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J/ψ production in heavy-ion collisions at LHC 
Recombination of charm quarks during the collision 
evolution, to form charmonia in a latter stage of the 
QGP evolution : 
ü  Larger RAA than that at RHIC. 
ü  Larger RAA at low pT and toward mid-rapidity. 
ü Hint of non-zero elliptic flow. 
ü  Transport models explain the data. 
ü  J/ψ measurements in p-Pb.  
Direct observation of the deconfined state of matter. 
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J/y and y(2S) production in Pb–Pb collisions at psNN = 2.76TeV ALICE Collaboration
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Fig. 9: (Color online) Inclusive J/y RAA as a function of the J/y pT for 2.5 < y < 4 in the centrality class 0–90% [27]
compared to transport models [13, 58] (top left). The comparison is done with PHENIX results [21] and transport
models in the 0–20% [27] (top right), 20–40% (bottom left) and 40–90% (bottom right) centrality classes. Confidence
level values from PHENIX at high pT are not represented.
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Fig. 7: (Color online) Inclusive J/y RAA as a function of the number of participant nucleons measured in Pb–Pb col-
lisions at psNN = 2.76TeV [27], compared to the PHENIX measurement in Au–Au collisions at psNN = 0.2TeV [21]
(left) and to theoretical models [13, 58, 60, 61] which all include a J/y (re)combination component (right).

The impact of non-prompt J/y on the inclusive RAA analysis was studied. The RAA of prompt J/y is
estimated (see Eq. 3) to be about 7% larger than the inclusive J/y RAA if the beauty component is fully
suppressed. In the other extreme case, where the B-meson production is not affected by the medium and
scales with the number of binary collisions, i.e. Rnon-prompt

AA = 1, the RAA of prompt J/y would be about 6%
smaller in central collisions and about 1% smaller in peripheral collisions. The excess of inclusive J/y yield
observed at low pT in Fig. 5, which may be attributed to a photo-production component, also influences the
RAA in the most peripheral collisions. A large fraction of this contribution can be removed by selecting J/y
with a pT higher than 300MeV/c. Applying this cut reduces RAA values by about 20%, 10%, 4% and 3% in
the centrality classes 80–90%, 70–80% 60–70% and 50–60%, respectively.

The comparison with theoretical models, shown on the right-hand side of Fig. 7, helps in the interpretation
of the large difference observed between the PHENIX and the ALICE results.

The Statistical Hadronization Model (SHM) [60] assumes deconfinement and thermal equilibration of the
bulk of the cc̄ pairs. Charmonium production occurs at the phase boundary via the statistical hadronization of
charm quarks. The prediction is given for two values of the charm cross section dscc̄/dy= 0.15 and 0.25 mb.
These values are derived from the measured charm cross section in pp collisions at

p
s = 2.76 and 7TeV [15]

bracketing the expectation for gluon shadowing in the Pb-nucleus between 0.6 and 1.0. Production of non-
prompt J/y from decays of B-mesons is not considered.

The two transport models from Zhao [13] (TM1) and Zhou [58] (TM2) mainly differ in the rate equa-
tion controlling the J/y dissociation and regeneration. In TM1, shadowing is implemented via a simple
parametrization, leading to a 30% suppression in most central Pb–Pb collisions. The charm cross section
is assumed to be dscc̄/dy ⇡ 0.5 mb at y = 3.25, the fraction of J/y from beauty hadrons to be 10% and
no b-quenching is introduced in the calculation. This model is presented as a band connecting the results
obtained with (lower limit) and without (upper limit) shadowing and is interpreted by the authors as the
uncertainty of the prediction. In TM2, the shadowing is given by the EKS98 parametrization. The charm
cross section is taken in the range dscc̄/dy ⇡ 0.4� 0.5 mb; the calculations for these two values provide
the lower and upper limits of the band displayed in the figure. The fraction of J/y from beauty hadrons is
assumed to be 10% with a b-quenching of 0.8, increased to 0.4 for pT above 5GeV/c.
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J/ψ Elliptic Flow in Pb-Pb Collisions at √sNN = 2.76 TeV ALICE Collaboration
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Fig. 4: (color online) Inclusive J/ψ v2(pT) for non-central (20%–60%) Pb-Pb collisions at
√sNN = 2.76 TeV (see

text for details on uncertainties). The used pT ranges are: 0–2, 2–4, 4–6 and 6–10 GeV/c. Calculations from two
transport models [26] and [14] are also shown (see text for details).

all centralities. Thus, the observed centrality dependence of the v2 for inclusive J/ψ with 1.5 ≤ pT <
10 GeV/c does not result from any bias in the sampled pT distributions. For J/ψ with pT < 1.5 GeV/c
(not shown), the v2 is compatible with zero within one standard deviation for the four centrality classes.
The ⟨pT⟩uncor ranges from about 0.75 to 0.9 GeV/c.

To allow a direct comparison with current model calculations, the inclusive J/ψ v2(pT) was also calcu-
lated in a broader centrality range, namely 20%–60%, and it is shown in Fig. 4. In this broader centrality
range, the measured v2 signal in the pT range 2–4 GeV/c deviates from zero by 2σ . The same trend of
v2(pT) is observed in the 20%–60% and in the 20%–40% centrality classes. This trend seems qualita-
tively different from that of the STAR measurement [16] at lower collision energy, which is compatible
with zero for pT ≥ 2 GeV/c albeit in somewhat different (10%–40% and 0%–80%) centrality ranges.
Also shown in Fig. 4 are two transport model calculations that include a J/ψ regeneration component
from deconfined charm quarks in the medium [14, 26]. In both models about 30% of the measured
J/ψ in the 20%–60% centrality range are regenerated. First, thermalized charm quarks in the medium
transfer a significant elliptic flow to regenerated J/ψ . Second, primordial J/ψ emitted out-of-plane tra-
verse a longer path through the medium than those emitted in-plane resulting in a small apparent v2.
The predicted maximum v2 at pT ∼ 2.5 GeV/c results from an interplay between the regeneration com-
ponent, dominant at lower pT, and the primordial J/ψ component which takes over at higher pT. The
first model [26] is shown for the hypothesis of thermalization (full line) and non-thermalization (dashed
line) of b quarks. The LHCb Collaboration measured the fraction of J/ψ from B hadron decays in pp
collisions at

√
s = 2.76 and 7 TeV [27, 28] in the rapidity acceptance used for this measurement. At 7

TeV this fraction increases from 7% at pT ∼ 0 to 15% at pT ∼ 7 GeV/c, while at 2.76 TeV it is about 7%
for pT < 12 GeV/c. In Pb-Pb collisions this fraction could increase up to 11% if the B hadron RAA= 1. If
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Study of J/ψ production at very low pT  
pT-differential J/ψ yields  

Outline 
1.  ALICE detector 
2.  J/psi RAA at pT<1 GeV/c 

for different centrality 
bins. 

