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We propose a description of leptonic and semileptonic weak processes which involves the
use of only three distinct lepton field operators g,-(x), g&-(x), and pv {x) and postulates
such an expression for the leptonic weak

current(�

„'(g, (x), t(t&-(x), g~(x)} that (1) neither
the conservation of total lepton number nor the "conservation of neutrino chirality" holds
exactly, and (2) the extent of lepton-number nonconservation and neutrino-chirality noncon-
servation becomes maximal at high interlepton momentum transfers. As a result, various
weak processes forbidden in the conventional description and so far unobserved at relatively
small momentum transfers are expected to proceed with non-negligible rates at higher
momentum transfers. A discussion is given of certain of these processes and particular
attention is focused on the production processes v&+p e++n, v&+p e + 4+, v&+p

p++n, and v&+ (Z, A) e + p++ v&+ (Z,A), and on the decay processes%+ p++e+
+ x and p+ e++ y.

I. INTRODUCTION m'- e'+ v, or, e.g. , e +p- v, +n,

Some years ago, Konopinski and Mahmoud' pro-
posed an assignment of lepton numbers to the elec-
tron, muon, and neutrino as follows:

L=l for e, p, ', v,

7t'- p, '+v„or, e.g. , p. +p- v„+n,

n -e +v, or, eg. , e'+n-v+p,

+v„or, e.g. , p, '+n- v„+p.

(3)

L=-1 for e', p, , v,

I«.~= ZIJ

Equations (1)-(3) imply a leptonic weak current of
the form

&„(x)= g,
' (x)r,r„(I+r,)4,(x) + 0„' (x)r,r„(I+r, )4„-(x).

l~.(p)&= l~(p, --')&: &= I,

lp, (p)&= l~» a)&: 1.=1,

lp. (p)&= lp(p, -')&: I =-I,

l~, (p)&= l~(p, -2)&: &=-I

(2)

In Eq. (2), p refers to the momentum, and —,
' or --,'

to the helicity, of the neutrino or antineutrino
state, while the "neutrinos" v, and v„, and the
"antineutrinos" v, and v&, are those emitted in the

decay of charged pions or in some equivalent semi-
leptonic weak process:

and assumed, in addition, that the total lepton num-

ber L„, is conserved in all processes. This as-
signment of lepton numbers, together with the now

available experimental information on neutrino and
antineutrino helicities, corresponds to the identi-
fication

We also take y„=y„=y„(1—25 ~) so that

y, ,(x) = y, (x), yp(x) =
qp (x), lJ)-„(x-) = y, (x).

We note that the l (x) of Eqs. (4) and (5) employ a
single neutrino field operator t),(x) so that in this
case m„=m, =m„; on the other hand, the conven-

V~ Vp

tional leptonic weak current

[I (x)l... = 0'-(x)y.y (I +r,)t(.,(x)

+0',-( )rx.r.( 1r+.)t.„(x)

employs tavo distinct neutrino field operators g„(x)
= gf (x) and g, (x) = g1 (x) so that here m„may be
different from m„.

Equations (1)-(5) forbid all processes which do
not conserve L„,. Thus, e.g. , the (b.L,„,=2) pro-
cesses
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are characterized by transition amplitudes propor-
tional to (A. '=-,' or --,')

&e (p', &')ly.' y,y.(1+y,)y. l ~,(p&&

= &e $', l ')I(.' y,.y-.(1+y.)t.1p$, -5)&

&p. '(p', &') Illy, y.(1+y.)(„-I ~„(p»

= &V'$', ~') ll„'y,y.(1 y.)-t.lp$, -k)),
(9)

respectively, and each of these matrix elements
vanishes since P, annihilates a state without any
v. Further, Eqs. (1)-(5) imply a "neutrino-chi-
rality-conservation" principle since the l„(x) of
Eqs. (4) and (5) is invariant under the transforma-
tion P,(x)-y,g, (x), g, (x)- P, (x), g„-(x)- P-„(x-)
and since (m, /~ p~) can be considered as negligible
in all cases of practical interest. As a result, pro-
cesses which conserve L,t,, but which violate neu-
trino-chirality conservation (Ch„conservation) are
also forbidden. Thus, e.g. , the (~I,„,=O) process

is characterized by a transition amplitude propor-
tional to

&e'(p'~&')lg. y4y~(1+y ~)ge-l~~(p)&= &&'$'~ &')lke+ycy (1 y.N-'~ IP% -~3)&

~P I (p( mp
Me+(P &

~ )y4ylX o ~ ~ 2 2~1/2 ysy4 2 2~1/2'j)p) +m, j j, jp) +m„j

)pl Sl fj=+'(p ~)y4y 1
(

2 2)i(a yy4 -2 3 isa" (»(lpl +m, j (Ipl +m„j
which vanishes as m, /[pf-O. Finally, the Eqs. (1)-(5) allow all processes which satisfy both I.„,conser-
vation and Ch„conservation. Thus, e.g., the (AI.„,=O} process

