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Disclaimer: biased view towards
LHC, ALICE, friends,...
Strongly based on my QMtalk
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* Introduction

* Results
> Flash of cross sections in pp collisions
»  Nuclear modification factor: electrons, muons, D°, D*, D™, Ds*, B—=>J/y

> Azimuthal anisotropy:
- vz electrons, DY, D*, D

*4

- DPvzvs. centrality and Raa vs Event Plane

X Summary

What'’s new ?
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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...]
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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 = = d-Au, p-Pb data 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 = = d-Au, p-Pb data in Jan. 2013
> Shadowing (PDF modifications in nuclei) and Gluon saturation

= Tool to study high density small-x gluons

* Effectsin a QGP: A-B collisions = = Au-Au, Pb-Pb
> 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

[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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EXPERIMENTALLY How ?

* Direct measurements

> Inclusive D mesons (c+b —D), e.g. D° —K g//1’
> Prompt D mesons (¢ —D) /

> B hadron reconstruction ? '@il/

Lo o
vl

. @/} @ * Indirect measurements
/i/-’ > Heavy flavor (c+b) decay leptons
. /7 J... > Beauty decay leptons (B-tagging)
/ > B jets
K+ ~// J/ ' > Dilepton invariant mass

»  Particle correlations
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... THE MEASUREMENTS

= = — e e -
- - — ——me——— ——

¥ In p’ron—pr'oo clliios...

B
D9, D+, D™*

B jets

*  In heavy-ion collisions...
HF electrons
 Bhadrons
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Proton-proton Results
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[ALICE Coll. arXiv:1208.1902 (2012)]

ALICE B decay e, Vs=7 TeV

*  Cross sections in pp coll. at 200 GeV, 500 GeV, 2.76 TeV & 7 TeV

x
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... ho time to talk about it today |
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CHARM & BEAUTY CROSS SECTIONS

[ALICE Coll. JHEP 07 (2012) 191]
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= Their cross section evolution with /s is well described by pQCD.
~560 ub x 950 collisions / 42mb ~ 13 cc pairs in 0-10% AuAu at 200 GeV
~5 mb x 1500 collisions / 65mb ~ 115 cc pairs in 0-10% PbPb at 2.76 TeV
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Pb-Pb & Au-Au Results

Vsan = 2.76 TeV and Vsay = 200 GeV



Track Number

PHEN]X SEPARATING CHARM & BEAUTY

-« Data 200 GeV p+p 1 4o°L® Data  200GeV AutAuMB
102 = Hadron cont. f 2 GeVic <p_<2.5GeVic— —— Dalitz 2 GeVic < p. < 2.5 GeVlc
2 Dalitz 1 . —— Conversion T
[—— Conversion e / — Charm 1 3 10° - electrons — Charm
—— Bottom = Hadron cont.
10 E Random BG / " —§ & — Random BG
X Ke3 Dec?y é ‘ | - i 10 Ke3 Decay gy
WL . 'h,;l 1% L
3 ‘x Al E o el
= r‘ i 1 & 1 F’
: ‘ ',“ \ : r,l |
101 /‘ \ AN 10 o |l L
-0.2 -0.15 -01-005 0 005 0.1 015 0.2 0.2 -0.15 -0.1 -0.05 0 0.05 01 0.15 0.2
DCA (cm) DCA (cm)
: Rosati, Nouicer, QM12
* Identify electrons o

* Fit the electron DCA distribution of inclusive electrons in pt bins
and extract the charm and beauty fractions

> Rely on MC templates of the different contributions

> Photonic contribution evaluated with:
a) cocktail method, b) conversion tagging in the VTX
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PHENIX CHARM 8c BEAUTY HF IN PP

PHENIX Preliminary
e 2012: 200 GeV p+p, lyl<0.35

| 1 1.5 2 25 3 35 4 45 5
’ Electron p_(GeV/c)

Rosat1 Noulcer QM12
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PHENIX CHARM & BEAUTY HF IN PP
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= Results consistent with PHENIX previous publication
= FONLL describes the b/(b+c) ratio

Rosatl Noulcer QM12
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PHENIX CHARM & BEAUTY HF IN PP
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= Results consistent with PHENIX previous publication

= FONLL describes the b/(b+c) ratio
X Use fit of the FONLL shape to data to define a pp reference ?!