3.  Estimation of the J/ψ 
excess. 

4.  Cross-section evaluation 
assuming coherent J/ψ 
photoproduction at the 
origin of the excess. 

5.  Conclusions and 
prospects 
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J/y and y(2S) production in Pb–Pb collisions at psNN = 2.76TeV ALICE Collaboration

systematic uncertainties uncorrelated as a function of pT are shown as open boxes, while the ones fully
correlated as a function of pT but uncorrelated as a function of centrality are shown as shaded areas (mostly
hidden by the points). The global systematic uncertainty, fully correlated as a function of centrality and pT,
is quoted directly in the figure. Numerical values for the J/y yields can be found in Appendix A. The mean
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Fig. 5: (Color online) Differential yields of inclusive J/y in Pb–Pb collisions at psNN = 2.76TeV as a function of pT

for three centrality classes. Solid lines correspond to the results from the fit described in the text.

transverse momentum for inclusive J/y production was computed by fitting the pT distribution of inclusive
J/y yields with the function

f (pT) =C⇥ pT

(1+(pT/p0)2)n , (7)

where C, p0 and n are free parameters. This function was commonly used to reproduce the J/y pT distribu-
tion in hadronic collisions, see for instance [51–53]. Fit results for the three centrality classes are displayed
as full lines in the figure. An excess over this function is revealed in the lowest pT interval (correspond-
ing to 0 < pT < 500MeV/c) for peripheral Pb–Pb collisions. It could be caused by a residual contribution
from J/y coherent photo-production, which was measured in ultra-peripheral collisions [54]. A quantitative
measurement of this contribution in hadronic collisions is reported in [55]. Thus, in the most peripheral
centrality class (40–90%) the fit was performed for pT > 500MeV/c and extrapolated down to zero (dotted
line). In the 0–20% and 20–40% centrality classes, no J/y excess was observed and fits were performed
down to zero pT. As a cross-check, the same procedure as for the peripheral centrality class was tested and
the obtained results are fully compatible within uncertainties.

Values of the mean transverse momentum (hpTi) and mean squared transverse momentum (hp2
Ti) obtained

from the fits as a function of centrality are given in Tab. 3. The statistical (systematic) uncertainty is extracted
by fitting the pT distribution considering only the statistical (pT-uncorrelated systematic) uncertainty of the
measurement. For comparisons, the hpTi and hp2

Ti results from PHENIX were recomputed with the function
defined by Eq. 7, adjusted in the measured pT range and extrapolated to pT = 8GeV/c to match our pT range.
These results are also given in Tab. 3 along with the measurement in pp collisions at

p
s = 2.76TeV with

recently updated uncertainties [37].

The hpTi of inclusive J/y measured in pp and Pb–Pb collisions at psNN = 2.76TeV is shown in Fig. 6 (left
side) as a function of hNparti. The error bars (open boxes) represent the statistical (systematic) uncertainties.
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ALICE Collaboration, EPJ C74 (2014) 2974 
arXiv:1403.3648 and arXiv:1506.08804 

Excess seems to be present at 
very low pT (pT<0.5 GeV/c) in 

semi-peripheral collisions. 
But not seen in pp collisions. 



The ALICE Detector 
Heavy Ion Experiment at the LHC 
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SPD 

Trigger 
Chambers 

 Muon spectrometer (-4.0<η<-2.5) 
J/ψ in the µ+µ- channel down to pT=0 

Pb-Pb at 2.76 TeV, L=70 µb-1 (dimuon trigger) 

Trigger 
Chambers 

µ- 

µ+ 



Excess in the yield of J/y at very low pT ALICE Collaboration
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4

J/ψ Signal Extraction : NAA
J/ψ 

Invariant mass analysis 
-  opposite sign dimuon pairs in the 

dimuon triggered (pT
µ>1 GeV/c) 

data (17x106 events, ~70 µb-1). 
-  two functions were considered to 

describe the J/ψ signal shape. Two 
or three functions for the 
background. 

-  Three pT ranges  
-  0-0.3, 0.3-1.0 and 1-8 GeV/c 

-  Five centrality bins 
-  0-10%, 10-30% , 30-50%, 50-70% 

70-90%   

-  One y range 
-  2.5<y<4.0 
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Quark Matter 2015, Sep-28th Oct-3rd 2015, Kobe, Japan Similar analysis as in arXiv:1506.08804 by 
the ALICE Collaboration 
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Figure 10: Universal zt distribution for all the available experimental data.

We are then left with only one free parameter n. We do a global fit to all the experimental data
and obtain: n = 3.9 (see Fig. 10). The systematic uncertainties on the n parameter are evaluated
by performing three global-like fits excluding one by one the data at 200 GeV, 1.96 TeV and 7 TeV.
This gives finally: n = 3.9+0.5

−0.1. To demonstrate the scaling versus zt variable in more details, we
plot in Fig. 11 the ratio of the experimental data to the fit function value at each data point. We
have checked that this fit function describes well also the prompt J/ψ data at 7 TeV [7, 8]. Similar
fit of the zt scaling function Eq. (10) to the Υ(1S) meson pt spectra measured at 1.8 TeV [23] and
7 TeV [24, 25] gives n = 3.4.

Data excluded
√
s [TeV]

0.2 1.96 2.76 5.5 7
none 2.31 2.48

⟨pt⟩ RHIC 2.52 2.51 2.50
[GeV/c] Tevatron 2.17 2.25 2.44

LHC 2.67 3.01 3.15
Syst. Unc. 48% 13% 12% 17% 25%

Table 8: Inclusive J/ψ ⟨pt⟩ versus
√
s and its systematic uncertainty (Syst. Unc.).

The next step to obtain the pt distributions at 2.76 and 5.5 TeV is to estimate the J/ψ ⟨pt⟩
at these two energies. For this we fit the PHENIX, CDF, CMS, ALICE and LHCb ⟨pt⟩ data by
a power-law function of energy. The results are reported in Table 8. To evaluate the calculation
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Proton-proton reference at √s = 2.76 TeV 
Not enough statistics at very low pT in pp collisions 
at 2.76 TeV  to make a direct measurement. -  Reference in the 0-0.3 

GeV/c pT interval was 
extracted by fitting the 
experimental data.  

