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Quarkonium in AA collisions

the original idea:

quarkonium production suppressed via color screening in the QGP

T.Matsui,H.Satz, PLB178 (1986) 416

T<Tdiss

KD (fm)
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Quarkonium in AA collisions

the original idea:
quarkonium production suppressed via color screening in the QGP  (T-Matsui,H.Satz, PLB178 (1986) 416)

Statistical regeneration

cc multiplicity increases with collision energy
q - enhanced quarkonium production via
(re)Jcombination at hadronization or during QGP

P. Braun-Muzinger,J. Stachel, PLB 490(2000)196, R. Thews et al,Phys.Rev.C63:054905(2001)

>

Sequential melting

# differences in the quarkonium binding
energies lead to a sequential melting
with increasing temperature

Digal,Petrecki,Satz PRD 64(2001) 0940150

J/w production probability

energy density
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Cold nuclear matter effects

On top of the hot matter mechanisms, other effects, related to cold nuclear matter (CNM),
might affect quarkonium production

® nuclear parton shadowing/color glass condensate

® energy loss

® ¢ break-up in nuclear matter

CNM are investigated in pA collisions, addressing:

‘ Role of the various contributions, whose importance
- = depends on kinematic and energy of the collisions

‘ Size of CNM effects, fundamental to interpret
quarkonium AA results
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Quarkonium measurements: ALICE

Central Barrel J/\y 2e'*e
|¥A8l<0.9

Forward muon arm_j/\lf utu
2.5<) ag<4

acceptance coverage in both y
regions down to zero py;

ALICE measures inclusive J/y at
mid and forward-yand prompt
J/y at mid-y
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Quarkonium at mid-rapidity

Minimum bias trigger

Good mass resolution, but low
significance especially in Pb-Pb
- only J/y analysis so far

Combinatorial background
subtracted via event mixing
Signal obtained by counting
technique

Counts per 40 MeV/c?

Counts per 40 MeV/c?

w
o
o
o
(=)

N Events: 7.53 M
Bkg scaled in: 1.5- 2.5, 3.2- 4.2
2.92 <m, 4 <3.16 GeV/c?

+ Opposite sign

ALICE Preliminary
Pb-Pb, 15, = 5.02 TeV
Centrality: 0-10 %

S
o
o
o
o

w
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N,,: 4160 + 416
S/B: 0.025 £ 0.003
S/\S+B: 10.1+ 1.0

m,.. (GeV/c?)

Counts per 40 MeV/c?

Counts per 40 MeV/c?

- N Events: 22.48 M
250 Bkg scaled in: 1.5-2.5,3.2- 4.2
2.92 <M,y < 3.16 GeV/c?
+ Opposite sign

ALICE Preliminary
Pb-Pb, 1s,,,=5.02 Te
Centrality: 60-90 %

N 2581 29
— S/B:0.434 +0.049
= S/\S+B: 8.8+ 0.8
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Quarkonium at forward-rapidity

ALICE Performance 23/06/2016

Dimuon trigger PO-Pb, {5y = 5.02 TeV, L _ = 225 b’

Centrality 0-90 %
25<y<4, p, < 12 GeV/c
¥2/ndf = 1.59, S:’Baﬁ =0.14
M, = 3.1002 = 0.0005
G, = 0.069 £ 0.001

N, = 285202 = 2787

ALICE Preliminary, | s,,, = 5.02 TeV,
Centrality 0-90%,

S8 ,,,, =064 £0.04
¥Zindf = 1.10

Counts per 50 MeV/c?

Good S/B for J/y and Y(1S)
- study of excited resonances still
limited in Pb-Pb

Counts per 50 MeV/¢?

Yields extracted from a fit with ; PO, (Rme 508 To¥, L_ =226 b
signal + background shapes g T
In Pb-Pb, background subtracted S 0F -

also via mixed-events Pl S (31 =39

¥2indf =0.946

45
M (GeV/c?)
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Quarkonium measurements: data taking

/ System [ Vs, (TeV)| L(MB) | L (dimuon)
Run 1| rr 0.9,2.76, | 1.1nb? | 19.9nb?
2000- 7,8 @2.76 @2.76

2013 p-Pb 5.02 51 ub-! 5-5.8 nb1
Pb-Pb 2.76 26 pb-! 69 pb-1

PP 5.02,13 2nb-! 106nb-!
R;g ?5_2 @5.02 @5.02

2018 p-Pb 5.02,8.16 | 0.4nbt | 8.7-12.9 nb1

@5.02 @8.16

Pb-Pb 5.02 19 ub? 225 pb-!

\ Xe-Xe 5.44 -

—
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Quarkonium measurements: data taking

System [ Vs, (TeV)| L(MB) | L (dimuon)
PP 0.9, 2.76, 1.1 nb-1 19.9 nb1 ’-’4—‘
2013 p-Pb 5.02 51 pb-? 5-5.8 nb-1 genuine pp physics program
Pb-Pb 2.76 26 pb! 69 ub-!
502, 13 b1 106D ALICE talks:
PP e,
Rzl;?,s 2 @5.02 @5.02 Hugo Pereira da Costa
5018 | p-Pb | 502,816 | 0.4nbt |8.7-12.9 nb-! Zoovemn
@5.02 ©8.16 ;l;tlangthan e
oV
Pb-Pb 5.02 19 ub-?! 225 pb-?!
\ Xe-Xe 5.44 - - /
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Quarkonium measurements: data taking

System | Vs, (TeV)| L (MB) | L (dimuon)
Run 1| ep 0.9,2.76, | 1.1nb? | 19.9nb
e 7,8 @2.76 @2.76
2013 p-Pb 5.02 51 ub-! 5-5.8 nb!
Pb-Pb 2.76 26 pb-! 69 pb-1
Pp 5.02, 13 2nb-1 106nb-!
R;; ?5_2 @5.02 @5.02
2018 p-Pb 5.02,8.16 0.4nb! | 8.7-12.9 nb!
@5.02 @8.16
Pb-Pb 5.02 19 ub-L 225 pb-L
\ Xe-Xe 5.44 -

—

o -@

for AA - pA,
genuine pp physics program
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Quarkonium measurements: data taking

/ System [ Vs, (TeV)| L(MB) | L (dimuon)
Run 1| rr 0.9,2.76, | 1.1nb? | 19.9nb?
2000- 7,8 @2.76 @2.76

5013 p-Pb 5.02 51ubl | 5-5.8nb!
Pb-Pb 2.76 26 pb-! 69 ub-!

Run 2 Pp 5.02, 13 2nb-?! 106nb-!
T @5.02 @5.02

2018 p-Pb 5.02, 8.16 0.4nb!t | 8.7-12.9 nb-1

@5.02 @8.16

Pb-Pb 5.02 19 pb-1 225 pb!

