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Quark Gluon Plasma in Heavy-lon collisions 1Ie ALICE

2 QCD predicts a novel state of nuclear |
matter: a strongly interacting, | “‘;“ff::\“i.’}t;n
: Collisions
deconfined medium (QGP).

Quark—Gluon Plasma
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Critical
Y y Point

2 High energy heavy-ion collisions allow
a large energy in a small volume and
produce a “fireball” of hot matter Matter Made of

'\iﬂuclei
2 Evidence of QGP already at CERN- - .

Color
Superconductor

Temperature (T)

Neutron Stars?

SPS and BNL-RHIC experiments. Baryon chemical potential () or net baryon density

2 At the LHC:
2 precise characterization of QGP
parameters,

2 investigation of novel QCD
related effects (QCD chiral

Energy Stopping Hydrodynamic

Hard Colisons Evoluton Hecron Freezoout imbalance, collectivity in small
systems strongest magnetlc fleld )
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How to investigate the QGP at LHC? 1Ie ALTGE

2 Precise characterization of the macroscopic QGP properties
2 QGP “source” with global quantities and collective behaviour
2 Temperature, viscosity, diffusion coefficients, ...
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How to investigate the QGP at LHC? 1Ie ALTGE
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2 How QGP properties emerge from microscopic partons dynamics?
2 Which are the effective constituents of QGP?
2 QCD processes affected by the medium? QCD splitting, hadrons formation
are modified?
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How to investigate the QGP at LHC? 1Ie E

2 Precise characterization of the macroscopic QGP properties
2 QGP “source” with global quantities and collective behaviour
2 Temperature, viscosity, diffusion coefficients, ...

2 How QGP properties emerge from microscopic partons dynamics?
2 Which are the effective constituents of QGP?
2 QCD processes affected by the medium? QCD splitting, hadrons formation
are modified?

2 Probing partonic content in the nuclei
2 Saturation effects, nuclear-PDF
modifications?
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How to investigate the QGP at LHC? 1Ie

ALICE

2 Precise characterization of the macroscopic QGP properties
2 QGP “source” with global quantities and collective behaviour
2 Temperature, viscosity, diffusion coefficients, ...

2 How QGP properties emerge from microscopic partons dynamics?
2 Which are the effective constituents of QGP?
2 QCD processes affected by the medium? QCD splitting, hadrons formation
are modified?

2 Probing partonic content in the nuclei
2 Saturation effects, nuclear-PDF
modifications?

2“Pb-Pb like collective” effects in small
collisions systems (pp, p-Pb)?
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How to investigate the QGP at LHC? 1Ie ALTGE

2 Precise characterization of the macroscopic QGP properties
2 QGP “source” with global quantities and collective behaviour
2 Temperature, viscosity, diffusion coefficients, ...

2 How QGP properties emerge from microscopic partons dynamics?
2 Which are the effective constituents of QGP?
2 QCD processes affected by the medium? QCD splitting, hadrons formatio

are modified?
today’s focus

2 Probing partonic content in the nuclei
2 Saturation effects, nuclear-PDF
modifications?

2“Pb-Pb like collective” effects in small
collisions systems (pp, p-Pb)?
2 Collectivity? Other QCD effects at high

density?
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Heavy-ion collisions evolution 1Ie %

ALICE

Heavy ions
T~0

Before the collisions
Nuclear PDF modified due to the high quarks and gluons density?
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Heavy-ion collisions evolution 1Ie %

ALICE

Heavy ions QGP
T~0 T ~1fm/c

Hard scatterings
Partons with high energy and virtuality are produced
Production can be studied using pQCD approach

QGP formation
Hot and dense matter made of deconfined and interacting partons
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Heavy-ion collisions evolution 1Ie %

ALICE

Heavy ions QGP QGP
T~0 T ~1fm/c T ~5fm/c

QGP behaves like a perfect liquid

Approximated with hydrodynamical calculations of an
expanding fluid

System can be described with global variables:

- n/s,{/s (shear and bulk viscosity over entropy density)

- temperature of the source
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Heavy-ion collisions evolution 1Ie %

ALICE

Heavy ions QGP QGP Hadrons
T~0 T ~1fm/c T ~5fm/c T > 10 fm/c

Transition from QGP phase to hadron gas.
Hadronization and hadronic phase interactions to
be taken into account.

—— ———
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Heavy-ion collisions evolution

ALICE
Heavy ions QGP QGP Hadrons Detection
T~0 T~1fm/c T ~5fm/c T > 10 fm/c T >10 pm/c

No direct observation of the QGP is possible
Rely on detected particles as “probes”
Study the event-by-event properties, fluctuations

and correlations between all particles.

D. CAFFARRI (Nikhef) - 4 |

|

Nikhef Jamboree, Utrecht 17/12/18 Review of ALICE results




| | | Nik[hef %
Heavy-ion collisions evolution 1Ie

ALICE
Heavy ions QGP QGP Hadrons Detection
T~0 T~1fm/c T ~5fm/c T > 10 fm/c T >10 pm/c

Centrality,
Related particle multiplicity produced in the collisions,
Number of participants nucleons in the collisions.

7=0.4 fm/c

collision geometry, (@)

... and it’s fluctuations.

-10
‘10 5 0 5 10
X [fm]
B. Schenke et?I., PRL 106 (201 1) 042301
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Azimuthal Anisotropies Nik[hef (H

ALICE

P> Spatial anisotropies
Induce pressure
gradients that push
particles with different
velocities

2 More and faster particles are seen in the symmetry planes (n) directions.
2 Particle azimuthal distributions measured wrt symmetry planes — Fourier series

Flow coefficients

vn = {cos(n(p — Wn)))
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ALICE

P> Spatial anisotropies
Induce pressure
gradients that push
particles with different
velocities

2 More and faster particles are seen in the symmetry planes (n) directions.
2 Particle azimuthal distributions measured wrt symmetry planes — Fourier series

Flow coefficients M. Luzum, P. Romatschke PRC 78 (2008) 034915
Erratum PRC 79 (2009) 039903
Un = <COS(D(SO o \Ijn))> 0.5 ——T——
| — n/s=10"
04l — = 1/s=0.08 standard
2 Investigation of QGP shear viscosity over 016 stard
entropy density (n/s) 03 ° T/s=0.16 Pade
2 Friction effects of fluid elements >”02'
2 Perfect liquid = n/s ~ 0 1 e
2 Investigation of the n/s (7) | s
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Charge particles flow coefficients

Nik[hef %

ALICE

2 Centrality dependence of flow
coefficients for charged hadrons

in 0.2 <pt < 3.0 GeV/c

2 Up to ve > 0 coefficients measured
2 Very high precision reached

2 Strong increase of v2 harmonic

contribution in semi-central collisions.

2 Collective effects coming from
different contributions of different
harmonics to different centralities
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Charge particles flow coefficients 1Ie ALICE

ALICE Coll. JHEP 1807 (2018) 103

2 Centrality dependence of flow 5 576 502 TeV
coefficients for charged hadrons - v A ALICE Pb-Pb
in 0.2 <pt < 3.0 GeV/c 015~ . 4 0.2<p,<3GeVic
2 Up to vs > 0 coefficients measured R e ml <0.8
2 Very high precision reached T o e e

I * Vg2, A1)

2 Strong increase of v2 harmonic
contribution in semi-central collisions. 0.1
2 Collective effects coming from
different contributions of different
harmonics to different centralities
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Collective effects arise from the
non-trivial interplay of different

collision geometries and initial
state fluctuations.
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Determining QGP properties with measurements 1Ie %

Yields Mean pr Flow cumulants
20

2 ALICE results used as input

for a Bayesian model-to-data ¢ | |- ?
. . = > 0.08} N
analysis to constrain QGP 5 0t g ol &
> - R —
parameters T - z
2 Simulation of experimental — o i}
observables with a sub-set of £ "|_~ = NNy L
significant parameters 2 — gy S
10!} 05| B 0.04 '/v = ,‘“\»7 D <
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S. Bﬁass et al. Nucl.Phys A, 967 (2017) 67-73, J. S._Moreland et al 1808.02106 7 o )
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Determining QGP properties with measurements I %

