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Properties of s Decays and the 2° Lifetime* 
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The consequences of a possible nonconservation of parity in the electromagnetic decay, 2°—»A°+7, 
are deduced and an experimental test of parity conservation is proposed. In order to devise a method to 
determine the 2° lifetime, r(2°), a study is made of A0—>2° conversion in A°-nucleus collisions and it is 
found that the A0 —> 2° conversion induced by the nuclear Coulomb field, with cross section proportional 
to Z2/r(2°), is the dominant process at large Z for 2° generation in approximately forward directions.. In 
addition, the implications of a principle of "minimal weak coupling" (involving a conserved baryon-meson 
polar-vector current) are exhibited for 2* —> A0 strangeness-conserving leptonic decays and are used to 
propose a further conceivable method to determine the 2° lifetime. Throughout the discussion, the various 
cross sections and decay rates are given for the two possible relative intrinsic parities of the A0 and 2°. 

THE 2° hyperon is the most short lived of all the 
known elementary particles other than the "ex­

cited baryons" or the "multi-mesons" associated with 
scattering resonances. Whereas the "excited baryons" 
or the "multi-mesons" are not universally considered 
to be elementary particles, the 2° is customarily 
treated as such essentially because of the belief that 
it would be stable if all but the strong interactions 
were turned off. Since the lifetime of the 2° is, according 
to theoretical estimates,1,2 in the neighborhood of 10~19 

sec, the usual methods for measuring lifetimes are not 
practical and the determination of the 2° mean life 
becomes a challenging experimental problem. 

I t is also ordinarily assumed that the electromagnetic 
2° —> A0 conversion involves a parity-conserving inter­
action (Sec. I) . This assumption is as yet without 
direct experimental verification and, though we believe 
it true, we have nevertheless scrutinized the 2° —» A°+7 
decay for a method of testing the consequences of any 
possible parity nonconservation (Sec. II) . 

With the use of the general form of the electro­
magnetic 2°—A0 vertex function the problem of 
A0—>2° conversion in the Coulomb field of a nucleus 
is studied (Sec. I l l ) , the results being used to propose 
an experiment for the determination of the 2° lifetime. 
The method depends essentially on the observation 
that the strength of the 2°—A0 electromagnetic vertex 
determines both the lifetime of the 2° and the 
differential cross section for A0 —» 2° conversion in a 
Coulomb field. 

Finally, the leptonic and electromagnetic decays of 
the 2 + , 2~, 2° multiplet into the A0 are compared 
(Sec. IV). If "minimal weak coupling" together with 
a conserved baryon-meson polar-vector current is 
assumed to govern all strangeness-conserving weak 
interactions, the characteristics of the 2±—>A°+e±+v 
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process can, under favorable circumstances, also be 
used to determine the lifetime of the 2°. 

I. PHENOMENOLOGY OF 2° ELECTROMAGNETIC 
DECAY 

First let us assume that the electromagnetic 
interactions always entail parity conservation. The 
principle of minimal electromagnetic coupling then 
determines the form of the Lagrangian which couples 
the baryons and mesons with the electromagnetic field: 

/ 1 - T 3 \ 

'1 + 7 / 1 + T3\ 
2(—311)(J)K(X) *(x) 

(1) 

+0(e2)^j»(x)a,(x)+0(e*), 

\pN= ; ifcs= (*M)(ife+-*z-) 
^2° 

; ^ 

( 1 / A £ ) (*,++*,-) 
(i/VZ) (*„*-*„-) 

07T0 

; <I>K= 
<l)K+\ 

<t>K°r 

there being, according to Eq. (1), no primitive electro­
magnetic coupling whatsoever for 7r°, K°, n, A0, 2°, S°. 
Certain matrix elements of the current j^(x) have 
been partially explored; in particular, considerable 
information is available about (p'\jn(x) | p), (nf \jp(x) | n) 
which describe the interaction of a proton and a neutron, 
respectively, with the electromagnetic field.3 The 

3 R. Hofstadter, C. DeVries, and R. Herman, Phys. Rev. 
Letters 6, 290 (1961); R. Hofstadter and R. Herman, ibid. 6, 293 
(1961); D. N. Olson, H. F. Schopper, and R. R. Wilson, ibid. 6. 
286 (1961). 
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current jn(x) also gives rise to a nonvanishing matrix 
element for 2° electromagnetic decay, (A0 |jM(x)|S0), 
whose magnitude determines the lifetime of the 2° and 
which can be written as 

<A0|iM(^)|S0) = e^p<A«|iM(0)|2?>), * P = ( # Z - # A ) P ; ( 2 ) 

V = | k | 2 - W = | p s - P A | 2 - ( £ S - £ A ) 2 . 

I t is clear that only the isovector part of jn(0) 
(cf. Eqs. (48) below) contributes to <A°|yM(0) |S°) since 
|S°), | A0) are, respectively, isovector and isoscalar. 

We proceed to investigate the general form of 
(A0 ] yM (0) | S°) and begin by applying the restrictions of 
Lorentz, space-inversion and time-reversal invariance. 
We then have, for the two possible A0, 2° relative 
intrinsic parities, 

<A°|iM(0)|2°> 

= ^ i ( + ) (kp
2)i(uAaflvU2)kv+F2

{+) (k2)i(uAy^) 

+ ^ 3 ( + ) Op2) (^AWS) ( W S - W A ) ^ , (3a) 

P A P S = - 1 , 

<A°|iM(0)|2°> 

= F i ( - ) {k2)i(uAy^iiVu^)kv 

+F2
(~) (k2)i(uAyby^ 

+JF3
(~ ) (k2) (iLAybuz) ( W S + W A ) ^ , (3b) 

where uA, U? are appropriate spinors and the form 
factors Fi<+), • •'-, F3<~> are real for k2> - (2m,)2. In 
addition, gauge invariance of the second kind permits 
a further reduction in the number of independnet 
form factors by requiring a differential conservation law 
for y,,(#), whence 

ftM(A°|iM(0)|S°>=0.. (4) 

Equations (3) and (4) yield 

P A P Z = + 1, 

<A0|JM(0) |2P> 

= Fii+) (kp
2)i(uA<rpvUx)kv 

+F^(kP
2)i(uA7»Uz)k2 

+ F 3
( + ) (k2) (uAu?) ( M S - W A ) ^ , (5a) 

P A P Z = - 1 , 

< A U ( O ) | S ° > 
= F i ( _ ) (k2)i(uAy^txpU2)kv 

+F^-)(kp
2)i(uAybyfJLux)kv

2 

+F^ (k2) (uAybuz) (w s+mA)k ( l , (5b) 

which together with the Fourier-transformed Maxwell 
equations, 

kv
2afi(h) = 4wJli(h), (6a) 

£„GM(fcx) = 0, (6b) 

gives 

P A P Z = + 1, 

<A0|iM(0)|S»>aM(ftx) 
= Pl ( + )(^ p

2) i (^AO*M^s)^^M(^x) 

+F8<+> (*P
2)f («A7M«Z) (4T/M(*X)), (7a) 

P A P z = - l , 

<A»|iM(o)|so>aM(*x) 
= Fi ( - ) (^ P

2 ) i (^AT5a- M ^s)^^ M (^x) 

+F8<-> &*){&&&&*) (4ir/M(*x)). (7b) 

In Eqs. (7) and (6a), Jp(k\) is the current (in 
momentum space) of all the sources of the electro­
magnetic field which may be present, not inclusive of 
the 2°—A0 current itself—e.g., /M(&\) contains the 
current of the Dalitz pair, of any nuclear Coulomb 
field, etc. Thus only the Fi(±)(kp

2) terms contribute to 
the process 2° —> A ° + Y while all the terms, with &M(&\) 
replaced by 47rJr

M(&x)/&*'2, contribute to a 2°<->A° 
process where the photon is virtual with a nonzero 
"mass" {-k2)K In the limit of k2-*0, F^ is the 
2°—A0 transition magnetic moment f(±)e/2niN while2 

F*w is ~/<±>e(rs_A
2/6) where 

ld(k2) J,p2=0 

is the root-mean-square radius of the 2°—A0 transition 
magnetic moment distribution. 

An effective Lagrangian can now be constructed 
which simulates the 2°—A0 vertex function of Eqs. (7) 
for 2°-> A ° + Y , viz., 

PAPZ= + 1, 

£ ( + H ^ = i / ( + K^/2^ ) (^ A (x ) ( r M ^ s (x ) )F M , ^ )+H.c . 
= / < + > ( e / 2 ^ ) [ ( ^ S ) - H 

- i 0 A a ^ ) - E ] + H . c . , 
/<+W2wtf=Fi<+>(0), (8a) 

P A P z = - l , 

=/ (->(«/2f»^)[-(^A«*z)-H 
+ i ( ^ A ^ ) - E ] + H . c , 

f^e/2mN^F1^(0)7 (8b) 

so that <£c+)(#), <£(_)(#) contains only an anomalous or 
Pauli moment of the same type as the strong inter­
actions induce in nucleons. Thus, as already noted, the 
2° would not decay electromagnetically in the absence 
of strong interactions, just as the neutron would have 
no electromagnetic couplings if the strong interactions 
were turned off.4 

4 Of course, the processes 2° —•» A°+7, n —> n-\-y would still be 
possible, even in the absence of strong interactions, through the 
intervention of the weak interactions, i.e., 

2° *weak A0+£-H>->el. mag.A°+T; 
fl —>weak n~\-p+p —>el. mag. tt+7. 
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Up to this point we have assumed that electro­
magnetic 2° —>A° transitions conserve parity. To 
explore possible parity-nonconservation effects in 
2° —•> A°+7, we consider an effective 2° <-» A0 Lagrangian 
which is not invariant under space-inversion, i.e., 

£(x;\) = 
1 / 

2 (1+X2)* \2mN/ 
( ^ A ( 1 + X 7 6 V M ^ S ) F M „ 

/ 
= /(+) 7 s / 

+H..c.=ifi(x)G,tl(x)+H..c., 
(9) 

