LHC results on open heavy quarks
and quarkonia

Heavy quarks and quarkonia
in thermal QCD
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A new episode of a long story....

...27 years after O beams ...13 years after Au beams
were first accelerated in the SPS were first accelerated at RHIC

... and barely 2.5 years (!!!) after Pb beams
first circulated inside the LHC




Are LHC results matching our
expectations?
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Boxes: Fully correlated systematics
sted combined statistical+systematic

Definitely yes !
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..and RHIC is keeping pace

T (1S+25+3S) s~ e‘e’, Au+Au
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Model: M.Strickland and D. Baxow, arXiv: 1112.2761v4

® ' PHENIX Preliminary
Global Sys + 28.4%
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...but we will focus today on LHC



Heavy quark energy loss...

d Fundamental test of our understanding
g: colour triplet ———y of the energy loss mechanism, since
u,d,s: m~0, Cx=4/3 §

966 AE depends on
919?°'°”r - et Q Properties of the medium
Q: colourtri;)le: _aad d Path Ieng_t_h
_ ) ..but should critically depend on the
c: m~1.5 GeV, C=4/3 :
b: m~5 GeV, . Cq=4/3 properties of the parton
d Casimir factor

O Quark mass (dead cone effect)

w, = 0.4
—_— Charm dN_Ady = 1750
— Bofomn dM_idy = 1750

— - Charm dN_/dy — 2900 AEquark < AEgluon
- Somom N oy - 200 AE, < AE; < AEjght q
B (m,~5Gev)

which should imply

Ran (B) > Rpa (D) > Rpp ()

S. Wicks, M. Gyulassy, JPG35 (2008) 054001



...and v,

A Due to their large mass, c and b quarks should take longer
time (= more re-scatterings) to be influenced by the collective
expansion of the medium - v,(b) < v,(c)

A Uniqueness of heavy quarks: cannot be destroyed and/or
created in the medium - Transported through the full system

evolution 3. Uphoff et al., PLB 717 (2012), 430

electrons, |y| < 0.8 ——

muons, 2.5 < |y| < 4.0 e

non-prompt J/psi, |y| < 2.4 -
D mesons, ly| < 0.5

ng=3+2, running coupling,
. : 1(=0.2, K=3.5
'Initial hard

N
parton
 scatterings - /

Jhy
regeneration

‘ ““Pb+Pb
QGP Vs =2.76 TeV

Can the unprecedented abundance of heavy quarks produced at the
LHC bring to a (final ?) clarification of the picture ?



LHC, 3 factories for heavy quark in Pb-Pb
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A (slightly) closer look to experiments: CMS

Q Tracker p;resolution: 1-2% up to p~100 GeV/c
d Separation of quarkonium states
A Displaced tracks for heavy-flavour measurements

om m

Muon
Electron
Charged Hadron (e.g. Pion)
- Neutral Hadron (e.g. Neutron) 4
Photon

d “"Global” muons reconstructed with information from inner
tracker and muon stations

A Further muon ID based on track quality (x2, # hits,...)

d Magnetic field and material limit minimum momentum for muon
detection - p- cut for J/y



A (slightly) closer look to experiments:

O Main difference with respect to CMS:
PID over a large p;range, down to low p; (~0.1 GeV/c)
O TPC as main tracker > slower detector, lower luminosity

Q “Intermediate” situation for the forward muon arm
O Faster detectors, can stand higher luminosity



“Indirect” measurements

d Semileptonic decays, the shortcut to heavy quark production
(pioneered by RHIC and also SPS!)

d ALICE: HF muons at forward rapidity (-4<n<-2.5)
d Non-negligible background issues

Pythia Perugial
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@ Remove hadrons and low-p. secondary i — matching tracks with trigger

@ Remove decay po — vertex displacement, high-p; data, models



"I ALICE Pb-Pb | 5,,=2.76 TeV, it HF in 2.5<y<4

0-10%
40-80%

Filled boxes: systematic uncertainty on normalization
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Results

Forward muon spectrometer

d Muon ID: matching
track/trigger, rejects hadronic
punch-through

Q Background from n/K
extrapolated from mid-y
(assuming y-dep. of Ry,)

O Reference: pp at 2.76 TeV

- Factor ~3-4
suppression for central
events, weak p+-
dependence




What about central rapidity ?

O ATLAS measures muons from HF in |n|<1.05, 4<p;<14 GeV/c
0 No pp at 2.76 TeV reference available, use R, rather than Ry,

+10-20%/ 0-10%
- 20-40% / 0-10%
= 40-60% / 0-10%
+ 60-80% / 0-10%

_[L dt=7ub"
ATLAS Preliminary

ml < 1.05

BOXES: Fully correlateq sysiemartics

Error bars: uncorrelated combined statistical+systematic

HF yield through fit of templates
for discriminant variable C

! Prefiminary
Pb+Pb s =2.T6TeV
Drata 2010 + 2011 -
L, =0.15nk +++

ml = 1.05
10 = p, < 14 GeV
0-10%

I Ldt=T7pb"
—— lEIﬂ—EIﬂI:I”'L | I]EIID-BGF"‘& ATLAE Preliminary

+— (30-40)% / (60-80)%
—e— (0-5)% / (BO-80)%

0 R-p subject to statistical fluctuations - use R too!
Q ~flat vs p; up to 14 GeV/c, different from inclusive Rgp!

If ~no suppression for 60-80% —> central ~ forward suppression




Electron ID in ALICE

O Low-p; electrons identified mainly via dE/dx in the TPC for MB events
4 High-p; electrons: EMCal becomes essential (in addition to TPC)

TPC: dE/dx

7.3:10° colllsions !

