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A,

a pronounced backward (K w = -1) peak are
evident. Ne shall first consider the forward
scattering, and then the backward scattering.

(I) Forward scattering. —For small values of
four-momentum transfer squared (t) between
incident K and outgoing m, the K n -An am-
plitude is expected to be dominated by the ex-
change of the K»,*(890) trajectory (odd-signature
factor) and the K„,*(1420) trajectory (even-sig-
nature factor). According to Regge-pole theory, '
the s-channel amplitude A+ for K pg -A~ and
the u-channel or line-reversed amplitude A for
w'n-AK' (ore p-AK' via charge symmetry)
can be written for sma11 t as
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Angular distributions in the low- )t) region in the reaction E n Am' and in the line-
reversed reaction m p AE and from other complementary experiments do not sup-
port the predictions of exchange degeneracy between the X,h*(890) and the %&~2*(1420)

up to s-11 GeV'. In the low-[u ~ region of the reaction K n Aw at 3.9 GeV/c, we
observe a peak with a slope of 10+ 3 GeV 2 followed by a valley from u = -0.15 to -0.4
GeV . A simple Regge-pole fit to this backward-scattering region using the N~ trajec-
tory is presented.

The purpose of this Letter is to present (I) an

experimental test of the idea of exchange degen-
eracy between the K„,*(890) and the K«,*(1420)
trajectories from the reaction K n -Am and
the line-reversed reaction w P-AK, and (II) an
observation of a backward peak followed by a
valley from u = -0.15 to -0.4 GeV' in the reac-
tion K n-As at 3.9 GeV/c

The K n -A~ data at 3.9 and 3.6 GeV/c come
from an exposure of K mesons in the Brook-
haven National Laboratory 80-in. deuterium-
filled bubble chamber. Approximately 240000
pictures were analyzed to yield 917 events at
3.9 GeV/c and 239 events at 3.6 GeV/c in this
reaction. ' Figure 1 is the distribution in cosine
of the angle between the incident K and the out- A, (s, t) =

18,(s, t) (1+e t ' t(') )

going ~ in the total c.m. system at 3.9 GeV/c.
A strong forward (K ~ 8 =+ 1) peak as well as



VOLUME 2$, NUMBER 2) PHYSICAL REVIEW LETTERS 8 DECEMBER 1969

140— 400 —(a)

120—

100—

K n~ Aw at 59 GeV/C

(917 EVENTS) 200 — 3.9 GeV/c

t~.a40.S)t

I-
ILJ 80—
4J

60—

I 00
OI

So

40

20

0
-I

I

-0.5 0.5

20—

FIG. 1. C.m. angular distribution. Solid line is the
polynomial fit to the data.

where n, (n, ) refers to the positive-signature
K„,*(1420) trajectory [negative-signature
K,&2*(890) trajectory], and the P's are real.
From the hypothesis of duality applied to Km

scattering and the apparent lack of experimental
evidence for I= —,

' K* resonances, the K»,*(890)
and K,~,*(1420) trajectories are exchange degen-
erate. ' The "weak" form of exchange degenera-
cy' states that n, (t) = n, (t), and from Eq. (1) one
obtains

(2)

valid for ' srge to.tal c.m. energy squared (s) and
small ltl. Figure 2(a) is the differential cross
section for the reaction K n -Am at 3.9 GeV/c
from this experiment. Events with 0.05& Itl
& 0.45 GeV' were fitted with -eh'. Values of b

=4.2+0.5 and 3.5+0.9 GeV ' were obtained'
for this reaction at 3.9 GeV/c [shown in Fig. 2

(a)] and 3.6 GeV/c (not shown), respectively.
The value of b does not have a strong energy
dependence for this reaction' and for the reac-
tion K p -Aw'. ' The weighted average of b is
4.0+0.6 GeV 2 from s -5 to 11 GeV . This is
illustrated in Fig. 3. The values of b for the
corresponding line-reversed or u-channel reac-
tion m p-AK in the region ltl & 0.4 GeV are
shown in Fig. 3 for the purpose of comparison. '
We note that the weighted average value of b for
this u-channel rea,ction is 7.3+ 0.8 GeV '. Ex-
perimentally, the values of 5 for m p -AK',
Z'K', as well as Y K' are similar in the energy
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FIG. 2. (a) Differential cross section in the forward
region. Solid line is an exponential fit to the data from
0.05 & (t )& 0.45 GeV . The shaded area, presented for
the purpose of comparison, shows the slope and its er-
ror for the differential cross section of the line-re-
versed reaction, m P AK, at -4 Gev/c (Ref. 8).
See text for details. (b) A polarization in the forward
region.

