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We show that the hadroproduction of a pair of jets with large transverse energy in the central region bounded
by rapidity gaps is an ideal process to see important double logarithmic QCD suppression effects. We compute
the cross sections for both exclusive and inclusive double-diffractive dijet production at Fermilab Tevatron and
CERN LHC energies for a range of rapidity configuratigr0556-282197)00621-§

PACS numbgps): 13.87.Ce, 12.38.Cy, 13.85.Ni

[. INTRODUCTION The first study[5] of such a suppression was in connec-
tion with the rapidity gap Higgs signal at the LHC. It was
Processes with large rapidity gaps in high enepgy(or  found that the cross section for the exclusive process
pp) collisions are being intensively studied both theoreti-pp—p+H+p was suppressed by Sudakov form factors by
cally and experimentally; see for example Réfs-4]. One  about a factor of 1000 in comparison with the Born cross
reason is that the requirement of a rapidity gap is a way teection. Here we study the analogous effect in dijet produc-
select events induced by QCD Pomeron exchange. Anothdion. This is an important process for two reasons. First, the
reason is that events with a rapidity gap offer the opportunityprediction can be directly checked by experiment and, sec-
to search for new heavy particles, such as Higgs bosons, iond, bb dijet production with rapidity gaps is the main
an environment in which the large QCD background is supsource of QCD background for an intermediate mass Higgs
pressed. bosontrapidity gaps signal. One way in which the dijet pro-
A particularly illuminating “test” process with which to cess differs from Higgs productio®] is that the Sudakov
probe the underlying dynamics is the hadroproduction of &orm factor suppression is partially alleviated by the special
dijet system separated from the beam remnants by rapiditiinematics of the process. Just as the QED radiative
gaps correction$ have to be calculated for each particular choice
of experimental cuts, so the QCD double logarithmic sup-
pp—X+jj +X_, 1) pre;sjon needs to be evaluated for each specification of the
rapidity gaps.

For pedagogical reasons we first study the exclusive dijet
where the two centrally produc_ed je_ts each h_th_a large trangsroduction procespp—p+jj +p in which the proton and
verse energyfr). The “plus” signs in Eq.(1) indicate the  antiproton remain intact. However we find, as expected, that
existence of rapidity gaps. This process has been observed@e cross section is extremely small and so we then turn to
the Fermilab Tevatroi2]. Moreover, it can be studied in the more realistic inclusive dijet production process given in
more detail and, in particular, at largéfr at the CERN  Eq. (1). Our study will concentrate on the kinematic configu-
Large Hadron Collider(LHC). Exclusive dijet production, ration where the “dijet” rapidity interval between the two
pp—p+jj+p, was originally discussed at the Born level rapidity gaps is not large. Here the predictions are particu-
by Pumplin[3], and by Berera and Collir{g]. In this paper |arly clear. If the interval is large then, as we shall see, the

we are concerned with QCD effects which give significantproduction of additional minijets will considerably compli-
modifications to the Born prediction. Indeed a novel and in-

teresting effect is the strong suppression of the cross sectiorR———
by double logarithmic QCD form factors which reflect the
fact that the emission of relatively soft gluons in the rapidity
gap intervals is forbidden by the experimental cuts.

2One of the best places to see experimental evidence of QED
double logarithmic effects is in th#/ line shape ire*e™ annihi-
lation. The asymmetric widening of the line shape, arising from the
radiative tail, is mainly due to these effects, see for exarnfileTo
obtain a sharp resonance peak it would be necessary to experimen-

ISince we shall assume that the process is mediated by gluontally forbid QED radiation from the incoming® ande™, which
channel exchanges our calculation applies equally wefijcand ~ would lead to a Sudakov-suppressed cross section. Clearly the
pp collisions. analogous QCD effects which we will discuss here are much larger.
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4 — $=M?=4P2 cosi(A 7/2), (4)
g An(veto) R
E " t=—P2(1+e 27), (5
(03 An(dijet)
E Mo whereA7 can be defined by either thep or thegg incom-
. g _ An(veto) ing “beams.”
2

Even for inclusive dijet productiorpp— X+ jj + X, the
FIG. 1. The Born amplitude for exclusive double-diffractive di- condition (A P)?<P% is usually satisfied, unless the experi-
jet production shown at the quark |eve|’ together with the QCDmental Cl’ltel’la |nS|St OtheI'WISG ThUS we Sha” assume the

radiative corrections arising from “evolution” gluongdashed above kinematics in this paper.

