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We have performed an experiment with low-
energy K, mesons in the BNL 20-in. hydrogen
bubble chamber. In this Letter, we wish to re-
port results of two types: those bearing on the
structure of the strangeness-changing weak in-
teraction; and those which give information con-
cerning K'p and K'p interactions.

The beam was made by 1250+40 Mev/c w on
a CH, target. K,"s at 47' in the lab were selected,
and charged particles were removed by a sweep-
ing magnet before the beam passed into the cham-
ber, some 110 in. from the target. The direction
of the K2 beam in the chamber is known to +2
but the momentum has a spread from -200 to
-650 Mev/c, due to associated production of
both A'K' and Z'K', Fermi momentum in the
target, etc.

We have made the usual assumptions (consistent
with our observations) that the only common
modes of K, decay into charged particles are:

K2 w +e +v,

K2 ~7l' +p. +p,

K,o- ~~+ ~-+ ~0,

which we shall call mev, wp. v, and ~m~.

Under the present conditions, the K,' momen-
tum is calculable from measurements of the de-
cay particles but is not overdetermined. (There
is in general an ambiguity in the momentum
which is not serious for the present analysis. )
The most serious backgrounds, ~p, and p, e decays
in flight, which might be interpreted as neutral
decays, were eliminated by restrictions on the
events which also threw out a small and calcula-
ble fraction of the K,' decays (4 to 6 /0 for the
different decay modes).

A sample of 124 identified ~ev decays was ob-
tained by identifying all electrons with momen-

turn & 200 Mev/c by bubble density. Any track
which was not clearly identified on inspection
was measured by gap counting. ' (A muon at the
limiting momentum has 1/P'=1. 29.) The remain-
der of the events was classified into two groups,
one containing 52 events which gave a, physical
value of the K,' momentum when interpreted as
a mme decay, and a group of 222 events which are
7Tev or 7Tp, p.

If polarizations are not measured, the configu-
ration of a three-body decay is specified by two
variables. We choose to use the energy of the
charged particles in the center-of-mass system
of the K,'. For each configuration, we have de-
termined the probability of identifying a me@ and
of not rejecting each of the modes. This involves
integrating over the uninteresting angles and over
the experimentally observed K2' spectrum. Given
this information, we are prepared to make sever-
al comparisons with the theory.

1. The ratio m e+v/m+e-v=1. 16+0.17. This
ratio is one if CP is conserved, but no larger
than 1.08 in any case.

2. Pais and Treiman have shown that the elec-
tron energy spectrum in the 7tev decay for a given
pion energy has a form which is dependent only
on the type of interaction involved. The pion spec-
trum is given, to be multiplied by a form factor
which is expected to be roughly constant. ' We
have divided the Dalitz plot into three strips in
T&, each of which is subdivided as shown in
Fig. 1.

We multiply the probability for observation
and detection at each point times the expected
distribution function for pure scalar, vector,
and tensor interactions and integrate over each
region. Theory and experiment are normalized
to one in regions 1 and 2; 3, 4, and 5; and 6, 7,
8, and 9; thereby giving a comparison essentially
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FIG. 1. Regions on Dalitz

plot for 7tev to be used for corn-
parison with experiment are
shown, together with the distri-
bution of events.
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FIG. 2. Comparison of ~ev events with theory.
Histograms represent the theoretical distribution of
events, corrected for detection efficiency and normal-
ized in each set of regions with the same range of T~.

independent of the form factor. The results are
shown in Fig. 2. Tensor is excluded; scalar and
vector are allowed.

3. If the interaction is assumed to be scalar,
the form factor is found to increase by a factor
of - 14 from the region with T~ & 76 Mev to the
region with Tz & 104 Mev. Such a large increase
with pion energy is not expected, and probably
allows this interaction to be excluded.

4. The vector form factor (Fig. 3) is roughly
constant. The conclusion, then, is that the data
are consistent with a pure vector interaction-in
agreement with the universal V-A theory. 7

5. If that part of the form factor due to strong
interactions is constant, and an intermediate
boson exists, the energy dependence of the form
factor may be given in terms of the boson mass,
as shown by the curves on Fig. 3. From the
present data a boson with mass &500 Mev/c'
cannot be excluded.

6. The detection and identification probabilities
may be integrated over all the decay configura-
tions with weights appropriate to the vector inter-
action. This allows the mev branching ratio to be
determined. The number of wev (0.1%) and mI" v

(4.4%) in the sample fitting mmm may be calculated.
This allows a complete set of K,' branching ratios
into charged modes to be given in Table I.