\ Xe-Xe 5.44 -

—

Focus on pA and AA Run 2 results

o -@

for AA - pA,
genuine pp physics program
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Observables

Nuclear modification factor R, Azimuthal anisotropy v,

Multiple interactions in the medium
convert initial geometric anisotropy
into particle momenta anisotropy

> elliptic flow (v,) is the 2"d coeff. of
the Fourier expansion of the azimuthal
distributions of the produced particles

Medium effects quantified
comparing AA particle yield with
pp cross section, scaled by a
geometrical factor (< N_)

® ho medium effects

® hot/cold matter effects
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quarkonium in AA
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J/v R, at forward-y- Run 1
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Inclusive Jiy — p*p Inclusive Jiy — ptp’, 0-20% centrality

RAA
N

W ALICE, Pb-Pb s, =276 TeV,25<y <4
m  PHENIX, Au-Au |5, = 0.2 TeV, 1.2 < y| < 2.2
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® Stronger centrality suppression at RHIC,
in spite of LHC larger energy densities
® Very different p; dependence
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J/vy R, at forward-y - Run 2

.:( IIIIIlIlIIIIlIII!IIIIIIIIlIIIIIIIIIIIIIII- é IIIIIIIIIII'IIIII:IIIII_
Inclusive Jiy — prp ] o 1.4 Inclusive J/y — p*y’, 0-20% centrality ]
® ALICE, Pb-Pb |5y, =5.02TeV,25 <y <4,p_<8GeV/c N ’ ® ALICE, Pb-Pb\s,, =502TeV,25<y <4 ]
® ALICE, Pb-Pb\s,, =276 TeV,25<y < 4,p <8 GeVi/c 19 ® ALICE, Pb-Pb\s,, =276 TeV,25<y <4 h

O PHENIX, Au-Au | 5, =02 TeV, 12 <y| <22,p_> 0 GeV/c ® PHENIX, Au-Au |5, = 0.2 TeV, 1.2 < |y| < 2.2

]
ALICE, 5.02TeV A 0.8F
[®l : @ i X
g oy [ﬂ@mm@__ 06F ;
u : m
E A B ALICE, 2.76TeV 0.4F e
9 H g . 02f ;
PHENIX, 0.2TeV o H ] “f o
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ﬂ J/w suppression in Run2 confirms Runl observation, with an increased precision
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ALICE, Pb—Pb \|s,,, = 5.02 TeV, 0-20%

ALICE, inclusive J/y — e'e’
® Pb-Pb,\s,, =502 TeV (Preliminary)
®m  Pb-Pb,\s,, =276 TeV (PLB 734 (2014) 314-327)

n
IIIFIII

- @ Jyop'p25<y<4, (PLB 766 (2017), 212) 5
14F [ | Jiy = e*e |y| < 0.9 (Preliminary) —:

.= =p

[}.8:— $ H E $ ]
06 f :
- Vs = 5.02TeV ]
0.4 y
0.2 —
:l L L 1 I Ll L Il | L1 1l l | 1 1 Ll | 1 1 Ll I 1 1 1 1 | 1 1 1 1 | 1 1 1 I:
0 50 100 150 200 250 300 350 400

JHEP 07 (2015) 051

ﬂ No significant Vs-dependence at mid-rapidity, confirming observation at forward-y
ﬂ Increase at low p; compared to forward-y
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Comparison with theoretical models

ALICE Preliminary, Po-Pb | s, = 5.02 TeV, 0-90% Tra nsport models:
mid-y based on thermal rate eq. with continuous J/y dissociation

and regeneration in QGP and hadronic phase
X. Zhao, R. Rapp NPA 859 (2011) 114, K. Zhou et al, PRC 89 (2011) 05491

Inclusive J/y — e*e, |y| < 0.9

Transpor (T, Du and Rapp Statistical hadronization:

Transport (TM2, Zhou et al.) . . o
J/v produced at chemical freeze-out according to their
StatiStical We|g ht A. Andronic et al., NPA 904-905 (2013) 535

Comover model:
J/y dissociated via interactions with partons - hadrons +

ALICE, Pb-Pb \syy = 5.02 TeV regeneration CcO ntri bution E. Ferreiro, PLB749 (2015) 98, PLB731 (2014) 57

Inclusive Jiy — pip
25<y<4,03<p <8 GeV/c

ﬂ All models fairly describe the data, as already in Runl

but large uncertainties associated to charm cross section
and shadowing (data precision better than the theory one)

Transport, p_ > 0.3 GeV/c (TM1, Du and Rapp})
Transport {TF\.‘IE, Zhou et al.)

Statistical hadronization (Andronic et al.)
Co-movers (Ferreiro)

50 100 150 200 250 300 350 40(0 4)50 @
N
part
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Multi-differential A, , at forward-y

T 1 rTrrrrjrrr T

S B L BN R B T L P A L L
- ALICE Preliminary, inclusive Jiy — p*u’, Pb-Pb ys,, =5.02TeV,25<y < 4 < FALICE Preliminary, inclusive J/w — p*u’, Pb-Pb \Su=502TeV, 25<y <4

< Transport {TM1, Du and Rapp)
gf p{g%f\?\;c 203 <p, <2 GeVie

Py D2<p I5Gevic
S<p <8GeVic I_.f:-fp <8 GeVie
B-:,:J = 12 GeVic a{p 12 GeVe

¥ 0-20% Transport (TM1, Du and Rapp)
¢ 20.40% °

'|'IIIIIIIIIIIIII'I%IIIII'III

I

L LA

[=ton

Zhao et al., NPA 859 (2011) 114

Raa Vs pr for different centrality bins (and vice-versa) at Vs, =5.02 TeV

Striking features observed

Increase in results precision opens up the way to precise model comparisons @
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ALICE inclusive J/y, y(2S), Pb-Pb {5, = 5.02 TeV, 2.5<y<4, 0<p, <8 GeV/c

— y(25) (Preliminary)
— Jiy (arXiv:1606.08197)

Upper limits include global uncertainties

Results at Vs = 5.02 TeV compatible with those at Vs = 2.76 TeV

Good agreement also with CMS results at Vs, = 5.02 TeV

Roberta Arnaldi QWG 2017 November 7th 2017 @-




J/vy elliptic flow

J/y from recombination should inherit the
ALICE, Inclusive Jiy — pir’, 255 < y < 4, 20 - 40% charm flow, leading to a v, signal

ALICE Run 1 result
¢| $ - indication of non-zero flow (2.7c)

Higher Run2 precision
- evidence for non-zero flow
(7 effect in 4<p;<6 GeV/c)

—0.05—® Pb-Pb \'s

NN = 5.02 TeV (arxiv:1709.05260)

Pb-Pb \ Sun = 2.76 TeV (pRL111{2017162301)

ALICE, arXiv:1709.05260
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J/vy elliptic flow: mid and forward-y

