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@ Charm and beauty: hard probes of the hot and dense matter formed in
heavy-ion collisions:
o produced at the beginning of the collision (large Q?)
o experience the (large c7)
e interact strongly with the medium (parton energy-loss)

o QCD models describing collisional and radiative energy-loss in the medium
depend on:
o medium density and size AE; > AE;c > AE,
e color charge (Casimir factor) h D B
o parton mass (dead-cone effect*)] Raa” < Raa™ < Raa™ Raa(pr) =
* Dokshitzer and Kharzeev, Phys.Lett.B 519 (2001) 199

1 dNaa/dpt
(Taa) dopp/dps

@ New ratios available at the LHC:
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ALICE layout

o Centrality selection based
on a geometrical Glauber
model fit of the VO
scintillators amplitude
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ALICE layout

In| < 0.9
B=05T
D° — Knm
Dt — Krm
Dg — KK
D* — D°n
D° — Kanm

o Centrality selection based
on a geometrical Glauber
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ALICE layout
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ALICE layout

[n| < 0.9

B=05T
D° — Km TRD
Dt — Krm
D; — KKn=
D* — D% TPC
D° — Kanm
B,D — e+X
—4<n<—25
B,D — pu+X TOF

SMUON o
Spectrometer

Py

o Centrality selection based
on a geometrical Glauber
model fit of the VO
scintillators amplitude

D. Stocco EPS - HEP Grenoble 21 Jul. 2011 4 /19



ALICE layout

[n| < 0.9

B=05T
D° — K=
Dt — Krm
Ds — KK
D* — Dn
D° — Kanm
B,D — e+ X
—4<n<—25

B,D — p+X

‘ Spectrd’f'nete {
o Centrality selection based @ Minimum-Bias (MB) triggers from the
on a geometrical Glauber coincidence of VO & SPD (Silicon Pixel Detector)
model fit of the VO @ Muon triggers (pf > 0.5 GeV/c) in pp

scintillators amplitude

Analyzed data
pp @7 TeV | pp @ 2.76 TeV PbPb @ 2.76 TeV
100-180 M 65 M 17M

Nvs
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© Analysis
@ D — hadrons (mid-rapidity)
e B, D — electrons (mid-rapidity)
e B, D — muons (forward-rapidity)
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D meson analysis

Example: D — K~ 7" n E T . ALICE Performance ]
= [ R 02/05/21 ]
pointing angle 8, S 2501 ]
- e 5 ¢ - ]
& " D'reconstructed momentum B onnf . 4

o 200
I K o [ b-Pb Data (2.76 TeV, min. bias) ]
! secondary vertex e r R b-Pb MC (Hiii bias) 1
= 150f ]
. . . 99: i 1
@ Main selection: displaced-vertex f Y, 1
_ . 3 2, ]
t0p0|0gy (for D°® — K™=t large impact 501 tay, ]
parameters of opposite-sign pairs & good T RLL I PYP NS

. . . -1

pointing of reconstructed D to primary vertex) 0 1 1:‘ [GeVic]

@ Kaon ID in TPC+TOF to reduce background at low py

TPC: p/K separation for p < 1.1 GeV/c

w 200r% ALICE a
S © Pb-Pbj\[sy =i2. min. bias|
> 180!

o

s 150

©

c

p=4

@

¢}

o

=

TOF: m/K separation for p < 1.5 GeV/c

‘

o

ALICE Performance
57201

TOF PID - Pb-Pb,\(5,=2.76 TeV, min. bias
| I |
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D meson analysis

o R R R R R R R R Y PTTIIII T T
§ 9000 PbPbNG, =276 TeV, 3.0:10% events, ' > 2 GeVie Fooolyy e b ol >0 m
= 8000 E < o0l e 0.
£ 3 g
T To00p 1 EmE E
» = _ B E !
2 o D’— Kn* E soof- E
T 5000 ALIGE Performance = s00f E
i e F :
ok 09/05/2011 E E 1
E  Centrality 0-20% El 400~ Mean = 1.879 + 0.004 1
%% Significance (3 ) 12,6+ 1.1 E soof- Sigma = 0.023 + 0.004
20005 S @0 32112 201 Mean = 1.864 +0.001 F
E = q 2001 Significance (30) 6.3 + 1.1
1W0C  B(30)62077+178  Sigma=0.0160.00 wb S (30) 510+ 86
ST N R TR R E B (30) 6061+ 57 E
0 S B DU T B
175 18 185 19 195 2 22'05 17 175 1.8 185 19 195 .05
Invariant Mass (Kn) [GeV/c?] Invariant Mass (Knn)[GeV/c?]

