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Two mechanisms are examined for hard double “pomeron” exchange dijet production, the factorized model
of Ingelman-Schlein, and the nonfactorized model of lossless jet production which exhibits the Collins-
Frankfurt-Strikman mechanism. Comparisons between these two mechanisms are made of the total cross
section,E spectra, and mean rapidity spectra. For both mechanisms, several specific models are examined
with the cuts of the collider detector at Fermile®DF), DO, and representative cuts of CERN LHC. Distinct
qualitative differences are predicted by the two mechanisms for theyCDdpectra and for thE; spectra for
all three experimental cuts. The preliminary CDF and &@erimental data for this process are interpreted in
terms of these two mechanisms. The spectra of the CDF data are suggestive of domination by the factorized
Ingelman-Schlein mechanism, whereas thé B&@a show no greater preference for either mechanism. An
inconsistency is found among all the theoretical models in attempting to explain the ratio of the cross sections
given by the data from these two experiments.

PACS numbsefs): 13.85-t, 12.38.Qk, 13.87.Ce

[. INTRODUCTION tive hadronic physics, via the pomeron, also possesses per-
In diffractive hard scattering, the incident hadronefp  turbative properties that can be explained through perturba-

collisions and one or both hadrons p collisions partici-  tive QCD. _ _ _ o
pate in a hard interaction involving a very large momentum A primary goal of diffractive hard scattering physics is to
transfer, but nevertheless the respective hadrons emerge wighify the QCD picture of the pomeron with the phenomeno-

small transverse momenta and a loss of small fractions gPdical Regge physics descriptidifor a review of Regge
their longitudinal momenta. For such diffractive hard pro_phenomenology applied to diffractive physics please see

cesses, first comes a question of pure semantics of whethLa?fA])' Hard double pomeron exchang@PE) processes are

or not to say the diffractive proton exchanged a “pomeron.” useful in addressing this question, since it turns out the QCD

. L ; . and Regge physics description of these processes have some
Only one Pomeron has entitled historical rights to this name,;. . o . ) :
and that is the Pomeron of soft Regge phyditsZ] (also distinct qualitative differences, which are best expressed in

. the context of hard factorization.
fometlmeﬁ , called the soft Pome}oqReferenpe o a Recall, for a hard scattering factorized process, the effect
pomeron” in any other case exploits this established trade the two incoming particles act independently on the hard
mark as a mnemonic for describing some portion of the progyent [5,6]. The basic Regge physics motivated model of
cess in which a strong interaction scattering occurred thakarg diffractive processes is the Ingelman-Schlein model
involved the exchange of no quantum numbers except angy7], and this model assumes hard factorization. In their
lar momentum. In our discussion of diffractive hard scatter-model, diffractive scattering is attributed to the exchange of
ing, we will use the lower case pomeron in reference to & pomeron, which operationally is defined as a colorless ob-
process in which one or both incoming hadrons diffracts intgect with vacuum quantum numbers. Their model treats the
the final state along with a hard process. On the other hanghomeron like a real particle and so considers, for example,
the upper case Pomeron will be reserved for the vacuurthat a diffractive electron-proton collision is due to an
exchange trajectory of soft Regge phydits?]. electron-pomeron collision and that a diffractive hadron-
There is general belief that properties of the Pomeron rehadron collision is due to a proton-pomeron collision for
flect in the pomeron of diffractive hard scattering, although itsingle-sided diffraction and pomeron-pomeron collision for
is a central research question to identify the specifics. Spacelouble diffraction.
time arguments generically suggest that hard events are well For diffractive deep inelastic scattering, basic ideas of
localized in space and time. Thus it is expected that in dard factorization were outlined and diffractive parton distri-
diffractive hard process, the diffractive hadrons undergo efbution functions were defined {12,13.? A proof of factor-
fects similar to what they would encounter in a high-energyization for diffractive deep inelastic scatterif®IS) was
elastic scattering. As such, diffractive hard physics is ex-
pected to involve long-time, long distance, thus nonperturba-—
,t've’ p_hySICs. Nevgrthele_ss, that hard_ prlocesses Car\ OCCUEThejr model was motivated by a prior and seminal diffractive
intermittent to the diffractive scattering indicates that diffrac-y ;.4 scattering experiment by the UA8] and subsequently the
ideas of their model were first studied by a UA8 experimiit
Some other theoretical works at around the same time as this model
*Present address: Department of Physics and Astronomy, Univeglso had similar ideafl0,11].
sity of Edinburgh, Edinburgh EH9 3JZ, United Kingdom. Email °Closely related to diffractive parton distribution functions are
address: ab@ph.ed.ac.uk fracture functiong14].
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given in [15]. For hard diffraction in pure hadronic colli- hard factorization and the more specific Regge factorization
sions, Collins, Frankfurt, and StrikmafCFS [16] have [13]. In particular, the factorized Ingelman-Schlein DPE
demonstrated a counterargument to hard factorization. Theodel also is Regge factorizéd.

CFS mechanism is a leading twist effect in which all the For nonfactorization, one example outside of the CFS
momentum lost by the diffractive hadrons goes into the hardnechanism is the “flux renormalization” prescription of
event. An important feature about the CFS mechanism is th&goulianos[27], which arises due to a breakdown of the
it requires the color flow properties of QCD in an essentiallliPle-Regge theory for soft diffractive excitation. Also, non-
way. In general, the presence of color in QCD impliesfactorization is found in pre-QCD analysis of diffractive pro-
pomeron exchange in simplest form is a two gluon exchang&€SS€928l- An empirical analysis by Alvero, Collins, and
process[17,18. Necessarily, the simplest model of the Whitmore [29] of the preliminary Collider Detector at Fer-

pomeron must involve at least two partons in order to bén"ab (CDF) double diffractive dijet datq30,3Y] indicates

color singlet. The two-gluon pomeron model has a key prop:[hat hard factorization is violated in this process. In fact,

erty for anv pure hadron initiated reaction. which is a real_their analysis suggests for parton distribution functions that
y yp ' are most consistent over all diffractive processes, the experi-

ization of the CFS mechanism. Consider the hard DPE P'O%ental DPE dijet cross section is much less than expected by
cess h;h,—h;h,+hard, where hy,h, are the colliding ¢y ctorization. On the other hand, the nonfactorizing CFS
hadrons. The two gluons exchanged by are not both  nechanism should enhance the cross section. Nevertheless,
obliged to enter the hard event. Instead, one gluon may atne analysis if29] does not rule-out experimental realiza-
tach toh,. In this case, the two incoming hadrons no longertion of the CFS mechanism, since general understanding
act independently in inducing the hard event. By definitionfrom Regge models suggests that there is a large source of
of hard factorizatior{5,6], such a process is nonfactorizing. suppression which will emerge from effects generically
This mechanism was identified earlier by Frankfurt andtermed absorptive corrections. These effects are due to ex-
Strikman[19]. They originally referred to the nonfactorized changes of pomerons and gluons between particles in the
pomeron of CFS as the coherent pomeron. Subsequently, thasic model that possess very different rapidities, thus in
UAB8 presented result20] in which up to 30% of the dijet particular between the two incoming hadrons. As such, these
events in single-sided diffraction could be associated witheffects also are nonfactorizing. Actual computation of ab-
the coherent pomeron, which they in turn named the supersorptive corrections is nontrivial since they are nonperturba-
hard pomeron. With the hindsight of the UA8 experimenttive. Some work has been done to estimate their effects
and the ideas of CFS, ifl2] the CFS mechanism was ap- [32,33. A general conclusion of these works is that absorp-
plied to a toy quantum field theory model of diffractive dijet tive correction effects are independent of the hard kinematics
photoproduction, in which the pomeron was represented bynd weaklys dependent. As such, these effects should be
two gluon exchange. This work in turn, in turn, named thevery easy to distinguish from the (N)DPE process. Also,
nonfactorizing, alias superhard, alias coherent pomeron prahese effects only should shift, in particular decrease, the
cess as lossless diffractive hard scattering to emphasize th@alues of the cross sections from those computed in our basic
efficient transfer of the pomeron momentum to the hard promodels and the effect should be the same for either the
cess. F(IS)DPE or NL)DPE processes. In this paper, we are inter-
The CFS mechanism has been developed for hard DPE issted in examining qualitative differences between the
pp collisions for quark jets in[21] and gluon jets if22].  F(IS)DPE and NL)DPE processes, which are minimally
The gluon jet process was shown [i#2] to dominate the model dependent. For this we will examine &g and mean
quark jet process by several orders of magnitude. rapidity (y.) spectra for both processes and for the cuts of
The purpose of this paper is to examine for the DPE dijeCDF, DO and representative cuts for the CERN Large Had-
process, general differences between the factorized pomeraan Collider(LHC). We also will present total cross sections
model of Ingelman and Schlein(IB)DPE[7], and the non- for all the models and all the experimental cuts. Thus the
factorized pomeron model of lossless jet production of Berinterested reader can test any suppression factor from any
era and Colling22], N(L)DPE. Our notation specifies in the absorptive correction model that they wish.
context of hard factorization whether the process is factoriz- The reason that we do not give a demonstrative example
able, F, or nonfactorizable, N, and in parenthesis gives thef the overall absorptive correction suppression factor is that,
particular type of process. The latter specification is necesas will be seen in the sequel, for all the models that are
sary since there are several different types of factorizable anéxamined, we find disagreement in the ratios of the cross
nonfactorizable processes. Detailed discussions about th@ctions from those found in the available experimental data.
point are in[16,12,13,22,15,25,26As one example, factor- This discrepancy minimally is of order5. Present under-
ized processes first have a basic distinction between simpkfanding about absorptive corrections cannot explain this dis-
crepancy, since their effect only is to shift the cross sections
by the same overall correction factor which drops out in the

*The first nonfactorizing DPE two gluon model was developedrat'os' This discrepancy may reflect upon a limitation of our

before CFS for Higgs bosdr23] and heavy quark24] production.

Although the nonfactorizing mechanism is the same as that of CFS

[16] and[12,21,23, these earlier papers did not recognize the full “Hereafter, our usage of factorization without further specification
consequences of nonfactorization to the extent done by CFS. always means in the context of hard factorization.
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FIG. 2. Amplitude for inclusive two-jet production.

p+p—p' +p’ +2jets. (N
FIG. 1. Double pomeron exchang®PE) to two jets.

