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* Motivations (@ LHC energfes
* ALICE capabilities

* Selected physics channels
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Heavy ion collisions at LHC

The main goal of the ALICE experiment 1s to study the hot and
dense medium (QGP?) formed 1n heavy 10n collisions
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Heavy flavours in heavy ion collisions

* Produced early 1n the 1nitial collisions (hard probes)
* Experience 1nitial stages of the collision (QGP formation/evolution)
* Weakly affected by final stages of the collision

Quarkonmia (J/'¥, Y):

* Sequencial dissociation versus T in QGP (Matsui/Satz)

T =12T,

T 10

I/'ql Y /l‘l -‘(b W Y ,,(]_

— Can be used as thermometer of the medium

Open heavy flavours:

* Reference for quarkonia production/suppression

* In-medium effect (energy loss, flow, ...) compared to light hadrons

—> Additional constraints on medium properties and jet quenching models
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Big step in energy:
—> Abundantly produced at LHC

107 cm2s!

—> Probe unexplored small-x regions

Cross section

—> Access to higher p
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* test of pQCD, PDF and
fragmentation functions at
small-x and in large p scale

e parton saturation (CGC)

* quarkonia production
mechanisms

- reference for “cold” and
“hot” nuclear matter effects
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* CGC / Shadowing
* multi-partonic interactions
* k; broadening

e quarkonia “normal”
nuclear absorption

- reference for “hot”
nuclear matter effects
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* test energy loss
mechanisms (at high p,),
color / mass dependences

* thermalisation (at low p)
e thermal enhancement

* in medium hadronisation:
coalescence / fragmentation

e quarkonia dissociation /
regeneration mechanisms

*B2>J¥+X

—> medium characteristics
(density, viscosity,
temperature, ...)

=>» ALICE will provide measurements for all of these items and more...
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Heavy flavours in ALICE

Acceptance: n<|0.9]

* (di)electrons: J/y, w’, Y, 17,
open charm & beauty, W%, ZY
 hadrons: D%, DY, ...

Acceptance: -4<n<-2.5
* (di)muons: Jy, v, ¥, 17, 7
open charm & beauty, W%, ZY

TOF

precise vertexing
and particle
identification

e electron-muon coincidences:
open charm & beauty

CTMUON Spectrometer
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Heavy flavours in ALICE

Access to low-pT region (< 1 GeV/c):

* At both central and forward rapidity

 In all of the 3 channels

B huon arm
Central barrel

electrons
hadrons

Access to small-x values:
e ~10* in the central barrel

¢ ~10/10°° in the muon arm
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Selected physics channel

* Quarkonia 1n dilepton

* Open charm: DY > K«
* Open beauty: B2 e/ u+ X
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Quarkonia acceptance

Dielectron channel

acceptance (%)

acceptance (%)
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Dielectron trigger:
p£>3 GeV/c

Dimuon trigger:
p#>1(2)GeV/c
for J/y ()
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Quarkonia in dielectron

— un-like sign
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* 1 month central Pb-Pb (10%)
 Luminosity of 5x10%¢ cm2s’!
* Shadowing + p*> 1 GeV
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 J/¥ mass resolution ~ 30 MeV/c?
* Y mass resolution ~ 90 MeV/c?
* No clear signal for ¥’ and Y(3S)
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Invariant Mass [Gev/c’] (J. Phys. G 32 (2006) 1295)
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Quarkonia in dimuon

)

;‘pp, Vs=14 TeV Z o * 1 month central Pb-Pb (0 <b <3 fm)

----total bkg . .
e tepis 0 * Luminosity of 5x10%° cms™!
—jpsiFromB

B = e Shadowing + P*> 1 GeV/c

counts
20 MeV/c?

uu(
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N

Statistics in the interval M £ 2 ¢
S[103] | B[109] S/(S+B)12

130 150
'S AT W IR R |
- M: (eew:“is 3.7 6.7
1.3 . . 29
T —total
----total bkg R n QL-\ . 1' 2

correlated bkg oA

- combinatorial bkg | 020 042 81

counts
20 MeV/c

 J/¥ mass resolution ~ 70 MeV/c?
* Y mass resolution ~ 100 MeV/c?
* No clear signal for ¥’ and Y(3S)

M,, (GeV/c?)
(J. Phys. G 32 (2006) 1295)

03/10/08 Physics at LHC - Philippe Pillot




Open charm: D’ 2 K &

ITS, TPC and TOF _— * T-T pair rejection
* cut on d,%7, DCA, 6, .

