N

N

NEUTRINO IDENTITY
S. Glashow

» To cite this version:

S. Glashow. NEUTRINO IDENTITY. Journal de Physique Colloques, 1971, 32 (C3), pp.C3-109-C3-
111. 10.1051/jphyscol:1971316 . jpa-00214597

HAL Id: jpa-00214597
https://hal.science/jpa-00214597
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/jpa-00214597
https://hal.archives-ouvertes.fr

JOURNAL DE PHYSIQUE

Collogue C3, supplément au n° 10, Tome 32, Octobre 1971, page C3-109

NEUTRINO IDENTITY (*)

S. L. GLASHOW (*%)
Lyman Laboratory, Harvard University, Cambridge, Massachusetts 02138 (U. S. A.)

Résumé, — La théorie habituelle des interactions faibles contient une hypothése simple, mais
riche en conséquences, sur ’identité des neutrinos : il s’agit de la conservation indépendante des
nombres quantiques muonique et électronique. Dans ce travail nous présentons une discussion
critique des expériences qui pourraient tester cette hypothése.

Abstract. — The conventional model of weak interactions incorporates a simple yet far reaching
hypothesis concerning neutrino identity : the independent conservation of muon number and elec-
tron number. In this work, we argue that this hypothesis can and should be tested experimentally,

Certainly, the conventional phenomenological model
of weak interactions is one of the finest triumphs of
modern physics. A vast amount of experimental data
is explained and correlated in terms of only two
fundamental parameters, the coupling strength G
and the Cabibbo angle 8. So successful is this model
that many of its predictions, although they are not
vet experimentally tested, are often tacitly — and, I
think, unfortunately — assumed to be true. We shail
speak in particular to the question of what are the
neutrino states participating in leptonic and semi-
leptonic phenomena : are the neutrinos associated
with strangeness-conserving semi-leptonic processes
the same as those associated with strangeness-changing
processes ? How are these neutrinos related to those
participating in muon decay and in diagonal leptonic
processes ? The conventional model gives unambi-
guous answers to those questions. This talk is simply
a plea to the experimentalist to be critical and not to
assume that these answers must be true. Only expe-
riment can decide the questions of neutrino identity,
and confirm or deny our simple picture.

We first consider semi-leptonic processes. We do
not question the V-A form of the theory, nor the
chiral structure of lepton currents. We assume the
overall conservation of lepton number, but not the
independent conservation of muon number and
electron number. Thus, we envisage the following
form for the phenomenological Lagrangian :

G cos 6H} { ey, (L 4+ ys) vy + (1 + ps)va b +
+ Gsin 0HT { ey, (1 + y5) v5 + (1 + y5) va } . (1)

(*) Based on a talk presented at the « VI Rencontre de
Moriond sur les Interactions Electromagnétiques ».
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Here, H,(H,) is the usual normalized strangeness-
conserving (changing) hadronic current. But, we have
allowed for the possibility of four distinct neutrino
states.

For the sake of orientation, we may consider three
extreme possibilities. In a one-neutrino theory we

would have
Vi =V, = V3 =V,. (2a)

Another possibility is to make each neutrino distinct,
and orthogonal to the others,

<v|lv;>=0

Or, following the conventional theory, we could put

fori #j. (2b)

VL= Vo, V3 =V,
<vilvy>=0. 20

Of these three simple possibilities, only the third is
compatible with experiment {1].

But, it is clear that there is an infinite variety of
other possibilities. In general, we must consider the
4 x 4 tableau of dot products of the various neutrino
states

<vilv;> =My = 3)

Uil
S| ® =R
TI= o o
—_ N R

In any presently conceivable experiment, it is only
the absolute magnitudes of the six off-diagonal entries
of M that are measurable. However, in a general
model, these six parameters can each assume any
value between zero and one. Each of these parameters
has a direct experimental significance; e. g., | & |?
is determined by observing the rate of AY = 1 muon
events produced by neutrinos from 7 decay, and | d |*
is determined by observing the rate of AY = 0 elec-
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tron events produced by neutrinos from K, decays,
etc...

In Table I we enumerate the predicted values of
these parameters in the conventional model (2¢),
and my guess as to the experimental limits that may
be extracted from available data. Observe that the
extent of the confirmation of the conventional model
is quite modest and that the possibility that a more
exotic model applies cannot be ruled out. Let us hope
that these limits improve with the next generation
of neutrino experiments.

TABLE I

Usual theory Present limit

la] 1 None
(6] 1 =.50
| c] 0 <£.15
| d] 0 <.25
le 0 <.75
| £ 0 None

The next question we consider concerns the identity
of neutrinos produced in muon decay and related
leptonic phenomena. For simplicity, let us assume
that the conventional theory is satisfied for semi-
leptonic processes. Otherwise, the analysis is more
complicated, and experimental results. on leptonic
processes would depend on what fraction of the
neutrino spectrum originated from pions or kaons
(an interesting possibility, which we do not mean to
exclude).

