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• 


•Motivation: why is  interesting ?


•H1 measurement


•Proton tagging as a method for diffraction at EIC


•Pseudodata simulation, energy beam scenarios


•Extraction by linear fit. Kinematic range and precision


•  and  ratio of longitudinal to transverse cross section
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Diffractive kinematics in DIS
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� =
Q2

Q2 + M2
X � t

momentum fraction of the 
Pomeron w.r.t hadron

momentum fraction of parton 
w.r.t Pomeron

t = (p� p0)2 4-momentum transfer squared

y =
p · q
p · k

W 2 = (q + p)2

s = (k + p)2

Q2 = �q2

x =
�q2

2p · q

electron-proton 

cms energy squared:

photon-proton

 cms energy squared:

inelasticity

Bjorken x

(minus) photon virtuality

⇠ ⌘ xIP =
Q2 +M2

X � t

Q2 +W 2

Standard DIS variables:

Diffractive DIS variables:
x = ⇠�
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method of extraction of FD
L as well as the choices of beam energies. Results are presented in

Sec. 4, first for the reduced cross section �D(3)
red and then for FD(3)

L . We then proceed to dis-
cuss the influence of the systematic error assumed in the pseudodata and the assumptions on

the beam configurations. Results for RD(3) = FD(3)
L /FD(3)

T are also presented. We end with
conclusions in Sec. 5.

2 Definitions and kinematics

2.1 Di↵ractive variables and definitions

In this work we focus on neutral current di↵ractive deep inelastic scattering (DDIS) in the
one photon exchange approximation, neglecting radiative corrections whose contribution can be
corrected. For an electron or positron with four momentum l and a proton with four-momentum
P , the diagram is shown in Fig. 1. A characteristic feature of the di↵ractive process, as illustrated
in Fig. 1, is the presence of the rapidity gap between the final proton (or its dissociated state)
Y and the system X. It is mediated by the colourless object, indicated by P/R, to which we
refer generally as ‘di↵ractive exchange’.

}

}

l
l'

P P'

(ξ)

(β)

(Q2)

(t)

q

e
e'

γ∗

P/R

p

X

Y

Figure 1: Diagram showing the neutral current di↵ractive DIS process and the relevant kinematic
variables in the one photon exchange approximation.

In DDIS several variables can be defined in terms of the four-momenta indicated in Fig. 1 and
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Diffractive cross section, structure functions
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Y+ = 1 + (1� y)2

Reduced cross section depends on two structure functions:

d4�D

d⇠d�dQ2dt
=

2⇡↵2
em

�Q4
Y+ �D(4)

r (⇠,�, Q2, t)
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�D(4)
r (⇠,�, Q2, t) = FD(4)

2 (⇠,�, Q2, t)� y2

Y+
FD(4)
L (⇠,�, Q2, t)
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FD(3)
2,L (⇠,�, Q2) =

Z 0

�1
dt FD(4)

2,L (⇠,�, Q2, t)
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Upon integration over t:

[�D(4)
r ] = GeV�2
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�D(3)
r
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Dimensionless

Dimensions:

Diffractive cross section depends on 4 variables (ξ,β,Q2,t):

When y ≪ 1

the usual Mandelstam variables:

Q2 = �q2 ,

y =
P · q

P · `
,

x =
Q2

2P · q
=

Q2

ys
,

� =
Q2

2 (P � P 0) · q
,

⇠ =
x

�
,

t = (P 0
� P )2 . (1)

Besides the standard DIS variables s,Q2, y, x, in DDIS some additional variables appear: t is
the squared four-momentum transfer at the proton vertex, ⇠ (alternatively denoted by xIP ) can
be interpreted as the momentum fraction of the ‘di↵ractive exchange’ with respect to the beam
hadron, and � is the momentum fraction of the parton (probed by the virtual photon) with
respect to the di↵ractive exchange. In Fig. 2 we show the kinematic coverage in x and Q2 of
the EIC for three selected energies compared to that of HERA. Since HERA was operating
at higher centre-of-mass energy than the EIC, it could reach lower values of x. The EIC can
operate at several energy combinations, which will result in a wide coverage of x also towards
moderate and large x, and which is essential for FD

L measurement. In Fig. 2 only three beam
energy combinations are shown, a subset of a wider range of combinations possible at the EIC,
see the discussion below.

Only four variables, usually chosen to be �, ⇠, Q2, t, are needed to characterise the reduced cross
section, related to the measured cross section by

d4�D

d⇠d�dQ2dt
=

2⇡↵2
em

�Q4
Y+ �D(4)

red , (2)

where Y+ = 1 + (1� y)2. It is also customary to perform an integration over t, defining

d3�D

d⇠d�dQ2
=

2⇡↵2
em

�Q4
Y+ �D(3)

red . (3)

In the one photon exchange approximation, the reduced cross sections can be expressed in terms
of two di↵ractive structure functions FD

2 and FD
L :

�D(4)
red = FD(4)

2 (�, ⇠, Q2, t)�
y2

Y+
FD(4)
L (�, ⇠, Q2, t) , (4)

�D(3)
red = FD(3)

2 (�, ⇠, Q2)�
y2

Y+
FD(3)
L (�, ⇠, Q2) , (5)

where FD(4)
2,L have dimension GeV�2 and FD(3)

2,L are dimensionless.

The dependence of the reduced cross sections �D(4,3)
red on the centre-of-mass energy comes via the

inelasticity y = Q2

⇠�s . Due to the Y+ factor, �D(4,3)
red ' FD(4,3)

2 when y is not too close to unity.
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Why FLD(3) is interesting?  FLD(3)  at HERA
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 vanishes in the parton model


Gets non-vanishing contributions in QCD


As in inclusive case, particularly sensitive to the diffractive gluon density


Expected large higher twists, provides test of the non-linear, saturation phenomena

FD
L

Why  is interesting?FD
L

Experimentally challenging…

Measurement requires several beam energies


 strongest when . Low electron energies


H1 measurement: 4 energies, Ep=920, 820, 575, 460 GeV, electron beam Ee=27.6 GeV


Large errors, limited by statistics at HERA


Careful evaluation of systematics. Best precision 4%, with uncorrelated sources as low as 2%

FD
L y → 1
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FLD(3)  at HERA
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Figure 7: The diffractive structure functions FD
L and FD

2 multiplied by xIP as a function of β
at fixed Q2 and xIP . The FD

L data are shown as filled points, compared with the predictions
of H1 2006 DPDF Fit A (dashed line), Fit B (solid line) and the Golec-Biernat and Łuszczak
model (dashed and dotted line). The measurements of FD

2 (open points) are compared with
the prediction of H1 2006 DPDF Fit B (long dashed line). The inner error bars represent the
statistical uncertainties on the measurement, the outer error bars represent the statistical and
total systematic uncertainties added in quadrature. The normalisation uncertainty of 8.1% is not
shown.
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Measurements of  consistent with 
predictions from the models


Extracted   has a tendency to be higher 
than the predictions, though compatible 
with model predictions within errors


Overall:  

σD
r

FD
L

0 < FD
L < FD

2
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Phase space (x,Q2) EIC-HERA
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EIC 3 scenarios - HERA
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Figure 2: Kinematic x � Q2 plane showing di↵erent choices of beam energies at the EIC and
the region covered by HERA experiments. Note that ⌘e > �3.5 corresponds to an angular
acceptance of 176.5 degrees for the electron.

