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An analysis of the difference between the charge-exchange reactions E'n- K P and
K P —P'n over the momentum range 1-5.5 GeV/c provides strong evidence for ex-
change degeneracy of the (p, A2) trajectories and shows the importance of the exchange
of secondary trajectories. The energy dependence of this difference is shown to be in-
consistent with simple cut models. A new test of the duality principle is proposed and

appears to be in good agreement with the present data.

In this note we show that the difference between
the angular distributions of the charge-exchange
reactions

K"n-K p,

K p-K'n

(4)

Suppressing the spin dependence of the ampli-
tudes, the resulting differential cross sections
are given by

do(Z'n-Z'p)
dt

+ vY Re(A, 'A„),

2 p 2 R

-W Re(Ap*A~).

In addition, assuming SU(3) invariance, these
reactions are related to the reactions

'P P ~ 77 8~

p =qn.

can be utilized to provide a sensitive test of sev-
eral currently discussed theoretical conj ectures,
namely, (p, A, ) exchange degeneracy, the exis-
tence of secondary trajectories, and the Dolen-
Horn-Schmid duality principle.

We begin by discussing the Regge-pole-model
f-channel description of reactions (1) and (2).'
Denoting the amplitudes for the exchange of the

p and A, quantum numbers by A~ and AR, respec-
tively, the spin-flip or the spin-nonQip ampli-
tudes are given by

W(Z'n-Z'p) = (-.')'"A, + (-,')'"a„, (8)

A(K-p-E'n) = -(-,')'"A, +(a)'"A~.

dv(7( p-7('n)

d(7 (7( p t)n)
dt

Reactions (7) and (8) both show evidence for large
spin-flip amplitudes and, therefore, it is expect-
ed that both the p

' and A, ' contribute appreciably
in the spin-flip amplitudes for reactions (1) and
(2). Thus if both p and A2 trajectory exchanges
are important, a difference between the cross
sections for reactions (1) and (2) is expected.

In the Regge-pole model the A and AR ampli-
tudes are given by

e —leap(t)
t 's(") '

s in'(op (t)

where the y's denote the residue functions and
the e's denote the Regge trajectories.

If the trajectories are now assumed to be ex-
change degenerate,

~,(t) = ~~(t), (1

the interference term Re(A *A~) in (5) and (8)
vanishes and we are left with the equality

«(It'n Z'p) «(-X p-X'n)-
dt

(14)

Although a complicated conspiracy between resi-
dues and trajectory parameters without (p, A, )
exchange degeneracy could also lead to the real-
ization of (14) it seems unlikely that such a con-

The differential cross sections for (7) and (8) can
be written as'
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spiracy would be maintained over a wide range
of s and t values. Therefore, a measurement of
the difference

~(s, t)= dc(Z'n-@op) do(SC-p-X n)
dt

(15)

is obtained. This can be tested by measurement
of only one of the charge-exchange reactions (1)
and (2).

We now turn to the available experimental data
on reactions (1) and (2). Figures 1(a)-1(d) show

the differential cross sections for (R') mean mo-

which equals 2W Re(A *A~) for (p, A, ) exchange
dominance, is expected to be very sensitive to
departures from relation (13). In addition, if the
interference term in (5) and (6) is zero, the SU(3)
sum rule'

dg(K p X'-n) 1dv(v p-mon)
2

3dv(m p qn-)
(16)'2 dt

menta of 1.22, 2.3, 3.0, and 5.5 GeV/c. " In
order to extract the most reliable values of
b. (s, t) from the present data an empirical formu-
la with six parameters simultaneously fitting
both reactions was used. ' The fitted curves are
shown in Fig. 1. The trend of the data shows
that b. (s, t) is large at small s and decreases
rapidly, becoming consistent with zero for all
~t~1 values out to -1 (GeV/c)' at 5.5 GeV/c. Fur-
thermore 4 appears to be consistent with zero
at small ~1t ~

values for all s. Although no data on
reaction (1) presently exist for beam momenta
above 5.5 GeV/c, the success of the (p, A, ) ex-
change-degenerate SU(3) sum rule at momenta
of =7 and 9.9 GeV/c indicates that b. is likely to
be very small above 5.5 GeV/c. " This small
value of b for momenta ~5.5 GeV/c is strong evi-
dence for the exchange degeneracy given by (13).
This conclusion is at odds with other direct
Regge-pole analyses of reactions (7) and (8)."
However, the interference technique suggested
here is very likely more sensitive to a direct
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FIG. 1. Fits to K N charge-exchange data with parametrization of Ref. 9 and data from Refs. 7 and 8.
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comparison of the (p, A, ) trajectories. " The
large value of ~ for low beam momenta is also
interesting and may arise from interference be-
tween the (p, A, ) amplitude and the amplitude for
secondary trajectory exchange or from interfer-
ence with the amplitude arising from cuts. '

