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(I) Motivation: Why open heavy flavour? %

» Heavy-flavour (charm & beauty) production
offers a unique probe into the properties of the
Quark-Gluon Plasma (QGP) formed in heavy-

lon collistons

e Due to large mass, charm and beauty quarks are
produced in the early stages of the collision.
— Experience the full evolution of the system.

 Expected hierarchy: AE > AE , > AE > AE due
g ud,s C

to colour charge & mass dependence of in-
medium energy loss™

e Production measured in ALICE in three ways:
— Hadronic decays of D mesons at mid-rapidity
— Semileptonic decays at mid-rapidity
(D/B — e* + X)
— Semileptonic decays at forward/backward
rapidity (D/B — u~ + X); probes different
Bjorken-x region

[1] Y. L. Dokshitzer, D. E. Kharzeev, Phys. Lett. B519 (2001)
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ALICE

Pb-Pb @ sqrt(s) = 2.76 ATeV
2011-11-12 06:51:12
Fill : 2290

Run : 167693
Event : 0x3d94315a
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charmonium

Blue: D, Red: D*; Solid: Direct production,
Hollow: feed-down from resonant state)
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(I) ALICE: A Large lon Collider Experiment (D mesons)

ero-Degree Calorimeter (ZDC):

VZERO detector |

In ,\

Z
[ Event activ'tty (p-Pb)

VZERO detector:

Centrality, event plane & ¢

Inner Tracking System (ITS):
Vertexmg, tracktng

' Ttme PrOJectton Chamber (TPC):
PID via d£/dx, tracking
I e L -
¢ D° »>K-1r* (BR = 3.88+0.05%; cT =123 um)
D* — K-m*m* (BR 9.13£0.19%, c1 = 312 um)
== D**—Do1mr* (BR 67.71£0.5%) — K-1r*11*

: o Tl—f—Fl'Lght (TOF): T D '—¢m —-K'*K 7" (BR 2.28+0.12%, c1 = 150 um)
PID via time of fl'tght i \ (and respective charge conjugates)

B

_ Selected via decay topology (e.g. decay length,
pointing angle) and PID of decay products
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(I) Measured R,, of D mesons

 Nuclear modification in Pb-Pb at Vs = 2.76
TeV measured for all four species using:

D 2 T T T T 1T 1T T T T 1T T 1T I T T T |_

= 0 ]

g’ 1.8 AD —

D" 4

o . ly|<0.5 ALIC i

O 1.6— ep* PRELIMINARY -]

Z +D; 0-7.5% centrality

C14- Pb-Pb, | Sy = 2.76 TeV

e Results in most-central collisions consistent | E

0 . 1.2 Filled markers : pp rescaled reference ]

between D ! D+ and D - at al.l. ’OT Open markers: pp pT-extrapoIated reference
—f—

« Significant suppression at high p, due to] 08

substantial energy loss of charm quarks in] o6
medium

0.4

* Not yet possible to draw firm conclusions on | 02

predicted enhancement of D * yield relative ) T N NI WU W N N B

o 5 10 15 20 25 30 35
to non-strange D mesons at low p. due to p. (GeV/c

recombination(*?

—» More  statistics needed to reduce _ .
.. [1] M. He, R. J. Fries and R. Rapp, arXiv:1204.4442 [nucl-th]
uncertainties [2] I. Kuznetsova, J. Rafelski, Eur.Phys.J.C51:113-133,2007
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R,, compared with CMS non-prompt J/Y

2(14 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
T L Pb-Pb, |5y =276 TeV -
1.2 m ALICE Preliminary D mesons ]
- 8<pT<16 GeVlc, |y|<0.5 .
B Correlated systematic uncertainties
B (] Uncorrelated systematic uncertainties
T
B - - = Djordjevic Non-prompt J/y (6.5< P, < 30 GeV/c)
L Djordjevic Non-prompt J/y (with ¢ quark energy loss) -
B - - = Djordjevic D mesons (8 < P, < 16 GeV/c) _
0.8— _
0.6~
0.4
0.2 @ CMS Preliminary Non-prompt Jay (M| "= =~~~ E"* —
- 6.5<pT<30 GeVlc, ly|<1.2 e
i [ ] Systematic uncertainties CMS-PAS-HIN-12-014 ]
0lIII|IIII|IIIIIIIIIlIIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350 400
( Npart weighted with N
Peripheral Central
>
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 D-meson results compared with
non-prompt J/Y (i.e. from B decays)
measured by CMS collaboration as
function of centrality
- Different rapidity & p. ranges,

but similar kinematic region

e Indicates R,, (D) < R,,(B) in central

Pb-Pb collistons
— Observed difference s described

by models including mass-
dependent energy loss
Djordjevic et al: arXiv:1307.4098
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R,, of D mesons in 30-50% centrality