2 ALICE results used as input == i "
for a Bayesian model-to-data g o/ ] - 7
analysis to constrain QGP - S e
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Determining QGP properties with measurements 1Ie ALIGE

2 ALICE results used as input

for a Bayesian model-to-data TV + TH\'7
analysis to constrain QGP e ( 2 ) 0.03+0
parameters |
2 Simulation of experimental
observables with a sub-set of N Tl Wounded
significant parameters D S 00 0 o
P

2 Posterior distribution when
T . ” - Prior range
calibrate” using data from Postert |
] i osterior median
ALICE in Pb-Pb. 90% credible region

0.4}

nls

Constraining initial conditions and

extraction of n/s(T) using this multi- i
observable statistical method with =
high precision ALICE data | | | i
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S. Bass et al. Nucl.Phys A, 967 (2017) 67-73
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Direct y vo

2 Direct y:
2 emitted in hard scatterings and by the QGP
during its evolution
2 not interacting with the medium constituents
2 spectrum depends on medium properties
(T, expansion velocity)

Saturated gluons —
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Direct y vo 1Ie

ALICE

2 Direct y:

2 emitted in hard scatterings and by the QGP
during its evolution

2 not interacting with the medium constituents

2 spectrum depends on medium properties
(T, expansion velocity)

2 Direct y anisotropies related to microscopic
evolution of collective effects

R. Chatterjee, D. K. Srivastava Nucl. Phys. A830 (2009) 503
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ALICE

2 Direct y:

2 emitted in hard scatterings and by the QGP
during its evolution

2 not interacting with the medium constituents

2 spectrum depends on medium properties
(T, expansion velocity)

2 Direct y anisotropies related to microscopic
evolution of collective effects

R. Chatterjee, D. K. Srivastava Nucl. Phys. A830 (2009) 503
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? R, —1 Later emitted photons develop larger v
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Nik[hef

ALICE

2 Measurement of Ry factor in Pb-Pb
collisions at \/snn = 2.76 TeV

Yincl
Ydecay

R, =

2 Only ~ 10% of inclusive y are direct
ones.

2 Measurement of vo¥in¢l measured
with two-particles correlations
method

2 Calculation of the va¥9ecay ysing
simulation with cocktail of decay
particles (%, n, ...)

-

e

ALICE Collab Phys Lett B 754 (2016) 235-248
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ALICE

2 Final results obtained by employing a Baysian
approach given the small fraction of direct Y.

2 Non - zero direct y flow (significance 1.4-1.0 o)

2 Results tend to be higher than the model
predictions

2 Similar values as observed at PHENIX.

>~>C\| T T TT | T 11 | T T | T T | T T | T 17T | 17T T3

o5l 0-20% Pb-Pb, |5, =2.76 TeV B

“F o [e]vi® ALICE .
2 H

_ v}®° ALICE simulation -

0.4 vy %", hydro, Paquet et al. ]

B - vg 9 hydro, Chatterjee et al. i

T e vy ™", PHSD, Linnyk et al. .

03|~ Boxes indicate total uncertainties _|
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ALICE Collab. arXiv:1805.04403 accepted by PLB
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ALICE

2 Final results obtained by employing a Baysian
approach given the small fraction of direct Y.

2 Non - zero direct y flow (significance 1.4-1.0 o)

2 Results tend to be higher than the model
predictions

2 Similar values as observed at PHENIX.

First measurement of vyydr at the
LHC. More data needed to improve

our Ry factor estimate.

ALICE Collab. arXiv:1805.04403 accepted by PLB
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Probing the strongest magnetic field 1Ie ALICE

U. Gursoy, D. Kharzeev and K. Rajagopal Phys. Rev. C 89, 054905 (2014)
2 Constraint the properties of high magnetic field 10° T e

created in heavy-ions collisions before » D 2 O ATV
investigating more complex effects (as Chiral
Magnetic Effects, ...) ‘5_- 10
2 B parameters: Cal A\
2 almost no constraint from theory 0'E N == 0, 00m"
2 related to QGP properties (conductivity, . il |
VOFtiCity, ) . YR YRR R R RN R IR
t [fm/c]
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Probing the strongest magnetic field

Nik[hef %

ALICE

U. Gursoy, D. Kharzeev and K. Rajagopal Phys. Rev. C 89, 054905 (2014)

2 Constraint the properties of high magnetic field K

created in heavy-ions collisions before
investigating more complex effects (as Chiral

Magnetic Effects, ...)

2 B parameters:

eField (GeV/fm)

2 almost no constraint from theory

2 related to QGP properties (conductivity,

vorticity, ...)

2 Two competing effects:

2 Faraday effect - Electric field induced by X
decreasing magnetic field vs time

(spectators)

2 Hall effect - Lorentz force induced by
moving charges (QGP expansion)

0.02

Faraday effect

VxE=—-—
t

o o
3 =

=)
£

I' Al Al Ll

L4 ' LS Ll Al Ll ‘l L4 L4 L

LHC: Pb+Pb@2.76 TeV
b=9.5fm, n=1.0
cE

X

eB

o 1

v - 1

.
.
“"
"

—

—_— B —
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Charge-dependent v; 1Ie ALICE

R

eaction plane W,

2 v41 measures the asymmetry of particles .
produced in the same and opposite direction
of the collisions impact parameter

1
podd — 5(U§y>0) _ U](Ly<0))

2 Expected different v+ for positive and v positive pions
negative particles vs rapidity 0.0002 Faraday + Hall
/ R [ ===-- Faraday only
vi(+,n) = —vi(+, —n) = vi(=, —n) = —v1(—,n), / ™\ 0.0001]
R - 2 Y
—00001] g
~0.0002 it

U. Gursoy, D. Kharzeev and K. Rajagopal Phys. Rev. C 89, 054905 (2014)

B —
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Charge-dependent v; : iE@ef

ALICE

R

eaction plane W,

2 vi measures the asymmetry of particles .
produced in the same and opposite direction
of the collisions impact parameter

1
podd — 5(v§y>0) _ U](Ly<0))

2 Expected different v+ for positive and

negative particles vs rapidity
K. Das et al, PLB 768 (2017) 260-264

vi(+,1) = —vi(+, —n) = vi(—, —n) = —vi(—,7n), . T T

' 7 [ ' [ ' [
Dlcq] . =1,

——=D [Eq]’ t=tf.o.

0.02F,"
2 Charm formation time is comparable to |

maximum B _
? Expected larger effect than light hadrons ,|

Vi)

0 .

-0.04 -

2 15 1 05 0 05 1 15 2
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AV1Odd —_ V1odd (+) - V1Odd (_) NlEE]ef

ALICE

2 Hint (2.60) of non-zero slope for .

llllll'lllllllllllllll'll

3 0.3 £ -ICE Preliminary
> """[ Pb-Pb\s,, =5.02TeV540%8 ub’
1 -
+ N
o 0 2 - pT >0.2GeV/c
° i b
0.1 |
: M
. [ | | ¥
0 - .
[ @ '
—0.1 I__ .-"-
i fit function: k - n
-0.2 (. 1.68+0.49 (stat) + 0.41 (syst) - 10"
; bars: stat. err.
-0.3 - boxes (filled/empty): syst. err. (corr./uncorr.)
;lllllllllllllllllllllllllllll

-06-04-0.2 0 0.2 04 0.6
N
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AV1Odd —_ V1odd (+) - V1Odd (_) Nl%ef

ALICE

2 Hint (2.60) of non-zero slope for 2 Hint of non-zero slope (2.70) for
Av+ odd — V1 odd (+) _ V1odd (_) Av+ odd — V1 odd(DO) _ V1odd(DO)
in 3 <prt <6 Gev/c