-  Levy-Tsallis and UA1 
functions also used for 
determination of the 
systematics. 

-  Procedure cross-
checked with proton-
proton data at 7 TeV.   
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3

and fitting ranges, while the systematic uncertainties are
obtained from the RMS of the results. The extracted J/ 115

signals and the corresponding statistical and systematic
uncertainties are quoted in the second column of Tab. I
for the very low pT range.

In each centrality class and pT range, the RAA is ob-
tained from the measured number of J/ corrected for the
acceptance and e�ciency (assuming hadroproduction),
branching ratio and normalized to the equivalent num-
ber of MB events, nuclear thickness and proton-proton
inclusive J/ production cross section, as detailed in [8].
In the pT range 1-8 GeV/c, the J/ cross section in pp
collisions at

p
s = 2.76 TeV is directly extracted from the

ALICE measurement [25], while in the pT ranges 0-0.3
and 0.3-1 GeV/c, due to limited statistics, it is obtained
by fitting the measured pT distribution with the following
parametrization [30]:

d2�h J/ 
pp

dpTdy
=

c⇥ �J/ 

1.5⇥ hpTi2
⇥ pT✓

1 + a

2
⇣

pT

hpTi

⌘2
◆n , (3)

where a = �(3/2)�(n� 3/2)/�(n� 1), and c = 2a2(n�
1). �J/ , hpTi and n are free parameters of the fit. A120

Lévy–Tsallis function [31, 32] and UA1 function [33] were
also used to fit the data in order to assess systematic
uncertainties. In addition, the validity of the procedure
was confirmed using the J/ data sample in pp collisions
at 7 TeV [22], where the larger statistics at very low125

pT allows for a direct measurement of the cross sections.
The values obtained with this procedure in the pT ranges
0-0.3 and 0.3-1.0 GeV/c agree within 11% (1.2�) and 4%
(0.6�), respectively, with the measured cross sections.

The procedures for the determination of the various130

systematic uncertainties are the same followed in [8],
apart for the J/ cross section pp reference in the
pT ranges 0-0.3 and 0.3-1 GeV/c, which incorporate the
uncertainties on the fitting procedure described above. In
Fig. 3 systematic uncertainties were separated into 4 cat-135

egories according to their degree of correlation with cen-
trality and pT: uncorrelated in pT and centrality (open
boxes), which only contains the systematic uncertainties
on the signal extraction in Pb–Pb (1-23%); fully corre-
lated as a function of pT but not as a function of central-140

ity (shaded areas), which contains the uncertainties on
the nuclear overlap function (3.2-7%), on the determina-
tion of the centrality classes (0.7-7.7%) and on the cen-
trality dependence of the tracking (0-1%) and trigger e�-
ciencies (0-1%); fully correlated as a function of centrality145

but not as a function of pT (quoted as global systematics
in the legend), which contains the uncertainties on the
reference J/ cross section from pp collisions (statisti-
cal (3.6-6.9%) and uncorrelated systematic (3.2-8.0%)),
on the MC input parametrization (0.5-2%) and on the150

tracking (10-11%), trigger (2.2-3.6%) and matching e�-
ciencies (1%); and fully correlated in pT and centrality
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FIG. 3. (color online). J/ R
AA

as a function of hN
part

i for
3 p

T

ranges in Pb–Pb collisions at
p
s
NN

= 2.76 TeV. See text
for details on uncertainties.

(quoted as common global systematics), which contains
the correlated systematic uncertainty on the pp reference
cross section (5.8%) and the uncertainty on the number155

of equivalent minimum bias events (3.5%).
The J/ RAA exhibits a strong increase in the pT range

0-0.3 GeV/c for the most peripheral Pb–Pb collisions.
This observation is surprising and none of the transport
models [2, 3] that describe well the previous measure-160

ments [7, 8, 10] predict such a pattern at LHC energies.
To quantify the excess of J/ at very low pT, we sub-

tracted the number of J/ expected from hadroproduc-
tion in Pb–Pb collisions. The following parametrization

of the number of hadronic J/ (Nh J/ 
AA ) as a function of165

pT in a given centrality class was used:

dNh J/ 
AA

dpT
= N ⇥ d�h J/ 

pp

dpT
⇥R

h J/ 
AA ⇥ (A⇥ ✏)h J/ 

AA . (4)

The factor N is fixed by normalizing the integral of
Eq. (4) in the pT range 1-8 GeV/c to the number of
J/ measured in the same range, where the hadropro-
duction component is dominant. The second term is170

given by the fit of the J/ pT-di↵erential cross section
measured in pp collisions [25] using Eq. (3). The third

term is a parametrization of the R

h J/ 
AA as a function of

pT from the ALICE measurements in Pb–Pb collisions
at 2.76 TeV [8, 10]. These measurements are available175

in three centrality classes (0–20%, 20–40%, 40–90%). To
calculate the hadroproduction component in the 10–30%
(30–50%) centrality class, parameterizations obtained in

F. Bossu et al. arXiv:1103.2394 

ALICE Collaboration, PLB718 
(2012) 295 arXiv:1203.3641 

ALICE Collaboration, EPJ C74 
(2014) 2974 arXiv:1403.3648  



J/ψ nuclear modification factor at very low pT 
Strong enhancement in the pT interval 0-0.3 GeV/c 

ü  Systematics: 
-  Open box : 

uncorrelated in pT and 
centrality. 

-  Shaded area: 
correlated in pT and 
uncorrelated in 
centrality. 

ü RAA ~7 (2) for the 
70-90% (50-70%) 
centrality classes. 

ü None of the transport 
models predict such a 
pattern. 
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Excess in the yield of J/y at very low pT ALICE Collaboration
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Fig. 3: (Color online) J/y RAA as a function of hNparti for 3 pT ranges in Pb–Pb collisions at
p

sNN = 2.76 TeV.
See text for details on uncertainties.
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Evaluation of hadroproduced J/ψ at very low pT 

-  Smooth RAA evolution 
down to zero pT. 

-  Two fits, fixed and free  
pT

0 parameter. 
-  Also 1st order 

polynomial and a 
constant to RAA for the 
most peripheral bin. 

