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Quarkonia in a hot and dense nuclear medium%

ALICE
« Sensitive to properties of the hot and dense nuclear TN
matter and a probe for a deconfined phase (quark- | e
gluon plasma) ®c R00opp, |
s | |
- T.Matsui and H.Satz, Phys.Lett.B 178 (1986) 416 - !. (66;:'@5 ®c g ‘
®c ®c
 Test for deconfinement and hadronization of charm oc /
quarks at the phase boundary e
- P.Braun-Munzinger, J.Stachel, Phys.Lett.B490 (2000) 196 -
- A.Andronic et al., Nucl.Phys.A789 (2007) 334-356 T/ T;ﬁ\:‘ﬁfmﬁ
— |01
2.0 =? Y

* Quarkonium states survival may depend on the
medium temperature

- A.Mocsy, P.Petreczky, Phys.Rev.Lett. 99 (2007) 211602
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J/y measurements in ALICE %

ALICE

» Jly—e'e (Jy| <0.9)
» Tracking and particle
identification detectors in the
central barrel

© Jy—p'y (2.5<y<4)
* Tracking and trigger chambers
behind thick hadron absorbers
in the forward muon arm.

R.Arnaldi, Tuesday 1D
aLice H.Yang, Friday 7A

 In both rapidity regions, the J/y
acceptance goes to zero p.

Data at mid-rapidity:
. Pb-Pb at\s =276 TeV * pp at Vs=2.76 TeV

 Centrality 0-10% 11.6 x 10° events * Minimum bias: 1.1 nb”
 Centrality 10-40% 12.3 x 10° events
 Centrality 40-80% 6.4 x 10° events
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J/y—e’e reconstruction

us

ALICE

PERFORMANCE
18/05/201
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TPC dE/dx (arb. units)
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 Kinematics » Particle identification
« TPC+TOF

» |n<0.9, p,>0.85 GeV/c « Conversion electrons rejection

* Tracking | * ITS cluster requirements on electron
* Primary track requirements candidates
using ITS and TPC « Removal of tracks from reconstructed

y-conversion V0 'S
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J/p reconstruction efficiency

\"'3“ — Pb-Pb 2011, {/s\=2.76 TeV, 0-10% —e— kinematical acceptance
< B AD —e— tracking
> 100 - S —e— particle identification
8 _ ALICE signal mass range
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 Efficiencies calculated using MC Pb-Pb events enriched with J/y particles.
* The generated particles are transported through the ALICE setup

simulated in GEANT 3.21.
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Signal extraction (centrality 0-10%)

« J/y yield obtained by subtracting the
mixed event background from the
opposite sign dielectron invariant

mass spectrum

* Mixed event background is
normalized to the same event
distribution in the mass region 3.2-4.0

GeV/c?

* Good matching between the data and
the Monte-Carlo signal shape is

obtained.

 The MC signal shape includes the
bremsstrahlung of the electrons in the
detector material and the radiative
decay channel e’ey (internal

bremsstrahlung)
Ionut Arsene, EMMI/GSI
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—MC shape S/B: 0.0241+£0.0032
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# events = 10089410
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Signal extraction (centrality 10-40%)

ALICE
« J/y yield obtained by subtracting the ‘j;_ 180001 — Same event
mixed event background from the 2 gooor M o |
opposite sign dielectron invariant 2 140007 A T oot
mass spectrum g 12000 o " 2012-08-01
3% 10000 L e
 Mixed event background is 8000 S
normalized to the same event RS IR I e
distribution in the mass region 3.2-4.0  ***°F Ve nom range: 3.2-4.0 Gevre” ¢ o
G 2 2000— %</NDF = 1.5458 : :
eV/c - Sig. range: 292:3.16 Gevic?
N§ SOO_I_;_I [;atal IHH B Silgnlal:l1l568.l6li2l‘9;1.3
. - S/B: 0.0188 + 0.0035
* Good matching between the data and § - MC shape . fi signif:5.38+013
. . : : # events = 7476864
the Monte-Carlo signal shape is N + |
obtained. g 200 +
RIS Gl
« The MC signal shape includes the ool + ” } } w +
bremsstrahlung of the electrons in the - } }
detector material and the radiative R R T L |

—
o I
]
]
(4]

decay channel e’ey (internal

bremsstrahlung)
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Signal extraction (centrality 40-80%)

« J/y yield obtained by subtracting the
mixed event background from the
opposite sign dielectron invariant

mass spectrum

* Mixed event background is

normalized to the same event
distribution in the mass region 3.2-4.0

GeV/c?