J/y from recombination should inherit the
ALICE 20 - 40% Pb-Pb, | s, = 5.02 TeV charm flow, leading to a v, signal

ALICE Run 1 result
- indication of non-zero flow (2.7c)

Higher Run2 precision
- evidence for non-zero flow
(7 effect in 4<p;<6 GeV/c)

First J/y v, measurement at mid-y

Inclusive Jiy — e'e, |y| < 0.9, v {EP, An = 0}

Inclusive Jy — 1w, 2.5 < y < 4, V{EP, An = 1.1} - agreement with forward- y result
- global syst : 1%

10 12
P, (GeV/e)

ALICE, arXiv:1709.05260
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J/v elliptic flow: theory models

J/y from recombination should inherit the
ALICE 20 - 40% Pb-Pb, |5y, = 5.02 TeV charm flow, leading to a v, signal

Inclusive Jhy
ore'e, [y] < 0.9, v,{EP, An = 0}
.l"l'+u_' 25 - y < 4! l-’g{EP, An = 11} ALICE Run 1 reSUIt

- global syst : 1% - indication of non-zero flow (2.7c)

Higher Run2 precision
- evidence for non-zero flow
(7 effect in 4<p;<6 GeV/c)

X.Du et al. K. Zhouetal. (25<y <4) First J/W l/2 measurement at m|d-y
Inclusive J/y, |y1<09 Inclusive J/y w non-collective 9 agreement Wlth fOrwa rd_y reSUIt
Inclusive J/y, 25<y <

Inclusive J/yw w/o non-collective

Primordial J/ys

Comparison with models:
-2 low py;: v, reproduced including a strong

ALICE, arXiv:1709.05260 J/\lj regenerat|on Component
Zhou et al., PRC89(2014) 054911 o . .
Du et al., NPA943 (2015) 147 - high p;: v, underestimated (prompt J/

from CMS also show v,#0)

Roberta Arnaldi QWG 2017 November 7th 2017




J/vy elliptic flow: comparison with open charm

Similar v, observed for open charm

ALICE Pb-Pb |s,, = 5.02 TeV - different kinematic range:

J/y: 2.5 <y< 4, centrality= 20-40%
D: |))< 0.8, centrality= 30-50%

- Low p; v, larger for D

ﬂ Charm quarks strongly interact in the
medium

'# Inclugive Jiy — W'l , an=1.1,25 <y <4, 20-40%, global syst: 1%, arkiv:1709.05250

-0.05 ‘ Prompt D""_. D", D" average, |y = 0.9, [l < 0.8, 30-50%, arXiv.1707.01005

Syst from B fead-down

m) Comparison between J/y and D flow
can give insights on flow properties
of heavy vs light quarks

ALICE, arXiv:1707.01005
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Bottomonia in ALICE

ALICE, Inclusive T{1S) — p'u,25< y < 4

ﬂStrong Y(1S) suppression vs centrality, similar,
within uncertainties, to the Vs = 2.76TeV one

m Fb-Pb\s,, =502TeV, Preliminary global sys.= + 10%

m Pb-Pb\s, =276TeV, (PLB 738 (2014) 361-372) global sys.= + 13%

bottomonium states accessible with

% s = 5.02 TeV higher precision in Run 2

vt

ﬂ Hint for stronger Y(2S) suppression vs Y(1S),

as observed by CMS

R, (Y(2S)) = 0.26+ 0.12 + 0.06(sys.)
<
Rux (Y(1S)) = 0.40 + 0.03 + 0.04(sys.)

sy = 2.76 TeV

suppression of directly produced Y(1S)?
- feed-down contribution~30%
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RAA

12F
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0.8
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0.4

0.2}
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Y(1S) in ALICE: theory comparison

(N_J)

part

<
Ef_?: ALICE Preliminary, Pb-Pb |s,,, =5.02 TeV
ALICE Preliminary, Pb-Pb | s, = 5.02 TeV - ‘ .
1.2~ m Inclusive Y(1S) = p'w, 0 < p <12 GeV/c, 0-90% global sys.= + 3%

| @ nclusive T(18) - n'W,25<y<4,0< p <12 GeV/e global sys.= + 10% i
i without regeneration i e dmnised
. «+=« feed-down: (1P,2P) 27% and (2S,3S) 11% 08 e
- . = feed-down: (1P,2P) 37% and (2S,3S) 12% - 4’:2{:;3
- 06
R —— ) S— —
N 0.2

l.lllllJlJlJlJlll]lJlJlJlJlJl]lJ.JIJ.l. _llIJIIIIJIlIIJIlIII]lIII!lIIIlIIIIIIIIIII
0 50 100 150 200 250 300 350 00 ™05 1 15 2 5B 3 35 4 a5

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

B Inclusive T(1S) — p'u’, 2.5 < y < 4, centrality:0-90% global sys.= + 5%

Transport Model [Rapp et al. EPJA 48(2012)72, private comm.]

without regeneration
with regeneration

ﬂTransport and anisotropic hydrodynamical models qualitatively
describe the centrality and the p; evolution

Some tension in the ydependence?

No need for significant contribution of regenerated Y(1S)

Roberta Arnaldi QWG 2017
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quarkonium in pA
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J/y in p-Pb collisions

PA collisions are a tool to: Disentangle among CNM effects
Investigate role of CNM effects underlying AA collisions
Search for possible hot matter effects?

Two beam configurations: p-Pb and Pb-p

ALICE, inclusive Jiy — p'

ﬂ Clear J/y suppression at forward-y, while A, ,
is compatible with unity at backward-y

® p-Pb \s,, =502 TeV (JHEP 02 (2014) 073)

® p-Pb\s,, =8.16 TeV (preliminary)

Compatible A,p, at Vs, = 5.02 and 8.16 TeV
(slightly different x- range)

CERN-ALICE-PUBLIC-2017-001
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J/y in p-Pb collisions: Runl vs Run2

forward- backward-

- _ ALICE . _ ALICE
[ Inclusive J/y — p'y,2.03<y <353 C Inclusive Jiy - p'p, -4.46 <y <-296 p_l_ d e pe N d ence:

pr coverage extended to 20 GeV/c

1 Rypp INCreases with pr at forward y

weaker dependence at backward y

EEEEBHHH

\/SNN - 502 TeV ' ® pPb |s,, =5.02TeV (JHEP 02 (2014) 073)
F ® pPb |s,, =B8.16 TeV (preliminary)
sy = 8.16 TeV 2} Y Lo zeteTEY remneny

