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 Elliptic flow
* Mid-rapidity: D mesons, heavy-flavour decay e

* Forward rapidity: heavy-flavour decay p

« Summary and Outlook
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Motivation

Heavy quarks, i.e. charm and beauty, produced in initial hard scattering
experience the full evolution of the system
— Heavy-flavour hadrons sensitive to medium properties

Initial spatial anisotropy —  Momentum anisotropy of heavy-flavour (HF) hadrons
if enough scattering of heavy quarks in the medium
reaction plane / j Pb

: — ’_,f' Study azimuthal distribution of heavy-flavour hadrons
- — w.r.t. the reaction plane
L/
— dN N,
Pb - '_il/ 7 == 2?2 (14 2v1 cos(p — ¥1) + 2v2 cos[2(p — Us)| +...)

Heavy-flavour v, measurements probe:

- Low/intermediate p_: Collective motion, thermalization of heavy quarks

Hadronization mechanism (recombination)
Important for the understanding of recent J/V¥ results

« High p_: Path-length dependence of heavy-quark energy loss Talk Julian Book
T : . . Tue 20.04 09:20
 Linear for collisional energy loss (elastic)
» Close to quadratic for radiative processes (inelastic)
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ALICE

Central barrel

ALICE

ElectroMagnetic

Calorimeter (EMCal)
e identification

Time Projection
Chamber (TPC)
K,e,TT identification
tracking

.....

‘ Muon spectrometer

Inner Tracking
System (ITS)

e identification
vertexing

Time-Of-Flight
(TOF)

K,e, Tt identification

— Data set:
VZERO scintillators Centrality triggered Pb-Pb collisions

(2.8<n<5.1, -3.7<n<-1.7) _ at v/s,,=2.76 TeV (2011)
Centrality, event plane reconstruction . 16x10° events in 0-10%

* 19x10° events in 10-50%
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ALICE

D mesons
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Reconstruction of D mesons

* D mesons reconstructed via hadronic decay channels

D% — K-T* cT=123um BR=3.88%
D* - Kt cT=312um BR=9.13%
D™*— D" K11 1T BR=2.63%
» Reconstructed secondary vertices
RS
% 8000
D¢ — K11 s
= 7000
. — @ 6000
&« ; D'flight ling_, e == 'g
f;_-'-_- X __secondary vertex - LICJ i
% @y Ié@ 4000
I 3000
* TPC and TOF used to identify T and K 2000
to reduce combinatorial background 000
0

* An invariant mass analysis performed
to extract the signal yield

Central barrel
In| < 0.8

Pb-Pb, (5,,=2.76 TeV

IIII|III[|IIII|
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PERFORMANCE
08/07/2013

Centrality: 0-10%
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D-meson flow: methods

ALICE collaboration, PRL 111, 102301 (2013)
 Event plane method ALICE collaboration, arXiv:1405.2001 [nucl-ex]

(TPC 0<n<0.8 or VZERO event plane)

Extraction of the D-meson yield in- and out-of-plane

1 17T N,-N
2" R 4 N +N
2 ouT

Event plane resolution correction factor R,

» Two-particle correlation methods
(Q cumulant, scalar product)

« Simultaneous fit of the distributions of the measured
candidate yield and v, as function of the invariant

mass M

V(M) = [S(M).v,° + B(M).v,2(M)] / [S(M) + B(M)]

S, B: signal and background yields
v,% background elliptic flow parametrized by a linear function of M

v, elliptic flow of D mesons
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D-meson flow: results

ALICE collaboration, PRL 111, 102301 (2013)
ALICE collaboration, arXiv:1405.2001 [nucl-ex] ALICE

Syst. from B feed-down contribution estimated based on FONLL pQCD calculations
and hypothesis on secondary D-meson R, and v,

F"mrnp’[D",U"‘:_‘ Prompt 0" T Prompt D™
yi08 T yi<08 T <08 |

06 ALICE

u.4:—

RGN i f i

o2l . . N . _ENO T Open bou: ayst. from data N
- Centrality 30-50% T Centra“ty 30-50% T Shaded box: syst. from B feed-down 7
[ L1 I 111 I L1 1 I 111 I 1 I I I I I--l L1 I L1l I 111 I L1 1 I 1 I I I I I--l 11 I L1l I 111 I L1l I 1 I I I I

11 11 1 11 1 11 1 11 1 | | 11 1 11 1 L1 1 11 1 11 L1 1 L1 1 L1 1 IIII-
2 4 & 8 10 12 14 16 18 2 4 B 8 10 12 14 16 18 2 4 & 8 10 12 14 16 18
P, (GeVic) p, (GeVic) P, (GeVic)

Consistent between the three D-meson species

Positive D-meson v, (v,°) observed
5.70 effect for D°, D*, D™ averaged for 2 < p_ <6 GeV/c in 30-50% centrality

Poster Davide Caffarri
Tue 20.04 16:30-18:30
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D-meson flow

Poster Davide Caffarri ALICE collaboration, PRL 111, 102301 (2013)
Tue 20.04 16:30-18:30 ALICE collaboration, arXiv:1405.2001 [nucl-ex] ALICE
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0.6 ALICE 4 @ Prompt D’ |y|<0.8, v,{EP}

| Pb-Pb, \s,,=2.76TeV 1 I:l Syst. from data

B + - Syst. from B feed-down
0.4

¢ Charged particles, v,{EP,|An/>2} I '

