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* Introduction
* QOverview of heavy flavor measurements in ALICE

* Results in proton-proton and lead-lead collisions
> Cross sections in pp collisions
»  Nuclear modification factor: electrons, muons, D°, D*, D™, Ds*
»  Azimuthal anisotropy:

*4

- vz in semi-central collisions: electrons, D° D*, D
- DO%v2vs. centrality and Raa vs Event Plane

X Summary

What's new 1
sinceHP?
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WHY MEASURING HEAVY FLAVOR

[Dokshltzer and Kharzeev, PLB 519 (2001) 199. Armesto, Salgado Wledemann PRD 69 (2004) 114003 D_]OI’d_jeVIC Gyulassy HorOW|tz chks NPA 783 (2007) 493...]

Z Conesa ) del Valle B o B 3 Quark Matter 2012 :12 - 18 August 2012



WHY MEASURING HEAVY FLAVOR

Why char'm and beauTy ? o

*  Production in hard partonic collisions = = pp data
> Production time 1, ~ 1/mq ~ 0.05 - 0.15 fm/c

= Tool to test pQCD calculations

[Dokshltzer and Kharzeev, PLB 519 (2001) 199. Armesto, Salgado Wledemann PRD 69 (2004) 114003 D_]OI’d_jeVIC Gyulassy HorOW|tz chks NPA 783 (2007) 493...]
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WHY MEASURING HEAVY FLAVOR

Why char'm and beauTy ?
*  Production in hard partonic collisions = = pp data jj:ji
> Production time 1, ~ 1/mq ~ 0.05 - 0.15 fm/c
= Tool to test pQCD calculations "

* Nuclear environment influence: p-A collisions = = p-Pb data coming in Jan. 2013
> Shadowing (PDF modifications in nuclei) and Gluon saturation

= Tool to study high density small-x gluons

[Dokshltzer and Kharzeev, PLB 519 (2001) 199. Armesto, Salgado Wledemann PRD 69 (2004) 114003 D_]OFd_jeVIC Gyulassy HorOW|tz chks NPA 783 (2007) 493...]
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WHY MEASURING HEAVY FLAVOR

Why char'm and beau’ry ?

*  Production in hard partonic collisions = = pp data
> Production time 1, ~ 1/mq ~ 0.05 - 0.15 fm/c
= Tool to test pQCD calculations "

* Nuclear environment influence: p-A collisions = = p-Pb data coming in Jan. 2013
> Shadowing (PDF modifications in nuclei) and Gluon saturation

= Tool to study high density small-x gluons

* Effects ina QGP: A-B collisions = = Pb-Pb data in 2010 + 2011
> Thermalisation in the QGP (low pr)
- Medium transport properties = dN/dpT, Raa, v2
> Energy loss in the QGP (high pT)
- Medium density and size = dN/dpT, Raa, v2

- Color charge (Casimir factor) : AEyqs < AEq = compare to light hadrons
- Parton mass (dead cone effect) : AE, < AEc<... = compare c and b production

= Probe of the QCD medium W. Horowitz, Tu, Plenary, 12:30

[Dokshltzer and Kharzeev, PLB 519 (2001) 199. Armesto, Salgado Wledemann PRD 69 (2004) 114003 D_]OFd_jeVIC Gyulassy HorOW|tz chks NPA 783 (2007) 493...]
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ALICE 8& HEAVY FLAVOR %
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HF electrons, In1<0.8
TOF: e PID

TPC: tracking, e PID

EMCAL: e PID, trigger

TRD: e PID
ITS: vertexing, tracking
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* kK kK kK K X X

% g

o ~ ALICE
c,b—e '
b—e ct ~ 500 pym \
c,b—wy
D°— K = ct ~ 122.9 pm
D' Knn cr~ 311.8 pym
D*— D n

Ds' KK=n ¢t~ 149.9 ym )

_—

¥ TRIGGER
~ ACHAMBER
~116m from |.P.

——

Magnetic field
Inl<09,B,=05T
-40<n<-25 Bys07T

Quark Matter 2012 :12 - 18 August 2012



ALICE & HEAVY FLAVOR

| 7 | _ 7 - ALICE
HF electrons, In1<0.8 9\ ¥ ¢ boe ‘
TOF: e PID *x b—oe cT ~ 500 pm \
TPC: tracking, e PID ¥ ¢ by
EMCAL: e PID, trigger * D= K cr ~ 122.9 pm
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ALICE & HEAVY FLAVOR

N _ - ALICE
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HEAVY FLAVOR MEASUREM
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ENTS

e e R =S —F ===

LHC Run | Data sample HF electrons | Beauty electrons HF muons DY/ D*/ D™
2010 7 TeV 2.6 nb-! (MB trig) 2.2 nb! (MB trig) | 16.5 nb-! (Muon trig) | 5 nb-1(MB trig) 5 nb-!
L arXiv: 1205.5423 arXiv:1208.1902 PLB 708 (2012) 265 @ JHEP 01 (2012) 128 = arXiv:1208.1948
-1(0- 4 -1 1 -1 (0- A
2010 PbPb, 2.76 TeV 2.0 ub (0. 80%) et 2.7 pb. (Muon trig) 2.12.pb (0-80%) )
MB trig. k. arXiv:1205.6443 arXiv: 1203.2160
-1 -1 -1 3 -1 1
2011 pp, 2.76 TeV 0.5 (11.9) nb (.)f 0.5 (11.9) nb . 19 nb. (Muon trig) | 1.1 nb'(MB trig) B
MB(EmCal) trig | of MB(EmCal) trig | arXiv:1205.6443 JHEP 07 (2012) 191
22 (37) ub in 0-10%
K- { 28 ub-1 (0-7.5%)
2011 PbPb, 2.76 TeV | 6 (34) ub! in 20-40% ' m’ 28 ub1 (0-7.5%)
X3 2 6 ub-! (15-50
MB (EMCAL) trig. i ub* (15-50%)

* List of HF talks:

> D. Caffarri: D mesons v
> A. Grelli: D mesons Raa
> G.M. Innocenti: Ds" meson in pp and Pb-Pb

*  List of HF posters:

> T. Aronsson : B electron vertexing in pp
> S. Bjelogrlic : D™*-hadron correlations

v

v

> D.A.M. De Godoy : HF electron vz at high pr »
> B.R. Hicks : HF electrons inpp at 2.76 TeV »
> M. Kweon : Beauty electrons