L1 T T B R vo ol b b by by by w v bw g buw o Lygy
4 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20
P, (GeV/c) P, (GeV/c)

af e | fori4f auce # | centrality dependence:
[ Inclusive J/y - u'w, 2.03 <y, _<3.53 ] E Inclusive J/y — p'w', -446 <y <-2.96 1

finer binning at Vs, = 8.16TeV wrt
5.02 TeV

: _ ] the nuclear modification factor

o 6P {8,816 TeV (rlminary i B o 5P |3=8.16 TeV (rolminary 5 decreases with A, at forward y

m p-Pb|s,,=502TeV (JHEP 11 (2015) 127) ] er m p-Pb |s,,,= 5.02 TeV (JHEP 11 (2015) 127)

while an opposite trend is observed

6 8 10 12 6 8 10 12 14

! Nt at backward y @
Roberta Arnaldi QWG 2017 November 7th 2017
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Comparison with theory models

ALICE preliminary

m) Good agreement between data and models based on S
shadowing and/or energy loss, as at Vs = 5.02 TeV TOF PO Yo mBIBTeV. 4dB <y, < 256

1.6
1.4
ALICE Preliminary 1.2F B H e
Inclusive J/y — 'y, p-Pb ys, , = 8.16 TeV 1k BB ........................................... H ............... 1
sy = 8.16 TeV 0.8
0.6

0.4 — | EPS09NLO + CEM (R. Vogt)
| 0.2k | nCTEQ15 (J. Lansberg et al)
0. 8 B — Transport (hot + cold effects) (P. Zhuang et al.)
B 0 C 1 1 11 1 I 11 | | 11 1 1 1 | 1 | l 11 | 11 1 | 11 I 1 1
0 2 4 6 8 10 12 14 16 18 20

CERN-ALICE-PUBLIC-2017-001

0.6 i EPS09NLO + CEM (R. Vogt) P, (GeV/c)
nCTEQ15 (J. Lansberg et al.) g 2.2 o
o oL ALICE preliminary
0.4 CGC + NRQCD (R. Venugopalan el al.) Inclusive JAy — w'i
[ CGC + CEM (B. Ducloue et al.) 1.8 p-Pbys, =816TeV,203<y__ <353
0 2 i Energy loss (F. Arleo et al.) 16 r
"7} = Transport (hot + cold nuclear effects) (P. Zhuang et al.) 14F
| === Comovers (E. Ferreiro) F
Olllllllilllilll JII|IIIIl!I!IlIIIIlIllIIIIII 142:_
5 4 3 2 -1 0 1 2 3 4 5 i S— o R 1
y : i
cms 0.8 -—E’E’FE’E’
: . : : : 0.6
Size of theory uncertainties (mainly shadowing) still oal I EPSOBNLO + CEM (. Vogi)
. . . . . T F _ CGC + NRQCD (R. Venugopalan et al.)
limits a more quantitative comparison 0.2F CGC + CEM (B. Ducloue ot al.)
- | I — Transport fhnl + cc?ld eﬂeclls) (P. Zrl'nuang e} al.)
0 1 1 1 1 1 | 11 11 1 11 1 1

: o 2 4 6 8 10 12 14 16 18 20
Ducloue et al,PRD91(2015)114005, Lansberg et al,EPJC77(2017)1,Ma et al,PRD92(2015)071901,Chen et al,PLB765(2017)323,Arleo,Vogt arXiv:1707.09973 p. (GeV/c)
T
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J/y v, in p-Pb

m) Azimuthal correlations between forward /
backward J/{ and mid-y charged particles
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® \s5,,=5.02 TeV
2.03<y”"<3.53

Global syst. uncertainty 7%
1 L 1

B s, =5.02TeV
-4.46<y""<-2.96

Global syst. uncertainty 5%
| 1 1

[ —e— ALICE Pb-Pb
- | S,y =5.02 TeV, 5-20% VOM
vy {EPY, |An[>1.1

Global syst. uncertainty 5%

4 \5,,=8.16 TeV

2.03<y""<3.53

+ \s,,=8.16 TeV

-4.46<y""<-2.96

Global syst. uncertainty 5%
|

6

7 80
p!" (GeVic)

3

4

5 6 7. . 8
p." (GeVic)

p<3 GeV/c = v, compatible with O (in
line with expectation of no recombination)

3<p;<6 GeV/c 2 >0

Roberta Arnaldi

QWG 2017

ﬂ v, >0 = suggests J/y participation
to the collective flow of the medium

- ~50 total significance
(forward + backward, 5.02+8.16 TeV)

=) values comparable to J/y v, in central

Pb-Pb collisions

= common mechanism at the origin of

the J/¥ v,?
November 7th 2017 @




E ALICE, Inclusive w(2S) — u'i

m

14F ™ pPbys,=502TeV (JHEP 12 (2014) 073)
® p-Pb,\s,,=8.16 TeV (Preliminary)

B p-Pb,\s,,~ 5.02 TeV (JHEP 12 (2014) 073)

® p-Pb,\s,,=8.16 TeV (Preliminary)

Effect similar to the one observed at Vs, = 5.02 TeV

No sizeable Vs dependence, both in yand p;

Roberta Arnaldi QWG 2017

v(2S) in pA collisions

=) Strong Y(2S) suppression of at both forward and backward y

ALICE, Inclusive y(23) — p'u, -4.46 < Yome < -2.96

B p-Pb,\s,,=5.02TeV (JHEP 12 (2014) 073)
® p-Pb,\s,,=8.16 TeV (Preliminary)

November 7th 2017




J/y and y(2S) comparison in pA

r 8r o 1.8
- ALICE 16 [ ALICE, p-Pb |5, =8.16 TeV,2.08 < y_ <353 N i [ ALICE, p-Pb |5, =8.16 TeV, -446 <y, <-2.96
Inclusive J/w, w(2S) — u'y ' Inclusive J/w, w(2S) — p'y | Inclusive J/y, y(2S) — p'y
4F p-Pb\sy,=816TeV L

0.8 ‘ |

0.6 4&’7 m
- ® J/y (ALICE-PUBLIC-2017-001)
0.2 :— ® y(25) (Preliminary)

® J/y (ALICE-PUBLIC-2017-001)
®  y(2S) (Preliminary)

® Jly (ALICE-PUBLIC-2017-001)
02 ® y(2S) (Preliminary)

L | 1 1 1 | L 1 1 ! L L 1 | 1
4 6 8

ﬂ J(2S) suppression is stronger than the J/J one, in particular at backward-y

unexpected J/y and vy (2S) different behavior since at LHC energies
formation time > crossing time

Roberta Arnaldi QWG 2017 November 7th 2017 @



J/y and y(2S) comparison with theory

CE& C  ALICE, inclusive J/w, w(23) — u'u
1.6 p-Pbys,=816Tev

ALICE, inclusive J/wy, w(2S) — u'n

1.6 pPbys,=816Tev
- P NN ™ EPS09NLO + CEM (R. Vogt)

1.4 ® Uy (ALICE-PUBLIC-2017-001) nCTEQ15 (J. Lansberg et al.)
®  y(2S) (preliminary)

1 4 I Jiy (ALICE-PUBLIC-2017-001) Comavers (E. Ferreiro, Phys.Lett. B749(2015), 98)
- @ (25) (preliminary) -y -= (28]

CGC+ICEM (Y Ma et al, arXiv:1707.07268)

CGC + CEM (B. Ducloue et al.)

