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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 y,-(x), ¥,-(x), and ¥, (x) and postulates
such an expression for the leptonic weak current Z(y,-(x), ¥,-(x), ¥,(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 —~ et+n, vy+tp—e + AT, vy+p

—pt+n, and v, + (Z,4) =~ e +p*+ v, + (Z,A), and on the decay processes K™ — p*+e*

+7” and pt—e*+7.

L. INTRODUCTION

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

L=1 for e~, u*, v,
=~1 for e*, u7, 7, (1)
Ltot=jELj

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

|Ve(§)>= Iv(ﬁ’ —%» H

[7,@®)=v®,2): L=1, 2
[7.®)= 9@, 2)) : L=-1,

v, @)= 7@, =) : L=-1.

In Eq. (2), D refers to the momentum, and 3 or —3
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:

lon

mr-et+y, or, eg. e +p-y,+n,

T~ u*+y, or, e.g., U Hp-v,+n,

- — 3)
T —-e +V, or, e.g., e +n-7v,+p, (

- u"+V, or, e.g., pHn-T,+p.

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

1o(0) =91 () gral L+ 70 (%) + 8= 0y 2761 +75)05 (%).
@)

We also take y,=v4=9h(1 - 28,,) so that

er()=9]-(0), D@ =90, H(D=P ).  ©6)

We note that the I,(x) of Egs. (4) and (5) employ a
single neutrino field operator ¥,(x) so that in this
case m,, =my, =m,; on the other hand, the conven-
tional leptonic weak current

(7o) Jeony =¥a=(0)vral1 +75)0,,(%)

Y-y e+ 750, (%)

employs two distinct neutrino field operators zp,, (x)
(x) and zp,,“(x) zpi (x) 50 that here m,, may be
dlfferent from m,, .
Equations (1)-(5) forbid all processes which do

not conserve L. Thus, e.g., the (AL,,=2) pro-
cesses

vy +p—e +ATY (8)
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and
vy+p—~ptin (7)

are characterized by transition amplitudes propor-
tional to (A’ =3 or —3)

(€@, M) 1=y raL + 70| vB))
= (e @, M) 9d-vval1 +7:)0, 7@, - 5))
8)
and to
WG A9y ral + v, v, )
=@ A iy el =)0, |76, =5)) ,
©)

respectively, and each of these matrix elements
vanishes since ¥, annihilates a state without any

v. Further, Egs. (1)-(5) imply a “neutrino-chi-
rality-conservation” principle since the 7,(x) of
Egs. (4) and (5) is invariant under the transforma-
tion va(x)"’ Yszpu(x)’ ‘pe-(x) - Zpe-(x); d}p'(x)" —l)bp"(x)
and since (m,/|P|) can be considered as negligible
in all cases of practical interest. As a result, pro-
cesses which conserve L;,; but which violate neu-
trino-chirality conservation (Ch, conservation) are
also forbidden. Thus, e.g., the (AL,,=0) process

Vy+p—~e"+n (10)

is characterized by a transition amplitude propor-
tional to

@ @B, M) 9Ty Yol L +y o= [v,B)) = (" @', M) [$de v ivell = v6)05 |7@, —3))

->

=u;r+(§,, 7\')'}’4701( 1+ +p (BE+m,2) 7 =7VsY4 (DE +mu2)1/2)u17(§, -3)

= u:*(ﬁl’ A ’)747’01 (1

1Bl m,
__ 1Bl me O\ o
T (BF+m, 27 "V W)“" ®, -2) (11)

which vanishes as m,/|p|~ 0. Finally, the Eqs. (1)—(5) allow all processes which satisfy both L, conser-
vation and Ch, conservation. Thus, e.g., the (AL,,=0) process

Vy+p—= uT+AY

(12)

has a transition amplitude proportional to [neglecting henceforth all terms ~ (m, /|P|)]

</~L-(-§’, A,)hb:" 747&(1 +75)Z/)L7| V”(§)>= <“'-(13” N)W:— 74’)’oc(1 +75)¢7lv(ﬁ: "‘é‘))

= u:‘(ﬁly A’)y‘{ya(l -G '5)“7‘7(5: _%)
=2ul-B', MWy o uy @, -3 (13)

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 Egs. (1)-
(5) with its implication of L, conservation and Ch, conservation is completely equivalent in its predictions
to the conventional theory based on the above-quoted [1q()].n, With its implication of (L,),, conservation
and (L), conservation

