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Hadronic processes in which hard diffractive production takes place have been observed and analyzed in
collider experiments for several years. The experimental rates of diffradfiseand dijets measured at the
Fermilab Tevatron and the cross sections of diffractively produced dijets recently obtained at the DESY HERA
experiment are the object of this analysis. We use the Pomeron structure function obtained from the HERA
data by two different approaches to calculate the rates and cross sections for these processes. The comparison
of theoretical predictions with the measured values reveals some discrepancies that make evident the concep-
tual difficulties with such approaches. A new version of the Ingelman-Schlein model is proposed as an attempt
to overcome such difficulties and make theory and data compat0&56-282199)00515-9

PACS numbd(s): 12.40.Nn, 13.60.Hb, 13.85.Qk, 13.87

I. INTRODUCTION called HERA experiment. Events of deep inelastic scattering
(DIS) tagged with rapidity gaps, observed and analyzed by
The phenomenological analysis of hard diffractive pro-the H1 and ZEUS Collaboratiofi§,7], have shown the same
cesses has become one of the most interesting theoretiogtharacteristic pattern exhibited by hadron diffractive disso-
laboratories to investigate the nature and structure of theiation processes in the kinematical region where Pomeron
Pomeron. The concept of the Pomeron structure function wasxchange is dominant. These observations strongly sug-
introduced by Ingelman and Schidifi] as an ansatz to in- gested that, in fact, the internal structure of the Pomeron was
vestigate the eventual production of high-jets in diffrac- being probed. Moreover, this pattern, which resembles the
tive hadron interactions. Such theoretical speculation becamgeak observed in soft diffractive dissociation, seemed to be
a reality when the UA8 Collaboration obtained the first mea-independent of kinematical variables other thkar(the frac-
surements of diffractively produced dijdt]. However, fur-  tion of the proton momentum carried by the Pomeyat-

ther quantitative analysd8] carried out at the CERNp  lowing estimations of the Pomeron intercéft7].

collider have shown that the predicted rates obtained by the These were the first results of the diffractive structure

Ingelman-Schlein(S) model were too high in comparison function. More recently, further and more precise measure-
with the measured values. ments performed over an extended kinematical region have

The same prob|em appeared when similar measuremenwown evidence of factorization breaking in Uoﬁvariable
were performed at the Fermilab Tevatron collider. The ratid8]- Such an effect, however, can be understood by an ad-
of diffractive to nondiffractive dijets predicted by the IS equate computation of secondary-Reggeon contribufi®hs
model[4] for Tevatron energy resulted in being more thanleaving open the possibility that factorization applies when
one order of magnitude above the actual measurements. Pomeron exchange is the dominant mechanism.

Despite the fact that the IS predictions about the existence Nevertheless, this conclusion has to be taken with some
of diffractive jets turned out to be correct, one might think caution because other forms of factorization breaking, which
that this model is acceptable only in a “qualitative” senseare not evident from th&, dependence, can occur. For the
since the predicted rates were completely off the values aagnoment, let us assum@s the 1S model dogghat the fac-
tually measured. Let us examine this issue in a more detailetbrization hypothesis is an acceptable ansatz. This assump-
way. tion leads us to more definite theoretical questions which

The calculational scheme proposed by such a modekere present in the IS model from the very beginning.
makes use of the so-called factorization hypothesis; that is, From a quantitative point of view, factorization appears in
in a reaction such ag+ p—p+jets+ X, the whole process the IS model as the product of two quantities representing
is supposed to occur as a sequence ofitwdependensteps:  the two-step process mentioned aboy#&) the so-called
first a proton emits a Pomeron; then partons of the PomeroRomeronflux factor, which is supposed to give the probabil-
interact with partons of the other proton producitigr in- ity of a Pomeron being emitted by a prot¢or antiproton,
stance jets. This picture seems to be a sort of straightfor-and(2) the elementary cross section resulting from the inter-
ward extension of the parton model to diffractive processesaction among partons belonging to the Pomeron and to the
In fact, it is quite appealing as such, but it is not obvious thabther proton[1]. In order to calculate this elementary cross
the factorization property should apply to this type of hadronsection, knowlegde of the Pomeron structure function is, of
interactions(see[5] and references thergin course, an indispensable requisite. By the time the IS model

A similar kind of problem affects also another class ofwas proposed there was no experimental information about
processes. Experimental results apparently in favor of factorthe Pomeron structure and, thus, only estimations based on
ization have come up from the DES&p collider, the so- ‘“educated guesses” could be dofie4]. Today, HERA data
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of diffractive DIS are available and one can try to extractwhere x, Q2, andy are the usual DIS variables. Besides

from them the Pomeron structure function. However, this ishese, two other variables are used to specify protBss

not a straightforward procedure because the results are de-

pendent on the model one chooses for the Pomeron flux fac- |v|§<+ Q%—t |v|§<+ Q?

tor. e a2 2 Wer 02
In a recent papef9], we have presented a study of the Wi+Q —mp  W°+Q

Pomeron structure function in which two different forms of

flux factor were employed, one derived from the standard"md

Regge theory10] and the other obtained from the so-called ) )

renormalizationprocedurg 11]. The former assumes factor- _ Q — Q (4)

ization whereas the latter implies a sort of factorization p M)2(+Q2—t_ M2+Q?’

breaking. We have shown that the quark and gluon content

of the Pomeron changes significantly whether one choosggherex;, is the momentum fraction carried by the Pomeron

the standard or the renormalized flux factor. In the presengmitted by the scattered proton agdis the fraction of the

paper, we apply these results to estimate the rates of diffragsomeron momentum carried by the struck quark. In Egjs.

tively producedW's and jets and compare such estimationsand (4), W is the energy in the/* p center-of-mass system,

with the available data. t=(P—P’)? is the four-momentum transfer at the proton
As we shall see, no one of these models, standard Gfertex, andMi is the invariant mass of the hadronic system

scription of the data, although the latter is partially success-

ful. In order to overcome these difficulties, we introduce a X
new version of the IS model, which is quite intuitive and XP:E- ()
presents promising results.