Vp +P~ P +6
has a transition amplitude proportional to [neglecting henceforth all terms - (m, /~p~)]

&V (0' ~')l0„'-y.y (1+y,)P.-I&g)&= &u $' &')l0,'-y, y (1+y )P-, lp(p -k)&

=~„'-(p', &')y,y.(l-o P)~;(p, --')

=3~p-(p ~~ )y4yn~v(p~ -a)
and this does not vanish. The discussion of Eqs. (6}-(13)can be extended to all other processes and to any
order in the weak interaction and one arrives at the general conclusion that the theory based on Eqs. (1)-
(5) with its implication of I.„,conservation and Ch, conservation is completely equivalent in its predictions
to the conventional theory based on the above-quoted [l„(x}]„„„withits implication of (I„)„,conservation
and (Ip}t t conservation

[(I.) .=Z (L.» (I ) ,=Z (I ) ' I;= 1 (-1) fo - ("), , (-.); L„= 1 (-1) f- l
-

(l '), .„ (-„)].'

II. GENERALIZATION OF EXPRESSION FOR LEPTONIC WEAK CURRENT

We now proceed to generalize the theory of Eqs. (1)-(5) by replacing the leptonic weak current l (x) of
Eqs. (4) and (5) by the leptonic weak current

f'.(x) = 4.'-(x)y,y.[(1+y.)+ n.(1-ys) 1[4.(x) + &4.-(x)]+0,'-(x)y.y.[(1+y.) + n„(1-y,)][8-.(x) + 1*4,(x)],
g,+(x) = P, (x), g&+(x) = g„-(x), g;(x) =g„(x),

where the parameters g„g„, and g may be considered as functions of (-(S/Sxq)(8/ex8)) so that, e.g. ,

&u (p', ~'jlk& ya.n„(1 y.j-4;IP(p, 2)&--&~ $', &')In„[4„' y.y.(1 -y.)4;]I-P$ k)&

=n„((P'-P)'}&V $', ~')l0„'-y.y (l-y, )g;IP$, k)&

(15)
Because of Eqs. (3}and (14), we must replace the identification of the neutrino and antineutrino states

given in Eq. (2) by
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lv.(p)&=&. '"[I~(p, -2)&+n.*lv(p, a)&+ 5*iv(p, -s)&+n.*h*lp(p, a)&j,

I vt (p)& =&„'"[I~(p, 2)&+n, l v(p, - -')&+ &*Iv(p, 2) &+ n„4*Iv(p, --'&)],

Iv.(p)&=&. '"[Iv(p, -2)&+n. l~(p, -2&&+ 41v(p, k)&+n. t'lv(p, -2&&],

lv„(p)&=&„'"[Ip(p, -4})+n.*lp(p, 2)&+(I~(p, '2)-&+ng(lv(p ~a)&1,.

N. -=(I+ In. l')(I+1(I'), &,=-(I+ ln, l'&(I+
I & I'&,

which shows that the "neutrinos" v, and v„and the
"antineutrinos" v, and v„, emitted in the decay of
charged pions are now neither in eigenstates of
lepton number [see Eq. (1)] nor in eigenstates of
helicity (I'„(x) is not invariant under the transfor-
mation

|I)„(x)+ $ @(x)-y,[g„(x)+ $ g„-(x)],

c.-( )-c.-( ),

|I)q-(x)--)1)q (x)

so that Ch„conservation is violated}. The "wrong"
lepton number and helicity admixtures in I u, (p)&,

Iv„(p)&, Iv, (p)), and Iv&(p)& depend on the values of
$ and of n, and n„at the interlepton momentum
transfer appropriate to the neutrino or antineutri-
no process in question and they may become rela-
tively large at large momentum transfer (see be-
low). In particular, for g=n, =n„=1, these ad-
mixtures are of such a magnitude that

