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Why Heavy Quarks in Heavy lon?

Early production

« in hard-scattering processes with high Q? (large masses)
=» production cross-sections calculable with pQCD
=» prior to Quark Gluon Plasma (QGP) formation

— > “Calibrated probes” of the medium

Strongly interacting with the medium they preserve their identity

- sensitivity to medium temperature and density via
» collisional and radiative (“gluonsstrahlung”) energy loss
» color charge (Casimir factor)
. quark mass (€ dead cone effect) AEg >AE , >AE_>AE,

- path length and medium density

Yu. Dokshitzer and D.E. Kharzeev, PLB 519 199-206 (2001). path length L

« medium modification to HF hadron formation
o iIN-Medium dissociation sharma etal.,PRC80 (2009) 054902
« hadronization via quark coalescence ,
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Quarkonia suppression & regeneration

Hot QGP-> quarkonia suppression due to Debye-like
screening of QCD QQ potential (“melting” of bound QQ states)

-> “historical” signature of deconfinement
(T. Matsui and H. Satz, PLB 178 (1986) 416)
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Quarkonia suppression & regeneration

T/T, 1
Hot QGP-> quarkonia suppression due to Debye-like g A0 el

screening of QCD QQ potential (“melting” of bound QQ states)  z| |vts)

- “historical” signature of deconfinement | P
(T. Matsui and H. Satz, PLB 178 (1986) 416)
12\l 7/y(15) Y'(25)

> Sequential suppression of quarkonium states, stronger for

less bounded states (S. Digal, P. Petreczky, H. Satz, PRD 64 (2001) 0940150) sTe ;‘b((,f,';) ‘qffzsg)
A. Mocsy

ur.Phys.J.C61,2009
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Quarkonia suppression & regeneration

T/T, 1
Hot QGP-> quarkonia suppression due to Debye-like g A0 el

screening of QCD QQ potential (“melting” of bound QQ states)  z| |vts)

- “historical” signature of deconfinement | P
(T. Matsui and H. Satz, PLB 178 (1986) 416)
12\l 7/y(15) Y'(25)

> Sequential suppression of quarkonium states, stronger for

less bounded states (S. Digal, P. Petreczky, H. Satz, PRD 64 (2001) 0940150) sT|ll| % (2P) Y'(35)

x(1P)  wr(2s)
A. Mocsy
ur.Phys.J.C61,2009

Surprisingly similar Jp suppression at RHIC and SPS energies
- Could quarkonia states be (re)generated via recombination

(coalescence) of deconfined quarks?(P. Braun-Munzinger, J. Stachel, PLB 490 (2000) 196)

él statistical recombination
]
o Sege iy i LHC vs. RHIC
- : A .
. e'ag o9 [ = — Larger energy density
a 50 :' 2 N\ <> stronger suppression
il i i = - . — T
a® ¢ @ ¥ 2 Higher cC multiplicity
> *.._ Thermal dissociation =»larger recombination
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Heavy Flavour measurements

Quarkonia

Reconstruction of charmonia and bottomonia decays in di-leptonic channels

I, ¥(2s),Y(ns)»urw

Ipre’e With complementary rapidity
and p, coverage among ALICE,

Open Heavy Flavour ATLAS and CMS

Full reconstruction of D meson decays in hadronic channels:
DO — K-11*
D* — K m*mr*
D*+ - DO -I-I-+
D/t — K K*mr*
Beauty
Displaced J/1 from b-hadron decay
b-jets
Charm + beauty
Electrons, muons from semi-leptonic decays of charm and beauty hadrons
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How can we measure medium effects?

1) Nuclear modification factor (R, ,): compare particle production in
Pb-Pb with that in pp scaled by a “geometrical” factor (from Glauber model)

«— PbPb
R, (p;)= AN g | dp If R,,=1 = no nuclear effects
/7<TAA> xdo, /d<\PT if R,,#1 - binary scaling broken
Nuclear overlap function PP

v

Understanding of pp reference
fundamental!
=» HF sessions on Tuesday, Wednesday
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How can we measure medium effects?

1) Nuclear modification factor (R, ,): compare particle production in
Pb-Pb with that in pp scaled by a “geometrical” factor (from Glauber model)

PbPb

/
dN ,, /dp,
<T >><d0 /de

AA(pT =

Nuclear overlap function

If Rap=1 = no nuclear effects
If R,o#1 = binary scaling broken

L

effects, e.g.

« Parton shadowing
« Cronin effect

* Parton energy loss in CNM

before hadronization

Initial state (“Cold Nuclear Matter”)

C. Loizides on
Wednesday

 (for quarkonia) qq nuclear absorption

“Hot medium” effects
e.g. production suppression,
energy loss 2> R,,<1

\Ongoing analysis of p-Pb data will be
fundamental for interpretation of Pb-Pb results 8
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NEW: J/y in p-Pb s oo

C. Loizides on Wednesday

] EPSO09 LO (Lansberg et al., priv.comm.)

p-Pb \s = 5.02 TeV, inclusive J/y—u*w, p.>0

PRELIMINARY

EPS09 NLO (Vogt, arXiv:1301.3395 and priv.comm.)

nDSG LO (Lansberg et al., priv.comm.)

Eloss with qo=0.075 GeV?fm (Arleo et al., arXiv:1212.0434)

EPS09 NLO + Eloss with q°=0.055 GeV?/fm (Arleo et al., arXiv:1212.0434)
I L 1 L I L L 1 I I

3 3.2 3.4 3.6 3.8

cms

* The shadowing EPS09 NLO calculations and models including coherent parton energy loss
reproduce the data reasonably (but the latter show a slightly steeper pattern at backward y)
* A Color Glass Condensate (saturation) model seems not to be favoured

Forward-Backward ratio:

e Shadowing+energy loss model provide a rather good data description

* Shadowing (NLO) or energy loss alone seems to overestimate the R,
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Quarkonia in Pb-Pb

See also
T.T. Fernandez, Tuesday
L. Manceau, Monday

10
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J/ suppression & regeneration?