—> increase S/B by 10° in

secondary vertex Central Pb'Pb (5%)
BR 3.8% /¢t =123 um

point

1
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Open beauty: B 2 e/u + X

1 month (10° s) central Pb-Pb (5%)

ITS, TPC and TRD (with vertexing) MUON (without vertexing)
* ¢ 1dentification + p cut (> 2 GeV) * muon py cut (> 2 GeV)
* impact parameter cut

——all processes
e fromb open charm
e from ¢ . : . [» open beauty

d
pion ;ecay

0 100 200 300 400 500 600 700 800 9001000
[l [ m]

2> S=4x10°
> S /\(S+B) = 80% —> background under study

—> subtract residual background —> fit ¢ and b contribution
(Pythia tuned on data + D> Km)

(J. Phys. G 32 (2006) 1295)
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Open beauty: B 2 e/u + X

B 1inclusive differential cross-section in p-p

Single e (with precise vertexing) Single u (without vertexing)

[ 7] FO NLO (MNR)

FONLL
k, fact. (CASCADE)

input distribution

L 1111

reconstructed distribution
stat. error from cor. factor
syst. error (15%)

LI III'I'II|

I I
| E—

o
E
>
T
"
£
£ .
o
A
o
o
o
T

T 1 1I1II'I|

B ser'ni-muorélic decaéys
pp,Vs=14TeV

1 5 1 0 1 1 1 1 1 1 1 . 1 1 30 L Il Il 5 10 1 5
B p:“'“ [GeVic]

B semi-electronic decays
pp,Ns = 14 TeV

-
-/

LI I'1I'II'I]

Ill 1 I’I’IIIl

o T IIIIII|

* (Very) small statistical error
* (Very) small statistical error * Systematics ~ 15-20%
* Systematics ~ 10% (15% at low py) e D-hadron cross section can
be simultaneously extracted
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Many other channels

/ charm: \ / charm & bottom:

exclusive hadronic channels semi-inclusive leptonic channels

« DY —» Kr (tested in pp & PbPb) ¢ — 1+ X (ala CDF & D0)

D" — Knr (tested in pp & PbPb) *b— 1+ X (ala CDF & DO)

* D*, — KK (under study) b —> Jy+ X (ala CDF & DO)

« D* — DO (under study) * bbbar — J/y + 1 (under study)

« DY —» Knw (under study) * bbbar — 3 (should work in pp)

* A, = pKn (under study)  bbbar — 1T, I'l" (Bchain & BBdiff)

» bbbar — I'I,I'1" (Bchain & B osc.)
\_ DZ2ANG /

+ more exotic (and more challenging):
QQbar — ey, b — > 5 prongs, A, = J/y + X, etc

(Ph. Crochet @ ALICE workshop Sibiu 2008)
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Summary

* Heavy flavours are copiously produced at LHC energies and will provide
essential information on the properties of the medium formed in heavy ion
collisions

* ALICE 1s very well suited to perform these analyses:
* exploits both electron, muon and hadronic channels
* large rapidity coverage
* access to low P region
* excellent tracking and vertexing capabilities
» complementary particle identification (TPC, TRD, TOF))

* Analyses presented here (D02>Kn, B>e/u+X, I/, ...) should be feasible
with the first p-p data

* More analysis (not discussed here) are under study (heavy flavours flow,
quarkonia polarization, e-pu coincidences, Z°, W#, ...)
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Backup
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Heavy flavours in heavy ion collisions

muarkonia: \

* Abnormal J/Y¥ suppression at SPS = melting of _?
* J/¥ not fully suppressed at RHIC

 Larger suppression at forward rapidity

- Regeneration? Which mecanism(s)?