- TOF roquired: [t _-t|=

i ALICE  ~
e 25:07/2012

| T T T | T | T | T T T | T T T | T E
Heavy flavour decay electrons 3
® pp,\s=7 TeV scaled to vs = 2.76 TeV, |y|<0.5 {rebunned}
additional 3.5% normalizaton uncertainty
arXiv : 1205.5423
B pp.s= 276 TeV, |y|l<0.7
additional 1.9% normalizaton uncertainty
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Electrons at midrapidity

A ALICE measures inclusive electron production at midrapidity

d “Photonic” background subtraction through invariant mass
reconstruction (pair candidate with other e and reject low masses)

d Contribution from J/y - ee also subtracted
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- Haavy Navour decay alectrons
# 2.76 TV Pb-Pb (0-109%), | j<0.6
PP7 TeV — 2.76 TV = { T,, } (ALICE)
« Pp7Tevw— 276 TeV x {T,, ) (ATLAS)
—— FONLL 2.76 TeW {Uncartainty bandi

L T T I T T | LI ‘ T [ T | T I T 1T T T T ]
E Pb-PDb, \s,, =2.76 TeV, 0-10%
e pp ref (scaled cross section at 7 TeV)

AA

* pp ref (FONLL calculation at 2.76 TeV)

Reference:

pp at 7 Tev + FONLL ALICE

PRELIMINARY

Heavy flavour decay electrons R
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Suppression in 3<p;<18 GeV/c (factor up to ~3)
Hints for less suppession at high p; ?
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More complex topologies

D*JF—J*D{] n SKnatnt

D+5 — qb JT+—:"K+K_T[+

A D*: look for soft pion from primary
vertex (strong decay)
0 100-200 MeV momentum,
detection in the ITS (no PID)
a Small Q-value, signal at the
beginning of Am plot, background
not too large

Q D.: small ct factor wrt D*

d 2K PID helps removing background,

but not enough
Q Selection around ¢-mass
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Mean = 1.970 = 0.003
Sigma =0.012 = 0.004
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Invariant mass K= (GaVie)




D-meson Ry,

d ALICE: D-mesons at central rapidity

A Invariant mass analysis of fully

reconstructed decay topologies displaced JE pfiTge’C/c
from the primary vertex

PbPb,\s,,=2.76 TeV

Centrality: 0-7.5%

N

1= 1.864 +0.001
6=0.010+ 0.002

S (30) = 12803 £ 432
S/B (3c) = 0.087

AD°
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mD" |y|<0.5
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ALICE

.D + PRELIMINARY

0-7.5% centrality
Pb-Pb, | s, = 276 Tev | AMBXGIETglelS

Filled markers : pp rescaled reference D 7 TeV Scaled to 2'76 Wlth FONLL
Open markers: pp pT-extrapolated reference D Use FONLL Sha pe |f no pp

1.95 2 2.05
Invariant Mass (Kr) (GeV/c?)

Raa prompt D

—

a DY D* and D** R,, agree
within uncertainties

Strong suppression of prompt D
mesons in central collisions
- up to a factor of 5 for
P10 GeV/c




Comparisons: what do we learn?
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0 To properly compare D and Q Similar trend vs. p; for D,
leptons the decay kinematics charged particles and n*

should be considered :
(p_l_ zO.S.pTB at hlgh pTe) Hint of RAAD > RAAH at low pT?

- Look at beauty




Charm(ed) and strange: Dg Ry,

Q0 First measurement of D.* in AA collisions

O Expectation: enhancement of the
strange/non-strange D meson yield at
intermediate p; if charm hadronizes via
recombination in the medium

N

Pb-Pb,\[s\, = 2.76 TeV

o)

ALICE

FRELIMIMARY
e Average D°, D*, D* 0-7.5%, |y|<0.5
o D! 0-7.5%, |y|<0.5

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

Raa prompt D
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Di—on - K'Kn*

Centrality 0-7.5 %
4 < pT(D )< 12 GeV/c

:
Significance (30) 4.8+ 1.3

S (30) 774+ 217 Mean = 1.970+ 0.003

B (30) 25078+ 56 gigma = 0.012 + 0.004
S/B (30) 0.0309

2 2.05
Invariant mass KKz (GeV/c?)