= /(-) • ^ (1+X2)* (1+X2) 

£(xfi) = £ ( + ) ( x ) ; £(*,oo) = £(-)(^) , 

whence, nonrelativistically, 

if(e/2mN)\ r / x + 1 \ 
JB(̂ X)S J ( ^AW S ) | (—J(E-*H) (1+X2)* 

where 

E T = W S - £ A = ( W 2 - W A ) ( W S + W A ) / 2 W S 

= (f»2-wA)(0.97); e 2 =l /137. ( l ib ) 

The estimate given in reference 2 for / ( ± ) , the 2°—> A0 

transition magnetic moment in units of e/2m^, 

/<±>~1.2(gA<±>gs/^), ( l ie) 

with # A ( ± \ gs, gAr the renormalized 7rA2, 7T22, TTNN 
coupling constants, yields in the parity-conserving 
case where /<+>=/(X=0) or / ( ->= / (X= oo): 

1/r(2°)« (g A
( ± ) g S /V) 2 X 1019 sec- 1 ^ 1018~20 sec"1, ( l id ) 

which is an equation that will be used in what follows 
We proceed to discuss the polarization properties of 

the 7 and A0. These are given by evaluating the matrix 
element 

+ C=>H 
We shall explore, in the next section, the con­

sequences of Eqs. (9) and (10). Equation (10) already 
indicates the tendency for the photon emitted in 
2° —» A°+7 to have a net circular polarization if parity 
is not conserved in the decay interaction since the 
operators creating left and right circularly polarized 
photons (E-HH and E—iH, respectively) appear with 
different coefficients [ ( X - l ) / 2 , ( X + l ) / 2 ] in £(x;X). 

II. POSSIBLE PARITY NONCONSERVATION IN 
ELECTROMAGNETIC S° DECAY 

The decay rate of 2°—>A°+7, which we shall need 
below, follows from the usual procedure for computing 
transition probabilities on the basis of an effective 
Lagrangian such as that of Eq. (9). Thus, 

<A«|«M(0)|2»>aM(*x)= <A»|iA(o)|r»><Y| a„(o)|o> 
+ H . c . (10) for definite Sy, SA, SS characterizing the states 

IT), |A»), |S»>. 

For the case in which the 2° has a polarization P s = (<FS), 
the square of the transition matrix element 

|<A°|v(o)|20)<7|eao)|o)p 

is proportional to 

^(^,p2)=[c-ra-ps-5)-icxc*-(ps-^) 
with 

r / l + 6 \ / X 

• / 

l/r(2°)= / 2ir8(Ey+EA-m2) 

d3py 
x | E | <A0|U0)|z<>>a„(*x)|2-— 

sysAss (2x)3 

[ - / l + 5 \ / A - l \ / t + M j \ 

+Cr)Cr)('-?)]/<1+x'),; (12) 

• / 

= / 2ir5(Ey+EA-ms) 

:| E 
SySASs 

[ ife/2niN 
• — — ( W A ( 1 + X 7 S ) ( T M , W S ) 
C (1+X2)* 

X(fc-#A).T-^-M(4ir)* 
JL(2£JU 

d3py 

(2T)« 

= 4(/e/2wA f)
2(£7)3=/2X5,0X1018sec-1 , (11a) 

Such weak-interaction-mediated contributions to 2° —> A°-f-7, 
n —» w+7 are presumably actually present and adjoin negligibly 
small parity-nonconserving terms to the corresponding matrix 
elements.. 

e, 17 = unit vectors in direction of the emitted photon's 
electric, magnetic fields; | = E X * | = ^ Y = - ^ A . Here W 
represents the relative probability for various final state 
configurations specified by given 2° polarization Ps, A0 

spin direction s, photon polarization 5 = 1 , —1 for left, 
right circularly polarized photons, and photon, A0 emis­
sion directions k, £A (=—&). I t is to be noted that W 
is different for X=0 and for X= oo so that an investiga­
tion of the various correlations predicted by W is suffi­
cient, in the parity conserving case, to determine the 
A0, 2° relative intrinsic parity.5 

Specifically, the relative probability of emission of a 

*R. Gatto, Phys. Rev. 109, 610 (1957); G. Feldman and 
T. Fulton, Nuclear Phys. 8, 106 (1958); J. Sucher and G. Snow, 
Nuovo cimento 18, 195 (1960);. N. Byers and H. Burkhardt, 
Phys. Rev. 121, 281 (1961); L. Michel and H. Rouhaninejad, 
ibid. 122,242 (1961). 
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> l S ' \fr |fS 

p,4; 

tsk lR | sA ft 
(a) (b) (c) (d) 

FIG. 1. Special configuration in the decay 2° -*A?+y illustrating 
the selection rules operative. A small arrow indicates the helicity 
of the particle. Configurations (a) and (c) are allowed; (b) and (d) 
are forbidden. 

left, right circularly polarized photon is 

w1^W(s,l,k,^) = :(?)'/ (x2+i) 

w-.i=W(g,-l,k,^) = 

X { ( W - f c ) ( l - P S - & ) } , 

£r)'/<H 
(13) 

and if the A0 spin and momentum directions are summed 
over, an average net circular polarization results: 

{w-i)~ (wi) 2A 

<w-i>+<wi> A2+l 
(14) 

The physical significance of the factors (l±£-fe), 
( l±Ps-&) in Eq. (13) is obvious. Thus in w\ the factor 
1+s-k guarantees that (S7+SA)-fe=ASs-& is J and 
not §. Similarly the factor 1 — P s -£ ensures that 
( S 7 + S A ) - P s = S s - P s is never negative. The four 
diagrams in Fig. 1 illustrate the ideas graphically. 

We next consider the polarization properties of the 
emitted A0. Let us first compute the direction-
polarization correlation of the A0 by summing 
W(S,5,£,PS) over the two possible photon polarizations: 

1 

2 
1— YvpAS'pA-

2A 

A2+f 
- £ A - ( P 2 - S ) , (15) 

from which we obtain the polarization of the A0, PA, by 
considering the value of s which maximizes: 

wiSypAjP^ — wi—StpA, Ps) 

w{§,pA?z)+w(— S, pA, Ps ) 

/ [ 2 A / ( A 2 + 1 ) ] - P 2 - £ A \ 

\ 1 - [ 2 A / ( A 2 + 1 ) ] P S - £ A / 
s-K (16) 

Equation (16) shows that the A0 is longitudinally 
polarized, with6 

PA= 
/ [ 2 A / ( \ 2 + 1 ) ] - P Z ^ A 

\ l - [ 2 X / ( X 2 + l ) ] P s - ^ 
jh, (17) 

so that a study of the variation of PA with the angle 
0 A between Ps and pA will test whether or not parity is 
conserved in 2° —» A°+T- We also note that for A= ± 1 
the A0 is completely longitudinally polarized whatever 
the value of Ps*i?A and that even if P s = 0 , 7 

PA]O 
2A 

AM-1 
-PL. (18) 

Finally, if pA .is averaged over, the corresponding (PA) 
is necessarily along P s and turns out to be 

(PA> = : 
IK: 

2A \ 
I P s I COS0A 1 COS0A 

A2+l 7 
sin0Ad0A 

2A \ 
1 1 Ps I COS0A I sin0Ad0A 

A2+l / 
= - * P * (19) 

which is independent of A and so independent of 
whether or not parity is conserved in 2° —> A ° + Y . 

We proceed to discuss the directional asymmetries 
which are expected when parity is not conserved, in 
particular the up-down asymmetry in the A0 or y 
emission relative to the 2° production plane. Since the 
2° is produced in a parity conserving strong interaction, 
e.g., T~+p-^ 2°+i£°, Ps is parallel or antiparallel to 
the normal to this production plane so that the up-
down A0 emission asymmetry is proportional to | Ps |. 
In fact, summing the W(S,PA,¥-E) of Eq. (15) over the 
A0 spin direction s, we have for the correlation function, 
/(cos0A), between the A0 direction pA and the 
polarization P s : 

2A 
/(cos0A) = E W(5 ,£ A ,PS) = 1 |Ps | COS0A, (20) 

s A 2+l 

so that the up-down A0 emission asymmetry, a, is 

ir/2 / .T 

/(cos0A) sin0Ad0A— / /(cos0A) sin0Ad0A 
J TT/2 

/(COS0A) sin0A^0A 

2A 

A 2+l 2 
(21) 

6 In the parity conserving case: A = 0, oo, Eq. (17) becomes 
P A = — (P^-PA)PA, a relation obtained previously by the authors 
of reference 5. 

7 For X=l , Eq. (18) gives 1>A1O = PA, a result which follows 
immediately from Eq. (10) since 

(ufaus) • {t—irj) = [WA (̂CT • t+iv-pAX C ) « S ] 
= [W(l+Of-pA)(ff'£>^.l. 
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a is a convenient experimental quantity to measure 
since its determination involves only the difference 
between the numbers of A0 emitted into the upper and 
into the lower hemispheres the distinction between the 
upper (O^OA^T/2) and the lower (7r/2<0A^7r) being 
independent of the 2° momentum. If the momentum of 
the 2° is not well denned we need only replace | Ps | in 
Eqs. (20) and (21) by a suitable average over the 
momenta of the accepted 2°. 

We thus see that an experimental study of the 
PA, a [Eqs. (17) and (21)], with Ps calculated from 
observation of (PA) [Eq. (19)], should be sufficient 
for the determination of the parity-nonconservation 
parameter: 2A/ ( \ 2 +l ) . I t may also be mentioned that 
considerations similar to those in Eqs. (9)-(21) can 
be given for a study of parity-nonconservation effects 
in A0 - » n+y, 2+ ~> p+y, S"'° -> 2->°+7,8 ^ -> ^ + 7 
(if this last reaction is not absolutely forbidden),8 etc. 

