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Hydrodynamic Modes

• Sound mode: Propagating mode with velocity cs. Supersonic 
particles lead to Mach Cones. 

• Diffusion mode: not propagating mode related and 
remembers the source direction. 

• In non relativistic fluids the macroscopic shape of the 
object sets how much each mode is excited.

• Microscopic particles couple to hydro modes but the 
hydro evolution depends on an unknown source

∂µT
µν = Jν (0.1)
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Scenario 1: Non Isentropic

• Simple source (small perturbation)

x (fm)

ρ 
(f

m
)

∂µT
µν = Jν (0.1)

Jµ(x) = λ F (x− xjet) (1, 1, 0, 0) (0.2)

1

strength normalizable function

• The energy loss and the hydro field amplitude are 
controlled by the same parameter

• This type of sources always produce a wake

∂µT
µν = Jν (0.1)

Jµ(x) = λ F (x− xjet) (1, 1, 0, 0) (0.2)

dE

dx
=

∫
d3xJ0(x) = λ (0.3)
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Scenario 1I: Isentropic
• Source of the type:

ρ 
(f

m
)

x (fm)

∂µT
µν = Jν (0.1)

Jµ(x) = λ F (x− xjet) (1, 1, 0, 0) (0.2)

dE

dx
=

∫
d3xJ0(x) = λ (0.3)

Jµ(x) = λ
(
0, ∂iF (x− xjet)

)
(0.4)
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• This source has zero integral. Energy loss is zero to linear 
order.

• Non linear correction in the hydro fields carry energy: 
Energy loss from sound waves is quadratic in amplitude!

• This type of source produces sound waves only.



Correlations

• Only if the diffusion mode is not excited, jet associated 
particle distribution reflect the Mach Cone.

Non-Isentropic Isentropic

• In static medium, unrealistically large energy loss are 
needed. Expansion effects may solve this problem (JCS, Shuryak)

• When present, the Mach Cone signal leads to a ptassoc 
independent peak position. The width of the peak grows 
with increasing  ptassoc.



Remarks

• Even if energetic particles couple to hydro modes it is 
not guarantee that the Mach Cone is reflected in data. 

• There are many qualitative features that agree with the 
Mach Cone formation (see Renk’s talk)

• Quantitative comparison is hard... there are many effects to 
consider.

• But the Mach Cone only can explain data if the source is 
the correct one! 

• Can we find  a physical system with the correct source?



Lessons From Strong 
Coupling



Quarks at Strong Coupling

• The AdS/CFT resolves all scales.
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FIG. 3: Left—Position space plot of |x|∆E(x)/(T 3
√

λ) for v = 1/4. Right—Position space plot of |x|∆S(x)/(T 3
√

λ) for
v = 1/4. The flow lines on the surface are the flow lines of the energy flux ∆S(x). There is a surplus of energy in front of the
quark and a deficit behind it. Correspondingly, trailing the quark there is a stream of energy flux which moves in the same
direction as the quark. Note the absence of structure in ∆E(x) for distances |x|" 1/(πT ).

FIG. 4: Left—Plot of |x|∆E(x)/(T 3
√

λ) for v = 3/4. Right—Plot of |x|∆S(x)/(T 3
√

λ) for v = 3/4. The flow lines on the
surface are the flow lines of ∆S(x). There is a surplus of energy in front of the quark and a deficit behind it. Correspondingly,
trailing the quark there is a narrow stream of energy flux which moves in the same direction as the quark. A Mach cone, with
opening half angle θM ≈ 50◦ is clearly visible in both the energy density and the energy flux. Near the Mach cone, the bulk of
the energy flux flow is orthogonal to the wavefront.

• Supersonic quarks ⇒ Mach cones. Proof of principle

• The energy lost by the quark is thermalized quickly

• Hydrodynamics agrees with the computed fields up 
to a distance r≈1.5/T.

• Strong wake ⇒ two particle correlations with this source 

do not reflect the Mach Cone.
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Parameter Counting

• Energy density is proportional to λ1/2 

• Total E-loss also proportional to λ1/2 
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• The integral of the energy density matches the energy 
loss. It is proportional to λ1/2

• For the quark,  the “microscopic” mechanism for energy 
loss is the same as for medium excitation (they are 
controlled by the same parameter).