WZ. é del ale -

» S. Sakai : HF electron Raas and v>
> X. Zhang: HF muon Raa

G. Luparello : D™ meson v

T. Rascanu : HF electron vz background

R. Russo : D" meson in pp and Pb-Pb

T.S. Sinha : J/y and HF muon vs multiplicity in pp
D. Thomas : HF electron-hadron correlations




Proton-proton Results

Vs =7 TeV & Vs = 2.76 TeV
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HF electrons, |y|<0.5

[ALICE Coll. arXiv: 1205.5423 (2012)]

- 10'15""|""|""|""|'"'|""|""|""|"5
= —— ALICEc,b>e ]
% 10'25— —— FONLL C, b—e =
E r ]
= Lint= 2.6 nb'! TPC+TOF/ 1
o 10°F TPC+TOF+TRD -
;:‘3/ Lint= 2.1 nb"! TPC+EMCAL:
g 10" E E

10°F E

;b

10° _ pp,Vs=7TeV, |y| < 0.5

additional 3.5% normalization uncertainty

Data/FONLL

e e

HF DECAY LEPTONS (e,lW), PP ‘/s=7 TEV

t

do* “"F/dp (nb/GeV/c)

data/FONLL

HF muons, 2.5<y<4.0

[ALICE Coll. PLB708 (2012) 265]
105 5\\ ALICE pp {s=7 TeV, ur«—HF in 2.5<y<4
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HF decay lepton differential cross sections are

well described by pQCD calculations (FONLL)
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~ ALICE

BEAUTY DECAY ELECTRONS PP ‘ls =7 TEV .
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D MESONS, PP ‘/s =7 TEV

* pT—dnffer'enhal cross sections of DO D, D*+
measured in the 1 < pr< 24 GeV/c range
[ALICE Coll. JHEP 01 (2012) 128]
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[Cacciari et al arXiv:1205.6344 (2012)]
[Kniehl et al, arXiv:1202.0439]
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D MESONS, PP ‘/s =7 TEV

* pT—dlffer'enhal cross sections of DO D, D*+ * pT-dlffer'en’rlal Cross SeCT'O” °f Ds" now

measured in the 1< pr< 24 GeV/c range measured in 2 < pr< 12 GeV/c
[ALICE Coll. JHEP 01 (2012) 128] 3 [ALICE Coll. arXiv:1208.1948 (2012)]
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[Cacciari et al arXiv:1205.6344 (2012)]
[Kniehl et al, arXiv:1202.0439]
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D MESONS, PP ‘/s =7 TEV

* PT—dlffer'em‘lal cross sections of DO D", D*+ * PT'd'ﬂ:e'"e”'“(ll cross sec’rlon °f Ds" now
measured in the 1 < pr< 24 GeV/c range measured in 2 < pr< 12 GeV/c
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[Cacciari et al arXiv:1205.6344 (2012)]

= D mesons pr-differential cross sections are well [Knieh et a, arXiv:1202.0439)
descr'lbed by pQCD calcula’rlons (FONLL& GM VFNS)
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MEASUREMENTS IN PP ‘ls=2.76 TEV

[ALICE Coll. arXiv:1205.6443 (2012)]
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REFERENCE FOR PB PB MEASUREMENTS .

~ ALICE

HF electrons | y 1<0.7

C}’l—\ 15 I I I | I Ifl | I I I | I I I | I I I | I I I | I E
’G Heavy flavour decay electrons . ]
HF muons: pp data at 2.76 TeV S 0L Mol T Tl s (e
(@) arXiv : 1205.5423
N B pp,Vs= 2.76 TeV, lyl<0.7
> 102 & additional 1.9% normalizaton uncertain =
HF electrons and D mesons: S o ey f
7 TeV data scaled to 2.76 TeV o 10°F .
g el Scaled )
Scaling: ratio of FONLL cross S PQHIEHE,,
sections at the two energies 10° £ ?E 3
10'65— T ] _
D mesons and HF electron data : 4
at 2.76 TeV are compatible with 107 ¢ =
7 TeV data scaled to 2.76 TeV o R
@ 35F =
© 3F =
B 25F :
.2
o 1.5F + E
N |
O e 4 6 8 10 1z
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REFERENCE FOR PB PB MEASUREMENTS .

~ ALICE

DY, D, D+mesons |y|<05

—~ 10— 77— [ T E
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[ i i D° meson

(2 10° =
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Pb-Pb Results

\/SNN = 2.76 'IeV




* X

*  pp reference:

>

>

——————— —

Data: 2011 Pb-Pb run,

L2
EMCAL + centrality triggers E 107
(normalization with MB sample) =10
Electron identification: TPC+EMCAL zf o
< 107 ¢
Subtract background electrons z
from the inclusive electrons 910"
Background electrons: = 10
7° + Dalitz(m*,n) + y-conversions via of
invariant mass analysis 10
Plus J/y cocktail based on pp data 107
with (0.2 < Raa(J/y) < 0.8) .
10

7 TeV pp data scaled to 2.76 TeV
+ FONLL at high pT

HEAVY FLAVOR ELECTRONS, O-10%

ALICE

S.Sakai, Thu, Parallel 7A, 16:30

Heavy flavour decay electrons

2.76 TeV Pb-Pb (0-10%), Inl<0.6
pp7TeV —2.76 TeV x(T,, ) (ALICE)
pp 7 Tev — 2.76 TeV x (T, ) (ATLAS)

FONLL 2.76 TeV (Uncertainty band)

ALICE

PRELIMINARY %

A |

[® Ho

~A ]
. [ A |

[®]

~]

2 4 o6 8 10 12 14 16 18
pT(GeV/c)

o

[ALICE Coll., arXiv:1205.5423 (2012)]
[ATLAS Coll., PLB 707:438-45]




ALICE

———————u = ———

HEAVY FLAVOR ELECTRONS, O-10%
——— — S.Sakai, Thu, Parallel 7A, 16:30

2_III|III|III|4II’|III|III|III 17 III_
o[ PO-Pb, \'Syn = 2.76 TeV, 0-10% F
T e pp ref (scaled cross section at 7 TeV) ]