lines) and the Sudakov-type form factor suppression associated with Suppose for the moment we continue to work at the quark
the A7(veto) rapidity gaps. The comparatively soft screening gluonlevel, qgq—q+jj +q. We denote the amplitude for the pro-
has four-momentur®. The rapidity gaps are indicated Byy(veto) cess byT and write the differential cross section

and the two largé®; jets are required to lie in the rapidity interval

Arclijet). do ik

2 = Ve (6)
cate the theoretical framework without giving any additional dPrdzdA pdidt,  (167)
insight. Of course we will also have to take into account the . .
suppression of rapidity gap events due to parton-parton reé._—|ere we have used the identity
cattering. , ,
We will work in the double logarithmic approximation d?APrd?q;rd%a7 82 (APr+ ayr+ dar) = m2dtydt,,
and use the leading power of all logarithms that occur. Pro- (7)
vided thatE is sufficiently large, this approach is rather well , , .
justified. whereq; and g, are the momenta of the outgoing quarks.

The amplitudeT is proportional to the amplitudé1 describ-
IL. DIJET KINEMATICS ing the on-sheljg— jj subprocess. We normalizet by
Consider dijet hadroproduction at the quark level, o 5
qg—q-+jj +q, which is shown in Fig. 1. The experimental EZ|M| : 8
configuration of interest is where particle production is for-
bidden in th idit - ,
aden in the rapidity gaps To relatedt to dP? we note that at fixed1? we have

A n(veto) = % (7min» Tmax) qi —Ay doA
and a pai ' i iditi _t:1+e_ =M?2 ( 77). 9
pair of largelE; jets are produced with rapidities dP% 1—e &7 dm?Z
71,72 Which both lie in a central rapidity interval denoted
by Az(dijet). The rapidity gap configuration is sketched on 1y jgentity means that the form of the differential cross

fche right-han"d side of Fig. 1. It i_S necessary to choose thegction of the subprocess which emerges naturally from
interval A n(dijet) smaller than the interva 7min, 7min) be- multi-Regge kinematics can be written as
tween the gaps so as to ensure that the fragments of the large

E jets can be collected and their momenta determined. 4o dM2  ds

Let us denote the transverse momenta of the two jets by 205V —ird(An). (10)
P, andP,1. Then the jet transverse energies Bre=P;7. dP-2r M2 dt
It is convenient to write the differential cross section for dijet
production in the fornde/(d?P;d2APrd 7dA 7)) where

IIl. EXCLUSIVE DIJET PRODUCTION

Pr=3(Pir=Por), 7=13(n1+7m), 2 We begin with the calculation of the double diffractive
dijet production where the protqantiproton remains intact.
APr=Pi1+Por, Anp=15,—1,. (3) The Born amplitude for quark-initiated production is de-

scribed by the Feynman diagram shown by the solid lines in
On the other hand, theg— jj hard subprocess is most natu- Fig. 1. We must explain the origin of the secondhannel
rally described in terms of the Mandelstam variat8esM®  gluon. Without the rapidity gap restriction the dijet system
andt, whereM is the invariant mass of the dijet system. For could simply be produced by gluon-gluon fusion. However,
exclusive dijet productionpp— p+jj +p, the proton form  the color flow induced by such a single gluon exchange pro-
factors limit the momentum transfer from the protand  cess would then produce many secondary particles which
from the antiprotop We thus havelt;|<P3% and conse- would fill up the rapidity gap. To screen the color flow it is
quently (AP7)2<P2. The kinematics are much simpler necessary to exchange a secarchannel gluon. At lowest
when AP+ is small. It means that the rapidity axis defined order in ag this gluon couples only to the incoming quark
with respect to the direction of the incomipgandp essen- lines.(The case in which the screening gluons also couple to
tially coincides with the axis defined by the incoming hardthe highEy jets is of higher order inxg.) Thus the Born
gluons. In this limit amplitude is given by
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N d?Qq o o ons from gluons which belong to the jets. Only emission in
T(ag—a+ji+a)=g Zf W8as(QT)M, (1) some fixed rapidity intervah z(veto) is vetoed in an experi-
12 ment. For example, the DO Collaboratif#?] at the Tevatron
where 2 is the color factor for the two-gluon color-singlet €hoose a rapidity gap interval ofA 7(veto)=(7mi
exchange process and the factor 2 takes into account that2:7max—4-1). The suppression of EL4) should therefore
botht channel gluons can radiate the dijet system; see, foPhly act in the rapidity intervall 7(veto). Now the rapidity
example[3,5]. The amplitudeM represents the sum of the Of the bremsstrahlung gluon ig,=In(w/2py). The relevant
Feynman diagrams for the subprocggs—jj . In addition to ~ integration in Eq(14) becomes
the usual Mandelstam variablgsandt, the amplitudeM
depends on the transverse momdgiaof the incoming glu- J d_“’_> dy (15)
ons. We work in the limit wheréZ <EZ. In this limit the ® >
off-shell amplitude is of the form
R where we must restrict thg, integration to the rapidity in-
M=Ky1korM(5,1), (12)  terval Az(veto).

