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structure at low energies. A novel feature of the
model is that it allows the calculation of both
bound and continuum states from the same forces.
In the light of the demonstrated sensitivity of the
resonance structure to the residual interaction
and to the dimensionality of the shell-model
space, the choice of these components of the
model deserves more detailed investigation. We
are currently considering these questions and
are also investigating the physical content of the
resulting wave functions.
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Differential cross sections for K p-Kon and K+n —E P have been measured at 8, 4,
and 6 GeV/c using a data sample of 6000 events. Contrary to simple exchange-degener-
ate models, the ratio of E+ to A cross sections was found to be approximately 1.85,
with little dependence on either s or t. Both reactions show a shallow dip near the for-
ward direction, suggesting the importance of spin-flip amplitudes.

The reactions

K P-Kn,
K d-K'nn,

E'd —KopP

(2)

(3)

were observed with the Argonne effective-mass
spectrometer for I t l

~ 1.2 GeV' at 3, 4, and 6
GeV/c. The spectrometer, consisting of a large
dipole magnet surrounded by magnetostrictive
wire spark chambers, has been described pre-
viously. ' Only the incident beam particle and the
pions from the K' decay were detected.

This experiment is the first detailed study of
the relative energy dependence of the two charge-
exchange reactions, with data at three energies
for both K and K' reactions. The numbers of
events are shown in Table I. The data sample for

Reaction (3) contains more than twice the num-
ber of events collected by all previous experi-
ments above 2 GeV/c.

Reactions (2) and (3) are closely related by line
reversal, with differences between them due to
interference of amplitudes with opposite C parity
in the t channel. The dominant exchanges are
thought to be the p and A., trajectories, having
opposite C parity. If these trajectories are de-
generate, as suggested by the p and 4, masses
and by dua. lity arguments, the amplitudes would
be 90' out of phase, and the two cross sections
would be identical. ' Our data show that this sim-
ple model is inadequate since the K' cross sec-
tions are consistently higher than the K cross
sections.

The basic trigger for the experiment was an
incident K, an interaction in the 20-in. target,
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TABLE I. Numbers of events after all cuts were made and the resulting differential cross sections. The factors
used to convert from deuterium to free-nucleon cross sections are shown in the last column. The total cross sec-
tions were obtained by integration of do/dL}' from 0 to 1.2 GeV (0 to 0.8 GeV at 3 GeV/&); corrections were made

for the contributions at larger t (typically 1270, estimated from bubble-chamber data). The results of two fits are
shown; see text for details. The p2 values are for seven degrees of freedom. The errors shown are mainly statis-
tical and do not include the estimated + 8% uncertainty in absolute cross section.
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tmo or more particles in the hodoscope at the
spectrometer exit, and no counts in the veto
counters mhich lined the magnet aperture. No

neutral-link requirement mas made, allowing
some background from processes such as & P
-K m'n. This background was suppressed by a
factor of 2 by rejecting events which gave an ef-
fective Ew mass near the K~(890).

Missing-mass distributions were used to iso-
late the reactions of interest, the nucleon peak
being mell separated from inelastic events with
pion production; see Fig. 1(a). Even for the deu-
terium target this missing mass was calculated
as if the reaction took place from a free nucleon.
As shown by the figure, Fermi-momentum smear-
ing does not seriously affect identification of the
reaction. Cutting on M~' &1.09 GeV' yielded the

M~ distribution of Fig. 1(b). A cut on M„, from
488 to 506 MeV was used to calculate cross sec-
tions; the background in this interval was typical-
ly 10% and was corrected bin by bin by subtract-

ing events in control regions.
A Monte Carlo program was used to correct

for decays outside the fiducial region (typically
40%) as well as for events lost because of inter-
actions in the target (about 5% for hydrogen, 10%
for deuterium), pion decay in the spectrometer
(about 5%), the cut on E* mass (15%), and geo-
metric acceptance (typically 50%). Corrections
mere also made for losses from the M~' and M~
cuts, interactions in the spectrometer (5%), re-
construction losses (7%), decays of the K' beam
before the target (3%), empty-target background
(1%), and rate effects (3%). A branching ratio
(IP- w'v )/(K'- all) of 0.344 was used. The over-
all normalization uncertainty is estimated to be
+ 8% and has not been included in the errors shown
in the table and figures. The relative normaliza-
tion uncertainty for the &' cross sections is + 4%.