III. DETERMINATION OF THE S° LIFETIME FROM 
A°->S° CONVERSION IN A NUCLEAR 

COULOMB FIELD 

As we have previously mentioned, the lifetime of the 
2°, T ( 2 ° ) , is very short compared to the lifetimes of all 
other elementary particles, but it is still very long 
compared to the lifetimes of the "excited baryons" or 
of (most of) the "multi-mesons". Hence, the experi­
mental methods normally used for finding the lifetimes 
of elementary particles or "excited baryons" and "multi-
mesons" should be essentially inapplicable to the 2°. In 
fact, the usual experimental methods for finding a 
particle's mean life fall into two classes: 

(a) Individual Lifespan Measurements. The flight 
distance from birth to death of an individual unstable 
particle in, e.g., an emulsion, gives its rest-frame 
lifespan if the energy of the particle is known. Taking 
the minimum resolvable distance in an emulsion as 
0.1ju=10~5 cm and assuming that r(2°) = 10~19 sec 
(Sec. I I ) , the 2° energy required to produce a flight 
distance of 10~5 cm, is 

£ s = w s / ( l — fls2) 
/1(T5 cm/z>s\ 

*=( 
\ 10~19 / 

ws=3Xl0 3 ms 

= 3.6Xl03Bev. (22) 

This method (a) is then out of question for the 2° at 
the present time. 

(b) Mass Spread Measurements. The spread in mass 
in a collection of identical unstable particles is related 
to the particle lifetime by the uncertainty principle, 

Am=l/r. (23) 

In the case of the 2°, with r(2°) = 10-19 sec, Eq. (23) 
yields 

Ams = 6 kev; Aws/ (ws—WA) = 10~4, (24) 

so that the relatively short 2° lifetime induces only a 
8 R. Behrends, Phys. Rev. I l l , 1691 (1958). 

0.01% spread in the mass difference. Thus method (b) 
is also quite inapplicable to the 2° with presently 
available techniques. 

The method for determination of r(2°) which we 
shall develop in this section, namely the deduction of 
r (2°) from observations on the differential cross section 
for A0 —» 2° conversion in a nuclear Coulomb field, 
dcrCoui(A°—->2°)/d0, is reminiscent of a procedure 
wherein the lifetime of an excited state of nucleus is 
deduced from observations on the differential cross 
section for excitation of that state by the Coulomb 
field of, say, an incident proton. This last deduction 
depends on the fact that both the excitation cross 
section and the excited state reciprocal lifetime 
are essentially proportional to the square of the 
same nuclear matrix element; analogously, both 
dccoui(A°-^2°)/dft and l / r (2°) are essentially pro­
portional to the square of the form factor | F i ( ± ) (0 ) | 2 

= (f(±)e/2mN)2 defined above, so that l / r (2°) can be 
expressed as a product of do-c0ui(A0 —*2°)/d0 and 
immediately calculable quantities. Thus 1/V(2°) can 
be obtained from an experimental study of A0—>2° 
conversion in a A°-nucleus collision provided that 
dacou\(A° —>^°)/dQ can be satisfactorily extracted from 
the directly observed d(TA^nuoi(A° —*2°)/dS2 which also 
contains a contribution to the A0 —> 2° conversion 
process induced solely by the strong interactions. We 
shall show, however, that for small |ps—PA| : 

ArCoui(A° -> 2°W<7strong(A° -> 2°) 
(a) _ > — — — 

dtt dtt 

i^A_ n u c l (A°-*2°) ^coui(A°->2°) 

and 

(b) 
^-coui(A°-*2°) 

dti 

dtt dtt 

^strong(A°->2°) 
and •—— — 

dQ 

have very different dependence on Z and on' | ps—PA |, 
so that for small |ps—PA| and high Z the nuclear 
Coulomb field contribution to the A0 —> 2° conversion 
in a A°-nucleus collision can be fairly readily identified 
and used to calculate dcrcoui(A° —» 2°)/d& and eventually 
r(S°). 

We proceed to write down the matrix element for 
A0—>2° conversion in a nuclear Coulomb field. From 
Eqs. (7) and (6a) we have, with 

kp=(ps— pA)f,, 

•PA|2-(£S-£A)2 , 

= iV+W)fe<VA)-

+ F , < + ) ( ^ P
2 ) ( # S 7 , W A ) 

k, 
(25a) 

i47r/„(&x), 
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P A P S = - 1 , 

(so|i,(o)|A0)e,(^x) 

(25b) 

+ ^ 3 ( _ ) ( ^ P 2 ) ( ^ 7 5 7 M ^ A ) 
!i4x/M(^x), 

P A P S = - 1 , 

<so|iM(0)|Ao>aM(ftx) 

2WJV 

where 

/M(^x) = ^ ^ / p ( | x | / ^ > - i k - x ^ = 6 / x 4 i ^ p ( | k | J ? ) 

( P S - P A ) 

IPs—PA I 
47rZ£P( |pv-pA | i?), (29b) 

(26) 

p( |x | /J?) being the normalized-to-unity ground-state 
distribution of charge within the nucleus of radius R, 
and p ( | k | J?) = p( |ps—pA | ^ ) the corresponding nuclear 
form factor. With neglect of the kinetic energy of the 
recoiling nucleus so that E^—EAy we have 

(*„«)»= | P s - p A | = M 5 * + ( l - 5 ) [ 2 sin(0/2)]*}i 

£ ^ > A { 5 2 + 0 2 } % (27a) 
with 

pA.—pz 
= 5 = 1 -

PK 

{m-^—m^y 

PA2 • 

* 1 mx2—mA
2 

S^J • 

~ 2 £A
2 (27b) 

61=cos"1 (^_-^A). 

Equations (27) show that the momentum transfer for 
A0 —»2° conversion in a nuclear Coulomb field, 
|p_ — PA|==^A{5 2 +0 2 }^ , is small compared to mr for 
O ^ 0 g 5 and h^{m^-mK

2)/p^<^nJpK, the last 
condition always being satisfied for sufficiently large9 

pA, e.g., for 

pA=4mA=4ABev/c, 5^0.0043, w*//>A=0.030. 

Further, since2 for small &p
2, 

Fi<±> ( V ) ^ / ( ± ) ( « / 2 w * ) [ l - ( ^ V A ) V ] , 
^ 3 ( ± ) ( ^ P 2 ) ^ / ( ± ) ^ ^ - A / 6 ) , 

and since2 r22-A~l/2w7r
2, we have 

/ V ± W ) ( « * | P _ - P A | ) 

FI^M/M* 
"(irh-Ah 

( l - | f 2 S _ A | p S - p A | 2 ) 

- 1 . 2 ( | p _ - p A | / ^ ) , (28) 

and, as just seen, |p_—PAI/^TT is small compared to 
unity for 0^6^55 and ^ A S 4 W A . Thus under conditions 
of approximately forward A0—»2° conversion with 
high-energy incident A0, we can write Eqs. (25) as 

P A P _ = + 1, 

<s°|yM(0)|A°>aM(*x) 

where the importance of (2° 1^(0) |A°) at small A0—> 2° 
momentum transfers, through its proportionality to the 
photon propagator l/^p

2== 1/1ps—PA|2, is explicitly 
shown. Physically, this importance is a consequence of 
the long range character of the nuclear Coulomb field 
which permits peripheral collisions and which for small 
I Ps—PA I is composed coherently from the Coulomb fields 
of the individual nuclear protons [47rZep(jps—PA\R) 
£&irZe for | p s - p A | _ ? = | p s - p A | 0 . 8 ^ y w T < < l ] . 

For larger 0, where | p s —PA| becomes %m* and the 
A°-nucleus collisions are definitely nonperipheral, the 
terms in F 3

( ± ) must be included in Eqs. (29) and 
the dependence of F i ( ± ) , Fz(±y on kp

2 considered. 
However for such large |p_—PA| the strong inter­
actions dominate the A0—* 2° conversion and the 
contribution of the nuclear Coulomb field matrix 
element (2°|yM(0)|A°)cXM(£x) is, in any case, relatively 
negligible. 

We now use the matrix elements of Eqs. (29) to 
calculate Jo-coUi(A°->2°)/JO. Analogously to Eq. (11a) 
we have 

^±>coui(A0->2°) 

dQ 

-I 2w8(E2-EA)^ 

x £ I <2<U(0) IA»)aM(£x) 12-~— / ( — ) , (30) 
SyS\ 

so that, substituting Eqs. (29) into Eq. (30) and 
performing the indicated operations: 

^ ^ C o u l ( A ° - > ^ ) 

^ / ( + ) (UXXUA) 

( P S - P A ) 
4wZ«p( |p 2-pA | t f ) , (29a) 

9 It is worth mentioning explicitly that |ps—PA|»-O=/>A* 
=IC(W22—mi?)/pK~] approaches zero at large p\ as (^A)"1-

/ / ( ± ) e \ 2 r ( p 2 X p A ) 2 1 ( W S T « A ) 2 "I 

=4zvr—) —+- —+i 
\2mNJ L|ps—PA|4 | P Z - P A | 2 J 

x(~yp(|pS-pA|i?)]2, (31a) 
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or, using Eqs. (27), 

Ar^>coui(A°-*2°) 

da 

yields: 

^<+>coui(A°-*2°)M2 
^ ( 1=950 , (33). 

= 4Z2e2( — ) 
\2ntN / 

( l-a)2(sin0)2 

[ 5 2 + ( l - 5 ) ( 2 s i n i 0 ) 2 ] 2 

j(m-sz:FmfL)2/pA2 

[ 5 2 + ( l - S ) ( 2 s i n i 9 ) 2 ] 

X ( l - 3 ) [ p ( | p 2 - p A | i ? ) ] 2 

thus offering an enormous discrimination between 
results expected for negative and for positive A0, 2° 
relative intrinsic parities. 

