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» Physics motivations.
» The ALICE detector.

» Analysis:
Q J/p —>ee(lyl <0.9).
QJA) = pu (2.5 <y <4.0).

» Results:

J J/ 1!) RAA \E Npart’ Y and PT-

> P(2S) - pp.
> ]/ photoproduction.

» Conclusions.
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Quarkonium hadroproduction in A-A

= Ultrarelativistic heavy-ion collisions = high energy densities. N
* Quark Gluon Plasma: deconfined state of quarks and gluons. J/ Y

Quarkonium as a probe of deconfinement:

v’ Created in the early stages of the collision.

v’ Suppressed by Debye screening.

v Different radii & binding energies = sequential suppression.
T. Matsui and H. Satz, Phys. Lett. B178 416 (1986).
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Quarkonium hadroproduction in A-A

= Ultrarelativistic heavy-ion collisions = high energy densities. 7N

* Quark Gluon Plasma: deconfined state of quarks and gluons.

Quarkonium as a probe of deconfinement:

v’ Created in the early stages of the collision.

v’ Suppressed by Debye screening.

v Different radii & binding energies = sequential suppression.
T. Matsui and H. Satz, Phys. Lett. B178 416 (1986).

\QQQO wh Quarkonium family can

.H be used as a thermometer
& B ;2 for the QGP!
%Q Q T=21T,
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Quarkonium hadroproduction in A-A

s 14 EKS98 CNM baseline
Quarkonium production in A-A previously studied S o] " PHENX Au:Auy=0
by different experiments: R I | W NASO Pbs+Pb
—~ e lid
J/ < T |
R . YA—K I'I< i ‘ H a8l ! Al
AA T J /‘// 0.8_—— | l }
< I\|Coll >Ypp I 1[I
06 I H
Q Significant J/Ap suppression beyond the Cold L Narrow boxes: conrelated sy E}
NUCIQar Matter effeCtS, 0.4~ Wide boxes: CNM baseline sys
. . . . Lol b b b b oo boaa o bia g
O Suppression is practically Vs - independent. 0 100 200 300 400 500 600 700 800

dN/dh|
EPJ] C71(2011) 1534 n=0
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Quarkonium hadroproduction in A-A

Quarkonium production in A-A previously studied
by different experiments:

J/y
YA—A

Ran =

< Ng >Y

J/y
pp

Q Significant J/Ap suppression beyond the Cold

Nuclear Matter effects.

[ Suppression is practically +/s - independent.

J/P Production Probability

[a—

€xogamous re gCHCI’RtiOH

sequential suppression

Energy Density
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EKS98 CNM baseline
e PHENIX Au+Au y=0
@ NABO In+In

NA50 Pb+Pb

Raa/ RAA(CNM)
=
'—';I—oﬁl
=
— |

0.6~

[ | L | |

| Narrow boxes: correlated sys
0.4~ Wide boxes: CNM baseline sys

$

EPJ C71(2011) 1534

What can we expect at the LHC?

1. New collision energy regime
=>» larger suppression?

2. N.z/central collision = 10 X RHIC
=» measurable effects from regeneration?

Lizardo Valencia Palomo
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Quarkonium photoproduction in A-A

Electromagnetic (hadronic) interactions
are dominant (suppressed) in HI
collisions when b > R; + R, .

High flux in the number of photons
(scales as Z2).

Powerful tool to study gluon distribution
of the nuclei (low Bjorken-x poorly
known).

Coherent production: = Incoherent production:
o Photon couples to all nucleons. o Photon couples to a single nucleon.
o J/b<p>=60MeV/c. o J/p <p>=500 MeV/c.
o Nucleus normally does not o Nucleus normally breaks up.
break up.
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The ALICE detector

ACORDE MUON SOLENOID TRACKING MUON
ABSORBER L3 MAGNET CHAMBER FILTER

o TRIGGER

O side CHAMBERS

ZDC

~118 m from LP.

T . ;' = ~nezvnD£rvnxp

[ TOF |[ PHOS || TPC || ITS | |DIPOLE MAGNET |
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The ALICE detector

ACORDE MUON SOLENOID
ABSORBER L3 MAGNET

TRACKING
CHAMBER

MUON
FILTER

~118 m from LP.

As|de @ : Quarkomzl:
74 =

_ [ DIPOLE MAGNET |
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e*e' channel

“Central barrel
oyl <09
. downtop;=0

s

CHAMBERS

ZDC

~118m fom LP.

C side



The ALICE detector

SOLENOID RACKIN MUON
swover]  Losageee] Lages

2

~

. oﬁ
Muon Spectronster -
40<y<-28", "y
downtopr=0

ZDC

~118m fom LP.

Quarkonia:
u* p - channel

TOF | [PHOS | [ Tpc | [ S | [ DIPOLE MAGNET
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Trigger and centrality

> J/b — ee:

2010 + 2011 data set: Minimum Bias (MB) and
centrality triggered events = L., = 15 ub-..

> T, $(25) = pp:

2011 data set: dimuon events from the muon
trigger = L, = 70 ub.

