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Abstract

Measurements of the diffractive structure function, FP, of the proton at
HERA are used to extract the partonic structure of the Pomeron. Regge
Factorization is tested and is found to describe well the existing data within
the selected kinematic range. The analysis is based on the next to leading
order QCD evolution equations. The results obtained from various data sets
are compared. An analysis of the uncertainties in determining the parton
distributions is provided. The probability of diffraction is calculated using

the obtained results.
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1 Introduction

A large fraction (about 10%) of deep inelastic scattering (DIS) events in
ep interactions at the HERA collider, have all the characteristics typical of
diffractive scattering (see Fig.1). In these events the proton remains intact
and loses very little momentum. One of the most important experimen-
tal characteristic of diffractive events at high energy is a large rapidity gap
between the proton and the system X.

Figure 1: Diagram of a diffractive single dissociation event at HERA.

Theoretically, diffraction can be described by the exchange of a colorless
object with vacuum quantum numbers between the interacting particles, the
virtual photon and the proton in case of DIS. In soft interactions, where a
small fraction of energy is exchanged, this colorless object is identified as the
Pomeron.

The notion of the Pomeron comes from Regge theory of strong interac-
tions [1]. The Pomeron was first introduced by Gribov [2] and represents
a universal trajectory with the quantum numbers of the vacuum. In the
language of Quantum Chromodynamics, the candidate for vacuum exchange
with properties similar to the soft Pomeron is two gluon exchange [6]. As
a result of interactions between the two gluons, a ladder structure develops.
However in perturbative QCD, the properties of this ladder depend on the
energy and scales involved in the interactions, implying its non universal
character.



There is no strict theory for diffractive scattering. Within the Ingelman
and Schlein model[5], diffractive processes are assumed to proceed in two
steps. First the Pomeron is emitted from the proton. In the second step it
interacts with a probe particle. As with ordinary DIS, a QCD factorization
theorem has been proven to hold [7] also for diffractive processes initiated by
a lepton beam. This view allows to use Regge theory to describe Pomeron
propagation and to use QCD factorization in order to describe the interaction
between the Pomeron and the probe particle. The obtained parton distribu-
tion functions satisfy the usual DGLAP [17, 18, 19] evolution equations.

Ingelman and Schlein [5] were the first to propose to probe the Pomeron
structure in hard scattering processes. In their paper they investigated
proton-antiproton interactions at the CERN SPS collider. They also men-
tioned the experimental signature of diffraction - the existence of large ra-
pidity gap.

It is not simple to define what is meant by a diffractive event. One has
to be sure that the event was produced in a process where vacuum quantum
numbers were exchanged. In high energy interactions, the clearest definition
of a diffractive process is one where a large rapidity gap was produced which
is not exponentially suppressed [20]. However, this definition is not always
practical for the experimental selection of diffractive events.

In the last 10 years a large amount of diffractive data was accumulated
at the HERA collider [8, 9, 10]. There are three methods used at HERA
to select diffractive events. One [10] uses the Leading Proton Spectrometer
(LPS) to detect the scattered proton and by choosing the kinematic region
where the scattered proton looses very little of its initial longitudinal energy,
it ensures that the event was diffractive. A second method [9] simply request
a large rapidity gap (LRG) in the event and fits the data to contributions
coming from Pomeron and Reggeon exchange. The third method [8] uses the
distribution of the mass of the hadronic system seen in the detector, My,
to isolate diffractive events. We will refer to these three as ZEUS LPS, H1
and ZUES FPC! methods. We will discuss in the data selection section the
implications of these three different methods on the results.

The experiments [11, 12, 13] provide sets of results for inclusive diffrac-
tive structure function, :L*PFQD (3), in different regions of phase space. The
general approach in analyzing these diffractive data is to parameterize the-
oretical model with some set of free parameters. Then the best values of
these parameters can be obtained by fitting the model to the experimental
data. In previous works, different data sets were analyzed and fits to them
were provided. However no systematic comparison of different data sets was
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done. Moreover, the longitudinal structure function was always neglected.
Most fits were based on the Regge factorization assumption (§2.7) with dif-
ferent parameterizations of the initial Pomeron parton distribution functions
(PDF).

In the present study, Regge factorization is tested. New fits are provided
and include the contribution of the longitudinal structure function. The
obtained PDFs are systematically analyzed. A comparison of the different
experimental data sets is provided. Additional quantities derived from the
fit results are also presented.



2 Theoretical Framework

2.1 Deep Inelastic Scattering

General DIS events are of the following form:
I(k) +p(P) — I(K) + X. (1)

At the HERA collider ep scattering is studied. The dominant processes at
relatively small momentum transfer at the lepton vertex (Q? < M%) are
those where a virtual photon (y*) is exchanged (see fig. 2).

The kinematic variables which are commonly used in the description of DIS

e’(k’)

Figure 2: The dominant DIS process at the HERA collider. The exchanged
particle is a virtual photon (v*). H(p + q) represents outgoing hadrons of
total four-momentum p + q.

events are,
@ = —(k—k), (2)
W = (p+a), (3)
s = (p+k)?, (4)
_ @
_ pqg @
Yy = ]T_S_' (6)



Where
e ()? is the negative four momentum transfer squared from the electron,

e W is the center of mass energy of the virtual photon-proton system,

s is the center of mass energy squared of the electron-proton system,

e r can be interpreted as the fraction of the proton four momentum
carried by the struck quark and

y, which in the proton rest frame is the fraction of the electron energy
transferred to the proton.

2.2 Diffraction and the Pomeron

The diffractive events are a subset of DIS events. These events are character-
ized by an outgoing proton that carries a large fraction (> 0.9) of the initial
proton momentum. The other products of the reaction are separated from
the proton by a large rapidity gap (LRG), see §3.1.

The diffractive processes studied at HERA are of the form (see fig. 1):

e(k) +p(p) — (k') +p'(p) + X. (7)

This type of processes is also called single diffractive dissociation. A diagram
for diffractive scattering is presented in Fig. 3.

According to the Ingelman and Schlein model [5] the diffractive process
(7) can be decomposed into two parts. The first part is an emission of some
object by the proton and the second one is the deep inelastic scattering of
virtual photon, emitted by the electron, off such an object.

Then the interaction of virtual photon with the proton can be written as,

v+p Ly X4y (8)

If the momentum fraction carried by the exchanged object is less than 1%
of the proton momentum (in the infinite momentum frame) we consider this
to be largely due to Pomeron exchange. The Pomeron has vacuum quantum
numbers (in particular it must be colorless).

The interaction between an energetic virtual photon and the Pomeron
can be described by perturbative QCD. On the other hand the kinematic
behavior of the Pomeron and the proton-Pomeron coupling lies in the non-
perturbative region. It is assumed to be described by Regge Theory (§2.6).
In order to use Regge theory with perturbative QCD - Regge factorization
(§2.7) is assumed.



P

Figure 3: Schematic diagram for diffractive DIS in ep interactions.

QCD factorization theorem allows us to represent diffractive cross section
in terms of diffractive parton distribution functions (See §2.5). Combining
this with Regge factorization allows us to introduce Pomeron parton distri-
bution functions (§2.8). Then we can use the regular QCD DIS formalism
(§2.3) in order to evaluate the v*IP vertex.

The X system, from processes (8), has a limited mass compared to the
overall available energy. It may consist of a set of hadrons in which case it
is called inclusive diffraction, but it may also consist of a single hadron. In
the latter case the hadron must carry the quantum numbers of the photon
as do the vector mesons. The corresponding process is called ezclusive vector
meson electro-production.

In the current work we will study the structure and properties of the
Pomeron by analyzing inclusive diffraction data from the HERA collider.

Three additional variables are used to describe diffractive processes. The
t variable represents the change in the proton four momentum squared as a
result of the interaction,

t=mp-p)>. (9)

In this study we are working in the Breit (infinite momentum) frame. There
are two variables that describe the Pomeron in this approach. The first is
(Eq. (10)) which is equal to the fraction of the proton momentum carried by
the Pomeron. The second one is § (Eq. (11)) which represents the fraction
of the Pomeron momentum carried by the struck quark. This variable is



equivalent to the Bjorken variable = but relative to the target Pomeron.
_qlp—p)  MZ+Q* -t  Mi+Q?
T g W@ -mi T W+ QY
Q° Q° Q°
TR s Mi+Q*—t " M} +Q*

The following relation holds:

(10)

(11)

r=1xpf. (12)

The physical meaning of the variables is shown in fig. 3.

2.3 DIS Formalism

In this section the general formalism of DIS will be discussed. Consider
ep deep inelastic scattering in a region where 7v* exchange dominates. Its
cross section can be expressed using the usual dimensionless variables in the
following way:

d2 4 2 2
iy o (FERE@ T wREe)). )

The structure functions F; and F, are process dependent. In the quark
parton model (QPM) the nucleon is believed to consist of almost free partons
(quarks and gluons). QCD factorization theorem states that the cross section
for lepton nucleon at large (Q? can be represented as an incoherent sum of
lepton quark interactions,

d*>oP d*>o%
= 14
dz dy ; dx dy’ (14)

where ¢ denotes all quark flavors in the proton. In the leading order of
perturbative QCD, the structure functions can be expressed as,

Fils) = 5 3 a2 hio), (15)
Fo(x) = 3 _watfi(z). (16)

where ¢; stands for the charge of the i-th quark, expressed in units of the
electron charge. Then the Callan-Gross relation should hold,
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In QCD, partons interact through the exchange of gluons and so the parton
distribution functions become (Q? dependent. To incorporate these inter-
actions correctly to order ag in the perturbation expansion the following
processes must be considered,

i. gluon bremsstrahlung diagrams,
ii. quark pair production by gluon,

iii. ggg coupling.

The so called DGLAP evolution equations [17, 18, 19] provide the mech-
anism of incorporating such processes into the DIS picture. These equations
describe the evolution of parton density functions with @Q?,

dgi(z,Q%) %/1 dy

dlogQ®> 27 ). o {Qi(y,QQ)qu (g) + g(y, Q%) Pyq <§>}],, (18)

%g’g) - %/;% [Z 6i(y, Q") Py (g) + 9(y, Q%) Pyq (g)] . (19)

In addition, the emission of non collinear gluons by quarks will induce
an appearance of a non-vanishing longitudinal cross section - o7,. This leads
to a violation of the Callan-Gross relation, which can be quantified by the
longitudinal structure function defined as

FL:FQ—21‘F1. (20)

2.4 Diffractive DIS formalism

In an analog to Eq. (13), the diffractive cross section can be written as

d?oP drals

de dy Q4

<y;2xF1D(x, Q%) + (1 —y)FP(, Q2)> : (21)

To describe general diffractive DIS events we need two more variables, x, and
t, in addition to the usual  and @? in the cross section formula. Then using
eqs. (20) and (21), the four-fold differential cross section for ep scattering
can be written as

d'o” dmo’ y? D(4)
— 1 _ g F 2 t
dxp dt dx dQ)? x()? <|: y+ 2] 2 (l‘aQ y TPy )

2

—%FLD(4)(x,Q2,xP,t)> . (22)
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The relation & = 2,3 allows to use any pair of x, 2, or 8 with Q? and ¢ in
order to uniquely describe diffractive events. It is commonly accepted to use

the basis of z, and 5. In the latter case, the differential cross section will
look like

d4O'D 47‘(’0[2 y2 D)
fd 1 _ I F 2 t
drp dtdBdQ? — BQ? <[ v+ 2] 2y (8,Q% we,t)
2
Y
_EFZ/D(4)(/87Q271.IP;-[;)> . (23)
Let us introduce also the reduced cross section, o2,
do” 4’ y2
drpdtdBdQ?  BQ* ( y+ 2)% (zp, t, 8, Q%) (24)
From Eq. (24) it follows that,
D) _ D) v D)
= I - F. 25
o, 2 2(1_y+y2/2) L ( )

Two quantitative conclusions can be made,
° FLD @) affects o™ at high y,
o if F/™ =0 then of ™ = FPW.

