VoLUME 2, NUMBER 2

PHYSICAL REVIEW LETTERS

JaANuUARY 15, 1959

each telescope, and 9% of that number were
measured to be accidental counts and counts re-
sulting from mesons stopping in the target walls
and in the precession solenoid. Correcting only
for this small background, we obtain for the
asymmetry in each telescope

Ka = 0.274 + 0.016 for telescope 1

= 0.276 + 0.016 for telescope 2,

where the uncertainties indicated are statistical
only.

The factors K for the polarization and the
counting arrangement in this experiment are:

K =0.850 + 0.024 for telescope 1
= 0.844 + 0.024 for telescope 2.

To compute K, it was necessary to know the
fraction of electrons which has insufficient en-
ergy to be counted in the detecting telescopes.
The energy and angular dependence of the muon
decay electrons was assumed to be the one pre-
dicted by the two-component neutrino theory.2
The probability of counting an electron as a
function of energy and material traversed was
obtained with Wilson’s range formula,® and the
measured distribution of muons stopping in the
target. The errors indicated in K are due pri-
marily to a 2% uncertainty in the polarization
resulting from the uncertainty in the muon en-
ergy interval defined by the bromoform target,
and to a 2% uncertainty which is contributed by
the energy dependence of the electron counting
efficiency; and also to an additional 1% uncer-
tainty due to the fact that the current required to
obtain the +90° precession is known to 10%.

Combining the data from the two telescopes,
the asymmetry parameter is found to be

lal=0.325 +0.015,

where the inequality arises from the possible de-
polarization of the muons stopping in bromoform.
These depolarization effects are unknown; but,
of a large number of materials tested, bromo-
form has been shown* to cause the least depolar-
ization.

With the assumption of two-component neu-
trino theory, and with the coupling scheme
(ev)(vu),

Igs -4|gV

then we have shown that
|£1=20.97+£0.05.

Measurements of the u spin direction® indicate
that £ is negative, so that we have, in terms of
the coupling constants,

lgg!?/1gy!?<0.0520.09.

*Research supported in part by the Office of Naval
Research and the U. S. Atomic Energy Commission.
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Okun’ and Pomeranchuk! have suggested that a
study of the absorption of bound K~ mesons in
hydrogen according to the infrequently occurring
reactions

K +p=-A’+7°+7°, 1)
K +p=A+at+n™, (2)

might yield informatior{ regarding Py A? the KA
relative parity. The K meson was assumed to
be initially in an S state. For reaction (2) it was
found that an angular correlation between the
directions of the relative momentum p_ of the
two pions and the momentum P, of the A® hy-
peron would indicate Py =-1. Also, Pgp =-1
would result in the A° from reaction (2) being
polarized with respect to the reaction plane. In
addition, the probability for reaction (1) relative
to that for reaction (2) depends on Py ,. How-
ever, as Okun’ and Pomeranchuk have empha-
sized, the interpretation of experimental data
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would be ambiguous due to our present lack of
knowledge regarding the P wave interaction in
the KN system and the time dependence of the
relative populations of levels in newly formed
K~ mesonic atoms.

The purpose of this note is to suggest that
much the same results obtain for the absorption
in flight of K~ mesons with laboratory energies
below approximately 30 Mev. Moreover, other

effects will be present which also depend on Py A

If Pgp =-1 the directions of both p; and B, in
the center-of-mass (c.m.) system will be corre-
lated in reaction (2) with the direction of Py, the
c.m. momentum of the incident K~ meson; in
reaction (1) only P, and Pg will have an angular
correlation. For Py, =-1 the A® will be polar-
ized in both (1) andlgzl}. Furthermore, Py, de-
termines the energy dependence of the cross
sections.

The physical reasons for these assertions are
as follows. In the c.m. system the initial rela-
tive motion of the K~ meson and proton is des-
cribed by a superposition of partial waves, each
of which has a definite total angular momentum
and parity which are both conserved in the reac-
tions (1) and (2). It is possible to transform the
c.m. coordinates and momenta describing the
products of these reactions in such a way that
the total angular momentum operator is given
by the sum of two angular momentum operators
which are related to the motion of the A° and the
relative motion of the two pions, respectively.
The final state which corresponds to a particular
incident partial wave may then be represented
asymptotically by an infinite series of products
of two wave functions, each product describing
a suitable combination of spin and orbital mo-
tion of the A° and the two pions which is com-
patible with the conservation laws and possible
identity of the pions. For these final states it
will be assumed that only the lowest possible
combinations of orbital angular momenta are
significant for the range of K~ energies being
considered. This assumption is based on the
fact that the energies released in (1) and (2) are
low, being 47 and 38 Mev, respectively, for
capture at rest. The wave functions for higher
orbital angular momenta will have much smaller
amplitudes in the region of interaction, which is
assumed to be less than 107!* cm. These con-
siderations are similar to those employed by
Dalitz? in his analysis of 7 decay. The spins of
the K~ and A° are assumed to be 0 and 3, re-
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spectively. If Piy =+1 an incident S wave is
transformed into two final S waves. The effect
of incident P waves will be small. The angular
distributions will be isotropic, and angular mo-
mentum conservation will require the A to be
unpolarized. However, if Pga =-1 an incident S
wave will emerge as suitable combination of S
and P waves, and, in the same order of approxi-
mation, an incident P,, wave will emerge as a
combination of two S waves. The angular distri-
butions will not be isotropic, and, due to inter-
ference effects, the A° will be polarized. There
will be a different energy dependence of the
cross sections because the amplitudes of the P
waves in the interaction region increase as the
K~ energy becomes larger.