Both reduced cross sections �D(3)
red and �D(4)

red have been measured at HERA [1, 2, 4, 5, 10, 31–34].
These data have been used for perturbative QCD analyses based on collinear factorization [16–
18], where the di↵ractive cross section reads

d�ep!eXY (�, ⇠, Q2, t) =
X

i

Z 1

�
dz d�̂ei

✓
�

z
,Q2

◆
fD
i (z, ⇠, Q2, t) , (6)

up to terms of order O(1/Q2). Here, the sum is performed over all parton species (gluon and all
quark flavours). The hard scattering partonic cross section d�̂ei can be computed perturbatively
in QCD and is the same as in the inclusive deep inelastic scattering case. The long distance
part fD

i corresponds to the DPDFs, which can be interpreted as conditional probabilities for
partons in the proton, provided the proton is scattered into the final state system Y with four-
momentum P 0. They are non-perturbative objects to be extracted from data, but their evolution
through the DGLAP evolution equations [35–38] can be computed perturbatively, similarly to
the inclusive case. The analogous formula for the t-integrated structure functions reads

FD(3)
2/L (�, ⇠, Q2) =

X

i

Z 1

�

dz

z
C2/L,i

⇣�
z

⌘
fD(3)
i (z, ⇠, Q2) , (7)

where the coe�cient functions C2/L,i are the same as in inclusive DIS and the DPDFs fD(3)
i (z, ⇠, Q2)

have been determined from comparisons to HERA data [1, 2, 4, 5, 10, 31–34].

5

EIC can operate at various energy 
combinations


Can cover wide range of x


Large instantaneous luminosity


Statistics should not be a 
limiting factor

Only selected energy scenarios at EIC shown
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Measurement methods: LRG vs LP

Large Rapidity Gap method:

request a large rapidity gap (ex. ZEUS 2009 
ξ<0.02)

Proton Tagging (Leading Proton) method:

detection of a leading proton (ex. Leading Proton 
Spectrometer in ZEUS, Forward Proton Spectrometer 
in H1, can go to higher  ξ<0.1)
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Figure 11: The reduced diffractive cross section multiplied by xIP , xIPσ
D(3)
r ,

obtained with the LPS method as a function of xIP for different values of Q2 and β.
The lines are the result of the Regge fit described in Section 10.5. The inner error
bars show the statistical uncertainties and the full bars indicate the statistical and
the systematic uncertainties added in quadrature. The normalisation uncertainty
of +11

−7 % is not shown.
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Figure 13: The reduced diffractive cross section multiplied by xIP , xIPσ
D(3)
r ,

obtained with the LRG method as a function of xIP for different values of Q2 and
β at low Q2 values. The lines are the result of the Regge fit described in Sec-
tion 10.5. The inner error bars show the statistical uncertainties and the full bars
indicate the statistical and the systematic uncertainties added in quadrature. The
data are corrected for the proton-dissociative background to MN = Mp as described
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Rapidity range at EIC in diffraction

9

Rapidity range for ye = 0.005 ÷ 0.96,  pT = 0 ÷ 4 GeV
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Figure 3: Ranges in the rapidity of the scattered proton and the undecayed dissociative system
X as a function of ⇠ for three di↵erent beam energy combinations at the EIC and for HERA.
The bands correspond to all cases where the proton transverse momentum is lower than 4 GeV,
0.005 < y < 0.96 and 0.1 < � < 0.9.

Due to the relatively small integrated luminosities in the reduced proton beam energy runs, the

HERA measurement of FD(3)
L [22] was limited by statistical uncertainties throughout most of

the phase space. Since the integrated luminosity expected at the EIC is around three orders of
magnitude larger than that at HERA, the sample sizes will be much larger (integrated luminosi-
ties of 10 fb�1 per beam energy are assumed here) and statistical uncertainties are expected to
be unimportant.

A detailed systematic uncertainty analysis was carried out in the HERA measurement, with
the conclusion that no single source dominated, but also giving some baseline from which to
extrapolate to the likely precision achievable on the cross sections at a future collider such as the
EIC. The best precision achieved in di↵ractive reduced cross section measurements at HERA
was at the 4% level, with uncorrelated sources contributing as little as 2%, arising primarily
from track-cluster linking and vertex finding e�ciencies. Recent and ongoing studies of pro-
posed EIC instrumentation solutions [24] already indicate that uncertainties of this kind will be
dramatically reduced at the EIC. We therefore consider scenarios in which the uncertainties that

7

Rapidity range of proton and 
undecayed diffractive system X











HERA: LRG method reliable for 
gaps > 3 units of rapidity


EIC: fairly large gaps (  ) 
exist for smallest  and largest 


However, through most region LRG 
method may be challenging at EIC


pproton
T < 4 GeV

0.1 < β < 0.9

0.005 < y < 0.96

Δη ≥ 4
ξ s
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Far forward detectors at EIC

10

548 11.6. FAR-FORWARD DETECTORS

Roman pots
(inside pipe)

Off-Momentum Detectors

B1apf dipole

B0 Silicon  
Detector

ZDC

B0pf dipole

Hadron beam 
coming from IP

Figure 11.86: Image of the Far-Forward IR and the associated detector components.
Image generated using Geant4+EicRoot.

Detector (x,z) Position [m] Dimensions q [mrad] Notes
ZDC (0.96, 37.5) (60cm, 60cm, 2m) q < 5.5 ⇠4.0 mrad at f = p

Roman Pots (2 stations) (0.85, 26.0) (0.94, 28.0) (25cm, 10cm, n/a) 0.0 < q < 5.5 10 s cut.
Off-Momentum Detector (0.8, 22.5), (0.85, 24.5) (30cm, 30cm, n/a) 0.0 < q < 5.0 0.4 < xL < 0.6
B0 Spectrometer (x = 0.19, 5.4 < z < 6.4) (26cm, 27cm, n/a) 5.5 < q < 13.0 ⇠20 mrad at f=0

Table 11.44: Summary of far-forward detector locations and angular acceptances for charged
hadrons, neutrons, photons, and light nuclei or nuclear fragments. In some cases, the an-
gular acceptance is not uniform in f, as noted in the table. For the three silicon detectors
(Roman Pots, Off-Momentum Detectors, and B0 spectrometer) a depth is not given, just the
2D size of the silicon plane. For the Roman Pots and Off-Momentum Detectors, the sim-
ulations have two silicon planes spaced 2m apart, while the B0 detectors have four silicon
planes evenly spaced along the 1.2m length of the B0pf dipole magnet bore. The planes have
a ”hole” for the passage of the hadron beam pipe that has a radius of 3.2cm.

light nuclei which are separated from the hadron beam by up to 5 mrad. The windows
on the pots through which protons or light nuclei can enter to be measured by the silicon
detectors are generally placed within 1 mm or so of the beam (depending on the beam
optics and hence the transverse beam size at the RP location), with safe distance being
defined as the “10 sx,y” region, where sx,y is the transverse size of the beam in x and y.
Fig. 11.87 shows a cartoon sketch of the basic concept being considered, but note that
the stainless steel pots themselves are not shown in the cartoon. In this section, basic
requirements for the sensors will be discussed first, and technology appropriate for use in
the EIC diffractive physics program will be discussed at the end.

