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Diffractive hadroproduction of dijets and W's at the Fermilab Tevatron collider
and the Pomeron structure function
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Results from a phenomenological analysis of dijet &ichard diffractive hadroproduction at Fermilab
Tevatron energies are reported. The theoretical framework employed here is a modified version of the
Ingelman-Schlein approach which includes Dokhshitzer-Gribov-Lipatov-Altarelli-Parisi—evolved structure
functions. Different from what has been achieved by the DEYHERA reactions, a reasonable overall
description of such diffractive hadron processes is obtained only when a complex, quark-rich Pomeron struc-
ture function is employed in the calculation.
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[. INTRODUCTION precise data of diffractive deep inelastic scatter{iiyS)
have imposed severe restrictions on the Pomeron structure
Regge phenomenology is well known for providing a suit-function making more evident the impossibility to readily
able and economical theoretical framework for the descriptransfer the partonic densities so obtained to hadronic pro-
tion of soft hadron diffractive processes at high energiescess calculations.
Single Pomeron exchange plus a few secondary Reggeon Our group’s analysis of the diffractive DIS data have
contributions are enough to describe a variety of hadroni§hown that, at low values of the QCD evolution scale, the
reactions(see, for instancd1] and references thergin Pomeron is predominantly composed by gluons with a hard
The situation becomes much more intricate when ondliStribution, in agreement with other studiesee[6] and
considershard diffractive processes by which, according to ref_erences _there)_nTh|s result IS corroborated by the calcu-
the Ingelman-SchleifiS) picture[2], the Pomeron structure lations of diffractive cross sections for photoproduct{a

itself is probed. Difficulties arise when one tries to obtain a%nednfﬁiiﬁr?ﬁéog;g'gﬁ]e(g ggfés' I‘g::ﬁg gl)erlr?eggr??s ?gseuer;]e d
unified description for diffractive processes starting with 9 :

both electron- or positron-protore ) and antiproton-proton The adven_t of new data produced by the DO C_oIIab_ora_non
— . , ) [9] have motivated us to perform a new analysis, this time
(pp) collisions, respectively, studied at the DE®Y col- restricted to the Tevatron data.

lider HERA and Fermilab Tevatron colliders. Although sev-  Trus. we report here results of a study on diffractive ha-

eral theoretical approaches have successfuly been employe%production of dijets antV’s by using the IS model, with

to describe different aspects of hard diffraction revealed bbokhshitzer-Gribov-Lipatov-AItareIIi-Paris(DGLAP) evo-

the ep HERA reactiond3], some of them based on Regge |ytion [10] included, but disconnected from the HERA data
theory, diffractive hadroproduction continues to be one of theanalysis just mentionekb]. In fact, in spite of our efforts it
most challenging topics in hadron dynamics. was impossible to reconcile both analyses. We take this fail-

In effect, most of the theoretical approaches which arge 1o produce a unified description as an additional indica-
able to describe the HERA data are not readily translatable tgyn of the theoretical problems alluded before.

diffractive hadron physics. Models based on the Regge The interesting point, however, is that if one takes the
theory, in particular, are presumably affected by a lack ofpomeron as predominantly composed by quarks at a low
validity for QCD factorization in the hadronic diffraction do- cp evolution scale, a reasonable overall description of dif-

main[4]. In spite of these difficulties, such models establishgactive hadroproduction data is achieved. This is what is
the phenomenological picture most of the event generatorghown below.

currently employed in data analysis of hard diffractive hadro-
production are based upon. Probably this is so because these
models have been able to provide an effective description for
such processes. In fact, that is one of the underlying assump- Our starting point is the generic cross section for a pro-
tions of the present paper. cess in which partons of two hadrorn&s,and B, interact to
This Brief Report is a sequel to a previous wdfq in  produce jetdor Ws), A+B—Jets (W) + X, that is
which we have tried to perform a global analysis by a modi-
fied version of the IS model, including processes initiated by 5 5
both ep and pp collisions. By that time, the available data d‘f_a’bE’C’d fara(Xa, u)dXafpyp(Xp, 1) dXy
were not so stringent such that one could speculate about an (1)
unique model to be sufficient. Since then, more and more
From this very basic expression we derive all of the others
necessary to describe the specific processes we are interested
*Presently at DESY, Hamburg, Germany. in.

II. CROSS SECTIONS

do—abﬂcd(W) di
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A. Diffractive dijet production from a single Pomeron
exchange

In the case of dijet production, the cross section can be

put in terms of the dijet rapiditiesz{, ') and transversal
energyE+:

do ETmax > W/
—] = dET | "™d7n'x,
dn jj partons J Erpn Mhin
2 2 d(}
X Faa(Xa, 09) XpFos(Xp » %) T (2
i
where
BT e ) Tenre’), (@
X,=—(e e . Xp=—=(e7te?),
a \/g b \/g
with
Er Vs—Eqe "
In———<7»'<ln—— (4)
\/E_ET677] g ET
and
Js
Er L (5

being thatEs ., and the » range are determined by the
experimental cuts.