* Good matching between the data and
the Monte-Carlo signal shape is

obtained.

 The MC signal shape includes the
bremsstrahlung of the electrons in the
detector material and the radiative
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bremsstrahlung)
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f— T Sa.lme event Centrality: 40 - 80
- Mixed event ][ .| SE/ME fit range: 3.2 - 4.0
— lﬁ # .| x?NDF = 0.8083
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The pp reference

ALICE Collaboration, arXiv:1203.3641 H LIC E
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Inclusive J/y R, vs. centrality %
ALICE
s 4 ALICE, PO-Pb [5,,,= 276 Tov . Inclusive J/iy R, in the 0-10%
- ® |y<0.9,p >0 GeVic, L, = 15pb’ _ o AA
100 centrality bin is 0.83 £ 0.09 (stat.)
[ ALICE + 0.26 (syst.)
e * No significant centrality
- dependence within the error bars
0.8
06 H
04
“aD O
O:III|III|III|III|III|III|IIIIIIII
0 50 100 150 200 250 300 350 400
part
R = NJ/xp 1
AA™
N, Xeff. XB.R. <TAA>><G§I;w
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Inclusive J/.L|J R, Vs. centrality
(comparison to PHENIX) ALICE

e Inclusive J/y R, in the 0-10%

§ 147 ALICE, Pb-Pb {5y = 2.76 TeV
Q: B % ® |y[<0.9,p >0 GeV/c, L = 15 pb™’ ] o
1060 PHENIX (PRL 98 (2007) 232301), Au-Au {8y, = 0.2 TeV centrality bin is 0.83 £ 0.09 (stat.)

- ALICE O |y|<0.35, pT>0 GeV/c global sys.=+ 12% + 026 (SySt)
e * No significant centrality
s dependence within the error bars
0.8 % . R, in central collisions is higher by
0.6 @ H a factor ~3 compared to the
L @ @ PHENIX results

04+ @
N

O_I\II|II\I|II\I|III\|III\|III\|IIII‘IIII
0 50 100 150 200 250 300 35(’)\1 400

part
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Inclusive J/y f.?AAVS. particle density
(comparison to PHENIX) ALICE

s M ALIGE, Po-Pb [5,= 276 ToV . Inclusive J/y R, in the 0-10%
ly|<0.9, p.>0 GeV/c, L t~15ub1 ] o
125 . PHENIX (PRL 98 (2007) 232301), Au-Au {8y, = 0.2 TeV centrality bin is 0.83 £ 0.09 (stat.)
’ i p;ﬂLI;EIERERY O |y|<0.35, p,>0 GeV/c global sys.=+ 12% + (0.26 (SySt)
A et * No significant centrality
i dependence within the error bars
08l - R, in central collisions is higher by
I a factor ~3 compared to the
06 {> PHENIX results
0.4 _ @ . Jiy R, at the same charged
@ '@F ,@ particle density grows with energy
0.2
0 : | | | | | | | | | | | | | | | | | | | | | | | | | | | ‘ | | |

0 200 400 600 800 1000 1200 1400
dN,,/dn), -
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Inclusive J/y R, , vs. centrality
(mid- vs forward-rapidity) ALICE

ALICE, Pb-Pb \s,, = 2.76 TeV

§ 147
g i m 25<y<4, p_>0GeVic,L =70pub"
1 2 . T int

: centrality bin is 0.83 + 0.09 (stat.)
T ALICE @ MIMSROGEL, T +0.26 (syst.)
1H _________________________________________________________________________________________________________________________________________ * No significant centrality

e Inclusive J/y R, in the 0-10%

dependence within the error bars
- R, in central collisions is higher by

i a factor ~3 compared to the
06 H PHENIX results
s . J/JYy R__atthe same charged
- L] L] - v . AA ) . J
0.4 particle density grows with energy
:_ * Hint of a smaller suppression at
0.2 - GD O mid- than at forward-rapidity in
0 i I R | I I | I I | L1 1 | | L1 1 \AL|ICIE ?OTTOT gllo?- ?ysl Tila-ls';l%J | Central CO”iSionS
0 50 100 150 200 250 300 35(’)\1 400
part
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Inclusive J/y R, , vs. centrality