The proton and antiproton collide at high center of mass
partonic level calculations or other controllable theoreticalenergys=(P,+ PE)Z—WO, lose tiny fractionsxp, and Xp/,
sources, or it may be that since the experimental data is stibf their respective longitudinal momenta, and acquire trans-
preliminary, it may yet be modified. We will not attempt to verse moment®, and Q.. [This defines a diffractive re-
formulate any theoretical explanations for this discrepancyime, and in Regge theory would lead to an expectation of
found in this paper. Our modest goal is to examine the prethe dominance of double pomeron exchafB®E).] Using
dictions of the basic models, which up to now still have notlight-cone coordinates ,—;1), the components of mo-
adequately been done for these processes. Of special inter@sénta of the hadrons in Fig. 1 are
is to identify features that are minimally model dependent.

Furthermore, in light of the breakdown of hard factorization s M2
suggested ih29], it is important to know whether any fea- p= \[5 \/?;O
tures of the basic models are seen in the data. S
The paper is organized as follows. Section Il reviews the
kinematics of DPE dijet production and then models are pre- p— M2 \f())
V501
inclusive dijet cross section also is reviewed in Sec. Il and v2s
will be computed in later sections for comparison purposes. 2, 2
In Sec. Il the CDF and D@uts for DPE dijet production are P =] (1=xpn) s (MT+Qp)
reviewed and representative cuts for LHC are presented. In P Pl 2’(1—x‘|),p)\/2—s’ P

sented for the nonfactorized and factorized processes. The p

Sec. IV results of our calculations are presented for DPE and

inclusive dijetE; and mean rapidity spectra and total cross (M2+ sz) S
sections. Section IV A gives a general presentation of the P = p (1= Xp/0) \/:;Q>_
results, Sec. IV B examines the results in greater detail, and P (1—x]p,;)\/£, PPN2TEP
Sec. IV C compares our results with the preliminary data of 2

CDF and DO Finally, Sec. V presents our conclusions. Also

in the last part of Sec. V, we discuss limitations of our mod-Here we use bold-face type to indicate two-dimensional
els and compare with related models. Sections |V B andransverse momentum.

IV C present our results with considerable detail. For readers The jets carry large momenta of magnitulig in the
not wishing this much detail, the first part of Sec. V con-plane perpendicular to the collision axis with azimuthal
cisely summarizes the basic results before proceeding to givengle ¢. (This defines a hard-scattering regiin@he small

our conclusions about them. transfer of longitudinal momentum to the hard process im-
plies large rapidity gaps between the jets and the two outgo-
Il. MODELS ing hadrons. The momentum delivered by the two incoming

_ _ . . _ B partons to the hard collision that creates the jets is some
This section reviews the kinematics of DPE d|Jet prOdUC'portionX x- of the |Ongitudina| momentum fractionﬁ,
. pi2p Ip
tion and the formulas for the(FS)DPE and NL)DPE mod- Xp/p, respectively, 8x,<Xp,, 0<Xy<Xp/;. Thus for the
els, based on the presentation 22]. jets, ignoring terms of relative ordet1, the components of
their momenta are
A. Kinematics

. : s . . S S
FigThle DPE dijet process examined in this paper is shown in Dy= ( ax, \[E’b@\[i; E; cos,Er sin¢>,
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FIG. 3. Factorized(Ingelman-Schlein double pomeron ex-
chang€g F(IS)DPE] amplitude with two jets produced.

s s
bx, \/;,aXE\/Z; —Ercosg,—Ersing|, (3

p2=
where it is convenient to define
B 1+V1l—«
= > ,
b=1-a, (4)
with
AE2
= : 5
XpXpS
For later use, we define the ratios
X X5
p p
Bp= , =— (6)
P Xerp . Xpip

FIG. 4. Our model of the nonfactorizinglosslesy double
pomeron exchangeN(L)DPE] amplitude with two gluon jets pro-
duced.

ET( “Viye Y2)
x;=—(e e v2),
P s

and

1

K: cost(y_r2)" ©

B. Factorized (Ingleman-Schlein DPE-F(IS)DPE

To obtain the expression for the factorizélthgelman-
Schlein DPE[F(IS)DPE] dijet differential cross section, first
recall the inclusive dijet differential cross secti@fig. 2

d it

incl. T

dyidy,dEe s 2 L0 Ty (S,
+ fj/p(Xp)fi/pTXE)(}ij(%,f,l])]/(]_+ 5”_),
(10

It is conventional to describe the jet kinematics throughwheres is the c.m. energy between the two incoming had-

the transverse momentuly in Eq. (3) and the rapidity vari-
ables

yilmpl+ . lan
1= M, 2= S,
2" p; 2 p,

()

which sometimes are expressedyas=(y;+Y,)/2 andy_
=y, —VY.,. In terms of the jet rapidity variables arig};, we
have

ET(y1+yz)
Xp= —(&V1+€e¥2),
s

rons(here protons fi;n(xp), is the inclusive parton distribu-
tion functions for parton speciésn hadronh, andx, ,x, are
the parton momentum fractions relative to proton and anti-
proton, respectively, carried by the two partons going into

the hard interactiono;; is the parton 2 to 2 cross section for
parton speciesand]j with explicit expressions given if84].

In the IS picture, they regard the pomeron as a hadronic
particle. The pomeron is hypothesized to be created from the
incoming proton and carries some momentum frackpg,

h=p,p, of that proton’s longitudinal momentum. In DPE
hard expressions, one simply thinks of the collision of two
pomerons in the same way as any two incoming hadronic
particles. As such, the inclusive dijet expression, Ed)
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above, applies to this case with two modifications. Fgst an initial gluon distribution, C has in additiom tA a soft
now must be replaced by the appropriate c.m. energy for thquark distribution, and D has both additions to A. The final
two pomerons, which is precisekg,,XppS, Wheres here is  model, SG, has a gluon distribution that is peaked ngar
the CM energy between the two incoming protons. Second & 1. This form was motivated by the fit obtained by the H1
pomeron flux factor must be introduced, that expresses theollaboration. In36], they refer to it also as the “superhard

probability to find a pomeron inside the proton. gluon.”
With these considerations in mind, the expression for
F(IS)DPE dijet differential cross section {Eig. 3 C. Nonfactorized (Lossless DPE-N(L)DPE
dUgi%%)DPE - Our expression for the .(m)DPE dijet cross segtion is
— == f AXpypdXp/pf prp(Xprp) fprp(Xpyp) ——— based on the toy quantum field theory mode]2@] which in
dy,dy,dEzr Xp/pXp/pS effect is the model of Low-Nussinov-Gunion-Sopé#,18.
The N(L)DPE dijet cross section expression obtained here
X 2 [Fin( B Fn(Bp)oj(5,1,0) extends fron{22] to account for the one-loop Sudakov sup-
1

pression factor. We presented preliminary results with Suda-
N aaoa kov suppression ifi38]. Our treatment of Sudakov suppres-
Hp(Bp) Fin(Bp) oij(s,t,W]/(1+6j). (1) sjon is the same as by Martin, Ryskin, and KHbzg]. In
fact, at one-loop order the non-Abelian expression required
ere is the same as the Abelian expression of SudkdV
hich in the context of hard scattering was obtained earlier

In this expressiorx,,x, again are the momentum fractions
of the incoming partons relative to the respective protons an

By are the partc_)n m_omentum fraction W'.th respect to theby Collins[41]. The only difference is, the Abelian expres-
pomeron, as deﬁned n Ecﬁ); f”_P(Bh) now is the pomeron iyt be multiplied by an overall group theory factor to
parton distribution functionor; is the parton 2 to 2 cross account for the additional color degrees in the non-Abelian
section, which is the same as in the above inclusive case Eggge.

(10). Finally, fpn(xpn) is the pomeron flux factor. In our — For the NL)DPE model in Fig. 4x;;, andx,,; again are
work, we will use the pomeron flux factor of Donnachie andthe |ongitudinal momentum fractions lost by proton and an-

Landshoff [35]: tiproton, respectively. In difference to th¢l5)DPE case, the
bL DL momentum fractions for the incoming partons to the hard
Frrp(xp) = fP/E(XP) process are equal to those lost by the protegs; x;,, and
0 2 9 512 Xp=Xpjp Or equivalently g,=g,=1. Qualitatively this
:J dt% 4mp_2'&( 1 ) 1-2a(t) means all the momentum lost by the diffractive protons is
~1 442 4m§—t 1-1/0.7 r ' transferred into the hard process. This kinematics is similar

to the superhard component reported for the case of single-
(12} sided diffractive dijet production by the UAOQ].

where m,~0.938 GeV is the proton mass,B, Our expression for the (L\)DPE dijet differential cross

~1.8 GeV'!is the pomeron-quark coupling ame(t) = ap section Is

+0.2% is the pomeron trajectoryap is known as the dodijet |—|2 2
“pomeron’ intercept which for the soft Pomeron is; M:j 420, d?Q-—m (13)
~1.08 [37]. The pomeron parton densities used here are dE2dy_dy, P 2164 7EY

those of Alvero, Collins, Terron, and Whitmof@&CTW)
[36]. Their fits were to diffractive deep inelastic and diffrac- where
tive photoproduction of jets, in which was a free param-
eter that was fit to data and found to be~1.14. — ) %k . “
The ACTW fits are to five models, which covers a very M= _(_')f (ZT)zgp(K_Qp)gﬁkaﬁ)ei(k_Qp)fi
general set of possibilities. Retaining their notation, the mod-
els will be denoted as ACTW A, B, C, D, and SG. The X (—k—Qp)A(i,j;T)Fg(K?,EZ). (14)
precise description of these models can be found in Sec. IID
of their paper. In brief, the models A-D use conventionalHere, the “polarization” vectors are defined as
shapes for the initial distributions. Model A represents a con-
ventional hard quark parametrization, B has in addition to A

8In [39] two types of double diffractive dijet expressions are
given, which they call exclusive and inclusive. Both these expres-

SThere is another commonly used pomeron flux factor which is ofsions are nonfactorizing processes of the CFS type, with the exclu-
Ingelman and Schleifi7]. This differs from the DL flux factor sive case the same as oufLNDPE model. Their inclusive case
primarily in its normalization. However a change in the normaliza-implements the same two gluon nonfactorizing mechanism as their
tion factor completely is compensated for by changing the partorexclusive case. The difference is, for the inclusive case the incom-
densities by an inverse factor. Thus the parton densities are oling protons can diffract to any final state, provided there are rapidity
tained, for example i136], for a set of data without ang priori gaps between these final states and the hard process. This process is
expectations as to their normalization. not relevant to this paper.