Most of the time we will work with differential cross sections and structure
functions integrated over t,

APG) = / dtAPW, (26)

thus

2
_ FD(S) . Yy FD(S) ' 97
Ty ) 0

In the experiment, the values of o” are measured. In order to get the value of
FP. the beam energy must be changed. So far it has not be done and thus £}
and FP can not be measured independently. Experimentalists often assume
that the influence of the longitudinal structure function is negligible. In the
current study such an assumption was not made and we consider that the

value of :L’PF2D(3) as provided by the experimentalists actually corresponds to

that of 2,07 (see Eq. (27)).
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2.5 Diffractive parton distributions

J.Collins [23] proved that QCD Factorization theorem holds for diffractive
processes. Then the cross section differential in the relevant variables can be
written in the form[24],

do =Y [ de 17 2t ) (28)

where,
e the index 7 is the flavor of the struck parton,

e the variable £ = [ is the fractional light-front momentum of the struck
parton relative to the Pomeron, and ¢ and x, have their usual defini-
tions,

e the hard-scattering coefficients dé are perturbatively calculable and are
the same as for the corresponding fully inclusive cross sections,

e the renormalization/factorization scale u should be of order Q.

The diffractive parton distribution function fi(D) is to be interpreted as the
number density of partons conditional on the observation of a diffractive
proton in the final state. This formula obeys the standard DGLAP evolution
equation for its ;1 dependence with the same kernels as for the fully inclusive
parton distribution functions (pdfs). For a fixed value of z,, the evolution
in z and Q? is equivalent to the evolution in 3 and Q2. The proof of the
factorization formula is valid for the direct photoproduction of jets, heavy
quarks, etc. However this formula fails for hadron-hadron scattering.
According to Eq. (28), F}’ can be also decomposed into diffractive parton

distributions, f”, in a way similar to the inclusive F,
’Fy(2,Q%, vp,1) [P v ti 1) 2

Y ) ) — d 7 ) Yy F ; , 2; , 29

dxp dt ;/ ¢ dzp dt 2,i (& Q% 1) (29)

where Fg,i is the universal structure function for DIS on parton .
An additional quantity that can be defined is the probability of diffraction
for the action of the hard probe which couples to a parton i [25],

_ ) (8, Q% ) (x — 2 B)dtdr pd 3
fi(vaQ)

PP (z,Q?) (30)
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i ifi(D) (i QQ,xlp,t> dtdx p

B fi(2,Q?)
417 (8,Q% 5,1) dias
f’i(xaQQ) .

If the interaction in the gluon sector at small x reaches a strength close to
the unitarity limit then P, is expected to be close to 1/2 and be much larger
than P,.

2.6 Regge Theory

4 |-

or(t-)

>
&~
[(*]
o
~
@
EN
N
o]
Q
=]
N

25 |
2 |
1.5f
"
o.sf
0 ¢

0.5 |

IS o b b b b b by by

t = m?( GeV?)
Figure 4: Ezample of the p (circles), w (empty squares), ¢ (triangles) and

7 (dots) trajectories. Also shown is the continuation of the p trajectory as
measured in m~p — nn. (Taken from [22].)

Experimentally it was found that different particles with the same quan-
tum numbers, but with different spin values, lie on a so-called Regge trajectory

14



[ = «(t). This trajectory has the property that for any particle 7 within the
same group — a(m?) = J;, where J; is the spin of the particle. In fig. 4 trajec-
tories for different set of hadrons are presented. Now it is commonly accepted
that all hadrons behave in such way. Moreover most of Regge trajectories
can be described as lines in the (.J, t) plane and can be parameterized by
at) = ag +a't.

In Quantum field theory, interactions are represented by particle ex-
change. In QED these particles are photons, for weak interactions there
are weak bosons (W* and Z), and for QCD this role is played by gluons. To
describe strong interactions of hadrons it is useful to consider an exchange not
of single particle, but of a whole trajectory. In Regge theory the scattering
amplitude is given by

A(s, t) ~ 520, (31)

where s and ¢ are regular Mandelstam variables (See Eq. (4) and Eq. (9)).
We assume that the Pomeron is such a Regge trajectory and it is com-
monly parameterized as

ap(t) = ap(0) + ajpt. (32)

From Eq. (31) and Eq. (32) follows that the total hadron-hadron cross section,
in the case when the Pomeronis the dominant trajectory, is

atot(ab) ~ Salp(o)il. (33)

Then, using the optical theorem, an expression for the elastic cross section,
o, can be derived,

el 2
do ((Lb - ab) _ Utot(ab) 62(bgl+agp In s)t. (34)
dt 167

The expression for the cross section of the diffractive scattering, o”, can be
obtain by applying Mueller’s generalization of the optical theorem [28]. This
generalization relates the total cross section of two body scattering with the

imaginary part of the forward elastic amplitude, to the case of three body
scattering.

d2 D 1 2(ap(0)-1) D n -5
(= X0~ <%> 2Fm ) (35)
X X X

The universality of the Pomeron parameterization (Eq.(32)) has been
pointed out by Donnachie and Landshoff. The value of a,(0) = 1.081 [14]
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and o/, = 0.25 GeV 2 [15] were derived based on total hadron-proton interac-
tion cross sections and elastic proton-proton data. Recently the IP intercept
has been reevaluated leading to a value of a(0) = 1.096 + 0.03 [21].

In the present analysis the universality of the Pomeron is not assumed
and thus a; is treated as a free parameter which best describes the data.

2.7 Regge factorization

Assuming that an interaction is due to the Pomeron exchange we can write
N _
B = 1By ()P (a5, Q7). (36)

Here (3, (t) represents the Pomeron-proton coupling. It may be obtained
from fits to elastic hadron-hadron cross section at small ¢,

By p(t) = 4.6mb'/2e GVt (37)

Ty 2P ™ can be treated as the Pomeron propagator.

N is a normalization factor. In general its value is arbitrary as the
Pomeron is not a real particle. However if one wishes to impose the mo-
mentum sum rule,

;/01 xg;(x)dx + /01 zg(z)dr =1, (38)

then the value of N is important. If one does not care about this rule then
the choice of N will result in an overall normalization of Pomeron parton
distribution functions. Ingelman and Schlein[5] use N = 1, while Donnachie
and Landshoff [16] use N = 2. We will follow the latter value of this constant
without imposing any overall normalization.

Regge factorization states that

Fy (g, t,8, Q%) = 7 (B,Q%). (39)

Thus FF(3,Q?) can be treated as the Pomeron structure function. To sim-
plify expressions we will introduce the Pomeron flux factor,

Foipltn, ) = 1o Bpw (2 7, (40)
Then diffractive structure functions become,
Y (@n, t,8,Q%) = foplre, 1) FF (5, Q2), (41)
FP p, t,8, Q) = faplam t) 2 FF (8, Q%), (42)
By aw 6.8, Q) = fopplew, ) FE (8, Q). (43)
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2.8 Pomeron structure functions and PDFs

In the Ingelman-Schlein model it is assumed that the structure functions of
the Pomeron are defined in exactly the same way as the structure functions
of the proton. This is equivalent to using QCD factorization for diffraction
together with the assumption of validity of Regge Factorization. Using this
assumption we can write,

tfg(xP’Q2’B) = flP/P(le)fq,g/zP(Q2a6)- (44)

This allows to calculate the Pomeron structure functions in terms of the
Pomeron parton distribution functions. In order to obtain the Pomeron pdfs
at any Q? we can guess it at some initial scale, @7, ;, and then evolve it using
regular DGLAP evolution equations.

It is well established from conventional Regge phenomenology that the
Pomeron is self-charge-conjugate and isoscalar. This implies some constraints
on the Pomeron pdfs.

e the density of any flavor of anti-quark is equal to the density of the
corresponding quark,

foyw(x) = fow(), (45)
e the densities of the up and down quarks and antiquarks are equal,
fure (@) = fayp(x) = fare(x) = farp(x) = fo/m(@). (46)
In the massless scheme it is assumed that,
fq(z, Q%) =0 for Q* < 4m2. (47)

Above this threshold, the quark is assumed to be massless.

In that scheme at an initial scale of Q? ; = 3 GeV? only 3 quarks appear.
The heavy quarks (charm and bottom) are generally considered heavy enough
so that their densities can be correctly generated dynamically, by evolution
from the known light parton and gluon densities.

There are different approaches to define the initial strange quark density.
One approach is to set it to 0 at the initial scale [26]. Another possibility is
to set fs/p(x) = fu/p(x). In general the strange quark density can be defined
as,

fs/lP(x) - Sfu/lP(x); (48)

where s is a suppression factor (0 < s < 1). Often it is chosen to be s = 0.3
[27]. In the current work we will assume that the s = 0 [26].

To a good first approximation there are only two parton densities to start
with: the gluon density, f,/», and the quark density, f,/p.
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3 Experimental Data

3.1 Signatures of Diffraction

In general in diffractive processes (7), where the target preserves its identity,
the square of the momentum transfer ¢ tends to be limited [4]. At high
energy, the kinematics of producing two low mass outgoing states (X and p)
with a small fraction of momentum exchanged between them leads to a large
rapidity gap (LRG), (see fig. 5 taken from [22]).

AN
dy
proton Mx
I
<< - large rapidity gap >:
- ! |
- |
yp ¥x

Figure 5: Schematic representation of rapidity (y) distribution for single
diffraction events.

To estimate LRG lets assume that ¢ = 0 (for the real events |¢| < 2 GeV?,
so it is a good assumption). Then in the center of mass system of 7*p,
the outgoing proton and the system X move in opposite directions, with
longitudinal momentum p;, ~ W/2. The rapidities of the proton and the
system X are respectively:

1. w2
=11 Eptpr ~ —In — 49
yP 2 n Ep—pL 2 n m%} ( )
1, w?
— 11, Ex+p ~
yx =3P~ 5 In 7z (50)
Consequentially, the rapidity gap between the proton and system X is:
2

mpMX
For typical values W = 200 GeV and Mx = 20 GeV we get for the rapidity
gap Ay ~ 7.7. But the system X dissociates into hadrons that will span into
some region of Ay ~ In Mx ~ 3. So we can conclude that the separation
between the proton and fragments of the X system will be in this case at
least 4 units of rapidity. In the general case, this value can be smaller than
4, but still a rapidity gap of Ay > 2 is observed.

