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ABSTRACT

. o ‘A‘éiscussioﬁ is given’bfréoma of the recént eiperiméntél » -
results in {-decay, and a pdSsiblé theory of weak 1n£era§ti§¢é'is,
presented which.is able to repféducé most of the results of. the two-
componeﬁt:theoryhbut allows for ihé simltaneous présence'qf s and

'V in f-intéraction without violating time reversal.

This work was performed under the auspices of the United States
Atomxc Energy Commission. . :

On leave of absence from Istltuto di Fisica dell Universitd di Roma, Italy.

-



UCRL-3921

. . - ) : . +
A POSSIBLE THEORY OF WEAK INTERACTIONS

R. Gatto
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University of California
Berkeley, California.

1 INTRQDUCTION

Measurements of the angular distribution of the positrons
1,2- - ,
emitted in the decay of oriented 0058 give an asymetry coefficient

- opposite in sign and atout one third of tha£ 6£-0060. éuch a valﬁe

would bg'éonaisteni with a negligib}e ratio"MF\/lMGT\ for the transition.
'HQWGVGr, with the value for such a raﬁio reported previ'dusly,3 the :
asymmetry would te wrongly predictea‘if the f-decay interaction is

tv assumed to consist mainly-of T and S. A subsequent inQestigation ofA
the p* -+ angular cdfrelation'@n the decay of £35 - for ghich. |

: MGTA . .
the conclusion that V is the dominent Ferni coupling.”? On the other

appears to be much smaller than -Mp <~ has led the author. to

Ambler, Hayward, Hoppes, Hudsoh, and'wu,'ths. Rev, 106" 1361 (1957).

Postma, Hiskamp, Viedma, Steenland, Tolhoek, and Corter, Physica 23,
- 259 (1957). -

3 . F. Griffing and J. C. iheatley, phye.'Rev.VloA, 389 (1956).
Kietner, Schwarzachild and Rustad, Fhys. Qev. _Aé, 154 (1956).

L2 vHerrmannsfeldt Maxson, Stahelin, and Allen (to be published)

‘This work was performed under the auspices of the Unxted States
Atomic Energy Comm1951on. :

On leave of absence from Istituto di Fisica deli'Universitﬁ di Roma; Italy.
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hand, pievious experiments.on fhe ‘ﬁ+ -V cofrelétibn in thé«decgy of
8619 vere all consistent with the ebsence of V but inconsistent
" with the'ﬁbSence §f S. It is essential for sdch aléonclusibn’to
assume that T is the dominant Gamow-Teller.coupliﬁg.i If A were
 the dominant Gamow-Teller coupling, the ﬁl9 experiments could be
iﬁterpreted ag favoring V. However, the dominance of T in Ganow-

Teller trensitions is strongly indicated by thse ﬁ-—1’ correlation in

7

the decay of'<Hé6; The dominance of S is also indicated from the

8 .. ‘again‘éssumingYthe.dominance of T,

g decay of the neutron
| Ihvthe-général case of parity nonconservatiqn,:the conclusion
"that the aasumption of time-revqfsal invariance; togeﬁher gith'the‘
absence (or smallness) of the Fie:i terms, implies that either S or
V is present but not both and -- simﬁlarly for A and T -- is no
longer valid. However, such a conclusion again holds in a Fgo-‘
combonegt.neutrino theory” (Cj = 3 C'j, with the samé choiée bfléign
for all'éifferent coupli#gs j).9 Therefore the two-componént theory
of the neutrino would be inconsistent with the presencé‘of both S and
V in appreciable quantities, and/or of both T and A, wunless time
reversal is violated. |

No direct experimental arguments in favor of or against time-

reversal invariance have been reported so far. 'Thé.only indirect

é Maxson, Allen, and Jentschke, Phys. Rev. 97, 109 (1955); .
M. L. Good and E. J. Laner, Phys. Rev. 105, 213 (1957); and
W. P. Alford and D. R, Hamilton, Phys. Rev. 105, 673 (1957).

7' B. M. Rustad and S. L. Ruby, Phys. Rev. 97, 991 (1955).

8 3. M. Robson, Phys. Rev. 100, 933 (1955).

