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Heavy-FIavour Physics at LHC

ALICE
° - — ; o
aseline for p—A an collisions; < TaAp > dgpp/de
® test NLO perturbative QCD in a new energy domain. ,,f P
o ® s,
Heavy-flavours in p—A collisions: & %/ @ .
. | @ g llrs_l}\ 'l
® investigate cold nuclear matter effects. @ &
b, ' 4
Q EM interactions s'rrong interactions

Heavy-flavours in AA collisions:
® tomography of QCD medium,

B mass and color charge dependence of parton energy loss;
[Phys. Rev. D69 (2004) 114003, Phys. Rev. D71 (2005) 054027]

® azimuthal anisotropic flow, va(pT,N),
B |ow pr region:initial conditions of QCD medium, degree of thermalization of
heavy quarks in QGP,

B high pr region: path length dependence of heavy flavour energy loss;

® results at RHIC leave some open questions... [PHENIX Collaboration PRL 98 (2007) 172301
STAR Collaboration PRL 98, (2007) 192301]
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ALICE Setup

Time Projection Chamber (TPC):
® [n|<0.9;

charged track reconstruction;

® particle identification;

Inner Tracking System_ (ITS):
® |n|<0.9;

® vertex reconstruction;

provides reference direction
for muon flow analysis.

——————————

® event trigger.

=3 T

VZERO:
® VOA,2.8<n<5.1;
VO0C, -3.7<n<-1.8;

centrality determination;

event plane reconstruction;

event trigger. oy
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Phys. Rev. Lett. 109 (2012) 112301
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ALICE

Data Samples:

e pp collisions, muon trigger, £ine=19 nb';

Data Sample and Muon Selection

® Pb—Pb collisions taken in 2010, minimum bias trigger, £inc=2.7 pb'.

Track selection:

® -4<n<-2.5:acceptance of ALICE ?ﬁ\

MUON spectrometer;

® muon trigger matching: reject
hadrons that cross the
absorber;

® pointing angle to the vertex:
remove beam-gas and particles
produced in the absorber.

absorber

P absorber

1= absorber

/'

\s

M from
heavy flavours

M from
primary /K

M from
secondary /K

Punch through
hadrons
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ALICE

Strategy:

Background Subtraction: pp

® extract dN/dpt of K/TT decay muons from simulation (PYTHIA or Phojet);

® normalize it to measured muon yield at low pr;

® subtract from inclusive dN/dpt to obtain heavy-flavour decay muon

spectrum.
§ 105:5_—' . Pp ¥s=2.76 TeV, PYTHIA Perugia-0
. . 4 Y * all
Systematic uncertainty: g -  basi
. =0 2 v
. . - A A « ch
® models: estimated by using § |- e o Basrn
dff . . % 10° E A o secondary u
ifferent inputs; 3 E "m®_Vv29o. o
O - = aarons
. ~— — " v
® transport codes, estimated g~ 10 © o 2 ) fake tracks
by varying yield of muons Z - ¢ VB R T
© 10k v ¥ 2 Toe B
E C a3 .
from secondary K/TT : o Ty b, = b &
O v & W
between 0 and 200%. 105 - -7 LY l‘ltm

P, (GeV/c)
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*)Background Subtraction: Pb-Pb

ALICE

® |nput: charged K/TT spectra in pp collisions and Raa in Pb—Pb collisions at central

rapidity measured with ALICE; ). phy. 6, G3s (2011) 124014 & 124080]

® extrapolate charged K/1T spectra in pp collisions to forward rapidity with the
extrapolation factor obtained in Monte-Carlo predictions (PYTHIA and Pholet);

[Phys. Rev., D76, (2007) 092002]
® get K/1T spectra in Pb—Pb collisions at forward rapidity by scaling the extrapolated
charged K/1T spectra with their nuclear modification factor Raa measured at central
rapidity,
B varying charged K/TT Raa between 0 and 200% to estimate the systematic
uncertainty on unknown quenching effect at forward rapidity;

