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ﬂthe original idea

quarkonium production suppressed via color screening in the QGP

ﬂsequential melting

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

ﬂ (re)combination
enhanced quarkonium
production through
(re)combination during QGP
phase or at hadronization

A

T.Matsui and H.Satz, Phys.Lett.B178 (1986) 416
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Central AA SPS RHIC LHC
collisions 20GeV | 200 GeV | 2.76TeV

Nccpar/€Vent ~0.2 ~10 ~85

energy density

P. Braun-Muzinger,]. Stachel, PLB 490(2000) 196
R. Thews et al, Phys.Rev.C63:054905(2001)
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= Cold nuclear matter effects: might affect quarkonium
production on top of hot matter mechanisms

o WUV B : . .
nuclear parton shadowing/ investigated in p-A collisions

color glass condensate

® energy loss - <=

® ¢¢in medium break-up

—

the assessment of the size of these effects is fundamental
to interpret quarkonium A-A results

‘ Nuclear modification factor Medium effects are quantified comparing the
AA quarkonium yield with the pp one, scaled

J/Y Y[{QIJ by a geometrical factor (from Glauber model)

RAA I/ R,r = 1 > no medium effects
(Taa)o AA
ppP Rxa # 1 = hot/cold matter effects
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complementary
results due to
different kinematic
coverages
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2010-2012
2015

2013
2010-2016

_ LHC Run-2
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Evidence of recombination

for low p; J/y

Observation corroborated by the
comparison of LHC results with

1) lower energy experiments

J/y suppression vs centrality is
stronger in PHENIX than in ALICE,
in spite of the LHC larger energy

densities

q weaker suppression at low p-

observed by ALICE
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Inclusive Jiy — p*u’, Pb-Pb \'s,, =2.76 TeV and Au-Au | s, = 0.2 TeV

B ALICE (arXiv:1311.0214), 2.5<y<4, O<pr<8 GeVic global syst.= + 15%
] PHENIX (PRC 84(2011) 054912), 1.2<|y|<2.2, p >0 GeV/c  global syst.= + 9.2%

@E w " .

| | | | |
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2 B ALICE Jhy s i, 2.5<p=4, centrality 09%—20% global syst. = + 8%

& PHEMEK Jiy — piys, 1.2=(=2.2, certrality 09%—20% global syst. =

p_(GeVic)
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Inclusive J/iy — p*u’, Pb-Pb \ s, = 2.76 TeV

Evidence of recombination
for low p; J/y

. H B ALICE (arXiv:1311.0214), 2.5<y<4, O<p‘<8 GeV/c global syst.= + 15%

Observation corroborated by the
comparison of LHC results with

===« Stat. Hadronization model (A. Andronic & al., JPG 38 (2011) 124081)
N\\\ Transport model (Y.-P. Liu & al, PLB 678 (2009) 72)

1) |Ower energy experiments ’ E /7. Transport model (X. Zhao & al., NPA 859 (2011) 114)

|||/l Shadowing+comovers+recombination (E. Ferreiro, arXiv:1210.3209)
| | | [ 1 1l 1 - |

i R |

2) theoretical models " 50 100 150 200 250 300 350 400
(N_ )

part

q mOdels inCI Ud i ng (re)combi nation . ; Inclusive Jiw — p*u, Ph-Pb \"ﬁﬂ-?ﬁ TeV and Au-Au II'S_"N=D.2 TeV
Of J /\V | N QG P or in the had ro niC 21 B ALICE, 2 5<y<4, 0-20% global syst=+ 8% |
R « PHENIX, 12<]y|<2.2, 0-20% global syst. = + 10%
phase provide a reasonable :
description of ALICE results = e

= Primordial Jiy (TM2)
== Regeneration Jiy (TM2)

q still rather large theory uncertainties:
models will benefit from a precise

measurement of o.. and CNM effects

U:I.I.-I |-l [ |
Roberta Arnaldi CONF12 JHEP 05 (2016) 179




Evidence of recombination
for low p; J/y

— M -. -y
5 !

