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the heavy cosmic rays have lifetimes less than
107 yr, too short for completion of the Pb peak
from radioactive decay of transbismuth nuclei.
(3) Within our limited statistics, in the energy
interval ~0.5 to 1 GeV/amu the abundance ratio
of extremely heavy nuclei to the Fe-group nuclei
is similar to that at higher energies. (4) Pre-
vious assignments of charges to relativistic nu-
clei by both plastics and emulsions are basically
correct, though somewhat uncertain because of
uncertainty in velocity. (5) Unless there is an
unpredictable mixture of neutron-rich and neu-
tron-poor nuclides, we believe we have demon-
strated resolution of AZ=<+1, In future flights
with a larger area-time factor we are confident
that as statistics accumulate, abundance peaks
of high-Z nuclei will be recognizable.
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We present an investigation of the reaction K p — K*9(890)x at 3.9 and 4.6 GeV/c inci-
dent momenta. The order-of-magnitude increase in statistics with respect to previous
analysis allows an investigation of the K*%(890)-production properties in the very forward
region of momentum transfer and also provides a quantitative test of the absorption-
modified one-pion exchange model. This model gives an excellent description of the dif-
ferential cross sections and decay correlations at the two energies.

Numerous models have been proposed to explain
hadron interactions.’ Each has had limited suc-
cess with the common feature that data are fitted
quite well in certain reactions and poorly in oth-
ers. In particular, production of particles in the
extreme forward direction, whether photopro-
duced or meson produced, has served as a sensi-
tive test of these theories. Currently a great deal
of interest has focused on charge-exchange vec-
tor-meson production. Analysis® of p° production
via the reaction 7" p —p% has been rather thorough;
comparable data on K*°(890) production has not
been available. The present experiment, which
investigates the final state K 'p ~K*°(890)n, ne-
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gates this deficiency with at least an order-of-
magnitude increase in data. This, and the fact
that it is a neutron and not a proton recoiling,
allows us to investigate the structure in the region
of momentum transfer to the K*°(890) less than
m,2. We find no strong forward structure (i.e.,
steep increases or dips) in the differential cross
sections or diagonal elements of the density ma-
trix at both 3.9 and 4.6 GeV/c. In addition, the
present statistics allow us to make a quantita-
tive test of the absorption model due to Gottfried
and Jackson,® which is known to be successful in
describing p° production via pseudoscalar ex-
change. The excellent agreement between this
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FIG.1. (a) K n* effective-mass distribution from
Reaction (1) at 3.9 GeV/c. The curve is the result of
the fit described in the text. (b) Same as (a) but at 4.6
GeV/c.

model and the experimental data suggests that ab-
sorption-like modification (for instance, Regge
cuts) to simple pole models are needed.

The data for this study come from exposures
of the Brookhaven National Laboratory (BNL) 80-
in. hydrogen bubble chamber to beams of K~ me-
sons at 3.9 and 4.6 GeV/c incident momenta.
The reaction of interest is the one-constraint fit

Kp—~K n'n. (1)

Events were assigned to this category if the yx?
probability was greater than 5% and ionization,
as measured by the BNL flying-spot digitizer,
was consistent with the kinematic interpretation.
From a total of ~110000 two-prong measure-
ments, 9425 fit Reaction (1). Figures 1(a) and
1(b) show the K 7" effective-mass spectrum from
Reaction (1) for the 3.9- (4.6-) GeV/c data. In
order to determine the mass, width, and amount
of K*° we have performed a ¥* fit with a Breit-
Wigner shape® plus a linear background. The
weighted averages over the two momenta are®

M=897.8+0.8 MeV, I'=553+2.6 MeV. (2)

Figures 2(a) and 2(b) show the momentum trans-
fer (~t) distribution between the target proton and
the outgoing neutron. The differential cross sec-
tions were obtained by fitting each individual K "=*
effective-mass spectrum with the matrix element
described above with mass and width fixed at the
values given by (2). A good fit to the do/dt dis-
tributions in Figs. 2(a) and 2(b) was achieved us-
ing an expression of the form® do/dt = Ae®*°t*
over the range 0.02<-£<1.0 GeV% We obtain at
3.9 GeV/c the parameters

b=5.7T+0.1 GeV™2, c=1.9+0.2 GeV %
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FIG. 2. (a) do/dt distribution for the reaction K
— K*"(890)z at 3.9 GeV/c. The curve is the result of
the OPEA calculation described in the text. The in-
sert shows the momentum transfer distribution in the
forward direction in more detail. (b) Same as (a) but
at 4.6 GeV/c.

