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Where do GPDs fit in the picture with other partonic distributions?

GTMD(x, &, k1, t)

st

A GPD(x, ¢, ) £3D

¢ 1D

@ Access to the transverse plane as well: 3D-imaging of the hadron

PDF: Parton Distribution function TMD: Transverse Momentum Dependent function
GTMD: Generalized TMD GPD: Generalized Parton Distributions
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Introduction

Hard and Exclusive dijet electroproduction

e(l) p(p) —e(I') a(pq) @(pg) P(P')

“Diffractive” limit:

» target proton almost intact after the hard hit.

7

@ Sensitive probe of GPDs in the

nucleon.

Dijet production at high photon
virtuality (@?) is one of the simplest
avenues in which the QCD collinear
factorization can be established.

In the deep—inelastic regime

W2, Q2 > m?; where W2 is the the
Y*p center-of}zmass energy squared
and mjp is mass of the target proton.

1

2(P-n_)

+  EBI(x, € A%)a(p')

HE(x, &, A*)a(p')p_ u(p)

. _ap
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Theoretical formalism

Dijet electroproduction cross section

—summed over the helicities of the partons and the color degrees of freedom of the final

state qq pair [1]

r

do(ep — €'jjp) oFalmet
dy d@2dpdp 2dA% dz  16m2Ne(1 — £2)Q%y
1 14 (1—-y)?
X - Q 1—y)Q
(pf+m%+z(1—z)oz>4l T =

- (2—y)\/1—ycosqbQLT—2(1—y)cos2¢>§27717 with

Qr = miTEP+p2(I(L - 2TE +2Ge TP + |75 - 2GeTFF),

Q = 421 -2)°Q|Tf +2CT]f,

Qr = 2z(1-2)Q|pL| Re [(Zf +2CFT]) (1 — 22)T% + 2Cp (T3 + I)) ],
Qrr = B’ Re[((1—2)T% +2CTE) (278 — 2CrI%)"] .
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Theoretical formalism

Parton FF integrals in the amplitude expressed over momentum fraction
—1<x<1

I = [ 11 oeFE (x,€,A%) ((X fﬁ R T x _25 i i? (x+€2—§(i1)_(><2f)€+ i)}’
E = /_11 oxF* (x,€,8%) ((filg__zi)f + (f(_lgfi))z T re- ij)g(i —&+ie)

1 - [ ar e (e )
Y
2 = /_l1 o7 (x, €, 8%) (B(Xzfii i (x fi-zi ie) E(x+£(21£i22ﬁ) 4 ie))

where F&9 (X7 E,Az) are the gluon and quark GPDs parameterizing the hadronic input. These

expressions allow us to decompose the amplitude into analogues of the “Compton form factors". 5/15



Modeling the GPDs

We use the Double Distribution (DD) Approach, wherein the GPDs can be
expressed as the inverse Radon transformation of the DD g’ (,6’, a= X’ﬁ,A2) as,

3
H' (x,€,0%) :/ dﬂ%g" (@Xgﬁ,Az)E(ax,g),
1

where i € {gluon, sea, valence} and the function = (/3|x, &) divides the S-region
into the so—called DGLAP and ERBL support region of the GPD as,

=B

_ x+¢ x—¢
x,§) = 0(X<§)0<1€>[ﬁ> 1+£)

b o0(—c<x<ooXEE o X8
1+4+¢ 1S
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Modeling the GPDs

To model the DDs, we use the Radyushkin Ansatz with a factorized
A%-dependence [2, 3, 4]

F2m+2) [(1—|6)° —o?]" 2
(ﬁ7 ) - (B) 22n,+1 rg(n + 1) (1 _ |/8‘)2""+1 .F,(A )

where n; = 2 for gluons and sea quarks and n; = 1 for valence quarks.

In the limit § A% — 0, the GPD-H reduces to the spin non-flip parton
densities as H’ (x £=0,A%= 0) = fi (x) which are used for the modeling,

yi (I18]) (B) for i = sea

|5|}’:(|5|) for i = gluon
fi (B) =
yi(8)©(B) fori= valence

where y; are the usual PDFs for which we use the CT18 NLO PDF set from
(5]
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Theoretical formalism

Gluon FF integrals
The two gluon integrals Zf and Z% are actually composed of two independent

x-integral parts:

dx
x+ &

x—£
1-¢
1+¢

[a[rlees) i) miees) s

V1M, A?)