Rosat1 Noulcer QM12
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PHENIX CHARM 8c BEAUTY HF

AuAu 200 GeV

PHENIX Preliminary
® 2011: 200 GeV Au+Au MB
e 2012: 200 GeV p+p

1 15 2 25 3 35 4 45 5
Electron P. (GeV/c)

Dixit Marzia "Bottom in Au+Au appears more suppressed” ?

Rosati, Nouicer, QM12
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Dixit Marzia "Bottom in Au+Au
appears more suppressed” ?

S

Rosati, Nouicer, QM12

"Z. Conesa del Valle
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Facebook : Comment of a friend...
13 agost %

No m'agrada - Comenta-ho

breaking news from QM: bottom reached the bottom

gh8 [J2




ATLAS HF MUONS
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*  Heavy flavor muon fraction evaluated

studying the momentum lost passing through _

the calorimeter and the angular deflection

in the inner detector Milov, Perepelitsa, QM12
* Central to peripheral ratio, Rep:

» Systematic suppression with centrality
> No pt dependence
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ALICE HF ELECTRONS O 10%

PbPb 2.76 TeV

AA

© Pb-Pb, \syy = 2.76 TeV, 0-10%

e pp ref (scaled cross section at 7 TeV)

* Electron identification: TPC+EMCAL

k3 SubTr'acT backgr'ound elecTrons 1.6 _ * pp ref (FONLL calculation at 2.76 TeV)

from the inclusive electrons 141
*  Background electrons: 12 ALICE
> 1%+ Dalitz(m*,n) + y-conversions via e

invariant mass analysis

> Plus J/y cocktail based on pp data
with (0.2 < Raa(J/y) < 0.8)

*  pp reference:
7/ TeV pp data scaled to0 2.76TeV

Heavy flavour decay electron R

0.2

.t Hﬁ%@r@r@% i

2_III|III|III|III|III|III|III|III|III_

+ FONLL at high PT 06' | I;I | IAlfl | Ielsl | Iz|3| | I1|oI | I1|2I | I1|4I | I1|6I | |1_
P, (GeV/c)

[ALICE Coll., arXiv:1205.5423 (2012)]

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

ZCdV Sakal QM12

—_—— -

" Z. Conesa del Val - 7 . o 16 QGP France 2012,: 25-27 September 2012
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* X

ALICE HF MUONS 0 10%

Subtract backgr'ound muons from 1, K decays

“PbPb 2.76 TeV.

Background muons: 1, K extrapolated from mid-rapidity measurements. Consider
Raa™(y=0), RAAK(YZO), and let vary O < RAA”'K(y-for'ward) <2 RAAn'K(y:O)

pp reference: pp data at 2.76 TeV
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[ALICE Coll. arXiv:1205.6443 (2012)]

- Suppressnon by a factor of 2-4 in 0-10%

"Z Conesa del Valle o

Xiaoming, later today

ZCdV, Zhang, QM12
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STAR lNCLUSlVE D° MESON RAA

1 I
1.5 H | A 40-80% | i ﬂfﬂ @

. (0 h : : %

0.5 :_ _: 0.5 -_ | $ I 7
06 ‘ é ‘ ;; ‘ é ‘ 8 0? 2_—T T " AutAus 5C+x@200 GeV y170+y11:
AuAu 200 GeV P, (GeVle) | H =ot0%
1.5} b o

! I Clx* 0-12% |

*  Inclusive D° mesons (c+b) . STwpmnay I
*  Suppression by a factor of : | :
2-2.5 of high pt D° in the 0.5;H ﬁ $ B
most central collisions, . q
*  while there might be an 06 — % 5

enhancement at low pt ?

Wei Xie, Thusty, QM12 p. (GeV/c)

Z Cess; del Val N " - o 18 QGP France 2012,: 25-27 September 2012



ALICE DO, D+, D*+ MESONS, 0 7. 5%

Recons’rr'uc'rlon of secondar'y decay ver’nces wu’rh ITS + TPC TOF for K/n PID

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) «
pp reference: 7 TeV data scaled to 2.76 TeV + hugh pT-pQCD-extrapolation
D 2_I T | T 1T | T 1T | T T | T T | T T | T T | T I:
E- 1.8 i —
S _
5_ 1.6 F"RFE‘LIEI':!:LEHERT _:
p 0-7.5% centrality N
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Open markers: pp pT-extrapoIated reference
L ] -
0.6 m E PbPb 2.76 TeV
> i 1| ZCaV, Grelli, QM12

