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Part 1
Introduction




Heavy Flavour Physics at LHC

Heavy flavours in Pb-Pb collisions, tomography of QCD medium:
@ nuclear modification factor, Raa(pr, 1)

Dead cone in heavy quark radiative energy
loss: gluon radiation suppressed at ©<mq/Eq.

Color charge dependence of parton energy

loss: gluons loss more energy than quarks in
___ QCD medium.

RAA ra’rlo o ar’rce ylld In o
collisions to that in pp collisions scaled
by the number of binary collisions.
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Heavy Flavour Physics at LHC

Heavy flavours in Pb-Pb collisions, tomography of QCD medium:
@ nuclear modification factor, Raalpt, 1)

dunderstand heavy quark in-
medium energy loss

—— II BDMPS c+b
= |ll: DGLV R+EL

mechanism: T Mo
@ radiative vs. collisional |
energy loss;
@heavy-to-light ratio:
@ mass and color charge
dependence of parton
energy loss,
@ distinguish different QGP
scenarios.
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Heavy Flavour Physics at LHC

Heavy flavours in Pb-Pb collisions, tomography of QCD medium:
@ azimuthal anisotropic flow, va(pt, 1)

9 1+ Z 2v, cosn(¢p — UR)]
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@ initial conditions of QCD medium
@ degree of thermalization of
heavy quarks in QGP;
@high pr region:
@ path length dependence of
heavy quark energy loss;
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Part 11
Heavy-Flavour Measurements
with ALICE




Heavy-Flavour Measurements with ALICE

ITS, TPC, TRD, ToF (Inl<0.9)

(di-)electrons: J/y, ¢, Y, Y°,Y7,
open charm, open bottom, Wz, Z0

muon spectrometer (-4<n<-2.5)

(di-)muons: JAp, y’, Y, Y,Y7,
open charm, open bottom, Wz, Z0

electrons
hadrons

ITS, TPC TRD, ToF (Inl<0.9)
hadrons: DO, D=,...

no 2nd vertex

— 2nd vertex
electron-muon coincidences:

open charm & bottom

The heavy-flavour physics is investigated in various decay channels
and rapidity regions with ALICE.
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D-meson Measurements (I 77 1<0.5)

S N
pointing angle Gpomn N

~ —\;)(’)I‘;C—OI—ISH'UCth momentum li Tag g ed C h a n n e l S: |
(@ DO—K-mt |
@ D*+—=>D(—K-m)mrs |

I
- - \

secondary vertex

impact parameters ~100 um

@ Strategy: D mesons are reconstructed via
the secondary vertices displaced of few
hundred micrometers.

@ Main selection criteria:

@ pt and impact parameter of single tracks;

@ separation between primary and secondary [ Lo
. . . b p>1 GeV/ic
verhc.:es (pglnflng angle), suppress the POPD 5,276 ToV
Comblna-l-orlal background; Centrality: 0-7.5% © 18642 0.001
@ PID (m, K and p) using TOF+TPC, reject S oo 20092422
S/B (30) = 0.087

combinatory background, mainly at low pr.
@ Signal extraction: invariant mass analysis.
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Heavy-Flavour Decay Electrons (|1 1<0.9)

Electron PID: TPC (dE/dx)+TOF+TRD+EMcal

Main source of background:

W D photon conversions;

il @Dalitz decays of neutral mesons;
] @ quarkonia decays;

@ direct photons;

@ Drell-Yan processes.

Background subtraction:
@ invariant mass method: to remove 1°, Dalitz, photon
conversions;
@ cocktail: different background sources using Monte Carlo
hadron-decay generator.
Heavy-Flavour decay electrons dN/dp, obtained after
subtraction of the background from the inclusive electron
spectrum.
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Heavy-Flavour Decay Muons (2.5<| n |<4)
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Decay Muon Subtraction in Pb-Pb Collisons

@ Input: K/m spectra in pp collisions and Raa in Pb-Pb collisions
at central rapldl’ry measured with ALICE (5 phy. 6, 638 (2011) 124014 & 124080];
@ extrapolate K/m spectra in pp collisions to forward rapidity:

with 0y=3.3 estimated from PY THIA and PhoJet (error=15%);
@ get K/m spectra in Pb—Pb collisions at forward rapidity via:

varying K/m Raa between O and 200% to estimate the
systematic uncertainty on unknown quenching effect at
forward rapidity.

