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R. Fiore
Dipartimento di Fisica, Universitalella Calabria, Istituto Nazionale di Fisica Nucleare,
Gruppo Collegato di Cosenza Arcavacata di Rende, 1-87030 Cosenza, Italy

L. L. Jenkovszky
Bogoliubov Institute for Theoretical Physics, Academy of Sciences of the Ukraine, 252143 Kiev, Ukraine

F. Paccanorii
Dipartimento di Fisica, Universitali Padova, Istituto Nazionale di Fisica Nucleare,
Sezione di Padova via F. Marzolo 8, 1-35131 Padova, Italy
(Received 4 March 1996

Recent experimental data on diffractive deep inelastic scattering collected by the H1 and ZEUS Collabora-
tions at DESY HERA are analyzed in a model with a nonlinear trajectory in the Pomeron flux. depen-
dence of the diffractive structure functidi®) is predicted. The normalization of the Pomeron flux and the
(weak Q? dependence of the Pomeron structure function are revised ag 8@856-282196)01423-3

PACS numbdss): 11.55.Jy, 13.85.Fb

[. INTRODUCTION apologize to those not included because of the limited scope
of the present papedealing with various aspects of the phe-
Diffractive deep inelastic scatterind@IS), or “hard dif- nomenon. In our opinion, the present state of the subject can
fraction,” is a subclass of semi-inclusive deep inelastic reacbe summarized as follows.
tions in which a virtual point-like particléquark or leptonis There is nothing surprising in the very existence of the
assumed to interact directly with a colorless object emittedarge rapidity gap event®ccurring, e.g., also in thegp dif-
by the proton target. This may happen in a special kinematifraction dissociation provided diffraction, the Regge pole
cal configuration when the hit proton continues its motionmodel, and properties of th® matrix do not change essen-
nearly in the forward direction. tially when one of the external particles goes off shell. The
There are several reasons why this class of reactions igst assumption is the most delicate one in the whole subject,
receiving so much attention. The first and most obvious ongnd we shall come back to it.
comes from the prospect to study the internal structure of the The next question is whether the appearance of a rapidity

Pomeron, a hypothetical quasiparticle with the quantunyan \ithin which secondary particles are not produced, is a
numbers of vacuum, responsible for diffraction in the Regg&jnitestation of diffraction, and, if so, is it a Pomeron ex-
pole model. Although the composite nature of the Pomeron

ithin th text of th K model and OCD change, or can it be simulated by an alternative mechanism.
within the context of the quark model and QCD, was never 8rhe answer to the first is “yes,” to the extent other features

question for the theorists, the possibility of its experimental . ~. . .
verification in deep inelastic scattering was first formulate v\zlfjgféaccéﬁc?r’mne%mely’ typicak’ (or x,p) andt dependence,

in Ref.[1]. In subsequent experiments of the UA8 Collabo-
ration[2], two-jet events were reported as an evidence of the 1n€ ¢ dependence has been recently measured and found

partonic structure of the Pomeron. to be ~£~2 with the valuesa=1.30+0.08(stat) g 34sys}
The study of the so-called “large rapidity gap” events atas measured by ZEUS5] and a=1.19+0.06(stat)
the DESYep collider HERA initiated by the ZEUS Collabo- *0.07(syst) by HI4]. These two values, although obtained
ration [3], revitalized the subject. HERA produced a largewith different selection criteria, are compatible and both
number of high-precision data in a wide kinematical range ofagree with the Pomeron intercept6] most reliably ex-
x and Q?, published recently by the Hi4] and ZEUS[5] tracted from thep-p and p-p total cross section. Thede-
Collaborations. A new and important development in thependence is now being measured and we discuss it below.
subject is the experimental study of thelependence of the We assume that, similar to hadronic reactions, diffractive
cross sections, ignored until recently. DIS is also mediated by a Pomeron exchange. Alternative
Theoretical studies of the diffractive deep inelastic scat-approaches to this process have been discusdddjnl]. A
tering (hard diffraction were pioneered by the papers factorizable vacuum Regge pole exchange with the trajectory
[1,6,7), long before the HERA experimentations. Now, therewhose intercept is slightly beyond one;(0)=1+¢€, is
is a large literature(partially listed in Refs.[8-15, we  known to be the adequate mechanism of diffraction, at least
in hadronic reactions. Whether and how is the formalism
affected by off mass shell effects is an open question. In any