I v.(P)& = lv, (p)&= I v.(p)& =
I vg)&

= 2[ lv(P, -k)&+ lv(p, 2)&+ Ivl, - 2)&+ lp(p, k)&l

Thus the v„v&, v„and v& produced in processes
for which $ = n, = n„= 1 behave identically in all sub-
sequent processes. Vfe also note that, according
to Eq. (14), n, =n„=1 corresponds to a parity-con-
serving l'„(x) and that more generally, the extent
of parity nonconservation in any leptonic or semi-
leptonic weak process (as measured for example
by the expectation values of the helicities of the
emitted charged leptons) depends on the values of

q, and q& appropriate to the momentum transfer of
the process [see, e.g., Eqs. (1V) and (18}, below].
Finally, we explicitly admit the possibility that $
4 $*, g, 4q,*, g& 4 g&~, which corresponds to a, viola-
tion of CP invariance by the weak Hamiltonian con-
taining I '„(x),' and we take n, = n„, which is re-
quired for the validity of p, -e universality.

HI. SOME CONSEQUENCES OF THE
GENERALIZED LEPTONIC %LEAK CURRENT

%e proceed to give a more systematic discus-
sion of the predictions of the theory based on Eqs.
(1), (3), and (14)-(16). In this theory, the longi-
tudinal spin polarization (= twice the expectation

I

value of the helicity) of the e', v, and e, v, emit-
ted in nuclear p decay is given by

the Michel parameter p, which determines the
shape of the electron momentum spectrum, is
given by

(20)p = ~ [1—2 P(&„~N)],

where P(v„v„) is the probability that a v, and a
v„of the same momentum have the same lepton
number and the same heliclty~ i.e., P(ve~ v))) is
the probability of overlap between the Iv, (p)) and
the I v„(p)& states. Equation (16) yields

P(v. v, ) = l(p), (p) Iv.(p)&l'

= 4lnl'/(1+ Inl')' (21)

so that, using the available experimental limit on

(1 ——,
' p),

'

Inl&6xlo-' for 1(p-. -p„.}'I'~'&Ioo Mev/c.
(22)

Let us now consider again the various processes
that may be initiated by a high-energy neutrino
emitted in pion decay and incident on a proton [Eq.
(3) and Eqs. (6), (7), (10), (12)]. As noted above,
the process [Eq. (10)]'

v„+P-e++n (23)

is forbidden by the theory of Eqs. (1)-(4) because
of its violation of Ch„conservation [Eq. (11)], and
it is also forbidden by the conventional theory be-
cause b, (I.,)~,=-1 and n.(I.„)&„=-1. On the other
hand, in the theory of Eqs. (1}, (3), and (14)-(1'6),
this process is characterized by a cross section
d( „oPv-+e'+n)/d&u proportional to the probability

whence, using the available experimental limit on4

!~)o~. (e')I
(v,/c)

I nl
&0 I«r . l(e,.+u, )'I'"&6 MeV/c.

Further, in muon decay
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of overlap P(v„, v, ) between the incident
I v„(p)} state

and the
I v, (p)) state which would be produced if the

do'(v„+ p e +n)/d(d
( )

do(v, +p-e'+ n)/d(o
=PVyV~

e' were absorbed in e'+n- v, +P [see Eq. (3)]. In
fact, we have, using Eq. (16),

=
I &v.(p} I v„(p)) I'

I [n(H) + n(I)][1+& (II)(*(I)]I'
[1+ ln(II)l'][1+In(I)l'][1+I)(H)l'][1+ lt(I)l'] '

where the I and H in n(I), n(II) and $(I), $(II) refer to the squares of the momentum transfers in Eq. (3) and
Eq. (23), i.e.,

I=-(P„++P,„}'=P„'=-m„',

»=-(p,.-p,„)'=(p..-p,„)'-(E..-E.„)' =-2E.„'(I-p.„.p:).