L1CE B PL oty sy = 876 TV |
4 + Data
> ]/1'!) - in UPC: T4 . NED Xt rfvi:o,,a,u-t)npm
H H . ; \ 1=0.194, u=29.003, x=1.202
v
10$‘ etttomaga,
2011 data set: UPC trigger = L., = 55 ub.. 5 :
1B~ E
i Fl B 2 ]
Centrality estimation is based on a Glauber 10.IE H B

model fit of the VO amphtude. 0 2000 4000 6000 8000 10000 12000 1400015000 18000 20000
VZERO Amplitude (a.u.)
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pp measurement at /s = 2.76 TeV

In order to extract the R, ,, a reference from pp

collisions is needed!

In this case, both at forward (J/ — pu) and

midrapity (J/i — ee).

2.5 <y <4.0: NRQCD calculations describe the 2
measured d?c/dydp at 7 and 2.76 TeV. *

100-

do, W/dy (ub)
o
| T 1 1 | 1 1 T |

4

O I

|\I\|\\I\|I\I T ‘I\\III\I\I
¥ e'e,(5=7 TeV (+4% luminosity)
A 1w, vs=7 TeV (£5.5% luminosity)
@ e'e,(5=2.76 TeV (+1.9% luminosity)
W pun, V5=2.76 TeV (+1.9% luminosity)

ALICE pp

@H@% F 4

i

open: reflected

| L L L | L L L |

’5

I
4 3 2 1 0 1 2 3 4

arXiv:1203.3641v2

reference is

PP

the main source

of

systematics in the Nuclear Modification

—_— T | T | T
8 -
% " ALICE pp, 2.5<y<4
__('? TF o
o T -
3
- L
o L
o
> L
o
~=
Z
=
o107 _
(9] [ m Vs=2.76 TeV (1.9% luminosity)
-o -
A Vs=7 TeV (£5.5% luminosity)
Vs= 2.76 TeV, CS+CO NLO
+ (M. Butenschoen et al., priv. comm.)
| F]\s=7TeV, CS+CO NLO
(M. Butenschoen et al., Phys. Rev. D84 (2011) 051501) = =
102
0 1 2 3 4 5 6 7
arXiv:1203.3641v2 p, (GeVic)
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Factors:

* 9% for J/Y - up.

8

* 26% for J/Pp — ee.
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entries per 40 MeV/c?

entries per 40 MeV/c?

20000f— —— Same event i i
18000 Mixed event _".!‘__.;::._
- = H -l
16000f— 2 : . ALICE
= - : i f=_ PERFORMANCE
E - g
14000F~ = " 2012-08-01
12000 "=,
.5-7 .!.
10000F .
8000} — - -
6000 F Pb-Pb at\s,, =2.76 TeV T

E Centrality: 0 - 10 %
4000

=
m
3
]
3
=
-
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w
no
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o
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@
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x%/NDF = 1.0725 :

2000"5ig. range: 2.92-3.16 GeV/c?;

H‘—H\‘HI

1 IR

1000 """ ;
gooj— — MC
sooi
4003
200 :

of B e i L LT
-2007H|<}|}H_“J

P I R |

Signal: 2452.8 + 325.
S/B: 0.0241+ 0.0032
Signif.: 7.60+ 0.15

# events = 10089410

GDR-PH QCD meeting

e
My (GeV/c?)

J/ — ee in Pb-Pb: Analysis

v J/b  yield obtained by subtracting the
background from the opposite sign
dielectron invariant mass spectrum using
the mixed event technique.

v' The MC signal includes the bremsstrahlung
of the electrons in the detector material.

v’ Signal extracted in three centrality bins:
0-10%, 10-40% and 40-80%.
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entries per 40 MeV/c?

entries per 40 MeV/c?

efficiency

J/ — ee in Pb-Pb: Analysis

2o000F — Samevamt ||
IZEZZ; . R ,E v J/b  yield obtained by subtracting the
o I background from the opposite sign
poosl e dielectron invariant mass spectrum using
Gomf\ G h the mixed event technique.

[ x%NDF =1 0725

o
@

o
n

2°°°—Sg range: 2.92-3.16 GeV/ic? |
1000~ J o Signal. 2452.8 £ 325.4 . .
i nates et - v The MC signal includes the bremsstrahlung
L ignif.: 7.60 + 0.
- of the electrons in the detector material.
v’ Signal extracted in three centrality bins:
0
T 0-10%, 10-40% and 40-80%.
15 2 25 3 85 4 s
My (GeV/c?)
E — kinematical acceptance
= - EZ‘STC‘TS identification (TPC)
g (BLICE, — signal racion v' Efficiency computed using a MC HI
o generator (HIJING) enriched with J/.
oA
E v' Little dependence on the centrality.
Oo; 10 20 30 R R TR

Centrality (%)
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Events/(50 MeV/c?)

J/ — pp in Pb-Pb: analysis

ALICE

PERFORMAN

22/05/2012

Pb-Pb, \s,=2.76 TeV ]
2.5< Yo <4 _

N,,= 89502 + 815
6,,=75.1+ 1.6 MeV/c® |
S/B (36) = 0.212+0.004 ]

CE

GDR-PH QCD meeting

2011 statistics allows the extraction of J/ yields
in narrow y, pr and centrality bins.

