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Quark Gluon Plasma in Heavy-lon collisions 1Ie ALICE

2 QCD predicts a phase transition from
hadron gas to a strongly interacting,
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deconfined medium (QGP). e
2 High energy heavy-ion collisions allow » 2 padiens e
to CompreSS a Iarge energy in a Sma” : i : (Bunrkyo.'].l( phase of
volume and produce a “fireball” of hot ) - -
olor Super-
matter / ) stars  conductor

1 ’ baryon density n/ no

S
Compact Star No=0.16 fm—3

2 Evidence of QGP already at CERN-
SPS and BNL-RHIC experiments.

2 At the LHC, precise
characterization of QGP
parameters:

- degrees of freedom,
- transport properties,
- diffusion coefficients,

Energy Stopping Hydrodynamic T 4 T
Hard Collisions Evolution Hadron Freezeout
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Cold-nuclear matter effects and reference I HLICE

2 p-A collisions used to study cold nuclear
matter effects where no QGP is formed:
- Shadowing
- Saturation
- Color Glass Condensate

2 pp collisions used as reference system,
compared with A-A collisions:
- Nuclear modification factor (Raa)

1 9 d*N s 4 /dprdn
< Ncoll > d2Npp/dedn

Raa(pr) =

- Raa=1 — A-A collisions “just” a
superimposition of many pp collisions
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Cold-nuclear matter effects and reference 1:[9 %

ALICE

2 p-A collisions used to study cold nuclear
matter effects where no QGP is formed: 1.5
- Shadowing o
- Saturation T
- Color Glass Condensate
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2 pp collisions used as reference system,
compared with A-A collisions:
- Nuclear modification factor (Raa)
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- Raa=1 — A-A collisions “just” a
superimposition of many pp collisions

'But observation of long-range azimuthal correlations

multiplicity p-Pb collisions opened new interesting
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o Khet ()
A Large lon Collider Experiment (ALICE) ngﬁwe E

Muons spectrometer
p-tracking and trigger

chambers:
-4<n<-25

A
- ll” |l'

IR
Forward detectors:
Central barrel: : beam-background, trigger,
Event centrality, time zero
characterization,Vertexing,

Trac king ; PID. JINST, 3 (2008), S08002

In] < 0.9 Phys Rev Lett, 106 (2011), 032301
d : Int. J. Mod. Phys. A 29 (2014) 1430044
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A Large lon Collider Experiment (ALICE)

Nik[hef

ALICE
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2 Efficient tracking down to very low pt (ot > 150 Me
2 Many techniques for particle identification (<dE/dx), TOF, Cherenkov, TRD

2 Excellent vertexing capabilities
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ALICE Data samples

Nik[hef

ALICE

System Year(s) sy (TeV)

L.

int

2010-2011 2.76
Pb-Pb 2015 5.02
by end of 2018 5.02
Xe-Xe 2017 5.44
2013 5.02
p-Pb
2016 5.02, 8.16
2009-2013 0'9%,25'376’
PP 2015,2017 5.02
2015-2017 13

~75 pb-
~250 ub-?
~1 nb’
~0.3 pb’
~15 nb-?
~3 nb-1, ~25 nb-’

~200 pb-1, ~100 nb-",
~1.5 pb™1, ~2.5 pb-’

~1.3 pb-’
~25 pb-

2 LHC Run2 data analysis in ful
2 Significant increase in integra
more precise measurements a

swing
luminosity in pp, p-Pb and Pb-Pb collisions —
so for rare probes.

2 Pb-Pb run at the end of 2018 with expected Lint ~1nb’

‘QCD@work 18, Matera 25/06/18 -

ALICE recent results




Nik[hef %

ALICE

Soft probes

2 Study of particle productions at very low-pt
2 produced at QGP freeze-out.
2 address global properties of the medium, anisotropies and fluctuations.
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Particle multiplicity density

Nik[hef

ALICE

2 High energy density (¢ > 0.5-1 GeV/fm?) necessary condition for deconfinement

2 ¢ connected to the dN/dy via Bjorken estimate

Bjorken, PRD 27 (1983) 140

2 rapid evolution of the system: 7 ~ 1 fm/c upper limit for “thermalisation”

ALICE Coll. Phys. Rev. Lett. 116, 222302 (2016)
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T R? dn

AGS (Au-Au): Jsnn =5 GeV = £~1.5 GeV/fm?
SPS (Pb-Pb): \/snn = 17 GeV = £~2.9 GeV/fm?®
RHIC(Au-Au): i/snn = 200 GeV = £~5.4 GeV/fm?
LHC (Pb-Pb): J/snn = 5020 GeV = <~18 GeV/fm3




Particle multiplicity vs Npart

Nik[hef

2 (dN/dn) scaling with Npart violated _/g 14
2 already known in Pb-Pb ;%
collisions S 12
2 confirmed with Xe-Xe data /E
1210
2 but well described by év
combination of Npart and Ncoll, °_
participant quark scaling Ng-part %o
and theoretical model o
Al \Z/Q

2 Central Xe-Xe collisions produce
more particles than mid-central
Pb-Pb collisions at the same Npart

2 Multiplicity fluctuations ?
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Particle Ratios

NiE@ef

ALICE

2 Yields of light flavor hadrons fixed at chemical freeze-out

2 qualitatively described by equilibrium thermal/statistical models over

7 orders of magnitude
2 related to temperature (Tchn), net-baryonic content

Lower 2 for Tch ~ 153 MeV

2 Small tensions protons yield
2 Re-scattering in hadronic

phase

2 Non-equilibrium effects
2 Flavour dependent freeze-

out
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Radial Flow Nik[hef %

ALICE

2 Pressure gradient in the transverse plane leads to a collective radial
expansion — “explosive source”
2 transverse mass scaling associated to “thermal source” broken
2 mass dependent hardening of pt spectrum
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2 Observations compatible with radial flow effects
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Radial Flow Nik[hef %

ALICE

2 Freeze out surface can be modeled with: =

: : O - n*+ 7 ( x 10*) ALICE Preliminary
2 Kinetic freeze out temperature (T«in) i - Po-Po (5,502 ToV
: : I
2 Radial flow velocity (B1) % i:
5 10°=
: : Q 10k
2 Hydrodynamical models work quite well S ok
to reproduce the data. ERT —
s 10; .....
2 Blast Wave fit to pr particle spectra e
2 Tkin ~ 90 MeV 10_;— —iEBE + VISHNU + TRENTO
10725 —iEBE + VISHNU + AMPT
Z <ﬁT> ~ 0.65 > 0'2; """" e ] 10_3% —McGill —EPOS-LHC
G 0.18F =
OISR S I
0.14F Q % “% - B
- %k% . 0.6
0-12F % E T 14E-
0'.I;_Global Blast-Wave fit to %%% E é 121%:
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008 L Aie e S:
004:_ + ALICE. Pb-Pb, VS = 2.76 TeV E 1.2
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Elliptic flow Niklhef

ALICE

2 Initial spatial anisotropy generates pressure gradients
that induce particle momentum anisotropy
2 Fourier expansion of particle production vs azimuthal

angle.
dN N,
70 = 2—72(1 + 2v1 cos(@ — U1) + 2va(pr) cos[2(p — ¥a)] + ...)
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Elliptic flow Niklhef

ALICE

2 Initial spatial anisotropy generates pressure gradients

that induce particle momentum anisotropy

2 Fourier expansion of particle production vs azimuthal
angle.

2 Higher order harmonics induced by fluctuations of the
collision geometry (v2,v3, va, ...)
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Elliptic flow Niklhef %