Mesons at Strong Coupling

• Mesons can be represented by a string.

v

• Unlike the quark, the meson string does not bend back

• No energy loss to leading order, ie, proportional to λ1/2. 

• The E-loss is suppressed by 1/N2c (Dusling et. al.  )

• Naive expectation:  If the energy loss controls the stress 
tensor modification there should not be leading order fields 
associated to the meson.



Fields Associated to the Meson

• The string is a source for gravity to 
leading order! 

v(Gubser, Pufu &Yarom)

• The associated stress tensor is proportional to λ1/2. 

• The integral of the energy density is zero. The calculation is 
not sensitive to 1/N2c  corrections.

• The field excitation is not controlled by the same dynamics 
as the energy loss.

• The wake is not required to valance the energy loss.

• The explicit calculation shows that there is no wake 
associated to the meson propagation! Only sound is 
emitted to leading order.



• Sound waves do couple to probes.  They must be there in 
heavy ion collisions.

Lessons from Strong Coupling

• The excitations of the plasma quickly become  
hydrodynamical. 

• The energy loss mechanism is not necessarily the same as 
for the plasma excitation mechanism.

• There is an example of a dynamical system which couples 
dominantly to sound waves and not to diffusion waves.

• We need to understand what controls the excitation. Is the 
absence of wake related to string breaking?



Cherenkov Mesons
from Gravity Duals

 (In progress, JCS, D. Mateos)



• Fundamental matter by D7 branes: “memebranes” that 
end at a scale 1/m.

Mesons in AdS/CFT

z
D7

• Mesons are (quantized) vibrations of the membrane. The 
vibration modes are the meson masses. 

• These mesons survive the deconfining transition.

• We use AdS/CFT as a model for the dynamics of mesons in 
a hot deconfined gauge theory. 

m =
Mq√

λ
(0.1)

zm ∼ 1/m (0.2)

∼ 1/m (0.3)

1
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• Fundamental matter by D7 branes: “memebranes” that 
end at a scale 1/m.

Mesons in AdS/CFT

z
D7

• Mesons are (quantized) vibrations of the membrane. The 
vibration modes are the meson masses. 

• These mesons survive the deconfining transition.

• We use AdS/CFT as a model for the dynamics of mesons in 
a hot deconfined gauge theory. 
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Dispersion Relations

• There is a maximum speed of propagation

50 Holographic thermal gauge theories with flavour
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Figure 2.10: Dispersion relation ω(q) for Minkowski D7-brane embeddings with (a) R0 =

1.20 (m = 1.32) and (b) R0 = 2.00 (m = 2.00) in a D3-brane background. The solid

blue line corresponds to δφ fluctuations, whereas the red dashed line corresponds to δR

fluctuations.

non-relativistic motion (small three-momenta), we expect that the dispersion relation takes

the form

ω(q) ! M0 +
q2

2Mkin
, (2.84)

where M0 = M0(T ) is the rest mass calculated above and Mkin = Mkin(T ) is the effective

kinetic mass for a moving meson. Although Mkin(T ) is not the same as M0(T ), for low

temperatures the difference between the two quantities is expected to be small. For ex-

ample, fitting the small-q̃ results for ω̃ for the lowest δR-mode at T/M̄ = 0.5 (or R0 = 2)

yields
ω

M̄
= 6.084 + 0.076

q2

M̄2
+ · · · . (2.85)

Hence in this case, we find M0/M̄ ! 6.084 and Mkin/M̄ ! 6.579. Recall that at T = 0,

we would have M0 = Mkin = Mgap = 2πM̄ ! 6.283M̄ and so both masses have shifted by

less than 5%. Note that while the rest mass has decreased, the kinetic mass has increased.

The latter is perhaps counter-intuitive as it indicates it is actually easier to set the meson

in motion through the plasma than in vacuum. From a gravity perspective, it is perhaps

less surprising as the Minkowski branes are bending towards the black hole horizon and so

these fluctuations experience a greater redshift than in the pure AdS5 × S5 background.

