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We consider inclusive and photon-associatejgt hadroproduction in the quasi-multi-Regge-
kinematics approach based on the hypothesis of gluon antt Remgeization int-channel ex-
changes at high energies. The preliminary data on inclusje¢ andbﬁ—dijet production taken
by the CDF Collaboration and the data on photon-associajetl production taken by the DO
Collaboration at the Fermilab Tevatron are well describétdaut adjusting parameters. We find
the main contribution to inclusivie-jet production to be the scattering of a Reggeized gluon and
a Reggeized quark to ab quark, which is described by the effective Reggeon-Reggpamk
vertex, and the one fab-pair production to be the scattering of two Reggeized gittorabb pair,
which is described by the effective Reggeon-Reggeon-ggaaskk vertex. The main contribution
to by production arises from the scattering of a Reggelzgdark and a Reggeized gluon tbp
pair. Our analysis is based on the Kimber-Martin-Ryskirsprigtion for unintegrated gluon and
quark distribution functions using as input the Martin-db-Stirling-Thorne collinear parton
distribution functions of the proton.
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1. Introduction

The study otb-jet production at high-energy colliders is of great interest for thealegéertur-
bative quantum chromodynamics (QCD). The presence of a Heawsirk, with massn, > Aqcp,
where/Aqcp is the asymptotic scale parameter of QCD, in such processes guarantegs mda
mentum transfer even if the transverse momentum of the producgehrk is small. Thus, the
strong-coupling constant remains small in the processes discusseddtieig < 0.1.

The total center-of-mass energy at the Tevatkd8= 1.96 TeV in Run I, sufficiently exceeds
the scaleu of the relevant hard processes, so &> 11 > Aqgcp. In such a high-energy regime,
the contributions to the production cross section from subprocességing/b-channel exchanges
of partons (gluons and quarks) may become dominant. Then, the tramsnementa of the incom-
ing partons and their off-shell properties can no longer be negleatedya deal withReggeized
t-channel partons. In this so-called quasi-multi-Regge kinematics (QMRE)particles (multi-
Regge) or groups of particles (quasi-multi-Regge) produced in the calis®strongly separated
in rapidity. In the case of inclusivie-jet production, this implies the following: a singbequark is
produced in the central region of rapidity, while other particles, includiﬁgqaark, are produced
at large rapidities. In the caselnﬁpair andby associated production in the central rapidity region,
we also assume that there are no other particles in this region, so that déingslepare considered
as quasi-multi-Regge pairs. The QMRK approach [1] is particularly apfa@ for this kind of
high-energy phenomenology. It is based on an effective quantumtfietdy implemented with
the non-Abelian gauge-invariant action including fields of Reggeizedhgl{®] and quarks [3].

2. Single b-jet inclusive production

The first subject of our investigation is inclusive singket production inpp collisions. To
leading order (LO) in the QMRK approach there is only one partonic sessQp(01) + R(02) —
b(k), whereR andQy, are the Reggeized gluon abdjuark, respectively, and the four-momentum

labels are indicated in parentheses. Its squared amplitude readsq4Q,R — b)|2 = gnasﬁ%.

At next-to-leading order (NLO), the main contribution arises from the pa&rteubprocess
R(01) + R(qp) — b(ky) + b(kz), where theb andb quarks are produced close in rapidity, and its
squared amplitude was obtained in Ref. [5]. The contributions due to the Mt processes,
R+Qp— g+b, Qq+ qu — b+band Qq(éq) + Qp — q(q) + b are suppressed because, in the
smallx region, the parton distribution function (PDF) of the gluon greatly excéleelselevant
quark PDFs. In our numerical analysis, we adopt the Kimber-MartirkiRysrescription [6] for
unintegrated gluon and quark PDFs, using as input the Martin-RobentiagsThorne collinear
PDFs of the proton [7].

