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OUTLINE

= Introduction to ALICE

= Status of the detector and first physics results
o tracking, vertexing and PID performance
o multiplicity, p+, HBT and more

= Heavy flavors at mid rapidity
o motivations and expectations
o first results

= Conclusions




‘ A Large lon Collider Experiment
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CHALLENGING!

high particle density, wide p; range, need to identify particles... all by:

18 detector technologies, several smaller ‘special purpose’ detectors

central barrel (vertexing, tracking, PID with excellent performance) +
muon arm



‘NOT ONLY HEAVY ION...

... But also p-p physics!

Among the relevant physics topics:

= Physics at high multiplicities: explore possible
collective effects, jets, strangeness, etc.

= Systematics of particle production

= Measurement of charm and beauty cross sections,
down to low momenta, open charm and quakonia

= Study of underlying event
= Benchmark to Monte Carlo models

= Baseline to Pb-Pb collisions



'THE ALICE DETECTOR
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THE FIRST DATA TAKING! (23/11/2009)
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http://chapelan.web.cern.ch/chapelan/cern/ALICEcollides/browse/big/img_4487.jpg

‘ Inner Tracking System

0 3 different technologies used:
Silicon Pixel Detector
Silicon Drift Detector
Silicon Strip Detector

87.2 cm

Good alignment is needed to get excellent tracking and vertexing!
For example : SPD Alignment
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MULTIPLICITY MEASUREMENTS (1)

o Measure in a new energy domain!

o Global characteristic of p-p
collisions

o Constraint to theorethical models /

Input for simulations

Event classes:
NSD = Non Single Diffractive
INEL=ND + SD + DD

INEL > O = INEL with at least
ltrackin-1<n<1

AN o/chn

Fits well with a power law

arXiv:1004.3514
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MULTIPLICITY MI

SASUREMENTS (10)

Comparison with event generators
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‘Time Projection Chamber

Challenge: reconstruct 15000
primary tracks in heavy ion
collisions!

HV electrode (100 kV)

field cage .

readoul chamber

= biggest ever built!
= minimal material budget ~ arXiv:1001.1950

= first calibration completed before data
taking! il

= match two segments of cosmic tracks
= momentum resolution very close to
detector design:
o 7% at 10 GeV/c
ALICE performance o < 1% at p;< 1 GeV/c confirmed from

Ki 0
, WOTDégnggggess K S measurement

~T7% at 10 GeV/c

10+




P DISTRIBUTIONS (900 GeV)

Test for soft QCD, reference for Pb-Pb,

collective flow in p-p

T T T T T TTT |
ALICE Preliminary
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= good agreement at p;<1 GeV/c
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= ALICE spectrum harder at higher p;  or less OK
*PHOJET and ATLAS-CSC are off

(n<0.8)

10
P, (Gevic)

= PYTHIA D6T and Perugia0 more




<p;> Vs MULTIPLICITY (900 GeV)

*"n>500 MeV/c:
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Low prand high multiplicity behaviour is not reproduced by models
13



= OF THE ALICE SPECIALTIES:
Particle IDentification!
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' IDENTIFIED PARTICLE SPECTRA
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Good agreement between the
three detectors, both for positives
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The calibration and understanding
of the detectors is good

S .s, Kspectrum

< I %%é el

> [

'c —

S % Aues s

< 10" e 04/06/2010
- 2

R
i

Statistical error only

-2 [
10° E  —=— K'+K, TPC+TOF % %

—a— K2

—=— K"+ K", Kinks

10—3IIII|IIII|IIII|IIII|IIII|IIII

3 ways of identifying Kaons:
1. TPC + TOF PID

2. KO

3. Kinks

—> good internal consistency! i



STRANGENESS

See R. Vernet
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'y CONVERSIONS AND 7

= Interesting measurement: material budget studies + per se
= Electron ID in the TPC

I
2

= conversion reconstruction in ITS + TPC e
G
material budget : -
studies are
important,

especially for |
: heavy flavor i ! |
oo measurements om0 0 0 e T TR o

@
S

-150

ol ST 1 o I 7 we know well our detector ( ~7%)!

