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Outline
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• Inclusive diffraction at HERA


• Description of diffraction: Pomeron and Reggeon components


• EIC pseudodata for diffractive cross section 


• Extraction of Pomeron and Reggeon, estimate of uncertainties

Continuation of series of works on diffraction at ep/eA machines:


Inclusive diffraction in future electron-proton and electron-ion colliders   e-Print: 1901.09076

Diffractive longitudinal structure function at Electron Ion Collider	        e-Print: 2112.06839


also EIC Yellow Report, Sec. 7.1.6, 8.5.7


https://arxiv.org/abs/1901.09076
https://arxiv.org/abs/2112.06839
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Diffraction in DIS
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• Diffractive characterized by the rapidity gap: no activity in part of the detector


• At HERA in electron-proton collisions: about 10% events diffractive


• Interpretation of diffraction : need colorless exchange 

• What is the nature of this exchange ?   Partonic composition ?


• One, two, or more exchanges ? Pomeron , Reggeon  ?


• Energy, momentum transfer dependence ?

IP IR
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Questions:

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’.

}
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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

3

rapidity gap
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Diffractive kinematics in DIS
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� =
Q2

Q2 + M2
X � t

momentum fraction of the 
diffractive exchange w.r.t hadron

momentum fraction of parton 
w.r.t diffractive exchange

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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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
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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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M2
X

mass of the diffractive system
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z � �
same as above but more 
generally (at higher orders)
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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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Dimensionless

Dimensions:

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

4-D:

3-D:
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Diffraction at HERA: importance of ‘Reggeon’
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Figure 4: The diffractive reduced cross section xIP σD(4)

r (β, Q2, xIP , t), shown as a function
of xIP for |t| = 0.25 GeV2 at different values of β and Q2. The inner error bars represent
the statistical errors. The outer error bars indicate the statistical and systematic errors added
in quadrature. An overall normalisation uncertainty of 10.1% is not shown. The solid curves
represent the results of the phenomenological ‘Regge’ fit to the data, including both pomeron
(IP ) and sub-leading (IR) trajectory exchange, as described in section 5.2. The dashed curves
represent the contribution from pomeron exchange alone according to the fit.

22
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= ⇠

 vs  for fixed 
 in bins of 


Described by two contributions:


Leading ‘Pomeron’ at low 





Subleading ‘Reggeon’ at high 





Subleading terms poorly 
constrained

ξσD(4)
r ≃ ξFD(4)

2 ξ
| t | = 0.25 GeV2 β, Q2

ξ

ξ fIP ∼ ξ−0.22

ξ

ξ fIR ∼ ξ1.0
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Reggeon in photoproduction data
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Example diffractive data from HERA

3

Generally decomposed into two components:
- Leading ‘Pomeron’ (IP) at low x
- Sub-leading ‘Reggeon’ or ‘Meson’ (IR)

at largest x
Sub-leading term poorly constrained

- Isoscalar? – Isovector?  
- Combination of multiple exchanges?

Fixed target: low energy

H1: high energy

Similar observation in 
photoproduction 


Fit using Regge model


Subleading exchanges present 
at HERA


More dominant at lower 
energies


EIC (esp. with varying beam 
energies) has great potential 
to explore the nature of 
these exchanges and 
transition between them

Q2 ∼ 0

Pomeron

Reggeon

Reggeon

Pomeron
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QCD description of diffraction in DIS
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Collinear factorization in diffractive DIS

at Q2 ≫ 0

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


•Partonic cross sections are the same as for the inclusive DIS.


•DPDFs represent the probability distributions for partons i in the proton under the 
constraint that the proton is scattered into system Y with a specified 4-momentum.

}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

Collins

<latexit sha1_base64="trrmfNAV0NZS7KQhnIQDo9zCdO4="></latexit>

d�D(�, ⇠, Q2, t) =
X

i

Z 1

�

dz

z
d�̂(�/z,Q2) fD

i (z, ⇠, Q2, t) +O(
1

Q2
)
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Parametrization of DPDFs
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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
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Pomeron PDFs    obtained via NLO DGLAP evolution starting at initial scale μ02=1.8 GeV2f IP
i

Reggeon PDFs  taken from the parametrization of  pion structure functionf IR
i

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

3

Proton vertex 
factorization
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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’.
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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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Figure 8: Four upper (lower) plots: the quark (gluon) distributions obtained from
fits ZEUS DPDF SJ (continuous line) and ZEUS DPDF C (dashed line), shown
for four different values of Q2. The shaded error bands show the experimental
uncertainty.
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QCD analysis at NLO
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Only Pomeron extracted, Reggeon parametrized using GRV pion 
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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