-  Two fitting intervals 0-8 
and 1-8 GeV/c. 
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Fig. 3: (color online). J/y RAA as a function of hNparti for 3 pT ranges in Pb–Pb collisions at
p

sNN = 2.76 TeV.
See text for details on uncertainties.

collisions. This observation is surprising and none of the transport models [2, 3] that describe well the110

previous measurements [7, 8, 10] predict such a pattern at LHC energies.111

To quantify the excess of J/y at very low pT, we subtracted the number of J/y expected from hadropro-112

duction in Pb–Pb collisions. The following parametrization of the number of hadronic J/y (Nh J/y
AA ) as a113

function of pT in a given centrality class was used:114

dN

h J/y
AA

dpT
= N ⇥

dsh J/y
pp

dpT
⇥R

h J/y
AA ⇥ (A ⇥ e)h J/y

AA . (2)

The factor N is fixed by normalizing the integral of Eq. (2) in the pT range 1-8 GeV/c to the number115

of J/y measured in the same range, where the hadroproduction component is dominant. The second116

term is given by the fit of the J/y pT-differential cross section measured in pp collisions [25] using Eq.117

(1). The third term is a parametrization of the R

h J/y
AA as a function of pT from the ALICE measurements118

6

J/y and y(2S) production in Pb–Pb collisions at psNN = 2.76TeV ALICE Collaboration
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Fig. 9: (Color online) Inclusive J/y RAA as a function of the J/y pT for 2.5 < y < 4 in the centrality class 0–90% [27]
compared to transport models [13, 58] (top left). The comparison is done with PHENIX results [21] and transport
models in the 0–20% [27] (top right), 20–40% (bottom left) and 40–90% (bottom right) centrality classes. Confidence
level values from PHENIX at high pT are not represented.
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Cent. (%) N

J/y
AA N

h J/y
AA N

excess J/y
AA ds coh

J/y/dy (µb)
0–10 339±85±78 406 ± 14 ± 55 < 251 < 318
10–30 373±87±75 397 ± 10 ± 61 < 237 < 290
30–50 187±37±15 126 ± 4 ± 15 62 ± 37 ± 21 73 ± 44 +26

�27
50–70 89±13±2 39 ± 2 ± 5 50 ± 14 ± 5 58 ± 16 +8

�10
70–90 59±9±3 8 ± 1 ± 1 51 ± 9 ± 3 59 ± 11 +7

�10

Table 1: Raw number of J/y (NJ/y
AA ), expected raw number of hadronic J/y (Nh J/y

AA ) and measured excess in the
number of J/y ( N

excess J/y
AA ), all three numbers in the pT range (0-0.3) GeV/c, and J/y coherent photoproduction

cross section in Pb–Pb collisons at
p

sNN = 2.76 TeV, with their statistical and uncorrelated systematic uncertainties.
An additional correlated systematic uncertainty of ± 14% also applies to the cross section. In the most central
classes, an upper limit (95% CL) on the J/y yield excess and on the cross section is given.

in Pb–Pb collisions at 2.76 TeV [8, 10]. These measurements are available in three centrality classes119

(0–20%, 20–40%, 40–90%). To calculate the hadroproduction component in the 10–30% (30–50%)120

centrality class, parameterizations obtained in both 0–20% and 20–40% (20–40% and 40–90%) were121

considered. A Woods-Saxon like parametrization, which describes the prediction of transport models on122

J/y production in heavy-ion collisions at low pT [2, 3], was used in all the centrality classes:123

R

h J/y
AA (pT) = R

0
AA +

D
RAA

1+ exp
⇣

pT�p

0
T

s
pT

⌘ . (3)

R

0
AA and D

RAA were free parameters of the fit while the p

0
T parameter was either unconstrained or fixed124

to MJ/y to force an evolution of R

h J/y
AA at very low pT in agreement with the predictions of the transport125

models [2, 3]. In addition, a first order polynomial and a constant were used in the most peripheral class.126

Two fitting ranges in pT were considered, either 0-8 or 1-8 GeV/c since the first bin could be biased127

by the presence of the very low pT J/y excess. The last term in Eq. (2) is a parametrization of the128

acceptance times efficiency of hadronic J/y ((A ⇥ e)h J/y
AA ) – determined from MC simulations of the129

muon spectrometer response function – with either a third-order polynomial or the ratio of two Lévy–130

Tsallis functions. Simulations were performed with an embedding technique where MC J/y particles131

are injected into real data events and then reconstructed [8]. The results of the various parameterizations132

are averaged in a given range in pT and centrality and the RMS of the results is included in the systematic133

uncertainty on the expected number of hadronic J/y .134

The excess in the number of J/y measured in the pT range 0-0.3 GeV/c after subtracting the hadronic135

component is given in the third column of Tab. 1. The statistical uncertainty is the quadratic sum of136

the uncertainties on the measured number of J/y in the pT ranges 0-0.3 and 1-8 GeV/c. The latter137

is used in the normalization factor of Eq. (2). The systematic uncertainty is the quadratic sum of the138

uncertainties on the signal extraction in 0-0.3 GeV/c (see Tab. 1) and on the parametrization of the139

hadronic component (13.0%, 12.5% and 12% in the 70–90%, 50–70% and 30–50% centrality classes,140

respectively, see Tab. 1). The significance of the excess is 5.4s , 3.4s and 1.4s in the 70–90%, 50–70%141

and 30–50% centrality classes, respectively. For the two central classes, only the 95% confidence level142

limit could be computed. To cross-check the robustness of these results, the excess was re-evaluated143

assuming a rough parametrization of the R

h J/y
AA based on two extreme cases: (i) a constant suppression144

independent of pT (Rh J/y
AA (pT < 0.3 GeV/c) = R

h J/y
AA (1 < pT < 8 GeV/c)), which minimizes the hadronic145

contribution, and (ii) no suppression at all at low pT (Rh J/y
AA (pT < 0.3 GeV/c) = 1), which gives the146

maximum possible hadronic contribution. Even with these simplified and extreme assumptions, the J/y147

excess remains significant and compatible with the results reported in Tab. 1 within less than 1 (3) times148
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Excess in the yield of J/y at very low pT ALICE Collaboration

metrical acceptance of the muon spectrometer and matching a track segment above the 1 GeV/c pT thresh-
old in the trigger chambers [10]. In Fig. 1, the pT distribution of OS dimuons, without combinatorial
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Fig. 1: (Color online) Raw OS dimuon pT distribution for the invariant mass range 2.8 < mµ+µ� < 3.4 GeV/c

2 and
centrality class 70–90%. The red line represents the pT distribution of coherently photo-produced J/y as predicted
by the STARLIGHT MC generator [21] in Pb–Pb ultra-peripheral collisions and convoluted with the response
function of the muon spectrometer. The normalization of the red line is given by the measured number of J/y in
excess reported in Table 1 after correction for the y(2S) feed-down and incoherent contributions (see text).

background subtraction, is shown for the invariant mass range 2.8 < mµ+µ� < 3.4 GeV/c

2 in the cen-
trality class 70–90%. A remarkable excess of dimuons is observed at very low pT in this centrality class.
Such an excess has not been observed in proton-proton collisions [22–27].