Equations(2)—(5) express the usual leading-order QCD
procedure to obtain th@on-diffractive dijet cross section
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do—SPE) jETmax 2 J 77/ Xpmax
= dEZ | "y
( d77 JJ a’bz'c'd ETmin ' ”;ni” 77 X“jmin
X dxpg(Xp) Baf arp( Ba %) Xp T /p(Xp , 1)
d‘}ab—»cd)
X| ——— (8)
“a

i
where B,= X, /X with X, andx,, given by Eq.(3) andxu)mm,
andx]pmax established by the experimental cuts.

B. Diffractive hadroproduction of W=

W= diffractive production is here considered by the reac-

tion p+p—p+W(—ev)+X. It is assumed that a Pomeron
emitted by a proton in the positivedirection interacts with

a p producingW= that subsequently decays inéd v. The
detection of this reaction is triggered by the lepta (or
e”) that appears boosted towards negativérapidity) in
coincidence with a rapidity gap in the right hemisphere.

By using the same concept of the convoluted structure
function, the diffractive cross section for the inclusive lepton
production for this process becoméd]

(d“SD _y [
Xp

e 006) [ QB 6a. %)
e lepton ab

f2

VAZ—1'

VauGF
6sl'\y

X fiyp(Xp 2 1£%) (©)

where

(next-to-leading-order contributions are not essential for the

present purposes; see RE)). In order to obtain the corre-
sponding expression fodiffractive processes, we assume
that one of the hadrons, say hadrén emits a Pomeron
whose partons interact with partons of the hadBnThus
the parton distribution,f 5 a(Xa, %) in Eq. (2) is replaced

by the convolution between a putative distribution of partons

in the PomerongBf,p»(B,12), and the “emission rate” of
Pomerons byA, fp(xp,t). This last quantityfp(xp,t), is

the so-called Pomeron flux factor whose explicit formulation
in terms of Regge theory is given ahead. The whole proce-

dure implies that
Xafa/A(Xavaz):j dX]Pj d,Bj dtfp(xp,t)
2 Xa
X Blap(B.u )5(,8— X—), (6)
P
and, definingg(xp)=/°..dtfs(xp,t), one obtains

X X
Xafa/A(XaaMZ):f dXPQ(XIJX—ifa/P(X—i,MZ)- (7)

By inserting the above structure function into Eg) one

M We"?e

A= A+ \(AZ-1)],
X (ng]p)[ ( )]

(10

M We_ e

\/g [AI V(A _1)]1

Xp (11

and

t=—EMu[A+(AZ-1)]

with A=M/2E+. The upper signs in Eqg10) and (11)
refer to W™ production (that is, e™ detection. The corre-
sponding cross section fo¥~ is obtained by using the lower

signs and < U (see the Appendix ifi5]).

(12

C. The Pomeron flux factor

An important element of this approach is the Pomeron
flux factor, introduced in Eq6). It has some peculiar aspects
that deserve to be pointed out.

First of all, the expression for this term was originally
proposed to be taken from the invariant cross section of
(soft) diffractive dissociation processes as it is given by the

obtains the cross section for diffractive hadroproduction oftriple Pomeron moddR]. The rationale for that can be put in

dijets via a single Pomeron exchange as

terms of an analogy with the photon flux factor, this one
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derived from QED. The basic idea is that, similarly to what TABLE Il. Data versus model results corresponding to the DO
happens to the electrdior positron in photoproduction, the experiment. The experimental data are from R@f.and the model
proton in a diffractive interaction is scattered at very smallcalculations were performed withEy, =15 GeV for s
angles and practically does not take part in the effective re=1800 GeV andEy =12 GeV for Js=630 GeV. In both cases,
action. Analogously to the emission of photons and to thex;<0.1.

idea of equivalent photon flux defined in QED, one can think
of hadron diffraction in terms of Pomeron emission and theys (GeV) Rapidity Data(%) Model
“Pomeron flux factor.” This pictureand the IS model as a

realization of i} has been successfully employed to the had-+800 |7|>1.6 0.65-0.04 0.90

ron vertex in some HERA diffractive processes, such as lead:800 |7l<1.0 0.2250.05 0.37
ing baryon production and diffractive DI®], photoproduc- |7|>1.6 1.15£0.08 1.80
630 |7]<1.0 0.90-0.06 0.98

tion [7], and electroproductiof8].