ALICE

2 Initial spatial anisotropy generates pressure gradients
that induce particle momentum anisotropy
2 Fourier expansion of particle production vs azimuthal

angle.
2 Higher order harmonics induced by fluctuations of the
collision geometry (vo,vsa, v4, ...) s [ 276 502 Tev R
0.15 — ° o ve2lAni>1) 0.2< p, < 3 GeV/c
© ° v {4}
o o vA2AnI>1} i <08
2 Not only large v2 but also large value of L v
higher harmonics ! T2l
o _ © vg2,lAni>1} V2{2}
2 In central events initial state fluctuations 0.1

dominate the “total flow” contribution
2 Peripheral events dominated by v»

0.05

va{2} | T v5{2}
ol:lol.d.l.I:IOI.‘I.l.I:I'I:I.lol:I.I;.lo;l.lz.l‘ﬁ’##l#l | IQI | | [ |
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ALICE Coll. arXiv:1804.02944 Centrality (%)
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Elliptic flow Niklhef %

ALICE

2 Initial spatial anisotropy generates pressure gradients

that induce particle momentum anisotropy

2 Fourier expansion of particle production vs azimuthal
angle.

2 Higher order harmonics induced by fluctuations of the
collision geometry (v2,v3, va, ...)

ALICE Pb-Pb Q.’%’E’ Ry G 93, 014912
0.2<p_<3GeVic SR s =0.20
Ml <0.8 n/s(T), param1
2 ~ 5% between Jsnn=2.76 and 5.02 TeV 12 —
2 Precision of the data start to constraint i T ARl ﬂ?
.0

different trend for n/s(T)
2 n/s(T) =0.2 favored by the data

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

0.8 I I I .
0.7 —1)/s=0.20 15
/Y e p/s=paraml ]
0.6 =—— 7)/s =param2 1.1
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0.5 n/s =param4 |
~2 0.4 .
<
0.3 best fits w _
0.2 ~
Z.
0.1 —
| | | | | | |
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H.Niemi et al. PRC93 014912 (2016) T [MeV] ALICE Coll. arXiv:1804.02944
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Elliptic flow in Xe-Xe ngiwef H:LICE

2 Similar values of vo and v3 in Xe-Xe collisions as in
Pb-Pb ones
2 Larger asymmetries in central Xe-Xe collisions

ALICE Coll. arXiv:1805.01832

(e IIII|IIII|IIII|IIII|IIIIIIIIIIII

o N = L L B B L L L LN L LB L BRI
D | @ Xe-Xe |5,=5.44 TeV: v,{2,)An| > 2} i f i ® ALCE: o o
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® Xeo-Xe: V2] > 2} &1 4_ — EKRT (1/s=0.2): n=2 — n=3 .
- . ol S V-USPHYDRO (1/s=0.047): n=2 ==~ n=3
O Pb-Pb: v4{2,)An| > 2} X i
0.1~ ALICE O O O N o) f‘?ﬁai\.z}\; 3.0 GeV/c i
- 02<p, <3.0GeV/c ® ® e O 'l | ]
| ml<o08 Q ® | ‘ i}
: o : Z
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Elliptic flow in Xe-Xe ngﬁef H:LICE

2 Similar values of vz and vs in Xe-Xe collisions as in
Pb-Pb ones
2 Larger asymmetries in central Xe-Xe collisions
2 Larger asymmetries in peripheral Pb-Pb data
2 Comparison with models reproduced when
considering deformation of 12°Xe

ALICE Coll. arXiv:1805.01832

o B @® ALICE:n=2 ® =3
| OPb-Pb 5,,,=5.02 TeV: v,{2,JAn| > 2} | o i
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O Pb-Pb: v,{2,]An| > 2} > @ i
0.1~ ALIGE >d<) i 0.2 < p, <3.0 GeV/c
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| ml<o08 Q ke
©
i ~ _ T
i ° o |
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0.05 5
o i
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Elliptic flow NiKlhe

ALICE

2 Mass ordering for pt < 2 GeV/c interpreted as an
interplay of radial and elliptic flow
2 Good agreement with hydrodynamical calculations

0.4F =
o Centrality: 10-20% Centrality: 30-40% ALICE Preliminary
© @
A 03 - . %% i Pb-Pb {5, = 5.02 TeV
= o
< g ﬁ E&i + ly| < 0.5
o ozt sl - Kl Py [ﬂ+ ue
QN atis §% % [ Tt 0D d% . | ] n Ks
> “gﬁ{r {' II%I :"n -L * . KE $A x
O &% SRR S '
ﬁﬂé ) un!.ri p+Pp + E4E
o T I to ko0
| | | l ! | | | | |
0 2 4 6 8 0 2 4 6 8
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Elliptic flow Niklhef %

ALICE

2 Mass ordering for pt < 2 GeV/c interpreted as an
interplay of radial and elliptic flow

2 Good agreement with hydrodynamical calculations

2 Interesting different behavior for mesons and baryons at
iIntermediate pr
2 hadronization via recombination?

0.4F =
& Centrality: 10-20% ALICE Preliminary
C/\> 0.3 Pb-Pb ys, = 5.02 TeV
; ly| < 0.5
o 0.2 o 2 0
= + [ |
= 854 % s
o eitde KE O AR
) ¢°°°D-l = -
'}ﬂ! p+p +E4E
o e + ) Q+0
! ! | ! ! | | | | |
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ALICE

Small Systems (pp, p-Pb collisions)

2< thrig <4 GeV/c
1< P ocsoe < 2GeV/c

p-Pb |/s,, = 5.02 TeV
(0_20%) - (60-100%)

2 First observation of double ridge structure

iIn p-Pb collisions in 2012
2 Usually associated to v2 development A

2 Collective effects in p-Pb?

ALICE Coll. Phys. Lett. B 719 (2013) 29-41
D. CAFFARRI (NIKHEF) -14
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Elliptic flow vs particle multiplicity

Nik[hef

ALICE

2 Detailed measurements of v2 using m-particle cumulants technique
vs particle multiplicity for different systems.
2 This method allows the suppression of non-flow contributions ( jets,

resonances, ...)

2 Important in pp and p-Pb collisions

>

2 vz > 0 observed also for
smallest systems (pp, p-Pb)

2 Indication of collective
effects in high-multiplicity
collisions ?

2 Other QCD effects entering
In the observable definition
(proton fluctuations) ?

—— [ I I I I I T I I I I I I T | I I ]
“E’c'\'. 0.16— pp 13 TeV p—L’b 5.02TeV Xe-Xe 5.44 TeV Pb-Pb5.02 TeV —]
= O v,{4} ¥ V,{4} O v,{4} -
0.14 e V2{4}3-sub . V2{4}3 sub x V2{4}3-sub . V2{4}3-sub ]
0 V,{6} O V,{6} Y V,{6} O V,{6} 7
0-12:_ ALICE Preliminary T Vo{8}) ¢ V{6l L,
O 1__ 0.2 < pT < 3.0 GeV/c ¢ V2{8} ]
"F mi<o08 .o 000e Va8l e
0.085- X 0 -
] At S N
B §$ _|
0.04— * % ]
0.02— —
O : | | | | 11 | | | | | | 11 1 | | | :

102 10°
NCh (M| < 0.8)

—_—
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Elliptic flow of ID-particles in p-Pb 1Ie ALICE

