial conditions (eccentricity, partond | (1 dzNJ G A 2 Y X
A extraction of temperature dependence of medium bulk and shear viscosity

temperature dependent shear viscosity: magnitude of (temp. dep.) bulk viscosity:
» analysis favors small value and shallow rise » significant non-zero value at T¢ favored
- need RHIC data to disambiguate 07,
0.6 |
! 0.6
05p ' Tc=0.154 GeV 0.5 initial range
0.4} : 1‘-{\{\3\ tange 0.4F
. | n (Z/s)(T) from Denicol et, al.
= 03F ! N3 vary overall normalization
: black line: norm = 1
0.2¢ ! = = — 0.2

01l E — 0.1+t
- (/N1 = (1/5)min +(N/S)stopelT-Te) 0.0 ; '
00015 0.20 0.25 0.30 015 0:20 - o

Temperature [GeV]

Temperature [GeV]

J Bernhard et al.: Phys Rev C 94 (2016) 024907

N\
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A coloured world A Jet quenching

path Iength L ST ol

ALICE, Phys. Rev. Lett., 110 (2013) 082302
CMS, JHEPO3 (2015) 022

p-Pb
|d tt
(cold ma er)\

Electroweak

< “a. Cq (ELZ Pb-Pb
hadrons\

Bai er, Dokshitzer, Muel |l er, Peigneo, Schi ff, N[PB

Salgado, Wiedemann, PRD 68(2003) 014008
Dokshitzer and Kharzeev, PLB 519 (2001) 199
Armesto, Salgado, Wiedemann, PRD 69 (2004) 114003

High p; partons are expected to loose energy in a
colored medium via induced gluon radiation A hard
QCD probes are expected to be suppressed in AA
collisions(electroweak probes are not affected!)

M _ i
s t*. Pb-Pb (ALICE) & I, p-Pb Ve = 5.02 TeV, NSD {ALICE) :
1_8 i K. Pb-Pb I:'::MS:I __ # ¥, Pb-Pb '||3qN= 2.76 Tew, 0-10% (CMS) ]

VSm = 2.76 TeV, 0-5% | | & W, Pb-Pb \'SW= 2.76 TeV. 0-10% (CMS)]
[| * 2° Pb-Pb {5, = 2.76 TeV, 0-10% {CMS]

NPT T T T PR P PPTTE FrTEY PP ST
[}D 10 20 30 40 50 60 70 80 90 100

P, (GeV/c) or mass (GeV/c?)

:> RAA(pT)_

(dN / dpr )AA/yNumber of binary nucleon-nucleon collisions in AA/pA interactions (Glauber)

= N\
e ﬂ%) . - | » 18/30
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Particle production in AA collisions

arXiv:1805.04432, arXiv:1805.0438

14 T T T T T T T T T T T T T T T T T .
CALICE, Il <05 | "Il ALICE recently collected 6 hours of data in Xe-
- )’\jeXeysNN 5.44 TeV . Z::Db\fs_W:S.OQTeV i Xe C0||iSi0nS.
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Some deviations for peripheral collisions, 1 10 1 10
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Charm quarks in the medium

Charm quarks cannot be

produced in the medium but

only in the initial hard

scattering:

A Do they loose the same
energy as light quarks?

A Do they flow in the bulk
as lighter quarks?

Dokshitzer, Kharzeev
(PLB519(01)199)
predicted a lower energy
loss due to dead cone
effect (massive particles
cannot radiate along the
direction of propagation)

Y
T D . ‘
Sy _,9_,_,.,. — _®_ )??.“

——— |
— |

|

|

/

— \
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arXiv: 1804.09083 (2018)
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s Ty
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) T
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o 037 30.50% Pb-Pb, 5, = 5.02 TeV ALICE ]
g r lv|<0.8 A
- N S, e D°. D", D* average i
|E:L.|_, 0.2 [ syst from data —]
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(1] ]
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I

el oo by s oy by s by by s 1y 17
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The strength of R, suppression is
almost as large as that observed for
charged particlesg; > 8 Ge\t).

b2 fIFNHS O2f R -BpdzOf
results (JHEP 1603 081 (2016))

A suppression in Pb¢Pb collisions is
genuine and indicates strong

interactions of charm quarks with QGP

V, of D mesons in semi-central
collisions is comparable in
magnitude to that of light flavor
hadrons

N\
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J/y . quarkonia in the medium

J/Y suppression was one of the signature predicted for QGP
formation {due to Debye screening of cc in medium) A SPS and RHIC
Statistical recombination expected at the LHC.

