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The representation of Fermi particles by two-component Pauli spinors satisfying & second order differential
equation and the suggestion that In A decay these spinom act without gradient couplings leads to sn essen-
uailly uruque weak four-fermion couphng It is equivalent to equal amounts of vector and axial vector coup-
ling with twe-component neutrines and conservation of leptons, {The relative aign is not determined
theoreticaliy.) Tt is paken to be “universal®; the Lifetime of the y agrees to within the experimental ercors of
27 The vector part of the coupling is, by analogy with electric charge, assumed to be not renormalized by
virtual mesons. Thys requires, for example, that pions are also **charged” in the sense that there is a directin-
Lleraction in which, sy, & »® goes to ¥~ and an electron goes to & neutrino. ‘The weak decays of atrange par-
ticlea will result qualitatively if the universality is extended to include & coupling involving & A o1 I fermion.
Panty is then not conserved even for those decays like X —2x or 3 which invoive no neutrinos. The theory

13 at variance with the measured angular correlation of
fewer than 10 pion decay into ¢lectron and neutrino,

electron and ncutring in He®, and wilh the fact that

THE failure of the law of reflection symmetry for
weak decays has prompted Salam, Landau, and
Leeand Yang' to propose that the neutrino be described
by a two-component wave function. A3 a consequence
neutrines emitted in § decay are fully polarized along
their direction of motion, The simplicity of this idea
makes it very appealing, and considerable experimental
evidence i5 1n 1ts favor, There still remains the question
of the determination of the coefficients of the scalar,
vector, etc., couplings.

There i3 another way to introduce & violation of
panty into weak decays which also has a certain
amount of theoretical raison d’#re, It has to do with
the aumber of components used to describe the electron
in the Dirac equation,

(5 —A)y=my. (1)

Why must the wave function bave four components?
It is usually explained by pointing out that to describe
the electron spin we 1 st have two, and we must also
represent the negalive-energy states or positrons,
requiring two more. Y et this argument is unsatisfactory,
For a particle of spin 2¢r0 we use a wave function of
only one component. The sign of the energy is deter-
mined by how the wave function varies in space and
time. The Klein-Gordon equation is second order and
we need both the function and its time derivative to
predict the future. So instead of two components for
spin zero we use one, but it satisfies a second order
equation. Initial states require specification of that one
and its time derivative. Thus for the case of spin } we
would expect to be able to use a simple two-component
spinor for the wave function, but have it satufy a
second order differential equation. For example, the
wave function for a free particle would look like
Uexp[ ~i(Et—P-x)], where U/ has just the two
compoaents of a Pacli spinor and whether the particle

e’

1A. Salam, Nuove cimento 5, 299 (t957); L. Landaw, Nuclear

Phvs. 3, 127 (1957); T. D. Lee and C. N. Yang, Phys. Rev. 105,
1671 (1957).

refers to electron or positron depends on the sign of E
in the four-vector p,=(E,b).
In fact it is easy to do this. If we substitute

|
v=—0(V—A+m)x (2)
m

in the Dirac equation, we find that x satisfes
(iv— A= [an_ A,)-4V.—4,)
—to.F,, o=m’, (3)

where Fo=08A4,/0x,—34,/0%, and e,=4i{y,7,=7.7.).
Now we have a second order equation, but x still has
four components and we have {wice as many solutions
as we want. But the operator y,=v,v,7.7: cOmmules
with o..; therefore there are solutions of (3) for which

tyax=x and solutions for #yix=—x. We may select,
say, the first set. We always take

Y= X- (3)
Then we can put the solutions of (3) into one-to-one

correspondence with the Dirac equation (1). For each
¥ there is a unique x; in fact we find

x=§ {147l (%)

by multiplying (2) by 144y and using (4). The
function x has really only two independent components.
The conventional ¥ requires knowledge of both x and
its time derivative [sece Eq. (2)]. Further, the six o,
in {3) can be reduced to just the three o4y, 0ys; Tax Since
=1y, Y=t ¢vs, Eq. (4) shows that ¢, may bt
replaced by so;y when operating on x as it does in (3)
Let us use the representation

