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MOTIVATION FOR HF MEASUREMENTS

Production

* Heavy flavour (HF) quarks (charm and bottom) are primarily produced in the initial
hard scatterings of the collision

* They experience the full evolution of the system, making them excellent probes

ALICE baseline for charm/bottom

Pb-Pb (5%) 2.76 TeV P e pp |4 TeV
O (Mb) i OO Sl | 1.2/0.45
N99 /event 56/2 0.1/0.003 0.16/0.006

MNR code: Mangano, Nason, Ridolfi, NPB373 (1992) 295. EKS98, EPSO8: Eskola et al,, EPJC9 (1999) 61;JHEPO/ (2008) 102

Probing the OCD matter

* [n-medium partonic energy loss - Both mass (dead cone effect) and color charge
dependent = AEg > AEu,d,s > AEc > AEb Phys. Lett. B 519 (2001) 199

* Collectivity - in-medium transport properties. Probe the thermalization of the
system

Energy loss is studied primarily via Raa and collectivity via flow (v2)
Sarah LaPointe [@EROD el mbaii@ciciE e cne



THE ALICE DETECTOR
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HEAVY FLAVOUR PROGRAM

Mid rapidity (In| < 0.9)

D mesons (D° D*, D" Ds) via hadronic decays
*Select on displaced vertices using TPC and ITS

* Particle ID using TPC and TOF

® [nvariant mass analysis

Single electrons from semi-leptonic D and B decays

*e |D using TRD, EMCal, TPC, and ToF
* Background estimated from MC cocktail or e™e- Miny method
* Displaced electrons using ITS (B tagging)

Forward rapidity (2.5 < n < 4)

Single muons from semi-leptonic D and B decays
* Muon spectrometer
* Background primary TT, K decays. In pp estimated using MC, in Pb-Pb extrapolated
from measured TT, K at mid rapidity
Sarah LaPointe [@R= e R Sieiet@ie cus 5



op OVERVIEW

Charm and beauty production cross sections, along with a
comparison to FONLL and GM-VENS(D mesons)

Additional charm hadron measurements
Beauty with electrons
Impact parameter analysis

Electron-hadron azimuthal correlations

pp data sets:
Vs = 276TeV (201 1)
7TeV (2010)
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op AT 2.76 TeV, D MESONS AND MUONS

Small data sample (Lint(D)=1.35nb"!, Lint(u)=19nb")
¢ Reference for PbPb collisions at 2.76 TeV
® Measured differential cross section for D mesons and HF muons
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* The HF muon cross section is well described by FONLL predictions
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pp AT / TeV, D MESONS, MUONS, ELECTRONS

Heavy flavour spectra I
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* Measured production cross section of D mesons, muons and

electrons
* pQCD predictions (FONLL, GM-VFNS) describe the data well
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BEAUTY WITH ELECTRONS

Electron-hadron correlations Impact parameter analysis

* extract relative B contribution to HF e yield *exploit relatively long lifetime of B
SEEral 6 ey *pp at / TeV
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ADDITIONAL HF MEASUREMENTS
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* For the Ac analysis is statistics-limited and corrections are ongoing
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PbPb OVERVIEW

e Nuclear modification factor

1 yield in AA 1 dNaa/dpr

<Ncoll> yield in pp <TAA> do-pp/de

* Neoil depends on the centrality of the collision. Estimated using the Glauber model

*Single electrons at mid rapidity PbPb data sets:

' Uy = 276 TeV. 2OIGIEN
*Single muons at forward rapidity */.S. 761eV (2010.2011)
minimum bias, central,

*D mesons at mid rapidity EMCal, and muon triggers

* Elliptic flow- provides a measure of the strength of
the collectivity S0 1 ol
*D Mesons L

(142 Z U cos[n(¢p — Yrp)l)

Vo =< cos(2[¢p — Urp|) >

Sarah LaPointe [@R= e R Sieiet@ie cus | |



SINGLE ELECTRON Raa

% 2_I LI T L | T T 17 | T T 17 T I_
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* Close to unity in peripheral collisions
(.5 for pt > 3 GeV/c in central collisions
e Large uncertainties (systematics error ~35%, dominated by PID)
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SINGLE MUON Raa

