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Introduction : Quarkonia in A+A Collisions
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o o wei222 &8, -:7% |  could serves as a QGP signature
; F [Phys. Lett. B 178, 416 (1986)]
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o2t $ 1 Two big experimental suprises
. - similar suppression at SPS and RHIC
gEj 1":@ e Wl == 1470 ': - stronger suppression at forward rapidity
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- o 5 B S Ry’ =(de7$u/dy)/(Nw”' dN%/dy)

PHENIX, PRL98:232301,2007 . - .
suppression quantified by nuclear modification factor
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Physics Motivation : J/P production at LHC

< i | | | | ] .
Fal o RHIC data 1. ® Suppression or enhancement?
i § - Debye screening vs charm thermalization
L o - : :
: 1~ @ Distinguishable differences @ LHC
08 + 1e - ~30 times higher /s than RHIC (14 times so far)
06 H H . § - unexplored xg; region (10°~10)
il . 13
) L H 1O - larger statistics
s R . S 10 x RHIC
 Model y "Rk § oo = U X
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L e Secondary J/\P from B decay
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Introduction : Quarkonia in p+p collisions
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e Reference for heavy ion data
e Still many theoretical uncertainties
- NRQCD (COM) fails in predicting polarization (CDF Run II)
- CSM (+ s-channel cut) reproduces do/dy (to some extent) and polarization
» but still over-estimates at forward rapidity
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Introduction : Quarkonia in p+p collisions
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e Reference for heavy ion data
e Still many theoretical uncertainties
- NRQCD (COM) fails in predicting polarization (CDF Run I
- CSM (+ s-channel cut) reproduces do/dy (to some extent) and polarization

» but still over-estimates at forward rapidity
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ALICE Detector
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A Large lon Collider Experiment
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Detector :
Size : 16x26 m
weight : ~10,000 t
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a. ITS SPD Pixel
b. ITS SDD Drift
c. ITS SSD Strip
d.voand TO

e. FMD

Collaboration :
>1000 members
> 100 institutes
> 30 countries




Inner Tracking System (ITS)

d, r¢ resolution [um]

87.2 cm

1 10
pt[GeV/c]

- six layers of silicon detectors

- determination of primary and secondary vertex

- PID and tracking of low momentum particles

- help to improve transverse momentum measurement of the TPC

- help to reject conversion background by requiring hit(s) in first two layers
- impact parameter resolution close to the designed value
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Time Projection Chamber (TPC)
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ALICE performance
work in progress

d

2.5m

14

—
\o]

—_
o

- main tracking device, the largest TPC ever (95 m?)

momentum

op/p (%) resolution

- up to 160 space and charge points per track
- precision ~500 pm in all 3-dimensions

- momentum resolution : 7 % at 10 GeV/c (<1 % at pr< 1 GeV/c) 4
- allows to distinguish the charged particle species (via dE/dXx) >

1 10

momentum p (GeV/c)

Nucl. Instr. and Meth. A609, 149 (2009)
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Muon Spectrometer

Xy
2y N:- BN
Xy

Absorber
Tracking

chambers Trigger

chambers

Magnet Filter

e 16 mlong, puz4 GeV/c,25<n<4.0

e front absorber (carbon, concrete and steel), reject primary hadrons

e dipole magnet (3 T-m) : bending plane in y direction

e tracking chambers (5 stations of 2 Cathode Pad Chamber planes, ~100 m?)
e muon trigger (4 RPC planes)
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Data Analysis Details
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J/P measurements in ALIC

-

- prompt J/P {

. secondary J/\p — from B-hadron decay

direct production

feed down from higher mass resonances (Xc, ¥’ , ...)

possible only In the central barrel

(impact parameter resolution are < 60 pm for pr>1GeV)

Preliminary ALICE results refer to inclusive J/iy production

e in ALICE :
- e*e” channel in the central barrel ( ly| < 0.9)