Only selected energy scenarios at EIC shown

Large Large  : constraints on 
subleading (Reggeon) exchange


Large Large  : constraints on 
large  region of DPDFs

x → ξ

x → β
z

EIC complementarity to HERA
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Forward instrumentation at EIC and acceptance
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Off-Momentum Detectors (2 stations) 0.0 < 𝜽 < 5.0 mrad (𝜂 > 6)

B0 Detector 5.5 < 𝜽 < 20 mrad 
(4.6 < 𝜂 < 5.9)
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OMD
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Forward detectors have wide 
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detecting protons
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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

talk by Michael Pitt

}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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EIC pseudodata
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• Based on the HERA 2-component (Pomeron+Reggeon) fit with the GRV pion 
structure function for the Reggeon


• Use NC simulations for EIC (no HERA nor CC yet)


• Integrated luminosity of   at single  (275 x 18 GeV)


• Require 


• 5% uncorrelated systematics


• Randomly fluctuate each data point according to the uncertainties

ℒ = 100 fb−1 s

0.005 < y < 0.96
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Example of the pseudodata: t slope
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σred
D(4)  for ep beams 18 GeV × 275 GeV,   L = 100 fb-1
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Statistical errors remain manageable up to | t | ∼ 2 GeV2

Changing slope as transitioning from Pomeron to 
Regeon dominated region
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Example of the pseudodata: ξ dependence
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σred
D(4)  for ep beams 18 GeV × 275 GeV,   L = 100 fb-1
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Parametrisation for fitting the pseudodata
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• Treat the Pomeron and Reggeon contributions as symmetrically as possible

• Light quark separation not possible with only inclusive NC fits

• For both  and  fit the gluon and for the sum of quarks

• Generic parametrization at  :

IP IR
Q2

0 = 1.8 GeV2

where  and  k = q, g m = IP, IR

<latexit sha1_base64="Rd90AURHmrgAXtL/vOWaUtrw7t4="></latexit>

f (m)
k (x,Q2

0) = A(m)
k xB(m)

k (1� x)C
(m)
k (1 +D(m)

k xE(m)
k )

• Following sensitivity studies a suitable choice is:

•  has A,B,C parameters


•  has A,B,C parameters


•  has A,B,C,D parameters


•  has A,B,C parameters

• In addition fit for the parameters of the fluxes for  and : 


f IP
q

f IP
g

f IR
q

f IR
g

IP IR α(0), α′￼, B
<latexit sha1_base64="PTStyqeDKbMNF0SXTxxPIEWrUFc="></latexit>

eB
(m)t

⇠2↵(m)(t)�1

<latexit sha1_base64="vimWn1pN4qpROZV+ImLCkoQWxZQ=">AAACF3icdVDLSgMxFM34rPVVdekmWMQWoWSK1HYhFN24rGAf0NaSSdM2NPMguSOUoX/hxl9x40IRt7rzb8z0AVb0QODcc+7l5h4nkEIDIV/W0vLK6tp6YiO5ubW9s5va269pP1SMV5kvfdVwqOZSeLwKAiRvBIpT15G87gyvYr9+z5UWvncLo4C3Xdr3RE8wCkbqpHItKoMBvYsybnacgezFQk2yp/P6JBagk0qTHDEoFHBM7CKxDSmVivl8CdsTi5A0mqHSSX22uj4LXe4Bk1Trpk0CaEdUgWCSj5OtUPOAsiHt86ahHnW5bkeTu8b42Chd3POVeR7gifpzIqKu1iPXMZ0uhYH+7cXiX14zhF6xHQkvCIF7bLqoF0oMPo5Dwl2hOAM5MoQyJcxfMRtQRRmYKJMmhPml+H9Sy+fsQs6+OUuXL2dxJNAhOkIZZKNzVEbXqIKqiKEH9IRe0Kv1aD1bb9b7tHXJms0coAVYH9+wsZ5l</latexit>

↵(m)(t) = ↵(m)(0) + ↵
0(m)t
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Recovering the Pomeron and Reggeon inputs
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Pomeron reproduced almost perfectly
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Uncertainties  of diffractive PDFs: large ξ

18
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Relative errors obtained as ratio of 
P,R or Total to the total DPDF


<1% or better for gluon in some 
region                                      
<0.5% or better  for quarks in 
some regions


Model, parametrization 
uncertainties still to be studied


EIC can constrain Reggeon at 
similar level of precision as the 
Pomeron 

linear horizontal scale
note different vertical scale for gluons and quarksxIP ≡ ξ = 0.1
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Uncertainties  of diffractive PDFs: large ξ