Since IHI » III for large E, and not too small cos '(p„p„)we may expect that

n(H)»n(I) =-o, t'(11}»$(l}-=o

whence, combining Eqs. (25) and (24),

do(v„+ p-e'+n}/d+ In(II)p
do(v, + p e'+n-)/d~ [1+In(»)l'][& +I((11}l]

'

Equation (26) and the experimental limit on do(v„+P-e++n)/du (Ref. 7) provide a limit on the Ch, -non-
conservation parameter n(II), viz. ,

In(II) I&O.I I» l(p:- p.„)'I'"&2«&/c.
We proceed to treat the process [Eq. (6)]

Vp+P~e +6 (28)

whicha, s noted above, is forbidden by the theory of Eqs. (1)-(5) because &L,„,=2 [Eq. (6)], and is also
forbidden by the conventional theory because 6(I.,)„,= 1 and b, (I.„)~,= -1. In the theory of Eqs. (1), (3),
and (14)-(16) this process is characterized by a cross section do(v„+ p-e + 6")/d~ proportional to P(v„v,)
and we have, using Eq. (16),

do(vU+ p e + 6 )/d(d
dc(v, +p-e + a )/d(u

= l(v, {p)lv, (p}&l'

I [t (H)+ $(l}][I+n(»)n*{l)j I'

[1+I[(ll)l'][I+ It. (1)l'][&+In(ll)p ][1+In(I)l']

lh(11)l'

[1+IC(11)l'][1+ln(il}I']
(29)

Equation (29) and the experimental limit on do(v„+p-e +h")/d&o (Ref. 7) provide a limit on the I„„-non-
conservation parameter ){»), viz. ,

Ig(ll)I&o. l for I(p, —p„)'I'"&2 «v/c.

Continuing, we treat the process [Eq. (7)]

V~+ P p +'pg (»)
which, as noted above, is forbidden by the theory of Eqs. (1)-(5) because b,L~, =2 [Eq. (9)], and is also
forbidden by the conventional theory because h(L„)~, = -2. In the theory of Eqs. (1), {3), and {14)-(16)this
process is characterized by a cross section dv{v„+P-p, '+n}/d&u proportional to P(v„, v„) and we have, using
Eq. (16),
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dg(vg+ p p, +n)/cd
(

—
)

do(v„+ p il" +n)/d(u

= I(vp(p&lvv{p)&l'

i[&(11)+4(i)][n*(11) n*(1)]P
[1+g(11)P][I+~)(I)P][1+lq(ll)P ][1+~li(i)P]

N(11)Pin(11)P

[1+g(li)P][I+iq(li)P]
' (82}

Equations (32) Rlld the expel'lnlelltR1 llnllt 011

do(v„+P- p. '+n)/da& (Ref. 7) provide a limit on the
product of the I.«, -nonconservation parameter and
the Ch, -nonconservation parameter, viz. ,

14(II)lie(11)I&0.1 I» l(P„-p,„)'I'"&2 «&/c

g comparison of Eq. (33) with Eqs. (80) and (2'I)
showers that combination of the latter tvro equations
provides a far more stringent limit on Ig(II) Illa'(II) I

than the former equation.
It is to be noted that the do'(v„+P- p, '+n)/des of

Eq. (32} is different from zero only if both the

I„., -nonconservation parameter g and the Ch„-
nonconservation parameter q axe different from
zero. Thus even if g = 1, which according to Eq.
(14) corresponds to a Majorana neutrino and hence
to R,general' maxlIQRl Qonconsex'VRtlon of I...
i.e., even vrith

I'.(x) = C.'-(.)~.~.[(I+~.)+n(I -~.)]+,(x)

+ e„'-(x)~.~.[(I+~.)+n(1-~.)@,(x),

4„(x)-=g„(x)+ g„-(x)= g„(x)+P(x) =4t(x),

v&+P p.++n is forbidden as long as Ch„conserva-
tion hoMs so that q =O. Thi.s "double forbidden-
ness" of v„+P p'+n is a reflection of the fact that
the (bI.„,= 2) process

(85)

ls R plocess of the double P&ecRy type slllce'
the two produced leptons are identical (both are
muons and both have the same charge). On the
other hand, the "singly forbidden" {n,I,„,=2) pro-
cess

m++p p+. +e +6
(v'-11'+v„followed by v„+p-8 +& )

and the "singly forbidden" (n,I,„,=0) process

proceed at a finite rate if, respectively, ge0, 11=0
[Eq. (29)] and 1)c 0, $ = 0 [Eq. (24)] - this last cir-
cumstance is a reflection of the fact that in Eq. (36)
and in Eq. (8V) the two produced leptons are not
identical.