Basic Requirements for Roman Pots

In general, the Roman Pots need to have both the necessary acceptance and resolution
to carry out the diffractive physics program at the EIC. The acceptance is driven by the

Detector Angle Position [m]
ZDC  θ<5.5 mrad 37.5

Roman Pots 0.5<θ<5.0 mrad 26.0, 28.0
Off-momentum detectors θ<5.0 mrad 22.5, 25.5

B0 6.0<θ<20.0 mrad 5.4<z<6.4
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Final proton tagging

11

Small angle acceptance i.e. Roman pots

Much better than at HERA


Best way to select diffractive events through proton tagging
t = �p2?

xL
� (1� xL)2

xL
m2

p
<latexit sha1_base64="shII7l87PjsBA7mAUGx9WGQ6Nos=">AAACHHicbVDNS8MwHE3n15xfVY9egkOYh412CnoRhl48eJjgPmCdJc3SLSxtQ5KKo/QP8eK/4sWDIl48CP43ZlsF3XwQeHnv/Uh+z+OMSmVZX0ZuYXFpeSW/Wlhb39jcMrd3mjKKBSYNHLFItD0kCaMhaSiqGGlzQVDgMdLyhhdjv3VHhKRReKNGnHQD1A+pTzFSWnLNI3VWdnyBcMJdhxPBb6tpcu9epZlassv6dvijBq4OuGbRqlgTwHliZ6QIMtRd88PpRTgOSKgwQ1J2bIurboKEopiRtODEknCEh6hPOpqGKCCym0yWS+GBVnrQj4Q+oYIT9fdEggIpR4GnkwFSAznrjcX/vE6s/NNuQkMeKxLi6UN+zKCK4Lgp2KOCYMVGmiAsqP4rxAOkS1G6z4IuwZ5deZ40qxXbqtjXx8XaeVZHHuyBfVACNjgBNXAJ6qABMHgAT+AFvBqPxrPxZrxPozkjm9kFf2B8fgM0bKFq</latexit><latexit sha1_base64="shII7l87PjsBA7mAUGx9WGQ6Nos=">AAACHHicbVDNS8MwHE3n15xfVY9egkOYh412CnoRhl48eJjgPmCdJc3SLSxtQ5KKo/QP8eK/4sWDIl48CP43ZlsF3XwQeHnv/Uh+z+OMSmVZX0ZuYXFpeSW/Wlhb39jcMrd3mjKKBSYNHLFItD0kCaMhaSiqGGlzQVDgMdLyhhdjv3VHhKRReKNGnHQD1A+pTzFSWnLNI3VWdnyBcMJdhxPBb6tpcu9epZlassv6dvijBq4OuGbRqlgTwHliZ6QIMtRd88PpRTgOSKgwQ1J2bIurboKEopiRtODEknCEh6hPOpqGKCCym0yWS+GBVnrQj4Q+oYIT9fdEggIpR4GnkwFSAznrjcX/vE6s/NNuQkMeKxLi6UN+zKCK4Lgp2KOCYMVGmiAsqP4rxAOkS1G6z4IuwZ5deZ40qxXbqtjXx8XaeVZHHuyBfVACNjgBNXAJ6qABMHgAT+AFvBqPxrPxZrxPozkjm9kFf2B8fgM0bKFq</latexit><latexit sha1_base64="shII7l87PjsBA7mAUGx9WGQ6Nos=">AAACHHicbVDNS8MwHE3n15xfVY9egkOYh412CnoRhl48eJjgPmCdJc3SLSxtQ5KKo/QP8eK/4sWDIl48CP43ZlsF3XwQeHnv/Uh+z+OMSmVZX0ZuYXFpeSW/Wlhb39jcMrd3mjKKBSYNHLFItD0kCaMhaSiqGGlzQVDgMdLyhhdjv3VHhKRReKNGnHQD1A+pTzFSWnLNI3VWdnyBcMJdhxPBb6tpcu9epZlassv6dvijBq4OuGbRqlgTwHliZ6QIMtRd88PpRTgOSKgwQ1J2bIurboKEopiRtODEknCEh6hPOpqGKCCym0yWS+GBVnrQj4Q+oYIT9fdEggIpR4GnkwFSAznrjcX/vE6s/NNuQkMeKxLi6UN+zKCK4Lgp2KOCYMVGmiAsqP4rxAOkS1G6z4IuwZ5deZ40qxXbqtjXx8XaeVZHHuyBfVACNjgBNXAJ6qABMHgAT+AFvBqPxrPxZrxPozkjm9kFf2B8fgM0bKFq</latexit><latexit sha1_base64="shII7l87PjsBA7mAUGx9WGQ6Nos=">AAACHHicbVDNS8MwHE3n15xfVY9egkOYh412CnoRhl48eJjgPmCdJc3SLSxtQ5KKo/QP8eK/4sWDIl48CP43ZlsF3XwQeHnv/Uh+z+OMSmVZX0ZuYXFpeSW/Wlhb39jcMrd3mjKKBSYNHLFItD0kCaMhaSiqGGlzQVDgMdLyhhdjv3VHhKRReKNGnHQD1A+pTzFSWnLNI3VWdnyBcMJdhxPBb6tpcu9epZlassv6dvijBq4OuGbRqlgTwHliZ6QIMtRd88PpRTgOSKgwQ1J2bIurboKEopiRtODEknCEh6hPOpqGKCCym0yWS+GBVnrQj4Q+oYIT9fdEggIpR4GnkwFSAznrjcX/vE6s/NNuQkMeKxLi6UN+zKCK4Lgp2KOCYMVGmiAsqP4rxAOkS1G6z4IuwZ5deZ40qxXbqtjXx8XaeVZHHuyBfVACNjgBNXAJ6qABMHgAT+AFvBqPxrPxZrxPozkjm9kFf2B8fgM0bKFq</latexit>

}X

}

k
k'

p p'

(ξ)

(β)

(Q2)

(t)

q
e

p
Y

Figure 1: A diagram of a di↵ractive NC event in deep inelastic process together with the
corresponding variables, in the one-photon exchange approximation. The large rapidity gap is
between the system X and the scattered proton Y (or its low mass excitation).