—> Need better measurement of cold nuclear effects

at RHIC (shadowing/CGC, normal absorption)
\@What about the Upsilon?

7 AN 1 ™ )
/Upen ncavy 1lavours: \ R |

» More Eloss (and thermalisation (v2)) than expected of 1A B N =200 GV% ,I

* Difficult to disentangle between models ' m | e

> Need to clearly separate contribution from b and ¢ | [ +... |
—> Need precise measurement of b x-section y Y :‘nm’ ke
k% Need more data at higher p ) - i

e from b+c

R R
pT[GeWc]
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Baseline: p+p collisions

Hard processes (g-gbar annihilation, gluon fusion) occurring at short

space-time scale (~1/2m,)

~~ = PDF(z,)PDF(z}) ®

Parton Distribution
Functions — x, and
X, are parton
momentun fractions
in the colliding
hadrons

Cross section
to produce
hadron M

M

\LB orD mesons}
M /

A spgy _
— & D qg— M ( PM ] Pq
de 1 ._ / 1 )

Cross section at parton
level: pQCD. Currently
NLO used as a baseline
for ALICE. FONLL -
better description at high

Pr (M. Masera @ Quark Matter 2008)

Fragmentation
function (non
perturbative)
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no suppression: Shadowing without nuclear absorption
: To =270 MeV, Tp/T-=4.0 (1.4) for Y(Y’)
: Te =190 MeV, Tp/T-=2.9 (1.1) for Y(Y’)

suppression 1:
suppression 2
A : :

A

A

S W Sl
A AT

. i i i . i a : :
100 200 300 400 100 200 300 400 2 4 6 8 10 12 14
N ..+ N+ p, (GeV/c)

* Statistics for 1 month Pb-Pb collisions
* Perfect subtraction of combinatorial background
—> Large sensitivity to in-medium effects

(J. Phys. G 32 (2006) 1295 | Ph. Crochet @ ALICE workshop Sibiu 2008)
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Secondary J/¥ from B

Central Pb-Pbin 4[] :
N (b — J/00) / N (J/T directs) ~ 20%
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TR [,
n . 1

J vl

J/\y from b decay

400 600 800
Cut on pseudoproper decay
vir (im) time (a la CDF) under study

200

—> separate primary and secondary J/y
- inclusive measurement of the B production x-section
(ALICE TRD/TP, CERN/LHCC 99-13)
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unlike-sign from bottom
unlike-sign from charm
like-sign from bottom

BB-diff:

*«— BB —

——all processes —— all processes

N
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[=]
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open charm E - - open charm

——open beauty ! . ——open beauty

PbPb,0<b<3fm
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Mass (GeV/cz) Mass (GeV/cz)

e unfold mass continuum
central PbPb (5%), one month

Mass
0-5 5-20 . .
(GeV/c2) e systematics to be estimated

N, from bb 414611793 6983+130
—PhysT63212006) 1295 | Ph. Crochet @ ALICE workshop Sibiu 2008)
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1 nominal year: 107 central Pb-Pb events, 10° pp
events statistics: bars, systematics: bands
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sensitivity to shadowing for p, <~ 7 GeV/c & to energy loss for p, >~ 7 GeV/c

(J. Phys. G 32 (2006) 1295 | Ph. Crochet @ ALICE workshop Sibiu 2008)
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1 nominal year: 107 central Pb-Pb events, 10° pp
events statistics: bars, systematics: bands
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sensitivity to color charge sensitivity to mass
dependence dependence

(J. Phys. G 32 (2006) 1295 | Ph. Crochet @ ALICE workshop Sibiu 2008)
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