. o0

A. Salam, Nuovo Cimento 5, 299 (1957)s L. D. landau, Nuclear Physics 3,
127 (1957); and T. D. Lee and C. N. Yang, Phys. Rev. 105, 1671 (1957).
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 argument that has been presented is based on the large vaiue,f&und for
.the ratip of fhe lifetims of the long 1ivéd K° to that of the short
lived Ko 19f The magnltude of this ratio finds a natural explanation
in the assumption of time-reversal invarlance. However, time-revgrsal
invariance is npt the only possible explanation of the large value of
the ratio 4->a:possible smallness of the mass difference between the
two K  states would produce the same effect.’ It has also been-
pointed out that the absence of 2 decay for the K° long lived and .
a ratio of unity between the frequencies of décay éf Kq long livéd'
into e* énd int; d; would both follow directly from the large ratio
between the lifetimes.lz' Direct tests for testing time-reversal
invariance in p-decayIB and in K-Sirq.ﬁz(ﬁj + v decayle have been
proposed. | B | |
A£ the present sfage of experimeﬁts in ﬁ-decay,Aﬁhe possibility
must always be left open that some of the experimental conclusioné that
 have been drawn:maynbe'changed by later,‘more’refined, experiments.
'However, if one wants to accept the present indication of the presence
ofvboth S and V, one can either conaerve time reversal angd abandon
‘the.ﬁwo~c§mponént'theory, or conserve the two~cqmppnent‘theory and
abandon time-reversai invariance, or, of coﬁrse, abandon both. Ve do

not consider the possibility of a complicated nonlocal structure of the

10 R, Gatto, Phys. Rev. 106, 168 (1957).

H Lee, Octme, and Yang, Phys. Rev. 106, 340 (1957).
12

13 Jackson; Treiman, and \yld, Phys. Rev. 106, 517 (1957) and
M. Morita and R. S. Morita, Phys. Rev. 107, 129 (1957).

L R, Gatto (to be published).

“T. D. Lee, Proc. of the VII Rochester Conference, 1957 (to be published)
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’ﬁ-decay interaction essentielly because it would not be expected to -
V'lead to appreciable modificatiens anyway since the wavelengths of the
‘partlcles emltted in b-decay are large as compared to nuclear dimensions.
We shall discuss here, as a possibility of "etainlng the hypothesis of
: time—reversal invarlance, a four-conponent theory that has the advantage
of preserving most of - the successful predlctions of the two-component
"theory and, at the sane time, can explain most of the present data on

: jﬁ decay. In this theory, parlty is violated in a definite way (dlfferent

from the condition Cj = 2 C'j of the two-component theory) as a result

of an invariance requisite imposed on the 1nteraction Hamiltonian. This
invariance requisite las been discussed by hishigima 28 a possibility of
obtaining further restrlctions on the possible interaction Hamiltonians

of the two-component theory 15

We use it here alone; without requiring
two—component neutrino. The theory leads in decay to essentially
the same conclusions of the Lee-Yang two-component theory. However, it
allows for the presence in p decay of both S and V and of A and T
| without violatlng time reversal. It can be inte?preted as a theory with

two two—component neutrinos, one right-handed and one left-handed, in a

way ?ather:similer to a recent proposal by Mayer and Telegdi fofLE decay.16

However, we are concerned rather with the whole class of neutrino inter-
actions and not with f-decay only. Specifieelly, in [j~decay the theory
comes eut to be essentially different from Mayer-Telegdi's theory,xin the

rule by which the two neutrinos are coupled in the P-decay interaction.

15 k. Nishijima, Nuovo Cimento 5, 1349 (1957).
16 M, Goeppert Ma&er and V. L. Telegdi (to be published).
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2 | 1~DECAY
The @wo—componeﬁt'tﬁeory, with lepton éonservation, leads to a‘
' (~decay spectrum Qith ,P = 0.75. The expériménfg seem to indicate a
-'émaller value,Jﬁ = 0,68 * c.02.17 The experimehts also indicate an
asymmetry parameter § with a megnitude 'Ygl = 0,87 = 0012,18 which is
“rather neér £o the maximm possitle ﬁalue.in-the;two—compohent theory,
\g \ = 1. Lee and Yang have recently proposed to explain the deviation
of the eyperimental /0 value from the value 3/4 by agsuming a nonlocal