range in new machines, and in 3.3 the method to obtain the projected pseudodata with errors86

is discussed. In Sec. 4 we present our fitting methodology and the potential for constraining87

of the di↵ractive parton densities by both machines. Sec. 5 is devoted to the prospects of the88

di↵ractive deep inelastic in nuclei. Finally we summarize our findings in Sec. 6.89

2 Di↵ractive cross section and di↵ractive PDFs90

In Fig. 1 we show the diagram depicting a neutral current di↵ractive deep inelastic event.91

Charged currents could also be considered and they were measured at HERA [10] but with large92

statistical uncertainties and in a very restricted region of phase space. Although they could be93

measured at both the LHeC and the FCC-eh with larger statistics and more extended kinematics,94

in this first study we limit ourselves to neutral currents. The incoming electron(positron) with95

four momentum k scatters o↵ the proton, with incoming momentum p, and the interaction96

proceeds through the exchange of a virtual photon with four-momentum q. The kinematic97

variables for an such event include the standard deep inelastic variables98

Q2 = �q2 , x =
�q2

2p · q
, y =

p · q

p · k
, (1)

where Q2 is the (minus) photon virtuality, x is the Bjorken variable and y the inelasticity of the99

process. In addition, the variables100

s = (k + p)2 , W 2 = (q + p)2 , (2)

are the electron-proton center-of-mass energy squared and the photon-proton center-of-mass101

energy squared, respectively. The distinguishing feature of the di↵ractive event ep ! eXY102

is the presence of the large rapidity gap between the di↵ractive system, characterized by the103

invariant mass MX and the final proton (or its low-mass excitation) Y with four momentum p0.104

In addition to the standard DIS variables listed above, di↵ractive events are also characterized105

by an additional set of variables defined as106

t = (p� p0)2 , ⇠ =
Q2 +M2

X � t

Q2 +W 2
, � =

Q2

Q2 +M2
X � t

. (3)

3

(xL, p?)
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 measured in LAB, collinear (e,p) frame(xL, p?, ✓)
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Figure 4: Final proton tagging. xL, t range of the proton tagged by the EIC detector for three
proton energies, 275 GeV, 100 GeV and 41 GeV. The brown strip marks a small (⇠ 1 mrad)
region not covered by the current detector design.

are uncorrelated between beam energies are either 1% or 2%. With sources related to the LRG
method eliminated, correlated systematic uncertainties are also expected to be reduced signif-
icantly. The alignment and calibration procedures required in Roman pot methods inherently
lead to correlated systematics, but using methods developed at HERA [39–41], coupled with
the substantial further evolution of proton-tagging techniques at the LHC [42–45] and future
EIC-specific work, we estimate that these are controllable to the sub-2% level, and will thus
have a negligible e↵ect on the FD

L extraction compared with the uncorrelated sources.

3 Method

3.1 Pseudodata generation

We shall first describe the pseudodata generation for our simulations. The momentum transfer
t is integrated over in this analysis. Let us rewrite Eq. (5) as

�D(3)
red = FD(3)

2 (�, ⇠, Q2)� YL F
D(3)
L (�, ⇠, Q2) , (8)

where

YL =
y2

Y+
=

y2

1 + (1� y)2
. (9)

As mentioned previously, the extraction of the longitudinal di↵ractive structure function relies
on the possibility of disentangling it from FD

2 , as is evident in the formula above for the reduced
cross section. This is possible if, for fixed (�, Q2, ⇠), one can vary YL, and hence y, in a su�ciently
wide range. Given that y = Q2/(s�⇠) it is therefore necessary to perform measurements of the
reduced cross section using di↵erent centre-of-mass energies. The EIC is uniquely positioned to
perform such a measurement, thanks to its design, which allows for a wide range of di↵erent
beam energies.

We have considered several beam energies for both the electrons and the protons, within the

8
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Collinear factorization in diffractive DIS 

•Diffractive cross section can be factorized into the convolution of the perturbatively calculable 
partonic cross sections and diffractive parton distributions (DPDFs).


•The DPDFs are non-perturbative objects, but evolved perturbatively with DGLAP

Collins

}X

}

k
k'

p p'

(ξ)

(β)

(Q2)

(t)

q
e

p
Y

Figure 1: A diagram of a di↵ractive NC event in deep inelastic process together with the
corresponding variables, in the one-photon exchange approximation. The large rapidity gap is
between the system X and the scattered proton Y (or its low mass excitation).

range in new machines, and in 3.3 the method to obtain the projected pseudodata with errors86

is discussed. In Sec. 4 we present our fitting methodology and the potential for constraining87

of the di↵ractive parton densities by both machines. Sec. 5 is devoted to the prospects of the88

di↵ractive deep inelastic in nuclei. Finally we summarize our findings in Sec. 6.89

2 Di↵ractive cross section and di↵ractive PDFs90

In Fig. 1 we show the diagram depicting a neutral current di↵ractive deep inelastic event.91

Charged currents could also be considered and they were measured at HERA [10] but with large92

statistical uncertainties and in a very restricted region of phase space. Although they could be93

measured at both the LHeC and the FCC-eh with larger statistics and more extended kinematics,94

in this first study we limit ourselves to neutral currents. The incoming electron(positron) with95

four momentum k scatters o↵ the proton, with incoming momentum p, and the interaction96

proceeds through the exchange of a virtual photon with four-momentum q. The kinematic97

variables for an such event include the standard deep inelastic variables98

Q2 = �q2 , x =
�q2

2p · q
, y =

p · q

p · k
, (1)

where Q2 is the (minus) photon virtuality, x is the Bjorken variable and y the inelasticity of the99

process. In addition, the variables100

s = (k + p)2 , W 2 = (q + p)2 , (2)

are the electron-proton center-of-mass energy squared and the photon-proton center-of-mass101

energy squared, respectively. The distinguishing feature of the di↵ractive event ep ! eXY102

is the presence of the large rapidity gap between the di↵ractive system, characterized by the103

invariant mass MX and the final proton (or its low-mass excitation) Y with four momentum p0.104

In addition to the standard DIS variables listed above, di↵ractive events are also characterized105

by an additional set of variables defined as106

t = (p� p0)2 , ⇠ =
Q2 +M2

X � t

Q2 +W 2
, � =

Q2

Q2 +M2
X � t

. (3)

3

CONTENTS 8

�
D(4)
red = F

D(4)
2 (�, ⇠, Q

2
, t) � y

2

Y+
F

D(4)
L (�, ⇠, Q

2
, t) , (4)

where Y+ = 1 + (1 � y)2. In the above equations the reduced cross sections are the

rescaled di↵erential cross sections

d
4
�

D(4)

d⇠d�dQ2dt
=

2⇡↵2
em

�Q4
Y+ �

D(4)
red , (5)

or, upon the integration over t,

d
3
�

D(3)

d⇠d�dQ2
=

2⇡↵2
em

�Q4
Y+ �

D(3)
red . (6)

The subscripts (3) and (4) in the above formulae denote the number of variables

that the di↵ractive cross sections or structure functions depend on. Note that the

structure functions F
D(4)
2,L have dimension GeV�2, whereas F

D(3)
2,L are dimensionless. The

contribution of the longitudinal structure function to the reduced cross sections is rather

small, for the most part, except in the region of y close to unity.