® produce the K/TT decay muon background by means of a fast Monte-Carlo

simulation.
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Raa of Heavy-flavour Muons at Forward Rapidity

<< 1 * 6 . [ L L L L A L L |
= | ALICE Pb-Pb | 5,,=2.76 TeV, u*« HF in 2 5<y<4 2 | | |
1.4 o 1.8} ‘
h —— 0-10% 16 POPD.\Sy =276 TeV o,
1 2 = [ ‘ [ A Heavy flavour decay u* 0-10% central, 2.5<y<4.0
' ._._{ - o) [ Heavy flavour decay e” 0-10% central, |y|<0.6
i | 40 80 /O 1.4 [ & with pp rel. from scaled cross section at \s = 7 TeV
1 1 .- I .................................. bttt | | R 12 H *  with pp ref. from FONLL calculation at 18 = 2.76 TeV .
L - - 1 ' 1

0.8 1 '
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S 4 6 8 10 P (GeVic)
Phys. Rev. Lett. 109 (2012) 112301 p, (GeVic)

® Suppression is observed and is independent of pt within uncertainties (in the
measured pT interval);
® stronger suppression in central than peripheral collisions, reaching a factor of about

3—4 in the 10% most central collisions;

® Raa of heavy-flavour decay muons at forward rapidity (2.5<y<4) is consistent with
that of heavy-flavour decay electrons at mid-rapidity (|y|<0.6).
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Rana of Heavy-flavour Muons at Forward Rapidity

ALICE
1.2
- .
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i LI
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® The suppression of heavy-

flavour decay muons at high pr
range at forward rapidity
exhibits a strong increase with

increasing centrality;

according to FONLL
calculations, in pp collisions
beauty hadron decays are the
dominant source of heavy-

flavour decay muons in

6<p1<10 GeVi/c;

results consistent with Rcp

measured by ATLAS.
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ALICE

® Data can be described by models implementing radiative energy loss

1.6
1.4
1.2

,-llIT]Illl]lllTlllll]lllll'lIIIIIIIIIIIIIIII Il‘ll

ALICE Pb-Pb \s,,=2.76 TeV, u*« HF in 2.5<y<4

d Centrality 0-10%

Vitev rad. + dissoc.
- BAMPS
— BDMPS-ASW rad

- NLO (MNR) with EPS09 shad.

(BDMPS-ASW) and rad.+dissoc. (Vitev);
® small contribution from shadowing is expected.

parison with Model Predictions
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d3o d%o

d3p " on prdprdy

1+ Z 2v,, cosn(p — UR)]

n=0

vy =< cos2(¢p — UR) >
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*) Data Sample and Analysis Strategy

ALICE

Data sample: Pb-Pb collisions at 2.76 TeV taken in 2011,
e central trigger, 0-10%, 8.7%10° events;

® semi-central trigger, 10-40%, 8.0% |0 events.

Particle selection:
® particles of interest,
B muon tracks at forward rapidity, -4<n<-2.5,
B the same selection criteria as used in Raa analysis;
® reference particles: measured in TPC and provides reference for muon flow analysis,
B charged tracks measured at mid-rapidity, |n|<0.8,
B various selection and acceptance cuts are used to estimate the uncertainty on
reference flow.

Analysis methods: ® multi-particle methods:

® two particle methods: ) 4% order Q-cumulant (QC4),
B scalar product (SP) with An>1, B |ce-Yang-Zeros (LYZ) with sum
M) 2" order Q-cumulant (QC2); and product generating functions.

