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The year 2017

25 Articles submitted for publication, 4 from Run 2, 21 from Runl
and many many interesting preliminaries shown at QM, SQM, IS, EPS etc

1. Search for collectivity with azimuthal J/{-hadron correlations in high multiplicity
p-Pb collisions at sNN = 5.02 and 8.16 TeV
(PLB https://arxiv.org/abs/1709.06807 )

2. J/Y elliptic flow in Pb-Pb collisions at sSNN = 5.02 TeV
(PRL https://arxiv.org/abs/1709.05260 )

3. D-meson azimuthal anisotropy in mid-central Pb-Pb collisions at SNN=5.02 TeV
(PRL https://arxiv.org/abs/1707.01005 )

4. Energy deﬁendence of forward-rapidity J/ and {(2S) production in pp
collisions at the LHC
https://arxiv.org/abs/1702.00557 Eur. Phys. J. C 77 (2017) 392

5.Enhanced production of multi-strange hadrons in high-multiplicity proton—proton
collisions. https://arxiv.org/abs/1606.07424 Nature Physics 13, 535-539 (2017)

Many results from Runl and Run 2, | will give some highlights.
| have selected only a few of the Run 1 and Run 2 results and preliminaries.


https://arxiv.org/abs/1709.06807
https://arxiv.org/abs/1709.05260
https://arxiv.org/abs/1707.01005
https://arxiv.org/abs/1702.00557
https://arxiv.org/abs/1606.07424
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2. Collective Expansion

3. Hard Processes
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1. Hadronization, particle spectra and abundances
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Strangeness enhancement

Historically an enhanced production of strangeness was proposed as a signature of
QGP in A-A collisions (PRL 48 (1982) 1066—1069)

ALICE, Phys. Lett. B 728 (2014) 216

o @
a 0
o | PoPbatys,=276Tev 5
© a
= — & -
© AQ+Q = AQ+Q A
2o mE 1 Lo m= y A LG
E 0 eA | © oA j
= * o l ?
:-': ) “""‘E :Jr |
=) = L ]
[ 3 g g
> g ~
o i e
[al}
s %' ¢ ¥
A
+ Q- (sss 1 Qg 5
- =" (dSS) I NAS7 Pb-Pb, p-Pb at 17.2 GeV |
N (UdS} O[]/ STAR Au-Au at 200 GeV
1 -I 1111 II| 1 1 1 111 II| 1 11
1 10 10°
(N o)

Astrid Morreale Etretat 2017 5



Strangeness enhancement

Enhancement of strange particles with respect to non-strange yield is also
observed for high multiplicity pp and p-Pb collisions
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Nature Phys. 13 (2017) 535-539
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fragmentation (Fischer, Sjostrand,
JHEP01(2017)140)

Study of hadronization mechanisms

Possible explanation:
Multiple Parton Interactions? (MPI)
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Strangeness enhancement

Enhancement of strange particles with respect to non-strange yield is also
observed for high multiplicity pp and p-Pb collisions
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Strangeness enhancement

Enhancement of strange particles with respect to non-strange yield is also
observed for hlgh multiplicity pp and p-Pb collisions
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Strangeness Pb-Pb at VS =5.02 TeV

Run 2
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-Pb-Pb ratios follow the trend from pp and p-Pb
-In Pb-Pb hadrons produced in apparent near thermal and chemical equilibrium

aThe/ éatios of integrated yields seem to be saturating for higher values of
N /dn.
ch

-Will pp and pPb also saturate?
EPS 2017 presentation
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https://indico.cern.ch/event/466934/contributions/2588311/attachments/1492435/2320500/StrangenessProduction5TeV_EPS_HEP2017_v07.pdf

Heavy flavor vs multiplicity: quarkonia

-Charmonium production proceeds from hard initial processes and no Run 2

strong correlations with event activity are expected
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https://indico.cern.ch/event/578078/contributions/2659763/

Heavy flavor vs multiplicity: quarkonia

-Charmonium production proceeds from hard initial processes and no Run 2

strong correlations with event activity are expected
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Increase is not linear: highlights importance of other physical processes:
MPI, percolation effects, color re-connection

Initial stages 2017 Presentation
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https://indico.cern.ch/event/578078/contributions/2659763/

Heavy flavor vs multiplicity
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pp collisions
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-Similar effects observed for D’s
-Hadronization doesn’t seem to play
arole

Run 2

Massimiliano Marchisone

Wednesday’s Morning Session
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Heavy flavor vs multiplicity

dN,, /dy

pp collisions p-Pb arXiv 1704.00274
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-Similar effects observed for D’s

-Hadronization doesn’t seem to play :
a rOIe forward-y i

i
“p-going direction” backward-y

“Pb-going direction”
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Heavy flavor vs multiplicity
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-Similar effects observed for D’s Mid-rapidity and Pb-going direction:

-Hadronization doesn’t seem to play -Qualitatively similar behaviour as in pp
arole collisions

p-going direction:
Saturation at high multiplicities (Bjorken-x
range in the domain of shadowing / saturation)
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Nuclei and hyper nuclei measurements

Yield (dN/dy) for 10° events
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& -Abundance of a species proportional to e ™™
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10°

\/s, (GeV)

'I| 1
10°

: Hyper nuclei, nuclei in which one or several p/n is replaced by a strange baryon

EPS Presentation
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https://indico.cern.ch/event/466934/contributions/2588312/

Hyper nuclei measurements

Hypertriton lifetime expected to be slightly below free A lifetime
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Run 2

New ALICE result from Pb-Pb at 5.02 TeV is consistent to the free A prediction

This is one of the most precise measurements of hypertriton lifetime

EPS Presentation
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https://indico.cern.ch/event/466934/contributions/2588312/

2. Collective Expansion
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Identified particle spectra

Thermalization: pressure drives the expansion Run 2
-Particles move in a common velocity field

-Momentum distribution “blue-shifted”, mass ordering
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Pb-Pb \/SNN:5.02 TeV:

Radial flow boosts hadrons:
- low p_: mass dependent slope, high p_ common hardening of p_ spectra

“The spectra become harder for more central collisions _
-The change is most pronounced for heavier particles: effect of radial flow
Initial Stages 2017 Presentation
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https://indico.cern.ch/event/578078/contributions/2659766/

Baryon to meson ratio

Run 2

-Pb-Pb no significant
energy dependence

- Radial flow pushes
protons to intermediate p_

and depletes low p_

- Stronger radial flow in
central Pb—Pb collisions

-Low to mid-p_ described
by hydrodynamic models

- Similar effects observed
in high-multiplicity pp and
p—Pb collisions
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Initial Stages 2017 Presentation
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https://indico.cern.ch/event/578078/contributions/2659766/

Identified particles in pp

Run 2
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Would be interesting to perform studies as a function of multiplicity of these same
particles (possible hardening of particle spectra with increasing event multiplicity)

Initial Stages 2017 Presentation
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https://indico.cern.ch/event/578078/contributions/2659766/

Anisotropic flow

Spatial deformation

Azimuthal (o)
pressure gradients

Anisotropic particle density

Pb+Pb,b=7fm
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EPS 2017 presentation
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https://indico.cern.ch/event/466934/contributions/2474212/

Light meson flow
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-Low p_: Mass ordering expected in a collective expansion scenario.

Run 2

-Low-p_: v, sensitive to hydrodynamic expansion and initial conditions (geometry).

SQM 2017 presentation
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https://indico.cern.ch/event/576735/contributions/2566848/

Light meson flow
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-Low p_: Mass ordering expected in a collective expansion scenario.

-Low-p_: v sensitive to hydrodynamic expansion and initial conditions (geometry).

-Similar results observed in a high multiplicity p-Pb environment.

-Effect in these systems may be due to initial state (saturation?) or final state
effects (expansion and/or thermal equilibrium ?)

SQM 2017 presentation
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https://indico.cern.ch/event/576735/contributions/2566848/

Light meson flow

ALICE Preliminary
Pb-Pb ys,, = 5.02 TeV

Run 2
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V4 more sensitive to interactions and less to initial state

— hydrodynamic models work at low p T (pT<1 GeV/c)
— only describes trend at intermediate pT (1<pT <2 GeV/c)

QCD@LHC Presentation
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https://indico.cern.ch/event/615220/contributions/2643654/

Charm flows
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C PN IS R SN (NN T SO TR N SR ST S N T ST SR NN SR S T
0 2 4 6 8 10 12
P, (GeV/c)

Audrey Francisco
Tuesday Morning

Julien Charles Hamon
Wednesday Morning

Participation of low p_ charm to collective motion in the QGP

Additionally for the J/Psi this is interpreted as proof of recombination.

SQM 2017 presentation
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https://indico.cern.ch/event/576735/contributions/2566848/
https://arxiv.org/abs/1709.05260

3. Hard Processes
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Energy loss in the medium

Run 2

-High momentum partons lose energy while propagating through the QGP
-Energy loss depends on parton type and properties of the medium.

2
R AA d“N AA / de dy
scaled pp  (Neon)d? Ny, /dprdy
< 2 I_ T I T T T | T T T I T T T T Shape Iunlcelrtaln{y T T | T
< r - _ %
18 _—AUCE Pb-Pb \/SNN =5.02TeV [ ] correlated uncertainty
1.6/~ Anti-k, R=0.2 ) <0.7 pE>5 GeVic
1.4 = —8— |5, = 5.02 TeV ALICE 0-10 % (Ch Jet, R=0.2 pp:Data)
12 - |syn = 5.02 TeV ALICE 0-10 % (Ch Jet, R=0.2 pp:POWHEG)

—_—

I

0.8

0.6

0.4

0.2

C —#— |Sy, = 2.76 TeV ALICE 0-10 % (Full Jet, R=0.2)