Although the comparison to data is central to our analysis, The HERA data[6,7] used to perform our analys[®]
we emphasize that no attemptftothe theoretical outcomes | . Jpiained unde’r the assumption tHRR(x,Q2 x;,t)
to the experimental rates or cross sections has been'dane. —0 and. since was not measured. the cross se,cti(;n][n,ﬁust be

fact, such an attempt could conceal the problems that WEonsidered as integrated over this variable, that is
intend to make evident. ' '

This paper is organized as follows. In Sec. Il, we summa- dBoP 2o
rize our procedure to determine the Pomeron structure func- g e
tion from HERA data and present the parametrizations ob-  dgdQ%dx, BQ*
tained in[9] that are used in this paper. In Sec. Ill, we
present the formalism used to calculate the cross sections fep that the experimental data are expressed in terms of the
diffractive production of\'s and jets. In Sec. IV, the results diffractive structure functiorFE(‘g)(ﬁ,QZ,x]p).
obtained with the standard and renormalized flux factors are These data have shown for the first time a very clear
shown in comparison with the experimental data. In Sec. Vdiffractive pattern, that is, the characteriskig dependence
we present a discussion about the IS model and a new apbserved in diffractive dissociation of hadrons. This feature
proach is suggested. Our concluding remarks are given iwas observed irrespective of th@g,Q?) values considered

()

[1+(1-y)2IF5®(B,Q%xp), (6)

Sec. VL. and it was very suggestive that a factorized expression such
as
Il. POMERON STRUCTURE FUNCTION FD(3) o P )
FROM HERA DATA 2 (B,Q%xp) =0(Xp)F2(B8,Q7) (7)
The cross section fadiffractive DIS processes, could apply? Based on this factorization hypothesis and on
the IS model[1], it is usual to interpretg(xy) as the
e(k)+p(P)—e’ (k') +p'(P")+X(M%), (1) integrated-ovet-Pomeron flux factor ané,(3,Q?) as the
Pomeron structure function.
is given by the expression Besides our analysis, there are others in the literature that
are based on a similar procedur@ee, for instance,
d4oP Arral y2 [5,12,13). Our main concern, however, was confronting two

y+

= 1—
dxdQdxpdt x Q* 2[1+RP(x,Q%,xp,1)]

XFY®(x,Q% xp 1), 2) ’As mentioned in the Introduction, new data obtained by the H1
Collaboration[8] in more extensive kinematical regions of bggh
and Q? have shown very clear factorization breaking which, how-
ever, can be understood as being an effect of secondary Reggeon
we refer the reader interested in appreciating an analysis thatontributions other than the Pomeron. Our anal@jsefers to data
tries to conciliate the IS model with data by fitting, to the paper ofobtained in a particular kinematical region where Pomeron ex-
Ref. [5]. changes are supposed to be dominant.
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different approaches: one in which te&ndardflux factoris  of the cases presented below, we use the sum rule to deter-
employed and the other which corresponds tortieormal-  mine a parameter of normalization
izedflux factor (for brevity, we will refer to these quantities Details about this procedure and about the results can be
hereafter as STD and REN flux factors, respectiveéfpr the  found in[9], but roughly speaking this analysis has put in
former, the Donnachie-Landshoff express[dg] evidence three major points:
(i) The quark-gluon content of Pomeron as obtained from
~ 9B 201 2a(t) HERA data via the IS model depends strongly on which kind
fsrolXp,t)= a2 [Fi(D)]xp (8)  of flux factor is assumed. That means that the issue about
™ (re)normalization is crucial;

was assumed, whereas the latter is determined from the pro- (i) STD flux factor favors a predominance of gluons at

2

cedure prescribed iftL1], that is, the initial spale ofQ? evoluti_on while basically the contrary
happens with the renormalized scheme;
fsrolXp,t) (iii) Several different trials were carried out during the
fren(Xp,t) = Nog ) (9 fitting procedure. In almost all of them, the initial quark and

gluon distributions preferred a hard or super hard shape.
Thus, this analysis has practically ruled out the possibility

where for soft distributions at initial scale in diffractive DIS.
Xp, o 0 For the present analysis, we have chosen two parametri-
N(xp )= f dxpf fstoxp,t)dt.  (10)  zations for each flux factor. These parametrizations, the most

*Pnin - representative of our analysis, are described below.

Fit 1. These parametrizations were obtained 9 with
STD flux and correspond to a combination that we balld-
hard; i.e., both quark and gluon distributions have a hard

By introducing Eq.(8) into Eq.(10) and assuming an expo-
nential approximation for the form factdf(t)=e®, one

obtains shape at the initial scale of evolution:
NG ) =K B (- 2¢ i) F(B.Qu=25%01- ),
a
AR —
CE(y-2ehnx )], 1) BY(B,Qp)=12.083(1—B). (14)

_ o 2 Fit 2. This case refers also to parametrizations obtained
where Ei(x) is the exponential integraK=98g/47°, and  with the STD flux; the initial distributions correspond to a
y=boela’. superhard profile imposed on gluons by a delta function

An important point to be noted here is that, in the calcu-while quarks were left free to change according to the data
lation of the soft diffractive dissociation cross section, the(we refer to this case dsee-delta:

minimum value ofxp is xpminz(merm,,)Z/s, but it is assumed

that when one applies Eqé)—(11) to the diffractive DIS B(8,Q5)=1.518°%%1— )08
analysis this quantity should becorteee[11])
o2 BY(B.Q5)=2.065(1~ B). (15
XPin ™ Bs’ (12) Fit 3. These are parametrizations obtained with the REN

flux factor and a initial combination of the tygeard-hard
This distinction is pretty important and will be a matter of

discussion in Sec. IV. B2(B,Q3)=5.028(1—B),
With these flux factorgintegrated ovet) introduced into
Eq. (7), the Pomeron structure function was obtained from lgg(lg’QS):o_ggg(l_B)_ (16)

Fo®)(8,Q% xp) data under the assumption that
Fit 4. These are also parametrizations obtained with the

P 2y 2 o0 1 2 REN flux factor and a combination of the tyfree-zero that
F2(£.Q7) i=Ud,s e ALai(B.Q)+ai(A.QY)] is, the quark distribution was left free while the initial gluon
) distribution was imposed to be null:
=< B2(B.Q%), 13
9Pk (B,Q%) (13 BS(B,Q2)=2.808°%5(1— B)°58
with 2(8,Q%)=Si-y4s [0i(8,Q%)+0i(8.Q%)] represent- B9(B,Q5)=0. 17)
ing a quark singlet that would evolve wi@? according to
the Dokshitzer-Gribov-Lipatov-Altarelli-Parisi (DGLAP) In the case of fit 3, it was very difficult to fix the normal-

equationg14]. The starting scale for the evolution was as-ization parameter for the gluon distributigsee[9]). In the
sumed to beQ%=4 Ge\? and no sum rule was imposed on expression used here, E(}6), this parameter was estab-
the parametrizations to perform the fittiflgowever, in one lished by using the normalization obtained for quarks and
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imposing the sum rule. In fact, it was because of such a A. Diffractive hadroproduction of W*

difficulty that fit 4 was performed. In this analysis, we consid&W* diffractive production in
All of these four combinations of flux factors and the reaction