' | I ' L I ' LN B l L I ' L A l L I ' L | P —
. . - 1] I I I I I I 1 I 1 1 1 1 ] 1 1 | |
8 0.3 L —"LICE Preliminary : A f | N :
> "I Pb-Pb\s,, =5.02 TeV 5-40%8 b : g 060 ALICE Preliminary p
- : = [ 10-40% Pb-Pb, |5, = 5.02 TeV -
+ 0 2 - pT>0.ZGeV/c _ o -
3 - . | 0.4 /ﬁ/ B
O - + - i £ - Not feed-down corrected o
- o V.-V - =
> - L L _ O | Not efficiency and acceptance corrected ]
0.1 . 5 0.2F ]
- " o 7 8~ F .
- I - . S ;
| Tt P il || R -
L | - :_ _:
—0-1 :__ AT —-" —002_ i
- fitfunction: k - 1 - 0.4 3<p,<6(GeVic) -
-0.2 (. 1.68+0.49 (stat) + 0.41 (syst) - 10" - - :
X , - 3 fit function: k x n )
n bars: stat. err. o -0.6 B p ., B -
0.3 boxes (filled/empty)' syst. err. (corr./uncorr.) - K= 15'2 x10°£1.8 ’l‘ 10 (Stat)is'slx 107 (sysh) 4
; 1 1 l | l 1 1. 1 P 1 1 l 1 1 l 1 1. 1 I L 1. 1 l 1 1 ; _1 l l l I_O 5l l l l 0 l l l lo 5l : : : 1
-0.6 -0.4 —0 2 0 0 2 04 0.6

N n
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Nik|hef %
AV1Odd —_ V1odd (_|_) - V1Odd (_) lIe

ALICE

2 Hint (2.60) of non-zero slope for 2 Hint of non-zero slope (2.70) for
Av+ odd — V1 odd (+) _ V1odd (_) Av+ odd — V1 odd(DO) _ V1odd(DO)
in 3 <prt <6 Gev/c

6 LI J ] L I LA B l LELELI ] L I Ll ] L} T — - - r r I r T T T ] T T T T ] T T T -
2.-0.3L 7LICE Preliminary ] =" . j
> T7F Pb-PD s, =502 TeV 540%8 b g 0.6 _ALICE Preliminary B
. [ ; - f 10-40% Pb-Pb, |/s,, = 5.02 TeV :
~ p,>0.2GeVic _ - .
g O 2 - s - | 04__ /ﬁ/ N
O - + - i - - Not feed-down corrected o
- eV -V - 2
> '_ 1 L S _- D __ Not efficiency and acceptance corrected _-
0.1} - 5 0.2
- - . - L .
. g A ] > - -
0 - ., ..........7,..‘-.' ............................ ..‘.-. O.-_— --------------------------------------------- —~
" | i : i
- . . ) S : : i 3<p_ <6(GeV/ic) |
[ fitfunction:k - First indications of charge Py <6 ) ]
-0.2 (. 168+0.49 (stat) + 0.41 ( . . : :
" separations induced by magnetic fit function: k x )
[ bars: stat. err. : : : . . ) on: _ —
—0.3 [ boxes (filled/empty): syst. err. field in heaVY'lon collisions. 0 11'8](10 (stat)15.51x102(syst) .
; 1 1 1 1 1 1 1 1 1 1 1 1

' T E T T T T T
"06-04-02 0 02 04 06 - 05 0 0.5 1

N n
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- viidher ()
How to investigate the QGP at LHC? 1Ie

(aka: the outline of my talk) ALICE

2 How microscopic parton dynamics build the QGP properties
2 Investigate effective constituents of QGP
2 Study how QCD processes are affected by the medium: QCD splitting,
color coherence, hadron formation

r‘, >
0
. N y a0 () ) -
o ‘ 2. O o
LIRO ‘ 0 0
5 A 0 0 n 20 O ) 3 P
s . x R e J ¢
B o YD - oro O o0 O
s ()'! O ) 0 0 0 "
> - s ') 2 5 D o0 0 X
e N ) - 4 O 0 0 Oo o
. 0 () ' ‘lv : () s e , ,;
) (8] - .
: ‘95 D, 0 i O ~° LOEr)
= o O
o
... 0 3 {
..“t
.
P g 9]
"

) I
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Nik|hef %
Parton energy loss 1Ie

ALICE
2 High-pt and virtuality partons are produced in initial hard scatterings:
2 virtuality evolution through parton shower,
2 hadronisation at Aqcp scale.
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Nik|hef %
Parton energy loss I ALICE

2 High-pt and virtuality partons are produced in initial hard scatterings: "
2 virtuality evolution through parton shower, !

2 hadronisation at Aqcp scale. ilﬁé@pﬁé&
2 Hard partons traverse the QGP and lose energy while 5

passing through it: “Gluon bremsstrahlung effect” E

2 Decoherence effect of gluon wave function due to
multiple inelastic scatterings
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. | Nik[hef %
arton energy loss ALICE

2 High-pt and virtuality partons are produced in initial hard scatterings: X
2 virtuality evolution through parton shower,

2 hadronisation at Aqcp scale. iﬁéﬂéﬁ@
2 Hard partons traverse the QGP and lose energy while E 5 E

passing through it: “Gluon bremsstrahlung effect”
2 Decoherence effect of gluon wave function due to
multiple inelastic scatterings

Nuclear modification factor
2 Energy radiated related to QCD effects | A2 N a4 /dprdy
and medium properties: Raalpr) = — < > 5y Jdprd
& Casimir factor ol pp/ COT
2 Mass of the high-pT parton (charm
and beauty quarks loose less energy?) incoherent coherent
2 Medium characteristics (density of

scattering centers, interaction gluon
medium
strength) parion
2 Colour coherence effects? medurs

medium
parton

Review of ALICE results D. CAFFARRI (Nikhef) - 16 l
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Nik|hef .
Jet shapes measurements 1I

ALICE

2 Jet shapes are observables built combining different information coming from
the properties of the jet
2 Shape built as a jet-by-jet function of the jet constituents 4-momenta

> Radial moment (g): 35 ALICE Collab. JHEP 10 (2018) 139
m B T T T | T T T | T T T | T T T | T T T | T T T ]
» Measures the momentum re- D [ ALICE Simulation PYTHIA Perugia 0 ]
distribution of jet constituents < 30[Anti-k; charged jets, A=0.2 Pp /s =2.76 TeV
. L U,_c 40 < P " <60 GeV/c @ Gluon jets :
weighted by their distance from the U n = Quark jets E
jet axis | = I .
1 - _
pT 20: . ’
9= 2 : jet‘ril g * S E
PEjet T S S . :
10 -
S — ]
S -
- - o) .
O_ | | | | | | | | | | | | | | | i | | | ! | | | ]

0.02 0.04 0.06 0.08 0.1 0.12

9

J. Gallicchio, M.D. Schwartz, PRL 107 (2011) 172001
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Nik|hef %
Jet shapes measurements 1Ie ALTCE

2 Jet shapes are observables built combining different information coming from
the properties of the jet

2 Shape built as a jet-by-jet function of the jet constituents 4-momenta
ALICE Collab. JHEP 10 (2018) 139

. (> Tad ML I R BB B BN B
» Radial moment (g): s> [ 0-10%Pb-Pb s, =276TeV ALICE -
» Measures the momentum re- g Of ks charged s, f1-02 :
distribution of jet constituents g o B ALICE data :
weighted by their distance fromthe ~ ¢ ® PYTHIA Perugia 2011 -
: : 20} . - PYTHIA8 Tune 4C  —
7 - —O .- .
} : Pt 'St - !
i1€jet LT 1oE = -
5}:.: - E
i S—
: f 1 4 | -
Jet shapes favour more collimated S .k )
: : S ¢ =
and harder fragmentation in Pb-Pb =15 --
. QA e -
than pp collisions. o5k o o
0 002 004 006 008 01 012

J. Gallicchio, M.D. Schwartz, PRL 107 (2011) 172001
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Heavy-flavour in Pb-Pb collisions ngiwef ALICE

2 Heavy-flavor quarks (charm and beauty)
2 mainly produced in hard scattering,
2 can probe the entire evolution of the QGP,
torod ~ hi/4mep) ~ 0.05 (0.01) fm/c vs tagp ~ 0.1-1 fm/c

2 interact with medium constituents via
2 elastic scatterings, E EAE
2 gluon radiations -
+AE i E-AE

X
(medium)

¥ AE

2 Energy radiated related to QCD effects
and medium properties: Q
2 Casimir factor
? Mass of the high-pT parton (Charm Gluonsstrahlung probability
and beauty quarks loose less energy?) 1
2 Medium characteristics (density of —ﬁm [0 +(my | E,)’T
scattering centers, interaction strength)

