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the process — LHC: the most 
energetic photon source ever built

• two ions (protons) pass 
each other with impact 
parameters b > 2 R→ 
hadronic interactions 
strongly suppressed 

• high photon flux ~ Z2 well 
described by Weizsäcker-
Williams approximation 
(electromagnetic field = a 
beam of quasi real 
photons)

photon induced collisions 
at the TeV scale



probe the proton at small x
• exclusive photo production 

Xsec. of J/Psi ~ gluon2 

• ultra small x = MV2/W2~  
region 10-2-10-5 accessible 
at the LHC 

• UPC vector meson 
production (VM) =  a tool to 
access the potentially 
saturated proton  
 
shown: ALICE data (arXiv:
1406:7819) and HERA data 
(ep scattering)
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UPC VM in pp, p-Pb is a direct 
tool to measure saturation

Bjorken x ~ 10-2 – 10-5  

accessible at LHC

p,Pb

p p
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Exclusive J/ψ photoproduction off protons in ultra-peripheral p–Pb collisions ALICE Collaboration
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Fig. 3: Exclusive J/ψ photoproduction cross section off protons measured by ALICE and compared to HERA
data. Comparisons to STARLIGHT, JMRT and the b-Sat models are shown. The power law fit to ALICE data is
also shown.

contribution from production through Odderon-Pomeron fusion [11, 23]. For each dσdy measurement, they
reported a W+ and a W− solution. These coupled solutions are shown in Figure 4, together with the
power law fit to ALICE measurements. Despite these ambiguities and assumptions the LHCb solutions
turned out to be compatible with the power law dependence extracted from our data.

In summary, we have made the first measurement of exclusive J/ψ photoproduction off protons in p–Pb
collisions at the LHC. Our data are compatible with a power law dependence of σ(Wγp) up to about 700
GeV inWγp, corresponding to x∼ 2×10−5. A natural explanation is that no change in the behaviour of
the gluon PDF in the proton is observed between HERA and LHC energies.
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why? low x evolution, saturation and all that
• gluon distribution grows 

like a power at low x 

• at some x: low density 
approximation invalid, 
patrons “overlap”, 
recombination effects → 
growth with 1/x slows 
down 

• already reached in UPCs 
at LHC? (saturation models 
describe data … )
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why? low x evolution, saturation and all that
• here: care actually about 

the dilute low x evolution = 
BFKL 

• interesting by itself: the 
perturbative or hard 
Pomeron 

• non-linear effects must 
manifest themselves as a 
breakdown of BFKL 

• known up to NLO, including 
resummation
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Studied so far: J/𝜳 and 𝚼(1s)

Procedure in a nut-shell 

• take light-cone wave function used for dipole/
saturation models (from literature) and calculate 
their transform to Mellin space 

• combine with fit of NLO BFKL gluon  
 [MH, Salas, Sabio Vera; 1209.1353; 1301.5283] 

• improve the calculation of the real part of the 
scattering amplitude

[Bautista, Fernando Tellez, MH; 1607.05203]  



Pretty good description of dataBFKL & exclusive Vector Mesons

comparison to data: ⌥ production
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V
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I fix normalization by low energy H1 data point ! K-factor; no further
adjustments
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BFKL & exclusive Vector Mesons

comparison to data: J/ production
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I NEW (wrt. [Bautista, Fernando Tellez, MH; 1607.05203]): 13 TeV LHCb data

I fix normalization by low energy ALICE data point ! K-factor
believe: related to HERA fit (massless, n

f

= 4, (C1/C2)2 = 2.45)

I often included (not here): GPD motivated factor (“x0 6= x”); known
for collinear [Shuvaev, Golec-Biernat, Martin, Ryskin, hep-ph/9902410]

to be calculated for k

T

factorized BFKL impact factor
⇠ kinematic improvements for � ! V
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there are also excited states: 
𝜳(2s) and 𝚼(2s)

and theory predictions both based on DGLAP and 
saturation models 5
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FIG. 3: Rapidity distribution for the vector meson states Υ(1S) (left panel), Υ(2) (central panel) and Υ(3S) (right panel) in
pA collisions at

√
s = 8.2 TeV.
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FIG. 4: Rapidity distribution for the Υ(1S, 2S, 3S) states in PbPb collisions at
√
s = 5.5 TeV.

