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A NEW TEST FOR Al=1/2 IN K' DEc;}y*
~ 'Steven Weinberg ' |
Lawrence Radiation Laboratory

University of California
Berkeley, California

. December' 10, 1959

We wish to suggest a practicable new test af the Al=1/2 rule,‘
based on a corhpariso‘n of the pion-energy distributions in- 'r+ and 'r+' decay.
At presents\ the only Check of Al = vl/Z in these processes is the successful
prediction of the 7' /7 branching ration. ! I;Iowever, it is well known that the
branching ratio tells us that Al = 5/2.,and Al = 7/2 are absent but tells us
almost nothing about the possible presence of AI = 3/2 terms. The only
symmetric three-pion states have 1= 1 or I = 3, and the other, nonsymmetric'
and hencbe inhibited states with I = 1 or I = 2 (which coulci be produced by,a
Al = 3/2 term) cannot interfere with the symmetric states in a measurement
of decay rates. It is of courée very important to learn whether the
.nonleptoni.c weak interactions involve a rﬁixture of AI=1/2 and Al = ‘3/2. In
particular, itv‘has been noted that such a mixture wo.uld result if‘these inter - |
actions arose from a folding of a Al = 1/2 strangeness violating current with
thé usual Al = 1 B-decay current. 2 From experieﬁce with the 'r'/'r ratio we
see that a test for AI = 3/2 terms must depend on measurements of pion

assymetries of some sort.

. i §
Suppose we let Ag'r(’TlTZT3) and A'r (T1T2T3) be the Lorentz-

. . . + . + - ' . C . . :
invariant amplitudes for K decay into =« 1r+1r or w°w°w+ with kinetic energies.

-"This work was done under the auspices of the U. S. Atomic Energy
- Commission.



-3- : UCRL-9008
Tl’ TZ’ and T3, respectively. The Bose statistics Qf pions implies that
= : (1
A.j (T1 T_2 '1"3) Aj (T2 T1 T3) - (1)
for j=mor T.

- We shall break up Aj into symmetric and nonsymmetric parts:

e _, S ‘N |
A (T) T, T3) = AS(T) T, Ty + A, (T T, T;) (2)

-

118

1 7 v | ' . \ {
3 | AT T;T5)+ A(TST T))+ AT, T,T))

_ |
) - (3).

-

S v -
AJ. (T, T, T,)

N =1 ) ] -
Aj (T|T,T;) =3 ZAj(T1T2T3) Aj(T3T1TZ) Aj(T2T3T1)_

L . . =

(4)

Now, the six amplitudés corresponding to 3w states with definite total I can

be expressed as linear combinations of the six amplitudes obtained by
permuting the arguments of A'r and AT'. When we set the I = 2 amplitudes.

equal to zero, we obtain

aN= ol , )

Also, by setting the I = 3 amplitude equal to zero, we have

ATS = .2 AST", | < (6)

Hence we see from Egs. (2), (5}, and (6) that, under the AI = 1/2 rule, the

v R \ '
energy dependence of the * matrix element is entirely determined by the

behavior of the matrix element for T decay. The presence of Al = 3/2 terms

would'invalidate Eq. (5), though not Eq. (6).
To make this result more concrete, let us use the coordinates

of the Dalitz—Fabri plot, 4

% Tp sim ¢ T NI( L1 T2
| Q

, (7)
_ (3T -Q
YEpcos ¢ = (—%———')-,
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where we have Q= T1 + ’I‘2 + T3~. We shall expand A in the series

E ' Q. \n 0
AT T, Ty = 5 a,(n,L) FJK p cosld, (8)

where a(n, L) is zero unlees n-1 is even and nonmegative: [Eq, (8) may .be
justified by perfornnng a multipole expanswn of A, which will yield a power
series in I Pll , l PZ»] , |P3 ]2, ‘Since we have ]P‘ 2mT * T , this can
be rewritten ak a power series in Tl’ TZ’ and T3, and hence in Qx and QY.
Since, according to Eq. (l); we cannot have terms odd in X, this power
s.eri.es can be written as the eosine series of Eq. (8))}

It may easily be seen that the terms in Eq. (8) with £ =0,3,6,9---
are completely symmetric and belong to As, while the ethers belong to AN

Thus, according to Egs. (5) and (6), we obtain

a_ (nd)=a/(nt) | | (9
for £=1,2,4,5,7,8,---, and _
a, (n.f)= -2 a '(n:2) (10)

 for £=0,3,6,9, ---.