——D D; O Strong D_* suppression (similar as

DO, D* and D**) for 8<p<12 GeV/c
O R,, seems to increase at low p+
Q Current data do not allow a
conclusive comparison to other D
mesons within uncertainties
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Non-prompt J/vy

Suppression hierarchy (b vs c)
observed, at least for central
collisions (note different y range)
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The new frontier: b-jet tagging

O Jets are tagged by cutting on
discriminating variables based
on the flight distance of the
secondary vertex
- enrich the sample with b-jets

CMS Preliminary \[Syy =2.76 TeV

10°
80 = p_< 100 GeV/lc —e— PpPh data

b-tagged sample I b-jet template

[ c-jet template
I usdg-jet template
¥*/NDF =101/ 11

=
o

cC

2
4]
=

]
a—
z
7
5

Number of jets

0 01 02 03 04 05 06 07 08 09
b-jet efficiency

Factor 100 light-jet rejection

i 2 3 4 5
Secondary vertex mass (GeV/c?) for 45% b-jet efficiency

d b-quark contribution extracted using template fits to
secondary vertex invariant mass distributions



CM 5 preliminary \ISNN =276TeV
T T T | T T T

b-jet vs centrality/p+ e

Centrality 0-100°%

CMS preliminary \[Syy = 2.76 TeV

1 0.04
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Noar

A b-fraction ~constant vs both p; and

centrality
Q b-fraction similar (within errors)

in p-p and Pb-Pb

PbPb b-jet fraction / pp b-jet fraction

L Pb-Pb/pp

v by s ey oy ey ey ey
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Beauty vs light: high vs low p+

5 CMS (* preliminary)  PbPb\/s,, =2.76 TeV
| ' [ ' | ' [ ' | '

—&— Charged particles (0-5%)
1 b-quarks (0-100%)

(via secondary Jify)

e Fill-the gapl----
I A ]

d Low p4: different suppression
for beauty and light flavours,
but:

A Different centrality
O Decay kinematics

5 CMS (* preliminary)  PbPb\/sy, =2.76 TeV

e e e B
—fL dt = 7-150 b

Lo ' gigjet (0-5%) Ii2
S * b-jet(0-100%) <2

150 200 250
jet P, (GeV)

d High p+: similar suppression
for light flavour and b-tagged
jets




HQ v, at the LHC

A First direct measurement of D anisotropy in heavy-ion collisions
A Yield extracted from invariant mass spectra of Kx candidates in
2 bins of azimuthal angle relative to the event plane

V., = 1 Z N IN N OuT
, =
R, 4 N+ Ngyr

22/05/2012
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Indication of non-zero D meson v, (3o effect) in 2<p;<6 GeV/c




d Raw vyield in and out of plane in 30-50%

Q Efficiencies from MC simulations

O Feed-down subtraction with FONLL

O Reference: 7TeV pp data scaled to 2.76 TeV
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Electron v,

Q As for single-electron R,,, different detection techniques according to p+

—a—— TPC-TOF (2010,2011) EP V0 =08 ! y Jinclusive background
; \ (1+ R ), — N e

—B8— TPC-EMCal (2011) EF VDA iyl<0.7

hdusivee'v,

R

background
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= ALICE : Pb-Pb, {5, = 2.76 TeV, 20-40%, |n|<0.7
o PHENIX :Au-Au, 5,

o = 200 GV, 20-40%, In|<0.35
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O HFE v,>0 observed in 20-40%
>3c in 2<p;<3 GeV/c

O Suggests strong re-interaction with
the medium

O Magnitude of v, comparable at
RHIC/LHC in the common p; range
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Data vs models: D-mesons
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Consistent description of charm R,, and v,
very challenging for models,

can bring insight on the medium transport properties,
also with more precise data from future LHC runs




Data vs models: HFE
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Pb-Pb, \s\\ = 2.76 TeV, 0-10%, In|<0.6
e pp ref (scaled cross section at 7 TeV)
*  pp ref (FONLL calculation at 2.76 TeV)

= 1+ BAMPS
= = Rapp et al.
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PRELIMINARY
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Simultaneous description of heavy-flavor electrons R,, and v,

¥

Challenge for theoretical models




Heavy quark — where are we ?

d Abundant heavy flavour production at the LHC
d Allow for precision measurements
d Can separate charm and beauty (vertex detectors!)
d Indication for R,,Peauty>R ) charm gnd R, Peauty>R ,  light
O More statistics needed to conclude on R, @™ vs, R, ,lignt
d Indication (3c) for non-zero charm elliptic flow at low p;
O Hadrochemistry of D meson species:first intriguing result on D,

5 CMS (* preliminary)  PbPb\/sy, = 2.76 TeV

PbPb\[s, = 2.76 TeV
El ALICE: cquarks

&5 Charged particles {0-5%) ’ average DO, D", Dt } "
[l - (o7 I
8 b-quarks (0-100%) B<p <12 GeVic, lyl<0.5 ! 5 0-7.5% centrality
Pb-Pb, | s,y =2.76 TeV

b-quarks P Filled markers : pp rescaled reference

ia secondary J/‘I’(Il-+ll') Qpen markers: pp pT—e:drapcIated reference
6.5<pT<iU GeV/c),lyl<2.4

(via secondary Jfy)

i ; #:+=ﬂ=+

50 100 150 200 250 300 350 400
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part



Intermezzo: multiplicity dependence
of D and J/vy yields

Q Should help to explore
the role of multi-parton
interactions in pp
collisions

O The ~linear increase of
the yields with charged
multiplicities and the
similar behaviour for D

and J/y are remarkable....

