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It is shown that the main contribution to the cross section for the production of vector particles in
collisions of high-energy fermions is made in renormalizable models of the Yang-Mills type by

perpendicular momenta of the same order as the mass.
PACS numbers: 11.10.J, 11.10.G

The necessary condition for reggeization of a vector
particle in perturbation theory is that there be no in-
crease of the significant perpendicular momenta with
increasing energy. Otherwise, the leading asymptotic
corrections to the amplitude would have a doubly-loga-
rithmic character: M'™ = g2s(g? In?s)" (s is the square
of the energy of the colliding particles in their c¢. m. s.
and g? is the coupling constant). According to an erron-
eous statement in'!?, the asymptotic form in models of
the Yang-Mills type is indeed doubly logarithmic, and
in addition Ins is the result of integration with respect
to the perpendicular momenta of the intermediate vector
particles. We show in the present paper that in the col-
lision of high-energy fermions, in any renormalizable
model, the main contribution to the cross section for
the production of a vector particle is made by perpen-
dicular momenta on the order of the mass. This state-
ment has a power-law accuracy in s. The proof is based
only on renormalizability of the theory and on the char-
acteristic properties of the Yang-Mills vertex. The
argumentation can apparently be extended also to pro-
cesses in which an arbitrary number of vector particles
is produced.

We consider the process a+b —a’ +b’+ B, where
a, b, a’, and b’ are fermions and B is a vector meson,
The notation is explained in Fig. 1:

q=L2_Ll'0=P1-p2' P:p1+p2,
v kP, 3 =2kL2 s =L1p,
FIG. 1.
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We are interested in the term of order s in the ampli-
tude, and we wish to prove that the main contribution

to the cross section comes from the region ¢%, @*~1.
(The independence of the dimensions is via the masses. )
We note first that the region in which all the perpendicu-
lar momenta are large and are of the same order,
g:~@*> 1, makes a small contribution, owing to dimen-
sionality considerations and owing to the renormalizabil-
ity of the theory. Actually, in this region, the masses
of all the particles can be neglected, and consequently
the matrix element takes the form A= s/Q3. Therefore
the integral that arises in the cross section

do ~ f{d%q d? <
o~ [d%q 1 g (1)

converges rapidly, since the degree of the numerator
is smaller than the degree of the denominator. The real
“danger” lies thus only in the region where 4 and @*
are significantly different.

Let us investigate, for the sake of argument, the
case ¢2> @, We consider first the multiregge-
kinematics region from which the principal logarithmic
contribution stems: 1, ¢?, @* <<y, v;<<s. The B meson
can be emitted either from the ends of the fermion
lines (Figs. 2a and 2b) or from the center of the dia-
gram (Fig. 2c¢). Since each of the blocks Ba’ and Bb’ is
asymptotic in the multiregge kinematics, the leading

(a) , (b) s
a a
s s
[) » ? 1
FIG. 2.
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asymptotic contribution arises only when the wavy lines
of Fig. 2 correspond to vector rather than scalar par-
ticles, and the vertex of the interaction of the three
vector mesons (Fig. 2c¢) has a Yang-Mills charactert?!:

M Ba~2apQ +4); ~ 85,29 - Qg = gg, (20 ~ ¢Jg- (2)

The proof is based on the following logic:

1. We shall show that in the given kinematic region
the spin structure of all the significant diagrams, i.e.,
those slowly decreasing with increasing g,, is factored
out in the form of the multiplier (x€u), where € is the
B-meson polarization vector while # and u are spinors
corresponding to the fermions a and a’.

2. The contribution from the essential Feynmann
diagrams, after multiplication by €& =k, /My, does not
depend on ¢%, since multiplication by % simply cancels
out the adjacent propagators. The renormalizability
of the theory, as is well known, denotes that the con-
tribution from €, which is independent of ¢% but is
proportional to s, should cancel out in the sum of the
diagrams.

3. The presence of factoring means that the cancella-
tion takes place in the amplitude simultaneously in all
polarizations. For the contribution of the transverse
polarizations this cancellation leads directly to an addi-
tional factor M,/q, in the amplitude (M%/q} in the cross
section), i.e., to a rapid convergence of the integral (1)
with respect to d%q,. The contribution from €, as is
well known, is expressed in renormalizable models in
terms of the amplitude of the emission of scalar “Gold-
stone” particles, '3 for which the region of large ¢? is
inessential. In place of the third polarization &=%/M,
it is convenient to use €, =€ - €e- -_—~(% - k)/Mjg, since the
contribution of €* is small [here k= (k;, kg, 0) =k + M3/
2ky(-1,1,0). The third axis is directed along k). Obvi-
ously, the € contribution is negligible at large ¢} since
even multiplication of ¢ by a momentum having large
components does not lead to the appearance of ¢, in the
numerator. By the same token we prove that the per-
pendicular momenta are bounded, with logarithmic de
gree of accuracy in s. For the statement to have power-
law accuracy it is necessary to consider the kinematics.
However, as will be seen from the proof, the same fac-
torization for the transverse polarization takes place
also in this region, a fact already noted in‘*, so that
the arguments remain in force,

We now prove the factorization properties. It is con-
venient to obtain the proof in the laboratory frame,
where p, = (m, 0). We consider separately the contribu-
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tions from the transverse polarizations €] ,, which have
no components that increase with energy, and from the
polarization €& = k/Mz. We note first that the emission
of the B-meson from below (Fig. 2b) is insignificant in
the region of large ¢, since the only contribution
proportional to s comes from the polarization €&, but

it decreases rapidly with increasing ¢°. The structure
of the fermion bracket for the diagram of Fig. 2a with
emission of the B meson from above is the following:

Ef‘(1:1+0‘)ﬁu ~s Béu. (3)

Equation (3) is satisfied for the polarizations ¢ , in

the region of quasi-two-particle kinematics, since the
components of the vector @ are small in the laboratory
frame at @ <<¢?, and the polarizations likewise do not
contain large components. For the polarization €f, this
is satisfied only in the multiregge region, for although
the product (2Q) contains a term ~g¢%, it is nevertheless
much smaller than v,.

A contribution to the quasi-two-particle kinematics
appears in the diagram of Fig. 2c for the two polariza-
tions € , only from the term g, in expression (2) for

I ... This is a consequence of the fact that

(et q) =~ (e+Q), and (X py) = 0 (4)

and all these products are small when Q% <<¢*. For
longitudinal polarization, the contributions from the
terms ~g,, and g, are significant, and cancel out in the
multiregge region.

Indeed, in this region we have for longitudinal
polarization

Pﬂ[‘lakf[gaﬁ(o + 9, 'gﬁr(ZO -q)a] ~sl-q2+42=0. 5)

Only the term that increases with ¢* was calculated in
(5), and the following relation was used:

1 2% =—sq2. (6)

1
Thus, for all the polarizations in the multiregge ki-
nematics the contribution containing ¢, stems from the
term ~g,, in the diagram of Fig. 2¢,"®! and is propor-
tional to # €. This indeed proves the factorization,

The authors are grateful to V, N. Gribov for useful
discussions.
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