• It is determined by the speed of light at the tip of the 
deformed brane

• This is a universal feature for meson probes in any theory 
with a gravity dual with Nc→∞ 
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m =
Mq√

λ
(0.1)

zm ∼ 1/m (0.2)

∼ 1/m (0.3)

1

z ∼ 1/T (0.1)

ds2 = gttdt2 + gxxdx2 = 0 (0.2)

c(z) =

√
gtt

gxx
(0.3)

m =
Mq√

λ
(0.4)

zm ∼ 1/m (0.5)

∼ 1/m (0.6)

1

z ∼ 1/T (0.1)

ds2 = gttdt2 + gxxdx2 = 0 (0.2)

c(z) =

√
gtt

gxx
(0.3)

m =
Mq√

λ
(0.4)

zm ∼ 1/m (0.5)

∼ 1/m (0.6)
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Space Like Mesons

• The dispersion relation always crosses the light cone!
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Prediction of a Photon Peak in Heavy Ion Collisions

Jorge Casalderrey-Solana1 and David Mateos2

1Nuclear Science Division, MS 70R319, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA
2Department of Physics, University of California, Santa Barbara, CA 93106-9530, USA

We show that if a flavour-less vector meson remains bound after deconfinement, and if its limiting
velocity in the quark-gluon plasma is subluminal, then this meson produces a distinct peak in the
spectrum of thermal photons emitted by the plasma. We also demonstrate that this effect is a
universal property of all strongly coupled, large-Nc plasmas with a gravity dual. For the J/Ψ the
corresponding peak lies between 3 and 5 GeV and could be observed in heavy-ion collisions at LHC.

1. Introduction. At a temperature Tc ! 170 MeV,
Quantum Chromodynamics (QCD) undergoes a rapid
cross-over into a deconfined phase called the quark-gluon
plasma (QGP). This new state of matter is being in-
tensively studied at the Relativistic Heavy Ion Collider
(RHIC) and will be studied in the future at the Large
Hadron Collider (LHC).

A remarkable conclusion from the RHIC experiments
is that the QGP does not behave as a weakly coupled
gas of quarks and gluons, but rather as a strongly cou-
pled fluid. This makes the study of the plasma a chal-
lenging task. Experimentally, it is difficult to find clean
probes with which to determine the properties of the
plasma, since any coloured probe will strongly interact
with the medium in a complicated manner; for this rea-
son, thermal photons emitted by the plasma are partic-
ularly interesting. The theoretical task of predicting the
properties of the QGP from first principles is also chal-
lenging. Since the plasma is strongly coupled, perturba-
tive methods are not applicable in general. The lattice
formulation of QCD is also of limited utility, since it is
not well suited for studying real-time phenomena such as
transport, photon production, etc. Thus one must either
make predictions based on very general expectations, or
resort to some other non-perturbative method such as
the gauge/gravity duality.

In this letter we will show that, under two plausible
assumptions about the properties of heavy vector mesons
in the QGP, a distinct peak in the spectrum of thermal
photons is predicted. Moreover, we will demonstrate that
this is a universal property of all strongly coupled, large-
Nc theories with a gravity dual. Finally, we discuss under
what conditions this effect could be observed at LHC.

2. Peaks in the photon spectrum. Sufficiently heavy
mesons (eg, J/ψ, Υ, etc.) may be expected to exhibit
two generic properties in the QGP. First, they may re-
main bound up to a dissociation temperature Tdiss > Tc.
Second, their limiting velocity in the plasma may be sub-
luminal.

The original argument [1] for the first expectation is
simply the fact that the heavier the meson, the smaller
its size. It is thus plausible to expect a meson to remain
bound until the screening length in the plasma becomes
comparable to the meson size, and for sufficiently heavy

ω/M̄

k/M̄

FIG. 1: Dispersion relation (blue curve) for a heavy meson
in the N = 4 SYM plasma at strong coupling [7]. The black
straight line corresponds to ω = k. M̄ is a reference mass
scale – see [7] for details.

mesons this happens at Tdiss > Tc. This conclusion is sup-
ported by calculations of both the static quark-antiquark
potential [2] and of Minkowski-space spectral functions in
lattice-regularized QCD [3].