014015-5



ARJUN BERERA PHYSICAL REVIEW D 62 014015

ki <0.095. On thet rapidity side, there is no Roman pot, only
ei(k):\/—'_z, (15 a rapidity gap requirement. Thus, in principle, there is no
k specified cuts on the outgoing diffractive hadron, hgréhat

. , ) . goes in the+ rapidity side. However, based on the rapidity
gn(k,Q) are hadronic form factors with the explicit expres- yo5 |ength on this side, they obtain the estimate 0.015
sions of our model in Eq$10)—(12) of [22], and A(i.};f) is <Xy,<0.035. The experiment places no explicit cuts on the
the hard amplitude. Two hard subprocesses are possiblgyet rapidity region. In our calculations, as our cuts, we will
9192 —09:9, and 91,9 —0:G,. The calculations in  ge the entire central detector regiem.2<y; ,y,<2.0.
[21,22 showed that the latter process gives zero contribution The CDFE double diffractive dijet experiment has three

to the NL)DPE dijet cross section when the final-state tranSyp,rtcomings in its interpretation as the DPE dijet process.
verse momentum of the two diffractive hadrons is zero. ThlsFirS,[ the lack of a Roman pot on the rapidity side to

should Suppress ql_Jark jet prpduction fe'?“."e to g_luon jeBetect the proton is a primary source of ambiguity in differ-
production. Ir{22] this expectation was explicitly confirmed. entiating rapidity gap events that involve diffractive excita-

Thus only theg;/gs— hard process is relevant for
N(L)DPEyprodSclzti%z}] T?]legéxplicit gxpressions i j:f) tion of the proton versus pomeron exchange. Second, a heu-
for this process are éiven in Appendix A [#2]. The ét;da- ristic guide for pomeron exchange is that in the diffractive
kov suppression factor iE<(k? E2), which at one-loop or- Eventxpyp ;=0.05. Above this limit other Regge exchanges
der is[41,39 S\hoETh may be important or the interpretation as a diffractive pro-
' cess altogether may be questioned. Based on this guide, the
(16) CDF Roman pot cuts on the diffractive antiproton, 0.04
<Xp/p<0.095, exceed the optimal region for interpretation
as pomeron exchange. Third, CDF does not implement on-
line jet triggering. Instead, they collect a sample of events

Fs(k?E2)=exd — S(k?,E?)],

where

3ag(E2) E2 that have @ track in the Roman pot and a rapidity gap in the
S(kZ,E$)= 7 2 Y (17) +rapidity, p, side. From these events, they separate those
& 4(k“+p) cases in which there are two jets in the central region with

i E;>7 GeV and discard the remaining data. Since generally

andu (=1 GeV) is a low-energy cutoff scale. jets are difficult objects to create and the central region typi-

The amplitudeM in Eq. (14) is fixed up to an overall cally is soft, most of the collected data is discarded. Further-
normalization which implicitly is specified through the had- more,E;>7 GeV is a relatively low transverse jet momen-
ronic form factorséh. Based on the same quantum field tum requirement for Tevatron jets and at this level jets are
theory model, an expression for the hadron-hadron elastidairly cloudy objects that may be difficult to reconstruct and
scattering amplitude can be determined and that expressigneasure precisely.
involves the same hadronic form factas. In fact this ex- D@ has been examining double diffractive dijet produc-
pression for the elastic-scattering amplitude essentially is thion at two center-of-mass energi¢s=630 and 1800 GeV
one of Low-Nussinoy17] and Gunion-Sopel8]. Thus the [45—48. Hereafter, these two cases will be referred to, re-
free parameter in our (\)DPE model that fixes the overall SPectively, as D®30 and DAB00. At present, the D@x-

normalization of M is chosen to yield the experimental penmgnt has no quan pdiso that D.PE d.'JEt producnon
— , , i operationally is defined as two hard jets in the final state
value of thepp forward elastic cross section. The details of \yhich are separated from both sides of the beamline by large

this procedure are given {i22]. rapidity gaps. The dijet cuts aé;>12 GeV for D630
and E;>15 GeV for DAL800 with |y,|,|y,|<1.0 for both
Ill. EXPERIMENTAL CUTS center-of-mass energies.

The DD approach has both an advantage and a disadvan-

This section reviews details about the CDF and BX3 i
periments that are relevant to the DPE dijet process. In part-age o the CDF approach. The advantage isipplements

. . n-line jet triggering. Th h r I mak mor
ticular, we state the cuts we will use to represent the CDIp e Jet triggering us, they are able to make a more

- ) ; efficient usage of their collected data sample. In addition 12
and DODPI.E dijet expenmentéA!go, cuts are given that are and 15 GeV jets are much better defined for identification by
representative cases for DPE dijets at LHC.

cone algorithms. The disadvantage of thé Bfproach is

CDF has presented results on double diffractive dijet Proyithout Roman pots the same ambiguities experienced by

duction[30,31,43,44 at 5=1800 GeV with transverse jet cpE arise here and are magnified. In particular uncertainty
energiesEr>7 GeV. The experiment has one Roman potyemaing about what portion of the double gap events are
on the—rapidity side, which detects the diffractive hadron,qopie diffractive, single diffractive/single pomeron ex-

here p, going in this direction with the cuts 0.8&p;,  change or double pomeron exchange. Moreover the mo-

"Some years back the UA1 also had reported on jet events with8n Run 11, which is expected to start in late 2000/ Gans to
double rapidity gaps ipp collisions at\s=630 GeV[42]. How- have Roman pots on both sides of the beamline to detect both the
ever, their reported results are insufficient to include in our analysisproton and antiprotof49].
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mentum fractions lost by the proton and antiproton are not<1.0, 0.002< Xy , Xpjp<0.01.

directly measured, so that in principle the experiment placegyc.o - Js=14000 GeV, E;>10 GeV, —1.0<y;.Y,
no rgstncnon on them. An upper bognd on the mom'er\tun1< 1.0, 0.000 06Xy ,Xp5<0.01.

fraction lost by thep andp can be estimated by examining
the maximum energy deposition in the hard event. From this,
it can be inferred45] that x;,, ,Xp;;=0.05. This bound is
consistent with the heuristic notion that a pomeron can carry |n this section, the results of our calculations are pre-
no more than~5% of the diffractive hadron’s momentum. sented. Then, various cross checks and features of the results
For the DOcuts used in our calculations, we will use the are discussed. Finally a qualitative comparison is made of
upper boundk ,Xpp<xp-=0.05. The jeE+ requirements  our results with the preliminary results from the CDF and
imply a minimum energy must be deposited in the hard in-D® experiments.
teraction region, which places a lower bound bound

Xprp Xpp=Xp " given by

IV. RESULTS

A. Presentation

T X Calculations have been performed of the spectraE+
EMn— /27 (18  spectra, and total cross sections for théL)DPE and
2 F(IS)DPE dijet processes with the CDF,/D@nd LHC cuts

that were discussed in Sec. lll. For comparison, the standard
For convenience, to accommodate both center-of-mass einclusive dijet process, Eq.10), also has been computed
ergy cases, we sat'"=0.001, since this limit is lower than with cuts comparable to the corresponding CDF/,,x@d
the values given by Eq18). LHC DPE cuts. In particular, the corresponding inclusive
For DPE dijets at LHC with/s=14 000 GeV, we use the dijet cuts we use are for CDR/s=1800 GeV,E;>7 GeV,
following cuts. The transverse jet energy will bE; —4.2<y,,Y,<2.0, DOL800: \/'s=1800 GeV,E;>15 GeV,
>10 GeV with the rapidity region—1.0<y,;,y,<1.0. -1.0<y,,y,<1.0, DO630: Js=630 GeV, E;>12 GeV,

These cuts represent standard expectations for jets in the1 o<y,,y,<1.0, and LHC: {s=14000 GeV, E;>10
hard DPE process. For the momentum fractions lost by theev, —1.0<y,,y,<1.0.

proton and antiproton, four cases will be considered, LHC-1: Our results for thw+ and ET Spectra are presented in
0.002<xy, ;<0.03,  LHC-I:  0.00006<Xp, ;<<0.03,  Figs. 5-8 for, respectively, CDF, D800, D630, and
LHC-2: 0.002<xpp p<<0.01, and LHC-2 0.00006<Xp,;  LHC. In all four of these figures, the@) graphs contains the
<0.01. These cuts are estimates of where diffraction shoul¢, spectra for the KL)DPE and FIS)DPE models, théb)

be important. The upper bounds are slightly more conservagraphs contains the ratio gf. spectra between the DPE and
tive than the heuristic limit of 0.05. For the LHC-2 and inclusive processeS,db—DPE/dy+)/(da-incl/der)' the (C)
LHC-2 cuts, where the upper bounds are 0.01, diﬁractiorbraphs contain theET spectra for the K\L)DPE and
clearly should be dominant as supported by the ZEBH  F(S)DPE models, and th@l) graphs contain the ratio of the
and H1[51] experiments. The lower bounds om,, ; for  E. spectra between the DPE and inclusive processes,
LHC-1 and LHC-2 again are suggested by the Zeus and Hiqo . /dE;)/(do, /dEr). In the CDF and DOfigures,
data. The lower bound axy, i, for the LHC-I and LHC-Z  the solid curves represent thé$§)DPE ACTW A-SG mod-
cases iS based on the minimal energy Condition for the harg'S and the dashed curves represent tﬁe)PE model with

interaction Eq. (18). Here, the lower limit of Xp,,  Sudakov suppression factor Ed.6) none(i.e., Fs=1) and
>0.000 06 accommodates both cases, LHGd LHC-2,  ,,2=1.0, 0.3 GeV. The DOfigures also have dashed-dotted

min

since this bound is below;™ given by Eq.(18). and dotted curves, which represent for th¢SFDPE and
N(L)DPE processes, respectively, some modified cuts. The
Summary of the experimental cuts specifics of these curves will be explained at the appropriate

. . time in the discussion that follows. For the LHC cuts in Fig.
For convenience, the cuts we use to represent the varioy the giS)DPE ACTW D model is represented for LHC-1,2
experiments are summarized below. by the solid curves and LHC:R' by the dashed-dotted
2_
CDF: \5=1800 GeV, E;>7 GeV, —4.2<y,,y,<2.0, curves and the ML)DPE Sudakov suppressed<=0.3

0.015< x1,.<0.035 (+rapidit idd, 0.04<x,-<0.095 model is represented for LHC-1,2 by the dashed curves and
(— rapi)c(i]i[t/; side. (+rapidity sidg Xvrp LHC-1',2" by the dotted curves.

