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Quarkonia in heavy-ions

Quarkonia suppression was one of the main pieces
of evidence for CERN's claim to have produced
a QGP phase at SPS energies
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Different lattice calculations do not agree
on whether the J/ is screened or not
measurements will have to tell!
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New State of Matter created at CERN

Debye screening predicted to
destroy J/y's in a QGP with
other states "melting” at
different temperatures due
to different sizes or binding
energies
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Data - SPS, PHENIX,
STAR, LHC...
Need high statistical

& systematic accuracy

Sequential screening
Xe, W' 18, I/ later

lattice &
dynamical screening
J/ not destroyed?

J N

5/25/2009

large gluon density
destroys J/y's

Mike Leitch

PHENIX J/y Suppression:

* like SPS at mid-rapidity

- stronger at forward rapidity

with forw/mid ~0.6 saturation
P <p;2> centrality indep.

Regeneration & destruction
less suppression at mid-rapidity
narrowing of p: &y

J/Y flow

1

Regeneration

(in medium?)
large charm Charm
cross section dE/dx & flow




Central to Peripheral Modification
Factor (R.p)
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and /7 are two centrality classes, ( entral and Peripheral
N_,,;, are the average number of nucleon-nucleon (N-N) collisions for

c

nucleus-nucleus (A-A) collisions 1n a given centrality class

« Expect R, = 1 if the A-A collision were
merely a superposition of N
independent N-N collisions

Ref: F Antinori et al. (NAS57 Collaboration), Phys. Lett. B 623 (2005) 17
AA

coll
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J/P CNM effects
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PA might be crucial to understand the AA data at LHC energies
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L. Levy @ ICHEP 2010 High statistics data provides a strong test of CNM models



J/U polarisation
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08! .+ no model explains cross section and
06 . polarization simultaneously
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£ k.-factonzaton -
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Quarkonia in heavy-ions

[H.Satz, hep-ph/0512217]
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The long standing unambiguous signature of deconfined quark matter has somehow
become ambiguous :Suppression pattern “anomalously” comparable at SPS and
RHIC.

Rapidity dependence

Different CNM/shadowing effects

Sequential melting : @’, X. only

Statistical hadronisation : a possible scenario motivated by the large 8
production of charm in Pb+Pb collisions




The ALICE experiment at the LHC




Physics motivation

Cross section

. Abig stepin Vs, 0 1
«  (SPS x 13 = RHIC) x 28 = LHC e M E
« Energy density well above the expected = 351 %E
phase transition (hotter,bigger,longer) % - E
—> Hard probes as new probes o 30;_ 2__
[ 7
For more details on Jet Physics at ALICE, 2 25; % . ’é‘
see Andreas Morsch 's talk today % 201 2 =
= / - m
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1mb | b 1Hz Ty
B e e Heavy Quarks, abundantly produced in the
e : o @ first instant 0.03-0.1 fm/c, will probe QGP/medium
5 = over its whole lifetime (~ 10 fm/c)
Tub g ~g41mHz ¢ Open beauty and charm physics
= e u>.| Jig, ¢’ and Y,Y’,Y” as medium thermometer
z | | e Important B-hadron decays to charmonia yields

“1'04 See talk by Serhiy Senyukov 10

-
(=]
-
[=]
Pt
—h
(=
(1]

Energy (GeV)



The small-x regime
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From RHIC to LHC

Xmin S 1()2

— factor 1/30 due to energy
— factor 1/3 larger rapidity

With J/y at rapidity 4

— Pb+Pb collisions x
— p+p collisions x

min l{]-f
~3x106

min




The ALICE experiment

ACORDE

ABSORBER

TRACKING
CHAMBERS

70C TN - / MUON
~116m from L.P S - FILTER
// & '

B/ TRIGGER
! \CHAMBER

For more details on p+p physics at
ALICE, see Jean-Pierre Revol's talk on
Monday
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The ALICE experiment

Central barrel (|n|<0.9) Muon spectrometer

Tracking: ITS+TPC+TRD

PID: TPC+TRD+TOF

Secondary vertexing: ITS

- Open heavy flavour
* hadronic channel

* semi-leptonic decays (e*)

- Quarkonia
* e*e- channel

(-4.0<n<-2.5)

Tracking : 10 CPC planes

muon PID : absorbers
ABSORE' 5 | 0 inputs from trigger
chambers

ACORDE

‘_.