The second expectation goes back to ref. [4], which
considered a weakly coupled plasma. More generally,
one may note [5] that a meson moving in the plasma
with velocity v experiences a boosted, higher energy
density, and hence also a higher effective temperature
Teff(v) = (1 − v2)−1/4T . Thus one may expect the exis-
tence of a subluminal limiting velocity for the meson [6],
determined by the condition Teff(vlim) ∼ Tdiss [5].

Although the two assumptions above are reasonable,
by no means they have been rigourously established in
QCD. Our purpose is not to discuss their plausibility in
detail but to exhibit an immediate consequence.

Consider the in-medium meson dispersion relation
ω(k), where ω and k are the energy and the spatial three-
momentum of the meson. M = ω(0) is the rest mass. As
k → ∞, the assumption of a subluminal limiting velocity
implies ω(k) ∼ vlimk, with vlim < 1. Fig. 1 shows the dis-
persion relation for a pseudoscalar meson in the strongly-
coupled, large-Nc, four-dimensional, N = 4 super-Yang-
Mills (SYM) plasma, calculated using its gravity dual
[7]; the dispersion relation for vector mesons is expected
to exhibit the same features. As noted in [8], continu-
ity now implies that the dispersion relation curve must
cross the light-cone, defined by ω = k, at some energy
ω = ωpeak. At this point the meson four-momentum is
null, and so the meson possesses the same quantum num-
bers as a photon [9]. Such a meson can then decay into
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JCS, D. Mateos

• Mesons (not gluons) can be spontaneously excited by fast 
particles. They lead to Cherenkov-like radiation

∂µT
µν = Jν (0.1)

Jµ(x) = λ F (x− xjet) (1, 1, 0, 0) (0.2)

dE

dx
=

∫
d3xJ0(x) = λ (0.3)

Jµ(x) = λ
(
0, ∂iF (x− xjet)

)
(0.4)

cos(θ) = vlim (0.5)

1

• The limiting velocity is temperature (and model) 
dependent. It grows as the system cools down

• In the D3/D7 model 

∂µT
µν = Jν (0.1)

Jµ(x) = λ F (x− xjet) (1, 1, 0, 0) (0.2)

dE

dx
=

∫
d3xJ0(x) = λ (0.3)

Jµ(x) = λ
(
0, ∂iF (x− xjet)

)
(0.4)

cos(θ) = vlim (0.5)

vlim ≥ 0.2 (0.6)

1



Consequences

• If mesons survive the deconfining transition:

• We expect conical emission of meson due to a high energy 
particle

• Emission can happen only above certain momentum (the 
crossing point) 

• At higher pT the angle would be independent of the 
momentum

• Obvious candidate would be J/ψ associated to high energy 
particles (hard to measure...)

• If light mesons do survive, this could have consequences 
for the double hump.



• The interactions of energetic particles with the hydro 
modes is complicated.

• If the data are only explained by Mach Cones, we must 
understand how they are produced

• There is one physical system in which only sound waves 
are excited: mesons in AdS/CFT

• There are other sources for conical emission such as 
space like mesons. 

• These are a universal prediction of any gauge theory with 
a gravity dual.

Conclusions



Back up



Fixed T

• At a fixed temperature there is a peak in the photon 
spectrum

2

γMeson

FIG. 2: Decay of a vector meson into and on-shell photon.

an on-shell photon [10], as depicted in fig. 2. This pro-
cess contributes a resonance peak, at an energy ωpeak, to
the in-medium spectral function of two electromagnetic
currents, χµν(ω, k) ∼ 〈Jµ(ω, k)Jν(−ω,−k)〉, evaluated at
null-momentum ω = k. This in turn produces a peak in
the spectrum of thermal photons emitted by the plasma,
dNγ/dω ∼ e−ω/T χµ

µ(ω, T ). The width of this peak is
the width of the meson in the plasma. In fig. 3 we have
illustrated this effect for the N = 4 SYM plasma coupled
to one massless quark and one heavy quark. The results
are valid at strong coupling and large Nc, since they were
obtained by means of the gravity dual [8]. The spectral
function for the massless quark is structure-less, whereas
that for the heavy quark exhibits a resonance peak – see
[8] for further details.
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FIG. 3: Spectral functions for the N = 4 SYM plasma cou-
pled to a massless quark (top, red curve) and a heavy quark
(bottom, blue curve), at large Nc and strong coupling.

