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The apparent absence of nuon-electron transitions without 

neu t r i~os ,  such as p --> 6! + y, i.c --E 9, and 1-1" + p -+ 

to suspect that  there i s  a new conservation law foybidding them, 

culations 

have indicated t h a t  it is  hard to understand their absence i n  an inter- 

f p ,  leads one 

C a l -  

of the mte of such processes, assuming no such l a w  exists,  1 

mediate boson theory of weak interactions. Even If there is no ipztennedfate 

boson, the decay IJ. -+? + v1 + T2 w i t h  v = v2 would lead t o  these processes 

i n  @me order of perturbation theory, and arguments hqve been given 

which indicate that  any field theoqy of t~eak Znteractions may predict 

1 
2 

tanacceptably large rates for these processes i n  the absence of a selection 

rule  

If' we assume that  EJ- - e" transit ions are  forbidden by a 

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

It has been suggested' that  an additive quanta number exists which is 

always conserved and which is  +l for  p' and zero for  e-. In  order to 

make t h i s  consistent with known weak bteract ions,  it I s  necessary t o  

assume tha t  there are two neutrinos, which are distinguished by the i r  

value of t h i s  quantum number. The conservation l a w  forbids a l l  reactions 

in which any nonzero nulll'ber o f  muons change into electrons, without 

neutrinos. 

4 

This assumption of %tn additive consemvation l e w  is  not the 

only possibil i ty.  A l l .  of the "missing reactions" involve odd numbers 

of muons and electrons. It is therefore possible t o  forbid them by a 

multiplicative conservation l a w .  By this 5% is n e w t  that there is a 

quantity we shall c a l l  "muon parity" which is -1 for the muon and its 
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neutrino, and +l for  electrons and &U &her known particles.' The 

muon parity of a system of particles i s  the product of i t s  values for  

the individual particles, and is  to be universally conservedc The 

possibil i ty of multiplicative conservation laws has been known for some 

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

present. 

There are certain "cheoretical arguments i n  favor of a multi- 

It has recently plicative consemtion l a w  for muons and electrons. 

been s l z ~ w n ~ , ~  that  the synmetry i n  the properties of muon and electron, 

as w e l l  as their  different mass, can be s m r i z e d  by the invariance 

of the laws of nature under pernutation of two p r m t i v e  Leptons (say 

e' and & * > .  

w i l l  not be observed as particles, but instead certain l inear continationd; 

2 = (p' f t 9 t ) & @ 9  p = (p' - L?.')/&> which would be stable i n  the absence 

of' weak interactions, w i l l  be the observed electron and muon, and will 

necessarily have different mass. 

metry p' - g f  implies invariance under the transformation B -+z, 

If the 2' and! p.' c w  &e transitions into each other, they 

Invariance zulfler the permutation s p -  

p 4 - JJ . 
tfm symrnetryto we& Snteractions requires the existence of two neutrinos 

X t  is shown i n  reference 8 that the extension of the permuta- 

v which also transfom as v 4 f v,?, v -> - v This argument 
p. e I-t !J 

therefore leads directly t o  a multiplicative conservation law of "muon 

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

no stronger, additive, conservation l a w  is implied. O f  course, we cannot 

rmle out the possibil i ty that there is an additive quantum number, 

which would mly a stronger selection rule than the multiplicative Law, 
I 
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indeed the case ian models studied i n  

references 7 and 8. Hawever, we believe it is  worthwhile t o  consider 

t he  consequences of the multiplicative symnetuy by f t se l f ,  and t o  

perform experiments t o  distinguish between the  additive and multiplicative 

consemtion laws 

The two conservation laws both forbid 1.1 -+,? -t y, i ~ -  +3e, and 

p + ,Q -+e + 

in p decay. However, the additive l a w  implies that  the 1.1 can only 

decay by p -+e + vIJ. f ves while the multiplicative law would also 

allow p -+ 9* + vP -f- v,,,. If the neutrinos from p decay can be used 

t o  induce inverse transitions, the latter possibil i ty could be tested 

by looking for p* produced by neutrinos from p. decay, wMch is forbidden, 

They also imply that two different neutrinos are emitted 
+ 

+ + -  
+ - 

.. 