1 0) (0 u-') ' (U '.I)
- , — » ¥ —_— — ¥
v (0 1) T e o) ™ 1 0

where ¢, 5 2 B¢ the Pauli matrices, 1f

()
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194 R, P. FEYNMAN AND M. GELL-MANN

where a, & are two-component spinors, we find from

(5) that
 d
X= (_ -rp)’

where g=4(a—?). Our Eq. (3) for the two-component
spinor ¢ is

[(Vu—A,)+ o (B+4E)Jo=m"e, (6)

where B,=F,, E.=F,,, etc.,, which is the equation
we are looking for.

Rules of calculation for electrodynamics which
involve only the algebra of the Paul matrices can be
worked out on the basis of {6). They, of course, give
results exactly the same as those calculated with
Dirac matrices, The details wiil perhaps be published
later.

One of the authors has always had a predilection for
this equation? If one tries to represent relativistic
quantum mechanics by the method of path integrals,
the Xlein-Gordon equation is easily handled, but the
Dirac equation is very hard to represent directly.
Instead, one is led first to (3), or (6), and from there
one must work back to (f).

For this reason let us imagine that (6) had been
discovered first, and (1) only deduced from it later,
It would make no difference for any problem in electro-
dynamics, where electrons are neither created nor
destroyed (except with positrons). But what would we
do if we were trying to describe 8 decay, in which an
electron is created? Would we use g field operator ¢
directly in the Hamiltonian to rerresent the annihi-
lation of an electron, or would we use ¢ Now every-
thing we can do one way, we can represeiit the other

way, Thus if ¢ were used it could be replaced by

i
-—(P-—A+m}( Y ). (a)
" -y

while Bn expression in which ¢ was used could be
rewritten by substituting

(1 Hivay. (b)

If p were really fundamental, however, we might be
prejudiced against (a) on the grounds that gradients
are involved. That i3, an expression for 8 coupling which
does not involve gradients from the point of view of ¢,
does from the point of view of . So we are led to
suggest p as the field annihilotion operator lo be wsed in
B decay without gradients. If o is written as in (b), we
see this does not conserve parity, but now we know that
that is consistr ¢ with experiment.

For this reason one of us suggesied the rule® that the

1R, P, Feynman, Revs, Modern Thys. 20, 347 (1948); Phys,
Rev. 84, 108 (195¢).

'R, P. Feynman, Proceadings of the Seventh Annual Rochester
Conferemce on liigh-Energy Nwclear Physics, 1957 (Interscience
Pulilishers, Inc., New York, 1957).

electron in 8 decay is coupled directly through ¢, or,
what amounts to the same thing, in the usual four-
particle coupling

2 Cf 0 ) (1.04), {7)

we always replace ¢, by 3(1 4-ival¥..

One direct consequence is that the electron emitted
in # decay will always be left-hand polarized (and the
positron right) with polarization approaching 1007,
as v—, irrespective of the kind of coupling. That is a
direct consequence of the projection operator

a=5{14ivs).

A priori we could equally well have made the other
choice and used

d=34{1—ivys);

electrons emitted would then be polarized to the right,
We appeal to experiment' to determine the sign,
Nogtice that a¢*=ga, da=0.

But now we go furiher, and suppose thal the same rude
apblies 10 the wave funciions of oll the particles entering
the interaction. We take for the S-decay interaction
the form

):C,-(mﬂmra,) W.OM.) )

and we should like to discuss the consequences of this
hypothesis.

