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e collision time
~2R/y = 0.005 fm/c
~ 201026 ¢

* thermalization time
~0.5 fm/c =~ 201024 g

* QGP life time
~10 fm/c ~ 321023 g

 formation time
(e.g. charm quark):
~1/2m, = 0.08 fm/c ~ 3¢102° 5

M. Kleimant et. al.,
DOI 10.1007/978-3-642-02286-9 2

: Kinetic freeze-out temperature, end of hadronic interactions (~90 MeV)
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Medium at the LHC
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QGP Probe : Quarkonium Suppression

C S

Perturbative Vacuum

T. Matsui and H. Satz, PLB 178 (1986) 416

Suppression

* Screening effect 1s stronger at high T

Color Screening

T/T¢

~ 1/{r) [fm]

Y(1S)

J/(1S)

XQ(ZP)

% (1P)
Y'(39)
¥'(2S)

* JAp —» maximum size of a bound state in a QGP at a temperature T, decreases when T increases (Debye length)

 Higher states (less bound) are more easily dissociated - Sequential suppression

PRC 91 (2001) 024913 M. Strickland, PRC.92 (2015) 061901
» Large binding energy — short formation time

 Most of the resonances are created at the anisotropic phase of the plasma

e In addition when T increases, particle lifetime decreases (< 1 fm/c for T ~ 300 MeV)
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QGP Probe : Quarkonium Regeneration

P. Braun-Muzinger and J Stachel, PLB 490 (2000) 196;
R. Thews et. al. PRC 63 (2001) 054905
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Development of

Start of collision quark-gluon plasma Hadronization
Regeneration .
* The number of QQ pairs =
increases strongly with Low 5 5
o (RHIC) — S of — ® P
colliding beam energy energy el Co =
. . g . <
* A (re)combination of QQ pairs Co" €N @D =K
to produce quarkonia may take :Ej;
place during the QGP stage or 23
at the phase boundary. ES
e A small (if any) fraction of o A L r
(re)combination 1s expected for L < WA * Ny @D.@D YA\ - é
. . @ | S
Y states than for charmonia, High A %o o we %o Lrle D £ e
. . (LHC) % * — N oo i —> @ 2 S g
because the number of pairs is ¥ . o peoro o@D &=
energy | = 8 A K00% 0§ @"-@D
much smaller for b quarks. ¥ %> @D




Sources of charmonium
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Charmonium production can proceed: Feed Down

* directly in the interaction of the initial partons 30-40%  pyivect
* via the decay of heavier hadrons (feed-down) : 50-60%

For J/ip the contributing mechanisms are:

- Direct production :
g ‘-‘m 0.9 i LI I 1 1 1 1 LI L I 1 1 T 1 LI L I _ d
. . - ] i
S o Feed-down from higher charmonium states: 0gf"F ALCEPPb 137<y, <043, {5y =502TeV E 5
< Qo E v ATLAS,p-Pb -194<y, <0, |5, =5.02TeV e 2
Q_' 8 /0 fI'OHl l/)(2S), 0.7 :_ o ALICE, pp |yw| <0.9, l%: 7 TeV :%-P _: =
~20-30% from y, E . CMS.pp I, <0.9, 15 =7 Tev i - 22
L 0.6 :_ o ATLAS, pp |y‘w| <0.25,(5 =7 TeV ;ﬁt _: qé ’_i
o - 4+ ATLAS,pp v, <025 Vs =8TeV & 3 q;f =
@F 05« coF,pp V,,|<06,Vs=196TeV lu - § %
g B decay : - ] =
o o 04F s E 3=
o, = contribution is py dependent - . £ 3
= ~10% at pp~1.5GeV/c F % - Eg
2 02F 95%CL . = ER
- oib e E 52
== B-decay component “easier”’ to separate : | -
. . T 11 1 1 1 1 1 1 I 1 1 1 1 L1 1.1 I .
—>displaced production 0= 10 102
p. (GeV/e)



Prompt, non-prompt and feed-down

Charmonium A. Andronic et. al.,, EPJC 76 (2016) 107 Bottomonium
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In addition to (10-30)% B-decay production

Low pT
@ 09T ——— e BFrom 2S : 7-8 %
E 7 ALICE, pPb -1.37<y, <0.43,5,=5.02TeV 3
08, ATLAS, p-Pb -194 <y, <0, {5y =502 TeV E From 3S ‘<1 %
07 F o ALICE,pp v, < 0.9,/ =7 Tev :#;: E
E = CMS,pp Iy, <09, ¥s=7Tev ‘ﬁi = BFrom 1P :~15%
0.6F-° ATLAS,pp Iy, | <0.25 V5 =7 TeV e - =
E 4 ATLAS,pp ly, | <0.25,V5=8TeV _it E BFrom2P:~4 % &
0.5 ¢ CDF.pp ly,, |<06,/s=196Tev o = o)
- r E BFrom3P:~2% e
F y : =Di 70 % p
03f E irect: ~ 0 2
C ¢ 3 o
0.2F 95%CL ] <
E - %;3; 3 23
0.1 b 0.0 3 . g =)
E , e High pT £
O 1 1 1 1 11 111 1 1 1 11 1 1) > Eq) d
1 10 10 5 —
p, (GeV/c) BmFrom 2S:12-16 % 2
D ©
From 3S:2-3 % g3
=
Low transverse momentum  ® From chi(c1) High transverse momentum  w From chi(c1) ®From 1P :26-32 % = =
From chi(c2) From chi(c2) 'From 2P :4-8 % E %
B From Psi(2S) u ; = 8
W Direct From Pal(25) BFrom 3P :2-4 % S &
B Direct Ay
m Direct: ~45 % 5 g
=)
@ gan

low-pT Y feed-down fractions are obtained by
extrapolating the high-pt results.
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Different sources of medium effect
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- Nuclear modification factor R ,:

Ratio of the quarkonium yield in AA Y aa
(Y,a) with respect to the pp one, scaled R AA —
by the overlap factor T, (from <TAA>O' ey
pp S 2 participants
Glauber model) )
before collision after collision &
. . . . . I | L I I d
If yield scales with the number of binary collisions T 200 =
pumm— © i + Data Q
= et —— Glauber fit =
> By =1 ol
Hot Medium effects: ey 23
e Quarkonium suppression 10 1 5
« Enhancement due to recombination [ ||« 5| il :%
3| & e : £ 8
andlf — .I.nl.q..l;v.,...o.‘l..l.;.l...l...l...l...l. :%%
’ 0 4000 8000 12000 16000 20000 o =
Cold Nuclear Matter effects (CNM): VZERO Amplitude (a.u.) ER
SR.. =1 * Nuclear parton shadowing/gluon saturation E L;
AA « Parton energy loss 23
,  ¢C 1n medium break-up
there are medium effects




LHC Experiments
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ﬁ@ Detector characterist|
Muon Detectors Electromagnetic Calorimeters o S [ Width: - 44m
= | | Diameter: 22m
! = ﬁ Weight: 7000t
Solenoid | CERN AC - ATIAS V1997

Forward Calorimeters

End Cap Toroid

Experiment Charmonium Bottomonium

s ALICE In] < 1.0 : 2.5<1n<4.0:
g prompt+ py~ 0 pr~0
25<n1n<40:
inclusive+ py~ 0

ATLAS In] < 2.0: In] <2.0: pr~0
prompt+ pr> 9

i Inner Detector i
Barre] Torold Hadronic Calorimeters Shielding

- sops CMS |7’| < 2.4‘: IT’I < 2.4: pT""O

RICH2  ECAL HCAL
M1 1

Event selection
centrality estimator

=

prompt+ pr> 6.5

LHCb 20<n<45: 20<n<4.5:
prompt+ pr~0 pr~0

znc

Rejection of EM
nteractions

e

determination

pr In GeV/e

Muon trackes

Inclusive quarkonium production measured
down to zero transverse momentum
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Charmonium production in pp collisions
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Good agreement between data
and predictions

NLO NRQCD
M. Cacciari et. al., JHEP 1210 (2012) 137

and

FONLL
Y. Ma et. al., PRL 106 (2011) 042002
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EPJ C77 (2017) 392

JHEP 06 (2013) 064
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EPJ C77 (2017) 392

Initially the theory prediction could not describe the
region pr < 4 GeV/c.
CGC+NRQCD based model is now able to properly
describe the low p; region.
The theory uncertainty of CGC based model is still large
when ploted as a function of dimuon rapidity.
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Charmonium production in pp collisions
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Quarkonium production 1in pp collisions
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EPJ C77 (2017) 392 EPJ C74 (2014) 2974
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y

 The cross section ratio for Y(2S)/J/y 1s found to be independent of colliding energy as a
function of pt and rapidity.

