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Structure in K -Nucleon Total Cross Sections below 1.1 GeVic*
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Total cross sections of K P and E d have been measured between 410 and 1070 MeV/c
with high statistical precision. In addition to the well known A(1520), A(1820}, and

Z(1769), we confirmed the presence of the A(1692) and the Z(1670). We have also ob-
served several structures which could be F* resonances; A(1646), A(1735), Z(1583),
Z{1608), Z(1633), and &(1715}.

Meson-nucleon total-cross-section measure-
ments below incident momenta of a few GeV/c
have, in the past, provided valuable information
on new baryon resonances. A structure in the
momentum dependence of the cross section has
often been the first indication of a resonance and
has also provided a number of its parameters.
In addition, such mea. surements are a very im-
portant constraint for phase-shift analyses from
which resonances, not directly observable, can
be found and have their parameters determined.

The K -nucleon system in the mass range from
1500 to 1800 MeV is very rich in Y* resonances;
there are claims for about a dozen resonances
with status varying from "good, clear and unmis-
takable" to "weak. "' Earlier total-cross-section
measurements in this region' cover only limit-
ed momentum ranges (giving rise to possible nor-
malization problems between experiments) and

do not have the experimental accuracy currently
attainable.

The present experiment was part of a series of
measurements~' made below 1.1 GeV/c at the
Brookhaven National Laboratory alternating gra-
dient synchrotron to give significantly improved
data in an interesting momentum region. They
were carried out in order to search for new struc-
tures and also to provide considerably more ac-
curate data than previously available for phase-
shift analyses. Preliminary results of the pres-
ent data on K p and K"d cross sections have been

reported earlier. '
The experiment used a standard transmission

method with special precautions taken to avoid
the problems inherent in such a technique at low

momenta; the experimental details and method
of data analyses have been given elsewhere. "'
In this experiment, the hydrogen and deuterium
targets were 3 ft long. Corrections to the data
for kaon decay, which could be as large as 20%
at low momenta, were verified experimentally at
two different momenta by measuring cross sec-
tions with varying distances between the target
and transmission counters. ' In evaluating the
Coulomb-nuclear interference correction„ the
slopes of the elastic differential cross sections
were obtained from interpolations of the pub-
lished experimental data. "' The ratios between
the real and imaginary parts of the forward-scat-
tering amplitudes for protons were taken from
experimental data" and were assumed to be the
same for neutrons. The kaon momenta were cor-
rected for energy loss in the target. Experimen-
tal resolution caused mainly by this energy loss
was unfolded from the data by an iterative pro-
cedure; the correction was typically about 0.2'%%uo

and never exceeded 2%%uo.

Statistical errors on the hydrogen cross sec-
tions varied from + 0.23%%uq at high momenta to
+ 0.65% at 574 MeV/c a,nd to + 2.5% at the lowest
momentum; the corresponding deuterium per-
centage errors were about half as much. Rela-
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FIG. 1. Results of this experiment for (a) & p and
(b) K d total cross sections, together with existing da-
ta (Refs. 2-4). Only statistical errors are shown.
Curves are described in text.

tive point-to-point systematic errors are esti-
mated to be always less than the statistical er-
rors. The overall scale error in the absolute
value of the cross section is estimated to be
about 1%.

The results of this experiment are shown in
Figs. 1(a) and 1(b), together with previous data' '
in the same momentum range. The agreement
with earlier data is generally good, except for a
possible momentum scale shift at low momentum
as compared to Bowen et al. 4 It can be seen that
the statistical accuracy of the present data is con-
siderably improved over the earlier experiments;
the number of data points taken is also greater.

The smooth curves in Figs. 1(a) and 1(b) rep-
resent the data used in the isotopic-spin analysis
and are essentially the same as those obtained
fr om the fits described below. The technique for
determining the cross sections in the pure I = 0

20-
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FIG. 2. Total K -nucleon cross sections for the I =0
and I =1 isotopic-spin states. The curves are the re-
sults of the fits described in the text.

and I = 1 isotopic-spin states has already been de-
scribed. '" The parameter (r ') used in obtain-
ing neutron cross sections from those on deuteri-
um and hydrogen was taken' to be 0.033 mb ' and
assumed to be independent of the kaon momentum.

Figure 2 shows the K -nucleon total cross sec-
tions in the two pure isotopic-spin states. We
see a number of structures, many of which have
not been observed previously.

We consider the I =0 data first. The rise in
cross section, a.s the momentum is reduced to-
wards 400 MeV/c, is due to the nearby well known
A(1520); similarly, the rise towards 1000 MeV/c
is due to the A(1820). We see the previously ob-
served A(1692), a peak at 1735 MeV, and a small-
er one at 1645 MeV. It is possible that there are
other structures between 1530 and 1630 MeV.

We have fitted the data with Breit-Wigner forms
for the A(1520) and the A(1820) with their masses
fixed at accepted values, ' together with a back-
ground of the form

cb,&&s „,d =A +Bp + C/p,

(as indicated by s-wave effective-range theory at
low energy) The resu. lts of the fit were then sub-
tracted from the data. to give an estimate the
Breit-Wigner parameters at 1645, 1690, and 1735
MeV. These were then succ essively combined
and refitted with the known structures and the
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TABLE I. Results of the fits described in the text. J is the spin and x
is the elasticity of a resonance.

