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The implications of a model for two-body scattering amplitudes combining duality and
strong absorption are investigated for inelastic reactions. At ¢=¢,, where the imaginary
part of the helicity-nonflip amplitude vanishes in the model, predictions about the real part

can be made via fixed-¢ dispersion relations.

Strong results can be thus obtained for am-

plitudes which are antisymmetric under s+« crossing. As examples, definite predictions
on 1p— 1% polarization and K)p— K p differential cross section at £ =¢, are made. The
general case without the s~ « antisymmetry is also discussed.

A model for two-body scattering amplitudes com-
bining duality with strong absorption has recently
been proposed.!~® Exclusive of the Pomeranchukon
contribution, the s-channel helicity amplitudes? in
this model satisfy

I f35 3 pagno(Ss ) = dian (R(=0Y?),

1)
A=y =2 =2, =2,),

where J, is a Bessel function of order » and R is

a characteristic radius. The proportionality sign
is used in (1) to indicate that additional smooth
dependence on s and ¢ is allowed: The Bessel func-
tion specifies mainly the location of the zeros.

This specification agrees with the Regge-pole mod-
el for Ax=1, so for such amplitudes the Regge
energy behavior and phase are assumed, while for
AX#1 these are not specified.

It has been shown?® that if R =1 fm, then the above
assumptions can account for the presence or ab-
sence of dips at ¢~ -0.6 GeV? in many reactions.
For the same R it is predicted that Im f3,_,=0 at
t=t,~-0.15 GeV?, which accounts naturally for
the crossover phenomena in elastic reactions.!?

In what follows, the implications of such a zero for
inelastic reactions will be examined.

To say anything about an inelastic cross section
or polarization it is necessary to know the real as
well as the imaginary parts of the amplitudes. Ex-
cept for the Ax=1 amplitudes having Regge behav-
ior these real parts are not specified by the model.
It appears, however, that the crossover points re-
main essentially fixed as the energy is varied, and
so do such structures as the dip location in 77p
-~ 7%. This implies that the radius R in (1) is
constant; therefore

Im f3,_,(s,t,)=0 foralls. )

Fixed-t dispersion relations can then give informa-
tion about Re f3,_, at #=¢,. The results should re-
main approximately valid if the crossover zero
does move slightly with energy.

Such an analysis gives the strongest results for
amplitudes which are odd under s — « crossing.
In what follows, two examples will be considered:
7"p—~7°n and K)p - KJp. The polarization in 77p
-~ 7°n is predicted to behave like const/s at ¢=¢,,
with the constant being calculated. The K2p -~KJp
cross section is predicted to exhibit structure at
the same point. Amplitudes with no definite s — u«
symmetry are also discussed.

7 p—>7nn

In the reaction 7~p -~ 7% only p exchange® is al-
lowed. The observed cross section is well ex-
plained by assuming that the f_ amplitude domi-
nates and has Regge behavior, with R in Eq. (1)
being about 1 fm.* Hence ¢, in Eq. (2) is expected
to be about —-0.15 GeVZ. Since the f5, amplitude
does not have the Regge phase due to absorption,
some polarization is expected. To calculate the
polarization at ¢,, recall that

f-f-l—(s! t)=—<1 ;ZS)UZ[A-(V, t)+ V4;ntB-(V; t)] )

fils, D)= -(1—;—)’ <;n_s)’ (3)
x[iﬁlﬁA( )+ _—5;;4_“-2.3-(”,”],

where v=s - u, z, is the cosine of the scattering
angle, and A~ (v, ¢) and B~ (v, t) satisfy

A~(y, t)=-—f dv 2ImA v, 8,

(4)

B~ (v, t)——-f dv 2ImB v, 0.

From Irnff+(s, tc) =0 it follows that

1+zs 1/2
2

fi(s, ¢,
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Xfmdv’ ,1 ImB~(v',¢t,), v>0.
% v+
(5
To calculate the integral, take
f5-(s, ) =(=0"2p(0) {tan[ zma(t)] + 1w, (6)

where «a(t) is the effective p trajectory; the form
of B(t) is irrelevant. Duality insures that this will
give a good approximation to even the small-v’
part of the integration.® It yields

4
S ~—_— a(t)=1 . 7
f++(s! tc) Sin{na(tc)] mtcB(tc)V ( )
Then since | f3,|2<| f5_|2, the polarization is
2Im(f3, £3%)
= oMy Jeo)
Pl )= i e

- 1 87’1(—‘0)1/2
" sin[7a(t,) {1 +tan?( zma(t,)]} v ’

®)

which decreases like s~! as stated above. Taking
t,==0.15 GeV? and a(¢)=0.58 +1.034,” yields

P(s,t,)=8.2% at p,,=5.9 GeV/c
=4.3% at p,=11.2 GeV/c. 9)

This is somewhat smaller than the measured val-
ues,® but the error bars are large and the theoreti-
cal result is dependent on the assumed value of ¢._.

