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Quarkonium production in p-Pb collisions
with ALICE

e Probing Quark Gluon Plasma and Cold Nuclear Matter with quarkonia

e First p-Pb measurements at Vsnn = 5.02 TeV: Jiy, w(2S) and Y(1S)

e Extrapolating CNM effect to Pb-Pb measurements at Vsan = 2.76 TeV: Ty

| A ALICE measures essentially inclusive quarkonium production

Inclusive J/y = 90% of prompt J/y (60% direct J/y + 30% from yc+ 10% from y(2S))
+ 10% of non-prompt J/y (from B hadron decay)
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Probing the Quark Gluon Plasma with quarkonia

Jhy
Properties of quarkonia
- bound states of heavy quark Q and anti-quark Q
stable and tightly bound
- heavy quark pair produced via gluon fusion in high energy hadronic collisions
- QQ produced in the initial hard partonic collisions (z = 1/ mq = 0.05-0.15 fm/c)
- details of hadronization QQ — J/y not well understood
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Probing the Quark Gluon Plasma with quarkonia

Jhy
Properties of quarkonia

- bound states of heavy quark Q and anti-quark Q
stable and tightly bound

heavy quark pair produced via gluon fusion in high energy hadronic collisions
- QQ produced in the initial hard partonic collisions (z = 1/ mq = 0.05-0.15 fim/c)
details of hadronization QQ — J/y not well understood

Quarkonium melting in QGP

- QGP = formed at high temperature and density, plasma of deconfined partons Th?
- at 7'>> 0, high density of colour charge in the medium induces Debye screening '
- at T'> Tp, melting of quarkonia

Matsui, Satz; PLB178(1986)
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Probing the Quark Gluon Plasma with quarkonia

Jhy
Properties of quarkonia

- bound states of heavy quark Q and anti-quark Q
stable and tightly bound

heavy quark pair produced via gluon fusion in high energy hadronic collisions
- QQ produced in the initial hard partonic collisions (z = 1/ mq = 0.05-0.15 fim/c)
details of hadronization QQ — J/y not well understood

Quarkonium melting in QGP
- QGP = formed at high temperature and density, plasma of deconfined partons Th?
- at T>> 0, high density of colour charge in the medium induces Debye screening '
- at T'> Tp, melting of quarkonia
Matsui, Satz; PLB178(1986)
r : quarkonium radius
Ap: Debye screening radius
Ap decreases with T’
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Probing the Quark Gluon Plasma

prompt JAy in pp = 60% direct J/y + 30% yc+ 10% y(2S)

Sequential suppression in QGP

=
. ; : : L = e e e
- since quarkonia have different radius and binding energy £ 1
— sequential suppression of quarkonium states E :
I
Karsch, Satz; Z.Phys.C51 (1991) 209 S i
2 :
- ;
2 i
£ a
= : .
—— | corona effect --+----=
I I
£(2S)/&(1P) £(1S)
Energy Density
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Probing the Quark Gluon Plasma

prompt J/y in pp = 60% direct J/y + 30% yc+ 10% y(2S)

v

Sequential suppression in QGP
- since quarkonia have different radius and binding energy
— sequential suppression of quarkonium states
Karsch, Satz Z.Phys.C51 (1991) 209

—

Regeneration in QGP
- total charm cross-section increases with energy
- c and ¢ combination in the QGP or at the phase boundary

— regeneration of J/y
Matsui (1987) Braun-Munzinger, Stachel PLB490(2000) Thews et al. PRC62(2000)

corona effect --

€(25)/e(1P) g(1S)
Energy Density

J/V Production Probability

- no/small regeneration expected for bottomonia

statistical regeneration

pp
Ngg  Ogqq
PP
inel

x N coll

event o

—

ALICE, JHEP 1207 (2012) 191

In most central RHIC LHC
collisions [0-10%] | 200 GeV |2.76 TeV

Ncc/event 13 115
Nuv/event 0.1 3

sequential suppression

J/W Production Probability

2S) / ¢(1P 1S
) %nergy Density 1)
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Probing the cold nuclear matter (CNM)

Jhy?
Initial state effects in heavy-ion collisions Joe)
- modification of the gluon distribution in the nucleon in a nuclear , .;‘f:
environment (nuclear shadowing, gluon saturation) ¢ .

v
v

- gluon energy loss
- gluon multiple scattering

K. Eskola et al., JHEP 0904:065 (2009)

| llllllll | llllllll | IIIIIIII i

. . . L. K 1.4 ;_ — glhl& vg;ﬂc,(NIl::g§09NLo
Final state effects in heavy-ion collisions > 12 |- - msewo) \
- heavy quark pair energy loss (can be coherent with initial state energy O 10 - . 5
loss) 2 [ _—'ﬁ:::_.-
- breakup of quarkonia by collisions with nucleons (nuclear absorption) 0.8 E """""
but expected to be small at LHC since the quarkonium formation time !l 06 -
is much larger than the crossing time of the colliding nuclei S 04
°‘Q;:~ 02 -
()() -.4 llHHJ 3|||1nM 211 nan 1|||nu
10 107 10~ 10 1
T
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Probing the cold nuclear matter (CNM)

Jhy?
Initial state effects in heavy-ion collisions Joe)
- modification of the gluon distribution in the nucleon in a nuclear , .‘;‘f:
environment (nuclear shadowing, gluon saturation) y '."

- gluon energy loss v

- gluon multiple scattering

K. Eskola et al., JHEP 0904:065 (2009)

| llllllll | IIIIIIII | IIIIIIII i

N/'\ 1.4 ;_ — This work, EPSOYNLO
Final state effects in heavy-ion collisions > 12 | - mwscio \
- heavy quark pair energy loss (can be coherent with initial state energy O 10 - L _,,_
loss) A T o
- breakup of quarkonia by collisions with nucleons (nuclear absorption) 0.8 E """""""""
but expected to be small at LHC since the quarkonium formation time I 06
is much larger than the crossing time of the colliding nuclei S 04 =
- 3 L
Q-Qf 02 |-
0.0 | | lIlIIlII | Illlllll | Illlllll Ly
Studying medium effects at LHC ot 107 107 107 1
- Pb-Pb collisions: QGP
- p-Pb collisions: CNM and reference for Pb-Pb £z

- pp collisions: reference for p-Pb and Pb-Pb
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Quarkonium detection in ALICE

Central barrel: [n| < 0.9
Tracking: ITS+TPC
PID: TPC

3253¢ Secondary vertex: ITS

- -
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Quarkonium detection in ALICE

ACORDE

( ABSORBER )

( TRACKING )

CHAMBERS

/ MUON
FILTER

ZDC
o ~116m from |.P.
g

4

Muon Spectrometer: -4 <n <-2.5
Tracking: 10 chambers

Hadron rejection: absorbers

J /I y2S)/ YAS) - p
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Quarkonium detection in ALICE

ACORDE

( ABSORBER )

( TRACKING )
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: o g T U t ) . — 7 ZDC
Triggers L\ Ve ' —_—
Minimum Bias a8 = , T 2> B

-VZERO scintillator hodoscopes

VOA 28<7<5.1
VOC -3.7<q<-1.7

Opposite sign dimuon

-Muon trigger chambers
MTR -4<n<-25

DIPOLE
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p-Pb measurements

Jan/Feb. 2013 data sample ®

- p (Ep=4TeV)+ Pb (Epp = 1.58 A‘TeV) collisions at ALICE
Vsnn = 5.02 TeV: center of mass shifted in rapidity in ‘
the proton beam direction by Ay = 0.465

- 2 beam configurations (p-Pb and Pb-p): two rapidity
ranges for the Muon Spectrometer

Fill: 3056

Muon Spectrometer 1n p-going side

Muon Spectrometer in Pb-going sid
uon Spectrometer in Fb-going side Forward rapidity: 2.03 < yems < 3.53