and at 4.6 GeV/c
b=6.0+0.5 GeV-z, c=2.2+0.6 GeV ™%,

The solid curve in the figure represents the ab-
solute prediction of the one-pion exchange model
with absorption® (OPEA) which, except for the
~20% discrepancy for |t| <0.1 GeV?, describes
the magnitude and structure of the K*°(890)-pro-
duction angular distribution at both energies.”
There has been much theoretical debate as to
the structure (dip, peak, or flat) of do/dt for
—t <m,?, a region expected, because of the near-
ness of the pion pole, to be dominated by 7 ex-
change. The inserts in Figs. 2(a) and 2(b) show
the distribution of K*°(890) events as a function of
momentum transfer starting at the kinematic
thresholds® in bins of 0.003 GeV2° The data are
consistent with a constant cross section from -¢
~2m,* to -t ~ym,2. While small forward dips (as
predicted by OPEA) or peaks are consistent with
the experimental distributions, theoretical mod-
els that predict strong forward structure (at least
down to im,?) are not consistent with the data.
The investigation of the K*°(890)-decay angular
distribution (Jackson angle) has shown an asym-
metry as previously seen in reactions involving
K*°(890) production.’® As done in the 7°p —p%
reaction® in which an asymmetry in the p° region
is also observed, we have parametrized the decay
angular distribution of the K 7% system in the
K*°(890) region'! in terms of an S-wave back-
ground'? interfering with the P-wave resonance,
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with the following form:
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applicable in both the Jackson and helicity frames.
For the 3.9- and 4.6-GeV/c data combined®® we
have performed a maximum-likelihood fit and de-
termined the values of the density-matrix ele-
ments in both the Jackson (p;,;') and the helicity
(p;,”) frames as a function of the momentum
transfer. The p;,’s so obtained are given in Fig.
3. The following observations can be made:

(1) In the region —¢ <2m,? there is no significant
change in either frame of the value for p,,—p,,
which averages 0.62 (0.58) in the helicity (Jackson)
frame. The data in the small -/ region rules
against any strong variation of p,, or p,; down to
our kinematic threshold. The large value of py,
-p,, suggests the dominance of 7 exchange.

(2) There is structure in p,,~p,, and Rep,, from
kinematic threshold to about 0.25 GeV2. Above
0.25 GeV? p,,' ~p,,’ and Rep,,' ~0 while p,.,’ in-
creases from ~0.0 to ~0.2. We also note that
Repy, " (which is a measure of the S- and P-
wave interference) is zero in the very forward
direction, is large for —¢ between 0.01 and 0.25
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FIG. 3. (a)-(e) Density matrix elements in the heli-
city frame as a function of momentum transfer. The
data are presented for the 3.9- and 4.6-GeV/c com-~
bined sample. )-(j) Same as (a)-(e) but the density
matrix elements are evaluated in the Gottfried-Jackson
frame.
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GeV?, and becomes small for large values of —f.
'Rep,,' T is related to the forward (F)-backward
(B) asymmetry in the Jackson frame by the rela-
tion V3 'Rep,,' N =(F-B)/(F +B). The possibility.
that we are observing some structure in the for-
ward direction in 'Rep,,' " makes any simple ex-
trapolation of the forward-backward asymmetry
(to extract K7 S-wave phase shifts) to the pion
pole dubious. Correspondingly, the experimental-
ly observed variations of the density-matrix ele-
ments as a function of —f would lead one to ques-
tion the validity of any extrapolation which must
assume that only “pion” exchange is present over
a large range of momentum transfer.

The OPEA predictions,'* represented by the
solid curves in Fig. 3, provide a good quantita-
tive description in the small-momentum-trans-
fer region (—¢<0.25 GeV2). However, for larger
values of |t| (where the model is not expected to
be applicable) deviations from the predictions
are observed.

In conclusion, in the reaction K p ~K*°(890)n
at both 3.9 and 4.6 GeV/c, there is no evidence
for any significant structure in the differential
cross sections and diagonal elements of the den-
sity matrix in the very forward direction of mo-
mentum transfer. OPEA is seen to provide an
excellent description, at small momentum trans-
fers, of the production and decay properties of
the K*°(890). As pointed out by Jackson,! such
good agreement between absorption-model pre-
diction and the experimental distributions would
strongly suggest the need for Regge cuts in addi-
tion to Regge poles to explain the present data.

In particular, Regge pole models (without cuts)
invoking the evasive behavior'® of the pion Regge
pole at ¢ =0 (which predict dips in the forward di-
rection, —f<m,?) seem to be ruled out by the
present investigation.
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