Yield extracted by fitting the wunlike sign
invariant dimuon mass spectrum:

v' Signal: modified Crystal Ball.
v Background: different functions. Also
subtracted using the event mixing technique.

Results are then combined to obtain a mean

weighted Ny, and to extract systematic
uncertainties on signal extraction.

Lizardo Valencia Palomo 10



J/ — pp in Pb-Pb: analysis

2011 statistics allows the extraction of J/ yields
in narrow y, pr and centrality bins.

0<p<1cevic n1<p<2GeV,c ] Yield extracted by fitting the wunlike sign
invariant dimuon mass spectrum:

v' Signal: modified Crystal Ball.
v Background: different functions. Also
subtracted using the event mixing technique.

Results are then combined to obtain a mean
weighted Ny, and to extract systematic
uncertainties on signal extraction.
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J/ — pp in Pb-Pb: analysis

2011 statistics allows the extraction of J/ yields
in narrow y, pr and centrality bins.

0<p<iceve + ”RMGE\HC ] Yield extracted by fitting the wunlike sign
' invariant dimuon mass spectrum:

{ v Signal: extended Crystal Ball.
v Background: different functions. Also
\ L subtracted using the event mixing technique.

35 4 4.5
m, @Gevic) Results are then combined to obtain a mean

weighted Ny, and to extract systematic

P

Embedding MC J/w — up
in min. bias Pb-Pb | s,,=2.76 TeV

saanosoe  ——  Rapidity bins: detector acceptance.

0.1

2 osf . : :
- uncertainties on signal extraction.
0.25
- ALICE e 0 c 0
02f PatGRMmG e Acceptance x efficiency values are obtained by
o15E- T embedding MC J/i into real events.

0.05

|

LI

2.8 3 3.2 3.4 3.6 3.8 4

o

g
e}
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J/ — pp in Pb-Pb: analysis

2011 statistics allows the extraction of J/ yields
in narrow y, pr and centrality bins.

0<p<iceve + ”RMGE\HC ] Yield extracted by fitting the wunlike sign
' invariant dimuon mass spectrum:

v Signal: extended Crystal Ball.
v Background: different functions. Also
subtracted using the event mixing technique.

35 4 35 4 4.5
m, @Gevic) Results are then combined to obtain a mean
y 016 weighted Ny, and to extract systematic
£y uncertainties on signal extraction.
0.14 E— — B o .
F T promsemneo s Acceptance x efficiency values are obtained by
013 o 5
: embedding MC J/i into real events.
012
011 E Embedding MC J/y — pp
A [~ inmin. bias Pb- S=2.76 Te . . .
st oot ALICE Rapidity bins: detector acceptance.
01 20/05/2012
0-1lll110ll“210l‘IISIDI.“4'10““510““6I0lIHI““I““

Tty oo’ Weak centrality dependence.
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ALICE, Pb-Pb | 5,y = 2.76 TeV 1
% ® 1yI<0.9,p >0 GeVic, L = 15 b % ALIGE Preliminary, Pb-Pby sy, =2.76 TeV, L =70 ub

ALICE “Cl JALICE

PRELIMINARY

m  Inclusive J/y, 2.5<y<4, 0<p <8 GeV/c  global sys.=+ 14%

50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400

ALI-PREL-39070 art ALI-PREL-15136



RAA

Results: J/1 R, 5 Vs centrality

1.4 - ALICE, Pb-Pb \s,, = 2.76 TeV % 1 4 - ALICE Preliminary, Pb—Pbﬁ =276 TeV, Lm[x 70 ub™
L ® |y|<0.9, pT>0 GeVle, Lint =15ub”’ m 1 B Inclusive J/y, 2.5<y<4, O<pT<8 GeV/c global sys.=+ 14%
1ok PHENIX (PRL 98 (2007) 232301), Au-Au|s,,, = 0.2 TeV 1.2F PHENIX (PRC 84 (2011) 054912), Au-Au {5y = 0.2 TeV
[ ALICE O yj<0.35,p >0 GeVic global sys.=+12% |t ALICE O Inclusive Jiy, 1.2<y<2.2,p >0 GeV/c  global sys.=+9.2%
L 14
i I
0.8 H 0.8 !
r C o
0.6 % @ 060 | -
C L ] _
i @ | = b g -
0.4 0.4r-
; PP ; : i
0.2F 0.2 ERR w & O
J) — ee -/ —
OII\Jllll\lll\IlllllllllllIIIIIIJIIlIIII 0LLJLIIIIIIllLLlLIIIIIIJIILILIIIIIIJIILI
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
(N2 (Noort

No significant centrality dependence within errors.

>100.
R, in the most central collision from ALICE is ~3 times larger than at PHENIX.