The total cross sections for all the DPE dijet cases are in
= > -1 S : -
2?10808 OO\/lixl,Bof /_i%véSET 15 GeV, ~1.0<y1.y, Table I. For the corresponding inclusive dijet cases, the total
U, . |3p, \Pp . . .
DD630 5=630 GeV, E;>12 GeV, —1.0<y,y,<1.0, C'oSSsectionsare
0.001<X][>/D,X]r>/a<0.05. 0—%3'::19 mb1
LHC-1: s=14000 GeV, E;>10 GeV, —1.0<y;,Y,
<1.0, 0.00ZXpyp ,Xp/p<<0.03. D@1800_
LHC-1": \/s=14000 GeV, E;>10 GeV, —1.0<y;,Y, Tincl 0.023 mb,
<1.0, 0.000 06X/ ,Xpjp<<0.03. 52630
LHC-2: \s=14000 GeV, E;>10 GeV, —1.0<y,,Y, Tinel - —0.013 mb,
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FIG. 5. Double pomeron exchandg®PE) dijet production-CDF cuts(a) Mean rapidity spectrg, =(y;+Y,)/2. (b) Ratio of mean
rapidity spectra between the DPE and corresponding inclusive dijet procégdes.spectra(d) Ratio of E; spectra between the DPE and
corresponding inclusive dijet processes.

UH:lC:ojl mb. (190  tive DIS and diffractive photoproduction data. In their nota-

tion the high gluon models are B,D and SG, with D giving

For the inclusive process, the CTEQS parton distributionthe best fit, whereas the low gluon or quark dominated mod-
functions were usefb2]. For the FIS)DPE case, we use the els are A and C. As a cross check, the predictions of their

best fit value of the pomeron intercept found by ACT88],  fitted models were examined 9] for charm production in

ap=1.144. Also, the ACTW pomeron parton distributions e-p collisions. The cross sections for the high gluon models
were dependent oa> as a consequence of their fitting pro- ere within an order of magnitude of both the ZEUS and H1
cedure, and we have used the onesat 1.144. Both types  data, with model D again doing the best, whereas the cross
of distribution functions are evolved with three flavors of gactions predicted from the low gluon models, A and C, were
quarks, and in all calculations, we s&hcp=0.271 GeV. g orders of magnitude below the experimental data. Thus,
Further details about the ACTW pomeron parton distribu-q factorization for diffractive lepton-hadron scattering ap-

tion funcitions cfan be goundhin :&e_li_rwpapﬁ’t‘(li]. Howevgr ﬁ]ears to be well supported by the ACTW analysis. However,
some re evant facts about t € WV resu ts are reviewe confronting their fitted models to diffractive hadron-
here in order to put our calculations in perspective with the|rhadron scattering, a pronounced inconsistency with data oc-
results. Amongst the five models of pomeron parton distri- ! . .
. : , curs. For DPE dijet production, the analysis[&0] found
bution functions considered by ACTW, they found that theth t the hiah al del ’ 20-300 fi
ones with high gluon content gave the best fit to the diffrac- at the igh giuon modef cross sections were 29— Imes
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FIG. 6. Double pomeron exchan¢@PE) dijet production - DA800 cuts(a) Mean rapidity spectrg, =(y;+Y,)/2. (b) Ratio of mean
rapidity spectra between the DPE and corresponding inclusive dijet procégdes.spectra(d) Ratio of E; spectra between the DPE and
corresponding inclusive dijet processes.

larger than the CDF data, with model D having the largestatios amongst them can be tested to data. These ratios can
discrepancy, whereas the low gluon models actually agreedelp test the validity of the absorptive correction models,
within a factor two of data. Other tests made by ACTW inwhich, as discussed in the Introduction, in generic Regge
[36] also revealed similar inconsistencies for hard factorizaphysics inspired models are believed to be fairly independent
tion in diffractive hadron-hadron processes. of the hard kinematics. Thus, for example, for the CDF and
At the moment there is no explanation for this breakdownD®1800 cases, the absorptive correction effects from these
in hard factorization, and before any insight may be gainedmodels would give the same overall correction factor and so
it appears the situation still is in search of more tests of theshould cancel out in the ratio between the two experimental
data. This paper provides several comparison tests betweenoss sections.
theory and experiment with the primary aim to discriminate
between the two hard DPE mechanisms. Howesgrioute
these tests also supplement the ACTW hard factorization
analysis and may provide additional insight into the prob- This subsection highlights some interesting features in the
lems uncovered in their work. In particular, the dijet distri- results and explains their underlying origins. THéSfDPE
butions calculated in this paper provide more detailed preand inclusive cross section formulas for dijet production are
dictions from the basic models than just total cross sectionsyell known in the literature. We simply will quote where
with which to confront data. Furthermore, total cross secfecessary properties about the various quantities that enter in
tions are calculated for several experimental cuts, so thahese expressions such as the parton distribution functions,

B. Discussion and cross checks

014015-9
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FIG. 7. Double pomeron exchang@PE) dijet production - D@30 cuts.(a) Mean rapidity spectrg, =(y,+Y,)/2. (b) Ratio of mean
rapidity spectra between the DPE and corresponding inclusive dijet procégdes.spectra(d) Ratio of E; spectra between the DPE and
corresponding inclusive dijet processes.

pomeron flux-factor and hard matrix element. On the Otherda_dijet
hand, the NL)DPE dijet cross section formula is less famil- —_NQIDPE
iar. In [22] it was noted that for forward scattering of both dE%dy,dy,
hadrons and with no Sudakov suppression fagtgr 1, the
square of the amplitude, E¢L4), becomes

_ do(0)'
|M(010)|2=647T((;(t) Sij OkiHijki » (20

el

d > Hig;
dt],Japprosmas <PT <P 21046E4 cost(y _/2)

X |Fs(0,E9)|?, (21)

. _ where the Sudakov suppression factor is approximated at the
whereHjj; is the square of the hard parton amplitude. ltsk=0 point. In this expression, the integral of the two diffrac-
exact expression is given if22], which evaluates to be tive protons’ outgoing transverse momentum phase space

SiiHiij = 18 4ma(EZ) 2 (NZ—1)cost(y_/2). Using these (Q,.Qp) can be approximated as

expressions, Eq(13) crudely can be approximated by the

I%Ir?wmg expression which can be evaluated upon inspec- fapproxim{gzdezQH 2|t|max1 (22)
) 1 —region
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FIG. 8. Double pomeron exchangBPE) dijet production - LHC cuts(a) Mean rapidity spectrg, =(y,+Y,)/2. (b) Ratio of mean
rapidity spectra between the DPE and corresponding inclusive dijet procégdes.spectra(d) Ratio of E; spectra between the DPE and
corresponding inclusive dijet processes.

where|t| max is a fixed parameter that represents the characfied that our results agree wif9]. For the NL)DPE casé€,
teristic transverse momentum cut-off for the diffractive pro-it will be seen below that the exact numerical results are
tons. With these approximations, and dof/dt),;  consistent with the approximate expression, &§).

=201 mb/GeV, which is obtained from the optical theorem

from the total cross sectionbh,=62 mb[37], Eq. (21) be- 1. CDF

comes The CDF results in Fig. 5 have the following noteworthy
features. From Figs.(8 and §b), they, spectra for the
N(L)DPE processdashed curvesare localized to the region
—1=<y.=<0. The y, spectra is much broader for the
F(IS)DPE (solid curve$ versus NL)DPE case, and from
Fig. 5(b) both are less broad than the inclusiye spectra.
This difference in the broadness of thie spectra between
To determindt| .y, the above expression can be comparedhe HIS)DPE and NL)DPE processes with CDF cuts is one
to the exact numerical expression, H@3), at one point.

From this, we will seft|,~0.26 Gef.

The three subsections to follow examine the CDF,,DO °The exclusive double diffractive model [i39] has a more de-
and LHC cases in turn, with cross checks and explanationgiled description of the two-gluon pomeron process compared to
offered for the various features of the results in Figs. 5—8our model. For this reason, direct comparison of total cross sections
One immediate cross check of our results is the magnitudes not possible between our model and theirs. In the Conclusions,
of the cross sections. For thé€lS)DPE case, we have veri- we will discuss further the model if89].

doiet a?(E7)
(L)DPE il
———————~(45.8 mb/Ge\?)“lﬁqax—

(23)
d Eid y1dy> E#
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TABLE |. Double pomeron exchang®PE) dijet total cross sections for the nonfactoriz® and factorizedF) models.

UgI(JIeSt)DPE(IU“ b) Uﬁl(lf)tDPE(M b)
ACTW ACTW ACTW ACTW ACTW No Sudakov Sudakov
A B C D SG Sudakov suppression suppression

Cuts suppression n?=1.0 u?=0.3
CDF 0.011 1.0 0.011 4.2 0.24 5.6 2.5 1.7
D®630 2.6<10°8  75x1077 29x10°% 2.9x10°% 1.4x10°° 0.19 0.075 0.051
D®1800 95¢10°° 52x10°°® 99x10°° 2.2x10? 54x10°° 15 0.37 0.25
LHC-1 0.027 2.6 0.025 11 0.42 1.6 0.37 0.25
LHC-1' 0.028 2.7 0.027 11 0.49 5.1 1.8 1.2
LHC-2 0.0068 0.59 0.0068 2.4 0.15 1.4 0.35 0.23
LHC-2' 0.0075 0.64 0.0075 2.6 0.19 5.0 1.7 1.2

of the most pronounced signatures found in this study thagives the relative magnitudes 1,0.2,0.03, which are within a
could help to differentiate the two processes. As will be seerfiactor 2 of the exact numerical results in Figcp This fig-
below, this difference reflects upon intrinsic kinematic dif- ure also indicates that the region abolg>30 GeV ac-
ferences between the two processes, and thus is a reasonabbunts for less than 0.5% of the tota{lNDPE cross section.
model independent feature. Turning to e spectra, from A check of the dijet phase space indicates that above this
Fig. 5(c) the N(L)DPE process falls much slower than the g the accessible region is rapidly diminishing. In fact due
F(IS)DPE process. In fact from Fig(8), the NL)DPE pro- {4 the kinematic constraints, the maximum energy that can
cess is seen to be almost flat <45 GeV for the two e deposited in the hard region for either théSFDPE or