Backward rapidity: -4.46 < yems < -2.96
xpp=102-10"1 xpp =107 - 107
Mld-l'apldlty -1.37 < Yems <043

* Momentum fraction of probed gluons in nucleus x'pp = 1073
assuming 2—1 J/y / Y production mechanism
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Counts per 100 MeV/c?

p-Pb measurements

Triggers ‘é 0L p-Pb sy =5.02Tev
- Minimum Bias (VZERO) = oo L= 520" |
- 99% efficiency for non single diffractive events S [ yi<oo | | ppposte S
- p-Pb: Lint (-1.37 < yems < 0.43) = 52 pb"! S ol py>0eVe + o
- Opposite-sign dimuon (VZERO+MTR) § ' +++
- p-Pb: Lint (203 < VYems < 353) = 5.0 nb"! ©  1001— + +9i+++i+ii#+#ﬁl’iw+ﬁ“ L
T _ B -
- Pb-p: Lint (-4.46 < yems < -2.96) = 5.8 nb soég##ﬁiﬁﬁ#ﬁ# * % ,+1++++%
i - + Wﬁo&*ﬁﬁi&,‘g
- p-Pb, \ s =5.02 TeV q, {gOp e e
TE IV 503<y <353, L -50npT | B b b
— . . =9. [0} -
= Yons <353 Ly 2 |
10° - - _y(29) ::, 1385—_ gfgwn;u?:r:igg 12.621.1 Nﬂ%},ﬁfcg
E - g 80 é_ ' 25/10/2013
10° & B § 60;_
= - 40
102 :_ " Ty, Y 22? + “ % 4 . .
E + H+++H+++++H++++++ 4 -20 : + + +++ ¢
N +++++ i 408 0 1 PEPRPEPIN EPRPEE EEETETE BT R
ok ALICE g R R e
— PERFORMANCE 1l o
C 29/10/2013
L ; 5 16 i2
m,., (GeV/c?)
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Probing cold nuclear matter: observables

Nuclear modification factor Rypp

Y /s . Ny jop—s g
Rppp = ala YJ/"J)—WM
(Topp) U-[/),/)wéuu Nmg A ¢

No pp reference at Vs =5.02 TeV

— energy interpolation, rapidity and pr interpolation/extrapolation
— strategy of interpolation analysis depending on the measurements

— systematics associated are important
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Probing cold nuclear matter: observables

Nuclear modification factor Rypp

Ny

_ YJ/‘J’—ML;L Y., _ J/v— pp

RPPb — <T > O_pp J/v—=pp NMB A ¢
PPb] © g/ s = 8 ALICE-PUBLIC-2013-007, .LHC.”.'.C‘,”.VF.'Z.”,I?"_.,”"]?_&
v - pp interpolation T
¢ b at\s=502TeV E
v ) g .
No pp reference at \s = 5.02 TeV i f WithALICEdata ;
— energy interpolation, rapidity and pr interpolation/extrapolation = sk E
— strategy of interpolation analysis depending on the measurements § - :
: : : B 4 . .
— systematics associated are important F o e linear ]
3F —— power law -
:.'.-: ............... eXpOﬂGﬂti&l:
2 - PR TN TN T [N T T T S T S TN T T N T T T T [N TN T TN T [N T ST S N ST SO SN ]
2 3 4 5 6 7 8 9
Vs [TeV]
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Probing cold nuclear matter: observables

Nuclear modification factor Rypp

YJ/u"f—mu Y _ NJ/@"}—wu

l;;)FV) — <'7- > pp ~I/tﬁ‘_*lili I\/A4E;A/1 ¢
PPOL O3 s s _ 8 ALICE-PUBLIC.2013-002, LHCh-CONF.2013-913
'& - pp interpolation ]
¢ b at\s=502TeV | E
No pp reference at Vs = 5.02 TeV G sf WithALICE data ;
— energy interpolation, rapidity and pr interpolation/extrapolation = S - , :
— strategy of interpolation analysis depending on the measurements i ' f
i ' : 5 4 | E
— systematics associated are important S — inear ]
3F —— power law
_:'-': ............... exponentia|:

2L : ' ' I !

L L L L L AT BT
2 3 4 5 6 7 8 9
Vs [TeV]

Forward to Backward ratio

Rpr (chs ) _ Ypr (}’cms )
Rpr ( —Yems ) Ypr( — Yems )

Reg(|yems|) =

pp reference cancels out
Rapidity range restricted to common range (2.96<|ycms| <3.53): loss of statistics
Comparison to theory 1s less stringent than Rypp
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do/dy (ub)

J/y cross-sections vs y and pr

Ny jp—r+1-

g p—
I I—int A € BRJ/¢_>/+I—

1200

Systematic uncertainties

boxes: uncorrelated
shaded area: (partially) correlated

- p-Pb\s,,, = 5.02 TeV S -
g L, =52ub" (e'e) 3 102 e
1000 i L, =5.0 nb™ (u*y’, forward) S il
. E} L, =58nb" (1, backward) | o i g S ALICE
B 2 - - PRELIMINARY
800 B ,_ —aB—
- g g g =
600 - m © 10F ppbys,=502Tev -~
3 -} Qg - Ly, = 5.0 nb” (u*y, forward)
i B,'B f L L, =5.8nb" (u*y, backward) e
400 |- Ly = 52 ub™ (e'e) o
. ALICE Preliminary: 1 | -e-inclusive J/y — u*u,2.03<y__ <3.53
-~ —a— inclusive J/y — e*e’, p. >0 GeV/c E - inclusive J/y — u'y, -4.46<y _ <-2.96 -
200 __ ALICE arXiv:1308.6726: ) - inclusive J/y — e*e’, -1.37<y _  <0.43
. ——e— inclusive J/y — u*y’, 0<pr<15 GeVic - s
= L 1 l 1 1 1 l 1 1 1 l 1 L 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 L
- l Ll 1 1 l LAl L 1l 1 Ll 1l L l LA 1l Ul l LAl L L l Ll 1 1 l Al AL 1l l Ll 1l L l b
o R S S S R e—" o 2 4 6 8 10 12 14
p_ (GeV/c)
y T
cms
Forward rapidity: lower cross-sections and harder in prthan at backward rapidity
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Jy R integrated and vs pr

ALICE, JHEP 1402 (2014) 073

o1.6
1 : aa® [ 5
p-Pb |sy,= 5.02 TeV, inclusive J/y—pu'y o ~ p-Pb |s,,= 5.02 TeV, inclusive J/y—u'w’, 2.96 < |y_ | <3.53
- NN~ cms
2.96<ly_ |<3.53, 0<p <15 GeV/c 14+
Z ALICE i
________________________________________________________________________________________ 1.2
- EPS09 NLO i
(Vogt) 1
- EPS09 LO i
(Ferreiro et al.) 0.8
- nDSG LO s
(Ferreiro et al.) 06 i
EPS09 NLO and ELoss, q =0.055 GeV*/fm
» (Arleo et al.) % 04 n
EL 75 Gev2i i EPS09 NLO (Vogt)
o ( A:::-e‘:o;f’)ﬂ 5 GeV'im 02F ------ ELoss, q =0.075 GeV*/fm (Arleo et al.)
T M PRI TN NN S SN SN T TN N ST SN S SN SO ST S B : EPS09 NLO + Eloss, q=0.055 GeV?/fm (Arleo et al.)
0-4 0.6 0.8 1 1.2 1.4 1.6 0-11llLlJllJJlllllllllllLLllJll
RFB 0 2 4 6 8 10 12 14

P, (GeV/c)

RrB decreases at low prdown to 0.6 and 1s consistent with unity for pt> 10 GeV/c
B feed-down does not contribute much to this ratio
LHCb, JHEP 1402 (2014) 072

Models:
- Shadowing model CEM + EPS09 NLO (Vogt, arXiv:1301.3395)
- Shadowing model CSM + EPS09/nDSG LO (Ferreiro et al., arXiv:1305.4569)
- Coherent energy loss (Arleo et al., arXiv:1212.0434) with pp data parametrization