[(Le)m=§) (Lo)yy (Lt=22(Ly;; Le=1(-1) for e~ (%), v, (%,); L,=1(=1) for u~ (u*), v, (7,)].2
]
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 [, (x) of
Eqs. (4) and (5) by the leptonic weak current

1o(0) = 93- (00 gra[ (1 +76) + Mo (1 =6 [ (%) + £ ()] + 9 ]= (0l v (1 +75) + 11 = o) [ (%) + EX4, ()] ,
Yer®) = D-(%), YD =]-(x), Y7 (x) =),
where the parameters n,, 7,, and £ may be considered as functions of (-(8/0x;)(8/3x5)) so that, e.g.,
W@ M- varan (L =77 7@, £))= ™G, M) 09 1= v el =79 051156, 1)
=0,((2" = D™ @ M) 9 1= varall = vz | 7@, 3)).
(15)

Because of Eqs. (3) and (14), we must replace the identification of the neutrino and antineutrino states
given in Eq. (2) by

(14)
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[ve®)) =N, "2 |v(®B, ~2))+mEv(, 2)+£*|7@, —2)+nxe* 7@, 2D,

7,8)) =N, |v(®, 2)+1,lv®, - 2))+EX[5E, 2)+n, 6%, -2))],

7)) = N, " 2[5, 2)) + 0|7, —2)) +E|v(®, 2))+n.E|vE, -2)], (16)
v, @) =N, 2|9, -32))+nf 7@, 2))+ElvE, -2) +nxé v, )],

No=(1+[n ") +[£%), N,=(1+[n)A+[E]),

which shows that the “neutrinos” v, and v, and the
“antineutrinos” 7, and 7, emitted in the decay of
charged pions are now neither in eigenstates of
lepton number [see Eq. (1)] nor in eigenstates of
helicity (/%(x) is not invariant under the transfor-
mation

Py(x) + Ez () = v o[ (%) + £ (2)]

Y= (%)= Y- (%),
sz'(x) - —ll)p-(x)

so that Ch, conservation is violated). The “wrong”
lepton number and helicity admixtures in |v,(®)),
[7,6)), [7.®)), and |v,®)) depend on the values of
£ and of 7, and 7, 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 £=n,=7,=1, these ad-
mixtures are of such a magnitude that

|Ve(ﬁ)>= |Vu(§)>= ‘ve(:ﬁ)>= |vu(ﬁ)>
=3[ V@, -2)+ v, 2)) + |76, - 2)) + [P, 2))] -

Thus the v,, v,, 7,, and 7, produced in processes
for which £ =7,=7, =1 behave identically in all sub-
sequent processes. We also note that, according
to Eq. (14), N,=1m, =1 corresponds to a parity-con-
serving [/(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
ne and 7, appropriate to the momentum transfer of
the process [see, e.g., Eqs. (17) and (18), below].
Finally, we explicitly admit the possibility that &

# &%, n.#n¥, n,#nk, which corresponds to a viola-
tion of CP invariance by the weak Hamiltonian con-
taining 1(x),® and we take n,=7,, which is re-
quired for the validity of u-e universality.

1. SOME CONSEQUENCES OF THE
GENERALIZED LEPTONIC WEAK CURRENT

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

value of the helicity) of the e*, v, and e~, ¥, emit-
ted in nuclear B decay is given by

1= i

1- i

Siong (Ve) = =Siong (Ve) = <—1—+_|-7—]T2—) ’

(1m

whence, using the available experimental limit on*

+
1_ ]Sl(ovse (ce) ) ’ |
|nl<0.1 for ](pue+pe)2|1/2<5 MeV/c. (18)
Further, in muon decay
pr=v, +e* +v,, (19)

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

p=%[1"%P(Ve:vu)]’ (20)

where P(v,,7,) is the probability that a v, and a
v, of the same momentum have the same lepton
number and the same helicity, i.e., P(v,,7,) is
the probability of overlap between the |v,({)) and
the |7, (D)) states. Equation (16) yields

