
• Simulation of the range of diffractive kinematics

• Simulation of diffractive structure function for proton using H1 fit 
B and saturation models

What was done in CDR
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Figure 4.39: Simulation of a possible LHeC measurement of the di↵ractive structure function,
FD
2

using a 2 fb�1 sample, compared with an estimate of the optimum results achievable at
HERA using the full luminosity for a single experiment (500 pb�1). The loss of kinematic
region if the LHeC scattered electron acceptance extends to within 10� of the beam-pipe,
rather than 1� is also illustrated.
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be possible to distinguish between di↵erent models, as illustrated in Fig. 4.44. For the
simulated data shown here, a conservative situation is assumed, in which the electron beam
energy is 50 GeV and only the rapidity gap selection method is used, such that the highest
xP bin is at 0.001. H1 Fit B [434] extrapolations (as in Fig. 4.39) are compared with the
“b-sat” [276, 277] and bCGC [453] dipole models. As has been found to be necessary to
describe HERA data, photon fluctuations to qq̄g states are included in addition to the usual
qq̄ dipoles used to describe inclusive and vector meson cross sections. Both dipole models
di↵er substantially from the H1 Fit B extrapolation. The LHeC simulated precision and
kinematic range are su�cient to distinguish between a range of models with and without
saturation e↵ects, and also between di↵erent models which incorporate saturation.
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Figure 4.44: Simulated FD
2

measurements in selected xP, � and Q2 bins. An extrapolation of
the H1 Fit B DPDF fit to HERA data is compared with two di↵erent implementations of the
dipole model, both of which contain saturation e↵ects and include qq̄g photon fluctuations
in addition to qq̄ ones.

Predicting nuclear shadowing from inclusive di↵raction in ep

The connection between nuclear shadowing and di↵raction was established a long time ago
by Gribov [230]. Its key approximation is that the nucleus can be described as a dilute system
of nucleons in the nucleus rest frame. The accuracy of this approximation for hadron-nucleus
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What was done in CDR
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Figure 4.45: Di↵ractive structure function xPFD
2

for Pb in bins of Q2 and xP as a function
of �. Model calculations are taken from [408].

In reality, it could be smaller due to the density distribution in impact parameter. Within
the given energy range the models shown in Fig. 4.47 predict a slight variation with energy.
Note however the rather substantial di↵erence between predictions coming from the di↵erent
models as well as the fact that the plot shows the ratio of structure functions for given � and
xP and not integrated cross sections. The uncertainty in modelling the impact parameter
is one of the main sources of the discrepancies between the models. Precise LHeC data are
required for clarifying these aspects.

Finally we note that, if the scattering on a nucleus at small x is dominated almost entirely
by the so-called black disk regime, then in principle dramatic e↵ects are expected that can
be revealed by studying the final states in di↵ractive events [174]. As demonstrated in [56],
the total virtual photon-nucleus cross section in the black disk limit reads simply

��⇤A = 2⇡R2

A (1� Z
3

), (4.25)

where RA is the nuclear radius and Z
3

the charge renormalisation constant due to hadrons.
The coe�cient 1�Z

3

can be computed in terms of the hadronic components of the photon
wave function and related to the cross section for the annihilation of electron-positron pairs
into hadrons. Since the elastic part (i.e. that due to di↵raction) is half the total cross section
in this regime, one can obtain from eq. (4.25) a spectrum of the di↵ractive masses [174]
that, in the centre-of-mass of the di↵ractively produced system, should be the same as in
e+e� annihilation. A similar analysis for exclusive processes in this limit shows that the
exclusive di↵ractive production cross sections on nuclei (see section 4.2.3) would exhibit a
1/Q2 behaviour instead of the 1/Q6 behaviour expected from pQCD. This is due to the fact
that a factor 1/Q4 which comes from the square of the cross section of the interaction of a
small dipole with the target disappears in the black disk limit.
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• Simulation of diffractive structure function for  lead

• Systematics estimated to be 5%

• Ratio of diffractive to total
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Figure 4.46: Di↵ractive structure function xPFD
2

for Pb in bins of Q2 and xP as a function
of �. Model calculations are based on the dipole framework [461,462].
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Figure 4.47: Ratio of the transversely polarised photon contribution to the di↵ractive struc-
ture function xPFD

2

to the inclusive structure function F
2

in p and Pb for fixed values
of Q2 and � as a function of the energy W . Model calculations are based on the dipole
framework [461,462].
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Figure 4.46: Di↵ractive structure function xPFD
2

for Pb in bins of Q2 and xP as a function
of �. Model calculations are based on the dipole framework [461,462].
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Figure 4.47: Ratio of the transversely polarised photon contribution to the di↵ractive struc-
ture function xPFD

2

to the inclusive structure function F
2

in p and Pb for fixed values
of Q2 and � as a function of the energy W . Model calculations are based on the dipole
framework [461,462].
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• Re-evaluate pseudodata with different errors taking into account better 
luminosity? What about systematics?

• Pseudodata for FCC-eh?

• Should we change binning for the presentation? LHeC/FCC have larger 
range of kinematics, can we better demonstrate that?

• Wojtek has started extracting the diffractive pdfs (see next slide). 
Demonstrate shrinking of the uncertainties

• Can we do the same for FCC?

• Nuclear DPDFS?

• What about dipole/saturation models? How can we demonstrate differences 
there? Nuclear ratios?

• More ideas: higher twist analysis, a la Motyka and Slominski? 

What should/could be  done more



First attempt to 
simulate DPDFs for 

LHeC by Wojtek