In addition to the form factor suppression we must also
which reflects the gauge invariance of the amplitude. Thénclude the ladder evolution gluorishown by the dashed
remaining factorM is the amplitude which describes the |ines in Fig. 1 and to consider the process at the proton-
on-shellgg—jj subprocess, which was introduced in E8).  antiproton level rather than the quark level. Both changes are
and which fixes the normalization of Egd.l) and(12). In  achieved by making the replacemef@s
the leading log approximation the origin of tkg factors in

Eqg. (12 is clear from the well-known Weizsker-Williams 4ag(Q?) ) [xg9(x,Q?)]

formula. The QCD analogue can be found in R&f. The 3, fxQ)= “omna? (16)
k;t factors occur since the forward emission of massless vec-

tor particles without spin flip is forbiddef8]. in Eq. (11), wherex=x; or x, for the upper or lower ladders

If the momentum transfers are smakt=k3~Q?) then  in Fig. 1, respectively, and wheféx,Q?) is the unintegrated
the integral in Eq(11) behaves agdQ%/Q?. Thus small  gluon density of the proton. The identificati¢hé) is valid
values ofQ+ of the screening gluon are favored. Fortunately,for small momentum transfer from the proton, which is the
as we shall see, the existence of the rapidity gaps and thgominant region for the exclusive process. We may therefore
consequent Sudakov form factor suppression make the iﬂt%etkam k§T~Q$~Q2_ Strictly speaking even at zero trans-
gral infrared convergent. _ o _ verse momentum transfer;+—q;1= 0, we do not obtain the

The Sudakov form factdF is the probability not to emit  exact gluon structure function, as a nonzero component of
bremsstrahlung gluort®ne of which is shown bpr in Fig.  ongitudinal momentum is transferred through the two-gluon
1). We have ladder. However, in the region of interest;- 0.01, the value

Fe=exd — S(Q2,E2)], (13) of |tminl mf]x is so small that we may safely ptt=0 and

identify the ladder coupling to the proton wiftfx,Q?) [9].
whereS is the mean multiplicity of bremsstrahlung gluons  YWhen we take the modificationd5) and (16) into ac-

count the Born amplitudéll) becomes

52, £2)— [ 4PT [M2do 3as(p) _ 3as, 2( E%)
TET) T 2 T2 - YR
QT pT QT

(14

Here w and pt are the energy and transverse momentum of
an emitted gluon in the dijet rest system. Note tRatis the where Ex=P-. In the limit Q$< E$ the amplitudeM es-

transverse energy of the jet adjacent to the “hard” gluo.nsentially becomes the on-shell amplitude introduced in Egs.
from which the bremsstrahlung takes place. The last equalltYS) and (12), which is simply a function of andi, and so

e ranonn MY be taken outie the loop el Ecata) car
y ' 9 then be expressed in the symbolic form

Eq. (14) reflects the destructive interference of amplitudes in
which the bremsstrahlung gluon is emitted from a “hard”
gluonk; and from the soft screening gluéh That is there is
no emission when the wavelength of the bremsstrahlun
gluon (=1/p7) is larger than the separatioAp~ 1/Q+, of
the twot channel gluons in the transverse plane, since the
they act as a single coherent color-singlet system. Howeve
the situation is a little more complicated. As it stands Egs.
(13) and (14) represent to double logarithmic accuracy, the
probability to have no bremsstrahlung at all. But, in a real-
istic experiment we do not exclude bremsstrahlung in the d 2 -
Lo . . 2 o |T| 1 do
rapidity interval embracing the two larg& jets. That is in 5 = =5 L —,
practice it is difficult to distinguish the bremsstrahlung glu- dPrdpdAn  (1679)°b" b dt

n
pr @ T 4

_ . dQ?
T(pp—p+ij +p>=2w3f Q—QéleS‘Q?E%f(xl,QZ)

X f(x2,Q)M, 17

T=1672LY2M, (18)