PLB 746 (2015) 1

[ —4— |5, = 2.76 TeV ATLAS 0-10 % (Full Jet, R=0.4)
PRL 114 (2015) 072302

ALICE Preliminary

—III|III|III|II||
%

| I 1 1

1 | | | | | | | | | | | 1 | 1 | | | | | | | 1

III|III|III|III|III|III|III|III|III|III

20 40 60 80 100 120

p_ . (GeV/c)

T, jet

Expectation:

Jet fragmentation is modified by the
medium

- suppression of jet yield

- broadening of jet shape

- di-jet imbalance

Findings:

Strong suppression ofljet yields in
most central Pb-Pb collisions

Francois Arleo, Quenching
Shu-yi We, Angular correlations

Tuesday
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Energy loss in the medium

Run 2

-High momentum partons lose energy while propagating through the QGP
-Energy loss depends on parton type properties of the medium.
-It can modify color flow

AA . d2NAA/dedy
scaled pp  (Neon)d2N,, /dprdy

Raa =

ALICE-PUBLIC-2017-003

< 27I TTT I TTTT | TTTT I TTTT | TTTT I FTTT ‘ ITTT | FTTT | ITTT |III7
D:< - ALICE Preliminary ]
1 .8:— Pb-Pb, /s = 5.02 TeV E
1.6 Average D°, D*, D*', |y|<0.5 -
TC e 0-10% ]
1.4 = 30-50% -
o I - Pb-Pb suppression:
Cr . - Increases with centrality
| I = _—

; L : - Not initial state
0.8_ —

- HH%L ] - Final state effect; due to
0-6: ) e hot and dense QCD matter
0.45 HEH% (T . .

- i . - Similar to that of pions (at
02:_ EEB BB —— ?Ied markers: pp rescaled reference _: hlgh enough pT)

C | | | Open markers: pp p; extrapolated reference

0O 5 10 15 20 25 30 35 40 45 50

P, (GeV/c)
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Quarkonia in Pb-Pb

Development of
Start of collision quark-gluon plasma Hadronization

RHIC I LAk IR
=2 Ce =
Ca
2 €% @D
o« ; .
t Sof - e 0" o
ST, ST R @008 Y\
LH C 'a'f + — 8 D‘ "‘D.* G_‘ _hil,.-" e E]B H"-%;'.J A .I_..f
o -, B0° bl
o LR, a0 00 Mg @D 80 _Fj?u’
F s IL'. + "'1 ?;]D
° @0
Time —

-QGP screens the ccC interaction and quarkonia can be suppressed

-If many cC are created in the collision quarkonia on the other hand can form via quark
30
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Quarkonia in Pb-Pb

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

< T T T | [rrro T | ELELELEL BLEL R N I L B B B B N B L L N B L L N B e
< . - <
'y Inclusive J/y — ptu 1 a o . . . ¢ 0.3<pT<ZGeV/C
1.4 51 ® ALIGE, Pb-Pb | 5= 5.02TeV, 25.< y <4,p_<8 GeVic ] 1.4 |- ALICE Preliminary, inclusive J/y — p*u ¢ 2<p_<5GeV/c
1ol  ALICE, Pb-Pb |5 =2.76 TeV,25< y <4,p_<8 GeV/c ] 1ok ¢ 5<p_<8GeV/c E
TN o PHENIX, Au-Au | s = 0.2 TeV, 1.2<|y| <2.2,p_> 0 GeV/c i I Pb-Pb\s,,=5.02TeV,25<y <4 ¢ 8<pT<12GeV/C ]
1 EEH T
ilf“! : : ,
0.8 Rl . o.s'—% ]
g L2IoEs ” ] F ® @ O
@ [o B
o6l L] Hﬁl SO m. 1 os6fF E 2 = 0 5
] [ () =
0.4 - 0.4 —
8 E @ ] r B -
0.2 By a0 4 02F .
1 1 1 I 1 I | |: e e e L L L
0 L1 1 1 L1 1 1 L1 1 1 L1 1 1 L1 1 1 L1 1 1 L1 1 1 L1 1 1 1
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350N 400

(N_.»

part

part

Stronger suppresion at RHIC despite larger LHC densities: regeneration?