(mid- vs forward-rapidity) ALICE
1.4 , :
é; ~ Inclusive Jiy, 0<p_<8 GeV/c, Pb-Pb {5,,=2.76 TeV o Inclusive J/y R, in the 0-10%
125 ®|y<09, L~ 15ub" N centrality bin is 0.83 + 0.09 (stat.)
[ 4 25<<3,L=70pb" eiGE, + 0.26 (syst.)
(L2359 L= 70ub” « No significant centrality
- dependence within the error bars
0g LI - R, in central collisions is higher by
I a factor ~3 compared to the
0.6 -_ PHENIX results
T - Jly R atthe same charged
0.4 particle density grows with energy
:_ * Hint of a smaller suppression at
02 - GD O mid- than at forward-rapidity in
- | | | | | | | central collisions
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 I |
0

50 100 150 200 250 300 350(N 490
Part
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Inclusive J/y R, vs. rapidity

< 1.4r
o I Pb-Pb | 5,,=2.76 TeV, L~ 70 ub’"
12 B ATeE ° Inclusive J/y, 0<pT<8 GeV/c, 0%-10%, global sys.= + 6%
B Pb-Pb |s,,=2.76 TeV, L~ 15 ub™
1 i e Inclusive JAy, |y|<0.9 0-10%, global sys.=+ 26%

0.65— EI

ALICE common glob. sys.= + 4.5%

O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I
15 2 25 3 35 4

y
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ALICE

Inclusive J/y R, , in the 0-10%

centrality bin is 0.83 + 0.09 (stat.)
+ 0.26 (syst.)

No significant centrality
dependence within the error bars
R, in central collisions is higher by

a factor ~3 compared to the
PHENIX results
Jly R, at the same charged

particle density grows with energy
Hint of a smaller suppression at

mid- than at forward-rapidity in
central collisions
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ALICE

centrality bin is 0.83 + 0.09 (stat.)

e Inclusive J/y R, in the 0-10%
+ 0.26 (syst.)
* No significant centrality
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* Models which consider the (re)combination of charm pairs at chemical freeze-out or

during QGP lifetime are close to the data.
» Total cc-bar cross-section measurements necessary to constrain models
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Inclusive JJW R, ,
(shadowing corrections) ALICE

1.4
g 1.4 = ALICE, Pb-Pb ys,,, = 2.76 TeV i ALICE Preliminary, Pb-Pbysy, = 2.76 TeV, L= 70 ub
i ® |y|<0.9,p >0 GeV/c, L =~15ub° ! L % m Inclusive Jiy, centrality 0%-90%, 0<p <8 GeV/c  global sys.= +6%
12+ w2 Shadowing, EKS98, (E Ferrelro priv.comm.) 12+ ALICE ! ,
=L F".ICE 3N Shadowing, nDSg, (E.Ferreiro, priv.comm.) - PRELIMINARY ALICE Preliminary, Pb-Pbysy, = 2.76 TeV, L= 1.7 ub’
i PRELIMINARY : ® Inclusive J/y, centrality 0%-80%, ly|<0.9
1 — 1 __"""""""."."_"_"_"_"_"_"_"_"_"_"_"_"_"_"_';"_"_"_"_"_"_"."."."."."."."."."."-"-"-"-"-"-"-"-"-"-"-'é"-"""""'"-"-"-"-"-”"""""""." ,,,
0.8F st ////////// 0
0.6 0.6 i : b
04 0.4  Shadowing in Pb-Pb |5, = 2.76 TeV E E B
i i — EPS09 shadowing (R.Vogt &al.), p >0
02 B GZ) O 02 B % nDSg shadowing (E.Ferreiro & al.), p>0
i . ALICE common glob. sys. =+ 4 %
0|\\||\\II‘\II\‘\II\‘II\\lI\\Il\\II‘\\II O|||||111||||||||1|||||||||||1||||||||||||
0 50 100 150 200 250 300 35(I)V 400 05 0 05 1 15 2 25 3 35 4
y

part

« J/y at mid-rapidity even less suppressed when considering current theoretical shadowing
calculations.
Cold nuclear matter effects will be investigated in the p-Pb run in 2013
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Outlook: Prompt vs. non-prompt J/y suppressio%

