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ØThe collisions with impact parameter 
b > RA + RB 
where RA,B are the radii of nuclei A and B
Ø EM induced processes are dominant

Ø Photon-Photon
Ø Photon-Nucleus (nucleon)

Ø Hadronic interactions are largely suppressed

ØThe photon flux ∝ Z 2

(Z: atomic number)

Ultra-Peripheral Collisions (UPC)
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1. Introduction

Contributed by: K. Hencken, M. Strikman, R. Vogt and P. Yepes

In 1924 Enrico Fermi, 23 at the time, proposed the equivalent photon method [1]
which treated the moving electromagnetic fields of a charged particle as a flux of virtual

photons. A decade later, Weizsäcker and Williams applied the method [2] to relativistic

ions. Ultraperipheral collisions, UPCs, are those reactions in which two ions interact via

their cloud of virtual photons. The intensity of the electromagnetic field, and therefore

the number of photons in the cloud surrounding the nucleus, is proportional to Z2. Thus

these types of interactions are highly favored when heavy ions collide. Figure 1 shows
a schematic view of an ultraperipheral heavy-ion collision. The pancake shape of the

nuclei is due to Lorentz contraction.

b>R +R

Z

Z

A B

Figure 1. Schematic diagram of an ultraperipheral collision of two ions. The impact
parameter, b, is larger than the sum of the two radii, RA +RB. Reprinted from Ref. [3]
with permission from Elsevier.

Ultraperipheral photon-photon collisions are interactions where the radiated

photons interact with each other. In addition, photonuclear collisions, where one
radiated photon interacts with a constituent of the other nucleus, are also possible.

The two processes are illustrated in Fig. 2(a) and (b). In these diagrams the nucleus

that emits the photon remains intact after the collision. However, it is possible to have

an ultraperipheral interaction in which one or both nuclei break up. The breakup may

occur through the exchange of an additional photon, as illustrated in Fig. 2(c).

In calculations of ultraperipheral AB collisions, the impact parameter is usually
required to be larger than the sum of the two nuclear radii, b > RA + RB. Strictly

speaking, an ultraperipheral electromagnetic interaction could occur simultaneously

with a hadronic collision. However, since it is not possible to separate the hadronic and

electromagnetic components in such collisions, the hadronic components are excluded

by the impact parameter cut.
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ØThe proton structure  is dominated by 
gluons at low Bjorken-x (x < 10-2)

ØUPC at the LHC provides an excellent 
probe of the gluonic structure in 
nuclei (and nucleons) at
low Bjorken-x

Ø gluon saturation
Ø shadowing

Parton Distribution Function: look into nucleons
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6 Chapter 1. Introduction

Figure 4: The Parton Distribution Functions from HERAPDF1.0 at Q2 = 10 GeV2 [3].

Figure 5: The individual Fragmentation Functions for positively charged pions zDπ+

i at
Q2 = 10 GeV2 [4].
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Ø The cross section is proportional to the square of gluon density in the target at LO

Typical picture of vector meson photoproduction
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Exclusive VM photoproduction

 9

The energy dependance of the cross section 
Suggested as a signature of gluon saturation

Daniel Tapia Takaki        APS GHP workshop 2019  – Denver, Colorado          April 11, 2019

Pb Pb

p, Pb p, Pb

Vector meson

Wγp,Pb

γ

Wγp,Pb : CME of γ-p,Pb

Ø The relation between CME of the 
photon-target system and the rapidity

Ø The Bjorken-x is expressed as:

Z.Phys. C57 (1993) 89-92
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ALICE detector : vector meson measurement using
di-lepton decay channel
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The ALICE experiment

In ALICE we measure J/ in decays to lepton pairs,
three possible configurations:

Leptons in central
detector

Muon spectrometer
and central detector

Both muons in muon
spectrometer

Jaroslav Adam (Creighton University) Ultra-peripheral collisions in ALICE experiment Fermilab, November 1 – 3, 2017 5 / 10

TheALICEexperiment

InALICEwemeasureJ/ indecaystoleptonpairs,
threepossibleconfigurations:

Leptonsincentral
detector

Muonspectrometer
andcentraldetector

Bothmuonsinmuon
spectrometer

JaroslavAdam(CreightonUniversity)Ultra-peripheralcollisionsinALICEexperimentFermilab,November1–3,20175/10

TheALICEexperiment

InALICEwemeasureJ/ indecaystoleptonpairs,
threepossibleconfigurations:

Leptonsincentral
detector

Muonspectrometer
andcentraldetector

Bothmuonsinmuon
spectrometer

JaroslavAdam(CreightonUniversity)Ultra-peripheralcollisionsinALICEexperimentFermilab,November1–3,20175/10

Ø Mid rapidity
Ø ITS + TPC + TOF

Ø Forward rapidity 
Ø Muon tracker (MCH)

Ø Semi-forward rapidity 
Ø ITS+TPC + Muon tracker

15-17/Oct/2019
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Ø Di-lepton mass spectra are fit by crystal-ball 
function (signal) + polynomial (background)
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J/ψ signal extraction
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Fig. 1. Left: invariant mass distribution for muon pairs satisfying the event selection described in the text. The dashed green line corresponds to the background. The solid 
magenta and red lines correspond to Crystal Ball functions representing J/ψ and ψ ′ signals, respectively. The solid blue line corresponds to the sum of background and signal 
functions. Right: transverse momentum distribution for muon pairs in the range 2.85 < mµµ < 3.35 GeV/c2 (around the J/ψ mass).

−4.0 < y < −2.5 and in Fig. 2 in six rapidity subranges. The in-
variant mass distributions are fitted with a function modeling the 
background and two Crystal Ball functions [26] for the J/ψ and the 
ψ ′ peaks. The shape of the background at large invariant masses is 
well described by an exponential distribution, as expected if it is 
dominated by the process γ γ → µ+µ− . However, at masses be-
low the J/ψ , the distribution is strongly influenced by the muon 
trigger condition. In order to model this, the whole background 
distribution is fitted using a template made from reconstructed 
STARlight events corresponding to the γ γ → µ+µ− process. The 
results of the fit are parametrized using a fourth-order polynomial, 
which turns smoothly into an exponential tail as from 4 GeV/c2. 
The coefficients of the polynomial are then kept fixed in the fit to 
the experimental data, while the slope of the exponential term and 
the normalization are left free. The fitted slope is found to agree 
within 2.5 standard deviations with the value obtained from the 
generated sample.

The raw inclusive J/ψ and ψ ′ yields, N(J/ψ) and N(ψ ′), were 
obtained by fitting the dimuon invariant mass spectrum in the 
range 2.2 < mµµ < 6 GeV/c2. The slope parameters in the Crys-
tal Ball functions were fixed from fits to the respective Monte 
Carlo sets. The width parameter σJ/ψ was left free for the J/ψ , 
and was fixed to σψ ′ = σJ/ψ · (σ MC

ψ ′ /σ MC
J/ψ ) for the ψ ′ , where the 

ratio σ MC
ψ ′ /σ MC

J/ψ ∼ 1.09 of the ψ ′ to the J/ψ widths was obtained 
from the fits to corresponding Monte Carlo sets. The mass parame-
ter of the Crystal Ball function was left unconstrained for the J/ψ . 
Due to the small ψ ′ statistics, the ψ ′ mass was fixed so that the 
difference with respect to the J/ψ mass is the same as quoted by 
the PDG [27]. The J/ψ mass mJ/ψ = 3.0993 ± 0.0009 GeV/c2, ob-
tained from the fit in the full rapidity range −4.0 < y < −2.5, is 
in agreement with the PDG value within 3 standard deviations.

