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If the initial and final neutrino in muonless weak reactions are different, the neutral leptonic weak current is
not Hermitian. On the other hand, the isospin third component of the Al = 1, AS = 0 charged weak current is
not Hermitian if it contains a second-class component. We investigate conditions in which these two

non-Hermiticities are related.

This note is a comment on the paper by Wolfen-
stein' and the paper by Kingsley et al.?

Despite the success of the conventional weak-
interaction theory, the question of whether there
are only two neutrinos, v, and v,, has not yet been
settled experimentally.® So questions such as
whether the neutrinos from 7 decay are the same
as those of K decay, and how these neutrinos are
related to those participating in p decay, etc. still
await answers, although the conventional theory
gives unambiguous answers.

The neutrino-identity problem is completely open
in the case of muonless neutrino reactions® be-
cause we know little about them both experimen-
tally and theoretically. These reactions have been
instinctively interpreted as reactions of the type

v+ target — v + other particles. (1)
However, they might as well be interpreted as
v +target— v’ + other particles, (2)

where the initial neutrino v and final “neutrino” v’
are different or partially different;

v []< 1. (3

Let us assume that reactions (1) and (2) are neu-
tral-current events and originate in the effective
Lagrangian

1G’
:S.’«f:g:—Eﬁ(Ju“))Ju(O”+H.C.), (4)

G’ is of the same dimension as the Fermi constant
Gp, but it is not necessarily the same numerically.
J{® is the neutral weak current consisting of a
leptonic part and a hadronic part. Then there is an
interesting relation between the neutrino-identity
problem and that of the second-class current®
(charged). This problem was first discussed by
Wolfenstein.! His discussion is mainly concerned
with non-Hermitian currents which carry some
kind of charges such as strangeness and charm.

In this note we will discuss the case of pure neu-
tral non-Hermitian currents (the non-Hermitian
neutral currents which do not carry any charge)
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using gauge-model ideas. To illustrate this, we
first consider the neutral leptonic current/,. The
fact that the reaction v, +e~ =], +e” has been ob-
served implies that J*’ contains a term of the
form 1, =v'T',v, where I', is an appropriate Dirac
matrix. We assume I', =y,(1+v,). As we do not
know whether v’ is distinct from v, we express v’
in the following form:

v'=av+bv,
with

lal?+ [b]2=1, (v,|v)=0 (5)
With this ansatz for v’ we obtain for (v’ |v)

v’ }V} =a. (6)

The leptonic current /, can be expressed as a sum
of a Hermitian current /; and an anti-Hermitian one

1

1, =1k +18,

with
h 1 -— 14— 1 (7)
I=3(a+a*)vT,v+3bvT,v +30*D,T, v,
li=3(@*-a)vT,v -0V L v, +3b*5,T, v.

Let us consider now a semileptonic neutral-
current reaction, for example, neutrino-nucleon
scattering. The effective Lagrangian reads

1G’
£§3=—§ﬁ(lue]ff+H.C.), (8)

where JZ is the hadronic neutral current.

From Eqgs. (7) and (8) we conclude that the had-
ronic neutral weak current may consist of a Her-
mitian part JZ* and an anti-Hermitian part JZ°,

JE=d v Jfe. 9)

We mean in Eq. (9) that the anti-Hermitian part
JZ contrvibutes to reaction (2) if 1} is nonzero;
that is, v and v’ are not identical. In the case of
vanishing 1%, any anti-Hermitian part of JZ does
not contribute to reaction (2), as it cancels out in
the effective Lagrangian.
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Let us summarize: If v and v’ are not identical,
then the leptonic neutral curvent contains an anti-
Hevrmitian component and the hadvonic neutval cur-
vent need not be Hermitian.

Now we turn to the problem of the second-class
charged current. Experimentally the existence of
second-class currents has been neither excluded
nor confirmed.® For our purpose, however, we
assume that the charged strangeness-conserving
I=1 (isospin) current J, contains a small admix-
ture of the second-class current:

BAES MW A} (10)
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where J)!, (7},) is a first-class (second-class)
charged current. A way of classifying the weak
currents into first and second classes is by the
Hermiticity or anti-Hermiticity of their isospin
third component”:

I3 =+d3,, first class

W3, =-J3,, second class (11)
with

Ji=-3[T,JL], i=1,2

(73,)"° = Hermitian conjugate of J3,.

T*, T®, and T~ arethe infinitesimal generators of the
isospin group. Thus the third component of JJ,
J%=_%[T",T,]] is not Hermitian, but contains an
anti-Hermitian component:

JS.:J?;L +Jgu' (12)

Before the discovery of neutral-current events,
one generally believed that weak neutral currents
did not exist and considered J3 to be unphysical.
Now the situation has changed both experimentally
and theoretically. In fact, most of the gauge mod-
els suggest that the neutral part of charged cur-
rents is at least a part of the neutral weak current.
Hence it is clear that second-class currents put
some constraints on gauge models.® In the present
note we only accept the fact that charged and neu-
tral weak currents (or a part of them) are in the
same isomultiplet. With this assumption, the neu-

tral hadronic weak current has the form
Jf:JL +Jgu +J3, (13)

where Jﬁ represents the part of Jf which does not
belong to the same isomultiplet as JJ. 7y may or
may not be Hermitian.) Thus JZ is not Hermitian.
As mentioned already, the anti-Hermitian J3, can
become operative in reaction (2) only if the lep-
tonic neutral current [, is also non-Hermitian.

To see this we rewrite the Lagrangian (8) in terms
of the currents of Egs. (7) and (13):

G g0 ).

G’ 1G
“Ggfct: —ﬁ(lﬁ‘]:{'u _lZJgu) —_2'\/7 uw

(14)

Now we see that J3, contributes to reaction (2) only
if IS does not vanish.

Thus one is led to the following conclusion: If a
second-class cuvrent exists and its neutval compo-
nent contributes to neutval weak veactions, then v
and v’ are not identical:

(' |vy=a |a|<1. (15)

This means that in Eq. (5) b does not vanish and v’
contains a component v, which is orthogonal to v.

Unfortunately, we cannot make any definite quan-
titative statement about a and b except the follow-
ing general remark: If the existence of a second-
class current is the only reason for nonidentity,
then it is a partial nonidentity; that is, both a and
b in (5) are nonvanishing.

v, might be a new neutrino, a neutral heavy lep-
ton, or even v, (if v=v,). In the last case the
separate lepton-number conservation is violated.
The above conclusion applies also for the electron
and the muon, as far as neutral weak processes
are concerned.

Finally, we remark that nonidentity of v and v’
does not necessarily imply the existence of sec-
ond-class currents.

The author thanks Professor R. Rodenberg for
reading the manuscript.
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