In view of the above discussion we take the p
and A, trajectories to be exchange degenerate
and attempt to account for the observed s depen-
dence of the &(s, I) at intermediate energies. The
existence of secondary trajectories like the p'
and the A, ' has been suggested by numerous re-
cent analyses of high-energy data. " Making the
amplitude replacements A

p
A

p
A

p
and AQ

-Az, +A~, in (3) and (4) leads to the expression
for b, (s, t):

b. (s, t) = 2W Re(A, *A~+A,*A~, +A, ,*A~

+Ap *A~).

Assuming further that the p' and A, ' trajectories
are exchange degenerate, Eq. (17) becomes

g+2 &

I ~ I ~ I

) +~~

--2.

&(s, I) = 2WRe(Ap*A~, +Ap, ~A~).

For the case that A(s, t) may be due to simple
cuts we use the Mandelstam formula" for the ef-
fective trajectory of the leading edge of the cut
and assume the amplitude replacements Ap A

p

+A,„, and A~-A~+A, „,. In either case, since
we are interested in the s dependence of A(s, I),
we can write"

a(s, t)=a(t)s P' ' «"

where o.,ff is either the exchange-degenerate
(p', A, ') trajectory or the effective-cut trajectory
or a combination of these.

Figure 2 shows the values of n, f f(t) determined
by fitting to Eq. (19) the values of'b, (s, t) at fixed
t obtained from Fig. 1 and assuming a (p, A, ) tra-
jectory of the form 0.5+t." It is seen that these
data can be inter'preted as arising from the ex-
change of a low-lying trajectory which has an in-
tercept consistent with an intercept one unit down

from the (p, A, ) trajectory intercept. However,
given the present data, this interpretation is not
unique. The simple cut models seem to be ruled
out (see Fig. 2). With the accumulation of better
data on these reactions it mill be possible to ob-
tain more explicit information on the existence
of the p' and A, ' trajectories and their exchange
degeneracy.

An important characteristic of the angular dis-
tributions shown in Fig. 1 is the tendency for the
equality (14) to be realized for small ~t~ at inter-
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FIG. 2. Effective trajectory from fits to ~(&,t) [cf.
Eq. (20) and Ref. 9]. The dashed curves are (a) a p
trajectory of 0.5+&; (b) a p' trajectory of -0.5+1;
(c) the effective trajectory for a P-p cut obtained us-
ing the Mandelstam formula with Pomeranchuck and p
trajectories of 1+0.4t and 0.5+t, respectively; and

(d) the effective trajectory for a I"-p cut using I and

p trajectories of 0.6+ 0.9t and 0.5+(, respectively.

mediate momenta. This suggests that the secon-
dary trajectories or cuts do not contribute appre
ciably at ~t~ =0. Furthermore, the strong ex-
change-degeneracy relation,

(20)

is known to hold at t = 0.4 It is of interest to see
if relation (14) is true at t= 0 even at low ener-
gies. Figure 3 shows an experimental test of
relation (14) for ~t

~

—0 using the presently avail-
able data. " Although the data are not adequate
for a detailed test it appears that the cross sec-
tion for reaction (1) oscillates around that of re-
action (2) over the momentum range 1-5.5 GeV/c.
It should be noted that over this same momentum
range the total charge-exchange cross sections
have changed from -5 mb to -150pb —a factor of
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FIG. 3. Comparison of the near-forward XV and XN

charge-exchange data of Refs. 7, 8, and 15. The data
points shown are the smallest measured jt j value at
each energy for the reaction K"n KP and the curves
represent the limits of the smallest measured jt j val-
ues for the K p K n data.
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