In ~ 3M central collisions (0-20%)
e D% 5 binsin 2 < p, < 12 GeV/c
e D*: 3 binsin 5 < py < 12 GeV/c
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Heavy-flavour electrons analysis

Electron identification:

o TOF: reject kaons (p;, < 1.5 GeV/c) and
protons (p; < 3 GeV/c)

Pb-Pb, \[s\\=2.76 TeV
centrality 60-80%

el

[ ALICE Performance
5 - 13/05/2011

e TPC dE/dx: asymmetric cut around
the electron Bethe-Bloch line

e TRD (pp only): reject pions
(pe <10 GeV/c) via TR + energy deposit

~

-

23 9
TPC dEdx - expected dEdx| [o]

e L e
cocktail: (e*+€’)/2
@ conv.of y n
20
ALIGE Preliminary 1
o direct v,y

2 3 456
p [GeV/c]

.
. Inclusive%

Background subtraction:

1. Cocktail of background electrons:

o Dalitz decays using as inputs the
measured distributions of

10
o 7 (pp collisions)

10
& 10 = o 7t (PbPb collisions)
"0 E o heavier mesons by my scalin
Pb-Pb,\[s = 2.76 TeV 3 t g
110(-)1 0-10% central E e prompt v from pQCD

wnozuH%‘H‘éuuéu"J“kuué‘ 2. Heavy-flavourelectronsz
p, (GeVic) data - background cocktail
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Heavy-flavour muons analysis

S 10°e

c10°g - "

% 5 Pythia Perugia0 ——All Heavy—flavour m

3 o PP@YS=7TeV | u Charm ’d
w0 4<n<-25 .

s 171°<0  <178° Beauty B
) abs —= Decay

€1 Reconstructed vertex C/b

3 —=— Secondary

N Hadrons

&-1

z

T

107

@ Remove hadrons and low-p; secondary ;1 = matching tracks with tracklets
in the trigger chambers
Remove decay 4 = MC normalized to data

o Correct for acceptance/efficiency
o Estimate the cross-section
In PbPb: Fraction of decay muons
’ (hijing, no quenching)
o No decay p subtraction but Centrality p; > 4 GeV/c  p, > 6 GeV/c
. Fohl ; 0-10% 0.15 £ 0.02 0.09 + 0.03
restrict data to high-p; region 20-40% 011 +0.02  0.05 % 0.02
where bkg. contribution is small 40-80% 0.06 + 0.02 0.02 + 0.02
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© Results: nuclear modification factors
@ Prompt D mesons
@ Single electrons from B, D decay
@ Single muons from B, D decay
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Proton-proton reference

© Relative Scaling Uncertainty (propagated to RM)

.5,
Fos -4<1)<-2.5, FONLL

D° scaling (2.76 TeV / 7 TeV)

rescaled ratios

Relative Uncertainty [%]
oo o o

o full theoretical uncertainty used
e assume no dependence of quark
mass and scales with /s

-0.
-0. 08—
E E total
-0.6 .
E ”: [ QCD scales
o RN | e S aekmasses
n, h
ki 2 2 1?,' [GeV/c]ﬂ 0 2 4 6 8 10 12 14 16 p:?mwg]
2 e
18 pp.\s = 2.76 TeV B
. P ]
@ Proton-proton data at /s =7 TeV 16 © E
scaled to /s = 2.76 TeV with FONLL 4 ez 3

@ Relative scaling uncertainty:
25% — 10% in p; 2 — 10 GeV/c

2.76 TeV data / 7 TeV scaled
Y

ADoK

-
R R R N N R R R RN

[~ AT AN AR P

04 e
o Cross-check with 3-days pp data at 02 Dzy;:‘;m
\/5:2-761—3\/ T T R
0 a
p, [GeV/c]

