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Balitskir-Fadin-Kuraev-Lipatov QCD Pomeron in high energy hadron collisions:
Inclusive dijet production
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We calculate the inclusive dijet production cross section in high energy hadron collisions within the BFKL
resummation formalism for the QCD Pomeron. Unlike the previous calculations with the Pomeron developing
only between tagging jets, we include also the Pomerons which are adjacent to the hadrons. With these adjacent
Pomerons we define a new object, the BFKL structure function of the hadron, which enables one to calculate
the inclusive dijet production for any rapidity intervals.

PACS numbg(s): 13.87.Ce, 12.38.Cy, 13.85.Hd

At present, much attention is being paid to the perturbaand (pseudgrapidity for tagging jets. So, one cannot com-
tive QCD Pomeron obtained by Balitskitadin, Kuraev, and pare the results d2,8,9 with the preliminary DO data on the
Lipatov (BFKL) [1]. One of the reasons is that it relates hardlarge rapidity interval dijet§12] without an analysis of jet
processes ft:Q2>Aéco) and semihard oness$ —t radiation beyond the acceptance of the detectors.
:Q2>A(23co)3 It sums up leading energy logarithms of per- In this Rapid Communication we study, within the BFKL

turbative QCD into a singularity in the complex angular mo_approach, '_[h_e incIL_lsive dijet Cross _section in high_ energy
mentum plane. Several proposals to find direct manifestahadron collisions without any restrictions on untagging jets.

tions of the BFKL Pomeron are available in the Iiterature,Our results p_rowde an opportunity  to confront. BFK.L
L Pomeron predictions on the inclusive dijet production with
see, e.9.[2-9), but it is still difficult to get the necessary

. tal dat data which could be extracted from the existing CDF and DO
experimental data. jbet event samples after a modification of the jet analysis al-

Among those proposals the first one was made by Muelle orithms. This may be decisive in checking applicability of

and Na.vele't[2].. They pointed out tha}t'the inclusive dijet a factorization hypothesis for high energy hadron collisions
production in high energy hadron collisions may serve as a

probe for the BFKL Pomeron; namely, a specific exponential
growth of the cross sectidk factor with the rapidity interval
of tagged jets was predicted.

This idea was further developed [®,9], where it was
found out that the relevant object may be the azimuthal angle
correlation of jets.

Note that these studies were restricted to a consideration
of some special configuration of the inclusive dijet produc- B B

tion; namely, in[2,8,9] only the production cross section of (a) (b)
(d)

A

Ly

the most forward and most backward jets is considéFégl
1(a)]. However, unlike the usual hard QCD processes with
strongk, ordering, in BFKL Pomeron kinemati¢40] there A A
are strong rapidity ordering and wedk diffusion. This
means, in particular, that the most forward or backward jets
do not need to have the harddst. Therefore, there is no
warranty that one can tag most forward or backward jets
without a dedicated full-acceptance detedttit].

Unfortunately, the available detectdr€ollider Detector
at Fermilab(CDF) and DQ at the Fermilab Tevatron as well
as forthcoming detectors at the CERN Large Hadron Collider
(LHC) have a limited acceptance ky (k, nin~ tens GeVY

;

B

—
O
~

FIG. 1. Subprocesses for the dijet production in a collision of
hadronsA andB; vertical curly lines correspond to the Reggeized

gluons; horizontal ones to the real gluons radiated into the rapidity
intervals; all subprocesses contain the inner Pomg@nSubpro-

