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We have measured the differential cross section for the reaction K*n — K% at 12 GeV/
c. We find that (1) the forward amplitude is essentially real, (2) the differential cross
section equals that for the reaction K™p — K%, and (3) the differential cross section
agrees well with the predictions of the Regge-pole model of Rarita and Schwarzschild.
We have also compiled data on the cross section for the K*» charge-exchange reaction
as a function of incident momentum, and compared it with that for K*p — K'A*. We find
that beyond threshold effects these two reactions have the same cross section.

The charge-exchange reaction K *n—~K% affords
the opportunity to study in detail the problems of
p-A, exchange degeneracy, and the validity of the
Regge-pole approximation to scattering ampli-
tudes. While this reaction has been studied ex-
tensively up to 5.5 GeV/c,'™® this is the first ex-
periment to report on K 'n charge exchange at a
much higher momentum.

The Stanford Linear Accelerator Center 82-in,
bubble chamber was exposed to an rf-separated
12-GeV/c K*-meson beam. Beam momentum
resolution to within Ap/p =+0.2% is achieved by
using the known correlation between beam mo-
mentum and transverse position in the bubble
chamber.* Through the use of a gas Cherenkov
counter, pion contamination in the beam is re-
duced essentially to zero. On the average 8 K*
mesons were incident in the chamber per pulse.
The bubble chamber was filled with deuterium,
but there was a hydrogen contamination of 4.5%.
Approximately 500000 exposures were taken, of
which about 50 % have been analyzed to date.

The film has been scanned for events of the
one-prong plus vee and two-prong plus vee topol-
ogies. The scanning efficiencies have been de-
termined by an independent rescan on a fraction
of the film to be 87% for each topology for a sin-
gle scan. The events were measured on the Law-
rence Radiation Laboratory flying-spot digitizer
and were reconstructed and kinematically fitted
in the program SIOUX. For those events with in-
visible spectators (one-prong plus vee), the spec-
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tator was assigned a momentum of zero with er-
rors Ap,=Ap,=+30 MeV/c, and Ap,=+40 MeV/c.
All events of each topology which fit the seven-
constraint multivertex fit K*d - K%p, K°~n*n1",
with x? probability greater than 0.1% were ac-
cepted as this hypothesis. However, for the
events with two visible prongs plus a vee, the
spectator is frequently a very short track, and
therefore difficult to measure accurately. Al-
though the momentum is adequately determined
from range, the angles may be mismeasured for
tracks of less than a few millimeters in length.
For this reason a five-constraint multivertex fit
for the two-prong plus vee events with short re-
coil, in which the angles of the short recoil are
left free, is also performed. Events which fit
this special five-constraint hypothesis, but not
the seven-constraint hypothesis, are also accept-
ed. There are five such events out of a total of
77 events in the complete sample.

For the reaction K*d - K°%p, 52% of the events
have two visible protons and 48 % only one visible
proton in the bubble chamber. In this final state
it is assumed that the slower proton in the labora-
tory system is the spectator and the faster pro-
ton is the recoiling particle. If this choice is
made, the slower proton has an observed momen-
tum distribution in agreement with that expected
from the Hulthén wave function for momenta less
than 300 MeV/c. For the events with p ... <300
MeV/c, the angular distribution of the spectator
in the laboratory system is isotropic. For nine



VOLUME 25, NUMBER 14

PHYSICAL REVIEW LETTERS

5 OCTOBER 1970

1000 T T T T T T T T T T T T T T T T T T T T T T T T
500} 4+ -
- —
IOOEI_‘ | | i Hartley, et. al. |
E r Rarita and Schwarzschild ]
o 50 -1 -
< [ r do Bt T
o3 g9
e T i a1 - Ae .
- - }.. -4
bf.
v|o
10 —— ( ol . —
5 - —— F —— n
[~ T1F -3
i ! 1L 1 .
| B _
| 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 L
0.2 0.4 0.6 0.8 1.0 1.2 0.2 0.4 0.6 0.8 1.0 1.2
-t (Gev/c)? -t (Gev/c)?

FIG. 1. (a) do/dt vs t for the reaction K*d —~K%p. (b) do/dt vs t for the reaction K*'n —~K%. The smooth curves
are the predictions of models by Hartley ef al. and by Rarita and Schwarzschild, and the result of a fit by a func-

tion of the form do/dt = AeBt.

events in the sample (12% of the 77 events) both
protons have momenta greater than 300 MeV/c,
even though the fraction expected with p ., <300
MeV/c from the Hulthén wave function is only 1-
2%. This difference is generally attributed to
double scattering in the deuteron; however, these
nine events have been included in the data sam-
ple.