Let us now assume that 

P ( I P = - P A | J ? ) 

s in( |p z -p A | 2? ) s i n C M ^ l + f l W ] 

/ / ( ± > e ' 
^4Z2e2( — 

\2w, 

>e\2 

N ' 

( I P Z - P A | 2 2 ) 

sm(pA8RV2) 

(PASR^JI) ' 

[MR(l+«W] 

0^8/S^TT/PASR; R^Q.&Ai/m* 

r 02 /my.— mt\i* / "1 
X + | 5 — / (62+02) 

L(52+02)2 \ms+mj / • J 
X [ p ( | p S - P A | i ? ) ] 2 , . (31b) 

the d= signs referring to the two possible A0, 2° relative 
intrinsic parities: PAPs= ± 1 . Expressing, via Eqs. (11), 
the A0 —> 2° transition moment (/(±)e/2wj\r) in terms of 
the 2° decay reciprocal lifetime, l / r (2°) , Eq. (31b) 
becomes 

dcr<±>coui(A°->20) 

^ 0 ; <jr/pA8R<6/5, (34) 

so that we are using the nuclear form factor appropriate 
to E vanishing within the nucleus and hence essentially 
excluding any Coulomb field A0 —> 2° conversion in 
which the A0 is born inside the nucleus. Substituting 
Eq. (34) into Eq. (32) we obtain, using Eq. (27b) for 5, 

Ar^>ooui(A°->2°) 

dQ, 

<(~m^>] 
Z2e2 

4 + 

(20) 

i (0.07 A 2 ) (1/30)*-

/ Z ¥ l / r (2 u ) \ 

\(ms—WA)2 {m^—mA)J 

r 02 /m^-mA\±l / 1 
X + i5 ) / (52+02) 

L($2+02)2 \f»z+f»A/ ' J 

X C P ( | P S - P A | ^ ) ] 2 , (32) 

the proportionality of Jo-^>Coui(A0->20)/^ to l / r(2°) 
being explicitly shown. I t is to be emphasized that 
do-(±)coui(A°—>2°)/d£2 peaks strongly in the approxi­
mately forward directions, i.e., as a function of 0, 
^(±)Coui(A° —> 2°)/d£2 has a sharp maximum at10 

[ r / w 2 — W A ^ 1 " ! / r / w 2 — W A X ^ I I 

^ J i - W — ) / i+W ) 
IL \m^-\-ml\/ J ' L \mx-{-fnA/ J ) 

g « « l , 

and is relatively very small at 0^>5. I t is amusing to 
mention that in the strictly forward direction Eq. (32) 

10 In working out the position of this maximum, p( |ps — PA|-R) 
— P C A A X ^ + A 2 ) ^ ] can be treated as independent of 6 since its 
actual rate of variation with 0 is considerably slower than that of 
the other ^-dependent factor in Eq. (32) for da^coui(A° -»20)/<ft2. 

[ l+(0/5> 2 ] 2 [ l + (0/5)2 

•sin (0.654*/*) Y 

G J 

^ 0 ; 
(0.654V*) 

; ; O^0/5^6 .8* /4* 
V) J 

6.8a;/43<0/5, (35a) 

where 
x===pA/MA- 5^0.07A2

: (35b) 

so that the peak differential cross section for nuclear 
Coulomb field A0—> 2° conversion is, taking11 Z = 8 2 , 

. 4 i = 6 , r ( 2 ° ) = ( g A
( ± ) ^ / ^ 2 ) - 2 10-19 sec [Eq. ( l i d ) ] , 

x = 4 : 

Ar (+)coui(A0-»20) 

dQ, 0=5=0.004 

3.4 barns/sr, (36a) 

^ ( - ) c o u i ( A ° - > 2 ° ) 

dQ 0=5=0.004 

^ ( ) 4.2 barns/sr. (36b) 
V j & r 2 / 

11 The choice of Z = 82 in our numerical illustrations is motivated 
by the possibility of use of, e.g., a spark chamber with lead plates 
for the observation of the A0 —> 2° conversion. The mean flight 
path before decay of a A0 with x = 4 is about 30 cm. 

file:///2ntN
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(a) 

0 \ f </r FIG. 2. Production of a 2° 
from a A0 in a A°-nucleus 
collision, (a) is the Coulomb, 
(b) the competing strong-
interaction-induced process. 

Finally, the Eqs. (35) show that the total cross 
section for nuclear Coulomb field A0 —> 2° conversion 
is essentially all contained in a forward cone of opening 
angle 

6e~8(6.8x/A*)2Z(0.5/xA*) 
(=1.2° for a = 4 , 4*=6) , (37a) 

and is given numerically by 

Oou 

O.b/xAi 

<r-'Coul(A<>->20) 

[><±>Cou.(A° • 2°)/<«2]2jr#</0 

/ Z \ 2 /10- 1 9 sec\rs in(0.65^*A)l 2 (2Jmb,(s)(^r)L \£ r(S°) / L (0.654*/*) 

X 
r i/o.o7\/i x^i r /6.8x\2-

(-)(s) M i+b-). i+ - i 

1 (6.8x/4*)2 

2 (6.8x/Ai)2+l 
(37b) 

which for Z = 8 2 , A*=6, T ( S ° ) = (g A
( ± ) g 2 /V)- 2 X10- 1 9 

sec [Eq. ( l i d ) ] , x = 4, is 

<rcoui(+) (A» - * Z°)S(gA<+)*z/V)8(1.8 mb) ; 

•rooai"(A° -> 2°)^(gA (- )gS/g^2)2(2.0 mb). 
(37c) 

Equations (35)-(37) are the basis of our expectation 
that the A0 —» 2° conversion process in a high-Z nuclear 
Coulomb field is governed by cross sections of the 
respectable order of magnitude of millibarns. Results 
comparable to those in Eqs. (25)-(37) have also been 
obtained by Pomeranchuk and Shmushkevitch,12 by 
Williams,12 and by Valuev12 in publications received 
after the present paper was completed. 

1 2 1 . Ya Pomeranchuk and I. M. Shmushkevitch, Nuclear Phys. 
23, 452 (1961); W. S. C. Williams, Nuovo cimento 19, 1278 
(1961); B. Valuev, Dubna preprint. 

We now consider the question of the size of the 
background to the Coulomb field A0—»2° conversion, 
viz., the A0—> 2° conversion induced by the strong 
interactions between the incident A0 and the target 
nucleus. The particular strong interaction which is 
most important to the A0 —-> 2° conversion at small 
| Ps—PA I is, in all likelihood, the exchange of a single 
virtual 7r° between the A0 and the nucleus (see Fig. 2); 
this follows since small | ps—PA | correspond to large 
A°-nucleus impact parameters, i.e., to peripheral 
collisions, for which the relatively long range of the 
virtual 7r° should prove decisive. More mathematically, 
one can say that for small real (kp

2)^ the strong inter­
action induced matrix element is dominated by the 
pole at k^——m^ in the w° propagator l/(kp

2+mv
2) 

so that the dependence of this matrix element on 
(kp

2)i= |k | = |ps—PA| is essentially determined. 
Granting the validity of the above arguments, it 

becomes necessary to estimate the matrix element for 
A0—^2° conversion due to the exchange of a single 
virtual TT° between the colliding A0 and nucleus. 
Analogously to the procedure of Eqs. ( l)-(7), (25), 
(26) and (29), we may write: 

(2°,*/1 r s t r o n g | A0 ,**)~£A
(+) feY5^A)0(£x) 

47r/(k) 
= gA(+) (uxy5uA) ——, (38a) 

\k\2+mr
2 

(2°,*,1 r s t rong | A°,^,-)«gA(-> (uzUA)<f>(Ax) 

47r/(k) 
= g A ( - ) ( ^ A ) -

with 

/(Ax) = 7 ( k ) = J(x)<rik'*<Px 

k|2+* 
(38b) 

= &r \ / * / [ £ 5(x-x z)(T 475r3)z] 

X^idzxv ' -d3xA \erik-xd?x 

~gN f\ ^ / [ E 5 ( x - x z ) ( « T r 3 ) J 
2mN J [J *=i 

X^i&xv • -CPXA \eriK'xd?x 

2ntN 

k r A 
•-&r WLZ e-ik-H<tTi)l~] 

J i=i 

A 

XhSCLyi)d3yvd*yA, (38c) 
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where rstrong is the transition operator of the strong 
interactions; <j>(k\), J(k\) is the amplitude and source 
function (in momentum space) of the w° field due to the 
target nucleus; ¥ * = ^ 0 , ^ / = ^ o exp[—ik-]T)z=iA Xi/A] 
are ground-state wavefunctions of the target nucleus 
(yw=xm—£&=iA *i/A) with center of mass initially at 
rest and finally recoiling with momentum [— k ] 
= [ ~ (ps—PA)]. From Eq. (38c) we have 

7(k) = 0: target nucleus isospin and/or spin = 0, (38d) 

«* |k | 
/ ( k ) « {i(2S p r o t-2S n o u t)

2)}ip( |k | i?) 
2niN 

da< 

jN\k\ 

2mN 

- p ( | k | * ) : 

target nucleus isospin and spin^O, (38e) 

where p (| k | JR) is given in Eqs. (26) and (34). The esti­
mate of Eq. (38e) is justified if one remembers that 
Zz=/(<m)z=2Sp rot-2Sneut , where Sprot (Sneut) is the 
resultant spin of all the target nucleus's protons (neu­
trons), and that the distributions in space of the target 
nucleus's protons and neutrons are very similar. Thus, 
combining Eqs. (38a), (38b), and (38e), we can describe 
the most unfavorable background situation by the 
matrix elements: 

rgA(+)gN\k\ 
( S ^ / l r s t r o n g l ^ A 0 ) 

2WJV 

X ( ^ S 7 5 ^ A ) -
> r p ( | k | l O 

k| *+*»,*' 
(39a) 

•*• s t r o n g 

P A P Z = - 1 , 

gA^g.vlkl 

2WAT J 

4xp(|k | i?) 

x (uzuAy 
k | 2 + ^7r 

(39b) 