PbPb Preliminary \s,, = 2.76 Te\

Observation corroborated by the = CMS: prompt Jhy
. . 7 Iyl < 2.4
comparison of LHC results with - 6.5< p_ <30 Gevic

1) lower energy experiments
2) theoretical models
3) high p; 3 /v results

‘ suppression stronger at higher Vs, Cauau {5 = 200 Gev .
as expected from QGP dissociation ||T1Ft[w (arXiv:1208.2736)

p. > 5 GeVic

qopposne J/y behavior compared to ) 50 100 150 200 250 300 350 400
low-p; results CMS-PAS-HIN-12-2014 N__

# negligible re(combination) effects
expected at high p+
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Pb-Pb collisions @ Vs\=5.02TeV

12

High statistics Run-2 allows the R,, evaluation in narrow centrality bins

ALICE, inclusive J/y — pre
25<y <4, P, < 8 GeV/c

5.02TeV
ol &
EE@EE O g @
L

# Similar centrality dependence

at the two energies, with an
Increasing suppression up to
Noarc~100, followed by a
plateau

P 4
2.76TeV

® Pb-Pb \s,, = 5.02 TeV
W Pb-Pb |sy, = 2.76 TeV

n Fno o Ann 4150 200 250 300 350 400

# Rap @ 5.02TeV is ~15% higher
than the one at 2.76TeV, even
if within uncertainties

arXiv:1606.08197 (N_ )

V' U part’
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Inclusive Jiy — p'w, Pb-Pb |s, =276 TeV

- m m ALICE, 2 5=y<4, pT*:S GeVic global syst.= + 15%

0 50 100 150 200 250 300 350
(N

"

0.6}

0.2

0 L1

0.4}

[ = Transport, p_ > 0.3 GeV/c
H—] Transport (TME‘ Zhou et al.)

[ =1 Co-movers (Ferreiro)
L1 I L1 11 I L1 1

||||||||||||||IIIIIIIIIIIIII_
ALICE, Pb-Pb |5y = 5.02 TeV ]
Inclusive J/y — piw ]
2.5<y<4.0.3<pT<8 GeV/c

-

(TM1, DU Ad REBE)= = == mmrrmiim

- = = Statistical hadronization (Andronic et al.)

0 50

100 150 200 250 300 350 400 450

<Npart>

) . par i
Brackets represents the possible range of variation of the hadronic J/

Comparison of same theory models at the two energies:

TM1, TM2 (Du et al, Zhou et al): rate equation of suppression/regeneration in QGP
SHM (Andronic et al): J/y produced by stat. hadronization at phase boundary
CIM (Ferreiro): suppression by the comoving partonic medium and regeneration

Data are compatible with theory models at both energies
Still large uncertainties mainly due to the choice of 6,
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ALICE, Pb-Pb, inclusive J/y — p*p’ ] 4 |- ALICE, inclusive J/y — uu ]
R GeV/ i C Transport {s, =5.02 TeV (TM1, Du and Rapp) ]
- 25<y<403<p <8GeVic ® Pb-Pb |5y, = 5.02 TeV, 0-20%
W Pb-Pb |5, = 2.76 TeV, 0-20%

—
N

—
N
T T

Transport, pT>0.3 GeV/c (TM1, Du and Rapp)
- [ | Transport (TM2, Zhou et al.)

Statistical hadronization (Andronic et al.)

Co-movers (Ferreiro)
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

50 100 150 200 250 300 350 400 450
<Naﬂ>

# Theoretical and experimental # Raa increases with py, at both
uncertainties reduced in the SnElpfies, 2 expecte.d Ina
R, double ratio regeneration scenario

Centrality dependence of the # Hint for an increase of Rpp, at
R4 ratio is rather flat 5.02TeV, in 2<p<6 GeV/c

Raa(5.02 TeV)/Raa(2.76 TeV)

Also sy =5.02TeV results support a picture where a combination of
J/v suppression and (re)combination occurs in the QGP




y(2S) production modified in AA with a strong kinematic dependence

ALICE |8,=2.76TeV ,2.5<)y=4 Transport Model , 2.5<y<=4

[ ====1 schematic 3<p;<30GeV/c ] : 4— Ocp <3 GeVic O<p, <3 GeVic
-5 rzzzz schematic 6.5<p<30GeV/c ] | —— 3ep <8 GeMic Fep_«B GaVic
[ —e— 3<p<30GeVic, 1.6<lyl<24 -

L — w1 6.5<p,<30GeVic, [y]<1.6 ] 1
T e e s _- r ALICE

NN T
Y f

50 100 150 200 250 300 350 50 100 g 200 2!T~I'II 300 350
Du and Rapp arXiv:1504.00670Npart Chen et al. PLB726(2013)725 (N