’interaction for wu decay.19

We shall take the viGWp01nt that both the
deviation of from B/Z and of 'gl from l are due to the same nonlocal
effects,_and we shall be concerned wlth a local epproximation of the '
interaction Hamiltonlan, for which /P is exactly 3/4 and \g\ exactly 1.
 Pnysically \§] =1 means a definite Spirality_for the electron

emittédlin the L decay. We take this ihdication as-a stérting point fér '
postulatinv an invariance property of. the interaction Hamiltonian under
a transfornatlon of the form

o —slexp (ifg + logys) s )

u — exp  ( i{ + io YS ) w |  vV (1)
In (1) and (1 ) the factors exp ( if) correspond to the usual gauge
transformation for charged fields, and they are introduced to compensate
the phase factors arising from the factors exp { iqgs

lehljima arrives at the invariance requirements (1) and (1') by

noticing that the S matrix of quantum electrodynamics is left 1nvariant

17 See K. Crowe, Bull. Am. Phys. Soc. 2, 206 (1957).
18 Garwin, Lederman, and Weinrich, Phys. Rev. 105, 1415 (1957);

J. Priedman and V., L., Telegdi, Phys. Rev. 105, 1681 (1957)s and

D. H. Wilkinson (to be putlished).

19 7, D. Lee and C. K. Yang (to be published).
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after such transformatiohs.?o However, if similar transformations were -
applied to.the barion fiélds, they would change the S-matrix. This
happéns‘because of the opposite commutation propertiss of - YU and Ys

with yg. If we assume that weak interactions are invariant under (1)

and (1'), the-total S matrix 1ncluding weak 1nteractions will - be

1nvar1ant under such transformatlonc of the charged lepton field
Ye spe01fy the two neutrino fields v’l and Voo by the conditions
Ys Vo=V - (2)
Yg YV, TV, : | - (2*)

and ve assume lepton conservation.

Correspondlng to our Splitting of the neutrino fleld accordlng

to (2) and (2'), we write the most general Hamiltonian for a local approxi-'

mation to 4 decay in the form

H =H 22,{ Hfl2_+ H'Zl + lel +<He?metian conjugate (3}

" where
.H'22= § 'é u)@z (1+Y5)F (1~~(5)v). (4)
’ ' . .
Hi12=2 ? (—erﬂ) 07 a- Y5) > (,1'~-Y5‘_) V) (4 ')
H'zlvf =T H,(e rﬂ) (" (1 +Y5 Loy ) V), and (4'")
S ‘ S Doy ' ’
Hyy =% 3zLj< Fu) o a - Y I‘j @+y) V). @)
.Thé Gj, Fj’1 HJ’ Lj are the coupling gqnétants for the different

invariants [}. The liamiltonian H' ' is the most generél parity-

non-conserving Hamiltonian in a. four-component theory without derivative

couplings.

were present (which do not satisfy the prlnciple ‘of minimal MY

electromagnetic interaction).
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In 15'22 and H 44, J - can tgke;only the vg}ues A and V.
R 1 .
In - ”'12 and H 229 5 ‘can take only the values S, T, and P.

Four different classes of Hamlltonlans are found té satisfy the

invariance requlrements (1) and (l') These_areZl ' : _1-6l
.'H'I with Gv = - ?Af FJ = Hj = O’:LV - 'LA..
ﬂ'II_ vith Gy = Gp By mH =0, Ly=iL
H' gy with Gy =0, Fs .. #P, Fp =0, H %‘HP,.L34= 0
Hflv' with G = O, Fé = Fp, H =--'ﬁé, Hp = 0y 4y = 0
H . is in&ariant ﬁndef the transformations (1) if the pﬁaSe factors

I
v . _
f are chosen such that ﬁe -a, = o, E“ - au'= O; H I1 ig invariant

e

. =0, f,+0, = 0;

. . . 1 -
,Afgr Be + a_ =0, ﬁ# +'c#'= 0; H 111 for fH, ~ o p
! - - - . 22
and }l Iv for l"}e + 'ne~ = O’ tzﬂ - {!/‘L = Oo
| The distribution in energy and angle of the elsctron emitted in
W e +V +V, with 4 completely polarized, is given, in the

‘approximation in which the electron mass is neglected, by

<'21

dN~2‘(l—X)+2/’ (4% - 3) + cos 6[ 3§(1—X)+77(4x—3)] (5)

where x is the electron energy in unity of its maximum value in the
decay, and 6 is the angle with respect to the x4 spin direction. . The:
parameﬁers /p (Michel!'s parameter), g.,and 7 can be calculated for
the'fotr'Hamiltonians satisfying our invariance requifement and are