3. A universal property of plasmas with a gravity

dual. The gravity dual of QCD is presently unknown.
When studying strongly-coupled plasmas with a grav-
ity dual, it is therefore important to focus on properties
that apply to as broad a class of plasmas as possible,
since these may also apply to QCD. In this section we
will show that the two assumptions above about heavy
mesons in a QGP are true in all strongly coupled, large-
Nc plasmas with a gravity dual, because they follow from
two universal properties of the duality: The fact that the
deconfined phase is described by a background with a
black hole (BH) [11], and the fact that, in the large-Nc

limit, a finite number of flavours Nf is described by Nf

D-brane probes in this background [12].
In the presence of the black hole, there are two possible

phases for the D-branes, separated by a universal first-
order phase transition [13, 14]. Geometrically, these two
phases are distinguished by whether or not the D-brane
tension can compensate for the black hole gravitational
attraction (see fig. 4). In the first case the branes lie
completely outside the horizon in a ‘Minkowski embed-
ding’. In the second case they fall through the horizon
in a ‘BH embedding’. From the gauge theory viewpoint,

FIG. 4: Possible D-brane embeddings in a BH background.

this phase transition corresponds to the dissociation of
heavy mesons [13, 18]. In the Minkowski phase stable
mesons exist, and their spectrum is discrete and gapped.
The meson mass in this phase increases as the separation
between the branes and the black hole increases [19]. By
contrast, in the black hole phase no meson bound states
exist. Recalling that the radius of the black hole is pro-
portional to the plasma temperature, we see that if a me-
son is sufficiently heavy compared to the temperatrure,
then this meson remains bound in the plasma and is de-
scribed by a Minkowski brane.

The existence of a subluminal limiting velocity for
mesons is obvious from the geometric picture above: It
is just the local speed of light at the tip of the branes
[7]. Indeed, the wave function of a meson is supported
on the D-branes. The larger the energy of the meson,
the more it is attracted by the black hole and the more
its wave-function is concentrated at the tip of the branes
(see fig. 4). In the limit k → ∞ the velocity of this me-
son approaches the local speed of light at the tip of the
branes. Because of the redshift caused by the BH, this
limiting velocity is lower than the speed of light at the
boundary, where the gauge theory resides. In the gauge
theory this translates into the statement that vlim is lower
than the speed of light in the vacuum [7]. This effect is
clearly illustrated in fig. 1.
4. Heavy Ion Collisions. Our analysis so far applies
to an infinitely-extended plasma at constant tempera-
ture. A crucial question is whether a peak in the photon
spectrum could be observed in a heavy ion collision ex-
periment. Natural heavy vector mesons to consider are
the J/ψ and the Υ, since these are expected to survive
deconfinement. We wish to compare the number of pho-
tons coming from these mesons to the number of pho-
tons coming from other sources. Accurately calculating
the meson contribution would require a precise theoret-
ical understanding of the dynamics of these mesons in
the QGP, which at present is not available. Our goal will
therefore be to estimate the order of magnitude of this
effect with a simple model.

Following [21], we model the fireball as an expanding
cylinder with volume V (t) = π(z0+vzt)(r0+a⊥t2/2)2 (we
choose tthermalisation = 0). This leads to the temperature
evolution T (t) = T (0)[V (0)/V (t)]1/3. At t = thadro the
temperature reaches Tc and the system hadronises.

Let us first consider the J/ψ contribution. In the spirit

• The enhancement is a consequence of the modified 
dispersion relation.

• This feature must be there for all models with gravity 
duals! 21

• The magnitude (in this model) is comparable with the 
(strongly coupled) light quark thermal emission. 