@ produce the K/m decay muon background in Monte-Carlo
with fast detector simulation.
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Part 111
Results and Discussions




Raa of Heavy Flavours at Mid-rapidity

N
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1.6 *  pp ref (FONLL calculation at 2.76 TeV)
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@ Rpa of DO, D* and D* agree within uncertainties;

@ large uncertainties do not allow us to conclude on the enhancement of strange/non-strange D
meson yield that is predicted at low/intermediate pr if ¢ quarks hadronize by recombination in
the medium;

@ strong suppression for both D mesons and heavy-flavour decay electrons is observed in central
Pb-Pb collisions.
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Raa of Heavy-Flavour Muons in Forward Rapidity

M Al © Suppression is observed and is

o —40-80% independent of prt within

uncertainties (in the measured pr
interval);

o @ stronger suppression in central

ALICE Pb-Pb {/s,=2.76 TeV, Hre HFE in 2.5<y<4

than peripheral collisions, reaching
a factor of about 3-4 in the 10%

most central collisions;

: @ in the pr region (pr>6 GeV/c), beauty

contribution is dominant in pp

Filled: Correlated systematic uncertainties

Empty: Uncorrelated systematic uncertainties CO l i S i 0) n$, acco ]"d i g g 1'0 F O N I_ I_
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< Npart ) CG CUIG“O”S.
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pr-differential Ran of Heavy Flavours
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@ Similar HF decay e (|yl<0.6) and (t (2.5<y<4.0) Ran in 0-10%;
@ difficulty: comparison of Raa of D mesons and that of HF decay
electrons must consider semi-leptonic decay kinematics (p~0.5 p:® at

high p;);

On

@ Rap of D mesons shows a similar trend as light hadrons in 0-10%.
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Heavy-Flavour Raa versus Centrality

@ D meson and HF muon R,, af high-p; show a similar centrality trend;

IIIIIIIIIIIIIII|IIII|IIII|IIII|III

ALICE B
Pb-Pb, \s\\ = 2.76 TeV - RAA(Charged hadrons)<Raa(D);

® Average D°, D", D™, 6<p,<12 GeV/c
¢ Charged particles, 6<p. <12 GeV/c @ Non-prompt J/ ¥ measurement

4 HF muons, 2.5<y<4.0, 6<p_<10 GeV/c (CMS) indicates Raa(B)>Raa(D).
Phys. Rev. Lett. 109 (2012) 112301 |

JHEplzog(zolz)llz— <._|||||||||||||||||||| ||||||||||||||||
- Pb-Pb, s = 2.76 TeV

@ Data not conclusive on

m ALICEDmesonR,,, 6<pT<12 GeV/e, |y|<0.5

[ Uncorrelated syst. uncertainties
Correlated syst. uncertainties
JHEP 09 (2012) 112

HH@

T | T 1

4

Read from CMS-PAS-HIN-12-014 *

50 100 150 200 250 300 &50 400 - [ oMS Preliminary Nlon prompt Jy syslt uncertallntles

| common normalization uncertainty: 7% (peripheral) to 4% (central)

%

part
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Comparison with Model Predictions
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@ Model implementing radiative energy loss (BDMPS-ASW)
and rad.+dissoc. (Vitev) can describe both muon and D
meson data;

@ small contribution of shadowing is expected for muons
with pr>4 GeV/c; to be confirmed with p-Pb 2013 data.
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Elliptic Flow of Heavy Flavours in Central Rapidity

I | L | L | L | L
Pb-Pb |s\=2.76 Te
Centrality 30-50%

- heavy-flavour %
| dBCGY electrons ALICE

PRELIMINARY

el e S

+
Heavy flavour decay e" v,

Charged hadrons, EP, An|>2.0
D°, EP 2 A¢ bins
D', EP 2 A¢ bins Empty box: syst. from data |

D* E|P 2 A(])| bins Filled box: syst. from B feed-down_] -0. : 20-40% Pb-Pb, I'San = 2.76 TeV, |n|<0.7
YR S Ay Y I N R A B S I B

:*'l'.O

> 4 6 8 10 12 14 16 18 e ] —L
pT(GeV/c)

o

@ measured with event plane method;

@ consistency among different D mesons;

@ non-zero vz (3 sigma effect) for D mesons in 2<p<6 GeV/c and
heavy flavour electrons in 2<pt<3 GeV/c;

@ similar v2 magnitude of D mesons and charged hadrons.
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v2 of Inclusive Muons at Forward Rapidity
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@ Inclusive muon vz is measured up to 10 GeV/c (the background is
not subtracted) with Lee-Yan-Zeros (LYZ) and event plane
methods;

@ results from LYZ are systematically lower than those from EP
method: fluctuations or non-flow correlations are suppressed;

@ indication for larger vz in semi-central than central collisions.
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HF Electron Raa and vz at RHIC and LHC
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3 Similar magnitude of heavy-flavour electron R, (3<p1<9 GeV/c) and v,
(1 5<pT<4 GeV/ c) at JSNN-ZOO GeV (PHENIX) and JSNN_Z 76TeV (ALICE)

chvemL "¢/b contribution fo the HF electron specfra may “differ at RHIC
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Raa and vz2: Model Comparisons
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The simultaneous description of HF Electron Raa
and v, is challenging.
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Raa and vz2: Model Comparisons
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Armesto et al., PRD71 (2005) 054027
Horowitz et al., J. Phys G38 (2011) 124114

b4 : H Alberico et al., Eur. Phys. J ¢71 (2011) 1666
The simultaneous description of D TR A
Fochler et al., J. Phys. G38 (2011) 124152

meson Ras and v, is challenging. i zime
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Part 1V
ALICE Upgrade:
Muon Forward Tracker

See Antonio’s talk for more details on the MFT.




