VoLumMmE 7, NUMBER 5

PHYSICAL REVIEW LETTERS

SEPTEMBER 1, 1961

LEPTON PAIRINGS IN THE TWO-NEUTRINO THEORY

G. Feinberg,* F. Giirsey, T and A. Pais?
CERN, Geneva, Switzerland
(Received July 31, 1961)

In this note we will discuss some possible impli-
cations of the assumption that two distinct neu-
trinos are involved in the weak interactions. In
particular, we consider the possibility that the
association of the neutrinos with charged leptons
in strangeness=-changing decays is different from
the pairing in strangeness~-conserving decays. We
will see that this possibility, if fulfilled, would
have important consequences for proposed inverse
neutrino reactions.

We recall that the existence of two neutrinos
was assumed in order to forbid the decay pu—-e+y
by a selection rule,! according to which the u and
e are assigned different values of some quantum
number. In order to make this consistent with the
ordinary u decay, two distinct neutrinos v, and v,
with the same helicity are introduced, and the p
decay is assumed to be of the form

Lo e "+, + v (1)

This follows in a natural way from the common
assumption that all strangeness~conserving decays
arise from an interaction of the form J1J , pro-
vided that J=#p...+e v, + 17V, Such a structure
implies also that the 7 decays are

ety ()
(AT (3)

These processes will not lead to u+e+y to any
order.?

It has been usually assumed that the pairings
(1vp) and (ev,) are, in fact, universal and also
occur in strangeness-changing reactions. The
purpose of this note is to point out that if two neu-
trinos exist at all, there is the alternative pos-
sibility that in decays with AS=+1, the pairings
(ev,) and (uv,) may occur. In such a theory the
two=body leptonic decays of the K" would be

K" ptey, @

»et+u,, (5)
We will refer to such decays as “neutrino flip”
decays. In the conventional theory the decays
would instead be

K* >yt 6)
->e++ Vie (7)

Clearly, no direct experimental evidence exists
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at present to decide between the reactions (4), (5)
and (6), (7), although the arguments on forbidding
u-=e+vy to all orders implies that they cannot co-
exist, If the reactions (4), (5) rather than (6), (7)
occur, there will be important experimental con-
sequences, some of which we indicate here.

(1) If high-energy neutrinos are obtained from
the decay of a beam of positive pions, which has
a “contamination” of positive K mesons, the net
neutrino beam would be a mixture of v, and v,
and therefore could generate both the reactions

v tn>e"+p, (8)
and
Vpt > T+, 9

We have been informed?® that in neutrino experi-
ments in progress, the K contamination of the pion
beam may be ~20%. In the presence of neutrino
flip decays this might lead to a sizable electron
production. If an experiment is performed with
neutrinos from a contaminated beam and no elec-
trons are found, it would not only establish the
two-neutrino theory, but also rule out the exist-
ence of neutrino flip K decays. Conversely, the
mere observation of electrons produced by neu-
trinos would disprove the two-neutrino theory
only if a “pure” pion beam was the source of neu-
trinos. (We neglect the one neutrino in 10* coming
from 7 e + v decay.)

(2) A related point is the availability of high-
energy v,’s from K* decay if the neutrino flip de-
cay (4) occurs. Such high-energy v,’s are not ob-
viously available from any other source and would
be a good tool in studying the symmetry between
muon and electron interactions, by comparing for
example the reactions (8) and (9). It will there-
fore be useful in this connection to be able to dis-
tinguish experimentally between inverse neutrino
events induced by K neutrinos and by 7% neutrinos
For this purpose kinematic discriminations in a
“contaminated” beam may be sufficient.

(3) The occurrence of neutrino flip K decays
necessarily implies the occurrence of neutrino
flip in hyperon-lepton interactions with AS= AQ.
This means that in a neutrino absorption experi-
ment, where the neutrinos are known to be of one
type, the charged leptons produced with hyperons
will not be the same as those produced with nu-
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cleons. In particular the reactions

vp+p>Al+e”, (10)

VP> A+ ut, (11)
will occur, rather than

v+ p - A%+ ut, ete. (12)

In addition, we would like to make some com=~
ments of a more theoretical nature.

(a) If the lepton pairings in strangeness-chang-
ing decays are indeed different than those in
strangeness-conserving decays, it would suggest
that leptons carry a quantum number somehow
related to strangeness,* and that the weak leptonic
interactions are characterized by a selection rule
involving both of these numbers. In this connec-
tion we mention that the reactions (4), (5) also im-
ply the existence® of y*-e*+v,+7,. These points
will be taken up elsewhere.