18



3.2 Proton Dissociation

There are also processes, where the outgoing proton does not remain intact
and also dissociates into some system Y,

vp — XY (52)

This type of events corresponds to diffractive double dissociation (see
fig.6). If the Y system has low mass then a LRG between X and Y systems
is still observed. Very often it is impossible to determine exactly whether
proton dissociation occurred or not. Some constraints on My can be set,
and are presented in the next paragraph.

Figure 6: Typical diffractive double dissociation event at HERA.

If the proton broke up then one cannot be sure that the exchanged ob-
ject had vacuum quantum numbers. In addition a simple description of the
proton-Pomeron vertex is no longer correct.

To get a pure sample for the study of the partonic structure of the
Pomeron it is necessary to exclude proton dissociation events. Sometimes
the selection is obvious - when you see in the detector remnants of the sys-
tem Y, but there are cases when My and ¢ are so small that the outgoing
proton or the Y system cannot be seen in the detector. In the latter case,
appropriate corrections must be made.

19



3.3 HERA data
D(3)

Our study is based on the experimental results of z,F, "’ which were ob-
tained by the H1 and the ZEUS experiments, running at the HERA collider.
In order to obtain the diffractive cross section, an initial selection of diffrac-
tive events must be done. Different experimental groups use different tech-
niques to select diffractive events. There are three methods used at HERA.
events. One [13] uses the Leading Proton Spectrometer (LPS) to detect the
scattered proton and by choosing the kinematic region where the scattered
proton looses very little of its initial longitudinal energy, it ensures that the
event was diffractive. A second method [12] simply requests a large rapid-
ity gap (LRG) in the event and fits the data to contributions coming from
Pomeron and Reggeon exchange. The third method [11] uses the distribu-
tion of the mass of the hadronic system seen in the detector, My, to isolate
diffractive events. We will refer to these three as ZEUS LPS, H1 and ZEUS
FPC methods, respectively. The data obtained using these methods were
treated independently.

The diffractive structure function and the kinematic range each method
covers, are presented in the Appendix §9 as well as the figures 35 - 38 which
show the kinematic range covered by the different experiments in (Q? — z),
(Q? — ), (Q* — B) and (Q* — My) planes, correspondingly. Included in the
Appendix §9 are tables 2, 3, 4 containing the measured diffractive structure
functions obtained with each of the three methods.

In order to compare three approaches we must have in mind the following
issues:

e The ZEUS LPS allows to measure the proton directly. However it has
low geometrical acceptance which leads to a low statistics.

e In the case of ZEUS FPC and H1 methods the proton goes down the
beam pipe and cannot be measured directly. In the latter case few
difficulties appear.

i. One cannot be sure that the proton, that went down the beam
pipe, indeed remained intact and did not dissociate. Detector
structure and kinematics provide only an upper limit for masses
of the state that went down the beam pipe. For the H1 detector
this value is 1.6 GeV while for the ZEUS detector it is 2.3 GeV.
To overcome this problem appropriate corrections, based on some
theoretical assumptions, must be introduced.

ii. LRGs can be also observed for non-diffractive events. They are
exponentially suppressed. For small values of Mx their contribu-
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tion is negligible, but becomes important for large masses. Non-
diffractive events must be removed from the diffractive sample.

iii. Some hadrons from the X system may also go down the beam pipe.
In that case the observed rapidity gap and the reconstructed mass
M are not correct. In order to avoid this problem the selection
on the basis of the visible rapidity gap between final state hadrons
and beam pipe must be done.

e The ZEUS LPS and H1 methods select events which also include some
contributions coming from Reggeon exchanges [31]. These contribu-
tions can be removed by applying z, < 0.01 cut, as discussed in §4.1.
The ZEUS FPC(Mass Decomposition) method which subtracts the ex-
ponentially suppressed large rapidity gap events, in principle removes
the Reggeon contribution and is left only with the proton dissociative
background. The latter can not be removed for masses below 2.3 GeV,
which amount to about 30% of the selected diffractive events [11].

All the points mentioned above are handled by making appropriate cuts
(§4). Thus the main difference arises from the difference in methods used by
experimental groups in selecting diffractive events. Different sensitivity to
the proton dissociation produces some incompatibility between the H1 and
the ZEUS data.

The H1 and ZEUS FPC data do not contain many points with big value
of z (See Fig.35). The reason for this is the restriction on the rapidity gap.
When the proton is not seen in the detector a minimal rapidity is required
for the remains of the X system to identify a diffractive event.

One technical issue must also be mentioned. The H1 and the ZEUS
LPS data are presented in bins of )2 and /3, while the ZEUS FPC data are
presented in bins of Q% and My.
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4 Data Selection

To test our model we need to select the data appropriately. The model
is supposed to describe single diffractive dissociation events with Pomeron
exchange. This implies that certain cuts have to be applied to the data that
is going to be tested by the model. Following paragraphs describe and justify
cuts that are going to be used.

4.1 Cut on zp

As described in section §3.3, the selected events include contribution coming
from Pomeron and Reggeon exchanges. In order to eliminate the region with
significat Reggeon contribution, a cut on zp is necessary. A study [31] of the
contributions of different exchanges to the flux shows that a cut of x, < 0.01
ensures that the contribution of the Pomeron is dominant (see fig. 7). The

107 F By T

10" ¢ E

-1.5 -1
logo(xp)

Figure 7:  The integrated over t flux factors of fa, w, as and p Reggeons as
a function of xp. For comparison we also present the Pomeron (solid) and

pion (dashed) flux factors. Taken from [31].

same study also ensures that for this cut the Pomeron exchange contribution

to LPFZD(?’) is dominant (see fig.8). Therefore our choice of the cut on zp

is,

zp < 0.01 (53)
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Figure 8: The structure function xp - FQD(3) (Tp, B,Q%) as a function of T
at Q* = 4GeV? for two values $ and two values of the ratio of the triple
pomeron to pomeron-reggeon-reggeon couplings, Cenn. The Pomeron (IP),
Reggeon (R) and pion (m) contributions to the total structure function (solid
lines) are shown as seperate curves. Taken from [31].

4.2 Cut on Q?

An additional cut that we need to apply is the cut on the Q? value. We
start the evolution at Q7. = 3GeV? and select events with Q% > Q2 ..
The CTEQ package has difficulties with performing backward evolution. In
addition, non-perturbative effects appear at small values of Q2.

4.3 Cut on My

The My value represents the invariant mass of the X system (see Fig.1). At
small value of My, additional types of interactions take place. One of them
is the vector meson production processes. For example p meson production
dominates for diffractive events at Mx ~ M, = 0.77 GeV. The theory used
to describe such processes is different and thus we want to exclude this kind
of data from our analysis. To achieve this we will apply a cut of Mx > 2 GeV
to leave out the range of light vector meson masses.
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5 Regge Factorization test

The Regge Factorization assamption (§2.7) can be reduced to the following,

B (o t.8,Q7) = fww,t)- F(5.QY) (54

where f(zp,t) represents the Pomeron flux which is assumed to be indepen-
dent of 3 and Q? and F(3,Q?) represents the Pomeron structure and is (3
and Q? dependent. In order to test this assumption, we check whether the
flux f(xp,t) is indeed independent of 3 and Q2 on the basis of the available
experimental data.

To perform this we introduce a normalization factor N (3, Q?) that in-
corporates @2 and S dependence of the Pomeron structure function and
is obtained from the fit. This allows us to test just the x, behavior of
EP® (zp, B, Q%).

Two parameterizations were tested,

e FY Y (o B, Q7) = N(5.Q) (55)
0

s 5, QY) = NGQ) [ dtfoslan ). (56)

-1
where fpr(xp, t) is the Donnachie-Landshoff Pomeron flux factor (Eq. (40)).
In the following sections we will study the Q2 and 3 dependence of A and

ap(0).

5.1 Test of Q% independence

Fits of the z, dependence to the data sets were done in different Q% ranges
as well as in the total Q? > 3 GeV? range. Additional kinematic cuts, used
in the current work, were also applied such as Mx > 2GeV and z, < 0.01.

The results of the fits to the data are shown in figures 9-14. Figures 9,11
and 13 show results of parameterization (55) to the ZEUS FPC, ZEUS LPS
and H1 data, respectively. Figures 10,12 and 14 show the corresponding fits
to expression (56). In the figures the left plot shows the value of the variable
A or ap(0), as obtained from the fit, as a function of @Q* and the right one
shows the x?/d.o.f values for the corresponding fits. The horizontal band in
the figures represents the result of the global fit that covers the Q? > 3 GeV?
range.
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Figure 9: The right plot shows values of A as a function of Q* for the ZEUS
FPC data in the kinematic region x, < 0.01 and Mx > 2GeV. In the left
plot the quality of the fits is provided. The horizontal band corresponds to a
fit over the whole Q* range.
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Figure 10:  The right plot shows values of a(0) as a function of Q* for the
ZEUS FPC data in the kinematic region xp < 0.01 and Mx > 2GeV. In the
left plot the quality of the fits is provided. The horizontal band corresponds
to a fit over the whole Q? range.

25



01 and M,>2 GeV

i i HEH
10 1022
Q*(GeV?)

oql—i i i L

2

102
Q*(GeV?)

Figure 11:  The right plot shows values of A as a function of Q* for the
ZFEUS LPS data in the kinematic region xp < 0.01 and Mx > 2GeV. In the
left plot the quality of the fits is provided. The horizontal band corresponds
to a fit over the whole Q* range.
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Figure 12:  The right plot shows values of a(0) as a function of Q* for the
ZFEUS LPS data in the kinematic region xp < 0.01 and Mx > 2GeV. In the

left plot the quality of the fits is provided. The horizontal band corresponds
to a fit over the whole Q* range.
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Figure 13:  The right plot shows values of A as a function of Q? for the H1
data in the kinematic region xp < 0.01 and Mx > 2 GeV. In the left plot the
quality of the fits is provided. The horizontal band corresponds to a fit over
the whole Q* range.
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Figure 14:  The right plot shows values of a(0) as a function of Q* for the
H1 data in the kinematic region xp < 0.01 and My > 2GeV. In the left plot
the quality of the fits is provided. The horizontal band corresponds to a fit
over the whole Q* range.
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One can see from the figures that the results obtained from the fits in dif-
ferent (9% ranges are compatible with the global fits. Some difference between
the global fit and fits in the high Q? regions can be observed for ZEUS FPC
data set (see figs. 9 and 10 ), but it still lies within 1.5 standard deviation
range. From the small values of x?/d.o.f(< 1) follows that the fits have a
good quality.

One can also notice that the behavior of both parameterization formulas
is almost the same and so for testing the § dependence we provide results
only for parameterization (55).

