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92. ON THE CONSERVATION LAWS
FOR WEAK INTERACTIONS

AmﬂlﬁuﬂthmwhuhunHmmthnﬂpﬁtymh
introduced without asmuming asymmeley of space with respect to inversion.

Various possible conssquéences of non-conssreation of parity are considesed which
pertain to the properties of the newtrine and in this connection some processss in-
volving neutrinos are examined on the ssumption that the neutrino mass i exactly
BEPD,

1. CoMBIXED PARITY

As is well known, the unusual properties of K-mesons have created a per- 3
plexing situation in modern physics. The correlation between x-mesons In'
r-decay (K* - 2a* 4+ 2”) leads to the necessity of assigning a 0 state
K*-mesons. This kind of system, however, cannot decay into two m-m
(K* = 2* + 2%). We are thus faced with the dilemma of cither ass
that two different K-mesons exist or that the conservation laws are nnlated :
in K-meson decay. In the first case one must then explain the identity of &
masses (which are equal to within two electron masses) and the near coincidence |
in lifetime of the § and r-decays. One may attempt to explain the equality
of K-mesgon masses by postulating, az Lee and Yang' have done, the existence §
of some hitherto unknown symmetry property of nuclear forces which trans- |
forms the r-meson into a @-meson, If, however, decay involving a neutrino |
(K¥ =yt 49, K"yt 4yt K*Y—e™ 4 2%+ y}hmnnidmdtnhmn- '
tially the same for particles of various parity a difference in lifetime related
to the different rate of v and 6-decay (= 8 per cent and = 25 per vent) should §
be anticipated. This discrepancy should be not less than 30-40 per cent, &
result which seems to be incongistent with experiment?),

Thus we eome to the conclusion that the hypothesis of the existence of |
two different K*-mesons is contrary to the experimental facts and the only |
alternative is to assume that the generally ncoepted conservation laws are
violated in K-decay. Since there is no reason to think that the law of conser- |
vation of angular momentum is untenable, we are :}mnm!ﬂ_\; dealing here

FE8 4 P i B ————

with a direct violation of the law of conservation of parity

L. Landau, On the conservation laws for weak interactions, Nuclear Physics, B, 127 (1857).

1L Manpsy, O sexouax coxpavenns npn cisfux peanvopefioranax, Kypas Exenepusen-
il u Teopennmsonsl Gusuny, 33, 406 (1957).

L. D. Landau Constrvation lawn in woeak internotions, Soeiet Phye.-JETP, &, 338 (1957).

IL 1. MMengay, 08 ool sodeomuocT Ja8 noaspusagnoRrENT ceolicrs melitpmimo, FHypnas
Ercnepumenmanyeid u Teopenuveened Suawnn, 32, 407 (1957).

L. D, Landau, Possible properties of the neutrino spin, Sovie? Phys.-JETP 5, 237 (1957),
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_metry of space with resps -%m':mwwﬂ

(eomservation of !ﬂiﬂhr mwn&uml taken into acoount this type _
yminstry would seem to be extremely strange and in my opinion u simple

-:-f eonsorvation wonld ereate a diffioult situation in theoretival
m'l'_i?:ﬂll Tike to point ont a solution of this problem vﬂu%%nmhh

following. As is well known, both the law of conservation of parity
a-'nd charge conjugation invarianoce 'lmdnuhtndljr hold in strong interactions.
Lat s now assume thal sach of thess conservation laws does not hold separa-
tely in weak interactions. However, invariance with respect to the set of both
aperations {which we shall call combined inversion) will be assumed to exist.
In combined inversion  inversion and transformation of o particle into

an_antipariiele ooour simultansonsly,

Tt i» oasy to seo that invariance of the interactions with respoct to com-

bined inversion leaves space completaly symmetrical, and only the electrical
charges will be asymmetrieal. The effect of this asymmetry on the symmetry
of space is 1o greater than that due to chemical stereo-isomerism.

On the other hand the law of conservation of parity of charged particles
will not hold as the aperator of combined invorsion does not transform charged
particlea into themselves,

Furthermore, it in casy to see that the constanta charncterising the particles
and anti-particles (masses, lifetimes) should be identical since, as a result of
invariance with reapect to combined inversion, all processes involving particles
and sntiparticles should differ from each other only in regard to space inversion.
Graphically speaking, a K--meson is a mirror reflected K*-meson.

Truly neutral particles, that is, particles which are identical to their anti-
particles, transform into themselves in combined inversion. Consequently,
with respect to these particles combined inversion leads to s law of con-
secvation of combined parity. It should be emphasised that conservable parity
is the produoet of ordinary parity and charge parity of the partioles. Evidently,
in this sense tho a*-mesom is an odd particl; the KY (6*)-meson which decays
into 2 x-mesaons is an even particlo and t‘hﬂ.ﬁ'ﬁvw predicted by Gell-Mann
and Pais® and recantly discovered experimentally? is an odd particls. Combined
inversion changes the sign of the magnetic field of a photon but does not change
that of the elsctric feld. The ordinary paritios of electric and magnetic multi-
poles are reversed for combined inversion.

It i easy to show from the foregoing that despite the absence of ordinary
plrity the partioles cannot possesa dipole moments. Indeed, the only veclor
which ean be constructed [rom y-operstors for s particle at rest i its spin
veotor which is even with respsct o inversion and odd with respect to charge.
It is eonsequently odd with respect to combined inversion and, in accord with
the foregoing regarding the clootromagnetic field, it defines only & magnetic
but not an eleotric moment.