...but need to be explained!
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B feed-down unc,

pPp Is =7 TeV
— ¢ D”meson, ly|<0.5, 2<p <4 GeV/c
» D" meson, |y|<0.5, 2<pT<:4 GeV/c
— 4 D* meson, |y|<0.5, 2<p <4 GeV/c

+7%/-3% normalization unc. not shown

PEELIMINARY

¢ Jy — e'e, |y|<0.9, P, >0
¢ Jy —u, 2.5<y<4. Cl P, >0

1.5% normalization unc. not shown
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Charmonia - the legacy

A The first “hard probe” to be extensively studied

d Several years of investigation at SPS and RHIC energies

1.3 IS N LU B B LI AL LA B
] In-In 158 GeV (NA60) T m 2004 AutAu, [y]<0.35. global sys. =+ 12%
Pb-Pb 158 GeV (NA50)

e 2007 Au+Au, 1.2<|y|=2.2, global sys. =+ 9.2%
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d Role of (re)generation still under

debate Still producing new results !




Great expectations for LHC

...along two main lines

statistical regeneration

e

1) Evidence for charmonia
(re)combination: now or never!

o
3
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¥
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z
o,
=
—

sequential suppression

Energy Density

2) A detailed study of
bottomonium suppression

A Finally a clean probe, as J/y at SPS

Yes, we can!




Once again, the main actors

Complementary kinematic coverage!

Will LHCb join the club ?




ALICE, focus on low-p+ /vy

— Same event Centrality: 0 - 80

Mixed event | SE/MEfitrange: 3.2- 4.0
! | x%NDF =1.0803
Sig. range: [2.92,3.16]

ALICE

PERFORMANCE
16/05/2012

%%

ALICE

FERFORMANCE
22/05/2012

entries per 40 MeV/c

Events/(50 MeV/c?)

ly|<0.9

L L ‘ L L L L ‘ L L L L L L L \3 L i| L L L L L L | L L L L
b S/B: 0.0236 + 0.0036
— MC shape Signif.: 6.65 + 0.15
# events = 12794050

Pb-Pb, {Sy= 2.76 TeV
2.5< Y i <4

IH|H|4\II|I\I|HI‘IH"}

Ny, = 39502 + 815
oy,= 75.1% 1.6 MeV/c?
S/B (30) = 0.212 £ 0.004
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O Electron analysis: background QO Muon analysis fit to the invariant
subtracted with event mixing mass spectra - signal extraction by
- Signal extraction by event integrating the Crystal Ball line shape

counting




J/v, ALICE vs PHENIX

ALICE Preliminary, Pb-Pb '\,"S_NN =2.76TeV,L =70 pb‘1
Inclusive J/ y, 2.5<y<4, 0<p T<8 GeV/c  global sys.= +14%
PHENIX (PRC 84(2011) 054912), Au-Au  {s,,,, = 0.2 TeV
Inclusive J/ y, 1.2<|y|<2.2, p T>0 GeV/c global sys.= +9.2%

ALICE Preliminary, Pb-Pb 1“"% =276 TeV,L=~15pub"
Inclusive Jiy, |y|<0.9, pT>O GeVic global sys.=+ 26%

PHENIX (PRC 84(2011) 054912), Au-Auys,, = 0.2 TeV
O Inclusive Jiy, |y|<0.35, pT>O GeVic global sys.=% 12%

HQH

1y

50 100 150 200 250 300 35(?\/ 400 50 100 150 200 250 300 350 400
part

d Even at the LHC, NO rise of J/y yield for central events, but....
d Compare with PHENIX

d Stronger centrality dependence at lower energy
0 Systematically larger R,, values for central events in ALICE

Is this the expected signature for (re)combination ?




Raa VS (Moo iN pr DINS

Q J/y production via (re)combination should be more
important at low transverse momentum

Inclusive J/y, 2.5<y<4
Pb-Pb |5,,=2.76 TeV, L= 70 ub™" . zhao et al, NPA 859(2011) 114

1.2 HLICE global sys.= +6% --- primordial
— regeneration

100 150 200 250 300 SSQN 490

Inclusive J/y, 2.5<y<4
Pb-Pb |5,,=2.76 TeV, L= 70 ub™" x. zhao et al, NPA 859(2011) 114
global sys.= 6% === primordial

o 5<pT<8 GeVic

recombination —

100 150 200 250 300 350N 490

part

0 Compare Rpp Vs (N, ) for
low-p;r (0<p;<2 GeV/c)
and high-p; (5<p:<8 GeV/c)
I/

A Different suppression
pattern for low- and high-

pr /v

O Smaller Ry, for high p; J/v

d In the models ~50% of
low-p; J/y are produced via
(re)combination, while at
high p; the contribution is
negligible > fair agreement
from Np,~100 onwards

38



D::E 14 " Inclusive Jly, 2.5<y<4 §3 5l Inclusive J/ y h
19 " Pb-Pb |5, =2.76 TeV, L= 70 ub™, global sys.= +6% FlLfICE % " b A ALICE, pp ¥5=2.76 TeV, 2.5<y<4 H}a.
" e 0<p <2GeVic PRELIMINARY © [ o ALICE, Pb-Pbys =276 TeV, 25<y<4  AITGE
P A T 5[ A PHENIX, pp 5=200 GeV, 1.2<y|<2.2 "
- S 2 e PHENIX, Au-Au5,=200 GeV, 1.2<|y|<2.2
08l T " o PHENIX, Cu-Cu {[s,,=200 GeV, 1.2<|y|<2.2
i H 25
061 ¢ E ' g ¢ & ¥
v | i} ) &
0.4 % 3 21 ; W
02/ s gt S
L 1 5 |
) T IR AN VAUV BT SIS VIR IR
0 50 100 150 200 250 300 35%N 4)00 i
pal’t 1 ||||||| ||||||| |

10 100y
d Expect smaller suppression for

low-p; J/y - observed!