The result is perhaps more expresgive for the ordering Cﬁz))(-tl) One

sees immediately, either directly or by a Fierz transformation, that

the four classes of Hamiltonians are (STP)ll 4+ (VA) 5o, (STP) + (VA)

(STP)?l + (VA)y,, (STP)12 4+ (VA) 5y, where w6 indicats, for instance, %

(STP)l an expression of the forn ZC r(l + Y5)Pj)(e‘ﬂ(l + Y5) L&>

We are assuming that the a's for dlfferent leptons are unrelated.
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found to be , |
1 , ' . '
for H, L= 3/4, § - . 1, jz = 3/2
. ) ," ! r' . . i
for 'H-'II ' :;f = 3//;, § =1, )z = - 3/2

3|HTl2

V.'
for. HIII 2 f

iF \2 +ligl? BIH,J

3lFT‘

b

f;r H I ':E.)p

UCRL~2921

_3([rg 2 fugl 5+ 7lnf? )2
[Fslz |Ha|2+ B'Hle

3(|Fe| +lus[ ) = 7)E, \
‘Fs\2+lﬂsl + 3|FT‘Z

M =

2 2, 2
)F ] +\HS| + 3[F |
The two—component theory with nonderivative couplinp gives

P =3/k end 7 =-3/28,

HiI ang _H I are two particular ceses of the dJstrlbutions given by the

"tﬁo-component’theory. the distrlbutlan obtained from H

that obtalned fron the two-component theorv with the vector coupling
-constant equal-but oppesite in sign to the axial coupling constent; that
obtained from H'iI is the same as that obtained from the th—componeﬂt
theory with the vector coupiing constént eqﬁal tc the axial coupling

- constant. The distributions obtained fron HtIII and H'

v
‘of the two-com nent theory if the sin le condition I \ +I VZ lF \2
po g Fsl +iHg T
\ T‘ ’ reSpectively, is sat1sfled in which case both .f 3/L and
t
1y 2 Hogy
However, we prefer

.‘Q = - 3/2 § .- For proper choice of the parameters, H'
can be made con81stent with the experimental data.
‘to consider the correct Hamiltonian to be H'I or_ H‘II’ because they

both predict;Awithout-any'further assumption, both )p' and § near to

their experimental values. From the discussion of f-decay experiments,
~ we shall derive that H'H is the'gofreg;-b Hami1tonian,

the electron

1 {
For each of the Hamiltonians i I to H 1V

Therefore the dlstributions obtained from

1 is the same as

become those

f

2/0.
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'emitted in p decay is comnletely polarlzed longitudlnally.--we are

, always using the approxlma§1on my = 0. 1In fact the electron is coupled

in the combination (1 - Yé)é in H'y and H ;;;, end with (14 YS)e
' ' : .
in H'II‘ and H yy. The polarization is independent from the y polari-

zation and has positive sign (spin parallel to the momentum, right-
]
¢

‘and H 111’ negat1VQ sign for H 11 and H IV'

to the

handed electron) for H I

- As to the relation of the Hamiltonians H .and H‘

I 11

Lee-Yang Hamiltonians, it should be remarked that H 1 and H' are

II

not equivalent to Lee-Yang Hamiltonians in the sense of the equzvalence
23, 24,25

- recently discussed by Pauli. Moreover, & general;zation of the

v“Pursey~Paulz ‘approach leads one to consider a transformatzon of the
form (l), which also giveg equ1valent Hamiltonians for effects that
do not.depend on transverse polayization>of the electron25 as Long as -
the electron‘masé is néglected. Agéﬁh, even in this éense,. H’i and

H'II iére,noneQuivalentlto Lee-Yéng Hamiltonians.

3 N. Pault, Nuovo Cimento 6, 204 (1957).

24 D. L. Pursey {(to be published).

25 R. Gatto and G. Luders (to be published).



UCRL-3921
12~
3 [=~DECAY. .
Imposing ﬁhé”invariance requirement (1) to the most general local
ﬁ-decay Hamiltoniane; one finds that the following iwo classes of

Hamiltonians are admissible:

"I =s;-§"PCj (?G )( r 1+ ‘Ys)v ) + Z'. C (FFn)('F(l - 'S)VZY)

H 11 stT,PCj(Prn)(—F(l )V) +VLACJ(?J“3n)(eJ;(} + Y5)Vl) .