+

[/—/5’ (7§,§,A2) log Iﬁ’ — HE (§,§,A2) log

+ ir [Hg (—g,g,AZ) + HE (£,£,A2)] ,

He’ (x,5,A2) — HE' (5,5,A2)

6/1 He' (x,g,AZ) _ e (—g,g,AQ) N

2) 2
f, [HI(&, A = d:
¥ T AD o <+© -9
g (— 2 1+ g/ 2 1-¢
+ 5[H (~eea®) 1o | = |+ 17 (66,07 tog |
+ iT€ [Hg' (75, §,A2> — HE& (5, {,AZ)] s < contribution from the double poles!

£ = {1 - 28)fV[H)(¢, &) + 21 = B H](E, A7) % ,

78 = { = 28£[HI(¢, &%) + (1 — 2ﬁ)f;2)[H](€,A2)}% : e



Quark FF integrals

The three quark integrals Z] and Z3'% are actually composed of four independent

x-integral parts:
2 [/1 N H (x,€,42) - :‘7 (¢.¢.82) i (&E’Az)
x—

1-¢
1+¢|]’

'352)["/] (g,AQ) - [/1 N HY (X,f,AQ) — H9 (—575,A2) . (75,5,A2)

x+€

1k (¢.8%)

1

+ HY (§,§,A2) log

1

+ M (—g6a?) Iog‘% } ,

fq(a)[H] (5, :ﬁ,Az) _ e [/1 N HI (x,s,M)X:::l(f (211)— 23),5,A2> s inHI (5(1 _ 23)75,A2)

1

1—¢(1—28)

q Y- 2
+ H (.g(l 23),5,A)|og i)

1
14¢(1—28)

q (_ Y- 2 L S
+ H ( (1 25),5,A)Iog T—e(_25)

9/15



Theoretical formalism

Quark

FF integrals

We then have, that, (neglecting contributions with the GPD E):

q1
Ir

a0
17

5(p)p_u(p)
¥ = { DIH)(E, A%) + 21 [H](S’Az)}m7
52 z2 a(p")p_u
= {87 - %fé”wl(&f) S LRLC )

22

Eq

= {*Z [HIE, a2) + 22 3 f“ [H](€, A?) — a(p')p_u(p)

We can notice that the last two quark integrals fq(3’4)[H](§, 3, A%) which contribute
to the transverse integrals Iq.rl‘q2 are functions of the J parameter which is given
by,

2
my

Q?2z(1 - 2)

which for mg — 0 coincides with the standard diffractive DIS variable

2

9
B=— — gPDIs (14
pl+e

> , e2=mitz(1-2)@?

ﬁDDIS_

e, .07 |

)
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Results in an extensive phase space

To explore an extensive phase space in the HERA energy scale /s = 319 GeV, we take
4<Q><104GeV?, 0<y<1,001<2z<0.99 1<p, <15GeV and

0<A; <3GeV.

—al — gluon - g7 - 1= valence

- - - gluon - & — sea

10°F T T T T

xp: fraction of momentum of the proton

carried by the color-singlet exchange

PRI R SVA RV AN SVEEVE SVAVATRVE SVAATAVE S
2.5 -2

|0910(XP)

@ At HERA, the main interest was
concentrated on small xp < 0.1
region corresponding to the so-called
“diffractive"regime of processes with
large rapidity gap.

@ Here, we intentionally extended our
calculation to larger xp wherein we
see that the valence quark
contributions start dominating for
Xp z 0.3.

We observe that to explore the valence
quark contribution which was not studied
so far in the literature, one would need to
go to larger xp > 0.1 i.e. beyond the
purely diffractive mechanism.
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Results for ZEUS kinematics

We calculated the differential cross sections in the ZEUS kinematical region by imposing
appropriate cuts:

@ Note that the small 8 < 0.3 region

—a —guon-a@ == valence corresponds to large invariant masses
e glion- & — sen e 7eUS data M of the diffractive system where the
10° ‘ ‘ ‘ ‘ E contribution from qgg (gluon
T S~ 4 radiation) dominates.

E @ The distributions in 8 are somewhat
d irregular, and it would be good to

! i measure them experimentally possibly
T g at the future Electron-lon Collider

3 (EIC) at BNL and perhaps also at the
E future FCC,;, at CERN.

Our obtained theoretical results show reasonable agreement with the data in the
region of the diffractive DIS parameter § 2 0.4. J
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Conclusions

Concluding remarks

The main takeaways :)

@ The aim of our work has been to first explore the role of different
parton components in different regions of the phase space and then
to impose ZEUS kinematical cuts to draw a comparison.