2

γMeson

FIG. 2: Decay of a vector meson into and on-shell photon.

an on-shell photon [10], as depicted in fig. 2. This pro-
cess contributes a resonance peak, at an energy ωpeak, to
the in-medium spectral function of two electromagnetic
currents, χµν(ω, k) ∼ 〈Jµ(ω, k)Jν(−ω,−k)〉, evaluated at
null-momentum ω = k. This in turn produces a peak in
the spectrum of thermal photons emitted by the plasma,
dNγ/dω ∼ e−ω/T χµ

µ(ω, T ). The width of this peak is
the width of the meson in the plasma. In fig. 3 we have
illustrated this effect for the N = 4 SYM plasma coupled
to one massless quark and one heavy quark. The results
are valid at strong coupling and large Nc, since they were
obtained by means of the gravity dual [8]. The spectral
function for the massless quark is structure-less, whereas
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this phase transition corresponds to the dissociation of
heavy mesons [13, 18]. In the Minkowski phase stable
mesons exist, and their spectrum is discrete and gapped.
The meson mass in this phase increases as the separation
between the branes and the black hole increases [19]. By
contrast, in the black hole phase no meson bound states
exist. Recalling that the radius of the black hole is pro-
portional to the plasma temperature, we see that if a me-
son is sufficiently heavy compared to the temperatrure,
then this meson remains bound in the plasma and is de-
scribed by a Minkowski brane.

The existence of a subluminal limiting velocity for
mesons is obvious from the geometric picture above: It
is just the local speed of light at the tip of the branes
[7]. Indeed, the wave function of a meson is supported
on the D-branes. The larger the energy of the meson,
the more it is attracted by the black hole and the more
its wave-function is concentrated at the tip of the branes
(see fig. 4). In the limit k → ∞ the velocity of this me-
son approaches the local speed of light at the tip of the
branes. Because of the redshift caused by the BH, this
limiting velocity is lower than the speed of light at the
boundary, where the gauge theory resides. In the gauge
theory this translates into the statement that vlim is lower
than the speed of light in the vacuum [7]. This effect is
clearly illustrated in fig. 1.
4. Heavy Ion Collisions. Our analysis so far applies
to an infinitely-extended plasma at constant tempera-
ture. A crucial question is whether a peak in the photon
spectrum could be observed in a heavy ion collision ex-
periment. Natural heavy vector mesons to consider are
the J/ψ and the Υ, since these are expected to survive
deconfinement. We wish to compare the number of pho-
tons coming from these mesons to the number of pho-
tons coming from other sources. Accurately calculating
the meson contribution would require a precise theoret-
ical understanding of the dynamics of these mesons in
the QGP, which at present is not available. Our goal will
therefore be to estimate the order of magnitude of this
effect with a simple model.

Following [21], we model the fireball as an expanding
cylinder with volume V (t) = π(z0+vzt)(r0+a⊥t2/2)2 (we
choose tthermalisation = 0). This leads to the temperature
evolution T (t) = T (0)[V (0)/V (t)]1/3. At t = thadro the
temperature reaches Tc and the system hadronises.

Let us first consider the J/ψ contribution. In the spirit



Photons from J/ψ3

of statistical recombination [22, 23], we assume that the
cc̄-pairs produced in the initial collisions between partons
become kinetically but not chemically equilibrated in the
QGP [24]; in particular, their total number, Ncc̄, stays
constant. To implement this condition we introduce a
fugacity factor [22, 23]

gc(T ) =
Ncc̄

2 · 3 · V (T )
(

McT
2π

)3/2
e−Mc/T

, (1)

where Mc = 1.7 GeV is the charm-quark mass. At
t = tdiss the temperature reaches the dissociation tem-
perature of the J/ψ in the medium, Tdiss. At this point
a fraction of the cc̄-pairs coalesce and recombine forming
J/ψ mesons [25]. Their contribution to the total number
of photons with frequency ω emitted by the plasma is
then

S(ω) ∝

∫ thadro

tdiss

dt V (t) gc(T (t))2 e−ω/T (t) χJ/ψ(ω, T (t)) ,

(2)
where the ‘S’ stands for ‘signal’. The overall normali-
sation is not important since it is the same as that for
the background of thermal photons emitted by the light
quarks, which is given by

B(ω) ∝

∫ thadro

0
dt V (t) e−ω/T (t) . (3)

We have omitted χlight(ω, T ) since, guided by the results
for plasmas with a gravity dual, we assume it is struc-
tureless.