2 Colour coherence effects? Dokshitzer, Khoze, Troyan, JPG 17 (1991) 1602.
Dokshitzer and Kharzeev, PLB 519 (2001) 199.
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Nik|hef .
Heavy-flavour hadrons 1Ie %

ALICE

2 High precision measurements obtained with 2015 Pb-Pb data.
2 Strong suppression observed for D mesons in central collisions

ALICE Collab. arXiv:1804.09083 submitted to JHEP

52.2:TTTIII1II[TII[I’YIITITIIT‘[ITTT]][TT]TTTT]IY]]ITTT1:
Q- ol ALICE N
: Pb-Pb, |5, = 5.02 TeV :
1.81 Average D’, D', D*', |y|<0.5 B
1.6 =
1 .4:__ ¢ 0—1 0°/o _:
- 30-50% :
1.2} * 60-80% =
0.8} E]L .
: e
0.4 BDOQH g %
0.2 :— %Q‘@-_B_ Filled markers: pp rescaled reference
. Open markers: pp p_-extrapolated reference
a 1.1 l P 111 l 1111 l 1111 l 1111 l 1111 l 1111 l L L1l l 1111 l 1111
5 10 15 20 25 30 35 40 45 50
p. (GeV/ce)
1 d2 N AA / de d77
Raa(pr) =

X
< Ncoll > dszp/dedU

_
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Heavy-flavour hadrons

Nik[hef

ALICE

2 High precision measurements obtained with 2015 Pb-Pb data.
2 Strong suppression observed for D mesons in central collisions

ALICE Preliminary

-
pp, 18=5.02 TeV 1
PromptD™“, |y|<0.5 -
—e— ALICE ]
o FONLL -
S0k "
~ ==
|
102
10 ° E N . -=
=+ 5% lumi, £ 1.3% BR uncertainty not shown =
- | | o1 | L a0 1. | 3
o226 ]
©lIZ, E
o E_J SR el . Bl eee, =
i i 1 s S o STTp: s

o
($)
—_
o
.
(6}
NP
()
N
(&)
w
o
W
(&)

<2.2

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

ALICE Collab. arXiv:1804.09083 submitted to JHEP

UL TIIIITIITIIIFT]1TIT]TIII]IIT“IIITTT]ITIIITIII

ALICE
Pb-Pb, S, = 5.02 TeV
Average D’, D', D*', |y|<0.5

L1l

a

¢ 0—10°/o
« 30-50%
» 60-80%

{HH

roes

11111111111111111111111111

Q@
U

Filled markers: pp rescaled reference
Open markers: pp p_ extrapolated reference

e 55—

‘lllllllllllllll LI L lll[lll]lllIlleTll

'llllllll | ] llllllllllllll llllllll

5 10 15 20 25 30 35 40 45 50
P, (GeV/c)

2 New more precise results will be achieved with 2018 Pb-Pb data and new pp

reference measured with special pp run in 2017 at the same energy
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| Nik|hef %
Heavy-flavour jets 1Ie ALICE

2 Complementary to heavy-flavour hadron measurements to investigate:
2 Flavour dependence of jet quenching / splitting effects.
2 Modification of heavy-quark fragmentation
2 Heavy-flavour jet properties
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| Nik|hef %
Heavy-flavour jets 1Ie ALICE

2 Complementary to heavy-flavour hadron measurements to investigate:
2 Flavour dependence of jet quenching / splitting effects.
2 Modification of heavy-quark fragmentation
2 Heavy-flavour jet properties

TlTJTrnJjrmrryrYIro—77/Y7 7 7»¥ frrrrjyryrryrrrryrrrryrryry

T§ ALICE Prellmmary
, , o 10'Epp,15=5.02 TeV
? D meson taggmg technlque: @o’ charged jets, anti-k;, A = 0.3, lrf::>|<06
2 charged jets with D meson (pr > 3 2 .gwithD’3<p <36 GeVic
GeV/c) as one of the constituents o5, Heo + Data
: : : “ola. - 3 Syst. unc. (data)
2 Charged jets, anti-kT with R=0.3, 0.4 © ~ > POWHEG+PYTHIAG
with pt > 5 GeV/c. . [ Syst. unc. (theory)
10°*
.
107°

2 Cross section and jet momentum
fraction in agreement with NLO pQCD
POWHEG + PYTHIAG calculations for

both pp and p-Pb collisions

data / theory
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| Nik|hef %
Heavy-flavour jets 1Ie ALICE

2 Complementary to heavy-flavour hadron measurements to investigate:
2 Flavour dependence of jet quenching / splitting effects.
2 Modification of heavy-quark fragmentation
2 Heavy-flavour jet properties

g 7E-ALICE Preliminay I
. . . @ - pp, Vs=7TeV -
2 D meson tagging technique: > 6 Charged Jets, Antiky, R = 04, m,l<05 =
2 charged jets with D meson (pt > 3 5  gE5<p,,<15GeV/c . Data E
: - - withD’, p._>2GeV/c  Syst. Unc. (data) ]
GeV/c) as one of t_he copstltuents e £ 10 o POWHEGPYTHIAS
9 Charged jetS, anti-kKT with R=O.3, 0.4 - []Syst. Unc. (theory) .
with pr > 5 GeV/c. F =
2 =
i . 1~ A -
2 Cross section and jet momentum - -
fraction in agreement with NLO pQCD I
POWHEG + PYTHIA6 calculations for £ L 5
. . ~ | s [ITSHIuuney YRS | =
both pp and p-Pb collisions ;gg o . N
p jet Pp 02 03 04 05 06 07 08 08 1
L = Zn"
pJet pJet |
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" sons Nikler (B)
Heavy-flavour jets in Pb-Pb collisions 1Ie ALTCE

. 1 d*Naa/dprdn
2 Strong suppression observed for D° Raa(pr) = v < XN Jdprdn
. - .- . Il T
tagged jets in central Pb-Pb collisions 0 PP
L] 2 | | 1 | | L | 1 | ] LI L L
2 Lowest pr measurement for jet & [ ALICE Preliminary s
I i - Qi - 1.8/ Pb-Pb, | s,,, = 5.02 TeV .
physics in Pb-Pb collisions achieved so E Chorned o, Anibke, =05, <08 .
far 1.6/« D’tagged jets (p_ . >3 GeVic), 0-20% -
i - - - p-Pb data reference )
9_Stronger suppression than inclusive 14 = Ch. Jets (6" 5 GeV/c), 0-10% E
jets? - POWHEG+PYTHIAS reference :
1.2 -
R :
0.8 -
0.6/ =
0.4 HBH’HH%
o E
: —y E
0 1 1 1 i . 1 1 1 L L1 1)

1 10 10°

e
[
@
)

T.ch jet

—_ _ = — —
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- - Nikhef (3
Heavy-flavour jets in Pb-Pb collisions 1E[e %

ALICE

2 Strong suppression observed for D°
tagged jets in central Pb-Pb collisions

2 Lowest pt measurement for jet physics in &
Pb-Pb collisions achieved so far

2 Stronger suppression than inclusive
jets?

2 Similar suppression observed
for D mesons

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

2 1 |
- ALICE Preliminary

LI B B B B | 1 ‘llll1.’l

. Pb-Pb, \ Sy = 5.02 TeV

Charged Jets, Anti-ky, R =0.3, |1 | <06

— o D"tagged jets (p, ;> 3 GeV/c), 0-20%

p-Pb data reference

Ch. Jets (p'f‘“’ > 5 GeV/c), 0-10%
POWHEG+PYTHIAS reference

Average D°, D*, D, 0-10%, arxiv:1804.09083

O

LI TI11 L T11 | L LI LB T 11
| | | | | | |

=
=
-
=
-
=
-
-
-
-
-
-
=
—

—

—

o
n
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" sons Nikler (B)
Heavy-flavour jets in Pb-Pb collisions 1Ie ALTCE

2 Strong suppression observed for D°
tagged jets in central Pb-Pb collisions Projections for yellow report
High density QCD at LHC WG5
2 Lowest pr measurement for jet physicsin g = " T T T T

. . ALICE Upgrade Simulation
Pb-Pb collisions achieved so far

Charged Jets, Anti-k, R = 0.3, |nlm| <0.6
2 Stronger suppression than inclusive with 0, p__ >3 GeV/c
jets? 12