Pure shadowing models tend to overestimate the data
Shadowing + energy loss model reproduces fairly well the data but with a steeper pt dependence at
low pr
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0.8

0.6

0.4

0.2

JA Rppp vs rapidity

N p-Pb\s,,, = 5.02 TeV
i ALICE arXiv:1308.6726: inclusive J/y—u*y’, 0<p <15 GeV/c
! Ly (-4.46<y_ <-2.96) =58 nb", L,, (2.03<y_ <3.53) =5.0 nb’
5 ALICE Preliminary: inclusive J/y—e'e’, pT>0 GeV/c
- Liy (-1.37<y_ <0.43) = 52 ub"™
. [CJ[Juncorr. systematic uncertainty
- part. corr. systematic uncertainty
L g common TM uncertainty
'-lllllllllllllllllllllllllllllllllllllllllllllll
4 3 2 4 0 1 2 3 4
y cms
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Jy Rppb vs rapidity

o
0:% p-Pb | 5, = 5.02 TeV
ALICE arXiv:1308.6726: inclusive J/y—p*y’, 0<p <15 GeV/e
Ly (-4.46<y_ <-2.96) =58 nb", L,, (2.03<y_ <3.53) =5.0 nb’
ALICE Preliminary: inclusive J/y—e'e, p>0 GeV/c
Ly (-1.37<y_,  <0.43) = 52 ub™
[C][Juncorr. systematic uncertainty
part. corr. systematic uncertainty
i common T, uncertainty
0 lllllllllllllllllllllllllllllllllllllllllllllll
4 3 -2 -1 0 1 2 3 4
y cms
>
- - *
102 103 10- X"Pb

* Momentum fraction of probed gluons in nucleus assuming 2—1 J/y production mechanism
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Jy Rppb vs rapidity

- p-Pb\s,,, = 5.02 TeV
' ALICE arXiv:1308.6726: inclusive J/y—p'yr’, 0<p, <15 GeV/c
-\ Ly (-4.46<y_ <-2.96)=58nb",L,, (2.03<y_ <3 53) = 5.0 nb"

ALICE Preliminary: inclusive J/y—e'e’, [ >0 GeV/c
Ly (-1.37<y_  <0.43) = 52 ub

T—I

-~ -
-
-
-
-

-
-
-
-
—

a._4+_

| EPS09 NLO (Vogt)
E:‘f?'?,?: CGC (Fujii et al.)
- - ELoss with g =0.075 GeV?/fm (Arleo et al. ) St
—— EPS09 NLO + ELoss with q, =0.055 GeV?/fm (Arleo et al.)
EPS09 LO central set (Ferreiro et al.)
EPS09 LO central set +c,, = 1.5 mb (Ferreiro et al.)
EPSO09 LO central set + o, = 2.8 mb (Ferreiro et al.)

llllllllllIllllllIllllllllllllliLlllllIlllllllL

LI I LI B I LI B | l LI I L .

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

ycms

102 10-3 10 X Pb

* Momentum fraction of probed gluons in nucleus assuming 2—1 J/y production mechanism

Models
- Shadowing model CEM + EPS09 NLO (Vogt, arXiv:

1301.3395)

Shadowing model CSM + EPS09 LO (Ferreiro et al.,
arXiv:1304.4569)

Coherent energy loss (Arleo et al., arXiv:1212.0434)
with pp data parametrization

Gluon saturation (Fuji et al., arXiv: 13042221): Color
Glass Condensate framework with CEM LO with
saturation scale Q% ,(x = 0.01)= 0.7-1.2 GeV/c?

.!iPN Cynthia Hadjidakis ~ April 1702014
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Jy Rppb vs rapidity

Rpr

14 - p-Pb\s,,, = 5.02 TeV
5 ALICE arXiv:1308.6726: inclusive J/y—u*y’, 0<p <15 GeV/c
\ Ly (-4.46<y__ <-2.96) =5.8 nb", L, (2.03<y_ <3 53) = 5.0 nb”

1.2 NN 1 ALICE Preliminary: inclusive J/y—e'e’, p,>0 GeV/c Models
AN L, (-1.37<y__ <0.43) = 52 ub’

N T T i - Shadowing model CEM + EPS09 NLO (Vogt, arXiv:
' 1301.3395)
Shadowing model CSM + EPS09 LO (Ferreiro et al.,

-
-

s _'J T ' arXiv:1304.4569)
i ill\ ) - Coherent energy loss (Arleo et al., arXiv:1212.0434)
0.6 ks : N
L - Mspsos NLO (Vogt) with pp data p.aramet.r.lzanon .
[ @7 CGC (Fuiii et al.) i - Gluon saturation (Fuji et al., arXiv: 13042221): Color
0.4 [~ - - ELoss with g,=0.075 GeV*/fm (Arleo et al) Glass Condensate framework with CEM LO with
™ 2 .
i EPS09 NLO + ELoss with q, =0.055 GeV*“/fm (Arleo et aI ) saturation scale QZS A(x — 0.01): 0.7-1.2 GeV/c2
- EPS09 LO central set (Ferreiro et al.) ’
0.2 N EPS09 LO central set +c_, = 1.5 mb (Ferreiro et al.)
- EPS09 LO central set + o, = 2.8 mb (Ferreiro et al.)
0:llllllllllllllllllllllllllllllllllllllllllllll
-4 -3 -2 -1 0 1 2 3 4
ycms
>
10-2 103 10 X Pb

* Momentum fraction of probed gluons in nucleus assuming 2—1 J/y production mechanism

Shadowing: backward rapidity data well reproduced, strong shadowing favoured at forward rapidity
Coherent energy loss: y-dependence well reproduced, better agreement with pure energy loss
CGC calculations underestimate the data
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JAy Rppp VS transverse momentum

L0
o - -
oy S22 p-Pb \s,,= 5.02 TeV, inclusive J/y—pu*p
c 14 QO -4.46<y _ <-2.96, L, =5.8nb"
- ALICE eme . o e
q o [ e Systematic uncertainties
. e B boxes: uncorrelated
n shaded area: (partially) correlated
P backward rapidity
08F.--==
0.6
0.4
i EPS09 NLO (Vogt)
0.2 - - ELoss with g_=0.075 GeV*/fm (Arleo et al.)
3 — EPS09 NLO + ELoss with qo=0.055 GeV?/fm (Arleo et al.)
0_1111llllllllllillllilllllllllllllllllll
0 1 2 3 4 5 6 7 8
P, (GeV/c)
Backward rapidity

Rppp shows a small pr dependence and is close to unity
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JAy Rppp VS transverse momentum

Ko
o =
o 1.4 p-Pb | Sy = 5.02 TeV —- inclusive J/y — e'e, -1.37<y__<0.43
Ly = 52 b (] EPsos (R. vogt) Systematic uncertainties
1.2 . o boxes: uncorrelated
1 - mud-rapidity shaded area: (partially) correlated
L]
0.8 H
0.6
[ ]
0.4
0.2F ALICE
: PRELIMINARY
» L L 1 l 1 1 1 l 1 L L l 1 1 1 l 1 1 1 l
0 2 4 6 8 10
P, (GeV/c)
Backward rapidity

Rppp shows a small pr dependence and is close to unity

Mid rapidity
Rppo tends to increase with pr
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JAy Rppp VS transverse momentum

Q:§1.4:-

ALICE

PRELIMINARY

1.2F

0.8}
0.6
0.4}

0.2 B

p-Pb \s,,= 5.02 TeV, inclusive J/y—u*y
2.03<y_

Olllllllllllllllllllllllllllllllllllllll

<3.53, L= 5.0 nb™

EPS09 NLO (Vogt)
Ei# CGC (Fuiji et al.)
- = ELoss with q; =0.075 GeV/fm (Arleo et al.)
— EPS09 NLO + ELoss with q,=0.055 GeV?/fm (Arleo et al.)