AA

1.6 % pp ref (FONLL calculation at 2.76 TeV) B
1.4F

1.2F
1)
0.8}

0.6}

Heavy flavour decay electron R

: Raa =
) (Taa) dopp/dpr
0.2} ]
O : L1 1 | L 1 1 | L 1 1 | L 1 1 | L 1 1 | L 1 1 | L 1 1 | L1 1 | L 1] :
O 2 4 6 8 10 12 14 16 18
p, (GeV/c)

= Clear suppression for 3<pT<18 GeV/c
% » Amounts to a factor of 1.5-3 for 3<pr<10 GeV/c

'Z. Conesa del Valle



* Kk X

HEAVY FLAVOR MUONS, O0-10%

e = e —_——

—_—— ———————

Data: 2010 Pb-Pb run, MB + muon triggers
Subtract background muons from m, K decays

Background muons: m, K extrapolated from mid-rapidity measurements. Consider
RAA"(YZO), RAAK(YZO), and let vary 0O < RAAW'K(y-fOI"WGI"d) <2 RAAn'K(YZO)

pp reference: pp data at 2.76 TeV

[ALICE Coll. arXiv:1205.6443 (2012)]
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HEAVY FLAVOR MUONS O 10%

1.61 :
m:E1 4: ALICE PDb-Pb |\ s,,=2.76 TeV, u=<— HF in 2.5<y<4
L — 0-10%
1.2
*— 40-80%
L R e
0.8F __+__ - I
| 0004
0.6 t | + + |
0.4F IR n
0.2" ST ¢
- Filled boxes: systematic uncertainty on normalization
B S S R

P (GeV/c)

= Suppression by a factor of 2-4 in 0-10%

X. Zhang, Thu, Parallel 7A, 17:50

[ALICE Coll. arX|v 1205. 6443 (2012)]
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— I I L L B O IR BB B B
= 10¢ E
> - ]
) n D" meson ]
g 1 = vSNN=2'76 TeV el PRELIMINARY =
L0 - ]
- :
>1 0'1 = EE Systematic uncertainties —
Q.l_ ; EE_!_ |:| from Data ;
g 1025_ E - from B feed-down subtr. —
- —m— + 4.8% norm. unc. on pp ref. not shown -
© B _} BR syst. unc. not shown ]
10°¢ —— E
10-4§_ —— * _§
C k) . ]
’ 0_5:_ Centrality 0-7.5% H _
= | —— Pb-Pb it :
- | —=— pp rescaled reference .
10—6:_ —&— PP P; -extrapolated reference B
ol b b b b b L3

0 5 10 15 20 25 30 35

P, (GeV/c)

* Data: 2011 Pb-Pb run, MB + centrality triggers
Prompt D mesons = inclusive D mesons - D mesons from B decays

*  pQCD-based subtraction of D from B decays,
with the constrain 1/3 < Raa(DfromB)/Raa(D) < 3

* PP r'efer'ence 7 TeV daTa scaled to 2.76 TeV + high pT-pQCD-extrapolation
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*  Data: 2011 Pb-Pb run, MB + centrality triggers
Prompt D mesons = inclusive D mesons - D mesons from B decays

*  pQCD-based subtraction of D from B decays,
with the constrain 1/3 < Raa(DfromB)/Raa(D) < 3

*

* pp r'efer'ence 7 TeV<da’ra scaled ’ro 2 76 eV+ h|gh pT-pQCD ex’rr'apola‘rlon
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*  Data: 2011 Pb-Pb run, MB + centrality triggers
Prompt D mesons = inclusive D mesons - D mesons from B decays

*  pQCD-based subtraction of D from B decays,
with the constrain 1/3 < Raa(DfromB)/Raa(D) < 3

* pp r'efer'ence 7 TeV<da’ra scaled ’ro 2 76 TeV+ high pT-pQCD ex’rr'apola‘rlon

Z Conesa del Valle - 15 Quark Matter 2012 : 12 - 18 August 2012

*




D°, D*, D

N

R, prompt D
S

|I:II|III*II|III|III|III|III

—h

0.8

0.6

0.4

0.2

— P il

*+ o
3 MESONS ﬁ 7 SA, w ﬁ i

T T T T 1 T T T T T T 1 T T 1 | T T T 1
AD°
BD" lyl<0.5 FILICE
.D*+ PRELIMIMARY

0-7.5% centrality
Pb-Pb, \ s, =2.76 TeV

Filled markers : pp rescaled reference
Open markers: pp pT-extrapoIated reference

A. Grelli, Thu,
Parallel 6A, 14:00

!

& TS

_I L1 1 | I | | .| | I .| | I .| | I | | I .| | |

0 5 10 15 20 25 30 35 4
P (GeV/c)

'Z. Conesa del Valle

Quark Matter 2012 : 12 - 18 August 2012




D, D+, D*+ MESONS, 0 7 5%@5.

- B ALICE
i A. Grelli, Thu,
:.‘ D 2:I L | L | | I*l L L | I1"IIII | | T 1T 1 | I: Parauel 6A' 14:m
S 1 gf-Average D"D',D" e -
S 1 6: |y|<0'5 ,,EJ;E&EH | [ALICE Coll. arXiv:1203.2160 (2012)]
Q; L Pb-Pb,\ s,,=2.76 TeV -
o 1.4 0-7.5% centrality —
n 0- 20% centrality -
1 -2—_ Filled markers: pp rescaled reference ju
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D, D+, D*+ MESONS, 0 7 S%g%.

0-7.5% centrality
0- 20% centrality

Filled markers: pp rescaled reference
Open markers: pp pT-extrapoIated reference —

o B ALICE
A. Grelli, Thu,
: D _l L | L | | |*| L L | |1"|II| | | T 1T 1 | |: Parallel 6A' 14:m
o Average D°.D* D™ e2 -
S lyl<0.5 F.R";!J;EEEH 7 [ALICE Coll. arXiv:1203.2160 (2012)]
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= Extended measurement to 1<pt<36 GeV/c
= Suppression by up to a factor of 5 at pr ~10 GeV/c in 0-7.5%
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FIRST Dst* MESON MEASUREMENT, O-7. 5‘7

~ ALICE

B Expec‘ra’rlon relative enhancemenT of The s’rr'ange/ non- s’rr'ange D
mesons at intermediate pt - charm in-medium hadronization ?