The coupling is now essentially completely deter-
mined. Since of =¢4, we have in each term expressions
like 80.a. Now for S, T, and P we have Oy commuting
with w4 so that 80,e=0.da=0. For 4 and V we have
a0, a=0,0*=0,s and the coupling survives. Further-
more, for axial vector O, =iv,ys, and since fyua=ga, we
find O,a=+,a; thus A leads to the same coupling as V:

(B) G (& nYuG¥ p) (&,T.d‘ff.), (3}

the most general S-decay interaction possible with our
hypothesis.®

This coupling is not yet completely unique, because
our hypothesis could be veried in one respect. Instead
of dealing with the neutren and proton, we could have
made use of the antineutron and antiproton, con-
sidering them as the “true particles.” Then it would be
the wave function ¥; of the antineutron that enters
with the factor a. We would be led to

(8) Gy ¥Ys0¥ 3) (&r‘ha’;’ o (9}
This amounts to the same thing as
(8) iG(J."r,.d\f',) (J- #ﬂ‘;’-): (9’)

aud from the a priori theoretical standpoinl is just as
good a choice as (8).
We bave assumed that the neutron and proten are

1 See, for example, Bochm, Novey, Barnes, and Stech, Fhys,
Rev, 108, 1487 (1987),

' A universal V, 4 intergetion has slso been proposcd by E. C. G.
Sudarshan snd R, E. Manshak {to be published).
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either both “particles” or both “antiparticles.” We
have defined the electron to be a “particle” and the
neutrino must then be a particle too,

We shall further assume the interaction “universal,”
80 for example it is

(8)% (&n?:ﬂ\&r) (Fryaove) (10)

for u decay, as currently supposed; the j— is then a
particie. tere the other choice, that the x~ is an anti-
particle, leads to (8)IG(J,y,a¢:) (V.v.a¥.), which is
excluded by experiment since it leads to a spectrum
falling off at high energy (Michel's p=0).

Since the neutrino function always appears in the
form ay, only neutrinos with left-hand spin can exist.
That is, the two-component neutrino theory with
conservation of leptons is valid. Our neutrinos spin
oppositely to those of Lee and Yang.® For example, a
8 particle is a lepton and spins to the left; emitted with
1t is an antineutrino which is an antilepton and spins
to the right. In a transition with AJ=0 they tend to go
parallel to cancel angular momentum. This is the
angular correlation typical of vector coupling.

We bhave conservation of leptons and double 8
decay is excluded.

There is a symmetry in that the incoming particles
can be exchanged without affecting the couphng. Thus
tf we define the symbol

(4 B)(CD)= (P av.ada) (¥ cruabo),

we have (AB)(CD)= (CBY(AD). (We have used anti-
commuting ¥’s; for C-number ¢’s the interchange gives
a minus sign.’)

The capture of muons by nucleons results from a
coupling (fip}{fu}. It is already known that this
capture is fitted very well if the coupling constant and
coupling are the same as in g decay.®

If we postulate that the universality extends also
to the strange partides, we may have couplings such
as (%) (u), (A°p)(Pe), and (Ap)(Pn). The (A°P)
might be replaced by (T~n), etc. At any rate the
existence of such couplings would account quah-
tatively for the existence of all the weak decays.
Consider, for example, the decay of the K*. It can go
virtually into an anti-A* and a proton by the fairly strong
coupling of strange particle production. This by the
weak decay (A°p){pn) becomes a virtual antineutron
and proton. These become, on annihilaling, two of
three pions. The parity is not conserved because of the

* This is only because they used § and T couplings in 8 decay;
had they used ¥ and A, their cheory would be simsiac to ours, with
left-handed neutnnos.

' We can express [A_B}{("'D} directly in terms of the two-com-
ponent spinors e (AB)(CD)=d({pa’¢s)ecvol— e Tys)

-{w oy} If we put w-(:'). elc., where A, and A, are com-
L

plex numbers, we obtain B{d ,*Cs*—A4,"C.*){(8:D:— H:D,) and
the symmetry is evident.