0 1 2

Backward rapidity

3 4 5 6 7 8
P, (GeV/c)

Rppp shows a small pr dependence and is close to unity

Mid rapidity
Rppo tends to increase with pr

Forward rapidity

Systematic uncertainties
boxes: uncorrelated
shaded area: (partially) correlated

Rppoy Increases with pr and 1s compatible with unity for prlarger than 5 GeV/c

Cynthia Hadjidakis

. ORSAY

ALICE

April 1702014
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JAy Rppp VS transverse momentum

backward rapidity mid-rapidity forward rapidity
Ctég 1.4 - ’ PrPD \Sui= 502 TeV., Inclusive Jiy-w'w Ccnd 1.4 :_ p-Pb Vs_NN =5.02 TeV -m- inclusive J/y — e*e’, -1.37<y __ <0.43 CELCLL 1.4 :_ :_-:; ):,::;::2;:?;.:‘::'5‘“ e

-4.46<y_ <-2.96, L,,=5.8nb"

L, =52ub’ [3] ePso9 (R. Vogt)

12F

o.sf—
0.4
: EPS09 NLO (Vogt) : - : EPS09 NLO (Vogt)
0.2 - = ELoss with _=0.075 GeV?/fm (Arleo et al.) 02F ALICE o [ Bl CGC (Fuji etal) o )
— EPS09 NLO + ELoss with g =0.055 GeV¥/fm (Arleo et al.) . PRELIMINARY - = ElLosswith q,=0.075 GeV'/im A"e“'v'::;m Avleo ot a
) T N P AT T S T S T T S S N ST i e wel AR
o 1 2 3 4 S5 6 LS o 2 4 6 8 10 o 1 2 3 4 5 6 7 8
py (GeVic) p_ (GeVic) p, (GeVic)
]
Backward rapidity
Rpypb shows a small pr dependence and 1s close to unity
Mid rapidity
Rppo tends to increase with pr
Forward rapidity

Rppb Increases with pr and 1s compatible with unity for prlarger than 5 GeV/c

At forward rapidity data favours a strong shadowing
Coherent energy loss model overestimates the suppression at forward rapidity for pr <2 GeV/c
CGC calculations underestimate the data in the full pr range
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Event multiplicity with forward detectors

p Pb
TPC+ITS
Tracks |n| <0.9 ¥
-1m
TPC
B3 i s

; 2 layers Si Pixel
Inl<2;[nl<1.4 S
T I e Ag L S
i F z=0"] -g

1 : o
/ '\ .
] VZERO-A gcintillator Hodoscopes VZERO-C

z =340 cm z=-90 cm
28<n<51 -3.7<n<-17

Data

NBD-

ALICE p-Po at |5 = 5.02 TeV

Glauber fit
n=11.0,k=044

'''''''''''

03072013

100

l200l 1

300
VZERO-A amplitude (a

A I 1 1 1 1 l
400 500

-
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J/y pr broadening vs event multiplicity

A<p1?> = <p1°>pp) - <P1°>pp fOr different event multiplicity measured with VOA
<p1°>pp from interpolated pp distributions at Vs =5.02 TeV

Systematic uncertainties
boxes: uncorrelated
box at unity: correlated

— - & =
NS 5 [ inclusive J/y—u*w NE 5 :— inclusive J/y—p*y’
N 5 =
> [ @ P-Pb\s,=502TeV,4.46<y_ <-2.96, 0<p <15 GeV/c JALICE %) [ m p-Pb\s,=502TeV,2.03<y_ <3.53, 0<p <15GeV/c LICE
S 4r S 4r
8 : & :
g : @ C
o 3 . @ O) o .
Q g > - 1 [#]
- 2F Y 2f W &
I g I 0]
c}if ﬂaf
- Oll ............. {I] ........ B -eenmnereenn e - 0|I ............................................................................
AE backward rapidity AF # forward rapidity
2k Gﬂ 2k
: 1 1 1 1 | | . L l l I L l
80-100% 60-80%  40-60%  20-40% 10-20% 510%  0-5% 80-100% 60-80%  40-60%  20-40% 10-20%  510%  0-5%
VOA multiplicity (p-side) VOA multiplicity (Pb-side)
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J/y pr broadening vs event multiplicity

A<p1*>> = <p1¥>ppb - <PT1°>pp fOr different event multiplicity measured with VOA
<p12>,, from interpolated pp distributions at Vs = 5.02 TeV

:8 5 E- inclusive J/y—p*y’
E 4 _ ® P-Pb|s,,=502TeV, 4.46<y_ <-2.96,0<p <15 GeV/c JALICE
R
: @ @
[V s
Q -
T 2r
g .
o # d @
0 I ............. E ........ B eeeeee e
AF backward rapidity
of @
s | 1 | | | 1

80-100% 60-80%  40-60% 20-40% 10-20%  5-10% 0-5%
VOA multiplicity (p-side)

A<p1?> larger at forward rapidity

Systematic uncertainties
boxes: uncorrelated
box at unity: correlated

& -
(\j8 5 '__ inclusive J/\y...)u’u’
% :
) L m Pp-Pb\s,=502TeV, 2.03<y_  <3.53, o<pT <15 GeV/c ”‘?&EICME"
S 4F &,
= i : i :
Q =
s : | @
o - -
Q - Bﬂ Bﬂ
v - —
o F g ;
D -
= 4F ]
~
NQ'_
SO T

4E ®  forward rapidity

L 1 l | l |
80-100% 60-80% 40-60% 20-40% 10-20%  5-10% 0-5%
VOA multiplicity (Pb-side)

A<p1?> increases with event multiplicity but saturates at 20-40% VOA multiplicity

Ongoing: different event multiplicity estimators (Pixel, ZDC), relative yield or nuclear modification

factor vs event multiplicity
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counts per 50 MeV/c?

p-Pb | s,,=5.02 TeV
0<p <15 GeV/c, -4.46<y_  <-2.96, L, =5.8 nb" JALICE
10° £ backward rapidity
Expected y(2S) in
p-Pb at 5.02 TeV
- -~ fittodata
—. assuming [V(2s)/J/W]p,° = [w(zs)/.uw]»
llllllllllllllllllllllllllllllllllllllllllll
33 34 35 36 37 38 39 4 41

V(2S) measurements 1in p-Pb: [w(2S)/J/y]

m,, (GeV/c?)

4.2

counts per 50 MeV/c?

10%

I fit to data

p-Pb | s,,=5.02 TeV

ALICE

PRELIMINARY

forward rapidity

0<pT<15 GeV/e, 2.03<ycm<3.53, L.=50 nb’’!

—. assuming [w(2$)/J/\p]m = [w(2S)/J/w]w

__+_.

llllllllllllllllllllllllllllllllllllllllllll

33 34 35 36 37 38 39 4

41 42
My, (GeV/c?)

ALICE

INSTITUT DE PHYSIQUE NUCLEAIRE

NSTITUT DF P
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counts per 50 MeV/c?

V(2S) measurements 1in p-Pb: [w(2S)/J/y]

ALICE

Inclusive J/y, w(2S)—u*u
<y <353, L, =50nb"

3 : nLICE PRELIMINARY
10° | : PRELIMINARY forward rapidity
- 3 !
: 1
_ a : +
3. -
10.015
- -~ fitto (((J) L +
R assu ; O O 1 [ =[w(2S)/J/w]w +
| g - ® pp \s=7 TeV (open symbol: reflected around y=0) | | | | I

0<p_<20 GeV/c, L,, (2.5 4) = 1.35 pb™

o O im (2:3<Y ;<) P 37 38 39 4 41 42
- ® p-Pb\s,,=5.02TeV

L 0<p_<15 GeV/c, L, (2.03<y_ <3.53)=5.0 nb", L, (-4.46<y__<-2.96) = 5.8 nb"

O C L1 11 | L1 11 | | I L1 11 I 111 I L1 11 I L1 11 I | - I L1 11 I L1 1|
5 4 3 -2 -1 0 1 2 3 4 5
yCMS

33 34  0.005 My, (GeV/c?)

