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• We discuss photon-photon fusion mechanisms of dilepton production in proton-proton collisions

with rapidity gap in the main detector and one forward proton in the forward proton detectors.

• Transverse momenta of the intermediate photons are taken into account and photon fluxes are

expressed in terms of proton electromagnetic form factors and structure functions.

• Both double-elastic and single-dissociative processes are included in the analysis.

• The formalism that we used can be also used for W+W- and t ҧt production processes.

• The soft rapidity gap survival factor is calculated for each contribution separately.

• The soft rapidity gap survival factor for the case of single proton measurement is significantly

smaller than that for the inclusive case (no proton measurement).

• Our analysis include a comparison obtained by us with the results coming from Superchic

generator.

• Published in Phys. Rev. D 104 (2021) 7, 074009

Introduction
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𝜸𝜸 → 𝒍+𝒍− mechanism and kT factorization approach
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The cross section for production of 𝑙+𝑙− in the kT-factorization approach can be written as: 
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The photon flux for inelastic case in this approach is integrated over the mass of the remnant



Photon fluxes
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The elastic flux is expressed by the proton electromagnetic form factor:

The inelastic flux is expressed by the proton structure functions 𝐹2 𝑥𝐵𝑗 , 𝑄
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2):

=
𝛼𝑒𝑚
𝜋

൝

ൡ

1 − 𝑧
𝒒2

𝒒2 + 𝑧 𝑀𝑥
2 −𝑚𝐴

2 + 𝑧2𝑚𝐴
2

2
𝐹2(𝑥𝐵𝑗 , 𝑄

2)

𝑄2 +𝑀𝑋
2 −𝑚𝑝

2

+
𝑧2

4𝑥𝐵𝑗
2

𝒒2

𝒒2 + 𝑧 𝑀𝑋
2 −𝑚𝐴

2 + 𝑧2𝑚𝐴
2

2𝑥𝐵𝑗𝐹1 𝑥𝐵𝑗 , 𝑄
2

𝑄2 +𝑀𝑋
2 −𝑚𝑝

2

ℱ𝛾∗←𝐴
𝑒𝑙 𝑧, 𝒒

ℱ𝛾←𝐴
𝑖𝑛 𝑧, 𝒒

Production of dileptons via photon-photon processes
in proton-proton collisions with one forward proton measurement at the LHCMarta Łuszczak 4/21



𝑥1 =
𝒑1
2 +𝑚𝑙

2

𝑠
𝑒+𝑦1 +

𝒑2
2 +𝑚𝑙

2

𝑠
𝑒+𝑦2

𝑥2 =
𝒑1
2 +𝑚𝑙

2

𝑠
𝑒−𝑦1 +

𝒑2
2 +𝑚𝑙

2

𝑠
𝑒−𝑦2

𝑞1 ≈ 𝑥1
𝑠

2
, Ԧ𝑞1𝑡 , 𝑥1

𝑠

2

𝑞2 ≈ 𝑥2
𝑠

2
, Ԧ𝑞2𝑡 , −𝑥2

𝑠

2

𝓕𝑖𝑛𝑒 𝑥, 𝑞𝑡
2 = න𝑑𝑀2

𝑑𝓕𝑖𝑛𝑒

𝑑𝑀2
𝑥, 𝑞𝑡

2, 𝑀2

Photon fluxes

Unintegrated inelastic photon distribution (flux) depends also on 
the mass of the remnant system:

The longitudinal momentum fractions and four-momenta of intermediate photons:
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Structure functions arguments
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Bjorken – x:

Photon virtuality:
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Proton emission from the remnant system
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Diffractive mechanisms of dilepton production in proton-proton collisions

• Proton can be produce from the remnant system

• Those protons reduced longitudinal momentum fraction – cannot be measurement at the 
detectors

• Pomeron remnant destroys the rapidity gap

•
𝑑ℱ𝑑𝑖𝑓𝑓

𝑑𝑀2 𝑥, 𝑞𝑡
2, 𝑀2 ≪

𝑑ℱ𝑖𝑛𝑒

𝑑𝑀2 (𝑥, 𝑞𝑡
2, 𝑀2)



Production of dileptons via photon-photon processes
in proton-proton collisions with one forward proton measurement at the LHCMarta Łuszczak 

Imposed cuts

In our calculation, we imposed the 
following cuts: 
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We used the consistency requirements imposed 
by ATLAS collaboration: 

The longitudinal momentum fractions of the 
photons were calculated in the ATLAS analysis as: 
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Distribution in Mll (Superchic)
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Distribution in Yll (Superchic)
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without ξ cuts (a single proton is not measured) with ξ cuts



Two-dimension distribution in (Mll, Yll)
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- no cuts on neither ξ1 or ξ2 were imposed
- the maximum of this contribution

corresponds to a rapidity close to zero

- cuts on ξ1 or ξ2 were imposed, one of the protons is
measured

- any particles for masses less then 150 GeV



Two-dimension distribution in (Mll, Yll)
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Two dimension distribution in (Mll, Yll) for double-
elastic contribution

Two dimension distribution in (Mll, Yll) for single-
dissociation contribution



𝑆𝐺 𝑀𝑙𝑙 =
𝑑𝜎/𝑑𝑀𝑙𝑙|𝑤𝑖𝑡ℎ𝑆𝑅

𝑑𝜎/𝑑𝑀𝑙𝑙|𝑤𝑖𝑡ℎ𝑜𝑢𝑡𝑆𝑅

𝑆𝐺 𝑝𝑡,𝑝𝑎𝑖𝑟 =
𝑑𝜎/𝑑𝑝𝑡,𝑝𝑎𝑖𝑟|𝑤𝑖𝑡ℎ𝑆𝑅

𝑑𝜎/𝑑𝑝𝑡,𝑝𝑎𝑖𝑟|𝑤𝑖𝑡ℎ𝑜𝑢𝑡𝑆𝑅

𝑆𝐺 𝑌𝑙𝑙 =
𝑑𝜎/𝑑𝑌𝑙𝑙|𝑤𝑖𝑡ℎ𝑆𝑅

𝑑𝜎/𝑑𝑌𝑙𝑙|𝑤𝑖𝑡ℎ𝑜𝑢𝑡𝑆𝑅

Gap survival factor
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Gap survival factor – function of pt,pair, Mll and Yll
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Distribution in the (mini)jet rapidity
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Distribution in the arguments of structure functions
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Integrated cross section
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Integrated corss section & gap survival factor(Superchic)

Production of dileptons via photon-photon 
in proton-proton collisions with one forward proton measurement at the LHCMarta Łuszczak 19/21



• We have discussed dilepton production initiated by photon-photon fusion with one forward.

• We have consider both double-elastic and single-dissociative contributions.

• We have imposed conditions on ξ1 or ξ2 for the forward emitted protons.

• Particularly interesting is the distribution in Mll and the distribution in Yll which has minimum at Yll∼ 0.

• We have made calculations with the SUPERCHIC generator and compared corresponding results to the results of our
code(s). In general, the results are almost identical.

• We have calculated also the soft rapidity gap survival factor as a function of Mll, pt, pair and Yll.

• The soft gap survival factor for the single dissociative contribution strongly depends on whether the proton is measured
or not.

• No evident dependences on the variables have been found for the single dissociation, except of distribution in Yll.

• We have also calculated gap survival factor due to mini(jet) emission by checking whether the minĳet enters or not the
main detector.

• The second type of the gap survival also strongly depends on whether the outgoing proton is measured or not. It is
about 0.8 for inclusive case and about 0.5 for the case with proton measurement in forward proton detector.

Conclusions
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