GBW CGCold CGCnew BCGCold GBWksx LHCb

ψ(1s) 277.60 213.69 199.58 154.57 170.81 291± 20.24

ψ(2s) 8.40 5.94 5.98 4.13 4.39 6.5 ± 0.98

Υ(1s) 25.05 20.45 20.02 19.12 12.5 9.0± 2.7

Υ(2s) 4.32 3.8 3.70 3.9 2.05 1.3 ± 0.85

Υ(3s) 2.20 2.0 1.92 2.07 1.05 < 3.4

TABLE III: Integrated cross sections (in units of pb) for pho-
toproduction of the ψ(1S, 2S) (corrected for acceptance) and
Υ(1S, 2S, 3S) states in pp collisions at

√
s = 7 TeV compared

to the LHCb data [8, 9, 12] (errors are summed into quadra-
ture).

at forward rapidities when GBW-old is compared to the
other models. The reason could be the typically higher
saturation scale associated to that model (Q2

sat = 1
GeV2 at x = 4 × 10−5 for GBW-old, whereas it reaches
one at x = 5.5 × 10−7 for GBW-KSX). In Table III ,
the integrated cross sections are shown for the states
Υ(1S, 2S, 3S), and ψ(1S, 2S) corrected for acceptance.
Typically the cross sections are 40% higher compared
the LHC Run I at 7 TeV. There is a difference among
the shapes of the distributions obtained from the dipole
cross sections considered. One could therefore expect
that measurements of the rapidity distributions would
be able to discriminate between models. Our predictions
for the Υ state ratios are lower that those predicted by
STARlight Monte Carlo, as presented in Ref. [13]. The

origin can be the fact that the different states are ob-
tained from an extrapolation of HERA-DATA and using
a fixed ratio for the distinct states in [13]. In our case, the
evolution on energy is dynamically generated by parton
saturation approach models and the meson wavefuntions
have non-trivial behavior on the overlap function.

GBW CGCold CGCnew BCGCold GBWksx

ψ(1s) 997.52 747.75 696.25 523.3 598.96

ψ(2s) 31.92 21.9 22.02 14.52 16.15

Υ(1s) 43.77 34.3 33.8 30.97 20.6

Υ(2s) 7.72 6.5 6.37 6.45 3.45

Υ(3s) 3.95 3.42 3.35 3.47 1.77

TABLE IV: Predictions for integrated cross sections (in units
of pb) for photoproduction of the ψ(1S, 2S) and Υ(1S, 2S, 3S)
states in pp collisions at the LHC Run II (

√
s = 13 TeV).

We now turn to the prediction in pA ultra-peripheral
collisions. In particular, in proton-lead collisions if the
quarkonium rapidity, y, is positive in the nucleus beam
direction its rapidity distribution reads as [1]:

dσ

dy
(Pb + p → Pb+ p+ V ) =

dNPb
γ (y)

dω
σγp→V +p(y)
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dω
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FIG. 4: Left: Total J/ψ cross-section as a function of Wγp, compared to results from the IP-Sat model with different
charm mass mc. Right: Total J/ψ cross-section as a function ofWγp, compared to the results from the IP-Sat (saturation)
1-Pomeron models with different charm mass mc. The experimental data are the same as in Fig. 2.
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physics (see also below).

d
σ

/d
y(

p
 p

 →
 p

 ψ
(2

S
) 

p
) 

[n
b

]

y

LO fit √�s = 7 & 14 TeV

NLO fit √�s = 7 & 14 TeV

LO fit √�s = 8 TeV

NLO fit √�s = 8 TeV

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 0  1  2  3  4  5

√�s = 14 TeV

√�s = 7 TeV

Figure 3: Prediction of the exclusive pp ! p +  (2S) + p cross section as a function of the

 (2S) rapidity y for pp centre-of-mass energies
p
s = 7 and 14 TeV (shaded bands) and

p
s = 8

TeV (dashed and dash-dotted lines). The width of the shaded bands indicates only the 1�

uncertainty from the J/ experimental data used in the gluon fits. The uncertainties of the 8

TeV predictions are very similar to the ones shown for 7 TeV and are not displayed.