@ Special attention has been devoted to the valence quark contribution
which was not studied so far in the literature.

@ We discovered that to explore this contribution one would need to go
to larger xp > 0.1 i.e. beyond the purely diffractive mechanism
perhaps at the future EIC or FCCqp.
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Introduction

Hard and Exclusive dijet electroproduction

e(l) p(p) = (") a(pq) @(pa) P(P)
@ Sensitive probe of GPDs in the nucleon

o Dijet production at high photon virtuality is one of the simplest

avenues in which the QCD collinear factorization can be established

p()

Pt (x687) = z(;».n)[”g"’(x,s,ﬁ)n(p’)ﬂu(p)+Eg"’(x,s,A2)a(p/)"

cPn_,A
—=—=L ufp)
2mN

3 /L



Introduction

Motivation

@ Last-to-last year, in the work by B. Linek, M. tuszczak, W. Schifer and
A. Szczurek, “Probing gluon GTMDs of the proton in deep inelastic diffractive dijet
production at HERA,” Phys. Rev. D 110 (2024) no.5, 054027 [1]

e This was only considering gluon exchanges in the diffractive dijet production

= KT model

MV-IR model

== GBW model

MPM model

=== MV-BS model

—=— H1 data

1042 | —
F ep—dijetep

[ Vs, =319 GeV
103;_ NN

T

doflog, (x.) (pb)

AL

T

— T

T T

— —
4.0< Q? < 110.0 GeV?

0.05<y<0.7

1.0<n, <25
1.2 ‘

G Dl cdil

T

@ It was found that the xp-distribution of the cross-section of this diffractive dijet
production did not correspond to the HERA data, especially in the xp > 0.01 region.
@ So, this motivated the inclusion of the qg exchanges which are expected to

dominate in the region xp > 0.01.
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Theoretical formalism

Amplitude of the process

The amplitude in the deep inelastic cross section for our process can be expressed
in terms of the amplitude of the virtual photon-proton v* p scattering subprocess
in both the longitudinal and transverse photon polarizations [2]:

r

47 z(1—2)QW _
Ayt = = o Araameqdy e DY o), (pa) (T +266T7)
‘ (32 +¢?]
21 4% _
A’Y*T = —WOCS 47'I'Oéemeq(5[jﬁ{ - U(Pq) (m¢J_) ﬁ+ V(Pﬁ)If
e ]

+ 6(po)p, ¢, vipa) (1 - 2)TE +2CT2)

aln E(pq)¢L¢l/I+v(pa) (—ZI?- + 2CFI;’-2) } .

\.

where aep, is the electromagnetic and as is the strong coupling, e is the fractional quark charge,
u(pq) and v(pg) denote the quark and antiquark spinors, d; is for the color indices of the outgoing
quarks, and we have used the QCD color factor Cg = (N2 — 1)/(2N.) and the invariant centre of

mass energy of the v* p subprocess is W? = (g + p)2 ~2q-p— Q. 522



Theoretical formalism

Cross section of the process

Hy(w,6,A?)

Our dijet cross section, summed over the parton helicities and color of the gg pair
in the final state, can be written in the standard form, putting into evidence the
contributions of transversely and longitudinally polarized photons and their
relevant interferences:

do(ep — e/jjp) _ CQem 1+ (]- - y)2 dUT(’Y*P —>.Up)

dy d@2d¢dp 2dA2 dz  TQ%y 2 dp 2dA? dz
do (v"p — Jip) dour(v*p — ijp)
+ (I-y)— " — (2 y)\/1 - ycosp— 2
4= dp 2dA2 dz = dp 2dA2 dz
d *p = jj
— 2(1-y)cos2¢ w
dp 2dA? dz
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Theoretical formalism

Cross section of the process

For a given quark jet flavor f we have for i € {T,L,LT, TT}:

doi(y'p = jjp) _  oiaeme} Q
dp2dA% dz  16mNe(1—€2) (B2 + m} +2(1 — z)Q%)*’
with
Qr = miZR+ p2(I(L - T8+ 2CeTP + |2T8 - 2GeTE[),
Q = 421 -2)°Q°|T¥ +2CT) T,

and, for the interference pieces

Qr 2z(1 - 2)Q|BL| Re [(Tf + 2CI}) (1 — 22)T% + 2CF (P + IF)
Qrr = Pl Re[((1-2)TE +2CFTE) (28 — 2CFTP)7]

*]’

\.