« The 2S/1S cross section ratio shows a increasing trend with pr and no rapidity
dependence.

* Results are in agreement among LHC experiments (shown only for Y production).
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Forward

Ecar HICAL
SPD/PS M3
Magnet RICH2 M)

3

M4 MS

Rapidity shift in pA collision
Ay = 0.5 - In222 = 0.465 [Pb: z = 82, A = 208]

ZyAq

« Forward:
Yems = Yiap — 0.465

Backward
T « Backward:

SPD/PS M3
RICH2 ) 2
T3

Yems = _(ylab + 0-4’65)

Quarkonium and measurements at the LHC, 3rd

Heavy Flavour Meet 2019, I.Das




J/Y production in p-Pb

0
n;%l i p-Pb |s,, = 8.16 TeV
1oL e ALICE inclusive J/y
B o LHCb prompt J/y (PLB 774 (2017) 159)
By T —— |
B ._‘
0.8
- |
0.6 - EPS09NLO + CEM (R. Vogt) T ! %+
.| nCTEQ15 (J. Lansberg et al.)
0.4 - [ | EPPS16 (J. Lansberg et al.)
UL CGC + NRQCD (R. Venugopalan et al.)
i CGC + CEM (B. Ducloue et al.)
02+ Energy loss (F. Arleo et al.)
- = Transport (P. Zhuang et al.)
| === Comovers (E. Ferreiro)
Ollllillllillllilllllllllll[llllllllllllllllllllll

-5 4 3 -2 -1 0 1 2 3 4

JHEP 07 (2018) 160

5
ycms

Stronger suppression of J/i 1is
observed at forward rapidity,
while Rppp 1s compatible with

unity at backward rapidity.

ALICE and LHCb results are in
agreement.

Models based on different
shadowing 1mplementations,
CGC, energy loss, transport

models and comovers fairly
describe the data.
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High-pt J/ip production in p-Pb

1.6

1.4

pPb34.6nb”" pp 28.0 pb” (5.02 TeV)

65<p_<10GeV/c

¢ ’

Prompt JAy

CMS -

[¢] Data

[ [] EPS09 NLO (Vogt)

- [5] EPS09 NLO (Lansberg-Shao)

T [/l nCTEQ15 NLO (Lansberg-Shao)

|III|III|III|_—|III|III|II

25 2 15 1 05 0 05
yCM

1

1.5 2

I:{pr

1.6

c o o 9 - -
| N + m 0] — M +
I\J__llIlllll||||||I|IIILJ|II||II||I

o

pPb 34.6 nb™, pp 28.0 pb*(5.02 TeV)

10 <p_< 30 GeV/c CMS

Prompt JAy
T

® d * *

Data

EPS09 NLO {Vogt)

] EPS09 NLO {Lansberg-Shao)

1 nCTEQ15 NLO (Lansberg-Shao)

072 [ [«]

&)

-2 -15 -1 05 0 05 1 15 2
yCM

* Decreasing of Rypy, for increasing ycy
* Rypp above unity for the whole ycum
* Models predict lower Rppp, but describe the ycy trend

EPJ C77 (2017) 269
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J/Y production in p-Pb
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PLB 774 (2017) 159

JHEP 07 (2018) 160 JHEP 07 (2018) 160
o 2 C a 1-87 LA B B B ) B A LA B S T 7] i 2 C
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1.6 F - o . ] 16
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Y(2S) production 1n p-Pb

HFM-2019 (Wed 20/3) : Jhuma

o 1.8
@ N ALICE, inclusive J/y, w(2S) - u'
x 16F p-Pb \s,, = 8.16 TeV
1.4 :_ ® J/y (arXiv:1805.04381) Comovers (E. Ferreiro, PLB 749 (2015) 98)
B ® y(2S) (Preliminary) -y == y(25)
1920 CGC+ICEM (Y.Ma et al, PRC 97 (2018) 014909)
Tl [ ves)
R I
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0-6 :_ === ﬂ "M
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* A similar suppression as for J/iy is observed at forward rapidity for ¥(2S) but found
different for backward rapidity.
» At backward rapidity, final-state effects needed to explain the y(2S) behaviour..
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pPb346nb ", pp 28.0 pb’

Prompt w(25)
® dop <63 GeViC

Ropo

Prompt Jiw [EPJC 77, 269 (2017)]
B 3<p <63 GeVlc

%3

Y(2S) production 1n p-Pb

Ropo

PLB 790 (2019) 509
pPb 34 6 nb”, pp 28.0 pb™ 502 TeV
[Trrrrrrrrfrrrrfrrrrrrrrprrrr]
- Prompt w(25) CMS °

14T e 6.5 <p, =10 GeVic B
120 Talatle E
- | ow | 5
I _T:__ | & ——
0.8C | q— 1’ | 3
C | + .
0.6\ ' =
- 11 :
0.4 ~
- Prompt Jhy [EPJC 77, 269 (2017)] ]
D'Ez_ WE5<p <10 GeVic B
oo by v by v b v bev v bov o]
QS -2 -1 0 1 2
},FGM

L

EpF‘b 36nb" pp28.0pb"

1.4
1.2
1
0.8
0.6
0.4
0.2

Prompt w(25)
. 1[2l-c:;:|I < 30 GeVic

March 18 2019

+_ -ﬁﬂ

Prompt Jhw [EPJC 77, 269 (2017)]
W10 < P, = 30 GeVic

0

-3 -2 -1 0 1

Rppb(25)/ Rppp(1S) < 1 1n all measured bins

Y(2S) 1s suppressed strongly
Suppression of excited states continues in higher py

FCM

Indication of final state effect : suppression by interaction with co-movers ?
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T(nS)/ Y(1S)

Y production in p-Pb

HFM-2019 (Wed 20/3) : Wadut
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where the model prediction suggests flat distribution.

« The Y (2S) 1s strongly suppressed than Y (1S),
- — Comover Interaction (E.G. Ferreiro, Phys. Lett. B 731(2014)57) . .
ok 1 analogous to what is observed for charmonia.

T(2S)/Y(1S) Y(3S)/T(1S)

p, (s =276 TeV, L=5.4pb", |y|<1.93
0.2— p+Pb, {5, =5.02TeV, L=31nb", |y*|<1.93
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J/Y and Y(1S) production in p-Pb
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* Rppp 1s consistent with unity from pr > 9 GeV/c
« Supports the idea of a clean window for the studies of hot matter effects at high p .