2 New results on identified particles of v25U show a
clear mass ordering in p-Pb collisions

O
\S)
O

;F‘ rrrrpr e I""I""I""o """" |
2 Consistent with hydrodynamic < - QLQSE\FF:G“?%?M 0-20% (VOA
expansion but also with other 5 02f |mz||<h08
effects: . : w
> Initial stages effect (PYTHIA + = _o0.15[ i1 ¢ ; i
Lund string) S piﬁ"!.
& Parton escape (AMPT) 04L E}(A(Aiii.j’+ I N
2 Hadronic re-scattering (UrQMD) . j_:’} i
0.05 g b
Nk
:.‘t.+.+.|....|....|....|....|....|....'
2 Also the mesons/baryons % 1 T2 s 4 5 6 7
grouping observed as in Pb-Pb p_ (GeV/c)

collisions

—_— —_— = = — —— = ——
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| |  Nik[hef .
Strangeness production vs particle multlpllchly}:[e

—

2 Smooth evolution of particle
production from small to large
system vs charged multiplicity

2 Increase strangeness
production with increasing
multiplicity until saturation
(grand-canonical plateau) is
reached

Ratio of yields to (n*+mn-
=

1072

2 Also confirmed for pp collisions
at /s = 13 TeV and Xe-Xe ones

2 Common origin for all systems? 107

 QCD@work 18, Matera 25/06/18 -

0 @0 B0k g o
A0 GV Y e xe)
A f [ﬁtﬁjtﬁjtﬁnﬂ]gwgmzr_

ALICE Preliminary
® pp, \s=13TeV
[0 Pb-Pb, \'s,,=5.02TeV 7]
B Xe-Xe,|s,, =544 TeV

O pp, \s=7TeV
O p-Pb, s\, =5.02 TeV

10

ALICE Coll. Nature Physics 13 (2017) 535-539

Ll
10*
(chh/dn>

Lol Lt
102 10°

< 0.5

B —
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ALICE

Hard probes

2 Hard probes
2 produced in the early stage of the collisions,
Z they can “observe” the full evolution of the QGP and interact with it.

2 Originate from hard processes, large momentum transfer g2 = production
computed using pQCD.

I ——
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In-medium energy loss

Nik[hef %

1

dQNAA/dedn

Raa(pr) = NS

2 Nuclear modification factors for

charged hadrons:

2 Raa < 1 for more central

collisions

2 ~ factor 5 suppression at
between 5 < pt < 10 GeV/c
2 ~ factor 3 suppression at 40

GeV/c

2 suppression decreases (larger
Raa) for more peripheral events

X
d? Ny, /dprdn

. ALICE Coll. arXiv:1802.09145

% ;_Norm. j_ ALICE __ _-

c 1 1 o Vs, - 5.02TeV L charged particles I d

0.8F I |7]<0.8 I ]

i o) \/sNN=2.76TeV T T 1
0.6F T
o ==t
0.2L e o  o5% 1
11 1
0.8F J-I
0.6F —
0.4} b +
0.2F 20-30%
T
11 T
0.8F ¥+ +

0.6F
0.4F
0.2F

T

50-60% T

70-80%

60-70% I

P, (GeV/c)

1 1 1 | L T 1 1 | 1 1 L T 1 1 1 1 L]
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

P, (GeV/c) P, (GeV/c)

2 Models that include radiative energy loss of partons interacting with
the medium are in good agreement with the data.

LQ()D@work 18, Matera 25/06/18 -
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In-medium energy loss in Xe-Xe 1Ief

ALICE
ALICE Coll. arXiv:1805.04399
Raa(pr) = L &Naa/dprdy e
AAPT) = < N, > d2 Npp /dedn c. | ALICE charged particles, I5<0.8 [ * Xe-Xe {5\, =5.44TeV, 30-40% |

-o- Xe-Xe |5, =544 TeV, 0-5% (dN_ /dn)=315=+8
(dN_ / dn)=1167 = 24 - -©-Pb-Pb |5, =5.02 TeV, 40-50% -

- _ : - Pb-Pb |5, =5.02 TeV, 10-20% (AN, / dn) =318 = 12 ‘?L
2 Raa in central Xe-Xe collisions is (N on)=1180 = 31 | j

similar to Raa in Pb-Pb collisions at
similar multiplicity

—t
!
|

P, (GeV/c) P, (GeV/c)

*studies of flavor dependent
energy loss in talk of Fabio
Colamaria this afternoon

—— A = —— p— ——— = = —
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| | Nikhef (3
In-medium energy loss in Xe-Xe 1:[9 %

ALICE
ALICE Coll. arXiv:1805.04399
R B 1 y d*Naa/dprdn e
AA(p T) — < Ny > d2 Npp /dedn oc | ALICE charged particles, In|<0.8 [ * Xe-Xe {5\, =5.44TeV, 30-40% |

-o- Xe-Xe |5, =544 TeV, 0-5% (dN_ /dn)=315=+8
C (AN /dn)=1167 = 24 - -o-Pb-Pb |5, =5.02 TeV, 40-50% -

' . : & Pb-Pb |5,,,=5.02 TeV, 10-20% (AN /dn)=318 = 12 ‘?L
2 Raa in central Xe-Xe collisions is Rl Y |

similar to Raa In Pb-Pb collisions at
similar multiplicity

—t
|

a | | ' | |
: : o 0:5 - T PR
P> Raa deviates for peripheral collisions e
: S 1.2+ |+ =
P different geometry at same o< | . |
: .. L T e . 4 Ol s I
multiplicity o ......--r-*‘/ o
1_'..M..++“__ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ]
L ‘+
I B e i
1 10 1 10
P, (GeV/c) P, (GeV/c)

*studies of flavor dependent
energy loss in talk of Fabio
Colamaria this afternoon

—

B —
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In-medium energy loss in Xe-Xe

Nik[hef

ALICE

1 d*N a4 /dprdn
R = b
AA(pT) < Noopip > 8 dQNpp/dedn Ny

2 Raa in central Xe-Xe collisions is
similar to Raa In Pb-Pb collisions at
similar multiplicity

2 Raa deviates for peripheral collisions %
2 different geometry at same o

multiplicity

2 Non-trivial interplay of collision
geometry and path length dependence

of the energy loss

—_—

' QCD@work 18, Matera 25/06/18 -
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ALICE Coll. arXiv:1805.04399

T T T rTrTTT
ALICE charged particles, Inl<0.8

-~ Xe-Xe |s,, =5.44 TeV, 0-5%
| (dN_ /dn)=1167 = 24
-©-Pb-Pb |s,,, =5.02 TeV, 10-20%
(dN_/ dn)=1180 = 31

[ - Xe-Xe |5, =5.44 TeV, 30-40% |
(dN_ /dn)=315 =8

- -o-Pb-Pb \s,,, =5.02 TeV, 40-50% -
(dN_ /dn)=318 = 12

. al .
H""""""‘rnq,.,.-.n"‘;ﬁ " ) . /... ® ‘ T
S oOQM . + ?
e = W by I |
[ ]
K
IIIII| “ IIIIH‘lH Hrﬁ‘ruujvl | IIII|
1 10 1 10
P, (GeV/c) P, (GeV/c)

*studies of flavor dependent
energy loss in talk of Fabio
Colamaria this afternoon
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What about energy loss in small systems?