- Open heavy flavour

* semi-leptonic decays (u*)
—> Quarkonia

* u*u- channel

./ TRIGGER
! \CHAMBER

e,
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Quarkonium Detection in ALICE

Central Barrel |y|<0.9; ITS+TPC+TRD+TOF; electron ID and um vertex.
1)J/1p {1 Y Y’ Y” -> ete; 2) B-> J/y+X->ete; 3) y ->y+etein pp;

-\“\

Forward muon spectrometer
2.5<|y|<4.0; Muon trigger

“1and tracking; J/p, v, Y, Y,

20 Y >

D-hadron & B-electron
measurements in |y|<0.9;

| B-muon and B-dimuons in

2.5<|y|<4.0;

For more details on Heavy quark
production at ALICE, see talk by Serhiy
Senyukov
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J/P in the electron decay channel
Pb+PDb physics performance
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Invariant Mass [GeV]
Jy Y
Mass resolution ~30 MeV/c?2 | ~90 MeV/c2
Signal/Noise 1.2 1.0
Counts (nominal PbPb year) 10% 120k 900
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ALICE Muon Spectrometer

16




ALICE Muon Spectrometer

Front Absorber (102,

5 tracking stations (10 planes
of MWPCs with bi-cathode
pad readout): resolution =
70pm in the bending plane

Dipole Magnet

(IBdI=3Tm)

Iron wall (muon
filter-72;..) Beam shield

A
G/

Hardware
2 Trigger Stations (4 momentum cut:
planes of RPCs): fast p* =4 GeV/c
response (~2ns) (p;*>0.5GeV/c)
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ALICE Muon Spectrometer

Dipole Magnet
(BdI=3Tm) Iron wall (muon

BiEp R () H filter-7h;.) Beam shield

R TTTICTETML L, pL I

. Mass resolution for Y < 100 MeV/c2 - spatlal resol < 100 um along y
(bending direction)

Il. Designed for up to 500 hits/central Pb-Pb collision on the

1% station (assuming dN, /dy|, = 8000) Today, dN,/dy|, =2000 would be a more
realistic value

lll. Trigger rate < ~1 kHz (DaQ bandwidth for muon)
* 8 kHz Pb-Pb collisions with L = 107 cm?s"

18



J/Q in the muon decay channel
Pb+PDb physics performance
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Jiy Y
Mass resolution ~70 MeV/c2 | ~100 MeV/c2
Signal/Noise 0.3 2.5
Counts (nominal PbPb year) MB 680k 6000
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J/Q production in Pb+Pb

The suppression pattern is a thermometer of
the QCD matter produced : clear advantage to

have a measurement of J/lp and Y. State | S[10%] | B[10%] S/B S/(S+B)"
Quarkonia production in Pb+Pb in the
Jiy 130 680 | 0.20 150
Muon Spectrometer (700)
Vs =5.5 TeV [2.76 TeV — 40 to 55 % in o] o | 37 | 300 | oo1 67
no recombination (20)
central Pb-Pb (0 < b < 3 fm), (MB) v(1s) | 1.3 0.8 1.7 29
no nuclear effects, p. > 1 GeV/c (7)
Running time : 10% s with a Pb-Pb [~90%)] Y(2S) ‘()1-?;’)’ 0.54 | 0.65 12
luminosity of 5x10% cm?s* [10%2 cm?s™ ] ' 1
- Good statistics for Y(1S) YB39) ?1'%? 042 | 048 8.

-2 Y(2S), Y(3S) will requires a few runs
J/y statistics allows polarization studies

O In fact for the first PbPb run > 1/100

For Heavy-Ion physics at ALICE see
Paolo Giubellino's talk on Thursday
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First results in p+p at 7 TeV




Counts [/45 MeV/c?]

Preliminary results on J/Y
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CALICE Péifotiiaics |
June 1st,2010

Nsigr =59 ig

.......... Sngmﬁcance=6721114
 SiB=322:162

 Mass =3.076 + 0.009 GeV/c?
___________ Ao ] width =515 10 Mevie? ...

3.0 3.2 34 3. 6 3.8 4.0
Invarlant Mass of e’e” palrs [GeV/c?]

dN/dM,,,

ALICE Performance
20/07/2010

3.5

4 4.5
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Integrated luminosity at ALICE

EW .........

400 |-

3EI'[I ..........

200 |=

100 =

0
01-Apr

LHC fill number * INT1-B: minimum bias
1050 1100 1150 1200 1250 interaction trlgger
g T T ] — at least one charged particle
= ool |5NUT"11 5 - in 8 n units
b . triggers — . R- o i} .
& ol MUS1 B triggers (x10) ] MUS1-B: single muon trigger
g= j SH1 B triggers (x20) = — forward muon in _
B ; coincidence with MB trigger
(1] : . . = =
LS < E SO A * SH1-B: high multiplicity
g E ' trigger
o

For all these classes, mask

__________________________________________ (= gate) to trigger on the

crossing of the colliding
bunches.