1.4

= 0-10% Pb-Pb, \ 5, = 5.5 TeV, L, = 10 nb”’
e ALICE Preliminary

2 Similar suppression observed 0-20% Pb-Pb (2015), | 5, = 5.02 TeV

IIIIIIYII‘IIIIII]ITI]III]TYI]ITTI
llllllllllllllllllllllllllllll

for D mesons o (p-Pb data reference) <H>
0.6
%J&rt
2 First promising measurement 04 -B"_B__B_
that will be repeated with Pb-Pb oof- Eleflen E@aﬂ—*
2018 data and Run3 and 4 data. 4
g g gl ] ] PR TR T T A
° 10 1
P; ., " (GeV/c)

More complex and differential measurements

In order to investigate microscopic properties of QGP
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Conclusions

Nik[hef %

ALICE

2 High precision data starts to constraint

global QGP properties

nls

041

021

Prior range
Posterior median
90% credible region

0.0

KSS bound 1/47
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Conclusions

Nik[hef %

ALICE

2 High precision data starts to constraint
global QGP properties

2 New and more differential observables
are being used to understand the 52
microscopic dynamics of the QGP

1.8
1.6
1.4
1.2

1

0.8f

0.6}

0

041

nls

021

Prior range
Posterior median
90% credible region

0.4}

0.2f

- ALICE Preliminary

— Pb-Pb, \s,,, = 5.02 TeV

:' Charged Jets, Anti-k;, R =0.3,|n_| <06

— o D-tagged jets (p, >3 GeVic), 0-20%

- p-Pb data reference

— = Ch. Jets (p* > 5 GeV/c), 0-10%

5 POWHEG+PYTHIAS reference

— o Average D’, D, D”, 0-10%, arxiv:1804.09083

L KSS bound 1/47

0.25 0.30

mperature [GeV]
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. viidher ()
Conclusions 1Ie

ALICE

Prior range

2 High precision data starts to constraint
global QGP properties

2 New and more differential observables /

are being used to understand the : 2

Posterior median
90% credible region

nls

& [ ALICEPreliminary R KSS bound 1/47
I T : 1.8/~ Pb-Pb, | s, = 5.02 TeV B . |
mICFOSCOpIC dynam|CS Of the QGP " Gharged Jets, Anti-ky, R = 0.3, in,| <06 1 0.25 0.30

1.6(~+ D’-taggedjets (o >3 GeV/c), 0-20% - mperature [GeV]

- p-Pb data reference .
1.4/~ = Ch. Jets (p¥* > 5 GeV/c), 0-10% -
5 POWHEG+PYTHIAS reference .
22|~ o Average D’, D", D", 0-10%, arxiv:1804.09083 -

-t

2 Investigations of novel QCD effects 2
not only related to heavy-ions _ﬁﬁ """""""""""""" A [ .

l'lll"lllll['ll

: . 08 3 E ALICE Preliminary
phyS|CS are ongoing 06 i of-o'sg_ Pb-Pb\sNNe= 5.02a T);V 5-40% 8 b’ :
0.4; _@_ é 0.2 ':,'_ p,>0.2GeVic I _;
. - e Sffecfe ¥ oL VTV
2 Full Run2 high statistic samples will & ... f =
allow new and more precise AT P k
measurements -0.1f L ]
-0.2 ' k=1.68+ 6.49n(stat) +0.41 (syst) - 10 ‘
] ] :_ bars: stat. er. ‘ _I
2 Run3 and Run4 will bring x100 larger O3 bores (ldlomp): syt o (corluncor)
statistics than Run2 and upgraded detector. 00402 0 02 0408
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. viidher ()
Conclusions 1Ie

ALICE

Prior range

2 High precision data starts to constraint
global QGP properties

2 New and more differential observables /

are being used to understand the : 2

Posterior median
90% credible region

nls

& [ ALICEPreliminary R KSS bound 1/47
I T : 1.8/~ Pb-Pb, | s, = 5.02 TeV B . |
mICFOSCOpIC dynam|CS Of the QGP " Gharged Jets, Anti-ky, R = 0.3, in,| <06 1 0.25 0.30

1.6(~+ D’-taggedjets (o >3 GeV/c), 0-20% - mperature [GeV]

- p-Pb data reference .
1.4/~ = Ch. Jets (p¥* > 5 GeV/c), 0-10% -
5 POWHEG+PYTHIAS reference .
22|~ o Average D’, D", D", 0-10%, arxiv:1804.09083 -

-t

2 Investigations of novel QCD effects 2
not only related to heavy-ions _ﬁﬁ """""""""""""" A [ .

l'lll"lllll['ll

: . 08 3 E ALICE Preliminary
phyS|CS are ongoing 06 i of-o'sg_ Pb-Pb\sNNe= 5.02a T);V 5-40% 8 b’ :
0.4; _@_ é 0.2 ':,'_ p,>0.2GeVic I _;
. - e Sffecfe ¥ oL VTV
2 Full Run2 high statistic samples will & ... f =
allow new and more precise AT P k
measurements -0.1f L ]
-0.2 ' k=1.68+ 6.49n(stat) +0.41 (syst) - 10 ‘
] ] :_ bars: stat. er. ‘ _I
2 Run3 and Run4 will bring x100 larger O3 bores (ldlomp): syt o (corluncor)
statistics than Run2 and upgraded detector. 00402 0 02 0408
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Heavy-ion collisions evolution 1Ie %

ALICE
Heavy ions QGP QGP Hadrons Detection
T~0 T~1fm/c T ~5fm/c T > 10 fm/c T >10 pm/c

—_ _ = — —
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Azimuthal Anisotropies Nik[hef (H

ALICE

P> Spatial anisotropies
Induce pressure
gradients that push
particles with different
velocities

2 More and faster particles are seen in the symmetry planes (n) directions.
2 Particle azimuthal distributions measured wrt symmetry planes — Fourier series

Flow coefficients

H. Niemi et al Phys. Rev C 93, 014912

Up = <COS(H(QO — \Ijn))> 0.8 T T T T 71
0.7 == n/s~parami
L\ — 7/ s = param2
2 Investigation of QGP shear viscosity (r/s) :: i
2 Friction effects of fluid elements o4
2 Perfect liquid = n/s =0 " s

2 Investigation of the n/s (7)

0.2

0.1 —

O.Pl | | | | | | |
00 150 200 250 300 350 400 450 500

T [MeV]
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Charge particles flow coefficients 1Ie

ALICE
ALICE Coll. JHEP 1807 (2018) 103
2 Centrality dependence of flow ALICE Pb-Pb Phys. Rov. C 83, 014912
coefficients for charged hadrons 0:2<p <3 GeVic Bl o =020
in 0.2 <pr < 3.0 GeV/c e B o, param
2 Up to vs > 0 coefficients measured Lsl e v2iAnsT) %
2 Strong increase of v2 harmonic

contribution in semi-central collisions.

2 Collective effects coming from
different contributions v2 ~ v3in
central collisions.

-
N

1.15

v,(5.02 TeV) / v (2.76 TeV)

—
.
—t

2 2-10% higher flow found at higher 1
collision energy (/snn = 2.76 to 5.02 TeV) -
2 Ratio of the two energies sensitive to 1.15
different trend of n/s (T) 1‘0;

2 Similar p-values for the two favorite n/s(T) 1
scenarios e

— — = = = .—-—
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| o | Nik|hef %
Baysian statistical analysis lI ALICE
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ALICE

ALICE Collab Phys. Lett. B 754 (2016) 235-248
1 L L 1 L ] ]
0 20% Pb-Pb \s,, 2 76 TeV

Direct ¥y vo

T
—
—

2 Measurement of Ry factor in Pb-Pb

o | % ALICE
collisions at \/snn = 2.76 TeV _— NLO pQCD PDF: CTEQ6MS FF: GRV
{ 5— =1 JETPHOX PDF: CT10, FF: BFG2
Vincl - JETPHOX nPDF: EPS09, FF: BFG2
R, = - (all scaled by N
Ydecay - o {e]ols
2 Only ~ 10% of inclusive y are direct 1.0

-
—4-

—_—

 20-40% Pb-Pb s, = 2.76 TeV
_ [+ ]ALICE
_ —— NLO pQCD PDF: CTEQ6MS5 FF: GRV
1 5— 1 JETPHOX PDF: CT10, FF: BFG2

& JETPHOX nPDF: EPS09, FF: BFG2
- (all scaled by N_,,) .
3 ernnooi *lef 02

-

—e-
—
——
-4
—-—
—_

T 1 1 I l

-~ 40 80% Pb-Pb s, = 2.76 TeV
_ [+ ALICE

. —— NLO pQCD PDF: CTEQ6M5 FF: GRV
1.5— JETPHOX PDF: CT10, FF: BFG2

- JETPHOX nPDF: EPS09, FF: BFG2
(all scaled by N_) 1

| L

11'1111111111111111]111111'111111111
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Direct ¥y vo

Nik[hef

ALICE

2 Measurement of Ry factor in Pb-Pb
collisions at /snn = 2.76 TeV for three

centrality classes

Yincl

R, =
Ydecay

2 Only ~ 10% of inclusive y are direct

ones.