19

Relative errors obtained as ratio of 
P,R or Total to the total DPDF


<1% or better for gluon in some 
region                                      
<0.5% or better  for quarks in 
some regions


Model, parametrization 
uncertainties still to be studied


EIC can constrain Reggeon at 
similar level of precision as the 
Pomeron 

logarithmic horizontal scale
note different vertical scale for gluons and quarks
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Uncertainties  of diffractive PDFs: small ξ
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Relative errors obtained as ratio of 
P,R or Total to the total DPDF


Errors expand towards small  
as  is lower


EIC can constrain Reggeon at 
similar level of precision as the 
Pomeron 

z(β)
ξ

logarithmic horizontal scale
note different vertical scale for gluons and quarks
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Precision on Pomeron contribution
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Precision on Pomeron Contribution

16

(Logarithmic z scale)

Quark Gluon

Impact throughout kinematic range, notably at large zPrecise extraction of Pomeron, especially at large/moderate values of z

gluonquark

logarithmic horizontal scale
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Precision on Reggeon contribution
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Novel result from EIC: precise extraction of Reggeon

gluonquark

Precision on Reggeon Contribution

17

Quark Gluon

(Logarithmic z scale)

Completely transformational level of understanding

logarithmic horizontal scale
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Dependence of Reggeon on t range
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Dependence of Reggeon on t range

18

[Linear z scale] 
- Variation of pom:reg ratio with t has some value in fits
- Results not dramatically sensitive

Quark Gluongluonquark

linear horizontal scale

ξmax = 0.22

Quality of fit does not change with 


Errors slightly change, overall result are not very sensitive

tmin



Anna Staśto,  Extracting Reggeon exchange at the EIC,  EICUG 2023,  Warszawa,  July 31 2023

Dependence of Reggeon on ξ range
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Dependence of Reggeon on x range

19

[Linear z scale]
Large x region important for Reggeon, particularly at large z
Restriction to x<0.15 still leaves strong sensitivity 

Quark Gluongluonquark

Quality of fit changes slightly with 

Errors do increase with the more restricted  range. Large  important for Reggeon at large 

Restriction to  still leaves strong sensitivity

ξmax
ξ ξ z

ξ < 0.15

tmin = − 1.5 GeV2

linear horizontal scale
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Precision on flux parameters
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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 type flux for Pomeron/Reggeon : Trajectory :

Parameter Input Fit
1.11 1.1119   0.0007

0 -0.0024   0.0010
7 7.033   0.010

0.70 0.7014   0.0018
0.90 0.8957   0.0021

2 2.020    0.073

αIP(0) ±
±
±
±
±
±

α′￼IP
BIP [GeV−2]

α′￼IR

αIR(0)

BIR [GeV−2]

Input values recovered with very precisely


Some flux parameters get correlated with the PDF parameters

<latexit sha1_base64="kkoSwAnR8Lz651Klvt0YSW4mqkk=">AAACN3icdZDLSgMxFIYz9VbrrerSzdQitljKjIi6EYpudCNV7AU6Q8mkaRuauZCcEcrQt3Lja7jTjQtF3PoGptNZaKsHQn7+7xyS8zsBZxIM41lLzc0vLC6llzMrq2vrG9nNrbr0Q0FojfjcF00HS8qZR2vAgNNmICh2HU4bzuBizBv3VEjme3cwDKjt4p7HuoxgUFY7e21hHvRxO7qyclauWoqv21EBimf/EKN4MCH708gqQTubN8pGXPqsMBORR0lV29knq+OT0KUeEI6lbJlGAHaEBTDC6ShjhZIGmAxwj7aU9LBLpR3Fe4/0PeV09K4v1PFAj92fExF2pRy6jup0MfTlNBubf7FWCN1TO2JeEAL1yOShbsh18PVxiHqHCUqAD5XARDD1V530scAEVNQZFYI5vfKsqB+WzeOyeXOUr5wncaTRDtpFBWSiE1RBl6iKaoigB/SC3tC79qi9ah/a56Q1pSUz2+hXaV/f6ZyntQ==</latexit>

↵IP,IR(t) = ↵IP,IR(0) + ↵0
IP,IR t
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Summary 
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EIC can extract flux parameters and partonic structure of the 
subleading ‘Reggeon’ exchange with similar precision to the 

leading ‘Pomeron’ exchange.

More work needed on uncertainties:

Ideas for further studies:

• Experimental (correlated systematics, binning)


• Theoretical (model dependence, parton  parametrization)

• Different EIC beam energies


• Combined HERA and EIC fits


• Charged current contribution


