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ABSTRACT
Abarbanel has recently derived a formula for the
discontinuity across the twoiréggeon branch point using’
direct channel uiitarity. His derivation assumes that
a "two-reggéon irreduéible" kernel does not contain
J-plane singularities in the vicihity of the branch

point. We investigate this assumption for the two

"pomeron cut using an extension of the multi-Regge .

arguments of Finkelstein and Kajantie. - We verify the

assumption for aP(O) = 1, but the result is

inconclusive otherwise.

o

While the original workl on Regge cuts in hadronic physics
predicted that the discontinuity across a two-reggeon cut would be
positive (i.e., that the cut contribution to cross sections would
have the same sign &s the pole), later studiese’5 have led to the

> have

opposite conclusion. Recenht papers by Aba.rba,nell‘L and White
sustained the controversy by obtaining a similar formula with posifive
andvneg&tive signs; respeétively,6 using:different methods.: In this
note we examine a cruciai assumption in Abarbanel's work, conéerning
the asymptotic behavior of "two-reggeon irreducible"” kernels.

Abarbanel supposes that Regge cuts in the absorptive paft of
the two-reggeon scattering amplitude8 are éenerated by direct channel
unitarity when Regge poles are present in the production amplitudes -
appeafing in the unitarity sum (see Fig..1A; the dots refer to other
bontfibutions); When gll'terms are included, the result is the exact
equationlfépfesented in Fig. lB,bwhere' ¢ is 'the full two-reggeon
absorﬁtive part and K is an "irreducible kernel." The latter-is
defined as that piece of the full absorptive part for which the Regge
pole of interest doés'not appear in the intermediate integration. This
can be made precise, for example, by requiring'ﬁli'relatiVe’rapidities
in the intermediate cluster to be less than somé fixed interval. It
is assumed ‘that the cut is obtained by integrating over the two-
reggeons and that the cut does not appear in X.

Of course K will contain some singularities, so what is
requiréd for this procedure to be sensible is that they be less
important asymptotically. In other wbrds, the J-plane singularities
of K should lie below the two-reggeon branch point."To study this
question, we shall jterate the exact equation to obtain Fig.‘e.‘ By

a straightforward extension of the arguments of Finkelstein and
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Kajantie' it is possible to obtain a lower bound on the energy

dependence of each *erm in the series, and to then perform the sum
as s —w. The result will have the asymptotic behavior sa ® where
aK is the leading singularity in X and p > 0.

If we now restrict ourselves to pomerﬁn singularities, there
are two cases to be distingﬁishéd. If aé(o) = 1 ‘then, since the cut
is located as usual at ac(t) = aaP(t/h)'— 1, we have aC(O) =1 ahd‘
both pole and cut are above O+ However, if aP(O) =1 - A, then
aC(O) =1 - 22 and (not having a reliable model of production ampli-
tudés).we cannot rule out the possibility aP(O) > o > ac(O). The
method gives no information on nonleading cuts, as that would require
pfécise knowledge of the singularities of K.

. We now turn tq the calculation. The nth term in the iteration
of Abarbanel’s'équation has the form of Fig. 3. Momenta are paramet-
rized 4 la Bali, Chew, and Pignotti’ in._terms of total cluster
monmenta P and invariant masses u; = pie, unspecified internal
‘ c;uster variables {Vi}, momentum transfers ti = Qie, Toller angles
w35 and relative boosts gi. .We are interested in a lower bound on
- . the contribution of this term to the.fbrward absorptive paft; #nd by
positivity we are free to work in.the>region.of phase space where s,
u;, and ¢, are large, and the t, finite. In this limit the

'amplitude is assumed to have the form

(t,)

. Qa .
2 :
Te_)n = f(pa Jtl?ul) (vl])(Ch Cl) g(tl)tz}we}ueJ(v2}) R

a(te)...f(

® (ngy) b1y 8 (7)),

where at) is the pomeron trajectory.

-assume that for large u, ) . o

e

This form is chosen so as to correspond to power behavior

a(ti)

(s, /u ul+l , &5 expected for a Regge pole coupled to large masses:

The total phase space is proportional to 'I l du, d[V } and we
i=1

Jasy ate ey ytpmpng 01 Wtyipty)
and

Zx

]d(V)lf(‘c,pz,u,(V})l2 ~ v (p%,t) .