cases with Sudakov suppression and slightly rising for th C Cmacma
case with no Sudakov suppression. Then Egi>45 GeV, ?\I(L)_DPE pI’OCESSGSHI Xl_’/P Pip> which for the CDF cuts
all three cases rapidly fall to zero. For reference, an exactljmplies the largest dijer is Ey=51 GeV. For the NL)DPE
flat spectra in Fig. &) would imply it has the same shape as Case, this cutoff is best seen in Figdh
the inclusiveE; spectra. Thus the two Sudakov suppressed The last point to address about the CDELNDPE process
N(L)DPE E+ spectra have approximately the same shape als the magnitude of the total cross section. The exact numeri-
the inclusive E; spectra. On the other hand, for the cal results are given in Table I. Estimates based on(Eg),
F(IS)DPE spectra, all five cases fall much more rapidly inwhere the phase space integral and all other quantities are
Fig. 5(d) relative to the inclusive spectra, with the SG caseapproximated aEr=ET"=7 GeV, agree up to a factor 2
falling the least rapidly. with the results in Table I, including the ratio amongst the
The behavior of the CDF \L)DPE spectra can be under- three cases of Sudakov suppression, nafe; 1 Ge\, and
stood from the approximate E€23) and by examining the u?=0.3 Ge\?, of respectively 1-0.5~0.25.
dijet rapidity phase space. Recall foflNDPE processes, the Turning to the FIS)DPE process, the first point to be
parton momentum fractions, that enter the hard interaction addressed is the steeper decrease ofthspectra in Figs.
equal the corresponding pomeron momentum fractigns,  5(c) and 3d) relative to both the KL)DPE and inclusivee
Br=Xn!xpn=1. As such from Eq(8), the cuts orxyy, im-  spectra. Two facts are useful for this analysis. FirstEas
ply direct restrictions on the jet rapiditigs , y,. One finds increases, in general, the average value,andx, increase,
upon inspection of Eq(8) and the explicit CDF rapidity cuts since more energy must be deposited into the hard region.
from Sec. lll that atE;=7 GeV, dijets only appear in the Second, the pomeron parton distribution functidfs(8y)
rapidity ranges 14y,<2, —3.3<y,<-—2.3 (and inter- at small argumenpB,=x;,/Xp grow asf;(8—0)~B"2
changey;<Y,), which equivalently implies—1.4<y,=< with 0=<a=<1.5, and at large argument vanish &sp(8
—0.15. AsE+ increases, the kinematically allowed rapidity — 1)~ (1— ) with 0<b=1.0. Thus at smalE, X, and
bands move inwards towards zero rapidity. Generally, both,, and so therefore alsq,/x;;, andx,/xp/,, are closer to
bands also get narrower. However, since the rapidity band dheir kinematic lower bounds, which implies the parton dis-
the proton sidd +rapidity) was prematurely cutoff at 2 due tribution functions are at their largest. However, &g in-
to the explicit rapidity cuts, this band first broadens up tocreases, it impliesB,=Xp/Xpp—1 S0 that f;p(Xn/Xp/n)
Er~14 GeV and then narrows thereafter for highar. As  —0. In contrast, within the samé; range, the behavior of
such atE;=14(28) GeV dijets appear in the bands 0.5the inclusive parton distribution functions is very different,
(—-0.3)=y;=15(0.75), —2.6(—1.8)<y,=<—1.5(-0.7) primarily due to the difference in behavior of their argu-
(and interchangg,«<y,), which corresponds te-1.1<y, ments. The inclusive distribution is evaluated with respect to
=<0 at bothE+ scales. These considerations suffice to explairk, not Xp/Xpn. Since xp"<Xp<Xpp and Xpp<0.1, X
the localizedy, spectra in Figs. & and §b) for the  within this range always is relatively small. Thus the inclu-
N(L)DPE process. sive parton distributions within the equivaldgt range have
Applying these estimates to E@3), the differential cross less variation and generally are large. This difference in be-
sectiondoy)ppe/dEr at, for exampleEr=7,14,28 GeV  havior of the arguments for inclusive andl$)DPE parton
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densities explains the steeper decline of the lattef'spec- In the N(L)DPE model, this lack ok;, dependence in the
tra relative to the former. proton form factors is not a fundamental requirement for
There are two immediate checks that verify the abovenonfactorization of the CFS type. This is a simplying limita-
observations about tHe; spectra. First pomeron parton dis- tion in this particular model. 1139] nonfactorizing models
tribution functions that fall slower g8— 1 should have flat- Similar to our NL)DPE model were treated, except with
ter E; spectra in Fig. &) and this is the case for the ACTW more detailed modeling of the, dependences. We will dis-
SG model. Second, if the upper limits oq,,5 are in- cuss the models |_{1_39]_Iater in the paper, bL_lt we will not
creased, then for fixex, , the ratiox, /x;, is smaller. Thus, ©€XPlore such modification to our model in this paper.
for the same jet kinematicd,,p(x,/Xp) Should fall less f NﬁXt' we will under_stan_d the behavior of ﬂy& T.pecrt]ra
rapidly, which in turn would flatten th&; spectra in Fig. pcigt)lsmﬂls\)/gzis%anﬁ ItnheFI?ﬁa(ﬁii afrel(;tiﬂrjé.s-rgf Stltzgpggetct?a are
g(adr)tor? ggtﬁs&igﬁr:‘fgﬂg&ﬁn.effect for any general POMETON yetermined by the lovi dijetsEr~ET"=7 GeV. We want
To further quantify the above observations about the CDRO understand why thg, spectra is much broader for the
case, we can ask how small the parton momentum fractions!S)PPE versus KL)DPE case and moreover why the
become. From Eq18), naturally the minimum value for one [Ormer also is skewed towards they ., side. For this, note
occurs, when the other is at its maximum. As a more realistichat at fixedx,, X, andEr, the largesy . attainable by the
estimate, let us assume the “large” region for the partond'JEtS is Whgn both are on the same side with equal rapidity,
momentum fractions is whex, /x;;,=0.5, since above this Y- =0- In this case Eq(8) becomes
point the pomeron parton distribution functions rapidly van-
ish. Thus the parton carrying the “large” momentum frac- o 2Er
tion will have x, ~0.5xj3* . We substitutex, _in X=—=exp(ty,). (24)
arge large large P \/g
the lhs of Eq(18). We now ask above whéi; will the other
parton momentum fraction also be in the “large” region,

under the assumption that when both parton’s momentumn. . PP -
sion gives the limits oty . The allowed ranges for, ,; are

fractions are “large,” there is negligible contribution to the ; o
cross section. By this criteria, we find that both momentumdetermIneOI by the same criteria as before that both momen-

fractions are in the “large” region, which means, f[uml_fractt;]ons must bigs()n;a";z%/égh<%]5t'h-rh;s con<|1_|t|(_)tn
=0.025 on the proton side ang=0.03 on the antiproton IMplies the ranges, =u.Ue x,=1.95, WIth € lower IMIts
side, onceE=35 GeV. in both cases governed by the energetic condition (E§).

Although for the “pomeron case,” these momentum frac- _By these crude approximations, tie range for the spectra

tions are large becaug®,~ 1, the situation is different for IS —1.9sy+s_1.0, which .c0|n_C|des reasonably well W't.h the
the inclusive case. The inclusive parton distribution func-exaCt numenca] results in Fig(&. Furthermore, one f”lds
tions are evaluated with respectig, not Bp=X,/Xpn . AS as the bour_ldarflestff Lhe*h f?‘”ﬁe are approachéml, ande
such the range for their argumentsxs;~0.02-0.04 and arerl]nirheasmgt %r t.Ot tfe mcﬂt:swe andit}; ctaseZ: t'Sb i
within this range the parton distribution functions have verys.uc f € contrl u(|jons rom the respec I|ve phar 3'.1 'Its; riou
little variation. The numbers quoted in this example are ver)%'on unctions are decreasing. In particular, the distribution
crude, but they illustrate the reason in Figdbfor the unctions decrease slower for the inclusive vers(SIPPE

F(IS)DPE E spectra’s steeper decline relative to the incly-ase. since the range of the argum_ent in the former is much
sive case smaller<0.1 versus the lattes 1. This part of the explana-

tion is the same as our earlier discussion which compared the

The above discussion ignored entirely complications fromE . i
DL i . . T Spectra for these two processes. The final outcome is the
the pomeron flux factof”-. This is because its approximate F(IS)DPEy. spectra for all the models in Fig(i§ are nar-

. ‘e §DL__ 1-2ap . .
behavior isf X}, and in either of the two ranges rower than the inclusive one.

0.015<xpp<<0.035 or 0.04x;;p<<0.095, its variation is The last point to note is that the total cross sections in
relatively small, i.e., less than a factor of 3. Table | for the five models come in the ratio

~ Itis worth noting that the rise in the N)DPEE+ spectra  1(A):100(B):1(C):400(D):20(SG). To obtain insight into

in Fig. 5(d) has a similar explanation to the one given abovethese ratios, it is useful to decompose the cross section in
for the differences irEy spectra between the(IS)DPE and  terms of the parton initiated processes. For the B, D, and SG
inclusive cases. In particular, the inclusive parton distribu-ygdels we find~80% of the cross section comes from the

tion functions will fall a little asEy increases since the av- pure gluon proceségg and the remaining fraction predomi-
erage values ox;, will increase. However, the proton form

factors in our NL)DPE model are insensitive to this varia- Nately from theo,q process. On the other hand, for the A
tion. This is one of the notable differences between theét"d C models, the cross section decomposes as less than 5%
N(L)DPE model and both the inclusive and $)DPE mod-  from oy, ~40% fromoyq and~60% from the pure quark

els, and it explains the relative rise in the formde’sspectra  initiated procesérqur c}gq. Therefore the B,D, and SG mod-

to the latter. Furthermore, the rise is less pronounced for thels are more gluon controlled whereas the A and C models
Sudakov suppressed(INDPE processes, since they provide are more quark controlled. However, for none of the five
greater suppression to théINDPE differential cross section models is it the case that one species of partons, quarks or
do/dEt asE; rises. gluons dominates the cross section.