2.2. Collinear factorization in di↵ractive DIS

The standard perturbative QCD approach to di↵ractive cross sections is based on the

collinear factorization [15, 14, 16]. Similarly to the inclusive DIS cross section, the

di↵ractive cross section can be written in a factorized form

F
D(4)
2/L (�, ⇠, Q

2
, t) =

X

i

Z 1

�

dz

z
C2/L,i

✓
�

z
, Q

2

◆
f

D
i (z, ⇠, Q

2
, t) , (7)

where the sum is performed over all parton flavors (gluon, d-quark, u-quark, etc.). In

the case of the lowest order parton model process, z = �. When higher order corrections

are taken into account then z > �. The coe�cient functions C2/L,i can be computed

perturbatively in QCD and are the same as in inclusive deep inelastic scattering case.

The long distance part f
D
i corresponds to the di↵ractive parton distribution functions

(DPDF). Similarily to the inclusive case one can provide operator definition for the

di↵ractive parton densities [16]. The quark di↵ractive distribution function is defined

as

f
D
j (z, ⇠, µ, t) =

1

4⇡

1

2

X

s

Z
dy

�
e

�izp+y� X

X,s0

hp, s| ˜̄ (0, y�
, 0T )|p0

, s
0; Xi

⇥�+hp0
, s

0; X| ̃(0)|p, si , (8)

and gluon di↵ractive distribution

G
D(z, ⇠, µ, t) =

1

2⇡zp+

1

2

X

s

Z
dy

�
e

�izp+y� X

X,s0

hp, s|F̃+µ
a (0, y�

, 0T )|p0
, s

0; Xi

⇥hp0
, s

0; X|F̃+
aµ(0)|p, si . (9)

In the above the quark field is defined as

 ̃j(0, y
�
, 0T ) = P exp

✓
ig

Z 1

y�
dx

�
A

+
c (0, x�

, 0T ) tc

◆
 j(0, y

�
, 0T ) , (10)

Use the collinear factorization for the description of HERA and pseudodata simulation



Anna Staśto, Diffractive FLD at the EIC, EICUG 2nd Detector Meeting, CFNS, December 8  2022

Pseudodata generation: model for diffractive structure functions

13

in the inclusive deep inelastic scattering case. The long distance part is given by the di↵ractive139

parton distribution functions. The analogous formula for the t-integrated structure functions140

reads141

FD(3)
2/L (�, ⇠, Q2) =

X

i

Z 1

�

dz

z
C2/L,i

⇣�
z

⌘
fD(3)
i (z, ⇠, Q2) , (8)

where the coe�cient functions C2/L,i are same as in inclusive DIS.142

The di↵ractive parton densities fD
i can be interpreted as conditional probabilities for partons143

in the proton, provided the proton is scattered into the final state system Y with specified 4-144

momentum p0. They are evolved using the DGLAP evolution equations [20–23] similarly to the145

inclusive case.146

3 Simulations for the electron-proton DIS147

3.1 Di↵ractive PDF parametrizations and HERA data148

The fits to the di↵ractive structure functions were performed by H1 [10] and ZEUS [14]. They149

both assume the parametrization of the di↵ractive PDFs as a two component model, which is a150

sum of two di↵ractive exchange contributions:151

fD(4)
i (z, ⇠, Q2, t) = fp

IP (⇠, t) f
IP
i (z,Q2) + fp

IR(⇠, t) f
IR
i (z,Q2) . (9)

For both of these terms vertex factorization is assumed, meaning that the di↵ractive exchange152

can be interpreted as colourless objects called a ‘Pomeron’ or a ‘Reggeon’ with parton distribu-153

tions f IP ,IR
i (�, Q2). The flux factors fp

IP ,IR(⇠, t) represent the probability that a Pomeron/Reggeon154

with given values ⇠, t couples to the proton. They are parametrized using the form motivated155

by Regge theory156

fp
IP ,IR(⇠, t) = AIP ,IR

eBIP ,IRt

⇠2↵IP ,IR(t)�1
, (10)

with the linear trajectory ↵IP ,IR(t) = ↵IP ,IR(0) + ↵0
IP ,IR t. The di↵ractive PDFs relevant to the157

t-integrated cross-sections read158

fD(3)
i (z, ⇠, Q2) = � p

IP (⇠) f
IP
i (z,Q2) + � p

IR(⇠) f
IR
i (z,Q2) , (11)

with159

� p
IP ,IR(⇠) =

Z
dt fp

IP ,IR(⇠, t) . (12)

Note that, the notions of ‘Pomeron’ and ‘Reggeon’ used here to model the hard di↵raction in160

DIS are, in principle, di↵erent from those describing the soft hadron-hadron interactions; in161

particular, the parameters of the fluxes may be di↵erent.162

The di↵ractive parton distributions of the Pomeron at the initial scale µ2
0 = 1.8GeV2 are163

parametrized as164

zfi(z, µ
2
0) = Aiz

Bi(1� z)Ci , (13)

where i is a gluon or a light quark. In the di↵ractive parametrizations all the light quarks (anti-165

quarks) are equal. For the treatment of heavy flavours, a variable flavour number scheme (VFNS)166

is adopted, where the charm and bottom quark DPDFs are generated radiatively via DGLAP167

evolution, and no intrinsic heavy quark distributions were assumed. The structure functions168

are calculated in a General-Mass Variable Flavour Number scheme (GM-VFNS) [24, 25] which169

5

Regge factorization with Pomeron terms works for small ξ<0.01


At higher ξ additional exchanges `Reggeons’ need to be included 
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with159
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Note that, the notions of ‘Pomeron’ and ‘Reggeon’ used here to model the hard di↵raction in160

DIS are, in principle, di↵erent from those describing the soft hadron-hadron interactions; in161

particular, the parameters of the fluxes may be di↵erent.162

The di↵ractive parton distributions of the Pomeron at the initial scale µ2
0 = 1.8GeV2 are163

parametrized as164

zfi(z, µ
2
0) = Aiz

Bi(1� z)Ci , (13)

where i is a gluon or a light quark. In the di↵ractive parametrizations all the light quarks (anti-165

quarks) are equal. For the treatment of heavy flavours, a variable flavour number scheme (VFNS)166

is adopted, where the charm and bottom quark DPDFs are generated radiatively via DGLAP167

evolution, and no intrinsic heavy quark distributions were assumed. The structure functions168

are calculated in a General-Mass Variable Flavour Number scheme (GM-VFNS) [24, 25] which169