:_0_10% I 10-30% [ 30-50% /(-

0.2 + + a
[ Centrality 0-10% T Centrality 10-30% [ Centrality 30-50% u
I T P Y Y I P T Y L Y P EE T AAT A FETA RERARRTa Ruwa AR na | PN PRSP Fewd fed Fevd fema pema eemid
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/e) P, (GeV/ce) P, (GeV/e)
Hint for an increase of v,° :
central p semi-central

D-meson v, similar to charged particle v,

» Confirm significant interaction of charm quarks with the medium
« Suggest collective motion of low-p_ charm quarks in the expanding fireball
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D-meson flow and RA_A

- - ALICE collaboration, PRL 111, 102301 (2013)
Poster Davide Caffarri ALICE collaboration, arXiv:1405.2001 [nucl-ex] ALICE

Tue 20.04 16:30-18:30

>c\| T T T rrrrrryrr T rr T T T T[T T :E 1 2 i T LRI L N I LRI AL L R I B T L L ]
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O. D SySt. from data Centralit 30_500/ = 1% 1 __ ’-' ......................................................................................................................... __
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[ wimim BAMPS el. ---- TAMU elastic - D
— wonn BAMPS el.+rad. — — UrQMD - - | | | | | | | |
e v v v e ey e e e T O L1 ! L1 L1 1 L1 L1 L1 L1 L1 1 1
o 2 4 6 8 10 12 14 16 o 2 4 6 8 10 12 14 16
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v,” and R, ,° measurements together start to provide contraints for the models

WHDG: Nucl. Phys. A 872 (2011) 265; MC@sHQ+EPOS, Coll+Rad(LPM): Phys. Rec. C89 (2004) 014905; TAMU elastic: arXiv:1401.3817
[nucl-th]; POWLANG: Eur. Phys. J. C71 (201) 1666, J.Phys. G 38 (2011) 124144; BAMPS: Phys. Rev. C 84 (2011) 024908; J. Phys. G38
(2011) 124152 Phys. Lett. B 717 (2012) 430;arXiv:1310.3597v1[hep-ph] ; UrQMD: arXiv:1211.6912[hep-ph]; J. Phys.Conf. Ser. 426 (2013)

f 012032; Cao, Qin, Bass: Phys. Rev. C 88 (2013) 044907
universiTAT  Raphaelle Bailhache -10 - VE; éiIRVMQS%JﬁSTK %‘HER

FRANKFURT AM MAIN




ALICE

Electrons
from heavy-flavour hadron decays
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|dentification of electrons
- Low-p, electrons (p,<3 GeV/c): identified with ITS, TPC and TOF ‘

Central barrel |RALICE

6\ 200_ ',.:‘.'l l. 7 'I T T T T T T l| ] Iyl < 0.7
L \\ T L TPC auce - Energy loss in TPC:
> o . PERFORMANCE A .
5 1:2 me | * Excellent separation of
£ 100 . , E e from T
sol “ ~ wesnz:  * Crossing of e with Kand p
6of — : = — Solved by using ITS and TOF
20 | 1 o =
0.2 0.3 1 2 3 4 5678910 20
p (GeV/c)
€ i
é s @
% ITS ALICE |
= - TOaoeon
RS L - Pb-Pb s, =2.76 TeV J
Wi 400f =, DR
n L
,. £ 300f
© 03/07/2012 o
8 Pb-Pb {5,,=2.76TeV 1 2003

100

5 5 Yo7 0.1 2 030. 4
p (GeV/c) p (GeV/c)

- High-p_ electrons (p,>3 GeV/c): identified with TPC and EMCal
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|dentification of electrons %

: - . Central barrel
« p;>3 GeV/c: e identified with TPC and EMCal ly| < 0.7 ALICE
Electrons selected in the TPC with: El -
ectron purit
10 < (dE/dx-(dE/dx), )., < 30 purity
Hadrons selected in the TPC with: ITS+TPC
dE/dx-(dE/dx) < -40 +TOF TPC+EMCal
( )e S &
w IIIIIIIIIIIIIIIIIIIIIIIIIII'IIIIIII > IIIIIIIllIIlllIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIII
Q0 : e 1 =212 - _|
5 f AHCE Preiminary 1 5 ALICE Preliminary :
LL [ . 1 2 i
: eleclions 3 p_(Gevic)<4 | & s == . )
1000 —=— hadrons o § - ]
- Pb-Pb, sy = 2.76 TeV E = 0.8 . _
800 0-10% Centrality Class, |y| < 0.7 - é i
i + i = 0.6 —
600 . . - S i Pb-Pb, |5 = 2.76 TeV i
400 _ + EMCal _j E 0.4 :_ 0-10% Centrality Class _
I ¢ ¢ i L i —e— ITS+TOF+TPC, |y| < 0.8 i
200 5“ ‘e o 0.2 —=— TPC+EMCal, |y| < 0.7 .
: '"t::."“ 0‘ I" : - -
_lllllll.ill'-?ﬂ' b ] O—IIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-
02040608 1 1214 16 1.8 2 o 1. 2 3 4 5 6 7 8 9 10
E/p [ (GeV/c)
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Heavy-flavour decay electrons: method