.oon o . » » a LN
. H ;- is invariant if P, 1is chosen such that - a5 =0, and H 4y

is invariant for [, + ag . 0; ,
The first important point is that for both Hui‘ and H"Ii the
.. Fieré interference terms are always exactly zero. This can be easily
?1derived from the observation that the Fierz terme; are interference terms
:between S and VvV, and befweeh. T and A. Summing over neutrino spins,
‘one finds such interference terns contain factors of the form .. .
= Y5) A (l # YS) (where A,, is the projection operator for the ¥ )
whlch give zero.26 This mechanism for the disappearance of the Fierz‘
terms permlts the existence in the p—decay interaction of both S and
F and of both A and T, _
The asymmetry parameter o for the angular distribution
(written as. l+ 0 cos 8) of the electrons emitted from oriented nuclei
‘in G.T tran31tions is, in t?e 3fual notations,
Iz

_ \ : ' '
e = 5 (c) '}‘J',J ' for H'y (5)

26 Mayer and Telegdi express this circumstance by saying that there

can be no interference between left- and right-handed neutrinos.
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and opp031te for H II' The upper sign always refers to é', the lower
to .e+° This result is independent from the values of the coupling
constants Ceq and Ca (both T and A “may be present). The factor

'RJ ’3 only depends on the initial and flnal nuclear spins, J and J' ’
and it is equal to one for the [~ decay of 006027. .The result of
.this experiment is in agreement with the prediction from H 11+ This
-excludes H' I as a possible Hamiltonian, and, as a consequence, H.I
is excluded for_ uddécay; for which case the only possible Hamiltoﬁian
is now H'II’ welshall return later to a’discussion'of thé n. L e
:caséadé; ' o 3 |
We note that due to the autonatic abaence of the Fierz term

67
can stlll be

in the present theory, the Rustad-Ruby experiment on He

eonsieten@ with some fraction of A, The 0058 expemmentl’2 would

require in our theory the smallness ofﬂa,term -
Ro(CsCq + Oy, )/(Jeg|® + {¢u|®.

This can be ébtained 1f.there is an appreciablé contribution from V and

also & small contridution from A. The dominance of V over S, as

3 and the presence of a small A,

~indicated by the A3° experiment;
would. not bé inconsistent with time-reversal invariance.

- For both HfI and ‘H"II ihe emitted electrons are ﬁolarized_
5longitudinaily. The polarization is however, not complete, but of a
'magnitude (v/c), due to the mass term in the free—particle equation.

Since ‘the coupling is with (1 - Y5)e in H T and with (1 + Ys)e in'
H i the emitted e is right-handed for H 7 and left—handed fof
H' Ii’ Therefore, for " T the';heory ﬁfedlcts.a_longitudlnal polari-

' zation = - (v/e) for e and + (v/e) for et, independent of the

) 27 Wu, Ambler, Hayward, Hoppes, and Hudson, Fhys. Rev.. 105, 413 (1957).
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-particﬁlar transition or of the vélues of the coupling constants; This
is exactly the result that would ﬁold in the usual £w0~compopent theory
with & right-handed neutrino if V"énd A are aﬁsent; This result is
consistent with all the results reported.sé far on GfT transitibhs. It
" "is consistent with the recent results on the polarization of‘thé positrons
- from @ ana 613A£28 It is, houeVer, inconsistent with the reéults
'rgported previously.on the longitudinal polarization of the electrons |
emitted from ‘656629 and ffom sctb and AuigeaBQ If these last
results were confirmed, tﬁey would constitute a directvdiéproof'of this
theory. A '
4 w— y DECAY
In dealing with w—u + % deca?, we uée a ﬁhenomenological
”10cal'Hamiltonian including first-order derivéti#es of the pion field. -
| If the decay occurs through virtual barion-antlbarlon states coupled
vAto the leptons by a Terml-type inte"action, one would eépect nonlocal
effects to be less important because the virtual 1ntermediate states
are very far from the energy shell. Two c&asses of Hamiltonians are

1nvariant under (1%'):
"'

H . = -g (z(1 - 75))/2)55 +im @Yl(l +_Y5)V1) 3y’ ‘and

fee

H (1= 8 gﬂ(l + Ys)yl)w' +ig Q- YS?Vz) %(g :

H"".»is invariant for I | =0 a g''"'
I vrnof+nﬂ-.,an II

for ﬁ -a =0
£ '
The latter possibility would, however, be inconsistent with our result