Larger suppression for higher p_

EPS 2017 Presentation

Mohamad Tarhini

Tuesday Morning
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Quarkonia in Pb-Pb

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

T I LI L I T I I T T I T I LI I LI I T ] { :
<C , _
44 3 Inclusive J/y — i 1 T 18F ALICE, Pb-Pb sy = 5.02 TeV, 0-20% =
= ® ALICE, Pb—Pb \s,, =5.02TeV,25<y <4, P, < 8 GeV/c ] C
{ o] = ALICE Po-Pb\sy, =276TeV,25<y <4,p <8GeVic k 1.6 @ Uiy 25<y<d (PLB766(2017).212) 1
I O PHENIX, Au-Au|s,,=02TeV,1.2<y| <22,p_>0 GeVic ; 1ab B Jv ey <09 (Preliminary) E
[ - :
1 ilﬂ * 12t H =
08 pliEHiL . L] IR i
b . C
o6k 1T 'E CICIEECE NI PR ECE 08Fg g -
] C ]
|§|I§| E 0.6 ° _@_ B
0.4 B ] - B :
[ 1 C - |! ]
0.2 B oy . 0.2F _p .
0 rao gy a s by e s by v s by v s by v v s by v v s by v v s 1y : 0 L L [ L | L 1 | 1 L1 | 1 1 1 | L1 ]
0 50 100 150 200 250 300 350 400 0 2 4 6 8 10 12
<Npart> P; (GeV/c)

Stronger suppresion at RHIC despite larger LHC densities: regeneration?

Larger suppression for higher p_, similar to that of pions

Mohamad Tarhini

Smaller suppression at mid-rapidity Tuesday Morning
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Quarkonia in Pb-Pb

RAA
NEEES

—
N

o 0 o
(=T \CRE e -

Run 2

ALICE inclusive J/y, y(2S), Pb-Pb ys,, = 5.02 TeV, 2.5<y<4, O<p_<8 GeV/c —

—— y(2S) (Preliminary)

— Jhy (arXiv:1606.08197) E
Cll Upper limits include global uncertainties
L LI
Nl
"My n v @ @ mgomwm
: 1 1 | | | 1 . 1 1 I | 1 1 | I - 1 1 | | 1 | | 1 | | | 1 | | | | 1 1 | 1 1 | | |:
0 50 100 150 200 250 300 350 400

<Npart>

P(2S) indicates larger suppression than J/

Mohamad Tarhini (Victor Feuillard)

Tuesday Morning
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Summary

- Interesting new emerging phenomena for high multiplicity events in pp and pPb
Lack of a consistent picture yet.

- Collective flow is observed also for massive particles (charm), this requires strong
interaction with the QGP. High p_v_ is a challenge to models

- Charm meson R, (high p_) similar to that of light mesons. Precise measurements of
J/Y R, now available. $(2S) will need more statistics and detector upgrades.
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Run 2 Publications

1. Search for collectivity with azimuthal J/$\psi$-hadron correlations in high-multiplicity p-Pb collisions at $\sqrt{s}$ = 5.02 and 8.16 TeV
PLB https://arxiv.org/abs/1709.06807

2. J/$\psi$ elliptic flow in Pb-Pb Collisions at 5.02 TeV
PRL https://arxiv.org/abs/1709.05260

3. $\Dzero$, $\Dplus$, $\Dstar$ and $\Ds$ azimuthal anisotropy in mid-central Pb-Pb collisions at $\mathbf{\sqrtsNN=5.02}$ TeV
PRL https://arxiv.org/abs/1707.01005

4. Energy dependence of forward-rapidity j/psi and psi (2S) production in pp collisions at the LHC
EPJC https://arxiv.org/abs/1702.00557

5. Centrality dependence of the pseudorapidity density distribution for charged particles in Pb-Pb collisions at $\sqrt{s_{\rm NN}}=5.0
PLB http://arxiv.org/abs/1612.08966

6.J/Y suppression at forward rapidity in Pb-Pb collisions at sqrt(SNN) = 5.02 TeV
PLB https://arxiv.org/abs/1606.08197

7. Anisotropic flow of charged particles in Pb-Pb collisions at VsNN = 5.02 TeV
PRL http://arxiv.org/abs/1602.01119

8. Centrality dependence of the charged-particle multiplicity density at mid-rapidity in Pb-Pb collisions at $\sqrt{s_{\rm NN}}$ = 5.02 1
PRL http://arxiv.org/abs/1512.06104

9. Pseudorapidity and transverse-momentum distribution of charged particles in proton-proton collisions at Vs = 13 TeV
PLB http://arxiv.org/abs/1512.06104
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Centrality determination in ALICE

* Correlate the multiplicity of produced particles with the geometry of the system
i.e. impact parameter (not directly accessible), volume and (roughly) the shape...

——— ———— 12 10 8 & 4 2 0 <b(fmj>
ALICE Vs, = 2.76 TeV ] ' ' '

F 50 10D 150 200 250 30D 350 <Ngan®

;
‘i %1 o’ n|<1
3 —

102

i ]
00 A0

ST Y T
|

spectators

illustration: courtesy of T. Ulirich

! Multiplicity . | e .
|m_|c:E. arJ'Ew:‘IE-WF’hys. Rev. C 88 (2013) D44-EIG'B| Wik 8 8 &