5

Regge type flux: Trajectory:
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with the linear trajectory ↵IP ,IR(t) = ↵IP ,IR(0) + ↵0
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DIS are, in principle, di↵erent from those describing the soft hadron-hadron interactions; in161

particular, the parameters of the fluxes may be di↵erent.162

The di↵ractive parton distributions of the Pomeron at the initial scale µ2
0 = 1.8GeV2 are163

parametrized as164

zfi(z, µ
2
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where i is a gluon or a light quark. In the di↵ractive parametrizations all the light quarks (anti-165
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Z 1

�
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z
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i (z, ⇠, Q2) , (8)
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Figure 1: A diagram of a di↵ractive NC event in deep inelastic process together with the
corresponding variables, in the one-photon exchange approximation. The large rapidity gap is
between the system X and the scattered proton Y (or its low mass excitation).

range in new machines, and in 3.3 the method to obtain the projected pseudodata with errors86

is discussed. In Sec. 4 we present our fitting methodology and the potential for constraining87

of the di↵ractive parton densities by both machines. Sec. 5 is devoted to the prospects of the88

di↵ractive deep inelastic in nuclei. Finally we summarize our findings in Sec. 6.89

2 Di↵ractive cross section and di↵ractive PDFs90

In Fig. 1 we show the diagram depicting a neutral current di↵ractive deep inelastic event.91

Charged currents could also be considered and they were measured at HERA [10] but with large92

statistical uncertainties and in a very restricted region of phase space. Although they could be93

measured at both the LHeC and the FCC-eh with larger statistics and more extended kinematics,94

in this first study we limit ourselves to neutral currents. The incoming electron(positron) with95

four momentum k scatters o↵ the proton, with incoming momentum p, and the interaction96

proceeds through the exchange of a virtual photon with four-momentum q. The kinematic97

variables for an such event include the standard deep inelastic variables98

Q2 = �q2 , x =
�q2

2p · q
, y =

p · q

p · k
, (1)

where Q2 is the (minus) photon virtuality, x is the Bjorken variable and y the inelasticity of the99

process. In addition, the variables100

s = (k + p)2 , W 2 = (q + p)2 , (2)

are the electron-proton center-of-mass energy squared and the photon-proton center-of-mass101

energy squared, respectively. The distinguishing feature of the di↵ractive event ep ! eXY102

is the presence of the large rapidity gap between the di↵ractive system, characterized by the103

invariant mass MX and the final proton (or its low-mass excitation) Y with four momentum p0.104

In addition to the standard DIS variables listed above, di↵ractive events are also characterized105

by an additional set of variables defined as106

t = (p� p0)2 , ⇠ =
Q2 +M2

X � t

Q2 +W 2
, � =

Q2

Q2 +M2
X � t

. (3)

3
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Figure 4: Final proton tagging. xL, t range of the proton tagged by the EIC detector for three
proton energies, 275 GeV, 100 GeV and 41 GeV. The brown strip marks a small (⇠ 1 mrad)
region not covered by the current detector design.

are uncorrelated between beam energies are either 1% or 2%. With sources related to the LRG
method eliminated, correlated systematic uncertainties are also expected to be reduced signif-
icantly. The alignment and calibration procedures required in Roman pot methods inherently
lead to correlated systematics, but using methods developed at HERA [39–41], coupled with
the substantial further evolution of proton-tagging techniques at the LHC [42–45] and future
EIC-specific work, we estimate that these are controllable to the sub-2% level, and will thus
have a negligible e↵ect on the FD

L extraction compared with the uncorrelated sources.

3 Method

3.1 Pseudodata generation

We shall first describe the pseudodata generation for our simulations. The momentum transfer
t is integrated over in this analysis. Let us rewrite Eq. (5) as

�D(3)
red = FD(3)

2 (�, ⇠, Q2)� YL F
D(3)
L (�, ⇠, Q2) , (8)

where

YL =
y2

Y+
=

y2

1 + (1� y)2
. (9)

As mentioned previously, the extraction of the longitudinal di↵ractive structure function relies
on the possibility of disentangling it from FD

2 , as is evident in the formula above for the reduced
cross section. This is possible if, for fixed (�, Q2, ⇠), one can vary YL, and hence y, in a su�ciently
wide range. Given that y = Q2/(s�⇠) it is therefore necessary to perform measurements of the
reduced cross section using di↵erent centre-of-mass energies. The EIC is uniquely positioned to
perform such a measurement, thanks to its design, which allows for a wide range of di↵erent
beam energies.

We have considered several beam energies for both the electrons and the protons, within the

8
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8

Can disentangle   from   by varying energy and performing the linear fit.FD(3)
2 FD(3)

L

Need to vary the energy   to change y for fixed (β,ξ,Q2)s

EIC energies for electron and proton:

Ee = 5,10,18 GeV

Ep = 41,100,120,165,180,275 GeV

range expected for the EIC:

Ee = 5, 10, 18GeV ,

Ep = 41, 100, 120, 165, 180, 275GeV . (10)

These beam energies combine to give 17 distinct centre-of-mass energies (there is a degeneracy
in this choice since two combinations 10 ⇥ 180 and 18 ⇥ 100 lead to the same centre-of-mass
energy, 85GeV). The centre-of-mass energies corresponding to all combinations are given in

Table 1. In order to test the sensitivity of FD(3)
L to the available beam energies, we consider

three di↵erent subsets in the analysis :

S-17) 17 values — all combinations from Table 1 except for 10⇥ 180.

S-9) 9 values — marked bold in Table 1,

S-5) 5 values — marked bold against a green background in Table 1.

Set S-17 contains the widest range of possibilities. S-5 is the set of combinations that has often
been assumed in EIC studies to date [24]. Additionally, we consider an intermediate set S-9,
which restricts the list to three proton and three electron beam energies, whilst maintaining the
same overall kinematic range as S-17.

Ep [GeV]

41 100 120 165 180 275

E
e
[G

eV
] 5 29 45 49 57 60 74

10 40 63 69 81 85 105

18 54 85 93 109 114 141

Table 1: Centre-of-mass energies (in GeV) for various combinations of beam energies.

The pseudodata for the reduced di↵ractive cross section at the EIC were generated using Eqs. (5)
and (7). The di↵ractive parton distribution used for the evaluation of the cross section is the
ZEUS-SJ set [46]. This fit uses inclusive di↵ractive data together with di↵ractive DIS dijet data,
which are added to improve the constraints on the di↵ractive gluon distribution.