Each event has been weighted according to the
probability that a K° of the observed momentum
and production angle decays within the chosen
fiducial volume. The cross section has been de-
termined by normalization to the well-known K *d
total cross section at 12 GeV/c,® and has been
corrected for the following effects: (1) the topo-
logical dependence of scanning efficiencies,

(2) measurement efficiencies, (3) hydrogen con-
tamination in the bubble chamber, (4) K° escape

J
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probability, and (5) K,° and neutral K,° decays.
The cross section for the reaction K*d -~ K%p is
38.7+ 4.4 ub at 12 GeV/c. The corresponding
cross section for the reaction K™ n—~K°% is calcu-
lated to be 44.5+ 5.1 ub, where corrections for
the suppressions due to the Pauli principle in the
final state have been made. The calculation of
these corrections is described below.

Figure 1(a) shows the measured distribution
do/dt vs t for the reaction K*d ~K°%p. Figure
1(b) shows the distribution do/dt vs t for the
charge-exchange reaction K 2 —~K°), calculated
from the data in Fig, 1(a) by the following meth-
od. The differential cross section for the reac-
tion K*'d - K°pp is related to that for the charge-
exchange reaction K 'n—~K°% by an expression
which depends on the deuteron form factor and on
the spin-flip and spin-nonflip cross sections.
Specifically,
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in which S(#) is the deuteron form factor. For the Hulthén wave function,

2a8(a +B)
S“>=m[t

an"% +tan"'2—ﬁ—2 tan

in which the values o =45,6 MeV and B="Ta have
been used. This expression ignores final-state
interaction and double-scattering effects. The ¢
dependence of the deuteron form factor is approx-
imately S(¢) ~ exp(At), where A=22 (GeV/c) 2.

From Eq. (1) it is clear that in order to apply
the deuteron correction properly one must know
the relative size of the spin-flip and spin-nonflip
cross sections. This ratio is in general unknown
except in the forward direction, where the spin-
flip cross section must vanish. In the present
calculation we have assumed that the spin-flip
term is small, and it has been neglected. This
deuteron correction is significant only in the re-
gion £ <0.1 (GeV/c)®.. A least-squares fit to the
data of Fig. 1(b) for a function of the form do/d¢
=Ae® yields values of A=218+18 ub/(GeV/c)?
and B=5.0+0.4 (GeV/c)™2 The ¥* for this fit is
3.9 for five degrees of freedom.

Figure 1(b) also shows the predictions of mod-
els by Rarita and Schwarzschild® and by Hartley
et al.” The model of Rarita and Schwarzschild
uses p, 4,, and p’ trajectories, whose parame-
ters have been determined by a fit to a variety of
reactions including K*» charge exchange at the
single momentum of 2.3 GeV/c. The curve gen-
erated for 12 GeV/c is not a fit, but is a predic-
tion using the identical parameters found at low
energy. The agreement is reasonably good. The
prediction of Hartley et al. is based on a cut-
plus-pole model, but this model predicts too
large a cross section for K 'n charge exchange at
12 GeV/c.

In an earlier K*d experiment at 2.3 GeV/c,
Butterworth et al.! observed that the K charge-
exchange amplitude was dominated by its real
part. This has been confirmed at 3 GeV/c by
Goldschmidt-Clermont et al.? and also follows
from the work of Cline gt_il.8 In order to deter-
mine the relative strengths of the real and imag-
inary parts of the K*»n charge exchange ampli-
tude, the forward scattering intensity obtained in
this experiment is compared with the forward in-
tensity expected from the imaginary part of the
amplitude using the optical theorem. Specifical-
ly, the optical theorem and isospin conservation
predict for the contribution of the imaginary part
of the scattering amplitude to the forward differ-
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The current best values for the cross sections
at 12 GeV/c are®

Oror(*p)=17.3+0.1 mb,

(4)
0r0t(K*1)=17.6+0.4 mb.

The optical theorem thus predicts for K *n charge
exchange at 12 GeV/c
do CEX

——(Imf)

= =4,6+8,2 ub/(GeV/c). (5)

t=0

In this experiment, however, the extrapolated
forward scattering cross section is 218+ 18 pub/
(GeV/c)?. Thus the observed forward intensity is
much larger than that predicted by the optical
theorem, which indicates that the amplitude is
dominated by its real part, in agreement with
the low-energy data. In fact, the K*N total cross
section data are consistent with no imaginary
part at all, and, coupled with the charge-ex-
change data, indicate an upper limit of 6% on the
ratio |Imf(0)/Ref(0)|2. The calculation of the ex-
trapolated forward cross section for the reaction
K*™n—-K° depends on the assumption of no spin-
flip amplitude., While this is correct in the for-
ward direction, it may not be strictly correct in
a neighborhood about the forward direction. Nev-
ertheless the calculation of this upper limit to the
imaginary part of the forward amplitude is not
sensitive to large spin-flip terms.