e —HF -
V2

incle _ back e
(1+Rg) Vv, v,

R

SB

. vz"":'e of inclusive electrons : measured

with the event plane method using VZERO

GOETHE @4

Poster Andrea Dubla
Tue 20.04 16:30-18:30 | ALICE

Inclusive electron v2incle

univiersiTAit - Raphaelle Bailhache
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- - ALICE Preliminary -
o L V,{EP, jAn| > 0.9} -
O 041 ITS+TOF+TPC, |y| < 0.8 ]
% [ [_] syst error (ITS+TOF+TPC) i
© 03 —e— TPC+EMCal, ly| < 0.7 N
% - [ syst error (TPC+EMCal) ]
= i Pb-Pb, s = 2.76 TeV -
Q 0.21 NN -
= i 0-10% Centrality Class 1
0.1F -
i ' ]
0 ... . [ _
_0.1 I_I L1 I L1111 I L1111 I L1111 I L1111 I L1111 I L1l I 1111 I L1111 I L1 I.-l

o 1 2 3 4 5 6 7 8 9 10
P, (GeV/c)

Event plane method with VZERO
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Heavy-flavour decay electrons: method

Ve4—HF=

incle _ back e
(1+Ry) Vv, v,

2

R

SB

. vzincle of inclusive electrons

o v, of background electrons

* Electrons from y conversion
» Electrons from 11° Dalitz decay

« p.<1.5 GeV/c: measured
Invariant mass method (e*e pairs)

« p.>1.5 GeV/c: estimated
Cocktail method based on data

GOETHE @4

Poster Andrea Dubla
Tue 20.04 16:30-18:30 ALICE

Inclusive electron v, "'®
Background electron v, Backe

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

[ systerror on Inclusive electron

[ ] syst error on Photonic electron

Pb-Pb, \ s, =2.76 TeV
0-10% Centrality Class, |y| < 0.7

—HH=]

lllllllllllllllllllllllllll

2 3 4 5 6 7 8 9 10
pT(GeV/c)

Event plane method with VZERO

__05¢
& [ ALICE Preliminary
A 04 [ —=— Inclusive electron v,
= C .
< - —=— Photonic electron v,
o 0.3
L B
I
NE 0.2 —
0.1F
o) S
(110, 71%, direct y) :
-0.1%
0 1
-15 -
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Heavy-flavour decay electrons: method %

1+R incle _ back e Poster Andrea Dubla
e TRV Y, Tue 20.04 16:30-18:30 | ALICE
2
RSB ( 1+ RSB)
R.g, signal to background ratio

N
&)

ERE) LARANLALL AR LY ELLED EEALY LARL) RELRS LALE
i ALICE Preliminary

—e— Invariant mass method (TPC+EMCal), |y| < 0.7

. vzi““'e of inclusive electrons

N
o
I I LI |

. v,"°¢ of background electrons

* Electrons from y conversion
» Electrons from 11° Dalitz decay

—a— Invariant mass method (ITS+TOF+TPC), |y| < 0.8

—a— Cocktail method, |y| < 0.8
Pb-Pb, \ s =2.76 TeV
0-10% Centrality Class

- Signal to background ratio R,

—h
o

I I LI
|
l |

Inclusive electron / Background
o
I

NEY
* New results (ITS-TPC-TOF/TPC-EMCal): INRAEIE
Measured via the invariant mass method : = " +
* Previous results (TPC-TOF analysis): B

11 1 1 l 1 1 1 l 1 1 1 l 11 1 1 I 11 1 1

Estimated via the cocktail method

Event plane method with VZERO
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Heavy-flavour decay electrons: results

New
>N0-5_ """""""""""" RRARELALLSN RAARN LERR i
e i ALICE Prellmlnary 1
% 0.4 = ALIGE, v,{EP, jAn|> 09}, Iyl <07 ]
% E |:| syst error
%‘0.3_— —
O R Pb-Pb, \s\, = 2.76 TeV
% 5 2: 0-10% Centrality Class
3 I 0-10%
= 0.1F .
> Iﬂiiﬂnn !
®©
% o] B ST I_+_ﬁ.—.| _______________ -
_0'1 IIIIIIIIIllllllllIIIlllIIIllIIIlIIIIIlIIIIIIIIIII:
0 1 2 3 4 5 6 7 8 9 10
P, (GeV/c)
central

Heavy flavour decay electron v,

o o = e S
i [\ w £ (6]
I T I L I L I LI

o
LI

ALICE Prellmlnary

|:| syst error

Pb-Pb, \'s\, = 2.76 TeV
10-20% Centrality Class

10-20%

—a— ALICE, v,{EP, |An| > 0.9} , ly| < 0.7 ]

Hint for an increase of v, *~""

c\10.5_l T

R RN R
ALICE Preliminary

—a— ALICE, v,{EP, |An| > 0.9}, ly| < 0.7 ]

N

c

o

R

2 ' |:| syst error

= 0.3 ]

&) - Pb-Pb, s\ =2.76 TeV

3 0 2: 20-40% Centrality Class

3 | 20-40%

ks | -

> 1 1

O Al ]

I L i
_-1_||]|||||||||| |||||||||_
0 0 2 4 6 8 10 12 14

o8 (GeV/c)

P semi-central

Positive v,*~"F observed

( 30 effect for 2<p <3 GeV/c in 20-40% centrality)

