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WHAT

Physics motivations

Study the quarkonium production in heavy-ion collisions at the LHC energy scale (TeV)

QQ pairs are produced via hard scattering processes (large Q2) at the initial stage of the collision

> sensitive to the full evolution of the Quark-Gluon Plasma (QGP).
- Probe in-medium QCD force (de-confinement)
- Transport coefficients

- Probe QGP properties at varying resolution

In-medium quarkonium mechanisms:

— Color screening induced by the high density of color charges
— Sequential suppression (feed-down)

— Regeneration of quarkonia

m Measurement of the hot and cold nuclear matter effects:

- Nuclear modification factor Raa and Rppb (request a baseline: pp collisions)

- Elliptic flow v» > Production mechanism
> Role of MPI

m Recent results from LHC run 2 data: Pb-Pb at 5.02 TeV, p-Pb at 8.16 TeV and pp at 13 TeV
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ALICE apparatus
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ALICE apparatus

MUON
spectrometer

Forward rapidity -4 <n<-2.5:
- MUON: trigger, tracking, PID

- J, YQ2S) = pr
- Y(1S),Y(2S), Y(3S) = p *+ u-
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ALICE apparatus

Mid-rapidity Inl <0.9:
- ITS, TPC, TOF: vertexing, tracking, PID
- EMCAL.: electron trigger, PID

- Jp - ete
- B> J) - ete
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Signal extraction
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Two EMCAL trigger thresholds: M (GeV/c?) Mg (GeVic?)

- EG1 (E>7 GeV)

- EG2 (E>5 GeV)

Ny = 370
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Multiplicity dependence

>\ />: 22 [T T T | T 1T | L | T T | T T T T T 1T T T T T _I_
Qs Qﬁ - ALICE, pp -
I 20" Inclusive J/y — e*e (ly| < 0.9) E - pp data at Vs =13 TeV allow us to
© [ 1gf 10% normalization uncertainty - extend the J/\) measurement to higher
16 ;_ ° \s = 13 TeV, Preliminary H _; multlphCIty (X2)
14 - 0 {s=7TeV,[PLB 712 (2012) 165] =
12 $ - - Faster than linear increase
10 —
8 + = - No visible Vs dependence for J/
61— B -
n § Jhp 7TeV -
4 ]
F @ t4) JAp 13 TeV -
n & n
0 :I Q.I | | HOT 1 1 | | L1 1 1 | 1L 1 1 1 | 1L 1 1 1 | 1L 1 1 1 | L1 1 1 | 1L 1 1 1 | 1L 1 1 1 %
0 1 2 3 4 5 6 7 8 9
dN,/dn
(dN_/dn)

ALI-PREL-118307 /

normalized yields
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http://www.sciencedirect.com/science/article/pii/S0370269312004674

Multiplicity dependence

38 e |
Zi Zi 20:—. J/W;%_ Jos = - pp data at Vs =13 TeV allow us to
© 2 48[~ (s-13Tev, Preiiminary - extend the J/ap measurement to higher
1610 Uy - o', 1<0.9 | H = multiplicity (x2)
- s=7 TeV,[PLB 712 (2012) 165] —
14:_ m D, |y|<0.5, 2<p_<4 GeV/c =
12— Vs=7 TeV,[JHEP 09 (2015) 148] $ - - Faster than linear increase
T i =
:;_ BED E D 7TeV _; - No visible Vs dependence for J/
45_ o JAp 7TeV 3
- - $B}ﬂ J /1p 13 TeV - - Similar behavior for D and J/
o s T E (caveat: different p.and 7 regions)
LI T B A A I%,I\,Ih,ldlng — acts on the HQ production
<dNZh/dn> (rather than hadronisation)

ALI-PREL-126584 /

normalized yields
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http://www.sciencedirect.com/science/article/pii/S0370269312004674
https://link.springer.com/article/10.1007%2FJHEP09%282015%29148

Multiplicity dependence

Percolation Model

NN 22T T T L L L L L L L B [Phys.Rev. C86 (2012) 034903; arXiv:1501.03381 (2015)]
/%5 ppf_ ALICE Preliminary E Mimic MPI via interactions of color
=z [ PP is=13TeV . sources with finite spatial extension
T3 gl Inclusive J/y — e*e (|y| < 0.9) =
— 10% normalization uncertainty ]
16 o Daa H - for D (with Hydro)
I ERR Forreiro et al. E [Phys.Rept. 350 (2001) 93-289; Phys.Rev. C89 (2014) 064903]
o EPOS3 (D, 2 < p_ < 4 GeVic) ] Parton based Gribov-Regge formalism,
12 B85 PYTHIA 8 (Monash 2013) $ ) = MPI proportional to multiplicity
10 :_ |:| Kopeliovich et al. - _:
g - PYTHIA 8
~ = [Comput.Phys.Commun. 178 (2008) 852—-867]
°E E Hard processes in MPI
4 — (new w.r.t. PYTHIAG)
21— -
00 ‘I|1IIII£IIII:|3IIIIL|1HH5|HHE|5HI|7|||||8|||Hg [Phys. Rev. D 88, 116002 (2013)]
m High multiplicities reached by
ALI-PREL-128843 cf contributions of higher Fock states