nl;!y evaluatingx, ,; within their allowed range, this expres-
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To cross check these findings, we examine the pomeron Integrating over the rapidity region in ER3) with these
parton distribution functions in the most probatflerange, estimates, we find consistency with the exact numerical re-
which we estimated above to be0.01-0.1. Two features sults fordo(E+1)/dE+ in Figs. 6¢c) and &d). Also the rapid
about the parton distribution functions are evident. First, incutoff in the E; spectra atE;~45 GeV, best seen in Fig.
this 8 range, the A and C or B and D distributions are the6(d), is consistent with our crude estimates here that the
same magnitude, with the latter pair about a factor 10 largeavailable rapidity phase space vanishes at this point.
than the former pair and the SG distribution is a factor 3—5 For the NL)DPE y, spectra in Fig. @), we again can
larger than the former. Second, for a given parton model, thapply the above results, except integrating E2p) over E
ratio of the gluon to quark parton distribution function in this andy_ . The basic shape of the, spectra can be understood
B range,fqp(B)/fop(B), is for the A and C models 320, by assuming dominance of the Id#; regimeEr~15 GeV
the B and D models 2650 and the SG model 1030. These and examining the behavior of tlye. phase space as a func-
properties are consistent with the general trends foundion of y, . For the latter we find ay, =0 they_ range is
among the five models for the total cross sections in Table IAy_(y, =0)=4 and it vanishes linearly to zero s —1.
However, since this turns out to be an intermediate regimén fact relative to linear decrease as a functionyaf, the
between quarks and gluons, these simple indicators are iy, -spectra in Figs. @ and @b) is more enhanced near the
sufficient to better quantify the results found from the exactmiddle y, =0 relative to the periphery.=1. This is an
numerical calculations. effect of higherE+ dijets. Recall from above that &s; in-

creases, the rapidity region first to diminish is for same-side
2. DD dijets, or equivalently the largg, region. For example at
. o E;=20 GeV the region £|y, |<0.8 no longer has dijets. In
. The DO1800 results in Fig. 6 have the following interest- general higheE dijets enhance the region near=0 rela-
ing features. Both the ML)DPE (dashed curvgsand e oy, =1.
F(IS)DPE (solid curves y. spectra are localized to the  To estimate the NL)DPE total cross from the approxi-
region |y, |<1. In contrast to the CDF case, here themate expression, Eq23), the E; integral is performed with
F(IS)DPE y, spectra are slightly narrower than the the rapidity phase-space region evaluatedEat15 GeV.
N(L)DPEYy ., spectra, which best is seen in Figbp For the  The latter yields a rapidity area4, which implies for no
E+ spectra, similar to the the CDF case the.NDPE process Sudakov suppression the estimate:1.7ub. Evaluating the
falls with increasinge; much slower than the(FS)DPE pro-  Sudakov suppression factori&t= 15 GeV leads to suppres-
cess. In comparison to the inclusive process, for thesion factors to the total cross section©0.67 and~0.11 for
N(L)DPE case both the, spectra in Fig. @) andE spec- u?=1 Ge\? and u?>=0.3 GeV, respectively. These esti-
tra for E;=40 GeV in Fig. &d) are flat, thus have the same mates are within a factor 2 of the exact numerical results in
shape as the corresponding inclusive spectra. On the oth&able I.

hand, for the AS)DPE case, theg/,. spectra in Fig. @) is Turning to the FIS)DPE process, the steepBf spectra
much more localized than the inclusive spectra andBhe relative to both the KL)DPE and inclusive processes arises
spectra in Fig. &) falls much faster. for reasons similar to the CDF case discussed earlier. In par-

The basic features of the(N)DPE spectra can be under- ticular, the highEt region in general requires higher parton
stood, once again, through the approximate cross section formomentum fractions, which are suppressed by the pomeron
mula Eq.(23) and by examining the available dijet rapidity parton distribution functions. FdEr=22 GeV both incom-
region based on the explicit D@pidity cuts and those im- ing partons to the hard process carry “large” momentum
plied by the cuts oy, ;. Carrying out this analysis, at the fractions,x;, /Xp,>0.5. Thus above thiEy, one should ex-
lowestE+=15 GeV we find that the cuts o, ; place no  pect theEr spectra to diminish as evident in Figgcband
additional restrictions, so that the available rapidity region is6(d). For example relative to the inclusii&; spectra, the
—1<y,,y,<1.AsEyincreases, the first rapidity region that F(IS)DPE E+ spectra decreases for the A, B, C, D, SG mod-
diminishes is for same-side jets and starting at the periphenels atE;=22 GeV by the additional factors 6,9,6,9,3, respec-
The reason is evident from E(®). At fixed |y,| and|y,|, x,  tively, and at E;=30 GeV by the additional factors
andx; differ more for same-side dijets than for opposite-side100,250,100,250,27, respectively. This faster decline for the
dijets. As such, the larger of the two parton momentum fracF(IS)DPE E spectra arises because the etige, 3~1) of
tions will reach its upper limit at smallgr; andy, for same-  the pomeron parton distribution functions is being reached.
side versus opposite-side dijets. For example, the availabl€onsistently, the slowest decline of the spectra among the
rapidity region atE+=20(30) GeV for opposite-side jets is five models is by the SG model, whose parton distribution
unchanged &y;<1 and —1<y,<0 (and interchange function decreases the slowest@t: 1.
y1<Y,) Whereas for same-side jets the rapidity regions are For they, spectra in Figs. @& and b), their shape can
0<y4,y»,<0.8(0.4) and —0.8(—0.4)<y,,y,<0. By E; be understood through rapidity phase-space consideration
>30 GeV all regions of rapidity space diminish. For ex- and the behavior of the pomeron parton distribution func-
ample atE;=40 GeV, the allowed rapidity space is<g/;  tions. Generally, largely , | requires largek, andx,. Simi-
=<0.5, —0.55y,<0 (andy;+Y,) and 0<y,,y,=<0.2 and lar to the NL)DPE case, aE+=20 GeV, for example, the
—0.25y;,y,<0. Finally for Ey=45 GeV there is no al- Xxp,, and dijet rapidity cuts prohibit dijets fdy . |=0.8. In
lowed rapidity region. addition to simple phase-space restrictions, for ti8)PPE
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process larger parton momentum fractiogsand x, thus ~ ACTW pomeron parton distribution functions-isl/ L.2-13
larger|y . | are further suppressed due to the pomeron partoithus the typical size of a pomeron parton distribution func-
distribution functions. This additional source of suppressiortion in the CDF case will be a facter (4— 7)2 12 bigger
at large |y.| explains in Figs. & and @b) why the than the DQ800 case. Accounting for this factor for each of
F(IS\DPE y, spectra are a little narrower than the the two parton distribution functions and the factor 4 from
N(L)DPE ones. E; scaling, we expect the cross section for any given
Turning to the magnitude of the cross sections, frompomeron parton distribution function model to be a factor
Table | the relative sizes amongst the five parton distribution~ 10? larger for CDF relative to D®800. This essentially is
functions are about the same as in the CDF case discussedhat is found in Table I.
earlier, 1A):50(B):1(C):200(D):50(SG). These ratios can Note that the size of the typica@ found above is inter-
be cross checked with the general behavior of tH&)PPE  esting in its own right. It implies the range @ probed in
cross section formula, similar to our earlier treatment for theboth the CDF and D@00 cases is not tiny. Recall that very
CDF case. Basically, one finds that these ratios are consistetihy 3 is the natural regime for gluon dominance. Thus, for
with the ratios of the pomeron parton distribution functionsthe CDF and DQ800 cuts, one should not assume that gluon
in the typical 8 regime (8~0.1). dominance is necessary and we have shown earlier by ex-
Finally, it is interesting to compare cross-section magni-plicit examples that there are parton distribution functions
tudes between DTB00 and CDF. If the DPE dijet process is models(A and C in particular in which that assumption is
N(L)DPE dominated, the CDF and/®00 cases differ pri- wrong.
marily by phase-space area and thE21$caling factor. De- For DO630, the qualitative features of the spectra basi-
spite the larger CDF central rapidity region, once thejp ;  cally are the same as for 1800. In Fig. Ta), they, spec-
cuts are considered, the dijet phase space area between CRE for the NL)DPE process is a little broader compared to
and DQAL8OO is approximately the same. As such the prethe FIS)DPE process. For both thélB)DPE and NL)DPE
dominant difference between the CDF and IBDO cross processes, thg., spectra is contained in a much smaller
sections is due to the B factor, which if evaluated at their region, |y, |<0.3, compared to DTB00. However, similar
respective minima implies the (N)DPE cross sections of to DO1800, theE; spectra for the KL)DPE case falls much
D®1800 should be a factor4 smaller than those of CDF. slower than for the #S)DPE case. From Fig.(@d), the rela-
This is consistent with Table I. tive decline of NL)DPE E+ spectra to the inclusive case is
On the other hand, for a(F5)DPE-dominated dijet pro- faster than in the DT8OO case. More noticeably, in compari-
cess, in addition to the above two factors, an additional difson to D800, the AS)DPE E+ spectra fall much faster
ference arises from the pomeron parton distribution funcrelative to the corresponding inclusi# spectra. In particu-
tions. They make a significant difference due to their rapidar, the ratio of the HS)DPE to the inclusiveE; spectra for
growth at smallB. Very roughly, since for CDFET" is @  D®630 falls by two orders of magnitude within an increase
factor of 2 smaller and the averagg is a factor of 2 larger of E; by 2 GeV whereas for the DIB00 case the same
compared to D@800, the typical8 at which the pomeron decrease requires an increaseEgfby 15 GeV.
parton distribution functions are evaluated in the CDF case To understand the features of théLNDPE case from Eg.
should be a factor of 4 smaller relative to/D8D0. By (23, first note that aE+=12(15) GeV the allowed rapidity
knowing the typicalB range for the two cases, we can esti- region for opposite-side dijets is <Oy;<0.75(0.40),
mate the behavior of the parton distribution functions in that—0.75(— 0.40)<y,<0 (andy,«Y,) and same-side dijets is
range. We expect that within the kinematically accessibled<y,,y,<0.25(0.10), —0.25(—0.10)<y,,y,<0. By Et
range off3, the typical range that dominates the cross section=18 GeV there is no accessible jet rapidity region. As such
will be near its minimum limit since that is where the parton the explicit jet rapidity cuts ofy;|<1 are irrelevant since the
distribution functions will be the largest. The small@spos-  upper boundsy,, ,;<0.05 already prohibit sufficient energy
sible based on Eq(18) is 0.015 and 0.11 for CDF and deposition to produce dijets at the highgy region at even
DO1800, respectively. However, at this limit, although onethe lowest permissiblg. These crude estimates along with
parton distribution function will be large, this effect is com- Eq. (23) show consistency with the exact numerical results in
pensated by the other parton distribution function, whichrig. 7 and Table I. Finally, since the jet rapidity region is
must be evaluated #t=1 where it vanishes. Thysregions  rapidly shrinking even at the lowe&;, this explains the
away from this limit also will contribute significantly. As an more rapid decline of th&+ spectra between the(N)DPE
estimate of an upper bound to the typigarange, we esti- and inclusive processes for this case compared td 8DO.
mate atET" for x,=x, and whenx,, is at an average value, This effect can be reversed by increasing the upper limit on
which we will take as~0.05 and~0.025 for CDF and x;,,,;. For example, the dotted curves in Figga)77(d)
D®1800, respectively. Then we obtaip=0.0077 and 0.017 present the various (N)DPE spectra for Sudakov suppres-
so thatg=0.15 and 0.70 for CDF and DIB00, respectively. sion with x>=0.3 and wherp, ,Xpp<0.1
So, in summary, the typicgB ranges are 0.15-0.015 for For the RIS)DPE process, the explanation for the two
CDF and 0.70-0.11 for DTB0O0. These estimates confirm spectra essentially is the same as in the1B@D case. The
that the typicalB are a factor 4—7 smaller for the CDF case important quantitative difference is the typical parton mo-
versus the D@80O0 case. Moreover, the size gffor both  mentum fractions are much bigger here than fof 1BQ0.
cuts is O(10™1). In this B range, the growth of all five This explains the sharper fall of both tlge andE; spectra.
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For example, to produce 12 GeV dijets with the minimalE; spectra in this case follows similar reasoning to the
energy deposition, so gt =0, requires for symmetric par- D®1800 cases discussed earlier.