We also note that the calculated rates of (n, L,„,
= 2) nuclear double P decays such as Te"'-e + e

Io ', I',",. . . being virtual) are proportional to

I'(V. V.) = l(v.{p)lv,{p)&l'

14&el'

[(1+ la I'&(1 + In I'&]' (36)

[see Eq. {16}and compare with Eq. (35) and Eq.
(82}]and when taken together with the correspond-
ing measured lifetimes (e.g., the measured value
for the 8QfPl of the Te p +e +Xe rRte QSd

the Te'30-8 + 8 + v, + v, +Xe'" rate) yield the
limit'

(39)
Equations (16), (22), (27), (30), (88), and (39) show
that the I.„,-nonconservation parameter ( and the
Ch, -nonconservation parameter rj are no larger
thRQ R fe%' percent at momentum tx'RQsfex's &sgp.

%'e conclude our discussion of the vax'ious pro-
cesses initiated by a neutrino incident on a proton
with a comment on the process [Eq. (12)]

(40)

This process is allowed by the theory of Eqs. (1)-
(5) because A+,„=0 and Ch„conservation is satis-
fied and it is also allowed by the conventional the-
ory because n, (1„)„,=0 and n, (I,~}„,=0. In the the-
ory of Eqs. (1), (8), and (14)-(16), this process is
again allowed, and, in fact, is characterized by a
cl'oss sectioll independent of $ Rnd g slllce P(v~, vv)
= I(v (p) IV (p)&l'=1.
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IV. FURTHER CONSEQUENCES OF THE GENERALIZED %PEAK CURRENT

We proceed to treat several additional second-order weak processes from the point of view of the theory
of Eqs. (1), (3), and (14)-(16). These second-order weak processes, just as the processes of Eqs. (35)-
(3V), may be viewed as consisting of a sequence of two first-order weak processes in the first of which an
intermediate neutrino is emitted and in the second of w'hich it is reabsorbed. In these cases, however, in
contradistinction to the cases of Eqs. (35)-(37) and as in the case of (KI.„,=2) nuclear double I3 decay, the
intermediate neutrino is, in general, virtual rather than real.

The additional second-order weak processes in question are the "doubly forbidden" (b,I.„,= +2) processes
[compare with Eq. (35) and Eq. (32)]

+ + +~0 0 +

+e +x (41)

e +e +P e +v~+syA q. . . v~+'plpk y. . .~e +p (42)

the singly forbMden (aI.&,& =~2) processes [compare with Eq. (36) and Eq. (29)j

c 8 +V z+W&P . .&. Vz+W &P&. . . '

P +W )

followed by (44)

p, 8 +y (p v~+w & p &. . . followed by v~+w & p &. . . 8 +'I&)&

and the "singly forbidden" (&& I&„=0)processes [compare with Eq. (37) and Eq. (24)]

(45)

K'-p, '+e"+w (K'-p. '+ vw+ w, p, . . .

Z -g +e +P (Z -p +v&+n, 6, . . .
followed by vv+w, p &. . . e +w )&

followed by v„+n, b,', . . .-e +p),

(46)

(47)

p + (A, Z) -e'+ (A, Z —2)

[p, +(A, Z)-v„+(A, Z-1)0, (A, Z —1)„.. . followed by v„+(A., Z-1)„(A,Z -1)„.. .-e'+(A, Z -2)j. (46)

The predicted rates of these second-order weak
processes, in comparison to the rates of first-
order weak processes with approximately the same
phase space, are [compare Eq. (32)]

(, P, '+P, '+W
e++ e'+ w

e'+ v, +n'

o(p, +(A, Z)-e'+(A, Z —2))
o(p. +(A, Z)-v„+(A., Z-1))

2 4~2 S+ ~qI' '
& 2 x10-" (50)

Further [compare Eq. (29)],

C m' ' i4(q'
(1+lhl')'(1+ lg I')'2

&6x10 ", (49)

where G =10 '/~' is the universal weak coupling
constant and )$(&0.1, (71[&0.1, for [(p„+p„,)'('"
&m~ [see Eqs. (30) and (2V)j. Similarly [compare
Eq. (24)],

l"(K' g'+e'+w ) I'(Z -p +e +p)
Z(K p +v&+w } F(Z g +V +yg)

2 4m' 1+~$~' '

8y]O ll
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G A2 2

n —4, (4w) '
r( + +

)
W2

e +v + "p) (96w') '
4ih~'

(1+ItI')' with

""' [Z'„(x)h„(x)+ h'.(x)~.(x)], (53)