Yherer may be regarded as the pomeron-pomeron luminos-
ity factor. Clearly £ depends on the choice of the rapidity
ap configuration. The factor 46 arises due to the choice
f normalization in Eq(8).
The differential cross section fgp—p+jj + p is given
in terms of|T|? by

(19



5870 A. D. MARTIN, M. G. RYSKIN, AND V. A. KHOZE 56

gate. The partonic quasielastic  subprocess is
ab—a’'+jj+b’. If the partonsa,b are quarks then the
Born amplitude for the subprocess is given by Efjl).
However, the form factor suppressions are more complicated
than for the inclusive process. As the momenta transferred,
t;=(Q—k;)?, are large we can no longer express the upper
and lower “blocks” in terms of the gluon structure function,
but instead they are given by Balitskii-Fadin-Kuraev-Lipatov
(BFKL) nonforward amplitudes.

We begin with the expression for the Born cross section

for the subproce +jj+g:
FIG. 2. The amplitude multiplied by its complex conjugate for P 99—g+l+ag

inclusive double-diffractive dijet production with rapidity gafvs;, ~

X . ) do 81 do
and A 7, on either sideA 7, == ( %min, Tmay- The suppression due =ag 77—, (21)
to QCD radiative effects comes from the double log resummations d P%d ndAn 64w  dt

exp(=n;/2) in the BFKL nonforward amplitudes and from the
Sudakov-like form factor suppressions exi/2) associated with ~ with
the rapidity gaps along the hard gluon lines.
pidity gap g g 40% 40’2 dié, did | |

where the last equality follows from Eqél8) and (8). To 1= Q% Q'% K3k}? k3kj? Kirkirkorkor, (22
obtain Eq.(19 we have integrated ovat(AP1)? and the
proton momentum transfer; see E@). These integrals are where the six propagators of Fig. 2 are evident.
governed by the proton form factors. We obtain a factor of Again care is needed in the computation of the subprocess
1/b from both the proton and antiproton where explt|) is  cross sectiomo/dt. As we noted from Eq(12) the off-shell
taken to be the approximate form of the proton form factor.gg—jj amplitude is proportional to thie; of the incoming

In the standard calculation of the cross section of a hargluons, and the remaining on-shell cross sectibdt
scattering process, such gg—jj, we would average over should be therefore computed averaging over gluon polariza-
the colors and the polarizations of the incoming gluons. Hergions. The polarizations are described by vecigshich are
we have to be more careful. First, the cross sectlondt proportional to the gluok;t. Now the leading log contribu-
describes dijet production in a color singlet configuration.tion comes from the strongly-ordered regikjs <kt with
Second, in exclusive dijet production the polarization vectors #j. As before comparatively small values of the momen-
of the incoming gluons are directed alokg , and hence are tum Q of the screening gluon are favored. However now,
strongly correlatell since k;t=k,r=Q;. To determine without the presence of proton form factors, the total mo-
do/dt we perform the appropriate color and polarization av-mentum transfeQ—k; may be large. In the limiQ?<k?
eraging and obtain this means thak; has to be balanced L/ for bothi=1,2.

That is we have

do 9 mad(P%)
— = — 2 2 12
d'f 4 P?_ ! ti_(Q_ki) l/_ki'rl’_ki-r- (23)

o ) ] ) ] The consequence for the polarization averaging is that we
which is in agreement with the cross section obtained in Refrequireeize{ , but thate; is no longer correlated te; (as it

[4]. was for exclusive i i
. . . productionAfter averaging, the on-shell
It is easy to show that the integral in E4.7) has a saddle gg—gg cross section is found to be

point given by

~ 2(p2 p2 2
IN(E2/Q?) =[2m/3as(Q?)](1-2y), (20) d_‘f _mesPP O Pr , (24)
dt P 2 M?2
where y is the anomalous dimension of the gludifx,Q?) _
*(Q?). while that forgg—qq is
~ 2 2 2
IV. INCLUSIVE DIJET PRODUCTION d_‘f: mas(PP 1 2P7 (25)
dt  P2M? 6 M?