RALICE _ 3 pPHENIX (o

No significant centrality dependence for N,

> 200.

part
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RAA

Results: J/U R, 4 vs centrality

1.4 F ALICE Preliminary, Pb-Pb |s,,, =2.76 TeV, L = 15 ub’' :E 8 ALIGE Preliminary, Pb-Pb\s,, = 2.76 TeV, L= 70 ub"
% @® ALICE, ly|<0.9,p.>0 m r W Inclusive Jiy, 2.5<y<4, 0“97(8 GeV/c  global sys.=+14%
[ —— Stat. Hadronization Model (A. Andronic & al., JPG 38 (2011) 124081) L Stat. Hadronization Model (A. Andronic & al., JPG 38 (2011) 124081)
1 2 [ ALICE ;77 Transport Model (X. Zhao & al., NPA 859 (2011) 114 & priv. comm.) 1.2 [ ALICE / Transport Model (X. Zhao & al., NPA 859 (2011) 114)
| PRELIMINARY .. Transport Model (Y.-P. Liu & al, PLB 678 (2009) 72) | PRELIMINARY 2 Transport Model (Y.-P. Liu & al, PLB 678 (2009) 72)
L o 1 = Shadowing+comovers+recombination (E. Ferreiro, priv.comm.)
: 7, ///‘f'/,
08 L 0.8 _ ’/// dGc!E /dy=0.25 mb
06 0.6 @ :
0.4 0.4 N
r [ do . /dy=0.15mb
0.2 0.2
Jhp —ee J = pu
07\|\||\\|\‘|\\||\|\|||\|\||\\|‘||\\|\\|\ 0—\\\\||||\|\\\\|\||\||||\‘\\\\‘\||||\\\\
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 35?\/ 400
{ part part

Statistical Hadronisation Model: prediction for two do.z/dy.

Transport Models: different rate equations of J/{ dissociation and regeneration
in QGP, in both cases more than 50% of measured yield in the most central
collisions due to J/{ regeneration, the rest is from initial production.

Green band: includes shadowing, comovers and recombination.

Need to measure Cold Nuclear Matter effects.

GDR-PH QCD meeting Lizardo Valencia Palomo 1



Results: ]/ R, o vs centrality, y bins

1.4 <1.4 -
2% F ALICE Preliminary, Pb-Pb | s, = 2.76 TeV, L _ = 70 b III:( - Inclusive J/y, 0<p_ <8 GeV/c
i r -
m 10 - % | Inclusive J/y, centrality 0%-90%, 0<p <8 GeV/c  global sys.= +6% L Pb-Pb \s,,=2.76 TeV, L= 70 ub
r - ALICE ’ )
=1 ALICE ALICE Preliminary, Pb-Pb | s, = 276 TeV, L =2.1pb’" 1.2 ALICE, E. Ferreiro, priv. comm.
""""""""""" ot L ® 25<y<3 3 Shadow. + comovers + recomb. 2.54<3
@ Inclusive J/y, centrality 0%-80%, |y|<0.9 [, 1 = e 3.5<y<4 Shadow. + comovers + recomb. 3.5¢/<4

0.8 i{ '

: it osrl +$ s
0.4 Shadowing in Pb-Pb |5y, = 2.76 TeV E E L i i E N : 33 S S
[ — EPS09 shadowing (R.Vogt & al.), p_>0 GeV/c E 0.4 i i ,;‘ i
02 i— '//'//FIDSg shadowing (E.Ferreiro & al.), p, >0 GeVic 0-2 :_ L
0 [, | | A | | ALIClE cummor‘l glob. sysi =+4% ! C
- ST N E 4 41E o sE a4 az 0Jllllil\AJlnnn\nnnxljn“Jlll.J...JJ..“
05 0 05 1 15 2 25 3 35 4 0 50 100 150 200 250 300 350, 400
y part

JAb is less suppressed if shadowing Model underestimates the suppresssion
calculations are considered. in the most forward y region

Cold Nuclear Matter effects need to be quantified!
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Results: ]/ R, o vs centrality, y bins

Ecg 14r Inclusive J/y, Pb-Pb | Sy,= 2.76 TeV
L * 2.5<y<d, 0%-10%, L=70 ub
1.2 ALICE o |y<0.9, 0%-10%, L~ 15 ub’
1 S

0.6

0.4

ALICE common glob. sys.= +4.5%

b b b b by

JAb is less suppressed if shadowing

1.5

2 25 3 35 4

calculations are considered.

Yy

<
<

@

1.4
Inclusive J/y, 0<p,<8 GeV/c, Pb-Pb \s=2.76 TeV %
1.2 *lyl<0.9,L~15ub" ALICE
[ © 25<y<3, =70 Hb'W RRRRRRRRRRR
o ® 3.5<y<4, L= 70 ub"
0.8 l,% m;
!
[ = T T
0.6FL g ﬁ - -
i 1 & i - ni
0.4 N $ . $
i e
0.2+
L ALICE common global sys. =+ 1.9%
OIJJlJll
0 50 100 150 200 250 300 350.. 400

N

part

Model underestimates the suppresssion
in the most forward y region

Cold Nuclear Matter effects need to be quantified!

Hint of smaller suppression at mid rapidity than at forward

rapidity in the most central collisions.