» Confirm significant interaction of heavy quarks with the medium
« Suggest collective motion of low-p_ heavy-quarks (mainly charm) in the expanding fireball
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Heavy-flavour decay electrons: v,and R,

N
>NO'5_IIIIIIIIIl.llllllllllllllllll_ }2_III'III|III|III|I|IIIIIIIIIIIII_HLICE
- - ALICE Preliminary 1 gL ALICE Preliminary ;
O pal T orararaelER. lan>09) 1 5 7F Po-Pb,| sy, =276 TeV, 0-10% central :
-.(3 B B);IO\MPS el - -03 1.6 L ® with pp ref. from scaled cross section at \1s=7TeV -
O - : - - : . 1
—_ [T BAMPS el. + rad. i D i *  with pp ref. from FONLL calculation at\s = 2.76 TeV 1
® L — . POWLANG - ®©{4F ---BAWPSGEL
= 0.3 ----TAMU o I L BAMPS el. + rad.
S - Pb-Pb, \s,\ =2.76 TeV - O 1.2F ---TAMU
o I 20-40% Centrality Class, |y| < 0.7 3 5= — POWLANG
= 0.2 . T | N -
o) - - o 5
o | | 1 S0ty R,,,0-10% :
= 0.1F : 1 & e AA’
> SN s e : =0.61
> Ve ‘,--.__L g i T © - \"w,,,‘/‘ . !
© N e e T S e DogF
:CII:J (RS = i e i i e o e i B N IR T Y-t N
Z v,, 20-40% : 0.2 St
_0_1-"'I'"I"'I"'I"'Illlllll- O-IIIIIII|III|11I|III|III|III|III|III_
0 2 4 6 8 10 12 14 O 2 4 6 8 10 12 14 16 18
[oR (GeV/c) P, (GeV/c)

Similar picture from the comparison of R,, and v, to models as for D mesons
Consistent results with D mesons

v,* " and R,,*~"" measurements start to provide constraints for the models

TAMU elastic:: arXiv:1401.3817[nucl-th] (2014); POWLANG: Eur. Phys. J. C71 (201) 1666, J.Phys. G 38 (2011) 124144;
@ BAMPS:Phys. Lett. B 717 (2012) 430; arXiv:1310.3597v1 [hep-ph]
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ALICE

Muons
from heavy-flavour hadron decays
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|dentification of muons

Track selection:

ALICE

* Acceptance and geometrical cuts:
select tracks in the acceptance of the spectrometer ‘ Muon spectrometer
« Muon trigger matching: -4<n<-25
reject hadrons that cross the absorber
* Pointing angle to the vertex: - _
remove beam-gas and particles ————\Y
produced in the absorber

— Remaining main background:
M from primary 11/K decays

| from
heavy flavours

u from
primary /K

=
=

p from .y Trigger
secondary /K Irr]aacr:TI](g] egrs chambers

Punch through
hadrons
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Heavy-flavour decay muons

yincly _ f v decayn | ° Measure v,"'# of inclusive muons ALICE
2 decay p 2 d .
Vzw—HF — o Estimate f P and v ek
(0) (o) =
Ll o ficayn ~ 15%(5%) at p, = 3 (10) GeV/c based on
extrapolation of T1/K spectra measured at mid-rapidity
o v e cocktail method based on data
(\] 0_5 B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 1 I 1 1 |
= L ALICE Preliminary : Q{2} cumulant method for v, »HF
- - Event plane method with VZERO for v 2"
04 - - Heavy-flavour decay e*, V,{EP, |An| > 0.9}, |y| < 0.7 ]
. —=— Heavy-flavour decay p*, v,{2},2.5<y <4 ]
0.3F Pb-Pb, |5y = 2.76 TeV
E 20-40% Centrality Class - Positive v,*“"F observed
0.2 . (30 effect for 3<p.<5 GeV/c)
:— I . $ ® _: +—HF +—HF
0-1: II + ° ‘¢ | A d ] * (VZH )foward rapidityN (V2e )mid-rapidity
S -
- U . Consistent results
_01 i P T T N TN T N AN T M TN N MO TN T AN TN NN MO N NN SO N AN A i
0 2 4 6 8 10 12 14
[ (GeV/c)
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Summary
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Non-zero v,°,v.*~"" and v,*~"" observed
In semi-central Pb-Pb collisions

0.4

-0.21-

IIII!IIIIII]]]IIIIIIIIIIIIIIIIII]III

.6~ ALICE -

Il D Syst. from data

T - Syst. from B feed-down

L Pb-Pb, sy =276 TeV

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

L. @ Prompt D° [y|<0.8, v,{EP} i

¢ Charged particles, v,{EP,An|>2}

-IIIIIIIIIIIIIIIIIII Illlllllllllllll-
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-||||l|||||||||||||||||||||i|||||J|||“III|III|III|III|III|III|III|IIIIIII|“|||||||||ll|||||||||||||||||||1|||||-
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)
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Summary

Hint for an increase of v, ° v =", v #HF
from central to semi-central collisions

>N _IIIllllllll]lllIIIIIIIIIIIEIIIlIIIII__IIIIIIIlI[]I]IIIIIIIIIIIIIII|III]III“IIIIIIIIIII]IIIIIII Illlllllllllllll-
0.6~ ALICE + @ Prompt D’ |y[<0.8, v,{EP} 4 -
[ Pb-Pb, \Sy,=2.76TeV i DSyst. from data
i T - Syst. from B feed-down
0.4 + 1 |

