Roberta Arnaldi
INFN Torino




Overview of recent/new results on charmonium and bottomonium

production in pp, p-A and A-A collisions from RHIC to LHC energies

11 talks + 10 posters on quarkonium experimental results
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Quarkonium production
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high luminosity and energies
complementary results due to

. different kinematic coverages

of the experiments
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J/¢¥ SUPPRESSION BY QUARK-GLUON PLASMA
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Fakultat fir Physik
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ABSTRACT

If high energy heavy ion collisions lead to the formation of a hot quark-
gluon plasma, then colour screening prevents ¢ binding in the deconfined
interior of the interaction region. To study this effect, we compare the
temperature dependence of the screening radins, as obtained from lattice
QCD, with the J/4 radius calculated in charmonium models. The feasibil-

ity to detect this effect clearly in the dilepton mass spectrum is examined.

3
‘We conclude that J/# suppression in nuclear collisions should provide an

unambiguous signature of quark-glion plasma formation.

‘This manuscript has been authored under contract number DE-AC02-78CHO00018 with the U.S. Depart-
ment of Energy. Accordingly, the U.5. Government retains a non-exclusive, royalty-fres license to publish or
reproduce the published form of this contribution, or allow others to do so, for U.S. Government purposes.

T.Matsui and H.Satz, Phys.Lett.B178 (1986) 416

Quarkonium is a QGP thermometer

Roberta Arnaldi

2SSIORN...

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 )

v(2S) J/y Tr@s) -

T<T.
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PHENIX, Phys.Rev C91, 024913

Quarkonium is a QGP thermometer

Roberta Arnaldi

25SIoN...

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 2

v(2S) J/v Y(1s)

T>>T,
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Abination

(Re)combination

increasing the collision
energy the cc pair
multiplicity increases

enhanced quarkonia
production via
(re)combination at
hadronization or
during QGP phase

P. Braun-Muzinger,]. Stachel,
PLB 490(2000) 196

R. Thews et al,
Phys.Rev.C63:054905(2001)

Roberta Arnaldi

Central AA SPS RHIC LHC
collisions 20 GeV | 200 GeV | 2.76TeV

>

Sequential
melting

J/y production probability

energy density
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on top of mechanisms related to hot matter, other cold matter

effects might affect quarkonium production

nuclear parton shadowing/color glass condensate

energy loss

cc in medium break-up

investigated

" in p-A (d-A)

collisions

interpret quarkonium A-A results

The assessment of the size of these effects is fundamental to

Roberta Arnaldi Quark Matter 2015 October 2 2015
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hot matter

effects:
regeneration vs
suppression

A-A

=
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p-A

cold nuclear

matter effects:
shadowing/CGC,
energy loss...
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hot matter

effects:
regeneration vs
suppression

A-A

=
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warm/hot

cold nuclear

matter effects: r]:catter? hot matter
shadowing/CGC, errects: effects:
| hadronic "=
SNETGY 10SS... gas regeneration vs
(comovers), suppression

partonic
matter A A

=
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pp as testing ground for quarkonium production mechanisms

results now cover a large Vs range
very high p;reached (ATLAS and CMS up to ~100GeV/c)

CMS, PRL 114,191802(2015)

CGC+NRQCD
D

p+p @ 500 Gev B. Trzeciak
& STAR J/y—e'e, |y|<1
NLO NRQCD: prompt J/ v

STAR
Vs=500GeV

v § =0.2 TeV for RHIC
+/§ =7 TeV for LHC

-

—h

d Eﬂ'..'{]p | fdy (nb/GeV)
T

=

Bx1/(2np_)xd%o/(dp_dy) (nb/GeV/c)>

p1(GeV) 6 B 10 12 14 16 18 20 22
Ma et al. PRL 113 (2014)192301 p_ (GeVic)
NLO NRQCD _ NLO NRQCD describes STAR
—> describes production for p;>4GeV/c results @ Vs= 500 GeV
CGC+NRQCD (pr>4GeV/c)

—> description of the low p; range

Shao et al. JHEP 1505 (2015) 103
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pp as testing ground for quarkonium production mechanisms

results now cover a large Vs range
very high p;reached (ATLAS and CMS up to ~100GeV/c)

CMS. PRL 114.191802(2015)

, CGC+NRQCD
v § =0.2 TeV for RHIC NLO NRQCD
+/§ =7 TeV for LHC

LHCb
Vs=13TeV

T

dea/dp | /dy (nb/GeV)
do/dp_ [nb/(GeV/c)]

—¢— LHCD prompt J/y, 2.0< y <4.5
NRQCD. 2.0< y <4.5

(GeV) . T/ 10-- ~ N7/
Ma et al. PRL 113 (2012)192301 pT(__J..'-- W) [GeV/c]
NLO NRQCD _ NLO NRQCD describes high p;
- describes production for pr>4GeV/c  4ata up to the LHC top energy
CGC+NRQCD (Vs= 13 TeV)

—> description of the low p; range ,
LHCDb, arXiv:1509.00771
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suction at

sl

PEIEII“TE{} (Se=193 GeV in central U-U collisions:

AutAu |5 =200 GeV 1) stronger suppression
due to color screening

. [[},964 1\";“-?.--_\1***_“*"“) N, scaling 2) J/w recombination
; : favoured by 25%
0.964 T\UT N-&uﬁm N Scalln )
[ : 30 — g <5 larger N, in UU
oL o stat _ pr2
Centrality [%] N VAV N¢~ N¢ coll

‘ results slightly favour N2, scaling & dominant (re)combination
over suppression when going from central U-U to Au-Au collisions

quantitative comparison depends on the choice of the uranium
Woods-Saxon parametrizations

PHENIX, arXiv:1509.05380
Roberta Arnaldi Quark Matter 2015 October 2 2015




Inclusive Jiy — 1, Pb-Pb |s,, = 2.76 TeV and Au-Au |s,, I ow pT J / \lj
||
B ALICE (arXiv:1311.0214), 2.5<y<4, 0<p_<8 GeV/c global syst.= + 15% P H E N I X A Ll E
4 T VS. @

[] PHENIX (PRC 84(2011) 054912), 1.2<[y|<2.2, p >0 GeV/c  global syst.= + 9.2%

in spite of LHC larger energy densities,

stronger J/y suppression, vs centrality,
in PHENIX, with respect to ALICE,

similar trend observed both at forward
at mid rapidity

100 150 200 250 300 350 400

N
( part> ALICE PLB 734 (2014) 314,arXiv:1505.08804

-
PLPD Preliminary |5, = 276 TeV h lg h pT J / \I]
m CMS: prompt JAy STAR C M S
Iyl <24 VS °
6.5 < P, < 30 GeVic

opposite J/y behavior compared to low-p;
results

> suppression stronger at higher s, as
expected from QGP dissociation

50 100 150 200 250 300 350 400
N, CMS PAS-HIN-12-014

Roberta Arnaldi Quark Matter 2015 October 2"d 2015




Inclusive J/y — 4w, Pb-Pb | s, = 2.76 TeV and Au-Au |5,
W ALICE (arXiv:1311.0214), 2.5<y<4, 0<p <8 GeV/c global syst.= + 15%
[J PHENIX (PRC 84(2011) 054912), 1.2<y|<2.2, p >0 GeV/c ~ global syst.= £ 9.2%

150 200 250 300 350 400

N 0

part

Au+Au @ 200 GeV

+ STAR JAy—piy, lyl < 0.5, p, >4 GeV/c
@ STARJ/y—e'e, lyl<1, P, > 5 GeV/c
—a— Liuetal, P, > 5 GeV/c
-e+- Zhaoetal., P, > 5 GeV/c

Nal‘l

PHENIX vs. ALICE [1OW Pr3/v

in spite of LHC larger energy densities,
stronger J/y suppression, vs centrality,
in PHENIX, with respect to ALICE,

similar trend observed both at forward
at mid rapidity

ALICE PLB 734 (2014) 314,arXiv:1505.08804

STARvs. cms | high pt 3/vy

New STAR results based on MTD
(J/w = pu) confirm suppression in
central collisions observed in the
dielectron channel R Ma

Roberta Arnaldi Quark Matter 2015 October 2"d 2015




al

R.Ma

STAR preliminary
Au+Au @ 200 GeV
O O Jdiy—se'e, ly| <1
@ Jy—-p, lyl < 0.5

‘ J/y suppression stronger

: Pr

g

¥

B similar p; dependence
observed in the dimuon
and dielectron decay
channels

STAR PLB722(2013)55

STAR PR90(2014)024906

Liu et al. PLB678(2009)72

Zhao et al. PRC 82(2010) 064905

<pr> increases from pp to AuAu

Roberta Arnaldi Quark Matter 2015 October 2 2015




Evolution of j/y <p;,

ALICE inclusive Jiy — p*u, 2.5<y<4 .

B Pb-Pb \sy, = 2.76 TeV, global syst. = 4% r . (pT> AA
JAVAN ( 2 >

PT/pp

raa Centrality evolution
strongly depends on s

PHENIX inclusive Jiv — p'u, 1.2<|y|<2.é"m‘"‘""“"'-'x-.fs._.
® Au-Au and Cu-Cu |'s, = 0.2 TeV, global syst. = 3%

NAS50 inclusive J/y — ', O<y<1 decreasing Fan trend,

& Pb-Pb |s,, = 0.017 TeV, global syst. = 3% 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

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

Roberta Arnaldi Quark Matter 2015 October 2 2015
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7z
a

Z

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

ALICE, Pb-Pb ..m =276 TeV
25 . < f
- < (0.3 Ge

0=p; Vic, global syst=+15.7 %

— + 0D3= pr< 1 GeVic, global syst=+15.1 %

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

Common global syst = =

50 150

200

250

J/Y

if excess is “removed” requiring pr

> ALICE R,, lowers by 20% at maximum (in the

most peripheral bin)