*Electronic address: kim@pnpi.spb.ru cess without the adjacent Pomerdb); subprocess with a Pomeron
TPermanent address. adjacent to the hadrofy; (c) same for the hadroB; (d) subprocess
*Electronic address: gbpivo@msz2.inr.ac.ru with two adjacent Pomerons.
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(argum_ents_ against it, s¢é3]) and the leading logarithm {BFKL(K, Kk, |y)
approximation. .
Removing the restriction on tagging jets to be most for- o(N.v
ward or backward one should take into account additional :n;w J dvxn, (k)€™ xh (Kay ), (€)
contributions to the cross section with jets more rapid than
th_e tagging ones. There are three such contribution_s: tWQ here the star means complex conjugation,
with a couple of Pomerongigs. 1b), 1(c)] and one with
three[Fig. 1(d)]. In this Rapid Communication we will call (K2)~L2+ivging
the Pomerons developing between colliding hadrons and Yo (K )= ———— (4
their descendant jets the adjacent Pomerons and the Pomeron ' 2m
developing between the tagging jets the inner Pomeron. ) L _
These additional contributions contain extra powengfper &€ Lipatov's eigenfunctions, and
extra Pomeron but hardly could they be regarded as correc-
tions since they are also proportional to a kinematically de- w(n,v)= 2asCa
pendent factor which one can loosely treat as the number of ™
partons in the hadron moving faster than the descendant tag-

In[+1 .
1,0(1)—Rei//( 5 +iv

ging jet. are Lipatov's eigenvalues. Hetgis the logarithmic deriva-
Contribution to the cross section of Fig(al considered tive of the Eulerl” function.
by Mueller and Navelef2] is Making use of the above-introduced objects we rewrite
Eq.(1) as
X1X2d0'{p} X1X2d0'{p}
dx;dx,d%ky, d%ky, dx;dx,d?ky, d%ks,,
asCp asCh asCp asC
= 2 TXlFA(Xllﬂi)XZFB(XZJ’L%) = _Sz_A _82_A 2 j dVXlFA(Xl ,,LL%)
le kZL le kZL n
BFKL
XE(ka kaLuy), @ X[ xn oK1 )€™ X (Ko ) IXoF B(X2,15). ()

h h bscri labels th bt h As one can guess, subprocesses of Figls)-1l(d) with
where the subscript omrp, labels the contribution to the e agjacent Pomerons contribute to the effective structure
cross section as a single Pomer@y=3 is a color group  ¢,ctions, i.e., one can account for them by just adding some

factor; x; are the longitudinal momentum fractions of the « ,jation corrections” to the structure functions of EG):
tagging jets;kj, are the transverse momenfa, g are the

effective structure functions of colliding hadrons;
y=In(xx5ky, K>, ) is the relative rapidity of tagging jets
and, finally, fBFKL is the solution for the BFKL equation.

2 2
X1Fa(X1, u7) =X P a(Xq, 11,0, 7,Kq )

_ 2

If one retains infBFK(ky, ,k,, ,y) of Eq. (1) only the =XiFa(X1,47)
leadingas-independent contribution to itgs expansion, one 5
gets the result of14] XD a(Xg,p1,0,v,Kyy ), (6)

XoFB(Xz, 15) =X ®F (X2, 45,0, v, Kz, )
X1X2d0'{p} _ OlscA aSCA

dx;dx,0%ky d%k,, K2, K3,

=XoF (X2, 13)
X X1 F a(X1, 1) XoF (X2, 143) + 3D % (X, 20, v, Kp, )
2B 2: 82,1,V R2) ).
X568 (kg — k). 2 ()

The complex conjugation ofez could be understood if one

An interesting feature of this result is that it does not contairiooks at the right-hand side of E(p) as a matrix element of
specific contributions from gluons and quarks; they turn outa t-channel evolution operator with the relative rapidify,
to be the same up to a simple group factor in the high energgs an evolution parameter afg as a final state;r(,v) are
limit. This provides the possibility to hide all the nonpertur- then “good quantum numbers” conserved under the evolu-
bative physics in the pair of effective_structure functionstion; this makes room forr(,v) dependence of the corrected
XFap=X(Gapt(Cr/Cp)Qapt(Cr/Ca)Qa ). What dis-  structure functions. We note also that the corrected structure
tinguishes the cross section of Ed) from the analogous functions may depend on the transverse momenta of the tag-
one of EQ.(2) is a systematic resummation ak{y) correc- ging jets.
tions to the hard subprocess cross section, which is necessary To get an explicit expression for the radiation correction
when the relative rapidity of jets, is not small. to the effective hadron structure functions, let us consider,