0.3+

0.25+

0.2

‘[lII[

-llf

0.15
0.1—

0.051

b o

0 1 2
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LR L T 17T L LA TienrT L L}
i | | | |

ALJ,LJlA,LLLJLJ,L‘lLLLLLl‘.J

1 T
0-20% Pb-Pb, \srm - 2.76]TeV
[o)vi"™  ALICE
vy ™, ALICE simulation )
vy ™, hydro, Paquet etal. —

«eo v5'" PHSD, Linnyk etal. -
Boxes indicate total uncertainties ]

LI

-

I

LA

;1,1111-1-1,,11.

3 4 5 6 7
P, (GeV/c)

ALICE Collab. arXiv:1805.04403 accepted by PLB

o0 IYYYTYYYT]TYYYIYTYY].'Y.'YIYYY ] LA
> -
0.3}~ 20-40% Pb-Pb, | s, = 2.76 TeV
Z (o ]vE"™  ALICE
3 vy ™, ALICE simulation :
0.251— vy f"°, hydro, Paquet etal. —
- - vy'™, PHSD, Linnyk etal. -
[ . Boxes indicate total uncertainties |
0.21- : ﬂ{v‘“t’ﬂ&, . -
f @ 'Lap
. :. :C'} ‘..' 4
015 /@ 3k .
. L T !
0.1 - ‘-: { ) ‘ (_: -
0.05-
ALJLJJ.LLALlLJ,LJ,LLLLLILJ,AI,lLLI-J-lLL>
0 1 2 3 - 5 6 7
P, (GeV/ce)
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Direct y v NiE@ef

ALICE

2 Final results obtained by employing a Baysian
approach given the small fraction of direct Y.

2 Non - zero direct y flow (significance 1.4-1.0 o)

2 Similar values as observed at PHENIX.

ALICE Collab. arXiv:1805.04403 accepted by PLB

}->N ’, T I LU | I UL ] L | [ LA B | I | - )->N I. LI I ] 1 l LI ] LI} [ L | I L I T 1 0§ V-
0.5  0-20% Pb-Pb, |5, = 2.76 TeV J 0.5~  20-40% Pb-Pb, sy, = 2.76 TeV 3
" [e]vi™, ALICE y C [e]vE®, ALICE ]
! !
- 0-20% Au-Au, | S, = 200 GeV . - 20-40% Au-Au, | Sy, = 200 GeV :
04r vL®, PHENIX conv. g 04 v1®, PHENIX conv. g
I * o , PHENIX calo. i I * o , PHENIX calo. 1
0 31j_ Boxes indicate total uncertainties A 0 3t Boxes indicate total uncertainties N
. L - ' L —
\ |
r i r I ]
0.2 — 0.2 i N | —
[ - : AN e ;
:F el Il th AT + oJl' ! ' 1
[ pa— . | I 1 [ »- ' { | ‘ -
ot [enfl+Als 1 o g HHG :
C s RS ET d ‘ r i U | t | ]
\ 2 L] 1 |
[ * 1B B¢ * .| ’ [ ' 1
0: +— ! .- 1 | L 4 01
[ : r l ]
L [ - [
Eayool | 1 1y Lo besdd )y Ees ool | N I 1 1Y 1
0 1 2 4 5 6 7 0 1 2 3 4 5
p. (GeVic) p (GeV/c)
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Direct y v NiE@ef

ALICE

2 Final results obtained by employing a Baysian
approach given the small fraction of direct Y.

2 Non - zero direct y flow (significance 1.4-1.0 o)

2 Similar values as observed at PHENIX.

ALICE Collab. arXiv:1805.04403 accepted by PLB

}->N ’, T I LU | I UL ] L | [ LA B | I | - )->N I. LI I ] 1 l LI ] LI} [ L | I L I T 1 0§ V-
0.5  0-20% Pb-Pb, |5, = 2.76 TeV J 0.5~  20-40% Pb-Pb, sy, = 2.76 TeV 3
" [e]vi™, ALICE y C [e]vE®, ALICE ]
! !
- 0-20% Au-Au, | S, = 200 GeV . - 20-40% Au-Au, | Sy, = 200 GeV :
04r vL®, PHENIX conv. g 04 v1®, PHENIX conv. g
I * o , PHENIX calo. i I * o , PHENIX calo. 1
0 31j_ Boxes indicate total uncertainties A 0 3t Boxes indicate total uncertainties N
. L - ' L —
\ |
r i r I ]
0.2 — 0.2 i N | —
[ - : AN e ;
:F el Il th AT + oJl' ! ' 1
[ pa— . | I 1 [ »- ' { | ‘ -
ot [enfl+Als 1 o g HHG :
C s RS ET d ‘ r i U | t | ]
\ 2 L] 1 |
[ * 1B B¢ * .| ’ [ ' 1
0: +— ! .- 1 | L 4 01
[ : r l ]
L [ - [
Eayool | 1 1y Lo besdd )y Ees ool | N I 1 1Y 1
0 1 2 4 5 6 7 0 1 2 3 4 5
p. (GeVic) p (GeV/c)
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N Nikhef (3
Heavy quarks flow coefficients 1Ie %

ALICE
2 Heavy-flavor quarks (charm and beauty) \ _me r ik f / -
2 mainly produced in hard scattering, : e

Teh
A7,
2 can probe the entire evolution of the QGP, g

tprod ~ h/4mc(b) ~ 0.05 (001) fm/c vs tQGP ~ 0.1-1 fm/c

2 interact with medium constituents via

2 elastic scatterings, & et
2 gluon radiations E | gf//AE
f 2 | E-AE

X
(medium)

2 Anisotropic flow coefficients for charmed mesons

used to study:

2 charm quark thermalization — participation in
the collective medium expansion ?

2 charm diffusion coefficient

2 path dependence of the energy loss in the
QGP ?

2 magnetic field produced in heavy-ion
collisions ?

Review of ALICE results D. CEAFFARRI (Nikhef) - 31 l
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Heavy-flavour v

Nik[hef

ALICE

2 Difference in the yields of D mesons produced

in-plane and out-of-plane

1 m Niy — Nour

U2

2 v2 (D) = v2 () for
pt> 4 GeV/c for both
centrality classes

2 v2 (D) < vo(mt) for
pr< 4 GeV/c ?

2ls the light-flavor quark

responsible for vz (D)?

" Ry 4 Niy + Nour

>

0.1

Reaction plane Ws

SR
- ALICE Pb-Pb, {5y = 5.02 TeV

I |

v{EP, IAn|>0.9}

+ Prompt D lyl<0.8
VA2, IAnI>2}

- % o q* lyl<0.5, arXiv:1805.04390
- O
Al

ot

e Prompt D°, D*, D** average IyI<O.8_::_

*

— 0O

T ;
e

m]
m]
8
-0
0
is]

E (] Syst. from data

Centrality 10-30% T

L .