Pomeron structure functions were applied in the calculation

that follows. p+p—p+W(—ev)+X, (22)
IIl. CROSS SECTIONS FOR DIFFRACTIVE which was experimentally studied at the Tevatron Collider
PRODUCTION PROCESSES by the Collider Detector at FermilatlCDF) Collaboration

) ) ) ~ [15]. We assume that a Pomeron emitted by a proton in the
As we have seen in the previous section, several possib

parametrizations for the Pomeron structure function are al: ozmve z d||re((:jt|on |n.teraicts |W't2. P pr;).ducm.g W_hth?jt
lowed by the HERA data depending on what one assumes- sequently decay Inte~v. In this configuration, the de-

i -
for the flux factor. Our aim is applying these parametriza—ieectgl?iv:eept?rr;1 (él dit(;rirf c)oi\rllvc?iggjn(?eps\;ei%r :?25}33 to;vari(;l]s
tions to calculate the diffractive production rates of different 9 7 (rapicity, pidity gap

: . .~ the right hemisphere.
processes in order to compare the results with the available The cross section for the inclusive lepton production b
data and analyze the implications. In this section, we prese%is process & P P y

the cross sections used to perform these calculations.
The generic cross section of a process in which partons of

two hadronsA andB, interact to produce jet®r W’s), dr ZZ') J dxpg(xp)J’ dErfap(Xa s 2) Foip(Xp , 12
e ,

A+B—jetg W) + X, (19

viGE | 12
ab™~F (23)
is given by the standard parton model as 6sI'wMw|AZ—1"
where
dO'AB—»jets(\N) = a;: g faa(Xa ,,u,z)an
o Mweﬂe 5
- Xa= [AXV(A*=1)], (24)
o oo doap caw) (VsXp)
X foa(Xp , u2)dxp—————dt. (19)
M We_ e _
In order to adapt such a cross section to a hard diffractive Xb:T[A+ VA=D1, (29

interaction, one assumém the spirit of the IS modeglthat

one of the hadrons, say, hadranemits a Pomeron which is 54

made up of partons itself. The procedure we adopt in such a

case is replacing,f./a(X,,#2) in Eq. (19) by the convolu- P —E-MufA+ J(AZ—1) 26
tion between the distribution of partons in the Pomeron, Mul ( L (28
Bfar(B,1?), and the “emission rate” of Pomerons bY,  with A=M/2E;. The upper signs in Eqg24) and (25)
fp(xp,t). The first quantity corresponds to distributions like refer to W* production (that is,e" detection. The corre-
those discussed in the previous section, which take part i§ponding cross section fov~ is obtained by using the lower
the definition of the Pomeron structure function, while theSigns and <0 (see the Appendix

second corresponds to the Pomeron flux factor. In such a Since the experimental data of diffractiw production

case, we have presently available are not highly preciée fact, CDF data
[15] are the first measurements of this progeesr calcula-
Xa fa/A(Xa1M2):f dxpf das tions consider only leading order contributions. In this sense,
we note that studies of nondiffractivé/ production per-
formed with CDF cuts indicate that next-to-leadifigLO)

XJ dtfp(Xp,t) Bf (B, 12 order corrections could be around 10% of the production
cross sectiorgsee[16]). However, the experimental informa-
X 8(B—Xg/Xp). (20) tion is given in terms of a ratio between diffractive and non-
diffractive W production; thus the effect of NLO corrections
Defining g(xp)=J° .dtfp(xp,t), one obtains in the final results is expected to be even smaller than this
percentage.
dxp The contribution of other competitive processes such as
Xa faa(Xq,u?)= f X_“)g(x][’)xafa/][’(xalx][’yﬂz)- inclusive hadroproduction o+ jet andW+ y (and respec-
(21)

This is the characteristic procedure that is applied below to 3See a more detailed discussion about this cross section in the
calculate the cross section of diffractive processes. Appendix.
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tive NLO corrections is expected to be very small as well where 8=x,/x; with x, andx, given by Eq.(30). The ki-
(about the former process, see, for instance, analyses tmematical limits for the above expression are
Gieleet al.in Ref.[17], and references therein, and the CDF

account[15], while with respect to the latter we refer the Er Js—Eqe 7
reader to the work of Bauet al. in Ref.[18]). nN———=<gp'<slh—— (32
\/g_ ETe_ 7 ET
B. Diffractive hadroproduction of dijets q
an
In order to calculate the process by which two hadrons,
say,p andp, interact generating dijets, Js
Er =———. (33
— . . max -7 7
P+p—jitiztX, (27) e re

one starts from the expression with Er 0 Xp 0 andxpmax established by experimental cuts.

dcrpg_,jlj-z:abz; . fap(Xa ,w2)dx, C. Diffractive photoproduction of dijets

A The process considered now is diffractive photoproduc-

) doapoed ~ tion of dijets, obtained from the reaction
be/B(Xb,/.L )de—,\dt, (28)
dt et +poet+p +X(j1+ja+X'), (34)

in which it is assumed that partoasandb belong to hadrons . . . . :

- o o in which the positron is scattered at very small angles, im-
p andp in their initial states, and partorssandd will give plying that the emitted photon has a very low momentum
ri_se (_in I(_aading order to the dijet pair in the final state. The (Q2~0) and can be considered, in a good approximation, as
distributions »/p(Xa,u?) and fup(x, 1% are the structure req| 1n’such a context, the positron acts just as a source of
functions evolved to an adequate scafeanddo,y,_,.q/dt photons that are emitted with a certain energy spectrum. This
stands for the QCD matrix elements proper to this calculaemission can be expressed in terms of a “photon flux”
tion. through the so-called equivalent photon approximation

With a suitable changing of variables, namely, (EPA) [19] (or by the better known Weizeker-Williams

dx,dx,dt—2E1xx,dE;d5’d7, one gets the differential approximation.