Equations (39) yield, following a procedure analogous 
to that of Eqs. (29)-(31), and with d^(m^2-mA

2)/pA
2
y 

O ^ 0 ^ 5 « > V > A [Eq. (27b) et seq.~\\ 

^ S t r o n g
( + ) ( A ° - > 2 ° ) 

d& 

fg^+W/gNA\r ( 3 2 + f l W 4 -I 

\ gN J W v V L ^ + ^ + w . W ) 2 - ! (52+d2+?n„2/pA
2)2 

X [ P ( | P 2 - P A | P ) ] 2 , (40a) 

strong V/1- •2 ° ) 

dQ 

\ gN / \mN
2/\pA/ 

82+e2 

X [ P ( | P S - P A | P ) ] 2 , (40b) 

with p( |ps—PA|) given by Eqs. (34) and (35b). I t is 
to be noted that on the basis of Eqs. (29) and (39): 

E aM(*x)<soliM(o)|A»)<s /̂|rBtrong|̂ ,A0>*=o, (41) 
S2SA 

so that 

^ A - n u c l ( ± ) ( A ° - > S 0 ) 

^ C o u l ( ± ) (A° - > 2 ° ) JcTatrong^ (A0 ~> 2 ° ) 

JO dQ 
, (42) 

without any interference term. Comparison of 
Eqs. (40) with Eq. (31b) or Eq. (32) shows that 
^strong(±)(A0—» 2°)/d0 has a very different dependence 
on $ for 0^(9«m7r/^A than does Jo-Coui(±) (A0 -> 2°)/<fl2, 
the latter peaking much more sharply than the former 
in the approximately forward directions essentially 
because of the difference between the photon and 7r° 
propagators: l/pA

2(d2+62) and \/\_pA
2(h2+e2)+ni1

2~]. I t 
also follows from Eqs. (40) and Eq. (37a) that for 

o<esee: 

^o-strong(+)(A0~>S0) /da, 

/ ' • 

(-> (A°-*2°)\ 

\ dtt I dQ I 

«(gA(+)/gA(-))2(^A/mA)2(eV4) 

= 2Xl0-3(gA (+)/gA (- ))2, (Ai=6). (43a) 

Since according to Eqs. (35)-(37): 

•2°) /<fcoo„i(->(A0->S»)\ ^<rcoui(+)(A°-

^ da ' / ' da ) 

^(g^+Vg^y, (43b) 

it is clear that the strong interaction background to 
the Coulomb field A0 —> 2° conversion is far more 
serious in the case PAP%= — 1 than in the case 
P A P S = + 1. 

We proceed to calculate the total cross section for 
strong-interaction-induced A0 —> 2° conversion. On the 
basis of Eqs. (40) and (34), this, like the Coulomb 
field A0 —> 2° conversion, is essentially all confined by 
the cutoff property of the nuclear form factor 
P(\V^—VA\R) in a forward cone of opening angle 



1680 J . D R E I T L E I N A N D H . P R I M A K O F F 

0 C «5(6.8V4*)=O.5/M4) (=1.2° for s = 4 , A*=6). 
[See Eqs. (37a) and (35b).] We obtain, with # ^ = 1 4 : 

crstrong
(±)(A0->2°) 

• ° - 5 ^ * A r . t r o n g ( ± ) ( A 0 - > S 0 ) 
-2wddd 

dtt 

g A ( + ) \ 2 / l \ 2 / 6 . 

gN 

sin (0.65,4 V^)-12 

•<,x^-"(ir)0b) 
c xi 

(0.65.4*/*) 

< - ) \ V l \ 2 / 6 . 8 \ 4 

(44a) 

rsin (0.65,4 V*)l 2 

X 
L (0.65A*/x) J 

[ > W + ) (A° -> 2°)Astrong
(-) (A° -> 2°)] 

^2Xl0-3(^A (- fV^A- ))2(6.8/^^)2 , 

whence for x=4, ^ = 6 : 

crstrong
(+) (A° -> S«)« (1.0X 10-3 mb) (g A

( + ) / ^ ) 2
; 

<rstrong
(-) (A° -> 2«)« (0.5 mb) (gA ("V^)2. 

(44b) 

(44c) 

(44d) 

(44e) 

Thus, comparison with Eq. (37c) yields, if one takes 
gz=gN (Z = 82 ,4* = 6 , * = 4 ) : 

!oui<+>(A»-> 2°)/erstrong<+> (A° -> SO)]-1800, (44f) [>Coui(+) 

[crcoui(-) (A° - > S°)/cr s t rong(-) (A° >2°)>4, (44g) 

so that the strong interaction induced A0—>2° con­
version is quite unimportant if P^P^— + \ and is far 
from dominant even if P A ^ S = — 1. I t must also be 
emphasized that the A0—>S° conversion experiment 
should be performed with targets of different Z, 
and incident A0 of different13 | > A ( = ^ A ) , in order to 
identify properly the contributions of crcoui(+)(A0—>2°) 
and o-strong(+)(A°-^20) or of crcoui^KA0-^0) and 
0"strong

(~)(A°—»2J°). Finally, we should mention that 
at least in principle, one will be able to decide on the 
basis of the variation with pA whether the expression 
for 

v A—nucl \ i L •S») = <rC o u l<+)(A»^S») 

+ <T3tro„g
(+)(A°->2<>) 

or for 

< r A - n u o l ( - , ( A ° - ^ S 0 ) = <7Co ,<-)(\o (A° • 2°) 
+ ^ t r o „ g

( - ) (A° -» 2°) 
13 It is worth mentioning that one will be able to determine x 

by kinematic reconstruction, since in each particular A0 —> 2° 
conversion with 2° —> (A°)'+y, the energy of the 7 and of the p^ ir~ 
decay products of the (A0)' will presumably be available, i.e., 

Z(xmAy+(mAyy = E(2°) = Et(A<>yi+EM 
= E(p)+E(7r~)+EM. 

agrees better with the data, i.e., decide on the 
basis of the variation with pA of the experimental 
o-A-nuci(A°-^S0) whether P S P A = + 1 or - 1 . 

The previous discussion dealt with the strong inter­
action induced A0—->2° conversion in which the A0 

interacts with the target nucleus as a whole, the latter 
recoiling in its ground state with relatively negligible 
kinetic energy, i.e., dealt with coherent strong inter­
action induced A0—>S° conversion. We must now 
estimate the order of magnitude of the incoherent 
strong interaction induced A0—*2° conversion which 
contributes to the background of our Coulomb field 
A0 —» 2° conversion, i.e., we must estimate the strong-
interaction-induced differential cross section in approxi­
mately forward directions of the reaction: A°+nucleus 
in ground state ^0—> A0+nucleus in excited state \f/n. 
From Eqs. (38a)-(38c) this cross section is proportional 
to 

| M | 2 E E £ 
gN(k/2mN) 

|k|2+wx 
/W{E^ k - y K<rT3)^0 

J 1=1 

X8(£yl)d*y1..-.(PyA 
1=1 

( 1 - M , (45a) 

where the sum over n runs over all energetically 
accessible states and may, without appreciable error, 
be extended to run over all states; also we have 
neglected the effect of the excitation of the nucleus on 
ps—PA and on E^—EA, SO that we are still taking14 

|k | 2 = | P S - P A | 2 ^ A 2 ( 6 2 + 0 2 ) , W = ( & - £ A ) ^ 0 . 

Use of closure over the \pn then yields 

\M\ '(0/(""!+"'!)!] 
M l E e~ik'^»(o-r3)rk(€rr3)™-k>0 

l ,ra=l 

f 
X 5 ( E Yi)d3yv • -dsyA (45b) 

14 We actually have, taking the excitation energy of the nucleus 
en into account: 

V H k | 2 - £ o 2 = | P 2 - p A | 2 - ( £ 2 - £ A ) 2 

^LpA282(l + 2en/pAd) + en'+PA2e^ 
-en2 = pA282(l + 2en/pA8)+PA20K 

[compare Eqs. (27)]. The correction factor to the value of 
(V)»-o: l+2en/pAd = l + (2en/mA)Lx/(7Xl0-2)l [c/.#Eq. (35b)] 
is, numerically, equal to 1.5 for €n = 5Mev, x=A\ inclusion of 
this correction does not change the order of magnitude of our 
estimate for \M |2 in Eqs. (45b) and (45c). 
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and making the same kind of estimate as that in Eqs. 
(38c)-(38e), we have 

| M | 2 ~[ (" ' k | ) /(lkl2+w*2)2l 
XK(2Sprot-2Snout)

2){l-[p(|k|i?)]2} 

«|7— |k|) /(|k|H-m,2)2] 
l\2mN II J 

X{l-M\k\R)J}. (45c) 

Hence, comparing Eq. (45c) with Eqs. (39) and 
considering the general procedure of Eqs. (38)-(40), 
we obtain for the total incoherent cross-section within 
the forward cone of opening angle dcZ~d(6.8x/A*) 
£30.S/xA*—Eq. (37a)] 

{ |>s t r on g
( ± ) (A° - > S ° ) ] i n c o h e r / C ^ t r o n g

( ± ) (A0 - » 2 ° ) ] c o h e r } 

^i-|>(lk|ie)J 

[ p ( | k | * ) ] 2 

1 - [sin (0.654 * / * ) / (0.654 V*)] 2 

[sin (0.65,4 * /* ) / (0.65 A */x)J 

g ^ > = 4 , ^ = 6 - E q s . (34), (35)], (46) 

with a very similar estimate being valid for 

{ [<rcoui(±) (A° -> 2°)]inCoher/[crcoui(±) (A0 -> S°)]coher}. 

