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A POSSIBLE TEST OF A TWO~COﬁPONFNT THEOHY OF THE NEUTRINO
» 1suneyuki Kotandi
Radistion Laboratory
University of California
. Berkeley, California

March 11, 1957

'Recently Lee and Yaﬁg have proposed a two-component thebfy df the'
neﬁtrino,l In this theory, the violation of space-inversion inﬁaiiahée in
processes invalving'the'neutrinq is easily ﬁnderstogd. vﬁowever;'it seems
to be'useful to make clegr the difference between the usual fouf-cémponent
g the§ry of the ncutrino and the new t#o-componént theory. The purpose of
this 1ettar is to coﬁsider & possible test of this difference in./pa;méaon
decay.' | .

The neﬁtrino field, &}ﬁ} s in the two-component theéry ap@eérs in
interactidne in the cbmbination_ (1 ¢ 7{;)HPQI, as shown‘hy Lee and Yang.
Therefore,'in the proceés involving only one neutrino, all calculaticons
using ths two-component theony give the seme results as the four-comaonent'
theory with the Hamiltonian including such a term as (99 Oi(C + ¢ ?{ )?ﬂj),
if we take the special choice of Gi = +nc g+ The terms with either
coefficients, G; or C_i, are parity-nonconserving interactions. But, if |
E the proéess includgs two or more neutrinos, the fouf-comnonent theory gives
some additional contfibutiona that cannot be obtained by'using tﬁe WO
component theory. Therefore Qe may'distinguish the four-component theory
from the two~component théo?&. We will consider tﬁe 4 -MeSon decay &s an

 axaple.

#* . : o '
This work was performed under the auspices of the U.S. Atomic Energy

. Conmissgion.,
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“2a
Let us considef only the process
/Aéﬁ<~ﬁ>edt + + ¥ . ' @

The calculations are based on the interaction Hamiltonian deﬁsity,

4 - [ egitnn. . {_' + 1 . . . . .
T 33 WL O I O ) @)
where the notation is the same as that uged by Lee and ‘Zemg,“ except - that

_ O'i means. fy O; in the two-comnonent theory and 0;(C, kC'i }fs) An
the four-component theory. In the two-component theory, thé projqction
operator for the neutrino field includes the factor (1 ?ffﬁg), The -

- operators O; “that imvolve an even number of '%;A's commute with this
1+ ’Ys) factor. Therefore, &s Lee and Yang have shown, only the V-
and A-type couplings contribute to the electron-distribution function. At
the same time,'we can see easily that one must obtain the same result for
the four-component theory as for the two-component theory if _we"choose the
special cases of Cy = ,g.q v and CA = 3C A |

For [/A, meson at rest, with spin completely polarized, the slectron

' distribt;t'ion is given by |

2 F _ " -
) 2p .5{6(1~p)+ f(hp—B)}
| 3L ‘
‘ﬂ'f cos 8 (1 ~ 2?;))} ’

| | | | | (3)

| PN e

wiere ) = P, /6(27)° , (/) is the lifetime of the o moson,

Wip, d0,) = A dp daz Z]-;-]-,

and P, is the maximum electron momentum; P is the electron momentum
in the unit of p, , df, is the solid angle of electron momentum, and

. 8 the angle batwweﬁ electron momentum and the spin directian:of the /pk.
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s
The mass of the slectron is neglected in this calculation (/h’: ¢ =1).