cross section in terms of the rapidity of one of the jets, There is experimental evidence that photoproduction pro-
cesses take place by two mechanisms whose calculation is
do BT o [ 7] considered in terms dfl) the direct componenin which the
—= dET | ™dn'Xs : i intli
dy afba Je ) coupling of the photon to partons of the proton is pointlike
Ut il Tmin min

and (2) the resolved componerith which the photon fluctu-
der ates to a partonic structure whose constituents interact with
X fa/p(Xa,Mz)beb/pTXb ,MZ)M, (29 the partons of the proton. In fact, photoproduction of dijets is
one of main processes by which the photon structure func-
tion is measured because this reaction is quite sensible to the
where quark and gluon content of the photon, even in leading order.
In the case ofdiffractive photoproduction, according to
the IS model, it is the partonic structure of the Pomeron that
is probed by the photon itselin the direct procegsr that is
envolved in interactions with photon constituefits the re-
with E1 being the jets transversal energy. These expressiorgolved procegs
apply to the nondiffractive case. At this point, it is interesting to note that the way by
By using the convolution procedure described above, thavhich the IS mode[1] was conceived to describe hard dif-
cross section for diffractive hadroproduction of dijets be-fractive production is in complete analogy with the EPA in
comes photoproduction processes. Just as the eledwopositron
in photoproduction, the proton in a diffractive interaction is
do BTy o [ 7] scattered at very small angles and practically does not take
——= dE7 | ™dny’ ; ; ;
dy aftg j f , part in the effective reaction. In an analogous way to the
emission of photons and to the idea (efjuivalen} photon
Xp flux, it sounds natural to talk about Pomeron emission and
Xf "dxpg(xp) B ap( B, %) the “Pomeron flux factor.” However, the problem with this
XPrnin analogy is that while the photon flux has a well-based theo-
do re'tical 'derivation in QED, the Ppmeron qux. fgctor i; ob-
X XpF pip(Xp ’Mz)ﬂ’ (31) tained in a totally phenomenological way. This issue is cen-
tral and will motivate more discussion below.

B, E, ,
xa:E(e Tte "), xb=£(e”+e”), (30

ETmin Tmin
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Back to photoproduction, the momentum distribution of

the interacting object that comes from the positron vertex 107 pm ND ' ‘ ‘ '
(namely, the photon itself or its constituenis given by — - Fit1(STD)
——- Fit 2 (STD)

Xafa/e(xayﬂz):fszf dxyf dyG(y,Q%

Xxyfa/‘y(xy!Mz)a(xy_xa/y)v (35)

do/dn, (pb)
S

where the photon emission is described by the @y, Q?),
obtained in the EPA context, an@fa,y(xy,,uz) is the pho-
ton structure function, witx,, being the fraction of the pho- 10" F
ton momentum carried by partons.

The derivation of the photon flux can be found elsewhere
(see, for instancd,19]) and its integrated form reads 10"

— N
........... Fit 3(REN) . (b)
Fit4 (REN) |

G(V)Ef dQ*G(y,Q?)

2
max

a Q
= m{ [1+(1—y)2]lnﬂ—2(l—y)] , (36)

do/dn, (pb)
>

with Q2_, given by the experiment an@Z,,=nméy%(1-y),
so that Eq.(35) can be written as

X X
Xafa/e(xanﬂz):J dyG(Y)Vafa/y(Va,Mz). (37)

10

1. Cross section for the resolved component

The cross section for diffractive photoproduction relative FIG. 1. Rapidity distributions oé" emitted inW™ hadropro-
P P duction processes. The curves labeled ND refer to the nondiffrac-

to the resolved component can be obtained in an analogo S

he h : . . Y%e cross section. The other curves correspond to the result of
way to the hadroproduction expression, Egfl), but using diffractive production, with the labels indicating the respective

Pomeron structure function and flux factor used in the calculation

Er ' Er _ L (see text The vertical dotted lines establish the rapidity limits
xa—yxy—TS(e”’H-e” ), Xb_'gx")_ﬁ(e re ), within which the CDF measurements were performed.
(38)
fay (X, u?)=8(1—x 40
and Eq.(37) so that ar Xy %)= A1 =%, 40
do ) ) in Eqg. (39) and in the other cross sections for the resolved
EZJ dETJ dn deG(Y) component.

Note that, in this case, the Bjorken variable for the el-
do ementary process in leading orderxis=y. Another conse-
XJ dxpg(Xp) B o B, %)X, Fayy (X, 2 —, quence is that there is no direct component dor/dx,, in
dt leading order. This will have important implications for the
(399 comparison of theoretical calculations with experimental
data.
with integration limits established likewigénhe limits for the
variabley are given by the experiment
Diffractive photoproduction data are also given in terms IV. RESULTS AND DISCUSSION
of other cross sectionsjo/dE;, do/dW, do/dB, and
do/dx,, whose explicit expressions can be obtained from0
Eq. (39) with some appropriate change of variables.

In the following, we present the results of our calculations
f hard diffractive production processes whose cross sections
were discussed in the previous section. For all of them, we
have considered the four possibilities of Pomeron structure
function discussed in Sec. Il. As for the proton and photon
The cross section corresponding to the direct componerdtructure functions, we have used the Gluck-Reya-Vogt
is obtained just by replacing the photon structure function byGRV) (leading order parametrization§20,21].

2. Cross section for the direct component
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TABLE I. Diffractive production rates o¥W's (all values are given in percentages

STD STD REN REN
Experiment Rate Fit 1 Fit 2 Fit 3 Fit 4
(W's) (hard-hardl (free-delta (hard-hargl (free-zero
CDF (rap gap 1.15+0.55 3.12 3.54 0.53 0.58
A. Diffractive W’s and the CDF rate the CDF measurements two procedures have been used to

As mentioned before, diffractiviV production has been iSolate the diffractive events, one by the rapidity gap tech-
studied at the Tevatron collider/6=1.8 TeV) by the CDF  Nique[22] and the other by using roman pots to detect the
Collaboration[15] in terms of a particular decay mode, that recoiling proton(or proton remnant[23]. The DO analysis
is, W—ev. The measurements were triggered by electrongv@s performed only by using the rapidity gap technique, but
(or positron with transversal energfE->20 GeV in the it includes rates for two energies/s=630 GeV andy/s
central region] »|<1.1, and corresponding to-<0.1. =1800 GeV[24]. In Table Il, the rates obtained by these

In Fig. 1, we show the results obtained with E¢@3)—  experiments are shown as well as the kinematical cuts imple-
(26) for the STD flux factor(upper parnt and for the REN mented in each case. We should notice, however, that the
flux factor (lower par). The calculations were performed CDF rate given in columia) is the only experimental value
with the CDF kinematical inputs, assuming that the Pomeroralready published; the others have to be taken as preliminary
is emitted by a proton directed towards the right hand sideresults.