0.2

jri

[ALICE Coll. arXiv:1203.2160 (2012)]
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ALICE, D°, DT, D*+ MESONS, O- 7 5%

2
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Filled markers: pp rescaled reference

[ALICE Coll. arXiv:1203.2160 (2012)]

0-7.5% centrality
0- 20% centrality

E Pbe 2.76 TeV
F.REJ;EE.E“ 1 ZCdV, Grelli, QM12
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'Z. Conesa del Valle
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ALICE, D°, DT, D*+ MESONS, O- 7 5%

R,, prompt D

N

0O 5

- Average D°.D*D*
- lyl<0.5

lllllllllllllllllllllllllllllllllllll

ALICE

PRELIMIMNRARY

Pb-Pb,\ s,,=2.76 TeV

0-7.5% centrality
0- 20% centrality

Filled markers: pp rescaled reference
Open markers: pp P, -extrapolated reference

Pbe 2.76 TeV

ZCdV, Grelli, QM12

[ALICE Coll. arXiv:1203.2160 (2012)]

10

15 20 25 30 35 40

P, (GeV/c)

= Extended measurement to 1<pt<36 GeV/c
- Suppressuon by up to a fac'ror' of 5 at PT ~10 GeV/c in 0-7. 5°/o
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ALICE, FIRST Ds+ MEASUREMENT O 7 5%

* Expec’ra’rlon r'ela‘rlve enhancemen’r of The s’rr'ange/ non- s’rrange D
mesons at infermediate pt - charm in-medium hadronization ?

3000

D 2_||||||||||||||||||||||||||||||||||||||
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o | Jtotal syst. uncertainties
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= First measurement of prompt Ds* dN/dpr and Raa

= Suppression by a factor of 3-5 for pt~8-12 GeV/c PbPb 2.76 TeV

= Similar to that of the D°, D*, D™* ZCdV, Innocenti, QM12

[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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ALICE, FIRST Ds+ MEASUREMENT O-7. 5%

S ——————— — == = e e

* Expec’ra’rlon r'ela’rlve enhancemenT of The s’rrange/ non-strange D
mesons at intermediate pt - charm in-medium hadronization ?

D 2 B T 171 | T T | T 17T | T 17 | T 171 | T 171 | T T | T T ]
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= First measurement of prompt Ds* dN/dpr and Raa

= Suppression by a factor of 3-5 for pr~8-12 GeV/c PbPb 2.76 TeV

= Similar to that of the D°, D*, D™* 7CdV, Innocenti, QM12

[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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CMS NON-PROMPT J/l])

1.4 CMS Prellmlnary
[ PbPb\/s\\=2.76 TeV

—_
N

— CMS Pr mlna
PbPb\ s\ = 7%Tev

b

I|III|II-II|IlI

0'8__+ Non-prompt J/ Non-prompt J/y
0.6 * .

B X * ] F * —
0.4~ * * 1 : * : +
0.2 Iyl <24 1 [ Cent. 0-100%

- 6.5<p_<30GeVic ] - 65<p <30 GeV/c

cova v v b b b bv o b Ll | IR N N
% 50 100 150 200 250 300 350 400 3 950406 08 1 1si4ie s

Noar lyl

*  Centrality dependence of B—J/y Raa

|Il|||

» B50-100%: factor ~1.4
» 0-5%: factor ~2.5

* Hint of less suppression at mid-rapidity
* Hint of larger suppression at higher pt

2

N
(V)

!\)_||||||||||||||
N

CMé Preliminary o
PbPb\/s\ =2.76 TeV

Non-prompt J/yp

lyl<2.4

|||'|'|||'||||—|—|||‘|‘||ﬁ||'|'|||'||

Cent. 0-100% —

IllIIII|IIII|IIII|IIII|IIII

III|IlI|II

o=
(63}
—
o
—h
()]

20 25

PbPb 2.76 TeV

30

Camelia’s talk today

Mironov, Jo, QM12

'Z. Conesa del Valle
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CMS (* preliminary) PbPb\[s,, =2.76 TeV 5 CMS (* preliminary) PbPb\[s,, = 2.76 TeV