¢ Charged particles, v,{EP,An|>2}

T 0-10% T 10-30% T 30-50% ]

-||||||||||||||||||||||||||s|||||J|||“III|III|III|III|III|III|III|IIIIIII|“|||||||||ll|||||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)

semi-central

central

ALICE
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Summary

ALICE
v,” ~ charged particle v,

o IIII!IIIIII]]]IIIIIIIIIIIIIIIIII]III IIIIIIIII[]I]IIIIIIIIIIIIIIIIIII]III IIIIIIIIIII]IIIIIII Illlllllllllllll

0.6 ALICE 4 @ PromptD°|y|<0.8, v,{EP} 4 i

[ Pb-Pb, \Sy,=2.76TeV i D Syst. from data
i T - Syst. from B feed-down
0.4_— | O Charged particles, v,{EPAn>2) | ]

T 0-10% T 10-30% T 30-50%

-||||l|||||||||||||||||||||i|||||J|||“III|III|III|III|III|III|III|IIIIIII|“|||||||||ll|||||||||||||||||||1|||||-
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)
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Summary

ALICE
Suggest collective motion of low-p_ heavy-quarks

(mainly charm)

>0:\! _IllIlllIlll]lllIIIIIIIIIIIIIIIII!III--IIIIIIIII[]I]IIIIIIIIIIIIIIIIIII]III“IIIIIIIIIIIIIIIIIII Illlllllllllllll-

0.6 ALICE 4 @ PromptD°|y|<0.8, v,{EP} 4 i

| Pb-Pb, |Sy,=2.76TeV [ [ syst fomaata
- T - Syst. from B feed-down T 1
0'4__ | O Charged particles, v,{EPAn>2) | )

-0.2f -+ -+ -
- 0-10% t 10-30% I 30-50%
-||||l|||||||||||||||||||||i|||||1|||“III|III|III|III|III|III|III|III|III|“|||||||||1||||||l|||||||||||||1|||||-
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)
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Outlook

ALICE
Analyses will profit strongly from more statistics

and the ALICE upgrades

S“ _"'|"'|”']”'|'”|||||”i||lIIIIIIHIIIIIII|III|IIIIIIIIIIIIIII|IIIIIIIIHIIIIIIIIIII TTT TT[TTT[TITT
0.6 ALICE 4 @ PromptD°|y|<0.8, v,{EP} 4

[ Pb-Pb, \Sy,=2.76TeV i D Syst. from data
T - Syst. from B feed-down

T ¢ charged particles, v,{EP,An|>2}

T 0-10% T 10-30% T 30-50% ]

-||||||||||||||||||||||||||i|||||1||“III|III|III|III|III|III|III|IIIIIII|“|||||||||ll|||||||||||||||||||||||||-
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)

(See poster: v, of electrons from beauty-hadron decays)

Poster Denise Godoy
Tue 20.04 16:30-18:30
GOETHE @« =7
universitat - Raphaelle Bailhache -26 - E@? XXIVQUARK MATTER




ALICE

GOETHE " _ B XXIV QUARK MATTER
univErsiTaT  Raphaelle Bailhache -27 - 2% DARMSTADT 2014

FRANKFURT AM MAIN



Prompt D mesons

ALICE collaboration, PRL 111, 102301 (2013)
ALICE collaboration, arXiv:1405.2001 [nucl-ex] ALICE

,prompt _ 1 1’3" . I — fprompt 1,£eecl—clown
% — ; )
f prompt f prompt

e

- R,, assumptions:

Comparison R, of prompt D mesons measured by the ALICE collaboration and
J/VY B measured by CMS collaboration suggests D more suppressed than B

o 1<RAAfeed-down /RAAprompt < 3 fOr SyS

e R, feeddomn/R PromPt=2 for the point value

- V, assumptions:

. O< V2feed-down<V2prompt for SyS
v, feed-down=y, pembt for the point value
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D-meson flow: results

ALICE collaboration, PRL 111, 102301 (2013)
ALICE collaboration, arXiv:1405.2001 [nucl-ex] ALICE

New

}N -I T I 1T ] 1T I rTr7r 17 r7vr 77 7vrr1rr17 171717 17 17TT1T 1T 717 T17T1TT |-- L I 17T I L I LI '[ LI 'I LI 'l 1T I T TT I L I-
61 Centrality 30-50% - —
0 6_ ALICE 0 =0 y /o 4 Pb-Pb, \s,=2.76TeV -
. PromptD",D . 4 i
- |y|<0.8 + Centrality 30-50% n
= ' — - —
el #%2 —+— 1 k
0_ .................................................... R —— A W R A R l ......................... o
- ® EPTPC T V SPTPC ) i
02 % EPVZERO —+ ¢ SPVZERO —
: :: Syst. from B feed-down not shown :

11 1 I L1 1 l 11 1 I 111 l 11 1 I 111 l 11 1 I 11 1 1 111 I 11 1 I L1 1 l 11 1 I L1 1 l 11 1 I 11 1 l 11 1 I 11 1 I 11 1