Nik[hef

ALICE

1.2

Ropppr Ropo

0.8- &

0.6

0.4

0.2

2 Rppo =1 = no evidence of energy loss

ALICE Coll. arXiv:1802.09145

| T T T ! I I ! T I | T I ! T | ! T I T I I ! T I |
ALICE |s,,, = 5.02TeV

charged particles [17]< 0.8

=

_ i
r -Pb,0-5% -

B Pb-Pb,70-80%

"% p-PbNSD-0.3<7_ <1.3 ]
| | | | I 1 | | | | | | | | | | | 1 | | 1 | | 1 |
0 10 20 30 40 50

[ (GeV/c)

LQ(:D@vvork 18, Matera 25/06/18 -
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What about energy loss in small systems?

Nik[hef

ALICE

2 Rppo =1 = no evidence of energy loss

Ropppr Ropo

ALICE Coll. arXiv:1802.09145

100

0.45

0.2:

! | I ! T I | T I ! T | ! T I T I I ! T I |
ALICE |s,,, = 5.02TeV

charged particles [17]< 0.8

e
- .
° ==g=== S Pb-PDb,0-5% 1
00 Ee= Pb-Pb,70-80% y
##7 p-PoNSD -0.3<n__ <1.3 ]

| | | | | | | | | | | | | | | | | | | | | | | |
10 20 30 40 50

[ (GeV/c)

high prtrigger
hadron
recoil jet

\ QCD@work 18, Matera 25/06/

—_—

2 hadron-recoil jet coincidence
measurements

2 semi-inclusive recoil jet distribution for
different p-Pb multiplicity classes

ALICE p-Pb |5, = 5.02 TeV

50-100% VOA

VOA/A

TT{12,50} — TT{6,7}
Anti-k; charged jets, R = 0.2

<]07 —043<y < 1.36; —023<y<117
ﬂ—A¢<06
0.6 [ ] Syst. uncert

- — 0.4 GeV/c spectrum jet shift

15 20 25 30 35 40 45 50

ALICE Coll. arXiv:1712.05603 pChj (GeV/c)

Z No S|gn|flcance modifications (AE<0.4 GeV)

ALICE recent results

—
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In-medium energy loss with jets

Nik[hef %

ALICE

P Inclusive jet spectra for both charged and full jets & "*[ som 0100 f5,.-s027ex
_ _ "~ ALICE Preliminary
for R_O'z’ R_OS 1.4F POWHEG+Pythia8 reference
2 Energy expected to be radiated outside of the 12f Ak Fe02 IiI<08 <07
jet cone (Raa < 1). e AT
OBL L ™ ™
. : : 0.6 .
2 Ratios of charged and full jet cross sections oal EEiE: = 3
R=0.2/R=0.3 are measured 0.2}
2 No significant difference with respect to jet % 50 00
= . ijet (GeV/c)
fragmentation in vacuum (POWEG + PYTHIAS8 |
reference) —— - N |
’CFJ-_\ ALICE PP-Pb ﬁ=5.02TeV —e— Pb-Pb data _ rtainty ALICE Preliminary
clccf 1.2 ?z;?id[;_?slég:i 0.6 T  —+— POWHEG+Pythia8 T [ ] correlated uncertainty T
B pASesewe” ' | S [ _ ‘ _______________
—_— 1_ L
%’0.8;— ) +;;;¢$$+ _i-ztii: AU
06 = -
04
0'2;' 0-10% ' 10-30 % ] 30 - 50 % 50 - 80 %
OIIJIIIISIOIIII1(;0IIIII;IIIISIOIIIIH;OIIIILLIIII I1CI!CIIIIII;IIIISIOIIIIHZ'JOIIII
pT,ch jet [GeVic] P T.ch jet [GeVrc] p‘l’,ch jet [GeVic] P T.ch jet [GeVic]
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Jet substructures NiEE\ef

ALICE
» New detailed studies of in-medium
energy loss via jet substructure Charged jets, R=0.4,80 < pr < 120 GeV/c
1- E 103:'"'| """"""""""""" [rrrrrrrrryTrTT /|
. . : ] = I\LH:E P li =
» Reconstruction the history of 0.9 : ;:tﬁ»bkv;ar??é?!'v"ary g
. . — 0.8F 2L 80 < pf 192651;:;/’/5_0'4 —
the shower using jet de- o o 10 SRR E
. . T Tr 32 C AR>02 . ]
clustering algorithm = 0 = == Shape Uncertainty
3] OF * S — PYTHIA Embedded 3
» Imbalance of the momentum g 04 = F :
- 2> 03f = 1 == =
of the two hardest subjet = = e
. ] - ==
7, = mln(pT,17pT,2) O OJ? : O 10_1?_.9..>.0..2..|*
g = 2 _: 5E 3
pratpra 3 T+ 3
©  osgf ©  05E _R_—
0 : = T TR
unselected 0.05 0.1 0.15 0.2 0225 0.3 0.350.4 0.450.5

2 Sensitive to coherent/incoherent

energy loss . . -
& Suppression of symmetric splitting at

incoherent coherent

large AR
IS )9 B Incoherent energy loss scenario at
e large AR 7
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Charmonia in A-A NlBI]ef %

ALICE

2 J/P suppression proposed as QGP signature by Matsui and Satz in 1986.
2 Interaction potential in the QGP colored screened beyond Ap (analogous to
the e.m. Debye screening).

P> For J/Y with pt> 0 suppressionis: :

. c E ALICE Pb-.Pb VS_NN = 5.(_)2 TeV o I_E
» Constant vs centrality 16 ey s ot 212
2 Similar for Xe-Xe and Pb-Pb, though "4~ L n ey oe <00 promina)
Iarg e u n Cer‘tai nties 1.2 fJ)’ @® |Inclusive J/y — pu-, 2.5 < y < 4.0 (submitted to arXiv)]
] 4
0.8 5k i

1

L]

ool
@@@@Kﬂ]@@@@ﬁm@@@@@

0.6
0.4

.
N

| | | | | | | | | 11 | | | 11 | | | | |
150 200 250 300 350 400
(N__.?

=)
of
O_
—h
o
S

part

B —
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Charmonia in A-A NlEE]ef %

ALICE

2 J/P suppression proposed as QGP signature by Matsui and Satz in 1986.
2 Interaction potential in the QGP colored screened beyond Ap (analogous to
the e.m. Debye screening).

9 For J/Lp Wl-th ,OT > O SuppreSSIOn |S ALICE Coll. Phys. Lett. B 766 (2017) 212-22,4
? COnStant VS Centrality T 1'4 olncri:\c/;eEJ/;Pb;:\/l;:sozTev 25<y<4,p_<8GeVic
? Similar for Xe-Xe and Pb'Pb, though 1o .F:| . ALICE. Pb—Pb\/ﬁ=2:76TeVZ2:5<y<4:p:<8GeV/c R

Iarge Uncertainties #l O PHENIX, Au-Au s = 0.2 TeV, 1.2<lyl <22, p_>0 GeV/c *
2 Smaller than what observed at RHIC

2 indication of J/Y production via

recombination of charm quarks!

L O

150 200 250 300 350 400
<Npart>

B —
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Charmonia in A-A Nl%ef %

ALICE

2 J/P suppression proposed as QGP signature by Matsui and Satz in 1986.
2 Interaction potential in the QGP colored screened beyond Ap (analogous to
the e.m. Debye screening).