Roberta Arnaldi

Quark Matter 2015

G. Martinez

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

m behaviour not predicted by
transport models

Raw counts per 0.1 GeV/c
; "

>0.3GeV/c

rn;h jto- |:r chn—dJ W

04 08 08

02 12 14 16 18

p ||1 .\:H |
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y(ZS

) in AA collisions

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

0 50 100 150 200 250 350 400

Du and Rapp arXiv:1504.00670Npart
(25)

Fw-y, 3<p;<30GeV/c > Ri/qlp < R,ZPA

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

Mid-y 6.5<p;<30GeV/c > R££¢> R;pézg

ﬂ stronger suppression of weakly bound
y(2S) with respect to J/y

CMS, PRL 113(2014) 262301 Y Klm

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

—4— O=p Wi Qi Vie
e 2 L\ e B Vie

150 250 S00 350 400

Chen et al. PLB726(2013)725 (N
Fw-y, 0<p<3GeV/c > R)}¥ > RY

# ALICE trend in agreement with
transport models and with
statistical hadronization approach

H. Pereira da Costa ALICE arXiv:1506.08804

Roberta Arnaldi Quark Matter 2015 October 2 2015




Y(ns) production in AA

Reanalysis of 2011 CMS data:
improved reconstruction
high statistics pp reference (x20)

M. Jo

1.8 CMS T(15), PLB 735(2014) 127
: : Preliminary » Y(1S), PLB7
confirm t.he centrality dependent 6F-u Y015, 124 STAR UsUyag =198 GaV, i<
suppression for Y(1S) and Y(2S) o Y(2S)lyl<24 % Y(1S) Preliminary

ﬂ Sequential suppression
observed at LHC:

Y(35) Y(ZS) Y(lS)
R, <R,:* <R

RAA(Y(1S))= 0.43+0.03+0.07
RAA(Y(2S))= 0.13+0.03+0.02
RAA(Y(3S))< 0.14 at 95% CL CMS, PRL109 (2012) 222301 and HIN-15-001

STAR, PLB735 (2014) 127 and preliminary U+U

Y(1S) suppressed also in central Au-Au and U-U collisions at RHIC

Roberta Arnaldi Quark Matter 2015 October 2 2015
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A
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Y{ns)

Reanalysis of 2011 CMS data:
improved reconstruction
high statistics pp reference (x20)

1.8

Feed-down from excited states
seems not enough to explain the
observed Y(1S) suppression

e 0.35

g LHCb, 2.0 <y <45

E 0.3 o CMS, lyl <2.4,36 pb”
2 e CMS Preliminary

g 0.25 = ATLAS, Iyl <1.2

S

o™
5]

%,(2P)

7,(3P)

e g AR REBRE Gt e & o ®

Y(3S) 4

H. Wéhri, QWG2014

Roberta Arnaldi Quark Matter 2015

Uction

In

M. Jo

CMS

Preliminary
Y(1S), ly| < 2.4

o Y(28) |yl <24

7 T(18), PLB 735(2014) 127
STAR U+Uys,, = 193 GeV, |y| <
% Y(1S) Preliminary

MM

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

October 2" 2015




uction IR

PbPb 166 ub™, pp 5.4 pb” Sy = 2.76 TeV |. Das, M. Jo
T T T T I T T T T I T T

i 1 PbPb 166 ub™, pp 5.4 pb™ \ S = 2.76 TeV
i _CMS _I o T T T T '| I T T T '| T T T T NlhlI T T T T |

_ Preliminary ALICE (PLE 738 (2014) 361) | CMS Strickland et al, .
- Y(1S) by ] it iy o
. - Prelimina

- Y(2S) by CMS ALICE v

e . — 4mjs =1 .

| Strickland et al., arkiv:1507.03951 Y{ 2 S ] arXiv:1507.03951 I

III|'|II

4mys =3

T = Tk

L | '
=) no p; or y dependence of the 1o ﬁoo 300

Y(1S) and Y(2S) suppressions

m) new CMS Ry, closer to
ALICE forward-y results

Part

ﬂ models reproduce the p; and
centrality dependence. Rapidity
description still needs tuning

Roberta Arnaldi Quark Matter 2015 October 2 2015






backward- forward-

ALICE, p-Pb \s, = 5.02 TeV ALICE, p-Pb |'s, = 5.02 TeV ALICE, p-Pb \5,, = 5.02 TeV
inclusive J/y—pu” ’ inclusive Jiy— e*e” ’ inclusive J/y—p*u
-446<y <296 N S N et 1.37<y, <043 2.03<y <3.53

P T I e S oy o

“*fPb-going

PS08 NLO (Vogt)
=" EZIGGC + CEM (Fujii et al.)
EPS09 NLO (Vogt) EPS09 NLO (Vogt) C CEM (Ducloug et al.)
[7]ELoss with qa=0.075 GeV¥fm (Arleo et al.) CGC (Fujii et al.) +NF -)2_
EPS09 NLO + ELoss with g,=0.055 GeV¥fm (Arleo et al) : [ Eloss with g,=0.075 GeV¥fm (Arleo et al) - 0SS Wi V*/im (Arleo et al.)