*Electronic address: FIORE @CS.INFN.IT case the use of the Pomeron exchange is more justified in
"Electronic address: JENK @GLUK.APC.ORG diffractive DIS, where at least the Pomeron interaction is
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(smallx) DIS, related to the absorptive part of the elastic -
~—m g
p 1

v*-p scattering only fot=0. t_~— mf,x2
The largeQ? flow along the photon line was an argument
for many authors to use perturbative QCD calculations for a

: S while t, ~—W? is a formal limit sincelt| is less than~7
single-[10] or two-gluon (Pomeron [12] exchange in dif- 5t . .
fractive DIS. In our opinion, the use of perturbative QCD Ge_V .for.the measurement in Refl]. Experlmentally, the
t distribution has never been measured until recently because

may be justified only in resolving the Pomeron structure o g o o :
(QCD evaluation of the photon Pomeron veitewhile the of the existing difficulties in identifying the proton hit by the

exchanged object, the Pomeron propagator, is essentialRﬁOton but continuing it; motion in nearly forward directior_L
nonperturbative and it is the same, whatever is the photonhor_l theh Othf.][f haqd, Itis W?” Ikn(f)whn frgm the h?drt())mc
virtuality. A more detailed discussion concerning the unique-p ysics that difiraction is typical of the domain of about

2 . . . . .
ness of the Pomeron in elastic and deep inelastic scatteriri‘tjg_2 GeVZ. In this region, the elastic differential cross sec-
may be found in Ref[17]. tfon is known to decrease almost exponentially up to about

_ 2 ;
The above construction relies very much on the hypothltl=1 GeV*, followed by a dip-bump structure between 1

eses of factorization of the diffractive structure function@nd 2 GeVF. The latter is an important feature of high energy

F5(4) into a product of the Pomeron flux and the Pomerond'ffraCt'on' The deviation from the exponential behavior of

structure function. Whereas small deviations from factoriza-the cone may be taken into account by a nonlinear trajectory.

tion, e.g., due to multi-Pomeron exchanges, initial and finawe already discussed8] the relevance of a nonlinear tra-

state interactions, etc., are admissible, other Regge contriblhe-Ctory that interpolates between “soft” and “hard™ scatter-

tions, e.g., thef exchange, can produce larger breaking ef-"9: A simple representative example{ 9]
fects and certainly should be accounted for in future calcu-
lations. At the moment, according to the published

measurements at HER,5], factorization is confirmed at ]
the present level of accuracy. whereay=1+ € anda;(i=1,2,3) are parameters. There are

With the present paper, we try to contribute by one mordheoretical reasonf20] to consider logarithmic trajectories
step in the clarification of the remaining uncertainties. Firstthat, for large—t, are compatible with fixed angle scaling
of all in Sec. Il we introduce notations and define the kine-Pehavior of the amplitude. The square-root parametrization,
matics. Next in Sec. Ill we discuss the Pomeron flux and itsadopted in 18], described the transition to the Oréamall-
(re)normalization. The Pomeron structure function and the) regime of the amplitude but, for a detailed study of the
comparison with the experimental data are developed in Se€ependence, the logarithmic form seems preferable as com-
IV while Sec. V is devoted to a study of thelependence of Pared to the previous one.
the distribution function. We use the earlier experience based The diffractive structure function is defined from the cross
on the description of hadron diffraction with a nonlinear S€ction as iri9] and the factorization hypothesis can be writ-
Pomeron trajectory19] to predict thet dependence of the €n as
diffractive DIS.

a(t)=ap+ at—asIn(l—ast), 4

F2O(X,Q%1,8)=F ipp(£,1)Gy (8.Q0). (5
II. NOTATION AND KINEMATICS
Fipp(é:1) and Gy, p(B,Q?) are, respectively, the Pomeron
flux and the Pomeron structure function, to be introduced in
- - , the next two sections. We quote also the upper and lower
e (k)+ —e (k') + + X 1
(k)+p(p) (k) +pp’) (Px) @ kinematical limits for¢ typical of the H1 and ZEUS data:

are standard. The four-momenta of the virtual photon and of

The notation and kinematics for the process

the exchanged Reggeon ajek—k’ andr=p-p’, respec- H1 ZEUS
tively. Besides the usual DIS variable®Q?=—q?,
x=Q?%(2p-q), andW?=(p+q)?, the new variables & 0.05 0.01
& 3x10°4 6.3x10°4
Q? r-q x
P=orq pq B @ lll. THE POMERON FLUX