These qualitative considerations will now be
put in a more definite form. The amplitudes for
the transitions are expanded in powers of (ﬁKR) ,
®,R), and (B, R) where R is a distance deter-
mined by the range of the interaction. For the
energies being considered it will suffice to re-
tain only the terms of lowest order. It will be
assumed that reactions (1) and (2) conserve iso-
topic spin. The amplitudes A, and A, for reac-
tions (1) and (2), respectively, are scalar (pseu-
doscalar) if Py =+1 (Pgp =-1). In the follow-
ing G is the vector of the Pauli matrices, dpp
denotes the density of final states, ¢ is a unit
pseudovector in the direction of polarization, v
is the velocity of the incident K~ meson, and @,
and @, are the energies released in (1) and (2),
respectively, for capture at rest. The total
cross sections ¢, and ¢, for (1) and (2), res-
pectively, obtained by integrating the differen-
tial cross sections do, and do, over the available
phase space, are also given below. Also, T} is
given by

Tz = QZ+PK2/(2P-), i= 1’2

where p is the reduced mass of the Kp system.

For Py =+1 we have
A =-a'/V2, A, = a,
do, = (1/4v)la’|2dpF,
do, = (1/2v) la’l’dpF,
o, ~(1/2v) T 2la’l?,
g, ~(1/v) T2 1a' %

For Py, = -1 we have

A, = -(a5:By + b55)) IV,
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A, = aE-ﬁK + bE-ﬁA + cﬁ-ﬁﬂ,
do, = (1/490)lal?p? +161%p,\*
+2Re (a"0)pyg B,
+2Im (2" p)® PP A)‘E}dp F
= (1/201al®p”+ 1612p %+ 1c1®p,
+2Re[a" pr-pA+b cpA-§n+c*a§7;§K]
+21Im [a*b BpoBy) + 5" c(BpP,)
+ FaBpPp) o,
0, ~ (1/20) T,2{0.341512(21Q,)
+[1a12+0.34151%]p5%},
o, ~ (1/v) T,2{[0.341512+0.43 | c12](2 Q)
+[lal?+0.34101%+ 0.43!cl3]pK2}.

The interpretation of data on absorption of K~
mesons in flight at low energies should be less
ambiguous than that for absorption at rest. The
greatest difficulty would appear to be the small
cross sections for reactions (1) and (2).

‘Supporbed by the National Science Foundation.
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One of the reactions that can occur when a K~
meson is captured from an atomic orbit about a
deuteron is

K™ +d=Z+n+7t. (1)

Pais and Treiman' have investigated the proba-
bility of formation of a bound state of the (7, %)
system, if such a system exists. They concluded
that if the (=7, %) binding energy was of the or-
der of a few tenths of a Mev or larger, the pro-
bability of bound-state formation via reaction (1)
is ~40%, except if the K~ meson were pseudo-
scalar, and the singlet state of the (X 7,n) sys-
tem is the only bound system.

A re-examination of this problem indicates
that there is one important process that was not
included in their work; that is, the absorption of
the K~ meson from the 2P atomic orbit via an
s-wave capture process of the type

K +p=2 " +7™. 2)

The rate of this (K™, p) s-wave capture from the
2P orbit is nonvanishing since the deuteron has
a finite size and the rate is proportional to the
square of the 2P orbital wave function evaluated
at the position of the proton in the deuteron.
Furthermore, a crude estimate of the total ab-
sorption rate from the 2P orbit by s-wave cap-
ture I'(P, s), indicates that it is ~10 times larger
than either the 2P-1S radiative rate I'(P,v) or
the 2P absorption rate via p-wave capture. It is
the purpose of this letter to show that the proba-
bility of the formation of the (Z,n) bound state
via the s-wave capture process from the 2P
orbit is one order of magnitude smaller than for
the processes considered in PT.

In the following discussion, the notation and
approximations of PT are used. These approxi-
mations consist in the use of the impulse approx-
imation and two-parameter Hulthén wave func-
tions for the bound states.

Assuming that the K~ meson is pseudoscalar
with respect to the (Z7,%) system, and that the
(Z7,n) bound state has spin 1, then, analogous
to Eq. (8) of PT, the bound-state transition rate
via the s-wave (K ,p) interaction can be written

where
m e
y l:fd?vB*(f)e ks

Yo p is the K~ wave function in the 2P orbit and
the other symbols are explained in PT. Since -
only small values of the argument of ¢, p are im-

Tu@vgp (@2, @)

portant, ¢2P(;/2) can be replaced by %;-VszP(O),
and the evaluation of Rp is straightforward in
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