L R L B B L I I I L
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TWO PIONS CORRELATION (900 GeV)

= Get information about space-time evolution of the source emitting

the pions (i.e. the colliding system)

= Obtained measuring the Bose-Einstein enhancement of pairs of
pions with small momentum difference and fit with a gaussian:

B e e S L A B e e e e S | L — 16

E —DABCDHpraw—_MGw . g'_""""""""_'i"_
o L & ABCDHW pp at Ws=62 GeV ] C(qlnv) [1+ﬂ‘exp( Rqumv)] = ALICE prefiminary
oc[ ™ E735pBat y5=18TeV ] o 14~ -
T » STAR pp at yE=200 GeV i} L E:
T & ALICE pp aty5=900 GeV, 2008 run ] af 2 . S
ok ] C
150 . : :
% . 1 | increase with o8 ’

: : _ ase ;
1 i . multiplicit o6k
Lo %% ALICE preliminary - P Y 4 E

@ —
: ] no K S R
SRR dependence | [ .’:L.':.E'T“f'f'g.m.fia.mx.":. "

<dM_fdn> . | | -:p_lr:- (Gevic)
less Kldependence than at E735, STAR, Pb-Pb collisions | s




'HEAVY FLAVORS

= In Pb-PDb collisions: probe the properties of the medium

o created in the hard initial collisions - experience the whole
collision history

o possible comparison heavy quarks/light partons

= energy loss: dead cone effect (mass)
AEg > AEu,d,s > AEC > AEb Casimir factor (color charge)

1 dN},/dp,
dN" /dp,

Raa(Py) = N medium density and size RZA < REA < REA

coll
= In p-p collisions:
o baseline for Pb-Pb
o measure charm and beauty cross section
o compare to pQCD predictions

19



do/dp_[mb/GeV]

HEF PRODUCTION AT LHC

NLO prediction = ALICE baseline for charm and beauty
MNR code (FO NLO): Mangano, Nason, Ridolfi, NBP373 (1992) 295

g

system, Vs pp, 7 TeV pp, 14 TeV Pb-Pb (0-5%), 5.5 TeV
0?2 [mb] 6.9/0.23 11.2/05 4.3/0.2
N9¢ 0.10/0.003 0.16/0.006 115/ 4.6

o. @LHC goes up by a factor 20 wrt RHIC, o, _up by a factor 100!

—— FO NLO (MNR)
-=-== kfact. (CASCADE)

N, FONLL

5 10 15 20 25 30 35 40 45 50

charm quark P, [GeV]

Charm cross
section in Pb-Pb

L
_——

Number of QQ
in p-p

Energy dependence of ¢ and b yields |

t E!
g -
b I . o ]
a E E
- -
E o
G 2. : I -
1 o R
s e 0.0060
Sl [ i
10°; 0.0012 3
10— | , B




MEASUREMENTS IN PREPARATION

v" Open Charm: D° —Km, v' Hidden charm: J/W->ee

D* »>Knm,

D, »>KKn, ¥ Beauty: B—e+X,

D* —»DOr,
D% >K3m,
A, = mKp

B 2> X J/Psi

v charm & beauty 2e + X

v'measurements with y: see N. Bastid

Features

What is needed to detect them

"Rare" decays

excellent tracking (TPC + ITS)

Displaced secondary vertex as signature of
heavy-quark decay: cT = 60um — 300um

good vertexing + impact parameter
resolution (ITS, see next slide)

High combinatorial background

good Particle IDentification
(TPC, ITS, TOF,TRD)

- The ALICE detector has all we need! 21




'VERTEX RESOLUTION & CO.

= The lifetime of particles with charm / beauty is ~ 100 um

-> to identify their displaced vertices we need a good vertex
resolution!

ITS performance:

Vertex resolution Impact parameter resolution

Vertex spread distribution at\'s = 7 TeV,* = 2m

g‘ ) T T L 'E' 350: TTT1]

© L Ox SPD f(n Y=o, ® ¢ = 3002 @

£ 800 ASPPH tracklets D.Al.g _ g - ¥ _

o T Vntracklets 5 - 4 ALICE H;-'O.kil progress |

'a TRK S 250i " 14/05/2010 i

a TRK ALICE Performa g - i

E 600ff~ DATA parame tersi X TRK:  DATA pardameters : Y TRK; | = 200- : I?A?;aresic T -

R G =342 G, =3343 i P - x : ]

© T -

5 oE=S518 11 o= 542 +i2 N 150+ ¥ _

()] 400 TRy p=ir3oEgod i TUREYAvEGoyTET t - ¥ 1

E 100- fy 7

Q 200 : Trgg ; $

2 200 50- ey, !