2 T T T 1 | _ T 1 T I _
1.8 - 1.8—det=7-150pb°1 -
1.6 “~ Charged particles (0-5%) 1.6 -
’ 4'_ EES b-quarks (0-100%) _' ’ 4'_ ’
B (via secondany ) 1 4o S8 cg/get (0-5%) <2 )
J 2 B} § —E— *bjet (0-100%) hj<2
GZ< | LR L L EEL L L LI LI LLLLLLLLLLLL als= || i -
0.8 - 0.8 ]
0.6 o 1 0.6l .
% ¢ <:> <> ° ¢ ¢ i #. LY *¢ * ° + |
0.4/ g 0@ - 0 4~— -
|0 g0 1 oz2f -
0.2 P i ]
0 I 1 | 1 | 1 | 1 | 1 ] 0 L | | | L | 1
0 20 40 60 80 101 100 150 200 250 300
pT(mT) (GeV) jet P, (GeV)

* Atlow-p;: different suppression pattern than light

* At high-p: b and light similar suppression

EPJC 72 (2012) 1945

PbPb 2.76 TeV
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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 ...)

Z Ces; del ale N S 24 QGP France 2012,: 25-27 September 2012



STAR HEAVY FLAVOR Vz, O- 60%

> 03F 200(;\/—;
:_ ‘i/s\YAP Preliminary ¢ _:

0.25E 39 GeV 3
0.25— 62 GeV "3
0.15E- . 1 E
AuAu200Gev | B o T4 £ | 3
005w - L} E
O 4 + =
00sE ¢ ! b=
-Olf_llll ........ Laaa ol —E

0O 05 1 1.5 25 3 35 4

*  Non Photonic electron v; :

= NPE v, {2} 0-60%
A 39 GeV
A 62 GeV

> At 39 and 62 GeV consistent with zero within uncertainties
» At 200 GeV, vz >0 for pt > 3 GeV/c
* DO vz consistent, within large uncertainties, with NPE vz and

charged hadron v:

“Z. C del ale -

Wei Xie, Tlusty QM12

e e
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STAR HEAVY FLAVOR Vz, O- 60%

AuAu 200GeV

0.25

0.15
0.1

)
(g
Illlllllllllllllllllll

7S!AR Preliminary

0.05

LR !
J .
>

Fprrnd
)
ii c)
o

200 GeV

.i.
-
-

-0.05
-0.1

XS
lIlllllllllL

A AL A

-

*  Non Photonic electron vz :
» At 39 and 62 GeV consistent with zero within uncertainties

» At 200 GeV, vz >0 for pt > 3 GeV/c

* DY vz consistent, within large uncertainties, with NPE vz and
charged hadron v:

“Z. é del ale -

-- charged hadrons

® STAR D' 0-80%

A0 0-80%

s NPE v, {2} 0-60%
« NPE v, {4} 0-60%

Wei Xle, Tlusty, QM12

e e

QGP France 2012 25-27 September 2012




ALICE HF ELECTRON V2, 20 40%

* vz measured with the event plane (EP)
method

e inclusive e background
HFe _ (1 + Oé) — Uy
V5 —

«
o — NHFe/Ne background

*  Background electrons: m° + Dalitz(m*,n)
+ y-conversions via cocktail with their
measured v»

Heavy flavour decay €™ v,

PbPb 2.76 TeV

o o

i~ o N

9] [\ Ol
L L B B B L I

o
—

0.05

-0.05

ALICE

PRELIMINARY

20-40% Pb-Pb, \'s,,, =2.76 TeV, Il<0.7

o

= Heavy flavor electron v2>0 at low pr

(>30 effect in 2<pT<3 GeV/c)

'Z. Conesa del Valle

2 4 6 8 10 12 14
P, (GeV/c)
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ALICE D MESON Vz

1 7.‘.]\ﬂm Plane NOut Ot Plane

* Data: 2011 Pb-Pb run, MB + cenTraInTy triggers V2 = R, 4 NIn—Plane | \Oui— Ot Planc
* vz measured with the event plane method R, : event plane resolution

—~ [T T 1 | T 1 L | 1T | 1T | L | T 1 | L | L | —]
@) o
= 048 CF Pb-Pb  {5=2.76 TeV]
S - ALICE Centrality 30-50% ]
O 0.3 ]
g r .
=" 0.2F - 1 —
0.1F A+ =
O:_ ....................................................................................................... 1 _:
- ! - PbPb 2.76 TeV
-0.1— -
- e D° EP2A¢ bins .
-0.2:_ * D*:_ EP2 A¢ bIhS Empty box: syst. from data _: ch\l, Caffarri, QM12
- X | D", E|P 2 Aq)l bins | | Filled tljox systlfrom B fleed dow| n_|
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)
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ALICE D MESON Vz

