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® ALICE is the experiment
dedicated to the study of
the quark-gluon plasma
produced with high T and
low pgin Pb-Pb collisions
at the Large Hadron Collider
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Tomography of QCD matter &

ALICE
e hard (large Q?) probes of . —
Q(_:D matter %E%Térﬁ%%ﬁk: Induced

e jets, photons, W, Z, heavy quarks gluon
: . ~qs radiation
e self generated in the collision  giyon , :

att~1/Q (ort ~1/m) (color oc?efﬁlQ Radiative
_ energy
e “tomographic” probes of heavy qua . loss
the hottest and densest phase‘ (siow! rple ,
of the collision Qa (slow o
| . singlet/octet) Dissociation
‘pQCD”
probe out W,Z |
“pQCD” (NG color) <X Sl
probe in Y -
o= ey (no color) ,
Modification? |
QCD medium
QCD medium A7 | B
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Role of heavy quarks ®

® heavy quarks: charm (m_ ~ 1.5 GeV), beauty (m, ~ 5 GeV) ALICE
o mc,b >> AQCD
- heavy quarks = genuine hard probes, even at low p-
(In contrast to jets)

® large mass ->short formation time:
torm ~ 1/2m ~ 0.1 fm << tggp ~ 5-10 fm

Vs /2

® heavy quarks are unique

¢ interactions with produced QCD medium don‘t change the flavor
but can modify the phase-space distribution of heavy quarks

e thermal production rate in the QGP is ,,small“
(but maybe measurable 2 T)

- destruction or creation in the medium is difficult
-> transported through the whole evolution of the system
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The LHC: a heavy-quark factory ®

ALICE

e charm quark-antiquark production cross section

in pp collisions
———JHEP 1207(2012)101
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PHENIX
STAR
HERA-B (pA)

3 [ e et .| emeasured charm cross sections
g 10%E" 5= s proiminay o ue) = compatible with Next-to-Leading-
I = bt M- 1 Order (NLO) perturbative QCD

(pQCD) calculations
e from RHIC to the LHC
¢ 6..(LHC) ~ 10 x o..(RHIC)
¢ 6,,(LHC) ~ 50 x 6,,,(RHIC)
e central Pb-Pb collisions at the LHC
e ~100 cC pairs

E653 (pA)
E743 (pA)
NA27 (pA)

10°

NA16 (pA)
E769 (pA)
NLO (MNR)  ~
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e ~10 bb pairs
- charm (and beauty) are NOT rare
probes at the LHC and at RHIC,
but they are at |
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Heavy quarks in pp collisions ®

ALICE

® test understanding of heavy-quark production

e What are the relevant production mechanisms on the parton level

— LO contributions: ®
gluon fusion, quark-antiquark annihilation §.°.0

— NLO contributions: . .
gluon splitting, flavor excitation NG v

— or even more complex, e. .
e.g. Multi Parton Interactions (MPI)
e testing ground for perturbative QCD calculations
— theoretical uncertainties are driven by £ B

— renormalization and factorization scales o
— quark masses ~.0
e investigate production mechanisms ’.;
via more differential measurements :
— multiplicity dependence of heavy-flavor cross sections
— D meson - hadron correlation measurements

e reference for p-Pb and Pb-Pb collisions

.°
B e,

-
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Heavy quarks in p-Pb collisions

ALICE

e guantify cold nuclear matter effects

e nuclear modification of
Parton Distribution Functions

1.4

e energy loss in cold nuclear matter:
l. Vitev at al., PRC 75(2007)064906

e multiple binary collisions:
A.M. Glenn et al., PLB 644(2007)119

e reference for Pb-Pb collisions

— shadowing: K.J. Eskola et al., N> 1.2
JHEP 0904(2009)65 3 10
— gluon saturation, > '
Color Glass Condensate: ‘_f 0.8
H. Fuji & K. Watanabe, NPA 915(2013)1 I 0.6
e k;broadenin ke |
T . 0.4
P

0.2
0.0
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Heavy quarks in Pb-Pb collisions

ALICE

e study the interaction of heavy quarks with the medium

e parton energy loss via radiative and K\f”
collisional processes N |

— depends on
— color charge
— (quark mass
— path length in the medium
— medium density