IJ' G A
(4w) '

=2 x I0-"
y;

(96w') '
(52)

—(tt(x)t„(x) + [t'„(x}h„(x)+h'„(x)t.(x)] + " ]

[l„(x}as in Eqs. (4) and (5) or, from our point of
view, l„(x)-l'„(x) of Eq. (14), &O~h„(x)~w')wO,

&n~h (x) ~p) o0, etc.] but also a (doubly charged cur-
rent) x(doubly charged current) term

where A, the cutoff momentum of the semileytonic
weak interactions, has been taken as 7m~ on the
basis of the experimental limit on r(Kl, -p, '+ p )
(Ref. 9) and where, in accord with the idea that a
radical change in the structure of the weak inter-
actions is likely to occur at momentum transfers
(and energies) a the cutoff momentum, $ is as-
sumed to be close to unity at

~(p, ,~ p„,)'~'"=A= 7m, .

We note that the amplitudes for the second-order
weak processes of Eqs. (41), (42), and (46)-(48),
in which the two emitted leptons have the same
charge, converge, and are characterized by a
"natural cutoff" [=-(hadron diameter) '= —,'m~ —m~]
in the summation over the momenta of the inter-
mediate virtual-neutrino states. ' On the other
hand, the second-order weak processes in Eqs.
(43)-(45), where the two emitted leptons have op-
posite charge (p+-e'+y is equivalent to y- p'+ e ),
are associated with a potentially divergent ampli-
tude arising from the summation over the momenta
of the intermediate virtual-neutrino states, and

this divergence is avoided only by explicit intro-
duction of the cutoff A.' The branching ratios in
Eqs. (49)-(52) are as small as they are essentially
because the processes in Eqs. (41)-(48) are sup-
posed to be second-order weak; in spite of this,
the theoretical estimate of the branching ratio of

r(g"-e"+y)
r(p'-e'+ v, + v„)

in Eq. (52) is only about 25 times smaller than the
corresponding experimental limit. ' Thus, a fur-
ther search for p.'-e'+y would be worthwhile. "

Finally, a special comment may be made with
regard to the (b,I„„=O)processes of Eqs. (46)-(48).
Kisslinger" has proposed that the weak-interaction
Hamiltonian contains not only the usual (singly
charged current) x(singly charged current} terms

~.(x)= '
C.-(x) r,y. "y„.(x)

= tt.'-(x)r.r.(I+r,)q„.(x)

= I.'-(x)r,r.(I+r,)0„'-(x),

&w ~h (x))fc')e0, &a (h (x)(p)vo,

(54)

&Z-~h„(x)~p)~0, etc.
From Eqs. (53) and(54) one has, instead of Eq. (50),

r(K"-y, '+e'+ w) r(z -v, +e +p)
r(K'-g'+ v„+w') r(Z - p, + v„+n)

o(p +p-e'+a )
o(V, +p v&+n)

doub (55)

if it, is assumed that, at similar momentum trans-
fer,

&w IhnIff') (PIhLI~ &

&woIh„ISC+) &nIht IZ )

&& Ih IP), 1
I
&nlh. IP)

Further,

o(p, +(A, Z)-e'+(A, Z —2)}
o(p, +(A, Z)-v„+(A, Z —1))

(56)

d'(a )=d'(S )=10 ' (58)

so that, combining Eqs. (54), (55), (57), and (58),

o(p. + (A, Z) -e'+ (A, Z —2)) Grub

o(p +(A, Z)-v„+(A, Z-1))
(59)

We now argue that the (b,L„,=0) processes of
Eqs. (46)-(48), which we are here considering as
first order in Gd„b, should be inhibited, relative
to the allowed first-order processes in G such as

o(p, +p-e'+b, ) ~( )0'(p + p v~+ n)

cr(V, +b, -e'+n)~ „)
o(p +p-v„+n)

o(/+pe+6)[g()g(+y)]
o(p+p-v„+n, )

(57)
where d'(n, ) is the probability that a b, is present
in the nucleus (A, Z —2) and d'(b,") is the probability
that a b", is present in the nucleus (A, Z). d'(& )
and N(g") can be estimated as"
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If+ ~++ v„+rr', g -p +v„+n, and p, +(A, Z)-v„
+ (A, Z - 1), by a chirality conservation principle
similar to the neutrino-chirality conservation
principle that inhibits the process v„+p-e'+n rel-
ative to the allowed process v, +p-e'+n [compare
the discussion associated with Eqs. (23)-(27) with
that associated with Eq. (40)]. The inhibition in
question can be effected by replacing Eqs. (53) and