GDR-PH QCD meeting
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-
°
° A
Results: J/U
<14
<0 % Inclusive J/y, 2.5<y<4
5 i Pb-Pb \s,,=2.76 TeV, L= 70 pb" X. Zhao et al, NPA 859(2011) 114
L — regeneration
r total
L 7
r ';‘ . 0<pT<2 GeVic
0.8+ +
RN . :
0.4F
0.2
0 L L1 | I L 1 | Ll 11 { 111 | Ll 11 I 111 | \ L1 J I -
0 50 100 150 200 250 300 350N 400
( pan)
«<1.4
L Inclusive J/y, 2.5<y<4
r Pb-Pb |s,,=2.76 TeV, L= 70 ub™ . zhao et al, NPA 859(2011) 114
1.2 LALICE  giobal sys.- 6% -~ primordial
= — regeneration
] LA I??a.‘ ___________________
r s ° 5<p_r<8 GeV/c
0.8 .%
06 T -
Y R g
0.4 T s B
- TR -9 A
L TR A L
o2 T
0_...‘IH‘.I...‘\‘..I L S ====———=m=
0 50 100

150 200 250 300 35 400
W5

GDR-PH QCD meeting

R VS centrality, py bins

Stronger suppression for high-p J/.

No centrality dependence for low-p J/1p when
N, ..+ > 100.

part

Consistent behavior with (re)combination.

Good agreement between data and
Transport Model.

Around 50% of the low-p; J/{p are produced
by (re)combination.

For high-p; J/p this contribution is very
small.
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Results: J/Ab < pr >

d*N o
oC
dydpr |1+ (p,/ py)?]

< pr > values were obtained by fitting h  in three

different centrality bins.

There is a clear deviation, at low- p; for the most peripheral collisions, to the
expected J/1 hadroproduction.

J/b photoproduction could be responsible of this excess.

- 10°
— o 45¢
0 © | 295<M, <33 GeV/c?
% > 4o 25<y<4
G, JALICE S L centrality : 70%-90% %
""_10 8 35 = Fitdescribing haconic Jiy production data
g = | ALICE
- C PERFORMANCE
O 30—
g 105 Q T Pb-Pb, \/S_NN =2.76 TeV
(2} C
N_O E 25__ 24/09/2012
; 2 |
Inclusive Jhy, 2.5<y<4 O 20f
108 F Pb-Po1s=2.76 TeV, L= 70 ub" ~ -
F global sys.=+2% 15 r
- C
i 10
10,7 L ¢ 0-20% .
F ¢+ 20-40% 5F
" A090% I P P T -
poa v bvv v bv v b bvvna bvvna bvvna bv o i g G
-"\ Il 1 ‘ 1 - | Il 11 ‘ | - | Il 11 ‘ | - 1 | 1 1| ‘ 1
o 1 2 3 4 5 6 7 8 9 10 % o2 04 06 08 1 12 14
p, (GeVic) P, (GeV/c)
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Results: J/Ab < pr >

d*N P,
oC
dydpr |1+ (p,/ py)?]

< pr > values were obtained by fitting n  in three
different centrality bins.

Clear deviation, at low- p; for peripheral collisions, to the expected J/
hadroproduction.

J/b photoproduction could be responsible of this excess.

o - Inclusiv .

S gl nousive v ALICE: clear decrease of < pr> with
0 - A ALICE, pp 1s=2.76 TeV, 2.5<y<4

O [ o ALICE, Pb-Pb |5, =276 TeV, 25<y<4 QAL TCE increasing N .

T 5| A PHENIX pp1s-200GeV, 1.2dlyl<22 " L part

3 - @ PHENIX, Au-Au | s, =200 GeV, 1.2<|y|<2.2

[ © PHENIX, Cu-Cu s, =200 GeV, 1.2<|y|<2.2

2'5f i This confirms the observation that low-p;
N * % J/P are less suppressed in central collisions.
B o
[ 4
AR }

. A
15 po
3 Striking difference with respect to lower
e energy results!
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P(25) = pp
Low significance for {(2S), both in pp and Pb-Pb.

Signal extraction only possible in 2 p; bins:
* 0<pr<3GeV/c: 20-40%, 40-60% and 60-90%.
* 3<p;<8GeV/c:0-20% and 20-60%.

S/B in Pb-Pb: between 0.01 and 0.3 from 20-40% to 60-90% centrality.

x10° 10
&;12_| [ LI I L T 171 L T 171 L T 11 N T 11 | LI I_ &(‘)\ :\ ‘ LI ‘
= i ] 1.8 g
e lIcE, g F JBLICE,
z [ 7/08/2012 i %1'65 7/08/2012
& 8 pp, 1s=7TeV .4 Pb-Pb, | 5= 2.76 TeV
i 2.5< y <4, 0<p <3 GeV/c | 1.2 2.5<y <4, 0<p <3 GeV/c
6l = " 40%-60% -
B 1 0.8~
4 o -
| ] 0.6
2 ] 0.4F
. 0.2
\\\\\ R o o STRNE I B Ll : L I ! 1 T o A
24 2.6 2.8 3 32 34 36 38 4 4.2 24 26 2.8 3 32 34 36 38 4 42
m, (GeV/c ) my, (GeV/c?)
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P(25) = pp

ALICE used pp at+/s =7 TeV as reference: small /s and y dependence from
[V(25) / ]/ ], results by CDF, LHCb and CMS taken into account in the systematic
uncertainty (~ 15%).