> expect: AEg> AEy s> AEc> AEy
e Mmight translate into a hierarchy of
nuclear modification factors (see caveats later):
RAAT[, HAAD, HAAB R,m — dNAA /dp}.- _ dNAA /de
(N, yxdN, ldp, (T, )xdo, dp,

Iy P

e collectivity in the QGP
— in general: initial spatial asymmetry
- azimuthal asymmetry of particle emission in momentum space

— heavy quarks participate in collectivity of the medium in case of sufficient re-
scattering = approach to thermalization

— high p+: path length dependence of energy loss introduces azimuthal
asymmetry as well
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How to measure open heavy flavor? (%

e heavy-flavor hadrons decay via weak interaction: ALICE
lifetimes ct ~ few 100 pm = measure decay products

decays

D0 — K 7+ .
D+—>K‘71'+71'+ D

D¥* - DO+ decay length

Full reconstruction of D meson hadronic

D;f — K-K* 7+
HF jets
Correlations with HF
Displaced
cks
Secondary

Vertex
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Semi-leptonic decays (c,b)

eu

Primary 8D
dy

Displaced |/ (from B decays)
M+

Jhp w
B
Lyy

R. Averbeck, = 5= I



A Large lon Collider Experiment (®

ALICE

ACORDE

EMCAL

TRD ‘ =7 , ABSORBER
HMPID
‘

TRACKING

CHAMBERS
/ MUON
FILTER

ZDC
~116m from I.P,

: )
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ALICE: D-meson measurement

ALICE

D* — Katnt

D** — DOx*

Dt — ¢nt — KKn
In] <0.9

ITS: tracking, vertexing

R TPC: tracking, PID
"1 TOF: K-ID

@
- HICEAR May 27, 2014 11 R. Averbeck, I= == I



ALICE: electron measurement

ALICE

v DB, A,,... = € +X

.....

In| <0.9

ITS: tracking, vertexing
TPC: tracking, PID
TOF, EMCAL, TRD: e-ID

@
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ALICE: muon measurement

ALICE

VZERO scintillators detector:
trigger, centrality determination*. Absorber
\ ~ . ‘/ DaB, /\c ’

—

.= utX

- ::--T;\.‘

Tracking Chambers

> Muon spectrometer:
u-1D via tracks
matched with and
trigger system

* common for all analyses

)
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pp collisions at Vs =7 TeV &

e p-differential cross sections in all channels

D mesons, e.g. D

8 3
> s ALICE 1
8 102__ D+r ppu’g=?TeV1 Linl =5nb __
=2 JHEP 1201(2012)128 -
. 10k D.: PLB 718(2012)279 -
§ :
— 4L __ _E

S i
S 10| Do i
© 10 ; CIFonLL % E
10_2 __t 3.5% lumi, £ 2.1% BR norm. unc. (not shown) _
35 f: . e ) :f
EE 2E E
] = =
(= =
] 2B =
S = 1 E:: ::
wsfE 3

o

p?O(GeWC)

g%
o

t

do" “F/dp, (nb/GeV/c)

data/FONLL

HF decay p*

\ALICE pp Vs=7 TeV, u*«HF in 2.5<y<4
PLB 708(2012)265

o
(3]
T

|IIIIII|||||||W T T IIIIII|I| IIIIIII| II.:II.JIIJ T T I IJI

® pQCD calculations in reasonable

agreement with all cross sections
e FONLL: JHEP 1210(2012)37
e GM-VFNS: EPJ C72(2012)2082
e Kk, factorization: arXiv:1301.3033

e similar situation at Vs = 2.76 TeV
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Data/FONLL Data/FONLL

b(—c)—elc—e

1/(2np,) dol(dp, dy) (mb/(GeVic)? )

-
o
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10"

10° E

10° &

ALICE

HF decay e*

" BRD 86(2012)112007 ik

- PLB 721 2013?13
adc‘iltllc?nall ?.5

PP s =7 TeV,ILdt —22n" 4

e b(—c)—e -
vCcoe 3
—FONLLb (—c¢)— e
~—FONLLc —» e

n-. .