Heavy flavours results in pp collisions: talk by Y. C. Pachmayer
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D mesons

a T T
'g- 185 PO-Pb \Ep=276 TeV . O°Ry, 0200
% 1.6;7 @ O D°R,, 40-80% CC *;
$ 14 =
o« C | . .
1.2) ALICE Preliminary 3 e Strong suppression observed in
il ] central collisions (0-20%)
0.8 - . . . .
wsb 3 o Significant suppression also in
oab- E semi-peripheral collisions (40-80%)
02F = E
ofF | | | | | - B
2 4 6 8 10
p [GeV/c]
[=] T T T T T T
E— Pb-Pb \[5=2.76 TeV 4 D°Ry, 0-20%CC
E @ = D'R,, 0-20%CC
mi:‘ NLO(MNR) with EPS09 shad.

o Large suppression factor for ALICE Preliminary

Pt Z 5 GeV/C ,,,,,,,,,

o Little contribution from m

expected
r\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

p [GeV/c]

The suppression is a hot medium effect!
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D mesons vs. i

Peripheral (40-80%)

A
N
T

N R s = L T

Pb-Pb \[5=2.76 TeV 4 D° Ry, 40-80% CC
© = D* Ry, 40-80% CC

o 1t Ry, 40-80% CC
ALICE Preliminary

I T I N I S S S Bt
2 4

10

1
P, [GeV/c]

RAA

Central (0-20%)

1.8
1.6
1.4
1.2

<
AR RAANRRRNRARR RN AN RARRRERNRARR RA

0.8
0.6
0.4
0.2

i) ——

A
Pb-Pb \[5=2.76 TeV + DRy, 0-20% CC
(¢ ] = D'R,, 0-20% CC

o ¥ Ry, 0-20% CC
ALICE Preliminary

10 1 14
P, [GeVic]

o Charm suppression compatible with pions Raa (slightly higher for
pt S 4—5 GeVie)
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Heavy-flavour electrons (inclusive - cocktail)

= 2 1
§ a0 Pb-Pb, \[Spy = 2.76 TeV E
¢ o -e-e*0-10% |y|<0.8 ]
3 160 o]l [ -e-e*60-80% ly|<0.8 =
23 f E
C 1.4 -
1.2F 1 =
[ R =
0.8 =
0.6 =
04 3
0.2 . =
r ALICE I?relimina‘ry | [ ] norm‘alization L‘lncenainn‘/ ]

% 1 2 3 2 5 6
P; (GeV/c)

@ Large systematic uncertainties at low-p; (also in pp collisions)
@ Heavy-flavour decay dominant for p; 2 3 — 4 GeV/c

@ Suppression in most central collision (factor 1.5 — 4)
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Heavy-flavour muons

131 _4;inclusive muon R,, in Pb-Pb\[s\=2.76 TeV, -4<n<-2.5
§ 1.2iNo( decay background subtracted
. E N | 0
@ Suppression factor of ~3 2 1 == HEN 40-80%
for p; > 6 GeV/c = region %o_sé @
dominated by beauty £ o6l E
according to FONLL 04; LALf;P::m:., .
@ Small Pt dependence 0.2i a 07157/[, systematic error of normalization 0-10%
F I “0-80% systematic error of normalization
e T

Bp. [GeVic]

K1/ Tap) xdN/dpt]central
Rer(pt) = [(1/Taa) xdN/dpt]oeripheral

3-1 -2 [ inclusive muon R, in Pb-Pb\5,,=2.76 TeV, 6 GeVic<p,<10 GeVic, -4<n<-2.5
14 - peripheral=60-80%
P 1’ Not decay subtracted
o E . . . .
E ] @ Suppression increases with
g E{E centrality
o6 @
S I E‘E
Eoaf Ao reimnay Eiz‘

[ Li=2.48 pb™!
02 [ systematic error of normalization

1 I 1 1
40-60% 20-40% 10-20% 0-10%
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Data comparison

Electrons 4+ Muons Electrons ) Muons
I | L R 3 12 T T T - f-‘t Tnclusive maan Ry In PP S 2 76 T, 6 GoVic<p <10 GaVle, 4125
3 B, \ogy = 276 10 5 1
RS centraiity 0:10% q ¢ 1 x . Not decay background subtracted
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¥aab { @ 1 . 1 Eos BEe—
= ALICE Preliminary] E g r
: 08 %0.6 @ ==
0.8F 3 3 i
£ ++ 0.4[_Pb-Pb, \[5yy = 276 TeV 4 Eoa4 ALICE Preliminary =
3 14 E —e—c' Iyl<0.8 45 GeVic <p, <6 GeVic 1 =N =
E ] — -1
o4 Baaaggﬁﬁ 02 E 02 Ln2484b
02 Irormalizaton uncertainy o' analysis 1 ALICE Preliminary Trormattzstion uncertainty] [ systematic error of normalization
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0 1 2 3 4 5 6 7 8 9 10 X ¥ % 0 L L L L L
b, (GeVic) Cofe S0 dpsom Edon Team oA 9 "6080%  40-60%  2040% 10-20%0-10%
Forward muons vs. mid-rapidity electrons: D° mesons
. . al?f T T T ]
e Consistent within errors 5 I ALGE protiminary D
5 1 ]
s
< ® Ry, and statistical unc.
0.8 [ pata systemaic unc.