1 7.‘_]\ﬂn Plane NOut Ot Plane

*  Data: 2011 Pb-Pb run, MB + cenTralnTy triggers V2 = o NTa—Plane | yOut—Ot—Plane
* vz measured with the event plane method

R> : event plane resolution

O/-\ 0.4—I I I I | I I I I I I I I | I I I I | I I I I | I I
0 Pb-Pb  |S=2.76 TeV ]
£ o ab . ALCE -
S 0.31 _
o B |
= 0.2:— _:
0.1 -
O: %— .......................................................................................................................... _: PbPb 2.76 TeV
.0.1— e D" EP2A¢bins, 2<p <3 GeV/c ] 7CdV Caffarri. OM12
B DO’ EP 2 A¢ bins, 3<p <4 GeV/c Empty box: syst. from data ~ _| ! d arrll Q

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
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ALICE, D° RAA V

S

e —

VENT PLAN

E,

I

PRELIMINARY

D°— K'm+
9.5x10° events

HLICE Pb-Pb, m =2.76 TeV

Centrality 30-50%

—a— D°R,, InPlane ‘
—=— D°R,, Out Of Plane
. Correlated syst. uncertainties
[ Uncorrelated syst. uncertainties
Anticorrelated syst. uncertinties

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

30-50%

e e

B Global norm. uncertainty

—
II|III|III|III|IIHII|III|III|III|II

¥
ll|lll|lll|lll|lllllll|lll|lll|lll|ll

e
0.8 i
_+_ -
0.6 $ A A $ _*_
. 5 = 2] PbPb 2.76 TeV
| M SR SR =
0.2 ) ZCdV, Caffarri, QM12
OO | 12|l | l4|-l | l|61 | lél | 11|Ol | l1|21 | l1|4-l | l1|61 | l1|81 | 20

o (GeV/c)

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

%@{ » might indicate longer path length at high pr

&
&
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Comparison with
data and models




LHC, Raa CEN

_ e — —— e ——wa——— ——

RALITY DEPENDENCE

— = = e —— e —

:E'I_2_|||||||||||||||||||||||||||||||||||||||_
0 - pr> 6 GeV/C ALICE _
- Pb-Pb, |s = 2.76 TeV -
L s -
- ® Average D°, D', D ¥, 6<p.<12 GeV/c -
i 4 HF muons, 2.5<y<4.0, 6<p_<10 GeV/c_
0.8 8 - -
0.6_ || + — T
04 L " N ]
i — E i PbPb 2.76 TeV
0.2~ = —
— - [ALICE Coll. arXiv:1203.2160 (2012)]
- — [ALICE Coll. arXiv:1205.6443 (2012)]
| common normalization uncertainty: 7% (peripheral) to 4% (central) |
O|||||||||||||||||||||||||||||||||||||||
O 50 100 150 200 250 300 KIEO 400

part

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

e e ————— —— — e

QGP France 2012,: 25-27 September 2012
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LHC, Raa CENTRALITY DEPENDENCE

e — — = = e —— e e—

_ e — e e ———wmea———

<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 |

PbPb 2.76 TeV

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

S s e e ———— ——
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RALITY DEPENDENCE

e — — = = e —— e e—

LHC, Raa CEN

_ — — e e ———wmea——— —— - —

< 1 .2_| L | T 171 | T 171 | T 171 | T T | T 171 | T 171 | L |_
m< i pr>6GeV/c ALICE |
i Pb-Pb, \s. = 2.76 TeV -

® Average D°, D', D™, 6<p.<12 GeV/c -
¢ Charged particles, 6<p <12 GeV/ic 7
A HF muons, 2.5<y<4.0, 6<pT<1O GeV/c |
m CMS non-prompt J/y, p>6.5 GeV/c -

(CMS periph. point shown at (Npart weighted by Nco”>)

U |$

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

OIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII [CMSCO”,JHEP05(2012)063]

0 50 100 150 200 250 300 3N50 400
part

0.8

0.6

= =E=: —m

0.4

PbPb 2.76 TeV

0.2

o [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
= Non-prompt J/v (CMS) consistent with HF muon Raa