5 . N JU?

“.J - =0 :é— - - Primary vertex with beam constraint * w ]

é _...\...........\........i..\_l....'......_\ -?0-1 1 10

[ 0 10 20 30 40 50 _60 70 80 90 GeV/
Tracklet Multiplicity p, [GeVic]

Excellent vertexing and good impact parameter resolution!

22



' OPEN CHARM IN THE BARREL.

: . Corrections
Charm candidates ﬂRaW signal — (efficiencies
“production” (vertexing) extraction acceptance,

feed-down from B)
= Topological cuts to separate signal and background
= Invariant mass analysis to extract the raw signal yield
= Example: DO>Kr*:

o good pointing of reconstructed D momentum to the primary
vertex

o pair of opposite-charge tracks with large impact parameters

pointing angle epm

N DOI"CCOHStI'UCth momentum

< Dightlines, -~

secondary vertex

23
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YES, WE SEE THEM!

125 million events pp collisions @ 7 TeV

PPV's = 7 TeV, 1.25 x 10° events, p® > 2 GeVic
900,

ol D-oKT AL @
7005 t =
600} -
500

400EMean = 1.865 + 0.002

300(Sigma = 0.019 £ 0.002

L d)

Significance (2 6) 15.7 £ 1.

\HIlIIH‘\IIIthH\I

200 $(20)1183+100 |
100 B(20) 4459+ 44
S IR W Clyy

I I I
185 19 195 2
Invariant Mass (Krn) [GeV/c?]

1.7 1.8

For more details:

see R. Bala, Y. Wang

2.05

Expected to cover
0.5 < pT <15 GeV/c
with 10° events

S | ptp @5 =7 TeV

i o™ 'DI"'”. o

E - B, > 2 Gevic

W [ Eesares

£ a0 |8 = 682 30 ,

2 mean = 14536 4 0 065 M !

W [ o s f8 My '
B 0™ entries
i 0" sideband
..||||||||||||||||||||||||||||||
013 @135 014 0.145 0As 0,155 0.1€

AM[GeV/c?]

Entries/8MeV/c?

TT | L +\ ‘ TT I_ T l UL ‘ UL | L ‘ T T 1T T 11 6:

D" - K n*n* ]

200 ALICE Performance + @ 1
180 2/06/2010 ]
160 Mean = 1.870 + 0.001 -

140

120

100

60

40

20

ppVs=7 TeV, 1.25 x 10° events, p:”>2 GeVic

o-llll\\\‘\—‘—‘—t»\\\‘\\\‘\\l_Illl\\\‘\\\‘\\\‘\\i.

Sigma = 0.018 + 0.002 —|

4

Significance (20) 15.8+ 1.2
S (20) 554+ 41
B (20) 680+ 15

R

1.7 175 18 185 19 195 2 2.05
Invariant Mass (Knr)[GeV/c?]
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HF ELECTRONS

= Compute the inclusive cross section using electrons

= For high p+, the contribution from charm and beauty becomes

= Essential ingredient for the analysis: electron ID! For the

dominant

moment: TPC + TOF, TRD will join soon!

Y
—
(=]

Y
=
=

i\JIlIIII‘IIII|IIII|IIII‘IIIIlIIIIl\IIIlIIII

TPC Signal [a.u.]

0

TPC signal for all candidate tracks

gt

SRR ALICE Performance:
2T UTR6/2010 :

3 4 5678
p [GeVic]

| = =T1— B sl Hll-ﬂ.
0.3 0405 1 2

-
=]
Y

-
o
w

-
1=
]

10

1

dN . .
de [arbitrary units]

10°

10*

10°

Single electron inclusive spectrum (uncorrected)