P(v,, 7,) = | @, @) v.®)I
=4[nl*/(1+|n|?? (1)

so that, using the available experimental limit on
(1 - _;- p)75

[nl<5x107 for [(py, - py+)?[*"*<100 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 [Eg.
(3) and Egs. (6), (7), (10), (12)]. As noted above,
the process [Eq. (10)]°

vy+p—et+n (23)

is forbidden by the theory of Egs. (1)-(4) because
of its violation of Ch, conservation [Eq. (11)], and
it is also forbidden by the conventional theory be-
cause A(L,)w=~1and A(L)wt=~1. On the other

hand, in the theory of Egs. (1), (3), and (14)-(16),
this process is characterized by a cross section

do(v, +p—e*+n)/dw proportional to the probability
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of overlap P(v,, 7,) between the incident |v,(5)) state e’ were absorbed in e*+n—7,+p [see Eq. (3)]. In
and the |7,(®)) state which would be produced if the fact, we have, using Eq. (16),
—J
do(v,+p—e*+n)/dw _ -
do(,+p—~e* +n)/dw =Py, 7e)

=@, @) |v,®)*

_ [[n(D) +n(D][ 1+ £ADE*(D] P
" [+ DR+ m@E 1 +1EADE][ 1 +E@P] ° (24)

where the I and II 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= (pp*""'pu")z =py®=-my?,

II= (pe*' —puu)2 = (ﬁe* - ﬁu”)z - (Ee+ ‘Eu‘, )2 = 2E”u2(1 ‘ﬁuu'ﬁe*')-

Since |II| > |I| for large E,, and not too small cos™( 13,,“ - b,+) we may expect that

n(@)>»nI)=0, &I)>£(@M=0 (25)
whence, combining Eqs. (25) and (24),

do(v,+p—~e*+n)/dw In(ID)? (26)

do(T,+p~e*+n)/dw ~ [1+mInIADP][1 +IEAD)P] *

Equation (26) and the experimental limit on do(v,+ p—~e*+n)/dw (Ref. 7) provide a limit on the Ch,-non-
conservation parameter 7(Il), viz.,

[D)[<0.1 for |(pys =y, )*I2<2 GeV/e. @)
We proceed to treat the process [Eq. (6)]
Vytp—e” +AT (28)

which, as noted above, is forbidden by the theory of Egs. (1)-(5) because AL, =2 [Eq. (8)], and is also
forbidden by the conventional theory because A(L,),, =1 and A(L,), =-1. In the theory of Egs. (1), (3),

and (14)-(16) this process is characterized by a cross section do(v,+p-~e~+A*")/dw proportional to P(v,,v,)
and we have, using Eq. (16),

do(v, +p—e” +A™)/dw
do(v,+p—e”+A")/dw

=P(vy, V,)

= (v, @) v, BN
- I[£@) + £D 1+ n@ADn*X)] 2
[1+EAPTL+IE@P] L +InF][1 +Iin(D)P]

£ (ID)?
[1+E@P][ 1 +In@D)P] *

Equation (29) and the experimental limit on dc(vu+ p—~e” +A**)/dw (Ref. T) provide a limit on the L -non-
conservation parameter £(II), viz.,

(29)

|£(1)|<0.1 for |(1)e-—p,,u)2|1/2<2GeV/c. (30)

Continuing, we treat the process [Eq. (7)]
Vu"'p" u++n, (31)

which, as noted above, is forbidden by the theory of Egs. (1)=(5) because AL,,=2 [Eq. (9)], and is also
forbidden by the conventional theory because A(L,), =~-2. In the theory of Egs. (1), (3), and (14)-(16) this
process is characterized by a cross section do(vu+p~p++n)/dw proportional to P(Vp, ‘_’u) and we have, using
Eq. (16),
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do(v,+p~p*+n)/dw

do(y+p—p*+n)/dw =P, 7)

= |@,®)|v,®)

1[£(I) +E@][7* () +n*(D] P

“ T+ E@PI T+ EMFTL +m@PI[1 +n(F]

£ ()P D)2
[1+E@P] 1 +n@DE]

o

Equations (32) and the experimental limit on
do(vy+p-~p*+n)/dw (Ref. 7) provide a limit on the
product of the L, -nonconservation parameter and
the Ch,-nonconservation parameter, viz.,

[E(]In@)|<0.1 for [(pe-py, f[2<2 GeV/e.

33)

A comparison of Eq. (33) with Eqgs. (30) and (27)
shows that combination of the latter two equations
provides a far more stringent limit on |£(II)||n(II)|
than the former equation.