ton momentum fractions,= x;=0.038. Thus, almost all the To compare the magnitude of théINDPE cross sections
D®630 events are in the “large’B regime, Bn=Xy,/Xpn in Table | with Eq.(23), the dijet phase space must be esti-
=0.5. Recall in this region the pomeron parton distributionmated. For the KL)DPE LHC-1 and LHC-Z cases aEr
functions are rapidly diminishing. As such, the sharp decline— EM'=10 GeV the entire explicit rapidity region-1

in the Er spectra for D@30 relative to the inclusive case —y . <1 is accessible with no additional constraints from
primarily is because the periphery of the parton distribution,,, x; cuts. This obtains the estimate with no Sudakov sup-

functions atB~1 are being probed. This sharp decline Canpression ofo~4ub. For the NL)DPE LHC-1 and LHC-2

be reduced if the limits o, andxy,, are increased. For - _
example, the dashed-dotted curves in Figa)-77(d) present cases, because of the large lower I_|m|t>qn atEy . 10 _GeV .
dijets only appear in a small region of opposite-side dijet

the various AS)DPE spectra for the ACTW model D when rapidity space withAy,Ay_~0.3. However, atE;~15

Xprp Xprp=0-1. GeV, the entire opposite-side j idi ion i i
, pposite-side jet rapidity region is accessible
0<y;<-1, —1<y,<0 (andy;<Yy,) but as yet only a
3. LHC negligible region of same-side jet rapidity space. Thus the
The LHC results in Fig. 8 have the following interesting total rapidity area is\y,Ay_~2. Observe that the gain in
features. In Figs. @ and 8b), the y, spectra for the phase space area is a factor of 3 greater than the suppression
N(L)DPE LHC-1 and LHC-2 casdslashed curvesare much  factor of 9/4 from the ]E% behavior ofo. This is consistent
narrower than for all the other cases. Relative to the inclusivevith the rise in theE; spectra in Fig. &). Applying the
y. spectra in Fig. &), all the KIS)DPE cases and the above estimates to E(R3) implies for no Sudakov suppres-
N(L)DPE LHC-1 and LHC-Z casedqdotted curvegare flat, sion o~1ub. The Sudakov suppression factor evaluated at
whereas the IL)DPE LHC-1 and LHC-2 cases drop-off as Er=10 GeV implies the cross section in both cases should
ly.| increases with the latter falling fastest. For thgspec-  decrease by factors 0.4 fqe?=1 Ge\? and 0.2 for u?
tra in Fig. §c), the most interesting feature is for the =0.3 Ge\’. These crude estimates are consistent with the
N(L)DPE LHC-1 and LHC-2 cases, for which thg spectra  exact numerical results in Table I.
actually first rises with increasingr until E;~15 GeV and For they, F(IS)DPE spectra in Fig. ®), they are very
thereafter falls. In contrast for (N)DPE LHC-1 and similar to their inclusive counterparts. This contrasts the
LHC-2', the E; spectra are of a more standard behavior. FOICDF and DOcases in Figs. ®), 6(b), and 7b). The reason
the HIS)DPE E; spectra, the LHC-Zsolid curve$ and s the highen/s, which for fixedE; andy. , requires smaller
LHC-2' (dashed-dotted curvesases fall much faster with parton momentum fractions, ;. Assuming the shape of the
increasingEr than the LHC-1(solid curve$ and LHC-I vy, spectra is dominated by the lowest~10 GeV region,
(dashed-dotted curvescases. In fact, in Fig. @) the for the full range ofly | <1, Bi=x, /Xy typically never is
F(IS)DPE LHC-1 and LHC-1 E; spectra are almost as flat “large” B;<0.5. Thus for the fully, range the pomeron
as the NL)DPE LHC-1 and LHC-Z cases. parton distribution functions typically are not probed near
For the NL)DPE case, the primary difference betweeng—1 where they vanish. Instead, they typically are probed
the primed and unprimed spectra arise due to the differendt intermediate3 regions, similar to the situation in the cor-
lower bounds orxp,, ; of 0.00006 and 0.002, respectively. responding inclusive case. This is the basic reason for the
Due to the highy/s relative to the CDF and D®@ases studied similarity in they . spectra between thIS)DPE and inclu-
earlier, much smaller parton momentum fractions are necesive processes.
sary to produce kinematically identical dijets. In fact the For the KIS)DPEE+ spectra from Fig. &) the flatness of
larger lower cut-off iy, ; for the LHC-1 and LHC-2 cases the LHC-1 and LHC-1 cases again arises from the small
already is too large to produce substantial numbers of dijetg/pical 8 values at which the pomeron parton distribution
in the range 10 Ge Er=<15 GeV. For example, the only functions are evaluated. The sharper decrease of the
rapidity region whereEr~10 GeV dijets can appear is for F(IS)DPE LHC-2 and LHC-2 cases arises due to the lower
opposite-side jets with 06y;<1,—1.0<y,=-0.6 (and  upper bounds om;, , of 0.01, versus 0.03, for the LHC-2
y1<Y,). OnceEy rises to 15 GeV, the same-side jet regionand LHC-2 cases. The main consequence of these different
becomes accessible starting with the regjgr=y,~0 and  upper bounds appears in the parton distribution functions and
moving outward to higher rapidity with increasifigy. This  not from phase space. This is evident since only the latter
behavior also explains the narrowgr, spectra for the effectis relevant for the L)DPE cases, and for them thg
N(L)DPE LHC-1 and LHC-2 cases in Figsi@ and 8b). In spectra at larg& has no pronounced difference in all four
the dominantE; range 10 Ge E;=<15 GeV, dijets pre- cases. On the other hand, for the pomeron parton distribution
dominately emerge within-0.2 y, rapidity units abouty , functions, the two different upper bounds agy, ; imply
=0. The shoulder of thg_ spectra in Fig. @) aty,~0.4 that for fixedEt, they are probed in the LHC-2 and LHC-2
corresponds t&;~20 GeV. cases at typicaB values that roughly are three times larger
In contrast, for the LHC-1and LHC-2 cuts, the lower relative to the LHC-1 and LHC-1cases. This factor of 3
limit on Xy, , iIMposes no constraints on jet rapidity. In this difference has a non-negligible effect. Noting that the order
case, starting a;=10 GeV, the complete rapidity region of magnitude of the typicat, is >0O(10 %) or equivalently
—1<y,,y,<1 is accessible. The explanation for heand  B;,>0.06, with this lower bound increasing with;, the
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factor of 3 means the difference betwegnclose to 0.1 lossless nature. Thus the experimental spectra is strong

where the parton distribution functions are sizable ghd indication that the HS)DPE process dominates in the CDF

closer to 1 where they vanish rapidly. case. This interpretation also is consistent for Erespectra

in the most recent CDF repofb3]. However, for theE+

spectra from the earlier CDF repoift30,31,43,44 ACTW

SG is the most consistent model. Finally, one cannot exclude
Both CDF [30,31,43,44,5Band D@ [45-48 have re- he nossibility that the NL)DPE process gives a nondomi-

ported preliminary results on the double diffractive dijet pro-,nt 1yt measurable effect. This would help flatten any of the

cess. In Sec. Ill Iimitationfs .Of both experiments were d.i.s'F(IS)DPE models in Fig. &l). However, an admixture of the
cussed which prohibit explicit measurement of the DPE dije (L)DPE process also will imply greater enhancement of the
process in the present runs. Nevertheless, one likely possibil- . )

+ spectra in the region- 1<y, =<0.

ity considered by both experiments is that the majority of th . :
d)(guble diffractiv)é dijet evgnts were DPE. Underthjis a)ésump- F_lnf_:llly,.total cross sections can be compared. CE,':: has
tion, some of the reported features from these experiment&éliminarily reported a DPE dijet cross section @%PE_
will be interpreted below in terms of the models examined in~13.6 nb[30]. DO has given no preliminary cross section,
this paper. although for DAA800 they have estimatengE~1O pb

DO reports itsE+ spectra for the DPE dijet process to be [46]. In this case, the CDF total cross section is about 1000
similar to the inclusiveE; spectra with comparable cuts times larger than D@B00. The model that most closely ob-
[45-48. The earlier CDF preliminary repor{80,31,43,44 tains this factor difference is(F5)DPE ACTW D, which
also found this, although their most recent red68] finds  predicts the ratio to be still a factor of 5 smaller. As another
the E; spectra falls much faster than for the comparablecase, for ACTW SG, it predicts the CDF total cross section
inclusive Et spectra. Based on Figs(d, 6(d), 7(d), 8(d),  should be only a factor-50 larger than D@800. Further-
the DOand earlier CDFE+ spectra lean towards that for the more, the predicted ratio between the CDF antlBaD total
N(L)DPE process. Amongst theIB)DPE processes, tHer  cross sections decreases if the limitssp, , for DO1800
spectra for the best fit ACTW model D, as well as model B,are increased. Thus there appears to be some discrepancy
differ significantly from their inclusive counterpart. HOW- petween the experimental cross sections and those predicted
ever, they could be consistent with the most recent CDRyy gl the FIS)DPE models. Also, the {L)DPE models do
report[53]. The RIS)DPE model with the most simildEy  yery poorly in predicting the observed ratio. For the largest
spectra to the inclusive process, is ACTW SG. Recall in thig i predicted by these models, the CDF total cross section
model the gluon density peaks n_e;ﬁ#l._ . would be only a factor of 7 larger than 0@00. However,