Note: The two integrals Zf and Z] are from A, and the three integrals 7%, 77
and I are from A1
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Theoretical formalism

Parton integrals in the amplitude expressed over momentum fraction
—1<x<1

i

5 2 268 268 26(1 — 28)
i (X’g’A)((x+g—ie)2+(x—g+fs)2 EES T e

5
I

¢ 2 §(1—2p) §(1—2p) 4£8
ldxF (x.6.8%) <(X+§_ie)2 t i T G =r

J

1
_ 2 26z 26z
o /,ldXFq(X’g’A)((x+£—ie)+(x—s+ie))’

a q 2 262z 2¢42* 2¢72 )
R = ldxF (x,&,A)<(X_§+’_E) s el e
1 5 _ 2
P = oxF? (x,€, %) (_ = = = , )
- B(x—¢&+ie) (x+E&—ie) B(x+E&(1—28)+ie)

where F&9 (X7 E,Az) are the gluon and quark GPDs parameterizing the hadronic input. These

expressions allow us to decompose the amplitude into analogues of the “Compton form factors". 8/22



Modeling the GPDs

We use the Double Distribution (DD) Approach, wherein the GPDs can be expressed as
the inverse Radon transformation of the DD g’ (6704 = XEB,A2> as,

1
H"(x,f,N)—/ dige (5.0 02) 2 (3.0)
—1

where i € {gluon, sea, valence} and the function = (8|x, ) divides the S—region into the
so—called DGLAP and ERBL support region of the GPD as,

- _ x+¢€ x—§ -~ x+¢& ¢
=(BIx, &) = O(x>€)0 (71+E > 3> 17§> +0(x < —=£)0 (1 : 1+§)
+ 9(—5<x<5)9(%§>6 1+§)
To model the DDs, we use the Radyushkin Ansatz with a factorized A2-dependence
[3. 4, 5]

A _ 2 . 21n;
it1r2(nj +1) (1 —|p[)2m+t
where n; = 2 for gluons and sea quarks and n; = 1 for valence quarks. In the limit
&,A? — 0, the GPD-H reduces to the spin non-flip parton densities as
H' (x,£ =0,A2? = 0) = f (x) which are used for the modeling,

18 yi (|8]) for i = gluon
i (B) = yi(I8]) (B) for i=sea
yi(B)©(B) fori= valence

where y; are the usual PDFs for which we use the CT18 NLO PDF set from [6].

Fi(A?)
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Modeling the GPDs

For the A—dependence, we use for sea quarks and gluons a parametrization
F(A?) = exp(Bt/Z) (recall that A? = t is negative), with a common slope parameter
B =4 GeV~=. For valence quarks, we follow [7], by using

1
V(A7) = FP(A%) + SF(A%),  FU,(A%) = FP(A%) + 2F] (A7)

Here Flp‘" are the Dirac form factors of proton and neutron, respectively, which can be
expressed in terms of the Sachs electric and magnetic form factors as,

e (00) = (14 20) " (o (o) + By )

where mp,, denotes the proton and neutron mass, and G’} are the Sachs electric and

magnetic form factors for the proton and the neutron.

-
In this work, we are interested only in the proton helicity—conserving contribution,
as it dominates in the region of small |A | within the so-called diffraction cone.
The helicity non—flip contribution picks out [8]

FE9(x, €, A2) oc HE9(x, £, A2) — i E89(x, £, A%).

As we are mainly interested in HERA kinematics with data taken at small xp, and
hence small £, we also neglect the contribution of GPDs E&>9 in the following.

10/22



A peak at the GPDs used as a function of x at Q? = 4 GeV?

— GPox10 -1=.- GPD derivative w.t x — 02 —=01 — &=005

Gluon GPD values for £ = 0,1 at Q24 Gev"2

— =01 — =001 — z=0001

sea x'GPD for Q24 Gevn2

The top-left panel shows the forward gluon GPD vs x for £ = 0.1 and its derivative with
respect to x, the top-right panel shows the forward u-valence quark GPDs vs x at

¢ =0.2,0.1 and 0.05, and the bottom panel shows the forward s-sea quark x-GPD vs x at
¢ =0.1,0.01 and 0.001.