The raw inclusive J/ψ yields obtained from invariant mass fits 
contain contributions from the coherent and incoherent J/ψ pho-
toproduction, which can be separated in the analysis of transverse 
momentum spectra. The pT distributions for dimuons in the range 
2.85 < mµµ < 3.35 GeV/c2 are shown in Fig. 1, right, in the full 
dimuon rapidity range −4.0 < y < −2.5 and in Fig. 3 in six ra-
pidity subranges. These distributions were fitted with Monte Carlo 
templates produced using STARlight, corresponding to different 
production mechanisms: coherent J/ψ , incoherent J/ψ , feed-down 
J/ψ from coherent ψ ′ decays, feed-down J/ψ from incoherent ψ ′

decays and continuum dimuons from the γ γ → µ+µ− process. In 

order to describe the high-pT tail, the incoherent J/ψ photopro-
duction accompanied by nucleon dissociation was also taken into 
account in the fits with the template based on the H1 parametriza-
tion of the dissociative J/ψ photoproduction [28] (denoted as dis-
sociative J/ψ in the following):

dN
dpT

∼ pT

!
1 + bpd

npd
p2

T

"−npd

. (1)

The H1 collaboration provided two sets of measurements corre-
sponding to different photon–proton center-of-mass energy ranges: 
25 GeV < Wγ p < 80 GeV (low-energy data set) and 40 GeV <
Wγ p < 110 GeV (high-energy data set). The fit parameters bpd =
1.79 ± 0.12 (GeV/c)−2 and npd = 3.58 ± 0.15 from the high-energy 
data set were used by default, while the corresponding uncer-
tainties and the low-energy values bpd = 1.6 ± 0.2 (GeV/c)−2 and 
npd = 3.58(fixed) were used for systematic checks.

The templates were fitted to the data leaving the normaliza-
tion free for coherent J/ψ , incoherent J/ψ and dissociative J/ψ
production. The normalization of the γ γ → µ+µ− spectrum was 
fixed to the one obtained from the invariant mass fits. The nor-
malization of the coherent and incoherent feed-down J/ψ tem-
plates was constrained to the normalization of primary coherent 
and incoherent J/ψ templates, according to the feed-down frac-
tions extracted from the measurement of raw inclusive J/ψ and 
ψ ′ yields, as described below. The extracted incoherent J/ψ frac-
tion f I = N(incoh J/ψ)

N(coh J/ψ) for pT < 0.25 GeV/c ranges from (4.9 ± 0.6)% 
to (6.4 ± 0.8)% depending on the rapidity interval and is consis-
tent with being constant within the uncertainties of the fits. The 
contribution of incoherent J/ψ with nucleon dissociation was also 
taken into account in this fraction.

4. Results and discussion

4.1. Ratio of coherent ψ ′ and J/ψ cross sections

The obtained dimuon invariant mass spectra can be used to ex-
tract the ratio of coherent ψ ′ and J/ψ cross sections R = σ (ψ ′)

σ (J/ψ)

and the fraction of feed-down J/ψ from ψ ′ decays in the raw J/ψ
yields. The fits to the invariant mass distributions for dimuons with 
pair pT < 0.25 GeV/c in the full rapidity range −4.0 < y < −2.5
result in the following ratio of the measured raw inclusive ψ ′ and 
J/ψ yields:

Phys. Lett. B 798 (2019) 134926
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Fig. 1. Left: invariant mass distribution for muon pairs satisfying the event selection described in the text. The dashed green line corresponds to the background. The solid 
magenta and red lines correspond to Crystal Ball functions representing J/ψ and ψ ′ signals, respectively. The solid blue line corresponds to the sum of background and signal 
functions. Right: transverse momentum distribution for muon pairs in the range 2.85 < mµµ < 3.35 GeV/c2 (around the J/ψ mass).

−4.0 < y < −2.5 and in Fig. 2 in six rapidity subranges. The in-
variant mass distributions are fitted with a function modeling the 
background and two Crystal Ball functions [26] for the J/ψ and the 
ψ ′ peaks. The shape of the background at large invariant masses is 
well described by an exponential distribution, as expected if it is 
dominated by the process γ γ → µ+µ− . However, at masses be-
low the J/ψ , the distribution is strongly influenced by the muon 
trigger condition. In order to model this, the whole background 
distribution is fitted using a template made from reconstructed 
STARlight events corresponding to the γ γ → µ+µ− process. The 
results of the fit are parametrized using a fourth-order polynomial, 
which turns smoothly into an exponential tail as from 4 GeV/c2. 
The coefficients of the polynomial are then kept fixed in the fit to 
the experimental data, while the slope of the exponential term and 
the normalization are left free. The fitted slope is found to agree 
within 2.5 standard deviations with the value obtained from the 
generated sample.