It is to be noted that the do(v,+p—~pu*+n)/dw of
Eq. (32) is different from zero only if bots the
L, -nonconservation parameter ¢ and the Ch,-
nonconservation parameter n are different from
zero. Thus even if £=1, which according to Eq.
(14) corresponds to a Majorana neutrino and hence
to a generally maximal nonconservation of L.,
i.e., even with

1o = 98-y ral (L +75) +1(1 = 75)18,(%)
+ -y (1479 +1(1 = 75) 2, (x),
(34)
(%) =4, (%) +$5(%) = 9, (0) + (%) = (),
vy+p—~u*+n is forbidden as long as Ch, conserva-
tion holds so that n=0. This “double forbidden-

ness” of v,+p-u*+n is a reflection of the fact that
the (AL,,=2) process

T p-u+pt+n
(m*~ " + v, followed by v“+p3u*+n) (35)

is a process of the “double B-decay” type since
the two produced leptons are identical (both are
muons and both have the same charge). On the
other hand, the “singly forbidden” (AL, =2) pro-
cess

mtep~f e+ AT
(7*=pu*+v, followed by v, +p—e” +A")
(36)

and the “singly forbidden” (A Lt=0) process

5
(32)

mtep=i+et+n
(1*=pu* + v, followed by v, +p—e*+n) (37)

proceed at a finite rate if, respectively, £+0, =0
[Eq. (29)] and n#0, £=0 [Eq. (24)] - this last cir-
cumstance is a reflection of the fact that in Eq. (36)
and in Eq. (37) the two produced leptons are not
identical.

We also note that the calculated rates of (AL,
=2) nuclear double B decays such as Te'®®—e~ +¢~
+XeB30 (Te¥0—e™+7,+133°, 13, . .. followed by 7,
+I%0 %0 ~e” +Xe'° the intermediate ¥, and
I3, 1%, ., . being virtual) are proportional to

P(ve’ Ve)= I(Ve(ﬁ)l’—/e(ﬁ»lz

_ l4enf
A+ ePA+PE (38)

[see Eq. (16) and compare with Eq. (35) and Eq.
(32)] and when taken together with the correspond-
ing measured lifetimes (e.g., the measured value
for the sum of the Te'®*~¢~ + e~ +Xe'* rate and
the Te'*®~e” +e” +7,+ T, +Xe'® rate) yield the
limit®
€] In|=107% for |(p7, +p,-)*|/* <60 MeV/c.
' (39)

Equations (18), (22), (27), (30), (33), and (39) show
that the L -nonconservation parameter ¢ and the
Ch,-nonconservation parameter n are no larger
than a few percent at momentum transfers sm,.

We conclude our discussion of the various pro-
cesses initiated by a neutrino incident on a proton
with a comment on the process [Eq. (12)] -

vyt p—pT+AT, (40)

This process is allowed by the theory of Egs. (1)-
(5) because AL =0 and Ch, conservation is satis-
fied and it is also allowed by the conventional the-
ory because A(L,),, =0 and A(L,),, =0. In the the-
ory of Egs. (1), (3), and (14)-(16), this process is
again allowed, and, in fact, is characterized by a
cross section independent of £ and 7 since P(Vu, vy

= |<Vp(§) I Vp(§)>|2 =1.
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IV. FURTHER CONSEQUENCES OF THE GENERALIZED WEAK CURRENT

We proceed to treat several additional second-order weak processes from the point of view of the theory
of Egs. (1), (3), and (14)-(16). These second-order weak processes, just as the processes of Egs. (35)-
(37), 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 which it is reabsorbed. In these cases, however, in
contradistinction to the cases of Egs. (35)-(37) and as in the case of (AL,=2) nuclear double 8 decay, the
intermediate neutrino is, in general, virtual rather than real.

The additional second-order weak processes in question are the “doubly forbidden” (A L =+2) processes
[compare with Eq. (35) and Eq. (32)]