 See, for example, J L Lopes, Phys Rev. {to he puidished);
L. Michel, Progress wn Cormae-Kay Physecr, ecited by ] G, Walson
{Interscience Publishers, Inc., New York, 1952), Vol. 1, p 125,

a in front of the nucleons in the virtual transition, The
theory in which only the neutrino carries the & cannot
explain the parity failure for decays not involving
neutrinos (the 7§ puzzle). Here we turn the argument
around ; both the lack of parity conservation for the
K and the fact that neutrinos are always fully polarized
are consequences of the same universal weak coupling.

For @ decay the expression (8) will be recognized as
that for the two-component neutrino theory with
couplings V and 4 with equal coefficients and opposite
signs [expression (9 or (9) makes the coupling
V+A]. The coupling constant of the Fermi (V) part
is equal to G, This constant has been determined® from
the decay of O% to be (1.4120.01)X10~* erg/cml.
In units where #=c=1, and M is the mass of the
proton, this is

G=(1.014£001) X 10-*/ M2, (11)

At the present time several S-decay experiments seem
to be in disagreement with one another. Limiting
ourselves to those that are well established, we find
that the most serious disagreement with our theory is
the recoil experiment in He® of Rustad and Ruby'®
indicating that the T interaction is more likely than
the A. Further check on this is obviously very desirable.
Any experiment indicating that the electron is not
1009, left polarized as »—¢ for any transition allowed
or forbidden would mean that (8) and (9) are incorrect,
An interesting experiment is the angular distribution
of electrons from polarized neutrons for here there is an
interference between the V and A4 contributions such
that if the coupling is F—A there is no asymmetry,
while if it is V+ A4 there is 2 maximal asymmetry. This
would permit us to choose between the alternatives {(8)
and {9). The present experimental results' agree with
neither alternative.

We now look at the muon decay, The fact that the
two neutrinos spin oppositely and the p parameter is §
permitted us to decide that the u— is a lepton if the
electron is, and determines the order of {&,») which
we write in {10), But now we can predict the direction
of the electron in the ¥—u~4 i—e~ 4 v+ # sequence.
Since the muon comes gut with an antineutrino which
spins (o the rnight, the muon must also be spinning to
the right (all senses of spin are tuken looking down the
direction of motion of the particle in question). When
the muon disintegrates with a high-energy electron the
two neutrinos are emilted in the opposite direction,
They have spins opposed. The electron emitted must
spin to the left, but must carry off 1the angular mo-
mentum of the muon, so it must proceed in the direction
opposite to that of the muon. This direction agrees with
experiment. The proposal of Lee and Yang predicted

* Bromley, Almauist, Gove, Litherfand, Paul, and Ferguson,
Phys Rev, 105, 957 {1957},

0 B, M, Rusiad and § L. Ruby, Phys Rev 87, 991 (1955),

n Burgy, 1 pston, Krehn, Novey, Raboy, Ringo, and Telegdi,
Phys. Rev. 102, 1731 (1957}
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196 R. P, FEYNMAN AND M. GELL-MANN

the clectron spin here to be opposite to that in the case
of # decay. Our f-decay coupling is V, A instead of S, T
and this reverses the sign. That the electron have the
same spin polarization in all decays (8, muon, or
strange particles) is a consequence of putting a¥, in
the coupling for this particle. It would be interesting
10 test this for the muon decay.

Finally we can calculate the lifetime of the muon,
which comes out

r = 192:/Gd = (2.26:0.04) X 10~ sec

using the value (11) of G. This aprees with the experi-
mental hifetime!? (2.220.02) X 10-° sec.

It might be asked why this agreement should be so
good. Because nucleons tan emit virtual plons there
might be expected to be a renormalization of the
effective coupling constant. On the other hand, i
there is some truth in the idea of an interaction with a
universal constant strength it may be that the olher
inferactions are so grranged so as wol fo desiroy lhis
constanl. We have ap example in electrodynamics, Here
the coupling constant e to the electromagnetic feld
is the same for all particles coupled. Vet the virtual
mesons do not disturh the value of this coupling
constant. Of course the distribution of charge is altered,
sa the coupling for high-energy fields is apparently
reduced {as evidenced by the scattering of fast electrons
by protons), but the coupling in the low-energy limit,
which we call the total charge, is not chanped.