As is usual, the cross section for inclusive production is
expected to be larger than for the exclusive process. Here thg, cach flavor of quark.
initial protons may be destroyed and the transverse momen-
tum APy of the dijet system, E¢3), is no longer limited by .5 the value which for single inclusive jet production

the proton form faptor,_ but it is still sma_ller thamr_in t.he . gave small higher-order corrections and which led to predic-
leading log approximation. The process is shown in Fig. 2 Nions in agreement with the data.

the form of the amplitude multiplied by its complex conju- Again we must estimate the suppression due to gluon
bremsstrahlung filling up the rapidity gaps. Now the mean
number of gluons emitted, with transverse momenta

3The correlation is absent for inclusive dijet production. Qr<pr<kir, in the rapidity intervalA »,= A n(veto) is

We have chosen the scale of the coupliagto be P%,
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2. (26) N

The amplitude for no emission in the ga&py; is therefore //Cet
exp(—ni/2). In this way we see that the Born integ(aPp) is .
modified to P—> 4 2000004000 o

nin

K487
2 12 2
I= dizd%%%exp[—(nl—knﬁ-nﬁ—né—ksl QQQ‘ \///6 )
Q Q tl t2 v qT max
+ 5+, +)12], (27) Por

where the exponential factor represents the total form factor FIG. 3. A schematic diagram of the subprocggs—jjg, where

suppression in order to maintain the rapidity gapgveto). the additional jet with transverse momentum is emitted with

The Sudakov form factors, eE(pS(kizT,Eﬁ)/Z]Eexp(—S/Z), 0> 0ax- Only the vetoed region in the forward direction is shown.

arise from the insistence that there is no gluon emission iffhere is also a rapidity gap in the backward hemisphere.

the intervakk;t<pt<Eg; see Egs(13) and(14). Again note

that the Sudakov form factors are multilated due to the imwhere a summation over=g,q is implied. At first sight we

position of a specific rapidity gap intervaly(veto; see the  might expectx,,,=M/+/s for central dijet production. How-

replacement given in Eq15). ever, at large;; the rapidities of the’,b’ jets are small in
The justification of the non-Sudakov form factors, the dijet rest frame, =In(xy\s/k;7). Thus in order to

exp(-ny/2) is a little subtle. First we notice from E27)  maintain the rapidity gapsi,: > 7ma,), We must take
that due to the asymmetric configuration of thehannel

gluons,Qt<<k;, we have, besides 7; , a second logarithm,

In(k4/Q3), in the BFKL evolution. These double logs are (X0)min=[ Me”+kyzemad/ s, (30

resummedi to give the BFKL nonforward amplitude

exp(=ni/2)®(Y;), where the remaining facto®(Y;) ac-  and similarly for &.) i

counts for the usual longitudinal BFKL logarithms: So far we have considered the simplggt—jj hard sub-

_ process. However, if the virtualittyi2 of the incoming gluons

Yi=(3as/2m)A ;. @8 is much smaller thaP? of the outgoing jets, then we must

discuss the possibility of Dokshitzer-Gribov-Lipatov-

Altarelli-Parisi (DGLAP) evolution in the ki ,Py) interval.

The evolution means that orfer more extra jets may be

emitted with transverse momentuqy in this interval. At

For rapidity gaps withA ;<4 we haveY;<0.5, and it is
sufficient to include only theO(Y;) term, which gives
®=1+Y,;Q%/k%=1.1+0.1[10]. At our level of accuracy
we may neglect the enhancement dueftoand hence we L . ;
obtain Eq.(27), which is valid in the double log approxima- first sight it appears thazt the ordag correction wil b.e en-
tion. hanced by a factor |rﬁ>(T/K-2T). Indeed such a contribution

To evaluateZ of Eq. (27) we first perform theQ? andQ'2 would arise if p,i, is sufficiently large so thatgnmin~1.
integrations and obtainY(,+Y,) ~2. Then we integrate over The situation can be described with reference to Fig. 2. The

In(t, /t,) which gives: (1Y, + 1/Y,) where, at large\ ; , we incoming proton “fragments” into a system of partons with

neglect thet: dependence Thus Ea.(27) becomes rapidit?es 7> Tmax- Th.is process is describgd by DGLAP
g i dep o a-27) evolution which effectively sums up the collinear logs. The

£2 dt leading log contribution comes from the configuration where
f T Texq - ZS(t,Ei)]. (290  the angles of the secondary partons are strongly ordered. The
effect is described by the parton distributia(v(a,ka). The

For fixed as the final @t) integration givesm(6a<) Y2 in emission of partons with larger opening angles in the range

the double log approximation. However, to predict the crosdmin™ 0= Omax _(correspondmg o the rap|d|t)_/ gap
section for inclusive production we must convolute the 7max=7<7min) i experimentally vetoed. The resulting sup-

parton-parton cross sections with the parton densitieQ"€ssion of the cross section is tgken into account by the
a(x,,t) of the proton, witha=g or g, and evaluate thdt ~ ©XP(-S/2) and expt-ni/2) factors in Eq.(27). Neverthe-

integral numerically. There is a subtlety when we come td€SS; Starting fromp= 6y, the DGLAP evolution may be
include these parton luminosity factors: continued to larger angles. Thus, as well as the Born process

gg—jj, we should include more complicated inclusive sub-
1 processes such agy—jjg shown in Fig. 3. Fortunately if
f dxaa(xa,ka)..., fmax is sufficiently large, or equivalently ifpy,, is suffi-