~ The other notatiocns are given as follows:

- In the two-component theory of the neutrino, we have

.

o ' 2 2 '
p = dslw . e

Here the a in ?Z f means the values of (X 1) corresponding to the

(w)

. on - :
Zab(;fv £+ £, .fv) ’ g}f

special choice of negtrim field (%} - (1F¥ ¥ 5) 425, anci t}}a‘ b also .
msans the values of .(f:_l)’ corresponding to the e mesons in the -
positive and'negative enérgy atates, r35pectivaly.2

In the four-compenent theory of the ﬁ@utrino,, we have

TR R T R EN Y IV R TAL

—
13}

Y A

&Y
1

(3 iF jz% 68'1?”2#» 3| v

6r F ~ur 4 0.0.) - (e e
b6 F, F - LFy Fy4 C.) = kB(Gy Cy + Oy ) s

—F
N
7]

e #® . 5% S I LI v
)Z%ﬁ = b3 Fg Fpo- 4 Fy Fy + .C.) £ 2b(Cy” C'y + Cp Cp)
(5)
vhere ‘ , _
2 2 ‘ & ’ ¥

Ie ™ - }Ciizf« [e'y]” ema FF 2 (g cjf*c'fcpj)

For the special case of only the 5~ and P-type couplinga; Cf = —f% s

and f‘or the pure T-tyre coupli;zg, °yi = % .
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It is clesr from the above result that the HichelB pafameter ¢ and
'the otheé paramnetey éj | must have the definite numerical'vﬁlues, 3/& and 1,
reapecﬁi&ély, in either the twﬁ—component theory or for the miXturé'df the
V-Aand T-type couplings in the fournéomnonent theory. Thé'pfeliminary
experimentél result cohcetning electron distribution at the Univars{ty of
Chicago indicates gf'fm' Y. This fact seems to supporﬁ'ihe two~component,

o

theory of the neutrino, as well as the recent measurement of Yichel's

) 5,6,7 ' '

Q? value. »

| In the above, the result obtajined by the special combination
(e ,/AL)(F}, o/ ) of four leptons was described. Next let us consider the
other combinations, for example, (e, w})(b),lﬁA). Even with this choice
of the interaction Hamiltonian density, the conélusion ( (‘:' = 3/L and _:5’ = 1)
in the two-component theory of the neutrino is not changed, although the S

ard P-type couplings contribute to the distribdtion function of electrons.

%’ is always equal to

s

In addition, it is found--surprisingly--that
-ab{= £ 1) for the combination of the V; and A-type couplings, and '5? is
always equal to (+ ab) for the combination of the S~ and P-type counlings;
that is, the value of j? does not depend on the order of magnitude of
coupling constants, if we use the special combination of the (SP) or (Vi)
type couplings. This conclusion ( !jf'g = 1) is also true for any pure-
type coupling with this special choice. of the Hamiltonian density, e.g.,
ﬁf:'z‘aab for the fure V-type coupling and f? - $ab for the pure S-tyne
coupling. It is clear that; with this combination (e, ;})(1),/A~), we
cannot obtain the simmle relation betwsen results obtained in'the two~ and
four-component theories of the neutrino., The detailed result will be

presented in a full report.
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If the experimsntal result is j’ = -1, - Cj 2-3/& , and’ .»;;( »': 1
for the positively charged /u. meson, it is quite natufal from the point
of view of the universal Fermi interaction to assume the (STP) combination

with the interaction Hamilton densiﬁy of the (a, +/)(27, /w) type in the

two-component theory, ~.-.. (a = +1), of the neut.rim,8 in which the

negativé];r charged lertons ( /;» and e) are light particles (b = £1).
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T. D. Lee and C. N. Yang, Phys. Kev. (to be published), "Possible

E Parity Nonconservation and a Two-Component Theory of the Neutrino."

In the experiment, the general expression of the electron distribution

is given by (cy-ﬁfg cos ¢); in‘whiéh' qf an§ ‘;? are funcﬁions
depending on the energy of emittéd eleétrons'and # 4s the angle'
between electron and )pa—meson momenta, If the ‘ﬁg' hésuﬁhe same éign
for both the positiveiy andAnegative}y charged /ﬁA meséns in tﬁe :

experiment, then the spin direction of the positively charged Ve

meson is opposite to the spin direction of the negatively charged

f/LAumeson, This relationship is easily understood in the ﬁwoscomponent

theory of the neutrino.
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