Energy loss (F. Arlec et al.)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

ﬂ need final state effects

* soft color exchanges between hadronizing cc
and comoving partons (Ma and Venugopalan)

* “classical” comover model, with break-up ¢

tuned on low energy data (Ferreiro) @

ﬂ shadowing/energy loss:
* similar for J/y and y(2S)
°* not enough to describe the y(2S)
suppression at backward-y

Roberta Arnaldi QWG 2017 November 7th 2017



Y in pA collisions — Run 1

ALICE p-Pb | 5, = 5.02 TeV, inclusive Y(18)-u’i’, p_ > 0 g
. - o
Loy (446 <y_ <-2.96)=58nb " Ly (203 < Y e < 3.53) = 5.0 nb™’! I

-

ALICE p-Pb | s, = 5.02 TeV, inclusive Y(1S)-u 'y, p,.>0
Liy (446 <y <-296)=58nb", L, (203<y__<353)=50nb"

p-Pb |5, = 5.02 TeV, inclusive Y(1S)—u'y

v ALICE
LHCb

T
I

T

%.
;

N N 0.8
0.6F \ - 0.6 H
0.4F [ ] CEM:+EPS09 NLO (Vogt, arXiv:1301.3395 and priv.comm.) 0.4}~ CGC (Fuji et al, arXiv:1304.2221) 0.4
[ Eloss (Arleo et al., JHEP 1303 (2013) 122): - 2—-2+EPS09 LO (Ferreiro et al., Eur. Phys. J. C (2013) 73:2427):
0.2 NN Eloss 0.2 Shadowing 0.2
[ [ Eloss+EPS09 NLO - I EMC i
O-JIIIIIJIlllJJllJJJlllIJJLllJJlLJJ]IlII!IIL[]JIL 0-11.ILJJIIlLJ1[1111|111111111]1111]|1|1|||11]111 O-]JII|jj|l[[J]l[]]]i[ll]![[[]][[]]]I[I]Ill[[]][[
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
ALICE, Phys. Lett. B 740 (2015) 105
y ( ) ycms ycms yCl'TlS

m) Model predictions describe the measured Rypp at forward y
and tend to underestimate the suppression at backward y

Compatible within (large) uncertainties with LHCb results

Run 2 data will be soon available!

Roberta Arnaldi QWG 2017 November 7th 2017



Conclusions

New high-precision results on flavor production in pA and AA collisions

J/v described by interplay of suppression and recombination mechanisms
Significant J/y v, at intermediate p; confirms formation by recombination
Strong y(2S) suppression

Hint for sequential suppression of bottomonium states

Modification of J/y yields, with strong kinematic dependence, understood in
terms of “standard” cold nuclear matter effects

Size of J/y v, at intermediate py, reminiscent of the Pb-Pb one. Common
mechanism at play?

Strong y(2S) suppression due to final state effects?

Roberta Arnaldi QWG 2017 November 7th 2017
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Quarkonium sequential melting

the original idea:
quarkonium production suppressed via color
screening in the QGP

sequential melting:
differences in the quarkonium binding energies lead
to a sequential melting with increasing temperature

T>>T,

y(2S) J/y Y(1S)

35 445 5

melting T/T

c

PHENIX, Phys.Rev C91, 024913 6
May 23 2017 ]

Roberta Arnaldi NPQCD17




Quarkonium sequential melting

state Jw | x. | w2S) | Y(1S)| Y(2S) | Y(3S) sequential melting:

WEES(EY) 10.36 differences in the quarkonium binding
A= e ith imereading tmparature |
. . ' : ' ' with increasing temperature
| nffm) Josojo72] o0 o28] 056 | 078

(Digal,Petrecki,Satz PRD 64(2001) 0940150)

||"|||||)

T~T,
v(2s) Iy ‘)

T<T.
. A ‘)

Roberta Arnaldi EPS-HEP 2017 July 12th 2017




Even if the “suppression-recombination” approach looks simple, a realistic description
of the involved mechanisms is rather complex:

- on the experimental side:

- on the theory side:

Low p; Y(1S)

Roberta Arnaldi NPQCD17 May 239 2017



Model do,,,/dy shadowing
[mb] fw-y o
- — 057 =pS00 but large uncertainties
ransport, : associated to charm
Transport, TM2 0.82 EPSO9 cross section and
Transport, p_ > 0.3 GeV/c {%I'.\:!{'._lfu_aﬁ?j'ﬂ'abb_ — .
e s donic st r Stat. Hadroniz. 0.32 EPS09 shadowing
0 50 100 150 200 250 300 350 40<0N 4>50 Comovers 0.45-0.7 Glauber-Gribov @
part
Roberta Arnaldi QWG 2017 November 7th 2017 1

Comparison with theoretical models

Transport models: based on thermal rate eq. with continuous

J/y dissociation and regeneration in QGP and hadronic phase
X. Zhao, R. Rapp NPA 859 (2011) 114, K. Zhou et al, PRC 89 (2011) 05491

ALICE Preliminary, Po-Pb \s,, = 5.02 TeV

Inclusive J/y — e*e’
/<08, p >0.15 GeVle

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

~1Co-movers (E. Ferreiro)

ALICE, Pb-Pb |5 = 5.02 TeV

Inclusive Jhy — pp
25<y<4,03<p <8 GeV/c

Statistical hadronization: J/y produced at chemical freeze-out

according to their statistical weight

Comover model: J/y dissociated via interactions with partons -
hadrons + regeneration contribution k. rerreiro, PLB749 (2015) 98, PLB731 (2014) 57

All models fairly describe the data, as already in Runl

A. Andronic et al., NPA 904-905 (2013) 535




J/y Ranat mid-y. Run 2

§ 1 .4 [ T T T T I T 1 T T | T 1 1 T | T T T 1 | 1 L] LB I L] L] L] L $ 1 I4 [ T T T T '| T T L '| T T T | L T I T T T T I T T T T
_ ALICE, inclusive Jiy — e'e’ ALICE Pb-Pb |s,, =5.02 TeV
1.2 n ® Pb-Pb,\s,, =5.02TeV (Preliminary) 1.2 ® Jy—e'ey|<0.8 p >0GeV/c (Preliminary)
B m [ | Pb-Pb, \ s, = 2.76 TeV (PLB 734 (2014) 314-327) B Jyop'n25<y<40,0<p <8 GeVe (arXiv:1606.08197)
1 L | o
i Lll B H
N N mid-y
0.8 $ H E — 0.8~ m [ﬁﬂ —
- $ ] : " & @H@ o g _ & &
0.6~ J - 0.6 ® -
- \syny = 5.02TeV . - 1
0.4f - 0.4F fw-y 2
0.2 - 0.2f -
: I - I L1 | Ll 1 | Ll | Ll L1 I | I | | - | | T | : : 1 1 1 J L1 1 1 J - |. I I I - I ) N - J L1 1 1 | L1 1 | :
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