K2p—>K3p

In the reaction K2p - KJp both w and p exchange
are allowed,® the former contributing to /3, and
the latter mainly to f?_.'° In the approximation of
CP invariance

(KSPISIK2p) = 3K DI SIK ) - 3R |S|E%); (10)

that is, the amplitudes are odd under s-u cross-
ing. As in the 77p — 7% case, it follows that if
Imf;, (s, t,)=0, then Ref? (s, t,)~s*"!, so that

| £2,12 is negligible.

To see whether this result predicts a dip in the
K2p~KJp cross section, one must estimate the
relative magnitude of | {,|% and | f{_|® near ¢,. To
do this, consider the closely related reaction
K~p-~K~p. The imaginary part of the w+ f° con-
tribution to its fJ, can be extracted from the dif-
ference of the K*p elastic cross sections.? From
isospin invariance the p +A, contribution, which is
mainly to its f7_ amplitude, is given by
3do(K~p ~K°n)/dt.** The sum of these contribu-
tions, shown in Fig. 1, evidently exhibits a shoul-
der but no real dip. Because (w, f°) and (p,A,)
are exchange degenerate, the structure in the
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FIG. 1. Expected contributions of w and p trajectories
to the K¢ p — K%p cross section. See text for explana-
tion.

K2p—~KJp cross section should be similar, there
being no additional Clebsch-Gordan coefficients.
The Regge-pole model, however, is expected to
be valid for p and A, exchange, since they couple
mostly to Ax=1. Their trajectories and residue
functions should be exchange degenerate, so the
p contribution to Kp ~Kgp can be obtained from
the K~p -~ K % cross section. This contribution is

sin{ bna, (0] 47 (Kp =K n), (11)

where the factor of i comes from Clebsch-Gordan
coefficients, and the sin? 3ma,(¢)] from the square
of the signature factor. Therefore

do

O Ep~Kep) = sin? [3ma, (0] & (K =p ~ K °n)

(12)

should be given essentially by the Ax =0 amplitude
and should exhibit a dip at ¢=-0.15 GeV?.

The K2p~KZp data'? are not yet good enough to
test this result: The statistics must be improved
and the ¢ resolution improved to about 0.05 GeV?Z,

GENERAL CASE

The results which can be derived for a general
reaction not allowing Pomeranchukon exchange are
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much weaker than those for reactions having s-u
antisymmetry. It is first necessary to assume
that the absorption radii are the same in the s and
u channels, so that

Im f3,-0(s, £,) =Im f% (s, £.) =0. (13)

This is not unreasonable: For example, a variety
of unrelated reactions exhibit dips at t= -0.6 GeV?2.

S Jp J,
fxcxd:xax,,(s: )~ dyi xc(o)d(:;xd(”)d )\”&)\a(O)d

which is diagonal in the total helicity flip | Ax|; the
off-diagonal elements are O(s~!). Hence the left-
hand cut is O(s®*~!), where s® is the leading be-
havior of the Ax+0 amplitudes. (Possible loga-
rithms have been ignored.) Because antisymmetry
is lacking, however, a constant subtraction term
can be added to the dispersion relation, so that

Fa=ols, t;) ~const + O(s*~1) (15)

The constant of course does not imply a fixed
Regge pole: Only a single value of ¢ is being con-

J; Tp+ X p+tdg+Ag
xngb(ﬂ)f{‘éxé;x;x;(& t)=(-1) brod R praing

The kinematic singularities having been divided out,
a dispersion relation at fixed ¢=¢, can then be
written for any of the s-channel amplitudes with
Ax=0. The right-hand cut will vanish, but the
left-hand cut will receive contributions from u -
channel amplitudes with Ax+0,

As s -+ with ¢ fixed, the s-u crossing relation
becomes!?

(s 0, (14)

sidered.

Since the Ax=0 amplitudes do not in general
dominate near ¢,, Eq. (15) does not restrict the
energy dependence of the cross section. It does
imply, for example, that the polarization in me-
son-baryon scattering behaves like s~%(f¢) = 5=03,
but such a weak dependence would be very difficult
to measure. It appears that experimentally signif-
icant consequences can be drawn only for reac-
tions which are odd under s-u crossing, so that
the constant term in (15) is absent.

*Work performed under the auspices of U. S. Atomic
Energy Commission.
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