JP flow 1n p-Pb

Normalized yields Normalized yields

Normalized yields
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23

40-100% VOM

ALICE p-Pb \s,, =8.16 TeV
3<p," <6Gevic

1.5<|An| <5.0
L]
L)
i
]
' '
| 1 1 |
0-20% VOM
-8 -4.46 < y‘w <-2.96 +
——203<y”’" <353
t L
' L
' L
' ¥

P | TR IR S

P MR |
(0-20%) - (40-100%) VOM

a,+2a,c0s(A¢)+2a,c0s(24¢)

— — a,+2a,c0s(2A@)
———— a,+2a,cos(Ag)

PLB 780 (2018) 7

Jhy

0.2

| Transport model, Pb-Pb, 20-40%, 2.5<y"<4, | 5,=5.02 TeV

p-Pb, (0-20%)-(40-100%), | 5,,,=5.02,8.16 TeV ALICE
—e—— 2.03<y”<3.53
—=—— -4.46<y’"<-2.96

Pb-Pb, 2.5<y"¥<4, | 5,,=5.02 TeV
—e— 520%
————  20-40% [{]

Inclusive J/y
————————— Primordial J/y

0

Angular correlations between forward and backward J/y and charged

1 2 3 4 5 6 7 8
pi"*’ (GeV/c)

hadrons separated by rapidity gap of at least 1.5.

Similar long range correlation as observed for double ridge structure at

Ap = 0 and A¢p = m.

A significance of 50 reported for the v, measured between 3 and 6 GeV/c.
The J/yp v, measured for p-Pb is comparable to that in Pb-Pb (pt >3
GeV/c) although the underlying mechanism is not known to be same or

different.

PLB 719 (2013) 29
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JP flow 1n p-Pb
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01 L ¥(23) | ¢ The transport model calculations give £
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Charmonium in Pb-Pb and Xe-Xe

PLB 766 (2017) 212

< L B LR BLELELELE BLELELEL BLELELELE BLELELELE RLELELELE LN
c 14 Inclusive J/y — p*u h
' ,i| @ ALICE, Pb—Pb\sNN=5.02TeV, 25<y <4, pT<BGeV/c 7
192 I,,F; ®m ALICE, Pb-Pb \s,, =276 TeV,25<y <4, pT<BGeV/c ]
THM O PHENIX, Au-Au s, =0.2TeV, 1.2<ly| <22,p_>0GeV/c )

1§ *
0.8 [l '3=-1: ]

i L @ |§| |§| [0l @ @ . 0] @ @ @

0.6 H I [l] o B

B |§| = ]
0.4 .

) H H B g B ]

O-I L1 1 I L1 1 1 l 1 1 1 I 11 1 1 I 11 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I l-

0 50 100 150 200 250 300 350 400

(N ot

« J/y suppression is visible at RHIC whereas at the LHC there is an interplay of suppression and

(re)generation.

* Most precise result in Pb-Pb collisions at /syy = 5.02 TeV and similar to that at \/syy = 2.76

TeV.

RAA

|
ALICE
Inclusive J/y

Xe-Xe |5, = 5.44 TeV
® -, 2.5<y<4, PLB 785 (2018) 419
B e'e, |y|<0.9, preliminary

Pb-Pb s, = 5.02 TeV

O 'y, 2.5<y<4, PLB 766 (2018) 212
0 e'e, ly|<0.9, preliminary ﬁ

III|IIII

1 I 1 1 1
200 300

* The J/yY Rpp 1s found to be of similar magnitude for Pb-Pb and Xe-Xe collisions.
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Charmonium predictions in Pb-Pb

PLB 766 (2017) 212

March 18 2019

S R I I I RN RN LN LN LR
o q4f ALICE, Pb-Pb (5, = 5.02 TeV
[ Inclusive J/y — p*p 0 o . .
12F 25<y<4,03<p <8 GeVic Statistical Hadronization : [continuous blue shade]
: ! I Andronic et al., Nucl. Phys. A 904-905 (2013) 535¢
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1 Co-movers interaction model : [continuous green shade|
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r Ferreiro, Phys. Lett. B 731 (2014) 57
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el Du and Rapp, Nucl. Phys. A 859 (2011) 114-125 =

[ Transport, p_ > 0.3 GeV/c (TM1, Du and Rapp ] =

0.2 — - Transport ( (TM2, Zhou et al.) - =

_ 2‘5?:232'; i‘;’;‘,’r";f,‘;‘,‘)m” (Gnsirorse otel: { TI'al’lSpOI't model (TMQ) [slant blue 11nes] §
il I I TS PP P PR P

(N_ ) : =

Pt A All models can describe the data o

o

* pr> 0.3 GeV/cto suppress the contribution from

photo-production. The brackets represent the remaining

photo-production contribution. The dominant uncertainty on
the models is the uncertainty on

the total charm cross section

but with large uncertainties.




Charmonium in Pb-Pb

EPJ C78 (2018) 762
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« Stong centrality dependence for prompt and high- py J/Y (pt > 9 GeV/c).
* The results shows agreement between different LHC experiments, although covering different
rapidity range.




Hidden and open charm
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Similar suppression observed for prompt J/y and D-meson measured by CMS and ALICE, respectively.

CMS pp. PbPb |5, = 2.76 TeV
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Charmonium in Pb-Pb

EPJ C78 (2018) 762

March 18 2019
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* In p-Pb: R,py, 1s consistent with unity — clean window for hot matter studies under these kinematics.
* In Pb-Pb : Suppression (Rp,) 1s mainly coming from QGP effects.




Charmonium in Pb-Pb and p-Pb
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- =5.02 TeV, -4.46<y__ <-2.96

n Rewey? | Sy = 2.76 TeV, 2.5<y__ <4, 0-90%

C L (Phys. Lett. B734 (2014) 314)
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A stronger suppression factor
) is found at high-py

by combining the J/i p-Pb and
Pb-Pb forward rapidity results.
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JP multi-differential studies in Pb-Pb
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PLB 734 (2014) 314

| ALICE (PLB 734 (2014) 314) Pb-Pb | 5, = 2.76 TeV
L e Jy — e'e, centrality 0%—90%, pT:-O GeVie
m Jy — uty, centrality 0%—90%, 0<p <8 GeV/e global syst.= + 8%
o —
O 7
W H
L Cold nuclear matter effects in Pb-Pb | s, = 2.76 TeV H E
—— EPS09 shadowing (PRC 81 (2010) 044903)
- 7/ nDSg shadowing (NPA 855 (2011) 327)
-\\II\III\II‘\Illlllllll\\IIII\I‘IIII‘I\II‘
0 0.5 1 1.5 2 2.5 3 35 4
y

HFM-2019 (Wed 20/3) : Hushnud

= 0-20%

ALICE Preliminary, Inclusive J/y— p*u in Pb-Pb

1 |
| Siy = 5.02 TeV 7
u 0.3<pT<2GeV/c -
= 2<p <4GeV/c 3
m d<p_<6GeVic

n 6<pT<12GeV/C

;_E_'_EE_'-—E—- -
3 TR 3
L B T ———— _-
: T —am—3
E = —_—— . 3
E —_— E
—ae—— o

P I P 1l P | PR TR RS
2.6 2.8 3 3.2 34 3.6 3.8 4

Slope

0

[ T I T T T I T T T I T T T I T T T | T T T I T I-
- ALICE Preliminary, Inclusive J/y — p*u” in Pb-Pb | 5, = 5.02 TeV

[ Slope of exponential fit to dzN/(dedy) ® 0-20% -

i O 20-40 %

B W 40-90 % h
| 1 i 1 | 1

0 2 4 6 8 10 12

« A strong rapidity dependence is measured for J/ip Ry, which shows a trend opposite to that of

shadowing predictions.