The raw inclusive J/ψ and ψ ′ yields, N(J/ψ) and N(ψ ′), were 
obtained by fitting the dimuon invariant mass spectrum in the 
range 2.2 < mµµ < 6 GeV/c2. The slope parameters in the Crys-
tal Ball functions were fixed from fits to the respective Monte 
Carlo sets. The width parameter σJ/ψ was left free for the J/ψ , 
and was fixed to σψ ′ = σJ/ψ · (σ MC

ψ ′ /σ MC
J/ψ ) for the ψ ′ , where the 

ratio σ MC
ψ ′ /σ MC

J/ψ ∼ 1.09 of the ψ ′ to the J/ψ widths was obtained 
from the fits to corresponding Monte Carlo sets. The mass parame-
ter of the Crystal Ball function was left unconstrained for the J/ψ . 
Due to the small ψ ′ statistics, the ψ ′ mass was fixed so that the 
difference with respect to the J/ψ mass is the same as quoted by 
the PDG [27]. The J/ψ mass mJ/ψ = 3.0993 ± 0.0009 GeV/c2, ob-
tained from the fit in the full rapidity range −4.0 < y < −2.5, is 
in agreement with the PDG value within 3 standard deviations.

The raw inclusive J/ψ yields obtained from invariant mass fits 
contain contributions from the coherent and incoherent J/ψ pho-
toproduction, which can be separated in the analysis of transverse 
momentum spectra. The pT distributions for dimuons in the range 
2.85 < mµµ < 3.35 GeV/c2 are shown in Fig. 1, right, in the full 
dimuon rapidity range −4.0 < y < −2.5 and in Fig. 3 in six ra-
pidity subranges. These distributions were fitted with Monte Carlo 
templates produced using STARlight, corresponding to different 
production mechanisms: coherent J/ψ , incoherent J/ψ , feed-down 
J/ψ from coherent ψ ′ decays, feed-down J/ψ from incoherent ψ ′

decays and continuum dimuons from the γ γ → µ+µ− process. In 

order to describe the high-pT tail, the incoherent J/ψ photopro-
duction accompanied by nucleon dissociation was also taken into 
account in the fits with the template based on the H1 parametriza-
tion of the dissociative J/ψ photoproduction [28] (denoted as dis-
sociative J/ψ in the following):

dN
dpT

∼ pT

!
1 + bpd

npd
p2

T

"−npd

. (1)

The H1 collaboration provided two sets of measurements corre-
sponding to different photon–proton center-of-mass energy ranges: 
25 GeV < Wγ p < 80 GeV (low-energy data set) and 40 GeV <
Wγ p < 110 GeV (high-energy data set). The fit parameters bpd =
1.79 ± 0.12 (GeV/c)−2 and npd = 3.58 ± 0.15 from the high-energy 
data set were used by default, while the corresponding uncer-
tainties and the low-energy values bpd = 1.6 ± 0.2 (GeV/c)−2 and 
npd = 3.58(fixed) were used for systematic checks.

The templates were fitted to the data leaving the normaliza-
tion free for coherent J/ψ , incoherent J/ψ and dissociative J/ψ
production. The normalization of the γ γ → µ+µ− spectrum was 
fixed to the one obtained from the invariant mass fits. The nor-
malization of the coherent and incoherent feed-down J/ψ tem-
plates was constrained to the normalization of primary coherent 
and incoherent J/ψ templates, according to the feed-down frac-
tions extracted from the measurement of raw inclusive J/ψ and 
ψ ′ yields, as described below. The extracted incoherent J/ψ frac-
tion f I = N(incoh J/ψ)

N(coh J/ψ) for pT < 0.25 GeV/c ranges from (4.9 ± 0.6)% 
to (6.4 ± 0.8)% depending on the rapidity interval and is consis-
tent with being constant within the uncertainties of the fits. The 
contribution of incoherent J/ψ with nucleon dissociation was also 
taken into account in this fraction.