< 2-=_—|- T T | T TT I T TT | T T TT | T T 1T T TT T T T 1T H
< - o i
@t £  ALICE Preliminary ]
'8 Pb-Pb, \ls =276 TeV .
1.6[= ®Average D°, D”, D** |1<0.5 AU o -
- IARETETT ti .

= 0-7.5% centrality Djord ‘3.32"’ ) ]
1.4[= - ass () |
N WHDG rad+co|| % .

57  — Vltev rad+d|ssoc ) ]
1254 — .- EQWLANG () .
3 L BAMPS el4rdd () m ]

e e BAMIFYS eltrad () ]

1 —‘E', (*) predictions for 0-10% E
s = () predictions for 0-5% ]

0.8 ___,."i‘i Filled markers : pp rescaled reference ]
Hi[i ; : Open markers: pp p,-extrapolated reference |
0.4 | —
02 MW TT— =
- S E,- _____ :

0 _I L1 1 | L1 11 | | | | | ’_.I I_\ 1 | L1 | L1 Iﬁ | | L1 | L1 1 I—
5 10 15 20 25 30 35 40

0

p. (GeV/c)

< 2_I T | 1T | 17T | T | T | T I T
< b ALICE Preliminary .
"F Po-PD, Sy =276 TeV -
= . *+ —|
16 : Average D D", D", Iyi<05 TAMU elastic -]
= 30-50% centrality Djordjevic -
14 RRETE Cao, Qin, Bass 7
L= WHDG rad+coll ]
| 11 T L IETE T MC@sHQ+EPOS -
1o Vitev, rad+dissoc ]
<L — ' = POWLANG _
I - o il BAMPS el. =
1 _\\ 22 I o IO BAMPS el.+rad B
0.8 _—:
0.6,
045
0.2 :
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 New measurements in the 30-50% centrality interval in Pb-Pb

Simultaneous comparison in two centrality classes — provides constraints on model
predictions

BAMPS: J. Uphoff et al, Phys. Lett. B 717 (2012) 430; POWLANG: M. Monteno et al, J. Phys. G 38 (2011) 124144
WHDG: Horowitz et al, JPhys G38 (2011) 124114, TAMU: M. He et al, arXiv:1401.3817; Cao, Qin, Bass: Phys. Rev. C 88 (2013) 044907,
Djordjevic et al: arXiv:1307.4098; Vitev et al: Phys. Rev. C80 (2009) 054902, Phys. Lett. B 713 (2012) 224

J. Wilkinson




Measured v, of D mesons

0.6 ALICE Prompt D° ,D°T Prompt D* T Prompt D** 7
[ ly|<0.8 [ ly|<0.8 ly|<0.8
F g ot - H%ﬁ—ﬁr '
LN oor {H, __________________ R S ]

[ Pb-Pb, |Syy=2.76TeV [ [
0.2k ) 1 N Open box: syst. from data
I Centrality 30-50% r r Shaded box syst from B teed down
PRPEPI PEPUP IPUPEPSN IPUPIFS EPIPES IPSPPE PSPPI PPRPE EPPEFS B VST IVSATS PAFITS IAPES ITIFES IVSArS FrArSl I AT N AP e | L ]
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
p, (GeV/c) p, (GeV/c) p, (GeV/c)
>N -IIIIIIIIIIIlIII]IIIIIIIIIII'IIIIIIII-IIIIIIIIIII|II||||||||||||||||||||||-|||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-
0.6 ALICE +  © Prompt D’ |y|<0.8, v,{EP} - -
L Pb-Pb, |sy=276TeV [ [ syst romaata
r Syst. from B feed-down
0.4

| Centrality 0-10%

IlIIlllIllllllllllllllllllllllllllll

| O Charged particles, v,{EP,An>2}

| Centrality 10-30%
bbb b e i b Be |

| Centrality 30-50%

-IllllllllllllIlllllllllllllllllllll[-

2 4 6 8 10 12 14 16 18
pT(GeV/c)

2

4

6

8

10 12 14 16 18
pT(GeV/c)

2 4 6 8 10 12 14 16 18

P, (GeV/c)

[1] B. Abelev et al. (ALICE collaboration), Phys. Rev. Lett. 111, 102301 (2013)
[2] B. Abelev et al. (ALICE collaboration), arXiv:1405.2001 (2014)
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Elliptic flow v, measured using event-
plane method:

N.
R4N

Definition: N.