JHEP 07 (2015) 051 ( Npart )

No significant Vs-dependence also at mid-rapidity, confirming observation at forward-y

Small R, increase in most central collisions, wrt forward-y, as expected in a

(re)generation scenario (but fluctuations cannot be yet excluded)

Roberta Arnaldi QWG 2017 November 7th 2017 @



pr- dependence of Ry,

J/v Ry, is higher at low pr, where J/y from
regeneration dominate

———r——— 77— [ 7" T
- ALICE, inclusive Jiy — p'
Transport | 5,,, = 5.02 TeV (TM1, Du and Rapp)
® Pb-Pb | s, = 5.02 TeV, 0-20%

| Inclusive J/y — p*’, Pb-Pb | sy, = 2.76 TeV
i . 4, 0-909 | | .=+ 8Y
H Pb-Pb 'I Sy = 2.76 TeV, 0-20% oL | | ‘?;?E, 2.5<y<4, 0-90% global syst. 8%

wor Primordial Jiy (TM1)

=«+Regenerated Jiy (TM1)
= Primordial Jiy (TM2)
=« Regeneration Jiy (TM2)

o
M

L ATLAS Preliminary

- PbPb, |/sy, =5.02 TeV, 0.42 nb™
[ pp, /s=5.02TeV, 25pb"

““I Prompt Jiy, lyl <2

L 0-80% centrality

76 TeV

i

AA

[ JE I VRN
T T

HE-.{IE TQV}IHE
D LS LALE L0 LALLM

AR
= =]

Very different
behavior wrt R, , of
high-p; J/y

as measured by
ATLAS and CMS

Similar R, at Vs = 2.76 and 5.02 TeV,
with a hint for an increase in the range
2<p:<6 GeV/c

Roberta Arnaldi CERN PH Seminar May 274 2017 @



More differential J/y Raa: Py

Constraints to the theoretical models can be imposed by more differential /7, , studies

no centrality dependence in 0.3<p;<2 GeV/c

"03<p <2GeVc ] in central collisions, smaller suppression for

- ALICE Preliminary, inclusive Jy > W' 4 2 ' L5 Gevie .
: S<p <8GeVic ] low-p; J/y, as expected by (re)generation

- Pb-Pb\s,, =502TeV,25<y<4 8B<p <12GeVic, 1

[T T T T T T T cCMS (S =276 TeV
ATLAS Preliminary RN e LR Ea sy R

- PbPb, s, =5.02 TeV, 0.42 nb’ A Prompt Iy -
1.2 pp, s=5.02TeV, 25 pb” C 6.5 <p_ <30 GeVic .
: B ]

Prompt JAhy, Iyl < 2.0, 9 < P, < 40 GeV N
T 1 y lyl <2.4
1

0.8/
0.6/
0.4}

] 0.4f
0.2}

0.2F

T T %50 100 150 200 250 300 350 400
300 350 400
(N

part

100

150 250

ATLAS-CONF-2016-109 arXiv:1610.00613

High-p; J/v : pattern qualitatively similar to
the one measured by ATLAS and CMS,

reaching R,,~0.2 @
Roberta Arnaldi CERN PH Seminar May 274 2017
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From pA to AA

Once CNM effects are measured in pA, what can we learn on J/y
production in PbPb?
2->1 kinematics for J/y production

CNM effects (dominated by shadowing) factorize in p-A
CNM obtained as R, X Ra, (R,4°), similar x-coverage as PbPb

Hypothesis:

ALICE Inolucles Jhg—u'y’

Sizeable p; dependent suppression still visible > CNM

o R R oaYy, 88 x K A8y <208, [T = 502 ToV effects not enough to explain AA data at high p;

B Rpess 265y 4], By, = 278 TeW, 0-80%
[Phiys. Lot BT34 [2014) 314]

m) we get rid of CNM effects with

AA /

CNM effects not enough to
explain PbPb data at high p;

7

I. I::. E‘ Illf{:. .-
.DT LEL=A

Evidence for hot matter effects in Pb-Pb!

ALICE inclusive Jiy—p®u




RAA vsy

Constraints to the theoretical models can be imposed by more differential RAA studies

LI ]
+0'20°/0 : o I[IIII’lII'IIIIIIr[IIII'lI1II|IIrI[IIII]'IIII

3 4 20-40% ] ALICE Preliminary, Pb-Pb | s,,, = 5.02 TeV, Centrality 0-90%
““F Pb-Pbys,,=502TeV,0<p <12GeVic ¢ 40-90%

4 ALICE Preliminary, inclusive Jiy — 'y’

® Inclusive Jiy — e'e, p.> 0 GeVic

[ | Inclusive Jiy — p*p’, 0 < p, < 12 GeV/c, global syst =+ 2.3%

r —
. _ ALICE Preliminary, inclusive J/w — p*y’ + 25<y<325

= =]

= =

= Z]

=S :
|||||||||I|||||||I|||||||

. - 325<y<4 . e s b v v s b v v v bvv v b v bvww o bwv v v by oa g
- -P =5.02 TeV, 0-20% + i
- Pb-Pb, |5, =5.02 TeV, 0-20% - 0 0.5 1 ’ 2 2.5 3 3.5

< s

Hint of enhanced production towards mid-y

B S T N e
Roberta Arnaldi CERN PH Seminar May 274 2017




J/vy elliptic flow

Effect should be important at LHC energies, in

kinematic regions where regeneration plays a role

= jnitially produced [29]
~ coalescence from thermalized cC [30]
C mmimimimes initial + coalescence [32]
02— — — initial + coalescence [33]
[ T tyorodmamelBH
0 2 4 6 8 10
PRL 111 052301(2013) oR (GeV/c)

RHIC results favour v,~0

Roberta Arnaldi

0.2

CMS

PbPb sy, = 2.76 TeV

Prompt J/y

Cent. 10-60% -

0-15; #16<ly/<24 m|y|<24 -
o.1f— + CI\/IS_f

0.05 ++ +
0:....|...|...|...|...,|,,,:
0 5 10 15 20

EPIC 77 (2017) 252 P (GeV/c)

W
o

v,{EP}
o o
- 2
o oG

o
—_

0.05

o

DIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIII

-0.05

l
-]
—

T T T 'I T T T I T T T l T T T
ALICE, Pb-Pb, 20-40%
Inclusive Jiy — putu-, 25 <y <4