Isospin

Laboratory
momentum

(Me V/c)
Mass

(MeV/c )

Width

(MeV/c )

Height
(mb) (J + 1/2)x

685
784
875
546
602
657
737
833

1646+ 7
1692+ 4

1735+ 5
1583 + 4
1608+ 5
1633+ 10
1670 + 4
1715+ 10

20
38
28
15
15
10
52
10

1.3
12.4
6,3
2.8
2.4

1.4
6.5
7.0

0.04
0.48
0.29
0.06
0.06
0.04
0.23
0,30

background. The results so obtained are given
in Table I. The parameters for A(1692) are in
good agreement with the existing data, ' while the
other two structures, A(1646) and A(1735), have
not been seen before in the total cross sections.

The I = 1 data were fitted in the same way as for
I = 0. The mass of the well known Z(1769) was
fixed in the fitting procedure; and the same back-
ground form mentioned above was used. The
smaller structures at 1585, 1610, 1670, and 1715
MeV and a shoulder at 1635 MeV are fitted to
yield the parameters given in Table I; there may
be other structures below 1560 MeV. Because of
the uncertainty of the cross sections below our
energy range which would affect the low energy
points, the step at about 1550 MeV has been ig-
nored. The existence of the Z(1583), not previ-
ously observed, was noted in a preliminary anal-
ysis of this experiment. ' It has subsequently
been observed in an analysis of the reaction K p
—A7T.

" The other I = 1 structures, also not ob-
served heretofore in total-cross-section experi-
ments, are in mass regions where there have
been claims of resonances, but their number and
properties are not clear at present. ' It is inter-
esting to note that several Y~ resonances in the
mass region studied here have been predicted
with the use of the quark shell models. "

To indicate the significance of the structures
discussed above, we note that the A(1646) and the
Z(1633) are about three-standard-deviation ef-
fects, while all the others are more than five-
standard-deviations eff ects.

In conclusion, we have measured the K -nucle-
on total cross sections from 410 to 1070 MeV, /c
with much improved accuracy over previous ex-
periments. In addition to the well known A(1520),
A(1820), and Z(1769), we confirmed the presence
of the A(1692) and the Z(1670). We have also ob-

served several new structures which could be Y*
resonances: A(1646), A(1735), Z(1583), Z(1608),
Z(1633), and Z(1715). These data should prove
valuable in phase-shift analysis of the K -nucleon
system for an understanding of the rich Y*-reso-
nance structure in this region.
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Results are reported for the zero-degree analyzing power and longitudinal vector polari-
zation transfer coefficient values of the reaction 3H(d, n) He. These data allowed a cali-
bration of the neutron polarization to an absolute accuracy of + 2%. The analyzing power
of He was measured using the calibrated neutron beam for F.„ in the range 20 to 30 MeV.
The results of the He analyzing power measurements are compared to phase-shift pre-
dictions as well as other data for He(n, n) He and He(p, p) He in the same energy region.

Neutron polarization experiments in the range
between 20 and 30 Me V have been handicapped by
the lack of a calibrated source of polarized neu-
trons and by uncertainties in the properties of
neutron polarization analyzers. In this brief re-
port we present two sets of results and two types
of comparisons which have a significant impact on
the solution to these problems. First, the devel-
opment of the reaction 'H(d, n)'He as a new cali-
brated source of polarized neutrons is described.
Second, the results of a calibration of the only
practical neutron polarization analyzer [i.e. ,
He(n, n)~He] are given for several angles at en-

ergies between 20 and 30 MeV. Next, the latter
results for the analyzing power A,(0) are employed
to test predictions using four available sets of
phase shifts for 'He(zz, iz)'He. Finally, the values
are compared to the A,(0) values for the charge-
symmetric process 'He(P, p)'He. The work pre-
sented here as a whole should greatly benefit the
interpretation of future neutron polarization meas-
urements above 20 MeV.

The calibration of the beam of polarized neu-
trons was possible because the reaction 'H(d, zz)'He

possesses specific polarization transfer proper-
ties as a result of the —,'+1--,'+0 spin structure.
In 1971 Ohlsen, Keaton, and Gammel' pointed out

that in such reactions the zero-degree longitud-
inal pola, rization transfer coefficient K,' (0') is
simply related to the zero-degree analyzing pow-
er A„(0'). (In this paper the y axis is normal to
the reaction plane and the z and z' axes are along
k;„and k,„„respectively. ' Of course, at the
reaction angle of 0' the z and z' axes are collin-
ear. ) The relation is given by the equation

K,' (0') =az[I+ 2A„(0')],

and the nuetrons emitted at 0= from the d+'H
reaction have polarization values p, r given by the
expression'

—,
' ff,"(0')p, [I+ —,'A„(0")]p,

I+ 2A„(0')p~~ I+ ~A„(0')p-~

Here p~ and p~~ are the deuteron vector and ten-
sor polarization components with respect to the
polarization symmetry axis which is along k;„.

Experimentally the determination of A„(0') is
relatively simple, as it involves only a measure-
ment of the ratio of neutron yields for different
polarization states of the incident deuteron beam.
Hence A„(0 ) may be measured very accurately
and used to specify the polarization of the neutron
beam emitted at 0, an angle which provides other
unique experimental advantages' in neutron polar-
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