11/22



Gluon integrals

The two gluon integrals Zf and Z% are actually composed of two independent
x-integral parts:

dx —

x—& x+§&
[/—/5’ (7§,§,A2) log

1-¢
|
+ ir [Hg (—g,g,AZ) + HE (£,£,A2)] ,

T

V1M, A?)

[a[rlees) i) miees) s

+

IJ’%’ — HE (§,§,A2) log

£2HI(e, 2?)

dx +
(x+¢€) (x=€)

1-¢
1+¢

+ ¢ |:Hg' (—5,5,A2) log IL{ + HE’ (§,§,A2) log

+  ing [H@” (—§,§,A2> — HE (§,§,A2)] .

a(p")f_u(p)
2(P-n_) ’

a(p’)_u(p)
2(P-n_) 12/22

78 = {(1 = 28)FV[HI(E, A7) + 2(1 = B [H](E, A7)

78 = { = 28£[HI(¢, &%) + (1 = 28) (P [HI(€, A7) }



Theoretical formalism

Quark integrals

The three quark integrals Z] and Z3'% are actually composed of four independent

x-integral parts:
y [/1 L IS R L B (c.6.8%)

1k (¢.8%)

1 x=¢
+ M7 (6.6.8%) 10g iEH
oun(es) - uf [ OOy
4
bom(eeat)os | EE]
PRy UG EL/TEEE R
4
+ (s -20).68%) tog | 0 }
1O (¢.8.8%) = 25[/_1dx T — inH? (~6 (1 - 26),¢,4°)
+ Hq(75(1—26),§,A2)Iog %H
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Quark integrals

We then have, that, (neglecting contributions with the GPD E):

a(p")p_u(p)

I = { [H)(e, %) + 267 H) (6 AQ)}W’

- {zzfé”lHl(g,N)—%ff’w}(m% + Z e 5,00} T
2 () u(p)
1r = {2 e, %) - Z1He, 5,07 } R A,

We can notice that the last two quark integrals fq(3’4)[H](§, B, A%) which contribute
to the transverse integrals Ig}’qz are functions of the 3 parameter which is given
by,

&2 2

DDIS my 2_ 2 2
= = 1+—F ), &= 1-2)Q%
B 5J_2 +E2 ﬁ ( + Q22(1 _ Z)> € mg +Z( Z)Q

which for m¢ — 0 coincides with the standard diffractive DIS variable PPIS

In this work, we have always considered 8 = BPPIS except for the case of the
heavy cc production through gluon exchanges, where the charm mass has to be
weighed into the definition of the 5 parameter as per the above relation.
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Results and discussions

Results in an extensive phase space

To explore an extensive phase space in the HERA energy scale /s = 319 GeV, we take
4<Q?><104GeV?, 0<y<1,001<2z<0.99 1<p, <15GeV and
0<A] <3GeV.

@ Here, gluon and sea quark

—a — guon-qd <imevalence contributions are symmetric under
- - - gluon - ¢ — sea z1—2z.
IOA?,K;-/‘_\:‘ @ The gluon and sea quark exchange
f/(‘_.\\\ ///'j}\é contributions are C_—eve_n, while the
r N e valence quark contributions contain
0E TN 3 both charge conjugation parities.

@ The contribution of valence quarks,
however, shows a strong asymmetry
around z = 0.5, which translates to a
forward-backward asymmetry in the

Tz 04 os 08 1 quark polar angle in the dijet

z center-of-mass frame. As overall the

valence contribution is small, the

asymmetry is invisible in the full cross
section.

do/dz (pb)

=

2
s
|

The figure shows the differential cross
section distribution in the longitudinal
momentum fraction z. The origin of this asymmetry is the

interference of t—channel exchanges of
positive and negative C—parity.
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Results and discussions

Results in an extensive phase space

At HERA, the main interest was concentrated on small xp < 0.1 region corresponding to
the so-called diffractive regime of processes with large rapidity gap.

—all — gluon- q@ - - valence

- - - gluon - € — sea

Y R T B WS P E T
W0~ =5 3 =25 2 15 1 05

|0910(XP)

The figure shows the differential cross
section distribution in the fraction of
momentum of the proton carried by the
color-singlet exchange, xp.

@ To restrict to such diffractive regime,
one usually imposes a cut like
xp < 0.1.

@ Here, we intentionally extended our
calculation to larger xp wherein we
see that the valence quark
contributions start dominating for
Xp 2/ 0.3.