- pty- channel in the forward muon spectrometer (2.5 <y <4.0)

Feb. 17th, 2011
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Analysis Strategy for Quarkonium Measurement

e+e- analysis MU analysis
Tracking ITS+TPC+(TRD) muon tracking chamber
PID dE/dx in TPC front absorber / iron wall
TOF and TRD (future) muon trigger detector
: pT > 1GeV, | muon matching the trigger
Selecting good tracks # of TPC cluster>90, etc Rabs cut, etc
Signal extraction direct bin counting Crystal-Bal sha}pe + double
gaussian

e Efficiency calculation

- based on simulation, realistic (CDF scaled) pt and y distribution adopted
e Systematic error estimation

- cut variation, two extreme polarizations, MC vs data comparison
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Particle ldentification

TPC signal (arb. units)

100% \ ! ' ....... -p ......... 1. '.- ........ o pp@\E=7TeV ...... oo ...................... —]

g0 [

ALICE Performance

“osnozo0

60|
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P [GeV/c]

e cte” analysis

- TPC based PID in this analysis (dE/dx
distribution)

- 30 bands of it and p line are excluded

® LU+U- analysis

4 5 6 7 8910 20

- front absorber rejects primary hadrons

- Iron wall removes hadrons emerge
from the front absorber

ALICE uses almost all known PID technigues

Winter Workshop on Recent QCD Advances at the LHC, Les Houches



p_(J/P) [GeV/c?]

Kinematics and Efficiency - e*e- channel

J/¥ acceptance
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e CDF extrapolated pr distribution used
* |y|<0.9 to avoid detector edge effect, pr>1 GeV to reject conversions

e ALICE can measure J/Y pt down to pt=0
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—fficiency - uty- channel

Acceptance x efficiency
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e Realistic y and pr distributions of J/\p was used :
- pT = CDF extrapolation
- y — CEM calculation
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Invariant Mass

Distributions - ete” channel

- S:123:15.5, S/B: 2.2+ 0.36, Signif.: 9.2:0.58 (2.90-3.15 GeV) ]

60— ALICE performance ® c'e —]

3 s pp°$=°7’2T‘:V°L . + »1oiiesn 1 e Background subtraction

5 sl | E - like-sign subtraction method

% 302— + HT _i N gignar =N, —2\/N++ xN__
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o S correlated charm components
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§ e Signal extraction

2 - bin counting

% - integral range [2.92, 3.16] GeV/c?

: - 69% of total J/P’s (MC line)

M., (GeV/c?)
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Invariant Mass Distributions - y*ty- channel

=10*

dN/dM,

102

10

P+p at\s =7 TeV e Signal fitting

ALICE Performance

710/2010 - Crystal-Ball function for signal

- two exponentials for the background
c\ - P(2S) signal is also well visible
N :

RN . * for the cross section

™ - statistics for this analysis

Ny, = 1909 + 78
S/B (2.9<M<3.3) ~ 2.4

PWG3-MUON-019-101007

1.5

2
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M,, (GeV/c?)
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Invariant Mass distributions in 7 pr bins

Egi ; E§ Eﬁ:
Si0°f 0<p,.<1GeV/c S10 1<p . <2GeV/c St 2<p,.<3GeV/c S10 3<p,<4GeV/c
(=] (o] (o] 3 (=]
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1
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e Differential distributions refer to a data sample corresponding to L=11.6 nb-’
e J/Y peaks are clearly visible in each pt bin
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Systematic Errors
channel ete- Tl
signal extraction 8% 7.5%
acceptance input 1% 2%
trigger efficiency 0% 4%
reconstruction 10% 2%
luminosity 10%
branching ratio 1%
total error 18% 13.5%
polarization frame A=-1 A=+1 A=- A=+1
Collins-Soper +25% -12% +31% -15%
helicity +20% -10% +22% -10%

Feb. 17th, 2011

preliminary values!
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Feb. 17th, 2011

