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The apparent absence of muon-electron transitions without 

neutrinos, such as 1-t -�> e + 'Y, f.!. -l> 3e 1 and !-1.- + p ...., e- + p, leads one 
1 .� 

to suspect that there is a new conservation law forbidding them. Cal­

culations1 of the rate of Stlcb processes, assuming no such law exists, 

have indicated that it is hard to understand their absence in an inter-

2 

mediate boson theory of weak interactions. Even if there is no intermediate 

boson, the decay jJ. ...., (?. + vl + v2 with vl = v2 would lead to these processes 

in some order of perturbation theory, a.nd arguments �ve been given2 

which indicate that any field theorJ of vrealc interactions may predict 

unacceptably large rates for these processes in the absence of a selection 

rule. 

If we assume that p - e- transitions are forbidden by a 

selection rule, the nature of the selection :rule remains an open question. 

It has been suggested3 that an additive quantum number exists which is 
. 4 - -always conserved and whJ.ch is + 1 for f..1. and zero for e • In order to 

make this consistent '\or.i. th lmow weak interactions, it is necessary to 

assume that there are two neutrinos, which are distinguished by their 

value of this quantum number. The conservation law forbids all reactions 

in which any nonzero number of muons change into electrons, without 

neutrinos. 

This assumption of an additive conservation law is not the 

only possibility. All of the ''missing reactions" involve odd numbers 

of muons and elect14ons. It is therefore possible to forbid them by a 

multiplicative conservation law. By this it is meant that there is a 

quantity we shall call "muon parity" which is -1 for the muon and its 
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neutrino, and +1 for electrons and all other known particles .5 The 

muon parity of a system of particles is the �oduci of its values for 

the individual particles, and is to be universeJ.ly conserved. The 

possibility of multiplicative conservation laws has been known for same 

time, 6 although no law precisely of this type is known to exist at 

present. 

There are certain theoretical a rguments in favor of a multi-

plicative conservation law for muons and electrons. It has recently 

been shown7,
S 

that the symmetry in the properties of muon and electron, 

as well as their different mass, can be summarized by the invariance 

of the laws of nature under permutation of two primitive leptons (say 
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e' and�·). If thee' and�· can make transitions into each other, they 

will not be observed as particles, but instead certain linear continations; 

e. = ( !l' + e') /F2, Jl = ( !J.' - e' ) /f2, which would be stable in the absence 

of weak interactions, will be the observed electron and muon, and will 

necessarily have different mass. Invariance under the permutation sym-

metry !J.' � e' implies invariance under the transformation e � .z, 

!l � .. Jl • It is shown in reference 8 that the extension of the per.muta-

tian symmetry to weak interactions requires the existence of two neutrinos 

v,.,, v , which also transform as v, � + v,.,, v -> - v • This argument "'- f.J. >="� ·� !J. !l 
therefore leads directly to a multiplicative conservation law of "muon 

parity." If no particular model is assumed for the weak interactions, 

no stronger, additive, conservation law is implied. Of course, we cannot 

rule out the possibility that there is an additive quantum number, 

which would imply a stronger selection rule than the multiplicative law. 
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This was indeed the c�se in the specific Lagrangian models studied in 

references 7 and 8. However, we believe it is worthwhile to consider 

the consequences of the multiplicative symmetry by itself, and to 
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perform experiments to distinguish between the additive and multiplicative 

conservation laws. 

The two conservation laws both forbid ll � -� + ry, �t � 3e, and 

ll + _tJ � e. + ;-:. They also imply that two different neutrinos are emitted 

in ll decay. However, the additive law implies that the ll+ can only 
+ + -

decay by ll � e + v J1. + v e" while the multiplicative law would also 
+ + -

allow ll � @ + v + v • If the neutrinos from ll decay can be used J1. (:'. 
to induce inverse transitions, the latter possibility could be tested 

- + by looking for � produced by neutrinos from ll decay, which is forbidden, 

b 1 t t. ·f n1 + + -y ep on conserve. �on, � o y ll � ;::! + v + v • 

11 e 
If one considers systems with only muons and electrons, the 

selection rule implied by conservation of muon parity is 

n (initial state) 
{ -1) J1. 

n (final state) 
= { -1) j:l ' 

where n is the number of muons of either charge present. One reaction !J. 
which is allowed by it while forbidden by the additive law is e· + e- � 

J1.- + �l-. The cross section for this in a clashing beam experiment at 

10 Bev is probably no greater than 10-36 cm2• 
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Another reaction allowed by muon parity conservation and for­

bidden by the additive law is the transformation of muonium (�+ o.- :M) 
into antimuonium ( p-