<8 “-Deutsch, Gittelman, Bauer, Grodzins, and Sunyar (to be putlished)

2

9 Fraunfelder, Hanson, Levine, Rossi, and DeFasquali (to be published)
30

Fraunfelder, Bobone, vonGoeler, Levine, Lewis, Peacock Rossi, and
DePasquali (to be published). -
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for u,decay, for which the only possible Hamiltonian was H‘II‘ Therefore,

“ 1y
we are left with H .-

In H'f'I thé 1 is coupled through 1+ Ys)u; however, we
cannot congiude from this thet the 4~ 4in n decay is emitted left-
handed, because of its low kinetic energy. ITts longitudinal polarization

- is , rather , given by ) l ‘2 2
L \g\ o+ ]flz - -

(6)

: ;&nd‘it reaches the'values ¢+ 1 only if one of th§~§wo couplings is

»aﬁsgnt. We shall now show that the fesults‘on:ﬂ-décay imply that.
'eééentially only the derivatiée coupling‘exiSts;‘ In the n—u-e
caécade, the measured.valﬁehof §{ in the électrdn Angular distéibution

is the»product E&JE R “where P, is given by.(6);>;The measured vélue
of g is, howavef, very near to unity after éccounﬁing for depolar;zgtion
effects in the medium, 80 that we are led to assune ‘PL\ 1 in =l
decay. On-the other hand, the e from u, - decay is knouwn to be
preferentlally ‘emitted backward with respect to the monentum. With
our Hamiltonian H I the electron angulsar dlstrlbution with‘respect

to the #Pspin dlrection is given by 1 - 1/3 cos' 8, which implies that elec-
trons are- preferentially emitted backward with respect to the ﬂ»Spin.
Therefore the u~-spin is parallel to the momentum, which according to (6)
implies derivative coupling. In the two—component theory with right-
handed neutrinos and with lepton conservation the 1 emitted in

decay must be left-handed, whereas_ln the present theory it must “be
right-handad. Moreover, tﬁe e' .emitted in 4~ decay is right-handed

in the two-component theory with lepton conservation, btut it is left-
handed in the-present theory. All these polarizations are reversed fér.

opposite charge, as follows,directlytfrom‘the TCP theorem, A direct
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E_ measurenment of sﬁch polarizations would permit us to decide between
the present theory and the two-conponent theory with right-handed
neutplnoo. )

4L last remark concerns the alfenca'of T+ e + vV .4VI£ is
zgratlfying at first’ s1ght to be able to conclude that the derivative
couplinp only is presumably effective in n decay, because, as it is well
known, if one likes to assume that the coupling for n-e decay is the
v'same as for n-u decay, one findsva ratio of**lO * . for nwe decay to
- wey decay. . The presen£ upper limit for this ratio.is; thever, still

-g 31 .
5. It might be that such & reduction is due to

smaller, ~ 5 x 10
the other small effects that we have deliberatoly neglected-—although‘
such a posaikility seems to us artificial. Moreover,_lt must be
remarked that we have not been able to derive directly from the theory
the conclusion fhat the coupling must be derivative, but we have only
shown thaﬁ\this possibility ;s the most consiétent with the n-u-e
expefiﬁents, if they are intenprétad according to the theory here
discussed. ‘

Nisbijimﬂ gives a theorem'stating that weak interactions
involving dnly émpu -e pair cannot be invariant under (1) and (l‘);
This-theorém would.férbidlunwanted processes such as K°— u +Ve;

Kn 4 ut + _e;, pUre +y, pure+ e+ e, U + BN + e, etc. (which
are not forbidden Ly lepton conservation under.the preseﬂt-assignment,
accofding to»wﬂich 4, &, » are leptons, and their charge cohjugates
antileptons). To prove such a~theo£em it is éésential, however, to

"assume that the only gources of périty nonconservation are the couplings

R S. Lokanathan and J. telnberger, Pays. Rev. 98, 240 (1955).
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witﬁ thé neutrino field. We do not see at present any reason for such
8 ﬁostulﬁte. o ) |
| '5 FIHAL REMARKS

It was the:purpose of this'work to éhéwihoﬁ a relatively simple
theory can be constructedisuch that: | ‘

(i) It is baaed on general theoretlcal assumptions rather
‘thaﬁ on. phenomenological hypotheseo. Fur1ty nonconsgrvatlonnarlses from
& postulated 1nvar1ance prOperty for the charged lepéﬁnic fields. The
‘ theory can be interpreted in terms of two massless two-component
neutrino fields, and ;arlty nonconservatlon 1s 51mp1y a. reflectlon of
the different way in which the two fle‘ds are coupled. .