3000
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= First measurement of Ds* dN/dpr and Raa

= Suppression by a factor of 3-5 for pr~8-12 GeV/c |G:M.innocenti, Wed,
= Similar to that of the D°, D*, D™ Parallel 4A, 12:20

[l. Kuznetsova J. Rafelskl Eur Phst C51 113 133 (2007)] [M He etal, arX|v 1204 4442]AAndron|c et al, arX|v 0708 1488v3
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FIRST Dst* MESON MEASUREMENT, O-7. 5‘7

~ ALICE

. Expec’ra’rlon relative enhancemen’r of ’rhe s’rr'ange/ non- s’rr'ange D
mesons at intermediate pt - charm in-medium hadronization ?
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= First measurement of Ds* dN/dpr and Raa

= Suppression by a factor of 3-5 for pr~8-12 GeV/c | G:M.:Innocenti, Wed,
= Similar to that of the D°, D*, D™ o i

[l. Kuznetsova J. Rafelskl Eur Phst C51 113 133 (2007)] [M He etal, arX|v 1204 4442] [AAndronlc et al, arX|v 0708 1488v3
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AZIMUTHAL ANISOTROPY

= e e e

= == e e o e,

*  Heavy flavor is suppressed up to high pr... Azimuthal dependence ?
*  Address path length dependence of HQ energy loss at high pt?

*  Collective motion (flow) at low pt?

plane
dN N
P 2—72 (1 4+ 2vy cos(p — Wy) + 2uscos2(p — Wa)| 4 ...)
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*  Data sample: 2010 + 2011 Pb-Pb runs

TPC+TOF (MB+centrality trig.) and > osb
TPC+EN\CAL cmalyses (EMCAL g E — @ TPC-TOF (2010,2011) EP VO hl<0.8
+centrality trig.) §0_25:_ —&— TPG-EMCal (2011) EP VOA Ini<0.7
% vz measured with the event plane (EP)  o2fF ALICE
method i PERFORMANCE
0.15—
e inclusive e background E
plIFe _ (1 + o) vginelusive — 7 P 0.1 E T -
o) - :
o — NHFe/Ne background 0_05:_ . I —{r—
| ) S S .
*  Background electrons: ° + Dalitz(m*,n) -
+ y-conversions via cocktail with their  -0.05-20-40% Pb-Pb, |s, = 2.76 TeV
measur’edVZ OIII2|III4|-IIlélllélll1lolll1|2III14
P, (GeV/c)
QB
B 25
S.Sakai, Thu, Parallel 7A, 16:30
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*  Data sample: 2010 + 2011 Pb-Pb runs
TPC+TOF (MB+centrality trig.) and

TPC+EMCAL analyses (EMCAL > >°F

+centrality trig.) 8 0251
* vz measured with the event plane (EP) £ b ALICE

method % - PRELIMINARY

% 0.15—
S
HFe (1 + Oé) e inclusive __ ?)S background 0.1:_ ﬁ |
(%5} — o . B _+_ i |
o = NHFe/Ne background 0.05— ¢
S R B

*  Background electrons: m° + Dalitz(n*n) £

+ y-conversions via cocktail with their "7 20-40% Pb-Pb, |3 F 276 TeV, Inl<0.7

measured V2 0 2 4 6 8 10 p12(GeIV/Ic1)4
= Heavy flavor electron v2>0 at low pr a B
(>30 effect in 2<pT<3 GeV/c) g%
S.Sakai, Thu, Parallel 7A, 16:30
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D MESON Vz

NIn Plane NOut Ot Plane

1 7
* Data: 2011 Pb-Pb run, MB + centrality triggers v2 = R, 4 NTn—Plane 1y Out—Ot—Planc
* vz measured with the event plane method R: : event plane resolution

P I I | 1T L | 1T | 1T | L | 1T | L | 11 | —]
0 -

= 048 CF Pb-Pb  |Su=2.76 TeV]

S - ALICE Centrality 30-50% ]

O 0.3 ]

2 .

=" 0.2F - 1 —

0.1 A =
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- ) ]

0.1 -

- e D° EP2A¢ bins .

'0-2:_ * D*:_ EP2A¢ bIhS Empty box: syst. from data ~_

B * | D", E|P 2 Aq)l bins | | Filled tl)ox systlfrom B fleed dow| _

0 2 4 6 8 10 12 14 16 18

P, (GeV/c)

= Consistency among D meson species (D°,D*,D™)
= TIndication of non-zero D meson vz (30 effect in 2<pr<6 GeV/c)

D Caffam, Thu, Parallel 6A, 14 40
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D MESON Vz

1 7.‘_]\ﬂn Plane NOut Ot Plane

% Data: 2011 Pb-Pb run, MB + centrality friggers V2 = 5~ Nia—Plane ; yOut—0t—Plane
* vz measured with the event plane method

R> : event plane resolution
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N B
= F Pb-Pb  |S=2.76 TeV ]
E O 3__PRFE‘L|;EEIEERY
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S
= 0.2:—
0.1

.0.1— e D" EP2A¢bins, 2<p <3 GeV/c

0 .
DY, EP 2 A¢ bins, 3<p <4 GeV/c Empty box: syst. from data

Filled box: syst. from B feed-down™]
| | | | | | | | | | | | | | | | | | | | | | | | | | |

10 20 30 40 50
Centrality (%)

-0.2

o

= Consistency among D meson species (D° D*,D™*)
= TIndication of non-zero D meson vz (30 effect in 2<pr<6 GeV/c)
= Hint of centrality dependence at low pr

D Caffam, Thu, Parallel 6A, 14 40
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D° RAA VS EVENT PLANE 30 50%

2III|III|III|III|III|III|III|III|III|III

D0 K-t —a— D°R,, In Plane ‘
9.5x10° events —a— D°R,, Out Of Plane

ALICE Pb-Pb, m — 276 TeV — (ljorrelatlec: sdyst. L:ncertal’:lt!e;s.
. | | ncorrelated syst. uncertainties
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y ° Anticorrelated syst. uncertinties

B Global norm. uncertainty
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= Larger suppression OutOfPlane than InPlane up to pt~10 GeV/c
» might indicate elliptic flow at low pr

W » might indicate longer path length at high pr

&
&
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Comparison with
data and models




Raan CENTRALITY DEPENDENCE
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i 4 HF muons, 2.5<y<4.0, 6<p_<10 GeV/c_
0.8 8 - -
0.6_ || + — T
04 L " é ]
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— - [ALICE Coll. arXiv:1203.2160 (2012)]
- — [ALICE Coll. arXiv:1205.6443 (2012)]
| common normalization uncertainty: 7% (peripheral) to 4% (central) |
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= D mesons and HF muon Raa at high-pr show a similar centrality trend