(54) by

lsl& IO ' f» l(p.+-p„-)2~'"& 100 MeV/c, (63)

whence

I'(Jf'-V, '+e'+rr ) I'(Z -p +e +p)
I (K -V + v„+rr ) I'(& -p. + v„+n)

o(p +p e+6)
o(p, +p-v„+n)

~gX'„(x)]tk„(x)+ at(zP '„(z)],

with

(so)
10,o (g + (A, Z ) -e'+ (A, Z —2))

o(v. +(A, Z)-v„+(A, Z —1))

&10 6. (64)

The limit in Eq. (64) is to be compared with the
limit in Eq. (50).

(61)

so that G~,„„/G corresponds to 5. Equations (60),
(61) and (57), (58) yield

I"(ff'- p, '+ e'+ rr ) I'(Z -p + e +p)
I'(K' p++ v„+rr') I'(Z -g + v„+n)

o(lu +p-e'+& )

o(p, +p-v„+n)

, o(y, +(A, Z)-e'+(A, Z —2))
o(V, +(A, Z)-v„+(A, Z —1))

(62)

which, with the experimental limit on (see Ref. 13)

o (p, + (A, Z)-e'+(A, Z —2)}
o(g +(A, Z)-v„+(A, Z —1))'

gives

V. FINAL COMMENTS AND CONCLUSIONS

In the theory of Eqs. (1)-(5), and also in the con-
ventional theory, the trileptonic (hadronically in-
clusive) production process

v„+ (Z, A) -g + e'+ v, + (Z, A) (65)

is allowed [bL„,=0, 6(L,)„,=0, n. (L„)„,=0], while,
for example, the trileptonic (hadronically inclu-
sive) production process

vrr+ (Zr A) e + p, + v~+ (Z, A) (66)

is forbidden [AL„,= 2, a(L,)„r= 1, h(L„)„,= -1].
However in the theory of Eqs. (1), (3), and (14)-
(16), the process of Eq. (66) is characterized by a
cross section do(v„+(Z, A)-e + u'+ v„+(Z, A))/de
proportional to P(v„, v, ) so that [compare Eqs. (29)
and (30)]

dtr(v„+(Z, A)-e + p, '+ v„+(Z, A))/d(o
der ( v + (Z A) -p + e"+ v, + (Z A))/der

Thus, with [see discussion after Eq. (52)]

$(II)-=ri(II) -=1 for ~(P, ——P,„)'~'r2a7mp,

we have

I [g(11)+ &(1)][1+r}(11)r}*(1)]I2
[1+lt'(ll) I'][1+ I $ (I) I'][1+Ir)(II)I'][1+lr}(I)I']

14(II)l'
[1+lt'(II)I'][1+ I'g(II)I']

(ss)

do'( v„+ (Z, A) -e + p, '+ v„+ (Z, A))/d&d 1
der( „+(Z,A)- + '+, +(Z, A))/d 4'

while with [see Eqs. (30) and (27)]

($(II)(&0.1 and (q(II) (& 0.1 for ((p, —p„)'('r'& 2m~

we have

(69)

(7o)
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do(vq+(Z, A)-p +e++v, +(Z, A))/d(u ' ' 'v

These predictions are to be compared with the prediction of the "multiplicative" lepton-number theory"
based on

Roptonie weak(x) = —i[pit-(x)y, y (1 +y,)4.„(x)][4,',(x)yey (1+y,)4.-(x)]

+[)- (x)y y (1+y )iji -(x)][( (x)y,y„(1+ys)ij-. (x)]+H. .].

Z'-p, '+e +p,

p, '-e'+ y [Eqs. (43)-(45) and (51)-(52)]

constitutes unequivocal proof of the vanishing of
the I,„,-nonconservation parameter ( and so of the
conservation of total lepton number, independent
of any restrictions which arise from the conserva-
tion of neutrino chirality (i.e. , which arise from
i}=0).

In conclusion, we may summarize the essential
features of our theory [as specified in Eqs. (1),
(3), and (14)-(16)]in the following way:

(1) Only three distinct lepton field operators,
namely, iji, (x), i}i„(x), („(x), with each effecting
the destruction (creation) of a particle (antiparticle}
of lepton number 1 (-1), enter into the leptonic
weak current l'„(x).