5.2 Test of 3 dependence

In this section, the # dependence of a(0) and A is tested. Fits to the data
sets were done in different [ ranges as well as in the total [ range. Fits
were done once for x, < 0.01 and once for the bigger x, range. Additional
kinematic cuts used in the current work were also applied: Mx > 2GeV
and Q? > 3GeV2. Fit results for the parameterization (55) for ZEUS FPC,
ZEUS LPS and H1 data sets are shown in Figs.15, 16 and 17, respectively.
The horizontal band in the figures represents the result of the global fit that
covers the whole 3 range.

It can be easily seen from these plots that for the case of z, < 0.01
the results are [ independent while for the bigger x, range there is clear
dependence. This dependence is the outcome of the inclusion of the Reggeon
contribution.

5.3 Conclusion of the factorization test

The results provided in §5.1 and §5.2 show that there are almost no Q? and 3
dependence of the Pomeron flux factor when applying the cuts: Q? > 3 GeV?,
My > 2GeV and z, < 0.01. This justifies the usage of Regge Factorization
in the description of diffractive events.

One can also notice that the results for the H1 and the ZEUS LPS data
are significantly higher than the results for ZEUS FPC data (see also fig. 18).
[t must be also mentioned that the value of a;(0) can be dependent on the
Zp cut, as can be seen in fig. 18. As the value of x, increases above 0.01 the
increasing contribution of the Reggeon decreases the value of a5 (0).
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Figure 15:  The plots show values of A as a function of B for the ZEUS FPC
data. The kinematic region is Mx > 2 GeV and Q? > 3 GeV? for both plots.
For the left plot the xp < 0.01 cut is applied, while for the right plot the cut
is xp < 0.025. The horizontal band corresponds to a fit over the whole 3
range.

Figure 16:  The plots show values of A as a function of § for the ZEUS
LPS data. The kinematic region is Mx > 2GeV and Q* > 3GeV? for both
plots. For the left plot the xp < 0.01 cut is applied, while for the right plot
the cut is xp < 0.07. The horizontal band corresponds to a fit over the whole

B range.
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Figure 17:  The plots show values of A as a function of B for the H1 data.
The kinematic region is Mx > 2GeV and Q? > 3GeV? for both plots. For
the left plot the xp < 0.01 cut is applied, while for the right plot the cut is
xp < 0.04. The horizontal band in the left plot corresponds to a fit over the
whole B range. For the xp < 0.04 the global fit failed and thus is not shown.
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Figure 18: Value of ap from the fit as a function of a cut on xp for different
data sets.
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6 Computations
This work contained a lot of numerical analysis, which makes use of different
software packages.

e The ROOT package was chosen as a general framework.
e The CTEQ package was used for the QCD calculations.

e The Minuit package was used for fitting and minimization.

There are also some other packages that can be used in QCD computations.
One of them is the QCDNUM package developed by M.A.J.Botje [29].

In §6.1 a comparison of the QCDNUM and the CTEQ packages will be
presented. Then in §6.2, the fitting procedure will be described. Finally in
§6.3 an outline of the calculations will be provided.

6.1 Comparison of QCDNUM and CTEQ packages

In both packages we consider-next-to-leading-order (NLO) calculations. One
difference comes up in the calculation of the strong coupling constant ag.
QCD theory provides NLO differential evolution equation for asg,

Oas (p1°)
Olnp

= —fBoad(p®) — Prad(p?), (57)

where ag = ag/4m and the beta functions are given by Sy = 11 — 2f/3 and
f1 =102 — 38f/3 with f the number of active flavors.

QCDNUM and CTEQ use different approaches to get approximate solu-
tion of this equation. CTEQ uses the A scheme where Ay is some QCD scale
parameter which is different for different number of effective quarks. In this
scheme ag can be written as,

4 ) Biln (ln K—;)
BO ll'l X—; 60 ln K—;

Qg (58)

Ay values are chosen in such a way as to get a continuous ag, when crossing
thresholds for heavy flavors. The CTEQ package makes use of additional
variable, Nz, which denotes the total number of active quark flavors.

The QCDNUM package proceeds in a different way. It parameterizes
ag at some input scale g (which is often taken as M) and then solves
iteratively Eq. (59).

I nM_Q_@n as(1?)[Bo + Bras(pd)]
02)  asq) Tz gt (asw%)wowlas(m)]) (59)
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Special treatment is done if the number of active quark flavors at the required
scale p is different from one at the input scale po. The difference in ag
calculations as a function of Q? at different values of Nr; and Asis shown in
the Fig.19. One can learn from this figure that there is certain disagreement
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Figure 19: Comparison of the value of the strong coupling constant ag cal-

culated by CTEQ and QCDNUM at different values of A3 and Ngp as a
function of Q.

between two packages of about 3 — 5% in the best case of Np;, = 5 and

A3 = 0.351. The latter set of CTEQ parameters is used in future calculations.

Both packages perform the evolution of parton distributions using calcu-

lations over a x — Q2 grid. The influence of the grid size in x, Ny, on the

parton distribution functions at different values of Q? and 3 (equivalent to
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x for the Pomeron case) is shown in Figs 20 and 21.
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Figure 20:  Results of the evolution of the gluons, zg(z), and the singlet
distribution, x5,(x), from an initial scale of Qini = V3 GeV to Q = 10GeV,
for different values of the grid size (Nx ) as a function of [3.

In the current analysis Ny = 80 is used. One can see from the figures
that an increase of the grid size changes the results, in the kinematic range,
0.01 < 3<0.9 and 3GeV? < Q? < 200GeV?, up to 3%, but it also increases
a lot the computation time.
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Figure 21:  Results of the evolution of the gluons, xg(x), and the singlet
distribution, xX,(x), from an initial scale of Qini = V3GeV for different
values of the grid size (Nx ) and for different B, as a function of Q( GeV).

6.2 Fitting proceedure

In the current work the experimental data were fitted by parameterized the-
oretical function. The best set of parameters was obtained by minimizing
the total x? using the Minuit package. Systematic errors were assumed to be
uncorrelated and were included in the following way:

1 _
Asyst = é(A:—yst + Asyst) ) (60)
A2 = Aztat + Agyst : (61)

The Minuit package also provides information about errors of the parame-
ters. In the y? method, in the case of uncorrelated parameters, their errors
correspond to an increase of the x2,. value by one unit,

X2 (pi + Api) = Xouin + 1, (62)
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where x?2,;. is the minimal x? value obtained after minimization, p; is the best
value of parameter i and Ap; is its error. In the case of correlated errors, the
error matriz V), must be introduced. It is defined in the following way [30]:

1 82X2
= - 63
Ap 9 ap)\ap” ( )
V=M" (64)

Then the error on any function F' of the parameters p is, to first order, given
by

Z Z oo VM ap (65)

Eq. (65) is used to calculate error bands of the results. The appropriate
derivatives are obtained using the finite difference method.

6.3 Outline of the calculations

In our calculations we will proceed as follows:

1. Take the experimental measurements of diffractive structure function.
Although they are often called :r;PFQD(?’), they actually correspond to

zpor® (see Eq. (27)).

2. Use QCD factorization (§2.5) to define diffractive parton distribution
functions.

3. Use Regge factorization (§2.7) to define Pomeron parton distributions
and flux factor.

4. Guess parameterized PDFs of the Pomeron at some Q7 ..
5. Evolve them to obtain distribution, for required Q? value.

6. Calculate the reduced differential cross section - o”¢ (:clp .3, Q%).

7. Fit the result to the data to get the best values for the function pa-
rameters.

8. Use the obtained results to study the partonic structure of the Pomeron.
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7 Fits

In the previous section we tested the validity of the Regge factorization and
discussed different issues of data selection. In the current section fits to the
experimental data will be presented.

We will parameterize parton distribution functions of the Pomeron at

2 = 3GeV? in the following way:

ini

vg(e) = Agano(l—a)%, (66)
rq(z) = au(z) = 2u(z) = zd(r) = vd(v)

= Ay (1 — )%, (67)
zs(x) = x§(x) = sxq(z), (68)
ab(z) = ab(z) =axt(z) =xt(z) =0. (69)

Ay, A, are assumed to be positive, in order to obtain positive parton densities,
and s was set to zero (see §2.8). The powers oy, f,, @, and (3, must be bigger
than —1 in order to have total parton momentum to converge. No additional
constraints were applied on the parameters.

In the following chapters results of the fits performed over the different
data sets will be presented.

For each data set the following plots are provided:

e Fit curve including the error bands over the data points.

e Parton distribution functions of the Pomeron at different values of ()?
as a function of .

e Fraction of the Pomeron momentum carried by gluons.

7.1 Fit Results

Fits to ZEUS FPC, ZEUS LPS and H1 data were performed (see tables 2, 3
and 4 respectively). Data were selected according to the cut: Q% > 3 GeV?,
rp < 0.01 and Mx > 2GeV.

In table 1 values of the parameters, as obtained from the fits for different
data sets, are presented. General fit information including probability and
x2, is also provided.

7.2 Fit presentation
The results of the fits from Table 1 are shown in Figs 22 - 26.
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Table 1: Fit results for different data sets

| Name | ZEUSFPC | ZEUSLPS H1
ap(0) 1138 £0.011 | 1.1894+0.020 | 1.178 +0.007
A, 0.107 +0.016 | 0.025+0.007 | 0.092 4 0.017
o 0.405 +0.021 | 0.19 £ 0.07 1.28 £ 0.07
B, 0.103 4 0.004 | —0.396 £ 0.002 | 0.29 £ 0.03
Ay 6.09 + 0.77 AT + 27 0.191 4 0.013
ay 0.524+0.036 | 1.23+£0.16 | —0.639 £ 0.002
By 4.51 +0.07 12.8 +4.3 —0.87 4 0.03
Npoints 98 27 182
Nparams 7 7 7
X2 90.7 10.1 189
X2/d.o.f. 0.995 0.5 1.0
Probability 49% 96% 48%

Figs 22, 24 and 26 show the experimental data together with the corre-
sponding fit results as a function of z, and as a function of Q? for ZEUS
FPC, ZEUS LPS and H1 data sets, respectively. Figs 23, 25 and 27 show
the corresponding Pomeron parton distribution functions as a function of
for different values of Q2.

One can see from the figures that the experimental data are described well
by the corresponding fits. This can be also seen from the high probability
values shown in table 1. It is worthwhile to mention that because of the large
statistical errors and the limited 3 range of the data, we get big uncertainties
in the ZEUS LPS fit results (see fig. 25).

Since we didn’t impose any sum rule (see Eq. (38)) on the Pomeron parton
distribution functions, the absolute value of these functions in not significant.
However the behavior of these functions and their relation can be of interest.
It must be mentioned that the initial behavior of pdfs is highly constrained
by the chosen parameterization.