Centrality 30-50% -

- 1] Syst. from B feed-down
- -

2 4 6 8 10 12 14 16 18 20 22 24
pT(GeV/c)

_IIIIIII|III|III|II
2 4 6 8 10 12 14 16 18 20 22 24

P, (GeV/c)

ALICE Coll, arXiv:1809.09371, submitted to JHEP

ALICE Coll. PRL 120 (2018) 102301
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Comparison with models N Tee

ALICE Coll. PRL 120 (2018) 102301

. . . ahc III|III|III|III|III|III|III|III|III|III|III|III|
2 Comparison with theoretical S 0-3[" 30-50% Pb-Pb, |/, = 5.02 TeV ALICE ]
calculations that include £ [ <08 : i
: . B \\\\«\\\V’/u,,/ e D, D', D* average ]
hydrodynaml_cal model for the Y 02l & 7 Syt from data ]
QGP expansion. N B //"2/ # I Syst. from B feed-down i
2 Models implement 0.1~ £ RN T —
2 recombination effects 5/ e T s ———]
2 collisional energy loss Oi : %, 2
2 radiative energy loss v 2 e LBT -
— — « POWLANG HTL BAMPS el.+rad. —
- NN MC@sHQ+EPOS2 wmn. BAMPS el. m
_III|III|III|III|III|III|III|III|III|III|III|III|_
2 Non-trivial interplay of 0 2 4 6 8 10 12 14 16 18 2°p (Zéewzf)
]
these effects needed to
fairly reproduce the 2 For models with x*/NDF < 1: 1.5 < 271, Ds < 7
results. at Tc= 155 MeV
2 Heavy-flavor spatial diffusion coefficient m
- — e B (T) ~ 3 — 14 fm/
evaluated from x° test in 2< pt< 8 GeV/c Teharm = ~p s(T) m;/c
given the improved precision of the
measurement.
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Nik[hef %

ALICE
g : = =LA LALELE LELELE LLELE BLELELE AL BLALELE UL LR B
2 The small significance of the direct ‘:.SN o " 20-40% Pb-Fb s, = 2.76 TeV 1 s
i i y,dir <[ ALICE -
Eig%tiﬁgaeniceess In Ry impact the v C t9<p,< 2160V :
0.4/ e o4
. . fl 2 7
2 A bayesian method is used to extract i —R,pdf.
the probability distribution to observe 0.2l Tos
a certain set of measured values i ]
given the true valu I "
0.2+~ -0.2
0.1'_— /——\ ;0.1
l...l...l...l..g.l...l...lllll ~

1.02 104 106 108 11 1.12 114 116 1.18

R,
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Charge-dependent v; 1Ie ALICE

2 First measurement performed with

charged hadrons pr > 0.2 GeV/c for .
10-40% centrality class.

-3
g L I L l LA I LI ' LI '.' " v ] L '- g ><I1IOI LILEL I LILEL I LILEL I LI | I LI | I LI | I LI |
3 0.8F ALICE Preliminary - & 1T ALICE Preliminary .
X Pb-Pb \s,, = 5.02 TeV 5-40% 8 b - i Pb-Pb \s,, = 5.02 TeV,540% _
0.6 - p_>02GeV/ic - p,>0.2GeVic .
. E T - - P Pb-Pb \s,, = 2.76 TeV, 10-60%
04F ~ o Vi 05+ @ —e— p_>0.15GeV/c -
- " °o V - - ALICE, PRL 111 (2013) 232302 -
- 1 - - -
0.2 - I ¢ ]
) B i 1 . B -
—0.2 — g T B E 4
C s - .
-0.4 - 8 0.5 § ]
—0.6 :— bars: stat. err. —:: : bars: sta}t. err. :
_08F boxes (filled/empty): syst. err. (corr./uncorr.) 1 | boxes (filled/empty): syst. err. (corr./uncorr.) ]
) '-l L1 I L1 1l I L1 1l l L1 1l l ALl 1 I L1l l L1 1l l | - l-' _1 Ll I — I — I — I — I — I — I —
06-04-02 0 02 04 0.6 060402 0 02 04 06
N n

B —
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Charge-dependent directed flow ngﬁef %

ALICE
' ' (U 5‘{“3
2 Directed flow measured with the scalar-product vi{A,C} =
method. \/<_’/1x. 0¢)

2 Spectator plane reconstructed
2 with Zero Degree Calorimeter |n| > 8.8
2 for two rapidity sides A, C

2 D-meson v1 measured with a simultaneous fit of
v1 and invariant mass (considering background
and signal regions) separately for DY and D°

2500~ ALICE Preliminary -

2000+ 10-40% Pb-Pb, Sun = 5.02 TeV -

Counts/7 MeV/c?

1500/ 5
+ +
- =

1000}-
- D’ -» Kn* -04<n<0.0
500 3 < p, <6GeVic -

'fo—oo—o*oo'—o*oyo——o{rooco*»oqqq
& 04

02 v°°°(D°) = -0.278 + 0.099

= L
oF W+ —+

0.4} —
P B L s s 2 2 1 3

1.75 18 18 19 195
M(Kn ) (GeV/cz)
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Charge-dependent directed flow lIe

ALICE
i - (7, - 01)
2 Directed flow measured with the scalar-product v {A,C} =
method. \/@’/1% . 0%)
2 Spectator plane reconstructed
2 with Zero Degree Calorimeter |n| > 8.8 aq 1
o 10 == A} —v1{C
B for two rapidity sides A, C E (o1 d) =o€}
2 D-meson v1 measured with a simultaneous fit of _ -———
v+ and invariant mass (considering background % | ALIGE Preliminary
and signal regions) separately for D and D° 0.4 10-40% Pb-Pb, |5 = 5.02 Tev ]
> Hint of opposite trend for v1°9dvs n for D° 0'2:_ — i i ]
and D° with 3 < pr< 6 GeV/c in the 10-40% N S B R L R
centrality class R ]
-0.2F -
[ =D 3<pT<6(GeV/c) i
—O . 4 — 0 Not feed-down corrected 1
- D Not efficiency and acceptance corrected
R R

n
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ALICE

Charge-dependent directed flow
— . AC
2 Directed flow measured with the scalar-product v {A,C} = - 9
method. \/<§’/1x. 0¢)
2 Spectator plane reconstructed
1
09 = S ({4} - v {C})

2 with Zero Degree Calorimeter |n| > 8.8
2 for two rapidity sides A, C

2 D-meson vi measured with a simultaneous fit of
Vi anql |nvar|ar7t mass (considering background Ego.e} ALICE Preliminary _
and signal regions) separately for D° and D° & [ 10-40% Pb-Pb, {5, = 5.02 TeV :

| 0.4f -
s L Not feed-down corrected :

2 Hint of opposite trend for v1°dvs n for D° £.0.2f Mot oiancy axd axoptare coneced :
and D°with 3 < pr< 6 GeV/c in the 10-40% R R R E
centrality class i ;

-0.2F -
. *{%— 3<p, <6 (GeV/ic) -
2 Hint of positive slope (2.70) for 041 -
i fit f ion: k x ]
-0.6[ k=52x10"+ 1.st:<n1cE>'(3 (stat) :? 5.5 x 102 (syst) -
1 1 l 1 1 1 1 I 1 1 1 1 1 1 1 1 )
0.5 0 0.5 1

AV1Odd — V1Odd(DO) - V1 odd(DO)

in 3 <pr <6 GeV/c
2 Similar effects observed for v1°9d (had),

n

| D. CAFFARRI (Nikhef) - 34 l

smaller effect expected
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Jet shapes measurements lI ALTCE

2 Jet shapes are observables built combining different information coming from
the properties of the jet

2 Shape defined considering the jet clustering history in order to reconstruct the
different splittings

2 Soft drop subjet momentum balance (z,)
2 Momentum balance of the two hard

3 3 n 20 e - sub-jets.
@ 2 hER . .
e o 2 Correlated with distance between the
2 > two sub-jets (9)
3 & . — min(pr,1,p1,2)
¢ =

S S pPr1+ P12
) w
5 O
c =
3 8, . Pr1 = (1-2)pr

Inl1/R In1 /9 -

Angle between prongs Pr2 = ZPr

B —
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Jet shapes measurements 1Ie %

ALICE

2 Jet shapes are observables built combining different information coming from
the properties of the jet
2 Shape defined considering the jet clustering history in order to reconstruct the.