S &

= : ~ -

—— 90

géﬂ'nmt{%] |
"t U TR FRUTH PR FUTR T AU P AR
0 400 800 1200 1600 2000

- . . . N,

Number of participants (N __): nucleons in the overlap region "
part

Number of binary collisions (V_ ): nucleon-nucleon inelastic collisions

LSEand oy dan
Sa sl P arw

| B. Schenke ef al., Phys.Rev. 586 (2012) 034908

In the details, the situation is “slightly” more complicated:
— after centrality, fluctuations play an important role

Slide from B Hyppolyte
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Weak Decay Topologies

938.27MeV 139.57TMeV
P t
1115.65MeV 497.61MeV
a% + sd {I
(s 1"\ 7 80m ( Ij : )K 5 7.50m
W S
e ”
P T e T
T.45cm 139.57MeV 2.68cm 139.57MeV
(15.34m)
BR: 63.9% BR: 65.6 %
1115.65MeV 1115.68MeV
P
A -"J .-"J‘l
A 7.8%cm ,*7.8%cm
. . 1672.45MeV .
132L.7I1MeV " 5 g0m _ _ S 371m
|:||'~.'~::E [588) Q .-_f,.--—'_‘—-—-__\ 7
T K~ pea, S/
' 2.46cm ; £ /7 |
4.91cm 139.57MeV 493 .68 MeV . /9
ray
— r
l:'mir/'r W
| BR: 99 9 % BR: 67 .8 % ) g

Courtesy of B. Hyppolyte
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Hadron production from framentation in PYTHIA

q . - -
0 '\ @.q,) In vacuum production of meson via string break-up
- o 1 .
RS Probability to produce (q,q.)
TN o Probability to form (q,.,3,)
(9,9, ﬂl Factorization: production of (q,q,) independent of
S o ;.4 but the pair mass quark (flavour) is relevant.

= Fragmentation in (q_g.) = meson

2 2 2
T b 8] T pr

probability: ¢ ¥ =g * xeg ¥

Production of (g q,) via quantum mechanical tunneling:

« (string tension) = 1 GeV/fm = 0.2 GeV?2 + Classically, the pair is pulled apart by the field (no annihilation);

* Quantum mechanically, the pair is created at one point then tunnels
mass suppression: u:d:s:c=1:1:0.3:10-1 out with a non zero probability (mass and flavor dependence).

In vacuum production of baryon with the diquark model
Relative probability to produce a diquark pair wrt quark pair Do \

Extra suppression associated to s content :£f11Q1) -
Spin suppression (spin 1 diquarks wrt spin 0 diquarks) " (9,9,)
Weighted probability relative to 3-q state symmetry T
= Fragmentation in (g, ,9,9,)= baryon s
(d09,9,) M. (9,9;)
i
Sy

Courtesy of B. Hyppolyte
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Multiplicity selection in pp collisions

* Multiplicity event class... with minimising auto-correlation bias
« using V0 detectors in the forward region

- VOA(28<n< 5.1)

+ VOC (-3.7<n<-1.7)

Event count

TO-100¢%
SO0-70% -

________________________________

WVOM [raw) illustratian_:'~murtes1,r of A. Maire

1) select events with INEL>0 measured in || < 0.5
2) compute VOM = sum (VOA+VOC signals)

3) for each VOM percentile interval, extract the (d/N.,/d#) corresponding to a corrected distribution
of charged tracks in the central region |n]| < 0.5

Courtesy of B. Hyppolyte
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Multiplicity selection in pp collisions

L]

Global event class... several possibilities to select events
relevant for consistency checks between experiment and model comparisons

non single diffractive ? inelastic ? (with one charged track in a selected n interval ?)

b UL B L L L B D L LB BLELELELE BB L B
g .r ALICE pp @ Vs =7 TeV ]
> 8im ALICE INEL [EIALICE INELO ™|
S %EGME NS —— ALICE INEL>0[3] ]
7 re—at — -
- BEI TR ]

- T 117 7
ﬂSD{ALICEandCMS}—»Gﬁ] .+-¢,. _# 4}_.#-43. -
_ lél IJP. ]
5:_ ettt e * s ]
B AR ]
I TIPS PP PR PR PR
-2 -15 -1 =05 0 05 1 15 2 g

= choice: INEL>0 measured in |n| <0.5

Courtesy of B. Hyppolyte

o
Y
70
=
5
‘E__ «— INEL=0 measured
60 in |nl<1
3
5
4

ALICE Collaboration, arXiv:1509.07541
Eur. Phys. J. © 77 (2017) 33
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Anti and Hyper nuclei measurements

2d/(p +p)

£x10° Deuteron over proton ratio Thermal model: Run 2
T [W]ALICE, p-Pb, | sy, = 5.02 TeV ALICE Preliminary
5b ElXEIPG)II\E/I’UELpIIi’i:liltEyL’()\lisziss(-l:Z;/side) - Ratio is fixed by the tempe_rature
" [SJALICE, Po-Pb, | 5, 5.02 TeV of the source — constant with the
e H H HHHHHH charged particle multiplicity
* H‘ HH’H Coalescence model:

1:_ [ W ] ALICE, Pb-Pb, | s, = 2.76 TeV (PRC 93 (2015) 024917) -Ratl(-) ShOUId Increase Wlth the

- 8 ALIGE, pp INEL, 16 7 TeV (PRG 83 (2015) 024917) ‘multiplicity of nucleons produced
O I in the collision

1 10 10 10°

@dN_/dn )

ch lab” |7 |<0.5
- Smooth transition from pp to Pb-Pb is observed, peripheral Pb-Pb at 5 TeV is
consistent with p-Pb

- The increase of the d/p ratio with charged particle multiplicity from pp to Pb-Pb
IS consistent with the coalescence picture at low multiplicity

 low multiplicity: corona effects can lead to a depletion of the d/p ratio going to
the pp values

 high multiplicity: possible different rescattering of protons and deuterons after
chemical freeze-out leads to a depletion

NB:Trend at high multiplicities currently under investigation (determination of the
uncorrelated systematics) _
EPS Presentation 42
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https://indico.cern.ch/event/466934/contributions/2588312/

Nuclei and hyper nuclei measurements

Production mechanism of compound objects PRC21,1301 (1980)
PLB697, 203(2011
5.‘| T T T TTTTT] (I l|)|| SI : T I:l Thermal MOdeI_
E NE = %He, *He NG
= T e = 4o 4o = ,3H -Hadrons emitted from the interaction region in
= o & ’ * ,°He statistical equilibrium once the chemical freeze-out
a e -+ IHe temperature is reached.
= 10°k 5 I _ _
) v . : -Abundance of a species proportional to e ™™™
= E : '
o 3 i sl o
= 10k = . ] -The large mass of Hyper nuclei gives a strong
£ F = L 5 dependenceonT_
1E i ) 1 =
10K, ypus Coalescence Model:
a2l ]
L 3 -Anti-baryons close in phase space at the kinetic

C ool ool

10 102 10°

\ 8y (GEV)

freeze-out stage can form anti-hyper nuclei

- These newly formed nuclei can break or
regenerate in the time interval between chemical
and kinetic freeze-out

NB: Hyper nuclei, nuclei in which one or several p/n is replaced by a strange baryon

EPS Presentation
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Probing pQCD and hot QCD with hard probes

What can we learn from measuring hard processes

~“Simplest way” to establish the properties of a system calibrated probe and calibrated
interaction suppression pattern tells about density profile

Hard processes serve as calibrated probe (pQCD)

pp: understand production mechanisms, probe PDFs, (particularly gluon’s PDF’s down
to low x: gluon saturation) , provide a reference to p-Pb and Pb-Pb measurements

In Heavy-ion collisions:

« p-Pb: probe cold nuclear matter effects (i.e. modification of the PDFs, saturation,
Cronin enhancement...)
e Pb-Pb: probe the formation and properties of the QGP
« Traverse through the medium and interact strongly
e Suppression pattern provides density measurement
« General picture: parton energy loss through medium-induced gluon radiation and
collisions with medium constituents

Francois Arleo
Tuesday afternoon
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Radiative energy loss

* ...depends on S. Wicks et al., Nucl. Phys. A 784 (2007) 426
1-n 1 ‘i I r. T | 1_" | I | ] | I I ] | I | T
- Medium properties (e.g. density, temperature, R b |
mean free path) 1\ % .
- transport coefficients (g) o N
- Path length in the medium (L) rA A
. IR Q _
- Parton properties (colour charge and mass) _ ®¢[" % o ) U, )
traversing the medium - Casimir coupling & | *ﬁ’% S i
. o ‘\ ) ““"-..
factor (Cy): 0.4 e, -
Cy = 4/3 for quarks and 3 for gluons N il
R. Baier et al., Nucl. Phys. B483 (1997) 291 (BDMPS) \
0.2
AT
<AEmedium> & aS CRqL i M‘_‘uﬂ“m“ o cecrrvuas|
. . n-n 1 l | I 1 l 1 | 1 J 1 | 1 I 1 |. 1 | 1
« Dead-cone effect: gluon radiation ¢ 2 & & 8 B 12 W 1B 1 20

pT{GeV}
suppressed at small angles (0 < mg/EQ)

Y. Dokshitzer: D. Kharzeev, PLB 519 (2001) 199, hep-ph/0106202
| P hot and dense QCD matter

) parton
* Expectation: AE; > AE, 4 > AE_ > AE, .__—L,ta_‘-»

Rpa() < Rya(D) < Rpa(B)

Collider Physics and the Cosmos 2017
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Inclusive results compared to NRQCD

