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Heavy flavour & quarkonium at forward
and central rapidity in p-p and Pb-Pb
with ALICE at LHC
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Outline

® Introduction:
® The Quarks and Gluons Plasma
®» Heavy flavour physics
® The ALICE detector and its performance
® Open heavy flavour in p-p
® At central rapidity
® At forward rapidity
®» Quarkonium production

® First look at Pb-Pb collisions

R. Tieulent EPIPHANY 2011 Krakow 10-12 January 2011




ws  The Quark-Gluon Plasma (QGP) S
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®'ﬁ?fii The production of heavy flavour

® Due to their high mass, the heavy quark pairs are produce in the early stages of the

collision
1
Tformation ™~ — ™ 0.02 fm/C (beauty)
. —
® Created by the primary partonic collisions
N Q g «Q 57 i g ¢ Q
- ui«.z-\ +  Taue + I + }
X RS N
q Q g Q g} \G o Q

® No modification of the production of the heavy flavour in Pb-Pb due to the medium
(except shadowing effect measured in p-A collisions)

® Life time of the heavy flavour much longer than the QGP life time T(D®) ~100 pm/c

® heavy flavour = good observable to study the QGP
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Production yield prediction for Charm and Beauty @ LHC

@ deux infinis

IN2P3

LHC: a heavy flavour factory

System pp pp PbPb (0-5%) | PbPb (0-5%)
Sis— 14 TeV 7 TeV 5.5 TeV 2.76 TeV
gﬁ?f% (mb) | 11.2/05 6.9/0.23 3.4/0.14 | 2.1/0.075
Nfﬁ? 0.16/0.007 | 0.10/0.003 90 /3.7 56 /2

Cross section

Source: MNR Code (about a factor 2 uncertainty on these numbers)
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= Why study Heavy Flavour & ™
quarkonia @ LHC ?

® |n proton-proton:
® Test of pQCD in a new energy domain
® Reference for study of medium effect in PbPb
® In Pb-Pb:
® Energy loss of heavy quark sensitive to energy density

® Dissociation of quarkonium -> temperature of the system

] T T I 1.0 T T T I T T I T
dN, fdy=1000 o, =04

- — Charm dN_jdy = 1750 |
0.8 — Bottom dNS/dy = 1750
- = Charm dNa/dy =2800

_ y ~ - Bottom dN /dy = 2900 |
= ~ 08 1 dzNAA/dptdn
F & Raa(pe,n) = 5
E = L <Ncoll> d Npp/dptdn
w

0.2

-Wicks, Gyulassy, “Last Call for

A LHC Predictions” workshop
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@.sz; Quarkonia suppression %

Td/T C

Dissociation of the quarkonia due to colour screening YT ~4LHC
Threshold effect with a dissociation temperature different for each

quarkonia function of the binding energy J/U YT'H ~2RHIC
Upsilon will only dissociate at LHC XeXp =1 SPS
Possible regeneration for the charmonium due to in medium T\’

coalescence of charm quarks

o PLB 637(2006)75 .
7 AN G S —————————. Regeneration
075 + +
, |
o | Y
i & In—In, 5PS
0.25 L O Pb—Pb, SPS .
® Au-Au, RHIC, [y <0.35 Suppress-L on
® Au-Au, RHIC, y|=[1.2,2.2] £ (GeVifmY)
| | e | | | 3
1 2 4 5 6 30 > E(GeV/fm )

[ ]
R.Tieulent  EPIPHANY 2011 Krakow 10-12 January 201 1 m 7




%mzm
Les deux infinis

Central barrel
(|n|<09) [ TRD

{ HMPID !!

Muon spectrometer
(-4<n<-2.5)
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TRD (7/18), EMCAL (4/12), PHOS (3/5), others (100%)
After Christmas break works: EMCAL (12/12), TRD (10/18)
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Trigger and data sample in p-p
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® Only the 7 TeV data are used for heavy flavour (too small statistic for 900 GeV and
2.36 TeV samples)

® Minimum bias trigger (INT1B) based on detection of one charged particle in SPD or VO
(8 units of of rapidity)

® Muon trigger(MUSB): at least one muon in the forward spectrometer in coincidence
with minimum bias trigger

® 800x10° minimum bias events

® 130x10° muon triggers
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Heavy flavour @ central rapidity: (%@
= PID performances ”

TQF PID -pp @7 TeV TPC no around the electron line
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® Electron ID using TOF & TPC dE/dx

® TOF: reject kaons (p<1.5 GeV/c) & protons (p<3 GeV/c)

® TPC: asymmetric cut around the electron Bethe-Bloch line
®» D — hadrons

®» Kaons identification with TPC and TOF

® Displaced vertex topology with reconstructed D pointing to the primary vertex
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«§ PPVS = 7 TeV, 1.1x10° events ~§ 2< p:’. <3 GeVic
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ppVs=7 TeV, 1.1x 10° events
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@ Single muons: background %
IN2P3 o
subtraction

Heavy-flavour u

® Perform analysis in the region p: > 2 GeV/c
® Small secondary muons contribution ~3 %

® Main bkg = decay muons from © and K ~25 %

® Subtract decay muons contribution using MC

® Use 2 Pythia tunes (Perugia-0 and ATLAS-CSC)

% 105 ;_._ :éﬂa,m Pythia Perugia0
o L | [ o ® decay muons dN/dp: normalized to data at low
£10'= Unkooun 71020, < 178" p: (0.5 - 1 GeV/c) where its contribution is
§ E :—;—+ Reconstructed vertex dom i n a nt
:“103:— s
E E - o o
s T ® alternatively use the Distance of Closest
102 T e . .
+ e, Approach to primary vertex
- . Ty
10 Jr} ¢i++++
L Bhadl T T ﬁ Resulting systematic error from 30% to 20%
0: 5 41' 1 é L1 é ] 1|0| L from IOW tO high pt
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@.szg Forward single muons: result O]