Xmin ciently small, the probability of extra jet emissigwhich is
proportional toasnmin) Mmay be neglected. In other words,
the presence of the rapidity gap removes the main part of the

“The resummation corresponds to the Reggeization of thdGLAP enhancement, that is it destroys thePfik?) factor
t-channel gluons. which would have occurred due to emission in the rapidity
SHereA 7; (or Y,) plays the role of In(2{) in the BFKL evolution.  gap interval in the absence of the experimental veto.

1

S AZCRRD
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TABLE I. The double-diffractive inclusive dijet cross sectiof),. as in Eq.(31) evaluated atp=0 for
three values of rapidity difference of the jetsy= 7,— 7,. The first number forwr;,. corresponds to the
rapidity gap choicé\ n(veto)=(2,4.1), whereas the number in brackets correspondsjieto)=(2,6) for
LHC and(1.5, 4.9 for the Tevatron. Also shown are the percentage of events where the dijets are quark-
antiquark pairs summed over all types of quarks, and the percentidpesvients. k%)sad_ptis the saddle point
of the integration of Eq(27). The final column is the exclusive dijet cross section, first evaluated using a
sharp cutoff in Eq(17) and, secondin bracket$, using the soft cutoff of Eq(35). The transverse momenta
of the jets are taken to be;=50(15) GeV at LHCTevatron energies.

Tinc 2 U%E Uﬁut; ( k‘%’) sad.pt Oexc
Ay (pb/GeV?) Yine Tine (GeV?) (pb/GeV?)
LHC ({s=14 TeV):
0 2.4 (0.02) 4% 0.8% 20 0.0260.027
1 2.4 (0.019 3% 0.7% 22 0.020(0.021
2 2.0 (0.0149 2% 0.4% 28 0.0100.011
Fermilab (Js=1.8 TeV):
0 110 (8.7 4% 0.8% 2.5 3.95.5
1 110 (8.2) 3% 0.6% 2.7 2.9(4.2)
2 88 (5.9 2% 0.3% 3.4 1.2(1.9
V. PREDICTIONS FOR THE DOUBLE-DIFFRACTIVE ration,pp— X+ jj + X, plays the dominant role. We present
DIJET CROSS SECTION the cross section in the differential form of §@1) for cen-
Our main objective is to estimate the dependence of th&al dijet production with rapidityn=3(7,+ 7,)=0. The
cross section for central dijet production fixp (or pp) col-  results are shown in Table | for both FNAL and LHC ener-

lisions on the imposition of rapidity gaps. An understandinggies of \'s=1.8 TeV and 14 TeV, respectively.

of this double diffractive process is important. On the one For the Fermilab predictions the rapidity gaps were cho-
hand, thebb dijet channel is the background to Higgs pro- sen to be those used by the DO Collaborati@h that is
duction from eitheMWW or pomeron-pomeron fusion. On the 7.,;,=2 and 7,.,=4.1. The jets were taken to have
other hand, dijet production provides an observable test of=15 GeV. At the LHC energy we tooR;=50 GeV, and
novel QCD double logarithmic effects. That is it is possiblepesides the above choice of rapidity gap, we also present
to study how the event rate varies according to the experiresults for a larger gap Withmin=2, 7max=6 SO as to ex-

mental choice of the rapidity gaps in which QCD double pjore the sensitivity to the gap sizep(veto). We calculated

logarithmic gluon emission is forbidden. the cross section using various recent sets of partons. The
values in Table | were obtained using the Martin-Roberts-
A. The inclusive cross section Stirling set R2IMRS(R2)] set of partong11].

Recall that the calculation is done in the leading log ap-_ Frodeathe | we set_e that,t [OZ(::O a:jnlo:IA 7’.~| 16 the in-
proximation and that we anticipate that tihelusiveconfigu- clusive dijet cross sections a and -ermiiab are

do 2 pb/GeV  at \s=14 TeV (with Pr=50 Ge\),

. - 31
dPidpdAn | 100 pb/GeV at s=1.8 TeV (with Pr=15 GeV). 3D

The larger value at the Tevatron energy simply reflects thgaps. We thus have to multiply the cross sections in the table
1/P$ behavior. Note that the cross sections are rather largday a factorW which is the probability not to have an inelas-
For example, if we integrate ovcE}?r using the above values tic rescattering. To estimal® we may usg12]

of P; as the lower bounds then the cross sections§ are ap-
proximately given by multiplying the quoted values By in
Ge\2. That is an integrated cross section of about 5 nb at W={1 Tt =0.06 atys=1.8TeV,
LHC with P+>50 GeV, and 20 nb at the Tevatron with (32
P:>15 GeV.