B> For J/{ with pt> 0 suppression is:

9 ConStant VS Centrallty ALICE Coll. Phys. Lett. B 766 (2017) 212-224
2 Similar for Xe-Xe and Pb-Pb, though < 2(+—+—v++—"vr7r+—7—+3
large uncertainties T 1.8 ALICE, Pb-Pb s, =5.02 TeV, 0-20% :
2 Smaller than what observed at RHIC "¢} ® o 26 <yt (LS T80 0, 212 E
. . . . . 1.4 p — e*e’ lyl <0. reliminary -
2 indication of J/Y production via mﬁL E
recombination of charm quarks! N —B— ________________________________________________________
0.8;—5 o
. 0.6 o —@—
9 At hlgh_pT 0_4;_ B W - E
2 suppression of a factor ~4 at 0.2F L :
pr > 5 GeV/c

B —
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Charmonia in A-A Nl%ef %

ALICE

2 J/P suppression proposed as QGP signature by Matsui and Satz in 1986.
2 Interaction potential in the QGP colored screened beyond Ap (analogous to
the e.m. Debye screening).

ALICE Coll. Phys. Lett. B 766 (2017) 212-224

P For J/{ with pr> 0 suppression is: 2 EAUGE moueve i Sam T -
9 Constant VS Central ity E 25<y<4 Transport |'s,, = 5.02 TeV (TM1, Du and Rapp) E
1.2 ® Pb—Pb |5, = 5.02 TeV, 0-20% -

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

2 Similar for Xe-Xe and Pb-Pb, though  t

large uncertainties :

2 Smaller than what observed at RHIC
2 indication of J/Y production via
recombination of charm quarks!

B At high-p:
2 suppression of a factor ~4 at
pt > 5 GeV/c

0 2 4 6 8 10pT (GeV/c)12

2 Transport models that includes
recombination of J/{ at low-pr
reproduced the data

 QCD@work 18, Matera 25/06/18 -
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| Nikhef (3
What about charm in small systems? 1Ie

ALICE
2 No indications of in-medium energy loss in small systems
2 but two charm-related effects that might require final state effects
Oﬂz_ 2.5: | IAILIé)EIPrlelirlninlar)l/, F;Plb \fﬁ:ISJISlTe;/, IlncllusliveIJ/llu,1I|1(.9_|S)I—>Iu+lu‘
i -4.46<y  <-2.96,p_ <20 GeV/c
2 P(2S) more suppressed in p-Pb than L e o e sz
. . . . - Clw(28)
J/P in the backward rapidity region P o ersoorera, e s v

2 Final state effects are needed to A AN
explain this difference

<NcoII>
ALICE Coll. arXiv:1805.04367

=U0ob AUCE o eere

[ p-Pb, s =5.02TeV (Ccr,1a)rg_.) pea,r|tT||:;| B (;.13,12.; <.|A17| <16

~ (0-20%) - (60-100%) —¢— u, p-going -4 < n<-25,-5<|An<-1.5 ]

2 e,u from heavy flavor decays show va >0  o1s- BN o
In high-multiplicity p-Pb collisions 015_ gt - E
2 Initial state effects? Final ones? s @%ﬁ f :
Collectivity (“hydro-like”)? e —— % =
= —— i

0|~ .

T e

P, (GeV/c)

B —
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Conclusions 1:[9

ALICE

2 Soft probes used to study the global properties of the Quark Gluon Plasma
2 Precise measurements allow to e — ——

2 discriminate among different models | £ ~ 18 GeV/im?

2 put stronger constraint on the QGP parameters | TC“ ~ 155 MeV

= — = = = = - —
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. viidher ()
Conclusions 1Ie

ALICE

2 Soft probes used to study the global properties of the Quark Gluon Plasma
2 Precise measurements allow to e — ——

2 discriminate among different models | £ ~ 18 GeV/im?

2 put stronger constraint on the QGP parameters | TC“ ~ 155 MeV

2 New intriguing results on small systems:
2 Collective-like effect observed in soft probes
2 Particle production shows smooth evolution vs Nch
2 No evidence of energy loss with hard probes (AE < 0.4 GeV)
2 but P(2S) and HF e,p v2 >0 might need some final state interaction

I —_— = —— — S —— = e ———

' QCD@work 18, Matera 25/06/18 - ALICE recent results D. CAFFARRI (NIKHEF) -27




. viidher ()
Conclusions 1Ie

ALICE

2 Soft probes used to study the global properties of the Quark Gluon Plasma
2 Precise measurements allow to e — ——

2 discriminate among different models | £ ~ 18 GeV/im?

2 put stronger constraint on the QGP parameters | TC“ ~ 155 MeV

2 New intriguing results on small systems:
2 Collective-like effect observed in soft probes
2 Particle production shows smooth evolution vs Nch
2 No evidence of energy loss with hard probes (AE < 0.4 GeV)
2 but P(2S) and HF e,p v2 >0 might need some final state interaction

2 Energy loss studies with rare and calculable probes to understand the
details of the microscopic mechanisms of this phenomena
2 Entering the precision and differential measurements era

—_— —_— = —— — S —— = e ———
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ALICE Upgrade NiE@ef

ALICE

2 Major upgrade of the ALICE detector during LS2
2 New Inner Tracking System based on MAPS
2 New TPC read-out based on GEM chambers
2 Continuous read-out of 50 kHz in Pb-Pb collisions ALICE Experiment

Upgrade of the

2 Experiments requested total statistics Run3 + Run4
2 Lint ~ 10 nb™! (+ 3 nb' at B=0.2 T)

ITS first half layers completed

LQ()D@work 18, Matera 25/06/18 - ALICE recent results
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ALICE

Back up slides

ALICE recent results D. CAFFARRI (NIKHEF) -28
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| | Nik|hef .
A Large lon Collider Experiment (ALICE) 1Ie E

Tracking devices:

ITS: Inner Tracking System (silicon)
TPC: Time Projection Chamber

Inl <0.9,0 <@ <2n

Track pr > 150 MeV/c

—
T 1

0.9 — E

TPC efficiency

05H ALICE |n|<0.8 (MC) E
0.4} ]
03k e  Pb-Pby\s,=2.76 TeV, centrality 0-5% ]
i 0 Pb-Pb\s,=2.76 TeV, centrality 80-90% ]
0.21 =
—— pp /s=8 TeV
0.1 .
O_B . | | | | |
0 2 4 6 8 10

D. CAFFARRI (NIKHEF) -
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A Large lon Collider Experiment (ALICE)

Nik[hef

HMPID
TOF |
TPC

ITS

Int. J. Mod. Phys. A 29 (2014) 1430044

LQ(:D@vvork 18, Matera 25/06/18 -

ALICE recent results

_

ALICE
Hadron PID using:
ITS - TPC
via specific <dE/dx) in the
detectors

TOF based on Multi-Gap
Resistive Plate chambers

High-Momentum PID

Cherenkov radiation detector
T T T ] g20_ T T T T T T T ]
n-K |n|<o.5_f \3185_ : K-p M|<0.5
— TPC 1 < bt — TPC :
—ITS 16¢ —ITs
— TOF 1af — TOF
~— HMPID ] i — HMPID ]
--- TPC 0.6<[|<0.8 ] 12 --- TPC 0.6<[|<0.8 ]
Pb-Pb conditions 10F Pb-Pb conditions
8f
6F
____________________________________ o T\ WO N
---------------------- 2________ |
s ————————— _——  —————
IIIIII HMPID- T T T T T T
I TOF
| — TPC | e
— . . . . . ITS | m—— , , , , ,
o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
Py (GeV/c) Py (GeV/c)
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| | Nikhef (3
A Large lon Collider Experiment (ALICE) 1Ie %

ALICE
Electron PID using:
ITS - TPC
_____________ via specific (dE/dx) in the
_____ detectors

— T —

— i — »

TOF based on Multi-Gap
Resistive Plate chambers

Transition Radiation Detector

S F s -t --.-=- - - - (TRD)

g se e e ToToe D o

© = = g e - =é—=_= — ?:F f=;~__ _:=-_ _' - = . .