— Mult. scatt. (Kang et al.) EPS09 NLO 4 Eloss with g =0.055 GeVfm (Arleo ¢ al.) LD s o008 GeViim (Areo etel)

J/v production strongly depends of on y and p;

backward-): R 5 ~1, negligible p;r dependence
. . ATLAS Preliminary
forward-y. RpA increases with p; ' p+Pb i =5.02 TeV

mid-y: small p; dependence, R, ~1 for p>3GeV/c
(ALICE) and slightly larger for p>8GeV/c (ATLAS)

ﬂ shadowing and coherent parton energy loss
models reasonably describe the data
ﬂ agreement with CGC depends on implementation

p, 1GeV]

Q. Hu, M. Leoncino

Roberta Arnaldi Quark Matter 2015
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ALICE, p-Pb SNN =5.02 TeV, inclusive J/w

. -4.45::}{:"_' <-2.96, Pb-going direction . 2'63‘:}’.:.—.1:.-‘:3'53 p-going direction

CGC + CEM (Ducloug et al.)

] Eloss (Arleo et al.) ALICE

41 EPS09 NLO + CEM (Vogt et al.)
= EPS09 LO no comovers (Ferreiro)
= EPS09 LO + comovers (Ferreiro)

J/v production is investigated vs. centrality
ALICE: & o AT
mid and fw-y: suppression increases with centrality
backward-y: hint for increasing Q5 with centrality

Shadowing and coherent energy loss models in fair
agreement with data

ATLAS
Flat centrality dependence in the high p; range

Roberta Arnaldi Quark Matter 2015 Q. Hu, M. Leoncino



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

’ gje(ﬁ%inary + LHCb., \I|K= 5 TeV
. . —$— ALICE. \{S,, =5 TeV
‘ y(2S) suppression stronger than 2 pPb |5y, =5 Tov —F ALICE ;QSELL‘M

the J/y one at RHIC and LHC

- unexpected because time spent | .
by the cc pair in the nucleus (t.) | *T{“
Is shorter than charmonium F p,<14Gevic
formation time (ty) “F incuusive vezs)

- shadowing and energy loss,

. c (s=200 GeV .
almost identical for J/y and forau PHENIX

preliminary

v(2S), do not account for the 5 erA
different suppression b d+Au PRL 111202301 (2013)

+15.6% global uncertainty on

M.Brooks T. Frawley, M. Leoncino, Z. Yang ' forwardbackward rapidity points

+16% global uncertainty on
midrapjdity point
ALICE, JHEP 1412(2014)073, LHCb-conf-2015-005,PHENIX, PRL 111 (2013) 202301

Roberta Arnaldi Quark Matter 2015 rapidity




T IR L M. Leoncino

N L] L] I. I L] L] L] I I
F Inclusive Jiy, w(28) — u'w ALICE Preliminary F Inclusive J/y, w(28) — n'u ALl
E p-Pb {5=5.02TeV, 446 <y_ <-2.96 F p-Pb {5,=5.02TeV, 2.03 <y __<3.53

= CEM + EPS09 NLO (Vogt et al.) A Ll C E 8F CEM + EPS09 NLO (Vogt et al.)

- [ ] ELoss (Arleo et al.) L [] ELoss (Arleo et al.)

[~ ==nm Jiy: EPS09 LO (Ferreiro) ] [ ==sar J/y: EPS09 LO (Ferreiro)

[ = J/y: EPS09 LO + comovers (Ferreiro) "7 [ s J/w: EPS09 LO + comovers (Ferreiro)
I —— y(25): EPS09 LO + comovers (Ferreiro) [ —— y(28): EPS09 LO + comovers (Ferreiro)
F Jhy: QGP+HRG (Du et al.) T Jhy: QGP+HRG (Du et al.)

- EEE w(2S): QGP+HRG (Du et al.) . - w(28): QGP+HRG (Du et al.)

= o J/y (arXiv:1506.08808) mw(2S)

PR T T A T N R B B
2 4 6

QGP+hadron resonance gas (Rapp) or . rort o

5[ Glauber (w, = 0) naPU sy =502 TeV
15<y* <15
10< P < 30 GeV

comovers (Ferreiro) models describe
the stronger y(2S) suppression

Consistency between ALICE and
ATLAS results?

It would be useful to have theory
prediction for the higher p; range

Roberta Arnaldi Quark Matter 20
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PP
N

PRL 111 202301(2013)

@ 203<y__<353
. @ 446<

cms

f[ GV (2S) / O.J ,-"'q!]

centrality-analysis

]pr

[ GV (2S) / G"L W

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

Roberta Arnaldi

ersus crossing

PHENIX d-Au {Sp= 200 GeV |y ___|<0.35

p-analysis (JHEP 06(2015)55)

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

Inclusive J/y, w(2S) — n'n

R0
(Bzy)

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

Tc

M. Leoncino

2%1072 3x10?