—N
+N

= particles within

1 x

in-plane out-of-plane

in-plane out-of-plane

in-plane
Ad = ]-/4, /4] & 13m/4, 5m/4]
relative to reaction plane;

utofpane = Particles within A¢ = /4,
31/4] & 151/4, 711/4).
Above: results for D° D*, D**: below:

D® compared with charged-particle
measurement (dominated by pions)

— Results for species consistent with
one another
- Significantly > 0 at low p;;

compatible with light-flavour
measurements — suggests
collective motion of charm quarks in
medium




A
), Comparison of R,, and v, with models *

ALICE
g 2_| T T | T | T'TT | 7T | T | T'TT | T 1T T'TT T'TT T T I_ o : : : : : : : : : : : : : : : : : : : : : : : : :
o L ALICE Preliminary 11 > - ! '0 | ' ! ! ! e
18- pp. Pb, m _ 276 TeV — 0.45- m ALICE D°,D%, D * average Pb-Pb, \s,\=2.76 TeV
= ] s f , ]
|61 ®Average D° D", D", [yl<05 e ] Syetomdan Centrality 30-50% ]
:::; 30-50% Centrallty DJord]ewc ] O 3 :\:l yst. from eed-aown B
- S Qin, B 1 — —
14— WG T s Pr .
CEL. e MC@sHQ+EPOS ] - |
1o 3 \égev\GLr;l’c\ilEdlssoc ] L i
I« ¢ BAMPS el. ] 0.21 -
T S BAMPS el.+rad ] ~ .
=1 - -
0.8 > ) ]
[ ¢ 3 Al
o 2%, 2
06 ::":/ O el WHDGrad+COII .................................................. oo _—
- - — . POWLANG .
0.4 - -..-..- Cao, Qin, Bass -
- -0.1 ... MC@sHO+EPOS, Coll+Rad(LPM) —
0.2 EETEIET BAMPS el. - - -- TAMU elastic |
L = =t BAMPS e|+rad —_— UI’QMD T
B i B 1 1 1 | 1 1 | | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 | | l 1 1 | 1 1 1 I 1 B
—I | 1 | 1 1 1 | I 1 1 | [ | L 11 | 11 | 11 | I 11 | L1 1 | [ I—
O "2 a4 e 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16
p. (GeV/c) P, (GeV/c)

Stimultaneous description of R,, and v, by models remains challenging — considering both
observables together provides useful constraint for theory

BAMPS: J. Uphoff et al, Phys. Lett. B 717 (2012) 430; POWLANG: M. Monteno et al,, J. Phys. G 38 (2011) 124144

UrQMD: T Lang et al, arXiv:1211.6912 [hep-ph], T. Lang et al,, arXiv:1212.0696 [hep-ph]; WHDG: Horowitz et al, JPhys G38 (2011) 124114,
TAMU: M. He et al, arXiv:1401.3817 Cao, Qin, Bass: Phys. Rev. C 88 (2013) 044907, Djordjevic et al: arXiv:1307.4098;

Vitev et al: Phys. Rev. C80 (2009) 054902, Phys. Lett. B 713 (2012) 224

B. Abelev et al. (ALICE collaboration), arXiv:1405.2001 (2014)
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R, of D mesons

ALICE

o P T T T T [T T R T T T

o o —+ +

s

& | Prompt D° Prompt D* Prompt D** Prompt D]
of I I I

p-Pb, | 5,,=5.02 TeV
16F-096<y, <0.04

IHHHHHJ[ ' """" <‘»' « Measured similarly to R, ,; D° D*, D** & D
i i (above), average of D°, D*, D** (below)