The multi-differential measurement of J/i Rys as a function of centrality, p;, and rapidity is
ongoing and will provide more insight into the interplay between suppression and (re)generation in

Pb-Pb collisions at \/syy = 5.02 TeV.
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Charmonium in Pb-Pb

PBPb 368 (<B0%) / 464 (>30%) ub™', pp 28.0 pb™' (5.02 TeV)
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0 4:_ B * Enhanced suppression for increasing £ 5
AL $ @ - : centrality. ééﬁ
0'2:_ $ é B What causes the suppression ? 55“
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Charmonium in Pb-Pb
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« Non-trivial behavior for prompt J/i : e
* Good test for the sensitivity of QGP effects and difference of binding energy. :%
: : 28 g g
* Sequential melting RK& ) < Ri{,;p. &

* The results of different experiment are yet to be understood for most central collision.




Bottomonium in Pb-Pb

PbPb 368/464 ub™ pp 28.0 pb™ (5.02 TeV)
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 Transport models by Du et al. (TM1) and Zhou et al. (TM2) and the anisotropic hydrodynamic
model by Krouppa et al qualitatively reproduce the centrality dependence.
* The ratio of Ryp for Y(2S) to Y(1S) 1s 0.28+0.12 (stat.)=0.06 (sys.) = sequential suppression.



Bottomonium in Pb-Pb

PLB 790 (2019) 270

PbPb 368 ub™, pp 28.0 pb™ (5.02 TeV)

- lyl<24 CMS -
T Gent0760% 7 Supplementary

. X.Du, M. He, R. Rapp |

0.8~ HY(18) Total * 1(13) —

i T'(13) Regeneration & 1(23) 1

B V'(25) Total 1

< 0.6 k- | -

n I'(23) Regeneration i

0.4 |- LostHIE: =
0.2

DI;IilIIIIiIIIIliIIII'

0O 5 10 15 20
p_(GeV)

< L
cft - ALICE, Inclusive Y(1S) — u'u;, Centrality 0-90%
12~ W Pb-Pb s, =502TeV,25<y <4
L n
B Transport model
08 __ Du et al (TM1) with without regeneration
0.6
04 _7@_/_—E—_ e e A ————
0.2 B Hydro-dynamical model
- Krouppa et al. E heavy-quark potential uncertainty
O i | 1 | | | | | | 1 | | | | | | | | | | | | | 1 | | | | | |
0 2 4 6 8 10 12 14
P, (GeV/c)

* The (re)generation contribution to Ry, ~ 0.1
* A (re)generation bump is expected for the pt dependence of Y(1S) Rpa, however monotonic
increase for Y(2S) Ry, 1s predicted by the transport model.

* The pt dependence of Y(1S) Ry in Pb-Pb collisions is described by the transport model and

anisotropic hydrodynamics model.

PLB 790 (2019) 89
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Bottomonium in Pb-Pb

PLB 790 (2019) 270

RAA

PbPb 368 ub™, pp 28.0 pb™ (5.02 Te‘v‘}
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lyl y

* The anisotropic hydrodynamic model by Krouppa et al. can describe the rapidity
dependence of Ry4, but hint of different trend is observed.
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Jhb v, in Pb-Pb
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PRL 119(2017) 242301

E 0-25 B L) ) I I 1 L) L) I L) 1 L) I L) 1 L) I 1 1 1 I 1 L) 1 _ E\ 0.25 B 1 L) 1 I L) L) L) l L) 1 L) l L) L] L) I T L) L) I L) L) L) _
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> 02 n ] > 02 - <ne'e, |y| < 0.9, v,{EP, An =0} 7]
[~ ] - Oun,25 <y <4, v,{EP, An=1.1} 7
015 |$| —] 015 - global syst : 1% —
: . - . -
0.1 N ] 0.1 3 -
- ] C N J
u @ . " . o
= . . - =
0.05 — 0.05— = E
: ] S il POt -
0 R .| R 0 .............. s —] 0 e TSRO E é@
N Inclusive Jhy — piu, Prompt D°, D*, D * average, - u e =
- UEP,An=1.1),25<y<4  V,{EP,IAn[=09},lyl<08 ] - X Duetal it it B
~0.05 ook ARG Eno - ] —0.05 B Inc usive J/y, Iy1<09 nclusive J/y w non-co ectlw_-:' ] 5 =
- ¢5-20% * 40-60% 0 30-50%, arXiv:1707.01005 - Inclusive J/y, 25<y <4 Inclusive J/y w/o non-collective - 2
N ® 20-40% 3 I Primordial J/y, 25<y <4 Primordial J/y -] S5
_0.1 B [ [ L I [ 1 1 I 1 1 1 I 1 1 1 I 1 1 [ I 1 [ 1 ] _0.1 C 1 1 1 I 1 | 1 I 1 1 1 I 1 1 1 I L [ 1 I L 1 [ n % g
0 2 4 6 8 10 12 0 2 4 6 8 10 12 = 2;
p. (GeV/c) p, (GeVic) § >
S
o
. R
 Both the bound state charmonium and prompt open-charm mesons show non-zero 5 2
@ gan

elliptic flow.
* The transport model predictions are not able to describe the data in the high pt region.



Jhb v, in Pb-Pb

EPJC 78 (2018) 784

> 025 A71As | | | |

~ @ ATLAS, Prompt J/y, 5.02 TeV, |y|<2,0 - 60%
0.2~ % ALICE, Inclusive Jiy, 5.02 TeV, 2.5 < y < 4, 20 - 40%
~ A CMS, Prompt J/y, 2.76 TeV, 1.6 <|y| <2.4,10 - 60%
0.15 Y CMS, Prompt J/y, 2.76 TeV, |y| < 2.4, 10 - 60%

B
==

0.1—

SOTLINN

0 5 10 15 20 25 30
p, [GeV]

Non-prompt fraction at low-pt is very small allowing to compare inclusive and prompt J/y
production.

Good agreement at pt ~ 9 GeV/c between ATLAS, CMS and ALICE.
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Jh) v, in Pb-Pb

JHEP 1902 (2019) 012
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> 0.04— ALICE Preliminary 0-50%
~ Pb-Pb\s,,=5.02 TeV ]
0.03— Inclusive J/y 7 ;:
E 2.5<y<4.0 E =
0.02:— [¢] a8 hd _: g ;
0.01— . :3
i 1 EL
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0 2 4 8 @;
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* A non-zero v of J/iy (3.70 significance) has been measured for the first time.
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o £ 10 10 - '
S g Vs=7 TeV
> F ALICE Data o Ivi<0.9
= Y PLB 712 (2012) ylet
= Z 165 1.5 B 25cy<cd
8
£ T e _
(@] =,
= s
I
.g 2.5
o 20 !
=
c5. 0 1 |
3] 0 5 6 0
(dN_, fnY<(dN,, fein)-

Finite spatial extension (non-zero impact parameter) ¢ The high multiplicity pp events are similar to pA.
for elementary parton-parton interactions. * NA3 and E866 collaboration results used for :
Formation of colour ropes or flux tubes—strings. PA - _
Ncollisions < N X . I .