The details of the ZEUS-SJ parametrization closely follow those of [8] and can be found in [46].
Below we summarize a few important features. The di↵ractive parton densities are parametrized
using a two-component form:

fD(4)
i (z, ⇠, Q2, t) = fp

IP (⇠, t) f
IP
i (z,Q2) + fp

IR(⇠, t) f
IR
i (z,Q2) . (11)

The first term in Eq. (11) is interpreted as the exchange of a ‘Pomeron’ and the second is a
‘Reggeon’ component. They dominate in di↵erent ⇠ regions: the ‘Pomeron’ is dominant for
⇠  0.01. The ‘Reggeon’ starts to be important for ⇠ > 0.01 and becomes dominant for x > 0.1.
For both terms, proton vertex factorization is assumed, which means that the di↵ractive parton
density factorizes into a parton distribution in a di↵ractive exchange f IP ,IR

i and a flux factor

fp
IP ,IR. The parton distribution in the ‘Pomeron’ and ‘Reggeon’ f IP ,IR

i (�, Q2) only depend on the
longitudinal momentum fraction � of the parton with respect to the Pomeron/Reggeon and the

9

S-17     all 17 combinations


S-9       9 - bold red


S-5       5 - green (EIC preferred)

y =
Q2

xs
=

Q2

�⇠s
<latexit sha1_base64="cYAzZ0t9d3y2tdh+jNAEY+ZKOsQ="></latexit><latexit sha1_base64="cYAzZ0t9d3y2tdh+jNAEY+ZKOsQ="></latexit><latexit sha1_base64="cYAzZ0t9d3y2tdh+jNAEY+ZKOsQ="></latexit><latexit sha1_base64="cYAzZ0t9d3y2tdh+jNAEY+ZKOsQ="></latexit>
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Binning and cuts

Uniform logarithmic binning, 4 bins per order of magnitude in each β,Q2 ,ξ


Simulations

Cross section generation from ZEUS-SJ diffractive PDFs evolved with DGLAP


Assumed δsys=1-2%, extrapolated from HERA 2% uncorrelated systematics; 
normalization/correlated systematics negligible effect on extraction of FLD


δstat from 10 fb-1 integrated luminosity


Several random samples are generated


Bins in (ξ, β, Q2), common to at least four beam setups


 Q2 > 3 GeV2    both H1 and ZEUS fits indicate deterioration of fits for low Q2


 0.96>y>0.005 expected coverage of the experiment
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Figure 5: Count of di↵erent beam energy combinations from among set S-17 that lead to mea-

surable �D(3)
red data points for each (⇠,�, Q2) bin. Only cases with a number of counts � 4 are

considered for the extraction of FD(3)
L .

sources taken to be negligible as discussed previously. Separate fits are performed to each of the
sets, resulting in the two lines shown on each of the plots.

The S-17 set of beam energies contains the most points in YL and therefore by construction
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sets, resulting in the two lines shown on each of the plots.

The S-17 set of beam energies contains the most points in YL and therefore by construction
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sources taken to be negligible as discussed previously. Separate fits are performed to each of the
sets, resulting in the two lines shown on each of the plots.

The S-17 set of beam energies contains the most points in YL and therefore by construction
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Figure 5: Count of di↵erent beam energy combinations from among set S-17 that lead to mea-

surable �D(3)
red data points for each (⇠,�, Q2) bin. Only cases with a number of counts � 4 are

considered for the extraction of FD(3)
L .

sources taken to be negligible as discussed previously. Separate fits are performed to each of the
sets, resulting in the two lines shown on each of the plots.

The S-17 set of beam energies contains the most points in YL and therefore by construction

12

Count of different beam energy combinations for S-17, S-9, S-5


Only points with more than 4 combinations are taken for FL extraction

Set-17: 364, set-9: 285, set-5: 160 values of FL 




Anna Staśto, Diffractive FLD at the EIC, EICUG 2nd Detector Meeting, CFNS, December 8  2022

FLD(3) extraction

17

�r = F2(⇠,�, Q
2)� YLFL(⇠,�, Q

2)
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σred = F2 − YLFL  fit    for δsys = 1%,  CL = 90%,  MC sample a,  set S-5
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σred = F2 − YLFL  fit    for δsys = 1%,  CL = 90%,  MC sample a,  set S-9
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Simulated measurement of FLD(3) vs β in bins of (ξ,Q2)
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ξFL for δsys = 1%,  CL = 68%,  5 MC samples
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17 energies 9 energies 5 energies

Small differences between S-17 and S-9, small reduction to range and increase in uncertainties. 


More pronounced reduction in range  and higher uncertainties in S-5.


An extraction of FDL  possible with EIC-favored set of energy combinations

Uncorr. systematic error 1%, 5 MC samples to illustrate fluctuations



Anna Staśto, Diffractive FLD at the EIC, EICUG 2nd Detector Meeting, CFNS, December 8  2022

Simulated measurement of FLD(3) vs β in bins of (ξ,Q2)
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ξFL for δsys = 1%,  CL = 68%,  5 MC samples
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Change from 1% to 2% results in roughly twice large error bars


Statistical errors negligible

S-17
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FLD(3)  fit accuracy

20

FL fit accuracy for δsys = 1%
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Estimate the accuracy of extraction for FLD(3)


Generate several MC samples of pseudodata 
and  perform fits


Use direct arithmetic averaging 

v =
S1

N
(Δv)2 =

S2 − S2
1 /N

N − 1

Sn =
N

∑
i=1

vn
i

average variance

Where  is the value of 


 in Monte Carlo sample i

vi FD
L
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RD=FLD/FTD  ratio of longitudinal to transverse

21

Ratio of cross section for longitudinally polarized photons to cross sections for transverse 
polarized photons 

FD(3)
T = FD(3)

2 − FD(3)
L

RD(3) = FD(3)
L /FD(3)

T

σD(3)
red = [1 + (1 − YL)RD(3)]FD(3)

T

Different form of reduced cross 
section


Alternative fit has different 
sensitivities to the uncertainties


Systematics 1%


Averaged over 10 MC samples: 
reduced fluctuations

RD(3) from fits to pseudo-data for δsys = 1%  CL = 68%  MC sample !VAR!
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Summary and outlook

22

• Investigated potential of EIC for the longitudinal structure function in diffraction : 


• Important quantity, sensitive to diffractive gluon density (saturation, higher twists…). Only 
one extraction at HERA by H1, large errors. Challenging measurement.


• Three scenarios: 17, 9, 5 energy combinations.  Pseudodata from DGLAP, assumed 1-2% 
systematics, 10 fb-1 integrated luminosity. Extraction via linear fit to reduced cross section


• Scenarios S-17 and S-9 do not differ much, S-5 reduced kinematic range


• Precision in a given bin of (Q2,ξ,β) correlates strongly with range in inelasticity y, dominated 
by systematics.


• Overall: good prospects for the measurement of  at EIC even with 5 energy 
combinations


• Outlook:


• Potential for 4-dim diffractive structure function measurement in large t-range 


• Pomeron/Reggeon component separation 


FD(3)
L

FD(3)
L



Backup
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Simulations of σD(4)

Y+ = 1 + (1� y)2
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Diffractive cross section depends on 4 variables (ξ,β,Q2,t):

What can we learn  about the t-dependence of the diffractive structure function?Figure 2: Kinematic x � Q2 plane showing di↵erent choices of beam energies at the EIC and
the region covered by HERA experiments. Note that ⌘e > �3.5 corresponds to an angular
acceptance of 176.5 degrees for the electron.