2 T T T T T T T T | T T T T | T T T T ‘ T T T T I T T T L=
O 10¢ —e— ALICE preliminary, L = 3.2 pb"'+3.4% =
% E [ ] Systematic uncertalnty ]
g 1 :i‘:ﬁ.i.g [ NRQCD, M. Butenschoen et al. (prompt J/y)_
o) p- ®, [ ]FONLL, M. Cacciari et al. (J/y-from-b) :
3. ]
—10"E “e E
> —0— E
S —e— .
% 1072 & —o— E
%’ —0o— :
1070 e E
—@= 3
+ :
10 £ . E
10°° _ pp Vs = 13 TeV, inclusive J/vy, 2.5<y<4, BR uncert.: 0.6% _
E 1 | 1 1 | | | | 1 | | 1 | | | 1 1 | 1 ‘ | | | | | | | 1 1 g
0 5 10 15 20 25 30
P, (GeV/c)
JQvsp @13TeV  NrocD (et
NRQCD (right)
NRQCD+CGC
FONLL

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

—o— ALICE, L -32pb +3.4%
[ ] Systematlc uncertainty
[ NRQCD, Y-Q. Ma et al., (prompt J/w)

[ ] NRQCD + CGC, Y-Q. Ma et al., (prompt J/q;)
[ ] FONLL, M. Cacciari et al. (J/y-from-b) ]

———

pp \s = 13 TeV, inclusive J/y, 2.5<y<4, BR uncert.: 0.6% —

5 10 15 20 25

30

P, (GeV/c)

Butenschoen and Kniehl, PRL 106 (2011) 022003
Ma, Wang and Chao, PRL 106 (2011) 042002
Ma and Venugopalan, PRL 113 (2014) 192301
Cacciari et al., JHEP 1210 (2012) 137

All models properly account for higher mass resonance decays
NRQCD models differ in the set of LRME that is used, the p_at which fits are
performed and the datasets considered.

At low p_ (right), NRQCD is coupled to a CGC description of the proton

Predictions are quite different at high p_, but in both cases, non-prompt J/i

constitute a sizable contribution to the inclusive cross section

46
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Inclusive results compared to NRQCD

o/(dp_dy) (ub/(GeV/c))

Summed NRQCD and FONLL calculations assuming fully uncorrelated

uncertainties.

10 ¢

1073 3

104 B NRQCD, M. Butenschoen et al.
- + FONLL M. Cacciari et al.

—o— ALICE inclusive J/y, 2.5<y<4 =
pp Vs = 13 TeV ;

=3.2pb'+3.4%

BR uncert.: 0.6%

0= [ NRQCD, Y-Q. Ma et al., (prompt J/y)

_ pp \s = 13 TeV, inclusive J/y, 2.5<y<4, BR uncert.: 0.6% |

Ev v o e e e b o 0 3

T ‘ T T T T T T T L
—o— ALICE,L_=3.2pb" £3.4% .
[ | Systematic uncertainty 3

+ FONLL M. Cacciari et al., (J/y-from-b) E
1 NRQCD + CGC, Y-Q. Ma et al., (prompt J/y)7
+ FONLL M. Cacciari et al., (J/y-from-b) -

—5_||||||
100 5

p. (GeV/c)

5 10 15 20 25 30
P, (GeV/c)

Agreement to the data is much improved, already at intermediate p_ and especially

for the calculation from Ma et al.

Note that the calculations are completely independent, and that there was no data at
this energy, this rapidity and at such high p_ before
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Evolution if the heavy ion collision

, d.t,*He
Time([fm/] W SR . > Kinetic freeze-out (T, ~ 100 MeV)
m elastic reactions cease: spectra and correlations are
B frozen (free streaming of hadrons)

» Chemical freeze-out (T, __~156 MeV):

Hadron Gas o = inelastic reactions cease: the chemical
33 composition of the system is fixed (particle yields

che™™ .
and fluctuations)

» Phase transition from QGP to hadron gas
(T, =160 MeV)

» Formation of Quark-Gluon Plasma phase (if T>T )
(tg< 1 fmic)

. > "Pre-equilibrium
Z

» Two Lorentz contracted nuclei approach and collide

heam

Same conclusions as for the J/Y case,,voeuecremznr: 48



Coalescence

If baryons at freeze-out are close enough in phase space (i.e. geometrically and in momentum)

and match spin state a (anti-)nucleus can be formed

Usually, since the nucleus is larger w.r.t. the source, the phase space is reduced to the
momentum space

The yield of any nucleus can be determined as:

L ENa (@) (ﬂ.:s)‘*‘l N, \ (. &N, \"
A dp® 24 3 Po P (dp% /A) ke (dp% [A)

Assuming that p an n have the same mass and have the same p_spectra

d3Ny d>N, .
EnSTR =By By
dpy dpp

d x p’
3Hefxp3

Astrid Morreale Etretat 2017
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Statistical thermal model

Thermodynamic approach to particle production in heavy-ion collision: all the particles are
produced at chemical freeze-out

Starting point: Grand Canonical partition function (Z) for an relativistic ideal quantum gas of
hadrons of particle type ¢ (2 = pion, proton,... = full PDG)