[w(2S)/J/y]ppp clearly suppressed as compared to pp @ \s =7 TeV
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counts per 50 MeV/c?

V(2S) measurements 1in p-Pb: [w(2S)/J/y]

Inclusive J/vy, y(2S)
<Y <353, L, = 5.0 nb’ ALICE

int PRELIMINARY
et ARy forward rapidity

S
/
(2S)
o O
(00)

Systematic uncertainties
boxes: uncorrelated
shaded area: correlated

= [v(2S)WIvy]

® ALICE, p-Pb, \ s, = 5.02 TeV (preliminary)

Illlllllllllllll

m PHENIX, d-Au, | s,,= 0.2 TeV (arXiv:1305.5516) 3.7 38 3.9

o
o
llllllllllllllIllllllllllllllllllllllllllllllllll
—T* T

OllllllllllllllllllllllllllllllllllIllllllllllllll
5 4 3 -2 -1 0 1 2 3 4 5
ycms

[w(2S)/J/y]ppp clearly suppressed as compared to pp @ \s =7 TeV
v(2S) to J/y suppression also observed at RHIC at mid-rapidity
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V(2S) measurements in p-Pb: Rppp

Y(25) Ja
Rv(2S) _ pd/v ToPb Opp
pPb = TpPb T J7y (25)

OpPb  pp
& - l
Q. . - - __‘./__ D . .
m 1 ,4 i P Pb \sNN- 5.02 TeV, inclusive J/W, \u(2S)—>p W, 0<p’l’<15 GeV/c 7 Systematlc uncertalntles
L, (-4.46<y_ <-2.96)=5.8nb" L (2.03<y__ <3.53)=5.0 nb™ p,ell;,:fﬁ ,.ER, boxes: uncorrelated
1.2 A shaded area: (partially) correlated
b .
. box at unity: fully correlated
08
0.6
04
- EPS09 NLO (Vogt)
0.2 [ - - ELoss with g =0.075 GeV?/fm (Arleo et al.) o Jiy
[ — EPS09 NLO + ELoss with g =0.055 GeV?/fm (Arleo etal) 4 V(2S)
O-IJlllllllllllllllllllllllllllllllllllllllllllll

4 3 2 1 0 1 2 3 4
ycms

The stronger suppression of y(2S) relatively to J/y 1s not described
by 1initial state CNM and coherent energy loss
— final state effect? Other mechanisms?
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Y'(1S) measurements: RB

O 150 % p-Pb |5y, =5.02 TeV -
2 2.04 3.54 - ot
s [\ ALICE VY oms < — . Y(1S): ALICE preliminary
o - PERFORMANCE :
S L\, e Ny 4s) = 290433 = R HLICEV
3 0 My s = 9.45+0.02 GeV/c? = PRELIMINAR
c 5 -
S Wlﬂ Oy 4s) = 0.161£0.022 GeV/c® — —— EPS09 at NLO (Vogt)
YT ¥2Indf = 1.07 -
50— 1[ e e e
i | — ° Eloss (Arleo et al.)
. i -
0 1 -||111+1T+TT11 1+'f + 1 -
7 8 9 10 11 12 13 14 15 -
m . (GeV/c?) - * EPS09 at LO nPDF central set
W - (Ferreiro et al.)
- ) nPDF low shadowing set
E—- o} nPDF high shadowing set
C ° nPDF low EMC set
- nPDF high EMC set
- 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l L 1 1 1 1 L 1 1 1
0.5 1 1.5 2 2.5 3
R FB

RrB 1s compatible with unity and larger than the J/y Rrg = 0.600.01(stat)£0.06(syst)
Limited statistics does not allow to discriminate among models
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Y'(IS) measurements: Rppb

0
m% ' 4 p-Pb |s,, = 5.02 TeV %
e Inclusive Jiw—u*u’, pT>0 (arXiv:1308.6726)
~ " i ALICE ' inti
15 e Inclusive Y(1S)u'w, p >0 (preliminary) ~ ALILE | Systematic uncertainties

boxes: uncorrelated
shaded area: (partially) correlated
box at unity: fully correlated

—‘lll!lllll
i

0.8/ $ R S
0.6 lbgﬁ
04— EPS09 at LO: Ferreiro et al.
- Shadowing: Y(1S): Eur. Phys. J. C (2013) 73:2427
0.2
- Shadowing: J/y: arXiv:1305.4569
0_1-1111llllllll[lllllllllllllllllllllllllllllllll
-4 -3 -2 -1 0 1 2 3 4
ycms

Y'(1S) seems more suppressed than predicted by shadowing (CEM+EPS09 NLO and
CSM EPS09 LO shown here) or coherent energy loss models but in agreement within
the large fully correlated uncertainty from pp cross-section energy interpolation
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Extrapolating CNM effects to Pb-Pb
measurements at Vs

—

-

e o R
e Gl
= e = W—

i
=
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1.4

R AA

1.2

0.8

0.6

0.4

0.2

A reminder: J/y Raa vs event centrality

i Inclusive J/y — e*e’, Pb-Pb (s = 2.76 TeV and Au-Au /s, = 0.2 TeV

= @® ALICE (arXiv:1311.0214), |y|<0.9, pT>0 GeV/c global syst.= + 13%

- ﬁﬁ%lx (PRC 84(2011) 054912), |y|<0.35, pT>O GeV/c global syst.= + 12%
- U
_IIII|IIII|IIII|IIIIIIIIIlIIIIIIIII|IIII
0 50 100 150 200 250 300 350 400

<
<
c

1.4

1.2

0.2

0.8 H
0.6+

0.4

ot

Inclusive J/y — u*w, Pb-Pb {/s, = 2.76 TeV and Au-Au s, = 0.2 TeV
B ALICE (arXiv:1311.0214), 2.5<y<4, 0<p_ <8 GeV/c global syst.= + 15%
[] PHENIX (PRC 84(2011) 054912), 1.2<[y|<2.2, p >0 GeV/c  global syst.= +9.2%
1 B - @
At
I I | | I I | | I I | I I | I L1 1 1 | I I | I I I | I I |
0 50 100 150 200 250 300 350 400

(N__>

(N part part
Forward rapidity: clear J/y suppression with no centrality dependence for Npart > 100
Mid-rapidity: no significant dependence with centrality but large uncertainty
Larger suppression at forward rapidity than mid-rapidity
Different centrality dependence of Raa at LHC and RHIC energy
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c

JAy Raa vs ptfor most central collisions

1 4 " Inclusive J/y—e'e’ < 1.4 i
" [ W ALICE Preliminary, Pb-Pb, | 5,,=2.76 TeV, |y|<0.8, centrality 0-40% m< i Pb-Pb y'sy, = 2.76 TeV and Au-Au |s,, = 0.2 TeV
1 2 s ¢ PHENIX, Au-Au, \s,,=0.2 TeV, ly|<0.35, centrality 0-40% 1.2 B B ALICE Jly — u*u’, 2.5<y<4, centrality 0%—20% global syst. = + 8%
. i mld—rapldlty PHENIX J/y — p*u, 1.2<ly|<2.2, centrality 0%—20%  global syst. = + 10%
| S S [ 1}
: forward rapidity
0.8F ‘I’ 0.8
0.6F m 061 |E| H
0.4 —@——@——E}— 04" -
0.2 l 02-@m & B EF
O- * : . é . * : a : : : é O:I|||||I|I||I|I|[|II|I||||||||||||||I|I|
( GeV /C) 0 1 2 3 4 5 6 7 8
Py p. (GeV/c)
JAy less suppressed at low prthan high pr
Different pr dependence of Raa at LHC and RHIC
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C