Models reproduce the data at low multiplicity while deviate at high multiplicity

Important role of MPI at high multiplicity in hadronic collisions
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Multiplicity dependence

Fraction of J/Y yield:

ALICE simulation, pp 1s =13 TeV
prompt J/y, PYTHIA 8.2 (Monash 2013)

-e— Initial hard scattering

- MPI

o 14 , . e
= ¢z [ ALICE simulation,pp 1s=13TeV g 0ok
4 =
T 5 [ promptJ/y, PYTHIA 8.2 (Monash 2013) S osb
S8 12— g S
> s - 0.7k
© 2ﬂ = P S
o = 0.6
~ 10— —e— Initial hard scattering sal
B 04
o[ % MPI ¥
B 02
B 0.1E
i B3 :
- 00 i
4 B "
B g’ 0.9
2 % 0.8
| é 0.7
0 P S Vo BT Gy el ot e T il LAk e Pl Bay foe| Bt ol T Bl R [l T4 el froy faed Eoml = 0.6
0 1 2 3 4 5 6 as
dN_/dn :
<chh/d n>INEL>0 ::
0.2

Charmonium production from hard initial processes

.- no strong correlation with event activity expected

Antoine Lardeux (UiO) Recent results on J/y at mid-rapidity from ALICE

ALICE simulation, pp 1§ =13 TeV
prompt J/iy, PYTHIA 8.2 (Monash 2013)

-e- Initial hard scattering

- MPI

2 4 6 8 10 12 14 16 18 20
P, (GeV/c)
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Multiplicity dependence

30|— ALICE preliminary
_ pp, Vs=13 TeV
— Inclusive J/y — e*e (Jy| < 0.9)

dN,,,/dy
<dNJ/w/ dy >INEL>0

° 0<pT<4GeV/c

20— 5 4<p_<8GeVic I =
- v 8<p <11GeVic :
15— —
~ + 11<p <30GeVic m g
10— 7 4 —
s 7
- ¥ % ’
5 &2 |
] |EH:!"| 1 1 1 1 | L 1 1 | | L 1 1 | | L1 1 1 | L1 1 1 | L1 1 1 | 11 1
0 1 2 3 4 5 6 7
dN/dn
<dNCh/d 77>|NEL>0

ALI-PREL-132844

Higher pr bins available from EMCAL triggered analysis

Indication of a steeper slope at higher transverse momentum
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? B 1T 11 | T 1T 1 | T T 1 T T 1 T T 1 T 1T 1 I T I_
Y 30— ALICE preliminary —
NE _ pp, Vs=13TeV _
S [=s [ Inclusive J/y — e*e (ly| < 0.9) ; 5
Z% =’ 25— E ]
O I8 [ data Pythia82 (Monash2013) t ]
20__ L % 0<p_<4GeVic 4’ ]
| = H‘H‘H‘H4<pT<8GeV/c :
v Qééé% 8<p <11GeVic ]
L] ——— 11<p_<30GeVic ]
10 i —
5 | j" _
- Iﬁ;/ -
B V1 ]
— 1 | l> | | 1 1 1 1 | 1 1 1 1 | 11 1 1 | 1 1 1 | 11 1 1 | L1 I_

0 1 2 3 4 5 6 7

dN/dn
<chh/d n>INEL>O

ALI-PREL-132858

Higher pr bins available from EMCAL triggered analysis

Indication of a steeper slope at higher transverse momentum

Qualitatively expected from PYTHIAS
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TRD trigger

Two p-Pb datasets recorded last winter at Vsxny= 5 and 8 TeV:

Minimum Bias events: ~ (.03 nb-!
L> ~ 500 measured JA
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TRD trigger

Two p-Pb datasets recorded last winter at Vsxny= 5 and 8 TeV: S
'ay tuneq

Minimum Bias events: ~ (.03 nb-1 TRD triggered events: ~ (.81 nb-!
L> ~ 500 measured JA L> ~ 2000 measured JA
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Signal extraction

Rejection of pile-up from out-of-bunch collisions

Antoine Lardeux (UiO)

N

50000

40000

30000
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20000

10000
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> a o
o o o
o o o

500

-500

T "~ "~ T~ 1 T T T 1 T T ]
_ N Events: 7.53 M ALICE Preliminary |
| Bkg scaled in: 1.5- 2.5, 3.2- 4.2 Pb-Pb, (s, = 5.02 TeV ]
[ 2.92 <m,., <3.16 GeV/c? Centrality: 0-10 % -
-+ Opposite sign : |
— o EM e, -
- 54 "wy, .
- ot by | .
I M ! OG' ]
@M I :@% -
- L % _
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C N, 4160 % 416 E
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<1_4 IIII|IIII|IIII|IIII|IIII 1T 11 1T 11 L

B ALICE, inclusive J/y — e*e’
1.2~ ® Pb-Pb, \s,, = 5.02 TeV (Preliminary)
- m  Pb-Pb,\s,, =276 TeV (PLB 734 (2014) 314-327)

=~

? 3 |

0 50 100 150 200 250 300 350 2100
(N_)

part

Smaller suppression at higher energy for the most central collisions

> In agreement with the regeneration scenario
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J/UP Raa v.s. model calculations

Transport (TM1, Du and Rapp)
0.2 Transport (TM2, Zhou et al.)
- Statistical hadronization (Andronic et al.)