We envisage
Lagrangian

G(cos OH§ + sin 6H}) x
x {E'J’A(l +ys)v + upl +ys) v )+
+g{@ U+ ) v} {Vnd +r9)u}
+a{a' M+ )V H{Vnl +ys5)u}
+ g {@' W +y)vi{md +ys)u}
+a{@’0 +y)v H{wmt +9)p}. @

We have included terms corresponding to every
possible assignment of neutrino identity, assuming
only that the same neutrino states participate in
semi-leptonic and purely leptonic processes. In the
conventional model, we must put g, = G and
g, = &3 = g4 = 0. Note that the terms involving g,
and g; correspond to violations of muon number
(or electron number) of unity, while the term involv-
ing g4 corresponds to a violation of this quantum
number by two. What appears as muon decay is
any of the four processes

the following phenomenological

u—>e+v+v
Lo>e+v+v
poe+ v A+
H—e+v +v
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all quite indistingnishable, experimentally. Since
the rate of muon decay is measured, we must require
the following condition on the four coupling constants,

lgs P+ g P+ 1P +lgP=G. (5

Furthermore, if all these interactions are mediated
by vector bosons, we must be careful that the decay
mode p — e + y is not induced. Clearly, only g,
and g5, corresponding to unit violation of muon
number, are involved. Cancellation of this unwanted
decay mode requires

g +8 =0. 6)

Consider the experiments that can help determine
these parameters. Imagine the processes

v+ e—p+ [v] (7a)
Voe+u+ [v] (7b)
vViose+ p+ [v]. (7¢)

The square bracket indicates that the identity of the
final neutrino or antineutrino is not measured ; one
observes only the incoherent sum of the cross sections
for either kind of neutrino. The latter two processes
require the intervention of a Coulomb photon, and
take place in the neighbourhood of a heavy nucleus.
Note that the cross sections for reactions (7) depend
on the combination of coupling constants

lg1]2+ lg2|2.

Another combination of coupling constants,
| g, |* + | g4 |? is determined from a study of the
conventionally forbidden reactions

V+e-pu+ [v] (8a)
Vo u+e+ [v] (8b)
Viou+e+ [v] (8c)

To obtain further information about the g; one must
perform experiments with electron neutrinos. This is
a difficult but not impossible task, since almost 10 %,
of the neutrinos produced in kaon decay are electron
neutrinos.

From the processes

v+e-p+ V] (%a)
voe+ pu+ [v] (9b)
v—oe+ p+ [v] %¢)

one may, in principle, measure |g;|*> + |g3!*;

and from the processes :

v+ e—pu+ [v] (10a)
v—e+ pu+ [v] (10b)
voe+ p+ V] (10c)

one may determine | g5 |2 + | g, |2
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In view of (5), we see that there are just three inde-
pendent coupling strengths, but experiments can
determine only two of them. Moreover, if we
assume (6), there remain two undetermined parameters,
of which experiment can determine only one, i. e.

g >+ 181> =18 1" + | g% = cos® BG*
lgs* + 18a > = g2 1> + 18417 = sin® BG* . (11)

The parameter cos®> B can be measured, but no expe-
riment can distinguish between a violation of muon
number by one (g, = — g5 #* 0) or by two (g, # 0).
In any case, the measurement of this parameter is the
crucial test of the validity of the conservation law
for muon number,

Finally, we come to the diagonal leptonic interac-
tions, for which we consider the following phenome-
nological Lagrangian

f{@* @ + ) v {md + e} +
+ i {0 +9)v' F{V 91 + ys)e}
+ L@+ ) v {V 7 +95) e} + hoal
+ h LI + )V V0 + v}
+ By { (L + y) v} { vl + v}
+ [ { L+ ) v 3 { + v} + hoal].

The conventional theory is obtained by the choice
fi=h, =G and f, = f5 = hy, = hy = 0. The terms
involving f, and A, violate muon number (and elec-

I
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tron number) by unity ; the remaining terms conserve
muon number. A

Once again, there are more parameters than
may be determined by feasible experiments, Only
the combinations | f; 12+ |/ l% (AP + | &, |5
| hy 1> 4+ |hy|* and | f2]* + |f31* are presently
measurable. In particular, experiment cannot dis-
tinguish f, # 0 from f; # 0. Hence, a violation of
muon number cannot be proved by a study of the
diagonal interactions. However, it is precisely on the
question of diagonal interactions that several recent
models differ. We quote in Table IT predicted values
of f; in these models. (All models T know of predict
fi = h;, for they incorporate pe universality).

TaBLE II
Usual theory  KLGG GIL
J1 G pG (¢+H*G
fa 0 0 0
/3 0 0 (¢—-%4°G
Here, KLGG indicates the model of Gell-Mann,

Goldberger, Low and Kroll [2] wherein the diagonal
interactions are renormalized differently from non-
diagonal interactions, and p is an unknown positive
number. GIL [3] stands for the model of Iliopoulos,
Maiani and myself, and ¢ is again an unknown posi-
tive number : in this model elastic scattering of v’
from e is expected. Soon, one hopes, experiment will
exclude one or more of these possible models.
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