The trend is different wrt the one observed at lower energies, where

an increase of the <p;> with centrality was obtained

O Fair agreement with transport models and statistical model




CMS focus on high p+

| CMS Simutation ~ _
- - PYTHIA + EvtGen + PHOTOS
F-ppNs=276TeV - - ~

- Prompt JAys -

I o
CMS Szmulétlon
PYTHIA + EvtGen + PHOTOS
pp Vs =276 TeV

O Muons need to overcome the magnetic field
and energy loss in the absorber

a Minimum total momentum p~3-5 GeV/c to
reach the muon stations

Q Limits J/y acceptance
A Midrapidity: p>6.5 GeV/c
O Forward rapidity: p>3 GeV/c

..but not the Y one (p; > 0O everywhere)

Jhp CMS Prelwmmary
PbPb \ =2.76 TeV

L, (PbPb) = 147 b’

M
hﬂ.
",
L,
w

p# >4 GeV/c

M (GEV/C?)



CMS explores the high p;region

2 _‘ CMSP[E'ImInﬂ[}F S
. PbPbys,,, =2.76 TeV

e Iyi<1 2
m12dyl<16 | T
+ 16dyl<24

Y B

Centrality dep.
in

Prompt JAy

L

5_5-=:pT-=:3{} GeVic

III|IIII|IIII|IIII|IIII|IIII|IIII-
50 100 150 200 250 300 350 400

Noar

50-100% 0-10%

O (Maybe) we still see a hint of p; dependence
of the suppression even in the p;range
explored by CMS

O Good agreement with ALICE in spite of the
different rapidity range (which anyway
seems not to play a major role at high p;)

4 CMS Prellmlnary -

C F‘be\f =276 TeV

Prompt JAp

06

04

02

% 65<p <30 Ge

+3<p_<6.5 GeVic

L 1.6<lyl<? 4

50-100%

|||||||||||||||||||||||||||||||||||||||
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12F

F
0.8
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0.4

r ALICE Preliminary, Pb-Pb {5, =2.76 TeV. L, aTO;.lb"

ALICE
PRELIMINARY

B Inclusive Jiy, centrality 0%-90%, 2.5<y<4
CMS (JHEP 1205 (2012) 083), Pb-Pb y5,y

global sys.=+ 7%
-276TeV,L  =7.3ub’

@ Inclusive Jiy, © tlly0/1(]0/16y24 g\b\y +8.3%




CMS vs STAR high-p; suppression

CMS: prompt Jiy . .
- :w .=...-,Tmp * should be negligible

6.9 < p_< 30 GeVic

aQ CMS: prompt J/vy
pr > 6.5 GeV/c, |y|<2.4
0-5%
- factor 5 suppression
60-100%
- factor 1.4 suppression

_ =
AuAu \s, =200 GeV m
+r STAR: Jhyp (arxiv:1208.2736)

lyl<1.0 d STAR: inclusive J/vy

p_>5 GeVic pr>5 GeV/c, |y|<1

50 100 150 200 250 300 350 400
N,

High p;: less suppression at RHIC than at LHC



g

Rapidity dependence

d Rather pronounced in ALICE, and evident in the forward region
(~40% decrease in Ry, in 2.5<y<4)

A More difficult to conclude between mid- and forward-rapidity

O Not so pronounced at high p; (see CMS, previous slides)

O PHENIX-like ??

1 ) -
ﬁ 4 o ALICE Praliminary, Pb-Pb {5, = 2.76 TeV, L= 70pb" Sha d owing
I W Inclusive Ly, centrality 0%-90%, O<p <8 GeWie  glohal sys = +6% estimate
120 ALKCE e i oo 270 e (EPS09, nDSg)

Inclusive My, cantrality 0%-80%, |w|=0.9

Compatible with
central,
NOT with forward y

Shadowing in Pb-Fh |5, = 2 76 TeV

— EP508 shadowing (R Vogt & al.}, |:|IZ='{I

More general
CNM issue

. nDSy shadowing (E.Ferreirc & al.), p=0

ALICE common glob. sys. =+ 4 %

05 1 15 2 25 3 35 4
y




Does the J/vy finally flow ?

d The contribution of J/y from (re)combination should lead
to a significant elliptic flow signal at LHC energy

> Pb-Pb \S, = 2.76 TeV
Centrality 20% - 60%

Jy:25<y<40, 15 < p_<10.0 GeVic
B ALICE Prel. Pb-Pb s, =2.76 TeV, Jiy: 25 <y <4.0,pT2 0 GeV/c '

ALICE

STAR Prel. Au-Au \s, = 0.2 TeV, JAy: In|<0.8, JPG 38 (2011) 124107
PRELIMINARY

70 80 90
centrality (%)

A First hint for J/y flow in heavy-ion collisions (ALICE, forward y) !
Q Significance up to 3.5 o for chosen kinematic/centrality selections

d Qualitative agreement with transport models including regeneration



J/y at the LHC: a “"summary” plot

4|-PbPo Preliminary |5 = 2.76 TeV 4 Main "qualitative” features

now explored
CMS: prompt Jhyp ALICE: inclusive J/y

mlyl<24 e 20<y<40

6.5< p <30GeVic o lyl<0.9 Q Precise theory calculations

F are now needed!
@( Q Effect of “inclusive” (ALICE)
vs “prompt” (CMS)
expected to be small
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“Onset” of regeneration at small y, p; ?