4- 

4- + -  
il %* by lepton conservation, if  only IJ. +,? + v 

If one considers systems with only mons and electrons, the 

selection W e  implied by conservation of muon parity is  

n ( i n i t i a l  s ta te)  y! (final state)  
(-1) I-1 = (-1) lJ 9 

*ere p? is  the number of mans of e i ther  charge present. One reaction 

which is  allowed. by it wfiile forbidden by the additive l a w  I s  e* + e- -$ 

P, 

- 
p + 1-1.. The cross section for t h i s  i n  a clashing bean experiment at  

10 Bev is probably no greater than 10 -3s cm 2 
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Another reaction aUowed by muon parity conservation and for- 

q 5 M) + -  bidden by the additive l a w  is  the transformtion of muonium (p 

into antimuonium (IJ e ? @ This reaction was first discussed i n  a 

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

exists which allows M *E transitions with matrix element 6/2, then 

the vacuum energy eigenstates will no% be M an3 E, but some linear c m -  

- +  

binations &$$ % with different energies. 

monim at,$ = 0 will develqp an admixture of antimuonium at a l a t e r  

time. We show in  another placelo that the probability of seeing the 

system i n  vacum decay as antimuonium (E -+E e" -t- - slow tt .I. neutrinos) 

rather than as muonium (M 3 - fast e+ + - slow e- + neutrinos) is given by 

%bus a system which is pure 

+ 

4-6 -1 where X is  the muon decay rate (= 0,45 X 10 

and A i s  any additional spliLting of' M and MIp say by external electro- 

magnetic fitelas 

is produced by the Fern-type interaction, 

see or 3 X lom1* ev) 

We can estimate 6 by asstmLng that the M +-+E transition 
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If C is the vector /%decay coupling constant, we get, for V 
hyperfine F = 0 asld F = 1 ground sta-tes, 

so that if  A € < A, P(E) 

be observable. An interaction of t h i s  type and magnitude would not 

have shown up in any previous experiments, An estimate" of the probability 
1- t. of seeing ctn 62' which has gained 2 10 Mev fmrn the e in  an ordinary 1-1 

-10 decay gives a value < 10 

$ 62/x' = 2.6 X lo3, which would probably 

. 
It can be shown" that constant external fields do not con-bribute 

to A i n  the F = 0 ground sbt;e.  

s t a t e  f o r  macroscopic external f ie lds  is negligible. 

Becau.se of this,  the splitting i n  this 

Thus an experiment 

t o  detect the transit ion,  i n  which the muoflimn-antimuonium system i s  in  

vacuum f o r  most of the muon lifetime, w i L l ,  f o r  the F = 0 s ta te ,  be 

governed by the vacuum rate (2,6 X lou5), even i f  fields are present. 

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

i n  matter would give a much lower t ransi t ion rate. 

i n  detail i n  reference 10, 

larger than A, which reduces the rate by a factor <X/O) . 
This case is treated 

I n  a solid,  the energy shift  A will be much 
2 I n  a gas, 

the effect  of collisions is to make the amplitudes, for  making mtimuonim 

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

muonium, the probability of seeing a pa decay or be captured by the 

nucleus of a @;as atam is  .B4 



where 'uc is the collision rate. 'phus the rate is reduced by A/aC = 1/17, 

where M is the number of collisions, compared t o  t h  

a typical experiment In a gas, 1/N might be low4 t o  loo6. 
We would finally like t o  indicate ss ible  relevance of the 

intermediate-boson hypothesis f o r  these considerations. 

interactions go vi& intermediate bosons, it is necessary for us t o  assume 

the existence of bosons with won par i ty  of -1. Such bosons are forbidden 

by the conservation laws t o  interact  linearly with pions, baryons;, e tc .  

A neutral boson 3 , identical. with i t s  ant ipar t ic le ,  could, by interacting 

with pE! pairs, generate the interaction (2) . A charged boson B 

If all weak 

0 

+ inter- 

acting wfkh the pairs vvq and E v  would generate the decay u +  p. 

experiments recently proposedE t o  deLect the different bosons (W', W 0 ) 

-+e + 
P" - + v + vP,* If such a charged boson exis ts ,  it m i g h t  be detected i n  the P 

which may mediate the known weak interactions. 

neutrino-scattering experaents ( LJ + n -3 lepton + ,P) indicate the exist- 

ence of two neutrinos. (me forbidding of v + yi ++?- + .D is unaffected 

by the  existence o r  B'.) !Phe neutrinos in  5t" -+PI + v decay must be v . 
!Rie following process may now occur i f  muon parity is conserved: 

Let us assme t ha t  the 

P. 

CI. 



+ The B may now decay 

etc .  The production 

+ -  only in%~ p+ + v or e .t v but not into pions, 
B I.1 

of electrons wlth sucb a boson which decays into p 

is forbidden i n  a theory with an additive conservation l a w .  

were no muon conservation l a w  at al l ,  then electrons may be produced wlth 

a boson which decays fnto pions. The detqction o f  electrons produced by 

v 

evidence in favor of a multiplicative selection rule. 

If there 

together with a boson of only leptonic decay no , mad be strow P J  

The authors would like l o  t h d s  many of their colleagues for 

very valuable discussions. 
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