In the DO case, asinoted earlier, by increasing the UPPEor the N(L)DPE case, modifications of the proton form fac-
bounds orxp, andxy,, the Ey spectra could be more flat- . o two-gluon pomeron model, which are discussed in

tened in Figs. @) and 7d). In F‘QS- 6 and 7, the various the Conclusion, may change these predictions by an order of
spectra with upper boundsy, ,Xpp<0.1 are shown as the magnitude but not more

dotted curves for the (IL)DPE case with Sudakov suppres-
sion at 4?=0.3 and the dashed-dotted curves for the
F(IS\DPE ACTW D model. Observe the dashed-dotted
curves in Figs. @) and 1d) for the ACTW D model are This paper has examined the factorized Ingelman-Schlein
significantly flatter than any of the(F5)DPE cases with up- and nonfactorized lossless DPE processes of dijet production
per boundsxy,, ;<<0.05 (solid curves [for comparison, the and computed predictions for the cuts of CDF/ zx@d rep-
dotted curves in these figures are for thd NDPE model resentative cuts of LHC. Two qualitative features emerge
with ©?=0.3 andxp;p ;<<0.1]. Since DOdoes not explicitly  from our calculations which are model independent. They
measurexp;, ,, one explanation for theiE spectra is the are reflections of the lossless kinematics of jet production in
F(IS)DPE model with the higher upper limits o6, ;, say  the N(L)DPE process, which requires that all the momentum
between 0.05 and 0.1. In such a case, recall that the interprearried by the pomerons will go into the hard event. The first
tation of pomeron-dominated exchange enters into questionf these qualitative differences between thé. DPE and
For DO1800 larger upper limits oy, ; are inconsistent F(IS)DPE processes emerges in the C{pF distributions in
with the largest DPE dijeE+ that is found,~52 GeV. This  Figs. 5a) and %b). For this case, it is evident that for the
maximum is consistent with an upper bound of orly, ;7 N(L)DPE process, the distribution is considerably localized
<0.057. On the other hand, for B30, note from[45,48 to within one unit of y, rapidity whereas for the
that dijets are produced up ®©;~25 GeV. If background F(IS)DPE process, its distribution is considerably broader.
and resolution effects or any other experimental complicaThe difference in the shapes of the distributions for these two
tion can be ruled out, this suggests for 68D x;, ;=0.08.  processes is due to the intrinsic differences in the hard kine-
For they, spectra, the CDF results unambiguously con-matics for the two processes and thus is expected to survive
tradict interpretation as (\)DPE dominated. The CDW, any nonperturbative modifications of the basic models. A
spectra is very broad, ranging as2<y,=<1.5. From Fig. second qualitative difference emerges from the lower bound
5(a), this is similar to the HS)DPE cases and is completely dependence af; for the N(L)DPE process. In our calcula-
at odds with the \L)DPE cases. Recall for the CDF cuts, the tions, this difference was explicitly seen only among the set
narrowery , spectra for the RL)DPE model is intrinsic to its  of LHC cuts, although the basic feature is general. Because

C. Comparison with experiment

V. CONCLUSION
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of the lossless kinematics, if the lower boundxanis suffi-  the limitations of both the CDF and D&xperiments for this
ciently large, lowEr jets will be prohibited from produc- Process exclude any final conclusions from being drawn.
tions. An example of this is seen in the LHE; spectra, Our study emphasized the hard physics, but made mini-
Figs. 8c) and §d), where for the 12’ cuts (x,>0.00006) mal attempt at modeling most of the nonperturbative soft
no truncation of lowEr jets is seen, whereas for the 1,2 cuts, Physics. For example, general belief is hard, pure hadron
where the lower bound oy is larger,x;>0.002, a trunca- induced, diffractive processes are subject to a weakly
tion of low-E+ jets occurs. s-dependent suppression fact@®2,54, which represents
Two additional qualitative features were found from our the probability for the rapidity ga) not to be filled by extra
calculations which have some degree of model dependencgXchanges of pomerons and gluons between the particles in
but for which we expect the general trends to sustain. Th&1® model which have very different rapidities. Such absorp-
first of these, which appears for all the cuts, is that Ere tive corrections potentially can be treated by the methods

“ ” developed in32]. In [39], they used the approach (32]
spectra are flattefor “harder”) for comparable N.)DPE nd[33] to estimate the absorptive correction factor for the

versus FIS)DPE processes. This difference occurs due to th% " .
" . . PE dijet process and ays=1800 GeV found it to be
additional 3 dependence in the(F$)DPE process that arises ~0.06. JForpour calculatioﬁ{ this factor is meant to multiply

from the pomeron parton distribution functions. At fixgfd, the results in Table |

larger Ey implies largerB, and the parton distribution func- £ e NL)DPE rﬁodel, also not treated here are modi-
tions fall, generally quickly, with increasing. There areé fications of the two gluon exchange model with LLA ladder
modifications[39] to the basic NL)DPE model, which will oy olution of gluons. A model for this was given [i39].

be discussed below, that can introduce a similar typ@ of Their model amounts to including in the(INDPE dijet am-
dependence. As such, this difference between ti9DPE  plitude two factors of gluon densities evaluatedkai, and

and RIS)DPE processes has some model dependence. The, - This modification has interesting consequences. For
second qualitative difference is in regards to the total crosexample, maintaining the same procedure to normalize the
sections, in particular the ratio of the CDF to/ D800 total ppg dijet amplitude with respect to the elagtip cross sec-
cross sections. The (N)DPE process generally has a muchjon, the NL)DPE cross section with this modification then
smaller ratio for ocpr/opgiges~4 compared to the will be 1-2 orders of magnitude smaller. This arises because
F(IS)DPE process for which this ratio is typically 100.  the normalization constant is fixed for elastic-scattering pro-
However, any modeling that relies on the hard kinematicgess, where'3stic_ |L/\/§ is small sincel, , the transverse

can alter this result, such as the-dependent modeling momentum of ihe outgoing hadrons, isl GeV. For ex-

in [39]. , , o _ample aty/s= 1800 GeV,xf,',aSthv 0.0006. On the other hand,
In regard to our comparisons with the preliminary experi- P.p

mental data, we feel no final conclusions are possible, but thfor the NIL)DPE process the typicaly, , are~0.01. These

trends in the data sh liaht pref for domination b re much larger, which implies a decrease of the gluon den-
rends In the data show slight preterence for dominalion bygisieg ye|ative to the elastic-scattering situation. This provides

the HIS)DPE process. From comparison of our models withy, aqgitional suppression compared to the same model with
either the recenfS3] or earlier[30,31,43,44 CDF prelimi- 5 g1y0n densities. 1i39], the exclusive double diffractive
nary data, the mean rapidity () spectra provide the most dijet model is the same as ourINDPE model here, except
suggestive evidence that these data are dominated by thr the inclusion of gluon densities in their model. It is due to
F(IS)DPE process. On the other hand, thé D&a show no  the effect of these densities that their model predicts cross
greater preference for either of the two mechanisms. Furthegections 1-2 orders of magnitude smaller than ours.

more, none of the theoretical models examined here are com- Another effect of the gluon densities is théLNDPE E
pletely consistent with all the data. In particular, attemptingspectra will fall faster withE;. The reasons for this are the

to conclude that the data are dominated by tHESYPPE  same as explained in Sec. IV for thél$)DPE models. In
process is inconsistent with the hardef spectra found in  short, higherE requires largexp, ; which in turn implies

the DOdata and the earlier CDF data, since such spectra demaller gluon densities. This effect will be less pronounced
not readily agree with the best fit ACTW(IS)DPE model. for the N(L)DPE models versus the(l§)DPE models, since
Also, and perhaps most interesting, the experimental ratio ohe argument of the gluon densities in the former always
the CDF to DK1800 total cross sections is a factor 5—10remain small,=x®*~0.1 whereas in the latter it ranges up
larger than predicted by any of the models examined here. Ito ~1, where the maximum diminution of the gluon densi-
this respect, it is worth noting that from Table |, ratios be-ties occurs.

tween the D@30 and DA800 cross sections also can be In summary, this paper examined two very different types
obtained, and once D@omplete their analysis of their pre- of diffractive mechanisms for DPE dijet production, the fac-
liminary data, this may be the next test between the predictetbrized Ingelman-Schlein and nonfactorized lossless mecha-
ratios and experiment. Finally, although it appears there armaisms. In the spirit of Regge physics, both mechanisms were
more indications that the data are dominated by thdermed double pomeron exchange. Some of the differences
F(IS)DPE process, for the (\)DPE process, neither data nor between the two processes have been elucidated here, which
our analysis is sufficiently precise to rule out a subdominantill help in interpreting experiment. The(FS)DPE model
component. All these issues are important to resolve as fuappears best to represent the present experimental data.
ther experimental data become available. For the time beindjlowever, inconsistencies still remain that need to be sorted
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out by both theory and experiment before final conclusiongrocess someday may vindicate a familiar moral, that the
can be made. Although the(DN)DPE process does not ap- best things do not come easy.

pear to dominate the cross section, a subdominant compo-
nent of it cannot be excluded with present information. The
cleanliness of the final state in this process, two outgoing
hadrons plus a hard event, suffices as justification to search | thank the following for helpful discussions: L. Alvero, J.
for it. For new particle search experiments, this proces<ollins, M. Strikman, J. Whitmore, R. Hirosky, T. Taylor-
could permit the ultimate measurement, although its diminuThomas, M. Albrow, K. Goulianos, P. Melese, and K.
tive cross section precludes it from being the ideal measureFerashi. | also thank L. Alvero for use of his pomeron parton
ment. Thus as should be the case with any good tale, the hadistribution codes and for contributions to the earlier devel-
double pomeron exchange story is filled with uncertaintiesopments of this paper. This work was supported in part by
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