S s e e ———— ——
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Raan CENTRALITY DEPENDENCE

PR — = = = e ——— e —— — — -~

—— e ——wa——— —— = = —

<1_2IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

c pr>6GeV/c ALICE ]
: Pb-Pb, \s, = 2.76 TeV

® Average D°, D", D, 6<p_<12 GeV/c
¢ Charged particles, 6<p <12 GeV/c
A HF muons, 2.5<y<4.0, 6<pT<10 GeV/c

—&1 1 |

ol ﬁ

common normalization uncertainty: 7% (peripheral) to 4% (central)

o v b v b v v Fa g
OO 50 100 150 200 250 300 %50 400

part

[ALICE Coll. arXiv:1203.2160 (2012)]
[ALICE Coll. arXiv:1205.6443 (2012)]

= D mesons and HF muon Raa at high-pr show a similar centrality trend
= Data not conclusive on charged particles Raa <D mesons Raa

'Z. Conesa del Valle



Raan CENTRALITY DEPENDENCE

_ f - ALICE
E 1 _2_I L | T 171 | T 171 | T 171 | T T | T 171 | T 171 | L I_
o i pr>6GeV/c ALICE |
B Pb-Pb, \s\ =2.76 TeV -
Ay s -
= ® Average D°, D', D ¥, 6<p.<12 GeV/c -
" ¢ Charged particles, 6<p <12 GeV/ic 7
0.8 B A HF muons, 2.5<y<4.0, 6<pT<1O GeV/c |
T m CMS non-prompt J/y, pT>6.5 GeV/c -
B * (CMS periph. point shown at (Npart weighted by Nco”>)
04~  U§ $ -
0'2__ o | [ALICE Coll. arXiv:1203.2160 (2012)]
i | [ALICE Coll. arXiv:1205.6443 (2012)]
 common normalization uncertainty on ALICE data: 7% (peripheral) to 4% (central)
O L 11 1 | L 111 | L 111 | L 111 | I | L 111 | L 111 | L 111 [CMS CO”,JHEP 05 (2012) 063]
O 50 100 150 200 250 300 3N50 400
part

= D mesons and HF muon Raa at high-pr show a similar centrality trend

= Data not conclusive on charged particles Raa <D mesons Raa
= Non-prompt J/v (CMS) consistent with HF muon Raa

———————————— —— e == e
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RAA OF OPEN AND HIDDEN CHARM

0.8

0.6

0.4
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L | L | L | L | L | L | T T | T T
2<pr<5 GeV/c ALICE ]
Pb-Pb, sy = 2.76 TeV 1

e D°, lyl<0.5, 2<p <5 GeV/c .
n Incluswe J, 2. 5<y<4 0, 2<p_ <5 GeV/cT

— Correlated syst. uncertalntles
[JUncorrelated syst. uncertainties

[ —m—
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common normalization uncertainty: 7% (peripheral) to 4% (central)
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c L pr>6 GeV/c ALICE i
Lo POPbs=276TeV -
-7 ¢ Average D°, D", D, 6<p.<12 GeV/c -
B 1 CMS prompt J/y, pT>6.5 GeV/c .
0 8__ ® —Correlated syst. uncertainties ]
L [ JUncorrelated syst. uncertainties -
i . ]
0.6t | @ ]
04 - ; ]
0.2 @ -
E:ommon normalization uncertainty on ALICE data: 7% (peripheral) to 4% (centra Ii

I | I | I | I | I | I | I | I

OO 50 100 150 200 250 300 350 400

(N, )

[ALICE Coll. arXiv:1203.2160 (2012)] [CMS Coll., JHEP 05 (2012) 063]

= Similar trend of D mesons and J/vy at low and high pr
»  2<pt<5 GeV/c D (|y|<0.5) vs inclusive J/y (ALICE,2.5<y<4.0)
> PT>6 GeV/c D (|y|<0 5) VS pr'omp’r J/l]) (CMS |y|<2 4)

Z C del Valle B
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< 2III|III|III|III|III|III|IIIIIIIIIIII
Pb-Pb, \'s\, =2.76 TeV

FRELIMIMARY

A Heavy flavor decay u* 0-10%, 2.5<y<4.0

Empty boxes: syst. uncertainties

Filled markers : pp rescaled reference
Open markers: pp pT-extrapoIated or FONLL reference

10 12 14 16 18 20
P (GeV/c)

= Similar HF decay e (]y|<0.6) and ¢ (2.5<y<4.0) Raa in 0-10%

o0 —

[ALICE Coll. arXiv:1205.6443 (2012)]
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Raa Pt
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I‘lII|III|III|III|II

Pb-Pb, |/s,, = 2.76 TeV

FRELIMIMARY

¥ Heavy flavor decay e* 0-10%, Inl<0.6
A Heavy flavor decay u* 0-10%, 2.5<y<4.0

Empty boxes: syst. uncertainties

Filled markers : pp rescaled reference
Open markers: pp pT-extrapoIated or FONLL reference

Similar HF decay e (]y|<0.6) and y (2.5<y<4.0) Raa in 0-10%
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RAA PT DEPENDENCE

< 2 B L | L | L | L | L L T T L ]
< — _ .
o 4 gf Pb-Pb, |'s,, = 2.76 TeV D
N : ALICE A
1.6 ¢ Average D°, D', D* 0-7.5%, lyl<0.5 PRELININARY
"~ wHeavy flavor decay e* 0-10%, Inl<0.6 7
1.4 ~ A Heavy flavor decay u* 0-10%, 2.5<y<4.0 ]
) B Empty boxes: syst. uncertainties ]
1.2 _ Filled markers : pp rescaled reference ]
i Open markers: pp pT-extrapoIated or FONLL reference ]
] ]
0.8 -
C Ml 1} i
0.6 + H .
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02" —ﬁ— i E
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= Similar HF decay e (]y|<0.6) and ¢ (2.5<y<4.0) Raa in 0-10%

= they are also comparable with D mesons Raa (ly|<0.5) in 0-7.5%
considering the semileptonic decay kinematics (pt¢~ 0.5 pt® at high pr)

= D Raa shows a similar trend as charged particles and «* in 0-10%

[ALICE Coll. arXiv: 1205. 6443 (2012)]
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RAA PT DEPENDENCE