*Single muons from HF decays and primary TT, K (background)

* Background: in pp estimated using MC, in Pb-Pb extrapolated from
measured TT, K at mid rapidity

*pt > 4 GeV/c to limit systematics from background subtraction
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0'8._ Vitev rad. + dissoc. T ] 0'8__ i
i BAMPS 1 ] i ]

EA ﬁ 3, u n " B T

06 BDMPS-ASW rad 0.6 4

0.4

3 z
0.2r 020 N
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0 2 4 6 8 10 2 4 6 8 10 ) I A S
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arXiv:1205.6443

*|n central collisions a strong suppression Is observed
* No significant dependence on ptin the measured p: region
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D MESONS IN PbPb
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D MESON Raa

[\©)

1.8

1.6

1.4

Raa prompt D

1.2

1

0.8

0.6

0.4

0.2

0

mp°

AD*

@D+
ly|<0.5

Centrality 0-20%

C ALICE
Centrality 40-80%
— Pb-Pb, \s, = 2.76 TeV

0

arXiv:1203.2160

e Measured DY, D*, and D* Raa agree
*|n central collisions, a strong suppression Is observed

Sarah LaPointe
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D MESON Raa

1.2

Raa prompt D
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Suppression increases with increasing centrality
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COMPARISON OF Raa

< 2 T T T T T T T T T T | T T | T T | T T T T T . D mesons
£C<1 ol ALICE B * HF(c+b) muons axXiv:1205 6443
L 0-20% centrality ] ;
1.6 Pb-Pb,\/s\, = 2.76 TeV — i 3—’J/L|) (CMS) arXiv:1201.5069
1.4 e Average D°, D*, D™, |y|<0.5 —
- s p from HF, 2.5<y<4 (0-10%) ] = ;
125 . BN monpromat v, lyl<od No observable d|ﬁ‘erencelof
I = charm and beauty suppression
0.80 E * Dead cone effect - radiative
0.65 - energy loss suppressed with
0.4 H Wiy n E Increasing mass.
0of Wtk :‘,I'” =0 U E  Currently no mass effect observed
O:I [ | L1 | | L1 | | L1 | | L1 | | L1 | | L1 | | [ I | L1 I:
0 2 4 6 8 10 12 14

18
(GeV/c)

! Different rapidity range and decay kinematics
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COMPARISON OF Raa

< 2 T T T T T T | T | T | T T . D meSOnS
n:<1 af ALICE E o Charged hadrons arXiv:1012.1004
r 0-20% centrality ] i
1.6]- Pb-Pb,\(Sy = 2.76 TeV pIons
1.4 e Average D° D*,D*, |y|<05 - . B—’J/ ) (CMS)
1 2: o Charged hadrons, n|<0.8 ]
<L = CMS - t J/y, 2.4 = C
o " o <08 (rehminary + 1 #No observable difference of
0k E charm and beauty suppression
0'65 : e Dead cone effect - radiative
f : energy loss suppressed with
04— — : :
: = Increasing mass.
0.2 _
s  Currently no mass effect observed
OOI | I2I | I4I | I6I | I8I | I10I | I12I | I14I | I16I L1

* Suppression comparable
* Slight indication of hierarchy
* color charge effect?

18
(GeV/c)
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MODEL COMPARISON

<-I\Il'llllllllllII|III|III|III|III|II|||||||||||||||||||||II|III|I
o 1 i : Average D°, D, D, ly|<0.5 | Charged hadrons, |<0.8 -
; - .
B g :
. ALICE [ — - Vitevrad () ]
L 7 0-20% centrality L Vitev rad + dissoc (1) 4
0.8 \; - WHDG rad + coll (Il) .
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0 4__ ----------- BDMPS-ASW rad (VIII) |
0.2
o T I S e e N e i i T T A
0 2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16

P, (GeV/c) P (GeV/c)

* Model predictions describe both charged hadrons and D mesons well
. Radiative + D meson in-medium dissociation (tuned to LHC jet data)
Il. Radiative + collisional energy loss (tuned to RHIC data)