We observe that to explore the valence
quark contribution which was not studied
so far in the literature, one would need to
go to larger xp > 0.1 i.e. beyond the
purely diffractive mechanism.
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Results for ZEUS kinematics

We calculated the differential cross sections in the ZEUS kinematical region by imposing
the cuts: Q2 > 25 GeV2, 90 < W < 250 GeV, xp < 0.01, M > 5 GeV, p; > 2 GeV,
0.1 <y <0.64and, m 2 <2

@ We see that below 8 < 0.3 the qg
—al — gluon-q3 --- valence contribution to dijet production falls
S —sen e 7eUs data significantly short of the data.

@ Note that this small 3 region
corresponds to large invariant masses

E M of the diffractive system where the

d contribution from qgg (gluon

3 radiation) dominates.

@ The distributions in 3 are somewhat
irregular, and it would be good to
. measure them experimentally possibly
- 1 at the future EIC at BNL and perhaps
also at the future FCCg, at CERN.

B
The figure shows the differential cross section Our obtained theoretical results show
distribution in the 3 parameter along with reasonable agreement with the data in the
the available ZEUS data shown in black. region of the diffractive DIS parameter

B8 2 0.4.




Results for ZEUS kinematics

We also present the azimuthal angle modulation between the incoming leptonic and the
outgoing dijet planes.

—all —— gluon - g4 - valence —all — gluon - q§ == valence
- - - gluon - T — sea —4- ZEUS data - - - gluon - T — sea —4— ZEUS data
E T T T T T E T T T T T T
F H E 3 04<p <05 E
= 8 H T . 8F
=} E o E
7E U 4 7E
S F 03<p <04 ]
= F =
Q 6 =}
Q. E Q
S S
S 4 S 4E
T T %
[} 3 <) 3 emnzzoom=o
° ° E. —_— —————
2; |
2 e ]
E L T TR .| L | TR R | E L T IR | L | TR T |
0.2 0.4 0.6 0.8 1 12 14 0.2 0.4 0.6 0.8 1 12 14
¢ (rad) @ (rad)

The figures show the differential cross section distribution in the azimuthal angle ¢
corresponding to the two bins 0.3 < 8 < 0.4 and 0.3 < 8 < 0.4 out of the five different
bins of 3 explored in our work.

The ZEUS data have been shown with red error bars which indicate the statistical and systematic
errors and the blue boxes show the total error range including the normalization uncertainty of the
subtraction of the proton-dissociative contribution.

@ We can clearly see here that when binning at higher values of 3, the agreement to
data is better than that of lower values of 5 < 0.4.
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Results for ZEUS kinematics

We extract the Fourier coefficient Ay of the ¢ distribution in each of the five 3 bins. This
coefficient originates from the interference of different transverse photon polarizations.
1 do 1

2 (7" do
;d¢:E(1+A1cos¢+A2cos2¢>), /4\2:;‘/0 d¢d—¢cos2¢

@ Our calculation yields a negative
value of Ay for all S—bins.

o all —=— ZEUS data

@ While the trend of A, as a function of
[ is similar as in data, our calculation
- E does not yield the required sign
+ E change of A at small 3.

: + i @ As to the magnitude of the effect we
] predict a too large absolute value A,
: E but it can be expected, that
. hadronization effects would dilute the
strength of azimuthal correlation.

TRTT ez 83 od s 05 We also note that in Bartels et al. [9] a
B negative Ay was argued to be a sign of
two-gluon exchange, while the so-called

The figure shows the B-dependence of A, in resolved Pomeron contributions resemble
g i 2 one-gluon exchange with the gg—system

red dots and the available ZEUS data are d d g Hive A
also shown in black. and would give positive Az 19/22
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Conclusions

Concluding remarks

@ The aim of our work has been to first explore the role of different
parton components in different regions of the phase space and then
to impose ZEUS kinematical cuts to draw a comparison.

@ We have shown how the inclusion of contributions across the various
parton exchanges such as gluon (for both the light and heavy quark
pair production), sea and valence quarks can affect the observables in
the extensive phase space as well as those corresponding to the ZEUS
kinematics in particular.

@ Special attention has been devoted to the valence quark contribution
which was not studied so far in the literature.

o We discovered that to explore this contribution one would need to go
to larger xp > 0.1 i.e. beyond the purely diffractive mechanism
perhaps at the future EIC or FCCgp.

@ We have shown the azimuthal correlations for the ZEUS kinematics
separately for different windows of the diffractive DIS parameter
and obtained reasonable agreement in the region of § > 0.4.
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