———————————— —— e e e
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LHC RAA CENTRALITY DEPENDENCE

< -l LI I L | UL l LI I LB I LI I LI I LI l-
Eft 1.4~ CMS pT>6GEV/C _
~ PbPb\/s,, =2.76 TeV .
B O | ALICE: c-quarks n
1.2 I ]
- average D, D, D N
, 6<p, <12 GeV/c, lyl<0.5 _
1
i #* | b-quarks i
0.8 N via secondary J/y (W)
- + 6.5<pT<30 GeV/c),lyl<2.4-
0.6 — H * 7
i x :
0.4 — H x *
: ﬁ . PbPb 2.76 TeV
02 H - ™
- - Camelia’s today talk
0 _l 111 l L1 1 1 l L1 11 l L1 1 1 1 L 1 1.1 l 11 1 1 l 1 1 11 l 1.1 11 |

O 560 100 150 200 250 300 350 400
N

part

= TIn central collisions, for pt>6 GeV/c, non-prompt J/v
(CMS) seem less suppressed than prompt D mesons,
albeit the difference on the b/c aver'age p1'
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LHC, RAA OF OPEN AND HIDDEN CHARM

<1_2||||||||||||||||||||||||||||||||||||||| <1_2_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
c 2<pr<5GeV/c ALICE 1 £ L pr>6 GeV/c ALICE ]
1_PbeW=276TeV_ Lo PoPbsy=276TeV -

e D°, lyl<0.5, 2<p <5 GeV/c - i ¢ Average D°, D", D”, 6<p.<12 GeV/c

m Inclusive J/y, 2. 5<y<4 0, 2<p_ <5 GeV/cT
— Correlated syst. uncertalntles
[JUncorrelated syst. uncertainties

1 CMS prompt J/y, p,>6.5 GeV/c
® —Correlated syst. uncertainties
[ JUncorrelated syst. uncertainties

|

0.8 0.8

0.6

0.6

[ —m—

| I I I | I I I | I I I | I I I
1 1 T
1 = S .
[——11

[ —e—]
L 3
—e—1
fm}
| | | | | | | | | | | | | | | | |

I‘-_’I l | I | | I | I | l

0.4 : % - 0.4 s Eﬁﬁl
0.2 = 0.2f @ 4
: common normalization uncertainty: 7% (peripheral) to 4% (central) E:ommon Tormallzatllon uncertelllnty on ALllCE data: |7/ perlpr;eral) t04T (centra
ol b b b b b b A S e e R
OO 50 100 150 200 250 300 350 400 OO 50 100 150 200 250 300< ﬁISO 4)100
Raphael, Lizardo, Antoine, part part
TOI'Sten today talk [ALICE Coll. arXiv:1203.2160 (2012)] [CMS Coll., JHEP 05 (2012) 063] Pbe 2.76 Tev

= 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)
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LHC RAA PT DEPENDENCE

PbPb 2.76 TeV
} 2 : L | T T | T | L | L | L | L L L L :
0 18l Pb-Pb, \'s,, =2.76 TeV ” B

' SLICE
1.6 A Heavy flavor decay u* 0-10%, 2.5<y<4.0 ]

B Empty boxes: syst. uncertainties ]
1.4 -

1 2 :_ Filled markers : pp rescaled reference _:

B Open markers: pp pT-extrapoIated or FONLL reference ]

] ~
0.8 =
0.6 =
0.4 H%’Pf ¥ =

: —4— ]
0.2 — H‘H: ]

O : L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 :

O 2 4 6 8 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%

[ALICE Coll. arXiv: 1205. 6443 (2012)]
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<
0C 18

LHC, Raa

e e ———————

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

P (GeV/c)

|
6 8 10 12 14 16 18 20

Pr DEPENDENCE

PbPb 2.76 TeV

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

Z

[ALICE Coll. arXiv:1205.6443 (2012)]
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LHC RAA PT DEPENDENCE

PbPb 2.76 TeV

é 2 B L | L | L | L | L L T T L ]
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 Tn! _
0.6 + H .
0.4 H -
0.2 —ﬁ— i E
O B L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 1 1 B

0 15 20 25 30 35 40

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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PbPb 2.76 TeV