The vanishing of the imaginary part of the K™n
charge-exchange amplitude in the forward direc-
tion is supporting evidence for the strong ex-
change degeneracy of the p and A, trajectories.
As pointed out by Cline et al.,* a powerful test of
p-A, exchange degeneracy is the equality of the
differential cross sections

do, ., do, .. =
7 (K*n—K°%) and 7 (K~p =K°n). (6)
Although a complicated conspiracy between resi-

dues and trajectory parameters could result in
an accidental equality of the K*n and K ~p charge-
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FIG. 2. do/dt vst for the charge exchange reactions
K'n—K% and K™p ~K%.

exchange differential cross sections at some val
ues of s and #, this could not be maintained over
a wide range of s and ¢ values. Cline et al. have
shown the equality to be valid for [¢| <1 (GeV/c)?
at a value of s corresponding to 5.5 GeV/c inci-
dent momentum, and Fig. 2 shows the results at
12 GeV/c.® The agreement between K* and K~
charge-exchange data at 12 GeV/c is very im-
pressive.

Figure 3(a) shows the cross section for the re-
action K*d - K°%p as a function of incident mo-
mentum.® Above 1 GeV/c incident momentum the
data can be fitted by a function of the form o(p)
=Ap~", where p is the incident momentum. The
fit parameters are A=7.3+0.2 mb and #=2.10
+0.05 with a x¥*=2.4 for six data points. For com-
parison, Fig. 3(b) shows the cross section for
the reaction K*p - K°A™ 1° which reaction also in-
volves charge exchange and which is also domi-
nated by p and A, exchanges. This cross section
has also been fitted by a function of the form o(p)
=Ap " for p > 1.96 GeV/c. The fit parameters
are A=7.0£0.2 mb and »=2.00+ 0.05 with a x2
=11.2 for 12 data points. Not only do both cross
sections approximately obey a p ~2 dependence,
but both reactions have about the same cross sec-
tion, Furthermore the shape of do/dt for both
processes is the same within experimental er-
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FIG. 3. Cross section versus incident momentum for
the reactions (a) K*d— K'p and (b) K*p— K'A™*.

rors.!! This agreement is remarkable in view of
the fact that although the exchanges and the me-
son vertex are identical for the two reactions,

the baryon vertex is different. In the SU(3) class-
ification scheme, the nucleons are members of
an octet while the A*™ is a member of a decuplet.
Apparently the coupling at a (pnp) or (pnA,) ver-
tex is approximately equal to that at a (pA*"p) or
(pA™A,) vertex.

On the other hand, results on the cross section
for the reaction K~p —~K°A~, as compiled by Lai
and Louie,'? indicate that from 3 to 5 GeV/c inci-
dent momentum this cross section is only about
half that for the reaction K*p — K°A**, This is
particularly surprising in view of the equality of
the K*n and K ~p charge-exchange differential
cross sections at 5 GeV/c.

In conclusion, our study of K*n charge exchange
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at 12 GeV/c indicates (1) agreement with the
model of Rarita and Schwarzschild, (2) equality
of K'n and K ~p charge-exchange differential
cross sections, and (3) essentially real forward
amplitudes for K *n charge exchange.
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PARTIAL-WAVE ANALYSIS OF THE 37 DECAY OF THE A4, f
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A new partial-wave analysis is applied to the 37 decay of the A, in the reaction 77 p
—pr¥r "~ at 5 and 7.5 GeV/c. The relative importance of the spins and parities 07,
1%, 17, 2%, and 27 are obtained as a function of 37 mass. Only the 2% spin and parity
shows resonant structure. Results are also given on the polarization and momentum-
transfer dependence of the A, and on the mass dependence of the interference of 1*

background with 2* resonance.

Recently there has been renewed interest in
the A, meson produced in the reaction 7*p —pA,*.
At the moment the mass spectra indicate a split
peak for 7 7p reactions® in contrast to a single
unsplit peak for the largest 7* experiment.? To
understand this splitting as well as the difference
in the 7~ and 7* channels it is very desirable
to examine the spin and parity of all decay chan-
nels of the A, and to understand the production
mechanism. The continuing theoretical interest
in daughter trajectories also makes it desirable
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to look for peaks in other spins and parities in
the region of the A, mass. The 37 decay mode

is particularly useful since the spins and parities
0-, 1*, 27, -+, 17, 2% --- are all allowed
whereas for nr or KK decays only 0* and 2* are
expected to be seen.® In the past,* the experi-
mental information has been limited since most
analyses of the 37 final state explored only dis-
tributions in the Dalitz plot or only certain angu-
lar distributions, and allowed for only one spin
and parity above a background. These analyses



