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Wrapping up:
1. ALICE: RAA and v2 of muons from HF decays (Gines Martinez Garcia, SUBATECH)
2. STAR: open heavy flavour (Zhenyu Ye, UIC)
3. ALICE: D mesons (Andrea Rossi, CERN)
4. PHENIX: charmonia (Tony Frawley, FSU)
5. ALICE: ϒ (Francesco Bossu, iThemba Labs)
6. CMS: ϒ + J/ψ v2 (Dongho Moon, UIC)
7. PHENIX: low pT direct photons (Benjamin Bannier, SBU)
8. ALICE: low mass dimuons (Antonio Uras, Lyon)
9. PHENIX: dielectrons in d+Au (Deepali Sharma, SBU)
10. ALICE: electrons from HF decays (Elienos Pereira de Oliveira Filho, Sao Paulo)
11. ALICE: HF (Davide Caffarri, Padova)
12. STAR: low mass dielectrons (Joey Butterworth, Rice)
13. CMS: quarkonia in pp (Valentin Knünz, HEPHY)
14. Quarkonium production and polarization (Carlos Lourenço, CERN)
15. ATLAS: EWK bosons in PbPb (Thomas Balestri, SBU)
16. CMS: EWK bosons in PbPb (Alice Florent, LLR)
17. PHENIX: Quarkonia (Darren McGlinchey, Colorado)
18. STAR: Quarkonia (Jaroslav Bielcik, FNSPE)
19. LHCb: Quarkonia (R. Jacobsson, CERN)
20. ALICE: Quarkonia (Cynthia Hadjidakis, IPNO)
21. CMS: Quarkonia (Lamia Benhabib, CERN)
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Electroweak bosons
• Confirm binary scaling

• No strong nuclear PDF effects, more sensitivity with pPb data?

•
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ATLAS: T. Balestri (Thu, 16h20)
CMS: A. Florent (Thu, 16h40)



Direct photons at low pT
• Direct photons at high pT:

‣ prompt QCD photons → scale like Ncoll

• Direct photons at low pT:
‣ a window for thermal radiation
‣ virtual photon “extrapolation” confirmed 

with measurement of real photons via 
conversions 
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PHENIX: B. Bannier (Tue, 13h30)

� excess soft photon yield over pp expectation in all centralities
� no change in slope across centralities outside uncertainties

0-20% 20-40% 40-60% 60-92% [Teff]

237±25±29 260±33±31 228±28±27 254±53±25 MeV/c

� excess yield grows stronger than Npart
dN/dy ∝ N1.48±0.08±0.04

part ⇒ discriminate models of photon
production

excess scales with ~Npart1.5



Low mass dileptons
• BES shows low mass enhancement at all √sNN

‣ ρ melting sensitive to total baryon density not 
net baryon density

‣ model describing data include chirally 
symmetric phase
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STAR: J. Butterworth (Wed, 11h00)

no news on central Au+Au from PHENIX



• Dileptons provide a way to measure charm and bottom cross sections
‣ and their  correlations

• pp equivalent HF cross section
‣ σccNN = 704 ± 47 (stat) ± 183 (syst) ± 40 (model) μb
‣ σbbNN = 4.29 ± 0.39 (stat) ± 1.08 (syst) ± 0.11 (model) μb

High-mass dileptons
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Open HF in pp
• Total charm cross section and pt spectrum well described by FONLL
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ALICE: A. Rossi (Tue, 14h50)
and D. Caffarri (Wed, 9h00) 



Quarkonia in pp: Polarization
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CMS: V. Knünz (Thu, 15h40)
and C. Lourenço (Thu, 16h00) 

negative λθ?

arxiv:1311.1621
STAR: J. Bielcik (Fri, 9h30)
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Do we really understand pp?

• Increase of hard probes with multiplicity
‣ MPI?

• Dropping of excited to ground state with multiplicity

• Whatʼs the proper reference then for pA or AA?
‣ tail of pp multiplicity vs. “average” pp collision
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J/ψ: PLB 712 (2012) 165

ALICE: A. Rossi (Tue, 14h50)
CMS: D. Moon (Mon, 16h40) 



Open HF in AA
• At RHIC: total charm cross section 

scales with Ncoll

• At the LHC: need low-pT D mesons

• Midrapidity at RHIC: anti-shadowing

• Midrapidity at LHC: shadowing
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STAR: Z. Ye (Mon, 14h30)
ALICE: A. Rossi (Tue, 14h50)
and D. Caffarri (Wed, 9h00) 



Open HF in pA
• difference between D and e from beauty?

