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g-g scattering cross section can be determined
only by the extrapolation procedures recently
suggested by Goebel and Chew and Low. '

The angular- and energy-correlations in the
m-w c.m. system should also be sensitive to the
S/P ratio: a fore-aft asymmetry should appear
within this energy range, and higher c.m. ener-
gies should be favored as the P-wave interaction
becomes dominant. An observation of both final
pions is required to determine the relevant angle
and energy. As discussed in the previous para-
graph, it is difficult to make a reliable estimate
of these effects using the present phenomenologi-
cal approach.

According to the model proposed here, the P-
wave, T =1, g-g interaction should dominate for
Zinc & 400 Mev. It follows that the charged-to-
neutral production ratio (s +P-v +s++n)/
(s +p m +zc+p) is predicted to be 2, the square
of the ratio of the pion-nucleon coupling constants
for charged and neutral meson emission. This
interaction also yields no production of 2z'. For
s++p, only the reaction z++p-m++sc+p is per-
mitted by the T =1 interaction. As a result, the
inelastic cross section for s++p should be I/3
that for s +p; experimentally, '~' for Zinc-500
Mev, this ratio is about I/4. Since the probability
of finding two pions in the nucleon cloud is small,
this model also predicts that double-pion produc-

tion should be unlikely compared to single-pion
production.
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The ground state of a p, -mesonic atom of non-
zero nuclear spin I is split by the hyperfine in-
teraction into two states, of total angular mo-
menta F =I+ ~. It was pointed out by Bernstein,
Lee, Yang, and Primakoff' (hereinafter referred
to as BLYP) that (a) the lifetimes of the members
of this doublet may, as a consequence of the in-
coherence of the two states, be distinct, and that
(b) these lifetimes will actually differ if the muon
absorption rate depends on F, i.e., if the rele-
vant weak interaction is at least yartly spin-de-
pendent. The total muon disappearance rate is
the sum of the absorption and the decay rates,
and the latter is indeed to an excellent approxi-
mation independent of F. BLYP estimated the

fractional difference 5 between the two lifetimes
on the basis of a simple nuclear model, » and
suggested an experimental test for the spin-de-
pendence of muon absorption: Demonstrate that
the rate of appearance of decay electrons (orig-
inating from p, bound in a monoisotopic target
withIg0) does not, as a function of time, follow
a simple exponential. The logarithm of the de-
cay curve should indeed exhibit (in the sense de-
fined below) a positive curvature proportional to
O'. This quadratic dependence would of course
prevent one, as BLYP emphasized, from estab-
lishing which member of the doublet absorbs
faster, i.e., from settling a question of particular
theoretical significance.
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(1 +fPs) -Ij'I (2)

where the primes indicate differentiation with
respect to t. The sign of K is determined by the
sign off". From (1) one has directly

f"= [(X,-X,)~n, n, + (X, -A.,)Rn, (n,+n )]/(n, +n, )*, (2)

which shows thatK& 0 when R=O, i.e. , in the
case considered by BLYP. The curvature will,
however, necessarily be negative (K&0) when the
inequalities

gi -&~&0,

R& i~, -~, i/(1+n, /~),

(4a)

(4b)

obtain under the conditions of the experiment.
(4b) is of course a function of time; as K goes
monotonically to zero with increasing t,

R& iy, -y, i/[l~n, (0)/n, (O)], (4b )

is sufficient to ensure, with (4a), K&0 for all t.
Odd Z - odd A nuclei, the most suitable targets

for the BLYP experiment, have in general mag-
netic moments pN in agreement with the picture

In the discussion of BLYP it was assumed im-
plicitly that atomic processes do not contribute
to the lifetime of either state, and in particular
that the energetically higher member of the
doublet cannot be converted into the lower one at
an appreciable rate. Such a conversion could
take place in principle by the ejection of Auger
electrons and. , to a lesser extent, by M1 radia-
tion. It is the purpose of this note to explore the
experimental consequences of such atomic con-
version processes which, in our opinion, may
not be negligible in situations of actual physical
interest.

We refer to the higher state of the doublet by
1, to the lower one by 2, and indicate the muon
disappearance rates by &, and &~, respectively;
let R stand for the conversion rate from 1 to 2.
The populations n, and n of 1 and 2 are governed
by

dn, /dt = -(y, yR)n„

dn /dt =-X~n +Rnid,

as a function of time, t. The rate of appearance
of decay electrons is for all t proportional to
&o(n, + n ), indicating with po the muon decay rate
(by hypothesis the same for 1 and 2). In the ex-
periment proposed by BLYP, one measures the
curvature K of f(t) = log(n, +n ). We adopt the
standard definition

of an IL~ k unpaired proton. The sign of pN de-
termines which of the states E =I+-,' lies lowest,
so that (4a) can be written as