[ Coreited systemati unc

D° mesons vs muons:

o Consistent centrality dependence

o
i

0.2] ]
@ Higher Raa for muons = beauty contribution? [ PoVeermemeus<p, o'cizeove ]
0 5o80% 40-60% A O ity
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Energy loss

« T ——
u:<1,4— inclusive muon Ry, in PbPb\[s\=2.76 TeV, -4<<-2.5 —|
Q ST T T T T T s F Not decay background subtracted -
o | - | = | r h
2 18- PoPo \E276TeV + 'Ry, 0:20% CC E| £ 1-2 ALICE Preliminary 0-10%—
2 16 | o B
s F E S t B
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« 1.2F ALICE Preliminary = S C R ]
-2E ] £ 0.8  ASW, Rad. E loss c+b, =25-100 GeV¥/fm, PLB663 (2008) —|
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F ASW, Rad. E loss, §=25-100 GeV?/im, PRD71 (2005) J E B
0.8 WHDG, dN /dy=2200-3500, arXiv:1104.4958v2 o 0.6 -
E Vitev, E loss, w/, wio dissociation, PRC80 (2009) ] E 4
0.6 | E e B

£ ] 04— e

0.4 — C
02 02— [ systematic error of normalization ]
E | | | | | | T r b
% 2 [ 6 8 10 12 G 1 ] q’ PR PRI RS U NS BRI
p, [GeV/c] 2 4 6 ]

t p, [GeVic]

CAVEAT: Most of the theoretical predictions are for PbPb @ 5.5 TeV:
qualitative comparison only

@ Radiative energy loss for g = 25 GeV/fm3 in qualitative agreement with
both D mesons and muons Raa

@ Light-cone wave function approach with dissociation in agreement with
muon but a bit high for D mesons
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© Summary
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Conclusions

@ The nuclear modification factors for heavy flavour in PbPb collisions at
/Suv = 2.76 TeV have been measured in ALICE:

e in the hadronic channel at mid-rapidity
o in the semi-leptonic channel at mid and forward rapidities

@ Strong suppression measured in Raa and Rcp variables:

e increasing with centrality (down to 0.2 for D mesons)
e persisting in a pt region where initial state effects are expected to be small

Outlooks:
@ Study of heavy flavour’s flow (measuring event plane)

@ Extract beauty contribution
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Minimum-bias triggers from the
coincidence of SPD & VOA & VO0C

I'l‘b‘-bl‘z ‘at“ sr‘m‘=‘ é7‘6‘ 1‘-9\/‘ T ﬁ‘%uleguE“Performance

+ Data S I@I
—— Glauber fit 10
NBD x f N, + (1-f)Np

1=0.194,1=20.003, x=1202 Pt

T

10 E|
" 500 1000

o Centrality selection based
on a geometrical Glauber
model fit of the VO
amplitude

20-30%
10-20%
5-10%
0-5%

2000 4000 ‘ 6000 8000 10000 12000 14000 16000 18000 20060
VZERO Amplitude (a.u.)



D mesons analysis: feed down subtraction

@ Prompt D yields obtained after subtracting secondary D mesons from B
decay

@ Rely on FONLL predictions (as in pp)

o Additional hypothesis on B mesons Raa required

uncorrected theory
dNpEE _ _McC do T RaaPeB
————— = €pB X —5— X 1aa X Raa
dph dph
theory
dND(—B
dpt
o Choice for systematic computation on Raa®: 1/3 < RaaP/Ran® < 3
= 08T T T T T T
a ZF T T T T T | gk ) ]
= E B £ —2<p<4 GeVic 7
Q 18 D’ Pb-Pb \5p=2.76TeV B R 0-20%0C - g_ 0.7} D meson <P =
E [ Syst. from data E > [ PbPb \§=276Te ... 5<p<6GeVic 7
5 16 @ yst. from R_(B) = 5;0.5: ) 8 P( 12-GeVe .
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12F 5 [ S S G =
= B g B
1:] E 0.4F =
08 - E E
= 3 0.3 E
0.6 3 R IR 1
04t '|' Er’ E 02 ]
0.2 —fE—— — 0_..: LICE Performance 1
P P P RN B RN A B E 14/5/2011 7
10 12 1 n: L L L L L L 3
p, [GeVic] o5 1 15 2 X 3
Hypothesis on RAA prompt / RAA feed-down




sons analysis: systematics
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Heavy-flavour electron analysis: PID (I)