Fw-y, 3<p;<30GeV/c > RJ¥ < RV?S)

qlater y(2S) regeneration, when radial
flow is stronger, might explain the rise

Fw-y, O<p<3GeV/c > Rﬁw > RZ);ZS)

# ALICE trend agrees with transport
models and stat. hadronization
Mid-y 6.5<p;<30GeV/c > R1{1£¢> R;’bézs) approach JHEP 05 (2016) 179

# stronger suppression of y(2S) wrt J/y

CMS, PRL 113(2014) 262301

Run1l data not precise enough to conclude on y(2S) behavior
Run?2 results eagerly awaited!
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PRL 109, 222301 (2012

)

—
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=
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CMS PbPb |5 =2.76 Tey
Cent. 0-100%, Iyt < 2.4
L. = 150 ub”

“> 4 Gev/
no B hadron feed-down Py = & BV

smaller gluon shadowing effects L/ DE,.
negligible (re)combination {f i — total POPD i

=) Main features of bottomonium
production wrt charmonium:

0.1 GeVic”
=
=)

Events /(

more robust theoretical predictions |} iii -~ packground

pp shape
(R . scaled)

due to the higher b quark mass

with a drawback...smaller production
Cross-section

Mass . (GeVic?)

Clear suppression of Y states in PbPb with respect to pp collisions
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ﬂ Sequential suppression
observed at LHC in Run 1:

Y(35) Y(25) Y(15)

RAA < RAA < RAA

RA(Y(1S))= 0.43£0.03+0.07
RA(Y(2S))= 0.13£0.03+0.02
RA(Y(3S))< 0.14 at 95% CL

centrality dependent suppression
for Y(1S) and Y(2S)

at LHC Y(1S) is already suppressed
in semiperipheral collisions, while
at RHIC only in the central ones

PbPb 166 ub™, pp 5.4 pb

1 g£ CMS
Preliminary

T(15), ly| < 2.4

o Y(28) |yl <24

VS = 2.76 TeV

STAR AuAu |'s,,, = 200 GeV, |y| <1
¥r Y(1S), PLB 735(2014) 127
STAR U+Uys,, = 193 GeV, |y| <
* T({15) Preliminary

100 200 300

CMS, PRL109 (2012) 222301 and HIN-15-001
STAR, PLB735 (2014) 127 and preliminary U+U

feed-down from excited states + CNM are enough to explain the

observed Y(1S) suppression?
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PbPb 166 ub™, pp 5.4 pb™ \ Sy = 2.76 TeV

ERIN PbPb 166 ub”, pp 5.4 pb’ | Sy = 2.76 TeV

. T T T T ] T T T I [ T T T T | T T T T

' <
- CMS b Q:< - CMS Eur. Phys. J. A48 (2012) 72~

" Preliminary ALICE (PLE 738 (2014) 361) 1.47 Preliminary Y(1S) T(28)

e Y{].S] h‘_',\" _ 12" Bl W Primordial

Regenerated

L Strickland et al., arkiv:1507.03951
dmys =3

Nuc. Abs.

--- s = 2

200
N

Part

=) no p- or y dependence of the Y(1S) and Y(2S) suppressions

ﬂ models reproduce the p; and centrality dependence

ﬂ rapidity description still needs tuning

Roberta Arnaldi CONF12 August 30t 2016



ALICE, Inclusive 1(1S) — p'u,25<y <4
. B Pb-Pb (s, = 5.02 TeV, Preliminary global sys.= + 10%

T m Pb-Pbys, =276TeV, (PLB738(2014) 361-372) global sys.= £ 13%

ALICE, Inclusive 1(1S) — n*u’, centrality 0-90%

. B Pb-Pb |s,, =5.02TeV, Preliminary
[ m Pb-Pbys,, =276 TeV, (PLB 738 (2014) 361-372)

global sys.= + 3%

global sys.= + 7%

5.02TeV

yto e
/

|

%

s

open: reflected

Vs =5.02TeV

current uncertainties

Roberta Arnaldi
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CONF12

ﬂ Centrality dependent Y(1S) R,, suppression observed also at

) No firm conclusion on the R,, energy dependence within the

August 30t 2016




ALICE Preliminary, Pb-Pb {s,, = 5.02 TeV ALICE Preliminary, Pb-Pb |5, = 5.02 TeV

.2 m Inclusive I(18) > n"u,25<y<4,0<p <12GeV/c global sys.= = 10% m  Inclusive TI1S) — p'p, 0« p = 12 GeWlc, 080

Transport models:
[] Emerick et al., EPJA 48(2012)72
[..] Zhou et al., PRC89 054911(2014), private comm.