(t.) (fm/c)
Backward-y: 1. < 1

i indication of effects
related to break-up
in the nucleus?
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ATLAS Preliminary

p+Pb |5,y = 5.02 TeV

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

‘ Weak CNM effects on Y(1S)

g LHCD, ).
4ALICE. Y(18), p_

Y(1S)—>p'w ATLAS Preliminary
Glauber (o, =0) p+Pb s, =5.02 TeV

) Y(1S) R, consistent with unity | I

and rather flat versus centrality

4 Data (Stat. Uncertainty) ly*l<1.2, p <40 GeV
O Data (Syst. Uncertainty) <Npar>, <T ,pp> Uncertainty
o Data (No Bias Correction) Interpolation Uncertainty

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

Roberta Arnaldi Quark Matter 2015 October 2 2015




® |y <193L=31nt" :
- ¥ 95% upper lim
CMS,JHEP04(2014)103 PRL 104 (201
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Y(2S)/Y(1S) Y(3S)/¥(1S5)

CMS:
excited states suppressed with
respect to Y(1S)
Initial state effects similar for
the Y(ns) states
- Final states effects at play?

Y (25+3S)/V(18)]

oFb

[V(2S+3S)/V(19)]

0<p_<40 GeV ATLAS Preliminary

p+Pb (5, =5.02 TeV

pp V5 =276 TeV

Y(2S+3S)
Y(1S)

ATLAS:

no strong y (and p;) dependence
agreement with CMS within
uncertainties

M. Jo, Q. Hu
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Conclusions

New results on quarkonium in pp, pA and AA shown in QM:

pp &@®
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p+p collisions @ 500 GeV

¥ STAR: J/y—p*y’, |y|<0.5, pr::-ﬂ GeVlc
»x STAR: J/y—e'e, |y|<l, pT:nl GeVic
... PYTHIAB.183 default: p =0 GeV/c

... PYTHIAB.183 default: p T::-I-I GeVic

Percolation model: p ~0 GeV/ic

STAR preliminary

STAR deta points
+1 3% ong-sided erpor along both x- apd y- direction

3.5 4 4.5
Event activity

uction IR

Stronger than linear increase for
pT>4GeV

Possible interpretations: multi parton
interactions (MPI) or percolation
Similar trend observed in pp at
Vs=7TeV

p+p collisions

x STAR 500 GeV: Jhy—pw', lvl<0.5, pT:-ﬂ GeVic

x STAR 500 GeV: Jiy—e e, [y|=1, pT.--4 GeVic
ALICE 7 TeV: Jiy—e'e, |y|<0.9, pT:-l] GeVic

@ ALICE 7 TeV: D meason, |y|<0.5, Ecpr-:tl- GeVic

STAR preliminary

e E’ STAR data poinis
+1 7% ong-sided erpor along both x- and y- direction

1.5 2 2.5 3 3.5 4 4.5
Event activity




CMS preliminary y(18)
STAR J/y 500 GeV, |y|=1 5[ HXframe

STAR Jiy 200 GeV, |y|<1

PHENIX J/y 200 GeV, |y]<0.35

CDF 1960 GeV, |y|<0.8

GME 7000 GEV_, |!|'|-=ﬂ'5 X a] 10<p_|_¢15 GeV
LHCb 7000 GeV, 2<y<2.5 . » 15<p <35 GeV
ALICE 7000 GeV, 2.5<y<4

Global Uncert., 10 <p_< 15 GeV
Global Uncert., 15 <p <35 GeV

STAR Preliminary
0.01 0.02 0.03 0.04

Same trend in Ys=200 and

new STAR 500 GeV results Y polarization in pp at Vs= 7TeV:

_ no trend observed as a function of
Common XT scaling towards the charged particle multiplicity
negative A0

xT = 2pT/vs No changes in the production
process between low and high
multiplicity
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Uranium g strization

Effect of U deformation model

The parameters for set | are significantly different in their surface diffuseness:

Parameter set 1
R (fm) 6.81
a (frm) 0.6

i 0.28
G4 0.003

Larger surface diffuseness for set | results in a less compact nucleus, a larger reaction
cross section by 12%, and Ny values that are smaller by 6 - 15%

Set 2 Set |

Ad
Ad

'Jfllpl—;ui.l |
PHENIX 1 2<lyl<2 2

e+ | 5,5, =193 GeV (gl. sys. 8.1%)
pp reference: {3=200 GeV = 0964
Deformed Woods-Saxon parameter set 1 |

B AUHAD | 5,,=200 GeV (gl. sys. 9.2%)

QEQ[@ g

B H g

——
Jhp—un
PHENIX 1 2<lyl<22
* U+ 5,,,=193 GeV (gl. sys. 8.1%)
pp reference: {3=200 GV = 0.964
Deformed Woods-Saxon parameter set 2 |
2 Au+Au |5,,,=200 GeV (gl. sys. 92%) |

_ (a)
|

._
=]
—T—
—_
(=]
T

: @

m
1 PR [ TN R S SN AN TR TR SR S '