AND ITS (RE)NORMALIZATION
are introduced. Sometimeg,is also calledx |p.
Let My be the invariant mass of the hadronic syst&m
pz=M%, then the four-momentum transfer squaredy?,
ranges between the extreme limits

As in Ref.[18], we fix the form of the scattering ampli-
tude following the duality prescription. In dual models the
dependence on the Mandelstam variabknters the ampli-
tude only through the trajectorg(t). Hence, in the Regge

t M>2(+ Q2 2 [ (WZ—QZ—mg 2 - 1/2 limit, s—o at fixedt,
=l V| *
2W 2W A(s,t)=exd B(s)a(t)], (6)
W2+M>2<—m2 2 1/2) 2
2W whereB(S) =Bg+ In(s/s)) —i /2.

The interest for a possible flattening of the Pomeron tra-
or jectory increased in view of the recent experimental result of
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the UA8 Collaboratiorf21]. In order to make clear the effect

of a nonlineara(t) we will consider Eq(4) in the two lim- 10° ‘ »
iting cases

(a) a;=0: a(t)=a(0)+a't, (7) 02 £=0.0032

Fr/p (Gev?®)

(b) a1=0, ar=asz: a(t)=a(0)—yIn(1l—yt). (8)

T T TTITIT
Ll

The first instance has been studied in R&8] for different

choices ofa(0) anda’=0.25. In casdb) we will choose 10
y=0.5 in order to reproduce the same slope nead and to
deal with a trajectory close to the optimal solution of Ref.
[19].

The constant term irB(s), By, has been determined
from a fit to the elastig-p differential cross section at the
CERN Intersecting Storage RingdSR) [22]. For the
Pomeron flux, —1

T T T T
Ll

T T T T
Laadul

Fipp=Cexgd2(B—Ind)a(t)]- &, ©)

we get -2

T T

0 ‘ 0.5 ‘ 1 1.5
B= Bdiff: Be|/2:70 -t (Ge\/z)

The r_nain hypothes_is here. is tha}t only the Pomeron traje_ct_ory FIG. 1. The Pomeron fluf ,p/y(£.1) vs —t for £=0.0032 with
contributes to the single diffractive cross section, a conditiony,q logarithmic trajectory1) or the linear ong2) discussed in the
supported from the experimental evidence for factorizationey; For comparison the Pomeron flux@ of Ref. [8] and (4) of
Since the trajectory8) is an effective one, the best determi- ret. [6] are also drawn.
nation of «(0) comes from the overall Regge fit of total
cross sections in Ref16] where

a(0)=1.08. b(&)=2y(B—In&)—1.
We will use in the following this value that differs slightly The approximation in Eq(11) is reasonable since o« — &2

from the CDF interceptx(0)=1.112+0.013[23] obtained and|t. | is rather large|t,|=7 GeV? for the measurement
from total cross section data, but provides a sensible detetdescribed in Refl4].

mination of the constant in front of the flU®). Now, theé&,t dependence of the diffractive structure func-
From Ref.[16] we get the Pomeron contribution tBp tion is completely fixed within the model. In order to set the
total cross section and find normalization and to make a comparison with the experi-

mental data we need the Pomeron structure function.
Renormalization of the Pomeron fl{ik4] affects only the
determination of the Pomeron structure function. If we re-
quire that no more than one Pomeron should be exchanged in
From the same fit we deduce that the contribution to theone diffractive proton interaction, then a bound must be im-
cross section of nonasymptotic Regge termsf(...) is  posed on the integral
rather small at HERA, approximately 8% at the lowgét ;
values. As seen in Fig. 1, there is a marked difference in thef ¢+ % tre e
t dependence of the Pomeron flux derived from a IogarithmijgL P(§de= 22 e "HEIT(£)]-EiLT (6]} (12
trajectory, curvel), or a linear one, curvé?). Curves(3) [8]
and(4) [6] refer to models for the Pomeron flux approachingwhere
the limiting cases represented by E¢8. and(8).
The integrated Pomeron flux for the nonlinear trajectory