Using this analogy to electrodyhamics, we can see
immediately how the Fermi part, at least, can be made
to have no reénormalization. For the sake of thig dis-
cussion imagine that the interaction is due to some
intermediate (electrically charged) vector meson of
very high mass M, If this meson is coupled to the
“current” (fy7,a¢,) and (yveevn) by a coupling
(4x /™), then the interaction of the two “currents”
would result from the exchange of this “meson” if

dx M = (8)0G. Now we must arrange that the total
turrent

Jl= {l;ﬂ-ﬂh)-f’ (ir-"r.ﬂ%)'!‘ ('l'iTpa\&p)"" e (12)

be not renormalized. There are no known large inter-
action terms to renormalize the (5e) or (Fu), so let us
concentrate on the nucleon term. This current can be
splitinto two: Ja=3(/J,Y+J.4), where J,V =y v, and
T A= siv, vy The term J,¥ =y, 7, in isotopic spin
notation, is just like the electric current, The electric

current is
Jﬁ'l = \LT#(* 1.

The term )74 is conserved, but the term Y, r ¢ is
not, unjess we add the current of pions, i[e*T,V, e
— (V") T,¢ ], hecause the pions are charged. Likewise
vY,7+¥ is not conserved but the sum

J.V = h!r-i'\""' ‘.[F' T4Vae— (?ni"').ril*ipj (13)
't W. E. Bell and E. P. Hinchs, Phys. Rev. 84, 1243 (1981),

is conserved, and, like electricity, leads to a quantity
whose value (for low-energy transitions) is unchanged
by the interaction of pions and nucleons. If we include
interactions with hyperons and K particles, further
terms must be added to obtain the conserved quantity,

We therefore suppose that this conserved quantity
be substituted for the vector part of the first term In
(12). Then the Fermi coupling constant will be strictly
universal, except for small electromagnetic corrections,
That is, the constant & from the p decay, which is
accurately V' —A, should be also the exact coupling
constant for at least the vector part of the 8 decay.
(Since the energies involved are so low, the spread in
space of J,Y due to the meson couplings is not
important, only the total “charge.”} It is just this part
which is determined by the experiment with Q%, ang
that is why the agreement should be so close.

The existence of the extra term in (13) means that

other weak processes must be predicted. In this case
there is, for example, a coupling

(8)1Gi(¢*V, T~ (Vae)* Teo) (fry,a¥),

by which 2 &~ can go to a x° with emission of # and ¢,
The amplitude is

4G (= + 1) (Povaad ),

where p~, 2% are the four-momenta of »~ and =%
Because of the low energies involved, the probability
of the disintegration is too low to be observable. To
be sure, the process ¥“—x"+¢+5 could be understood
1o be qualitatively necessary just from the existence of
B decay. For the 7~ may become virtually an ant-
proton and neutron, the neutron decay virtually to a

proton, e, and # by 8 decay and the protons annihilate

forming the »" But the point is that by our principle
of a universal coupling whose vector part requires ne
renormalization we can calculate the rate directly
without being involved in closed loops, strong couplings,
and divergent intervals.