E3] Srickiand et al, ardn-1 61503561
- drpiE=1

— drplE=2

.
-—- drplE=23

0.6}

04

02f

0_""l""l""l""l""l""l""l"" Lo beveabwv o by by s b nva bevn s bov o oo by an

0 50 100 150 200 250 300 350<N 06 1 15 © 95 13 a5 4  ak

part

ﬂ Theory models, with (Emerick et al.) or without (Zhou et al.)
regeneration component, qualitatively reproduce the data
within uncertainties

ﬂ Different trend in data and theory for most forward-y?

Roberta Arnaldi CONF12 August 30t 2016






p-Pb \s, —502TeV

ALICE (JHEP 02 (2014) 073): inclusive Jiy—iu'r, 0<p <15 GeVic J /\V affected by C N M effects, W|th a

Ly, (4.46<y _<-2.96)=5.8nb",L_ (2.03<y_ <3.53)=5.0 nb"

e e e e pre strong y and p;dependence:
> R, decreases towards forward y

global uncertainty = 3.4%

&= = el W) data consistent with shadowing and
B ccc L o st B Y1 coherent parton energy loss models

0_4 [ 7 CGC + NRGCD (Maet al.)
[ EES Eloss, q=0.075 GeV’fm (Arleo et al.)
| E= EPS09 NLO + ELoss, q =0.055 GeV?/fm (Arleo et al.)

0.2 [ — EPS0s L0 cona et o s ﬂ agreement with CGC depends on

r == EPS09 LO central set + o_,_ = 1.5 mb (Ferreiro et al.)

O 6 EPS09 NLO (Vogt)

abs

. EPS09 LO central set + o_ _ = 2.8 mb (Ferreiro et al.)

07||\H||I||||||Han\s|llll|\III‘IIII|"“""'|"' implementation
4 -3 -2 -1 0 1 2 3 4

JHEP 02(2014)073, JHEP 06(2015)055

ﬂ good agreement between ALICE ‘ different behavior at mid-y for low
and LHCb (similar kinematic range) and high py J.y

L | T T 1 7 | L
LHCb
( ) PPb |5 = 5 TeV —+— LHCb, Prompt J/y
p,< 14 GeVic

T T
Prarmpt Jhy ATLAS Preliminary
10 <p <30 GaV o+Pb '.'?.-.=5':'2 TaV

/Ill_lrrll

-
-
-
-
s
‘
v
¥

EPS09 LO
EPS09 NLO

nDSg LO

E. loss

E. Ioss + EP509 NLO
1 L 1

2 0
JHEP 02(2014)072

IIIIII’IilIIIIIIIIII'IIIIIIIIIIII
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ALICE, p-Pb l’ =5.02 TeV, inclusive J/w
o -4.46<y <~ 2 96, Pb-going direction H- H_

o -1.37<y__ <0.43, p-going direction e 2.03<y_ <3.53, p-going direction

2= CGC + CEM (Ducloué et al.)

Eloss (Arleo et al.)
EPS09 NLO + CEM (Vogt et al.)
=1 EPS09 LO no comovers (Ferreiro)
= EPS09 LO + comovers (Ferreiro)
P PR BT T B T T T R

2 4 6 8

4 ALICE, p-Pb \s,, = 5.02 TeV

[ inclusive J/y—p*u

P o-4de<y <296

EPS09 NLO (Vogt)
[]ELoss with a; =0.075 GeVZ/fm (Arleo et al.)
EPS09 NLO + ELoss with q =0.055 GeV%fm (Arleo et al.)