PRL 109 (2012) 072301

1.4
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Inclusive J/4y suppression measurements both in central and
forward regions for p;>0:

. from N, > 100 suppression independent of centrality
* in central collisions, less suppression than at RHIC
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J/\p suppression & regeneration?

< 1.4
x 1.2

@ ALICE, |y|<0.9,p >0
- Stat. Hadronization Model (A. Andronic & al., JPG 38 (2011) 124081)
ALICE 77/ Transport Model (X. Zhao & al., NPA 859 (2011) 114 & priv. comm.)
PRELIMINARYONN Transport Model (Y.-P. Liu & al, PLB 678 (2009) 72)
Shadowing+comovers+recombination (E. Ferreiro, priv.comoa

% ALICE Preliminary, Pb-Pb {5, = 2.76 TeV, L = 70 ub” } ’

B Inclusive J/y, 2.5<y<4, 0<p1<8 GeV/c  global sys.=+ 14% m
Stat. Hadronization Model (A. Andronic & al., JPG 38 (2011) 124081)
ALICE 272/, Transport Model (X. Zhao & al., NPA 859 (2011) 114) 1.2
PRELIMINARY X Transport Model (Y.-P. Liu & al, PLB 678 (2009) 72)
/\ [l Shadowing+comovers+recombination (E. Ferreiro, priv.comm.)

0<p.<8 GeV/c

% ALICE Preliminary, Pb-Pb \s,, =276 TeV,L =~ 15ub”

,,,&alllllll

do . /dy=0.25 mb 0.8
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:( (Z ) <§ E) p>0
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do . /dy=0.15 mb

LA B B

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

part> part
Statistical Hadronization Model [JPG 38 (2011) 124081],

Transport Model | [NPA 859 (2011) 114] and Il [PLB 678

Models including a relevant contribution from (2005) 72] and [Priv. Comm]

recombination (>50%) or models with all J/y
produced at hadronization from deconfined
quarks can describe data reasonably well

12
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J/\p suppression & regeneration?

< 1.4
x 1.2

ALICE Preliminary, Pb-Pb m =276TeV,L=70pub"’
% B Inclusive J/y, 2.5<y<4, 0<p1<8 GeV/c  global sys.=+ 14%
Stat. Hadronization Model (A. Andronic & al., JPG 38 (2011) 124081)
ALICE 272/, Transport Model (X. Zhao & al., NPA 859 (2011) 114)
PRELIMINARY X Transport Model (Y.-P. Liu & al, PLB 678 (2009) 72)
/\ [l Shadowing+comovers+recombination (E. Ferreiro, priv.comm.)
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Models including a relevant contribution from

recombination (>50%) or models with all J/y

produced at hadronization from deconfined
quarks can describe data reasonably well

Shadowing alone cannot explain the observed

suppression at forward rapidity C>medium effect
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J/Ap suppression vs. p;

A4 < 14F CMSPreiiinary’ ] F,F OMS Preliminary T
o [ Inclusive Jhyp, 2.5<y<4 C Pbe\fSN =276TeV ] C Pbe\fSN =276 TeV ]
1.2 Pb-PbYs=276TeV, L~70 ub", global sys=+6% A=t 1o - 1ok
.oz e : ] = CMS: Prompt J/¢
e 200 1E ] i i
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Suppression increasing with p;
At moderate high p;: significantly different trends than at low p-

e Suppression increasing with centrality

* up to factor 4-5 in central collisions

* No evidence for dependence on rapidity
Raa Vs. py flat for p;>6.5 GeV/c

14
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J/Ap suppression vs. p;
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Transport model by Zhao et al. NPA 859 (2011) 114 @

Suppression increasing with p;
At moderate high p;: significantly different trends than at low p-

e Suppression increasing with centrality

* up to factor 4-5 in central collisions

* No evidence for dependence on rapidity
Raa Vs. py flat for p;>6.5 GeV/c

Small/negligible role expected from recombination at high p; 15
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How can we measure medium effects?

1) Nuclear modification factor (R, ,): compare particle production in
Pb-Pb with that in pp scaled by a “geometrical” factor (from Glauber model)

<« PbPb | |f R,,=1 - no nuclear effects

R, (p,;)= AN 4, 1 dpy if R, ,#1 > binary scaling broken
<T >><d0 /de
Nuclei overlap function PP

2) Elliptic flow v, (azimuthal anisotropy): study azimuthal distribution
of produced particle w.r.t. the reaction plane (W)

((ii]: No (1 + 2v1 cos(p — W) + 2vs cos[2(p — Wy)| +...)
Thermalization/collective motion
(at low py)
Non-zero v,
Initial spatial anisotropy \ Path length dependence of

hydrodm momentum anisotropy energy loss (at high p-) 1o
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Inclusive J/ v,

- ® ALICE (Pb-Pby\S_, =276 TeV), centrality 20%-60%, 2.5 <y < 4.0

| =Y. Liu et al., b thermalized
- amaman Y. Liu et al., b not thermalized

0-2__— + X. Zhao et al., b thermalized
0.1F
Qe | i e
[ arXiv:1303.5880
-0.1 :— global syst. =+ 1.4%
-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'T_IIIIIIIIIIIII
0 1 2 3 4 5 6 7 8 9 10
p, (GeV/c)

J/ produced via recombination of thermal deconfined c-quarks should show a non zero v,:

* first hint of non-zero v, from data
e qualitative agreement with transport models including regeneration

17
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[w(2S)Iyl,, o Iw(2S)dIw]
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P(2s) Vs I/

L ALICE inclusive J/y and y(2S), 2.5<y<4
- Pb-Pb, S=2.76 TeV, L= 70 pub™

F pp, ¥s=7 TeV

:— @ ALICE, 0< pT<3 GeVlc, 2.5< y<4

E @ALICE, 3< p_<8 GeVic, 2.5< y<4

[ @CMS, 3< p_<30 GeVic, 1.6<| y|<2.4

(CMS-HIN-12-007)

.......