[ [~ ]Co-movers (E. Ferreiro)
O 1 11 1 | | I | | I I | | | I | | I I | | 11 1 1 | | I | | I I | | I I |

0 50 100 150 200 250 300 350 400 450
(N__ 20 )

< _I T T | T T 1 | T 1T | LI | T 171 | T 11 | LI | T 1T | [ I_
o 44 ALICE Preliminary, Pb-Pb sy, = 5.02 TeV ]
Inclusive Jiy — e*e’ 1.
1.2 | <08, p_>0.15 GeVie =
Nt 1
0.8 Nf¢— e &
A (S = Seeece it % feee RSSO : . T
0.6 12
0.4 .

part

Theoretical calculations with large uncertainties (mostly from .. and CNM effects)

- All the models reproduce the data for the most central collisions
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é 2 : T T T | T T T | T T T | T T T | T T T T T T :
@ 1 8F ALICE, Pb—Pb |5y, = 5.02 TeV, 0-20% -
1.6 3 ® Jvy o uw25<y<4, (PLB766(2017), 212) B
14 :— [ | Jly — e*e’ |y| < 0.9 (Preliminary) _:
1.2F ]
e e .l
0.8F E E .
sl 0 @ :
n @ .
0.2F L CH 7
0 : 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 :

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

Higher Raa at low-pr at mid-rapidity than forward

— In agreement with the regeneration scenario

<1_4I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

= L -
~  ALICE Preliminary, Pb-Pb \s,, = 5.02 TeV, Centrality 0-90% ]
1.2— o Inclusive J/y — e*e, p,> 0 GeV/c —

= [ ] Inclusive J/y — p*u’, 0 < P, < 12 GeV/c, global syst=+2.3%

1 ____________________________________________________________________________ —

0.8

0.6

0.4

= =

="

=

= =]

==
||||||||=|ﬁ=|||||||

0.2

0 0.5 1 1.5 2 2.5 3 3.5

DN

Decreasing Raa toward forward rapidity

> No strong y-dependence of shadowing
- Energy loss effect?
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J/UP Raa v.s. model calculations

< 2IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
ALICE Preliminary, Pb—Pb | s, = 5.02 TeV, 0-20%

Inclusive J/y — e*e, |y| < 0.9

1.2

® Data
Transport Model (Du and Rapp)

T

—1#]

1 2 3 4 5 6 7 8 9 10
P, (GeV/c)

© o o o
SO N B~ OO 00O

olll

Transport model reproduce rather well the pt dependence of the data,
in particular for the most central collisions
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Low pr J/Ap excess

ALICE, Pb-Pb s, = 2.76 TeV

25<y<4
— 28 <my, <34 GeV/c?
70-90%

i

I M—Fm %ﬂ%ﬁ

OS dimuons (data)
—_— Coherent photoproduced J/y

o1 r_j—r4 co e b b Py

0.2 0.6 0.8 1 12 14 16 18
p. (GeVic)

35

30

25

20

Raw counts per 0.1 GeV/c¢

15

Phys. Rev. Lett. 116, 222301

10

()

An excess of J/ has been observed at very low-pr in peripheral collisions

> Looks like coherently photo-produced J/\p characterized by <p.> ~ 60 MeV/c

A suppression of the coherent J/1p photo-production in hadronic collisions could be a
direct probe of the color screening mechanism (not mimicked by regenerated J/1)
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Signal extraction
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Low pr J/Ap excess
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An excess of J/ is observed at mid-rapidity at very low-pr in peripheral collisions
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Low pr J/Ap excess
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An excess of J/ is observed at mid-rapidity at very low-pr in peripheral collisions

Very similar to the coherently photo-produced J/1p measured in the UPC (scaled)

Cross section measurement assuming a J/4p photo-production on going
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J/P v2 v.s. model calculations
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Data fairly well described by transport models including regeneration
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Summary

ALICE has measured J/1p production at mid-rapidity in pp, p-Pb and Pb-Pb collisions at LHC.

pp _collisions: multiplicity dependence:

- Increase of J/1 production with event multiplicity in pp collisions at Vs =13 TeV
- Dependence steepens with transverse momentum

- Qualitatively well described by models with different underlying assumptions
(increased production, saturation)

Id nuclear m r eff

- J/ Rppp analysis on going at mid-rapidity (TRD triggered events)

Hot nuclear matter effects:

- J//p measurements favor a suppression + regeneration scenario at the LHC

- 5 TeV results are compatible with those at 2.76 TeV and allow a better precision

- Indication/evidence for J/ v, at 5.02 TeV

- J/ excess at very low-pr  —» coherent photo-production in hadronic collisions?
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