—Mu\l scatt. (Kang eta\)
| | Loev v b b vy

3 4 5 6

>
=
©
B
)
C
Q
O
&
>
)
C
Q
&
O
&
>
0
C
(O
U
)

2 4 6 8 10 12 0
( Nmulr>

coll

F o -1.37<y,, <043

ALICE, p-Pb |, = 5.02 TeV
inclusive J/y— e*e

EPS09 NLO (Vogt)
[ CGC (Fujii et al.)
[1] Eloss with q _0.075 GeVZ1m (Arleo et al.)
EPS09 NLO + Eloss with q =0.055 Gev2 fm (Ar\eo etal)
| | |

7 8
P, (GeVic)

4 6 8 10
p, (GeVic)

2 4

6 8

[ ALICE, p-Pb s, = 5.02 TeV
' [ inclusive J/y—p
r 2.03<y <3.53

— cms

EPS09 NLO (Vogt)
] CGC + CEM (Fuijii et al)
[EZ CGC + CEM (Ducloue et al.)
[] CGC + NRQCD (Ma etal.)
[CJELoss with q,=0.075 GeVZim (Arleo et al.)
EPS09 NLO +ELoss, =0.055 GeVv3im (Arleo et al.)
—Mu\l ?cau Kan%eia\) | |
I T SR I

4 5 6 7 8
p. (GeV/c)

mid and fw-y: suppression increases vs centrality and is larger at low p+
backward-y: hint for increasing Q, vs centrality, with rather flat p; trend

ﬂ Shadowing and coherent energy loss models in fair agreement with data

Roberta Arnaldi
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# y(2S) suppression is stronger than
the J/y one, both at RHIC and LHC

- unexpected since time spent by the
cc in the nucleus () 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

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

Roberta Arnaldi CONF12

| ---'EPS09 LO (Ferreiro)

1 T T I T 1 T I 1 1 1 I T T T 1 1 T I T T 1
ALICE, p-Pb ys,= 5.02 TeV, -4.46 Y < -2.96

[ Inclusive J/w, w(2S) — u'w

ELoss (Arleo et al.) — J/y: EPS09 LO + comovers (Ferreiro) ]

EPS09 NLO (Vogtetal) y(2S): EPS09 LO + comovers (Ferreiro) :
Jhy: QGP+HRG (Du et al.)

|:| y(28): QGP+HRG (Du et al.)

I y(2S)

T T T I T T T T T T
ALICE, p-Pb I'San=2.02 TeV, 2.03 Y < 3.53
[ Inclusive J/y, w(2S) — u'w

ELoss (Arleo et al.) — J/y: EPS09 LO + comovers (Ferreiro) |
EPS09 NLO (Vogtetal) ~—— w(28): EPS09 LO + comovers (Ferreiro) 7
Jiy: QGP+HRG (Du et al.)

w(2S): QGP+HRG (Du et al.)

EPS09 LO (Ferreiro)

2 4




" "ATLAS Preliminary

p+Pb |5, =5.02 TeV

m) No significant rapidity
dependence of Y(1S) Roa

(ALICE and LHCb agree within
uncertainties)

%_@_JEF—@_ ______ _%I@_

4+ ATLAS, T(1S), P, < 40 GeV
#LHCD, Y(13). P, < 15 GeV
4 ALICE, Y(13), p.> 0 GeV

ALICE p-Pb | 5,,, = 5.02 TeV, inclusive T(1S}pp, o, =0
L (-446<)y «-206=58n0", [, (203 <y «3

I

ﬂ Shadowing and energy loss models
are compatible at forward-y
At backward-y smaller anti- . | GEM4EPS08 NLO (Vogt, arKiv:1301.3395 and priv.comm)

Eloss [Ades ot al., JHEF 1303 [2013) 122)

shadowing is suggested SRR €0

7 ELoss + EPS09 NLO

ALICE, Phys. Lett. B 740 (2015) 105
ATLAS-CONF-2015-050 ,LHCb, JHEP 07(2014)094
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p'Pb VS PP @mld‘y: CMS pFb |5, = 502 TeV  CMS PbPb |5,,, = 2.76 TeV
Stronger excited states suppression
with respect to Y(1S)

Initial state effects similar for the
three Y states

- Final states effects in p-Pb?

® |y <193, L=31np" T I, J<24 L=150 b

CMS,JHEP04(2014)103 ¥  85% upper
PHL 109 (2

p-Pb vs PbPb @mid-y :
even stronger suppression of excited

states in PbPb PbPb

[Y(nS)/Y(1S)]xpb / [Y(nS)/¥(1S)]pg

;

ALICE (and LHCDb) observes: Y(2S)/Y(1S) Y(35)/Y(1S)

Y(2S)/Y(1S) (ALICE)
2.03<y<3.53: 0.27+0.08+0.04
-4.46<y<-2.96: 0.26+0.09+0.04

compatible with pp results Rapidity dependent final
0.26 + 0.08 (ALICE, pp@7TeV) state effects at play?