It can be seen from fig. 23 that the quark constituent of the Pomeron
dominates at high # while gluons dominate at low g for the ZEUS FPC fit.
For the H1 fit (fig. 27) we see the dominance of gluons in all the § range. In
case of the ZEUS LPS fit (fig.25) we also see the dominance of quarks at
high £ but we must remember that the ZEUS LPS sample does not contain
data above 5 > 0.47 and thus the pdfs are not constrained in that region.
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Figure 22: The diffractive reduced cross section of the proton multiplied by x5,
:r,pa,{j(?’), as a function of zp (Q*) for the ZEUS FPC data compared to the
appropriate fit, in different bins of Q* (v ) and B, as indicated in the figure.
The kinematic cut is vp < 0.01, M, > 2GeV and Q* > 3GeV2. The bands
are the results of the corresponding NLO QCD fit including uncertainties.
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Figure 23:  Quark and gluon pdfs of the Pomeron as obtained from the ZEUS
FPC data fit as a function of 3, at different values of Q*. Left plots present
the results in linear and right plots in logarithmic scales.
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Figure 24: Same as Fig 22 but for the ZEUS LPS data set.
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Figure 26: Same as Fig 22 but for the H1 data set.
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It is worthwhile to mention that the second solution was found for this
data set. It has higher value of x? than the presented solution, but is also
good with % < 1. The values of a;(0) obtained from the different fits to
the ZEUS LPS data are about the same, but the parton distribution functions
appear to be different.

7.3 Comparison of the different fits

One way of checking the compatibility of all three data sets, is to make an
overall fit to the whole data sample. Since the coverage of the  range in the
ZEUS LPS data is limitted, we compare only the ZEUS FPC and H1 data.

A relative overall scaling factor was introduced to fix possible incompat-
ibilities in the event selection. Unfortunately such a fit failed. Thus, the
comparison between the data sets is done by using the fit results of one sam-
ple, plotted on the data of the other sample. This is presented in Figs 28
and 29.
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Figure 28: The ZEUS FPC diffractive structure function data (triangles) as
a function of xp, compared to the results of the HI NLO QCD fit (band).



Fig. 28 shows the H1 fit results compared to the ZEUS FPC data. The
curves lie below the data points in the low Q? range, while at higher Q?
values they seem to match the data. This seems to imply a different Q?
behavior of the two data sets.

In fig. 29 the ZEUS FPC fit results are compared to the H1 data. No
simple conclusion can be reached in this case; in some of the bins the curves
lie above the data, while in others, they agree with the data points.

In conclusion we can state that there seems to be some incompatibility
between the two data sets.
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tion of xp, compared to the results of the NLO QCD fit to the ZEUS FPC
data (band).
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8 Results interpretation

In the current section some quantities, which can be calculated using the fit
results, will be discussed.

8.1 Momentum carried by quarks and gluons

Using the fit results, the fraction of the Pomeron momentum carried by
quarks and gluons can be calculated. It is defined in the following way:

@) = X [ 85050, (10)

@) = [ 490000, )

0

Since no momentum sum rule was imposed on the Pomeron, we normalize
P, and P, in the following way:

A P,

P, = 1 72
P +P (72)
. P,

P, = g _. 73
g Pq +Pg ( )

The plots of pq and lf’g as a function of @2 are shown in Figs 30-32 for the
ZEUS FPC, ZEUS LPS and H1 best fits, respectively. It can be seen from
the figures that the gluons carry 55 — 65% of the total Pomeron momentum
for the ZEUS FPC fit. For the H1 fit this value is 80 —90% and for the ZEUS
LPS fit gluon and quark parts are about the same with slight dominance of
the first. In contrary to that, the second fit of the ZEUS LPS data, mentioned
above, gives the results similar to the ones of H1 fit.
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Pomeron as a function of Q?, for the ZEUS LPS data.
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8.2 Probability of diffraction

The probability that a certain parton is produced in a diffractive process is
defined in Eq. (31). The following form was used in the computations:

Voot ABEf L (2) 9P (8,Q°
PP = o e (Qi))g ne, (74)

i oo @85 Fn () aF (B, Q
PqD(LQQ) = > f/o.mz_ SP(; 252))(] ( ) ; (75)

where ¢g” and ¢ are the gluon and the i-th quark distribution functions in
the proton, ¢g” and ¢/ are the corresponding distribution functions in the
Pomeron. The integration over  was preformed from /0.01 to 1 which
corresponds to the region of the single Pomeron exchange.

The probability of diffraction on quarks and gluons, as a function of z at
different values of @2, is shown in Figs 33 and 34, using the results of the
ZEUS FPC and the H1 data fits, respectively.

The ZEUS LPS data can not be used in this study because of the big un-
certainties in the fit results. The ZEUS FPC data show that throughout the
whole kinematic range shown in the figures, the probability for diffraction is
not bigger than 0.15, far from the Pumplin [33] limit of 0.5. This is not the
case for the H1 data. One can see that for small x the probability of diffrac-
tion on gluons for this data becomes greater than 0.5 which is unphysical.
Please note that the results for z < 2-10~* are in the region where H1 has
no data. Thus the value of the probability of diffraction in that region is a
prediction based on data lying in the upper region.

In order to get physical results, some processes must lower the expected
value. One candidate for this might be gluon saturation [34] which could
happen at small x.
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9 Summary and Conclusions

In the present work the ZEUS FPC, ZEUS LPS and H1 data were used.

First, the Regge Factorization assumption was tested and was found to be
consistent with available experimental data in the kinematic range: My >
2GeV, Q? > 3GeV? and z, < 0.01. It was also shown that the Regge
factorization breaks when the z, < 0.01 cut is removed.

Next, the comparison of two numerical methods, CTEQ and QCDNUM,
was done. It was shown that the results obtained by these methods may vary
in up to 5%. In the current work the CTEQ method was used.

Then, NLO DGLAP fits to the inclusive diffractive data were done inde-
pendently to the different data sets. The fits included the contribution of the
longitudinal structure function, F}’. Simple parameterization of Pomeron
parton distribution functions allowed to describe well the existing data in
the selected kinematic range. The values obtained for a,(0) are,

ap(0) = 1.138 £0.011, for the ZEUS FPC data,
ap(0) = 1.189 £ 0.020, for the ZEUS LPS data,
ap(0) = 1.178 £0.007, for the H1 data,

These values are bigger than the ones obtained from hadron-hadron data,
ap(0) = 1.09+... [32]. This implies a non-universal character of the Pomeron.

A comparison between the ZEUS FPC and the H1 data shows that they
are incompatible in some of the kinematic region studied.

The fraction of the Pomeron momentum carried by gluons, extracted from
the fit results, was found to be 70 — 90% for the H1 and ZEUS LPS data,
and 55 — 65% for the ZEUS FPC data.

Additional quantity that was calculated was the probability of diffraction.
Although it can be extrapolated to any region of x, the results for the H1 fit
below 10~* are unphysical. A possible reason for this is the onset of gluon
saturation, which would invalidate the DGLAP evolution equations.
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Appendix: Experimental data references
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Figure 35: Q% — z, range covered by different experiments.

26



=~ \ |
I N 5 \//VY///”@ —]
=EN Y Ry E
_____ Il Il Il Il ____ Il Il Il Il Il ]
S e -

[ A%5],0

102

10’3

10™

Figure 36: Q% — x range covered by different experiments.

57



Data

ﬂmﬂ] H1 - 313 points

Ol -
E ZEUS - 202 points
‘g 102 :_ LPS - 80 points
\
101 \
).
i /?//// /// Z/// 7 ////:////?
D)
1 Lol Lol L

102 10" 1
§

Figure 37: Q% — 3 range covered by different experiments.
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Table 2: ZEUS FPC diffractive data

D(3)

Tp B Q2 (GeVQ) TpFy Agpar Asyst
0.00204 0.6522 2.7 0.0340 +0.0020 s
0.00098 0.6522 2.7 0.0396 +0.0024 oo
0.00057 0.6522 2.7 0.0416 +0.0025 -
0.00031 0.6522 2.7 0.0410 +0.0021 o004
0.00018 0.6522 2.7 0.0433 +0.0025 e
0.00013 0.6522 2.7 0.0375 +0.0024 o000
0.00009 0.6522 2.7 0.0400 +0.0038 B
0.00577 0.2308 2.7 0.0244 +0.0018 B
0.00277 0.2308 2.7 0.0234 +0.0019 oo
0.00162 0.2308 2.7 0.0249 +0.0018 +o.0029
0.00088 0.2308 2.7 0.0283 +0.0019 o000
0.00052 0.2308 2.7 0.0370 +0.0026 e
0.00036 0.2308 2.7 0.0393 +0.0026 oo
0.00024 0.2308 2.7 0.0499 +0.0035 o0t
0.00915 0.0698 2.7 0.0177 +0.0018 oo
0.00535 0.0698 2.7 0.0206 +0.0018 oot
0.00293 0.0698 2.7 0.0226 +0.0017 +o-0020
0.00172 0.0698 2.7 0.0229 +0.0019 e
0.00119 0.0698 2.7 0.0252 +0.0019 B
0.00080 0.0698 2.7 0.0256 +0.0020 +0.0029
0.01711 0.0218 2.7 0.0170 +0.0034 +o-0085
0.00935 0.0218 2.7 0.0196 +0.0021 R
0.00550 0.0218 2.7 0.0170 +0.0019 +0.00a%
0.00382 0.0218 2.7 0.0207 +0.0019 R
0.00256 0.0218 2.7 0.0212 +0.0018 Ho-hag
0.01790 0.0067 2.7 0.0196 +0.0056 oot
0.01243 0.0067 2.7 0.0164 +0.0031 +o.00a8
0.00832 0.0067 2.7 0.0270 +0.0030 e
0.01865 0.0030 2.7 0.0233 +0.0064 +o.0042
0.00268 0.7353 4.0 0.0328 +0.0014 o
0.00129 0.7353 4.0 0.0356 +0.0016 .00
0.00075 0.7353 4.0 0.0405 +0.0018 o000t
0.00041 0.7353 4.0 0.0469 +0.0020 o
0.00024 0.7353 4.0 0.0404 +0.0020 -0
0.00017 0.7353 4.0 0.0503 +0.0025 o002
0.00011 0.7353 4.0 0.0404 +0.0027 o0
0.00641 0.3077 4.0 0.0269 +0.0013 +0.0022

—0.0013
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Table 2: ZEUS FPC diffractive data (continued)