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

Consistent between the different methods
Bias due to non-flow correlations within the statistical precision

of the measurement Poster Davide Caffarri
Tue 20.04 16:30-18:30
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ALICE collaboration, PRL 111, 102301 (2013)
D meson models ALICE collaboration, arXiv:1405.2001 [nucl-ex]

« WHDG: S. Wicks, W. A. Horowitz, M. Djordjevic, and M.Gyulassy, Nucl. Phys. A 784 (2007) 426
W.A. Horowitz and M.Gyulassy, Nucl. Phys. A 872 (2011) 265 H LICE

pQCD parton energy loss with radiative and collisional processes

Use Glauber model for the collision geometry without hydrodynamical expansion
Hadronization with vacuum fragmentation functions

Tuned to RHIC data and scaled to LHC energies with charged particle multiplicity results

e MC@sHQ+EPOS, Coll+Rad(LPM):
M.Nahrgang, J.Aichelin, P.B. Gossiaux and K. Werner, Phys. Rec. C89 (2004) 014905
pQCD parton energy loss with radiative and collisional processes
Tuned to RHIC data
Fluid dynamical expansion based on EPOS model
Hadronization with a component from recombination of heavy quarks with light quarks

« TAMU elastic:M. He, R.J. Fries and R. Rapp, arXiv:1401.3817[nucl-th] (2014)
Transport model based on collisional, elastic processes, resonance formation and dissociation
Includes hydrodynamic medium evolution, constrained by light-flavour hadron spectra and
elliptic flow data.
Hadronization with a component of recombination of heavy quarks with light-flavour quarks

* POWLANG: W.M. Alberico et al., Eur. Phys. J. C71 (201) 1666, J.Phys. G 38 (2011) 124144
Transport model based on collisional processes within an expanding decondined medium
Use Langevin equation matched to pQCD calculation for hard scatterings
Hadronization with vacuum fragmentation functions

GOETHE @ —
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D meson models %

ALICE collaboration, PRL 111, 102301 (2013)
ALICE collaboration, arXiv:1405.2001 [nucl-ex] ALICE

NE

« BAMPS: O. Fochler, J. Uphoff, Z. Xu and C. Greiner, Phys. Rev. C 84 (2011) 024908;
J. Phys. G38 (2011) 124152 Phys. Lett. B 717 (2012) 430;arXiv:1310.3597v1[hep-ph]

Transport model based on collisional processes and for the latest version radiative processes
Use Boltzmann approach to multi-parton scattering

Hadronization with vacuum fragmentation functions

Scaling factor for the binary cross section to reproduce RHIC data

 UrQMD: T. Lang, H. Van Hees, J. Steinheimer and M.Bleicher, arXiv:1211.6912[hep-ph];
T. Lang, H. Van Hees, J. Steinheimer, Y.-P. Yan and M. Bleicher, J. Phys. Conf. Ser. 426 (2013) 012032

Langevin approach for the transport of heavy quarks implemented within the UrQMD model
Combination of hadronic transport and ideal hydrodynamics

Transport of heavy quarks calculated with resonance model (decoupling T=130 MeV)
Hadronization via quark coalescence included

Tuned to reproduce heavy-flavour measurements at RHIC

* Cao, Qin, Bass: S. Cao, G.-Y. Qin and S. A. Bass, Phys. Rev. C 88 (2013) 044907
Based on Langevin approach
Quasi elastic scatterings and radiative energy loss included
Space-time evolution of the medium modelled by viscous hydrodynamic simulation
Hadronization including a recombination component
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D meson: R, in and out-of-plane

ALICE collaboration, PRL 111, 102301 (2013)
ALICE collaboration, arXiv:1405.2001 [nucl-ex] ALICE

New
5 Nuclear Modification Factor:
f:( i ==l | Iyl I 1T I I5=1=50 I | | I | I I=0==1 I | I T i
c , 8: ALICE = 5
Nolm n riane s 5
PP, |[s =276 TeV g Ouorpane (@) N 2.dN™® AEout) /dpr
= . = o = E—
Bl i 3(3 530/0 Syst. Uncertainties RAA (pT) (T > -do /dp
H PromptD , D — Correlated 5 AA pp T
1.4+ [ Uncorrelated —
- ¥1<0.5 Anticorrelated =
1oL — I Global Normalization
10 Dl e e s s s s =
o i B Contains similar information as
E = i . R,, and v, measurements
0.6~ ﬁ — 4 = simultaneously:
N M — _
ol L ﬁ * i
_ i fi
B — a in-plane out-of-plane
0.2 e + - by — TRAA— —Raa
B g o in-plane out-of-plane
0 0 e o o 0 s 4 RAff -+ RAA P
0 2 4 6 8 10 12 14 16
P, (GeV/c)
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D meson: RAA

iIn and out-of-plane

ALICE collaboration, PRL 111, 102301 (2013)
ALICE collaboration, arXiv:1405.2001 [nucl-ex] ALICE