P | e e ElectroMagnetic Calorimeter
t ] rooEeE e == (EMCal)

5 3 o

o3 =

o

T 2

1
0 | | | | | Ip_lpb SNN=5-OleeV | | |
0.4 0.5 0.6 1 2 3 4 5

Int. J. Mod. Phys. A 29 (2014) 1430044 p (GeV/c)
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o Khet ()
A Large lon Collider Experiment (ALICE) ngﬁwe E

Muon spectrometer:
-4<n<-2.5

Track pr>1.0 GeV/c

u-ID via tracks matched with
the trigger system.

T | T T T T | T T T T | T T T T
Pb-Pb \jsNN =2.76 TeV

AL —

S 2000

: 1 1 | | I | | 11 1 1 | I | | | I | | 11
2 2.5 3 3.5 4 4.5

M(u*w) (GeVi/c?)

J.“'\‘\‘ﬁ t!? Q E_ centrality 0-10% _E
" stations - 1| IR 1500~ =

u-trigger 000k :

system - .

5001 { | .

_i_ | L2l + __________ {' H n + ¢ L)

1

5

Int. J. Mod. Phys. A 29 (2014) 1430044
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A Large lon Collider Experiment (ALICE) 1Ie ALTGE

Forward detectors:

- VO detector
2.8<n<b5.1
3.7<n<-1.7
trigger
beam-background reduction,
centrality, event plane
determination.

= _ / - TO detector

|||||||||||||||||||||||
ALICE Pb-Pb \s = 2.76 TeV 10

R | 46<n<4.9
I IQIEKD)Q([?EI%EE:S_Q’% wy -3.3_ <n< -3.0
. : luminosity
104 1L s £=0.801,1=29.3, k=16 [ | ® . . . )
— 5 collision time-zero
MW;-" -
10° N —;
- Zero Degree Calorimeter
0 (8181 & | 8 S N I ~112.m from IP
@Blg| 8| & | =2 b e S beam-background reduction
° 2000 10000 1090 amplitude (a.u) centrality determination

__ — E——
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Elliptic flow in Xe-Xe and Pb-Pb Nl%ef H:LICE

= = BLEL LA B L L L N B AL L L LA B AL B3 B AL B LS LA AL

-~ 0.4~ ALICE T 4 Xe-Xen=2 T —
wc T 0.2< pT < 3.0 GeV/c 1 <> Pb-Pb n=2 1
~ - <08 ’<> T @ XeXen=3 1

N 03[ ¢ {) Pb-Pbn=3 O% T .

A r 6 Mol T o'Qe0 T b“b%% :

S \ T o? T ?> :

YA & I ¢ -

i A G S i S A v

= i 0 T C’ ¢ T o ¢ .

~ ¢ © T ¢ ) T 4 % ]

T Fooet Pt
- ¢ T ¢ T ¢ ]
0 - MC Glauber: nucleons T MC Glauber: constituent quarks (q=3) 1 MC Glauber: constituent quarks (g=5) I
I L1 1 1 I L1 1 1 I L1 11 I L1 1 1 I I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I

0 5 10 15 20I 0 5 10 15 20I 0 5 10 15 20I
1/S dN_/dn (fm?)

2 Scaling with transverse density and eccentricity (hydro) is restored for
initial conditions modeled with constituent quark Glauber including Xe
deformation.

I —— — — S ——— ____ ———— =
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Raa In very peripheral collisions 1Ie

ALICE

2 Raa measured in very fine centrality bins up to very peripheral collisions
2 Significant change of behavior beyond 80% centrality

2 Explained by bias in event selection and collision geometry and in
agreement with PYTHIA MC (no energy loss)

:(: _I I 1 II 1 1 1 1 LI II | :(( B I T T T I T T T I T T T I T T T I T T T I ]
x — + 0-5% % 5-10%  © 10-15% © 15-20% ¢ 20-25% - x - Pb-Pb, \s,, = 5.02 TeV, charged particles, | n| < 0.8 -
19— # 25-30% % 30-35% A 35-40% vV 40-45% + 45-50% | 1.2 = ALICE data, 8 < p_ < 20 GeV/c —]
B v 50-55% © 55-60% = 60-65% ¢ 65-70% * 70-75% . B T 7]
- - - —— HG-PYTHIA, PLB 773 (2017) 408 .
- ® 75-80% 80-85% * 85-90% ™ 90-95% * 95-100% - - .
1 | """"""""""""""""""""""""""""""""""" e Ir
08 DI L) S - ] 0.8]
S S R e i e S 2 e e e -
- ST et L s X : -
- II @ [ ][]D vvvvv “: [ ] : v VVy -"M“" x ;; ] [
06 [Tl et A e g 0.6
— . - nn vY i Y [I][‘]...... g Ay ® * v A - B
- = mEToely ‘”a‘n ‘z[i]m;tx RN
| P ) VA kVAA-;Wn“-!-, g=‘=={.,i;ny A v - ] ] »
0.4 RO Tt LR s & I R i S 0.4F
- Bty = an ELT AL A x % .
R PR
0.2 e nnnnunn“ (] 5 ><§ i 0'2
53 |
- ALICE, Pb-Pb, | s, = 5.02 TeV e~ = 7 i
- charged particles, || < 0.8 i - B ]
0= — 0| | | | | 1]
| oo 1 1 1l . [ (NN N AN SN (NN [ N S (RN (N N T SO (N N N N
10" 1 10 0 20 40 60 80 100
p. (GeV/c) Centrality (%)
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Strangeness production vs particle mU|tIp|ICl¥ Ie

o
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| ®pp,\s=7TeV
| O p-Pb,\s,,=5.02TeV
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Charm production vs particle multiplicity

Nik[hef

ALICE

+ ALL] IR LLL B R ALl L LR L) IR L] B L] L
e 2<pT<4GeV/C 4<pT<6G|eV/C 6<pT<8GeV/C
+DU)
1-_ ! % % ! % + |
B I SR R
sl 11 4 P % R
HHHH—— ] HHHHH—— ] ol el ol
b 8 12 GeV/ 12 16 GeV/ 10 10° 10’
— <p_< eV/c <p_< eV/c
to T T <chh/ d 77>|n|<o.5
r T 1 ALICE Preliminary
: H % ¢ $ 25 pp Minimum Bias, Is = 7 TeV
L Eur.Phys.J C77 (2017) no.8, 550
0.5F | * ® p-Pb,\s, =502TeV
' | SPD multiplicity
: () Pb-Pb, sy, =5.02 TeV
VO multiplicity
| Ll | | Ll | 13.7% BR uncertainty not shown
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Nuclei production 1Ie