; ALICE
é 2:|||PIb|PIIbII|IIII2|I7|6|-I-I|\/IIIIIIIIIIIIIIII } 2_IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIII
- 0, \Syy =70 1€
T 1.8 T 18 Pb-Pb,\ s\ = 2.76 TeV
- 0 Rt N+ ALICE ALICE
1 6__ ¢Average DY D, D" 0-7.5%, |y|<05 FRELIMINARY PRELIMINARY
"~ #Heavy flavor decay e* 0-10%, Inl<0.6 1.6 0+ "+ o
1 4 AHeavy flavor decay u=0-10%, 2.5<y<4.0 e Average D",D",D ', lyl<0.5, 0-7.5%
] Empty boxes: syst. uncertainties 1.4 O with pp pT-extrapoIated reference
1 2 Filled markers : pp rescaled reference 1 2 ° Charged partICIGS, h’]|<08, 0-1 Oo/o

Charged pions, Inl<0.8, 0-10%

Open markers: pp p_-extrapolated or FONLL reference
T

Eﬁ -FH m

+ y H

; T | T
| 1 | L 11 | [ | L 11 | L1 1 i | 11 | L 11 | [ | [ | 11
[ | [ ; [ | T | T | T | [

0.2 ]
O:| L1 | L1 | L] | L L1 | | L 11| | L 1 1 1 | 111 1 | [ |_ O_I 1 1 1 | 1 11 1 | 1 11 1 | 1 11 1 | I | | I I | L1 1 1 | L1 1 I_
0 15 20 25 30 35 40 O 5 10 15 20 25 30 35 40

p_ (GeV/c) p_(GeV/c)

= Similar HF decay e (]y|<0.6) and ¢ (2.5<y<4.0) Raa in 0-10%

= they are also comparable with D mesons Raa (ly|<0.5) in 0-7.5%
considering the semileptonic decay kinematics (pt¢~ 0.5 pt® at high pr)

= D Raa shows a similar trend as charged particles and «* in 0-10%

[ALICE Coll. arXiv: 1205. 6443 (2012)]
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MODELS DESCRIPTION OF RAA

Note: Only models with predictions for HF muon and D mesons are shown.

D 2 _I T T 1 | 1T T | T T | T T | T T | T T | T T | T T 1 I_ 2 B LI | LI | LI | L | L | L | L | L | T T | L i
*g_ | g[_Average D°D",D* Pb-Pb\s=276TeV () 1 g  ALICEPb-Pb\s,=2.76TeV,u*< HF in2.5<y<4 1
u lyl<0.5 0-7.5% centrality ALICE § o : ]
g- 1 _6 - PRELIMINARY B 1 6_— Centrallty 0_1 O% NLO (MNR) with EPS09 shad. B
< - D mesons : - . — Vitev rad. + dissoc. i
< 1 4—_ Filled markers: pp rescaled reference 1 4‘_ b
C T Open markers: pp p_-extrapolated reference 7 " HF muons  ---:-- BAMPS .
1.2F o s BDMPS-ASW rad -
W omMNR i Epsosshag, | T[T e :
0.8~ Rad+dissoc (0-20%) 08
o BAMPS . - \
o6y 000 e BDMPS-ASW rad §=25 — 0.6
0.401 ﬂ 2 04F
0.2 i 4 02F _
O :| L 11 | Ll 11 | L L 1 1 | L 1L 11 | Ll 11 | L1 1 | Ll 11 | L L1 |: O : L 111 | L 111 | L 11 1 | L 11 1 | L1 11 | L 111 | L 11 1 | L 11 1 | L1 11 | L 11 1 :
0) 5 10 15 20 25 30 35 40 0 1 2 3 4 oS5 6 7 8 9 10
pT (GeV/c) [ALICE Coll. arXiv:1205.6443 (2012)] p_l_ (GeV/c)

= HF decay y & D mesons Raa suppression in the most central collisions
can not be explained by shadowing alone for pr>4 GeV/c
= likely a final state effect
= need pPb data to quantify initial state effects

- Models descr'lbe r'easonably well bo'rh HFdecay ¢ and D mesons Raa

=
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MODELS DESC

RIPTION OF RAA

Charged partlcles

D mesons
:((1 2 -J [ [ | | | [ | [ | [ | [ | | | | 11 | 11 | 11 | I 11 | 11 | 11 | [ | |
as ] : Average D°, D*, D™, lyl<0.5 Charged particles, mI<0.8 -
. 0-20% B
- ALICE — = Vitev rad (I)

0-20% centrality
Pb-Pb,\/s\, =2.76 TeV

0.8

0.6

0.4

T 0% | _________________________ 020% '

Vitev rad + dissoc (I)

WHDG rad + coll (Il)

——— AdS/CFT Drag (Ill)

 Langevin HTL2 (IV)
Coll + LPM rad (V)
BAMPS (V1)

CIOLY CUJET1.0 (VII)

BDMPS-ASW rad (VIII)

...-I\...I...I...I...

—i
T T T I T T T I T T T I T T T I T T m T T
[}
1
al (R
AN
LY
0

0.2
||-|Il-\
|||-|||-|“-|
-nn-n\-“'-
O |||||~:I||!|||!|||!|||!|||!|||!|||||||I*II=I||:|||:|||i|||i|||||
0 2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
p. (GeV/c) P, (GeV/c)

[ALICE Coll. arXiv:1203.2160 (2012)]

Models predict reasonably well both charged particles and D mesons Raa
AdS/CFT drag coefficients underestimate the charm Raa and have limited

prednc’rlve power for ’rhe |I9h'|' flavor

RAA
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AA

Heavy flavour decay electron R

. i
1E\‘__ __________________________________ 1
0.8\" :

Pb-Pb, VSN =2.76 TeV, 0-10%, i<0.6
e pp ref (scaled cross section at 7 TeV) -
*  pp ref (FONLL calculation at 2.76 TeV)
= 1= BAMPS g
= = Rapp et al.
m POWLANG ~
ALICE ]
PRELIMINARY

AR |
[ R
0.6_ “‘
0.4_ < ﬁ-- % ﬁ
0.2 A T (L -|-l-""~ ‘ -
O:||||||||||||||||||||||||||||IIIIIII_
0 2 4 6 g8 10 12 14 16 18
p, (GeVic)