04 Do I D+
O.z....I....I....I....I....IT....I....I....I....I....I.....l....l....l....l....l.....I....I....I....I....I. . . . .
ey C et o Ceteeis - " el | ® All meson species tn agreement within
g N ) B R B uncerta.lnt.les
o ALICE p-Pb, | 5,=5.02 TeV
1.6

—=— Average D°, D", D"

0.96<y__<0.04 o RpPb consistent with unity

-~ No significant suppression of D mesons in p-Pb
at higher p,

— Suppression in Pb-Pb is hot medium effect
rather than initial-state effect

III|III|III|III

*

0.6

« Described by models including inttial-state effects

S 3

0.4 within uncertainties
"' ---- CGC (Fuji-Watanabe)
0.o= == pQCD NLO (MNR) with CTEQ6M+EPS09 PDF
I Vitev: power corr. + k_broad + CNM Eloss
O 5'3 - '1'0' = '1'5' = 2'0' — '2'5' ' CGC: H. Fujii & K. Watanabe, arXiv:1308.1258: pQCD NLO (MNR): M. Mangano

GeV/ et al, Nucl. Phys. B 373 (1992) 295; EPS09: K. J. Eskola et al, JHEP 04 (2009)
P (GeVIC) | 65 vitev: Phys. Rev. C75 (2007) 064906

B. Abelev et al. (ALICE Collaboration); arXiv:1405.3452
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(I) Multiplicity dependence of D-meson production (vs. N,

/\|_ B "] /\l_ [ T T T T | T T T T I T T T T
O 14— — Q 14— ALICE Preliminary

S [ & 112 E p-Pb | 5, = 5.02 TeV ]
O 4oL LALICE T | © 1ol Average D°,D* D*+ meson, |y _ |<0.5 ]
a L — m) - 1 2 GeV/ 7
& [ PPis=7TeV <05 1|l=Z C :225 T 24 Gevio ]
o 10 ¢ D° meson, 2<p_<4 GeVic — |% 10 —~4<p <8 GgV\//c/ —
— A T ~~ [ ——8< p <12 GeV/c B
~ -+ D meson, 2<p <4 GeV/c 1 | — C ——12<p <24GeVic [ ]
- 8 4 D" meson, 2<p <4 GeV/c — —~ 8 —
_8' B +7%/-3% normalization unc. not shown i Q B i
> C 1 | © C 7
& of 212 e g =
~ ~ n © ~ 7
S L 1 1a  F ]
e % Bl S ' E
2 & T e . 3
: & 5 : = 5% ung. on aNion | <dNign - natshown ]
. = } . } ] ! } il il } ! J } il il ! ] } } il ! ] il } ] ! } l_ . = } *l } ! } ] } ] ! J } ] } ! } ] } ] ! ] } ] ] ! } ] } ] -
§ 0.4 E B fraction hypothesis: x 1/2 (2) at low (high) multiplicity B § 0.4 E B fraction hypothesis: x 1/2 (2) at low (high) multiplicity =
c 025 = c 02F =
g o - Z o E
o C . © E e P T T e T SO T T e e
- -02pr  eeireieARIAIRRY = S -0.2F =
(0] E . (0] E .
QO -04F . l — O 04 l —
m 0 1 2 3 4 5 m 0 1 2 3 4 5 6
dN,,/cn / (dN_/c) dN/dn / @N_/dn)

e Measured in pp & p-Pb to probe role of multi-parton interactions in charm production

;

ALICE

« “Self-normalised yield” as function of charged-particle multiplicity N, (left: D° D*, D** in pp;

right: average of species in p-Pb)

— Multiplicity estimator: tracklets (track segments) reconstructed in Silicon Pixel Detector

within |n| < 1.0
* Increase of D-meson yield as function of multiplicity consistent between pp and p-Pb
« Self-normalised yield independent of p..