1
® is f(§)=2[a(0)—1](B—2—y—ln§)

21.7
c=Cex{2Ba(0)]= Emb:1.1087 GeVZ2. (10

and &, £ are the upper and lower kinematical limits for
¢ specified in Sec. Il. In Eq(12), Ei(z) is the exponential
integral[24], and the numerical values of the integrated flux

t_
Cb(é)EJt F|P/p(§,t)dt

C(1—yt ) PO~ (1—yt,)"P® 1-2a(0) are 1.34 for ZEUS[5] and 2.42 for H1[4]. For a linear
Y b(&) ¢ trajectory (7) these values are somewhat smaller: 1.23 and
2.23, respectively. Considering the unitarization procedure
- c £1-2a(0) (11) explained in Ref[14], flux renormalization should be ap-
vb(§) ' plied also to some@?, 3) bins of the ZEUS data, in particu-
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lar for smallQ? and largeB. Since corrections remain within with
experimental errors we do not scale down the integrated flux. ) )
a=a(Qp), d=d(Qp)
IV. THE POMERON STRUCTURE FUNCTION

AND COMPARISON WITH EXPERIMENTAL DATA and

As in our previous paperl8], we consider a Pomeron 6
composed mainly of gluons. This point of view reflects the = 33 27"
structure of the Balitskii-Fadin-Kuraev-LipatoyBFKL)
Pomeron[25] that, at least for large momentum transfers,wheref is the number of quark flavors.
relies on a sound basis. Nonperturbative effects will repre- With three flavorsf=3, the Pomeron structure function
sent a new contribution to the aforesaid picture but shoulds
not change the Pomeron content. On its gluon content both
theoretical[15] and experimentd]26] constraints exist. Ex- , 4 5
perimental data indicate that a large fraction of the Pomeron Gg/ipr(B8,Q%) = §,qu(,3:Q ) (16)
momentum, up to 80%, can be carried by hard glu@&
and that the Pomeron structure function is approximately inParametera andd are not independent since we impose the
dependent o [4,5]. momentum sum rule in the form
Since only quarks interact with the photon, quarks must

be present in the input distribution with a fraction of the 1 2 2
Pomeron momentum larger than 20%. In R3] we no- o dg B EI ai(B,Qp) +G(B,Qy | =1,
ticed that, at larges, to the assumed gluon distribution
) ) obtaining the constraint
BG(B,Q%)=a(Q)(1—-p), (13
_ 1
one must add theq sea contribution. Quark loops and the d=5(2-a). 17
mesonic trajectories, included in the effective traject@y
will give rise to a quark distribution While a proof of the validity of this sum rule for the
) ) Pomeron is lacking28], its applicability appears reasonable
Bai(8,Q7)=d(Q9)B(1-p) 14 once a model for the Pomeron in terms of its constituents is

. assumed8,9,14. In fact, for the Pomeron structure function
for the quarki, whose form we borrow from Ref6]. BOtE‘ as defined if 1], motivations for the saturation of the sum
distributions contribute at the starting scal§=5 GeV*  yje have been given if8] and the “discrepancy factor” is
and, due to the presence of quarks, the previous estimate gfpse to unity also for deep inelastic diffractipn4] if the
the evolution[18] does not hold now. Pomeron flux is properly normalized. Moreover, the analogy

We can keep, however, the calculation simple and transyith the photon[6] cannot be pushed too far since the
parent if we neglect gluon recombination effe¢® and  pomeron, at difference with the photon, Reggeizes and its
limit ourselves to the lowQ?* region, Q*<40 GeV?. This  composite structure can be described in Q5.

Condition W|” not destroy the pl’ediCtive pOWer Of the result |nsisting on the partic'e nature of the Pomeron we can
since “there is no evidence for any substan@i depen-  eyaluate the total momentum carried by quarks and anti-
dence ofF;” [4], a function proportional to the Pomeron quarks

structure function.