‣ or just not enough yield in the hadronic cocktail
‣ or something else…?

• Speaking of beauty:
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PHENIX: Phys. Rev. Lett. 109 (2012) 242301
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ALICE: A. Rossi (Tue, 14h50)
and D. Caffarri (Wed, 9h00) 

“Hard Probes”, Cape Town, South Africa, November 4 - 8, 2013 R. Jacobsson 

 
 
 
 
 
 
 
 
 
 
 
 

      (Inner error bars: statistical, outer error bars: statistical and systematic added in quadrature) 
 
Nuclear Modification Factor depends strongly on rapidity 
B-mesons less affected than prompt J/

B hadrons less affected by cold nuclear effects  mass dependence 
Measure for upsilon 

Phenomenological models agree with data but not enough significance to 
distinguish 
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arX
iv:1308.6729 

LHCb: R. Jacobsson (Fri, 11h00)
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Open HF: charm vs beauty
• mass dependent radiative energy 

loss can explain quantitatively the 
observed difference

coll
 weighted with Npart N
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ALICE: A. Rossi (Tue, 14h50)
and D. Caffarri (Wed, 9h00)
CMS data from CMS PAS HIN-12-014



Open HF: one N to rule them all?

14
PHENIX: M. Durham (Mon, 15h10)
arxiv:1310.8286



Closed HF a.k.a the Thermometer

15Mocsy, EPJ C 61 (2009) 705

http://dx.doi.org/10.1140/epjc/s10052-008-0847-4
http://dx.doi.org/10.1140/epjc/s10052-008-0847-4


Closed HF a.k.a the Thermometer

15

Ágnes Mócsy: Potential Models for Quarkonia 5

Fig. 5. The QGP thermometer.

In principle, a state is dissociated when no peak struc-
ture is seen, but the widths shown in spectral functions
from current potential model calculations are not physi-
cal. Broadening of states as the temperature increases is
not included in any of these models. At which T the peak
structure disappears then? In [27] we argue that no need
to reach Ebin = 0 to dissociate, but when Ebin < T a state
is weakly bound and thermal fluctuations can destroy it.
Let us quantify this statement.

Due to the uncertainty in the potential we cannot de-
termine the binding energy exactly, but we can never-
theless set an upper limit for it [27]: We can determine
Ebin with the most confining potential that is still within
the allowed ranges by lattice data on free energies. For
the most confining potential the distance where deviation
from T = 0 potential starts is pushed to large distances
so it coincides with the distance where screening sets in
[12]. From Ebin we can then estimate, following [28], the
quarkonium dissociation rate due to thermal activation,
obtaining this way the thermal width of a state Γ (T ).
At temperatures where the width, that is the inverse of
the decay time, is greater than the binding energy, that is
the inverse of the binding time, the state will likely to be
dissociated. In other words, a state would melt before it
binds. For example, already close to Tc the J/ψ would melt
before it would have time to bind. To quantify the dissoci-
ation condition we have set a more conservative condition
for dissociation: 2Ebin(T ) < Γ (T ). The result for differ-
ent charmonium and bottomonium states is shown in the
thermometer of figure 5. Note, that all these numbers are
to be though of as upper limits.

In summary, potential models utilizing a set of poten-
tials between the lower and upper limit constrained by
lattice free energy lattice data yield agreement with lat-
tice data on correlators in all quarkonium channels. Due
to this indistinguishability of potentials by the data the

precise quarkonium properties cannot be determined this
way, but the upper limit can be estimated. The decrease
in binding energies with increasing temperature, observed
in all the potential models on the market, can yield sig-
nificant broadening, not accounted for in the currently
shown spectral functions from these models. The upper
limit estimated using the confining potential predicts that
all bound states melt by 1.3Tc, except the Upsilon, which
survives until 2Tc. The large threshold enhancement above
free propagation seen in the spectral functions even at high
temperatures, again observed in all the potential models
on the market, compensates for melting of states (yielding
flat correlators), and indicates that correlation between
quark and antiquark persists. Lattice results are thus con-
sistent with quarkonium melting.

And What’s Next?

Implications of the QGP thermometer of figure 5 for heavy
ion collisions should be considered by phenomenological
studies. This can have consequences for the understanding
of the RAAmeasurements, since now the Jψ should melt
at SPS and RHIC energies as well. The thermometer also
suggests that the Υ will be suppressed at the LHC, and
that centrality dependence of this can reveal whether this
happens already at RHIC. So measurements of the Υ can
be an interesting probe of matter at RHIC as well as at
the LHC.