Ip 5 Q2 (Gev2) l‘IPFQD(g) Astoat Asyst
0.00307 0.3077 4.0 0.0292 +0.0015 -
0.00180 0.3077 4.0 0.0304 +0.0015 .00
0.00098 0.3077 4.0 0.0338 +0.0016 B
0.00058 0.3077 4.0 0.0407 +0.0021 oo
0.00040 0.3077 4.0 0.0493 +0.0024 oo
0.00027 0.3077 4.0 0.0459 +0.0024 o002
0.01971 0.1000 4.0 0.0185 +0.0028 +0.0022
0.00946 0.1000 4.0 0.0187 +0.0014 Ho.o0at
0.00553 0.1000 4.0 0.0226 +0.0014 R
0.00302 0.1000 4.0 0.0227 +0.0013 e
0.00178 0.1000 4.0 0.0270 +0.0017 B
0.00123 0.1000 4.0 0.0304 +0.0017 ool
0.00083 0.1000 4.0 0.0328 +0.0018 .00
0.01729 0.0320 4.0 0.0145 +0.0032 +o-0025
0.00945 0.0320 4.0 0.0194 +0.0019 o0
0.00556 0.0320 4.0 0.0219 +0.0017 o001
0.00386 0.0320 4.0 0.0209 +0.0014 oo
0.00258 0.0320 4.0 0.0227 +0.0014 +0.0009
0.01795 0.0099 4.0 0.0173 +0.0051 o000
0.01247 0.0099 4.0 0.0206 +0.0032 +o-00an
0.00835 0.0099 4.0 0.0250 +0.0024 oo
0.01868 0.0044 4.0 0.0228 +0.0060 +o.00s8
0.00366 0.8065 6.0 0.0288 +0.0019 +O.0082
0.00176 0.8065 6.0 0.0328 +0.0023 oo
0.00103 0.8065 6.0 0.0335 +0.0022 Ho-00e8
0.00056 0.8065 6.0 0.0367 +0.0022 oo
0.00033 0.8065 6.0 0.0450 +0.0030 Ho.00a8
0.00023 0.8065 6.0 0.0393 +0.0028 +o.0008
0.00015 0.8065 6.0 0.0436 +0.0036 +o.oore
0.00739 0.4000 6.0 0.0314 +0.0019 000t
0.00354 0.4000 6.0 0.0349 +0.0023 o
0.00207 0.4000 6.0 0.0426 +0.0026 a0
0.00113 0.4000 6.0 0.0390 +0.0022 oo
0.00067 0.4000 6.0 0.0542 +0.0033 -0
0.00046 0.4000 6.0 0.0589 +0.0035 B
0.00031 0.4000 6.0 0.0544 +0.0035 o oaz
0.02068 0.1429 6.0 0.0179 +0.0031 R
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Table 2: ZEUS FPC diffractive data (continued)

Tp ﬂ Q2 (Gev2) leFQD(g) Asmt Asyst
0.00993 0.1429 6.0 0.0243 +0.0020 R
0.00581 0.1429 6.0 0.0254 +0.0018 o000
0.00317 0.1429 6.0 0.0249 +0.0016 e
0.00187 0.1429 6.0 0.0323 +0.0022 S
0.00130 0.1429 6.0 0.0319 +0.0020 e
0.00087 0.1429 6.0 0.0370 +0.0023 oo
0.01756 0.0472 6.0 0.0168 +0.0037 R
0.00960 0.0472 6.0 0.0233 +0.0022 e
0.00564 0.0472 6.0 0.0211 +0.0019 oonis
0.00392 0.0472 6.0 0.0249 +0.0019 BT
0.00262 0.0472 6.0 0.0316 +0.0022 o
0.01804 0.0148 6.0 0.0225 +0.0058 o
0.01253 0.0148 6.0 0.0236 +0.0036 AT
0.00839 0.0148 6.0 0.0260 +0.0027 o0
0.01872 0.0066 6.0 0.0235 +0.0068 000
0.00464 0.8475 8.0 0.0315 +0.0021 Ho.00sT
0.00223 0.8475 8.0 0.0347 +0.0023 Ho.o0t
0.00131 0.8475 8.0 0.0366 +0.0024 0000
0.00071 0.8475 8.0 0.0423 +0.0027 B
0.00042 0.8475 8.0 0.0448 +0.0033 +o.00s8
0.00029 0.8475 8.0 0.0507 +0.0035 00040
0.00020 0.8475 8.0 0.0421 +0.0037 .00
0.00836 0.4706 8.0 0.0338 +0.0019 o000
0.00402 0.4706 8.0 0.0380 +0.0022 +o-00a5
0.00235 0.4706 8.0 0.0438 +0.0024 0o
0.00129 0.4706 8.0 0.0431 +0.0023 BT
0.00076 0.4706 8.0 0.0516 +0.0031 e
0.00052 0.4706 8.0 0.0487 +0.0029 0089
0.00035 0.4706 8.0 0.0556 +0.0034 o0
0.02164 0.1818 8.0 0.0210 +0.0035 +o-0029
0.01039 0.1818 8.0 0.0233 +0.0017 oo
0.00608 0.1818 8.0 0.0269 +0.0016 -
0.00332 0.1818 8.0 0.0298 +0.0016 -0
0.00195 0.1818 8.0 0.0290 +0.0018 o001
0.00136 0.1818 8.0 0.0351 +0.0020 o002
0.00091 0.1818 8.0 0.0385 +0.0022 BT
0.01783 0.0620 8.0 0.0209 +0.0039 -0
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Table 2: ZEUS FPC diffractive data (continued)

Ip 5 Q2 (Gev2) l‘IPFQD(g) Astoat Asyst
0.00975 0.0620 8.0 0.0261 +0.0022 R
0.00573 0.0620 8.0 0.0253 +0.0019 0
0.00398 0.0620 8.0 0.0271 +0.0019 +o-0008
0.00267 0.0620 8.0 0.0308 +0.0020 +o.0002
0.01813 0.0196 8.0 0.0227 +0.0056 o
0.01259 0.0196 8.0 0.0302 +0.0038 o
0.00843 0.0196 8.0 0.0302 +0.0030 .00
0.01876 0.0088 8.0 0.0256 +0.0075 s
0.00757 0.9067 14.0 0.0262 +0.0017 Ho-o0es
0.00364 0.9067 14.0 0.0257 +0.0018 o
0.00213 0.9067 14.0 0.0332 +0.0021 Fo.00d6
0.00117 0.9067 14.0 0.0328 +0.0021 -
0.00069 0.9067 14.0 0.0354 +0.0027 B
0.00048 0.9067 14.0 0.0266 +0.0023 o000
0.00032 0.9067 14.0 0.0434 +0.0037 R
0.01128 0.6087 14.0 0.0309 +0.0016 o008
0.00543 0.6087 14.0 0.0344 +0.0018 -
0.00318 0.6087 14.0 0.0406 +0.0019 +o.o06s
0.00174 0.6087 14.0 0.0444 +0.0021 B
0.00102 0.6087 14.0 0.0450 +0.0025 Ho-00ae
0.00071 0.6087 14.0 0.0519 +0.0028 +o.000d
0.00048 0.6087 14.0 0.0569 +0.0034 +o.0048
0.02452 0.2800 14.0 0.0199 +0.0039 o
0.01180 0.2800 14.0 0.0248 +0.0017 +o-00a0
0.00691 0.2800 14.0 0.0304 +0.0014 RS
0.00378 0.2800 14.0 0.0317 +0.0014 B
0.00222 0.2800 14.0 0.0357 +0.0018 o
0.00154 0.2800 14.0 0.0405 +0.0019 o000
0.00103 0.2800 14.0 0.0403 +0.0021 +o.00ad
0.01865 0.1037 14.0 0.0239 +0.0040 R
0.01020 0.1037 14.0 0.0258 +0.0020 e
0.00600 0.1037 14.0 0.0277 +0.0018 o
0.00416 0.1037 14.0 0.0303 +0.0017 oo
0.00279 0.1037 14.0 0.0350 +0.0020 o000
0.01839 0.0338 14.0 0.0231 +0.0059 o0
0.01277 0.0338 14.0 0.0278 +0.0038 e
0.00855 0.0338 14.0 0.0322 +0.0028 o
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Table 2: ZEUS FPC diffractive data (continued)

Tp ﬂ Q2 (Gev2) leFQD(g) Asmt Asyst
0.01888 0.0153 14.0 0.0325 +0.0080 R
0.01386 0.9494 27.0 0.0192 +0.0028 .00
0.00669 0.9494 27.0 0.0168 +0.0029 o008t
0.00392 0.9494 27.0 0.0270 +0.0036 +o.0089
0.00215 0.9494 27.0 0.0160 +0.0029 B
0.00126 0.9494 27.0 0.0372 +0.0060 oo
0.00088 0.9494 27.0 0.0268 +0.0049 BT
0.00059 0.9494 27.0 0.0290 +0.0054 R
0.01754 0.7500 27.0 0.0165 +0.0019 .00
0.00847 0.7500 27.0 0.0256 +0.0027 e
0.00496 0.7500 27.0 0.0310 +0.0028 o008
0.00272 0.7500 27.0 0.0363 +0.0031 +o.00s4
0.00160 0.7500 27.0 0.0433 +0.0044 00085
0.00111 0.7500 27.0 0.0444 +0.0046 +o-0008
0.00074 0.7500 27.0 0.0522 +0.0049 Bes
0.01482 0.4286 27.0 0.0257 +0.0026 o
0.00869 0.4286 27.0 0.0327 +0.0023 -
0.00475 0.4286 27.0 0.0380 +0.0025 +0.0020
0.00280 0.4286 27.0 0.0392 +0.0030 s
0.00194 0.4286 27.0 0.0475 +0.0036 o000
0.00130 0.4286 27.0 0.0553 +0.0037 s
0.02041 0.1824 27.0 0.0201 +0.0048 oz
0.01117 0.1824 27.0 0.0218 +0.0028 o008,
0.00657 0.1824 27.0 0.0252 +0.0025 o.onte
0.00456 0.1824 27.0 0.0283 +0.0025 Ho.00aT
0.00306 0.1824 27.0 0.0389 +0.0028 0080
0.01896 0.0632 27.0 0.0211 +0.0067 -0
0.01317 0.0632 27.0 0.0274 +0.0046 +o.0020
0.00882 0.0632 27.0 0.0296 +0.0035 Ho-o0as
0.01914 0.0291 27.0 0.0249 +0.0082 o008t
0.02713 0.9745 55.0 0.0128 +0.0045 o
0.01319 0.9745 55.0 0.0167 +0.0066 Ho-hag
0.00775 0.9745 55.0 0.0072 +0.0034 o000
0.00425 0.9745 55.0 0.0146 +0.0045 o000
0.00174 0.9745 55.0 0.0139 +0.0036 Ho-0058
0.01495 0.8594 55.0 0.0146 +0.0036 Ho.00a7
0.00879 0.8594 55.0 0.0222 +0.0041 B
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Table 2: ZEUS FPC diffractive data (continued)

Ip 5 Q2 (Gev2) l‘IPFQD(g) Astoat Asyst
0.00482 0.8594 55.0 0.0229 +0.0043 RS
0.00284 0.8594 55.0 0.0245 +0.0058 +o.0072
0.00197 0.8594 55.0 0.0335 +0.0061 Ho.o0eT
0.00132 0.8594 55.0 0.0386 +0.0072 Ho.oore
0.02126 0.6044 55.0 0.0171 +0.0036 -
0.01250 0.6044 55.0 0.0242 +0.0031 -0
0.00685 0.6044 55.0 0.0329 +0.0033 +o.0000
0.00404 0.6044 55.0 0.0288 +0.0040 000t
0.00280 0.6044 55.0 0.0492 +0.0052 o000
0.00188 0.6044 55.0 0.0429 +0.0049 Ho.o0aT
0.01325 0.3125 55.0 0.0295 +0.0037 o
0.00780 0.3125 55.0 0.0303 +0.0037 +o.00s1
0.00542 0.3125 55.0 0.0381 +0.0038 0082
0.00363 0.3125 55.0 0.0442 +0.0045 R
0.02017 0.1209 55.0 0.0236 +0.0075 o004
0.01402 0.1209 55.0 0.0223 +0.0051 -0
0.00939 0.1209 55.0 0.0286 +0.0047 Ho-hoa