0o 0 + -
K wrepten” Kt u* +"u+" ,p v+l followed by V“+1T0,po,...-[.l.++7f_ ’ (a1)
et+et+m” et+y,+1m°p% ... Ve+m0,p°% . . ="+
- (u~+p~+p e (BT, A% Ty+n, A% .. .~pu”+p
z {e'+e‘+p} <2‘ {e +T,+n, A° followed by V,+n,A% .. .~e"+p( )’ (42)
the “singly forbidden” (ALt =+2) processes [compare with Eq. (36) and Eq. (29)]
K uwr+e  +mt Kt ur+v,+m° ,p -l followed by v +1% 0% . —e” 4Tt 43)
et+u” +mt et +v, +1r,p,... Vom0, 0% s ()’

e +pt+p e~ +U,+ A" {7 +p},... +A+*,{1r ) ST

— {Ii +e +p} (Z:" {u +T,+ A" {1t +p}, . } followed by {Z + A" {1+ p}, . ..-—e*+p}>’ (44)

pr~e'+y (W=7 +7%, p%, ... followed by T,+7",p*, ...~e"+y), (45)
and the “singly forbidden” (AL, =0) processes [compare with Eq. (37) and Eq. (24)]
K'-p*+et+1™ (K*=p*+v,+7°%p°% ... followed by v,+7° 0% ...~e*+77), (46)
ZT-p"+e"+p (ZT-p"+7,+n,A% ... followed by T,+n,A% ...~e” +p), 47)
w+(A,Z)~et+(4,Z - 2)
(L™ +(A4,2)~v,+(A,Z - 1), (A,Z =1),, ... followed by v,+(4,Z =1),,(4,Z =1),,...~¢*+(4,Z - 2)]. (48)

The predicted rates of these second-order weak ~IW (A, Z2)~e"+(4,Z - 2)
processes, in comparison to the rates of first- o(uw™+4,2)-v,+(4,Z -1))
order weak processes with approximately the same 22 2
~ (G m, 4in|

phase space, are [compare Eq. (32)] B WUIT)E)
rlgr S B HRT+TT of 5~ JB teT+p <2 x10"15 (50)

et +et+m e +e +p ’
cle WF v, 470 of 5 LT e Further [compare Eq. (29)],

e+, +m° e +V,+n

u+e+jz
e +ut+p

(G ) et il “{‘5:3_'37:*» -
)
i)

V2 4r%) (T+1EPE(1+m PR

+ o

-7 s_fpTHvy T
<6x1077,  (a9) r( {e++ye+ﬂo}> (
G A
5
G

where G = 10'5/m,> is the universal weak coupling

2
constant and |£|<0.1, |5]<0.1, for l(p,, A e %( yp <14+|£l§ll2)2)
<m, [see Egs. (30) and (27)]. Slmllarly [compare
Eq. (24)], 22y?

1R

=8x107*  (51)
TE -y +et+77) D@ T—p"+e”+p) V2 4n

TE ~p* +vu+1r°) D ~pu~+7,+n) and
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a( G A2)2(41r)'1

o 4.2
M(u'=e'sy) . \VEHT 4¢P
T(p*—=e*+v,+7,) 967°)~ (1 +1EP)?
G AZ 2 _
a(-\/—iz‘”;) (47T) 1
= =2><10-10
967°) 1
(967°) (52)

where A, the cutoff momentum of the semileptonic
weak interactions, has been taken as 7m, on the
basis of the experimental limit on I'(K'$ -u*+pu”)
(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)= the cutoff momentum, ¢ is as-
sumed to be close to unity at

|(p,,p,eipu,e)2|1/2= A=Tm, .

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) = zm, —m,]
in the summation over the momenta of the inter-
mediate virtual-neutrino states.® On the other
hand, the second-order weak processes in Egs.
(43)-(45), where the two emitted leptons have op-
posite charge (u*—e*+y is equivalent to y-pu*+e7),
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
Eqgs. (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

T(p*—=e'+y)
T(p*=e*+v,+7)

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 (AL, =0) 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

G .
ﬁ{l;(x)la(x) +[ 10 (%) +R(%) Lo (x)] + -+ }
[l4(x) as in Eqgs. (4) and (5) or, from our point of
view, [,(x)~1y(x) of Eq. (14), O|ry(x)|7*)#0,
n|h(x)|p)#0, etc.] but also a (doubly charged cur-
rent) X (doubly charged current) term

AND S. P. ROSEN 5
Gdoub + T
220 [N 0 (x) + R (N ()], 53
s (A o) (XX ()] (53)
with

o] [

= 40- Wy ral L +750y4(x)
= 90 () a1 +75)F]-(x), (54)
(™ ko ¥)[K*) #0, (A~ |Ro(x)[p)#0,
(Z7 |k (x)|p)#0, etc.
From Eqgs. (53) and (54) one has, instead of Eq. (50),

f(K*»u*+ et +17) T(Z =p~+e” +p)
FK*'-u*+v,+7°) TE -p” +7,+n)

o +p-et+A7)
o(u=+p-vy+n

~ (Gdc_b)z (55)