The exact determination of quarkonium properties the
future is in the effective field theories from QCD at finite
T. First works on this already appeared [14] and both real
and imaginary parts of the potential have been derived
in certain limits. In these works there is indication that
most likely charmonium states dissolve in QGP due ther-
mal effects, such as activation to octet states, screening,
Landau-damping.

The correlations of heavy-quark pairs that is embedded
in the threshold enhancement should be taken seriously
and its consequences, such as possible non-statistical re-
combination taken into account in dynamic models that
attempt the interpretation of experimental data [24].

All of the above discussion is for an isotropic medium.
Recently, the effect of anisotropic plasma has been con-
sidered [29]. Accordingly, quarkonium might be stronger
bound in an anisotropic medium, especially if it is aligned
along the anisotropy of the medium (beam direction).
Qualitative consequences of these are considered in an up-
coming publication [30]. Also, all of the above discussion
refers to quarkonium at rest. Finite momentum calcula-
tions are under investigation. It is expected that a moving
quarkonium dissociates faster.
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Open vs Closed HF in pA

16

Forward: similar behavior
-Short time in nucleus
-Low comover density

Mid- and backwards rapidity: DIFFERENT behavior
enhanced open HF versus suppressed J/ψ

→ Direct evidence for significant breakup of cc

backwardmidrapidity (at LHC shadowing region)forward

midrapidity (at RHIC in the antishadowing region)

need open HFneed open HF

PHENIX: M. Durham (Mon, 15h10)
ALICE: M. Winn (Thu, 16h20)
and C. Hadjidakis (Fri, 11h30)



Open vs Closed HF in AA
• Sequential melting a la Satz:

‣ less closed than open HF
‣ not: less closed HF in AA than in pp

• At RHIC: open charm scales with Ncoll → RAA(J/ψ) = J/ψ / D in PbPb
‣ ignoring the large uncertainties on open charm

17
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Fig. 3: (Color online) Centrality dependence of the nuclear modification factor, RAA, of inclusive J/ψ
production in Pb-Pb collisions at

√s
NN

= 2.76TeV, measured at mid-rapidity and at forward-rapidity.

The point to point uncorrelated systematic uncertainties are represented as boxes around the data points,

while the statistical ones are shown as vertical bars. Global correlated systematic uncertainties are quoted

directly in the legend.

Figure 3 shows the inclusive J/ψ RAA at mid- and forward-rapidity as a function of the num-

ber of participant nucleons �Npart�. Statistical uncertainties are shown as vertical error bars,

while the boxes represent the various uncorrelated systematic uncertainties added in quadra-

ture. At forward-rapidity a clear suppression, independent of centrality, is observed for �Npart�
> 70. Although with larger uncertainties, the mid-rapidity RAA shows a suppression of the J/ψ
yield too. The centrality integrated RAA values are R0%−90%

AA
= 0.72±0.06(stat.)±0.10(syst.)

and R0%−90%

AA
= 0.57±0.01(stat.)±0.09(syst.) at mid- and forward-rapidity, respectively. The

systematic uncertainties on both RAA values include the contribution arising from �TAA� calcu-

lations. This amounts to 3.4% of the computed �TAA� value and is a correlated systematic un-

certainty common to the mid- and forward-rapidity measurements. PHENIX mid- (|y| < 0.35)

and forward-rapidity (1.2 < |y| < 2.2) results on inclusive J/ψ RAA at
√s

NN
= 0.2TeV exhibit

a much stronger dependence on the collision centrality and a suppression of about a factor of

three larger in the most central collisions [8].

The measured inclusive J/ψ RAA includes contributions from prompt and non-prompt J/ψ; the

first one results from direct J/ψ production and feed-down from ψ(2S) and χc, the second one

arises from beauty hadron decays. Non-prompt J/ψ are different with respect to the prompt

ones, since their suppression or production is insensitive to color screening or regeneration

mechanisms. Beauty hadron decay mostly occurs outside the fireball, and a measurement of the

non-prompt J/ψ RAA is therefore connected to the beauty quark in-medium energy loss (see [37]

and references therein). At mid-rapidity, the contribution from beauty hadron feed-down to the

inclusive J/ψ yield in pp collisions at
√

s = 7TeV is approximately 15% [38]. Thus, the prompt

no low pT open HF data at LHC yet!