For any transition in which strangeness doesn’t
change, the current J,.¥ is the total current density of
isotopic spin T'3. Thus the vector part gives transitions
AT=0 with square matrix element T(T+1)—~T.T,
if we can neglect the energy release relative to the rest
mass of the particle decaying. For the nucleon and
K~—K%- ¢+ # the square of the matrix element is 1,
for the pion and Z~—X%4- ¢} Bit is 2. The axial coupling
in the Jow-energy limit is zero between states of zero
angular momentum like the = meson or O, 8o for both
of these we can compute the lifetime knowing only the
vectar part. Thus the x™—+x"+¢+ ¢ decay should have
the same [t value as O", Unfortunstely because of the
very small energies involved (because isotopic spin is
such a good quantum number) none of (hese decays
ol mesons or hyperons are fast enough to observe in
competition to other decay processes in which T or
strangenesa changes,
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This principle, that the vector part is not renormal.
ized, may be useful in deducing some relations among
the decays of the strange particles.

Now with present knowledge it is not so easy to say
whether or not 2 pseudovector current hike Juyyy,riy
can be arranged to be not renormalized. The present
experiments® in 8 decay indicate that the ratio of the
coupling constant squared for Gamow-Teller and Fermi
is about 1.340.t, This departure from 1 might be a
renormalization effect.* On the other hand, an interest-
ing theoretical possibility is that it is exagtly unity
and that the various interactions in nature are so
arranged that it need not be renormalized (just as for
Y). It might be profitable to try to work out a way of
doing this, Experimentally it is not excluded. One
would have to say that the fij value of 1220150
measured'* for the neutron was really 1520, and that
some uncertain matrix elements in the 8 decay of the
mirror nuclel were incorrectly estimated,

The decay of the #~ into a x~ and » might be under-
stood as a result of a virtual process in which the =
becomes a nucleon loop which decays into the u+#.
Ia any event one would expect a decay into e-7 alsg,

The ratio of the rates of the two processes can be

calculated without knowledge of the charatter of the
closed loops. 1t is (m,/m,) (1 —m2/m ) 2=13.6X107*,
Expecimentally” no w—¢+» have been found, indi-
cating that the ratio is less than 10~% This is a very
seripus discrepancy. The authors have no idea on how
it can be resolved.

We have adopted the puint of view that the weak
interactions all arise from the interaction of a current

Jo with uself, pessthly via an intermediate charged

vector meson of high mass. This has the consequence
that any term in the current must interact with all the
rest of the terms and with itself, To account for A decay
and a decay we have to introduce the terms in (12) inlo
the current; the phenomenon of u Lapture must then
alsg occur. In addition, however, the pairs ev, up, and pn
must interact with themselves. In the case of the
(év)(9¢) coupling, experimebnlal detection of electron-
neutrino scattering might some day be possible if
electron recoils are looked for in materials exposed to
pile neutrinos; the cross section' with our universal

coupling is of the order of 10— cm.

¥ A Winther and O. Kofoed-Hansen, Egl. Danske Vidensakb,
Selakab, Mat -{ys. Medd. (to be published).

4 This slight inequality of Fermi and Gamow-Tecller coupling
canstants is not enough to account for the experimental sesults
of relerence 11 on the electron asymmetry in polanzed neutron
decay.

1t Spivac, Sosnovaky, Prokofiev, and Sokolov, Proceedings of ths
[nternatsonal Conference om the Peaceful Uses of Alomwe Energy,
Gemeva, 1955 (United Nations, New York, 1956), A/Conf. 8/p/650.

18 C, Lattes sud H. L. Anderson, Nuova cimento (1o be
published ).

11 Far neutrinos of energy » (in units of the electron masa m) the
tota! cross section i oo/ (142w}, and the spectrum of recoll
energies « of the electron is uniform de. For antineutrinos 1t 18
erlw/6{1— {1+2’u)";| with a recolt specirum  varying as
() +w— . Here gq= Pt wwl 310 cm,

To account for all observed sirange particie decays
it is sufficient to add to the current a term like ($A%),
{pZ%), or (I~n), in which strangeness is increased by
one as charge is increased by one. For instance, (PA%)
gives us the couplings (BA®){(&), (PAY)(Gv), and
(A} (ip}. A direct consequence of the coupling
{pA%){2v} would be the reaction