Results
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Differential Cross Section : doy/dy

Feb. 17th, 2011

12
" ALICE preliminary pp,Ns=7 TeV
- ® e'e’, |y|<0.88 .
10 w p*y-, 2.5<y<4.0 +10% syst. error —

L O p'y, reflected (luminosity)

I

do I /dy (ub)
(@)

o.)_IIIIIIIIIIIIIIIIII

F %
2

1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
% 4 2 0 2 4

y
e J/P production cross section measured in a broad rapidity range
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Differential Cross Section : doyy/dpT

o [
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e Syst. error is dominated by polarization

- two extreme scenarios have been
chosen : 0==+1

¢ \/ery good agreement with the LHCb
result in the same rapidity range
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Comparison with two models

-
P

— p— —
o ® ALICEe'e, |y|<0.88 .~  E
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4 / @E Bg 107
a | - ALICE Preliminary
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P; (GeVic)
e Model calculations:

- R.Vogt, Phys. Rev. C 81 (2010) 044903
- J.P. Lansberg, arXiv:1006.2750

e pr-integrated cross section 1.6<y<2.4 from CMS (arXiv:1011.4193)
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Js-dependence of inclusive J/\P production

| | IIIIIII | | L L

® ALICE, lyl<0.88, preliminary
® CDF, lyl<0.6
A PHENIX, lyl<0.35

do,, /dy (ub)
3

IIIIII

n line: do - /dy, scaled to CDF data point
- NLO (MNR), m=1.2 GeV, u =ug =2m,

| | IIIIIII | | Illllll

1 10
\E (TeV)

e Open charm NLO calculation, normalized to the CDF point
e Follows the trend of \/s-dependence for the inclusive J/P cross section
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J/P In
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C\Io e Data
gy Signal + background
>10° = ’ ;
()] N e Background only
E — —— Signal only
o I —
v B NW = 189+ 47
N 2
-~ — Mass = 3.117 £ 0.019 GeV/c
2 6,,= 82+ 20MeV/c?
e 2 hd
910 :
L - x“/InDoF = 1.0
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— ALICE performance
— Pb+Pb,\j% =2.76TeV
B LHC10h period
| 25/11/2010
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Dimuon invariant mass [GeV/c?]

o ~2.6M MB events
e Crystal-Ball shape (signal) + 2 exponential (background)
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Summary and Outlook

e Summary
- ALICE detector and analysis details introduced
- ALICE can cover J/Y pt down to pt=0
- first results on J/P production in ete- and p*u- channels presented
- differential distribution in pt and rapidity of the inclusive J/{ shown

e Outlook
- electron trigger (e.g. track pr>~2 GeV) can significantly increase the statistics
- secondary J/{ is under study

- J/P polarization measurement will follow with high statistics
- J/Y measurement in Pb+Pb data is ongoing
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Backup Slhides




Collected Data

e Data sample:
- Integrated luminosity = 4.0 nb'and 13.6 nb™! for ete- and p*u- ,respectively
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dNup /dpTin the mid-rapidity

e Preliminary pT differential distribution, compared to CEM calculation
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dN/dpdy (arb. units)
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¢ Measured spectrum is softer than the calculated one
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<pt> and <pt2> from J/P = P+p-
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3 3/ ® ALICE Vs = 7000 GeV 2.7<y<3.8, p_<8 GeV/c
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Livio Bianchi
QGP France

Reference Frames

Etretat - 22/09/10

Collins-Soper Helicity
x 4 w .H Z
/m g \/
J]Jﬂ" | : C-S , . J J"illr|_ /“‘.
roj \ V4
p"/’ . SN
el (@) G—
Ptarg Poroj Y Prarg
Collins-Soper (CS): Helicity (HE):
bisector of the angle between proj. and Direction of the quarkonium in the
(-) target in the quarkonium C.M. C.M. frame of the collision.
frame.

But don’t forget the g angle!