(2) l '„(x) is such that neither L&„conservation
nor Ch, conservation hold exactly —as a result,
various leptonic and semileptonic weak processes
forbidden in the conventional theory, e.g. , v„+p
-e'+n and p, '-e'+y, proceed at a finite rate deter-
mined by the values of the I.„,-nonconservation
parameter $ and the Ch, -nonconservation param-
eter 7}. Moreover, the noninvariance of f'„(x) under

i', (x) + t' i'„-(x)- ys[iji, (x) + t' iti-„(x)],

g, -(x)- iji, - (x),

,j„(x)--iji„-(x),

i.e., Ch, nonconservation, implies that m, =m,
=m„ee0 unless (m„) „,just cancels the (m„)„if in-

IJ p

with its implication of the conservation of (I,e)„,
+ (I,„)„,and of (+1)~~e'eo& (-1)

~ilute&

in all processes,
namely,

do(v„+(Z, A)-u'+e + v, +(Z, A))/d&
1 72)

do(v„+(Z, A)-g +e'+ v, +(Z, A)) /d(u

for all momentum transfers. We also wish to em-
phasize that nonobservation of the process v„
+ (Z, A) -e + p'+ v„+ (Z, A) [Eqs. (66)-( f 1)] or,
equivalently, nonobservation of the process

v„+p-e +L" [Eqs. (28)-(30)]

or of the processes

K' p, '+ e'+ m',

duced by H„z."
(3) g and i} are assumed to increase with in-

creasing interlepton momentum transfer and to
reach unity at momentum transfers = cutoff mo-
mentum of semileptonic weak interactions =7
G eV/c.

(4) The ~v, ), ~v„), ~v, ), and ~v„}states produced
in such large-momentum-transfer processes are
identical and are characterized by vanishing lepton
number and helicity expectation values. Similarly,
charged lepton states produced in conjunction with
these neutrino or antineutrino states, e.g. , the
~e') state in

v„+(Z, A)-p, +e'+v, +(Z, A) [Eq. (65)]

and the
~

p'} state in

v, +(Z, A)-e + p, '+ v„+(Z,A) [Eq. (66)],

are characterized by vanishing helicity expectation
values.

(5) The pairs of successive processes,

v„-e'+ (n+ p), m, . . .-v„
or

v,-e +(a"+p), w', . . .-v„
or

v„-li, '+ (n +p), 7i, . . .- v„

[Eqs. (23), (28), (31), and Eq. (3)],
where the intermediate lepton-hadron states are
virtual, provide a mechanism for Pontecorvo's
"neutrino oscillations. "' The frequency of these
oscillations (in the neutrino rest frame) should be
=(m„),df so that the oscillation length (in the labora-
tory fra, me) is

v ~ 102o v R

=2x10' km

for E,= 1 GeV.
(6) The cross section of the leptonic scattering

process v„+e -e + v, is given by
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do(v~+ e e + ve)/d(d

do(v, +e -p +v, )/d(u

«(v„+(Z, A)-e +e'+ v, +(Z, A))/d(u
do'(v&+ (Z, A)-g +e++ v, + (Z, A))/d~

«(v„+(Z, A)-e + p'+ v„+(Z,A))/d(u
do'( v„+ (Z, A) -g +e'+ v, + (Z, A))/d~

Thus our theory predicts that

do(v„+e -e +v, )/d(u

do(v„+e -p +v,-)/d(u

do. (v„+ (Z, A) -e + e'+ v, + (Z, A))/d&u
do (v„+(Z, A)-p, +e'+ v, +(Z, A))/d&u

increases with increasing momentum transfer and
becomes as large as =——,

' for

~(P,- -P, )'~'" 7 GeV/c [Eqs. (69) and (71)].

In sharp contrast, the conventional theory forbids

v„+e -e +v, [and v„+(Z,A)-e +e'+v, +(Z, A)]

and allows

vp+ e e + v~ [and vv+(Z, A) e +e++ v~+ (Z, A)]

only in the second-order weak approximation with
a predicted cross section

do(v„+e -e + v„)/d~
do(v&+e -p, +v, )/d&u

do (v„+ (Z, A) -e + e'+ v„+ (Z, A)}/d(u
do(v~+(Z, A)-p +e'+ v, +(Z, A)}/d~

for all momentum transfers. "
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