JAy Raa vs ptfor most central collisions

1 4 " Inclusive J/y—e‘e’ :E 1.4 i
- M ALICE Preliminary, Pb-Pb, | s,,=2.76 TeV, |y|<0.8, centrality 0-40% o i Inclusive J/y — w’, Pb-Pb ysy, = 2.76 TeV
1 2 - ¢ PHENIX, Au-Au, \s,,=0.2 TeV, ly|<0.35, centrality 0-40% 1.2 B ALICE (arXiv:1311.0214), centrality 0%—20%, 2.5<y<4 global sys.= + 8%
i mld_rapldlty "\ Transport model (Y.-P. Liu & al, PLB 678 (2009) 72)
1f 't

forward I‘apldlty ----- Primordial J/ v (w/ shadowing)

08 f_ ‘i‘ 0.8 : --------- Regeneration J/ y (w/ shadowing)
0.6F m 0.6 - \
0.4 —f—H——F— 04l

0.2

HEIEIN

0.2 IR

i 1 1 1 | 1 1 1 | 1 L 1 | = -
II]I|IIII|I[II|IIII+IP+I1J.LJIIILJILJIII
0 2 4 6 OO 1 2 3 4 5 6 7 8

p. (GeV/c) p, (GeV/c)

Jhy less suppressed at low prthan high pr
Different pt dependence of Raa at LHC and RHIC

Model:

- Transport (Zhao et al.): suppression and regeneration, with or without shadowing
— Regeneration contribution important for pr < 3 GeV/c and negligible at larger pr
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J/y p-Pb measurements extrapolated to Pb-Pb

Hypothesis
- J/y production mechanism (2— 1 kinematics) = similar x in Pb for p-Pb@\sxn=5.02 TeV and Pb-Pb@\sxn=2.76 TeV
despite different energies and rapidity domains

- Factorization of shadowing effects in p-Pb and Pb-Pb = Rpvpb = Rppb(1>0) x Rppb(y<0) = Sirw = Rpvrb / RpbPb

Shad
Note: Rpopy 1s integrated over centrality and is compared to Rpwpy for different bins in centrality [0-40%] and [0-90%]

Shad

Shad

5 1 4 " Inclusive J/y—e'e’ § - ALICE inclusive J/y 'y’
Q: Nl A Pb-Pb,\s,=276TeV, |y_ |<0.8, centrality 0-40% - ccf-‘l- 1.4 @ R (203<y_ <3.53)x R, (-4.46<y_ <-2.96), |S,,= 5.02 TeV
e i p-Pb, | 5,,=5.02 TeV, -1.37<y__<0.43 - i (prefiminary)
— - A poep (2 y <4, \Sm: A ev,
> 12 cms 2 10k Rpyen, (25<y <4 2.76 TeV, 0-90%)
mc:. I §0_8_' T (submitted to arXiv)
Y T | — c F
= % S -
i go i fi back
0.8F I - 88 ol —8—  (@-Ph)brx(p-Ph)vacks
s (p-Pb)? T« T e
: - Pb-Pb
0.6F ‘il Pb-Pb 0.6 g E forward rapidity
0.4 m 0.4 s —— @
: mid-rapidity i .
0'2 - Pnel.l;}xchaEnv 02 -_hypoihesis:factocizanon of shadowing effects from the two
i = nuclei in Pb-Pb and 2->1 kinematics for J/y production
llllllllllllllllllll 0lllllllllllllllllllllllllllllIlllllllll
0 2 1 6 8 10 o 1 2 3 4 5 6 7 8
[N (GeV/e) p. (GeV/c)
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J/y p-Pb measurements extrapolated to Pb-Pb

Hypothesis
- J/y production mechanism (2— 1 kinematics) = similar x in Pb for p-Pb@\sxn=5.02 TeV and Pb-Pb@\sxn=2.76 TeV
despite different energies and rapidity domains Shad Shad
- Factorization of shadowing effects in p-Pb and Pb-Pb = Rpvpb = Rppb(1>0) x Rppo(y<0) = Siw = Rpvpb / RpbPb

Shad

Note: Rpopy 1s integrated over centrality and is compared to Rpwpy for different bins in centrality [0-40%] and [0-90%]
g 14 [ Inclusive J/y—e'e’ § - ALICE inclusive J/y—u*y’
m o i A Pb-Pb. \SNN=2'76 TeV, lycm|<0'8' centrality 0-40% . mCL 1 4 :__ ® R (2.03<yc"-<3.53) x Ry (-4.46<ym’<-2.96). \Sp= 5.02 TeV
e i p-Pb, |5,,=5.02 TeV, -1.37<y__ <0.43 - i (preliminary)
N 1 2 - cms E 1 2 A Ropor (2.5<ym.<4, \ Syn= 2.76 TeV, 0-90%)
mg. I § § ' - (submitted to arXiv)
S | @ --------------------------------------------------------------- R | e —— ’—H—'—H— -------------------
! go i ( forw backw
] u Bg I —— (-Po)eru(p-PD)
0.8] (p-Pb)’ @ 0.8 ‘H_ H —p— Pb-Pb
0.6 . Pb-Pb 0.6 n E forward rapidity
0.4F @ 0.4F —H $
: m mid-rapidity i .
0.2 02+ |
PRELIMINARY - hypothesis: factorization of shadowing effects from the two
: , 1 [ | ] : nuclei in Pb-Pb and 2->1 kinematics for J/y production
—A —t I L1 " 4 PN TN TN NN T TN T AN U TN T U NN T S T N TN T N U S S U W T ST S N T S A
0 2 4 6 8 10 % 1 2 3 4 5 6 7 8
P, (GeV/c) p. (GeV/c)
At pr>7 (4) GeV/c at mid (forward) rapidity, small %fgects from extrapolated shadowing
At low pr, less or same suppression in Pb-Pb than Rouph
— Rpvpy enhanced if corrected by such shadowing effects
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J/y p-Pb measurements extrapolated to Pb-Pb

Hypothesis
- J/y production mechanism (2— 1 kinematics) = similar x in Pb for p-Pb@\sxn=5.02 TeV and Pb-Pb@\sxn=2.76 TeV
despite different energies and rapidity domains Shad Shad
- Factorization of shadowing effects in p-Pb and Pb-Pb = Rpvpo = Rppb(1>0) x Rppo(y<0) = Sjw = Rpopb / Rpbpb

Shad
Note: Rpopb 1s Integrated over centrality and 1s compared to Rpppp for different bins in centrality [0-40%] and [0-90%]

2 145 Inclusive J/y—e'e’ 3 1.8: (| ALICE inclusive Jiy—u'y Rewer
n: N A Pb-Pb,\s,=276TeV, |y_ |<0.8, centrality 0-40% — 2 16 - Suy = R:fp“{,' % H‘;;‘;f,‘*
o " i p-Pb, | 5,,=5.02 TeV, -1.37<y _ <0.43 L
’2 1 . 2 - cms 14 a L Ropent | $=2.76 TeV, 2.5<y <4, 0-90% (submitted to arXiv)
mo' - ' i _ R;‘;':: \ S, =5.02 TeV, 2.03<ym<3.53 (preliminary)
~ 1 | SRRttt | | eEGGEEETEEEETEEETTPREPTEREPTRERTTERTTPRRPTTE | EEEEPTEEEPTEREEY 1oF RESE™: |18,,=5.02 TeV, -4.46<y__<-2.96 (preliminary)
: ) [ total uncertainty
O 8 - |'i| - , 1 E---..----’.._-JQT: ..........................................................
r (p-Pb) 0al
0.6 Pb-Pb : forward rapidity
i 0.6 —
I ———ﬂ:&——~ . . q- Q"2 4+ ||
0.0l mid-rapidity 0.41 __H H
' : PRELIMINARY 02 -_hypothesis:lac!onzanon of shadowing effects from the two
- nuclei in Pb-Pb and 2->1 kinematics for J/y production
PN SR S SN SN S AN TN T SN SN SO SO TR N SN SO S B! 0-111111111|11111111111111111111111111111
0 2 4 6 8 10 0 1 2 3 4 5 6 7G v/ 8
P, (GeV/c) p.(GeV/c)

At pr>7 (4) GeV/c at mid (forward) rapidity, small effects from extrapolated shadowing

At low pr, less or same suppression in Pb-Pb than Rbbob

— Rpvpy enhanced if corrected by such shadowing effects
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Conclusions

Quarkonium production is used as a probe of the cold nuclear matter effects in p-Pb and
of the hot medium formed in heavy-1on collisions

First p-Pb measurements

- J/y measurements support a strong shadowing at forward rapidity and/or the
coherent energy loss model

- y(2S) suppressed relatively to J/y by up to 45% at backward rapidity: final state
effect? Other mechanism in p-Pb?