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

(| k| K*) ~
(10| | K*)

(plRLIZ)
A P)

(A7 | kq|p)
®lholp)

157

~1. (56)

Further,

o(u~+(A,Z)-e"+(A,Z -2))
o(u™+(4,Z)-v,+(4,Z -1))

L o(u T +p—et+ A7) -
o(u™+p—v,+n) ¢(a7)
o(u +A~e*+n)
o(u™+p-~v,+n)
zo(u‘+p-»e"+A')
o(L™ +p—-v,+n)

® ( A++)

[®@a7) +@(a™)];

(67)
where ® (A7) is the probability that a A™ is present
in the nucleus (4, Z - 2) and ®(A™) is the probability
that a A™ is present in the nucleus (4,Z2). ®(a")
and ®(A**) can be estimated as'?

®Aa7)~P(AaM)~1072 (58)
so that, combining Egs. (54), (55), (57), and (58),

o(u”+(A,Z)~e"+(4,Z - 2)) (Gdoub>2 -

0(p.'+(A,Z)-V,,+(A,Z—1))% G 10 (’59)

We now argue that the (AL, =0) processes of
Eqs. (46)-(48), which we are here considering as
first order in Gow , should be inhibited, relative
to the allowed first-order processes in G such as
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K*~p*+v,+7°% Z7—p”+7V,+n, and p~+(4,2)~v,
+(A4,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 Egs. (53) and
(54) by

oAV o) + B (60)
with
Mo () ={o{ (14 5) + 6%(1 =y )]ep- (0}
Xy Y 3l (1 =v5) + 6(1 +75)] 9, +(x)}
= [P~ ()Y avedh,+ ()]
= (4~ (y gy - (%)] 61)

s0 that Ggou, /G corresponds to 6. Equations (60),
(61) and (57), (58) yield

IFK*'-p*+e*+17)  T(Z =p~+e” +p)

TE =p*+v,+71°)  T(E"=p~+7,+n)

_o(p +p—et+AT)
T o(p” +p=v,+n)

2 0(u"+(A,Z)~e"+(A,Z - 2))
o(u™+(4,2)-v,+(4,Z - 1))

~|5|? (62)
which, with the experimental limit on (see Ref. 13)

o(pu " +(A4,Z)~e*+(A,Z-2)
o(u™+(4,2)~v,+(4,Z -1))’

~ 10

gives

do(v,+(Z,A)~e” +u*+v,+(Z, A))/dw

16]<107 for |(pe - p,-)?|"/2< 100 MeV/c, (63)

whence

TE ' -p*+et+77) ~ T(E ~u"+e +p)
F(I{+—[.L++Vu+ﬂ°) I‘(E'-ou'+'ﬁu+n)

_o(u +p=e+A7)
o(p'+p-u“+n)

L0 (U +(4,Z)~e*+(A,Z =2))
o(n™+@A4,2)-v,+(4,Z -1))

~1

<1078, (64)

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

V. FINAL COMMENTS AND CONCLUSIONS

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

WH(Z,A)~p"+er+ v, +(Z,A) (65)

is allowed [ALwt =0, A(L)ot=0, A(L,)=0], while,
for example, the trileptonic (hadronically inclu-
sive) production process

vt (Z,A)=e” +p+v,+(Z,A) (66)

is forbidden [AL =2, A(L,)i=1, A(Lp o= -1].
However in the theory of Egs. (1), (3), and (14)-
(16), the process of Eq. (66) is characterized by a
cross section do (v, +(Z,A)~e™ +p*+v,+(Z, A))/dw
proportional to P(v,, v,) so that [compare Eqgs. (29)
and (30)]

A7, 2, =i+ &+ v, 712, AN/ - T¥w v = (@l @)
I[£QD + £ ][1+nADp*(D]

" T+ BRI +1£ @ P L+ In(P] 1 + mDP]
o £ ()P

C[1+IEADP]T + ()P (67)

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

EM=nn)=1 for |(p,--p, P|'*zMm,, (68)
we have

do(v,+(Z,A)~e”+u*+v,+(Z,A)/dw _ 1

@+ A=+ e 0,7 (2. AN dw 1 |(Pem =2y 1727 GeV/c, (69)
while with [see Egs. (30) and (27)]

|£(I)[<0.1 and [n(I)|<0.1 for |(pe- = 1 2|2 < 2m, (70)

we have
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do(v,+(Z,A)~e” +p'+v,+(Z,A)/dw
do(v,+(Z,A)~p"+e* +v,+(Z,A))/dw