.............
........

ALICE

PRELIMINARY

95% CL

_IIII|[III|.IIIIIIIIIlIIIIIII[IlII]|IIII

* Hint of smaller suppression for (2S)
than J/1 from CMS measurement
* Not confirmed by ALICE

Large uncertainty from pp reference
(dashed lines) = to be reduced with 2013
pp data

(N
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0 50 100 150 200 250 300 350 400

)
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Y(1s) suppression

0.8

0.6

04

0.2

12N Pb-Pbys  =2.76 TeV, inclusive Y (1S), p_>0 GeV/c

A ALICE: L, =69 ub", 2.5<y<4

PsﬂﬁE}IEnEw v CMS: Lint =150 ub™, lyl<2.4

CMS: PRL 109, 222301 (2012)
ALICE preliminary (new)
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i

@E!
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2.5<y<4
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Ll | | ! |

syst.

OO

1 v v v b v v b e
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@

Relevant suppression

increasing with centrality (factor 2.5 in central)
No significant dependence on rapidity can be appreciated

~50% (in pp) of Y(1s) derives from feed-down from higher states
Observed R,, significantly influenced by higher state suppression

350 400
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<
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i

Pb-Pb \s,, =2.76 TeV, inclusive Y (1S), pT>0 GeV/c
A ALICE:L =69 ub™, 0%-90%

ALICE v cms:L, =150 ub, 0%-100%

CMS: PRL 109, 222301 (2012)
ALICE preliminary (new)
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B _9No
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Bottomonia suppression

_IIIII||||||||l||||||||lll]llllllllll
14~ CMS PbPb \[s,, =2.76 TeV -
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12—
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CMS (0-100% centrality)

- /[r@syr S)]pp

[Y(2S)r(19)]

R4 4(Y(1S)) = 0.56 £ 0.08(stat) = 0.07(syst),
R44(Y(2S)) = 0.12 £ 0.04(stat) = 0.02(syst),

R44(Y(3S)) = 0.03 £ 0.04(stat) * 0.01(syst)
< 0.10(95%CL).

RUIY(ns)l= Y[Ry,

iEstates
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PRL 109, 222301 (2012)
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- | %(1P)
1.2l 7/y(15) Y'(25)

% (2P) Y'(35)
%(1P)  w'(2s)

* Y(2s) more suppressed than Y(1s)
* As expected from smaller

binding energy

» Data suggest that direct Y(1s) almost

unsuppressed
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Open heavy flavour in Pb-Pb

See also
C. Bianchin (Monday)

21
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Why Heavy Quarks in Heavy lon?

Early production

« in hard-scattering processes with high Q? (large masses)
=» production cross-sections calculable with pQCD
=» prior to Quark Gluon Plasma (QGP) formation

— > “Calibrated probes” of the medium

Strongly interacting with the medium they preserve their identity

- sensitivity to medium temperature and den3|ty via
« collisional and radiative (“gluonsstrahlung’) ener

-~ color charge (Casimir factor)
- parton mass (€ dead cone effect) Eg > AEM > AEC >A

- path length and medium density
Yu. Dokshitzer and D.E. Kharzeev, PLB 519 199-206 (2001).

« medium modification to HF hadron formation
o iIN-Medium dissociation sharma etal.,PRC80 (2009) 054902
« hadronization via quark coalescence .
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Prompt D meson R,,

\®)

o 0 '] First measurement of D meson R,, in central
S 18 D ALICE 7 heavy-ion collisions (2010 Pb-Pb run)
S 16F D+ 0-20% centrality
< Pb-Pb, 2.76 TeV ] _
o 14F D*+ - Strong suppression observed (factor
2E1y1<0.5 E 3-5 for p>5 GeV/c)
115 i R —]
08k 0-20% centrality 4 DO, D*, D™* R, compatible within errors
0.6 Jﬁ —
0.4F _ —
02f Eﬂ%ﬁzﬁz =
0...I...I...I...I...I...I...I...I...‘

o 2 4 6 8 10 12 14
ALICE, JHEP 09 (2012) 112
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Prompt D meson Ry,

=) 2%wauwuu
CE)_ 180 Pb-Pb,\/s\, =2.76 TeV 5
© [ 0-7.5% centrality ALICE :
o 1.6? PRELIMINARY ]
< [~ *
D:<1 e |y | <0.5 * Average D°, D*, D * 0-7.5%, lyl<0.5
- 1 e D 0-7.5%, lyl<0.5 .
1.2~ Filled markers : pp rescaled reference
C Open markers: pp pT-extrapoIated reference
1_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —
- T .
0.8 =
0.6 5
<D°,D*,D**> | |
o |If | =
0.2F HE H —f— ‘Hﬁ H -
0? 111 ‘ 1 I | ‘ 1111 ‘ 1111 ‘ 111 .
0 5 10 15 20 25 30

First measurement of D

* S

uppression of 3-5 in 8-12 GeV/c
aa(Dg) >RpA(DO,D,

35 40
P, (GeV/c)

First measurement of D meson R,, in central
heavy-ion collisions (2010 Pb-Pb run)

Strong suppression observed (factor

- 3-5 for p>5 GeVic)

DY, D*, D™ R,, compatible within errors

Extended p; range (1<p;<36 GeV/c) with 2011
Pb-Pb data

in Pb-Pb with 2011 run data

D™*) at low p;? More more statistics needed

« could have quantitative implications for quark coalescence models

Kuznetsova & Rafelski, EPJ C51(2007)113;
He et al., arXiv:1204.4442;