For each hadron i : Z depends on the temperature T, the volume Vand the chemical potentials
Pphgby: Z(TV iy po py) =32, Z,

The mean particle number can be calculated as: B=— Total Energy

kT R 2
/ Spin degeneracy factor / ;/ g, = Vp'+ m,
Vai ¢
p

[ = pn (152, exp (&) d

23'[ 0
\ \ Fugacity:

+ fermion kAT ,u)=exp
- bosons

(N;)=

B, Ap+Su +Q, urg
T

Chemical potermal represenhng
each conserved quantity
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Statistical thermal model

(N,) Tg, . m,
Particle density n. can then be calculated as: m=" =—2 ;MK T
i T \ J

If ratios are considered (ni/nj) Volume (V') cancels —> ratio depends only on T, and m

Thermal model can predict also the yields of (anti-)nuclei = The binding energy of light nuclei is not
taken into account: nuclei are considered as not compound objects

['_ m ] Nuclei can be use as a precise
= Exponential dependence of the yield: dN o eten thermometer of the chemical freeze-out
dy temperature

nl’ ~ex [r_&_m)
T

i+1

The density ratio of a particle with the next heavier one:

= The thermal model predicts an exponential decrease of particle yields with increasing mass at a
given temperature

(mp— m_) ~ 938 MeV
p/d ~ exp(938/160) ~ 350
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Particle ratio, comparison to NRQCD

Many systematic uncertainties cancel in the particle ratio, for both data and theory

LA L N N ) B B O I L

LA I Y L ) I B B |

~ L | -~ — T T L B
%L S 0.8 —® ALICE inclusive J/y, y(2S E %L = 0.7 ~® ALICE inclusive J/y, y(2S)
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gl oS - c11% ] gl s S 11%
e S 06l BR uncert.: 11% 3 b} © : BR uncert.: 11% :
8§ | O - [ ] NRQCD, M. Butenschoen et al. o5 |'o 0.5 :—|:| NRQCD, Y-Q. Ma et al. E

0.5 E

: ] 0.4F :
0.4 - r 7
. J$L ] 0.3 $ .
0.3 = - ]
- ] 0.2F - $‘E_ $ .
0.2F *wﬁﬂ&*@**@_@’ ; - - oF E

0.1

2 4 6 8 10 |12‘ | ‘14‘ | ‘1_6 0 | 2 4 6 8 10 ‘12I | |14| | |176
p_ (GeV/c) p_ (GeV/c)

NRQCD (left) Butenschon and Kniel, PRL 106 (2011) 022003
NRQCD (right) Ma, Wang and Chao, PRL 106 (2011) 042002

T

Both calculations follow the same trend but have very different uncertainties. This was
already the case at Vs = 7 TeV (see ALICE EPJC 74 (2014) 2974)

Calculation from Y-Q Ma et al. tends to overestimate the {(2S)-to-J/Y ratio

Contributions from non-prompt J/Y and Q(2S) have little impact here because they
enter both the numerator and denominator, with a similar (small) magnitude
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Data at all energies vs p_compared to NRQCD

Extensive data-theory
comparisons done at all
energies available at the LHC
so far.

Good agreement between the
model and the data is
observed for all measured
Cross sections, for both

J/Y and P(2S)

For P(2S)-to-J/P cross section
ratios the model tends to be
slightly above the data
especially at Vs =13 TeV.

This tension appears mainly
because of the error
cancellation between the
uncertainties on the J/{ and
P(2S) cross sections.
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Data at all energies vs p_compared to NRQCD

Extensive data-theory
comparisons done at all
energies available at the LHC
so far.

Good agreement between the
model and the data is
observed for all measured
Cross sections, for both

J/P and P(2S)
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Data all energies vs y compared to

NRQCD

Extensive data-theory
comparisons done at all
energies available at the LHC
so far.

Good agreement between the
model and the data is
observed for all measured
cross sections, for both

JIP and P(2S)
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Mean p_energy dependence
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<p_> is measured using fits to the p_ distributions.
A steady increase of <p_> with increasing Vs.
Consistent with the expected hardening of the of the J/y and Y(2S) p_ distributions.

Values at mid- are systematically larger than at forward-rapidity.

Could be attributed to an increase in the longitudinal momentum at forward-rapidity
leaving less energy available in the transverse plane.

Astrid Morreale Etretat 2017 56



What about model comparisons?

pp yield: pp polarization: nc production:
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Steady increase of do/dy as a function of increasing Vs.
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For the J/Y (left), the cross sections are compared to a calculation done by in the CEM framework (PRC 87 014908)

Data lies on the upper side of the calculation and the difference to the central value becomes larger with increasing vs.
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JIY at 7 TeV compared to the Color Singlet Model
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NLO improves somewhat the description but still lies below the data

NNLO gets closer to the data at the expense of large theoretical uncertanties.

Note that FONLL is not included in these descriptions, rather a flat scale factor is applied
to the model to account for non-prompt quarkonia.
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