However, such an approach is affected by a problem
which is mostly concerned with its energy dependence. As it
is theoretically well known from very long, the triple
Pomeron integrated cross section violates unitdfigj, al- The Pomeron structure function has been established as a
though itsx, andt dependences seem to be in good agreethree-ﬂavor quark singlet at the initial scale, chosen to be
ment with the available dafd.3]. In order to overcome this Q=2 Ge\Z, with the gluon component being generated by
unitarity violation issue, we follow here the “renormaliza- DGLAP evolution. Thus, no initial gluon distribution has
tion” procedure originally proposed ifil4] and further dis- been assumed. The parametrization used for the initial quark
cussed if13], that is distribuition was

) Q3 =[A — A.B2)+B.(1— B)B21430-001
(%o t) = f(xp.H) _ 13 BE(B,Q3)=[A,exp —A8%) +By(1-B)®2]B

f f " f(xp Ddxpdt +Crexl — Cy(1-B)2(1-B)°% (16
Xp. t=0

which includes different amounts of soft, hard, and superhard
} L profiles according to the chosen parameters. The results pre-
For the “unnormalized” flux factorf(x;,t), we take the  gented below were obtained with the following parameters:

D. The Pomeron structure function

Donnachie-Landshoff parametrizatiphb], A;=4.75 andA,=228.4 for the soft part3,;=1.14 andB,
=0.55 for the hard one, and finallg;=2.87 andC,=100
35 for the superhard term.
f(xp,t)= —ZFf(t)x]pl‘Z“W) (14 Wherever necessary, DGLAP evolution of the Pomeron
Am parton densities has been processed by using the program
QCDNUM [16]. For the proton(or antiproton, when was the
whereF (t) is the Dirac form factor, cas@, the parton densities were taken from the parametriza-

tions given in Ref[17].
(Am?—2.7%) 1

(4m2_t) (1_L)2
0.71

(15 Ill. RESULTS AND DISCUSSION

Fi(t)=

In the following, we present our predictions for hard dif-
fractive production olW’s and dijets based on the previous

) ) o discussion. These predictions are compared with experimen-
Notice that, by choosing the renormalization procedureiy| data from Refs[9,18,19 in Tables I-Ill.

Bo does need to be specified since it is crossed out as well as | Taple | the difficulty in obtaining a perfect and simul-
the other constant factors appearing in Etf). Yet about  aneous description of botW and dijet production is evi-
this equation, our choice for the Pomeron trajectory has beeflent, The situation is much better, however, when one con-
ap(t)=1.2+0.23, which is compatible with both Tevatron sjgers only jets. Besides the agreement exhibited in Table |
and HERA data. for the CDF experiment, consistency is also found with the
DO results(Tables Il and 11).

TABLE |. Data versus model predictions. Diffractiv&’s and
dijets were measured afs=1800 GeV by the CDF Collaboration TABLE Ill. Experimental ratios versus model results corre-
[18,19. In both casest;<0.1 andETminz 20 GeV. For the case of sponding to the DO experiment. Data are from Ref.
W production,ETmin refers to the detected lepton while for dijet

production it refers to the detected jet. Ratios Data%) Model
: — 630/1800| 7|>1.6 1.850.2 2.0
Yield Rapidit Data(% Model
Pty 00 630/1800| 7| <1.0 4.1:0.9 2.7
W —1.1<p<1.1 1.15-0.55 0.35 1800 GeV|#|>1.6/7|<1.0 3.0£0.7 2.4
i ~35<y<—18 0.75:0.10 0.72 630 GeV|y|>1.6/7|<1.0 1.3:0.1 18
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In Table Il both forward and central dijet production at reasonable overall description of hard diffractive hadropro-
two energies are considered. For all cases, one sees that tthection by a model based on the Ingelman-Schlein approach
model predictions are close to the data, but slightly aboveonce a quark-rich Pomeron structure function is assumed and
This sort of discrepancy is expected since effects of experits DGLAP evolution performed. This result, i.e., the pre-
mental acceptance were not taken into account in thesgominance of quarks in the Pomeron “valence” distribution,
predicitions. Such effects would certainly reduce these theaalready obtained if5], is in conflict with the parametriza-
retically predicted rates, but it is difficult to estimate to whattions independently established from HERA dda 8]. This
extent. discrepancy may be seen as an additional indication of fac-

In Table Il is where the agreement between theory andorization breaking4] in hadronic diffraction. However, if
data is generally better. In this case, two kind of ratios arehat is the real reason, it is quite intriguing that the consis-
calculated: ratios between rates at different energies but @ance between the data and theory shown here is possible at
the same rapidity range and the reverse, ratios between ratah.
taken at the same energy but different rapidity ranges. The

better agreement here could be attr?but_ed to the fact that ACKNOWLEDGMENT
these ratios would cancel the normalization and acceptance
effects to some extent. We would like to thank the Brazilian governmental agen-

In summary, we have shown that it is possible to obtain acies CNPq and FAPESP for their financial support.
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