One further relative uncertainty between the K
and &' reactions is related to the veto counters
which lined the front half of the magnet aperture.
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FIG. 1. {a) Missing mass calculated by ignoring the
spectator proton. The distribution has been corrected
for non-E events by a sideband subtraction. (b) Mass
distribution showing the K signal for events with M~
& 1.09 GeV~. (c) Ratio of K charge-exchange cross
sections from deuterium and hydrogen averaged over
the three laboratory momenta. Solid line, f(t) [Eq. (4)j
for 8= 14lt I ~ dashed line, for R =0. (d) Ratio of K+

to K charge-exchange cross sections. For reference,
a line at 1.85 is shown.

50

20

lo
0

i i I li i i
',I i

0.2 OA 0.6 0.8 I.O I.2 I 4

-t GeV
2

FIG. 2. Results of this experiment corrected to free-
nucleon targets. Solid curves, Bessel-function fits to
the data from 0 to 1.0 GeV2; dashed curves, results of
fits by Eq. (6) in regions where the two fits differ.

Monte Carlo studies, verified by experimental
tests, showed that at large t these counters re-
jected some of the recoil protons from the K' re-
action. ' An uncertainty of + 3 of the correction
was added quadratically to the statistical error
for this reaction.

It was assumed that relative to a free-nucleon
target the deuterium cross sections were sup-
pressed by the factor~

f(t) =0.9'I gl —S(t)] R[1 ——'S(t)]}/(1 R), (4)

where S(t) is the deuteron form factor calculated
from the Hulthen wave function, and R is the ra-
tio of flip to nonf lip contributions to the cross sec-
tion. The factor 0.97 is a correction for Glauber
shadowing. R must be zero at t =0, and previous
analyses have assumed R =0 throughout the low-
t region where the exclusion-principle suppres-
sion is important. The dashed curve in Fig. 1(c)
shows f(t) for R =0. As described below, fits by
the t dependence of the cross section suggest that
at small t 8 = 14t t t, and we used this assumption
to correct the data. The correction is listed in
Table I a,nd is shown as the solid curve in Fig.
1(c). As shown by the figure, the measured cross-
section ratio between Reactions (2) and (1) is con-
sistent with either choice of R.

The results are shown in Table I and Fig. 2.
The E points were obtained by averaging the da-
ta from Reactions (1) and (2), with roughly ~2 of
the events coming from hydrogen. Figure 1(d)
shows the E'-to-K ratios versus (-t)'I' for the
three momenta. The data are consistent with a
value of 1.35 independent of s and t. The ratios
of cross sections integrated from —t =0 to 0.5
GeV' are 1.49+ 0.13, 1.37+ 0.08, and 1.28+0.09
at 3, 4, and 6 GeV/c, respectively.

The solid curves in Fig. 2 are fits with

do/dt = [ag,'(r(- t)'~')+ a,J,'(r( t)'~')]e-' (5)

with r fixed at 0.8 fm (4.05 GeV '). This form is
suggested by strong-absorption models' with the
Bessel functions J, and 4, describing the nonf lip
and the flip amplitudes, respectively. As t a,p-
proaches zero, the flip-to-nonf lip ratio approach-
es R =R, ltI with B, a constant. The six fits were
made from 0 to 1 GeV' and have a, total y' of 49
for 42 degrees of freedom; changing x by + 0.1
fm increases X' by about 12 and changes R, by
typically 2 GeV

The dashed curves in Fig. 2 are fits with

da/dt = (a, +a, t)es'.

The y"s for these fits are also quite reasonable.

906



VoI.vMs 32, NvMszR 16 PHYSICAL REVIEW LETTERS 22 ApRIL 1974

K p K'n
1.0—

I

K~n K'p

—I.O -'

v- I.5 I I I I

-1.0-0.5 0 0.5 -1.0-0.5 0 0.5
t GeV

FIG. 3. Effective trajectories derived from the en-
ergy dependence of the results from this experiment.
The shaded regions show the +1-standard-deviation
uncertainties in the linear fits.

a (t)=(0.34+0.08)+(1.20+0.29)f,
a'(t) = (0.33+0.08)+ (1.50+0.30)t.

(8)

The two fits are compatible with one another,
showing the similarity of the energy dependences
of the two reactions. Although both straight-line
fits pass within 1 standard deviation of the p me-

For both reactions our total cross sections are
consistent with aP "dependence. This result
differs somewhat from the trends seen previous-
ly' which indicated a steeper falloff the K' reac-
tion than for the K one.

The energy dependence of the differential cross
sections was parametrized as

do/dt = f(f)s' "~ '.
The resulting effective trajectories a(t) are shown
in Fig. 3 together with straight-line fits for the
E and E' reactions,

son, the intercepts of 0.34 are lower than gener-
ally taken for the p trajectory, and a(f) crosses
zero near -t =0.25 GeV instead of the nominal
0.6 GeV'.
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