T \\\MH‘

T 1T I»LEL

pp @\s=7 TeV

ALICE Performance

7/06/2010

8
P, [GeVic]
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OPEN BEAUTY IN THE BARREL

Analysis strategy:

simulation, pp @14 TeV, electron p, > 3 Gev/c

I i I g T ¢ Ty
1. |dent!f|cat|on of electron o P oo : o'l Toes TR
candidates 2 10%} --¢ 210} ;
] 10°F - @ bkg tot 107k ;
2. Cut on Impact parameter to | 1w —ntot 10} 1 bkg reduced!
reduce charm, Dalitz, y 1= i
conversions W07f T 107 %/
i 10° 10°
3. Subtract the residual 10°] : 10° // _ ]
0~~506 400600500 1000 0500408600606 1000
background 10" 1070 %
|dy vix| [11 m] |d,, wix| [u m]
= 25 I T 1 T
E" I
: § 20 s+ PbPbL5% -
Wlth 109 p_p and 107 E C 1 year at nominal luminosity _.,_:
Pb-Pb events , very g o e -
small statistical error |~ £ w- " aw -
expected! ¢ L - T
S e R R v v S

electron P, [GeVicl



' SOME EXPECTATIONS..

Comparison with pQCD

__|FONLO (MNR) |

AT
i)

FONLL

T TeEr 1T
k4

d’c/dp dy [mbiGeVic]
-

D° - Kn ~ =
pp,Ns = 14 TeV ~.

/
!
i

107z

[ I
6 8

11 |I Ll I | . I L1l |I Ll I Ll I§
10 12 14 16 18 20
p. [GeV/c]

o
ok
£

|__|FONLO (MNR)

11 un
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/

|
1 IIIIIII|

IIIIIII| )I.IIIIII.I.E

t

daB(p, > p™")/dy [mb]

T T
i
4

1 1 ||||||I

A . e T
B semi-electronic decays ™I The
pp,\s = 14 TeV T

10°

!
F=T
|’Ir| |.(|||||

..a
forward
look

Measure the cross
section and
compare to pQCD

- 7

Energy loss
studies, using
D and B

Energy loss studies

Ry (p)=Ry(p)/Ri(p,)

77T T L — LI
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'HIDDEN CHARM IN THE

BARREL: |/¥ = e'e

= Why in Pb-Pb:

o J/W dissociation is a sighature of QGP

formation

o J/¥Y suppression at RHIC was expected to
be higher than at SPS, but it was the same!
Not yet explained...

= Why in p-p:

o reference to heavy ion data

a2 none of the models is able to reproduce
both production and polarization

o measure the total cross section
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‘ J/¥Y 2 ee @7 Tev

= 110Mppevents @ 7 TeV

= electrons identified with TPC (TRD will come soon!), pions and
protons rejected

= fit with a Cristal Ball function

v F

= Ns gm, =59+ 9

w -

L 25 Wy vy s.gmrcance =672 1 14

n ~ :

E T S/B = 3.22 + 1.62

o 20 AT TEE Pafaivansa s Sl
L Mass 3.076 + 0.009 Ge‘Wc

=
<

10T

1 i 1 L 1 1 1 1 : 1 1 1 | L 1 1 | L 1 | 1 1 L | 1 1 1 ] |
26 28 3.0 3.2 34 3.§ 3.8 4.0
Invarlant Mass of e’e” palrs [GeV/c?]




 CONCLUSIONS

= ALICE is in a good shape..
o many detectors already at design specification
o able to produce the first physics results already with the very first data
taking
= ..andis producing a lot of interesting results!
o multiplicity: increase with energy faster than expected
o pg spectra: low p; and high multiplicity behaviour not described by models
o HBT measurements: the size of the emitting source increases with
multiplicity, but less K; dependence than expected
=The game has just started.. Looking forward to
aJets Pb-Pb collisions!
aEvent shape
oHigh multiplicity
ap / p ratio
na very rich heavy flavor program
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'SPARES




= The high p; hadrons in Pb-Pb collisions
should be suppressed when crossing the hot
and dense medium - observed @RHIC

= Study the energy loss for different flavor

pP+p
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JETS

Uncorrected charged tracks raw spectra

= 4 different algorithms used to identify jets - consistent
= much more to come!
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‘ ELECTRON PID

The detector dedicated to electron PID is the
Transition Radiation Detector:
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= Protons identified by TPC

= special care for secondaries and
absorption correction

(] ALICE Preliminary pp @Ys = 0.9 TeV
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vanishes at LHC energies X all the models with anomalous barion
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