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In a recent paper published in the
Phys. Rev. Lett. (1) we proposed a selec-
tion rule that forbids transformations of
g into e. We were led to postulating
such a selection rule on the basis of the
following formal argument. o

We assume that p and e have iden-
tical interactions and they differ only
in their rest mass. It can then be seen
that, if electromagnetic interactions sat-
isfy the requirement of minimality (2)
and if weak interactions are neglected,
there exists a symmetry property of the
theory, that we called p-e symmetry,

(1) N. CapieBo and R. GATTO: Phys. Rev.
Lett., 5, 114 (1960); see also R. GaTto: Proc.
of the Annual Intern. Conf. on High Energy
Physics (Rochester), p. 609. _ )

(®*) The formal meaning of this requirement
is that one can obtain the electromagnetic inter-
actions by substituting 8]0z, — 8} 0zy,—ied,
in the original Lagrangian without -electro-
magnetic interactions. The minimality require-
ment seems to be essential in the present
theory of elementary particles. In particular
it guarantees the conservation of strangeness
in electromagnetic interactions. Theoretically
it seems to be related to the condition of renor-

malizahility. In the axiomatic approach to field

theory a limitation ecquivalent to minimality
might -be directly related to causality — but
to our knowledge no systematic investigation
of this question has been carried out so far.

-Phys. Rev. Lett.,

related to an exchange of the two lepton -
fields that are necessary to describe w
and e. We then found that in order to
maintain the p-e symmetry also in a
complete theory including weak inter-
actions one has to postulate two neu-
trinos, one coupled to the electron, Vgs.
and one coupled to the muon, . This
possibility of having two neutrinos has
been considered since a long time by
different authors on various grounds (3).
Experimentally it seems to be suggested
from the absence of u —e-vy (4), which
should almost certainly be present if in
@w—>e—+v+vy there is only one kind of
neutrino. Now, it is known that to a

_symmetry property of the theory there

corresponds, in general, a physical con-
servation law. The conservation law
corresponding to p-e symmetry is a

(*) A, SATAM: Proc. of the Seventh Annual
Conf. on High Energy Nuclear Physics, 1951
(New York, 1957), p. IX, 44; B. PONTECORVO:
Zurn. Eksp. Teor. Fiz., 37, 1751 (1960); T.D. LBE
and C. N. YANG: Phys. Rev. Lett., 4, 307 (1960).

*) D. BrRLEY, J. LEE and M. BARDON:
2, 357 (1959). The experi-
mental situation on the process w4+ (nucleus)—
—>(nuclous) +e~, whose presence or absence is
also directly related to the problem, scems
rather confused at present (CoNvERST ef al.: to
be published; SARD et al.: to he published).
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multiplicative conservation law that
Horbids transformations of p into e.

" More specifically, one assigns to each
particle a multiplicative muonic quantum
‘pumber I, according, for instance, to
‘the assignment shown in Table I, and

- TaBLe I.
particles auantum quantum
numb.r g number M
by e €5, | —i | 1
BT Yy, 8T, Ve + 4 41
. mesons, barions, v 1 0

;_ne obtains that the only reactions that
a1e permitted are those for which the
“product of the initial K values is equal
130 the product of the final K wvalues.
‘To the mesons, barions and photon we
~have assigned K=1, but we could have
“chosen instead K —exp [i(x/2)N] where
_V is the nucleonic quantum number of
the particle, without altering any phys-
“eal consequence, but only with a slight
teration of the formal argument leading
“to the postulated law. '

. - Besides the multiplicative conserva-
on law that we have discussed one can
onsider a more stringent additive con-
ervation law: to each particle there
orresponds an additive muonic quantum
umber M, such that, for instance

: ' 7
K = exp [@'-Q—JMJ )

nd only those reactions are allowed for
~which the sum of the initial M values
equal to the sum of the final M values.
forresponding to our previous assign-
ents of K one can assign values of M
s in Table I. -~ _
It is obvious that if the additive
“muonic conservation law is verified also
“the multiplicative law is verified.

- However if the multiplicative muonic
~conservation law-is verified it does not
“follow that also the additive conservation
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law 1s. verified. It only follows that the
difference AM between the sum of the
initial M values and the sum of the
final M values can only take the wval-
ues 0, -4, 48, (d.e. AM=0 mod. 4).

0dd AM are always forbidden be-
cause of lepton conservation. AM =42,
4-6, ete. are forbidden for both types of
conservation laws, amd this is sufficient
to prevent reactions such as

b=+,
73 . et+ete,
¢+ (nucleus) — e+ (nucleus) ,

u->e—l-vé+§e, T—>u+ty,, ete. .

Reactions with AM= 44, +8, etc.
are forbidden by the additive law, but
they are allowed by the multiplicative
law. Thus evidence for reactions like,
for instance,

(1) S

(2) e++e+—>p,+—l—p.+,
(3) vu+(nucleus) — |

—Que.+ é— 4+t 4 (nucleus) ',

“would exclude the additive conservation .

law and be consistent with the multi-
plicative conservation law. None of these
reactions can occur by electromagnetic
interactions alone and thus any evidence
for them would be an evidence for some
new mechanism, for instance of the kind
we are considering. The reaction (1)
is very interesting: it  can occur as a
charge exchange reaction in muonium

(e++ lj‘ﬁ)bound_) (e++ ‘J"Jr)bt;und .

It has been studied theoretically by
PoNTECORVO (5), and by FEINBERG and

() B. PoNTECORVO: Zurn., Bksp. Teor, Fiz.,

- 33, 549 (1957).
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WeinBERG (¢). We refer to the ka of
these authors for further discussion.

The reaction (2) might in principle.

be studied by colliding beam experi-
ments of the type considered at Stan-
ford (7), but carried out at a much
higher energy or with higher intensity.
A possible interaction of the type

e aw“” (v ya09™) ,

- where

o=+, and @=}(l-yy),
through Fierz re-ordering can be written
in the form (we use the Majorana repre-
sentation). '

= 2f(y"y, aw‘e’)(w““‘”y ay™*)

The . cross  section is then clearly
isotropic in the ¢.m. system. The total
cross section is given by

i sz'z
Orotar = ——— P14 B2)

(*) G. FRINBERG and S. WEINBERG: private
communication. . See the discussion remark by
FEINBERG after the paper by R. GarTo in Proc.
of the 1960 Annual Intern. Conf. on High Energy
Physics (Rochester), p. 609.

(") W. PanNorsky: Proc. of the 1960 Annual
Intern. Conf. on High Emnergy Physics (Roche-
ster), p. 769.

N. CABIBBO and R. GATTO

where F is the c.m. energy of each col-
liding electron and f is the muon velocity
in the c.m. system. If, tentatively, we
identify f with +/8G, where G is the
weak coupling constant the cross section
turps out to be

Ot = 1.6+ 10-37(E/M)? em?,
where M is the nucleon mass. )
The final muons are polarized longi-
tudinally. The value of the polanza-
tion is

proy

: 1+ B2

where the upper sign holds for u+, the

lower sign for p-. '
The reaction (3) can occur through

an interaction of the type

L= Py aap ) (W y ay®)

together with the absoi"ptioh of a virtual
‘nuclear y-ray by one of the final charged

leptons. An estimate of its cross section
on lead gives 0.5-10-%% (H, in GeV)? cm?
where F, is the incident neutrino energy
in the laboratory system. The rapid in-
crease of the cross section with energy
will perhaps make this process one of
the more convenient to decide hetween
the two possibilities of an additive or
of a multiplicative: muon electlon selec-
tlon Tule. :
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