Roberta Arnaldi CONF12 August 30t 2016



Thanke!
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the original idea:

quarkonium production suppressed
via color screening in the QGP

sequential melting
Bl oco sum rules differences in the quarkonium binding
Bl ~asiaco " energies lead to a sequential melting

%P;”‘“ : with increasing temperature o

lis  =200GeV
peak | HN

J/v Y(@1s)

35 4 45 5
melting T/T

PHENIX, Phys.Rev C91, 024913 T>>TC
Quarkonium as QGP thermometer

Roberta Arnaldi CONF12 August 30t 2016



ALICE inclusive JAy — u, 2.5<y<4
B Pb-Pb |s, =276 TeV, global syst. = 4%

PHENIX inclusive JAy — i, 1.2<]y|<2.2 iy,
® Au-Au and Cu-Cu |'s, = 0.2 TeV, global syst. = 3%

NASO inclusive J/y — pHu, O<y<1
& Pb-Pb \s,,=0.017 TeV, global syst. = 3%

TM1: Zhao et al., Nucl.Phys.A859 (2011) 114
TM2: Zhou et al. Phys.Rev.C89 (2014)054911

raa Centrality evolution
strongly depends on s

decreasing r, trend,
observed at LHC

- due to (re)combination,
which dominates J/y
production at low p+

transport models, already
describing J/y R,,, also
reproduce the r,, evolution

Roberta Arnaldi CONF12
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Strong R, enhancement in peripheral collisions for O<p;<0.3 GeV/c

ALICE, Pb-Pb '.;ﬁ =276 TeV

N
25<y <4

o =] O

significance of the excess is
5.4 (3.4)c in 70-90% (50-70%)

ﬂ behaviour not predicted by
transport models

= 0N

[ ]

—=— 1= p_ <8 GeVic, global syst==11.5%

4 Common global syst =+ 6.8 %

excess might be due to coherent
J/v photoproduction in PbPb (as
measured also in UPC)

per 0.1 GeVl/c

150 200 250 300 350

part /

Raw counts

if excess is “removed” requiring p§/¢>O.BGeV/c

> ALICE R4, lowers by 20% at maximum (in the
most peripheral bin)

0.4
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Inclusive Jy — p'y’, Pb-Ph | £, =278 Tel and Au-Au | 5, = 0.2 Te¥

B ALEE. P 5«4, [1-20% plobal 3ysl = + 8%

# PHEMIX, 1.2<|pl2 2. 0-20% Jabal sys i . Du and Rapg)

Roberta Arnaldi CONF12 August 30t 2016



pr-centrality multi-differential studies allows detailed comparison
with theory models

0-20% 20-40% 40-90%

[ Inclusive Jiy — u, Pb-Pb By = 2.76 TeV and Au-Au [, = 0.2 TeV

[ Inclusive Jhy — prps, PbPb 5, = 276 TeV and Au-Au |5, = 0.2 TeV [ Inclusive Jiy — i, Po-Pb 5, = 2.76 TeV and Au-Au 5, =02 TeV
B ALICE, 2.5<p<4, 0-20% global syst=+ 8% .
2 E ALCE 25<y<4, 2040% global syst=+ 8% . W ALICE, 2.5<y<4, 40-90% global syst =+ 8%

& PHEMIX, 1.2<|y|<2.2, 0-20% global syst =+ 10% ) X - X
¢ PHENIX, 1.2<]yj<2.2, 2040%  global syst. = = 10% PHENIX, 1.2<|y|<2.2, 40-60 global syst. = = 13%

NNNNI\"kWZhao et al., Nucl.Phys.A859 (2011) 114
B\l Zhou et al. Phys.Rev.C89 (2014)054911

w Primordial Jiy — (TM1)
-=-Regenerated J/y (TM1)
= Primordial Jiy ~ (TM2)
== Regeneration J/y (TM2)

Model provide a fair description of the data, even if
with different balance of primordial/regeneration
components

Still rather large theory uncertainties: models will benefit
from precise measurement of .. and CNM effects

