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ABSTRACT

1 C . . . .
The AI = > rule is incorporated into a previously discussed universal

weak Yukawa: interaction by assuming the simplest relation between chirality

and charge operators. Expressing the AI = % rule by forming the 37 and =

isospinors into an isovector B and an isoscalar BO’ we assume B occurs

(as in B decay) with gyu%(l +r y5) and B0 (which has no § decay counterpart)

with gYpL»_g(l -r \/5). Here g 1is the constant previously fitted to the =
decay rate, and r the ratio of Gamow-Teller and Fermi cox;.pl'ing constants.
Depending on the sign taken between the B and BO interaction terms, X
decays into n + 'rr+ in pure S and into p+ m  in pure P channels, or vice

. + 0 . . .
versa. In either case, Z - ptm involves maximal S-P interference and

0 _ . .1 . 1 3 3.1
a =0.98. Decayinto I = > proceeds via YH(Z + 5T ys) or Yp(7+ > \(5),

' depending on whether. Z decay is pure S or pure P. The second case, but
not the first, leads toa /A decay rate in agreement with experiment. In

this case a, = 0.54, and in = decay, ax= 0.64 and the :calculated decay rate is

-10 -1
s .

2.4 X 10 ec.
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I. INTRODUCTION
In a recent paper, ! we discussed the cons‘equencés of assuming a

phenomenological weak Yukawa interaction

(g/MN2) 8, ¢y (1+yg)y (1)
between a meson field ¢, with mass M, and various fermion pairs Y. This
interaction, with

g2/41T = 3.(>7><1o'15 , (2)
fitted to the experimental charged pion lifetime, was proposed tentatively as
an alternative to calculating decays involving mesons through the strong
couplings m(77), K(‘ﬁ_\l) and the Fermi interactions (9X.) (7] 70),
(NN) (o v), and (779 }(ev). The possibility of attributing all weak
processes to a more or less universal Fermi interaction involving only one
weak coupling constant is certainly attractive in principle, provided the
outstanding discrepancy between the predicted and observed rates of hyperon

B decay can be explained. In practice, however, the number of virtual states

)

“Presented at the Conference on Weak Interactions, Gatlinburg, Tennessee;
Bull Am. Phys. Soc., Ser. II, 4, 77 (1959).

t

Work done under the auspices of the U. S. Atomic Energy Commission.
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possible is so large and the difficulties of strong-coupling calculations so
severe, that we preferred--tentatively at least--to calculate with the simple
phenomenological interaction (1).

If virtual baryon pairs are responsible for the observed meson and
hypero}l decays, then g, instead of being a universal constant, will be a
form factor function g(p, m) of the momentum transfer and intermediate
stafes (each of mass m) involved. Because of the variety of intermediate
states possible and fhe .apparent damping2 of the strong meson-baryon
coupling constants g, and gk it is conceivable that g(p, m) actually turn
out to be effectively constant for a variety of processes.

In the earlier paper no attempt was made to calculate branching ratios
that would follow, for example, from rules for strangeness change, like the
Al = % rule. In this paper, motivated by the recent experiments on Z decay, 3
we attempt to include the Al = % rule by making a simple assumption about
the relation of charge operators and chirality. The AI = 1 rule, like the
interactions we discuss, is a phenomenological rule that is sov far consistent

with all information on hyperon and kaon decays, with the possible exception

of the 910 - 2 TTO/(TT++TT_) ratio. Recently, attempts have been ma.de4 to

derive some of the consequences of the AI = 1 rule from more basic

theoretical ideas about the relation of strangeness-changing and strangeness-
preserving baryon pairs. These attempts are also frustrated by the practical
impossibility of including all virtual strong processes we know to be im-
portant. For that reason, we believe that the predictions of the simple

but phenomenological weak Yukawa interaction and AI = 1 rule are worth

comparing with experiment. Even if the basic process is the weak Fermi

interaction, useful physical orientation may be gained in this way.
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II. CHARGE-INDEPENDENT DESCRIPTION OF DECAYS
INVOLVING UNSTRANGE PARTICLES

Our purpose is now to write the w-decay and hyperon-decay interactions
in a charge-independent form. In doing this we actually generalize some-
what from the empirical charge-exchange character of - |J.i+ v and
n—-p+t e + v. Such a generalization is necessary because in the strange
decays charge retention, A —-nt ‘ITO, Z+"_R + m, occurs along with
charge exchange, A —-p + T, Zi -n+ ni. Such a generalization is also
suggested 1:heo:r'eti.cally1 if the Fermi interactions are to be derived from a
continuous symmetry group, since the charge-exchange interactions involving
’r+ and 7~ form a group only when T3 is also included.