� + ;:; M) • This reaction was first discussed in a 

theory with no muon conservation law by Pontecorvo. 9 If an interaction 

exists which allows M �M transitions with matrix element 8/2, then 

the vacuum energy eigenstates will not be M and M, but some linear com-

binations �' � with different energies. 1.rhus a system which is :pure 

muoniunt at ... i = 0 will develop an admixture of antimuonium at a later 

time • We show in another place 
10 

that the probability of seeing the 

system in vacuum decay as antimuonium (M � fast e.- + slow e.+ + neutrinos) - -
rather than as muonium (M � � e + + � e- + neutrinos ) is given by 

( 4 +6 -1 -10 ) where A is the muon decay rate = 0. 5 X 10 sec , or 3 X 10 ev 

(1) 

and 6 is any additional splitting of M and M, say by external electro­

magnetic fields. We can estimate 8 by assuming that the M � M transition 

is produced by the Fermi-type interaction, 

(2) 



If CV is the vector {3-decay coupling constant, we get 1 for 

hyperfine F = 0 and F = 1 ground states, 

6 

(3) 

so that if 6 < < A., P(M) a:; � �P./>-..2 = 2.6 X 10-5, which would probably 

be observable. An interaction of this type and ma.gni tude would not 

have shown up in any previous experiments. An estimate10 of the probability 

of seeing an e- which has gained z 10 Mev from the e + in an ordinary 1.1. + 
-10 decay gives a value < 10 • 

It can be shown10 that constant external fields do not contribute 

to 6 in the F = 0 ground state • Because of this, the splitting in this 

state for macroscopic external fields is negligible. Thus an experiment 

to detect the trans ition, in which the muonium-antimuonium system is in 

vacuum for most of the muon lifetime, will, for the F = 0 state, be 

governed by the vacuum rate (2.6 X 10-5), even if fields are present. 

On the other hand, an experiment done with muonium. which remains 

in matter would give a much lower transition rate. This case is treated 

in detail in reference 10. In a solid, the energy shift 6 will be much 

larger than >., which reduces the rate by a factor (A./ 6) 2• In a gas, 

the effect of collisions is to make the amplitudes, for making a.ntimuonium. 

in the periods between collisions, add incoherently. If one starts with 

muonium., the probability of seeing a ll- decay or be captured by the 

·· n.ucl€ms of a gas atom is 
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(4) 

where c.oc. is the collision rate. Thus the rate is reduced by A./roc = l/t1, 

Where N is the number of collisions, cODq>ared. to tbe vacuum rate. In 

I -4 -6 a typical experiment in a gas 1 1 N might be 10 to 10 • 

We would finally like to indicate the possible relevance of the 

intermediate-boson hypothesis for these consid�ra:tions. If all weak 

inte:t•e.ctiona go via intermediate bosons, it is necessary for us to assume 

the existence of bosons with muon parity of -1 . Such bosons are forbidden 

by the conservation laws to interact linearly with pions, baryons, etc. 

A neutral boson B0, identical with its antiparticle, could, by interacting 

with IJ.€ pairs, generate the interaction (2). A charged boson B + 1 inter-
. . . ll + + acting with the pairs J.t v e and ev ll, would generate the decay ll � e 

+ v + v.... . If such a. charged boson exists, it might be detected in the 1.1. <-. 

� + 0 experiments recently proposed to detect the different bosons (W 1 W ) 
Which may mediate the known weak interactions. Let us assume that the 

neutrino-scattering experiments (v + n �lepton+ p) indicate the exist­

ence of two neutrinos. (The forbidding of v ll + n. � e
-

+ p is unaffected 

by the existence of B +.) The neutrinos in 1r.. � ll-
+ v decay must be v • 1.1 

The following process may now occur'if muon parity is conserved: 

- + v + nucleus �e. + B + nucleus. IJ. 
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+ + + 
The B may now decay only into J.l + v e o r  -e + v ll, but not into pions, 

etc. The production of electrons with such a boson which decays into J.l 

is forbidden in a theory with an additive conservation law. If there 

8 

were no muon conser\l'ation law at all, then electrons ma.y be produced with 

a boson which decays into pions. The det�ction of electrons produced by 

v , together with a boson of only leptonic decay modes, would be strong IJ. 
evidence in favor of a multiplicative selection rule. 

The authors would like to thank many of their colleagues for 

very valuable discussions. 
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