. s St
normalization uncertainty
NP EPETE R BTSN B RS S |

e b(—c)—e

- (d)

P, (GeV/c)

e extended to higher p; via

measurement of
secondary vertex and
via e-h correlations
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Multiplicity dependence

e self-normalized D-meson yields vs. charged particle  RLICE
multiplicity in pp collisions at Vs =7 TeV

— o L T T T T
- . F T+ F .
g 14 4 2" 14F =
N 12 ¢ -
- ALICE : - ALICE ]
D:g... 12_— PRELIMINARY | —_ é_g 12_— PRELI HINARY __
Zz | ppils=7Tev - 1Z [ ppls=7TeV lyl<05 .
o - pt . - 8
S 10 D" meson, lyl<0.5 i - E 10— + D’ meson, 2<p <4 GeVic -
= - i =Pr <; gexjc i 4~ - & D' meson, 2<p <4 GeV/c 1 ]
— [ - <p_= ev/c 1~ - B
a 8 __s< p: <12 GeVic 1 o5 8 4 [?3'%;‘:950': l2¢p {4.6:9% |
g B —|—'|2'<DT<20 GeVic ] -:?-' - normalization unc awn i
e 3 15 6 —
DZ - @ pp ] Dz N ]
e n ] I —
B 4 % 1% 40 % pp §
~— B 15 C % .
2F . 2 —
B I! +74-3% normalization unc. not shown —' = ] .
o j i ! ——— ! ——— ! —— ! + : . : M - ! T T ! I N 1 ! PN | ! TR B |:
5 3 B fraction hypothesis: x 1/2 (2} at low (high) multiplicity = % 0.4F B fraction hypothesis: = 1/2 (2) at low (high) multiplicity =
c 02F =4 £ 02F B
g - - _‘“—‘&ﬂ‘-’wm“wwﬂﬂ‘ﬂﬂﬂ% 3 g :----------'- -

o -0.2F X o

@D - b
£ 04 :‘ . @ E
m 0 1 2 3 m

7 5 ) ) 5
AN, /cin / (dN_/chn) AN, /cn / (dN_/d)

- yields of all D-meson species increase with multiplicity
without a significant p; dependence
e indication for MPIl on a hard scale?
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D — hadron correlations

ALICE
® goals
. . Near Side
e study charm production mechanisms (pp, p-Pb) D-meson
e study possible modification of charm-jet properties . e
and path-length dependence of energy loss (Pb-Pb) ,‘
® approach Away side
® measurement of the associated hadron yields on the '
near and away sides in azimuth and pseudorapidity
G T s D o 2
B Do e st ot 'D.g"*_ I d"N,,. S(Ag,An)
§Z§ = 8<p<16GeVic, p> 0.3 GeVlc x -
E|ZD 7?\AT1|<1-0 +14% scale uncertainty "'QLII.'}S“E'“E Nilﬁ-g dﬁ@ﬁn B(&ﬁjpﬁn)
6:— —$— Data _:
s DA, ; 7 e PYTHIA calculations agree with
- R : correlation measurement within
large statistical and systematic
uncertainties
' 1 e precision measurement expected
05.._.1....(.)..%..2..13....4.5 from Run-Il at the LHC
Ao (rad)
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Cold nuclear matter effects
In p-Pb collisions



p--differential cross sections (&

ALICE
D mesons HF decay e* HF decay p*

— EI T T T LI I L L B L B B 3 —_ 71 T T } L l I [ T T 71 } T T T li Pb

= E 10& ) E hH
:g; : ﬁ arX|v 1405.3452 ALIGE : C\I’G : R per,VSTHV:S.OZTeV,mm. bias-1.06 < y__<0.14 E \\ p
% C Ll pPb, \s=502Tev| = L EE ]

4 -0.96<y <0.04 4 O 1= = < LR B L L B L B
= 107 " g oms ERE E = +ALICEbe e S S 10°F=  pPb sy, =5.02TeV, ute cbdecays =
= : _EEW 1 -g F B 4 ALICEb (=¢) = e 1 8 E -, 05<y  <3.54
% - !B“ - DO — ;}: 10—1 ; =3 additional 3.4% normalization uncertainty not shown ; -i;- 102 =r ‘- e 3

Fam3l & - E E FE T E
5 10°% _E!_E =D’ E 2_'- F E'E 1 2 ol e forward rapidity ]
= o ~D"x5 | 2 " 1 1 3 S 3
Nb - = ) - B 10 | = = :5 .-._
© > —E_ +Ds N—c E 3 o 1E o I._' =

E — C n E -
10 5 T 3~ i . : ALICE Preliminary =y, 3
E — 1 2 5 S " s
F —— 1 B 107 S = 10'e B3
i —=— 15 =h f 5% pomalzaton uroetany rotinaiced ||,
10 —— E ] 2 4 6 g8 10 12 14 16
: - I == cov)
g g 107 = = p; (GeVic)
L ;s.Z%tnorm. untc. :ol shown —— ] E ALICE Pre|iminary E E p hH Pb
syst. unc. not shown L E‘ ]

1:_| v e by b e by |—: 105 o b b e b e b 1 1 \\

0 5 10 15 20 25 0 2 4 6 8 10(G V}‘?)