J/w and open charm, more questions

2<pr<5 GeV /¢ ALICE i : pr=6 GeV/c ALICE
Pb-PD, (S = 2.76 TeV Pb-PD, S0y = 2.76 TeV

¢ Average D°, D', D", B<p <12 GeVic
ih CMS prompt Jiy, p_>6.5 GeV/c
—Correlated syst. uncertainties
[(JUncorrelated syst. uncertainties

@ D° lyl<0.5, 2<p <5 GeVic
m Inclusive Jihyp, 2. 5<y<4.0, 2<p_<5 GeVic
Z Correlated syst. uncertainties

OUncorrelated syst. uncertainties

0.6

;

0.4

@ m
Q @
| comimeon normalization uncerainty on ALIGE data: 7% (peripheral) to 4% (cantral

IIIIII ||||||||||IIII|IIIIIIIIIlIIIIII||||||||
350 400 UU 50 100 150 200 250 300 350 400

part { Npart

0.2

common normalization uncartainty: 735 (peripheral) to 47 (central)

IIII|IIII|IIII|IIII|IIIIIIIII|III
50 100 150 200 250 300

[ALICE Coll. arXiv:1203.2160 (2012)]  [CM5 Coll., JHEP 05 (2012) 063]

Q Is the apparent similarity of D and J/y R,, telling us something ?
Q In principle suppression mechanisms are different (en. loss vs suppression)
but....




v(2S): CMS vs ALICE

CMS Preliminary
M, : 3510= 112

PbPD Sy, =2.76 TeV R ge;: 0.105 = 0.020
L.E:_Im"l}r‘l u={5ﬂ=1hMB‘fﬁ:’

—

PERFORMANCE
7/08/2012

#* data
e total fit
== background

3 <p;<30GeVic
1.

o
=
©
=
L]
[a=]
—
=
1151
%]
—
@D
=
i}

1.
1.
1.

Pb-Pb, |s,,,= 2.76 TeV
25<y<4 0< pT-=3 GeV/c

Events /({ 0.04 GeV/ic®)

40%-60%

6<|y|<24

26 28 3 32 34 36 a8

m,, (GeVic?)

24 26 28 3 32 34 36 38 4 42
m,,, (GeVic?)

a y(2S) much less bound than J/y

d Results from the SPS showed a larger suppression than for J/y
(saturating towards central events ? One of the landmarks of stat. model)

A No results from RHIC in Au-Au

O Seen by both CMS (much better resolution!) and ALICE, different kinem.

Expectations for LHC ?




Enhancement/suppression ?

ALICE inclusive J/y and y(2S), 2.5<y<4

Pb-Pb, |/5,,=2.76 TeV, L= 70 pb™ .

pp, Y5=7 TeV -~ ALICE
PRELIMINARY

@ALICE, 0< pT<3 GeVic, 2.5< y<4

@ ALICE, 3< pT<8 GeVic, 2.5< y<4

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

(CMS-HIN-12-007)
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CMS Preliminary | CMS Preliminary

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

par = 1 1 [ :\.: ..............

- n

0 CMS: transition from strong (relative) 100 150 20 250 300 3% 450
enhancement to suppression part

in a relatively narrow p;range ALICE excludes a large
enhancement

Q At SPS, the suppression increased with centrality (the opposite for CMS)
A Overall interpretation is challenging

O ALICE vs CMS: should we worry? Probably not, seen the size of the errors
O Large uncertainties: signal extraction, pp reference

O Work needed to reduce systematics



Finally, the Y

a LHC is really the machine for studying bottomonium in AA collisions
(and CMS the best suited experiment to do that!)

Pp CMS-HIN-11-011
III|||I|IIIIII|I|I|||III||I|I|I|II "-‘E[“]_

- Preliminary CMS pp fs=2.76 TeV
ly| < 2.4

p-L; > 4 GeV/c

L, =231 nb’

ﬁ CMS PbPb {5, =276 TeV ]
Cent 0-100%, Iyl <24
Ly = 150 pb™

eV/ic?
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Events /{ 0.1 G
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total fit
background

Mass(u*u) [GeVIc]
Ny(gs}/NT(lsﬂpp — 0.56 £ 0.13 £ 0.01 NT{QS) /Ny{ls}|pbpb = 0.124+0.03 £0.01
NT(BS}/NT(ISﬂpp =0.21 +£0.11 £0.02 NT{BS) /Nj“{ls}lpbpb < 0.07




Strong suppression of Y(2S), wrt to Y(1S)

CMS PbPb \[Sy, = 2.76 TeV

—4— stat. unc. L. =150ub™
syst. unc. lyl < 2.4
1 pp unc. pi =4 GeVle

d Separated Y (2S) and Y (3S)
d Measured Y (2S)/Y(1S)double
ratio vs. centrality
d centrality integrated
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d centrality integrated

3

< oy
4=~ =}
[T T T[T T[T 1T [TT11

0.2

—.—

II|Illlliﬁllllllllﬁﬂlllllll

§ # i Nr3s)/Nr@as)|popb
||||||||||||||||||||||||||||||||||||||

< 0.17 (95% C.L.)