Roberta Arnaldi CONF12 August 30t 2016



The contribution of J/y from (re)combination should lead to a
significant elliptic flow

CMS Preliminary Prompt J/y
AusAun 200 GeV 0-80 % STAR '_le'&ljJ'l'L'.]'l ary ® ALICE (Pb-Pb \% =2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0 PbPb \.‘I% =276 TeV Cent. 10 - 60 %
= Y. Liu ef al., b thermalized i Lim =150 !..lb"
Y. Liu ef al., b not thermalized
=« X. Zhao et al., b thermalized

=yl <24

«16<ly|<24

pu Iyl =0.5, Runid4
e’ lyl =1, Run10+11
naximum non-flow

Hint for J/y flow at LHC, contrary to v,~0 observed at RHIC!

ALICE: qualitative agreement with transport models including regeneration
CMS: path-length dependence suppression effect?

Roberta Arnaldi CONF12 August 30t 2016
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< LB B ] ot X | I | o o 3L I | 53 W KR l 7T l | RT3 LR [ B el oo B I =000 l LI B
< i o
o PO ALICE, Pb-Pb \[s,, = 5.02 TeV
: Inclusive J/iy — pu
1.er

25<y<4,03< p_< 8 GeV/c

..........................................................................

L}
1111[1111111111-111111

Transport, p_ > 0.3 GeV/c (TM1, Du and Ragp)

Transport |_T§.n12 Zhou et al.)

Statistical hadronization (Andronic et al.)

Co-movers (Ferreiro)

0 111111111l1111111111111111111111L111111111Ll

0 50 100 150 200 250 300 350 400 450

0.2

-

(N .
model [0 N-N Oy comover oy Shadowing
0.57 mb 3.14 pb - EPS09
0.82 mb 3.5ub - EPS09
Stat. hadronization 0.45 mb - - EPS09
[0.45.0.7] mb 3.53 b 0.65 mb Glauber-Gribov theory
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* Forward-to-Backward Ratio : CMS Preliminary  34.6 nb™ (pPb 5.02 TeV)
d*o(pr,y > 0)/dprdy

Replpr.9y) = 0——"-"""""T-T""TF"—
FB\PT,Y) d2a | pr,y < U) |I'4FLF_.'J'|'4'Z]?|.!,|'

p-going (x~104)

Pb-going (x~102)

®0<ly 1<09

CM
B0a< I'_-,"____HI <1.5

#15<ly_ <193
EPS09 NLO + CEM (Vogt)




Once CNM effects are measured in pPb, 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 A, X Ry, similar x-coverage as PbPb

Hypothesis:

F..I I} clva i ETH
B 1 4 [[ALICE Inalusive Jhy—u’y
o-

0 1 2 3 4 5 B

T
o (GeVic)

CNM effects not enough to
explain PbPb data at high py

) Evidence for hot matter effects in Pb-Pb!
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Being more weakly bound than the 1/y, the y(2S) is an interesting probe
to have further insight on the charmonium behaviour in pA

Low energy y(2S) p-A results from NA50, E866 and HERA-B:

mid-y (Xg~0):

v(2S) suppression stronger than J/y

one, interpreted via pair break-up

- fully formed resonances traversing
the nucleus

E866 Collab., PRL 84 (2000) 3256

charmonium
formation time<crossing time

forward-y (high Xg): _ E866/NuSea
suppression becomes identical
- dominated by energy loss

800 GeVp+A-—>Jy

charmonium
formation time>crossing time

Roberta Arnaldi CONF12 August 30t 2016



- T T T T
ALICE, p-Pb \'s,,= 5.02 TeV
2_Ir‘m:lmai'\.fc? Jhy, y(2S) — '

203<y <353
@ centrality-analysis
L O pT-anaIysis (JHEP 06(2015)55)

PHENIX d-Au {sy,= 200 GeV |y__|<0.35
PRL 111 202301(2013)

-446<y_ <-2.96
m centrality-analysis
O JL}'T—analy,.fsis (JHEP 06(2015)55)

D. McGlinchey, A. Frawley and
R.Vogt, PRC 87,054910 (2013)

Forward-y: 1. << 1;
interaction with
nuclear matter
cannot play a role

Roberta Arnaldi

2x102%  3x107°

Backward-y: 1. < 1
indication of effects
related to break-up
in the nucleus?