Andronic et al., arXiv:0708.1488) 24
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Heavy Flavour decay muons
ATLAS mid-rapidity p Rqp

ALICE forward pn

PRL 109 (2012) 112301

- ALICE Pb-Pb |/s,=2.76 TeV, u* HF in 2.5<y<4 1
i 6<pt<1 0 GeV/c |
1 R, S ——— -

< 12
<C
o

Muon ch

0.8 [ﬂ I
0.6 - I o

4l ]
0 B Z [] 5 <y<4 B b
0.2 [ Filled: Correlated systematic uncertainties ]
[ Open: Uncorrelated systematic uncertainties

QO 50 100 150 200 250 300 _ 350 400

aD o™

Clear centrality trend

* HF-muon suppression increases with centrality

* R,,~0.3 in most central collisions

R (p ) = <NC'0” >Per dN / de |Cent
CP T

<NCOll >Cent dN / de |Per
1_4 —l T I T : T I LN I LI I LI I LB I LI B I LI i
o ' Ldt=7ub" Pb+Pb -
1.2 i o —
C ATLAS Preliminary \[Sp = 2.76 TeV 3
- nl < 1.05 ~
0.8 ]' -
i g
04F —e4<p_<5GeV HH -
- o—b<p_<7GeV .
02 ——B8<p_<9GeV -
T —— 10<p_< 14 GeV In|<1'05 ]
I_l 11 l L1 1 I L1 1 I 11 1 1 I L1 1 1 l L1 1 l L1 1 l 111 .

00 50 100 150 200 250 300 350 400

<Ngp>

* No evident p; dependence for R,, in the range 4 < p; < 14 GeV/c

25



A. Rossi, CERN LHCP, Barcelona, 12-17 May 2013

Heavy Flavour decay muons & electrons
ALICE forward p and mid-rapidity electron  ATLAS mid-rapidity u Rp

<NC'0” >Per dN / de |Cent
< 2_|||||||||||||||||1|||||||||||||||||1_ RCP(pT)= N dN/d
m< 1 8:_ Pb-Pb, \ Sy = 2.76 TeV AU _: < coll >Cent pT |per
1:_ _: %1_2_1|1||||||||||||||||||1|||||_
-6: # Heavy flavor decay e* 0-10%, [n|<0.6 ] o B il < 1.05 Pb+Pb i
1 4 4Heavy flavor decay u* 0-10%, 2.5<y<4.0 ] S 1= \/Syy = 2.76 TeV
) Empty boxes: syst. uncertainties N § -
1 2 - Filled markers : pp rescaled reference - B
C Open markers: pp pT-extrapoIated or FONLL reference ] 0.8 __

j
-
=

N
=
o
Ul

HF u, from PRL 109 (2012) 112301 0.6
0.8 - 6
0.6__ % H ] 0.4—
- E " +-0-10% / 60-80%
04*"&8@%@@%@[ H H ] 0.oF = 10-20%/ 60-80%
0.2 . 1 -=-20-40% / 60-80% o
- | | | |H Fl e, IITIII <(|)6; :%40‘@%/6?'80% 1 AI\TLAS IF’rellmlnlary
00 2 4 6 8 10 12 14 16 18 20 % 2 4 6 8 10 12 14
p, (GeVic) p. [GeV]

Boxes: Fully correlated systematics
Error bars: uncorrelated combined statistical+systematic

Similar suppression in 0-10%
Factor 2 up to 18 GeV/c (mainly from beauty)

Similar suppression for electrons in |n|<0.6 and muons in |n|<1.05 in 0-10%

(though a quantitative comparison not straightforward) .
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J/y from b-hadron decays

AN

o 1.4 CMS Preliminary 2 CMS Preliminary E CMS Prelimina K
Pbe\,SNN =276 TeV ] Pbe\lSM\ =276 TeV . PbPb\/s,, = 2.% TeV 3

1.2

; Cent 0-100% { [ Cent0-100% :
0.8 + Non-prompt Jiy] Non-prompt JAy] | Non-prompt J/y-
0.6 * . = 1LC ]
0.4 . ¥ * E ++~+—< 1E * | ' I :
oo 1VI<24 : — 1t :
: 1 Cent. 0-100%— [ Cent. 0-100% -
6'5<pT<3O GeV/c 1 lyl<2.4 1 [ 65<p,<30GeVic ;
4 40 4 1 l A 41 42 1 l LA 1 1 I A 1 4 1 l 1 2 LA l 4 L 42 llllllllll‘llllll‘lllllIlll'lllllllll‘llllll‘ll
S0 100 150 200 250 300 350 400 | 5 0 15 20 25 30 ) 02040608 1 1214 1618 2 22 2.4
Noan p. (GeVic) Iyl

First measurement of beauty R,, by CMS

Suppression increasing with centrality
 factor 2.5 in central collisions (0-10%)
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ALICE D vs CMS J/1 from b-hadrons

RAA

- Pb-Pb, \/SNN =2.76 TeV

m ALICEDmesonR,,

1_27\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\

, 6<pT<1 2 GeV/c, lyl<0.5

i [] Uncorrelated syst. uncertainties 7
08 || Correlated syst. uncertainties ]
L JHEP 09 (2012) 112 |
0.6{—— H H B
0.4/ o
0.2 Read from CMS-PAS-HIN-12-014 |E| =
| @ CMS Preliminary Non-prompt J/Ap R, 6:5<p,<30 GeV/c lyl<T. 2]
L[] CMS Preliminary Non-prompt J/y syst uncertainties _
O N T Y | L1101 L 111 L1101 | - ‘ L1 1
0 50 100 150 200 250 300 35(0 4§)0
part

J/y: from B, 6.5<p;<30 GeV/c
D: 6<p;<12 GeV/c

AEg > AEu’d’S

-

Indication of mass dependence
of energy loss

But kinematic ranges (w.r.t. to parent quarks)
are not exactly the same
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D meson azimuthal anisotropy --

Today on arX|v 1305 2707

>C\I 047 T I I T T T T T T T ]
| ALICE Pb Pb ﬁ 276TeV i

Centrality 30-50% |
1 7I'Nln Plane __ ’\rOut Ot—Plane
0.2~ m V2 =

R2 Nln l’la.nc+ \rOut Ot—Plane

R : event plane resolution

¢ o o]

o~ I | | T . '

: , 1 First measurement of D meson v,!