Because of this fact, the™ distributions are boosted towards  In Figs. 2a)—2(d), we show the inclusive diffractive jet
negative rapidity, leaving an empty spatke characteristic cross section calculated with the Pomeron structure fuctions
rapidity gap for »>1.5. In the same figure, we show the given by fits 1-4(the kinematical cuts corresponding to each
cross section for nondiffractiviV production for compari- figure are identified by the letter in the top of the columns of
son. Table Il). The nondiffractive jet cross section calculated with

It is clearly seen in Fig. 1 that the diffractiv& produc- the respective kinematical cuts is also shown.
tion is more abundant for the STD flux than it is for the A characteristic feature of these calculations is that the
renormalized one in spite of the fact that the Pomeron strucresults obtained with the STD flux with both fits are much
ture function applied to the latter case is much richer inhigher than those given by the REN flux, whose fits in turn
guarks(see Sec. )l produce rates practically indistinguishable.

In Table I, we present the ratios of diffractive to nondif- From these curves, we have the ratios of diffractive to
fractive production rates calculated with the different combi-nondiffractive production rates given in Table Il to be com-
nations of flux factor with thd® structure function in com- pared with the experimental values. Again the values ob-
parison with the experimental value. The theoretical ratiogained with STD flux are much larger than the actual mea-
were obtained by integrating the cross sections shown in Figsurements while the results given by the REN flux are in
1 over the CDF limits—1.1<#%<1.1. As can be seen, the general agreement with the experiments.
calculations with the STD flux factor overestimate the ex-
perimental rate by factor of around 3. The results obtained C. Diffractive jets and ZEUS data
with the REN flux factor, on the contrary, are much closer to

the experimental value although a little below. The experimental data of diffractive photoproduction of

jets used in this analysis were obtained by the ZEUS Col-
laboration at the HERA experimef25], with the energy of
the y* p system between the limits 184NV<277 GeV and
Diffractive dijets rates were measured at the Tevatron colwith the photon virtuality restricted b@?<4 Ge\2. Other
lider by the CDF 22,23 and the DO Collaboration®4]. In kinematical variables that specify the outcomes of this ex-

B. Diffractive jets and Tevatron data

TABLE Il. Experimental data and respective kinematical cuts for different measurements of diffractive
production of dijets.

@ (b) (© (d)

Expt. CDF CDF DO DO

(rap gap (roman pots (630 GeV (1800 GeV
Rates 0.7%0.10 0.109-0.016 1-2 0.670.05
(%)
Rapidity -35<p<—1.8 -35<p<-1.8 —41<p<-16 —4.1<p<-16
Xp Xp<0.1 0.05<x;<0.1 Xp<<0.1 Xp<0.1
Et 20 GeV 10 GeV 12 GeV 12 GeV

min
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FIG. 2. Rapidity distributions of jets from hadroproduction pro- 150 ! / Voo
cesses. The curves labeled ND refer to the nondiffractive cross / / { : \
section(multiplied by a factor 10%). The other curves correspond ! // { { \
to the result of diffractive production, with the labels indicating the 100 - /,’ / \
respective Pomeron structure function and flux factor used in the 4 E \

. . e s s —
calculation. The letter on the top of each figure indicates the corre- 50 | / // : et e — :
sponding kinematical cuts presented in Table Il and applied to the /7 \"\\
calculations. 0 = . . . s ! !
2.0 -1.5 -1.0 0.5 0.0 0.5 1.0 15
periment are the following=1.5< 3’<1, EF'>=6 GeV, it

and 0.00%x,;=<0.03. Because of the asymmetry between FIG. 3. Rapidity distributions of jets from diffractive photopro-

thlgprSItron and prqton beam energig§,’=27.5 GeV and duction processes. The labels indicate the respective Pomeron struc-
Ep, =820 GeV(which correspond ta/s=300 GeV), the  ture function and flux factor used in the calculation. The experimen-
rapidity variable in the centelr—kc))f—lmbass systdmm.s) is  tal data were measured by the ZEUS Collaborafi2f.

given by 7°™S= 7'2%+ (1/2)InES/ES). obs 1o _

As mentioned before, the experimental differential cros97/dX, . Itis important to notice, however, that the curve
sections are given in terms dis/d 7, do/dW, do/dEr, who;e shape most qorresp.ond to yﬁledlstrlbuthn in Fig.
da/dB°s and do/dx°S. The superscript in the variables 4(c) is that one obtained with superhard gludfis 2). An

1 ')/ - . . . .
obs obs ;1 . . additional observation about the results of Figd)4is that
B°°% andx, ™ indicates that these are quantities not directly

; . the cross section for this case does not include the direct
measurable, but instead aobservablesobtained from the . ;
) . . S component since our calculation are performed only to lead-
jets kinematicgsee details in25]).

. _ ing order. It is known, however, that in next-to-leading order
In Fig. 3, we show the results afo/d et fqr both ?Q’TD .. the direct component presents an appreciable contribution for
and REN flux factors. Here appears a situation partially dif-
: : CaX,>0.75[26].
ferent from what we have seen in the previous cases: the”
results obtained with the STD flux continue to overestimate
the measured cross section by a large extent, but those ob-
tained by the REN flux are not compatible with the data as Taken as a whole, the results presented in Tables | and IlI
was previously observed in diffractive hadroproduction ofand in Figs. 1—-4 show that the combination of the STD flux
W's and jets. factor with the Pomeron structure functions obtained from
Basically the same features are seen in Fige—~4(d), in  fits 1 and 2 cannot describe the diffractive productiomMos

which we presentdo/dW, do/dE;, do/dB°S, and and jets discussed here. These results are systematically

D. Discussion

TABLE llI. Diffractive production rates of dijetall values are given in percentages

STD STD REN REN
Experiments Rates Fit 1 Fit 2 Fit 3 Fit 4
(Jets (hard-hardl (free-delta (hard-hardl (free-zerg
CDF (rap gap 0.75+0.10 15.3 6.33 0.62 0.52
CDF (roman pot$ 0.109+0.016 3.85 1.13 0.15 0.16
DO (630 GeV 1-2 154 6.41 0.87 0.71
DO (1800 GeV 0.67£0.05 16.6 6.14 0.65 0.57
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, ® data - ZEUS

L 1 1 1 1 1

1
02 03 04 05 06 07 08 09 10
OBS

Boss %, (GeV)

FIG. 4. Cross sections relative to diffractive photoproduction of jets in comparison to ZEU&84tAs in the other figures, the curve
labels indicate the respective Pomeron structure function and flux factor used in the calculation.