Both reduced cross sections �D(3)
red and �D(4)

red have been measured at HERA [1, 2, 4, 5, 10, 31–34].
These data have been used for perturbative QCD analyses based on collinear factorization [16–
18], where the di↵ractive cross section reads

d�ep!eXY (�, ⇠, Q2, t) =
X

i

Z 1

�
dz d�̂ei

✓
�

z
,Q2

◆
fD
i (z, ⇠, Q2, t) , (6)

up to terms of order O(1/Q2). Here, the sum is performed over all parton species (gluon and all
quark flavours). The hard scattering partonic cross section d�̂ei can be computed perturbatively
in QCD and is the same as in the inclusive deep inelastic scattering case. The long distance
part fD

i corresponds to the DPDFs, which can be interpreted as conditional probabilities for
partons in the proton, provided the proton is scattered into the final state system Y with four-
momentum P 0. They are non-perturbative objects to be extracted from data, but their evolution
through the DGLAP evolution equations [35–38] can be computed perturbatively, similarly to
the inclusive case. The analogous formula for the t-integrated structure functions reads

FD(3)
2/L (�, ⇠, Q2) =

X

i

Z 1

�

dz

z
C2/L,i

⇣�
z

⌘
fD(3)
i (z, ⇠, Q2) , (7)

where the coe�cient functions C2/L,i are the same as in inclusive DIS and the DPDFs fD(3)
i (z, ⇠, Q2)

have been determined from comparisons to HERA data [1, 2, 4, 5, 10, 31–34].

5

in the inclusive deep inelastic scattering case. The long distance part is given by the di↵ractive139

parton distribution functions. The analogous formula for the t-integrated structure functions140

reads141

FD(3)
2/L (�, ⇠, Q2) =

X

i

Z 1

�

dz

z
C2/L,i

⇣�
z

⌘
fD(3)
i (z, ⇠, Q2) , (8)

where the coe�cient functions C2/L,i are same as in inclusive DIS.142

The di↵ractive parton densities fD
i can be interpreted as conditional probabilities for partons143

in the proton, provided the proton is scattered into the final state system Y with specified 4-144

momentum p0. They are evolved using the DGLAP evolution equations [20–23] similarly to the145

inclusive case.146

3 Simulations for the electron-proton DIS147

3.1 Di↵ractive PDF parametrizations and HERA data148

The fits to the di↵ractive structure functions were performed by H1 [10] and ZEUS [14]. They149

both assume the parametrization of the di↵ractive PDFs as a two component model, which is a150

sum of two di↵ractive exchange contributions:151

fD(4)
i (z, ⇠, Q2, t) = fp

IP (⇠, t) f
IP
i (z,Q2) + fp

IR(⇠, t) f
IR
i (z,Q2) . (9)

For both of these terms vertex factorization is assumed, meaning that the di↵ractive exchange152

can be interpreted as colourless objects called a ‘Pomeron’ or a ‘Reggeon’ with parton distribu-153

tions f IP ,IR
i (�, Q2). The flux factors fp

IP ,IR(⇠, t) represent the probability that a Pomeron/Reggeon154

with given values ⇠, t couples to the proton. They are parametrized using the form motivated155

by Regge theory156

fp
IP ,IR(⇠, t) = AIP ,IR

eBIP ,IRt

⇠2↵IP ,IR(t)�1
, (10)

with the linear trajectory ↵IP ,IR(t) = ↵IP ,IR(0) + ↵0
IP ,IR t. The di↵ractive PDFs relevant to the157

t-integrated cross-sections read158

fD(3)
i (z, ⇠, Q2) = � p

IP (⇠) f
IP
i (z,Q2) + � p

IR(⇠) f
IR
i (z,Q2) , (11)

with159

� p
IP ,IR(⇠) =

Z
dt fp

IP ,IR(⇠, t) . (12)

Note that, the notions of ‘Pomeron’ and ‘Reggeon’ used here to model the hard di↵raction in160

DIS are, in principle, di↵erent from those describing the soft hadron-hadron interactions; in161

particular, the parameters of the fluxes may be di↵erent.162

The di↵ractive parton distributions of the Pomeron at the initial scale µ2
0 = 1.8GeV2 are163

parametrized as164

zfi(z, µ
2
0) = Aiz

Bi(1� z)Ci , (13)

where i is a gluon or a light quark. In the di↵ractive parametrizations all the light quarks (anti-165

quarks) are equal. For the treatment of heavy flavours, a variable flavour number scheme (VFNS)166

is adopted, where the charm and bottom quark DPDFs are generated radiatively via DGLAP167

evolution, and no intrinsic heavy quark distributions were assumed. The structure functions168

are calculated in a General-Mass Variable Flavour Number scheme (GM-VFNS) [24, 25] which169

5

At HERA Reggeon part could not be extracted precisely. 


Is it possible to disentangle Pomeron/Reggeon at EIC ?

Pomeron Reggeon

Ansatz for DPDFs:
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Simulations of σD(4)
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High luminosity and excellent possibility of proton tagging


Prospect of high quality data for  �D(4)
r (⇠,�, Q2, t)
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Very different slopes in t for 
Reggeon and Pomeron

𝜎red
஽ሺ4ሻ vs. 𝜉, 𝑡 simulations

DIS2021 - Wojtek SáomiĔski - Jagiellonian University

¾ Extrapolation of 𝜎red
஽ሺ4ሻ 𝜉, 𝑡, 𝛽, 𝑄2 calculated using ZEUS-SJ DPDFs

¾ Simulation done by random smearing according to

¾ 𝛿sys ൌ 5%

¾ 𝛿stat from 𝐿 ൌ 10 fb−1

From the ZEUS-SJ fit

𝜉𝜑𝑃 𝜉, 𝑡 ∝ 𝜉−0.22 𝑒−7 𝑡

𝜉𝜑ோ 𝜉, 𝑡 ∝ 𝜉0.6+1.8 𝑡 𝑒−2 𝑡

Pomeron and “Reggeon” components
have very different shapes in 𝜉 and 𝑡

Nb. statistical errors increase at large |t|
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Extrapolation of reduced cross section using ZEUS SJ fit


Random smearing with errors:


Systematic:  δsys = 5 %


Statistics: δstat from integrated luminosity 10 fb-1
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σD(4) vs t
σred

D(4)  for ep beams 18 GeV × 275 GeV,   L = 100 fb-1
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Prospects for the very good 
measurement of the t-slope as a 
function of ξ







Ee = 18 GeV

Ep = 275 GeV
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σD(4) vs ξ
σred

D(4)  for ep beams 18 GeV × 275 GeV,   L = 100 fb-1
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Double-slope structure
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