01-May 3-May 30=Jun 30-Jul
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J/U in the electron decay channel
First p+p results at 7 TeV

* 110M p-p events at 7 TeV

— 1/3 of available statistics

* Track reconstruction

—TPC +ITS
* Electron identification (and pion rejection)
~-TPC
— TRD could be included later Y [
) ) . ] % ] A A — ...................... ....................... ....................... 110 M
* Fit with a Cristal Ball function = - 20 ,.,ml_ﬁg,, 9 | ovents
. |n|<0_9 X 25 TR e Sl'gﬁif't:'aﬁ'cé" "6"72'4'-"1"14 llllllllllll
g E S/B = 322+1 .62
‘3 20:_ SN U SOOI I SPTSSOOLR Mass ........ 3 0764.00096&\”0 .......
15
10: :
5
For Particle ID performance, see 0628 30 32 34 36 3440

. Invarlant M f e'e” palrs [GeV/c?
Jean-Pierre Revol's talk on Monday nvarlant Mass of & ¢ palrs [GeV/c'] 24




J/U in the muon decay channel

102

10

ALICE Performance
20/07/2010

p+p at\s =7 TeV

G, = 94+ 4 MeV/c

2

2.5 3 3.5 4 4.5
M, (GeV/c?)

* detector performance close to
nominal
* efficiency
* mass resolution 94 MeV/c?
(target is 70 MeV/c?)

* data/analysis flow works well
* recent changes in trigger
strategy allows to accumulate

more statistic

So far ~ 6000 J/y recorded.
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W' shows up
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+ -
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J/P's transverse momenta

0<p_<1GeVic 5[ 2<p_<3GeVic 5[ 3<p_<4GeVic

dhidM,

m*:

nnnnnnnnnnnnnnn
2010?’!2010 |

P 25 3 35 4 45 . 2 2.5 3 35 4 45 2 2.5 3 35 4 4.5

M, (Gevic?) M, (Gewic?) M, (GeWic?) M, (Gevic®)

4< s [ < [ 3 0.181
P, <5 GeVic ! 5< P, <6 GeVlc 5| 6< P, <8 GeV/c &

dhidM,

0.04 + Data

0_02; # MC, residual misalignment

ol Lo by by by b Iy
0 1 2 3 4 5 6

Ll
7 8
P, GeVic

1111 1111 1111 1 11111 1111 111 1 1111 111 . 11111 . 11011 111 1 1111 111 1 | l Il 1 ! 111 .
2 25 3 35 4 45 2 25 3 E 4 45 2 2.5 3 2.5 4 4.5
M, (Gevic®) M, (Gevic’) M, (Gewic’)

J/p peak width well reproduced
by the MC
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dN/dp_ (a.u.)

10°

102_

Comparing results to the MC

ﬁ

ALICE Preliminary

| |MC, CDF extrapolation
# Data

+.

pp — Jhy+X,\s=7 TeV g pp — Jhy+X,\s=7 TeV
Eh 3 . | |MC, CEM calculation
% 10 :_ # Data
~ ALICE Preliminary
l L |
10% -
78 28 3 32 3.4 3.6 3.8

P, (GeVic)

Data corrected for acceptance and efficiency
« data slightly softer than MC

Generated MC distribution “CDF pp 7TeV”

« p;extrapolated from CDF results, y obtained from CEM calculations, no polarisation
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J/P's transverse momenta

= o >J;WB+X=\E=7 Tev <p,?> is extracted with the fit function first
— a3 T<y<3.
SHOE ? Y proposed by Yoh et al., PRL 41 (1978) 684
E . ALICE Preliminary g P, A2\ (also used by previous experiments)
5 PR, o 12
I © e ALICE s = 7000 GeV 2.7<y<3.8, p <8 GeVic
> [ + PHENIX vs = 200 GeV 1.2<[y|<2.2
S0l PHENIX s = 200 GeV |y|<0.35
A_ [ ¥ HERAB \s = 41.6 GeV
2 & [ Y E866\s=238.8GeV
10 gl O NASO\s=20.1Gev
L 4 NA3 s =194 GeV
L [0 NAB0 vs = 17.3, 27.4 GeV
6_
{ p§ y=9.47" (stat+syst fit) (GeV/c)” 4 B T
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII B :
0 1 2 3 4 5 6 E v/ 8 -
ev/c B
P ( ) oL .
- D
- o ALICE Preliminary
Quoted uncertainties include systematics ol il Lo L
from the fit function. Full systematic uncertainties 102 10° 10*
are being evaluated s'2
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Summary

The ALICE experiment has successfully started the study of
Inclusive quarkonia production in p+p interactions at \/Sm =7 TeV

« J/@'s rapidity and transverse momentum distribution were presented

« Next: J/y's production cross section
—> Top priority : J/yp analysis to be used as a reference for Pb+Pb

This is only the very beginning...
High luminosity p+p, Pb+Pb, p+A collisions ...........
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