P ev/c o T T T [T rrrrrrrrrrol

pT (GeV/C) T “;3 10° EE p-Pb \ 5, = 5.02 TeV, u*« c,b decays 3

o} F *. -dey <296 7
2 10F -
[l L] q_'_ C " B E
® heavy-flavor production in £ of - backward rapidiy
.. : .. 5
-Pb collisions at Vs, = 5.02 TeV: FE -
NN — . . E ALICE Preliminary g
10'1:'—— ll.*ﬂ —:
- EG.W% normalization uncertainty not included & ?
all channels are measured!

2 4 6 8 10 12 14 16
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D mesons: p--differential R

pP ALICE

P 1 dNpa/dpr 1dopa/dpr
pA — A
< Tpﬂ > dgpp /de A dgpp/d'ﬂ'r‘ arXiv:1405.3452
gz_r'lII|IIII['IIIIIIIlr'IIIII[I_II['IIIlllllf'llllll'l['I|IIII_'_IIII['IIIIIIIl[]Illl['llII|:_||||||T1|||||||1IIIIII1I]: f kll\ll\\\\ \Illlllw‘\\\\‘lli
=% L " _ i
| Prompt D’ Prompt D* Prompt D** Prompt D ALICE Cco' [ ALICE P-Pb, | $=5.02 TeV B
18k I I I 160 o Average D°, D', D™
p-Pb, | 5,,=5.02 TeV -0.96<y_ <0.04
1.6F 0.96<y__<0.04 T 1.4 ]
1.4F + .
I e e B I_- ................. I__ ,:
0.4¢ T C - -+ CGC (Fujii-Watanabe) B
3 i 1 St + ] 0.2F- == pQCD NLO (MNR} with CTEQ6M+EPS09 PDF ]
02 D'U D+ D Ds C == \litev: power corr. + kT broad + CNM Eloss
111 IIIII | 111 I 1111 I 1011 |J L1 |I|I|I|I| |I|I|| L l 1111 |I L1l ll 11 I|I L1 | II|I|JI |I|I IIII|II II|IIII|I 11 IIII 11 | 1 Ok | | | I I | ‘ I I | | | I ‘ I I ‘ 1 |7
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
p. (GeVic) p. (GeVic) p, (GeV/c) p_ (GeVic) p- (GeV/c)
-

® R, consistent with unity for all D-meson species

® D-meson R,p, can be described by
® Color Glass Condensate (CGC) calculations (arXiv:1308.1258)

® MNR pQCD calculations (NPB 373(1992)295) with EPS09 nuclear PDF
(JHEP 04(2009)065)

® model inclusding energy loss in cold nuclear matter, nucler shadowing,
and k; broadening (PRC 75(2007)064906)

= cold nuclear matter effects are small!
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Electrons from heavy-flavor decays (®

£
[ -
T - ALICE Preliminary
- — ALICEb.c — e
- 4-ALICEb (= c) > @ e « HF
25—
C g normalization uncertainty e ¢ b
2
C T l —4—
: I T_L ]_
b= L o O O ey ARRyRpRg SpRpepuyy SUpRPR IR Y
- ] e
C U I 1] I
05—
r p-Pb, \ s, = 5.02 TeV, min. bias, -1.06<y <014
Cow o Lo o b b b b e Loy
0 2 4 6 8 10 12 14
P, (GeV/c)

nuclear modifiation factor

: —dp— BLICE b,z — (& + @)2, TPC-TOF, ALICE ridier
I~ —4— ALICE b,c — (&' + )2, TPC-EMCal. ALICE reference
25 - —#— ALICE b,c — (&' + )2, TPC-EMCal, FOMLL reference
B | norma lization un certainty
= B FONLL + EPS09 shad. e «— HF
o
15—
1 __ ...... e
o T
= ALICE p-Pb, 5., = 5.02 TeV, min, bias, -0.14 < < Yops © 1.06
[ PRELIMINAEY
....... I | ] 1 | |
0 2 4 L5 8 10 12 14
p. (GeVYic)