The generalization of the B-decay and w-decay interactions to a

charge-independent form leads to the prediction of specific weak processes,

- 0 + - . . .
e +p—-e +p and m —=e +e , with the same coupling constant as in

- + + ion i
e *tp—»>v+n and m —+e + v. Boththese weak charge-retention inter-

actions are, unfortunately, completely masked by identical processes pro-
ceeding through the electromagnetic interactions. Specifically, if p and

v (and also e and v) are regarded as members of a charge doublet {,

so that _@_Z Yp.(l + YSWis the lepton covariant involved in m decay, then

the interaction (1) assumes the charge-independent form

H o= (g/M) 8, ¢ 8 1 v, 3l+yy) T . (1"

+ 4 -1

This interaction leads to TI'O —~e +e attherate 1.0 X10 sec . How-

ever, : 1TO decays into 2y (presumably electromagnetically) at a rate

> 1015 sec_1 and hence into edF + e at a rate faster than

(a/Z'rr)(me/M'ﬁ')ZX 1015 = 108 sec-l. The charge-retaining part of Eq. (1')

is thus completely hidden by the electromagnetic interactions, which also

+ -
Ieadtono»e +e .
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III. CHARGE-INDEPENDENT DESCRIPTION OF HYPERON DECAY

1. Spurion Formulation of AI = 1+ Rule

We now write the hyperon-decay interactions in charge-independent
form by the device of introducing a '"'spurion'' S that transforms as an
isotopic spinor, but carries no other physical attributes. With S the nucleon
isospinor N = (?—)) can form an iso{rectorﬁls or an isoscalar <;?S. Then,

L1007 i . .
taking S = .(.O) so that the fictitious spurion carries no charge, we have

B =775 = (5, ip, 1),

o~

(3)

BO: ?ZS:B

With this isovector and this isoscalar, the Z-decay interaction

Hy= B,8'Z +iB X&Z} -« (4)

Z
involves only two different interactions & and &%. When Eq. (3) is

substituted into Eq. (4), we have
N -——- - o t 7 5 & 0 + - o4, 0 - - 0
HZ—E(B"H?')'NZ +[n (0" -@)n N2 pFn ]2 +[r_19/1r +’\]EEQ/TT]E,
(5)
+ . + + + 0 . L

where m emits m and £ absorbs Z . The £ decay interaction in Eq. (5)
is weak compared Wwith the electromagnetic interaction Z)O - A+y and
will be dropped hereafter. 9’0, (9’+, and @ will be used to designate the

0 + + - - .
, Z »-n+mw, and X —-n+w respectively.

amplitudes for Z+ -p tm
Since, from Eq. (5), we have @’O = N2 &, e = (& -8), & = +&),
the constraint Nﬁ?@'o =6 - 9‘+, which is also imposed by the usual
Al = % rule, is immediiately recognized here. The amplitudes for decay
into ispin 3/2 and 1/2 are
&3 =86 v

91

IR0
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The interactions responsible for A and = decay involve only the

isovector 1 7 S formed through the spurion device:

Hy = (18) 0"A} -7 = NZp o +4 58" A,
(7)

0 TTO).

H - {AO«H(SIE)}E:AQAH (A‘//_LE_TT_-E

hI

The NJ2:1 ratio predicted by the AI = % rule for the ratio of the amplitudes

A —=p+t T /A - n + vO and for E - A+ %r_/.5'0—> A+ 170 is apparent here

also.

2. Dynamical Assumption About the Interaction Forms

& and@" in = Decay

So far the spurion formulation (which is identical to the assumption
, .
Al = %) has been introduced only to express the dependence of the decay

interaction on the ordinary charge operators 7 and l. A specific assumption

(made in the next paragraph) concerning the spin and momentum dependence

contained in @and & leads to a generalization of the heretofore used

interaction (1) to the new form

|~

Hy =(/M2208 m dlatbyg) b, (8)

in which a and b are parameters depending on the baryon charge states

in such a way that the AI = { rule will now be satisfied. With the neglect

of final-state interaction, Eq. (8) leads to a decay rate

(M., + E_ )c* |
MC (a2 <YH>Z + bZ <y“y5>2) (q/MXC)

2
W = (g"/4
; 2h

(9)

and a pion asymmetry
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J o
a = 225 (v,) (v, vs) /[° () b” SADRE (10)