region where the separation of A and Z' is possi-
ble. ' In the higher energy region, only combined
data are available, namely v p —Y'K' where Y'
includes both Z' and A. We present some of
these higher energy points" in Fig. 3 for this
comparison assuming that the values of b for
m p -AK' and Y K' are similar (as observed in
the lower energy region). The weighted average
value of b for the reactions w p - y K' is 7.8
+0.9 GeV '. The difference between the weight-
ed average values of b for the K A'- Aw (4.0
+0.6 GeV 2) and w p-AK (7.3+0.8 GeV 2) is
significant; and it may suggest that the predic-
tion of the "weak" form of exchange degeneracy
does not agree well with experimental data in
these reactions in this energy region. However,
this difference can be due to any of the following:
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FIG. 3, A compilation of the values of slope for E n
Aw or E p Amoand n p AId'or n p Ylf'as a

function of total c.m. energy squared. Solid lines are
weighted averages of b for the s channel ((b) =4.0+0.6
GeV 2) and for the u channel ((b) =7.3+0.8 GeV ).
Dashed line is an extension of (b) for the u channel to
higher s values.
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(i) The process is not dominated by K* and K**
exchanges alone for s = 5 to 11 GeV' where this
comparison is made; (ii) the contribution from
absorption in the low-~t~ region for these two

reactions can be different"; (iii) there possibly
exist exotic states which can "break" the predic-
tion of exchange degeneracy from duality. Fur-
thermore, the "strong" form of exchange degen-
eracy demands o.,= c., and P, =P,. Therefore, it
predicts zero A polarization for all relevant t.
This feature is not observed in Fig. 2(b). In
fact, the values of A polarization are large at
some t values and positive up to -t = 1 GeV'. "

(II) Backward scattering. —Backward scattering
in the reaction E n -An. should be dominated

by isospin-& baryon exchange alone, namely the

iV„(the Z = —,
'' nucleon trajectory) and possibly

&, (the J =
& nucleon trajectory). A sharp dip

in do/du, where u = (PA -P~-)2, is expected from
the Regge-pole theory for a single N trajectory
assumption when Benz goes through the non-

tX 1
sense, wrong-signature value of -&. In the 3.9-
GeV/c experiment, we observe a backward peak
with a slope of 10+3 GeV ' (the fit is not shown)

followed by a somewhat broad valley from u
=-0.14 to -0.4 GeV'. It then reaches a second
maximum at u =-0.8 GeV' [see Fig. 4(a)]. The
A polarization is shown in Fig. 4(b). A single
N -trajectory fit with both spin-flip and spin-
nonflip amplitudes' is made in the backward
region (to u = —1.5 GeV'). The best fit to the data
[the solid line in Fig. 4(a)] from the maximum-
likelihood method suggests that the spin-flip
term is dominant. " The general feature of a
backward peak and dip is also observed in the
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FIG. 4. |',a) Differential cross section in the back-
ward region. Solid line is a single-Regge-trajectory
(A~) fit to the data for I ~ -1.5 GeV . See text for de-
tails. (b) A polarization in the backward region.

reaction v'p -pw' (with sharper dip at u =-0.14
GeV')." It is important to note that in the back-
ward v'p -pw' scattering, the b, s as well as N„
and N& trajectories are present whereas in our
reaction possible complications due to 4z are
not present. Behavior of the backward scatter-
ing from the reaction II n -An should thus be
considered together with other existing data
from nN, yN, etc. in order to perform a more
complete analysis of the N, N&, and &z trajec-
tories.

In summary, we have observed a possible de-
viation from the prediction of exchange degener-
acy of the K», "(890) and the K„,*(1420) in the
reaction E N-An and the line-reversed reac-
tion n p -AK' in the energy range s = 5 to 11
GeV2. Further experimental tests are desirable
when higher energy data become available. In
addition, we have also observed a backward
peak in the K n -Am reaction at 3.9 GeV/c.
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