7. Given the b, I= ~ rule, the b. I= 2 current
rule, and the K+ branching ratiosu and lifetime
the K, branching ratios may be predicted, Table
I. There is reasonable agreement with the exper-
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(Tvp) (1 + QTgo) (phase space) . Using the b, I
=

~ rule, he predicts a = -0.0109 + 0.022. We find
a = 0.0171+ 0.0065.

We turn now to the interactions. We have ob-
served 111 events representing comparable num-
bers of

K,'+ p ~ K,'+p,
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Biswas" has pointed out that a measurement of
K, 'p/(A'v++2K'm+) provides a. method for dis-
tinguishing among the various scattering length
solutions for Kp interactions, if the K+ Nsc-at-
tering is known.

Unfortunately, most of our K, 's have a momen-
tum greater than the limit of applicability of the
zero-range theory (estimated to lie between 200
and 300 Mev/c). " The results are given in Fig.
4. Also shown are shaded regions indicating the
result which might be expected, within the errors
on the scattering lengths, using the K scattering
lengths given by a recent )i' analysis of K -p in-
teractions. " Also shown are the range of expect-
ed values for the ratio at 175 Mev/c, using the
four Dalitz solutions' to the same data: The mo-
mentum dependence is similar to that of solutions
(1) and (2). Our data would seem to agree better

FIG. 3. The square of the form factor for ~ev decay
with vector interaction. The curves show the form-
factor dependence due to a possible intermediate boson.

Table II. Values of the quantity c=A /(A +Z), T=1.

K momentum (Mev/c)

imental numbers. If a AI = -', current is assumed,
together with bS =b.Q,

"the numbers obtained,
also in Table II, are in disagreement with the ex-
periment. Since there is evidence for AI= ~, but
little information concerning the currents, we
see this as a test of the current rule.

8. The m' energy spectrum in em~ decay has
been given by Weinberg and Sawyer and %'ali

0
175

r 030- 360
-500

0 5+0 35a
-0,15

0.40 ~0.03b
0.33 +0.14
0.19 +0.07
0.32 +0.08

From K -P data, quoted in reference 17.
From K -p data, reference 16.

Table I. Experimental branching ratios for charged modes of Kq decays, together with predictions based on the
&I =

&
rule and the &I = t and &I = 3 current rules. The ratio zpv/vev is given because the individual errors are

correlated.

Quantity

vrev

vrpv/mev

Experiment

48 4 +5

38 2 +8

13.4 +1.8%

0.79 +0.19

&I =- current
2

40.5 +4.5%

43.4 +4.5%

16,1 +1.0%

1,06 + 0.15

&I = —current=3
2

27.4 +3%

29.1 +3%

43.5 +4%

1.06 +0.15
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FIG. 4. The experimental val-
ues of K&0/(AD+ 2ZO} compared
with the approximate values ex-
pected from K+- and K -nucleon
scattering.
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with solution (1) than with solution (2), or better
with a or b- than with a+ or b+, or, in general,
with a, T =1 scattering length which is not large
and positive. A more quantitative conclusion
must await consideration of effective-range ef-
fects.

We have also measured the ratio e = A /(A +Z),
T =1, using the charge-independent relation Z m+

=Z+s'for O' P, which is -a pure T=1 state. The
results, with some K -p values, "~ are given
in Table II.

We would like to acknowledge the aid of Dr. E.L.
Hart and Dr. P. C. Connelly.

*Research carried out under the auspices of the
U. S. Atomic Energy Commission.

~On leave from Max-Planck Institut fur Physik, Mu-
nich, Germany.

~M. Bardon, K. Lande, and L. M. Lederman, Ann.
Phys. 5, 156 (1958).

W. J. Willis, Phys. Rev. 116, 753 (1959). (For a
more detailed description of our method and results,

see R. Lea and C. Vittitoe, submitted to the Review
of Scientific Instruments. )

SS. Weinberg, Phys. Rev. 110, 782 (1958).
4A. Pais and S. B. Treiman, Phys. Rev. 105, 1616

(1957). In this paper it is actually the angular correla-
tion function which is calculated; we have transformed
this into an energy correlation function.

S. W. McDowell, Phys. Rev. 116, 1047 (1959).
6J. Bernstein and S. steinberg, Phys. Rev. Letters

5, 481 (1960).
~R. Feynman and M. Gell-Mann, Phys. Rev. 109,

193 (1958).
N. Brene, L. Egardt, and B. Quist, Nuclear Phys.

22. 553 {196'1).
9R. H. Dalitz, Proc. Phys. Soc. (London) A69, 527

(1956).
~ R. E. Behrends and A. Sirlin, Phys. Rev. 121, 324

(1961}.
~~D. Sinclair and J. Vandervelde (private communica-

tion),
~28. Weinberg, Phys. Rev. Letters 4, 87 (1960), Phys.