(b) Unless special parity structures of the lep-
tonic, strangeness violating, couplings prevail,
it follows that if the K79 modes (4) and (5) do show
neutrino flip, all AS/AQ=+1 transitions do the
same. Thus in the K;3" decays and in the (1AS|=1)
B and u decays of A, =7, and =~ we would expect
also (e, v,) and (u,v,) pairings. The same is true
in K°>n"+et+y, If AS/AQ= -1 transitions occur,
it is evidently impossible to determine the nature
of the lepton pairing in such reactions from Eqs.
(4) and (5). To reconcile the absence® of nonlep-
tonic AS=2 transitions with a relatively simple
current-current structure, it is attractive to con-
sider the possibility that, if reactions with AS/AQ
= =1 take place at all, the pairing is (e, v,), (1, va).
In this case we would have

K°»n"+et+u, (13)
>t re+ vy, (14)
Kostttre™+7, (15)
1 +et+ ;. (16)

We now assume CP invariance. Then regardless
of the relative pairings in the reactions (14), (16)
as compared to (13), (15), we have

amn
(18)

R,(17)=R, (),
Rz(ﬂ -) = Rz (77+) ’

where R, (R,) denote the total rate of decay of K,
(X,) into the 7 with charge as indicated plus the
corresponding electron-neutrino pair (and like-
wise for the p-neutrino pair). We now consider
the following three instances.

(i) No AS/AQ = -1 transitions. We have now in
addition

R,(77)=R,(n). 19)

(ii) AS/AQ = -1 transitions occur and the same
lepton pairings (e, v,), (u,»,) appear in both
AS/AQ=+1, This means that in Eqs. (14) and (16)
v, and v, occur, respectively, rather than v, and
v, The relation (19) is now in general not true
due to different coherence effects in K, as com~
pared to K, decays.

(iii) AS/AQ = -1 transitions occur and the lepton
pairing is as indicated in Egs. (13)-(16). Now, for
example, the K, decay into 7~ +et +neutrino is the
incoherent superposition of the channels (13) and
(16). Thus the rate is one half the sum of the par-
tial rates. As a result the relation (19) is true
even in the presence of (CP-invariant) AS/AQ =1
transitions.” Thus we have here the possibility of
an experimental distinction between the cases (ii)
and (iii). Observe also that if the AS/AQ =+1 tran-
sitions satisfy more specifically |AT| =3, then the
following conclusion is immediate: If AS/AQ=~1
transitions occur, with pairings as in Eqgs. (14)
and (16), then the ratio of rates (K,°~n*+e¥+ )/
(K"~ m°+e* + ) is larger than two.

It should be noted that these last results depend
only on the lepton pairing in AS/AQ =+1 relative
to AS/AQ=-1. It is independent of the lepton pair -
ing in AS/AQ =+1 relative to strangeness-conserv-
ing reactions.

In addition it should be emphasized that if AS/AQ
= -1 involves (e, v,) and (u, v,), as in Egs. (14) and
(16), then for example v,+n **+e” remains for-
bidden, while for pairing (e, v,), (u,v,) this reac-
tion is aliowed.

(c) It has been surmised that all the weak inter=-
actions are generated by a sum of product of cur-
rents such as (J+j+s)f+ (g+j+s)+ Got+ so)T- (Go+So)
This extension of the universal Fermi interaction
to include strangeness-changing processes has
sometimes been questioned, because of the ab-
sence of neutral lepton currents and because of
the slowness of hyperon decay into leptons com-
pared to the universal rates.® Regardless of these
problems we would like to emphasize that the ex-
istence of the neutrino flip K decays would rule
out this particular current-current structure, since
different lepton currents occur in AS=0 decays
than in |AS|=1 decays. Of course, a more com-
plicated current structure can be envisaged.

(4) If all weak interactions including nonleptonic
ones are considered to all orders of perturbation
theory, then the absence of u »e +y decay rules
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out neutrino flip K decays.®? This follows because
the K meson can convert into a pion through virtual
weak nonleptonic interactions, and therefore the
chain y-K+v, > 7+ v, »e+y can occur to third
order in weak interactions. From this standpoint
there is therefore a cogent objection to our pro-
posal, if the cutoff of weak interactions is very
large. However, we believe that this theoretical
question is sufficiently open to warrant a direct
experimental test of the existence of neutrino flip.

We are grateful to CERN for its kind hospitality
and support.
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The Yl* or Am resonance at 1385 Mev has been
observed by several experimental groups.! One
of the theoretical explanations of the ¥, * is that
it is a quasi-bound state of the s -wave KN system.
In fact, Dalitz and Tuan,? from their rough, con-
stant-scattering -length analysis of the s-wave
K™p data, predicted that such a resonant state
might exist. Discovery of the ¥,* led to a discus-
sion by Ross and Shaw® of the possibility of putting
the association of the Yl* with the KN s state to a
detailed test by means of an effective-range analy-

with K~p s state, the only acceptable solutions
found were for the 7 channel in a p state (thus
even KZN parity), whereas the A7 channel could
be either in an s or p state. In addition, among
three different sets of effective ranges, only the
one corresponding to a moderately short “range
of forces,” i.e., 0.4 £f, led to satisfactory solu-
tions.

The scattering amplitudes T; for a system of
n coupled two-particle channels in a given state
of total angular momentum J, z component J,

sis, and as a result determine the KYN parities.
The purpose of this note is to report on an ex-
tensive survey of effective-range solutions of the
s-wave K “p data. The results can be summarized
as follows: Assuming that the Yl* is associated
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isotopic spin I, parity P, etc., can be expressed
as?

1+1/2 L 2l+1

-2t Y (1)

The partial cross section from channel 7 to chan-

T=p l+1/2.