ALICE

» Measurement of the hypertriton life time ?\H 9 He+ 7~
2z pn/\ bound state

& _
(&) N _—
S 450 ALICE Preliminary = 500F
s - e Data o == Free A (PDG)
= C Pb-Pb \/ Sy = 9:02 TeV ‘CD’ R. E. Phillips and J. Schneps
- — Fit c PR 180 (1969) 1307 .
8 400 — 0-90%, |y| < 0.8 = 400} G. Keyes et al. —— *H World Average
- - Sidebands = [ PRD 1 (1970) 66
~ 350 — IS\H - 3He + T c STAR Collaboration ALICE Collaboration ALICE Preliminary
2 - s g 2 - Science PLB 754 (2016)360 Pb-Pb y/5,,,-5.02 TeV
S Lk xH— "He + ' £ 300 ¢ 328(2010)58 PbPb y5,-2.76 TeV
2300 = - g [l SRR el S et ntl Sk
- * * * Significance (36) = 8.42 f J |
14 | 200 : :
250 :I_ ________ I G. Keyes et al.
RN QRN RN * L NPB 67(1973)269 H
- 100 HypHi Collaboration STAR Collaboration
200 u : [ Ngioehg;;oa)l'% NPA 913(2013)170  ppe 97 (2018) 054909
: LR. J. Prem and P. H. Steinberg
150 - 0 - PR 136 (1964) B1803
100 &
50 b
0 _I\I | | 1111 | L 111 | 11 I& NI 11 | L1 11
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2
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Splitting in the medium 1Ie ALICE

2z Map of the splitting in the medium studied via the Lund diagram

2 lterative de-clustering unwinds the jet
structure and stores splitting
information

o

log 26 1

» Cambridge/Achen algorithm is used
to de-cluster the jets, preserving the |
angular ordering 108 iz

1 Y
prRL

logl/R  log+/qL? 10g 1/9

Tywoniuk et al. 5th Heavy lon Jet Workshop/CERN TH institute

log

A. J. Larkoski, S. Marzani, G. Soyez, J. Thaler JHEP 05 (2014) 146
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Splitting in the medium Nik[hef

ALICE
2z Map of the splitting in the medium studied via the Lund diagram
2 lterative de-clustering unwinds the jet
structure and stores splitting
iInformation
z Cambridge/Achen algorithm is used A o A A A A I
. . - - 0.16
to de-cluster the jets, preserving the - PYTHIA 5 =2.76 TeV :
: O__ 80 < p<" <120 GeV/c, anti-k; R=0.4 1" Ho.14
angLIlar Orde”ng B Cambriége-Aachen Reclustering .
ol 1 —o.12
» Focus on different region of the Lund & :1—0-1
diagram phase-space imposing E— 1"o.08
different grooming conditions 4 0.06
i 0.04
2 > Zcuteﬁ -8
i 0.02
Soft Drop!2 /mMDT Grooming!3! i
[1] G. Salam gitlab.cern.ch/gsalam/2017-lund-from-MC - 00 0.5 1 1.5 2 25 3 3.5 4 4.5 5 0
[2] M. Dasgupta et al. JHEP 1309 (2013) 029 |n(_) .
[3] A. Larkoski et al. JHEP 1405 (2014) 146 |arge ang|e AR collinear

— —  — — = —— —— ——— S e
]
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Zy, hsp measurements in Pb-Pb collisions lIe

ALICE

Charged jets, R=0.4, 80 < pr < 120 GeV/c

2 Difference in the zy distribution ¥
. . 0.9
observed when considering less 4
collimated subjets g8 o7
,03 0.6}
g 05
133 0.4f
> 03
0.2

0.% .

O - u
S 3

& 2t ¢
(DU 1
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Zy, hsp measurements in Pb-Pb collisions lI

ALICE
Charged jets, R=0.4, 80 < pr < 120 GeV/c
2 Ditference in the zg distribution O;g g 10 TR TGE Bretminary
. . R B - PbPb 2.76 TeV —
observed when considering less & L 23‘;’;‘(;32955’&23? v L
collimated subjets 88 o I R S A
_8\ 0'6;_ ¢ E 10__ == Shape Uncertainty _|
s o5 " ° = == PYTHIA Embedded 3
8., 04 S B i
%‘3 0.3 § 1 == -
02 : R
0.1;— 9>0.2
O § O Aaaas
> 1.2r § >
s S
© 0.8 © L
unselected 0.05 0.1 0.15 0.2 0225 0.3 03504 04505

I —_— — — p— ——— = ————
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Zy, hsp measurements in Pb-Pb collisions lIe

(5

ALICE

Charged jets, R=0.4, 80 < pr < 120 GeV/c

2 Difference in the zy distribution

Observed When COnSidering |eSS 2 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
. . i ALICE Preliminary (Data - Embedded) i
COl | | mated sU bJetS -~  PbPb - PYTHIA Embedded \/STIN =276 TeV IO"I
O__ 80 < p;hl;fc <120 GeV/c, anti-k- R =0.4 ]
. - i T ]
» First Soft Drop splitting map o[- N B ke
shows T ‘ ]
» suppression at large angle M b
» enhancement for collinear £ .
splitting -6
. i -0.05
In Pb-Pb data wrt PYTHIA  SoftDrop 2.~ 0.1, f =0
S|mU|at|OnS _8__ Cambridge-Aachen Reclustering
- 1st SD Splitting 4._0_1
_10 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | L1111 | L1111 | L1 | L1l
0O 05 1 15 2 2.5_)I 3 35 4 45 5
large angle Uyv=) collinear
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Zy, hsp measurements in Pb-Pb collisions lIe

ALICE

Charged jets, R=0.4, 80 < pr < 120 GeV/c

2 Difference in the zg distribution
observed when considering less

collimated subjets

» First Soft Drop splitting map

shows

2 suppression at large angle

B> for collinear
splitting

iINn Pb-Pb data wrt PYTHIA
simulations

2z No enhancement in the nsp IS

present

1/Ngrs dN/dgy,

Data/MC

2 but larger number of jets that

don’t satisty the Soft Drop
condition in Pb-Pb
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What about regeneration

Nik[hef %

ALICE

2 Uncorrelated ¢ quarks from the medium

could bind at the hadronization of the
system and form charmonium.

2z At RHIC and LHC, large number of
charm pairs produced in central

collisions
o o
N cc = - coll ~ = ) 1600
” 65 mb

SPS  RHIC 200 LHC 2.76
20 GeV GeV TeV
Nee/
event -0.1 ~10 ~100

_—~ LELBLAL ] L LA 1 T T Trrrn I T T rrTn
o) | | | |
1 B —4&@)— ALICE (total unc.)
~ | [ AucEext unc. -~ ]
(&) 1 O o ~—— ATLAS Preliminary (total unc.) - - 3
bo - [ ATLAS extr. unc. -
| —A— LHCb Preliminary (total unc.) L -
A  PHENIX
% STAR L7
[[] HERA-B(pA) -7
103 M Ess3() il —
-V E743(pA) =
V¥  NA27 (pA) P
¢ NAI6(pA) .
{ ET769(pA) ,
— NLO (MNR)
10°E 3
- i/
’
’
’
!
’
I’
10 ) ¢ =
o~ ]
- lll 1 1 11 lllll L 1 lllllll
10 10° 10° ( G1 O4V)

JHEP1207 (2012) 191

P. Braun-Muzinger and J. Stachel, Phys. Lett. B490(2000) 196
R. Thews et al, Phys.ReV.C63:054905(2001)

2 Do we have indication that charm quarks take part in the
evolution of the system? Thermalization?
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...but not only J/ ngﬁef %