New
$1-6_|IIIII!IIIIIIIIIIIIIIIIIIIIIIIIII_-IIIIIII||||||IIIIIIIlIIIlIIIlIIIII_
Q0 =0
@« PromptD", D = 'Onflg?i | Q . ALICE i
n T i
y1<0.5 o ELEREs 1 Pb-F’b,VsNN = 2.76 TeV WHDG radzcoll -
— o uncartalntics 1, Centrality 30-50% == Cao, Qin, Bass ]
= T =imim MC SHO+EPOS ]
: Uncorrelated 1 mimin BA -
§ | Anticorrelated 4 - = = TAMU e|ast|c 4
“ [ Global normalization . ‘A‘. * — - UrQMD .
+ \ t =
:: C - ’I :
\':i':lt" E \\ 'I’, a2
—-‘_ '’ "ﬂ s '\'(\ﬁ NI‘
et wh S ".,-4“*} DN id _..-E
I'm I m o mgd ’ ke -’r:" ol .’J’ - 2n
i1 ,.~ Py I-I\t\, E, .=-": f'ilr||-|‘,.'. .
L & uwl;:- 2T T L ':
_? / I i : ) ——
| 1 I [} B §i
O—IIIIII!IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII||||||IIIIIIIlIIIlIIIlIIIII-
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
P, (GeV/c)
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|dentification of electrons

10
10 IIIIIIIIIIIIIlIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Pb-Pb, | s, = 2.76 TeV

0-10% Centrality Class, |y| < 0.8

8
10 ALICE Preliminary
107 1.25<p_(GeVic) < 1.5
106 —e— Data
T
_ei
104 — Background ‘
10° F — Data/Fit ‘ \
107
10

o .
e s
1 I:’ﬂ. "' (L ’."-,..: :'.:.‘QL'
i o A
-30 -25-20-15-10 -5 0 5 10 15 20

TPC dE/dx - <TPC dEdx>|, (o)
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Heavy-flavour decay electrons

U) 1 | L 1 I 1 | L 1 I 1 1 1 1 I 1 1 1 1 1 1 LI I 1 1 1 I
) ) . |
= ALICE Preliminary
-
LL
10% o M
: s :
P 89@09896. -
i 0-89! |
* ™ PbPb, s, =276 TeV
— [
’..;oo 20-40% Centrality Class, |y| < 0.8
. o 1<p_(GeV/c)<1.25
107 OO electron candidate pairs -
N .
M o ULS pairs =
L& )
-0 -~ LS pairs -
: L1 1 1 I L1 1 1 I L1 1 1 | L1 1 1 | 1 1 1 I L1 1 1 I_
0 005 01 015 02 025 0.3
M., (GeV/c?)
£ -
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Heavy-flavour decay electrons

>N0_5-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII- HLICE
- ALICE Preliminary . [\
c C ] ew
o - —*— Cocktail method i
kS 0.4 [ syst error on Cocktail ]
D - —=— dN/d(g-¥_) ULS-LS method -
8 L [ systerroron ULS-LS i
'z 0.3 - Pb-Pb, \[syy = 2.76 TeV B
g - 0-10% Centrality Class, |y| <0.8
< — ]
£ 02} :
: : >(\|0.5_|IIIIIIIIIIIII]IIIIIIIIIIIIIIIIII IIII-
N 1 = - ALICE Preliminary 1
r 1 © - —— Cocktail method -
L — B 0.4 [~ [ syst error on Cocktail ]
- 4 o - = dN/d(g-¥_) ULS-LS method ]
L . 8 03 [ [ systerroron ULS-LS i
_O1-|||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII- -E ’ : Pb—Pb,ﬁ=2-76TeV :
‘o 1 2 3 4 5 6 7 8 % - 10-20% Centrality Class, |y| < 0.8 1
pT(GeV/C) 502_— o —_ NO_5_||||||||||||||||||||||||||||||llll|||ll_
: — 10-20% 1 = | ALIGE Preliminary :
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0.1p 1 © 0.4 [ syst error on Cocktail 7
C . 10 - —=— dN/d(e- ¥_,) ULS-LS method i
0 ? _______________________________________ 7 3 [ [ systerroron ULS-LS i
[ | 288 - Pb-Pb, {5y =276 TeV
S 1 1 | 1 1 e % C 20-40% Centrality Class, |y| < 0.8
_0.1 11 11 1111 1111 1111 1111 1111 1111 1111 __ _—
0 1 2 3 4 5 6 7 8 &O02f 20-40% -
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Heavy-flavour decay electrons: models

ALICE

« BAMPS: 0. Fochler, J. Uphoff, Z. Xu and C. Greiner, Phys. Rev. C 84 (2011) 024908;
J. Phys. G38 (2011) 124152 Phys. Lett. B 717 (2012) 430; arXiv:1310.3597v1[hep-ph]
Transport model based on collisional processes and for the latest version radiative processes
Use Boltzmann approach to multi-parton scattering
Hadronization with vacuum fragmentation functions
Scaling factor for the binary cross section to reproduce RHIC data

* POWLANG: W.M. Alberico et al., Eur. Phys. J. C71 (201) 1666, J.Phys. G 38 (2011) 124144
Transport model based on collisional processes within an expanding decondined medium
Use Langevin equation matched to pQCD calculation for hard scatterings
Hadronization with vacuum fragmentation functions

* Rapp et al. later TAMU elastic:M. He, R.J. Fries and R. Rapp, arXiv:1208.0256[nucl-th] (2012)
Transport model based on collisional, elastic processes, resonance formation and dissociation
Includes hydrodynamic medium evolution, constrained by light-flavour hadron spectra and

elliptic flow data.