(11) It maintains all successful predictidné ﬁf‘the simpler
..;wo;coﬁponént theory with rigbt-handéd neutrinos. It léads,'mofeover,;to
_more speéifié-predictidns infa~decé§a It doss not provide=én explanation

of the.aﬁsehCS.of T>e + v, but it strongly éﬁggestsvthﬁt the derivative
couplinz is respon81ble for such decay, thus leading to a very small
transition probability. - The philosophy underlying the theory is that

some first approximatloﬁ exists to the leptonic problems, such that
leptons apfear in the interactions as particles with~definite ,
 spiralit1es. The deviations of )p from ’/Z_and of ]E,\ from 1 in

| i decay would both be due to effects that are neglected in such. local
approximation to the.interaction Hamilpgnian.bA

(1i1) - >It allows for the poSsibility of heving both 'S -and
V, and, if necessary, both T and A in ﬁédecayiwithout inmplying
violation of time-reversal invariance. It léads, for any mixtﬁre of

couplings, to the same values for the longitudinal polarizations of
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f~parti¢les that ars predicted by the two-component theory with right-
handed neutrinos and with only £ and T interactions; It is not
cOnsistenL with all the.ﬁ—décay experiments that have heen reportsd in
| these lastlfew months,vbut some of them appear in difect contradiction
with each other. 2’

The theory discussed here is of course more complicated, and
~ therefore less attractive, than é iheory vith one single two-component
neutrino. We would Concludé that a céfeful're-examination of the most
relevantiexperimentél rgggits on ﬁndecéy has to be carriéd out tefore
_deciding on the two~¢omponent theory. -

Wie may triefly examine two of the simplest possibilities. Suppose
the conclﬂéioﬁ from the'He6 eiperiment7 is not valid, and that A instead
of T 1is the prédominant aT intersection. Then, from the [-decay of
the neutron,8 ons would concludé that V is the dominant F interaction.
This'reéul£ would be confirmed by the Nelg expefiments,6 and a direct
B experimental test Qould b@'thé A35. sxperimént.s The 006Q experiment,27
| all the experiments cari‘ied out on the longitudinal polarization of
| p—particies in GT +transitions, and tﬁe Ga66 and. ClBA experiments28
wouldbthen indicate ¢! =Csy Cy' =C ; ‘This theory would be & two-

A v
component theory with left-handed neutrinos. The 0058

experimentl’z»
‘would still present a difficulty, unless time-reversai invariancé is not
- valid. | |
If, on the other hand, the He® result ic valid and T is the
dominant GT interaction, then, from the f~-decay of the neutron one

would conclude that S is the dominant F interaction. This result

32 Por a review of recent [i~-decay experiments, see T. Kotani, "Brief
Review of Allowed [ Transitions", UCRL-3798, May 1957.



UCRL~3921
-19-
~ would be!cOnfirmed byvﬁhe Ne19 experiments, but the donclﬁsion from-the
A35 experiment would be wrong. The 6060 experiment, the experiments on
1ongitudinal polarization in GT transitions, and the Ga.66 and €174
experimants;yould suggest CT. :-=“CT’ CS' = - Qs.__This.ia the two-
.componeﬁp theory'ﬁith'right-hénded~ne€trinos;"Agaihﬂthé Cd?? experiment
Qouid-constitute'a diffiéﬁlty if timevreversal is valid. . | |
' The Rustad-Ruby experiment on He® is one of the most accurate
experinments in f-decey, Its preéent role in,déciding between the various
pheoreticél poséibilities;is; howéver,‘so crucial, that we'would
stronély sﬁggeSt 8 careful re-examination of the éxperimental conclusion
in favor of tensor interaction in G-T. tran31t10ns. If,ibn*tha other hand,
/gzgzgi;ental eV1dence substantiates the present indlcation that none of
‘the single solutions with a single two-component neutrlno (either rlght-
or 1e£t-handed) is able to explaln Badecay, we would consxder the theory
.discussed 1n this papar as a most attractive possibility for the

description of ueak interactlons.l
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