OCD

T T | T T T T | T T T T | T T T T | T T T T | T T T T

ALICE Pb-Pb (s, = 5.02 TeV

O Inclusive Jiy — e'e, |y| < 0.8 (Preliminary)
O Inclusive J/y — pu- 2.5 < y < 4.0 (PLB766 (2017) 212

H

ALICE Xe-Xe (s, =5.44 TeV
B Inclusive Jiy — e'e’, |y| < 0.9 (Preliminary)
® Inclusive Jiy — p*p-, 2.5 < ¥ < 4.0 (submitted to arXiv,

i

@KE'@@EH@@@@@_

s
ga

o b e b b b
100 150 200 250 300 350 400

( Npart >

A lower suppression at LHC
wrt RHIC consistent with a
production of J/ Y via
recombination at the LHC
A also confirmed by the
latest Xe-Xe measurement.
MORE DETAILS IN THE
PRESENTATION OF
A. LARDEUX ON THE 10th
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Charmed baryon production

- 1 PLB781(2018) 8
> f ] = ] z .
g | wis-rtv | 8 | te-sew 1| C A N¥ploduetion measured at the LH
¢ - . E &) 4l . -
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o | p il B e ] oL | Cauoe
= 1op i J B O | T e VA s L iy PP, 15 =7 TeV
S - - = AL PG MVA 3 s T ¥l <0.5
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! = Sk il 3
A :3.5:%I|.rmi.|lmcalna|m|1r_nalshm | L ] L I*G.?fi@lulmi. Ence:nairjwn?tsh::ml L ] Ew E —$— ]
0 5 10 0 5 10 zo0 )
P, (GeV/c) P, (GeV/c) » 102k Nz;t;:c;rrected for Ebtcl.ec:ayst i ﬂi—_
E E + 3.5% norm. uncertainty not shown E
Reconstruction oL B S S |
JHEP 1804 (2018) 108 : p, (6o
. . 2.5 T T T T T
Charmed baryon cross sections are measured in g =7 auce preiiminay
T ol Pb-Pb, {5, = 5.02 TeV, |y|<0.5 7

pp and p-Pb collisions A relative production e :
wrt open charm mesons directly assesses charm | 15 - P/ 0-10% @iv:1804.0908) .
baryon formation mechanism. e m i
Preliminary data now available also for Pb-Pb A 055 E
r _EH__BE'_—EEI—:

MORE DETAILS IN THE PRESENTATION| -~ —

0 5 10

A. ALICI ON THE 5th p, (GeV/c)
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Collectivity in small system?

ALICE, Phys. Lett. B 719 (2013) 29

E 0.16— ppl13'lre\} h I;;-Ili’b 502TeV  XeXe 544 TeV Pb-Pb5.02 TeV—
12 <P < 4 GeV/ic p-Pb \s, = 5.02 TeV >N B 5 V2{4} ‘ﬁ' v,{4} ol v, {4} ]
= Prassoo < 2 GeVlE (0-20%) - (60-100%) 0141 Wlv,i4) 0 v,14) 1 v{4} ¥ v,4) -
E 5 V2{6}3-sub 5 v2l6}3-sub ﬂ( vz{a}s-sub 0 Ve{s}a-sub E
01257 ALICE Prefiminary A v,18) e
= 0.1 0.2< P, < 3.0 GeV/ic ]
s 088 C <08 .
ey - — "N AAALITS B
(g 0s0 0.08: /7 ! }g .ggﬁ v . , :
2z 006 L % 43¢ *y =
= LI% ‘*%%“ } Xe-Xe *ﬁ R
0.02[ p: p-Pb 3
- 0: IQI ?\ L1 | 1 1 1 1 1 1 L1 I :
2 10° 10°
. Nch (Ml <0.8)
p-Pb (central ¢ pheripheral)
Aexcess structure in the correlation Collective behavior is observed in
forms two ridges. multi-particle cumulants (where non-

MORE DETAILS IN THE PRESENTATIC flow contributions are suppressed)
OF I. RAVASENGA ON THE 5th AND even in the smallest systems.

L. DE LIMA PIMENTEI ON THE 10th  Are these hints for collectivity?
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Anti-nuclel production In
AA collisions

In high energy Pb-Pb collisions at the LHC a large amount of (anti)nuclei is produced.