Hadronization with a component of recombination of heavy quarks with light-flavour quarks

GOETHE @ —
UniversiTaT - Raphaelle Bailhache ~37 - ey ol



Heavy-flavour decay muons: f

decay U

« Input: K/11 spectra in pp collisions and R,, in Pb-Pb collisions at central rapidity

measured with ALICE
J. Phys. G: Nucl. Part. Phys 38 (2011) 124014 & 124080

» Extrapolate K/1t spectra in pp collisions to forward rapidity by means of Monte-Carlo

simulations (PYTHIA, sys with Phojet 15%)
Phys. Rev. D76, (2007) 092002

* Get K/11 spectra in Pb-Pb collisions at forward rapidity by scaling the extrapolated
charged K/1t spectra with their R, at central rapidity ( vary R,, within 100% for sys)

* Produce the K/1t decay muon background in Monte-Carlo with fast detector simulation

GOETHE 4% _ ¥ XXIV QUARK MATTER
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Heavy-flavour decay muons: v %/ H

7/
( \

ALICE

« Parametrize the p. and n dependence of charged hadron v, measured by the ATLAS
collaboration and extrapolate to forward rapidity

ATLAS collaboration, Phys. Lett. B707 (2012) 3301

« Charged v,(p,) extrapolated to forward rapidity used as input v, of pions and kaons,
separately, to produce the v, of decay muons in the acceptance of the muon spectrometer

systematic uncertainty on decay muons v,
input v, bias ~ 9%
extrapolation 9%-12%
input data fluctuations 13%-15% (at high p+)
K/ weights <1%
ﬁifféﬁm Raphaelle Bailhache -39 - P



Heavy-flavour decay muons

ALICE

Q{2} cumulant method

N 0.3¢ — < RS AL AR AL LAY LEARS LEELN LERED LALAN LR

+ o.osEPb-Pb collisions, |s\=2.76 TeV, 2.5<y<4 | g  ALICEPb-Pb|s,=2.76 TeV,u*HF in2.5<y<4 1

= F . : : -...=...- NLO (MNR) with EPS09 shad. ]

> 0.2F 20-40%ALICE Preliminary 1.6  Centrality 0-10% | _ =

O - » Vitev rad. + dissoc. .

8 0.15( L BAMPS B

§ 0,12_ Sl ; | - BDMPS-ASW rad E

% 0_055_ ’o& 'L'.-_f—_..._.-_._,::*__u___.:yg-— 1H h_x_-___-_ﬂ.-._-_-_-.-'_'.'_‘_"_'_‘_'_'T.’L'_'_'_"_'_'_'_'f_"_'_'_'."_‘.'_'_':_"_'_-_'_‘-_-_v_u.A_,,,,,__,_.T;_”_v___ljl___l_‘:_‘
o - f‘. ------- e C
> OE";. ——————————————— 08__
%_0-055_ E ALICE, centrality 20-40% 0.6:—
%’ E  memsmmnmamm MC@sHQ+EPOS2, centrality 20-40% ;
-0.1 0.4
Fommmmmmma TAMU elastic, centrality 20-40%, arXiv:1401.3817 C

-0.15F . 0.2 .

E BAMPS, centrality 30-50%, Phys. Lett. B717 (2012) 430 - .

:||||].||||...||,,,,|,,,,I,,,|||,,,|,,,,|,,,,|,,,, Covvolvvva bovr o bvv v b by v v b by v v 17

B e L I A e A
P (GeV/c) P, (GeV/c)

- v,*""F positive (30 effect) in 20-40% central Pb-Pb
« Challenging to reproduce simultaneously v,*~"" and R, ,*~"" measurements
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Heavy-flavour decay muons: models %

« BAMPS: O. Fochler, J. Uphoff, Z. Xu and C. Greiner, Phys. Rev. C 84 (2011) 024908; ALICE
J. Phys. G38 (2011) 124152 Phys. Lett. B 717 (2012) 430

Transport model based on collisional processes
Use Boltzmann approach to multi-parton scattering
Hadronization with vacuum fragmentation functions

Scaling factor for the binary cross section to reproduce RHIC data

* Rapp et al. later TAMU elastic:M. He, R.J. Fries and R. Rapp, arXiv:1208.0256[nucl-th] (2012)
Transport model based on collisional, elastic processes.

Includes hydrodynamic medium evolution, constrained by light-flavour hadron spectra and
elliptic flow data.

Hadronization with a component of recombination of heavy quarks with light-flavour quarks

‘MC@sHQ+EPOS, Coll+Rad(LPM):
M.Nahrgang, J.Aichelin, P.B. Gossiaux and K. Werner, Phys. Rec. C89 (2004) 014905

pPQCD parton energy loss with radiative and collisional processes
Tuned to RHIC data

Fluid dynamical expansion based on EPOS model
Hadronization with a component from recombination of heavy quarks with light quarks
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Heavy-flavour decay muons: models
ALICE

R,, only

* NLO (MNR) with EPS09 shad.: JHEP, 0904:065 (2009)
Fixed-order next-to-leading order QCD calculations for heavy quarks
NLO order global DGLAP analysis of nuclear parton distribution function for the shadowing

 Vitev rad.+dissoc: Phys. Lett. B 713 (2012) 224
Model including radiative energy loss and dissociation

« BDMPS+ASW rad.: Phys. Rev. D71 (2005) 054027
Model including radiative energy loss model
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