A—ptet-¥ (14)
at a rate 5.3 107 sec™!, assuming no renormsalization
of the constants.'® Since the cbserved lifetime of the A®
{(for disintegration into other products, like p+#~,
n4x?) is about IX 107 sec, we should observe process
(14) in about 1.6% of the disintegrations. This is not
excluded by experiments, If a term like {Z=n) appears,
the decay T-—m+ ¢ -+ » is possible at a predicted rate
3.5%10% sec~t and should occur {for rr-=1.6X107¥
sec) in about 569, of the disintegrations of the I,
Decays with u replacing the electron are stitl less
frequent. That such disintegrations actually occur at
the above rates is not excluded by present experiments,
It would be very interesting to look for them and to
measure their rates,

These rates were calculated from the formula
Rate= (2G?W%/30x*) derived with neglect of the
electron mass. Here W= (M3—M}/2M, is the
maximum electron energy possible and ¢ is a correction
tactor for recoll. If x=W /M, it is

¢= —Mr¥{1~22 In{1—2x)
— (1 —x}(3—6x—237),

and equals 1 for small x, about 1.25 for the T decay, and
2.5 for M,=(.

It should be noted that decays like Et—nd-ett»
are forbidden if we add to the current only terms for
which AS= 41 when AQ =1, In order to cause such
a decay, the current would have to contain a term with
45=-—1 when AQ=+1, for example {T+n). Such a
term would then be coupled not only to (3¢}, but slso
to all the others, including one like {#A%). But a coupling
of the form (Z*n)(A%) leads to strange particle decays
with AS==2, violating the proposed rule AS=Z1.
It is important to know whether this rule really holds;
there is evidence for it in the apparent absence of the
decay E—w—+n, but so few E particles have been
seen that this is not really conclusive, We are not sure,
therefore, whether terms like (T+n) are excluded from
the current.

We deliberately ignore the possibility of & neutral
current, containing terms like (%e), (ie}, (sn), etc,
and possibly coupled to & neutral intermediate field.
No weak coupling is known that requires the existence
of such an interaction, Moreover, some of these
couplings, like {2¢)(ie), leading to the decay of a muon
into three electrons, are excluded by experiment.

It is amusing that this interaction satisbes simul-
taneously almost all the principles that have been

1 R E Behrends and C. Fronsds), Phys. Rev. 106, 345 (1937).
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proposed on simple theoretical grounds to limit the
possible 8 couplings. It is universal, it is symmetric, it
produces two-component neutrinos, it conserves leptons,
it preserves invariance under CP and T, and it is the
simplest possibility from a certain point of view (that
of two-component wave functions emphasized in this
paper).

These theoretical arguments seem to the authors to be
strong enough to suggest that the disagreement with
the He® recoil experiment and with some other less
gccurate experiments indicates that these experiments
are wrong. The »—e¢+ 5 problem may have a more
subtle solution.

After all, the theory also has a number of successes.
It yields the rate of u decay to 2%, and the asymmetry
in direction in the =—u—e chain, For 8 decay, it agrees
with the recoil experiments® in A indicating a vector
coupling, the absence of Fierz terms distorting the
allowed spectra, and the more recent electron spin
polariz: tion* measurements in A decay.

' Herrmansleldt, Maxson, Stéhelin, and Allen, Phys, Rev, 107,
641 (1957),

Besides the various experiments which this theory
sugrests be done or rechecked, there are a number of
directions indicated for theoretical study. First it is
suggested that all the various theories, such as meson
theory, be recast in the form with the two-component
wave functions to see if new possibilities of coupling,
etc., are suggested. Second, it may be fruitful to analyze
further the idea that the vector part of the weak
coupling is not renormalized ; to see if a set of couplings
could be arranged so that the axial part is also not
renormalized; and to study the meaning of the trans-
formation groups which are involved. Finally, attempts
to understand the strange particle decays should be
made assuming that they are related to this universal

interaction of definite form.
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