We would like to compare the two contributions above.
Motivated by fig. 3, we expect the magnitude of χJ/ψ

around ωpeak to be comparable to that of χlight. We thus
model the spectral function for the J/ψ by a unit-area
Gaussian distribution of width Γ centred at ωpeak(T (t)).
For the width we choose Γ = 100 MeV, of the or-
der of the temperature and a thousand times larger
than the vacuum width. The temperature dependence
of ωpeak arises from that of the meson dispersion rela-
tion. On general grounds we expect this to take the
form ω(k) =

√

M2v4
lim + k2v2

lim + M(1 − v2
lim). The first

term is just the vacuum dispersion relation with the
speed of light replaced by vlim. The second term en-
sures that M is the rest mass of the meson. The me-
son dispersion relation in fig. 1 is very well approximated
by this ansatz. We neglect medium-induced changes in
the J/ψ mass and set M = 3 GeV. The above ansatz
yields ωpeak = M(1 + vlim/

√

1 − v2
lim). The limiting ve-

locity is determined by the condition (1 − v2
lim)1/4 =

T/Tdiss + [(1 − v2
0)

1/4 − 1]. The first term implements
the relationship between T and vlim that was heuristi-
cally motivated in sec. 2. The second term accounts for
the fact that the limiting velocity at Tdiss may be non-
zero, as is the case in plasmas with a gravity dual. We
choose v0 = 0.2.
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FIG. 5: Thermal photon spectrum for LHC energies and
Tdiss = 1.25Tc. The (arbitrary) normalisation is the same for
all curves. The continuous, monotonically decreasing, blue
curve is the background from light quarks. The continuous,
red curve is the signal from J/ψ mesons. The dashed, black
curve is the sum of the two.

We also need the number of primordial cc̄-pairs pro-
duced in the heavy ion collision. This is proportional to
the cc̄ cross-section in a pp-collision, which suffers from
large uncertainties. For LHC energies we use dσpp

cc̄ /dy =
1850 µb, which is within the plausible range [26]. With
this choice one has Ncc̄ # 60.

The results of numerically evaluating eqs. (2) and (3)
for LHC values of the parameters [27] and Tdiss = 1.25Tc

[28] are plotted in fig. 5. We see that there is an order-one
enhancement in the spectrum, associated to the decays
of J/ψ’s into on-shell photons. However, whether this
photon excess manifests itself as a peak, or only as an en-
hancement smoothly distributed over a broader range of
frequencies, depends sensitively on the dissociation tem-
perature. Perhaps surprisingly, the peak is less sharp for
higher values of Tdiss.

The signal is also quite sensitive to other parameters.
For example, increasing the width by a factor of two turns
the peak into an enhancement. Note also that S depends
quadratically on the cc̄ cross-section. Since at RHIC this
is believed to be ten times smaller than at LHC, the en-
hancement discussed above is presumably unobservable
at RHIC energies. Finally, we note that the signal is
exponentially sensitive to other parameters such as the
charm-quark mass, the maximum temperature T (0), etc.

These considerations show that a precise determina-
tion of the enhancement is not possible without a very
detailed understanding of the in-medium dynamics of the
J/ψ. On the other hand, they also illustrate that there
exists a reasonable range of parameters for which this ef-
fect yields an order-one enhancement, or even a peak, in
the spectrum of thermal photons produced by the QGP.
This thermal excess is concentrated at photon energies
roughly between 3 and 5 GeV. In this range the number
of thermal photons at LHC is expected to be comparable
or larger than that of pQCD photons produced in initial
partonic collisions [29]. Thus we expect the thermal ex-
cess above to be observable even in the presence of the
pQCD background.

We have examined the possibility of an analogous ef-
fect associated to the Υ meson. In this case ωpeak

>
∼ 10

• Uncertainties in in-medium J/ψ makes quantitative 
predictions hard...

Crossing at ωpeak≥ MJ/ψ

 ωpeak grows as T decreases 
vlim→1

• We expect and enhancement in the photon spectrum 
(even a peak) in the region of 3-4 GeV

• From the models in the market, we searched from a 
scenario in which a peak is observed at the LHC

(statistical hadronization with the largest possible c-c cross section)

• The magnitude depends a lot on the model

• The observation of the peak would signal the modified 
dispersion relation