S 0 w—HF, pp @\/s=7 TeV
2 - MUON triggered data
Q. .
=b'_é_1.07 v -4<n<-2.5
©
— data
¥
B FONLL prediction
¥
v
10° — v
- - )
[ v 5
u h 3
1
51 WO s
10° == ALICE Preliminary 3
.I__l :ll-qo? ?rl-rlor l()ﬁ] IC[-CI)SISTSlelCtII(?[] rlw(l)tllp?lpcliel(il l | I I I 1 1 1 l | I I - 18
2 2.5 3 3.5 4 4.5 5 5.5 5

@ Analysis performed using ~2.10°events = L = 3.49 nb"!

® Absolute normalization using minimum bias cross section

Measured cross sections compatible with semileptonic decay of open-
charm and open-beauty hadrons calculated with pQCD (FNOLL)

[ ]
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ALICE performance
06/10/2010
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S:123+£15.5, S/B: 2.2+ 0.36, Signif.: 9.2+0.58 (2.90-3.15 GeV)
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® ALICE, lyl<0.88, preliminary ® ALICE, |y|<0.88, preliminary

® CDF, lyl<0.6
A PHENIX, lyl<0.35

(statistical errors only)

Syst. err. A=+ 1

Syst. err. X<+ 1
—— CEM (R.Vogt), |y|<0.8
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line: do - /dy, scaled to CDF data point
NLO (MNR), m=1.2 GeV, ug =ug=2m,
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Les deux infinis

® Data sample: luminosity = 13.6 nb"!

® Kinematic coverage: -4.0 <y <-2.5

p+p at\s = 7 TeV
ALICE Performance
7/10/2010

Event selection :

T [IIIIII|

102

® Coincidence with MB trigger

T I]IIIII|

® At least one of the 2 muon tracks matches a muon
trigger track

10

I

PWG3-MUON-019-101007

! |
/ \
1111 | LA 11 | 111 | | 1 11 IJL‘Ill 111 I".l 111 | | 1111

2 2.5 3 3.5 4 4.5 5
M, (GeV/c?)

-
.U'I T T TTTTT

— @ At least one vertex reconstructed by the ITS
Example of invariant mass spectra

ith L=6.9 nb! =
s L ® Cut on the track position at the end of the front absorber
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® LHCb 2.5<y<4 L= 14.2 nb"

® ALICE 2.5<y<4 L= 11.6 nb™

—— CEM (R. Vogt) 2.4<y<4

N W A OO N O ©

p+p — Jiy + X,\s = 7 TeV, L= 11.6nb™
ALICE Preliminary

ALICE Preliminary
p+p = Jlw + X,\s =7 TeV
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ALICE e'e’, |y|<0.88

ALICE p*u’, 2.5<y<4-"

CMS, 1.6<|y|<2.4

LHCb, 2.5<y<4

ATLAS, 1.5<y<2.25
—— CEM, R.Vogt

CSM, J.P.Lansberg
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From p-p to Pb-Pb

® About 45.10°events
recorded from
November 8th to
December 6th
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3.0 <p” <4.0 GeVic

g

D’ Kn*

4
ALICE

§

ALICE Performance
01/12/2010
PbPb,\s,=2.76 TeV

2.2x 10° m.b. events

Entries / 10 MeV/c?

Mean = 1.856 + 0.003
Sigma = 0.009 + 0.002
Significance (36) 3.4+ 1.0

S(3c)984 +279
B (3 c) 84929 + 155

Entries / 10 MeV/c?

Mean = 1.873 £ 0.010

Sigma = 0.029 = 0.011

Significance (3¢) 3.7 1.4
S(30)281=105

B (3) 5484 = 72

Entries / 10 MeV/c?

PWG3-D2H-038

O
ALIC

ALICE performance
Pb+Pb,\[syy = 2.76 TeV
LHC10h period
25/11/2010

Data

Signal + background

Background only
—— Signal only

Ny, = 189+ 47

Mass = 3.117 + 0.019 GeV/c?
Gy, = 82% 20 MeVic?

x2nDoF = 1.0

175 1.8 1.85 1.9 195 2 2.05 175 1.8 1.85 1.9 1.95 2 2.05 175 18 185 19 195 2 205 . 3.5 4

4.5

Invariant Mass (K) [GeV/c?] Dimuon invariant mass [GeV/c?]

Invariant Mass (Kx) [GeV/c?] Invariant Mass (Kr) [GeV/c?]

Pb-PbsNN =2.76 TeV, 1.2 x 10° m.b. events, p:’. > 6 GeV/c

D" —» K n*n*
ALICE Performance

1/12/2010 Aucé

Mean =1.876 + 0.002
Sigma 35 0.006 + 0.002

Entries / 8 MeV/c?

Significance (26) 3.7+ 1.1
S (26) 42+ 12
B (25) 85+ 3

PWG3-D2H-037

1.85 1.9 1.95 2
Invariant Mass (Knr) [GeV/c?]
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Conclusions %

ALICE Heavy flavour program is diverse, and the analysis in p-p is well
advance

We shown first results in pp for:

» DV Kt 3 /P = ete
» D= Kttt > J/Ll) = p+p_
®DB—2pu+X @D B—2e+X

Others signals are under study:

®» D> Knann » D'- DO

@ Ds— KKn

p-p results are the reference for in medium effect analysis in Pb-Pb

Analysis in Pb-Pb is progressing
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