Heavy flavour decay electron v

0.3

0.25

0.2

0.15

1"

e ALICE : Pb-Pb, \s, = 2.76 TeV, 20-40%, n|<0.7
=1 = BAMPS

= = Rapp et al.

m= POWLANG %
ALICE
PRELIMINARY

’
q
'
.
— —
\l
'\

-
L1

o

- ||||||||

2 4 6 8 10 4
P, (GeV/c

N

= The simultaneous description of HFe Raa and v2 is challenging

'Z. Conesa del Valle
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R Prompt D

D MESON RAA & Vz

2 _I T T | L | 1T 1T | [N | L | L | T T | T T I_
1 g Average D°,D*,D* Pb-Pb,\/s,,=2.76 TeV ]
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ALICE
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0.4— i .
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g 0 BZ_PRFE\];}I(,}ERY Centrality 30-50%  J
5% :
N — —
> 0.2 —]
I _
- \!0\ —
L & N o, “*e —
0.1_ 5 - . l~; \I .;fi' "‘:’ LS . )\0 ,' R 0_
: \h 'l X o “ Beemey anw) % :
0 _f: R N, —
._ .............................................................................................................................. —_—
- o D° EP2A¢bins ® -
oTh | Aichelin et al, Coll+LPM rad ]
T [— Beraudo et al, Langevin HTL ]
- WHDG rad+coll 7
-0.2 —--- Rappetal Empty box: syst. from data |
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= The simultaneous description of D mesons Raa and v: is challenging
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HF e, HF y & D mesons are suppressed in
the most central collisions

First measurement of Ds* meson in HIC

Charged particles and pions have a similar
pr and centrality trend than D meson Raa

HF azimuthal anisotropy:

v2>0 for HFe (D mesons) at 2<pr<3 GeV/c
(2<pr<6 GeV/c)

Hint of centrality dependence at low pr (D°)

HQ energy loss models reproduce
reasonably well heavy flavor Raa
measurements.

Challenging simultaneous description of Raa
and v;

Z &ones del Vale o

SUMMARY

_I T | T 1T | T 1T | T 1T | IIIIIIIIIIII | T T
< - —
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B @ Average D°, D, D™ 0-7.5%, lyl<0.5
1.6 +D; 0-7.5%, lyl<0.5 ]
s ¥ Heavy flavor decay e* 0-10%, Inl<0.6
1 4‘_ A Heavy flavor decay u* 0-10%, 2.5<y<4.0 ]
- - Empty boxes: syst. uncertainties
1.2 - Filled markers : pp rescaled reference ]
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BEAUTY DECAY ELECTRONS PP ‘ls 7 TEV .

~ ALICE

counts

>

F PYTHIA, Vs = 7 TeV, lyl <0.8 * b(=c)—e
- 1<p <6 GeV/c ®xCc—e
: ' conversion elec.

- © Dalitz elec.

dg (um)
*  Measurement of B—e*

B hadrons lifetime (ct ~ 500um)
= Selection on impact parameter (do)

|do(um)| > 64 + 780 exp(-0.56 pt(GeV/c))

Electron identification : TPC+TOF

Background subtraction : cocktail of
measured m°, n, J/y, Y, D%, D*, D™ +
simulated light hadrons, v, A.,...

(b-tagging, cT~500um)

10°°

T

1/(2np. ) Eol(dp_dy) (mb/(GeV/c)? )

rec. track

b(—=c)—e

A (b,c—e€)-(c — e from HC decays)
lyl<0.5, f Ldt=2.6nb"

® direct measurement

T

il lyl<0.8, f Ldt=2.2 nb”
Fgih

LL G

L3

i
s

I

@ —

pp, \s=7 TeV

additional 3.5% normalization uncertainty 7

2 3 4 5 6 7 8
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T IIIIII|
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ALICE

PERFORMANCE

25/07/2012

pp, s =7 TeV, lyl<0.8

—o— Raw yield before background subtraction
-o- Raw yield after background subtraction
— Electron background sum

- - Charm background

- Conversion background

—-=- Dalitz/di-electron background

o

Z

Impact parameter cut efficiency

pp, Is=7Te

25/07/2012

PERFORMANCE

10

After TOF PID and p_ dependent

impact parameter cut applied

o o
w HN

o
N

@ Beauty electrons
B Charm electrons
O Conversion electrons

O Dalitz/di-electrons

ALICE

PERFORMRANCE

25/07/2012

PYTHIA pp, Vs = 7 TeV, lyl<0.8
Ido(rcp)I>64+780xexp(-0.56xpT) (wm)




CHARM & BEAUTY CROSS SECTIONS

~~ [ [ T T 1T | [ I I I T T 1T
_Q R '
I'TTT | [ [ T TTTT | [ [ I T TTTT [ [ T TTTT | \j; ‘:E:E:E:;:;:E:;: ALICE eXtr unc.
B —@— ALICE (total unc.) - n %1 02 __ ® ALICE’ pp ‘F= 7 TeV, |y|<0-9 PRI
| ] ALICE extr. unc. -7 < I = e e ]
10° —— ATLASeF)’(r(ralilr;r;Eary (total unc.) . = IR » CDF Runll, pp Vs=1.96 TeV, lyl<0.6 L 7
E [ ATLAS extr. unc. ﬂ - E _8 : *  UAT , pﬁ Vs= 0.63 TeV, |y|<1 .5 p :
T L o ey ettune) Rl 1 = PHENIX,pp (s=02TeV, lyl<0.35 .-~ .
L % STAR ,,’, _ . — FONLL 7 |
[[] HERA-B (pA) e =" .
108 MW cEss3n) R P ]
=V E743(pA) * L7 = 10 _
— V  NA27 (pA) e 7 ] - .
— & NAI16 (pA) e R 7 B ]
B O E769 (pA) ,,’ R 7] B |
— NLO (MNR) ¢ L’ . B |
10°= g - - ]
z . :
— ll+ — 1 — —
! : ]
10 p — B |
— ! ’ . L : _
1111 | | | | | | I I | | | | I I | | ] | ’ | |
] ] ] [ I | ] ] ] I I I |
10 10 10° 10° 2 3 4
\/g (GeV) 10 10 10
\'s (GeV)

[ALICE Coll. JHEP 07 (2012) 191]