Therefore, Eqs. (44f) and (44g) for the ratio of the 
Coulomb field to the strong interaction induced 
A0 —> 2° conversion cross sections can be left unaltered, 
the therein contained 

C T C O U 1 ( ± ) ( A ° - > 2 0 ) a n d o-strong(±>(A0-^ 2°) 

being interpretable as 

[<7"Coul(±) (A0 —> S°)]coher+incoher 

and 
L^strong \A- * 2J ) Jcoher-fmcoheiv 

We thus conclude that for high Z and sufficiently 
large pA the conversion process possesses a relatively 
dominant Coulomb field component within the forward 
cone of opening angle 6C [Eq. (37a)]. Hence the 2° 
lifetime should be calculable from the observation of 
the cross sections in Eqs. (35)—(37), (42), (40) and 
(44), provided that the incoherent, mostly strong 
interaction induced, A0 —-> 2° conversion outside this 
forward cone can be kinematically distinguished from 
A0—>S° conversion within the cone. While it is clear 
that such a kinematic distinction will be difficult to 
make in practice15 encouragement regarding the 

15 Incoherent, mostly strong-interaction-induced, A0 —* 2° con­
version appreciably outside the forward cone will involve a 
sizeable momentum and energy transfer from the A0 to the 

ultimate possibilities of our method can be taken from 
the fact that a generally similar method has recently 
proved itself capable of determining the lifetime of 
the 7T0.16 

Finally, it should be mentioned that the general 
method of the present section can be extended to 
determine the total or partial lifetime of any other 
possibly existing elementary particle or of any actually 
existing "excited baryon" or "multi-meson" if this 
should decay wholly or partly through an electromag­
netic channel. Thus, one can conceivably determine 
the electromagnetic decay rate of a p± with J=l 
(p±—>w±+y in competition with a predominant 
p±—> ir°+ir±) by a study of w^—> p± conversion in 
x±—hjgh 2, nucleus peripheral collisions. In fact, this 
general method has already been applied by Beg, 
DeCelles, and Marr17 to relate the rate of the electro­
magnetic decay of a K* with 7 = 1 (K* —> K+y in 
competition with a predominant K* —> K-\-T) to the 
cross section for K—> K* conversion in a nuclear 
Coulomb field. 

IV. RELATIONS BETWEEN LEPTONIC AND 
ELECTROMAGNETIC S DECAY 

Consider the strangeness-conserving decays of Fig. 3 : 

2-->A°+e-+i>, 2+->A°+e++v, 2°->A°+Y, 

which are reminiscent of a T= 1 nuclear isobaric triplet 
exhibiting leptonic and electromagnetic decays to a 

target nucleus—or effectively to a nucleon in the target nucleus: 
A°+nucleon -> 2°+nucleon—so that E S = ( £ A ) / + - E 7 will be 
noticeably less than E\, thus affording a basis for kinematic 
distinction over and above that arising from an experimental 
estimate of the angle 0; also this incoherent, strong-interaction-
induced A0 —» 2° conversion with sizeable momentum and energy 
transfer will quite often result in a 2° accompanied by one or 
more pions thus affording a further distinction vis-a-vis a 2° 
produced in a coherent Coulomb field A0 —> 2° conversion process. 
As an (empirical) estimate of the cross section associated with the 
incoherent strong-interaction-induced A0—>2° conversion with 
such large momentum and energy transfer that 6 lies between, 
say, 50C=6.O° (19.0°: cm.) and 0C=1.2° (3.8°: cm.) [Eq. (37a) 
with # = 4, 4̂̂  = 6] we may quote [see G. Alexander et al., Phys. 
Rev. Letters 7, 341 (1961)]: 

[(8.5±4.9) mb/47r]^i[7r(19/57)2-7r(3.8/57)2]= (8=fc4) mb, 

which is to be compared with the <7(±)Coui(A° —»2°) of Eq. (37c). 
It should also be mentioned that A0+nucleus —>2°-(-nucleus; 
2° —> A0+7 is kinematically distinguishable from a background 
A0 bremsstrahlung (A0+nucleus —» A0-f 7+nucleus) since in the 
former case (PA+P 7 ) 2 — ( E A + £ Y ) 2 = — (ws)2for each final state A0, 
7. In addition rough theoretical estimates indicate that A0 brems­
strahlung has a much smaller cross section than Coulomb field 
A°-~>2° conversion [by a factor (A0 magnetic moment/A0—2° 
transition moment)4 ( / ( ± ) e) 2 «l) ] . 

16 Theory: H. Primakoff, Phys. Rev. 81, 899 (1951); V. Glaser 
and R. A. Ferrell, ibid. 121, 886 (1961); C. Chiuderi and G. 
Morpurgo, Nuovo cimento 19, 497 (1961). Experiment: A. V. 
Tollestrup, S. Berman, R. Gomez, and H. Ruderman, Proceedings 
of the 1960 Annual International Conference on High-Energy 
Physics at Rochester (Interscience Publishers, Inc., New York, 
I960), p. 27; H. Ruderman, S. Berman, R. Gomez, A. V. 
Tollestrup, and R. Talman, Bull. Am. Phys. Soc. 5, 508 (1960). 

17 M. A. B. Beg, P. C. DeCelles, and R. B. Marr, Phys. Rev. 
124,622(1961). 
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2~ \ / 2" 

* \ > 

T = l ; j * - | 

T=0;J« 

FIG. 3. The S-A multiplet structure. 

r = 0 nuclear isobaric singlet, e.g., 5B
12—> 6C12+e~+i>; 

7W
2->\C12+e++v; 6 ( C 1 2 ) * - > 6 C 1 2 + T . In the latter 

case, as pointed out by Gell-Mann18 on the basis of 
the conserved vector current hypothesis,19 the 7-decay 
rate of 0C12)* is related to the eT momentum spectra. 
of 5B12, 7N12; analogously, we may anticipate that the 
decay rate of 2° —» A°+7 is related to the eT momentum 
spectra and decay rates of 2T—-> A°+eT-\-v. We 
proceed to investigate various aspects of this relation­
ship and shall establish such a connection between the 
leptonic and the electromagnetic 2 decays that under 
favorable circumstances an observation of, e.g., the eT 

momentum spectrum of ST—> A°+eT+v should be 
sufficient to determine the lifetime of 2° —> A 0 +7. 

We begin by writing down the weak interaction 
Lagrangian, J2(weak)(#), which describes the primitive 
coupling of the baryons and mesons to the leptons in 
strangeness conserving transitions. We shall postulate a 
specific form for £(weak)(V) and attempt to motivate 
our choice by analogical arguments relative to the 
form of <£ (em)0) in Eq. (1). 

The form we assume for <£(weak)(V) is determined by 
a principle of "minimal weak coupling," viz.: 

£ (weak) (3.) 

=jlx^
eak)(x)Lfl(x)+H.c. 

==/M
( weak) W [ - # e W T M ( l + T 5 ) i W ] + H . c , (47a) 

with a charge exchange baryon-meson "weak" current: 

7M (weak) (x\^ ( * ) -
v2 

XN{x)iylx~-XN(x) 
2 

r+ 

where 

+Xs (x^y^t+X^ 0 ) + X s (x)iyf—XH (x) 
2 

<-> 
+i<f>J(x)t+(—dli)4>T{x) 

+*4>K*(X)\^2{-\)4>K(X)}, (47b) 

' 1 + 7 
xN= [ — — \pN 

/ l -r-75\ 

[ 1 + 7 5 ~f 

L yft J 

. (1-76) 

v2 
etc., 

(47c) 

T+=Ti + iT2', t+ = ti + it2} 

18 M. Gell-Mann, Phys. Rev. I l l , 362 (1958). 
19 R. Feynman and M. Gell-Mann, Phys. Rev. 109, 193 (1958). 

so that 

with 

JM<weak) (X) =jp<y> (X)+J^) (*), (47d) 

j ^ (*)= (G/^){tN(x)iy»(r+/2)Mx) 
+ ^ s (x)iypt+fc (X)+\pz (x)nM (r+/2)fe (x) 

+i07r
t(x)/+(-aM)</>7r(x) 

+ i f e t W ( r + / 2 ) 2 ( - i ) f e ( x ) } , (47e) 

j^Kx)=(G/y2){Mx)iyMr+/2)Mx) 
+fe(%)iytfbt+}l/2i(x) 

+M*)iy*y*(T+/2)Mx)}. (47f) 

Decomposing the electromagnetic current j\(x) of 
Eq. (1) into an isoscalar part ej^0t0) (x) and an isovector 
part ejp°-'z)(x): 

Mx) = eU^°Kx)+jV^(xn (48a) 

yM(o,o) (^) = {$N(x)iy^N{x)-$z{x)iy^v{x) 

+ i f e + W ( | ) 2 ( - a M ) f e ( x ) } , (48b) 

yM(|i,3) fa) = {^(a;)f7M(r3/2)^Ar W + ^ s ( » ) i 7 ^ s W 
+^ s (x ) i7 M ( r 3 / 2 )^ s 

<-> 
+ t(l>J(x)h( — dll)<l>r(x) 

+ A t e W 2 ) 2 ( - d M ) t e } , (48c) 

we note that the "weak" current of Eqs. (47b) and 
(47c) is obtained from the isovector part of the electro­
magnetic current of Eqs. (48a) and (48c) by replacing 
the field amplitudes fa, 1/% ^g by their positive chirality 
components X r̂, Xs, Xg, the isobaric spin operators r3, h 
by the isobaric spin operators r+., t+, and the electro­
magnetic coupling constant e by the weak-coupling 
constant G/v2. These replacements, together with that 
of dfx(x) by Lp(x) constitute the analogy between the 
principles of minimal electromagnetic coupling and 
minimal weak coupling which motivates our choice of 
the form of £ ( w e a k )(x) given that of <£(em)(#). We also 
note, on the basis of Eqs. (48c), (47e) and (47c), that 

j^v^x) = ~lj^{x)+ij^(x)-]j (48d) 

and that the space integrals of the isovector components 
j 4

( 1 ' m ) (x) (m= 1,2,3) give the corresponding components 
of the total isobaric spin of the system of baryons and 
mesons: 

, - / * , • , . , . . \X) 1 mj (48e) 

