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NEAR FORWARD PEAKS IN THE K~ p AND 7~ p CHARGE-EXCHANGE SCATTERING*

A. O. Barut and H. Kleinert
Department of Physics, University of Colorado, Boulder, Colorado
(Received 8 April 1966)

The peak observed for very small ¢ (square
of the momentum transfer in the center-of-mass
frame) in the 77p* and K~ p 2 charge-exchange
scatterings has been explained recently on the
basis of the contribution of the spin-flip ampli-
tude.?"* In the first analysis,® for K™p, the
ratio of the spin-flip to spin-nonflip contribu-
tion necessary to explain the data comes out
to be large (about 1.8 at ¢ =0.4) and cannot be
accounted for by the mechanism of p exchange,
not even with absorptive corrections. In the
second analysis,* for 77p, the spin-flip ampli-
tude is again assumed to be larger than the
spin-nonflip amplitude and to have essentially
a diffraction-type behavior with a maximum
at small ¢. Also in 77p, a p-exchange model
with absorptive corrections fails completely
to explain the behavior of the charge-exchange
scattering.®

Such a large spin-flip contribution at these
very small ¢ values and the shape of the spin-
flip amplitude would be quite startling. For
one thing, the spin-flip amplitude is expected
to become appreciable only around sinf ~1 or
t=-24% (-9.85 at 10 BeV/c) and is likely to
cause the secondary diffraction peak, also ob-
served in charge-exchange scattering.® Fur-
thermore, the spin-flip amplitude g involves
the difference of the partial-wave amplitudes
a7 +and a7 —, whereas the spin-nonflip am-
plitude f is the sum of these partial-wave am-
plitudes:

f=El{lal’ Lt +1)al, -—}Pl”
g=2yle, _-a, JPG).
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Therefore, we expect only a few low partial
waves to contribute to the spin-flip amplitude,
whereas all partial waves together make up
the diffraction peak of the spin-nonflip part

of the scattering. In fact, the elastic scatter-
ing on the whole range of momentum transfer
and the secondary diffraction peak near sin6 =1
can be well explained by a single, constant
and small, p-wave spin-flip amplitude in the
case of K~ p and by a few partial waves in the
case of 7~ p scattering.” Thus, the spin-flip
amplitude alone is not expected to show a dif-
fraction behavior.

We want to point out that the charge-exchange
scattering, being the difference of two isospin
amplitudes, is very sensitive to the changes
in the relative phase, as a function of #, of the
two isospin amplitudes and accounts in a sim-
ple way for the behavior of the charge-exchange
scattering. The elastic scatterings are not
sensitive to this relative phase. Thus, it would
be important to measure the relative phase in
the charge-exchange scattering. A small spin-
flip contribution may be introduced which ac-
counts for the secondary peaks, as in the case
of elastic scattering. Furthermore, the param-
eters of the charge-exchange scattering can
be related to those of the elastic scattering.

K™ p scattering. —~We assume that each of the
I=0 and /=1 amplitudes has a diffraction-peak
behavior, for small ¢, of the form

1
, Al:naezat, 1)
where 7 contains a relative phase ¢ (t) between
the two amplitudes [ = tn|ei‘/’(t)]. For simplic-
ity we have assumed the same exponent « in
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FIG. 1. K p elastic and charge-exchange differential
cross sections; experimental data from Ref. 2 and from
K. J. Foley et al., Phys. Rev. Letters 11, 503 (1963).

both A° and A!. Then the elastic and charge-
exchange differential cross sections are given
by

2 2 at
(do/dt)IK— el—lal [1+qi7e (2a)

p
do/a)| Knel~2la tze"’t , (2b)

@o/an)| = a1 1-n 12, (2¢)
The ratio of elastic to charge-exchange for-
ward cross section is very large. Thus n must

be close to 1, making the A° and A! amplitudes
nearly equal. Consequently, the factor |1-7n/?
is very sensitive to small phase changes in q;(t):
A small ¢ dependence of ¢(¢) can cause large
deviation of (do/dt)| .o from the diffraction-
peak shape. In contrast to this, |1+7l®is not
sensitive to such small changes.