65




Table 3: ZEUS LPS diffractive data

Tp B Q*(GeV?) | apFy" Ajtar

0.00680 0.007 2.4 0.01168 +0.00414
0.01900 0.007 2.4 0.01455 +0.00229
0.04000 0.007 2.4 0.01662 +0.00319
0.06000 0.007 2.4 0.02122 +0.00235
0.00280 0.030 2.4 0.01407 +0.00377
0.00680 0.030 2.4 0.01395 +0.00349
0.01900 0.030 2.4 0.01230 +0.00247
0.04000 0.030 2.4 0.01505 +0.00233
0.06000 0.030 2.4 0.02180 +0.00314
0.00050 0.130 2.4 0.01633 +0.00331
0.00120 0.130 2.4 0.01836 +0.00346
0.00280 0.130 2.4 0.01312 +0.00280
0.00680 0.130 2.4 0.01642 +0.00348
0.01900 0.130 2.4 0.01728 +0.00333
0.00050 0.480 2.4 0.03312 +0.00561
0.00120 0.480 2.4 0.02708 +0.00535
0.00280 0.480 2.4 0.01807 +0.00398
0.01900 0.007 3.7 0.01337 +0.00225
0.04000 0.007 3.7 0.01826 +0.00269
0.06000 0.007 3.7 0.02818 +0.00389
0.00280 0.030 3.7 0.02056 +0.00577
0.00680 0.030 3.7 0.01913 +0.00455
0.01900 0.030 3.7 0.01016 +0.00315
0.04000 0.030 3.7 0.01338 +0.00224
0.06000 0.030 3.7 0.02109 +0.00224
0.00050 0.130 3.7 0.02429 +0.00596
0.00120 0.130 3.7 0.01944 +0.00368
0.00280 0.130 3.7 0.01423 +0.00274
0.00680 0.130 3.7 0.00873 +0.00189
0.01900 0.130 3.7 0.01059 +0.00163
0.04000 0.130 3.7 0.00887 +0.00186
0.00050 0.480 3.7 0.04234 +0.00564
0.00120 0.480 3.7 0.03555 +0.00585
0.00280 0.480 3.7 0.02774 +0.00618
0.00680 0.480 3.7 0.02339 +0.00456
0.01900 0.007 6.9 0.01817 +0.00314
0.04000 0.007 6.9 0.02496 +0.00300
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Table 3: ZEUS LPS diffractive data (continued)

Tp B Q*(GeV?) | apF)V Astat

0.06000 0.007 6.9 0.02744 +0.00240
0.00680 0.030 6.9 0.02057 +0.00383
0.01900 0.030 6.9 0.01376 +0.00169
0.04000 0.030 6.9 0.01393 +0.00311
0.06000 0.030 6.9 0.02813 +0.00317
0.00120 0.130 6.9 0.02369 +0.00443
0.00280 0.130 6.9 0.01957 +0.00318
0.00680 0.130 6.9 0.01140 +0.00200
0.01900 0.130 6.9 0.01358 +0.00183
0.04000 0.130 6.9 0.01467 +0.00260
0.06000 0.130 6.9 0.01902 +0.00333
0.00050 0.480 6.9 0.04360 +0.00531
0.00120 0.480 6.9 0.03326 +0.00431
0.00280 0.480 6.9 0.02745 +0.00421
0.00680 0.480 6.9 0.02602 +0.00409
0.01900 0.480 6.9 0.01561 +0.00281
0.04000 0.007 13.5 0.04063 +0.00730
0.06000 0.007 13.5 0.04203 +0.00461
0.01900 0.030 13.5 0.02074 +0.00388
0.04000 0.030 13.5 0.02641 +0.00374
0.06000 0.030 13.5 0.03027 +0.00319
0.00280 0.130 13.5 0.02103 +0.00464
0.00680 0.130 13.5 0.01649 +0.00282
0.01900 0.130 13.5 0.01565 +0.00208
0.04000 0.130 13.5 0.01753 +0.00266
0.06000 0.130 13.5 0.02095 +0.00267
0.00050 0.480 13.5 0.04832 +0.01076
0.00120 0.480 13.5 0.03259 +0.00462
0.00280 0.480 13.5 0.02617 +0.00400
0.00680 0.480 13.5 0.02018 +0.00313
0.01900 0.480 13.5 0.02358 +0.00408
0.04000 0.480 13.5 0.01399 +0.00296
0.04000 0.030 39.0 0.03789 +0.00662
0.06000 0.030 39.0 0.03938 +0.00448
0.00680 0.130 39.0 0.03030 +0.00698
0.01900 0.130 39.0 0.02225 +0.00329
0.04000 0.130 39.0 0.02027 +0.00332
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Table 3: ZEUS LPS diffractive data (continued)

Tp B Q*(GeV?) | apF)V Astat

0.06000 0.130 39.0 0.02893 +0.00332
0.00280 0.480 39.0 0.02872 +0.00556
0.00680 0.480 39.0 0.02119 +0.00414
0.01900 0.480 39.0 0.01757 +0.00293
0.04000 0.480 39.0 0.02004 +0.00416
0.06000 0.480 39.0 0.01900 +0.00328
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Table 4: H1 diffractive data

D(3)

Tp 5 Q2 (GeVZ) Tpl) Agiat

0.02 0.01 6.5 0.023 +0.003
0.005 0.04 6.5 0.021 +0.003
0.008 0.04 6.5 0.022 +0.004
0.013 0.04 6.5 0.023 +0.004
0.02 0.04 6.5 0.020 40.003
0.002 0.1 6.5 0.024 +0.004
0.0032 0.1 6.5 0.018 +0.003
0.005 0.1 6.5 0.015 +0.004
0.008 0.1 6.5 0.012 4+0.002
0.013 0.1 6.5 0.018 40.003
0.001 0.2 6.5 0.029 40.005
0.0016 0.2 6.5 0.024 +0.004
0.0025 0.2 6.5 0.016 +0.003
0.004 0.2 6.5 0.026 40.005
0.0064 0.2 6.5 0.016 40.003
0.0005 0.4 6.5 0.055 40.008
0.0008 0.4 6.5 0.035 +0.006
0.0013 0.4 6.5 0.038 +0.009
0.002 0.4 6.5 0.033 +0.005
0.0032 0.4 6.5 0.027 40.006
0.00031 0.65 6.5 0.048 40.008
0.00049 0.65 6.5 0.037 +0.011
0.00078 0.65 6.5 0.049 +0.014
0.0012 0.65 6.5 0.049 +0.010
0.002 0.65 6.5 0.028 40.005
0.00022 0.9 6.5 0.055 +0.015
0.00036 0.9 6.5 0.050 40.009
0.00056 0.9 6.5 0.028 +0.007
0.00089 0.9 6.5 0.047 +0.010
0.0014 0.9 6.5 0.042 +0.015
0.02 0.01 8.5 0.030 40.003
0.005 0.04 8.5 0.018 40.002
0.008 0.04 8.5 0.023 +0.002
0.013 0.04 8.5 0.022 4+0.002
0.02 0.04 8.5 0.021 40.003
0.002 0.1 8.5 0.022 +0.004
0.0032 0.1 8.5 0.021 40.003
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Table 4: H1 diffractive data (continued)

Tp B Q*(GeV?) | apF)V Astat

0.005 0.1 8.5 0.019 +0.003
0.008 0.1 8.5 0.015 +0.002
0.013 0.1 8.5 0.018 +0.002
0.02 0.1 8.5 0.023 +0.004
0.001 0.2 8.5 0.025 +0.003
0.0016 0.2 8.5 0.023 +0.003
0.0025 0.2 8.5 0.021 +0.003
0.004 0.2 8.5 0.022 4+0.005
0.0064 0.2 8.5 0.017 +0.002
0.01 0.2 8.5 0.016 +0.002
0.0005 0.4 8.5 0.051 +0.006
0.0008 0.4 8.5 0.044 4+0.005
0.0013 0.4 8.5 0.039 4+0.005
0.002 0.4 8.5 0.038 4+0.005
0.0032 0.4 8.5 0.026 +0.004
0.005 0.4 8.5 0.026 +0.004
0.00031 0.65 8.5 0.053 +0.008
0.00049 0.65 8.5 0.050 +0.006
0.00078 0.65 8.5 0.039 4+0.005
0.0012 0.65 8.5 0.045 +0.006
0.002 0.65 8.5 0.037 4+0.005
0.0031 0.65 8.5 0.037 +0.007
0.00036 0.9 8.5 0.037 +0.007
0.00056 0.9 8.5 0.045 +0.008
0.00089 0.9 8.5 0.048 +0.015
0.0014 0.9 8.5 0.032 +0.006
0.0022 0.9 8.5 0.027 +0.006
0.02 0.01 12 0.035 4+0.005
0.005 0.04 12 0.032 4+0.005
0.008 0.04 12 0.027 +0.003
0.013 0.04 12 0.029 +0.003
0.02 0.04 12 0.033 +0.004
0.002 0.1 12 0.022 +0.004
0.0032 0.1 12 0.021 +0.003
0.005 0.1 12 0.019 +0.003
0.008 0.1 12 0.026 +0.003
0.013 0.1 12 0.027 +0.004
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Table 4: H1 diffractive data (continued)

Tp B Q*(GeV?) | apF)V Astat

0.02 0.1 12 0.025 +0.007
0.001 0.2 12 0.039 +0.007
0.0016 0.2 12 0.029 +0.004
0.0025 0.2 12 0.030 +0.004
0.004 0.2 12 0.020 +0.003
0.0064 0.2 12 0.017 4+0.002
0.01 0.2 12 0.021 +0.003
0.0005 0.4 12 0.051 +0.011
0.0008 0.4 12 0.047 +0.006
0.0013 0.4 12 0.032 4+0.005
0.002 0.4 12 0.029 +0.004
0.0032 0.4 12 0.025 +0.004
0.005 0.4 12 0.023 +0.004
0.008 0.4 12 0.021 +0.004
0.00031 0.65 12 0.083 +0.018
0.00049 0.65 12 0.042 +0.006
0.00078 0.65 12 0.050 +0.007
0.0012 0.65 12 0.048 +0.006
0.002 0.65 12 0.036 4+0.005
0.0031 0.65 12 0.027 4+0.005
0.0049 0.65 12 0.042 +0.008
0.00036 0.9 12 0.044 +0.012
0.00056 0.9 12 0.026 +0.006
0.00089 0.9 12 0.030 +0.006
0.0014 0.9 12 0.037 +0.007
0.0022 0.9 12 0.031 +0.006
0.0036 0.9 12 0.038 +0.012
0.02 0.01 15 0.058 +0.012
0.005 0.04 15 0.033 +0.006
0.008 0.04 15 0.028 4+0.002
0.013 0.04 15 0.026 4+0.002
0.02 0.04 15 0.028 4+0.002
0.002 0.1 15 0.036 +0.009
0.0032 0.1 15 0.028 4+0.002
0.005 0.1 15 0.024 4+0.002
0.008 0.1 15 0.020 4+0.002
0.013 0.1 15 0.020 +0.001
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Table 4: H1 diffractive data (continued)