above the data, sometimes by an order of magnitude or more. In all of the cross section calculations presented above

Thus, a natural conclusion seems to be that the IS moddincluding, of course, the diffractive onesve have applied

with the STD flux factor is ruled out by the experimental the procedure usual in QCD-parton model of udiigas the

data. evolution scale in the structure functions. However, in order
The other general observation is that the results obtainetb be consistent with the original propo$al], in diffractive

with the REN flux factor and fits 3 and 4 are in a reasonablephotoproduction calculations we must assign to @fede-

agreement with the diffractive hadroproduction data, but thependence that belongs to renormalization factor@eval-

same theoretical scheme fails to describe diffractive photoues referring to the ZEUS experimdi@5].

production. In fact, there is a problem about which value to choose
Since the renormalization procedure is usually presentegince Q?<4 Ge\?, with the median value of Q?

as a way of reconciling the Ingelman-Schlein approach with~=10"2 Ge\? [25]. Even in disagreement with the data, the

experimental observatior(and, in fact, it seems to work in curves shown in Figs. 3 and 4 represent the most favorable

hadroproductio) the question is why such a failure happenssituation, which corresponds to putti@f=4 Ge\~. If one

in diffractive photoproduction. The explanation is in the applies the media?, these results are reduced to a really

renormalization factor itself and is given in the following. small fraction, 5 times lower than the curves presented. This
As pointed out in Sec. I, for the case of diffractive DIS, is easily understood from the fact th@€~0 in this kind of

the lower limit that enters in the definition of tliee)normal- experiment, and the small€? is, the larger the normaliza-

ization term, Eq(10), is xp_ =Q?Bs. In diffractive photo-  tion factor becomes, reducing considerably the calculated

production, we have é&ynamically similar process, except Cross section.
for the range of values assumed Bf, implying that the

definition ofx; _should be the same. In order to be clearer,, \,\on DIEERACTION: CLUES TO A NEW APPROACH
about the way the Pomeron structure function was obtained _ _
in the renormalized case, we rewrite K@) as A. Diffractive parton model
D(3) 20\ P B We propose here a new version of the Ingelman-Schlein

F277(8,Q%xp) = grenXp Xp, JF2(B,Q%), (4D model that, in our view, seems to be able of overcoming the

difficulties presented and discussed above.
. . First of all, we would like to state that the Pomeron flux

meaning that, in such a case, @€ dependence comes from factor, as it is presently established, is an ill-defined and
the DGLAP evolutionand from Xp implicit in the renor- misleading quantity that cannot be supported only by an

malization factor. analogy with the photon flux factgrhich seems to be the
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best justification for it or something alike. The concept is d?0s7p

interesting, but its definition in terms of thstandardl triple Tidwx, — [stolXe.Domp, (44)
Pomeron model leads to wrong resulés we have shown !

Maybe, in the future, QCD will provide a rigorous definition

for the Pomeron flux factor but, at the moment, we see NQvhich has been known from long ago to violate unitarity. Let

reason to keep it. : -
: . . . me that th rrections n r make this cr
We think that, starting from the idea that the Pomeron |suS assume that the corrections necessary to make this cross

; section compatible with the data at® principle) known
cor}stltuted of quarks and gluqns, what one reaIIy_needs Bom some physical effectscreening corrections, flavoring,
estimatethe measured hard diffraction cross sections is aetc) and that they can be represented by a functs)
probability distributionthat would connect hard interactions whi.ch depends only on the energy, such that '
that occur at the partonic level to the hadronic level at which '
diffractive processes are detected. We propose that such a
distribution be given by th@ormalizedfunction 2Pt 1 dosrp

S
dtdx, C(s) dtdxp

(45
1 dza'gépt

expt -
oxptdt dx

Fso(xp,t)= (42)

The functionC(s) must not be confused with the renormal-
ization factorN(x]pmin) at this point.

where o23P! represents the single diffractive cross section Implicit in Eq. (45), there is the assumption that the
integrated over only one hemisphere. The other term is, ofindt dependences given by the STD model are in agreement
course, the differential cross section, which we assume to baith the data and that the real problem has to do only with
known and which is, in principle, in agreement with the ex-the energy dependence. This assumption seems to be sup-
perimental datdthat is what the superscrigtxptmeans. ported by the analysis presented #v].

Let us call this quantity, defined by E@2), Fq(Xp,t), For simplicity of reasoning, let us momentarily assume
the diffraction factorsince it represents the probability dis- that the Pomeron-proton cross section is constapj= o,
tribution that a diffractive interaction takes place. Once the(which, in fact, it approximately js From these hypotheses,
diffraction factor is known, we propose that the cross sectiorwe can extract two results:
of hard diffraction processes is the result of the convolution Result 1.By replacing Eq.(45) with Eq. (44) into Eq.
product (42), one obtains

fsro(Xp,t)

0
maxj fsrp(Xp,t)dxpdt
t=—o0

min

. (46

( d?c

dXPdt)HD:FSd(Xllyt)@)ihard! (43) Fsd(x‘lj’t)z jxﬂ)

Xp

in which iha,d stands for all elementary cross sections in-
volved in the specific process under consideration. OperaNhiCh is the same expression of the renormalized flux factor,
tionally, Eq. (43) represents what has already been done irEd. (9), but in which it is imposed that;, . =(m,+m,)’/s
Sec. Il if one replaces the Pomeron flux factor by the dif-always, that is, by definition.
fraction factor here introduced, since the convolution product Result 2.Now, by integrating Eq(45), one gets
is conceived to be taken in the same sense of(#0).

Equation(43) is, of course, reminiscent of the IS expres-
sion, with the exception of the normalization that, in this .o
case, is established hy2%P' instead of the Pomeron-proton oo C(
cross sectiomrpy, Which is the original assumptiaef. [1]).
However, this small change implies two important differ-
ences:(1) Fgy(xp,t) is a normalized distribution by con- . , ,
struction, and(2) o®"' is an experimentally observable oM which we see thaC(s) will be the same abi(x;, ) if
quantity while oy, is a model-dependent one. In order to (and only if o54"'= 0%, and that means¢i'is a constant.
have a brief form to refer to it, we are going to call the From this reasoning, one can obtain the renormalized expres-
combination of Eq(43) with Eq. (42) the diffractive parton sion for soft diffraction in two steps: first, one assumes that
model (DPM). oXP'= o, and determine€(s) from Eq. (47), and second,