The above large cross section values do not take into aswhere o, ogp, opp, and oy are the elastic, single, and
count the possibility of multiple parton-parton scatteringdouble diffractive, and totgbp cross sections, respectively.
(see, for example, Ref5]). The secondary hadrons produced The numerical estimate in Eq32) is obtained using the
in such a rescattering will tend to fill up the original rapidity Collider Detector at FermilalfCDF) measurementgl3] of

2
_ 2(oetospt opp)
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Oty 0el, andogp. For the double diffractive cross section ~ The procedure that we follow is similar to that used in
we use the factorization relatianyp= (osp) %/ oe. We note  Refs.[3, 4]. The idea is to use an unintegrated gluon density
that earlierpp cross section measuremefitst] would give  (x,1%) which is truncated at low transverse momentynn
W=0.025. The smaller value is mainly due to the smallersuch a way as to reproduce the observed value of the total
measuredr. (inelastig pp cross section. We start from the Low-Nussinov

Alternative ways to estimat® can be found in Refs. two-gluon exchange model for the cross section. The Born
[15]. W is a common overall suppression factor which af-amplitude gives

fects the cross section for any process with one or more s
rapidity gap$ Thus, although it gives an added uncertainty o :47mzf % E(3)(3) 33)
to the overall normalisation of the cross section, it should not PP s/ 139 ’

modify the form of thez, A», and P+ dependence.

From Table | we also see that tipw— X+bb+X cross Where we integrate over the transverse momerituwf the
section is about 1% of the whole cross section for inclusivegluons exchanged betweeri@lencg quarks of the protons.
double-diffractive dijet productionpp— X+ jj +X. That is As usua_ll_,g is the coI(_)r factor. We may improve this estimate
above, the estimate dfb production with rapidity gaps is SitY: [se€ the quark level formule6)],
relevant in assessing the background to the production of a 3 d12
Higgs boson of intermediate mass. _ Upp:Tr_ f _4Tf(x,|$_)f(x,|_|2_), (34)

The predictions foinclusivedijet production are stable to 2 I
the use of different recent sets of parton distributions and to _ _ 5 _
different treatments of the infrared region. The reason is thatherex=2I1/+/s. In the perturbative regiol§>13 the right-
the saddle point of the integration of E(7) lies in the hand side is known. We can therefore insert the value of the
perturbative region. For the LHC energy it occurs atinelastic cross sectiom;,,~45 mb, measured at Fermilab to
k%:gg Ge\? andQ?=4 Ge\?, while for the FNAL energy determine the infrared contribution to the integral. We may
it is at k§=2.5 Ge\? and Q?>1 Ge\2. Even in the latter ~€ither use a “sharp cutoff,” putting=0 for |$<|2; or em-
case the uncertainty due to partons and the infrared contrploy a “soft cut” by extrapolating into the regioht<\Ig

bution is only*+10%. using the linear form
We find that there is about 50% suppression due to the ) - )
Sudakov form factor. The suppression arising from the pres- fx 1) = (/15 f(x.15). (35

ence of the BFKL nonforward amplitudes is strongly depen- . )
dent on the size of the rapidity gap. For example, at LHCTo reproduce the observed Sross section we find that we need
energies the cross section for dijet production with the largef© t@ke the sharp cutoff dp=1.1 GeV, or alternatively to

gap, A p(veto)=(2,6), is a factor of 100 smaller than that cN00Se the soft cut starting f=1.5 GeV.
for A n(veto)=(2,4.1). We assume that this procedure can be taken over to evalu-

ate the infrared contribution to the exclusive dijet cross sec-

The rapid decrease with increasingy(veto is a charac- © . ;
teristic feature of perturbative Pomeron effects on this profion of EQ.(17). The predicted values of the cross section are

cess. It comes mainly from the presence of nonforwardhown in Table | for both treatments of the infrared region.
BFKL amplitudes which in turn arise from the asymmetric We see that the exclusive double diffractive dijet cross sec-

gluon exchange configurations where Reggeization is import-ion is a factor of about 20 or 150 _smaller thar_1 the inclusive