The raw number of J/y in five centrality classes (0–10%, 10–30%, 30–50%, 50–70% and 70–90%) and
three pT ranges (0–0.3, 0.3–1, 1–8 GeV/c) was extracted by fitting the OS dimuon invariant mass dis-
tribution using a binned likelihood approach. Two functions were considered to describe the J/y signal
shape: a Crystal Ball function [28] and a pseudo-Gaussian function [29]. The tails of the J/y signal

3

Evaluation of the J/ψ excess at very low pT 

-  5.4 (3.4)σ 
significance in 
70-90% (50-70%) 
centrality bins. 

-  1.4σ in 30-50%. 
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-  Coherent photoproduction of J/ψ in 
Pb-Pb collisions. 

-  <pT>~60 MeV/c (~100 MeV/c after 
muon spectrometer response 
function). 

-  Shape of STARLIGHT calculation in 
ultra-peripheral collisions (UPC) in 
good qualitative agreement. 

Excess in the yield of J/y at very low pT ALICE Collaboration

Cent. (%) N

J/y
AA N

h J/y
AA N

excess J/y
AA ds coh

J/y/dy (µb)
0–10 339±85±78 406 ± 14 ± 55 < 251 < 318
10–30 373±87±75 397 ± 10 ± 61 < 237 < 290
30–50 187±37±15 126 ± 4 ± 15 62 ± 37 ± 21 73 ± 44 +26

�27 ± 10
50–70 89±13±2 39 ± 2 ± 5 50 ± 14 ± 5 58 ± 16 +8

�10 ± 8
70–90 59±9±3 8 ± 1 ± 1 51 ± 9 ± 3 59 ± 11 +7

�10 ± 8

Table 1: Raw number of J/y (NJ/y
AA ), expected raw number of hadronic J/y (Nh J/y

AA ) and measured excess in the
number of J/y ( N

excess J/y
AA ), all three numbers in the pT range (0–0.3) GeV/c, and J/y coherent photoproduction

cross section in Pb–Pb collisons at
p

sNN = 2.76 TeV, with their statistical and uncorrelated systematic uncertainties.
A correlated systematic uncertainty also applies to the cross section. In the most central classes, an upper limit
(95% CL) on the J/y yield excess and on the cross section is given.

function of pT in a given centrality class was used:

dN

h J/y
AA

dpT
= N ⇥

dsh J/y
pp

dpT
⇥R

h J/y
AA ⇥ (A ⇥ e)h J/y

AA . (2)

The factor N is fixed by normalizing the integral of Eq. (2) in the pT range 1–8 GeV/c to the number of
J/y measured in the same range, where the hadroproduction component is dominant. The second term
is given by the fit of the J/y pT-differential cross section measured in pp collisions [25] using Eq. (1).
The third term is a parametrization of the R

h J/y
AA as a function of pT from the ALICE measurements

in Pb–Pb collisions at 2.76 TeV [8, 10]. These measurements are available in three centrality classes
(0–20%, 20–40%, 40–90%). To calculate the hadroproduction component in the 10–30% (30–50%)
centrality class, parameterizations obtained in both 0–20% and 20–40% (20–40% and 40–90%) were
considered. A Woods-Saxon like parametrization, which describes the prediction of transport models on
J/y production in heavy-ion collisions at low pT [2, 3], was used in all the centrality classes:

R

h J/y
AA (pT) = R

0
AA +

D
RAA

1+ exp
⇣

pT�p

0
T

s
pT

⌘ . (3)

R

0
AA and D

RAA are free parameters of the fit while the p

0
T parameter was either unconstrained or fixed to

MJ/y to force an evolution of R

h J/y
AA at very low pT in agreement with the predictions of the transport

models [2, 3]. In addition, a first order polynomial and a constant were used in the most peripheral class.
Two fitting ranges in pT were considered, either 0-8 or 1-8 GeV/c since the first bin could be biased
by the presence of the very low pT J/y excess. The last term in Eq. (2) is a parametrization of the
acceptance times efficiency of hadronic J/y ((A ⇥ e)h J/y

AA ) – determined from MC simulations of the
muon spectrometer response function – with either a third-order polynomial or the ratio of two Lévy–
Tsallis functions. Simulations were performed with an embedding technique where MC J/y particles
are injected into real events and then reconstructed [8]. The results of the various parameterizations are
averaged in a given range in pT and centrality and the RMS of the results is included in the systematic
uncertainty on the expected number of hadronic J/y .

The excess in the number of J/y measured in the pT range 0–0.3 GeV/c after subtracting the hadronic
component is given in the fourth column of Table 1. The statistical uncertainty is the quadratic sum
of the uncertainties on the measured number of J/y in the pT ranges 0–0.3 and 1-8 GeV/c. The latter
is used in the normalization factor of Eq. (2). The systematic uncertainty is the quadratic sum of the
uncertainties on the signal extraction in 0-0.3 GeV/c (see Table 1) and on the parametrization of the
hadronic component (13.0%, 12.5% and 12% in the 70–90%, 50–70% and 30–50% centrality classes,
respectively, see Table 1). The significance of the excess is 5.4s , 3.4s and 1.4s in the 70–90%, 50–70%

7

Hypothesis on the underlying mechanism 



Photoproduction in Pb-Pb UPC at 2.76 TeV 

-  Photon from the Pb EM field 
interacts with the Pb nucleus 
(coherent) or with a nucleon 
(incoherent). 

-  Measured in Pb-Pb ultra 
peripheral collisions (b>2 
RPb). 