4. Results and discussion

4.1. Ratio of coherent ψ ′ and J/ψ cross sections

The obtained dimuon invariant mass spectra can be used to ex-
tract the ratio of coherent ψ ′ and J/ψ cross sections R = σ (ψ ′)

σ (J/ψ)

and the fraction of feed-down J/ψ from ψ ′ decays in the raw J/ψ
yields. The fits to the invariant mass distributions for dimuons with 
pair pT < 0.25 GeV/c in the full rapidity range −4.0 < y < −2.5
result in the following ratio of the measured raw inclusive ψ ′ and 
J/ψ yields:

Ø Di-lepton pT spectrum is fitted by a MC 
template corresponding to different 
production mechanisms

15-17/Oct/2019

Ø Coherent condition
Ø Photon couples coherently to all nucleons: 
Ø Low pT peak in the spectrum

Ø Incoherent condition
Ø Photon couples to one nucleon: 
Ø Higher and broader pT peak compared to the coherent case



ØThe impulse approximation
(without gluon shadowing effect) 
shows a significant difference 
from data

Coherent J/ψ at forward rapidity in 
Pb-Pb ultra-peripheral collisions
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Table 2
Summary of systematic uncertainties. The ranges of values corre-
spond to different rapidity bins.

Source Value

Lumi. normalization ±5.0%
Branching ratio ±0.6%
SPD, V0 and AD veto from −3.6% to −6.0%
MC rapidity shape from ±0.1% to ±0.8%
Tracking ±3.0%
Trigger from ±5.2% to ±6.2%
Matching ±1.0%
Signal extraction ±2.0%
fD fraction ±0.7%
γ γ yield ±1.2%
pT shape for coherent J/ψ ±0.1%
bpd parameter ±0.1%

Total from +8.3
−9.2% to +8.9

−10.3%

uncertainty on the measured coherent cross section. Third, a 0.2% 
systematic uncertainty was determined via the variation of the γ γ
contribution according to the statistical uncertainty in the back-
ground term calculated from the invariant mass fits. A modification 
of the transverse momentum spectra for the coherent J/ψ accord-
ing to the model [35], results in a 0.1% systematic uncertainty. 
Finally, the template shape for the incoherent J/ψ with nucleon 
dissociation was varied by exchanging the H1 high-energy run pa-
rameters for those determined from the low-energy run resulting 
in a 0.1% systematic uncertainty on the coherent cross section.

The systematic uncertainties are summarized in Table 2. The 
total systematic uncertainty is the quadratic sum of all the sources 
listed in the table. Luminosity normalization, veto efficiency and 
branching ratio uncertainties are fully correlated. The uncertainty 
on the signal extraction is considered as uncorrelated as a function 
of rapidity. Finally, all other sources of uncertainty are considered 
as partially correlated across different rapidity intervals.

4.3. Discussion

The measured differential cross section of coherent J/ψ pho-
toproduction in the rapidity range −4.0 < y < −2.5 is shown in 
Fig. 4 and compared with various models. The covered rapidity 
range corresponds to a Bjorken-x of gluons either in the range 
1.1 · 10−5 < x < 5.1 · 10−5 or 0.7 · 10−2 < x < 3.3 · 10−2 depending 
on which nucleus emitted the photon. According to models [32], 
the fraction of high Bjorken-x gluons (x ∼ 10−2) is dominant at 
forward rapidities and ranges from ∼60% at y = −2.5 to ∼95% at 
y = −4.

