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FIG. 2. Angular distribution of the cross section

of the 1.45-Mey level in Ni%® (solid line) and the groups

near 1.3 Mev in Cu®® and Cu®®.

normalized to each other at 40°. The experi-
mental result strongly suggests that the angular
distributions from the groups of levels near
1.3 Mev in Cu® and Cu® are due to the same
process as that from the 2% level in Ni®®.

In particular, the experimental result is not
inconsistent with the considerations of Lawson

and Uretsky.® According to their view, the single

state at 1.4 Mev in Ni%® is due to pair rearrange-
ment in the neutron configuration (f;,,)* and four
of the closely-spaced states in each of the Cu
isotopes are due to the coupling of the p,,, proton
to such an excited neutron state. However, it
should be observed that the peaks of the inelas-
tic groups are not at the measured energies of
the 2+ levels in Ni% and Ni**. The measured
position of the 2+ level in Ni®® is 1.17 Mev while
the position of the peak for Cu® is closer to

1.3 Mev. Similarly the position of the peak

in the Cu® group is somewhat higher than the
measured 2+ level at 1.34 Mev in Ni®. In view

of the excellent agreement of our energy calibra-
tion with the 1.45-Mev level in Ni%, the discrep-

ancy, though slight, appears to be significant.
Actually, there are five levels in the excited
group in each of the Cu isotopes, and it is rea-
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sonable to assume that one of them is due to
single-particle excitation of the p,,, protons to
the f;,, state. In this case the gross structure
can be definitely explained in terms of a 0 -2
excitation by pair rearrangement. It seems very
striking that the scattering process is so insen-
sitive to the presence of the extra proton and to
the number of neutron pairs apparently involved
in the configurations (f;,,)?, (ps/)*(fs.2)?, and
(®s/2)*(f512)"

It does seem plausible that a careful measure-
ment of the angular dependence of the gross struc-
ture will result in the unambiguous assignment
of an [ value in the inelastic scattering process,
at least in a number of cases. It also appears
likely that in many cases pair-rearrangement
excitation will provide a satisfactory explanation
of the effect.
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p-p TRIPLE SCATTERING AT 143 Mev*
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The depolarization parameter D as defined by
Wolfenstein® for proton-proton scattering at an
energy near 150 Mev was first measured by
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Taylor and Wood.? Another measurement of this
parameter has been made at the Harvard Cyclo-
tron Laboratory using a polarized proton beam
of P, =0.67, Epean=147 Mev, and an energy
spread of +2 Mev.

Our apparatus and experimental procedure
followed essentially that of Chamberlain et al.’
The beam was scattered off liquid hydrogen at an
angle 0, and analyzed by carbon scattering at an
angle 6,. D was measured at 5° intervals from
20° to 40° lab. The angular resolution of the
second scattering (92) is determined by the inter-
section of the 1% in. wide beam with the 4-in.
diameter hydrogen target, and the 1-in. wide de-
fining counter located 46 in. from the center of
the hydrogen target. It varies from +2.3° at 20°
lab to 3.0° at 40° lab.

At each angle we observed a counting rate of
about 20 counts/min of triply scattered protons.
Random coincidences (1 %) and background (2 %)
were separately determined and corrected for.
The analyzing power P, P, was measured at the
mean third scattering energy corresponding to
each 6,. The measurement of D depends crit-
ically upon the alignment of 6;. We align at each
6, by sweeping a profile of the twice scattered
beam at small angles of 6;, checking after the
asymmetry measurement.

The directions of the second and third scat-
terings are represented by further subscripts
N and S. Thus f3g and 63y represent scatterings
in the same and opposite directions, respectively,
as the first scattering inside the cyclotron, and
I(62, 63y) is the corrected, normalized, count-
ing rate at the angles (92p, 63y). Then

6yr 93¢) ~1(69, O5,)
"Sn(e?-)‘z(ez, By0 +10,, 0, ’ ‘ @

D(6,) = 557, 2p By 5 0+ PPyeg, (6,9
+(Q- Ple) es (92 N)] ) )
192'(92)-21,3 [(1+P o) €3 (ezs)
-(1- Ple)e3 (92N)] (3)
1(S) -I(N))
P25 \tererwr /)
where
1(s)=1(928, 933)+I(92s’ 93N),

IN) =1(6 93 S)+I(9 ).

2N’ 2N’ 93N

Our values of D and those of Taylor and Wood
along with the theoretical predictions of Gammel
and Thaler* and Signell and Marshak,® are given
in Fig. 1. Our values of P, and P,’ are compared
with the P, results of Palmieri et al.® in Fig. 2.
Note that P, =P,’ if time reversal is valid for
the p-p interaction.
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FIG. 1. Experimental measurement and theoretical
predictions of the triple scattering parameter D(6).
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FIG. 2. Comparison of P, and P,' with p-p polariza-
tion data (corrected for a small difference of incident

proton energy) of Palmieri et al, (The latter data are
represented by the dashed curve.)
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D has been measured at 635 Mev by Kumekin,
Mescheryakov, Nuruschev, and Stolotov,? and
at 315 Mev by Chamberlain et al.® The angular
dependence of their results is similar to ours.
Gammel and Thaler?® ® try to fit data with a static
potential plus a term linear in momentum (L.
term). They always find that the curves for D
at various energies are parallel to each other.
To reconcile the results of Taylor and Wood
with those at higher energies, they would have
to include a term of higher order in momentum.
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In the course of a bubble chamber investigation
of the interaction of low-energy K~ mesons in
hydrogen, we have observed forty-five reactions
of the type K~ +p-K° +n followed by the observ-
able decay K,~7n" + 7.}

The only other type of event which could be con-
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fused with the observed type is the much more
frequent sequence K~ +p-~A +7°, A=p+7~. How-
ever, in A decay, the proton usually stops, but
if it does not, its greater ionization generally
permits identification. In order to certify the
identification, all V’s in which the positive decay
product did not stop in the chamber were meas-
ured and fitted to both the A and K, interpreta-
tions. All events fitted one or the other—there
were no ambiguities.

The calculated momentum of the K~ at the point
of interaction Py - depends sensitively on the
K° -K ™~ mass excess, which has been measured
in this and other experiments to be 3.9+ 0.6 Mev.?
The threshold for charge exchange is then 8915
Mev/c.

For each event, Pp- was adjusted to give a
simultaneous best fit to the production kinematics,
by the use of the momentum of the K~ (computed
from its decay kinematics), the curvature of the
K", and the known momentum distribution of the
K~ beam. The cross section below 300 Mev/c
was then obtained by constructing an ideogram
which gave the fraction of events in each of the
four momentum intervals below 300 Mev/c
shown in Fig. 1.

Data were also taken with the beam momentum
adjusted for 310+22 Mev/c and 410+15 Mev/c.
Even at these higher momenta the K~ velocity is
low enough that ionization can be used to distin-
guish K~ from u~ and 7~ contamination in the
beam.
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FIG. 1. K -hydrogen charge-exchange cross sec-
tion v K~ laboratory momentum. The solid curve is
the prediction of the S-wave zero-effective-range
theory. The dashed curve (arbitrary ordinate) is the
prediction of the Pais theory with A=-1.