-  Sensitive to gluon nPDF. 
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Observation for the first time of an excess 
at low-pT in the opposite sign dimuon 
distribution in peripheral Pb-Pb collisions 

Phys. Lett. B 718 (2013) 1273 - 1283 

A plausible explanation 

Coherent J/ψ photoproduction (occuring at b < 2R) is proposed as the underlying physics 
mechanism at the origin of the J/ψ low pT yield excess observed in hadronic Pb-Pb collisions 5 

ALICE Collaboration, PLB718 (2013) 1273 
arXiv:1209.3715 and  

EPJ73 (2013) 11 arXiv:1305.1467  

Charmonium and e+e− pair photoproduction ALICE Collaboration
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Fig. 5: Measured differential cross section of J/ψ photoproduction in ultra-peripheral Pb-Pb collisions at√sNN =

2.76 TeV at -0.9<y<0.9 for coherent a) and incoherent b) events. The error is the quadratic sum of the statistical
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Excess in the yield of J/y at very low pT ALICE Collaboration

Cent. (%) N

J/y
AA N

h J/y
AA N

excess J/y
AA ds coh

J/y/dy (µb)
0–10 339±85±78 406 ± 14 ± 55 < 251 < 318
10–30 373±87±75 397 ± 10 ± 61 < 237 < 290
30–50 187±37±15 126 ± 4 ± 15 62 ± 37 ± 21 73 ± 44 +26

�27 ± 10
50–70 89±13±2 39 ± 2 ± 5 50 ± 14 ± 5 58 ± 16 +8

�10 ± 8
70–90 59±9±3 8 ± 1 ± 1 51 ± 9 ± 3 59 ± 11 +7

�10 ± 8

Table 1: Raw number of J/y (NJ/y
AA ), expected raw number of hadronic J/y (Nh J/y

AA ) and measured excess in the
number of J/y ( N

excess J/y
AA ), all three numbers in the pT range (0–0.3) GeV/c, and J/y coherent photoproduction

cross section in Pb–Pb collisons at
p

sNN = 2.76 TeV, with their statistical and uncorrelated systematic uncertainties.
A correlated systematic uncertainty also applies to the cross section. In the most central classes, an upper limit
(95% CL) on the J/y yield excess and on the cross section is given.

dN

h J/y
AA

dpT
= N ⇥

dsh J/y
pp

dpT
⇥R

h J/y
AA ⇥ (A ⇥ e)h J/y

AA . (2)

The factor N is fixed by normalizing the integral of Eq. (2) in the pT range 1–8 GeV/c to the number of117

J/y measured in the same range, where the hadroproduction component is dominant. The second term118

is given by the fit of the J/y pT-differential cross section measured in pp collisions [25] using Eq. (1).119

The third term is a parametrization of the R

h J/y
AA as a function of pT from the ALICE measurements120

in Pb–Pb collisions at 2.76 TeV [8, 10]. These measurements are available in three centrality classes121

(0–20%, 20–40%, 40–90%). To calculate the hadroproduction component in the 10–30% (30–50%)122

centrality class, parameterizations obtained in both 0–20% and 20–40% (20–40% and 40–90%) were123

considered. A Woods-Saxon like parametrization, which describes the prediction of transport models on124

J/y production in heavy-ion collisions at low pT [2, 3], was used in all the centrality classes:125

R

h J/y
AA (pT) = R

0
AA +

D
RAA

1+ exp
⇣

pT�p

0
T

s
pT

⌘ . (3)

R

0
AA and D

RAA are free parameters of the fit while the p

0
T parameter was either unconstrained or fixed to126

MJ/y to force an evolution of R

h J/y
AA at very low pT in agreement with the predictions of the transport127

models [2, 3]. In addition, a first order polynomial and a constant were used in the most peripheral class.128

Two fitting ranges in pT were considered, either 0-8 or 1-8 GeV/c since the first bin could be biased129

by the presence of the very low pT J/y excess. The last term in Eq. (2) is a parametrization of the130

acceptance times efficiency of hadronic J/y ((A ⇥ e)h J/y
AA ) – determined from MC simulations of the131

muon spectrometer response function – with either a third-order polynomial or the ratio of two Lévy–132

Tsallis functions. Simulations were performed with an embedding technique where MC J/y particles133

are injected into real events and then reconstructed [8]. The results of the various parameterizations are134

averaged in a given range in pT and centrality and the RMS of the results is included in the systematic135

uncertainty on the expected number of hadronic J/y .136

The excess in the number of J/y measured in the pT range 0–0.3 GeV/c after subtracting the hadronic137

component is given in the fourth column of Tab. 1. The statistical uncertainty is the quadratic sum of138

the uncertainties on the measured number of J/y in the pT ranges 0–0.3 and 1-8 GeV/c. The latter139

is used in the normalization factor of Eq. (2). The systematic uncertainty is the quadratic sum of the140

uncertainties on the signal extraction in 0-0.3 GeV/c (see Tab. 1) and on the parametrization of the141

hadronic component (13.0%, 12.5% and 12% in the 70–90%, 50–70% and 30–50% centrality classes,142

respectively, see Tab. 1). The significance of the excess is 5.4s , 3.4s and 1.4s in the 70–90%, 50–70%143
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Cent. (%) N

J/y
AA N

h J/y
AA N

excess J/y
AA ds coh

J/y/dy (µb)
0–10 339±85±78 406 ± 14 ± 55 < 251 < 318
10–30 373±87±75 397 ± 10 ± 61 < 237 < 290
30–50 187±37±15 126 ± 4 ± 15 62 ± 37 ± 21 73 ± 44 +26

�27 ± 10
50–70 89±13±2 39 ± 2 ± 5 50 ± 14 ± 5 58 ± 16 +8

�10 ± 8
70–90 59±9±3 8 ± 1 ± 1 51 ± 9 ± 3 59 ± 11 +7

�10 ± 8

Table 1: Raw number of J/y (NJ/y
AA ), expected raw number of hadronic J/y (Nh J/y

AA ) and measured excess in the
number of J/y ( N

excess J/y
AA ), all three numbers in the pT range (0–0.3) GeV/c, and J/y coherent photoproduction

cross section in Pb–Pb collisons at
p

sNN = 2.76 TeV, with their statistical and uncorrelated systematic uncertainties.
A correlated systematic uncertainty also applies to the cross section. In the most central classes, an upper limit
(95% CL) on the J/y yield excess and on the cross section is given.

dN

h J/y
AA

dpT
= N ⇥
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dpT
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AA ⇥ (A ⇥ e)h J/y

AA . (2)

The factor N is fixed by normalizing the integral of Eq. (2) in the pT range 1–8 GeV/c to the number of117

J/y measured in the same range, where the hadroproduction component is dominant. The second term118

is given by the fit of the J/y pT-differential cross section measured in pp collisions [25] using Eq. (1).119

The third term is a parametrization of the R

h J/y
AA as a function of pT from the ALICE measurements120

in Pb–Pb collisions at 2.76 TeV [8, 10]. These measurements are available in three centrality classes121