ALICE

2 P(2S) is even more suppressed
than J/P for semi central and

central collisions. Phys. Lett. B 766 (2017) 212-224
- . . < 2 N L L e e L
2 more statistic is needed to draw & [ o :
. . . 1.8 n ALICE inclusive JAp, 9(2S), Pb-Pb ys,,, = 5.02 TeV, 2.5<y<4, O<p_<8 GeV/c E
quantitative conclusion 160 5
1.4 :_ P (2S) (Preliminary) _:
i —— Jip (arXiv:1606.08197) .
1.2 o -
L Upper limits include global uncertainties
11 i
0.8
e f_D Hinjn 0 5 m O o 0 0 mpd o |I|_f
0.4 g
0.2 l m g
00~ "50 100 150 200 250 300 350 400

‘par&
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...but not only J/{

Nik[hef %

ALICE

2 P(2S) is even more suppressed
than J/P for semi central and
central collisions.

» more statistic is needed todraw a € |

2

quantitative conclusion

2 Strong suppression of the Y(1S) 0-82

state. More statistic iIs needed to
draw a quantitative conclusion

02l

1

0.6

04l

ALICE Preliminary, Pb-Pb |s,, =5.02 TeV

m Inclusive Y(1S) = u'n,25<y<4,0< p.< 12 GeV/c global sys.= =+ 10%

50 100 150 200 250 300 350

(N o)
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...but not only J/ ngﬁef %

ALICE

2 P(2S) is even more suppressed
than J/P for semi central and
central collisions.

2 more statistic is needed to draw a
quantitative conclusion

2 Strong suppression of the Y(1S)
state. More statistic is needed to =
draw a quantitative conclusion

ALICE Preliminary, Pb-Pb |s,, =5.02 TeV

1.2 — —_m— Inclusive Y(1S), Y(2S), 0 < p, < 15 GeV/c, 2.5 <y < 4, centrality 0-90%

0.8

0.6 -

2 Stronger suppression of the Y(2S) |

state than the Y(1S) : &]

. . . 0.2

2 also here more statistics is :
needed to improve the results %50 o0 Ts0 200 250 00 30 400
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Does charm also flow?

Nik[hef %

ALICE
. . . ~ 0.25 B 1 — 1 1 — T 1 — 1 1 — 1 1 — 1 T ]
» Azimuthal anisotropy of particle & = F auce2o-40%pbpb, sy =502Tev ;
. . o [ Inclusive J/ —]
production related to collective = °°f coi<os ??EF}’E m=0 =
. . _ ww, 2.5 <y <4, VAEP, An=1.1} 7
expansion of the medium. 015 - global syst : 1% =
ot 0 :
» Can charm quark interact so wosk | 1WA 3
much and become part of the b ]
med I u m’? E X. Du et al. K. Zhouetal. (25<y<4) E
_0.05 B3 Inclus!ve Jp, 1yl<o9 Inclus!ve Jhp w non-collectivc_a ]
- Inclusive Jlp, 25<y<4 Inclusive J/y w/o non-collective
e LLrr Primordial J/ip, 25<y <4 Primordial J/1p -
_0.1C A PR U R R TS RS R

2 Study of flow of hadrons with

2 4 6 8 10 12
charm: p. (GeV/c)
2 J/P Submitted to PRL, arXiv:170905260

2 J/P v2 > 0 for intermediate pr

2 Models that include thermalization of charm quarks
and J/{ regeneration can describe the data

2 Primordial J/Y vz is expected to be very small

—_—
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Does charm also flow? 1:[9 %

ALICE
" I I ~ 0.25 —— —T —T —T —T —T
> AZImUthaI anisotropy of parT“CIe ] C ALICE Pb-Pb, VTNL=5.02 Tev " global syst : = 19
production related to collective & o2F =
expansion of the medium. J1sE % é]] ﬁ % % E
P Can charm quark interact so o1E $ % E
much and become part of the 0.05 - ﬂ =
medium? o @ ....................................................................................................................................... E
n Inclusive Jiy — w*u-, Prompt D°, D*, D * average, -
N VA{EP, An=1.1},25<y <4 v.{EP, An|=0.9}, |y|<0.8
B Study Of ﬂOW Of had rons Wlth 0.05 ¢ 5-20% * 40-60% 0 30-50%, arXiv:1707.01005
_ ® 20-40% ]
. PN S TR N N TN TR N RN S AN NN SN TN T NN T S S N S T
charm: B 2 4 6 8 10 12
2 J/yP p. (GeVic)
2 D mesons Submitted to PRL, arXiv:170905260

2 D mesons vz > 0 for intermediate pr

2 Another confirmation that charm is slowed down in
the medium.

? Recombination of charm and light quarks might
generate an higher v2 than for J/{

B —
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J/P in p-Pb collisions

Nik[hef

ALICE

2J/Y production is more affected by cold
nuclear matter effects than open heavy £
flavor

2 at forward rapidity the J/ production
IS suppressed by about 20%

2 not visible difference between
Jsnn=5.02 and 8.16 TeV

1.4
- ALICE, inclusive Jhp — u*uw
1.2 “ I
. igii !! __________________________________________________________ I
Bt im:ﬁ“h
0.8F
- Pb goin
osf 0 90INY
0.4 P going
i ® p-Pb |s,, =5.02 TeV (JHEP 02 (2014) 073)

0.2 _ ® p-Pb |s,, =8.16 TeV (preliminary)
O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
-5 4 -3 -2 -1 0 1 2 3 4 5

ycms

B —
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J/P in p-Pb collisions

Nik[hef

ALICE

2J/Y production is more affected by cold
nuclear matter effects than open heavy

flavor

2 at forward rapidity the J/ production

IS suppressed by about 20%
2 not visible difference between
Jsnn=5.02 and 8.16 TeV

2 suppression in the p-going direction

driven by low-pt J/{

2 Pb-going direction Rpa~1 constant vs

PT
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0.4 ® p-Pb s, =5.02 TeV (JHEP 02 (2014) 073)

® p-Pb \s,, =8.16 TeV (preliminary)
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J/P in p-Pb collisions

Nik[hef

ALICE

2J/Y production is more affected by cold
nuclear matter effects than open heavy
flavor

2 at forward rapidity the J/ production
IS suppressed by about 20%

2 not visible difference between
Jsnn=5.02 and 8.16 TeV

2 suppression in the p-going direction
driven by low-p1 J/{
? Pb-going direction Rpa~1 constant vs

PT

2 J/P results compatible with models that
Include initial cold nuclear matter effects

ALICE Preliminary
Inclusive J/y — pu, p-Pb VSNN =8.16 TeV

- | EPSO09NLO + CEM (R. Vogt)

CGC + NRQCD (R. Venugopalan et al.)

B CGC + CEM (B. Ducloue et al.)

B j Energy loss (F. Arleo et al.)

Transport (hot + cold nuclear effects) (P. Zhuang et al.)

= = = Comovers (E. Ferreiro)
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Quarkonia in p-Pb collisions Nl%ef

ALICE
o 1.8
2 P(2S) state even more suppressed o G AUCE
" . T Inclusive JAp, Y(2S) — u'w
than J/Y. In particular in the Pb- L4F pPolsu-BieTey
going direction. 12f
2 only initial state cold nuclear matter O;:—E_ """""""""""""""""""""""""""""" 1
effects are not enough to explain the o6l o —m—
suppression at backward rapidity. 04 R —F—
0.23— ° w?;S) (Preliminary)
R S H R P S SVER:
ycms
mng - p-Pb |5y, = 5.02 TeV, inclusive Y(1S)—u*w
. 1.2?— + v ALICE
2 Y(1S) seems to be affected in the I T =t i
same way by cold nuclear matter F TF[L ﬁuf

effects at both forward and
backward rapidity
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