The Impulse Approximation, taken from STARlight [16], is based 
on the data from the exclusive J/ψ photoproduction off protons 
and neglects all nuclear effects except for coherence. The square 
root of the ratio of experimental points and the Impulse Approx-
imation cross section is about 0.8, reflecting the magnitude of 
the nuclear gluon shadowing factor at typical Bjorken-x values 
around 10−2, under the assumption that the contribution from low 
Bjorken-x ∼ 10−5 can be neglected [10].

STARlight is based on the Vector Meson Dominance model and 
a parametrization of the existing data on J/ψ photoproduction off 
protons [23]. A Glauber-like formalism is used to calculate the J/ψ
photoproduction cross section in Pb–Pb UPC accounting for mul-
tiple interactions within the nucleus but not accounting for gluon 
shadowing corrections. The STARlight model overpredicts the data, 
indicating the importance of gluon shadowing effects, but the dis-
crepancy is much lower than for the Impulse Approximation.

Guzey, Kryshen and Zhalov [32] provide two calculations (GKZ), 
one based on the EPS09 LO parametrization of the available nu-
clear shadowing data [42] and the other on the Leading Twist 

Fig. 4. Measured coherent differential cross section of J/ψ photoproduction in ultra-
peripheral Pb–Pb collisions at √sNN = 5.02 TeV. The error bars represent the sta-
tistical uncertainties, the boxes around the points the systematic uncertainties. The 
theoretical calculations [10,16,23,32,36–41] described in the text are also shown. 
The green band represents the uncertainties of the EPS09 LO calculation.

Approximation (LTA) of nuclear shadowing based on the combi-
nation of the Gribov-Glauber theory and the diffractive PDFs from 
HERA [43]. Both the LTA model and the EPS09 curve, correspond-
ing to the EPS09 LO central set, underpredict the data but remain 
compatible with it at the most forward rapidities. The data tends 
to follow the upper limit of uncertainties of the EPS09 calculation 
corresponding to the upper bound of uncertainties on the gluon 
shadowing factor in the EPS09 LO framework.

Several theoretical groups provided predictions within the color 
dipole approach coupled to the Color Glass Condensate (CGC) for-
malism with different assumptions on the dipole-proton scattering 
amplitude. Predictions by Gonçalves, Machado et al. (GM) based on 
IIM and b-CGC models for the scattering amplitude underpredict 
the data [36,37]. Predictions by Lappi and Mäntysaari (LM) based 
on the IPsat model [38,39] give reasonable agreement though the 
range of predictions does not span all the experimental points. Re-
cent predictions by Luszczak and Schafer (LS BGK-I) within the 
color-dipole formulation of the Glauber-Gribov theory [44] are 
in agreement with data at semi-forward rapidities, |y| < 3, but 
slightly underpredict the data at more forward rapidities.

Cepila, Contreras and Krelina (CCK) provided two predic-
tions based on the extension of the energy-dependent hot-spot 
model [40] to the nuclear case: using the standard Glauber-Gribov 
formalism (GG-HS) and using geometric scaling (GS-HS) to ob-
tain the nuclear saturation scale [41]. The GG-HS model agrees 
with data at most forward rapidities but underpredicts it at semi-
forward rapidities. The GS-HS model (not shown) strongly under-
predicts the data.

5. Conclusions

The first rapidity-differential measurement on the coherent 
photoproduction of J/ψ in the rapidity interval −4 < y < −2.5 in 
ultra-peripheral Pb–Pb collisions at √sNN = 5.02 TeV has been 
presented and compared with model calculations. The Impulse Ap-
proximation and STARlight models overpredict the data, indicating 
the importance of gluon shadowing effects. The model based on 
the central set of the EPS09 gluon shadowing parametrization, the 
Leading Twist Approximation, and the hot-spot model coupled to 

Phys. Lett. B 798 (2019) 134926

ØTowards tomography of Pb nuclei….