Separate Muons from D- and B-hadron Decays

MFT

—
IP

Challenge of muon spectrometer for
single muon analysis: separate muons
from D- and B-hadron decays,

= testing mass dependence of quark in-medium energy loss and
diFFeren’r QGP scenarios.

"< 2.0 GeVic

muon from beauty ilofgfs éf'

muon from charm
transverse

background
total

‘distance between |
| the primary |
vertex and the

0 200 400 600 800 100012001400 muon A” T '1

Offset [um]

0 200 400 600 800 100012001400 0 200 400 600 800 100012001400
Offset [um] Offset [um]

Distinguish charm and beauty components and background in
inclusive muon spectra via the combined fit on the offset
distribution which is related to the decay length of different

particle species.
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Performance Results

0-10% Pb-Pb @ 5.5 TeV, 0-10% Pb-Pb @ 5.5 TeV, -3.6< n<-2.5

| ne—charm (FONLL) « bottom (FONLL)

MFT performances MFT performances

[ Sys. Error I Sys. Error
—— Stat. Error —4— Stat. Error

@D decay muons and B decay muons are well
separated down to pr=0 (D decay muon) and 1
GeV/c (B decay muon);

@well controlled systematic uncertainties (<10%).
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Conclusion

@ Heavy-flavour production has been measured with ALICE in the semi-muonic
channel at forward rapidity and semi-electronic and hadronic (D mesons)
channels at central rapidity in Pb-Pb collisions;

@ a strong suppression is observed in all cases;

@ results of muons from heavy-flavour decays at forward rapidity are similar fo
that of heavy-flavour electrons and D mesons at central rapidity;

@ non-zero vz of D mesons and heavy-flavour decay electrons are observed in
mid-rapidity region;

@ challenge for models to describe simultaneously the Raa and vz of D mesons
and heavy-flavour electrons;

@ the MFT should allow to unravel the charm and beauty components down to
very low pr, and, the upgrade of ALIE Inner Tracker System (ITS) in mid-
rapidity region will allow fo separate D and B hadrons with data driven
approaches as well as to improve dramatically the precision of the D meson
measurements, to measure the A. baryon.

Thanks!
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¥ Measurement of heavy flavour production @ Working in the MUON group of the
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o rapidity in pp collisions at 7 TeV and Pb- @ since Sep’rember 2008 (mas’rer II).

Pb collisions at 2.76 TeV with ALICE
Xiaoming Zhang for the ALICE Collaboration @ phD defense Cl'l' 23 MGY 2012' WUhGn.
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Heavy Flavour Physics at LHC

Heavy Flavours in AA collisions:
@ tomography of QCD medium, | AN /dpr
X

@ mass and color charge dependence of RAA

parton energy loss,

Rea(light hadron)<Raa(D)<Raa(B)
[Phys. Rev. D69 (2004) 114003, Phys. Rev. D71 (2005)

- == Armesto et al. (I)

[ ] vanHees etal. (ll)

054027]' 3/(2xT) Moore &
@ Distinguish different QGP scenarios Lt T 12/(2xT) Teaney (i)
[J. Phys. G, G38 (2011) 124114]; "';: [* PHENIX Collaboration PRL 98 (2007) 172301

. 4 . also STAR Collaboration PRL 98, (2007) 192301
@ azimuthal anisotropic flow, va(pt, 1),

@ low pr region: initial conditions of QCD
medium, degree of thermalization of
heavy quarks in QGP,

@ high pr region: path length dependence
of heavy flavour energy loss.

Heavy Flavour in pA collisions:
@ investigate cold nuclear effects,
@ initial state radiations,
@ (anti-)shadowing, kt broadening,
@ color glass condensate.
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D-meson Measurements (I 77 1<0.5)

pointing angle O

pointing

j Tad annels
| @ DO—>K-mr |

impact parameters ~100 um

@ Strategy: D mesons are reconstructed
via the secondary vertices displaced oF
few hundred micrometers.

@ Main selection criteria:

@ prt and impact parameter of single

2 st 3<P<36GeVic

< 22000z S
A
= 20000 g 4000
515000 25/07/2012 Q 3500
2 -
. £ 16000 D’— Kn* é 3000 . .
/ 1a000F- Py>1 GeVie = D' > K n*rn*
2500
12000 PbPb, =2.76 TeV
N 20001 Pb-Pb, \(s,=2.76 TeV
soo- Centrality: 0-7.5% 15.8M evts

10000F- Centrality: 0-7.5% B
. ° ° ° ° 4000 1= 18640001 \ - 0-7.
@ topological selection (pointing angle)
Sk S (30) = 12803 + 432 1000 =1.869+ 0.001 S (36)= 1845+ 154
’ / 4000 S/B (30) = 0.087 K
2000
077 T8 185 79 1% z 50

%0 6 =0.013+0.001 S/B (30)= 0.0881

suppress the combinatorial background;
@ PID (m, K and p) using TOF+TPC, reject
low pt background.
@ Signal extraction: invariant mass
analysis.
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