parton—parton strings: « Compilation of various hadron-nuclear results
Strings can overlap in transverse direction resulting [NPA395(1983)482] :

dNch

in a reduction of soft-particle production,

\ Nstrings- * Finally using, N

Hard particle production,
N]/ll) oc N o Nstrings-

collisions

RP4 =14 B(Neoy — 1) with [0.5 < 8 < 0.65]
pp

L AY/3 for pA collisions, the
0

dependency is extracted for R

March 18 2019

B.Z.Kopeliovich et. al., PRD 88 (2013) 116002

A% [a = 0.95 from E866]
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| INEL>0

dN,,, / dy

Quarkonium as a function of multiplicity 1in pp

HFM-2019 (Wed 20/3) : Anisa, Dhananjaya

e I I I I I LI I - L] B BN BN B B - e ——
[ GLICE Prel|.m|nary g i ALICE Preliminary : a L ALICE Preliminary ]
ult. classes: |n|<1 — 10k pp.\s= 13 TeV N =z A s - i
S i5L  swoew <09 1 =5 | T 25fp YIS,y o, 25<y <4 ]
~ « pp, \5=13 TeV : g g 8: Mult. classes: [n]<1 2[= [ Mult classes: [7|<1 ]
5 Jy s, 25<y <4 N . ] 2|2 2f -
-\29 = pp, ts=13TeV + ] °I2 [ *T(1S) - p'w, 25<y <4 ] ~ |~ ® pp,\s=13TeV
10 e pp.\s=5.02TeV § BF ®Y(2S) »u'w,25<y<4 . 2| =
[ f — ' ’ I = [21oF ]
sL t _ +' """"""" ] 4 + + y 1fegr LA Y PR .. + ................... * -
L. '+ o of *¥ | . + + ]
.= i * 05 7]
. ] [ .- ]
O_d*.-._f....l....I....I....I....I.. | ', ] i
O 1 2 3 4 5 00’.l t t _II . t : ! é : : : : 3' : : : : 4I . : . . 5' . t : t 6 0 i L L L L I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 L L L ]
dN /dn NELD INEL>0 0 1 2 3 4 5 6
OWVg, 7 any | dN, /dn N INEL>0
dN /dT.'> Iml<1 (ch 7dn M
o’ A Vi<t AN 7 dm) e
A detailed study has been performed to explore the ALICE. Phye. Lotk B 758,505 019
. g . . . » FyS. Le ; _
rapidity dependence at various energies for different = 1 [T T
.1 . < |2 ALICE pp 5 = 13 TeV 1 8, s — comiagTA
colliding systems and different resonances. S T S B Rl e, S Bt i
. . . g e C. bl <0 ] =, 5 b e oot b — - wbsew PYTHIA) ]
A linear increase has been observed for forward rapidity = zg o P ’ %E e —-compouca
. « v . . . = 2 - bbse'e [POWHED]
JAp vs mid-rapidity multiplicity compared to the faster 3|2 4f{3 <pree <6 GeVic)e— = _ e
. . . . . . . . . — 7 _‘_\-Fq._-‘
than linear increase of midrapidity J/ip with multiplicity 2|Z |, ~ [:H E N
. . .« 7 ~=|Z e [ - [ e, ST
in mid-rapidity. 2[5 *% - @ E sk ; =
. . . 2 9 o 1 2 r
The increase of the bottom production as function of ~ =n e Py G0V
charged particle multiplicity is found to be similar to ] 3 E
that observed for charm production. Similar observation | T T T T T TR T

in di-electron spectrafor open heavy flavour.
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Charmonium as a function of multiplicity 1n p-Pb

(m) 1 O T T T T T T ! T T T T 7T T T T | — L — T T T T
@ | ALICE Inclusive Jiy—u*’, Mult. classes: |7]<1 i 2 " ALICE Profiminary ' ' i
—. [0 203<y__<353, |5y =5.02TeV (PLB 776 (2018) 91) ] 8_" 1.2 Inclusive Jiy—uw, p-Pb | Sy = 816 TeV 7]
.é‘ % 8" -4.46 < Yoms < -2.96, \ s\ = 5.02 TeV (PLB 776 (2018) 91) | — - Mult. classes: |r7|<1 .
- [~ L e 203< Yoms < 3.53, \ sy = 8.16 TeV (preliminary) . - B i
2| £ |w -446<y_ _<-2.96,|5,=8.16 TeV (preliminary) 1 . L 11+ —
Z | - i C i
T T 66— ] L .
: BT s L
4+ 0 4] — - i
_ = whl i - ]
i B EB}] i 0.9 - p-going (2.03<y__<3.53) )
2 H — i t =  Pb-going (-4.46 < Y oms < -2.96) ]
. - + 1% normalisation unc. not shown at 8.16 TeV | 0.8 L * 3.4% global uncertainty in p-going dir. _
| iq# + 3.1% normalisation unc. not shown at 5.02 TeV | =L + 2.3% global uncertainty in Pb-going dir. i
"@ 1 1 1 | 1 1 1 | 1 1 1 | C_ 1 1 o o o b e e b e Ly
0
0 2 4 6 0 1 2 3 4 5
dN,, / dn NP dN,, /dn NP
AN_ /dm i AN /dm) i<t

* An increase of J/i yield with normalized d;V—;h 1s observed at backward rapidity, however in

forward rapidity a hint of saturation is observed.
 The normalized J/ip < p; > increases at low charged-particle multiplicity and saturates at high
multiplicity events.
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J/YP 1n Jets
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g pp 27.39 pb” (5.02 TeV) 8 pp 27.39 pb™ (5.02 TeV)
[ T T T | T T T I T T T | T T T | T T T N T T T | T T T | T T T I T T T | T T T ]
- Prompt J/y ] - Prompt J/y .
Y, <t Preliminary ] C|le<y, <= Preliminary A
gH 6-o<p_ <35GeV - g3 <p_  <35GeV -
Cy T — - Data . » T}'_l?T%Uﬂ_ - Data .
- U PYTHIA 8 ] - e TS PYTHIAS ]
N 5Eo5<p  <35GeV = = N 5F08<p_ <35GeV = —
E - T.jet . E - T.jet .
T A - o 4F = -
< f = = - < . r E 2
— 3_ i ~™— 3_ ] —
N ] C 1 2
oF HEEH - oF = = -
" . - ] 28
i L Tomes ] I : A
C._ coeo by b b by T 0_ IR TR NN SN NN NN TR TR A A NN |_|E,E|__ E g
0 02 04 06 08 1 0 02 04 06 038 1 8%
bl _ Pig) 5 S
prljet) p{jet) g g
2 s
* Influence of initial state in J/ip production. :%
= 5
 How much it is i1solated in terms of fragmatation parameter, z = prU/¥) =

pr(jet)
« PYTHIAS does not describe the prompt J/y production in pp

» J/iy are much less isolated in data than in MC.




Summary

- General : LHC results are in agreement among the four ALICE, ATLAS, CMS and LHCb
experiments except very few data points.

pp collisions
+ Theoretical calculations start to describe data over all pr.

p-Pb collisions
* The nuclear modification factor of J/iy and Y(1S) can be explained by Cold Nuclear Matter effects.
- The final state effect is needed to explain the Rppy, of ¥(25), Y(2S) and Y(35).

- A long-range correlation is observed : J/i v, in central p-Pb collisions.

Heavy-ion collisions

- At Low p; the interplay of two main mechanisms : suppression and (re)generation for charmonium, whereas
for bottomonium suppression plays dominant role with negligible (re)generation.

+ At high p; the suppression effects is dominant.
+ Observation of non-zero v, with higher precision and first look at non-zero v; for J/p.

Heavy-quark as a function of multiplicity

- The increase of quarkonium production as a function of charged-particle multiplicity exhibits no strong +/s
dependence and also found to be similar for charmonium and bottomonium.

* Via dielectron continuum: Bottom quark production scales with multiplicity just like open charm.
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LHC plan

LHC roadmap: according to MTP 2016-2020 V2 Bl Physics
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LS3 LHC: starting in 2024 => 30 months + 3 months BC echnical ot :
. . ecnnical s
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Size and Lifetime of Fireball

(fm°)

¢
S|deRIong

RouR.