Here Ec)? , M%, E, M are the energies and masses of the decay nucleon and

pion; g is the final-state momentum and MY the parent hyperon mass, so

that (q/MYc) is a dimensionless measure of the phase space available. The

matrix elements

() =0+ B ) &

(Vuvg= 1+ e Mo
where fc is the decay pion's velocity, are given in Table I for the
momentum transfers obtaining in hyperon decay. The quantities <YH> and
<YHY5> are, within 10%, the total energy and momentum of the decay pion,

in units of its mass. With g2/41'r = 3.67X 10_15, the numerical formula

W = (0.53x10° sec™!)(a? <YH>Z + b2 (rvs) %) a/Mye (11)

is obtained. From Egs. (11) and (10), together with the entfies in Table I,
the rate of any hyperon decay and the asymmetry a can be read off
immediately once the amounts a and b of V and A are decided upon.
Now, the T operator has appeared before in m decay and in B decay:
there the spinor form of the interaction is known to be @@gypé(l + ryS),
where r = —gA/gV is the ratio of Gamow-Teller and Fermi coupling
constants. We assume that the 7 operator always occurs in combination
with
& - gYp %(1 + ry5) (12a)
and the 1 operator always with
=gy 3 - Tvg), (12b)
with.g2/41r = g'2/41'r equal to the same universal coupl‘ing constant, Eq. (2),

+
chosen to fit the m decay rate.
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Phenomenologically we have no way for choosing r, the ratio of A
to Vvstrengths. In p decay we have r =1, and in neutron decay
r =1,19+2.03. There is the feeling that in the absence of strong interactions
r should be precisely 1, and that the departure from unity in f decay is a
strong-coupling renormalization effect. In any case, r has so far been
neither observed nor calculated for hyperon decay. In the numerical results
to be presented we assume simply that the renormalization effects operating
in hyperon decay are similar to those in B decay, and insert r = 1.19, This
choice of r makes the matrix elements of ryuy5> approximately equal to

those of <Y|-L> at the energies characteristic of 2 decay.

3. 2 Decay
The two possibilities for the relative sign between the B0 and B
terms lead to two possible Yukawa theories for Z decay:
B 1 - +i B 1 .
g/M {Byy, 3(1 - ry ) BB Xy (1 +ry )2} 0 7. (13)
Solution (1), for g =4g', is
(@/MNZ) By L+rya)ste o0 + aNZry yo)2te ot +2(W2y )27 8 ).
=T 5 M = p'5 DR B P
(14)
Solution (2), for g =-g', is
@/MNZ) {5y (1+ry)zte «’ +awWzy )zt e wT+aWZ ry yvo)= 8 )
= T 5 H - P B = p'5 P
(15)
. <t + . .
In Solution (1), X -»n + m through the pure A interaction (with b = NZ 1),
and =~ - n + 7 through the pure V interaction (with a =Af2 ). In Solution
(2), the reverse is the case. In both cases Z)+—> p+ TTO through the V-A
mixture (witha =1, b =r). As a consequence, ao =a =0 and a+~1.
The ZX-decay rates calculated from Egq. (11) in this way are given in Table II

along with the observed rates, 6 with which they agree within about 30%.



-10- : UCRL-8614

4, N and = Decay

1. If the principle enunciated in the pfeceding subsection- -that T
always occurs in combination with YH%(l +ry5)-—is adhered to, then in A
and = decay &' and @™ are given by Eq. (l2a) and the interaction forms

responsible for A and X decay are

- - N
HA—g/M(’\[zgapTr +28HTT )ypz(l+ry5)A
| (16)

and

T+ an TTO)

H
v}

= g/M (Ayp%(l +ry5) Nz =" a“n

Inf

For A decay this interaction gives an asymmetry a, = 0.89, which is in
good agreerhent with the experimental value a, =0.7x0.1, but also gives a

transition rate into p + ™ of O.IZXIOIO séc~1, which is in poor agreement

-1 L. -
with the value 0.25><1010 sec observed. For & -~ A+ this interaction

gives a., = 0.95 and W_ =0.23 X 1010 secnl. These values are listed as

Solution (3) in Table III.

2. According to Eq. (6), in Z decay into all of the ispin % channel

the interaction operator is
- gy, 31 +3ry5)  ( Solution (1)),

et - (17)

gv,3G3+ry5)  ( Solution (2) ).

Now A and = decay:only into the ispin-1 final state (of which A = p +m and

=~ - A+ 1 constitute in each case two—thi'rds). If this I = % final state,
rather than the association of the 7 operator with Yy, 11 +ry5), is determining,
then the asymmetries and rates li;sted in the first two columns of Table III

are obtained.