¢ Charged particles, v .{EP,IAn|>2}
= Prompt D°,D*, D* average, lyl<0.8, v{EP} | D) meson V2>O in 30_50% CIaSS
" [__] Syst. from data 7
02 [JsystfomBfeeddown 7 . Comparable to v, of charged hadrons
0 2 4 6 8 10 12 14 16 18
P, (GeV/c)
Suggests

- at low p;: charm quarks taking part in the collective expansion of the system?
- atintermediate-high p;: path-length dependence of energy loss
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Stlmulatmg for models

0.4

} 1 _2 \I\ “J V T 1T ‘ 1T ‘ T T ‘ 1T ‘ 1T ‘ L ‘ ]
[ |

o PEEN ALICE D°, D*, D™ average, lyl<0.5 -
RN ]
}A.J %S Pb-Pb\[Syy = 2.76 TeV -
A Centrality 0-20% ]
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G — ' = POWLANG i
o g \\‘ -------- Aichelin et al, Coll+LPM rad i
06; l:’ ‘\‘\ ' T BAMPS —
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s ', —— urQmD A 1
045 %\_-~~'__‘:':_:: ’I»‘v' . \‘l'\ \IEE i
’D mes .............. e LI
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0 2 6 8 1 O 12 14 16
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< 2 [ TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT ]

Heavy flavour decay electron RA

Pb-Pb, s, = 2.76 TeV, 0-10%, In<0.6

1.8F e pp ref (scaled cross section at 7 TeV)
r *  pp ref (FONLL calculation at 2.76 TeV) ]
1.6F =:'BAMPS 7
= = Rapp et al. ]
14F = POWLANG ]
Tt =1+ Coll.+LPM rad 1
1.2F ALICE 7
P PRELIMINARY E
L] 5 ettt -
0.8} 5
0.6¢ %
0.4} % :
- a.&‘.
0_2 lﬂ'ﬂ'lnll.llllnll.—

:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
0 2 4 6 8 10 12 14 16 18
pT(GeV/c)

(=]

Heavy flavour decay electron v,
o
o

Pb Pb \SN 276TeV |
Centrality 30-50%

] ALICE D0 D+ D* average

[ ] Syst. from data
'T__] Syst. from B feed-down

----TAMU elastict
WHDG rad+coll

------ Aichelin et al, Coll+LPM rad h

P I TR I I I I I T R

0 2 4 6 8 10 12 14 16 18
P, (GeV/c)

® ALICE : Pb-Pb, {s\, =2.76 TeV, 20-40%, Inl<0.7

=1 = BAMPS

= = Rapp et al.
ALICE

== POWLANG
= = Coll.+LPM rad
PRELIMINARY

My
PERY
'EE
==
.1:‘

!
/

[ 8

TTT
W/
N

HF e v,

IIIIIIIIIIIIIIIIIIIIIIIIIII

2 4 6 8 10 12 14
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-0.05

O

Model references
in backup slides
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Stlmulatmg for models

}1_27 \ '||J V T T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T
o N 2 \ ALICE D°, D*, D™ average, lyl<0.5 - 04l ™ ALICE D° D* D™ average Pb Pb ﬁ 276 TeV
1ﬂ/ L2 ] ~|L_] Syst. from data Centrality 30-50%
’/‘J._J ‘, ?l \ Pb'Pb,\/SiNN =276 TeV - l:l Syst. from B feed-down
A | Centrality 0-20% i i 1
0.8 / H‘ \ WHDG rad+coll j T
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i (5 UMD - Ny S ]
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o T Rl e S * POWLANG WHDG rad-coll
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and v, - measurements stimulate theory
c 1.8 e pp ref (scaled cross section at 7 TeV) 7 o [ == BAMPS ]
o I % pp ref (FONLL calculation at 2.76 TeV) 1 D 0.25F - - Rappetal 4
© 1.6 ='BAMPS ] 2 [ POWLANG ]
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Conclusions: what we are learning on QGP

T/Te 1/(r) [fm1]

Debye-like screening of qq color potential .
* high-p; J/ap suppression

Y(15)
%(1P)

J/p(18) Y'(25)

IZ> Constrain QGP temperature

* Upsilon states suppression pattern Tl
Coalescence of charm in QGP

* J/ relatively small suppression at low p; i o eoue
* Hint of non-zero J/y v, v 5‘*4 "_;‘q""

* Intriguing result from comparisons of D, R,, to D°,D*,D** R, g N e 9 ‘ﬂ.ﬂ

QGP is opaque even to heavy quarks
* D meson suppressed by a factor 3-5 at p;>5 GeV/c
Experimental hints of mass dependence for parton energy loss
* Indication that beauty is less quenched than charm
Raa(d/1p€B) > R, ,(D) for similar p;
Bulk of hot QGP flows: charm as well? 2is charm thermalized?
* Non zero elliptic flow (v,) for D mesons

Coming soon: results from p-Pb data, crucial to isolate cold nuclear matter effects

Run 2 (2014): data from future runs will help to improve the precision of the measurements
LS2 (2018): detector upgrade -> revolution for charm and beauty in HI Upgrade session,

Entering the charm and beauty era of QGP >3tUrday ;
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Thanks!
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Sorry for not showing

—
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Y
I

e
&)
|

| ATLAS J/y Rgp from
- Phys.Lett.B697:294-312, 2011 |

0 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1

0 20 40 60 80 100

1-Centrality %

PbPb b-jet fraction / pp b-jet fraction

1.5

0.5

1.4
m: ALICE: Pb-Pb vsn =2.76 TeVv, le =69 b, 25<«y=<d
1.2 A Inclusive T(15}, p_>0 GeVie D Correlated syst.