Dashed lines show the error on the pp

9
Q L
S | AUICEinclusive Jly andy(2S), 25<y<4 reference: CMS used pp at /s =2.76 TeV.
S 8f Po-Pb|sy=276TeV, L=70ub
5\ - pp, 1s=7 TeV
QU 7| @ALICE,0p, <3 GeVic, 25<y< S 7T Signal extraction and MC inputs for
2. 63 @ ALICE, 3<p, <8 GeVic, 25<y<4 ] Acceptance x Efficiency corrections are
o] @ CMS, 3<p <30 GeV/c, 1.6<|y|<2.4 ’ . .
R the main source of systematics (some
o [ (CMS-HIN-12-007) L . ) .
S 5S¢ others vanish in the double ratio).
2 — :
—_ 4_* __________________
Q T [ No decisive conclusion on the {(2S)
A . enhancement/suppression vs N, due
218 T { T el to large statistical and systematic
1 : } uncertainties.
OZI\Illl\\Il\\\I‘IIII‘\II\‘\III'I\Il\\ll S
0 50 100 150 200 250 300 sm0 400 Excluded large enhancement in the

(Npart) most central collisions.
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Coherent J/i photoproduction in UPC

Typical inclusive J/ip candidate in a
Pb-Pb collision.

UPC: two muon tracks from a J/{
candidate in a very clean event.

GDR-PH QCD meeting Lizardo Valencia Palomo 17



> Fitting function: CB (signal) + exponential

» Combinatorial background < 2% at 90%
C.L.in2.8<M,, <34 GeV/c%.

> Extracted J/{ yield is 96 + 12 + 6.

Coherent J/i photoproduction in UPC

(background).

Pb+Pb— Pb+Pb+Jiy y§,, =2.76 TeV
L e e e

40

35

30

25

20

15

10

Dimuon candidates / (80 MeV/c?)

5

ALICE

-3.6<y<-2.6

0
arXiv:1209.3715

» J/U from coherent production clearly

>

dominate in the region p; <0.3 GeV/c.

N..
N — vied _78+10"’
A f +fg _11

fp fraction of J/{ from 1.

f; is the incoherent/coherent events.
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Pb+Pb — Pb+Pb+J/y Sy = 2.76 TeV

—_
o

Jhy candidates / ( 40 MeV/c)
IHI‘H\I ITT |HIITI\II‘II\I|\III|III

L L L L I I B
ALICE

-3.6<y<-2.6

Data

Sum

------- Coherent JAhy

............. Incoherent Jhy

....... Jhy from ¢’ decays
Yy — W

—

1

[rIETL {' """" e rmimiEima, 4 E
0.. J‘*“ r“ T 1 ..|--!-L-'I-I‘ - l-J-:-IA.I!'j"- "_H I & E .l_l_
0 0.1 o.z 03 0405 o6 g s
arXiv:1209.3715 Dimuon p_(GeV/c)
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Coherent J/i photoproduction in UPC

Pb+Pb — Pb+Pb+J/y |5, =2.76 TeV

> To compute the differential cross-section of £ 72_1'-"-'1'- cos TALCE
coherent J/{ production, the yy - u QED & "f ==
process is used: IR S e
4 ;_ —remee AB-EPSOB ,,'/:- -....,,‘\.‘
h - ' .,
dogj, _ 1 N7, (Accxe), o, ot .
dy BR(J/y - u'u") Nyy (Accxg),,, Ay 13
1=
— 100 i Ol8tgég mb aeri\E/]:41'209.;_’:;;15I S .4“- y
» AB-MSTWO08: All nucleons contribute to the __ PotPb o PoiPbrly (S, =276TeV
scattering, scales as A? (no nuclear effect). | —e——r ALICE -
» STARLIGHT, CM and CSS: Glauber }.... N R s —
. STARLIGHT
approach to calculate the number of . oM
nucleons contributing to the scattering. o e CSS ]
> AB-EPS08, ABEPS09, AB-HKNO07 and RSZ- - ReziTe
LTA: cross-section proportional to the i AB-EPS09
nuclear gluon distribution squared N = | AB-HKNOT
(partonic models). N II do/dy (-g.f)e. <y< -22.6} (mb) Xiv 2093715
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Conclusions

J ALICE results vs N,,,,, show a different behavior relative to RHIC energies:
o Flat centrality dependence in all rapidities (N, > 100 at forward y).

o RAVICE ~ 3 x REHENIX £51 the most central collisions.

O Hint of smaller suppression at mid rapidity than at forward
rapidity in the most central collisions.

Q Stronger suppression for high-p J/{ relative to the low-p; ones.

d < pr > decreases with increasing centrality collision,
opposite behavior compared to lower energy results.

d Comparisons to models point to (re)generation.
d Y(2S): a strong enhancement in central Pb-Pb collisions seems unlikely.