® R p, consistent with unity for electron from heavy-flavor hadron
decays and from beauty-hadron decays

® electron R,p, can be described by

® FONLL pQCD calculations (JHEP 006(2001)0103) with EPS09 nuclear PDF
(JHEP 04(2009)065)

= cold nuclear matter effects are small!
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Muons from heavy-flavor decays

Pb<«—@~>P p<—@~g> Pb ALICE
M M

forward/backward
F hELE LR B L B B B B £ SRR e e - E Frrr[rrr[rrrrrrrrrrrryrrrrrr 4
o5F p-Pb \ s, = 5.02 TeV, u*« c,b decays < 55 - p-Pb | s =5.02TeV, u'-cbdecays | «© 22F p-Pb |\ s, = 5.02 TeV, p*e c,b decays
5F - 5F - oFE 3
o 2.5<y <3.54 3 C -4y <296 7 F 296<y |<3.54 3
t ALICE Preliminary ems . - ALICE Preliminary cms . 1.8 ALICE Preliminary cms 3
2r . 2F = 16 =
E 14F B
15F 12F E
g g 3
s 08F 3
: ; - ; 06F 3
0.5~ —— NLO (MNR) with EPS09 shadowing - 0.5 —— NLO (MNR) with EPS09 shadawing 7 04E __ NLO (MNR) with EPS09 shadowing 3
- systematic uncertainty on normalization ] : systematic uncertainty on normalization ] 02F systematic uncertainty on normalization 3
R S S S T R P PR T T B S S T R TR PR L S S TR R VRT
p, (GeV/c) p, (GeV/c) b (GeV/c)

muon R,p, consistent with unity at forward rapidity (p going direction)

muon R,p, slightly larger than unity in the range 2 < p; <4 GeV/c at
backward rapidity (Pb going direction)
muon R,p, and forward/backward ratio Rgg can be described by

® MNR pQCD calculations (NPB 373(1992)295) with EPS09 nuclear PDF
(JHEP 04(2009)065)

= cold nuclear matter effects are small!

- HIClAR May 27, 2014 22 R. Averbeck, I == 1K



HF e-h correlations in p-Pb collisions

e study of the correlation function between
® trigger particles (electrons from heavy-flavor hadron decays)

® associated particles (charged hadrons)
e® analysis performed in 3 p-Pb multiplicity classes

p-Pb, |s,,, = 5.02 TeV, 0-20% (VOA multiplicity class)

(e from c,b)-h correlation
1.0< p: = 2.0 GeVic

05< p: <2.0 GeVig— -

[Men(AnA9) /N] 1.0

*lzame
[Ne(An,49) / N (0,0)]

Mized

", N\ PERFORMANCE
. N8/10/2013

ALICE

2

&h

(1/N) (dN_ /dAg) (rad™)

= 10= p; = 2.0 Gelic
1 5j="05<p] < 2.0 GaVic
I = 0.9, il < 1.6

0.5p=

| p-Pb, |5, = 5.02 TeV

(& from e,b}-h correlation

Global normalization uncertainty = 0.06 rad”
= %

e P, VA Mulliplicity cless; 0 - 20 %
e p-Phb, VOA Mullinlicity class: 20 - 80 %
=t =Ph, Y04 Muliplicity dass: 60 - 100 %
I Gycloon ped. esSealion

] Syst trom secondary particies

ep, 15 = 7 TV
........ PR, Stat, uneariaingy

-~ ALICE

il PRELIMINARY
o

® low-p;trigger particle: enhancement of the associated yields in the
near- and away side peaks for the highest multiplicity collisions
(no enhancement observed for intermediate-p+ trigger particles)
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HF e-h correlations in p-Pb collisions

e difference of correlation functions in high- and low-multiplicity p-P

collisions to remove correlations due to jets

p-Pb, {5, =5.02 TeV
(0-20%) - (60-1003%), Multiplicity Classes from VOA
(e from c,b)-h correlation
1.0< p; <20 GeVic
05< p: <2.0 GeVic