(0–20%, 20–40%, 40–90%). To calculate the hadroproduction component in the 10–30% (30–50%)122

centrality class, parameterizations obtained in both 0–20% and 20–40% (20–40% and 40–90%) were123

considered. A Woods-Saxon like parametrization, which describes the prediction of transport models on124

J/y production in heavy-ion collisions at low pT [2, 3], was used in all the centrality classes:125
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0
AA and D

RAA are free parameters of the fit while the p

0
T parameter was either unconstrained or fixed to126

MJ/y to force an evolution of R

h J/y
AA at very low pT in agreement with the predictions of the transport127

models [2, 3]. In addition, a first order polynomial and a constant were used in the most peripheral class.128

Two fitting ranges in pT were considered, either 0-8 or 1-8 GeV/c since the first bin could be biased129

by the presence of the very low pT J/y excess. The last term in Eq. (2) is a parametrization of the130

acceptance times efficiency of hadronic J/y ((A ⇥ e)h J/y
AA ) – determined from MC simulations of the131

muon spectrometer response function – with either a third-order polynomial or the ratio of two Lévy–132

Tsallis functions. Simulations were performed with an embedding technique where MC J/y particles133

are injected into real events and then reconstructed [8]. The results of the various parameterizations are134

averaged in a given range in pT and centrality and the RMS of the results is included in the systematic135

uncertainty on the expected number of hadronic J/y .136

The excess in the number of J/y measured in the pT range 0–0.3 GeV/c after subtracting the hadronic137

component is given in the fourth column of Tab. 1. The statistical uncertainty is the quadratic sum of138

the uncertainties on the measured number of J/y in the pT ranges 0–0.3 and 1-8 GeV/c. The latter139

is used in the normalization factor of Eq. (2). The systematic uncertainty is the quadratic sum of the140

uncertainties on the signal extraction in 0-0.3 GeV/c (see Tab. 1) and on the parametrization of the141

hadronic component (13.0%, 12.5% and 12% in the 70–90%, 50–70% and 30–50% centrality classes,142

respectively, see Tab. 1). The significance of the excess is 5.4s , 3.4s and 1.4s in the 70–90%, 50–70%143

7

Coherent photoproduction cross-section 

NAA
excess J/ψ / (1+fD+fI)  !  dσcoh

J/ψ/dy 
 -  Correction by the 
fraction of incoherent 
contribution, fI. 

-  Correction by the 
feed-down of 
coherently 
photoproduced ψ(2S), 
fD. 

-  (Axε)ΑΑJ/ψ assuming 
coherent 
photoproduction 
(transverse polarized 
J/ψ) from 
STARTLIGHT. 
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Uncorrelated systematics as a function of 
centrality: 

-  Measured excess, 
-  Incoherent J/ψ and coherent ψ(2S) 

contributions, 
-  Centrality selection, occupancy, trigger, 

tracking. 

Correlated systematic 14% 
-  Luminosity, MC input, trigger and tracking 

efficiencies, and matching. 

ALICE Collaboration, PLB718 (2013) 
1273 arXiv:1209.3715 



Comparison with theoretical expectations 
No model is available for a complete description of coherent 
photoproduction in Pb-Pb nuclear collisions. 

-  Part of the nuclei interacts. 
-  Photon flux of a charge distribution 

of the nucleus for b<2RPb. 
-  An extrapolation of measured J/ψ in 

UPC (b1=2RPb,b2=∞) to 70-90% 
(Npart~11) centrality class 
(b1

70-90%,b2
70-90%), provides a cross 

section of ~40 µb. Good qualitative 
agreement with the measured value 
59±16 µb.  

-  Two extreme cases for the photon 
flux: 
-  full nucleus 
-  spectator region 
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Eγ = ħwγ  
Nγ photon flux 

82Pb γ source 

208Pb  nuclear  
target 

J/ψ 
<pT>~1/RPb 

 γ 

ALICE INTERNAL DOCUMENT

Measurement of an excess in the yield of J/ at very low pT in Pb–Pb collisions atp
sNN = 2.76 TeV

(ALICE Collaboration)
(Dated: September 24, 2015)

We report on the first measurement of an excess in the yield of J/ at very low transverse mo-
mentum (p

T

< 0.3 GeV/c) in peripheral hadronic Pb–Pb collisions at
p
s
NN

= 2.76 TeV, performed
by ALICE at the CERN LHC. Remarkably, the measured nuclear modification factor (R

AA

) of J/ 
in the rapidity range 2.5 < y < 4.0 reaches about 7 (2) for Pb–Pb collisions in the p

T

range 0-0.3
GeV/c in the 70–90% (50–70%) centrality class. The J/ production cross section associated with
the observed excess is obtained under the hypothesis that coherent photoproduction of J/ is the
underlying physics mechanism. If confirmed, the observation of J/ coherent photoproduction in
Pb–Pb collisions at impact parameters smaller than twice the nuclear radius opens new theoretical
and experimental challenges and opportunities. In particular, coherent photoproduction accompa-
nying hadronic collisions may provide insight into the dynamics of photoproduction and/or nuclear
reactions, as well as become a novel probe of the Quark-Gluon Plasma.
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The aim of ultra-relativistic heavy-ion collisions is the
study of nuclear matter at high temperature and pres-
sure, where Quantum Chromodynamics (QCD) predicts
the existence of a deconfined state of partonic matter,
the Quark-Gluon Plasma (QGP). Heavy quarks are ex-5

pected to be produced in the primary partonic scatterings
and to interact with this partonic matter, making them
ideal probes of the QGP. According to the color screening
model [1], quarkonium states are suppressed in the QGP,
with di↵erent dissociation probabilities for the various10

states depending on the temperature of the medium. On
the other hand, regeneration models predict charmonium
production via the (re)combination of charm quarks dur-
ing [2–4] or at the end [5, 6] of the deconfined phase. AL-
ICE measurements of the J/ nuclear modification factor15