ALICE

ALICE Collaboration, arXiv:1205.5880

E 300_ ] ] | | | | | ! ] | | | | | I | l | | \i\m 1 : I T T T T T TTT I T T T TTT Il T T T 17T :
= MO PO I A ¥ ] 09 ® ALICEpp,\s=7TeV, Iy, [<0.9 E
c T s _ .
(o) 250__ """"""" """""" """" """""""" """"" """""" HLICE """""""" """""" __ 08 - v ATLAS pp,\s=7TeV, |yJ/\|/| 0.75 ]
= L P {1 PERFORMANCE I T s CMS pp,\'s=7TeV, ly,,|<0-9 7
2 : : | 520/07/2012 : 0.7 :— CDF pp, \s=1.96 TeV \Ivy |<0.6 —:
8 200 _______ _________________________ ______________________________ | o ® ’ ' » oS #i .
e I s Pb Pb MC (Hljlng) E - " ]
5 150t = 05 pp collisions ; =
- i 04 / =
100 . 03 _:

i i 0.23— —f
50 . = ]

- »’2‘1 i i - 0l ———— — — — g —

AN N N R 0 R ****w*m@_ - | | -

0 il i ...|.||I L 0'_1 L L L

107! 1 10 1 10 p, (GeVic)

pt (GeV/c)

- The spatial resolution for tracks with p_>1 GeV/c is better than 50 pm

* Non-prompt J/y fraction from beauty decays can be extracted at mid-rapidity
* Analysis already performed for pp collisions
- The R, for beauty hadrons can be obtained via the secondary vertex analysis

- No significant impact on the prompt J/y R, |
Ionut Arsene, EMMI/GSI Quark Matter 2012, Washington 18



Summary

ALICE

* The nuclear modification factor for the inclusive J/p production
has been measured in Pb-Pb collisions at mid-rapidity

- R, at mid-rapidity in the most central collisions is higher than the
PHENIX results at the top RHIC energy by approximately a factor 3.

- R, decreases by a factor 2 from mid-rapidity to y~4

- Calculations from models which include the mechanism of
(re)combination during transport or at freeze-out are consistent with
the data.

- Within uncertainties, the measured R, at central rapidity is
consistent with no suppression relative to nuclear shadowing.

« Shadowing effects will be measured in the p-Pb run in 2013
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ALICE

Backup slides
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pp reference for R, : interpolation

ALICE

E 800 _| I | I |_| I | 1| f [ | L | T 1T T T T T T 11 T 11 T T I_ ° Interpolation Of do_/dy in pp
5 pp/pp collisions . \/ _ 2 76 T V
= mid-rapidity, p_ down to 0 s CO”|§|0n.S at vs = 2. eV at
A i —=—— used for interpolation, arxiv-1103.2304v3 ] yz us'”g:
;: 600 __ —————— interpolated values, arxiv:1103 23843 __ L4 PH ENIX data at \/S = 02 TeV
1 i ALICE preprint, arxiv-1203.3641 ALICE Publ, |y|< 0.9 ° CDF data at \/S = 196 TeV
= 7 Tev 1+ ALICE data at Vs = 7 TeV
s, 400 - _
O L i
— I CDF < 0.6 | * 3 interpolation strategies :
> 1.96 TeV .
5 - 55 Toy 1 = ad hoc functional form
© 200 [euemnciyicoss ) | 71 * FONLL based approach
© [ 0.27TeV 2.76 TeV |« LO CEM based approach
ﬂ:h B uncert. =\stat® + syst®
1 1 | L 111 | L 111 | 1 111 | 1 111 | 1 11 1 | 1 1 1 1 | 1 111 | 1 11 1 | 1 1 1 1 . .
@ ol bbb bbb 566 arKivi1103.2394v3
Vs (TeV)

« Overall uncertainty of interpolated value approximately 2 times lower than

for the measured one

Ionut Arsene, EMMI/GSI
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