¥ Inclusive Jiy, 0<p <8 GeVie - Uncorrelated syst.

0.8

0.6

U
J/tpvs Y

9.4

:

0.2

||I[|I||III|WII|III
=1
=]
=]
=
=0

.

[~}

50 100 150 200 250 300

gl Lo Lo P PRI RSN B R

350

N2

CMS Preliminary

2_

e
j L dt = 150ub” (PbPb), 231 nb™ (pp) -

. Data

+ I:' Syst. uncertainty

- CMS
b—Jet fractlon Pb Pb/pp

%

|

\fsNN =276TeV
T

o

0

100

120 140 160 180
Jetp (GeVic)

+t‘: E 5: L ‘ L ‘ L ‘ L ‘ L L ‘ L ‘ L J:
&, 5 POPD (=276 TeV ]

~, 4.5 o o =
|a :t( g Centrality: 0-20% ]
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3.5: Charged pions, Inl<0.8 3

7 3F ) + =
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J/y photoproduction in Pb-Pb and p-Pb

Pb+Pb — Pb+Pb+J/y |S,,, = 2.76 TeV
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Comparison to shadowing

IY{III{IYI

D

IIYIY{‘IY{‘N{Y‘N{N{

ALICE

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

Average D°, D*, D™, |y|<0.5 -
] NLO(MNR) with EPS09 shad.

T

Kaa HF-aecay muon

2_I TTT | TTTT | FrTTT | TTTT | rTTT | TTTT | TTTT | TTTT | TTTT I TTT I_
1.8ALICE Pb-Pby\/s,=2.76 TeV, u*« HF in 2.5<y<4 :
: u Centrality 0-10% -
1.6 -
14r NLO (MNR) with EPS09 shad. ‘
12k Eskola et al. JHEP0904(2009)065
1
0.8F .
06l PRL 109 (2012) 112301 1
0.4 HH |,| 7 1
02 By —s—
O—I 11 | | I 1111 | L 111 | 1111 | 111 | | I 111 | | l 111 I:
o 1 2 3 4 5 6 7 8 9 10

P, (GeV/c)

Small negligible effect expected from shadowing for p;>5 GeV/c

-> Observed suppression is a hot medium effect for p,>5 GeV/c
...but crucial to quantify initial state effects (analysis of p-Pb data ongoing)
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Prompt D meson R,, vs. charged pions

<D Ry >/ Ry p

g 2_[ T TT | T TT | LI I T TT I T T1TT | T T T TT 1T |_ +E§ 5:\Pt\) \Pb‘v\87\\2‘7\6-\re‘\/‘ T 1 ‘ LI ‘ 1T ‘ T T ‘ T T E
n ] = PP-Pb, \sy\=2. — — Rad (Vitev) ]

& 1 8 - Pb'Pb, \’ SN =2.76 TeV ] g 4.5 } Centrality: 0-20% Rad + dissoc (Vitev) {
C JLICE 4 o b - Average D°,D",D”, lyl<0.5 WHDG rad+coll (Horowitz) |

1 6:_ ‘ —: o 4 } from JHE.P 09 (2012) 112 AdS/CFT Drag (Horowitz) {

- o Average D’ D*,D™, lyl<0.5, 0-7.5% 1 | Charged pions, Inl<0.8 mens CUJETLO (Buzzati)

1 -4:_ with pp p_-extrapolated reference B 3.5 =
12 o Charged particles, ml<0.8, 0-10% 7 3 =

] = Charged pions, ni<0.8, 0-10% : - ]

] —] 2.5 —

0.8F- D R of -
0.6:] Charged hadrons E 1 sE -

C | ] - A= T ]

02 N — 0.5 -

%5[ 111 | 1111 | I | | L 111 l 111 | 1111 I 11l l 1 11 I: 0 - f

5 10 15 20 25 30 35 40 0 16

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

D and charged pion R,, very similar
Hint of smaller D suppression
Data from future runs should provide a more precise comparison with models

36



A. Rossi, CERN LHCP, Barcelona, 12-17 May 2013

Beauty at high p; with b-jets

CMS Preliminary \[Syy =2.76 TeV 5 CMS (* preliminary) PbPb\s,,, = 2.76 TeV
L L L L B L BN L 1 t T t ! ' ] T
i 1 1 i I . |
J Ldt=150ub" (PbPD), 231 nb” (pp) 1.8 *det:T-lSOubi :
21 o Data O 1.6 -
i Syst. uncertainty i 1.4 7
1.5 — ' 2“_ Ee Coget (05%) <2 b

=5 *bjer(0-100%) <2

PbPb b-jet fraction / pp b-jet fraction

- ! -3 O _
i + + | %[ b-jetR,, (0-100%) i
- il 0.6; -
0.5 . o.4h-‘:’"°0‘“ ¢ . b
- b-jet fraction: Pb-Pb/pp 1 0.2 Jet Ry, (0-5%) 1

% 00 120 140 160 180 200 %0 0 200 250 @00
Jetp_(GeVic) jet P (GeV)
\ Same R,, for b-jets and jets from lighter

quarks/gluon (expected at this p;)

Secondary vitx

N

Primary vtx

Ongoing analysis for pushing to lower p;, muon-jets,
double b-tagged dijets -
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Just a soup of results?