[Phys. Rev. C83 (201 1) 044913, Phys. Lett. B580 (2004) 157]
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Inclusive Muon v»

ALICE
o 0.4 — — o 041 — —
> - % Pb-Pb collisions, |s,,=2.76 TeV > - % Pb-Pb collisions, |s,,=2.76 TeV
q’; 0.3 centrality 20-40%, 2.5<y<4 ;‘ 0.3 centrality 20-40%, 2.5<y<4
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® [nclusive muon v, is measured up to 10 GeV/c;
® results from QC4 are systematically lower than those from two particle
methods (SP and QC2):
B due to different contributions of non-flow correlations and
fluctuations;
® results from multi-particle methods (QC4 and LYZ) are consistent within
uncertainties.
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Background Flow Estimation

inclusive decay
u+—HF  Ug — Uy ) fdecay L

U p—
2
° ° 1 -
Decay muon v, estimation: Jaecay

® parameterize the pt and N dependence of charged hadrons v, measured by ATLAS
and extrapolate to forward rapidity [ATLAS: Phys. Lett. B707 (2012) 330];

® treat all the charged hadrons as pions and Kaons, separately and produce the v, of
decay muon in the acceptance of ALICE muon spectrometer via the same fast
simulation strategy as in Raa analysis.

Systematic uncertainty on decay muons v

input v bias ~9%
extrapolation 9%—12%

data fluctuations 13%—15% (in high pT)
K/TT weights <|%
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pr-differential v2 of Heavy-Flavour Decay Muons

~ 0.3F

> o025k Pb-Pb collisions, {s,,=2.76 TeV
o2k 2.5<y<4 0-10%
‘U - ALICE
8 0.15 preLtMINARY
o F
g 0.15—
> 0.05F —
- — - (o)
> 0:_ _________ I 0-20 /O
> -
S -0.05 —— -
2 - —— centrality 0-10%
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® results are obtained with QC2 method;
® v, of muons from heavy-flavour decays in semi-central collisions (20-40%)
is systematically larger than that in central collisions (0-10%);

® non-zero v, (30 effect) in 3<p1<5 GeV/c and 20-40% centrality class.
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v2 of Heavy-flavour Muons at Forward Rapidity

ALICE
~ 0.3¢ —

> r Pb-Pb collisions, |'s,,=2.76 TeV

= 0.25 3<p_<10 GeV/c, 2.5<y<4

> .
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® in the measured range, integrated v, in 3<p1<|0 GeV/c of muons from
heavy-flavour decays increases from central to peripheral collisions;

® non-zero v; (30 effect) in semi-central collisions (20-40%).
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*) Compare with v, of Heavy-flavour Decays Electrons

o 035
> - Pb-Pb collisions, \'s,,=2.76 TeV, centrality 20-40%
0.3
E * heavy-flavour decay p= in 2.5<y<4
E —— heavy-flavour decay e in|y|<0.7
0.2 ALICE
= PRELIMINARY
0.15
— ——
0.1 +'+‘ 1 ' g
— 1 [ 3 i
0.05— —
~ v
O —— e e |
- :111111111111lllllllllllllllllllllllllllllll!llllll
0'050 1 2 3 4 5 6 7 8 9 10
P, (GeV/c)

® v, of heavy-flavour muons at forward rapidity (-4<n<-2.5) is consistent

with that of heavy-flavour electrons at mid-rapidity (|1|<0.9) within
uncertainties.
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ALICE

Summary

® Raa of muons from heavy-flavour decays measured as a function of pr
and centrality:

B 3 strong suppression of high pt muons from heavy-flavour
decays is observed,

B no significant dependence on pr in 4<p7<10 GeV/c,

B p-Pb analysis to quantify the cold nuclear effect, results are
expected soon.