10°°
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e T e 0-5% (x512) s 5-10% (x256)
s ' 10-20% (x128) 20-30% (x54)
M ) 30-40% (x32) 40-50% (x16)
= o 50-60% (x8) s B0-7T0% (x4}
= o0 o T0-80% (x2) & B0-80% (x1)
B - - -~ Individual fit o ppIMEL v&=13 TeV
E MEL normalisation uncertainty: £.55%
| 1 | 1 | | 1 1 1 1 | 1 1 1 1 | 1 1 | 1 | i 1 1 | 1 i
1 2 3 4 5 G
Py (GeV/c)

Same amount of nuclei and antinuclei observed!
Volume effect: lower coalescence probability in
large systems
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Anti-nuclel production In
AA collisions

In high ene S IS produced.

g > -

. | g 10? = arXiv:1710.07531 P Pb {5 502 ToV
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Nuclel production at the LHC

Within the coalescence picture the yield of light (anti)nuclei depends on the
(anti)baryon densities. Within the approximation of no effect due to volume

(coordinate space neglected in the model):

A ) - 9T A ; N
ddj\fﬂ 254 + 1 47 3 A=l d'ii\’p _ d‘if\ﬁ,,_
VAT 3T T 9A 3 Po TP A) In (dp3 /A
PA . (dpi/A dpi/A)
& UL RS L L LR L LR
=§ o2l B % . ALICE Preliminary | :
R £y b py/A=0.75 GeVic -|  Assuming that p and n have the same
S J g 1 mass and have the same p- spectra:
- . T
_ EE i
103 ; g = d’Ny d>N,
T [®]ALICE, d+d, pp, \s = 7 TeV A ] EA — BA E p
B VOM Multiplicity Classes HE ] 3 P d 3
 [#JALICE, d+d, p-Pb, |5, = 5.02 TeV - [)A pp
= VOA Multiplicity Classes (Pb-side) HH H =
| [®JALICE. d, Pb-Pb, \s,,, = 5.02 TeV i
[+ ]ALICE, d, Pb-Pb, \Sun = 2.76 TeV (PRC 93 (2015) 024917)
10—4 Ll L ool 1

10°
{chh /dn )

10 10°

lab’In_| <0.5
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Input for dark matter searches

Light nuclei measurements in high energy physics can
be used to estimate the background for the estimation
of secondary anti-nuclei in dark matter search

K. Blum et al., arXiv:1704.05431 arXiv:1709.08522
1 02 ‘%" 10_1 El T T T 7T | T T T I T T T T | T T T T T E T T T T I T T T T ‘ T T T T | LI T I T E
St @480 Z t, ALICE pp Vs = 7 TeV F L ALICEpp Vs=7TeV
— 3 * He, ALICE pp Vs =7 TeV o e, ALICE pp Vs =7 TeV
3l g,, i t, Bevalac p-A E, = 2.1 GeV I i, EPOS (LHC)"
< 1 10%E ‘4o, Bevalacp-A E,=2.1GeV ~ § - He EPOS (LHC)* E
o, =3 . e * with afterburner
@ T I ]
]
2 10 3 E
Q 101 L F E ]
L - : ]
I o
o L - =
8 10 g : = 3
a L
.................. | 1 111 | 1 11 1 I 1 1 1 1 | 1 1 1 1 | 1 _l 1 1 1 1 I 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1 I 1
0 0.5 1 15 2 0 0.5 1 1.5 2
g 00 . pr A (GeV/c)
B, [GeV’]

~_ ALICE measurement (green box region) allows
t 2A442Yy LINRPOIF O6Af A& toreduce uncertainties in the model (AMS02)

3He events in a 5-yr analysis of AMS02 N
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Hypernuclel

Decay Channels

*H->He+mw ~25% - H > *Het '

Main goals of hypernuclear physics:
AExtension of nuclear chart

AUnderstand the baryon-baryon interaction
in strangeness sector

"H>H +n® ~13% +H = He
*H> d+p+m ~a1% xH > d+pr

‘Hod+n+mw ~21% ;H=>d+n+

% a ﬁ-‘ [ rrTrT | TTTT '| T T I TTTT I TTTT | TTTT | T | TTT 'I_
- &) L _
tudy the structure of multi-strange systems S1a0f ALICE Performance, 28/11/2016
o
L i i
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The ALICE upgrade for Run-3

The LHC schedule (for PbPb)
Run-2 (A 2018)  Lopaes=1.0nb"
Run-3 (2021-2023) Liregaea=6.0nb™

Run-4 (2026-2029) Liregaes= 7-0Nb™

Major upgrade of detector system during Long Shutdown 2 (2019-2020)
A faster detectors + continuouseadout
A higher secondary vertices precision due to inner trackerupgrade (also lower material budget)

Muon Forward Tracker

Upgrade of tk Upgrade of the

pgrade of the
Readout & Trigger System

‘0

pgrade of the
Inner Tracking System

Time Projection Chamber

CERN-LHCC-2013-024
CERN-LHCC-2013-019
CERN-LHCC-2015-006

—
N
<
(Fp]
—
o
o
O
O
I
=
=
2
L
O

CERN-LHCC-2012-012

Improvements are expected for many analyses:

Astudy the thermalization of partons in the QGP focusued on charm and beauty quarks

Aow-momentum charmonia dissociation (and regeneration?)