We use a recursive method for solving the massless inho- N o S
mogeneous Altarelli-Parisi equations. This method is based M(Q )_GJO Bai(B,Q7)dB=d+ 9
on the power expansion of the solution in the paramster

77d
=g

and, taking into account the relatidti7), we find that the

s=In In(Q%/A?) Q? dependence disappears for 154/95.
In(QOZ/AZ) This value is not far from the one obtained in fitting to the
data,
and, since it has been explained at full length in Appendix A
of Ref.[27], we will not repeat the details here. We choose a=1.458,

Q§=5 GeV?, A=0.2 GeV and, taking into account gluon

- 2 .
to quark conversion, the result at smalis that gives a weak dependence orQ" with

dM(Q?)/dQ?<0. The relative contribution of quarks to the

B4i(8,Q9)=dB(1-B)(1—s) Pomeron momentum is near 0.25 in the rang&éfwhere
the recursive method applies. The presence of quarks at ev-
4 (1-B)? ery Q? scale simulates a quarkbll5].
+es) 3dB(1-4)| 1+In B A plot of all ZEUS data forF2® [5] for different B

values, regardless of the@? values, as in Figs.(2)—2(c),
shows that theQ? dependence is indeed weak. The large

1
+ - . . ; h
2a errors permit only to say that our model is compatible with

2 B3
5—,82+?+,8In,8)} (15)
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FIG. 2. The diffractive structure functidﬁg(s)(ﬁ,Qz,x) vs X, for different values of8 andQ? (a), (b), and(c) compared with the ZEUS
data[5], and(d) with the H1 datg4]. F2® has been evolved &%= 16 Ge\? (continuous ling and Q=28 Ge\? (dashed lingfor the
ZEUS data. For the H1 dat@®?=12 Ge\? (continuous ling and Q?>=25 Ge\? (dashed ling

data. Continuous and dashed lines are the result of the evoluti@3=afl6 and 28 GeV, respectively, with the nonlinear
trajectory(8) in the flux. No visible change is noticed if the calculation is repeated with the linear trajé@ory
In comparison, the H1 data, presented in Fig@l) Zor one 8 value shows a larger spread @Y. In this case the selected

values ofQ? for the fit areQ?=12 Ge\? (continuous curveand 25 Ge\? (dashed curve
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FIG. 3. The diffractive cross sectiaifa/dédt predicted from the model, vst for different £ values. The order of thé values is

respected in the curves. Two different integration regionsGbrare

considered@) 5 GeV><Q?<20 Ge\? and (b) 5 GeV’<Q?<40

Ge\2. Predictions from the logarithmic trajectotfull lines) and from the linear onédashed lingsare shown.

V. PREDICTIONS AND CONCLUSIONS

In order to get a significant picture of the predictions from
the model, we integrate ovgd andQ? the differential cross
section expressed as

g4 it 2o , .
dpdQZdédt . BO” [1+(1=Y)°IF ipp(§,1) Ggr 1p( B,Q%),
(18

where

ands= (296 Ge\}2. The B range of integration is restricted
to the interval

0.02<3<0.8

and the upper limit avoids the region nggs= 1 where theo-
retical and experimental uncertainties are larger.
The Q? integration has been performed for two different

results are displayed in Figs(a3 and 3b). Predictions based
on the logarithmic trajectory8), continuous lines in Fig. 3,
are clearly distinguishable from the ones obtained with the
linear trajectory(7), dashed lines. Future experimental data,
even at moderatft| values, will be able to decide between
the two possibilities.

Thet dependence shown in Figs. 1(@a8 and 3b) has a
nature typically diffractive, i.e., it is strongly peaked in the
forward direction. At present, théearly exponential de-
crease of the differential cross sectiddo/dédt to large
extent has been fed in by the choice of the residue and form
of the Pomeron trajectory. Nevertheless, this result is far
from being trivial since in the formalism under consider-
ation, thet dependence is correlated with other variables and
ultimately the choice of different input$>omeron trajecto-
ries) will be tested experimentally.

Data on tha dependence of the diffractive structure func-
tion have been discussed recently by two experimental
groups: ZEUS[29] and UA8[21]. We just notice that the
UAS8 results show the same trend in the behavior of the dif-
ferential cross section that derives from the use of the loga-

intervals, both comprised in the region less sensitive to theorithmic trajectory(8). The results of the measurement of the

retical approximations. The starting scal¢=5 GeV? for
evolution is the lower limit in both cases and th&o/dédt

t dependence at HERA are preliminary and still not com-
plete.
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