The necessary gap survival factors for  (2S) production are calculated using the two-channel

eikonal model from [13]. They are displayed in Table 1 for the three di↵erent pp centre-of-

mass energies of 7, 8 and 14 TeV and for a large range of rapidities as relevant for the LHC

experiments. The columns labelled S

2(W+) and S

2(W�) give the suppression factors for the

two di↵erent �p energies W± as a function of rapidity for each pp centre-of-mass energy.

Our theoretical prediction for the exclusive  (2S) production in ultraperipheral pp colli-

sions, d�(pp)/dy, in terms of our exclusive photoproduction cross sections, �±(�p), for the two

subprocesses �p !  (2S) p at energies W± is therefore given by

d�(pp)

dy
= S

2(W+)

✓
k+

dn

dk+

◆
�+(�p) + S

2(W�)

✓
k�

dn

dk�

◆
��(�p) . (6)

The photon energies are given by k± ⇡ (M (2S)/2) exp(±|y|) and the photon fluxes are calcu-

lated as described in [4]. Our cross section predictions are shown in Fig. 3 for the three pp

centre-of-mass energies of 7, 8 and 14 TeV. As in Fig. 1, the bands only indicate the experimental

uncertainty of the gluon fit parameters used for the LO and NLO predictions.

In summary, following and supplementing [4], we have predicted the cross section for exclu-

sive  (2S) production in ultraperipheral pp collisions at the LHC, using gluon parametrisations

extracted from HERA and LHC exclusive J/ production data. In principle, once precise  (2S)

5
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• and even data: 
→ LHCb-CONF-2016-007 
→ H1 data in the low energy region with 
pretty large uncertainties 

• are there also ALICE data?
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Figure 6: Compilation of photoproduction cross-section results for various experiments. The
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6 Conclusions

The addition of new scintillators in the forward region has resulted in lower backgrounds
at

p
s = 13TeV compared to the previous measurement at

p
s = 7TeV. Both the J/ and

 (2S) results are in better agreement with the JMRT ‘NLO’ rather than LO predictions.
The derived photoproduction cross-section for J/ production shows a deviation from
a pure power-law extrapolation of HERA data while the  (2S) results are consistent
although more data is required in this channel to make a critical comparison.
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to study it within the BFKL framework, follow the same path 
as before  
 
= calculate the Mellin transform of the light-front wave 
function of excited states
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eêfm

2
f

✓

4

M2

◆�
�(�)

(1� �)�(2� �)
NT e

�F 2 ⇥

z2 + (1� z)2
⇤

✏22↵2s·

· �(3� �)�(4� �)
�

m2
0

�� 1

(m2
0)

2U

✓

4� �, 2,
✏2

4m2
0

◆

· 2
2 · 22

22 · 22
m2

f

m2
f

= 8⇡2eêf
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Preliminary results: 𝚼(2s) 

• vary renormalization scale to check stability → 
looks good
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• data: H1 and LHCb; need to adjust normalisation 

• two choices of the hard scale are shown

Preliminary results: 𝜳(2s) 
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Summary
• perturbative low x evolution (=BFKL) appears to 

describe also excited states of vector mesons 

• need to fix normalisation constant (→ similar to      
J/𝜳 and𝚼(1s)); problem: low energy points with 
huge error bars 

• to be done: compare with other approaches + final 
checks 

• intermediate terms: address the normalisation issue