AProduction of thermal photons and low-mass dileptons emitted by QGP to study initial temperature

and equation of state of the medium (lower B =0.2 T and lowematerial)

APrecision study of light nuclei and hyper-nuclei (higher statistics, faster DAQ rate due to TPC upgrade

| - | » 28/30 %
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Conclusion

The physics of ALICE is very rich allowing to
characterize the medium produced in AA collisions in
terms of:

SOFT probes: medium was characterized in terms of:
A Hadronization vs. coalescence (hadron spectra, elliptic flow)
A Low viscosity of the medium (anisotropic flow)

A Is the system similar in p-Pb central collisions?
(hints from ridge, strangeness production, v,)

HARD probes: medium was characterized in terms of:
A Jet quenching (R,,, with and w/o PID)
A Recombination (J/Y suppression/enhancement)

A Heavy vs. light quarks: are heavy quarks thermalized and flowing?
(J/y and D v,)

| - | » 29/30 %
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... thanks for your attention!
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Data taking in Run-1 at the LHC

pp 2009-2010
pp 2011
pp 2010-2011
pp 2012
p-Pb 2013
Pb-Pb 2010-2011

0.9
2.76

5.02
2.76

S pp(2.76 TeV) ~ 65 mb
o~ 0.2 nb-l SPb-Pb(2'76 TEV) - 7660 mb
(Glauber model*)

~ 100 nb?
~ 1.5 pb?!
~ 2.5 pb?
~ 15 nb!
~0.08 nb?

Pb-Pb /Sum = 2.76 TeV
run; 137171, 2010-11-09 00:12:13

* Glauber model describes nucleus-nucleus collisions as an overlap of nucleon-nucleon collisions
assuming a distribution of nucleons within nucleus volume accordingly to a Woods-Saxon profile. It
allows to compute nucleus-nucleus cross section, N,., Ny ¥ 2 NJ | A GSY A Y LI O

N\
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Data taking in Run-2 at the LHC

2015-2017 ~ 25 pbt Pb (2=82, A=208)

pp 2015,2017  5.02 ~1.3 pb! Xe (Z=54, A=129)
Spp.pp(5.5 TeV) ~ 7750 mb

p-Pb 2016 5.02 ~3 nbt (Clauber model)

p-Pb 2016 8.16 ~ 25 nbt

Pb-p 2016 8.16 ~20 nb!

Pb-Pb 2015 5.02 ~0.25 nb'?

(Xe-Xe) 2017 5.44 ~0.3 bt "

Pb-Pb 2018 (exp)  5.02 ~1nbt

Goals for Run 2:

App@13 TeV A reach 40 pb-?
APb-Pb A 1 nb | (S
Ahlgh statistics pp@5 TeV Sample (2017) 2&1;2?::1::)5:2017_1042 21:56:43(UTC)
GAYLINRE DS (GKS NBETSNBYyOS: W
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Golden observables for ALICE

Pb-Pb (Xe-Xe) collisions

A Strangeness in the medium } SOFT PROBES
A Collective phenomena/flow

A Electroweak probes (no strong interaction with medium)

A Jet and medium interaction (light quarks and gluons) HARD PROBES
A Heavy flavors (heavy quarks in the medium)

A Light nuclei factory

pp collisions |

A Reference without medium effects
A Collectivity in high multiplicity events?

p-Pb collisions
A Reference for cold matter effects
A Collectivity?

L. Cifarelli, R. Nani&\, E.Sc%oparoneA. Zichichi
NUOVO CIMENTO Vol. 39 (2016) N. 10
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Medium is expanding A radial flow

Phys. Rev. C 88 044910 (2013)
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Hardening of the p; spectra observed at LHC wrt
RHIC consistent with a higher radial flow developing

in the medium expansion.

Mass ordering reproduced by
hydro models, larger mass ->
larger shift of the p; distribution
Blast-Wave fit (hydro
approximation) used to extract
radial flow parameters.
CAVEAT: QCD effects such as
color reconnection can

mimic radial flow!

S 0.2p— T
8 o.18F 3
= F p-Pb
Fo.tef N~ @
0.14F % ]
C ) I"-pw J
0.12F Pb-Pb "% % e
0.1F & @ b
I Global Blast-Wave fit to ﬂ‘ .
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[ = ALICE Preliminary, pp, \s =7 TeV ]
0.085 . ALIGE, p-Pb, 15 =502 Tev PLB 760 (2016)720 1
0.04F * ALICE, Pb-Pb, {5, = 2.76 TeV PRC 88 (2013) 0449101
" F + ALICE Preliminary, Pb-Pb, {5y, = 5.02 TeV ]
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