Let us now expand the phase ¢ (¢) for small ¢:

@ (t) =y, +yqt +vot.

Then, if y,t +y,t% is small,

(do/dt)lel= la Izeat{l +2[nlcosy + Inlz} (3)

and

2 ot 9
(do/dt)lce_ lal"e " {1-2Inlcosy +In |
21 siny, (£ +y.(2)}
+ InISmyO vt +r,

2, at
={c,-C t-Cyt 1e™. )

1

Equations (3) and (4) fit the data very well (Fig. 1)
if we take

a=1T.4, l|lal?=1,

Co=0.19, C,=4.2, C,=6.1.

Inl=1, y,<20°%

If y, were known, we could predict ¢(¢):

@) sy, + (28iny,) ~H(=Ct-Cyt?). (5)
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FIG. 2. 7 p elastic and charge-exchange differential
cross sections; experimental data from Ref. 1 and from

K. J. Foley et al., Phys. Rev. Letters 14, 862 (1965).
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7" p scattering. —The same type of analysis
starting with the 7= and 7=2 amplitudes leads
to the differential cross sections
2 at

+, . Zlale”, (6a)

do/at) bel

|

m
(do/at)| r=pel
E(|a12/9)eat{1+4|n005y0+4ln12}, (6b)

2 2
(do/dt)lce2(2la| /9)eat[1—2|nlc05y0+ln [

2
+2|n| Sin'yo(ylt +y ot )]

]

(CO—Clt—Cztz)eat. (6c)

Again one can fit'the data extremely well (Fig. 2)
by the following choice of the parameters:

lal?=30,
C,=0.2, C,=2.3, C,=1.3.

=9, Inle1;

The phase measurements of elastic and charge-
exchange amplitudes given by Foley et al.®

are not accurate enough to fix y,. If y, is known,
one can again predict ¢(¢), as in Eq. (5).

Thus we see that diffraction peaks in each
isospin channel provide a natural explanation
of the observed “anomaly” in the charge-ex-
change scattering. No spin-flip amplitude has
been needed to fit the data up to t=~-0.4. The
spin-flip amplitude may play a role for larger
values of ¢ and cause the secondary peaks, as
in the case of elastic scattering.” The measure-
ments of relative phases and polarization will
decide whether the present mechanism or the
spin-flip hypothesis causes the near-forward
peaks in charge-exchange scattering.
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In this Letter we present an analysis of the
meson-nucleon, nucleon-nucleon, and nucleon-
antinucleon total cross sections. The analysis
is based on Regge trajectories whose factorized
reduced residues are related by SU(3) symme-
try. Thus, in this respect our treatment is
basically the same as that of Barger and Olsson!
but with some minor differences. Furthermore,
we make the additional assumption of exchange
degeneracy with respect to the signature as
hypothesized by Arnold.?2 The trajectories to
which we apply this hypothesis are, however,
not exactly the same as those chosen by Arnold,
and we assume that the residues, as well as
the trajectory functions, exhibit this degeneracy.
Our aim is to show that the experimental data
on total cross sections are in agreement with
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this hypothesis, thereby raising the possibility
of reducing the number of parameters in Regge-
pole phenomenology.

It can be shown,® under rather general assump-
tions, that the nucleon-nucleon and nucleon-
antinucleon total cross sections depend only
on the exchange of four sets of quantum num-
bers specified by vacuum, p, w, and R. This
is also the case for kaon-nucleon cross sections.
For the pion-nucleon case, the exchange of the
quantum numbers of w and R does not contrib-
ute due to the G-parity conservation. In the
Regge-pole model these four types of exchanges
are in the form of Regge trajectories. Note
that there may be more than one trajectory for
a given set of quantum numbers.

Now it is well known that the vector mesons