Now, we intend to show that the renormalized flux factorone replace<(s) so obtained in Eq(45). In the resultant
is nothing but an approximate expression for the diffractionexpressiongp, is not assumed to be constant anymore, but a
factorF¢4(xp,t). In order to do that, let us turn our attention constant factor; that is, part of it is adjusted according to the
to the single diffractive cross section as it is given by the(CERN) Intersecting Storage RindSR) data(cf. [11]).
standard Regge theory, Let us discuss these results, starting from the second. By

0 XPax 0
f f fsrolxp,t)dxpdt,  (47)
S) Xp o t=—o
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looking at the energy dependence of &' data? we see 200 ‘ ‘
two different behaviors: from low energies up to the ISR | * g‘i“t‘;'(ggﬁ)s“”‘”
energies, the cross section is clearly increasing, but from the 5o [— Fit4@PM) |

ISR to the Tevatron energies, it is pratically constéalt
though data are really scarce in such a regidine latter is 2
the region in which the renormalization scheme is applied, 5 ;50| /|-
which is consistent with the above argumentation. In fact, thes
energy dependence obtained for the renormalized cross ser® } I
tion is really mild, changing very little over a range of prac- 50 }HH‘HHHH
tically 10* GeV (see Fig. 1 of11]). {

Of course, all of this is valid only under the supposition H
that oS3P" follows this almost constant trend also in the 00 15 10 05 00 05 10 1s
empty region between the ISR and the Tevatron data. If that um
is not true and the cross section has some strong variations in
this nonobserved region and/or beyond the Tevatron energy, FIG. 5. Rapidity distributions of jets from diffractive photopro-
then the renormalization scheme is not valid for soft diffrac-duction processes. The labels indicate the respective Pomeron struc-
tion anymore. In this case, it would be necessary to have E\Jre function used in the calculation, but with the redefinition dis-
function C(s) different from the renormalization factor cussed in the text. The experimental data were measured by the

N(xp_), which would represent such variations. But inde-ZEUS Collaboratior]25]. For the dotted curve, its components are
Emi” ’I fthat f . he diff ion f . by E also shown the direct contributiothachured argaand resolved
pendently of that function, the diffraction factor given by Eq. contribution(shaded area

(46) (in other words, the renormalized flux factawvould
remain the same. Therefore, so far the conclusion is that even 2¢
if the renormalization procedure were not the correct solu- HD ~ (,8_5)
. Lo . . ; N2 (xp )=~cC, , (49
tion for the unitarization of the soft diffractive cross section, min Q?
the renormalized flux factor would remain valid as an ap-
proximate expression fdE¢y(Xp,t). which refer to soft and hard diffraction, respectivety @nd

C, are just constant factors

Based on the above equations, we see that an approximate

B. Application to diffractive photoproduction form for Eq. (41) is
The preceding discussion allows us to change the line of
argumentation and the way of looking at the theoretical re- FE’“)(,B,QZ,XH))%M Fl(8.Q%), (50)
sults presented here so as to put in evidence the diffractive NHD(x]pmin)

parton model given by Eq$42) and(43). From this point of
view, we have already shown that the DPM was able to givevhich can be rewritten as
a reasonable description of the diffractive hadroproduction of
W'’s and jets through an approximate expression for the dif- D(3) ) gsto(Xp) [ Q%2 P )
fraction factor given by Eq(46) or, in other words, by the F2(B.Q ,XP)“W B Fo(B8,Q) |,
renormalized flux factor. Prmin

Now we are going to show that, despite the difficulties (52)
pointed out previously, it is possible to give a reasonableexcept for constant factors.
description for diffractive photoproduction with the same pa- Therefore, we see that the term above between square
rametrizations for the Pomeron structure function obtainegyackets can be reinterpreted as an effective parametrization
with the REN flux factor i[9], but by applying the DPM. In ¢4 the pPomeron structure function, in which B depen-
order to explain how that is possible, we need to consider thgence comes from both the renormalization factor and the
renormalization procedure again. For the sake of simplicitypg ap equations. The term on the lefigo/NS2, repre-

instead of using the full expression given by Efl), let US  gents nothing but the diffraction factor as it is given by Eq.
take for N(xpmin) the approximate formulas given in Ref. (46) (integrated ovet, of course.
[11], The above reasoning is a simplification to understand
SD 2 what has actually been done. In summary, we have consid-
N> (Xp,,) ~C1S (48 ered theQ? dependence that comes from the renormalization
factor as part of the Pomeron structure function and, as such,
it has worked as the evolution scale in the photoproduction
and calculations as well. By doing so, we hag#ectivelyestab-
lished NSD(x]pmm) as the unique renormalization factor,
which is consistent with the DPM.
“We remind the reader that the experimental data of single dif- By applying this procedure to the formalism described in
fractive cross section are conventionally established cag,  Sec. lll C, we have obtained the results for diffractive pho-
=20%%P, toproduction of dijets shown in Figs. 5 and 6. In Fig. 5, we
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FIG. 6. Cross sections relative to diffractive photoproduction of jets in comparison to ZEUf8atahe Pomeron structure function
used in the calculations is the same as in Fig. 5.

show the results fodo/d 7, in comparison with the ZEUS diffractive production rates measured at the HERA and
data. As explained in Sec. lll, these results are obtained byevatron colliders. In order to do that, we suggested a new
summing up the direct and the resolved components. To ilapproach which represents a sort of modification in the
lustrate the importance of taking into account both contribuingelman-Schlein model.

tions, we show these components for the dashed curve as a One (obvioug weak point in the discussion presented in
hachured areadirect componentand as a shaded aré&-  gec. v A is that we do not make any attempt to determine

zglr\rgegtig?gqvl?/icmetﬂtezhalg arr‘]%"\;ht:ri itlsqenoonz{:rcgi rueitsul/tvsh;rs%:[he functionC(s) without the renormalization scheme. Fur-
P 2 guity thermore, we assumed that all corrections could be concen-
ever about how to treat th@“ dependence.