® v, of muons from heavy-flavour decays is shown for the first time:

B v, in 20-40% centrality class is larger than that in the most
central collisions,

B non-zero v; (30 effect) in 3<pT<5 GeV/c and 20-40% centrality
class.
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Heavy-FIavour Physics at LHC

ALICE
Heavy-flavours in pp collisions: Raa — 1 « dNaa/dpr
® baseline for p—A and A-A collisions; AA < TAA > dgpp/de
® test NLO pQCD in a new energy domain.
Heavy-flavours in p—A collisions: T e I
. . o — 1(a)  0-10% central — A to et al. (I -
® investigate cold nuclear matter effects, 1L e rmesto et al. () -
. o 1.4 van Hees et al. (ll) —
Heavy-flavours in AA collisions: ook - {?lz(/ng)T Moore&
® tomography of QCD medium, S 1 D) Teaney () _ o
';:\ s PHENIX Collaboration PRL 98 (2007) 172301 I
)  mass and color charge dependence of osHl S STAR Collaboration PRL 98, (2007) 192301 —J

¢
heavy quarks in QGP, %

0.05

B high pr region: path length dependence

parton energy loss, 06— 3 VAT i, -
Raa(light hadron)<Raa(D)<Raa(B) b %y ¢ 2]
sk - R I SR R R Ve
[Phys. Rev. D69 (2004) | 14003, Phys. Rev. D71 (2005) 0540271, “E AutAu @\5 =200GeV = SIS [*]-é ......... . =
e e
® azimuthal anisotropic flow, va(ps,N), L:'E>N " ) =
- © T Rpp
- IOW PT region: |n|t|a| Conditions Of QCD 0-15:_ minimum bias EI s n° V,, pT >2 GeV/c
medium, degree of thermalization of o1l H'} ° &Rw e v

of heavy flavour energy loss. ST I R

*
ol e b b b T

o
-
N
w
E=3
al
(=2}
~
o]

Tuesday, July 23, 13 21



*)Background Subtraction: Pb-Pb

ALICE

® |[nput: K/1T spectra in pp collisions and Raa in Pb—Pb collisions at central
rapidity measured with ALICE y.rhy. 6, 638 2011) 124014 & 1240807,

® extrapolate K/TT spectra in pp collisions to forward rapidity:

dQNK/W dQ]\[K/7T 1
PP SRR expl— o (2)?]
prdy prdy Oy [Phys. Rev., D76, (2007) 092002]

with 0y=3.3 estimated from PYTHIA and Pholet (error=15%);
® cget K/TT spectra in Pb—Pb collisions at forward rapidity via:

2N K/ 2oy "
=< Tapn > XR —o X bb
dprdy Ax ly=o dprdy

varying K/TT Raa between 0 and 200% to estimate the systematic
uncertainty on unknown quenching effect at forward rapidity;

® produce the K/TT decay muon background in Monte-Carlo with fast
detector simulation.
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ALICE

In pp collisions:

efficiency from simulation using
beauty signals from NLO pQCD
predictions as inputs;

systematic uncertainty on mis-
alignment | 7%XpT (in GeV/c).

. 0.85
O
S 0.4 Muons embedded into PbPb data at \s,,, = 2.76 TeV
o F —y—
lw 0.83 |- e i == ==
: N B
0.82: *i*—ﬁ—i - - o g
0.81F 4 o
*7__i_ P
0.8 |- .
o ksl
0.79F ~° %
L.
0.78 | —— P, >0
T F > 2 GeV/c
: ALICE " Gev:
0.77 - PERFORMANCE P, >4 Gevll'c
076 18/05/2012 —v— P, > @ Levic
0.75F1.1.1.11.1‘.11.1.l.ll)l.lL.’l.ll 111111111 J
0 10 20 30 40 50 60 70 80

centrality (%)

Efficiency Correction

MC muons <- beauty

PERFORMAMNCE

TN 17/05/2012

yeo,

4 3.2

-3.
3g 36

In Pb—Pb collisions:
the centrality dependence of tracking
efficiency is estimated via embedding

efficiency decreases by 4+1% in the
10% most central collisions w.r.t.
peripheral collisions.
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ALICE

Comparisons
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ALICE

PRELIMINARY
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Pb-Pb collisions, |'s,,=2.76 TeV
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