(1/N,) (N, / dAndAg) (rad)

e double-ridge structure emerges

BLICE

= F
- | p-Pb, |5, =5.02 TeV
] B
" | (e from ¢,b)}-h correlation
.g 3-4[™10-20%) - (60-100%), Multiplicity Classes from VOA
= [ 1.0.<p” < 2.0 GeVic
g v ALICE
= 3.3 D8 <pr<20GeVic PRELIMINARY
% Iyl < 0.9, Ll < 1.6
"“_: | Global normalization uncartainty = 0,022 rad”’
= 3.2
=
—
z | -
- A1 -+ —+
- [ — —+ ——+ + ;

= e —+ + —4

3.0 -+ +—+ ++
(L1 L1 | PP EPEPET R | -
- o 1 2 4
Ag (rad)

® also observed in hadron-hadron correlations in the light-quark sector

e description possible with models based on
® CGC - related to initial conditions?
e hydrodynamics = indication for collectivity in p-Pb collisions?

& HICleAR, May 27, 2014
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Hot QCD matter effects
In Pb-Pb collisions



Nuclear modification factor R,, #®

ALICE

1 dNy,/dpr R, = 1: binary scaling
(Tpa) doyy,/dpy R, # 1: medium effect

Rya(pr) =

® in-medium energy loss leads to R,, <1

® QCD-based models with in-medium radiative

or collisional energy 0SS (pokshitzer, Kharzeev, PLB 519(2001)199;
Armesto et al., PRD 69(2004)114003; Djordjevic et al., NPA 783(2007)493)

- AE(g) > AE(u,d,s) > AE(c) > AE(b)
2 Raa(light hadrons) < Rya(C) < Rya(b), but with caveats:

e different shapes of the p; distributions in pp collisions
e different fragmentation functions
® role of soft particle production at low p+
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R..: leptons from HF decays &

: : .. ALICE
® R,, In central and peripheral Pb-Pb collisions
® clectrons at mid-rapidity
® muons at forward rapidity

2 L L L C| 9 T t T a\ T T UL B B B B 2 p e p e a
< <[ I | | | [ ] <« 2[TT T[T T T[T T[T T T[T T T[T T T [ TT T[T T T ]
< | o 1 <C L i
o - =) - 1
1.8 Nl Faef .
[ 1 L ALICE
1_6 i_ Pb-Pb! ‘| SN = 2_76 TeV PRELIMINRRY _i 1 6 2 Pb_l:)b1 \ SN = 2_76 TeV nnnnnnnnnnn b
- A Heavy flavour decay p* 0-10% central, 2.5<y<4.0 1 [ A Heavy flavour decay p* 40-80% central, 2.5<y<4.0
1.4F Heavy flavour decay e* 0-10% central, |y|<0.6 . 140 Heavy flavour decay e* 40-50% central, |y|<0.6 ]
"I e with pp ref. from scaled cross section at I's = 7 TeV ] ""I e with pp ref. scaled cross section at Vs = 7 TeV 1
1o * Withppref. from FONLL calculation at fs=276Tev 12 L % with pp ref. FONLL calculation at Vs = 2.76 TeV E
i B —:
0.8f 0.8F ]
0.6} 0.6F =
0.4} 0.4 .
0.2} 0.2F .
0 [ e b b b b b b b 0 : N NS RN NS N NS I
0 2 4 6 8 10 12 14 _16 18 0 2 4 6 8 10 12 14
p,(GeVic) p,(G

-> indication for larger suppression in central collisions
=2 R, for electrons and muons comparable

- suppression in Pb-Pb due to hot medium effects!
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R, electrons from beauty decays

e R,, of electrons from beauty decays
In 0-20% central Pb-Pb collisions

e analysis based on the measured electron

Impact parameter distribution
e first measurement indicates Ry, <1 for pr >3 GeV/c
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- suppression in Pb-Pb due to hot medium effects!
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D-meson Ry, an and Ropy VS. p_T_.

- i ALICE
E 1_5€ it::ge o 0" O +F'ng.g";_jfu:w_€ *511.8:_ Pb Pb\sNN—276 TeV E
S 1af Por (a2 Tel] 5160 p.slesgfm
S _._cantrallilzr;uﬂfzgﬁt 51_4:_ * Average D°, D, D™ 0-7.5%, [y|<0.5 ]
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[ (GeV/c) P, (GeV/c)
® observed suppression in ® D_"Is suppressed as other
central Pb-Pb collisions is D mesons for 8<p.<12 GeV/c
due to the strong interaction e more statistics needed at low p,
of charm quarks with the where enhancement of D,*/D due
hot partonic medium to recombination is predicted:

Kuznetsova, Rafelski EPJ C 51 (2007) 113
He et al. PRL 110 (2013) 112301
Andronic et al. PLB 659 (2008) 149
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Comparlson Wlth plon Ry &

B o R A R RAREREES ALICE
|:r: 1135_ Pbpbﬁ E?ETe‘u' O

1-5—_ . FRELIM[RERY _—
- eAverage D°, D*, D™ lyl<0.5, 0-7.5% ]
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~ =Charged particles, nl<0.8, 0-10% ]
1.2E < Charged pions, Inl<0.8, 0-10% E

’
c}.af
o.af H
0.4f

0.2

e D-meson and pion R,, as a function of p; are compatible
with each other in agreement with models considering
e energy loss hierarchy: AEg> AEyds> AE:> AEy
e different shapes of the p; distributions
e different fragmentation functions

Djordjevic, arxXiv:1307.4098
Wicks, Horowitz, Djordjevic Nucl. Phys. A 872 (2011) 265
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Comparison with beauty Ry, @

L4 ALICE
N 1 @ similar <p;>for D and B mesons
- NN ~ _
1.2 " AETAREE ( 10 GEV/C) but Sllg htly different
- Crinamomss weemaiconrames | FAPIAity range
L - 'bié?éjé\}i'é Non-prompt Jiy ié’.‘é;' P, <30GeVic) | . . -
. oo omasars 6 <5, <wcoie 1 @ indication for Ry,(D) < RyA(B)
0.8 — . L.
- ¢ { In central Pb-Pb collisions
o6 .l -
- J%jﬂ B i
041~ m‘.*‘fff’ff:_:::::,',','ffj“”""'fm,,,.,,,,%‘“‘E"f consequence of mass difference in
- e w11 pQCD based model calculation
0.2— @ CMS Preliminary Non-prompt Jiy || === _ v — - . . .
[ ng;z;;?ciizgt;ﬂ:;sz CMS-PAS-HIN-12-014 . : (DjordJeVIC’ arXIV 13074098)
0 [ I L1 I L1 | [ J [ . | [ | [ | L1l
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( Npan weighted with N,

e PQCD model including mass-dependent energy loss
predicts a differences between the R,, of D mesons
and non-prompt J/y similar to the observation

e similar for other calculations (BAMPS, WHDG, Vitev et al.)
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Azimuthal anisotropy

ALICE

® initial spatial anisotropy
-> anisotropy of particle emission in momentum space

e quantified via a Fourier expansion in out-of-plane
azimuthal angle with respect to
the reaction/symmetry planes

dN
do

N
= 21: (1 + 2v4 cos(p —¥,) +2v,cos(p —¥,) + ...)

® various methods are available to evaluate v,
® event plane
e 2-particle cumulants (QC, SP methods)
® 4-particle cumulants (applied to muon measurement only)
... hot discussed in any detail
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D-meson elliptic flow

ALICE

PRL 111(2013)102301, arXiv:1405.2001
>N —IIIIIIIIIlllIIIlIllIIIIIIIIlIIIIIII|“|||||||||||||||||||||I|||||Il|||||||_»||| TTT[ T T[T T[T T[T T[T T TTT[IT1T
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® positive D-meson v, similar to charged-particle v,
e hint for increasing flow with decreasing centrality

e confirmation of significant interaction of charm quarks
with the medium

- collective motion of low-p; charm quarks with the medium
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Elliptic flow of leptons from HF decays(®)
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D-meson R,, and v, vs. models

PRL 111(2013)102301, arXiv:1405.2001
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-> simultaneous reproduction of R,, and v, challenging for models
- task for us: reduction of stat. and sys. uncertainties of data
e e* and u* from heavy-flavor decays: similar situation

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)
012032; Cao, Qin, Bass: Phys. Rev. C 88 (2013) 044907
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Summary ®

e ALICE at the LHC: new quality of heavy-flavor "
measurements in heavy-ion collisions
® pp collisions
® pQCD calculations describe the data well

® p-Pb collisions
® results consistent with pQCD plus shadowing/saturation

® Pb-Pb collisions

® strong interaction of heavy quarks with the medium
-> suppression of yields at high p-
-> indication for charm participating in the
\ collective expansion of the medium
further progress requires much more statistics

- Run-Il will be a crucial step forward at the LHC
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