RHIC AUM, 18/06/2014 J. Wilkinson
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(I) Multiplicity dependence of D-meson production (Q,;,)

ALICE

New @

D 3_[ T T | T T | T 1T I T 1T I T T | M 2014
e ALICE Preliminary ZN Energy Event Classes ]|
§ [ pPb\ls =502Tev o i L S
525 N '262%:/ —{ |+ Multiplicity-dependent nuclear modification
= o — <t m20-40% — o
e 5 -Average D, DT 096 <y <004 o 60% ] Q. (D% D** in p-Pb) to study p, dependence
ol *O100% 11 in multiplicity classes
E H i - Second approach to studying multiplicity
sl B dependence of D-meson production in p-Pb:
r - Event activity determined using Zero-Degree
- | 2 Calorimeter
Ry = I = -
i m i - N_ ™" determined assuming that charged-
0-5_— - particle multiplicty at mid-rapidity s
- opiled markers g?e;ﬁfggéelgtggffgggrceen . proportional to number of participants (Npart).
_[ 11 1 | L1 1 | | [ I | I I | | [ | I |
% 5 10 15 20 25 30 o
p_ (GeV/a) -~ No multiplicity dependence of nuclear

modification seen.
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(I) ALICE: A Large lon Collider Experiment (Electrons) %

ALICE

| Electromagnetic Calorimeter (EMCal): \

et _trigger, PID Vla E/p ' VZERO detec

Transition Radiation Detector (TRD): = >
et trigger, PID via dE/dx + TR |

Inner Tracking System (ITS):
Vertexmg, tracking

VZERO detector.
Centrality, event planej

. Ttme PrOJectton Chamber (TPC):
PID via d£/dx, tracktn

PRRRSAE || 1] il T
D — e*+ X (BR ~10%)

Subtraction of background from:

<= Time-of-Flight (TOF): [ Y converstons :
oL : * - neutral-meson Dalitz decays
PID via time of fltght B - 1/ decays
A 2 —

AL

RHIC AUM, 18/06/2014 J. Wilkinson 12




=)

R,, of heavy-flavour decay electrons

5 high pT

. »l
L g L
L] ann®

""""""""

o O o
S N
T | L L T T

o

_llIIIlIIIlIIIIlllllllllllllllllllll_

2 4 6 8 10 12 14 16 18
pT(GeV/c)

Cao, Qin, Bass: Phys. Rev. C 88 (2013) 044907
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;(E 2 | L | T | T T I L | T T T T T T T L ]
@ 1 8:— ALICE Preliminary b

c -0l -

- PDb-Pb,\ s =2.76 TeV, 0-10% central, |y|<0.61 C e :

= 16EF 1 S | V<061 1, Significant suppression of heavy-
o - - ® with pp ref. from scaled cross section at \s = 7 TeV . ﬂ. d l i b d
% 14F *  with pp ref. from FONLL calculation at\s =2.76 TeV i avour ecay electrons observe
(%\ " [ —-Cao,Qin,Bass:b(—>c)—>e ’ in 3 < P; < 18 GeV/c

8 1.2 — ----- Cao,Qin,Bass: ¢ — e —
© Z i . . .

T 4 | * Theoretical models give different
= _ .

> 08" : predictions for R,, of electrons
= [T E{ % from b and c decays

20.61

> =

© .. g ] .
L04F % HH%T&L ﬁ*’%% %:%“  Electrons domtnated by b — e at
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Electrons from beauty decays in Pb-Pb

ALICE Preliminary

Pb-Pb, 0-20% centrality f?g}é‘ ‘

I TTTTIT

Entries

10% 15 = 2.76 TeV 3

¢
u
o

T T TTTTI

]

10?

-0.1 20.05 0

¢ Total electrons

—— relative Error
W

1.5<pT<2.0 GeV/c
Fit

HIJING+PYTHIA:
Conversion electrons
Dalitz electrons
c—oe

b(—>c)—e

0.05 .
dca x sgn(charge x field) (cm)

I:{AA

0.5

ALICE
(J
PR A AL AL L L A V14

I Pb-Pb, \ s\ = 2.76 TeV, 0-20% centrality ]
N —4—b(>c)>ely<08 4
B [] syst. uncertainty ]
o nomalization uncertainty ]
L ALICE Preliminary :
I PP PP PPN R L1 ]
0 1 2 3 4 5 7 8

P, (GeV/c)

e Analysis based on impact parameter distribution of electrons
e Preliminary measurements in 0-20% most-central events suggest R,,(e — b) <1

for p. > 3 GeV/c

RHIC AUM, 18/06/2014
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()

« p.-differential cross sections measured in minimum-bias p-Pb collisions for:
- inclusive electrons from heavy-flavour decays in 0.5 < p. < 12 GeV/c
- electrons from beauty-hadron decays in 1.2 < p_ < 7 GeV/c