(RAA) [7–10] and elliptic flow [11] in Pb–Pb collisions at
a center-of-mass energy of

p
sNN = 2.76 TeV, as well as

the comparison of the J/ nuclear modification factor in
p–Pb collisions at

p
sNN = 5.02 TeV [12, 13] with that

in Pb–Pb, support the regeneration scenario.20

In this letter, we report on the measurement of J/ 
production in hadronic Pb–Pb collisions at

p
sNN =

2.76 TeV at very low pT (pT < 0.3 GeV/c). We find
an excess in the yield of J/ with respect to expecta-

tions from hadroproduction within suppression/regener-25

ation scenarios. A plausible explanation is that the ex-
cess is caused by coherent photoproduction of J/ . In
this process, quasi real photons generated by the strong
electromagnetic field of one of the lead nuclei interact
coherently with all the gluon field of the other nucleus,30

to produce a J/ . The coherence condition imposes a
maximum transverse momentum for the produced J/ 
of the order of one over the nuclear radius, so the pro-
duction occurs at very low pT. Coherent photoproduc-
tion is well known in Ultra-Peripheral collisions (UPC)35

and has been studied also at the LHC [14, 15]. These
measurements give insight into the gluon distribution of
the incoming Pb nuclei over a broad range of Bjorken-
x values, providing information complementary to the
study of J/ hadroproduction in p–Pb and Pb–Pb colli-40

sions. However, coherent J/ photoproduction has never
been observed in nuclear collisions with impact param-
eters smaller than twice the radius of the nuclei, which
would be a nontrivial extension of this process as it is
not obvious how the nuclear break-up following hadronic45

reactions would a↵ect the cross section, given the coher-
ence requirement. Assuming that this mechanism causes
the observed excess, we obtain its corresponding cross



Model M.Klusek-Gawenda & A. Szczurek 

-  “Calculation of coherent 
photoproduction for b<2RA is not 
clear.” 

-  Different ways to treat the overlap 
region. 

-  Reasonable good agreement with 
our preliminary results. 

-  Experimental data favour the 
scenario where only the spectator 
region contributes to the coherent 
photoproduction. 
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Centrality range [%] 0-10 10-30 30-50 50-70 70-90 0-100

σREAL
tot [mb] 1.42 2.47 2.08 1.60 1.24 9.37

dσ/dyJ/ψ [µb] (∆y = 1.5) <318 <290 73 58 59
ALICE data ±44+26

−27 ±16+8
−10 ±11+7

−10

dσREAL/dyJ/ψ [µb] (∆y = 1.5) 123 201 160 116 84

TABLE III: Integrated and differential cross section for the production of J/ψ in Pb+Pb collisions
for

√
sNN = 2.76 TeV calculated with the help of the first approximation of the photon flux

N (1)(ω, b) (Eq. (2.3)) for the realistic form factor. The differential cross section is compared with
the ALICE experimental data [16]. ∆y = 1.5 means y ∈ (2.5,4.0) for brevity.

Centrality range [%] 0-10 10-30 30-50 50-70 70-90 0-100

σREAL
tot [mb] 0.38 1.19 1.29 1.21 1.11 5.47

dσ/dyJ/ψ [µb] (∆y = 1.5) <318 <290 73 58 59

ALICE data ±44+26
−27 ±16+8

−10 ±11+7
−10

dσREAL/dyJ/ψ [µb] (∆y = 1.5) 30 88 91 82 72

TABLE IV: Integrated and differential cross section for the production of J/ψ in Pb+Pb collisions

for
√
sNN = 2.76 TeV calculated with the help of the second approximation of the photon flux

N (2)(ω, b) (Eq. (2.4)) for the realistic form factor. The differential cross section is compared with

the ALICE experimental data [16]. ∆y = 1.5 means y ∈ (2.5,4.0) for brevity.
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FIG. 9: dσ/dy cross sections for different centrality bins. Theoretical results for different models of
the photon flux are compared with the preliminary ALICE data [16]. The shaded area represents
the experimental uncertainties.

lower limit exceeds somewhat the ALICE data may be due to the fact that the coherent
γA → J/ψA cross section was used in our EPA calculation whereas only spectators may be
active in the production of J/Ψ.
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ALICE Results 
Systematic Unc. 
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TABLE IV: Integrated and differential cross section for the production of J/ψ in Pb+Pb collisions

for
√
sNN = 2.76 TeV calculated with the help of the second approximation of the photon flux

N (2)(ω, b) (Eq. (2.4)) for the realistic form factor. The differential cross section is compared with

the ALICE experimental data [16]. ∆y = 1.5 means y ∈ (2.5,4.0) for brevity.
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FIG. 9: dσ/dy cross sections for different centrality bins. Theoretical results for different models of
the photon flux are compared with the preliminary ALICE data [16]. The shaded area represents
the experimental uncertainties.

lower limit exceeds somewhat the ALICE data may be due to the fact that the coherent
γA → J/ψA cross section was used in our EPA calculation whereas only spectators may be
active in the production of J/Ψ.
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FIG. 9: dσ/dy cross sections for different centrality bins. Theoretical results for different models of
the photon flux are compared with the preliminary ALICE data [16]. The shaded area represents
the experimental uncertainties.

lower limit exceeds somewhat the ALICE data may be due to the fact that the coherent
γA → J/ψA cross section was used in our EPA calculation whereas only spectators may be
active in the production of J/Ψ.
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(0) UPC γ flux approximation. 
(1)  γ flux in the whole nuclear target. 
(2)  γ flux in the spectator nuclear target. 



Conclusion 

-  ALICE Collaboration has observed a J/ψ yield enhancement at very 
low pT (0-0.3 GeV/c) in Pb-Pb collisions at 2.76 TeV. 

-  The nuclear modification factor RAA reaches 7 (2) in the centrality bin 
70-90% (50-70%).  

-  J/ψ excess in the 0-0.3 GeV/c pT range is extracted. The significance 
of this excess is 5.4 (3.4)σ in 70-90% (50-70%) and 1.4σ in 30-50%. 

-  It could result from the coherent photoproduction of J/ψ in nuclear Pb-
Pb collisions. Good qualitative agreement between the extracted 
cross-section and the expectation from UPC calculations is found. 

-  Model by M.Klusek-Gawenda & A. Szczurek favours the scenario 
where only the spectator region contributes to photoproduction. 

-  This measurement is a challenge for theoretical studies since the 
implementation of coherent photoproduction in nuclear collisions is far 
to be trivial. 
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Prospects 

-  Theoretical model addressing all the aspects is needed. Ideally to 
provide a reference to this observable in the absence of QGP. 

-  Measurement of the excess in central and semi-central collisions 
at forward and mid-rapidity will be explored during Run2 and 
Run3 at the LHC.  

-  Measurements of the mean pT are also needed to study the size 
of the region contributing to the coherent photoproduction    
(<pT>~1/RA): wider pT distribution in semi-central collisions? 

-  The measurement of the J/ψ polarisation is a golden channel to 
confirm the coherent photo-production hypothesis. 

-  Photon-photon contribution should be there and it is not affected 
by QGP. However it is an experimental challenge. 

-  Whether this new probe can be used to study the QGP, is an 
open question. 
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