Tp B Q*(GeV?) | apF)V Astat
0.02 0.1 15 0.025 4+0.002
0.001 0.2 15 0.064 +0.013
0.0016 0.2 15 0.032 4+0.002
0.0025 0.2 15 0.026 4+0.002
0.004 0.2 15 0.025 4+0.002
0.0064 0.2 15 0.023 +0.001
0.01 0.2 15 0.020 +0.001
0.016 0.2 15 0.020 +0.001
0.0005 0.4 15 0.039 +0.010
0.0008 0.4 15 0.045 +0.004
0.0013 0.4 15 0.045 +0.003
0.002 0.4 15 0.035 +0.003
0.0032 0.4 15 0.028 4+0.002
0.005 0.4 15 0.027 4+0.002
0.008 0.4 15 0.024 4+0.002
0.00049 0.65 15 0.056 4+0.005
0.00078 0.65 15 0.045 +0.003
0.0012 0.65 15 0.043 +0.003
0.002 0.65 15 0.041 +0.003
0.0031 0.65 15 0.032 4+0.002
0.0049 0.65 15 0.031 4+0.002
0.00036 0.9 15 0.035 +0.008
0.00056 0.9 15 0.033 4+0.005
0.00089 0.9 15 0.026 +0.003
0.0014 0.9 15 0.030 +0.003
0.0022 0.9 15 0.037 +0.004
0.0036 0.9 15 0.025 +0.003
0.008 0.04 20 0.033 +0.003
0.013 0.04 20 0.030 4+0.002
0.02 0.04 20 0.031 4+0.002
0.0032 0.1 20 0.033 +0.004
0.005 0.1 20 0.026 4+0.002
0.008 0.1 20 0.025 4+0.002
0.013 0.1 20 0.023 4+0.002
0.02 0.1 20 0.023 4+0.002
0.0016 0.2 20 0.035 +0.004
0.0025 0.2 20 0.030 4+0.002
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Table 4: H1 diffractive data (continued)

Tp B Q*(GeV?) | apF)V Astat

0.004 0.2 20 0.030 4+0.002
0.0064 0.2 20 0.027 4+0.002
0.01 0.2 20 0.024 4+0.002
0.016 0.2 20 0.021 4+0.002
0.025 0.2 20 0.022 4+0.002
0.0008 0.4 20 0.036 4+0.005
0.0013 0.4 20 0.039 +0.003
0.002 0.4 20 0.036 +0.004
0.0032 0.4 20 0.027 4+0.002
0.005 0.4 20 0.020 4+0.005
0.008 0.4 20 0.025 4+0.002
0.013 0.4 20 0.024 +0.003
0.00049 0.65 20 0.052 +0.007
0.00078 0.65 20 0.051 +0.004
0.0012 0.65 20 0.046 +0.003
0.002 0.65 20 0.040 +0.003
0.0031 0.65 20 0.040 +0.003
0.0049 0.65 20 0.033 +0.003
0.0078 0.65 20 0.024 +0.003
0.00036 0.9 20 0.025 +0.008
0.00056 0.9 20 0.034 +0.006
0.00089 0.9 20 0.030 +0.004
0.0014 0.9 20 0.037 +0.004
0.0022 0.9 20 0.031 +0.004
0.0036 0.9 20 0.014 +0.009
0.0056 0.9 20 0.027 4+0.005
0.008 0.04 25 0.023 +0.006
0.013 0.04 25 0.033 +0.003
0.02 0.04 25 0.037 +0.003
0.005 0.1 25 0.026 +0.003
0.008 0.1 25 0.029 4+0.002
0.013 0.1 25 0.025 4+0.002
0.02 0.1 25 0.023 4+0.002
0.0016 0.2 25 0.038 +0.011
0.0025 0.2 25 0.038 +0.003
0.004 0.2 25 0.028 +0.003
0.0064 0.2 25 0.026 4+0.002
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Table 4: H1 diffractive data (continued)

Tp B Q*(GeV?) | apF)V Astat

0.01 0.2 25 0.025 4+0.002
0.016 0.2 25 0.023 4+0.002
0.025 0.2 25 0.023 4+0.002
0.0008 0.4 25 0.046 +0.015
0.0013 0.4 25 0.056 +0.007
0.002 0.4 25 0.046 +0.004
0.0032 0.4 25 0.034 +0.003
0.005 0.4 25 0.028 4+0.002
0.008 0.4 25 0.027 4+0.002
0.013 0.4 25 0.021 4+0.002
0.00049 0.65 25 0.058 +0.024
0.00078 0.65 25 0.051 4+0.005
0.0012 0.65 25 0.051 +0.004
0.002 0.65 25 0.042 +0.003
0.0031 0.65 25 0.037 +0.003
0.0049 0.65 25 0.032 +0.003
0.0078 0.65 25 0.030 +0.003
0.00056 0.9 25 0.031 +0.008
0.00089 0.9 25 0.025 +0.004
0.0014 0.9 25 0.032 4+0.005
0.0022 0.9 25 0.023 +0.003
0.0036 0.9 25 0.019 +0.003
0.0056 0.9 25 0.022 +0.003
0.013 0.04 35 0.028 4+0.005
0.02 0.04 35 0.039 +0.003
0.005 0.1 35 0.042 +0.009
0.008 0.1 35 0.027 +0.003
0.013 0.1 35 0.027 +0.003
0.02 0.1 35 0.029 +0.003
0.0025 0.2 35 0.049 +0.009
0.004 0.2 35 0.038 +0.003
0.0064 0.2 35 0.026 4+0.002
0.01 0.2 35 0.027 4+0.002
0.016 0.2 35 0.025 4+0.002
0.025 0.2 35 0.027 +0.003
0.0013 0.4 35 0.047 +0.009
0.002 0.4 35 0.048 4+0.005
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Table 4: H1 diffractive data (continued)

Tp B Q*(GeV?) | apF)V Astat

0.0032 0.4 35 0.035 +0.004
0.005 0.4 35 0.029 +0.003
0.008 0.4 35 0.023 4+0.002
0.013 0.4 35 0.024 4+0.002
0.02 0.4 35 0.027 +0.003
0.00078 0.65 35 0.079 +0.014
0.0012 0.65 35 0.041 +0.004
0.002 0.65 35 0.042 +0.004
0.0031 0.65 35 0.037 +0.004
0.0049 0.65 35 0.031 +0.003
0.0078 0.65 35 0.033 4+0.005
0.012 0.65 35 0.037 4+0.005
0.00056 0.9 35 0.010 +0.007
0.00089 0.9 35 0.023 +0.006
0.0014 0.9 35 0.026 4+0.005
0.0022 0.9 35 0.021 +0.003
0.0036 0.9 35 0.027 +0.004
0.0056 0.9 35 0.016 +0.003
0.0089 0.9 35 0.020 +0.004
0.02 0.04 45 0.045 +0.007
0.008 0.1 45 0.035 +0.006
0.013 0.1 45 0.033 +0.004
0.02 0.1 45 0.030 +0.004
0.004 0.2 45 0.041 +0.006
0.0064 0.2 45 0.033 +0.003
0.01 0.2 45 0.025 +0.003
0.016 0.2 45 0.016 +0.003
0.025 0.2 45 0.025 +0.003
0.002 0.4 45 0.036 +0.007
0.0032 0.4 45 0.034 +0.004
0.005 0.4 45 0.030 +0.004
0.008 0.4 45 0.032 +0.004
0.013 0.4 45 0.032 +0.004
0.02 0.4 45 0.021 +0.003
0.0012 0.65 45 0.048 +0.009
0.002 0.65 45 0.042 +0.006
0.0031 0.65 45 0.037 +0.004
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Table 4: H1 diffractive data (continued)

Tp B Q*(GeV?) | apF)V Astat

0.0049 0.65 45 0.027 +0.003
0.0078 0.65 45 0.032 +0.004
0.012 0.65 45 0.023 +0.003
0.00089 0.9 45 0.010 +0.011
0.0014 0.9 45 0.030 +0.009
0.0022 0.9 45 0.026 +0.006
0.0036 0.9 45 0.026 +0.006
0.0056 0.9 45 0.032 +0.007
0.0089 0.9 45 0.016 +0.004
0.013 0.1 60 0.041 +0.007
0.02 0.1 60 0.038 4+0.005
0.0064 0.2 60 0.044 +0.007
0.01 0.2 60 0.027 +0.003
0.016 0.2 60 0.024 +0.003
0.025 0.2 60 0.026 +0.003
0.0032 0.4 60 0.041 +0.008
0.005 0.4 60 0.031 +0.004
0.008 0.4 60 0.028 +0.004
0.013 0.4 60 0.029 +0.006
0.02 0.4 60 0.026 +0.006
0.032 0.4 60 0.025 +0.004
0.002 0.65 60 0.037 +0.008
0.0031 0.65 60 0.036 4+0.005
0.0049 0.65 60 0.032 +0.004
0.0078 0.65 60 0.028 +0.004
0.012 0.65 60 0.021 +0.003
0.02 0.65 60 0.022 +0.004
0.0014 0.9 60 0.015 +0.015
0.0022 0.9 60 0.024 +0.007
0.0036 0.9 60 0.025 +0.006
0.0056 0.9 60 0.026 +0.006
0.0089 0.9 60 0.026 4+0.005
0.014 0.9 60 0.023 +0.006
0.016 0.2 90 0.037 +0.007
0.025 0.2 90 0.041 +0.006
0.008 0.4 90 0.030 +0.007
0.013 0.4 90 0.028 4+0.005
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Table 4: H1 diffractive data (continued)

Tp B Q*(GeV?) | apF)V Astat

0.02 0.4 90 0.021 +0.004
0.032 0.4 90 0.025 4+0.005
0.0049 0.65 90 0.032 +0.008
0.0078 0.65 90 0.024 4+0.005
0.012 0.65 90 0.029 4+0.005
0.02 0.65 90 0.018 +0.003
0.0036 0.9 90 0.029 +0.011
0.0056 0.9 90 0.015 +0.006
0.0089 0.9 90 0.016 +0.006
0.014 0.9 90 0.018 +0.006
0.022 0.9 90 0.012 +0.004
0.032 0.4 120 0.011 +0.007
0.02 0.65 120 0.019 +0.008
0.031 0.65 120 0.025 +0.009
0.049 0.65 120 0.017 +0.011
0.022 0.9 120 0.004 +0.004
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