We now consider the differential conservation laws 
satisfied by the various currents of Eqs. (47) and (48), 
this consideration affording some further support for 
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our choice of £<weak) (#). We have20: 

djn(x)/dXv=Q, (49a) 

dj^m) (x)/8x^=0; d/M
(F) (x)/dxn=0: 

conservation of Tm; of Tx+iT2. (49b) 

the second relation in Eq. (49b) being the differential 
conservation law for the baryon-meson polar-vector 
current. I t is to be recalled that the conservation law 
of Eq. (49b) for T holds only if one neglects in the 
baryon-meson Lagrangian the mass differences among 
members of a given isomultiplet and assumes that the 
various baryon-meson strong interactions are strictly 
invariant under rotations in isospace; it is also to be 
recalled that, in the absence of strong interaction 
symmetries higher than isospin rotational invariance, 
T is the only such conserved quantity and th.ej^V)(x) 
of Eq. (47e) the only corresponding conserved charge 
exchange baryon-meson polar-vector current. Thus, 
if no higher strong interaction symmetries are present, 
our choice for £ ( w e a k ) (^) = DV 7 ) (x)+jli^

A)(x)']Ltl(x) 
+ H . c . contains the only available conserved charge 
exchange baryon-meson polar-vector current. If, on 
the other hand, such higher symmetries are present, 
there exist quasi-conserved charge exchange baryon-
meson polar-vector currents VF)0*0> different from 
jix{v)(x)y a n d one might argue that terms 

~ [ ^ > ( * ) L , ( * ) + H . c . ] 

should also be present in £ ( w e a k ) (^ ) ; for example, for 
an existing doublet symmetry, we have21: 

di^v)(x)/dxli=0, (50a) 
with 

fM
(F)W=iM (doub)(») 

G 

— \p20(x)iyti\l/x-(x)+\pz+(x)iyfi\p2°(x) 

-i<l>+K+2(-l)»)<l>Ko}. (50b) 

We shall however assume that such higher symmetries 
are in fact absent and employ the 

£(weak) ( x ) = ^ ( w e a k ) (x)L^(x) + Ii.C. 

= (j^Kx)+j^U)(x))Lll(x)+IL.c. 

of Eqs. (47)-(49) to describe the strangeness conserving 
leptonic decays of the baryons and mesons; it is 

20 It is to be noted that the simultaneous validity of djfM(x)/dxli = 0 
and dju&v/dx^O implies, using Eq. (48a), that dj^W/dx^O, 
i.e., implies the conservation of total hypercharge Y = S-j-B 
=2(Q-r 3 ) . 

21 R. Behrends and A. Sirlin, Phys. Rev. 121, 324 (1961). We 
are indebted to Dr. Behrends for pointing out to us this explicit 
possibility. 

important to mention that our 

£MCweak) (x) = QM(F) (X)+j^ (*)]Z,M(*) + H.C. 

does not contain any primitive 2—A—ev coupling 
while an <£(weak)(x) containing a term 

~DVdoubK*)A*(*)+H.c.] 

would contain such a primitive coupling. Thus, with 
our £ ( w e a k )(^) , 2±—>A°+e±+v would not occur, just 
as with our <£(em)(x), S ° — * A ° + Y would not occur, if 
the strong interactions were turned off. 

We now consider the general form of the 2~ —> A0 

leptonic decay matrix element (A°|jM
(weak)(0) |S~) 

= (A 0 | y M ^ (0 ) |S - )+ (A° | i / A ) (0 ) |S - ) and begin, as in 
the corresponding discussion of (A°|yM(0) |S°) in Eqs. 
(3)-(5), by applying the restrictions of Lorentz, space 
inversion and time-reversal invariance. We then have, 
with (75') ==1 or 75, referring to P A ^ S = + 1 or — 1 , and 
with &M= (p-E—pA),x= {pe+pv)n'-

<A°|i^>(0)|2-> 

= G I ( ± ) ( ^ P 2 ) ^ ( ^ A ( 7 5 / ) 0 ' M ^ S ) ^ . 

+G2^(kP
2)i(uA(y^)y^) 

+G3
(± ) (V) (Mi*)uv) ( ^ » A , (51a) 

<A<U^.(0)|2-> 
= jQri(±) (kp

2)i(uA(ys)o'nvyhUx)ky 

+H2^(k2)i(uA(yb')yfiybuz) 

+Hz^(k2)(uA(y^)y^)(m^mA)k,J (51b) 

where the weak interaction form factors Gi(±) (kp
2), • • • ; 

# I ( ± ) ( & P 2 ) , •*• are real for 

*P2= | p S - p A | 2 - ( £ S - £ A ) 2 = ( P e + P ? ) 2 

- (Ee+E,Y> - (2m J 2 ; - (m„)2. 

Further, from Eqs. (48d) and (48a), and remembering 
the isovector character of jM

(I,m)(x) and the isoscalar 
character of 

jV0-°)(a;)(i.e. (AQ:T=0\j^(0)\2«:T=l) = 0): 

<A0|i^)(0)|S-> 

—{(A°|i,(1 '1)(0)|2-)+^A0|i/1-2>(0)|S->} 

2 /G\ 
= -(-}<A0|ill<

1.«(O)|S0) 
V2\v5/ 

v2LvZ/ J 

which in view of Eqs. (3) and (51a) establishes the 
proportionality of the weak interaction form factors 
G;(±) (kP

2) to the electromagnetic form factors F , ( ± ) (k2); 
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in fact, using Eqs. (51c) and (5), we have: (53a) and (53c): 

<A"|jy>(0) |2->L„(0) 
<A«|JV")(0)|S-> 

•G 2 | 

~v2~l .v2~/ 
{FiMikflifaiyfy^k, Vv2 V 2 / 

(WACTSO^^S)-—( 1 

Riy / K p 

mN \ \2mJJ 

k 2 

Kp 

+F^(kp*)i(uAWh^W 

+ 2V± ) (kp
2) (tfA(75>z) ( « 2 ^ A ) W . (52) 

I t is to be noted that Eq. (52) predicts that 
(A 0 | i M

( F ) (0 ) |2 - ) -*0 as kv->0) this also follows 
directly from the fact that as kv —» 0, 

+ (MA(75')7/I«2) f A*(0) 
6w r

2 ' 

+ (WA(760«2) 
/(ws=FWA)we 

X(-^.(0)(l+7»)^(0))l (54a) 

/ 
<*W>(x,0)L,,(x,0)-

<A«|j„W)(0)|S->ZM(0) 

ŷ xĵ ^Hx̂ ĉo) =*f-^n •Kl(±) ( V ) (MA(T5')^/.V75«S) 

= (G/v5)(ri+»r2) tL«(0) [Eqs. (48d), (48e)] 

so that as 

+tf2<±> (Ap*) (WA(T5')TMT5«S) A,(0) 

( « 2 ± « A ) « I 

* , - * ( ) , + A - , < ± ) ( V ) ( « A ( 7 . ' ) 7 « « Z ) -
« . 

A": T=0 f. ̂y/F)(x)0)L„(x,0) s - : r = i ) -

where 

—iz,4(o)(A°: r=o|r1+jr2 |s-: r=i>=o. 
V2~ 

We now recall, from the discussion just preceding 
Eq. (28), that for small k„2: 

F 1 t t ) ( 4 p 2 ) S f / 0 : ) _ L y l * / \ . 
V 2mNJ\ I2mj I 

m/^eC—A 
\l2m*J 

X ( - # . ( 0 ) ( l + 7 8 ) * , ( 0 ) ) (54b) 

Also, since 

(G/V2) 

(G/v2) ' 

fls
(±)feV 
(G/V2)~' 

(54c) 

(53a) 

/V±W)= 

K ^ ^ m a x I S ^ s - ^ ^ O J w , 2 , (54d) 

and since for relatively small | (&p
2)max| we should have 

where /<±>, the 2° -A° transition magnetic moment in « i^2 ( ± ) (V)«^2 ( ± ) (0 )=KA ( ± ) , (54e) 
units of e/2mN, is related to the 2° lifetime, r(2°), we finally obtain from the Eqs. (54): 
b y E q . (11a): 

(A" | i / "> (0) |2-)Z,(0) 

/(±) = [2.0X10-"sec/r(20)]i , (53b) /G f±\< k 

H~z~-r)\ (uAiyfiv^uz)—JA.(0), (55a) 
WAT 

4 ^ ( 0 ) = (^ e +^ ? ) M C-^ e (0)7M(l+75)^(0)3 (A?\JSA)(0) |S->LM(0) 
= tWaC-^a(0)( l + 7 6 ^ ( 0 ) ] . (53C) 

Thus, combining Eqs. (52) and (51b) with Eqs. 
s , ( ^ > ) {(MA(7 6 ' )Y„75MS)}A,(0) , (55b) 

file:///2mJJ
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wherein it is seen that (G/v2) (/<±>/\5) and (G/V2)fcA
(±) 

play the roles of weak magnetism and axial vector 
effective coupling constants, respectively. 

Equations (55) may now be used for the prediction 
of the 2~~ —> A0 leptonic decay rate and e~ momentum 
spectrum from which quantities 

/<±> = [2.0X 10-19 sec/r (2J°)]* [Eq. (53b)] 

can be determined if 

KA(±) £f(±) (\k,\ m a x / W ) = / ( ± ) ( w Z - mA)/mN 

= 0.086/c±)«0.1feA
( ± )g2 !/^) [Eq. ( l i e ) ] . 