&X+ when pN&0, (I=L+ ,')-
X+&X when p.&&0, (I=I, -2)

(5a)

(5b)

indicating with g
& i the disappearance rate in

the E =Iy(-)-,' state. [Note that N" is the sole re-
levant nuclide for which (5b) applies. ] The ex-
treme case of a nucleus with p.N&0 is the proton;
condition (5a) requires hence that muon absorp-
tion proceed faster from the singlet than from the
triplet state in the basic absorption act. This
will be the case when the ratio of the Gamow-
Teller and of the Fermi coupling constants is
negative, ' e.g. , for the V-A interaction now well
established in many weak reactions. Condition
(5b) may also be fulfilled by the same type of
coupling, because here the muon and the proton
are in a relative singlet state when F=I+ ~.

Assuming that the members of the doublet are
statistically populated at t = 0, condition (4b')
becomes

R/IX -~ I»/(2I+1) when p. &0, (6a)

R/ig -X i &(I+1)/(2I+1) when p &0. (6b)

For Al g = 18, I= -,') a detailed calculation, ' based
on a V -xA type interaction and the measured»
muon absorption rate, gives g - g+ -1.2 x10'
sec '. According to a recent estimate, ' the con-
version by Auger effect on the conduction elec-
trons in metallic Al should occur at a rate R
~I(2I+1) 'x1.5xlo' sec '. Thus, even if this
estimate were too high by a factor two, (6a)
should be amply fulfilled for Al. As iX
»1/2, while R -2 (with a &1), elements with
S & 18 should a fortiori yield K & 0.

We conclude that in the BLYP experiment
(a) a negative curvature can arise only if the

basic muon absorption process is faster for anti-
parallel muon and proton spins, e.g. for a V-A

type interaction;
(b) a zero curvature does not necessarily imply

the absence of spin dependence;
(c) the conversion rates from the higher to the

lower member of the p. -mesonic hyperfine doublet
are for Z ~18 sufficiently large to lead to a nega-
tive curvature once the condition (a) holds.

These conclusions, in particular (c), have an
obvious bearing on the neutron asymmetry ef-
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fects in p. -capture recently discussed by Uberall. '
The author was prompted to the considerations

presented here some time ago by preliminary ex-
perimental results~ which suggest that K & 0 for
Al; he is grateful to R. Winston for assistance
with the analytic formulation of the curvature
problem. He takes pleasure in thardring H. Prima-
koff and J. Bernstein, who had independently
drawn similar conclusions, for much friendly
advice.
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It is of obvious importance, in studying the re-
actions of K mesons at rest in liquid hydrogen
or deuterium, to have some idea of the atomic
orbit from which the K mesons are captured.
Since the low-energy scattering data' seem to
indicate a large S-wave interaction, it is sim-
plest to ignore P-wave contributions and assume
that the reactions take place from the 1S orbit.
(In the case of deuterium, even the neglect of
P-wave interactions does not prevent an appre-
ciable capture from the 2P orbit. s)

However, this neglect, in the case of hydrogen,
of the 2P orbit contributions has been very hard
to justify. Since transition rates due to K -p
interactions are so very much greater than those
of radiative transitions, even a very small P-
wave interaction can compete favorably with the
radiative 2P-1S transition rate, as long as the
2P state is occupied at all. Moreover, it is
usually argued that the cascading mesons will
predominantly pass through the 2P state (except
for loss due to the direct capture from higher
nS orbits) since the nature of the selection rules
for dipole radiation favors populating the cir-
cular orbits.

We would like to point out in this note that suc-
cessive Stark effect collisions of a highly ex-
cited (K,p) atom with nearby protons in the

liquid hydrogen will drastically reduce the pro-
bability that the K meson ever reaches the 2P
orbit.

Consider the following picture. The (K,P)
atom is moving with some velocity v(-10' cm/sec
from considerations of thermal motion, recoil
from previous radiative transitions, and possible
pickup of the K in flight) through the liquid hy-
drogen. The average radius of a unit sphere
(hereinafter called a unit cell) in liquid hydro-
gen (density 0.07 g/cc)' is-1.8 A. Hence, on the
average about one in ten traversals of a unit cell
will result in the mesonic atom's passing within
a distance of one electron Bohr radius from a
proton, and thus being subjected to the intense
electric field of the proton. ~ To estimate the
transition rates due to this Stark effect, let us
compute it in the n = 6 level, between the 6P and
6S states.

A measure of this rate is given by

y (6P-6$) = ) (6S [ E r ( 6P) [$

=E (a,)(6S ~ r cos8 ( 6P), (1)
Av

where EAv(ao) is some average electric field due
to the proton at one Bohr radius, and r cos8
refers to the K meson's coordinate. One ob-
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