Dh 50 100 150 200 250 300 350 400 Nr3s)/Nr(1s)lpp

IR R AR Rl o o e 1ono-avaitec

WY Y, V¥ Y XY S|gnatu res ?




First accurate determination of Y
suppression

(C1.4- PP |5, =276 TeV AuAu |5, =200 GeV
¢ CMS:Y(1S) ¥r STAR:¥(15+25+38) _ _ _
o CMS:Y(25) lyl<0.5 (preliminary) O Suppression increases with

iz centrality

A First determination of Y(2S)
Raa: already suppressed in
peripheral collisions

A Y(1S) compatible with only
feed-down suppression ?

- Probably yes, also taking into
(@ account the normalization
uncertainty

Compatible with STAR (but large uncorrelated errors): expected ?
Is Y(1S) dissoc. threshold still beyond LHC reach ? = Full energy



What did we learn ?

- ' UL DL L L L o 14T L L L L O S B N
o - -
o12001 _ . < L
> CMS PBPD sy =276 TeV @ I CMS Preliminary 0-100% 1
8 [ Cent. 0-100%, lyl <24 ] 125 PhPby/s, = 2.76 TeV -
Emﬂl‘.}-_— § L. =150 ub™ ~ - -
- ‘1opt>4GeVic - 1
2 gool T . - » Inclusive y(2S) (6.5 < p_< 30 GeVic, |y| < 1.6) -
@ B e data 1 0 B‘_' T{35) {|y| = 2.4), 95% upper limit b
w [ ] TF A TiES) |yl < 2.4) .
6001~ —— lotal PbPb fit 7 [ prompt Jly (65 <p_< 30 GeVic, lyl < 2.4) i
i P — background ] G-E‘__# F1S) (ly] < 2.4) —
i i iii ——- ppshape ] - -
400 P — B . _
: ; : {HM scaled) : 0.4l Y (1 5} B
5 - s 8 Jhy =
- 0.2 w(28) Y(25) o
| 4 f:as:n + .
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GT 8 9 10 1 12 13 14 DEI 02 04 0.6 0.8 ] 1o

M . (GeV/c?
ass . (GeV/c) Binding energy [GeV]

O 26 years after first suppression prediction, this is observed also in
the bottomonium sector with a very good accuracy

O R,s VS binding energy qualitatively interesting: can different p; coverage
be seen as a way to “kill” recombination ?



Quarkonia — where are we ?

d Two main mechanisms at play
1) Suppression in a deconfined medium
2) Re-generation (for charmonium only!) at high s
can qualitatively explain the main features of the results

A ALICE is fully exploiting the physics potential in the charmonium sector
(optimal coverage at low p; and reaching 8-10 GeV/c)

0 Ry, 2>weak centrality dependence at all y, larger than at RHIC
O Less suppression at low p; with respect to high p;

ad CMS is fully exploiting the physics potential in the bottomonium sector
(excellent resolution, all p; coverage)

a Clear ordering of the suppression of the three Y states with
their binding energy - as expected from sequential melting

d Y(1S) suppression consistent with excited state suppression
(50% feed-down)



CNM: will pA help ?
A In principle, yes !

A In practice, it is often difficult to
O Understand the results 12, Pys Rev Lett 107, 142301 (2011)

0 Use them to calculate CNM for AA RZmaiivbiaive L
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d We might be a bit more lucky at LHC since shadowing might
become the only CNM effect

A Crossing times ~10-3 fm/c . =
L Much smaller than formation times



News from pA run
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A taste of what's coming
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Conclusions

LHC: first round of observations EXTREMELY fruitful

d Many (most) of the heavy-quark/quarkonia related observables
were investigated, no showstoppers, first physics extracted

d Many (most) of the heavy-quark/quarkonia related observables
need more data to sharpen the conclusions
- full energy run, 2015-2017
- upgrades, 2018 onwards

RHIC: still a main actor, with upgraded detectors

Lower energies: SPS, FAIR

d Serious experimental challenge
d High-ug region of the phase diagram unexplored for what
concerns heavy quark/quarkonia below 158 GeV/c



Recent news from RHIC

O STAR: direct charm measurement vs p4, in bins of centrality
d pp reference consistent with FONLL upper limit

Au+Au— D° + X @ 200 GeV y10+y1

m 0-10% [I]°+E":h'2 in Au+Au 200 GaV, hyl=1
30 <p < 8.0 GeVic

Clnt 0-12%

Suppression at high-p;in central and mid-central collisions
Enhancement at “intermediate” p;

(consistent with resonance re-combination model)



PHENIX VTX tracker

©° 200 GeV Au+Au MB _

03\{& &Q‘é ({\\\‘% ‘\ 2 GeVic <p_<2.5GeVic E

@ &C e ]

& N . Q(\\ 0 — Charm =

X2 @ a‘f?\’ é\(\ — Bottom 3

o A VR S\g ]

(¢ 2 QL 7

O A & O «O L

AL &N o0 E

< e o® @ o E

e@. e& ’&\ . {{\@ \(\(‘5‘(\“’ \ ]

& o o ¢ NSEFTFIN  S5% 11 P
o < 0.05 0.1 0.15 0.2

R

X
arger suppression for beauty
- Challenging result !