Rjone — along beam direction
R, along “line of sight”

R....— 1 “line of sight”

side

T, (fmic)

R

IQSIDE

Volume: 2 x larger than RHIC
Lifetime: 20% larger than RHIC

400
350
300
250
200
150
100

50

OO

ALICE Phys. Lett. B696 (2011)328

O xXxHD» |

Ly

——
E895 2.7, 3.3, 3.8, 4.3 GeV

NA49 8.7, 12.5, 17.3 GeV

CERES 17.3 GeV

STAR 62.4, 200 GeV +
PHOBOS 62.4, 200 GeV

ALICE 2760 GeV

B0

~500 1000 1500 2000
(dN h/dn )
Cl

12

10

a0xEE M

E'EESE.?, '33, 35, 43GEY
A4S ST 125175 Sy
CERES 17.5 GeV E
STAR B2.4, 200 G2V

PHOBCDS B2, 200 G2V

ALICE 2780 Gy

AT

&
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At LHC:

Multiplicity and Energy Density

>0

+

pp(pp), INEL
ALICE

CMS
UA5
PHOBOS
ISR

pA(dA), NSD
ALICE
PHOBOS

X%4p+toeon

AA, central

ALICE
CMS
ATLAS
PHOBOS
PHENIX
BRAHMS
STAR
NA50

o SO.155(4)

s
.dr‘@
T 010820
AR B
X 7l <0.5 -
lJlI‘ L LIJIIIJJ 1 LIJJIlJl 1 1 lJHHl 1

10 10 10° 10*

Vs (GeV)

ALICE, PRL 116 (2016) 222302

e Multiplicity: > 2 x RHIC
 Energy Density: 2 x RHIC

D — nR2
- —
W

dz = r cosh ydy
J.D.Bjorken, Phys.Rev. D 27 (1983) 140

£Bj =

1 dE;

R%T dy

=

et~ 12.5 GeV/fm3c

R ~ O.5X(Rou1' + Rside)
dET/dy = <mp dN/dy

dN../dy ~ 0.66 dN/dy (for pions)

R ~ 6.08 fm [ALICE, Phys. Lett. B696 (2011)328]

Rapidity

z = tsinhy

E = mgcoshy

<mo> ~ 0.6 GeV [Phenix, Nucl. Phys A 757 (2005) 184]
dN_,/dy ~ 1600 [ALIcE, PRL 105 (2010) 252301 |
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Entries

Hadron

QGP

Hard scattering

Frp

*_(GeVc)
o

21 Ny, p.dp.dy

o,

T

1

-t
9

102

1072

10*

10 5= 1+

T

[=]ALICE

0-20% Pb-Pb Vs, = 2.76 TeV
— A exp(-p /T

T o = 304 + 1159 + 40%° MeV
PHENIX

0-20% Au-Au Vs, = 0.2 TeV
— Aexp(-p/T.q)
T o = 239 + 259 + 7 9° MeV

* Exponential fit for p; < 2.2 GeV/e
inv. slope T'= 304+11+40 MeV
for 0—20% Pb—Pb at Vs = 2.76 TeV

e PHENIX: T = 239+25+7 MeV
for 0-20% Au—Au at Vs = 200 GeV

e}

1 2 3 5
P, (GeV/c)

[ALICE, Phys. Lett. B 754 (2016) 235]

b E Pb-Pb |5,,=2.76 TeV Aexp(-p/T,) -
3 ol ™ (] 0-20%ALICE  — 0-20%
o 10°F N [4120-40% ALICE ~ —20-40% =
% F NN [+40-80% ALICE E
I AN ]
6 :r— 10? % '
z%i C
N =
10»1_
102
102
Paquet et al. -
arXiv:1509.06738 e
| --Linnyk etal. T
1075 arXiv:1504.05699  -- Chatteriee etal. “~.__ =
E ---v.Hees et al. PRC 85(2012) 064910 "4
- NPA933(2015)256  + JHEP 1305(2013) 030
10_5—i lllllll I llllllll llJllIllIlllllll(+
05 1 15 2 25 3

Temp at LHC ~ 1.3 x RHIC

3.5 4
P, (GeV/c)

with m-p-w channels recently described in Ref. [67]. The space-
time evolution starts at 7g = 0.2 fm/c with temperatures To = 682,
641, 461 MeV for the 0-20%, 20-40%, and 40-80% classes, respec-
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Sequential suppression

The various quarkonium states are characterized by different, binding energy and radius

state Jhy v(2S)
Mass(GeV  3.10 3.69
)

AE (GeV) 0.64 0.05

r (fm) 0.25 0.45
state Y (@1S) Y (2S) Y (39)
Mass(GeV) 9.46 10.0 10.36
AE (GeV) 1.10 0.54 0.20
r (fm) 0.28 0.56 0.78

T/T,
More bound states = smaller size
Sequen‘rigl Thermometer
SUPPP@SSlon Of Of The QGP |

the resonances

~ 1/(r) [fm

March 18 2019
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A Large Ion Collider Experiment

System Year
2009-13

VSNN (TeV)
0.9, 2.76,

Lint (*)

200 b1, 100 nb?
1.5 pb=1, 2.5 pb~1

n
[+

[ w=18678 + 0.0003 Gevic*
L ©=0.0187 = 0.0003 GeV/c?

Entries / 5.0 MeV/c®
[\
=1

6= o< 12 GeVie

0-80% Ph—Pb, | 8y, = 5.02 TeV

PP 2015,17

1.3 pb~!

2015-18

35 pb~?

2013

15 nb™1

Pb
P 2016

5.02, 8.16

3nb™1 25nb?!

Xe-Xe 2017

0.3 ub~!

2010,11

75 ub~1

c?

Pb-Pb 2015

250 b1

counts per 40 MeV.

2018

536 ub~1

* Approximate value of luminosity recorded in ALICE

1.9

o g
il
T,

1t

Ratio

L L AL L LB
L ALICE, 0-20% Pb-Pb, y5,,, = 2.76 TeV

15<p <20 GeVic

E+ Dala —c—e
E— Conversion electrons
[ — Dalitz electrons

I B
-0.05

0 0.05

counts per 40 MeVic?

2.92<M,,<3.16 GeV/c?
4

Counts per 50 MeV/c? o

ALICE Performance 23/06/2016
Pb-Pb, {5, =5.02 TeV, L ~225 pb'

Centrality 0-80 %

Gy = 0.069 £ 0.001
N, = 285202 + 2787

’ *
-
P 2 | 1

2.5 3 35 4
m,, (GeV/c?)

March 18 2019

d, x sign(charge x field) (cm)

25<y<4, P < 12 GeVie
y?indf=1.59, /B, =0.14
m,,, = 3.1002 + 0.0005
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=2}
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(a]
Q0
—
<=
2
<
=

PRC 94 (2016) 054908 PLB 763 (2016) 507 PRL 109 (2012) 112301
—_ T T T T T T _ T T T T T T T — A — — —— - T —
g, T —@— ALICE (total unc.) ] 93 5| @ALCEpp 15=276TeV, |yl<08 % 108 é\AUCE pp Vs=2.76 TeV, u*«HF in 2.5<y<4 4
\';)104_7 ([ ALICE extr. unc. I %10 F @ALICE, pp 15=7TeV, |y|<0.9 0] ENRN —— data ]
o [ o ATAS Gomlune) &" H‘ ] TIg | 4CDFpp 1s-1.96TeV, |yi<06 RETAINN [ ] n*HF FONLL =
E ) ATLAS extr. unc. .- . = T S Tk £ E
| —=— LHCb (total unc.) ] 3o ) - KUA1 pp 1s=063TeV, |yl<i.5 . g N . — — - p*¢charm, FONLL
| & STAR i | EPHENIX,pp \s=0.2TeV, |y|<0.35 1= E—m o ity prebeauty, FONLL
A PHENIX © o FONLL - o . F
{0 —— NLO (MNR) - w 10°F
F . ] - + ; i
B S~ | L E »: O
L ’ . L 103 - S s
o [ HERAB (oA) | . g § === =
10 . W Ees3(pA) o L 102k Lin=19 nb = 2
- A V EaaoA) - 1.9% normalization uncertainty not included o
B g ¥ NA27 (pA) | 1F — 3 : 4 EE w
i N L] NA1S(SA) ] E %ALICE extr. unc. 2' 22- E . g 5
10 ','¢ O E769(pA) 3 L RALIGE exr. une. g 1? MEE ﬁ g
:IIH i ) . l‘rIHH‘ ‘ ‘III”‘ . ‘ IIHH‘ | |2 1 | L1 |\|‘3 1 1 1 L \\1|4 % 0-5§ | | | I : gg
10 10 10° 10* 10 10 10 % 2 4 6 8 i 2 Q
/s (GeV) 15 (GeV) p, (GeV/c) ¢ %
'
. . . . < 5
* The production cross section of heavy quarks as measured in LHC agrees with the world data. E ¢
« The heavy quark cross section increases as a function of 1/s in agreement with the theory gE
. 5 5
calculation. 5§
@ gan