300 200 300 400
Number of Participants Number of Participants

Nuclear Modification Factor, R
o]
%5

Nuclear Modificanion Factor, R
=
[*4




Inclusive J/y — p*w, Pb-Pb \s,, =2.76 TeV

B ALICE, 2.5<y<4, p <8 GeV/c global syst.= + 15%

150 200 250 300 350 400

(N0

part

Inclusive J/y — e‘e’, Pb-Pb \Sp = 2.76 TeV and Au-Au \Sun = 0.2 TeV

® ALICE (arXiv:1311.0214), |y|<0.8, p >0 GeVie global syst.= + 13%

© PHENIX (PRC 84(2011) 054912), v|<0.35, p >0 GeV/c

$ @ALICE[H
HHMM

global syst.= + 12%

PHENIX

100 150

200 250 300 350 400
(N 0

part

PHENIX vs. ALICE MOMWSPpT3/

agreement with models including J/y
(re)combination in QGP or in the
hadronic phase

ALICE PLB 734 (2014) 314,arXiv:1505.08804

PHENIX vs. ALICE HMOMSP=/A

similar trend observed both at forward
at mid rapidity

ALICE PLB 734 (2014) 314,arXiv:1505.08804




® O ALICE, Pb-Pb, y/s,,=2.76 TeV, | ¥|<0.8
o A CMS, Pb-Pb |s,=276 TeV, |y |<2.4
global syst.= + 8% & PHENIX, Au-Au, |5,=02TaV, |y|<0.35

*u, Pb-Pb s, = 2.76 TeV and Au-Au ys,, =02 TeV

i Transport model (Zhou ot al., PRC89 (2014) 054911)
ansport model (Zhao et al., NPA859 (2011) 114)

Centrality 0-40% {(open symbol: 0-509%)

weaker J/y suppression at low pT in agreement with models
including J/y (re)combination in QGP or in the hadronic phase



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

', Pb-Pb |5, = 2.76 TeV and Au-Au |5, = 0.2 TeV —
e S Veum nelusive Jiy — 1, Pb-Pb |5, = 2.76 TeV and Au-Au {5, = 0.2 TeV

A4, 0-
global syst.= + 8%

. 7 5 [ | 1 IS E R . | | ’ L !
P (GeVie) i -— ‘ J 6 7 8

P (GeVic)

Il kB Zhao et al., Nucl.Phys.A859 (2011) 114
iVl Zhou et al. Phys.Rev.C89 (2014)054911

)
)

win Primordial Jiy  (TM

Model provide a fair description of the data, even if
=== Regenerated J/wv (TM

with different balance of primordial/regeneration
components

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

1
1

= Primordial JAy ~ (TM2)
== Regeneration J/hy (TM2)




J/v elliptic flow ]

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

- _ - - . ‘ . _ CMS Preliminary Prompt J/y
Aut+Au 200 GeV 0-80 % STAR preliminary ® ALICE (Pb-Pb \s,, = 2.76 TeV), centrality 20%-60%, 2.5 < y < 4.0 PbPb |55y = 2.76 TeV Cent. 10 - 60 %
=— Y. Liu et al., b thermalized

| AN R o ‘ | C <L, =150pub"
+ S 2 X nan et s vomaizss ALICE | " CMS
E

=|y| <24
o 16<|y| <24

#* Jhy—ptu vl = 0.5, Runl4
e Jhy—e'e |yl =1, Run10+11
O maximum non-flow

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



MR

_ (pf)an

Fan = 732
(pT>pp
ALICE,JHEP07(2015)051

Strong Vs-dependence as at
forward-y but less
pronounced centrality
dependence observed by
ALICE at mid-rapidity

2 Transport models, predicts a
ToIo ¢ larger rAA, with a stronger
centrality dependence

300 400 O 100 200 300 400
(N_) N

part’ part’



fg = non-prompt / inclusive

- _ JHEP 07 (2013) 051
ALICE Pb-Pb, ys,,, = 2.76 TeV - &— CMS 0-100% Pb-Pb, | §,,~2.78 TV
0.8~ 15<p_ <10GeVic, |y| <0.8 0.8 T AUCEOSIRPLAL. 152 T8 TRV
ALICE pp, 18=7 TeV
¥ ATLAS pp. v5=7 Te¥
0.6 0.6 *= GCMS pp, 1s=7 Ta¥

*  GDF pp, 15=1.96 TaV

0.4 0.4




v(2S) in AA collisions

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

Y. Kim, H. Pereira da Costa
ALICE |5,,=2.76 TeV , 2.5<y<4 ( arXiv:1506.08804 )
—— D«:pTc:S GeV/c

3<pT<8 GeV/c

CMS \s,,=2.76 TeV ( PRL 113(2014)262301)
—— 6.5c:pTc:3O GeV/c, |y|<1.6
3c:pT<:30 GeV/c, 1.6<|y|<2.4

# small tension, between ALICE and CMS, in the most central bin?
ﬂ behaviour sensitive to the involved kinematic ranges?

ﬂ Run-I11 will help to clarify this issue!