Lee and Yang*t have shown that non-conservation of parity leads to eorre-
lations in a number of hyperon production and decay processes. It gan be

4 T wonld jike to sinosrely thank the aothors for sending me & preprind of their paper.
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_shown that a conseguence of invariance with respect to combined inversion
(1]

that the oontain real confficients,

is siroumstances, however, does not ay r modify the qualitative

pieture which is obtained in the general case of non-conservation of parity,
Therefore asymmetry of hyperon decay with respect to the plane of their

oreation, which has heen predicted by Lee and Yang®, will also hold in this case,

T would like lo express my deep appreciation to L. Okun, Tt Toffo and A. Rudik
for disoussions from which the idea of this part of the present paper smerged.

2. PROPERTIES OF THE NEUTRIXO

Rejection of the law of conservation of parity entails the possibility of the
existence of now properties of the neutrino, The Dirse equation for the case
of zero mass splits into two independent pairs of equations. It will be recalled
that in the usual theory one cannot confine oneself to a single pair of equations
since both pairs transform into each other aa a result of space inversion,
I, however, we restrict out attention to combined inversion we arrive at the
possibility of describing the neutrino by a single pair of equations, In the
senso of the usual scheme this would signify that the neutrino s always polar-
ised in the direction of its motion (or in the opposite direction), The polarisstion
of the antineutrino is correspondingly reversed. According to this model the
seniring is not a truly neutral particle and this agrees with the fact that double
f-deeny has not been observed experimentally and especially with the results
of experiments on induced J-decay. Wo shall call this kind of neutrine a longi-

neutrino or bricfly a longitudinal neutrino.

In the usual theory the neutrino mass is zero, so to say, accidentally. Thus,
account of neutring interactions automatically leade to the appearance of
a definite, albeit vanishingly small, rest mass. Tha mass of the
neutrino, on the other hand, vanishes automatically and this situation cannot
be altersd by the existence of any type of interaction,

The longitudinal nenteine concept appreciably reduces the possible number
of types of weak interaction operators. Consider, for example, the decay of
a g-meson into an electron and bwo neutrinos, In the usual manner we reprosent
the interaction operator as the product of operstors consisting of u-meson
and electron y-operators on the one hand and y-operators of the two noutrinoes
on the other. For the longitudinsl nentrino only one eombination can be mads
from the two noutrino operstors—(s scalar with respect to rotation: the
operastion of ordinary inversion is not applicable), as it isx well known that
the temsor eombination of two identical operators obeying Fermi statistios is
equal to xero. In this case two combinations, sealar and pseudo-sealar (in
the usual sense of the word), can be constructed for a g-meson and electron.

If & neutring and anti-neutrino are emitted in g-meson decay the situation
changes. Only a four-dimsnsional vector oan then bo constructed from the
longitudinal neutrine snd anti-noutrino operators. In this case two combinations
~veotor and peendo-vector—can be made from the y-meson and eloetron ope-
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The K* ildummhut-h;-m additive quantum rumber S conserved in strong and electro-
magnetic interactions but violated by the weak interaction.
Since 5 is not a good quantum mumber K with 5 = 1 mixes with K” with § = -1, o one
expected the cigenstates to he CP eigenstates -

1
Ky = ?[Iﬂ"}ﬂﬂ"}},
Ky = ‘_}E“ﬁﬂ 1K),
K% = CP|K").

The abserved sigenstates were Ky (lifelime 75 = 0.9 x 107" goe) and K, (r, = 5.2 x 107*
see) with my = mg = 048 g ~ 10~ %V,
The primary decays were

Kg = 7*n~ and #°#°
Kp — 3nx,

consistent with the CP assignment Kq = K, aod Kp = K;.
The discovery in 1964 was that K, also decayed into ¥ #~ with n small branching ratio.
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Tuble 1: Data sond in the CRM fils

| Parameter | Valun
- - II —— n—ﬂﬁ_-J
Vsl 00308 & 00017
[Wan S Vial 0,003 & 0U014
el (2280 £ 0.013) = 101
AM, {0473 £ 0.006) (pe)—
AN, > 14.3 (pa)™=!
iz {my (pole) ) (108 & &) GeV
W {m{pole)) 1.25 4 0.05 GV
i n.s4
flee 1.38 4 0.53
et 0.AT & 0
Tt 0.57
i 054 40.15
f.,ql;".ﬁ.. 215 + 40 MoV
A 114 4 0.06

In the Bt, wo aliow ten parmmelers Lo vary: 8 ), A, ™My e Ter. Hais
fnqﬁ;.ﬂx.ﬂdh.ﬁﬂnﬂfﬂﬂ.b.}Hr@mhﬂﬂnhﬁpl,
The triangle dewwn bs to fackiiate our discussions, and corresponds to the central
walioes of the Bts, (a, 8, 7) = (8%, 24, 63°).

The CP anghes o, [ mned - can be messured in CP-violatlng rate seymmelsies
im B decays. These anghes can be exprossed in terms of B and 6. Thus, different
shapes of the wnitarity (risngle are equivalont w different valoes of the CP
enghes. Referring to Fig. 1, the allowed ranges at 95% C.L. are given by

woagin®,

or, exutvalently,

~0.58 S winda < 050 ,

I LA, Wysu®,

]

0.53 < aln 28 < 0.0 Jﬂ.ﬂiﬂ‘wﬁﬂ.ﬂ k]
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