VIl. Radiative + collisional energy loss (tuned to RHIC data)

*The model based on AdS/CFT drag coefficients significantly underestimates the charm Raa and have limited
predictive power for the charged hadron Raa
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ELLIPTIC FLOW OF D MESONS

Momentum space azimuthal anisotropy - ELLIPTIC FLOW

e Using measured D® and D*

: ) S : * Event plane using TPC tracks

Reactign i *Signals measured in-plane and out-of-
: | ' In?':plane p|ane

e FONLL is used to correct for B

feeddown
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8 350 g
S RLICE S 200
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2 SELT 250 150
V2 = — 200 *
4 N/Ln _I— Nout 150 100:
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100 "
: - Pb-Pb, \s,, =2.76 TeV
o Sgnf(30) = 10.8+0.9 8 L o .
IN PLANE - Centrality 30-50% Sgnf(36) 8.7+0.9
........................... [ B
0 1 7 1 75 1 8 1 85 1 9 1 95 2 ol v b b L I 111
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Invariant mass (Kn) (GeV/c?)
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ELLIPTIC FLOW OF D MESONS

— _III|IIIIIIIIIIII|III|III|III|III|_
@) = ]
= 040 CF Pb-Pb  {s\\=2.76 TeV-
- - ALICE

o

=

0.3_PRELIMINRRY ‘F
='0.2 il
|
0.1 ]

0 -1
i b4
-0.1 ai
D°, EP 2 A¢ bins, 30-50% CC
0 i o

'0-2_ " D, EP2A¢bins, 15-30% CC Empty box: syst. from data

- I I I I I Filled tl)ox: syst.I from B fleed-dowln_

0 2 4 6 8 10 12 14 16 18

P, (GeV/c)

* Non-zero v, In semi-central collisions
* Decrease In vo with increased centrality
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ELLIPTIC FLOW OF D MESONS

a) B
= 045 Pb-Pb  |Syy=2.76 TeV
€ [ ALICE Centrality 30-50%
S 0.3F F 3
g r :': ]
= 0.2 =
C — l ]
0.1 —
oF- 1 =
B b d N
0.1 —
- e D° EP2A¢ bins -
'0-2:_ + DLEP2 A¢ bins Empty box: syst. from data _:
- I I I I I Filled tl)ox: syst.I from B fleed-dowln:
0 2 4 6 8 10 12 14 16 18

P, (GeV/c)

* Non-zero vy In peripheral collisions
* D+ comparable for centrality 30-50%
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ELLIPTIC FLOW OF D MESONS

(V] _III|IIIIIIIIIIII|III|III|III|III|_

> - .

0.4 Pb-Pb  |S=2.76 TeV/
- ALICE Centrality 30-50% ]
0.3 F -
- *4 .
0.2 ’0]’# ¢ -]
- I .

N MK IR ]
0.1¥ ] ¢ o .
C 1T N
0.1 -
- 4 Charged hadrons, EP, |An|>2.0 7

- 0 . —]
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- + | D", EIID 2 Ao lbInS | | Filled tlnox: syst.I from B fleed-dowln:

0 2 4 6 8 10 12 14 16 18

P, (GeV/c)

* Non-zero vy In peripheral collisions
* D+ comparable in 30-50%
*D mesons comparable to charged hadrons
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COMPARISON TO MODELS

<1,2 T I_I T | T T | T T | 1T | 1T | 1T | T
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Partonic transport models (BAMPS and Aichelin et al)
describe the D vz, but underestimate Raa. Difficult for
models to describe both observables.
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SUMMARY

Open heavy flavours at ALICE measured via hadronic and semileptonic decay
channels

Nuclear modification factor:

* Measured for several channels, each showing strong
suppression In central collisions

* Moves toward unity in peripheral collisions

* Hint that Raa(TT) < Raa(D)

*more data and pPb collisions needed for a more conclusive statement

Elliptic flow:
* Indication of non-zero v,
e Comparable with charged hadron v,

QOutlook:

* Separate charm and beauty contribution in the semielectronic channel
* Increase p: reach and decrease uncertainties
e Elliptic flow of electrons and muons from HF decays
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