Inclusive J/ψ

Inclusive J/ψ

http://arxiv.org/abs/1303.3493

http://arxiv.org/abs/1303.3493
http://arxiv.org/abs/1303.3493
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in nuclear matter is presumably continuous. Measurements of charmonia relative
to open charm in pA up to highest energies (RHIC, LHC) are therefore of great
importance.

First applications of the in-medium charmonium study based on the relative survival
of charmonia vs. open charm were started last year, using LHC data from ALICE and
CMS [25–28]. In Fig. 4(a), we show mid-rapidity ALICE data for J/ψ production at
intermediate transverse momenta, compared to open charm production in a similar
kinematic region. In Fig. 4(b), the comparison is extended to larger transverse
momenta, using CMS data for J/ψ production. In both cases, J/ψ production
relative to pp results, scaled by the number of collisions, decreases with increasing
centrality, as seen by the corresponding RAA values.
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Figure 4: LHC data from ALICE and CMS [26–28], comparing J/ψ production to
open charm production at intermediate (a) and high (b) transverse momenta

This decrease has at times been considered as suppressed J/ψ production. However,
that is incorrect: the corresponding RAA for open charm production, as determined
through D measurements, shows within errors the same behavior. In other words,
the reduction of the J/ψ is in complete agreement with that of open charm; there
is neither suppression nor enhancement, the fraction of the produced cc̄ pairs going
into J/ψ production has remained in the AA collisions considered here the same as
in the corresponding pp interactions:

RAA(J/ψ) =
NAA(J/ψ)

ncNpp(J/ψ)
=

NAA(cc̄)

ncNpp(cc̄)
= RAA(cc̄), (3)

with nc denoting the scaling factor for the number of collisions at the corresponding
centrality. We therefore have

NAA(J/ψ)

NAA(cc̄)
=

Npp(J/ψ)

Npp(cc̄)
= gcc̄→J/ψ. (4)

6

Open vs. Closed HF in AA
• But how to compare open and closed HF with pT cuts?

‣ not trivial to select kinematic region of interest: same quark pT, same hadron pT,…?

• Similar suppression for “high pT” D and J/ψ

18http://arxiv.org/abs/1303.3493
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Quarkonia in AA

• Midrapidity RAA doesnʼt change with √sNN

‣ would have expected recombination to contribute less at lower √sNN

‣ compensated by lower √sNN moving midrapidity into antishadowing?

• Or: no recombination and difference between forward and midrapidity just 
shadowing?
‣ (at forward rapidity lower √sNN means moving out of the shadowing region) 19

midrapidityforward

PHENIX: A. Frawley (Mon, 16h00)
and D. McGlinchey (Fri, 9h00)
STAR: J. Bielcik (Fri, 9h30)



Quarkonia in AA
• LHC: less suppression at low pT than 

at high pT 
‣ consistent with screening + 

recombination

• RHIC: more suppression at low pT 
than at high pT

‣ screening w/o significant 
recombination contribution

20

STAR: J. Bielcik (Fri, 9h30)
ALICE: C. Hadjidakis (Fri, 11h30)

ALICE, arXiv:1311.0214



Quarkonia in AA vs. pA

21
midrapidity forward

ALICE: M. Winn (Thu, 16h20)
and C. Hadjidakis (Fri, 11h30)

• Attempt to compare RAA with RpA2

‣ assume 2→1 kinematics, comparable xg, and 
factorization of shadowing… 

‣ suppression at high pT unaffected by CNM
‣ CNM correction at low pT enhances RAA

pPb
PbPb

pPb
PbPb



Quarkonia v2
• STAR found v2 consistent with 0
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STAR: J. Bielcik (Fri, 9h30)
ALICE: C. Hadjidakis (Fri, 11h30)
CMS: D. Moon (Mon, 16h40)
and L. Benhabib (Fri, 12h00)



Quarkonia v2
• STAR found v2 consistent with 0

• ALICE found “hint of v2”
‣ as expected for recombination

23
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Quarkonia v2
• STAR found v2 consistent with 0