1.4
q:: C ALICE: Pb-Pbys,, = 2.76 TeV, L _ =69 ub™, 25<y<4
12 A Inclusive Y(18}, p_>0 GeVic :] Correlated syst.
- v InclusiveJhy,0<pT<BGeWc- Uncorrelated syst.
1 ---------------
0.8 JWVsY
: L]
« Bl g g
04— H m H
02
- 2.5<y<4
0_....1....I....I....l.l..l..l.l....l....
] 50 100 150 200 250 300 350 N n)
<1_27T\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\T .
c | ALICE
1*PbeVSN ,,,,, =278TeV 1
o D°, lyl<0.5, 2<p <5 GeVic b
m Inclusive J/y, 2. 5<y<4 0, 2<p,<5 GeV/c
0.8 Z Correlated syst. uncertamtles H
. OUncorrelated syst uncertainties |
y|<0.5 1
0.6 ¥ H 2 5<y<4 ]
0.4\ N W 5 ]
02 Inclusive J/\y Vs D at Iow P
: common normalization uncertainty: 7% (peripheral) to 4% (central) :
0\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

0 50 100 150 200 250 300 350 400
part

<1_27\\\\\\\\\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\7
c L ALICE ,
- Pb-Pb, \/STN =2.76 TeV
U I e ]
- ¢ Average D°, D', D™, 6<p <12 GeVic
N (g CMS prompt J/y, p,>6.5 GeV/c 7
0 8; ZCorrelated syst. uncertainties ]
L [JUncorrelated syst. uncertainties i
B - Vs D at high p:
0.6 it
- @ - ly[<0.5 7
0.4+ = @ —
0.2 @ -
:common normalization uncertainty on ALICE data: 7% (peripheral) to 4% (centrali
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0O 50 100 150 200 250 300 350 400
part >
Many caveats!
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Quarkonia suppression & regeneration

Hot QGP-> quarkonia suppression due to Debye-like

T/T¢ 1/(r) [fm]
~

screening of QCD QQ potential (“melting” of bound QO states) 2 - [vas)

-> “historical” signature of deconfinement
(T. Matsui and H. Satz, PLB 178 (1986) 416)

> Sequential suppression of quarkonium states, stronger for
less bounded states (S. Digal, P. Petreczky, H. Satz, PRD 64 (2001) 0940150) sTe¢

Surprisingly similar Jp suppression at RHIC and SPS energies
- Could quarkonia states be (re)generated via recombination

% (1P)

1.2l 7/y(15) Y(25)

% (2P) Y'(35)
x(1P)  wr(2s)
A. Mocsy
ur.Phys.J.C61,2009

(coalscence) of deconfined quarks? (P. Braun-Munzinger, J. Stachel, PLB 490 (2000) 196)

O NA38, S-U, syst

[+'4 m 9
1.4 @ NABD, In-in, syst_
=+ 1%
global
m PHENIX, Au-Au y=0, syst =+ 12%
1.2/ o
- O PHENIX, Au-Au 1.2<|y|<2.2, systgm

NASO0, Pb-Pb, syst

=+ 1%
jobal
=+ 1%

=14 9.2%)|

F.SPS

50400150 200" 350" 300 350 400

part

J W Production Probabality

statistical recombination

’ . Thermal dissociation

Energy Density

LHC vs. RHIC

Larger energy density

=>»stronger suppression
Higher ccbar multiplicity
=>» larger recombination

39



A. Rossi, CERN

LHCP, Barcelona, 12-17 May 2013

Open heavy flavor measurements

Semi-leptonic decays (c,b)

rec. track

e,l

Primary
vertex

do

Displaced J/P (from B decays)
M+

Full reconstruction of D meson hadronic
decays

JIp w
B
L,,
Jet b-tagging
Displaced
cks
Secondary

Vertex

/ !
ny /
7/ /
1
’

1

Primary BRI
1
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ALICE, ATLAS, CMS kinematic coverage

- Open heavy flavour-

, refers to published pp for pp 10° for pp
10 /=S L L N B L O L B B B L L 102:| LI B T :l L L L '/ | | | |
—~ F ALICE D mesons m F ALICE 5 - ALICE % J/y from B
§ [ ATLAS % - ATLAS S L ATLAS -
8 I 8 | CMS 8 L CMS
E 10¢ E 5 10 . £ o E
‘g‘ N ] - ] 3 -
£ C £ C = £ -
o o I ] <] i
g £ ] £
$ 1 E a1 - a 1 = = 3
5 ¢ g ] s ¢ = =
2 2 2 = =
g 8 S = =
= " a = =
| O N PO IO PO O AN B B ALL L e 10 L L TR L S B L1
105 43210123465 05 432101232435 054321012345
Rapidity Rapidity Rapidity

Complementary rapidity and p; coverage:

ALICE: unique low-p; reach (thanks to tracking and PID)
ATLAS/CMS: large rapidity coverage. High momentum space explored. Low
momentum reachable with secondary J/ ¢ but not at mid-rapidity (CMS).
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Quarkonia measurements and

kinematic coverage

ALICE (forward), ATLAS, CMS: J/i, W(2s),Y(ns)»uw

ALICE (mid rapidity): J/jp>e*e refers to published pp

1025|'|'|'|'//|'|'|'|'1'|'|5 1025"'""""""'J""E
5 [ ALICE Wi s fFAuce _ Y(1s) 1
S [ ATLAS 7 ] > [ ATLAS 1
& tcms ¢ [ CMS -
§10_— — 5105 _|
] C . . c F

L Q
g [ g I
[«] o]
g | £
g 1 E & 1 E
[ r [ r
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Complementary rapidity and p; coverage:

ALICE : unique low-p; reach for charmonia especially at central rapidity, unique for
bottomonia at forward rapidity

ATLAS/CMS: large rapidity coverage. Similar coverage, down to p;=0 for bottomonia
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Stimulating for models
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Successful models are required to predict both R, ,

and v, - measurements stimulate theory
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TAMU: M. He, R. J. Fries and R. Rapp, Phys. Rev. C86 (2012) 014903.
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The reference: HF in pp

HF sessions
on Tuesday,

Wednesday
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« Consistent results among LHC experiments

« Charm (beauty) x10 (100) from 0.2 (RHIC energy) to 2.76 TeV

« Energy dependence of total charm [beauty] cross-section well
reproduced by pQCD calculations over 4[3] order of magnitude

44



Data Data
GMVFNS FONLC

A. Rossi, CERN

(ub/GeVi/c)

t lyk0.5

do /dp |

10°

LHCP, Barcelona, 12-17 May 2013

~The refe rence: HF in Pp

10°

—
o

—

10"’

t

do* “F/dp, (pb/0.5 GeVi/c)

data/FONLL

10“

o = N

T T T T

™

' ALICE
D", ppVs=7TeV,L _=5nb"

ALICE, D™
JHEP01(2012)128

RERRLLLL N

L1

& st unc.

st:: unz

==
=5
Clronu
Clomvins

3.5% lumi, = 1.5% BR norm. unc. (not shown)

T R

LELALALL B R SRR |

|

I

Il I

AARARNI

ﬁ Clemme—— -

MTTTTTTTrT,

Lbbbttab s

5 0 5 pEO(GeV/c)

ALICE pp Vs=2. 76 TeV, p* <—HF in 2 5<y<4
N —— data E
[ ] p¥HF, FONLL +
— —— p*charm, FONLL
p*beauty, FONLL

[INTS)
T

o

1/(2rp) d*c/(dp dy) (mb/(GeV/c)?)

Data/FONLL

—4—ALICEc,b > e
10°L —4- ATLASc,b > e
F — FONLLc,b—e,|y| <05

pp, Vs =7 TeV

ATLAS “.

e — FONLLc,b — e, ly] <2 excl. 1.37 < |y| < 1.52™

uul

4.5;_._...” t t —+—+——++

o

u" § 0 i e

e s L

|
4 5678910

0 E T L 1 11 1 1
4x10° 1 2 3
P, (GeV/c)

(ALICE) Phys. Rev. D86 (2012) 112007
(ATLAS) PLB 707 (2012) 438

FONLL: Cacciari, Frixione, Mangano, Nason and

Ridolfi, JHEP0407 (2004) 033

1/(2xp,) d°o/(dp,dy) (mb/(GeV/c)* )

Data/FONLL

B x d%/dp_dy (nb/GeV/c)

s
o

—
(=]

s T
o
-
T

[y
o
n

HF sessions
on Tuesday,
Wednesday

N

-

2E CMS,\s =
| L=314nb"

-CMS, EPIC

== B— Jiy, FONLL 5

B >J/1p X

7 TeV

CASCADE
PYTHIA
—— CMS data

16<Iy I<24‘

(2011) 1575 4

.qx
| IR .

25 30
p‘:_"" (GeV/c)

pp,\s=7 TeV,J-Ldt =22nb"

% C->e

YT

e b(—c)—oe -
vcoe
—FONLLb (= ¢) — e ]
~——FONLLc — e

4 5 6 7 8

P, (GeV/c)

... and p; differential cross-section as well
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Y(1s) suppression

N Pb-Pb \s,, =2.76 TeV, inclusive Y(1S), pT>0 GeV/c
A ALICE:L _ =69 ub™, 0%-90%
ALICE Vv CMS:L =150 ub™, 0%-100%
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Models based on anisotropic hydrodynamics
formalism with a boost-invariant wide plateau
temperature profile in the spatial rapidity
direction can reproduce the results (CNM
effects not included)

A kinetic model including suppression & (small)
regeneration can reproduce data as well

46



A. Rossi, CERN

LHCP, Barcelona, 12-17 May 2013

)/ suppression & regeneration?
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Models including a relevant contribution from
recombination (>50%) or models with all J/y

produced at hadronization from deconfined

quarks can describe data reasonably well
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Inclusive J/ v,
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J/y elliptic flow

Liu, Xu and Zhuang NPA834(2010) 317c
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Analysis performed with the EP approach (using EP from VZERO-A)
Correct v,°°s by the event plane resolution, v,=v,°"S/o,  (0gp measured by 3
sub-events method)

Checks with alternative methods performed
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J/y from b-hadron decay

CMS PAS HIN-12-014
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Cold nuclear matter effects

Even in the absence of effects from “hot deconfined medium” R,, can different from 1 due
to cold nuclear matter effects (CNM). Many effects, main ones: L. Manceau on Monday
C. Loizides on Wednesday
e Parton shadowing: modification of nuclear PDFs with respect to proton ones
(suppression at low x value).
* Cronin effect (enhancement of intermediate-p; hadron spectra in p-A collisions), due to
transverse momentum (k;) broadening of both initial and final-state partons
* Parton energy loss in cold nuclear matter
e (for quarkonia) Nuclear absorption of the qgbar pair before hadronization

Nuclear modification of PDFs

~ 14 | | | kl | | | | | | 14 Large uncertainty at low x
> 12 __va ence quarks giuons ) 12 (x<103), relevant region for
O 10 o g 10 heavy flavor production
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D meson azimuthal anisotropy -

Today on arXiv: 1305.2707
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- at intermediate-high p: path-length

dependence of energy loss

Raa “in-plane” (shorter path in the medium)

vs. Ry, “out-of-plane” (longer path)
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First measurement of D meson v,!
- D meson v,>0 in 30-50% class
- Comparable to v, of charged hadrons
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