;

.EIIIIIIII IlllIIIIIIIIIlIIIlIIIIII

‘ L
[
* VQ{EP, {ﬁT[ = 53]‘, ‘SNN = 502 TEV ghobal syst refiminan
4 V,{EP, An =53}, \s, =2.76 TeV! sosm PRL 111(2013) 162301
1 | L 1 1 I 1 1 L I L 1 1 I L L L I 1 L 1
2 4 6 8 10 ¥
P, (GeV/c)

v, # 0 at high p-
- possibly due to the energy

EPS-HEP 2017

loss path-length dependence

ALICE observes evidence
for non-zero flow at

intermediate pT (70 effe@

July 12th 2017



J/y elliptic flow: analysis technique

J/y v, = <cos 2(¢,,-Wgp)> is computed using the Event Plane from | SPD (An=1.1) at fw-y

TPC (An=0) at mid-y
v,V is obtained modeling <cos 2 (¢,,,-gp)> vs inv. mass as

— v vy bek(1 _ o(m . )is S/S+B from inv. mass fit
vo,(m )=V m, )+vVv 1- a(m L
2( ““) 2 o W) 2 (1- o W)) v, background parametrized by several functions
— b
V, = V,°%/Ggp

ALICE Preliminary
Pb-Pb S,y = 5.02 TeV, 20-40%
Inclusive Jiy — p'u, 25<y <4, 2< p <4 GeV/c

ALICE Preliminary

Pb-Pb \s,, = 5.02 TeV, 20-40%

Inclusive Jiwy — up’, 25<y <4, 2< p, <4 GeV/c
An=1.1

10000

- Opposite sign pairs
— Fit total

- - Fit signal

--- Fit background

o
Q
—
>
@
=
[T9]
(9]
—
[2]
—
=
-
Q
Q

- Opposite sign pairs
— Fit total v,(M,,)
.- Fit background v3**(M,,)

ALICE Preliminary

3F  Pb-Pbys,, =5.02TeV

2F 20-40%
#TPCyg o R % = 0.88

A % VOA e o Ay = 0.68

" ©VOCy, 1pe A% =077
o | 1

(] 1 A L 1 L 1 4!5 1 L : L 1 1 L L 1 L 1 : L 1 L 1 i L 1 L 1 4!5

M,, (GeV/c?) M,, (GeV/c?)

Centrality °
Roberta Arnaldi CERN PH Seminar May 274 2017




w(2S) in AA collisions

y(2s) is a loosely bound state
(binding energy ~60 MeV wrt to ~640 MeV for J/v)

—
l
-]

0

ﬂ Expected to be more easily dissociated than J/y
- sequential suppression scenario

<
s
<
<

ﬂLess clear role played by recombination, taking place
- at freeze-out, as for J/y in the statistical
hadronization model
- in later collision stages, when the system is
more diluted (and radial flow is stronger)
[sequential regeneration, Rapp, arXiv:1609.04868]

Roberta Arnaldi NPQCD17 May 239 2017




\I/(ZS) FAn

At Vs =5.02 TeV, results are compatible with CMS, in a similar kinematic range,

while some tension exists at lower energy

ALICE \s),=2.76 TeV, 2.5<y<4 ( arXiv:1506.08804 )
ALIGE inclusive J/y, y(2S), Pb-Pb, 2.5<y<4, 0<p <3 GeV/c —4— 0<p <3 GeVlc

3<p_<B GeV/c
Sy = 5.02 TeV (Preliminary) T

Vs = 2.76 TeV (JHEP 05 (2016) 179) : CMS |s,,=2.76 TeV ( PRL 113(2014)262301 )
I —e— 6.5<p, <30 GeV/c, |y|<1.6
— 3<p,<30 GeVic, 1.6<|y|<2.4

Upper limits include global uncertainties

Jiy, w(28), Pb-Pb ys,, = 5.02 TeV

ALICE, 3<p <8 GeV/c, 2.5<y<4.0, Inclusive (Preliminary)

CMS, 3<p_<30 GeV/c, 1.6<y<2.4, Prompt only (arXiv:1611.01438) | ~o
Upper limits include global uncertainties

Results in different kinematic ranges are sensitive to the fraction of primordial and
regenerated charmonia, to different medium temperature and flow...

Roberta Arnaldi CERN PH Seminar

May 2nd 2017




Low pT J/y at fw-y

Strong R, enhancement in peripheral collisions for O<p;<0.3 GeV/c

ALICE, Pb-Pb sy, =2.76 TeV

o m significance of the excess is
— = 0= p_<0.3GeVic, global syst = = 15.7 % 54 (3.4)6 in 70-90% (50-70%)

—»— 0.3 = p_<1GeVlc, global syst==13.1 %

ﬂ behaviour not predicted by
transport models

—=— 1= p <8 GeVic, global syst==11.5%

* Common global syst = = 6.8 %

EBS
Ss
50 100 150 200 250 300 -
2
. . o« o o 15
if excess is “removed” requiring p§/¢>0.3GeV/c
> ALICE R, , lowers by 20% at maximum (in the

—— 05 dimucns (data)

m o St p e ri p h e ra | b i n ) B —— Coherent photo-produced Jhy

Roberta Arnaldi CERN PH Seminar May 274 2017




Bottomonia in AA

Three states characterized by very different binding energies:

Y(1S): Eb~1100 MeV
Y(2S): Eb~500 MeV
Y(3S): Eb~200 MeV

Y(3S) ‘ ¥as)

ways to the medium

With respect to charmonium:

Limited recombination effects
- interesting for sequential
suppression studies

due to higher b quark mass

No B hadron feed-down
- simpler interpretation?

More robust theoretical calculations,

Some drawbacks

Lower production cross sections

Non negligible feed-down
contributions from higher states

o
w
I

LHCb, 20<y<4.5
o CMS, lyl <2.4, 36 pb™
e CMS Preliminary
= ATLAS, Iyl <1.2

Y (1S) feed-down
w

Roberta Arnaldi

QWG 2017

November 7th 2017

Sensitive in very different




Y(2S) in ALICE

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

B Inclusive Y(1S), 1'(25),0 < p,<15 GeVic, 2.5 < y < 4, centrality 0-90%

Transport Model [Rapp et al. EPJA 48(2012)72, private comm.]
— without regeneration

= with regeneration

Theoretical models describe the R, , ratio (no need for regeneration contribution)

Result is consistent with the centrality-integrated CMS measurement

Roberta Arnaldi QWG 2017 November 7th 2017 @-




Y(1S) in ALICE: theory comparison

Y(1S), Pb-Pb m =502 TeV 1
® CMS | Krouppa and Strickland (arXiv:1605.03561)

