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Recently MacGregor and Moravcsik' have ap-
plied their modified phase shift analysis'~' to the
Rochester proton-proton scattering data: cross
section o, polarization P, and the triple scatter-
ing parameters4 A and R at 210 Mev. ' Of their
four sets of phase shifts (a through d) with low-
est values of l(', they have excluded two (a and d)
primarily on the ground that neither corresponds
to one of the two acceptable phase shift solutions
at 310 Mev. '

The Rochester nucleon-nucleon scattering pro-
gram at 210 Mev has been extended to include
measurement of the depolarization parameter, 4

D(8), in P-P scattering. The preliminary data,
which have been obtained thus far at 30' and 60'
in the center-of-mass system, are of interest in
that they definitely exclude solutions a and d of
the MacGregor-Moravcsik analysis, and further
indicate some preference for solution b over so-
lution c. In addition, the data indicate an over-
all energy dependence for D(8) consistent with
the Harvard measurement at 150 Mev. '~7

The 90% polarized proton beam was scattered
from a liquid hydrogen second target at an angle
8 in the plane of the first polarizing scattering.
The polarization perpendicular to the scattering
plane for protons which scattered right and left
from the second target was measured with the
polarimeter' which employed a carbon third tar-
get and a pair of triple counter telescopes.

The twice scattered beam was defined by the
illuminated volume of the hydrogen target and by
a slit placed just before the third target. The
polarimeter was aligned along an axis defined by
two points in space: (1) the geometrical center of
the slit, and (2) the center of gravity of the twice
scattered beam at a distance of 35 in. beyond
the slit. The uncertainty in the alignment was
estimated to correspond to + 0.003 in asymmetry,
while the minimum asymmetry observed in the
measurement of D(8) was 0.110. Additional
sources of spurious asymmetry resulted from
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FIG. 1. Depolarization parameter D(8) in P-P scat-
tering at 210 Mev, with the predictions of phase shift
solutions a through d.

the nonuniform illumination of the third target
and the beam energy variation across it due to
the angular dependence of the P-P scattering
cross section and the kinematics. To estimate
these effects, the polarimeter was calibrated
with the degraded beam which passed through a
wedge absorber and a collimator before striking
the third target. The absorber and the collimator
produced the energy and intensity variations that
were expected in the hydrogen scattered beam.
Each of these two effects gave a spurious asym-
metry of 0.005+ 0.006.

After making corrections for these asymmet-

111



VOLUME 5, NUMBER 3 P HY SI CAL REVI EW LETTERS AUGUST 1, 1960

ries, separate values of D(6) for right and left
scatterings were calculated from the observed
asymmetries and the p-p polarization data' at
this energy. The values of D(6) obtained for left
and right scatterings were then combined statis-
tically, giving the following result:

D(30') = 0.1S+0.02,

D(60') = 0.33+ 0.03.

The errors include the above-mentioned uncer-
tainty in alignment. Figure 1 shows the experi-
mental points along with the predictions' of solu-
tions a through d. Our preliminary values of
D(6) at 210 Mev strongly substantiate the choice'
of solution b or c and indicate some preference
for 5 over c. Kith the D(6) values at 310 Mev,
the data yield an over-all energy dependence of
D(6) which favors the D(6) measurement at 150
Mev by the Harvard group' rather than the Har-
well result. '

The accuracy of the data is being improved and
the work extended to other angles.
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Energy Commission.
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It would be quite interesting to know from which
atomic orbital a K meson will be captured after
stopping in liquid helium. For, if it can be es-
tablished that, in all likelihood, the capture of
the K meson occurred from S states, a study of
the angular distribution of the mesonic, two-
body decay of the hyperfragment &He4 or &H4

can determine the spin of the hyperfragment. If
the spin of the &H4 or &He4 turns out to be zero,
then the experiment of Block et al. ' determines
that the K -A. parity is odd.

The problem for helium is completely different
and quite a bit more complicated than that for
hydrogen, studied previously. 2~3 As a conse-
quence, the result is not as conclusive as that
for hydrogen, although it does indicate that S-
state capture will again predominate.

We will outline qualitatively, here, the princi-
pal processes which occur after K mesons are
stopped in a liquid helium bubble chamber. 4

When the K meson is first captured by a helium
atom (into a state which best overlaps the wave
function of the electron it replaces, i.e. , with
principal quantum number n-30), it almost im-

mediately de-excites and kicks out the remaining
electron by the usual Auger process. The state
to which it must fall about the unshielded alpha
particle in order to release the 24.56 ev electron
ionization energy has n -27, and an average ra-
dius of -0.4a l (electronic Bohr radius). This is
substantially smaller than the electron's average
radius in a helium atom, and so, the (K, o.)
atom looks roughly like a proton to the surround-
ing helium atoms. In particular, it is energetic-
ally forbidden to pick up another electron. 'y 6

This, then, leads to an examination of the
atomic and molecular processes in which a
(K, n) atom can participate. 7 One possibility is
that a metastable molecule might be formed with
another helium atom. The (P, He)+ molecule is
well known, '~ ' although the three-body recom-
bination problem involved in its formation has
not been studied extensively in liquids. ' How-
ever, while these recombination times are ex-
pected to be very short, it is not essential for
our purposes, here, that the molecule actually
form. Rather, we make only the simpler assump-
tion that the (K, o.) atom feels the molecular
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