The solution for the BFKL equation has the integral rep-for example, the contribution of Fig.(). In terms of the
resentatiorj 1] radiation correctionD,, it is
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X1X2d o (ppya
dx;dx,d%k,, d%ky,
asCa asCp
=kaT; dexlDA(XLM%yn:Wku)

X[ xXn (e )€ xE (Ko ) IXoF g(Xa,u3).  (8)

On the other hand, BFKL summation of the leading energy &Ky

logarithms yields

X1 X200 (ppia
dx,dx,d?ky, d%ky,
_ asCp asCp 2a &5 d?
e e Af déxaFa(é, Ml) (;Iu
k 1L k 21 Mq 1L

x [ 0 1o @ a(£.00)

aSCA F(|n|/2+ 1/2+|V)
w? T(|n|l2+1/2—iv)

D (Xlal’«lanJ’ Ky ) =i

X FBFRE (g, + Ky Koy Y)XoF (X2, 13), (9)

where £,q,, parametrize the momentum of the most rapid

untagging jet moving in the same direction as hadkdrsee

Fig. 1(a)]

y1(&,d..)=In (10)

X101

is the relative rapidity measuring the rapidity lapse spanned
by the adjacent Pomeron. We cut the infrared-divergent
transverse momentum integration by the normalization point,
n1, of F5. Other integration cuts in E¢9) are evident from
the kinematics.

Splitting the Pomerons into the product of Lipatov's
eigenfunctions and making the transverse momentum inte-
grations in Eq.(9) one gets that, first, Eq$8) and (9) are
compatible and, secorfd,

T(n|/2+1—i(v—N\)) T(1/2—i)) 1
T(n[/2+1+i(v—N)) T(1/2+in) (i[n]/2+v—h+ie€)

1dg( £) O (Ky, [ pq) L+ @OV =2iN
XJ _<_> Faléomsd) 11L+l:)zo,>\)—2i>\ {1_

x X | X

(11)

1+ w(0N)—2ix
F
&\s

Some comments on the above formula are in order.iEhe ther work to develop a factorization scheme in the spirit of
defines the right way to deal with the singularity at[16] which would be able to accommodate nonleading cor-

n=v—A=0. The dependence on the ener&/is weak, we

rections to Eq(12).

check it for the Tevatron and LHC energies performing the Equation(12) gets simpler foix-symmetric dijet produc-

numerical calculationésee belowwith and without suppres-

sion of the last factor in Eq11).

tion with x;=x, after integration over transverse momenta
squared larger than a cut valu€, = u5= u5=Q?. Thus,

To make a local summary we have got the following com-following [2,8,9] we consider

pact and significant form for the dijet production inclusive

cross section:

X1X,d O dijet
dx,dx,d?ky, d%ky,

a<Cr a<C
=52 54y fdvx@A(xl.ui,n,v,ku)
li_ kZJ_ n

X [Xn,v(le)eyw(n V)X: V(kZL)]

XKo@ (Xo, 15,0, v,Kz, ), (12)
where the new structure functior® , g that depend on Li-
patov's quantum numbersi(v), we call them BFKL struc-
ture functions, can be read off EqF) and(11).

We expect that EqQ.12) may serve as an example of fac-

e kJ_mm Xlxzdo'duet
Ji o 0| g

"L min

(asCa)?
L( vt _1)FA(ey lszmln/\/g kimm)

einqS

X I:B(ey*lzkimin/ \/g’ ki min); Z_Cn(y* :kL min)-

(13

We consider here only a kinematically simple case when the
rapidities of the tagging jets have different signs in the center-of-
mass frame.