different splittings

2 TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT
i ALICE Preliminary (Data - Embedded) i 0.1
- PbPb - PYTHIA Embedded \'s,,, =2.76 TeV - '
= P (0] = ch,rec : —
- gj; In z60 1 3 . 80< pT:et <120 GeV/c, anti-k; R =0.4 i
S S R — Y g i
® 5 - : 1 —0.05
T a 20 ~
S0 —~ L i
3 < 3 0 :
6|- 3 N -4 T 0
C— C E B - N
3 < -6~ >0y
©) Qh i -0.05
CBD 92 - SoftDrop z,,=0.1,8=0
2_ 'C_l -8/~ Cambridge-Aachen Reclustering
cC = i
3 5 i 1st SD Splitting —0.1
©\_ _10 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111
0O 05 1 15 2 25 3 35 4 45 5
In1/R Inl / 7 In(] ,
Angle between prongs suppression at large angle

enhancement for collinear splitting

————

(

o - e = o e — — |
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Extraction of ghat

Higher Twist 0 DGLV
. [ T [ T [ T [ [ T [ T [ T
Lk L L B L ) B B ﬁ %ﬂiﬁjgg:giﬁgggg CUJET2.0 Systema-tlc
"« PHENIX 2008 (0-5%) 1 — i (G ) . .
08—+ PHENIX 2012 (0-5%) RHIC | 0.6 ool RHIC | ©OMpParson o
i ~ 2 1 (0.25,1,0)
4,208, 1.0, 1.2, 1.4, 1.7 GeV/fim 02510 energy loss models
. — (0.2811,0) \
Iy — B with Raa data
= 0.4 — (0.31,1,0)
< - (0-3 7
o
Medium Model by
E l Hydro (2+1D, 3+1D)
O 1 1 | 1 | 1 | 1 | 1 | 1 | 1 |
8 10 12 14 16 18 20
p (GeV) 0 | L | L | L | L | L | L | L
6 8 10 12 14 16 18 20
pt (GeV/c)
T I I 0.8 - T ' T ' T ' T
; e CMS (0-5%) _ CUJET2.0
0sl * Alice (0-5%) LHC | - (%max e f)
i 50=1 4, 1.8,2.2, 2.6, 3.0 GeV*/fim e 0.6
0.6 B + o
> S R + . g L
o S " _ = 04 ALICE0-5% [
“““““““““““““ < (0.20,1,00 —
Sy ee g o (0.21,1,0) —
‘‘‘‘‘‘‘ 4 (0.22,1,0)
(0.23,1,0)
_ 4 (0.24,1,0)
(0.25,1.0) |
. | 02 7 02719 —
ob—L . | I R R I R R gofzgjﬁog—
10 20 30 40 50 60 70 80 90 100 ety —
o (GeV) 0 o 0BR0) —
20 40 60 80 100
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' Nikhef Jamboree, Utrecht 17/12/18

Review of ALICE results

D. CAFFARRI (Nikhef) - 38



| Nik|hef %
Extraction of ghat 1Ie ALICE

- ghat extracted for 5 different models
- Range of different parameters considered as theoretical uncertainties
- Only the Raa of charged hadrons at both energies is used to fit the data

§ _[46+12  at RHIC, e« MARTINI — McGill-AMY
73 7 1 37+14  at LHC, 6 |E= HT-BW ¢ --- GLV-CUJET-
% HT_M i 1
5 b . s
.} 1.2£0.3 9 T=370 MeV, i ey o
17 { 19407 GeVI/Mmat p g0 \ev) :
o 4 B . -
= 4
S| ' 5
. 3 | ¥
fora 10 GeV quark jet at 70 = 0.6 fm/c ;
assuming a gas of quarks and gluons 2 | .
(partonic degrees of freedom) | * . Au+Au at RHIC, ;
QT Pb+Pb at LHC,
| A L Y ST B R L A
90 0.1 0.2 03 04 0.5

T (GeV)

I —— = - —— — ——— = e
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How to investigate the QGP at LHC? 1Ie

ALICE

2 Precise characterization of the macroscopic QGP properties
2 QGP “source” characterized by global quantities and collective behaviors
2 Temperature, viscosity, diffusion coefficients, ...

2 How microscopic parton dynamics build the QGP properties
2 Investigate effective constituents of QGP
2 Study how QCD processes are affected by the medium: QCD splitting,
color coherence, hadron formation

2 Probing partonic content in the nuclei
2 Study of saturation effects, nPDF
modifications

2 Investigations of “Pb-Pb like” effects
In small collisions systems.

2 Collectivity? Initial state fluctuations?
Other QCD effects?
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“Flow-like” effects in small systems? 1Ie ALICE

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

2 In high-multiplicity p-Pb and pp collisions 2<p,,, <4GeVic A pPb g 502TEV
observed: 1 Prae <200V N(0-20%) - (60-100%)

2 Collective structures in 2-particle correlations
2 vn coefficients > 0

2 QGP droplets in high-multiplicity events?

Other QCD effects?

f'c{'T N T T T T T T | T T T T T T T | ]
;é 0.16[— ALICE Preliminary pp p-Pb Xe-Xe Pb-Pb ]
- 02<p_<30GeV/c 13 5.02 544 502 s, (TeV) .
0-14F mi<os O S e > 14
0 12 ° u * ¢ v {2, 1AnI > 1.0}
T . . * ¢ v,{2, 1An > 1.0} ]
- IR R —
0.1: Vet . ¢ 0* " 090000“0 .
- * * * ]
0.08] ee! * o, -
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- o * ]
0.06/5 4, % 4ot > ]
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0.04- oo e \
C Iy _
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O= | . L] . -

0
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HF-e v2 with two particles correlations ALICE

2 “Flow-like" effects in the heavy flavor sector investigated with HF electron - hadron
correlations

2 Analysis performed in two bins of _ _
ALICE Coll, arXiv:1805.04367, submitted to PRL

multiplicity : 0-20% and 60-100%

1_"\ - T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | |:

"8 0.7 ALICE (c,b) — e - charged particle correlation —
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HF-e v2 with two particles correlations 1:[9

ALICE

2 Heavy-flavour electron-hadron correlation to study flow-like effects in p-Pb collisions.
2 Focus on the low-momenta and A projection of the correlation function

2 Analysis performed in two bins of | |
. ALICE Coll, arXiv:1805.04367, submitted to PRL
mU|t|p||C|ty : 0-200/0 and 60-1000/0 AN T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T

T('Cg 4.5 ALICE (c.b) — e - charged particle correlation —]
2 Modification observed in both = p PP NSRRI 2cprcacevie t28ey, <034
near and away side structures s g | (020%-60100% 03 <pr<2GevVie -
g - -
© ‘_ ]
Z|° 4.4 :
~| - ]
2 Modulation effect present ! 4 F -
— T L _
< 43 —
- -o- Data -
u —a[1+2V, cos(Ap) + 2 V,, cos(2A¢) ] -
N — a=4.356 +0.004 -
u - V,,=-0.0003 + 0.0007(stat.) N
4 2 - -+ V,, =0.0040 + 0.0007(stat.) _
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HF-e vz with two particles correlations I ALICE

2 Heavy-flavour electron-hadron correlation to study flow-like effects in p-Pb collisions.
2 Focus on the low-momenta and A projection of the correlation function

2 Analysis performed in two bins of
multiplicity : 0-20% and 60-100%

ALICE Coll, arXiv:1805.04367, submitted to PRL

~ L S N BN IR
. . . -~ B 7
2 Modification observed in both 0.2/~ AHIE o (o) — &, Inl <08, gl <1.2 -
. [ p-Pb, VS—NN =5.02TeV —&— Charg. part., Inl <0.8,0.8 <IAnl < 1.6 —
near and away side structures " (0-20%) - (60-100%) 4 y, p-going -4 < 7 <-25, 1.5<IAngi<5
0.15 __ —+— u, Pb-going -4 < n<-2.5,1.5<IAnl <5 ]
- —m— y
2 Modulation effect present ! o1C H—H_ - -
B vohfe ~ 0.07 - fa .
2 | - B .
P 5.10 effects in 1.5 < pt < 4 GeV/c 005 B o |-
2 smaller than charged particles L — T -
o -
& Collective effects? Initial or final 4 > I R S S—"
cold nuclear matter effects? p. (GeV/c)

2 Many options still on the market,
one of main discussion in HI and

pp community
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