CMS, PRL 113(2014) 262301, ALICE arXiv:1506.08804
Roberta Arnaldi

Quark Matter 2015 October 2" 2015




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

g T T T I T T T T I T T T I T T T T

| Sy = 2.76 TeV
| [ 1 1 17T

< | J
<
o 145 CMS Eur. Phys. J. A48 (2012) 72 _ - CMS Strickland et al.,

- | Preliminary Y(1S) T(28) - 4 prafimi o AyTIYS = 3
if ] refimina ¥

I Bl B Frimordial 2 % e Ay =2
— dmys =1

ardiv: 1507035351 I

1.2 Regenerated
Y( 2S ) B B ot

1

, Nuc. Abs.
0.8

co by 1 I |

0.6

0.4

IIIVIIIITIIYI

0.2

0# WN—r P - 2
0 100 200 300 400
NPart
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An extrapolation of measured JAp in
UPC (b,=2Rp,,b,==) to 70-90%
{Nparp-ﬂ ) centrality class

( 5_1?4]-90%!bzm-gﬂf_:.-:a}’ provides a cross
section of ~40 ub. Good qualitative

(incoherent). ggﬁzn:int with the measured value

Photon from the Pb EM field
iInteracts with the Pb nucleus
(coherent) or with a nucleon




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 Ry, (R,4°), similar x-coverage as PbPb

Hypothesis:

m) Sizeable pr dependent
AP suppression still visible > CNM
o R @By, <6 x R A8y, < 200), (7= 602 ToU effects not enough to explain
R AA data at high py

we get rid of CNM effects with

AA /

eV
l=eviC|
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ALICE (JHEP 02 (2014) 073): inclusive J/y -y

T
Ly (-4.46<y_ <2.96)= 5.8 nb", L (2.03<y__<3.53)=5.0nb"
ALICE (JHEP 06 (2015) 055): inclusive J/y—e‘e’, pT:-D

L, (-1.37<y _m’<ﬂ.43}= 51 ub™"

global uncertainty = 3.4%

EPS09 NLO (Vogt)
| CGC + CEM (Fuijii et al.)
[l cGC + CEM (Ducloué et al.)
CGC + NRQCD (Ma et al.)
[ ELoss, qﬂ:ﬂ 075 GeV*/fm (Arleo et EI.}
[[] EPS09 NLO + ELoss, qU=D.055 GeVitm (Arleo et al.)
—— EPS09 LO central set (Ferreiro et al.)

-..- EPS09 LO central set + o, = 1.5 mb (Ferreiro etal.) AL' ( E

=« EPS09 LO central set + ¢, = 2.8 mb (Ferreiro et al.)

<15 GeV/c

n:a 1.8
1.6
1.4

1=
0.8
0.6
0.4
0.2

0

. Prompt

1.28% 8

M. Leoncino, Z. Yang

LHCb
Preliminary
pPb s, =5 TeV

=@— LHCh, prompt y(28§)
== LHCh, prompt J/y
EPS(O LO
EPS(¥ NLO
nDSg LO

3 — I-_' ](!xt\
\ LHCb --- E. loss + EPS09 NLO

\ .

. === Comover Phys. Lett. B749 (2015) 98
p.<14 GeV/c

4 -2 0 2 4

J/y production modified by CNM effects > £, , decreases at forward y

Theoretical predictions:

shadowing calculations and models including coherent parton
energy loss reasonably describe the data
agreement with CGC depends on the implementation

Roberta Arnaldi

Quark Matter 2015

October 2" 2015




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

E=200 GeV ALICE, p-Pb 'II’S_NN= 5.02 TeV, inclusive J/y, w(2S)—p'w”

TN r .
+p+Au — Ferreiro PH ENIX 6E = Jdy QGP + HRG (X. Du et al., arXiv:1504.00670 + priv. comm.)

f . ® i(2S) ,
comover Y J‘W
¢ p+Al — model preliminary vees)

{;dq-Au PRL 111 202301 (2013) _ ' - small

i suppression
beyond CNM
+15.6% global uncertainty on F effects

forward/backward rapidity points
+16% global uncertainty on
midrapjdity point |

0 1 2
rapidity

- strongly
affected by

e v . 6L (— J{q: .*_.=0.?5—2.0Ge\-" 1

. oy ] ub i g; ggg SRR comovers dug

ek Ol SRRl | to its larger size
- comovers

more important

in the A-going

direction

DAL RRE ST T T T T AU 200GeV [y|<0.35
d+Au \s,, =200 GeV [y|<0.35 —] ]

- dAu RHIC {1 .| dauRrHIC

22 e s 10 iz 16 19lDu etal. » 4
Ferreiro, PLB 749(2015)98
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ratio

ALICE PRELIMINARY, p-Pb {s,= 5.02 TeV, Jiy, w(2S) — p'w Similar s uppression tre n_d
® 203<y <353 W 446<y <296 observed versus centrality, by

PHENIX, d-Au {Sy,= 200 GeV, Jy, w(2S) - e'e both ALICE and PHENIX

¢ lv_|<0.35 (PRL 111, 202301(2013))