» The differential production cross section of heavy-flavour also agrees with theory calculations
within uncertainties.




Quarkonium production 1in pp collisions

&oi{dp_dy) (pb{GeV/c))

dol{dp_dy) (ub(GeV/c))

dol{dp_dy) (ubGeV/c))

Jhp,/s =13 TeV

- ALIGE nclusive My, 2.5<y<4
pp 18 =13 TeV
L =3.2p0" + 3.4%
! \ BR uncer.; 0.6%
107}
| -
I -
107 -
I -
ot S
i | NRGCD, ¥-Q. Ma et &l .
10°} + FONLL M. Cacclarl ef al. -
I | NRGCDWCGE, -0, Ma et al.
5| + FONLL M, Cacciari of al,
10} |
0 [ 10 15 20 25 0
b {GaVie)
Jhp,\/s = 5.02 TeV !
10 - ALICE inclusive Jiy, 25<y<d
t pp e = 5.02 TeV
Ly, = 106.30b" +2,1%
1 ++ BR uncen.: 0.8%
e
107}
: | -
107 | NROCD, Y-Q. Ma af ol -
I + FONLL M, Cacclarl of al |
NRQCOD+CGC, ¥-O Ma otal
10| + FONLL M, Cacciari ot al.
o 2 4 [} ] 10 12
p, (GeVic)
P(2S),v/s = 8 TeV
| ®- ALICE inclusive w(25)
|| pe s = B TeV, 2 5apad
| Ly = 1.2pb" & 5.0%
| BR uncen.; 11%
107 4-\
107 —-— .
| - NROCD, Y-, Ma af &l '

3 + FONLL M, Cacoiari ef al.
1077 | NRQCDLCGE, Y-0. Ma ot al
I+ FONLL M, Cacciarl of al

0 2 4 1 8 w12
-
W2S)Ip, Vs =8 Tev PGV

—a— ALICE inclusive J'y, w(25)
PP V8 =8 TeV, 2.5<y<d
Ly=12 pbi
BAR uncert.: 11%

| NRGCD, Y-0. Ma ef a,

0.3

02 " +$ ¥ ]
o

o1 ®

0 2 4 6 8 1w 12
P, (GeVic)

dol(dp_dy) (ub/(GeV/c))

dol{dp_dy) (ub/{GeVic))

GeVic))

da (0P Oy} (uD:

Jhp,s = 8 TeV

10} #- ALICE inclusive J'y, 2.5<y<4
pp e =8TeV
e Ly =12pb" + 5.0%
4 - BR uncer.: 0.6%
10 \
-
107 -
-
107 EEINROCD, Y-O. Ma tal i
+ FOMLL M. Cacciari ef ai -
NRGCDCGE, Y-0. Ma ef al.
L + FOMLL M. Cacciari ef al
0 2 4 6 & 10 12 14 16 18 20
p, (GaV/ec)
JNP,\/s = 2.76 TeV
10 #- ALICE inclusive J'y, 2.5<y =4
pp V8 = 2.76 TeV
L, =199nb"+1.9%
) BR uncer.: 0.6%
——
7 4 -
10’

W NRGCD, ¥-0. Ma of al
L + FONLL M. Cacclari of al 1
NRGCD+CGE, ¥-0. Ma ef al.
+ FONLL M. Caccari ef af

] T 2 3 4 5 8 7 o8

p, (GeVic)
P(2S),y/s =7 TeV
- ALICE inclusive y(25)
1 pp V8= 7 ToV, 25<p<d
Ly = 1.4 pb" + 5.0%
- BR 1%
w0 ‘-’

B NROCD, ¥-0. Ma et al
+ FOMLL M. Cacciar e al
10 NRQCDHCGE, ¥-Q. Ma ef al
+ FOMLL M. Cacciari of al

.

] 2 4 (] a 10 12

(GeV/c)
W@S) I, 5 =7 TeV P '

35: o7k ALICE inclusive J'y, wi2S)

a PR 5= 7 TV, 2.5cy=d

= 0.6 Ligg= 1.4 pb

U-’ ’ BR uncert.: 11%

"o 0.5 [ NROCD, Y-Q. Ma ef &

0.4 #__ Tf
0.3 _+_

02 +
+++
014
[+] 2 4 1] ] 10 12

p, (GeVic)

5
2
e
2
=
U.
5
B

2100 0y}

da

Jhp, s =7 TeV

10
e Lo=1 5.0%
le e BR uncen.: 0.6%
1w’
_ -
10° g
-
,| Il NRQCD., Y-Q. Ma et al
10 + FONLL M. Cacciari of al - |
B NRQCDWCGC, Y-0. Ma ef al .y N
Yo + FONLL M. Cacciari of al ] (@))
0 2 4 6 8 10 12 14 16 18 20 (qp)
P, (GaVic)
P(2S),/s =13 TeV ’I )
- ALICE inclusive w(Z5)
1 pp 8= 13 TeV, 25<y<d T I
L=3.2pb"+3.4% (@)
- BA uncert.: 11% N
-
' -
10 \ j —
108 B N~
'—_‘_
[ NROCD. Y.Q. Ma et al O
1w + FONLL M. Cacciar of al i
| NRQCD+CGC, -0 Ma of af r )
+ FONLL M. Cacciari of al a
0 e e e e e e L
P, (GeVic)
:; 07 #- ALICE inclusive My, wi{Z5)
Y pp 18 = 13 TaV, 2 5apad
S 6 2 pb

1% W(28)/dp, /s =13 TeV

of
-

-
‘+,¢++ 4

& B 10 12 14 18

p, (GeVic)

daldy (ub)

daidy {ub)
=

Jhp,/s =13 TeV

o ALICE inclusive Jy

pe 15 = 13 TV, p_<30 GeVic
L, =3.2pb" + 3.4%
BR uncet.: 0.6%

—t==
o
——
e
e

I NRGCD + CGE, Y-0. Ma ef ai.
+ FOMLL M. Cacciari ef a.

24 26 28
Jhp,\s = 5.02 TeV

& ALICE inclusive Jiy
pp Y8 = 502 TeV, p <12 GaVie
Ly=1063nb" & 2.1%
BR uncart.: 0.6%

3 32 34 36 38 4 42
¥

= e L

-
i

[ NAQCD + CGC, Y-0. Ma af af
+ FOMLL M, Cacciari of al

24 26 28 3 32 34 36 38 4 42
¥
(25),Vs = 8 TeV
-~ ALICE inclusive w(25)
pp s =B TeV, p <12 GaV/e

L= 1.2pb" + 5.0%
BR uncen.: 11%

]

[ MRQCD + CGC, Y-0. Ma et al
+ FONLL M. Cacciari ef al.