= Evaluated the total charm and beauty production cross sections.
= Their cross section evolution with /s is well described by pQCD.
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(ub/GeV/c)

do / dp |

Data / Scaled

t lyl<0.5

—
o
N

—_
o

—

—
Q

N

—

D MESON PP 2.76TEV,

e ———

[ALICE Coll. JHEP 07 (2012) 191]

=L I L I LI I L | LI | LI | LI} = =L I LI I LI I LI I LI I LU ==L I LINLIL I LI I LI I LI I LI I L=
a T 1 ALICE
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[ | | 11 | [ | | 11 | 11 | [ | | 11 | I L1 1 I | I L1 | I L1 1 I | I | 11 I 11 I 11 I L1 1 I 11 I 11 I 11
B L] L] I L] L] L] I L] I L L] L] L] I L] L] L] I L] L] L] I L] L] L] I L] L] L] I L] L] L] I L] L] L] 1 L] L] L] I L] L] L] I L] L] L] I L] L] L] I I L] I i

'Z. Conesa del Valle




)

o
o
a

= T T T T T T T T T T T T T T T | T T T | T
% i — i =" osF 25.07.2012
8 I . o SO TPC-TOF (2010,2011) EP VO, Inl<0.8
S ool N § - [25] TPC-EMCal (2011) EP VOA, Inl<0.7
© i ] 8 0.25 [_® | Preliminary (combined)
g0 ALICE 1 S r
o | PERFORMANCE | B
2 015 25072012 % 0.2 ALICE
s i E N T PERFORMANCE
- il & - -
- - © 0,151
0.1 - T - \ E-'E
] : 0.1~ s & &
0.05 — ~ A \;ﬁ EH:
i . 0.05F TN +
- 20-40% Pb-Pb, |'s,,,, = 2.76 TeV, I|<0.8 - - 1
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 —
% 2 4 6 8 10 12 o—————— |/ — 1
p, (GeVic) B
| —@— background e* (cocktail) 0.05 B B
- -0.05-20-40% Pb-Pb, | = 2.76 TeV
025—_ inCIUSive et (TPC-TOF’ EP VZERO) : | I0 | Ol/lo | Ib | Ib,l Is'\llNI | | |6 | eI | | | | | | | | |
B 0 2 4 6 8 10 12 14
i ALICE p_(GeVic)
0.2/~ PERFORMANCE
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T

HFE Raan AND Vs A

——

RHIC AND LHC

2 LI LI LI LI LI LI LI LI LI (q\] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
< - I I I I I I I I - B | | | I I I -
< [ ] > _ _ _ . .
o i 8 3 Pb-PD, % =2.76 TeV, 0-10%, IY]I<06 ] S 03: e ALICE : Pb-Pb, VSTIN =2.76 TeV, 20-40%, Inl<0.7 .
CC) r e pp ref (scaled cross section at 7 TeV) ] = o PHENIX:Au-Au, \s,, =200 GeV, 20-40%, Inl<0.35 ]
S 16l * pp ref (FONLL calculation at 2.76 TeV) 1 8 0.25[ ]
i; T 0 PHENIX : Au-Au, Ys,, = 200 GeV, 0-10%, In|<0.35 1 © C ]
o 1 T 02 ALICE
c%‘ : § : _ PRELIMIMARY :
S ALICE ] O o150 E
AT | S B ] = - Bl ]
- d g 0.1 ﬁﬁ ]
~ 1 = el .
I 1 > E i ]
= | S oo0s; —f— =
S 1 2 - .
L -EH— I RO EE L EEEEE EEEEE -
E 0.05F —
| | TR | | | C 1 | ]

14 16 18 0 2 4 6 8 10 12 14

p, (GeV/c) p, (GeV/c)

Similar magnitude of heavy flavor electron Raa (3<pt<9 GeV/c) and v
(1.5<pr<4 GeV/c) at /snn=2006eV (PHENIX) and /snn=2.76TeV (ALICE)

Caveat: ¢/b contribution to the HF electron spectra may differ at RHIC and LHC
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D MESON

———— —— -
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DY v, with TPC and VZERO EP
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B hadron P, (GeV/c)
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D MESON Raa

NLO(MNR) with EPS09 shad.
Rad+dissoc (0-20%)

WHDG rad+coll

POWLANG (Beraudo et al.)
BAMPS

BDMPS-ASW rad g=25

Rapp et al.
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Systematic uncertainty from RA
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D° Raa VS EVENT PLANE VS THEORY
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MODELS DESCRIPTION OF RAA

[ALICE Coll. arXiv: 1203 2160 (2012)]
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o -y Average D°, D, D7, lyl<0.5 | Charged particles, hi<0.8 -
3 ! i
T "R :
- ALICE I — - Vitev rad () ]
] . .
i - , n Vitev rad + dissoc (I) _
0-20% tralit
o~ |3 centrally _ WHDG rad + coll (II) -
B I === Langevin HTL2 (IV) ]
os- = MINN L e Coll + LPM rad (V) _
| 2 BAMPS (VI) 1
- CUJET1.0 (VII)
e P~ T TR L& L BDMPS-ASW rad (VIII) )
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0 2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16

P, (GeV/c) P, (GeV/c)

*  Models predicting reasonably well both charged particles and D meson Raa :
> I.Radiative energy loss + D meson in-medium dissociation (tfuned to jet LHC data)
> TII. Radiative + collisional energy loss (tuned to RHIC data)
> VII. Radiative + collisional energy loss (tuned to RHIC data)

* AdS/CFT drag coefficients (III) underestimate the charm Raa and have
I|m|Ted predlc'rlve power for The I|ghT flavor RAA
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BAMPS model: HQ transport with collisional energy loss in expanding QGP.
Seems to over-suppress HFe Raa, while it is consistent with HFe va.

Rapp: heavy quarks transport with in-medium resonance scattering and
coalescence. Consistent with HFe Raa, but seems to underestimate HFe va.

The simultaneous description of HFe Raa and vz is challenging
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*  Some models can describe vz but they seem to underestimate Raa.
Models with collisional and radiative Eloss (Alichelin et al)
HQ transport with collisional energy loss in expanding QGP (BAMPS)
*  Others can describe Raa but they seem to underestimate vz
Evaluate energy loss but not the hydrodynamical expansion (WHDG and Beraudo et al.)

>

>

>

*  Others seems to underestimate vz and it slightly overestimates Raa

>

HQ transport in expanding QGP with resonance scattering (Rapp et al.)

= Challenging simultaneous description of D meson Raa and va.
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