Recently, the CDF Collaboration presented preliminary data on inclusivie ifjgt produc-
tion in pp-collisions at Tevatron Run |1 [8]. In Fig. 1(a), the data are compari#deur predictions.
imposing the acceptance dRione> 0.7, WhereRqone= 1/Ay? + Ag?, as in Ref. [8]. Since the lower
bound of thekor integration is zero, we allow for thie-quark mass to be finiten, = 4.75 GeV.
Throughout all our analysis the renormalization and factorization scedddentified and chosen
to beu = &kr, whereé is varied between 1/2 and 2 about its default value 1 to estimate the theo-
retical uncertainty, and the resulting errors are indicated as shaddd.harrig. 1(a), we observe
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that the contribution due to LO subprocess greatly exceeds the one dughteibprocess, by
about one order of magnitude, and practically exhausts the full resuticdty agrees with the
CDF data throughout the entikg range. The QMRK results have to be taken with a grain of salt
for kr = 150 GeV, where the average values of the scaling variahlaadx, in the unintegrated
PDFs exceed 0.1, so that, strictly speaking, the QMRK approach cedsesdbd.

3. bb_-dijet inclusive production

At LO, bb-dijet production receives contributions from both subprode@s) + R(dqz) —

b(ki) +b(kz) and the annihilation of a Reggeized quark-antiquark @{a:) + Qq(dz) — b(ke) +

b(kz), whereq = u,d,s,c,b. The induced vertex of the latter was obtained in Ref. [3] and the
squared amplitudes in Ref. [9].

The CDF Collaboration measured the inclusbt_edijet production cross section in Run Il
at the Tevatron [10]. The two jets were required to be in the central regfioapidity, with
Ival, [y2| < 1.2, to be separated B3%one > 0.4, and to have transverse energies satisfying the condi-
tionsEjt > 35 GeV andezt > 32 GeV, where the jet with the maximal transverse energy is called
the leading one. Given these acceptance cuts, the massless approximeganysapplicable, so
thatEr = ki andy; = nj, wheren; denote the pseudorapidities of the jets 1,2. These data
come as distributions in the leading-jet transverse engrgythe dijet invariant mashl,;, and the
azimuthal separation anghap. They are compared with our QMRK predictions in Figs. 1(b)—(d),
where the two LO contributions are shown separately along with their sogiggmns. We observe
that the total QMRK predictions nicely describe all the three measured sectien distributions.
The contributions due to Reggeized gluon fusion dominat&fers 200 GeV andVl,; < 300 GeV
and over the whol&g range considered. The peak né&gr= 0.4 in Fig. 1(d), arises from the iso-
lation cone condition.

4. Associated by production

There are two mechanisms of photon-associbtgdark production: direct photon production
and the fragmentation of final-state partons into photons, which can beliesby perturbative
fragmentation functions [11]. In the former case, there is only one parsutprocess at LO in
the QMRK approachQy(a1) + R(gz) — b(ki) + y(k2). The relevant effective vertex and squared
amplitude were obtained in Ref. [12]. In the case of photon productionagyrfentation, we need
to take into account partonic subprocesses with at least one heawyintiae final state.

In Fig. 2 the data collected by the DO Collaboration [13] in the two kinematicabmeg
Yoyy > 0 andypyy, < 0, are compared with our predictions obtained in the QMRK approach. We
observe that the contribution due to direct photon production greatlyedsdbe one due to photon
production by fragmentation, by about of one order of magnitude at- 40 GeV and by about
a factor 5 atkry, ~ 30 GeV. The direct photon contribution practically exhausts the full result.
nicely agrees with the DO data throughout the erkifgrange considered.
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Figure 1: The distribution in (a) transverse momentum of inclusivegk b-jet hadroproduction [8] and
the ones in (b) leading-jet transverse energy, (c) dijeariant mass, and (d) azimuthal separation angle
of inclusive bb-dijet hadroproduction [10] are compared with the QMRK peddns. The shaded bands

indicate the theoretical uncertainties.
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Figure 2. The transverse-momentum distributionskgf hadroproduction [13] for (ayyy, > 0 and (b)
Yoyy < 0 are compared with the QMRK predictions. The shaded bamfisste the theoretical uncertainties.