RHIC AUM, 18/06/2014

1/@2np ) d°ol(dp dy) (mb/(GeV/ ¢) )

10

10

10

10

10

p,-differential cross section of e* in p-Pb collisions

I IIIIIII| I IIIIIII| I IIIII[II I IIIIIII| | IIIIIII|

T IIIIII|

II[I]

4+ ALICE b,c — e
<+ ALICEDb (—>c) >e

IIII

i

(]

ALICE Preliminary ]

New @ q
I | I
p-Pb, V =5.02 TeV, min. bias -1.06 < y_ <0.14 E

additional 3.4% normalization uncertainty not shown

tO
2|
N
(=

~
A

$
L1

0

10 12
p_ (GeV/c)

J. Wilkinson

ALICE
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(I) R ., of heavy-flavour decay electrons

ALICE
New @ o —
(@N'e
g T M 2014
xS ALICE Preliminary
- 4 ALICE b,c — e
B —-ALICEb (—>c)—e
2.5—
B B normalization uncertainty
o
1.5 _
B # 8- »
1 it T Tae S
0.5
- p-Pb, \ sy =5.02 TeV, min. bias, -1.06 <y <0.14
B | | 1 I | | 1 | | 1 | | | | | I ] | | l | | | | 1 | |
0 2 4 6 8 10 12 14
P, (GeV/c)

* R, of both heavy-flavour-decay and beauty-decay electrons consistent with unity
within uncertainties

RHIC AUM, 18/06/2014 J. Wilkinson 16




=)

Comparison of R, with R,,, models

ALICE
6 3 T T T I T T T ] T T T I T T T I T T T | T T T T T T i 2 [ T T | T T | T T | T T T | T T T T T T T T ]
*g B —4— ALICE b,c — (e" + €)/2, TPC-TOF, ALICE reference ] Ny 18 C ALICE Preliminary
< B —# ALICE b — (e+ + e:)/2, TPC-EMCal, ALICE reference 7] g [ Pb-Pb, \ Syn = 2-76 TeV, 0-10% central, |y|<0.61
= 25— —#— ALICE b,c — (" + €)/2, TPC-EMCal, FONLL reference — = 1.6 C _ . ]
kS - B normalization uncertainty - 8 Or ® with pp ref. from scaled cross section at \s =7 TeV .
S L[ FONLL + EPS09 shad. ] T {4[ * withppref.fom FONLL caloulation atis =276 TeV 1
E ol — ] % "'[  —-Cao,QinBass:b(—c)—>e 1
3 - . O1.2F e Cao,Qin,Bass: ¢ — e .
S T 115 & 3
el 1 5 AR .
D l | o L ]
5 ! % I i 1| 308 -
= [ — ]
- - N
1 S - e -a—| | 20.6F _
- il P " '
C | + 11 04r = % ....... %
05| B oof .o -L H, L m :
B PR@LEEICNHERY p-Pb, \ S = 5.02 TeV, min. bias, -1.06 < yCMS <0.14 | O oo oo b b b b b b by o]
B | | 1 1 1 1 1 l | 1 1 l | | 1 l | | | | | | | | | | | N O 2 4 6 8 1 O 1 2 1 4 1 6 1 8
0 2 4 6 8 10 12 14 V
P, (GeVlc) p T (Ge /C)

* R, described within uncertainties by pQCD using EPS09 shadowing
* R, compatible with unity (similar to result for D mesons)

— Suppression tn Pb-Pb due to hot medium effects rather than cold nuclear matter
effects

FONLL: M. Cacciari et al, JHEP 007 (1998) 9805, JHEP 006 (2001) 0103; Cao, Qin, Bass: Phys. Rev. C 88 (2013) 044907
PQCD NLO (MNR): M. Mangano et al, Nucl Phys. B 373 (1992) 295, EPS09: K. J. Eskola et al, JHEP 04 (2009) 065
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(I) Elliptic flow of heavy-flavour decay electrons

N

I T T 7T I
ALICE Prellmlnary
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* Measured via event-plane method using VZERO detector
* Confirms significant interaction of heavy quarks with medium
- Hints at collective motion of low-p. heavy quarks in expanding fireball