O ALICE has performed the first measurement of J/ip coherent
photoproduction in Pb-Pb collisions at the LHC.
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The ALICE Muon Spectrometer

Located in the forward rapidity region Dipole
and with a full azimuthal coverage, it <z K4 TRGS TRGTTRG2 [
1 ” [
is composed by: — B "
Front absorber | TRK1 TRK 2| “' ' ' i i
» Absorbers: L —tT—t—— I’ 4 BN

!
| |
=

a) Front  absorber.-  Absorbs \ |
hadrons, photons and % é lwa”{ ”
eleCtrOI’lS ) ;g\:o?ggrle Rear absorber

b) Beam shield.- Protects from
particles produced at large y.

c) Iron wall.- Absorbs hadrons
that punch-through the frontal
absorber.

* Magnetic dipole.- 3 T'-m integrated
magnetic field, bends charged particles
allowing to extract the sign of their
electric charge and momentum.

* Tracking chambers.- Spatial resolution, in
bending coordinate, better than 100 ym in
order to identify and disentangle the Y
family (100 MeV resolution).

* Trigger chambers.- Timing resolution of 1-
2 ns and latency of 700 ns (LY trigger), can
trigger likesign and unlikesign events.
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Inclusive J/y, 0<p <8 GeV/c l Inclusive J/y, 0<p <8 GeV/c
Pb-Pb \s,=2.76 TeV, L= 70 ub™, global sys.= 6% ALTCE . Pb-Pb \sy,=2.76 TeV, L= 70 ub™, global sys.= 6%

PRELIMINARY PRELIMINARY

e 2.5<y<3 ® 3<y<3.5

0.6
0.4
0.2

0
0 50 100 150 200 250 35 400 100 150 200 250 300 35 400
Wv v

ALI-PREL-36691 part ALI-PREL-36696 part

Inclusive J/y, 0<p_<8 GeVic
Pb-Pb | 5,=2.76 TeV, L= 70 ub", global sys.= 6%

PRELIMINRRY

e 3.5<y<4

0 50 100 150 200 250 300 35(2N 400
pan>

ALI-PREL-36701



5L4 514
o Inclusive J/y, 2.5<y<4 o Inclusive J/y, 2.5<y<4

— -1 — - — -~ 1 1
1.2 Pb-Pbysy=2.76TeV, L~ 70 ub", global sys.= 6% ALICE 1.2 Pb-Pbysy,=2.76TeV, L~ 70 ub", global sys.= 6%

PRELIMINRRY PRELIMINARY

. 0<pT<2 GeV/c . 2<pT<5 GeV/c
1 1

0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2

00 50 100 150 200 250 300 35(2N 400 00 50 100 150 200 250 300 35(2N 400
part> part>

ALI-PREL-35897 ALI-PREL-36075

Inclusive J/y, 2.5<y<4 %
Pb-Pb | 5,,=2.76 TeV, L~ 70 ub™, global sys.= +6%

o 5<p <8 GeVic

ALICE
PRELIMINARY

100 150 200 250 300 35 400
WY

ALI-PREL-36080



Inclusive J/y, 2.5<y<4 ’ Inclusive JAy, 2.5<y<4
Pb-Pb \s,,=2.76 TeV, L=70 ub™, global sys.= +6% ALTCE . Pb-Pb | s,,=2.76 TeV, L=70 ub™, global sys.=+6%

PRELIMINARY PRELIMINARY

* 20-40%

Inclusive J/y, 2.5<y<4
Pb-Pb | 5,,,=2.76 TeV, L~70 ub", global sys.= +6%

PRELIMINARY

® 40-90%

ALI-PREL-36247



Results: ]/ R, vs py, centrality bins

< 14 ‘
< r ALICE Preliminary, Pb-Pb \Sun = 2.76 TeV, Lm =70 ub
CC 1 2 r % B Inclusive J/y, centrality 0%-90%, 2.5<y<4 global sys.=+ 7%
<1 ALICE Transporl Model (Y.-P. Liu & al, PLB 678 (2009) 72)
RRRRRRRRRRR AN

Stronger suppression for high-p J/.

Very good agreement with Transport Models.

<
o

141

120

% Pb-Pb | 5,,=2.76 TeV, L= 70 ub™ X. Zhao et al, NPA 859(2011) 114
total 0-20%

=X Inclusive Jy, 25<y<4, 0-20%  _ roericuon a0

| ereuminary @ Inclusive J/y, 2.5<y<4, 40-90% total 40-90%

1}
o.sf
0.6 7
0.4

0.2F

—— regeneration 40-90%

global sys.= +6%

P, (GeV/c)

Stronger p; dependence for central
collisions.

Discrepancy between model and data
at low-p; in peripheral collisions.

Regeneration at work in the low-p regime.
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Systematic uncertainties: Concepts & values

Value (%

Luminosity pp 1.9

R factor pp 3.0
Normalization (MUL - MB) 2.1
Trigger 6.4

Tracking 6.0
Matching 2.0

MC input 5.0
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Systematic uncertainties: Integrated R, ,

——

Corr. systematics: MC input + Matching + Tracking +
Trigger + Normalization + J/{ pp + pp Lumi.

vs centralit
Unc. systematics: n J/i + T, , + Tracking + Trigger. o Y

Statistics: n J/.