24 26 28 3 32 34 36 38 4 42

An extensive quarkonium study at various
The model prediction for the ¥(2S)/J/i cross section slope does not cover the
low-pt otherwise in agreement with data.
CGC+NRQCD based model is now able to properly describe the low p;
region.

ra

dafdy (ub)
=]

2

0 24 26 28 3

7

daidy {ub)

>

° 24 26 28 3

DZ-! 26 28 3

Jhp,\s = 8 TeV

& ALICE inclusive Jiy ]
pp Vs =8 TeV, p <20 GeVic |
L, =12pb" +5.0%

BR uncert.: 0.6%

g T

=g

I NRCCD + CGC, Y-0. Ma ef al
+ FONLL M. Cacciari et al.

32 34 36 38 4 42
Jhp,\/s = 2.76 TeV ¥
- ALICE inclusive Jy

pp s = 2.76 TV, p <8 GeVic

Ly, =19.9nb" £ 1.9%

BR uncert.: 0.6%

T
———
e
] NRQCD « CGC, ¥-Q. Ma ef al
+ FONLL M. Cacciari ef al

32 34 36 38 4 42
¥
WY(2S),Vs =7 TeV
-o- ALICE inclusive w(25)
pp V=7 TeV, p <12 Ga
L= 1.4pb7" + 5.0%
BR uncert.: 113

+
ﬁ"ﬁ‘ﬂ-w—ﬁ*r;

NRQCD + CGC. ¥-0. Ma eral
+ FONLL M. Cacciari ef al.

32 34 36 38 4 42

energies.

daldy {ub)

2

Jhp,\Js =7 TeV

- ALICE inclusive J'w
pp 5= 7 TeV, p_<20 GeVWc
L, =1.4pb" =500
BA uncert.: 0.6%

I NROCD + CGC, Y-O. Ma o al
+ FOMNLL M. Cacciari of al

0 24 26 28 3 32 34 36 38 4 42

(28),v/s =13 TeV

#- ALICE inchasive w{25)
pp 5= 13 TeV, p <16 GeVic
Le=32pb"3.4%
BR uncert.: 11%

| NRQCD « CGC, ¥-0. Ma af al
+ FONLL M. Cacciari ot al

24 26 28 3 32 34 36 38 4 42
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Non-prompt J/i
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[ 9<p_<40GeV pp, s =5.02 TeV, 25 pb’! ] B - I C -
1.2 T . c B +Rppb= 2.0<ly|<1.5 P+Pb, s =5.02 TeV, 28 nb’ 4 A A .
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Heavy-tflavour production in p-Pb

Rpr
NN
N A

OO — e ot ek
[ e BN\ I e e I O

o o
O N B

PLB 770 (2017) 459

—_l T T I T T T I T T T I T 1 T I T 1 T I T T 1 I T T T I T T T J: o ;l T T I 1 T T I T T 1 I T T T I T I 1 T T I T T T | T T J:
E p-Pb | sy =502 TeV AUCE 3§ oo 5: = P-Pb |5 =5.02TeV ALICE 3
E uteHF, 2.03<y __ <3.53 (p-going) 3 '2 E WeHF, -446<y <-2.96 (Pb-going) 3
E_ —e— pp rescaled reference _E 1.8 E_ ——— pp rescaled reference _E
f— — s pp pT—extrapoIated reference —f 1.6 f— —— pp pT—extrapoIated reference —f
3 E 14E E
3 E 12 :
st e E :
- See-mmToTTTTTT - = 0.8 =
-~ = NLO (MNR) with EPS09 shadowing = 0.6 F——: =
z— Vitev: coherent scattering + k; broad + CNM Eloss—z 0.4 E—E::{:: —z
Cmmmmm Systematic uncertainty on normalization E 0.2 - s Systematic uncertainty on normalization E
C PRI RS N TSN NT NRN TA T AR PO T T T AN = O e oo by by s by s by oy by by s Ly 17
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

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

* The nuclear modification factor is compatible with unity at forward rapidity.

» The Rppy, of heavy-flavor decay muons at high py 1s also compatible with unity at backward rapidity,
but above unity by more than 20 in 2.5 < py < 3.5 GeV/c.

 The NLO calculation with shadowing can reproduce the data at both forward and backward rapidity.

* The coherent scattering model based on CNM energy loss and kt broadening can explain the forward
rapidity Rppp, while for backward rapidity incoherent multiple scattering models can reproduce the

data.
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Heavy-tflavour production in p-Pb

PRL 113 (2014) 232301

arXiv : 1805.04367
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* The average Rypy, of prompt D° D* and D** mesons is compatible with unity and can be

explained by the theoretical calculations that include initial-state effects.

* The v, of heavy-flavour decay electrons in high-multiplicity events are above 50 significance
and found similar to those of forward rapidity heavy-flavour decay muons.

* The Rypy, of beauty-hadron decay to electron is compatible with unity for 1 < pp < 8 GeV/c.
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Heavy-tflavour production in Pb-Pb

NEW PLB 753 (2016) 41
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» A strong suppression is observed for the heavy-flavour muon R, for central collisions.

* A positive heavy-flavour v, is measured using scalar product and two particle Q cumulants in semi-
central collisions with more than 3¢ significance for 3 < pp < 5 GeV/c.

 The model predictions based on Boltzmann (BAMPS) and Langevin (TAMU) transport equations
consider collisional energy loss, they can explain the elliptic flow measurements.

* Both results can be also explained by MC@sHQ+EPOS which considers collisional and radiative
energy loss.
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Heavy-flavour in Pb-Pb

arXiv:1804.09083

=2}
—
=)
(a]
Q0
—
<=
2
<
=

o

i

Lap,
o

~

T
Ay

Open markers: pp [ -extrapolated reference

T

......

\\\\\K

:(( 22 U L L R TR B L L 'AIL;(;ETT IRRELEN RN ERELERN ': 6;- O 3 LA EL L L [ L F L  IL  L L

T 3 o Y[ 30-50% Pb-P =5.02 TeV -

2 0-10% Pb-Pb, {5y = 5.02 TeV S R YRRy = e0=Te ALICE g

1.8 ly|<0.5 4 £ [ 08 g

1 6 % TAMU mnmn BT _: E | \\\\\\\\\V//’I/,,/ & Do, D+, D*+ average |

TE O aeam PHSD min BAMPS el.+rad. E T 02 - ::5 ,,,,///, : Syst from data ]

1.48 —— POWLANG HTL Wi BAMPSTE, - @ ] b I Syst. from B feed-down 5

1 0B Y Mc@sHQ+EPOS2 e Average D°, D, D* = [ £ i
e Filled markers: pp rescaled reference I = 0.1 = \,

0.4 Z i & 0 ;5‘—' — AT T T T T ————— =
R s - S
0.2 “““\“\0‘\ X = . P e EOWLANG BT BAMPS el.+rad.
0 11 | 1 ‘"“”“|l”“III"I””'I“'"’f“‘“/“"lnl"\‘ ol b v b b a4 I~ NN MC@SHQ+EPO82 mmn. BAMPS el.
5 10 15 20 25 30 35 40 45 50 oo b by by by v by b b b by by v Ly 0 17
p, (GeVic) 0O 2 4 6 8 10 12 14 16 18 20 22 24

P, (GeV/c)

» A strong suppression is observed for the D-meson Rp, for central collisions and pt > 3 GeV/e.

* The elliptic flow is stronger in the interval 2 < pr < 4 GeV/c.
 The Ryp and v, observables together set stringent constraints to model calculations and charm

diffusion coefficient.
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Quarkonium in AA
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