Between these two solutions, Solution (2) gives a P- to S-wave deca{y'

amplitude (P/S)A = 0.29, consistent with the evidence (P/S)A < 1 from the



“11- UCR1.-8614

analysis7 of light hyperfragments. (Solutions (1) and (3) give (P/S)A =2.61

and 0.87 respectively.) Solution (2) leads to a A-decay rate agreeing with
experimeint but a decay asymmetry barely in agreement with the lowér of the two
measured values a > 0.67+0.13 (by the Columbia group)and a »0.73£0.14

(by the Berkeley group).

Solution (2) predicts a = lifetime of 2.4)(10_10 second.

The observed rates quoted in Tables II and IIl are each subject to
about 10% uncertainty. Even within the framework of our Yukawa model,
the neglect of strong couplings (final-state interaction corrections are
R 10%) and of departures from charge independence (the X and w masses
each differ among themselves by a few percent), and uncertainty about the
V-A ratio r ., must lead to a theoretical uncertainty that is also at least
10%.

IV.” CONCLUSIONS

We have found that Z-decay rates and asymmetries in fairly good
agreement with present experimental data can be calculated from the
universal weak Yukawa interaction (8) by making the simplést as surf;ption
relating the chirality operators Yp%(l +Y5) or YH%(I +ry5) and YH%(I - ry5) to
charge operators T and 1.

The same simple assumption unfortunatel’y leads to too slow a decay
rate when applied to A decay (Solution (3) in Table III). If, on the other
hand, the ispin-% interaction (17) found in Z decay is also applied to A
de;ay, then in one case, corresponding to a P/S ratio 0.29',' a reasonable

NA-decay rate is obtained, along with a rather low asymmetry.
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The approach relating A decay to Z decay through the ispin—%
channel has already been employed in Reference 3, where from the observed
Z-decay notes, A-decay rates and asymmetries similar to our Solutions (1)
and (2) are obtained. By assuming the phenomenological Yukawa interaction
we ha\lre, on the other hand, obtained absolute rates forZ, = and A decay

separately,
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Table I. Dimensionless phase-space and matrix elements of yp and YpYS for hyperon decay
according to the interaction (8). The V and A matrix elements squared, with r2 = 1.42, are given
in the last two columns. These lead to partial decay rates and decay asymmetries given, once a

and b are chosen, by Egs. (12) and (10) respectively.

a/(MC) <YH> (Y Ys) <Yu> g <r Y“Y5> 2
= sndom 0.160 1.83 | 1.55 3.36 3.42
st wpt al 0.159 1.86 1.57 3.46 3.49
st entn 0.156 1.79 1.48 3.22 3.12
BT - Atm 0.104 1.50 1.14 2.25 1.85
A —=pt+m 0.0896 1.27 0.780 1.60 0.87 =

7198-1T90N



Table II. Partial decay rates and pion asymmetries for the three modes of charged X decay
calculated from the effective interaction (13) of the V-A form. Solutions (1) and (2) correspond
to choosing + or = for the relative sign between the isoscalar and isovector terms in Eq. (13).

The observed decay ratio and asymmetries are taken from References 6 and 3, respectively.
10 -1

Decay rate (in 10"~ sec ) Asymmetry
Solution 1  Solution 2 Observed Solution 1 Solution 2 Observed
=Fep sl 0.59 0.59 0.65 0.98 0.98 >0.70+0.30
=t en4at 0.52 0.53 0.68 0 | 0 <0.030.11
= sntw 0.57 0.58 0.58 | 0 0 ? |

_9‘[_

$198-T4YDN



Table III. Partial decay rates and pion asymmetries for A - p+7 and = - A+ m
calculated from the effective interaction (7) of the V-A form. Solutions (1) and (2) are obtained by
assuming that the interactions forms responsible for A and = decay are the same as those leading to
isospin % in 2 decay. Solution (3) is obtained by assuming that the interaction (12a) is associated

with the T operator. The observed decay rates and asymmetries are taken from Reference 6.

Decay rate (in 1010 secbl) Asymmetry
Solution 1 Solution 2 Solution 3 Observed Solution 1 Solution 2 Solution 3 Observed
2 -A+Tm - 0.37 0.42 0.23 0.005-0.2 0.55 0.64 0.95 ?
AN ~p+m 0.14 0.24 0.12 0.25 0.66 0.54 0.89 »0.7+0.1

91~
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