—

—

Corr. systematics: Normalization + pp Lumi + T, 4 + corr.

JI) pp.

Unc. Systematics: n J/i + nMB + Tracking + Trigger + MC  — VSPr Iy
input + Matching + non corr. J/ pp.

Statistics:n J/P +J/U pp .

In the plots:

Statistics: vertical line at each point.

Unc. systematics: shaded area at each point.
Corr. Systematics: written at the top.
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Systematic uncertainties: Multidimensional R , ,

=

Unc. systematics: n J/1.

tralit
P.C. systematics: MC input + Matching + Tracking + Trigger + T Vs centrality

TAA +unc. JA pp.

Unc. systematics: n J/{ + unc. J/AP pp.
o VS PT

P.C. systematics: MC input + Matching + Tracking + Trigger + TAA.

—

Corr. systematics: Normalization + corr. J/{ pp.
vs centrality/ p;

Statistics: n J/U + J/U pp .

In the plots:

Statistics: vertical line.

Unc. systematics: shaded area at each point.
P.C. systematics: boxes at each point,

Corr. Systematics: written at the top.
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Effect of non-prompt J/ip on ALICE R, ,

0.6
06 5 c 03—
[ 2 g o
T =
8 ook g
0sh a®*H) . i
#®  LHCbzoeyes.q, 7 Tal %  LHCb7TeV, 0=p <6 Galic
0_4-_ 04.—_ 02:—
0.3 03 015~
02— 0'2.-_ 0.1—\
o[- 0.1 o.osl\
oL AI ..‘|...1...i|4..1|...1|.. 0 :.I’A -é---a--"o---12---"4--1'6---1'3- o uh,,, L R B
1] 2 6 8 0 2 6 § 20
P, (GeVic) p, (Gevic) 2 2.5 3 35 4 4:‘I..'5

Non-prompt fraction of the inclusive J/i yield in pp at mid rapidity (fg):
CDF vs CMS: increase of 5% and p; independent.

Assume:
1. Linear increase of f3(+/s). fe(py) for /s =2.76 TeV
2. It does not depend on the y region.

b-hadron suppression factor in Pb-Pb (g)? RR, ~ 0.3 for 2 < pp < 16 GeV/c (JHEP09
(2012) 112) = ‘Dead cone effect’: R5, > RA4.

0.2<g<1isused
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Effect of non-prompt J/ip on ALICE R, ,

1.4 1.4
F ALICE Preliminary, Pb-Pb| s, = 2.76 TeV, L= 70 ub™ - ALICE Preliminary, Pb-Pby s, = 2.76 TeV, L= 70 ub'"

<
: % ®  Inclusive Jhy, centrality 0%-90%, 2.5<y<4 global sys.=+ 7% u:< Z % m Inclusive J/y, centrality 0%-90%, O<p[<8 GeVic global sys.= + 7%,
12 — Prompt J/y HAA.HAA(B):I‘ 12 — Prompt Jiy HAA‘HM (B)=1.

HAA

ALICE PromptJiy R, .. R,, (B) =05 C ALICE Prompt Jiv R, . R,, (B)=05

A T TR P P 702 (P — Py By By @02
0.8+ 0.8
06 0.6
0.4 04
0.2 0.2}

[y ol v v 1 e e

0 2 2.5 3 3.5 4 4.5

o Rincl — f
RE™ (py) = 22— "o
B

=>» small effect on the inclusive J/{ R, , results.

Similar study can be carried out for R, , vs y: LHCb shows fz(y) decreases with
increasing rapidity.

=>» Difference between inclusive and prompt R, , well within errors.
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Theoretical models: inputs

Statistical hadronization

Thermal model with T=164 MeV, u=1 MeV (from particle ratio fits).

All charm produced in the initial hard-scatterings.
Charmonium production at phase boundary.

Transport Model by Rapp & Zhao

Boltzman transport equation for the J/i.

Vg adjusted to measured dN , /dn.

O-cc"ly:3.25 ~ 0.5 mb.

Shadowing: 30% suppression in the most central collisions.

No Croning effect and gy = 0.
10% of J/i» € B and no quenching.

Transport Model by Liu et al.

Boltzman transport equation for the J/i.
Ocely=325 = 0.38 mb.

EKS98 shadowing and g = 0.

10% of JAp € B and R, 5 (b) = 0.4 for all p; range.
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ALI-PREL-36210

Inclusive J/y %
A ALICE, pp \5=2.76 TeV, 2.5<y<4

o ALICE, Pb-Pb \s,,=2.76 TeV, 2.5<y<4 ALICE
A PHENIX, pp 15=200 GeV, 1.2<[y|<2.2

e PHENIX, Au-Au | 5,,=200 GeV, 1.2<|y|<2.2

® NABO, p-A 15=17.3 GeV, O<y<T

o NASD, Pb-Pb | 5,,=17.3 GeV, O<y<1

PRELIMINARY

00ody
o
o ! i