@ ALICE

Y(1S), Pb-Pb {5y = 2.76 TeV i

® CMS /|Krouppa and Strickland (arXiv:1605.03561)
® ALICE

0.6

- B TN ey Ty P TR Lt Bt LT LAt ! eyt —aatiesl el ey
~ {7 e e e R N R o o A
eI ] i
e A e o it I ’y waie
T TR T (W e (e e PR LR

0.2

ey

L L L S ! I I ) I B B S

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
OO 0.5 1 : 2 : 3 i 4

(@]

y
CMS-PAS-HIN16-023 E. Scomparin, QM17
CMS arXiv:1611.01510

Suppression increases with y at Vs, = 2.76TeV
Suppression is constant at Vs, = 5.02TeV

Some tension in the R, , evolution vs y with energy, but still large uncertainties

Roberta Arnaldi QWG 2017 November 7th 2017 @




pr dependence of J/y R,

ALICE preliminary [—JHELAC — Onia with EPS09LO
Inclusive Jiy — 'y HELAC — Onia with nCTEQI15
p-Pb Y5, =816 TeV, 203 < y_ < 3.53 « HELAC — Onia with EPSO9NLO
CGC
4 LHCb (8.16TeV)

Slightly different y coverage in ALICE and

M Eroec1 o . vt , LHCb, but rather similar pr dependences

| nCTEQ15 (J. Lansberg et al.) prompt j/w ! ])Pb
CGC + NRQCD (R. Venugopalan et al.)

CGC + CEM (B. Ducloue el al.) 1.5<y*<4.0
— Transport (hot + cold effects) (P. Zhuang el al.)

10 12 14 16 18 20

Py (GeVie) pr|GeV/e]

ALIGE preliminary [ HELAC — Onia with EPSO9LO 1
Inclusive Jay — w'w HELAC — Onia with nCTEQI5 describe R pA VS pT
p-Pb {5, =816 TeV, 446 <y__<-2.96 HELAC — Onia with EPSO9NLO

4 LHCb (8.16TeV)

| EPSO9NLO + CEM (R. Vogt) ’ prompt J/y, Pbp

| nCTEQ15 (J. Lansberg et al)
—— Transport (hot + cold etfects) (P. Zhuang et al.)

8 10 12 14 16 18 20 0.0
pT{GeWc)

—5.0<y*<-25

Shadowing and energy loss models

Roberta Arnaldi Precision spectroscopy of QGP properties with jets and heavy quarks

May 31st 2017




y(2S) in pA collisions

Being more weakly bound than the J/y, the y(2S) is an interesting probe to have further
insight on the charmonium behaviour in pA

1.5/— PHENIX |'Syn =200 GeV | s, =5.02 TeV
$He+Au ¢ p+Pb, LHCb
¢p+Au JHEP 1603 (2016) 133

up+Pb, ALICE
JHEP 1412 (2014) 073

=) y(2S) suppression stronger than the

J/y one at RHIC and LHC

- unexpected because time spent by the
cc pair in the nucleus (t.) is shorter
than charmonium formation time ()

- shadowing and energy loss, almost
identical for J/y and y(2S), do not
account for the different suppression

PHENIX, PRC 95, 034904 (2017)

(dN/dn), _/(<S >) (fm?)

AMPT

ﬂ QGP+hadron resonance gas or comovers models describe the stronger y(2S) suppressio

Roberta Arnaldi EPS-HEP 2017 July 12th 2017




y(2S) in p-Pb at Vs, = 5.02TeV

Being more weakly bound than the J/vy, the y(2S) is an interesting P PHTENIX
probe to have further insight on the charmonium behaviour in pA . 15— bpsa preliminary

ﬂ y(2S) suppression stronger than .
the J/y one at RHIC and LHC "z Cormarnecamers gty oits

+16% global uncertainty on
midrapjdity point

- unexpected because time spent ' ' g
rapidity
by the cc pair in the nucleus ()
is shorter than charmonium ALICE, p-Pb {s= 5.02 TeV, -4.46 <y__ < -2.96 ALICE, p-Pb {s=5.02TeV, 2.03 <y <353
formation time (’cf) Inclusive J/y, w(28) — p'w Inclusive J/y, w(2S) — u'w
“ |ELoss (Arleo et al.) — Jhy: EPS09 LO + comovers (Ferreiro) " ELoss (Arleo et al.) — J/y: EPS09 LO + comovers (Ferreiro)
EPS09 NLO (Vogtetal) — V¥(25):EPS09LO + comovers (Ferreiro) EPS09 NLO (Vogtetal) ~— ¥(25):EPS09 LO + comovers (Ferreiro)
1 ) . Jiy: QGP+HRG (Du et al.) 309 LO ( . J/y: QGP+HRG (Du et al.)
- shadowing and energy loss, SL eEPsmioGemeo MV ISEE D) SE ERsmoEerin e ctal

almost identical for J/y and
y(2S), do not account for the
different suppression

QGP+hadron resonance gas or comovers models describe the stronger y(2S) suppression

Roberta Arnaldi CERN PH Seminar May 274 2017




J/v v, in pPb

ALICE, arXiv:1709.06807

m) Azimuthal correlations between forward/backward J/{ and mid-y

charged particles

Correlations expressed as associated SPD-tracklet
yields per dimuon(J/¢) trigger

High multiplicity Low multiplicity

0-20% VOM 40-100% VOM

ALICE p-Pb \|s,, =8.16 TeV

3<p," <6GeVic

——446<y’" <-2.96

——203<y’¥ <353

Normalized yields
Normalized yields

1.5<|An| < 5.0

additional enhancement at clear away-side correlation
both near and away sides (jets?)

(0-20%) - (40-100%) VOM

ao+2a1cos(A(p)+2agcos(2A<p)
— — &,+2a,C08(2A¢)
————— a,+2a,cos(Ag)

Normalized yields

Jet correlations eliminated

via subtraction

J/U v, extracted assuming factorization of J/{r and tracklet v,

32]
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Y in pA collisions
el

p+Pb \s,,, = 5.02 TeV

1.6
1.4
1.2
1
0.8
0.6

Y(1S) R,, described by shadowing and energy
loss models

- CMSpPb |5, =5.02 TeV CMS PoPb 5, =276 TeV

TF ey, <183 L=31nb" T I, <24 L=150ub7
i ¥ 95% upper limit i
2 PRAL 108 (2012) 222301

$ATLAS, Y(18), p_< 40 GeV
#LHCb, Y(18), p_<15 GeV
4ALICE, Y(18), p_>0 GeV

0.4
0.2

. | . . . | . . . |
0—— 5 0

ALICE, Phys. Lett. B 740 (2015) 105
ATLAS-CONF-2015-050 ,LHCb, JHEP 07(2014)094

- p'l' =4 Gelie

¢  PbPb

|

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

[Y(nS)/Y(1S)Ixpb / [Y(NS)/Y(15)]pp
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