2A simplified analog of this formula was found in a triple-jet

torization matching the Regge limit of QCD. It requires fur- inclusive production studj15].
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FIG. 2. They* dependence of the dijé factor.

FIG. 3. They* dependence of the average azimuthal angle co-
sine between the tagging jets.

This depends on the azimuthal anglebetween the tagging

jets and an effective relative rapid?tyy*zln(xlxzs/kfmm). ion of rapidity intervals is more bromising for BEKL
We compute the Fourier coefficients of the azimuthal angl(%omeron rrﬁ);nliésltatio\r/\ sealrches promising

dependenceCy(y® k. min). The normalization of Eq(13) We should note here that the extraction of data on high-

* . . .
makesCo(_y ".(im'“) equal to thek ff"‘c“’“ the ratio of the k, jets from the event samples in order to compare them
cross section integrated over the azimuthal angle, to the Born:

one. The exponential growth of this quantity with rapidity with the BFKL Pomeron predictions should be different from

was predicted if2]. Another quantity of interest is the av- the algorithms directed to a comparison with perturbative

erage cosine of the azimuthal angle between tagging jethD predictions for the hard processes. These algorithms,

(coSh—m)=Cyy* K min) Coly* K, mir) [8,9] (= for n‘]otivated by the strong'L orderiqg of the hard QCD're—
back-to-back jets We plot our predictions for thK factor in gime, employ hardest; jet sel_ectlon(see, e.g._[18]). It_|s
Fig. 2 and(cos@—m)) in Fig. 3. The leading order CTEQ3L doubtful th_at one can reconcile theS(_e .algorlthn_ws with the
’ X o weak k, diffusion and the strong rapidity ordering of the
structure functiond17] with A8 =132 MeV have been N . ; .
q QCD semihard QCD regime, described by the BFKL resummation.
used. . o We also note that our predictions should not be compared
We point out the following qualitative features of our nu-

ical its(i) th buti f the adi P with the preliminary dat§12] extracted by the most forward
merical results(i) the contribution of the adjacent POMErons ;- ,, -y \yard jet selection criterion. Obviously, one should
to the cross section is significant, up to 60@0% at

.. include for tagging all the registered pairs of jétet only
K min=20 GeV (50 GeV at the Tevatron energyii) the the most forward—backward paito compare with our pre-
contribution of the adjacent Pomerons slowly dies out a

Slictions. In particular, to make a comparison with Figs. 2 and
y* approaches its kinematical boundsj) growth of the b ’ P g

3 one should sum up all the registerresymmetric dijets
energy as well as the decrease of the lower cutoff on th?xlzxz) with transverse momenta harder tHan,,
n-

transverse momenta of the tagging jets causes the contribu- Based on our study we draw a conclusion that the adja-

tion ?]f the_ ad]ﬁcfnt Plon;erons ro _be even mofreh5|gn|f|can§'3ent BFKL Pomerons can play a decisive role in high energy
(iv) the azimuthal angle decorrelaticdeviation of the aver- 1,46 collisions, as it may be seen in inclusive dijet produc-
age cosine from unjitis less sensitive to the contribution of tion

the adjacent Pomerons.

As is apparent from our plots, the resummation effects are We thank E. A. Kuraev and L. N. Lipatov for stimulating
significant not only for large rapidity intervals. Thus, taking discussions. We are grateful to A. J. Sommerer, J. P. Vary,
into account an unknown rapidity dependence of the nonand B.-L. Young for their kind hospitality at the International
leading corrections, it remains an open question which retnstitute of Theoretical and Applied Physics, Ames, lowa and

support. V.T.K. is indebted to S. Ahn, C. L. Kim, A. Petridis,
J. Qiu, C. R. Schmidt, S. I. Troyan, and C. P. Yuan for helpful
Note that in the leading logarithm approximation we have conversations. G.B.P. wishes to thank F. Paccanoni for fruit-
k, ~k, min and hence/~y*. ful discussions and hospitality at the Padova University.
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