• ALICE found “hint of v2”
‣ as expected for recombination

• CMS measured significant v2

‣ though only above 6.5 GeV/c
‣ measurement also for 3<pT<6.5 GeV/c
‣ high-pT v2 → path-length dependent 

suppression

• Taking all results together
‣ J/ψ has non-zero v2

 GeV/c
T

p
0 2 4 6 8 10 12 14 16 18 20

2v

-0.05

0

0.05

0.1

0.15

0.2

0.25

, 10-40%!STAR Inclusive J/
<10 GeV/c

T
|y|<1.0, p

, 20-60%!ALICE Inclusive J/
<10 GeV/c

T
2.5<y<4.0, p

!Prompt J/
<30 GeV/c

T
|y|<2.4, 6.5<p

!Prompt J/
<30 GeV/c

T
1.6<|y|<2.4, 3<p

 = 2.76 TeVNNsPbPb  
-1bµ = 150 intL

CMS Preliminary

Cent. 10 - 60 %

24

STAR: J. Bielcik (Fri, 9h30)
ALICE: C. Hadjidakis (Fri, 11h30)
CMS: D. Moon (Mon, 16h40)
and L. Benhabib (Fri, 12h00)



Quarkonia vs. D v2
• STAR found v2 consistent with 0

• ALICE found “hint of v2”
‣ as expected for recombination

• CMS measured significant v2

‣ though only above 6.5 GeV/c
‣ measurement also for 3<pT<6.5 GeV/c
‣ high-pT v2 → path-length dependent 

suppression

• Taking all results together
‣ J/psi has non-zero v2

• Comparison to light hadrons and D
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Quarkonia vs. D v2 scaling?
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• STAR found v2 consistent with 0

• ALICE found “hint of v2”
‣ as expected for recombination

• CMS measured significant v2

‣ though only above 6.5 GeV/c
‣ measurement also for 3<pT<6.5 GeV/c
‣ high-pT v2 → path-length dependent 

suppression

• Taking all results together
‣ J/psi has non-zero v2

• Comparison to light hadrons and D

• What about the nq scaling?
‣ approximate scaling for D (charm quark 

flows as much as the light quark?)
‣ no such scaling for J/ψ 
‣ I am again ignoring uncertainties ☺

thanks to C. Mironov for making 
the plot in the middle of the night



Bottomonia
• ALICE extends CMS Y measurement towards forward rapidity

‣ no significant change in suppression with rapidity

27

STAR: J. Bielcik (Fri, 9h30)
ALICE: F. Bossu (Mon, 16h20) 
and C. Hadjidakis (Fri, 11h30)
CMS: D. Moon (Mon, 16h40)
and L. Benhabib (Fri, 12h00)

Υ production measurements with ALICE at the LHC
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F. Bossù Υ production measurements with ALICE at the LHC Stellenbosch, 4 Nov 2013 1 / 1

... with the muon forward spectrometer (2.5 < y < 4)

pp�
√
s = 7 TeV

Measurements of production cross sections of

Υ(1S) vs pT and rapidity

Integrated value for Υ(2S)

Good agreement for both Υ(1S) and Υ(2S)
with LHCb results [EPJ C 72 (2012) 2025]

Pb-Pb�
√
sNN = 2.76 TeV

RAA measurement of inclusive Υ(1S)

Clear suppression observed, stronger in more

central collisions

Suppression weakly dependent on rapidity (also

comparing with mid-rapidity measurements by

CMS [CMS: PRL 109, 222301, (2012)])



• In pA excited states suppressed relative to ground state
‣ cold effects differ for excited and ground states

• Consequences for AA results?
‣ needs modelling, naive squaring for Y would still leave room for extra hot effects
‣ but then there is the multiplicity dependence… 
‣

Excited quarkonia states in pA
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Summary
• A wealth of new results from all heavy-ion experiments at RHIC and the LHC
• Electroweak probes confirm the binary collision scaling

‣ pPb data may give tighter constrains on nuclear PDFs

• Enhancement of low direct photons via virtual photons confirmed by real photon measurement
‣ thermal photons, but rates and v2 still challenge to theory

• Open HF with intermediate pT at RHIC show enhancement in d+Au, while no strong 
modification is observed at the LHC
‣ constrain CNM at low x

• Open HF suppression at RHIC and LHC go beyond CNM effects
‣ heavy quark energy loss in the QGP
‣ c quarks lose more energy than b quarks

• Closed HF at RHIC
‣ detailed studies in a variety of collision systems that still need to be understood

• Closed HF at low pT the LHC: more and more indications for recombination
‣ if it walks like a duck, …

• Closed HF at intermediate pT at the LHC:
‣ it flows, but less than open HF (high pt just like light hadrons: path length dependent suppression)

• But what about pp and pA vs. multiplicity…?
• Many apologies to everybody that I could not include 29