< 10-2’ I(pe' _pyu)2I1/2 <2 GeV/C. ('71)

These predictions are to be compared with the prediction of the “multiplicative” lepton-number theory*

based on

Hieptonic weak (%)= 2_(%2 {[d’Z' (x)’)’4')’a(1 + Ys)d)uu(x)][ d)Je(x)‘y47a(1 + 75)‘pe' (x)]

+[zp}u(x)y4ya(1 +y 0= (ONVI- )y grall +7)z, ()] +H.c.b

with its implication of the conservation of (L,)o
+(Ly)o; and of (+1)( %ot (1) %ot in all processes,
namely,

dU(Vu+(Z,A)-°u++e'+Ve+(Z,A))/dw -
do(vy+(Z,A)~p~+e* +v,+(Z,A))/dw

1 (72)

for all momentum transfers. We also wish to em-
phasize that nonobservation of the process v,
+(Z,A)=e" +p*+v,+(Z,A) [Egs. (66)-(71)] or,
equivalently, nonobservation of the process

Vut+p—e  +A"™" [Eqgs. (28)-(30)]
or of the processes
Kt=p*+e¥+7*,
St—uF+e*+p,

pteet+y [Eqs. (43)-(45) and (51)=(52)]

constitutes unequivocal proof of the vanishing of
the L,, -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
n=0).

In conclusion, we may summarize the essential
features of our theory [as specified in Egs. (1),

(3), and (14)-(16)] in the following way:

(1) Only three distinct lepton field operators,
namely, ¥,-(x), ¥,-(x), ,(x), with each effecting
the destruction (creation) of a particle (antiparticle)
of lepton number 1 (~1), enter into the leptonic
weak current 14(x).

(2) 1%(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"+nand pt—e*+y, proceed at a finite rate deter-
mined by the values of the L, -nonconservation
parameter £ and the Ch, -nonconservation param-
eter 7. Moreover, the noninvariance of 1/(x) under

D, (%) + Edg (%) = v 9, (%) + Edz ()],
Zl)e‘(-x) "ll)e"(x),
Py=(%) =~ =y~ (x),

i.e., Ch, nonconservation, implies that my,=my,
=m,,#0 unless () just cancels the (my)sar in-

r
duced by Hyey - °

(3) £ and n 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
GeV/ec.

(4) The |v,), |vp, |7, and |7,) 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 |u*) 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,

vy~et+m+p), 17, ... ~7,
or
vy—e + (AT +D), T, L v,
or
V=t D), 7, . =T,
[Egs. (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,) SO that the oscillation length (in the labora-
tory frame) is

1 >( E, ) 1 E
~ - )| —%— )~ 10%° — .
<(my)se1f )t y (Ref. 15)

=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” +v,)/dw

do(v,+e”=p"+v,)/dw
L Ao+ (Z,A)~e" +e" +v,+(Z,A))/dw
do(vu+(Z A)=pu~+et+v,+(Z,A))/dw

L Ao+ (Z,A) e +p'+yv,+(Z,A))/ dw
T do(vy+(Z,A)~p" +et+ v, +(Z,A))/dw

Thus our theory predicts that

do(v,+e”~e” +v,)/dw
do(vy+e”~p” +v,)/dw

do(vu+(Z A)-e +e +Vg+(Z A))/dw
T do(vy+(Z,A)=pT +et+ v, + (2, A))/ dw

increases with 1ncreas1ng momentum transfer and
becomes as large as = for

I(pe--puu)2|“2z7 GeV/c [Eqgs. (69) and (71)].

In sharp contrast, the conventional theory forbids
vyte e +v, [and v, +(Z,A)=e " +e* +v,+(Z,A)]
and allows

vyteT—e " +v, [and v, +(Z,A)~e" +et+ v+ (Z,A)]

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

do(vy+e”—e” +v)/dw
do(vy+e” = +v,)/dw

Ldo(v,+(Z,A)~e +e +Vu+(Z A))/dw
do(vu+(Z A =p~+e*+v,+(Z,A4))/dw

(-t ) e

for all momentum transfers.!”
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