* Increase of elliptic flow of electrons when going from central to semi-central events
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Elliptic flow and R,, of heavy-flavour decay electrons
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Pb-Pb, \ s\ = 2.76 TeV, 0-10% central

with pp ref. from scaled cross section at \s = 7 TeV
*  with pp ref. from FONLL calculation at\s =2.76 TeV ]
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« R, and v, results consistent with picture from D mesons (significant suppression);
help to provide further constraints to model calculations when compared side-by-

side
BAMPS: Fochler et al, J. Phys, G38 (2011) 124152: POWLANG: Alberico et al, Eur.Phys._/ C71 (2011) 1666
TAMU: Rapp, He et al, Phys. Rev. C 86 (2012) 014903
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é@ ALICE: A Large lon Collider Experiment (Muons)
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0D, Heavy-flavour decay muon R,,
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Cross section of heavy-flavour decay muons in p-Pb
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e Measured in backward (Pb-going, left) and forward (p-going, right) rapidity in 2 <

p, < 16 GeV/c
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R ., of heavy-flavour decay muons
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« Compatible with unity at forward and backward rapidity at high p,
- Backward rapidity: slightly larger than unity in 2 < p. < 4 GeV/c

e Data described by pQCD calculations with EPS09 shadowing within uncertainties

RHIC AUM, 18/06/2014

PQCD NLO (MNR): M. Mangano et al, Nucl. Phys. B 373 (1992) 295, EPS09: K. J. Eskola et al, JHEP 04 (2009) 065
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(I) Summary

ALICE

* Pb-Pb results:
- Significant suppression of D mesons, electrons, muons at high p_when

compared with pp at both forward and mid-rapidity
— D-meson R,, compared with CMS non-prompt J/

- R, (D) < R,,(J/p — B), as expected from energy-loss hierarchy
- Elliptic flow v, measured for D mesons, electrons and muons; compatible with

measurement for charged particles
- Suggests collective motion of charm quarks in medium

e p-Pb results:
— Mid-rapidity: D-meson & electron R, compatible with unity; suppression in

Pb-Pb is due to hot medium effects
- R, of electrons from beauty decays compatible with that from heavy flavour

decays
— Muons: R . also compatible with unity; slight enhancement over pp result at low
pPb

p; in backward rapidity region
— Multiplicity dependence of D-meson production compatible with that in pp

RHIC AUM, 18/06/2014 J. Wilkinson 24




(I) Future prospects

ALICE

A\, being measured in two channels (A — pK°& A_ — pKm)

« D%at low p_(< 1 GeV/c) also under study

— Resolution limits effectiveness of topological selections
— Controlling background using track rotation, reflections

* Run Il (2015-2017)
— Higher Vs + increased luminosity in all systems
— Transition Radiation Detector (TRD) at full coverage
- Enhanced electron triggering + identification at high p,

e LS2 in 2017, Run lll: Further upgrade in luminosity, + upgrades to ITS and other
detectors will allow for many refinements
— Full reconstruction of B mesons via hadronic decays

- Precision measurements of A_and D_R,,; higher precision on D-meson v,...

- Will allow (among other things) measurement of baryon-to-meson ratio in
charm sector

Many interesting results so far, but still plenty more on the way!
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D-meson measurements in pp

ALICE
e Results at Vs = 7 TeV used as reference for p-Pb

and Pb-Pb collisions .
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(I) D-meson R,, vs. charged particles %
ALICE
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(I) Heavy-flavour decay muon v, %
e Measured using Q{2} cumulant method 0 0.5 (e
[ ALICE Preliminary ]
0.4 :— —e— Heavy-flavour decay e, V,{EP, |An| > 0.9}, ly| < 0.7 —:
- —=— Heavy-flavour decay p*, v,{2},2.5<y <4 i
0.3F .
e £, ~15(5)% at p. = 3 (10) GeV/c, based on A Pb-PD, sy =2.76 TeV
el . U _ o A 20-40% Centrality Class ]
extrapolation of /K spectra at mid-rapidity 0ok h
e« v,%¥ determined using cocktail method based 0_1; ’+ =mnill! _
on data - = oo [ ! ]
0] | e aly ELELE -
e v, significantly greater than 0 (30 effect for 3 < 0 1:. L] | vl .
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y Compari'son Wlth e VZU(_C’b forward - VZGH “ mid-rapidity
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