EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

NP Internal Report 62 - 9
Internal Circulation Only.
Not for Publication.

SOME_CONSEQUENCES OF THE EXISTENCE OF MORE THAN TWO NEUTRINOS

¢. von Dardel, and A. Ghani

The'récent experimeht at Brookhaven has denonstrated that
there exist at least two types of neutrinos, vy and Vo associated
with respectively the electron and muon. Theoretical arguments for
thié assumption existed prior to the experiment, as a means
of explaining the absence of the prooess1 , in which
a meson turns into an electron by the virtual emission and re-

absorption of a neutrino,
B-e + y - (1)

i T To. desceribe the existence of two neutrinos and of the
muon and electron, Bludmanz) and Feinberg et alB) postulated the
existence~of a selection rule, associated with a "muon" quantum

number, which could be either multiplicative or additive in nature.

'y If one assumes that this new gquantum number (P) is con-
served in weak interactions, but strangeness (s) is not, then the

same neutrinos are associated with muons and electrons in the decay

of strange particles as with non-strange particles. If, on the other
hand, S and P are not individually conserved, but such as the sum or
the product is conserved, the rdéles of the two neutrinos will be inter-
changed in strangemess violating decays (i.e. "neutrino flip"). This
hypothesis can only be tested by experiments with neutrinos from pion

decays and from kaon decays.
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' We would like to investigate, in the present note, the
hypothesis that there may be more than two neutrinos, and as a first
step we assume that there are four, Vys Vo v}, v4- The two new
neutrinos v, and v

5 4

number and, in order not to increase this number in physics, we will

are distinguished from 2 and Vo by some quantum

1dent1fy thls quantum number Wlth strangeness.

For this ass1gnment to have any sense, we also require
that strangeness is conserved in leptonic weak interactions. It is
also clear that this assignment is in no way unique. One was to do
it is to assign 8= -% to the negative charged leptons and to vy and
| 2 , and S--+%-to”v3 and"'v4 With this assignment the AS = AQ rule
necessarlly follows in the leptonic decays. One might from symmetry
like tO'predlct the existence of a sét of "strange" ‘charged leptons
with 8 = +-to match the strange neutrinos vBZand V4” " Another possible
a881gnment would be to glve the charged leptons and- ordlnary nevtrinos
zZero strangeness, Whereas ‘the neutrinos v3 and v4 would ‘have strange-
ness +1. This again leads to the 43 = AQ rule,‘but leaves thée pos-
sibility open that there exist two more neutrinos Vg and Vg with
S = -1, in case of confirmation of the experimental evidence that the
£S - AQ rule is violated.

~The attractive idea of a current-current interaction

Vu+) (charge congugate current)
| (2)

‘to describe all the: features of the universal. Fermi interaction has

Bo= (Jpj + Jpg + 7 vt

room only for two:neutrinosgrvd and Vz, which are always related to
respectively electron and muon. This simple interaction has therefore
“+o be .dropped if one wants to consider either two neutrinos. with

neutrino flip or four or more neutrinos. ..

, 4 If 1nstead one cons1ders the 1nteract10n as medlated by an
1ntermedlate vector boson, one will in either hypothe31s need two dif-

ferent kinds, the ordlnary vector boson, Wi,:Whlch is coupled to the
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strangeness conserving baryon current pﬁvand to the lepton currents

" Vyet and v2u+, and a strange intermediate boson BT which is coupled

to the strangeness non-conserving baryon current and to the lepton

+ . oo "
currents e 'V, and W'V, in the case of four neutrinos and eTv

3 4

H+V1 in the case o£ two neutrinos with neutrino-flip.

5 and

Both hypdthesis‘fail to describe the coupling between_two
strangeness conserving and non-conserving baryon currents, as is

necessary for the non-leptonic decays of the strange particles, and
this is probably their weakness. One would have to add an additional

term in the interaction to describe these processes.

COMPARISON WITH EXPERIMENTAL DATA

The: introduction of the strange neutrinos vz andvv4, com~
bined with-the strangeness selection rules, forbids processes with a

change in strangeness of two, such as

B -»n+ 4" +V o (§>JW

and some strange partiéle decays with neutral 1epfon currenps, such as

KO = 2% 4 = o (8)

K o gt 4 4T+ 4" T ()

against which there is strong experimental evidence. Other dedéy

‘processes with neutral lepton currents would still be allowed, such as

K+—>TIZ++ \)3+‘V1 _ (6)

which would show up as anomalous t' decays with a p* spectrum ex-

tending up to 117 Mev.
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This reaction has never been observed, although extensive
scanning for anomalous v' decays has béen done by emulsion and bubble
chamber techniques. The present upper limit to these decays where

the pion has more than the kinematic limit for ' is ¢ 10-2

Perhaps an interesting feature with the four-neutrino
hypothesis is associated with the fact that there is a discrepancy
of about 4% between the observed muon lifetime and the number

calculated from V-A theory with UFI .

In the four-neutrino hypothesis there would exist another
channel for muon to decay into an electron and a pair of strange
neutrinos 33 and v4 and if one can assume that the present 4%
dlscrepancy in the muon lifetime is actually the contribution of this
channel, then 1t is plausible to ex;hnnﬁmﬁ all the leptonic decays of
hyperohs and K mesons would be much smaller than predlcted by the UFI

which is indeed the case experlmentally.

POSSIBLE TESTS WITH NEUTRINO INDUCED INTERACTIONS

. As with the two neutrino-hypothesis, the most direct way
to verify the four-neutrino hypothesis is by means of neutrino in-
duced interactions. The four-neutrino bypothesis predicts that
neutrinos from pion decay carry no strangeness and are therefore in-
capable of producing strange bartiéles,whereas the neutrinos from
decays of K mesons always produce single Kt or X° mesons, and the
anti-neutrinos X~, K° or hyperons.

“Since it is ‘experimentally impossibiéwfo make pure beams of
two kinds of neutrinos, at present these predictions can only be
tested statistically by comparing the?résults from runs when the
relatlve contrlbutlon to the neutrino flux from plons and K meson
decay is ohanged by changlng the decay length. Such experlments are:
certainly difficult, but may be possible with the enhanced neutrino

flux available in the future.
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If in the coming neutrino experiments with a decay path,
long with respect to the K decay length, one observes a sufficiently
intense production of strange particles, there may thus be a point
to check that the rate changes relatively little with the shortening
of the decay path as predicted, if the event producing neutrinos
originate from the K meson decays. If with the increased statistics
of the next experiment some electrons are observed, the same experi-
ment with a short decay path would simultaneously be a check on the

flipped two-neutrino hypothesis,

CONCLUSION
The hypothesis that the two neutrinos associated with the

electron and muon in strange particle leptonic decays are different
from those in strangeness conserving decays is not in contradiction

with present experimental evidence, and helps to forbid some of the
processes which have not yet been found experimentally. The hypothesis
predicts the AS/AQ = +1 rule to hold in leptonic decays. From the
point of view of the formulation of a simple theory, the four-neutrino
hypothesis suffers from the disadvantage that the simple formulation
of the UFI as a current-current interaction describing all weak
processes has to be abandoned and replaced by a more complicated

interaction with at least three terms to describe strangeness con-

serving and !'strangeness violating" leptonic decays and a third

term to describe the non-leptonic decays, about which no prediétions
can be made. The universality of the interaction would then come out
as a coincidence. These theoretical objections are shared with

the flipped two-neutrino theory of Bludman and Feinberg, Pais and

Glursey.

We would like to thank Dr. J.S. Bell for many useful

discussions and comments.
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