Rev. Letters 4, 585 (1960).
~SR. F. Sawyer and K. C. Wali, Nuovo cimento 17,

938 (1960). These authors point out that this may not
be a good test of the BI=2 rule.



VOLUME 7, NUMBER 6 P 8Y S I C AL RE VI E%' LETTERS SEPTEMBER 15, 1961

'4N. N. Biswas, Phys. Rev. 118, 866 (1960).
' R. H. Dalitz and S. F. Tuan, Ann. Phys. 3, 307

(1960).
~6W. Humphrey and R. R. Ross (private communica-

tion). The real and imaginary parts of the scattering
length used were: solution (1), a&=0.02 +0.88, 5&

=0.384 +0.08;solution (2), a&=1.2 +0.06, b&=0. 56
+0.15. For the positive-strangeness scattering lengths,

we have used a&=-0.36+0.02, and ap=-0o20 to -0 05,
the latter in some doubt: see W. Chinowsky, G. Gold-
haber, S. Goldhaber, W. Lee, T. O'Halloran, T.
Stubbs, W. E. Slater, D. H. Stork, and H. K. Ticho,
Proceedings of the 1960 Annual International Confer-
ence on High-Energy Physics (Interscience Publishers,
Inc. , New York, 1960), p. 451.

~R. H. Dalitz, Revs. Modern Phys. 33, 471 (1961).
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In order to understand the recently observed'
resonance in the K-m system, which is here
labeled K, it is essential to determine its spin.
Recently there have appeared arguments2 favor-
ing a spin of 1 and a proposals for determining
the spin. The appearance of the latter has prompt-
ed the writing of this note describing a method
of spin determination which may be simpler ex-
perimentally and can perhaps provide more infor-
mation than that of reference 3. It has been tac-
itly assumed in that paper that the measurements'
limit the K* spin to 0 or 1 and the isotopic spin to
1/2, and that because the decay K ~K+ m is seen
to be rapid, parity is conserved and hence the K
has either spin 0 and parity opposite to that of the
K, or spin 1 and the same parity as the K. Under
these same restrictions, if one observes the proc-
ess

K+ He4 ~K + He4,

then the K* must have spin 1, since for the spin
0 case angular momentum and parity cannot be
conserved in this reaction. If (1) is not seen, the
K* spin assignment can be checked by observing

K+He'~K +He4+&, (2)

and looking at the K*-decay distribution.
There are two circumstances under which (1)

will be forbidden and a third reason why it would
be inhibited, however. Thus if (1) is observed,

)fc ~surely (a) the spin of the K is greater than zero
(and presumably one) and (b) the isotopic spin of
the K* is the same as that of the K, which is 1/2.
If the K had an isotopic spin of 3/2, which is al-
lowed by its decay into K+ @', then (1) would not
occur, and hence this point can be checked for a
nonzero spin K*.

The inhibition of (1) will be discussed shortly,
but first let us investigate what could in principle

be learned from observing the decay angular dis-
tributions from the K produced by (1). These
results will then be applied to (2), which is not in-
hibited, but which is more difficult to discuss.

It is well known4 that one can obtain information
on the spin of an unstable particle if one observes
such particles produced near the beam direction.
A reaction like (1) is, however, particularly use-
ful for this purpose because the decay angular
distribution for the K* is uniquely determined by
its spin, and because most of the observed re-
actions could be utilized for this analysis. In
justifying the first of these statements, let us
begin by considering the initial state of (1): There
can be no orbital angular momentum (l) about the
direction (z) of the incident K, and since there is
no spin, the total angular momentum in that direc-
tion (j ) is zero also. Therefore in the final state
j =0 too, and since for forward production /~ =0,
then the spin (S) can have no component in z direc-
tion. Thus for aK of any possible spin, if the
K is produced forward there will be a unique
angular distribution' for its decay, given by the
spherical harmonic ~I'g 0(8)l', where 8 is the
angle between the direction of the incoming K and
the decay momentum in the center-of-mass sys-
tem of the K . According to the uncertainty princi-
ple, the decay distribution should not change ap-
preciably over K* emission angles of the order of
the reciprocal of the largest orbital angular mo-
mentum contributing to the production process,
which is -)I/pR, where p is the incident K momen-
tum and R is the "radius" of He4. This, however,
is just the typical emission angle for events in
which the Hei stays bound. To keep the He4 to-
gether, the momentum transferred to the He4, q,
must be kept small. From the uncertainty princi-
ple, q -K/R -0.2 Bev/c. To satisfy this condition,
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