Here .aK is the leading singulérity of K and th§ vertices v and

v' are unspecified for now. The remaining phase space element is

. n-1 ‘
A d¢n = chg,ch qn i l sh qq ! I at, i | d(ch &)
® ﬂdu —bs—(p +Pb)2) .,-

up fo'overall constant'factors which will be_consistehtly dropped. The
9 : v - ' .

9 are BCP” vertex boosts whose. large uy limits are
. u - >.> u u,
-1 n : i
¢hgq ~ ——g, chq ~ —=7, shq ~ ——7
(-%,)2 : (-t)2 (t; 1 t8)7
1 n i-1 i

The constraint. on s 1is
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. n-1 0 n o n-1 T
n-1 n-1 1 - 1
~ " > = af. R dat,
s = 2m m chgq cha l (cos w, + ch q, H]Jch &, Kn(s) s 1/ ; g1 | a i
: a 1 n i i i ‘ g
1 0 1 0 1 T
. 2 . 1 . ] 2 »
N - n n-1, n-1 .
h . n-1 n n
~ Qma' ui’ﬁch C . 'TT( -tl ) . . Z b. Z S—
- . : N 1 1 ® 76 X - & - vt 1og(—ti) + K
: _ : : .1 1 1

Defining x = log §E-§—— and supposing the Ci to be large, phase ' ’
n-1 n

mb
-}
® e | (@, +1) Zy +Z o)t | @ ] | veey )

space beconmes
. 1 1

n . n-1 n- n~1 n u .
3 g = %‘I l du;| ‘ dci las sl x- E: gi - 2: log Ei We now let vV be a lower bound on the v's in the interval
. o) .
1 1 1 .

ke

n
o . 1 1
=, <
3 ) . T2 < t Tl and write
- : n-1 o K (s) > %? T—r at, " I " ‘
+ }: log(—ti) + K s
i 1 '
ey
n-1
e where « and Uy are constants. We choose Ug sufficiently large . ‘ :
o ) ® d{x-) ¢ - E: vy o+ (n - 1)
. that the clusters are Regge behaved as above for u > Uy For a . lb
2 . .
. lower bound on the n-cluster contribution, Kn(s), integrate over the
% S A
" restricted region of phase space where u > U5 ¢ > CO’ where EO . n n-1
" ) corresponds to the onset of Regge behavior, and T, < ti <7y where X exp &xK + 1) Lot E: 2a(ti)§i
: 1
the vertex functions v are nonvanishing in this interval. Letting 1
. u, :
y. = log L we have .
1 uo We have also replaced the ti dependence in the delta function by an

average value A and absorbed k. This is harmless as the ti
integrations may be performed over an arbitrarily small interval away

from the origin (see also Ref. 7). Integrating over A
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(o #1)x n-l e n-l/
(s) > 1. W [ at, d[ dy,
n s ‘ WQ;T ‘. i l . .
n-1 Tl n-1 n-1
®‘| '[ dt, © x-zgi—Zyi+(n-l)>\
1 T2 1 '

=

1

n-1
@ exp z 2o(t, )¢5
T .

For a lower bound on Kn(s), restrict the integration to the region

0<y, <L and ¢, <¢ <L where 2(n - 1)L =x + (n - 1)n. Then
-~ i - : 0 — 231 —

' o T
: 1
K (s) > K L G[ at [ at eea(t)g}
' %o Ty

0
Por a lower bound on C(s) = Z Kn(x), let n,x »w at fixed L.
. n=1

This assumes that we can allow a lbgarithmica.lly increasing number of

n-1

clusters and still stay within the region of validity of our approxime-
tions. If K is defined as above in _te_rms of & maximum rapidity
interval, such is certe.iinly the case for large enough L. Then as

§ =,

¢(s) > Kn(s) N
T 2L-A

_ oK [L?ffdc dt---]x/gL_‘)\ _ X7

- where

f— L T,
p = e—I’i_—)\logl‘LV /g d§[ at ()¢
T
0 >

Since I can be taken as large as desired, p > O. Thus the leading

singularity of C(s) is above that of K.
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FIGURE CAPTIONS

(A) Generation of the two-reggeon cut.

(B) Exact equation for the two-reggeon absorptive part.

Iteration of Fig. 1B.

Kinematics of the n-cluster contribution to the absorptive

part.
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Fig. 2
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