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




[ ALICE, p-Pb |8,,,=5.02 TeV, 446 < y__<-2.96 " ALICE, p-Pb |5,,=5.02 TeV,2.03< y__<3.53

EPS03NLO + ELoss with g =0.055 GeVviim (Areo et al) I < EPS09NLO + ELoss with g =0.055 GeVviim (Arleo et al)
/4177 ELosswith g =0.075 GeV'iim (Arleo et al)
EPS00 NLO (Vogt)

/7477 ELosswith g =0.075 GeV'iim (Arleo et al)

EFS00 HLO (Vogt)
A Wiy i
* w(2s) S SRR e b

s 5
R

i .j.'1+r

J.I-IIIIIIIIIIIIII

W
o

T T TSR T
Ay

1 2 3 4 5 6 7 8 1 2 3 4 5
p_(GeVic)
Backward-y Forward-y

]
o




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




Forward to backward ratio Rz in @ common y range forward
- easier to evaluate wrt RpA, since no pp reference Y]/\p

is needed Rpp = ybackward
- but less straightforward to interpret J/V

Comparison of RFB results

between experiments is not

straightforward:

1) CNM effects have a strong
rapidity dependence

2) kinematic ranges explored
by the experiments are
rather different




T

-Pb |s,,= 5.02 TeV, inclusive Jy—u'y, 2.96 < 1Y eme | < 3-53

: _

o«
NN
TT Ty T

[C] EPS09 NLO (Vogt)

ELoss, q,=0.075 GeV/fm (Arleo et al.)
EPS09 NLO + Eloss, q,=0.055 GeV/fm (Arleo et al.)

2 4 6 8 10 12

o
[

o
QT

P, (GeVic)

'

ATLAS Prompt Jiy
2013 p+Pb, 28.1 nb”’ ly*] < 1.94
\Sp= 0-02 TeV

a0 Data

0.4
mm EPS09 NLO (arXiv:1301.3395)

0.2
coeoe o o b oy oy by g Ly

S R R
ATLAS, PRC 92(2015)034904

o
L o

° o
L ;]
NTT

et
[*)

=]

-

T T T I T T
—&— LHCb, Prompt J/y

—m— LHCb, J/y from b
25<|y|<4.0

pPb |s,, =5 TeV

i

o

Prompt J/y
EPS09 NLO
— E.loss
-——- E.loss + EPS09 NLO

o

=

5

CMS preliminary 346 nb™" (pPb 5.02 TeV)

Prompt Jiy

*0<y,|<09

®09<ly_|<15

4+ 15< IVl < 193

2 4 6 8 10 12 14 16
pT [GeVic]




MRS Y

LHCD
Preliminary
PPD Y5, =5 TeV

Wi, Prompt

EPS09 LO

—@— LHCh, prompt wi25) 5 ok LHCDb —— LHCh. w25} from & & LHCb ’_ LHCD, inclusive w25)
s e P P - A, e L
== LHCh, prompt J/y . Preliminary e LHCh, £ Tromm & Preliminary I

- BF pPb ys,, =5 TeV B PPb {7, =5 TeV == LHCb. inc
EPS0E NLO -
_ ; —— ALICE, inclusive (25)
fromb

e _ 2 Inclusive
mmim Floss + FRSOG NLO o l_ .
A i ol T ] -
. _]L - |

EPS09 LO
nD&g LO

P, < 14 GeVic

4 -4 2 4

Phys. Rew. 88 (2013) 047901 E;’SOQ LO \.'

EPS09 NLO Int. J. Mod. Phys. E22 (2013) 1330007 — nDSg LO Nucl.Phys.A926 (2014) 236

nDSg LO
—— E. loss

Phys. Rev. C88 (2013) 047901
JHEP 03 (2013) 122

= Comover Phys. Lett. B749 (2015) 98

———-- E. loss + EPS09 NLO JHEP 03 (2013) 122
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) %_I -EI]I'-.:1$ nlp\'E-E.TE TeV  CMSpPb 'Lffml'ﬁ'l':'é ;E""I I—% JHEP 04 {2014)

T(2S)1 (1S} ® TES)T1S)

103
NN LR I I [rrrri

T(3S)T (13} " YESYT(1S) 1 - OMSppi5=276TeV  CMSpPb|S, =502TeV 3
. = © T(28)T(1S) ® 72515
le"" 1.83 ] B O TESITHS " YESNT(1S)

Y(nS)/Y(1S)

|',"EM| <183

pPb SR
pPb + pp

pPb
pPb

11 [ S W T N AN MO M AN O R
&0 B0 100 120 140
lisoiliviilig Ll i

Ntracksmlﬂz'd' [GeV] SR R
ErInl>4 [GeV]

« Y(nS)/Y(1S) ratios fall with  cms

. — +
event-activity 1 i

HF Y HF
- Is the multiplicity affecting the Y(nS)? [-5.2,-4] [-1.93,1.93] [4,5.2]

- Are the Y(nS) produced differently with [_;Ti]
multiplicity? T