In Figs. 6a)—6(d), we show again the results fder/dW, trated in this factorized funct.ion which would depepd o'nlly
do/dEr, do/dBoPs, anddo/dx‘;bs, but now obtained with  ©" the energy. Of course, this represe_n_ts an oversimplifica-
this new procedure of calculation. From Figga)gand &b), tion of what really happens, but the sp_lrlt was to s_how by a
we could say again that compatibility with data is achievedSOrt Of toy model that, even not knowing everything about
[less for Fig. €b)], but the same does not happen for the datghe physics of these corrections, it is possible to find some
of Figs. Gc) and &d). In order to describe the data exhibited acceptable justification for the renormalized flux factor
in Fig. 6(c), a superhard distribution for gluons seems to bewithin the DPM scheme.
indispensable. Such a distribution is very likely to affect also  The real solution might beit certainly i9 something
the results shown in Fig.(8), which would tend to become much more elaborate like, for instance, Tan’s “flavoring”
harder, providing a better description for the data. Howevermodel[28], the “damping factor” proposed by Erhan and
as mgntioned earlier, next-to-leading order calculations fokch|ein [29], or the “screening corrections” of Gotsman,
the direct component would be necessary. Levin, and Mao{30] (or even something elseWhatever is

_Even not obtainning a perfect description of the data, Wepe “right” solution for the problem of soft diffraction uni-
think that the combination of these resulshown in Figs. 5 4, ation, the calculational scheme represented by @@s.
and 6 with the results previously shown for diffractive ha- and (43) would remain basically the same since it does not
droproduction composes a picture from which it is possibleyenend on the particular model used to describe the single
to appreciate the possibilities of the DPM. diffractive cross sectiofas long as such a model will be able
to provide a good description of the experimental gata

The basic idea underlying our proposal is that the prob-
ability of having a diffractive & rapidity gap event in soft

We have presented in this paper an analysis of hard difer hard diffraction can be represented, in a good approxima-
fractive processes with the aim of describing tend dijet  tion, by the same function. In our approach, it is given by the

VI. CONCLUDING REMARKS
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diffraction factor here defined. We have shown that, with
this idea, it is possible to give an acceptable description oab—W—ev, are
the experimental data for both hadroproduction and photo-

PHYSICAL REVIEW [B0 054005

The Mandelstam variables for the elementary process,

production in hard diffractive interactions.
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APPENDIX: DIFFRACTIVE HADROPRODUCTION OF W=*

1. Nondiffractive W production

s=(pa+Pp) =M, (A8)
) M3
t=(pe~pa)?=——5"(1-cosh),
(A9)
. M3
U= (Pe—Pp)?=— TW(lJrcosﬁ),
(A10)

In order to calculate the cross section for the reactiondnd therefore. we ha\mxbdf—xb/\/Kz—_ldE d7., where
’ [l - T e

(22), we start by dealing with the expression for thendif-

fractive production ofW'’s:

do=3 [ ax, [ dxfapxa) o0

do A
Xg(abHWHev)dt.

A is defined as

My
A= 26 (A1l
Such a change of variables allows one to rewrite (Bd.) as
(A1)

do
dne ;) dETJ' dXafarp(Xa) forp(Xp)
In this equationf;;a(X;) refers to the distribution of partons A
i in hadronA. In the hadron c.m.s., the total, longitudinal, Xp do
and transversal energies of the electi@n positron are X = —(ab—W—ev). (A12)
. . VA“—1 dt
given, respectively, by
N Now, from Egs.(A4) and Eq.(All), one obtains
s
E.= T[xa(1+ cos6)+xp(1— cosb)], (A2) JATZ1
cosf==* A (A13)
Vs
EL= 7 [Xa(1+4 cosf) —xy(1— coso)], Of course, the positive or negative signs indicate the direc-
(A3) tion in which the electrorior positron is being emitted. This
sign is chosen according to the following criterion: as a re-
M sult of helicity conservation, the electron is preferentially
Er= TWSiI’l 6, (A4)  emitted in the proton beam direction, such that in the case of
W~ —e” v, one should use
in which the constrains=x,x,s=M3, has been used and N1

where 6 is the electron scattering angle with respect to the

cosf= + (Al14)

A

proton beam directiofwhich, in this paper, is assumed to be

the positivez direction. From the expression for the electron

rapidity,

Eet+EL
Er

7e=In

and using Egs(A2)—(A4), one gets
My /[1—cosé
xaze”eT 1+ cosé
s

and

M% My [1+cosh
Xb:—:e e _
XaS Js Y 1-cosd

By applying such a criterion to the case \Wf~ produc-
tion, from Eqgs.(A6)—(A10) one gets

(A5) xa=eﬂe“jXV(A— JAZ-T), (A15)
S
_, My
Xp=e e NG (A+A’—1), (A16)
(A6) >
fJ=—;(l+cose)=—ETMW(A+\/A2—1), (A17)
(A7) t=- ;(1—c056) =—EMy(A—JAZ-1). (A18)
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Similarly, in the reactionW" —e™ v, the positron is pref-
erentially produced in the antiproton direction, such that

A—-1

cosf=— A

(A19)

Thus, in the case oV' production, Eqs(A6)—(A10) give

=e”eMW(A+ JAZZ 1), (A20)
\Js
_. My
Xp=e Te—(A—A’—1), (A21)
Js
U= —E:My(A—JAZ-1), (A22)
w(A+AZ—1). (A23)

The elementary cross section ffproduction is given by

do 1 G2 .
—=—08(Xa— \ZN/XbS) mvgb\/zy

0 Xes (A24)

where My is the W mass,V,;, is the Kobayashi-Maskawa
matrix elementGr is the Fermi constant, anld,y is the W
decay width. In Eq(A24), variablev stands foru or t ac-
cording tow~ or W* production, respectively.

In summary, the cross section f&f~ production is

do_s JdE foro(Xa) Fo(Xp) Va G |
d77e = T ta/p\”~a)lb/p\ b GSFWMW ’—Az—l,
(A25)

for which Egs.(A15)—(A18) apply. For the case oV* pro-
duction, the cross section is

PHYSICAL REVIEW B0 054005

do_s def (Xa) Fo/s(Xs) Va Gr | P2
d77e = Tha/p\7~a/) ' b/p\ b GSFWMW —Az—ll

(A26)
with Egs.(A20)—(A23).

2. Diffractive W production

From the discussion above, the cross section for the dif-
fractive case is easily obtained. Introducing the prescription
established by Eq920) and (21) into the expressions de-
rived above, the cross section for diffractiVé production
becomes

—E dxpg(Xp) J’dETfa/P(Xa)fb/TXb)

d77e
Vi,GE | t3(0?
ab™~F ( )’ (A27)
6sI'wMw]| AZ—1
whereg(xp) is the integrated flux factor and
Mye’e
A+ AZTTT), (A28)
(\/EXP
M e e
Wf (AT AZ=1). (A29)

We remind the reader that, in the definition of these vari-
ables, it is assumed that the Pomeron is emitted by the proton
and thatW production is the result df— p interactiongas in

the CDF experiment The choice of signs and of the vari-

ablest andu proceeds in the same way as in the nondiffrac-
tive case.
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