Electron identification: -

e TOF: reject kaons (p, < 1.5 GeV/c)  * |7
and protons (p; < 3 GeV/c)

= 10°

0 !
ALICE Performance
5/05/2011
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TOF PID - Pb-Pb,\5,,=2.76 TeV, min. bias

e TPC dE/dx: asymmetric cut
around the electron Bethe-Bloch ‘ e ke b, .
line P (GeVic)

TPC + TOF (30 electron compatibility cut)

= P-PD, \[syyr-2.76 ToV W T Igg T T T T T
5 10 centrality 60-80% 0.9 Blue Tracking efficiency and acceptance 4
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(0] c .
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3 O £l E
25 . ey
2 02 st ===
O -10h— 1 o1 g E
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Heavy-flavour electron analysis: PID (II)

N

Electron identification with TRD

k=3 F T T T g
. 2 = pp, 7 TeVic: E
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@ Electron likelihood cut fixed at oost @ ]
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eavy-flavour electron analysis: systematics

Data
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Inclusive electrons

Pp Pbe perlpheral i Pbe central
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@ Hint for an electron excess at low p;
@ Increase with centrality

Thermal photons?



Heavy-flavour electron analysis in pp collisions: background subtraction

Two ways of extracting heavy flavour contribution:

w Vg7 71— 1 71—
1. Subtract bgckground electrons g oS = 7TeV,[Lat = 26 " cocktail: 642
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impact parameter of the electron
(beauty c7 ~ 500 pm)

T

-

e
&

rec. track

1/2np_ dc/dp_dy (mb/(GeV/c)), |y|<0.8

o

Primary
Vertex By

-
=)
4

ALICE Preliminary

7 % normalization error
o bl e bewn b b Ly

6
p, (GeV/c;

o
R



Heavy-flavour muons analysis: selection cuts

Data sample:
@ Minimum-bias events
Track selection:
@ Acceptance cut: —4 <n < —2.5
o Cut on the angle of the track at the exit point of the front absorber
(171° < faps < 178°).

@ Rejection of beam-gas background events.

@ Reject events with no reconstructed vertex in the two pixel layers

@ Matching tracks with trigger (see next slide)

@ Remove fake tracks and improve beam-gas rejection: cut on p x DCA
variable:
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Heavy-flavour muons analysis: systematics

@ Systematics in pp collisions at 7 TeV:
e background subtraction: ~20%
e alignment: 1% x p
o detector response: 5%
e Minimum-Bias pp cross section from van der Meer scan: 7% (not shown)

@ [ total
: I background subtraction
ALICE Performance e a"gnment 10/0><p,‘

“— I detector response 5%

rescaled systematic error
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Heavy-flavour muons: disentangle charm and beauty

MC study E
= F total
T L
= E s [ Wi+ correlated sharm
= b — Total =10° Wt correlated bottom
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o CAVEAT: assuming perfect combinatorial bkg. subtraction.

e Statistical | and systematic [ errors in 1 month of pp collisions
@ 14 TeV, assuming £ = 10%.

5 5
E E
= charm | £ bottom
1. €.
2 3
o o
& D — X+ (u)p ¥ B — X+ (1p
107 B B
F L 1072
B =
[ . F
102l = - L
=3 [
- input distribution e 107 input distribution
. - E =
e . reconstructed distribution — s (sys. err.~20%) E reconstructed distribution « Wi (sys. err.~15%)
F reconstructed distribution — i (sys. err.~15%) ! reconstructed distribution - 1 (sys. err.~20%)
1 L L L L L _L
5 10 15 20 25 30 5 10 15 20 25 3
P" [GeV/c] P [GeV/e]

@ Systematic error (taking into account combinatorial bkg. subtraction):
~ 20% for B and ~ 20% for D

L.Manceau et al., ALICE-INT-2010-004
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