tant. It should be readily observable. one at the Tevatron or LHC energies, respectively. The sup-
pression due to the double logarithmic Sudakov factoj is

for P1=15 GeV jets at the Tevatron, whereas it s for

B. The exclusive cross section Pr=50 GeV jets at the LHC.

The calculation of the cross section for teclusivepro-
cess,pp—p+jj+p, is much more dependent on the infra-
red region. The problem is that the main contribution to the The observation of processes with rapidity gaps is of great
integral in Eq.(17) comes from rather small values &, interest for understanding the structure of the perturbative
even when the Sudakov form factor is included. The predicPomeron. In this respect the central production of dijets with
tions are therefore sensitive to the gluon density in the regiod rapidity gap on either side is an ideal “perturbative labo-
Q*~1GeV, or less, where it is not well defined. Of course ratory.” The process has a large cross section and may be
double-diffractive dijet hadroproduction is dominated by thestudied in detail at the Tevatron and at the LHC. Here we
inclusive process and so the computation of the exclusivgave obtained a formalism which allows an estimate of the
cross section is not so important. Nevertheless, for completeross section and which systematically takes into account the
ness, we give an estimate of the cross section. main effects, some of which have not been considered be-

fore. The dijet system is produced by the fusion of two glu-
ons (of momentak; andk,). A secondt channel gluon ex-

Sif for very high energypp collisions the suppression factoy ~ change(of momentumQ) is needed to neutralize the color
becomes extremely small, then the subprocess-jj could be- flow. The main contribution to the cross section comes when
come competitive. The reason is that this subprocess arises frofie screening gluon is comparatively so@¥<k?), yet Q2
large impact parameters where rescattering is essentially absent.is large enough to allow the inclusive cross section to be

VI. DISCUSSION
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reliably estimated by perturbative QCD. The cross section is Finally we emphasize that we have worked at the partonic
found to be suppressed by Sudakov form factors and by norevel. That is the rapidity intervals are defined with respect to
forward BFKL amplitudes, the latter arising from the asym-the emitted partons. In a realistic experimental situation our
metric two-gluon exchange configuration. results therefore correspond to smaller rapidity gaps for the
We presented sample results for the cross section whichadrons since a gluon produced just outside Ahgveto)
demonstrate the scale of the effects. We chose the rapidifyjteryal may produce a secondary inside the gap. To obtain
gaps to correspond to those used by the DO collaborg®pn an indication of the size of the effect we recomputed the
at Fermilab. However, at the LHC energy we also presentedrgss section at the Tevatron enerffor =0, An=0,
results for larger rapidity gaps. The main uncertainty is frompT: 15 GeV) With 7min— 7min—0.5 and 7max— Zmaxt 0.5
rescattering effects, which will populate the gaps. The crosgngd found that it was suppressed by a further factor of 12.
sections presented in Table | do not include the suppression The rescattering and rapidity gap broadening effects give
factor arising from the requirement to have no rescatteringthe main uncertainties in our cross section estimates. The
We gave an estimate of this factor in H§2). first estimates indicate that the combined effect will diminish
It is interesting to note that the calculation of dijet pro- the perturbative predictions in Table | by more than two
duction with a single rapidity gap is much more complicated.orders of magnitudes. The broadening of the gap can be
and less informative theoretically, than that of the procesgjmulated by Monte Carlo studies and can be readily ac-
with a rapidity gap on either side of the dijet. The problem iscounted for when the data is analyzed. However the rescat-
the gluon that screens the color flow may now couple, Notering estimate is model dependent and requires confirmation

only to the initial parton, but to any gluon or secondary par-py studying multiplicity distributions and the energy behav-
ton on the side where we have no rapidity gap. Typically thggy of diffractive cross sections.

main contribution comes from the graphs where it interacts
with the parton which hag; of the order of theQ of the
screening gluon. Thus one has to follow the history and evo-
lution from some cutoffu up to the transverse momentum
P+ of the dijet system, and to sum up the resulting “inter- We thank Bob Hirosky and Dino Goulianos for discus-
acting” diagrams. As there is no second rapidity gap there isions concerning the data, and M. Heyssler and M.R. Whal-
no strong suppression of the cross section. Moreover, thiey for useful information. V.A.K. thanks PPARC, and
dominant region of), in the integral analagous to E@®7), M.G.R. thanks the Royal Society, INTA®5-31) and the
will be closer to the infrared region than it was for dijet Russian Fund of Fundamental Reseaf@t 02 17994, for
production with two rapidity gaps. support.
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