These equatib[ns are expected to be correct up to Coulomb and mass-shift
corrections of a few percent. > .Si;nce the ;aj(ngf.;.)' are only slowly varying
functions of ng the 12% difference beé_’weenQT and QT' will also not alter
Egs. {(9) and (10) byb more than a few percent at most, theugh it vwill have a
very large effect on the total ava11ab1e phase space.

In principle, for each n, L, Eq. {(9) or (10) can serve as a
test of the presence of Al = 3/2, 5/2 terms or of Al = 5/2., 7/2 terms.
There is one case, however, for whieh Eqgs. (9) and (10) can be tested

'

by mere]y observing T3 in a reasonable number of 7 and T events,

without having to measire any neutral pion energies. - We expect
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theoreti‘.cal.ly that all Qf the aj(n, 1) should be roughly comparable 1n

mr:».gni’cx‘xde° (Very strong final-state interactions might give rise to some
factors o_fl,(m Trme)n, but this seems unlike.ly.) Sipce Qj/mK is small, we
can try neglecting all terms in IAj lz except for laj (0,0) ‘2 _apd the interference

between aj(O_y 0) and aj (1,1). We then have

"Aj'(T-lTi‘;I\B)‘ aél;j \:1 + B, EJ;{ y+O ( mJKZ _ (11)
where
;= aj(OyOHZ | - (12a)
and B, = 2Re [aj(.l,,ﬂ/ aj(o,O) J ., | | | (12b)

If we apply Eqs. (9) and (10) to Egs. (12) and (13), we obtain the familiar
result QT‘ = @/49 and the new prediction that |
B, = - 2B, | (13)
(It is of course helpful experimentally that “37" is twice ‘|67|,) To
calculate rates from Eq. (1l), we must multiply by the relativistic
phase-space density, which is Cor;venientl,y a constant fOr both 7 and 7'
decays, and integrate over unobserved energies. We then obtain the

differential decay probability

Q. '
Ay) dy ~ [1+8. 22— vy | x.{y) dy, - 14
@, {y) dy ?J my ¥ x; {y) dy - (14)

where xj(y), the maximum value of x for a given y, is given exactly by

‘ 1/2
(HyMCj* ", Y)(Aj—BJ-V)

x.{y) = ) (15)
j 1_+3nj (Aj Bj y)
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Here we have A, = 1-8§.4n., B.=1+&.+2n, and C.=1+38.+n., ~
J J 'nJ J J n : J - nJ
. = 0 = ' = - = '
where 6_’_ M, Q'r/émw’ ‘57' (mn_ m‘Tr'O)/?’m’ﬁO’ . Q'T /6m,“_0 .
It follows from Eq. (14) that the distribution in unlike and "
like pion energies will be 1 + aj T3/mK and 1 + ‘yJ.Tl/mK, respectively
Lexcept for a phase-space factor similar to Eq. (15) ] , and that we have

3B

- J o
. = (16)

and

V= -3 o - (17)

In a recent study of 959 T events, 6 it was observed that the deviations.

from ''phase space' of the distributions in T, and in T1 were roughly

3
linear, with o._r =6.8 £1.2, Y'r = - 2.2 .3, :in f'air agreefnent with
. Eq,. (17) and hence with our neglect of quadratic terms in Eq. (11). We
then have ﬁ‘r’ ~1.,3, ‘i'n avgreement with ‘our expectation that the u.j (n,?) |
should be of comparable rpag‘nitude. We predict BT' ~ — 2.6 and hence
0.7_B ~ - 5..4. The intrinsic uncertainty in this prediction, due to neglect‘
‘of quadratic terms in Eq. (11), is probably about 20%. | By careful study
of existing T data, it should be possible to estimate 'qT(Z, 0‘) and 'aT(Z, 2),
[for example by checking (17) more accurately] and hence refine the
accuracy of our érediction of the at energy dis;ribution in 7! decay.7

It is a pleasure to thank Professors R. H. Dalitz and
M. A Ruderman for their comments, and Professors D. Glaser,

G. Goldhaber, and S. Goidhaber for their suggestions on experimental

possibilities.
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