- Y (1S) measurements show a similar suppression to the J/y but large uncertainties
(pp interpolation, limited statistics) do not allow to constrain models

Latest Pb-Pb measurements

- J/y : Raameasurements show a different behaviour wrt lower energy measurements.

Models including J/y production from deconfined charm quarks in the QGP phase
reproduce well the Raa.

- p-Pb measurements extrapolated to Pb-Pb supports a suppression from hot effect at
large pr and no suppression/an enhancement at low pr

More measurements to come, stay tuned!

4PN Cynthia Hadjidakis ~ April 1792014

\\\\\\\\\\\\\\\\\\\\\\\\\\\

25



back-up shdes
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Jy p-Pb measurements extrapolated to Pb-Pb

Hypothesis
2—1 kinematics of J/y production Shad
Factorization of shadowing effects in p-Pb and Pb-Pb = Rpvpb = Rppb(x1) x Rppb(x2)

Kinematics
p (x1) + Pb (x2) = JAv (v, pr) with x1.2=Nm?*+p12) / Vsnn exp (£Vems)
gluon x in nucleus X1 X2
p-Pb @ 5.02 TeV and -4.46<ycms<-2.96 1.2-5.3 102 -
p-Pb @ 5.02 TeV and 2.03<ycms <3.53 - 1.9-8.3 107
Pb-Pb @ 2.76 TeV and 2.5<y<4 1.2-6.1 102 2.0-9.2 10°

p-Pb @ 5.02 TeV and -1.37<yems <0.43 (4.0 104-2.4 10 | 4.0 104-2.4 1073
Pb-Pb @ 2.76 TeV and -0.8<y<0.8 5.0 104-2.5107 | 5.0 104-2.5 1073

= gluon momentum fraction x;, x> probed in nucleus similar in p-Pb (@ 5.02 TeV and Pb-Pb @ 2.76 TeV

Cold nuclear matter contribution in Pb-Pb

Rpopb (\/SNN=2.76 TeV, v, pt) = Rppo (\/SNNZ 5.02 TeV, y<0, pt) x Rppo (\/SNNZ 5.02 TeV, y>0, pr)
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Jy vavs pr

0.3 ALICE, PRL 111(2013), 162301
A .
> - @ ALICE (Pb-Pb \s,, = 2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0

| - Y. Liu et al., b thermalized
~ mmmma Y. Liu et al., b not thermalized

— . X.Zhao et al., b thermalized VQ(pT) — <C052(¢) — w))(pT)

0.2

Models:

- Transport (Zhao et al./ Liu et al.)
models: suppression and J/y from
regeneration, different o and/or
shadowing hypothesis

global syst. = + 1.4%

IIII|IIIlIIIIIIIIIIIIIIIIIIIIIIIIII‘T‘IIIIIIII'IIII

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

Non-zero J/y v, observed at intermediate p, for semi-central collisions

v2 complements Raa: both are qualitatively well described by transport models including
regeneration
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pp cross-section interpolation at 5.02 TeV

J/\y cross-section
Forward rapidity:
Energy interpolation of pr and y-dep. with ALICE forward rapidity data (@ 2.76 and 7 TeV
Rapidity extrapolation due to rapidity shift (0.5) in p-Pb
CEM and FONLL calculations used to validate the empirical functions used
ALICE + LHCb, public note in preparation
Mid-rapidity:
Energy interpolation at mid-rapidity with PHENIX @ 200 GeV, CDF @ 1.96 TeV, ALICE @ 2.76 and 7 TeV
<pr> interpolation and pr extrapolation with both forward and mid-rapidity data from PHENIX @ 200 GeV,
CDF @ 1.96 TeV, ALICE @ 2.76 and 7 TeV, CMS @ 7 TeV, LHCb @ 2.76, 7 and 8 TeV
FE. Bossu et al., arXiv:1103.2394

[w(2S)/J/y] ratio Systematics
No energy and rapidity dependence of [w(2S)/J/y] in pp assumed. Systematics
evaluated with CDF @ 1.96 TeV and LHCb @ 7 TeV Iy (y0) 6-17%
- 0
Y'(1S) cross-section Thy (y~0) 16-27%
Energy interpolation with mid-rapidity data from CDF @ 1.8 TeV, DO @ 1.96
TeV, CMS @ 2.76 and 7 TeV [w(2S)/I/w] (y>0) 4 9%
Rapidity extrapolation: Pythia tunings selected with rapidity dependence of

. d‘PN Cynthia Hadjidakis ~ April 1702014 10
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global syst.= + 15%

2.76 TeV
T

NI
1311.0214), 2.5<y<4, 0<p_<8 GeV/c

forward rapidity

v

Inclusive J/y — u*u’, Pb-Pb \[s
B ALICE (arX

H

L yrerc 1’

| alnes
H Bl SRIe

¥ $050505050S

_\\_\\_

T ICICIEIEICIEIE S

!45455:
T
2003036365
2000389806900

2595050850656
L LT TATATATA %%

298905050505¢505
$925050505050%

!§<»<»4N0000

X

R T e%e%s

..0’ -

+===eeee Stat. Hadronization model (A. Andronic & al., JPG 38 (2011) 124081)

N Transport model (Y.-P. Liu & al, PLB 678 (2009) 72)

7/, Transport model (X. Zhao & al., NPA 859 (2011) 114)

iro, arXiv

ion

t

ina
|

1210.3209)

(E. Ferre

|

[[[[[[lll]| Shadowing+comovers+recomb

| | |
150 200 250 300 350 40C

100

A” (Q\| A (e 0)
~— ~— (a»)

+13%

global syst

Jy Raa vs centrality

T

2.76 TeV

-rapidity

1311.0214), |y|<0.9, p.>0 GeV/c

5

.. mi

.

Inclusive J/y — e*e’, Pb-Pb {s,
® ALICE (arX

11| BN A L R

_\\_\\_ L

S IPIPIPLTIP IO LIPS
GOS8 25 2505060526262
25050505052525250505
GOS8 25 2505050526262
25050505052525250605
GO 2625 2506062526262
25050505252625250605
G226 280506252526280s
2505050525262525062S
GO 26 282506285 2626280s
25 050505252625250605
GRS26 2825066262606
25 05050525262626962S
(P Ielr Iy Iy Lol ToTale
26 05050525262626960S
(P Iele ey TeloTolale
2505 050526262626960S
(P Iolelr e TeloTolale
2605 0525262626 269606
(P Iple e e TeToTalale

) Ly Lyl Lo lale e TeTols

i
&
3
A
3
A
3
A
3
A
3
A
3
A
I
A
o
A
%
i

R
0
X
b
X
b
X
i
X
b
X
b
X
b
X
b
X
%
¥

2R ICICICIICIIEIEES

Ca50505050605050505¢s
505 05050505050506 s
Ca508252606060628280s
50505050525050505
Gk 28280696 IC OIS
RS O50505052506060%

Z5050505050505050505cS
IGISISISICICIEIEIE

Z5050505050505050505eS
2GISICICICICIEIEIET

2 2505050505055 0505
2OCICICHCICIEIEIEIS

25 060505050505050505

-------- Stat. Hadronization model (A. Andronic & al., JPG 38 (2011) 124081)