CONF12 August 30t 2016



QGP+hadron resonance gas (Rapp) or comovers models (Ferreiro)
reasonably describe both J/y and y(2S) suppression at RHIC and LHC

s=200 GeV

+P+Au — Ferreiro
comover

+p+AI — model
{;d-rAu PRL 111 202301 (2013)

midrapjdity point |

T
PH ENIX
preliminary

+15.6% global uncertainty on
forward/backward rapidity points
+16% global uncertainty on

0 1

2
rapidity

ALICE, p-Pb {sy=5.02 TeV, inclusive J/y, y(2S)—u*yw
n Jy

e y(29) Jy
w(28)

ers (E. Ferreiro, Phys.Lett. B749(2015),98)

QGP + HRG (X. Du et al., arXiv:1504.00670 + priv. comm.)

J/y

- small
suppression
beyond CNM
effects

d+Au |s,,=200 GeV  y|<0.35 —

o v

] J"lll! .

0.8F
0.6;—
0.4—
0.2- dAu RHIC

2% 6 8 10
Ferreiro, PLB 749(2015)98

Roberta Arnaldi

D2

y(2S)
- strongly

=2 Jihy A=0.75-2.0GeY
— v A=2GeV
= W A=2GeV T2

—=— 2011 PHENIX Jiy
—e— 2013 PHENIX v

dAu 200GeV |y|<0.35

W A=2GeV Toopx2 Tygx2

affected by
comovers due
to its larger size

.1 dAuRHIC

- comovers
more important
in the A-going

“1Du etal. » 4

CONF12

direction
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|IIl|l.J

ALICE PRELIMINARY, p-Pb {5,,= 5.02 TeV, Jiy, y(2S) — p'y
n

Similar suppression trend
® 203<y <355 W 446<y <-296 observed versus centrality, by
PHENIX, d-Au \(s,,= 200 GeV, Jiy, w(2S) - e'e 8 both ALICE and PHENIX

v |<0.35 (PRL 111, 202301(2013))

.JIJIIL.J

QGP+hadron resonance
gas (Rapp) or comovers
models (Ferreiro) describe
the observed suppression

QGP+HRG (Du et al.), 2.0
[ QGP+HRG (Du et al.), -4.48 «
— Comovers (Ferraira), 2.03 <y
— Comovers (Ferreirg), -4
1 1 1 - 1 L - 1 L

2
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~ CMS pp Vs = 2,76 TeV
= o T(28)T(18)
T{38) (18}

Y(nS)/Y(1S)

CMS pPb |5, = 5.02 TeV 3
® TES)T1S)
" YASIT1S)

Iy, J< 193

pPb
pPb

1 1 1 1 1 1
an mne 120 140

Ntracksmlﬂ"‘ [GeV]

« Y(nS)/Y(1S) ratios fall with

event-activity

CMS

- |s the multiplicity affecting the Y(nS)?

- Are the Y(nS) produced differently with

multiplicity?

C CMS pp Y5 = 2.76 TeV

Y(nS)/Y(1S)

JHEP 04 (2014)

103
TTTT |:
CMS pPb |5, = 5.02 TeV 3

® T(ES)T(1S)
= T(IASNT(1S)

T(2S)YT(15)
T(35)T(1S)

v, ) <193

pPb
pPb

i i le e b sl va o Lo
15 20 25 30

ErInl>4 [GeV]

) +1

HF Y HF
[-5.2, -4] [-1.93, 1.93] [4, 5.2]

Nr_r-::'l_kh
[-2.4, 2.4]
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<L
ALICE Preliminary 2 ALICE: Pb-Pb ys, =276 TeV, L

B Ichsve T8 wpp, 26« pe 163 1.2

=69 ub”

int

276TaV

Inclusive T(18), 25 <y <4, P> 0
1

A. Emerick et al_, EPJ A48 (2012) 72

0.8
[ Total 7] Primordial == Regenerated

0.6

04

i
i

0.2

— Emerick ot al, EPUJA 42{3013172
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ALICE: Pb-Pb 5 = 2.76 TeV, L, = 69 ub’

Inclusive T(18), 25 <y <4, P> 0

&
I.l.l

M. Strickland, arXiv:1207_5327
Boost-invariant plateau  Gaussian Er{:ﬂle :F
smdmn/s =3 - 4nny/s =

4mys =2 dmn/s =2
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