TO BE UNDERSTOOD




PHENIX, b vs ¢

d Charm and bottom contributions in electron from heavy-quark dece.
is measured directly from the electron DCA distribution (VTX)
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STAR, on Ry, and v,

Q 1 nb!sampled luminosity (Run2010) > new measurement of NPE wit,
a highly improved result at high p+

! DGLY Rad. dN,jdy = 1000 TR e e A

1L
"-;. S TAR Preliminary
! )

DGLY Rad+EL

0-10%0 CUJET
— Tiatri
Collisonal dissociation
Ads/CFT D=3

6 ; 8
P, [GeV/c]

Q Strong suppression of HQ (consistent with D), pure energy loss disfavoured
d Finite v, at low py increase at high p; (jet corr., path length dependence)

0 Simultaneous description of Ry, and v, - challenge for models

Q v, tends to zero at low Vs = lighter charm-medium interactions ?



PHENIX - new systems/energies

o 200 Ge 27:52:3122?47054912mm 0 New system (CU-AU) at olu
2 woew  ® sssaioaanmaiiall  €Nergy: Cu-going finally
15 A Ra(39 GeV)= PHENIX dataFNAL data different! (probably not a
Global sys.=+ 198%
' CNM effect)
— d A challenge to theory
o éﬂ d SPS went the other way round
: Direct (x0.5)" (from S-U to Pb-Pb...)
~ Regeneration (x0.5) ________ .. . ...
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regeneration ? (PHIENX B ®owad  #
0 Theory seems to say so.... — o0 0 30 @0
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PHENIX - CNM

& ' PHENIX Preliminary
Global Sys + 28.4%

s J/y Phys.Rev.Lett. 107, 142301 (2011)
Global Sys + 14.6%

arxiv:1204.0777

-2.2<y<1.2 [B.3%)
ly|<0.35 (7.8%)
1.2<y<2.2 (8.2%)
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PH ENIX
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ly|<0.35 |/s,,=200 GeV d+Au
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A First study of a charmonium
Q p; dependence of Ry, excited state at collider energy
- Seems contradicting our

Q Increase vs p; at central/forward y previous knowledge

- Reminds SPS observation
O But different behaviour at backward
rapidity

-
[

-
TT TT

O Not easy to reproduce in models!
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Overall picture still not clear !

o

Quarkonia (or precursor) time in nucleus [fm/c]



STAR - /vy

al(3) 020% ' 5p00eyv Ausay L(b) 20-40% _
B ey L 0 STAR measures high-p;

® STAR

o PHENIX J/w up to 10 GeV/c

d Fair agreement with models
including color screening
and recombination (the
—Model |, L et al. . .
-~ Model Ii, Zhao et al. latter becomes negligible
at low p-)

centrality 20-60 %
non-flow estimation

6789 0123456789

p, (GeVic) p. (GeVic) P A
A First measurement of J/y v, » : STAR Preliminary
(will become final ?) 0.1 g iy produced 1)
. . . at freeze-out (2) hydro: (7)
Q Compatible with zero everywhere 2 T anehon model (8 — — 12188 with viscosity

. . . T+ Inital mix (8) T- 188 without viscostty
O In contrast with recombination :
picture ?




STAR - Y

d Bottomonium: the “clean” probe
0 3 states with very different binding energies - But not that easy
0 No complications from recombination at RHIC!

—

—_

® I(184285438) s 0%, AutAu

- p+p Stat. Uncertainty

pp Sys. Uncertainty

STAR Preliminary
0 o E0% cantrality
w M _-M_-MN

— Fit Fuinctian
2B5.6 +i- 52.0

= ¥ + b-bbar
w*INDF = 1.5
T = 1965 +- 35,8

Frae Energy Potantial Modal

Intermal Energy Potential Medel

L
w
“)
+
wn
o
+
N
-
=

and and D Baxow, arXiv: 1112.276 v

1" 12

M,.. (GeVic?)

50 100 150 200 250 300 350
N

part

...and this has been split into
3 centrality bins.... Compatible with 3S melting

and 2S partial melting



Hints from theory

CMS PDPD \[S,p, = 2.76 TeV

+Y(18) Lig = 150 b
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CMS PbPD 1|'E‘.H =2.76 TeV
T(15) T(25)

# CMS data ® CMS data
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Strickland arXiv:1207.5327 Rapp et al. EP| A48 (2012) 72
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A Theory is on the data ! Fair agreement, but....
Q... one model has no CNM, no regeneration
A ...the other one has both CNM and regeneration

Still too early to claim a satisfactory understanding ?