N\ Transport model (Y.-P. Liu & al, PLB 678 (2009) 72)

77, Transport model (X. Zhao & al., NPA 859 (2011) 114)

210.3209)

"

,arX

Iro

(E. Ferrei

ination

|
150 200 250 300 350 400

I

T Shadowing+|comovers+recomb

|

|

I

L1 |

|

100

|
¥ N T @
~— ~—

50

50

part>

(N

part>

(N

Models

hypothesis

thermal model, all J/yy formed at hadronization, different Gec

- Statistical model (Andronic et al.)

d more than

suppression an

(Ferreiro) models

50% of J/y from regeneration for most central events, different c.c and/or shadowing hypothesis

- Transport (Zhao et al./ Liu et al.) and comovers+recombination
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J/W Raa vs 'y

< 1.4
m< | Inclusive J/y, Pb-Pb {s,, = 2.76 TeV
1 2 — B ALICE (arXiv:1311.0214) centrality 0%—90%, 0<pT<8 GeV/c global syst.= + 8%
i @® ALICE (arXiv:1311.0214), centrality 0%—90%, |y|<0.9

0.4 B Shadowing in Pb-Pb (s, = 2.76 TeV E E

— EPS09 shadowing (PRC 81 (2010) 044903), p_>0 GeV/c

0 2+ nDSg shadowing (NPA 855 (2011) 327), p_>0 GeV/c

O_IIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|
0 0.5 1 15 2 25 3 35 4

y

Suppression more important at forward rapidity

Shadowing models do not account for this rapidity decrease of Raa
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V(2S): comparison to PHENIX

Relative suppression:
[(W(EZS) I ylpal [W(2S)/ Ty ]pp

g [ g
o 1.4 [-p-Pb \5,=5.02 TeV, inclusive J/y, y(28)>u'w’, 0<p, <15 GeV/c > 0.9 - Inclusive J/y, y(2S)
- ~~ — p—
| L, (-4.46<y__<-2.96)=5.8nb", L, (2.03<y__ <3.53)=5.0 nb™ c'/)?\ . ALICE
- - PR MINARY
12 - - \C}]’ 08 : ELIMINAR
_ 5 = -
i = 0.7 Aas
1 :. -------------------------------------------------------------------- . \;:5 C hd 9-
[ S 0.6F ol
0.8 5 05E i |
: I i i; :
0.6 = 04F
1 TIT i 2 :
[ = 03F
0.4 - e JAp (ALICE arXiv:1308.6726) = - .
i A (2S) (ALICE preliminary) 0.2 :_ ® ALICE, p-Pb, \s,,=5.02 TeV (preliminary)
0.2 Jhp (PHENIX, d-Au, |s,,=0.2TeV, arXiv:1305.5516) " m PHENIX, d-Au, | s,,= 0.2 TeV (arXiv:1305.5516)
- v y(2S) (PHENIX, d-Au, |'s,=0.2TeV, arXiv:1305.5516) 0.1 =
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Inclusive J/y 1n p-Pb:

1400
p-Pb V Syn= 5.02 TeV, inclusive J/y—u*y

« ALICE: 0<pT<15 GeV/e, (arXiv:1308.6726)
e LHCb: 0<pT<14 GeV/c, (arXiv:1308.6729)

do/dy (ub)
N
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L LA
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800 — .
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1.2}
| J ------------------------------------------------------------------

08F

i =
0.6 |l
0.4

| o ALICE: 0<p, <15 GeV/c, (arXiv:1308.6726)
0.2, LHCb: 0<p_<14 GeV/c, (arXiv:1308.6729)
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cms

comparison to LHCb

21 03 s
§ - p-Pb \s5= 5.02 TeV, inclusive J/y—py
©
S e ALICE: 2.03<y_ <3.53,arXiv:1308.6726
~
O e e LHCb: 20<y <3.5, arXiv:1308.6729
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2167
o 4 - p-Pb \[sy,= 5.02 TeV, inclusive J/y—u*w
12F
L l -----------------------------------
0.6 j—'ﬂ“:g_—:@: $
0.4
- o ALICE: 2.96<|y__|<3.53, (arXiv:1308.6726)
0.2 - o LHCb: 2.5<|y__|<4, (arXiv:1308.6729)
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Comparison to PHENIX

Q 1.4 N p-Pb\s,, =5.02 TeV § -
! ALICE arXiv:1308.6726: inclusive J/y—p*u’, 0<p <15 GeV/c by 1 —
- Ly (4.46<y_ <-2.96)=5.8 nb”, L, (2. 03<y . <3 53) = 5.0 nb™ 9,3 -
1.2 ; N 1 ALICE Preliminary: inclusive J/y—e’e’, p >0 GeV/c S 0.9 -
R -c.\\-— Ly (-1.37<y,, <0.43) = 52 ub™ A
1 ooy A A e ommmms s ooooanoaneonenensares . b_
IR 0.8—
0.8} e~ | -
i 0.7—
0.6 :
- []EPS09 NLO (Vogt) s 06—
. [77] CGC (Fujii et al.) e I~
0.4 | - - ELoss with g =0.075 GeV*/im (Arleo et al.) e 0.5 —e— Jiy at\ s =200 GeV )
| EPS09 NLO + ELoss with q, =0.055 GeV*/fm (Arleo et al.) ' - 2 " o Ttteeea.....
-~ EPS09 LO central set (Ferrelro etal) - Global Scale Uncenamty £7.8%
0.2 | - . EPS09 LO central set +c,,, = 1.5 mb (Ferreiro et al.) 04— —r EPS09 and Gbr=4 mb
- - EPS09 LO central set + o, = 2.8 mb (Ferreiro et al.) — .
0_11 1111 llllll 1111 L1 llll 111111 l | —__Gluonsaturatlon l 1
- - - e - e 031 P J U WS TN W S SN U N ST SN U S T_—S_—_—_— | T
4 3 2 1 0 1 2 3 4 >3 -2 -1 0 1 2 3
ycms y

1072 10-3 10 X Pb 107! 1072 10 x"pp

* Momentum fraction of probed gluons in nucleus assuming 2—1 J/y production mechanism
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Comparison to PHENIX

m@x 14} p-Pb\s,, = 5.02 TeV
ALICE arXiv:1308.6726: inclusive J/y—u*y’, 0<p <15 GeV/c
1 2_\ Liy (-4.46<y_ <-2.96) = 5.8 nb” y Lit (2.03<y <353) 5.0 nb”
y ALICE Preliminary: inclusive J/y—e'e’, P, >0 GeV/c

Ly (1.37<y _ <0.43) = 52 ub™

-
S~ L

0.8
0.6
] EPS09 NLO (Vogt) .
| CGC (Fujii et al.)
0.4+ -- ELoss with g, =0.075 GeV*/fm (Arleo et al)
| — EPS09 NLO+ELoss withq =0.055 GeV?/fm (Arleo et al)
5 EPS09 LO central set (Ferreiro et al.)
02 B - EPS09 LO central set +c,, = 1.5 mb (Ferreiro et al.)
EPS09 LO central set+c -28mb (Ferreiro et al.)
O_lllllllllllllllllllllllllllllllllllllllllllllll

4 3 2 1 0 1 2 3 4
ycms

1072 10-3 10

>

*

X Pb

R, (0-100%)

0.5 —e— Jiyat\s, =200GeV ..
F Global Scale Uncertainty + 7.8% "=
0.4_— —— EPS09 and 6, =4 mb
~ = — Gluon Saturation
03 i — | I S T | F— | 1A11;1111L1l 1
3 -2 -1 0 1 2 3
y
>
- - - %k
10! 102 1073 X Pb

* Momentum fraction of probed gluons in nucleus assuming 2—1 J/y production mechanism

Caution: EPS09 NLO shadowing not exactly same production models at RHIC and LHC
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