Such a small value of KA(±) : 

«A ( ± ) § (mJmN) (gA(±)/gN) ~ (gNrnJlmNYign^/gN), 

may perhaps be anticipated with our JB(weak)(x) which 
provides no primitive coupling for22 2 T —> A°+e : F+ v and 
which, from the point of view of perturbation theory, 
ascribes the actual nonvanishing value of the term 
proportional to K2^(kp

2) in <A°|7M
(A)(0)|S")LM(0) 

and so the actual nonvanishing value of K^ ( ± ) to a 
sequence of virtual reactions such as23: 

P A P Z ^ - I , 

*•* ^strong p+«+A°; p+n- e~+i 

We proceed to calculate the 1r —-»A0 leptonic decay 
rate r(2~—->A°+e_+»0 and the corresponding e~ 
momentum spectrum "3l(pe). Using the matrix elements 
of the Eqs. (55) and remembering Eqs. (47d) and 
(47a) a standard calculation gives, with |im=fflj-ffli 
= 0.086w;v; G= universal weak coupling constant 
= 1.0X 10-y (mNy; /<±> as in Eq. (53b): 

P A P Z = + 1 , 

f+)\/Pm-2pe\ 
SL(pe)--

G2r 
—l 3(KA 

+(f(+)y 

KA <+)! -V* 
V 2 / \ mtf 

(10/3)pmpe+(10/3)p* 

r(S-->A°+e-+p) 

G*r3(«A<+))2 

)] 
•#.)*], (56a) 

2*-3L 30 

(/(+))V^V 

105 \WJV/ J 

1.1X10«(ICA< + ))2 

/10-19 

+ 1.7X103 

V r(S») 

sec\~| 
sec- (56b) 

22 It will be noted that our £(weak)0*0 cfoes of course provide a 
primitive coupling for 

n->p+e-+i>, 2-->S 0+e~+i>, 2° -*2 + +<r+i>, 

23 In this connection one should recall that the strong-interaction 
induced renormalization of the axial vector coupling constant in 
n —> p+e~-\-i>, which is conceivably associated with virtual reac­
tions such as n —>strong p-\-p-\-n] p+n —>Weak e~-\-v, amounts 
empirically only to about 20%. 

yi(pe)=-
27T3I 

(KA^y+if^y 
'pJ-ipmpe+W 

)] 
r (S - ->A l ) + e -4 - j i ) 

G2 

2^\ 

Xlpe2(pm-peyi (56c) 

(«A<->)» 3 (/<->) »/&.V 

L 30 105 W / J 

3.7X106(^ (->)2 

/ I 
+5.1X10 3 

V r(S») 

sec\ 
see" (56d) 

while, as a comparison, we have from experiment: 

r ( 2 - - ^ H - O = 6.3Xl09sec-1 , (57) 

Equations (56) show explicitly that, as expected from 
our previous discussion, KA

(±) must be fairly small if 
the terms in / ( ± ) or l / r (S°) are to be more or less 
dominant in, and so determinable from, the expressions 
for 9fl(£e), r(2--»A0H-<r+j>). Thus, for example, in 
the case P A P s = - l and with r(2°) = 5X 10~19 sec 
[ i .e . (gA(-))2=ig iV2 = 3 j gx2 = gN2 i n E q < (lld)] t h e a x i a l 

vector and weak magnetism terms in Eq. (56d) are 
about equal numerically for KA ( - ) = 1/15 [i.e. /cvi

(~) 

~ (niTr/niN)(gA(~)/gN) = 0.15/\/5~]. However, even if the 
term in KA(±) is much the larger,24 eventual observation 
and analysis of the er momentum spectrum and 
leptonic decay rate of 2~-^> A°-\-e~-\-i> should, at a 
minimum, ultimately confirm or deny the general 
validity of the principle of "minimal weak coupling'' 
in strangeness-conserving leptonic decays.25 

CONCLUSION 

Although we share the general belief that the 
radiative decay, S°—->A°+7, is subject to the con­
servation of parity, we have nevertheless included a 
discussion of the consequences of a possible breakdown 

24 J. Bernstein and R. Oehme, Phys. Rev. Letters 6, 639 (1961), 
have considered a theory of S ± —> A°-\-e±-{-v with P\P^= — 1 
which predicts K^_)—6X1.2 = 7.2. This estimate, and an analo­
gous one which can be made for the case -PA-PS^ + 1, are based on 
a Goldberger-Treiman type relationship: 

KA<±)/1.2»[2Wiv/(W2±WA)]feA(±V^) 
[see J. Bernstein, S. Fubini, M. Gell-Mann, and W. Thirring, 
Nuovo cimento 17, 757 (I960)] and always predict relatively 
large KA(±). 

26 It is worth commenting that on the basis of this principle 
(and with neglect of the 2 + , 2~ mass difference), the e+ momentum 
spectrum and the leptonic decay rate in S+—* A°-\-e+-\-p are the 
same, except for the sign of the term proportional to KA ( + ) / ( + ) in 
the momentum spectrum, as the corresponding e~ momentum 
spectrum, and leptonic decay rate in S~ —* A°+e~+v. In addition, 
if the AS = AQ rule is valid in hyperon leptonic decay, all e+ ap­
pearing in S + leptonic decay must be ascribed to 2 + —• A°-\-e+-\-v. 
It is also worth mentioning that a further test of our "minimal" 
£(weak) (x) [n 2± _> A0-\-e±-\-v decays can be obtained from a study 
of the A0 polarization and of the correlation of the e± momentum 
with the S* spin. 
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of parity conservation in this decay. We merely note 
here that, at the moment, no direct evidence is available 
for or against parity conservation in high-energy 
electromagnetic interactions of strange particles. 

Our main interest in this paper has been to devise 
a means of determination of the 2° lifetime, r(2J°), 
which remains the only unknown elementary particle 
lifetime. We conclude that the study of approximately 
forward A0—>2° conversion in a high-Z nuclear 
Coulomb field may well provide a feasible experimental 
procedure of rinding r(S°). 

We also suggest that the 2° lifetime may be deter­
mined from an analysis of 2^ •—» A0 strangeness-
conserving leptonic decays if these decays are subject 
to a principle of "minimal weak coupling" and the 
associated assumption of a conserved baryon-meson 
polar-vector current, and if the effective axial vector 
coupling is not dominant. We emphasize that the advent 

A new precision measurement of the mean lifetime of the 
positive' muon, T(M+), is described. On the basis of 12 in­
ternally consistent, independent determinations performed 
under a variety of experimental conditions we obtain r(/*+) 
= (2.203±0.004) jusec. These determinations were performed by 
means of an improved version of Swanson's "digitron"—a digital 
electronic time interval measuring device—embodying a con­
tinuous wave (CW) oscillator and several protective features. 
The available experimental conditions, in particular concerning 
the percentage of background events, were greatly superior to 
those available in earlier experiments here and elsewhere. Particu­
lar attention was paid to sources of systematic error, such as time 
dependence of background events and rate dependence of the 
over-all measuring process. All sources of background have been 

I. INTRODUCTION 

A PRECISION measurement of the mean lifetime, 
r(ju+), of muons is of great theoretical interest for 

several rather well-known reasons. This lifetime is 
essentially given by the rate for the decay process 

/z+->£++»+*>, (1) 

in which only weakly interacting leptons (as opposed* 
say, to the baryons in ordinary beta decay) participate. 
Hence one can extract from r{n+) valuable information 

* Research supported by a joint program of the Office of Naval 
Research and the U. S. Atomic Energy Commission. 

t Based on a thesis submitted to the Faculty of the Department 
of Physics, the University of Chicago, in partial fulfillment of the 
requirements for the Ph.D. degree. 

| National Science Foundation Fellow, 1958-1959, 1959-1960. 

of machines of high beam intensity should eventually 
permit a fairly detailed study of 'E±—» A°+e±+v and, 
in view of the expected "anomalous" features of these 
decays, point out that the corresponding decay rates 
and electron momentum spectra will surely provide 
important weak-interaction data even if they should 
prove incapable of yielding the value26 of r(S°). 

26 For the sake of completeness we mention that one can write 
the weak-electromagnetic branching ratio 
£ = Rate[2° -* p+7r-]/Rate[S° - » A ° + 7 ] 

= Rate[2+ -> ̂ +7r°]/Rate[S° -> A ° + Y ] , 
the second equality following upon use of the A T = J rule. Thus 
any future measurement of B together with already available 
empirical information about Rate[2+—• ^+TT 0 ] = 6 X 1 0 9 sec"1 is 
sufficient to determine Rate[S°—• A°+y]=l/r(2;0) . This weak-
electromagnetic branching ratio method will be the least im­
practical method for determination of r(S°) if r(S°) is appreciably 
greater than the 10~18—10~20 sec now anticipated [Eq. ( l i d ) ] 
since in this case the methods discussed in Sees. I l l and IV 
will become prohibitively difficult. 

localized, their effects quantitatively exhibited and, in general, 
suppressed electronically during actual lifetime determinations. 

The prediction of the conserved vector-current theory, using 
ft(Ou)= (3069±13) sec and mfi = 206.76me, is (including radiative 
corrections) rGu+) = 2.298±0.05 yusec, and thus in disagreement 
with the experimental value reported here. This discrepancy is 
even greater than with the somewhat higher values obtained for 
r(p+) by other workers; these values are briefly reviewed. 

A full discussion of the logical operation of the digitron, and 
of time-interval measuring devices in general, is presented. In 
Appendix I (by R. Winston) a general formalism is given which 
establishes the connection between arbitrary interval distributions 
presented at the input of such devices and their corresponding 
output interval distributions. 

concerning the absolute magnitudes of the " true" 
coupling constants, i.e., their magnitudes with the 
"renormalizing" effect of strong interactions switched 
off. All present-day evidence1 concerning process (1) 
is compatible with the assumption that it is described 
by the (V—A) interaction, i.e., that only two types of 
coupling (V,A) intervene in the relevant Fermi inter­
action and that the absolute magnitudes of the corre­
sponding coupling constants are equal: \Cv\ 
— \CA\ =G. Thus, there appears to be only one funda­
mental coupling constant, G, for weak interactions and 
its measure is given by T(JU+), 

1 V. L. Telegdi, Proceedings of the 1960 Annual International 
Conference on High-Energy Physics at Rochester (Interscience 
Publishers, Inc., New York, 1960), p. 713, 
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