x200 statistics compared to Run1

Ø The BGK-I (LS) and IPsat (LM) 
models give the best description
Ø Based on a saturation prescription 

in the color-dipole model
Ø The upper range of the GKZ model 

based on EPS09 LO is consistent 
with data 

15-17/Oct/2019

Ø Studying the gluon distribution 
inside of the Pb nuclei



Exclusive J/ψ photo-production in 
p-Pb ultra-peripheral collisions
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Energy dependence of exclusive J/y photoproduction ... ALICE Collaboration
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Figure 3: (Upper panel) ALICE data (red symbols) on exclusive photoproduction of J/y off protons as a function
of the centre-of-mass energy of the photon–proton system Wgp, obtained in collisions of protons and lead nuclei
at

p
sNN = 5.02 TeV, including results from [19], compared to a power-law fit, to data from HERA[9, 11], to the

solutions from LHCb[39] and to theoretical models (see text). The uncertainties are the quadratic sum of the
statistical and systematic uncertainties. (Lower panel) Ratio of the models shown in the upper panel to the power
law fit through the ALICE data points. The Bjorken x value corresponding to Wgp is also displayed on the top of
the Figure, see text for details.

ALICE measurements are also compared to theory in Fig. 3. The JMRT group [42] has two computations,
one is based on the leading-order (LO) result from [8] with the addition of some corrections to the cross
section, while the second includes also the main contributions expected from a next-to-leading order
(NLO) result. The parameters of both models have been obtained by a fit to the same data and their
energy dependence is rather similar, so only the NLO version is shown. Recently, three new studies have
appeared, describing the W (g p) dependence of the exclusive J/y cross section in terms of a colour dipole
model [43] (CGC) or of the BFKL evolution of HERA values (HERA Fit 2) with a photoproduction scale
M2 = 2.39 GeV2 [44] (NLO(BFKL)). These are shown as bands in the figure. A third model, based on
the colour dipole approach, and incorporating the energy dependence of geometrical fluctuations of the
proton structure in the impact parameter plane [45] is also shown (CCT). The models are in reasonable
agreement with our data. Finally the STARLIGHT parameterisation relies on a power-law fit to fixed-
target and HERA data. This model also agrees with our measurement.
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Eur. Phys. J. C (2019) 79: 402

Ø Agreement with various 
theoretical predictions
Ø NLO pQCD, CGC…

Ø Agreement with other 
experiments
Ø H1 and ZEUS at HERA
Ø LHCb pp (W� solutions)

Ø The results show the same 
trend and are on the 
power-law fit

15-17/Oct/2019

Ø Studying the gluon distribution inside of the protons



ØOther recent results
ØCoherent J/ψ photoproduction in peripheral Pb-Pb collisions

at !"" = 2.76 TeV (Phys. Rev. Lett. 116 (2016) 222301)
Ø Excess of the yield of J/ψ at very low pT in peripheral collisions

→ interpreted as coherent J/ψ photoproduction in UPC
ØCoherent ρ0 production in Pb-Pb

ØAt !"" = 5.02 TeV (ALICE Preliminary, https://alice-figure.web.cern.ch/node/10164)
ØCoherent ψ(2S) photo-production in Pb-Pb

at !"" = 2.76 TeV (Phys. Lett. B 751 (2015) 358-370)

Other recent UPC measurements
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https://alice-figure.web.cern.ch/node/10164


ØUPC measurements allow us detailed study of QCD
ØThe ALICE detector has excellent capability of UPC measurements

ØVector mesons production are studied with LHC Run1 and Run2 dataset
Ø J/ψ, ψ(2S), ρ0

Ø J/ψ in p-Pb (γ-p interaction) : 
Ø The result shows agreement with the various predictions that are currently available 

Ø J/ψ in Pb-Pb (γ-Pb interaction) : 
Ø The result shows large discrepancy from the impulse approximation without gluon 

shadowing effects. 
Ø The IPsat (LM) and BGK-I (LS) models give the best description and the upper limit 

of the GKZ model based on EPS09 is consistent with data.

ØFurther measurements are also ongoing with current dataset

ØFuture prospects at Run3 and Run4 (arXiv:1812.06772 [hep-ph])
Ø13 nb-1 of Pb-Pb collisions (Run2 : 1nb-1)
ØAccess to the region of the Bjorken-x ~ 10-5

Summary
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