é 2:|||PIb|PIIbII|IIII2|I7|6|-I-I|\/IIIIIIIIIIIIIIII } 2_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
L - S = Z. e AT
» \ SN e =
T 1.8F 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
L & Heavy flavor decay e* 0-10%, nl<0.6 1.6 o )
1 4F- 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 partICIeS’ 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

0.8

g e - 1t

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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Raa prompt D

MODELS DESCRIPTION OF RAA

PbPb 2.76 TeV

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

2 _I T T 1 | 1T T | T T | T T | T T | T T | T T | L I_
1 gL Average D°.D",D* Pb-Pb\/s=2.76 TeV /&) -
T r lyl<0.5 0-7.5% centrality mrce Z
1.6 - D mesons E
1 4—_ Filled markers: pp rescaled reference
T Open markers: pp pT-extrapoIated reference ]
te- —
1]‘"""\;?5‘:"‘: """"""""""""""""""""""""""""""""" —:
o mm NLO(MNR) with EPS09 shad. ]
0.8~ Rad-+dissoc (0-20%) .
e~ BAMPS :
o.6HI e BDMPS-ASW rad §=25 —
0.4l ﬂ E
0.2~ ! =
O :I 11 1 | I I | | I I | | I I | | I I | | I I | | I I | | L1 1 I:

O &5 10 15 20 25 30 35 40

o (GeV/c)

2_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I|||
1.8f— ALICE Pb-Pb \s,,=2.76 TeV, u*< HF in 2.5<y<4

1 6— Centrality 0-10%

1.4r HF muons  ---- BAMPS
12 BDMPS-ASW rad
:i"\’ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
1__I__\_‘__‘;_“_‘_’.‘._-_‘_'_"_______________________________._'_'lE ____________________
08F
[ *
0.6
0.4F °

OO 1 2 3 4 5 6 7 8 9 10

|

e NLO (MNR) with EPS09 shad.

— Vitev rad. + dissoc.

[ALICE Coll. arXiv:1205.6443 (2012)] pT (GeVlc)

= HF decay y & D mesons Raa suppression in the most central collisions
can not be explained by shadowing alone for pr>4 GeV/c

- Models descr'lbe r'easonably

= likely

a final state effect

= need pPb data to quantify initial state effects
well bo'rh HFdecay ¢ and D mesons Raa

Z Conesa del Valle B
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MODELS DESCRIPTION OF RAA

D mesons Pbl’b 2.76 TeV
:((1 2 -J [ [ | | | [ | [ | [ | [ | | | | 11 | 11 | 11 | I 11 | 11 | 11 | [ | |
as ] : Average D°, D*, D™, lyl<0.5 Charged particles, mI<0.8 -
S 0-207% _
- ALICE — = Vitev rad (I)

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

0.8

0.6

0.4

—i
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[}
1
al (R
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| _________________________ 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...

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 IlghT flavor RAA
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HFE RAA AND Vz AT RH]C AND LHC
) | AuAu200Gev | | PbPb2.76 Tev
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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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HEAVY FLAVOR ELECTRON RAA & v2
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= The simultaneous description of HFe Raa and v2 is challenging
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D MESON RAA & Vz
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SUMMARY
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*  PHENIX, AuAu 200 GeV: b—e seem more suppressed thah ceﬁce)

*  STAR, AuAu 200 GeV: inclusive D are suppressed at high pt

*  ALICE+CMS, PbPb 2.76 TeV:

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

> Non-prompt J/y seem more suppressed than charged particles
> v2>0 for HFe (D mesons) at 2<pt<3 GeV/c (2<pr<6 GeV/c)
> Hint of vz centrality dependence at low pr (D)

*  HQ energy loss models reproduce reasonably well heavy flavor Raa
measurements. Challen ging simultaneous_descripti
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*  PHENIX, AuAu 200 GeV: b—e seem more suppressed thah c—e

*  STAR, AuAu 200 GeV: inclusive D are suppressed at high pt

*  ALICE+CMS, PbPb 2.76 TeV:

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

> Non-prompt J/y seem more suppressed than charged particles
> v2>0 for HFe (D mesons) at 2<pt<3 GeV/c (2<pr<6 GeV/c)
> Hint of vz centrality dependence at low pr (D)
* HQ energy loss models reproduce reasonably well heavy flavor Raa
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CORRELATION OF PT(B) & PT(D) Vs PT(LEPTON)
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