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INTRODUCTION

The nature cof the interactions involved in ;;3 and Kgs de-

cay has so far been investigated through the energy spectrum of

the u -mesons and electrons emitted.

Since thesge are three-body decays, more informatiocn can be

obtained from the determinmation of the complete Sharing in energy
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amongst the particles. Although the pion energy has not been mea-
sured so far, we hope that this informaticn may become available.

On the other hand. an important consequence of the non-cone
servation of parity in weak interactions is that u -mesons and
electrons from‘KFB and K63 decay will in general be partially po
larized along their direction of motion. The orientatiocn and ener
gy dependence of the polarization depend on the nature of the in-
teractions.

In this paper we are concerned with a theoretical treatment

of these two subjects.

I. GENERAL ASSUMFTIONS

Assuming that there exists only ons KE.-mescn having different
decay modes (parity not belng conserved in somes of them) present
evidence strongly favours the assignment of spin zero. Therefore
we restrict our analysis to the case of & apiniess K-meson., Our
discussion of the polarization is carried ocut on the basis of the
two-component theory of the neutrinoc as fermuiated by Yang and

10 In this theory, the spin of the meutrinc is always parallel.

Lee
to its momentum while the spin of the antl-nedtrino is always anti-
parallel to its momentum., This theory is =quivalent to fthe conven-
tional one if the neutrino fieldgﬁg . 1s rasericted toli%ﬁenfuncﬁ
tions of ”y5 belonging to the eigenvalue -2, sc that ~w§~imj5=y50
We further assume that in a definite decay process elther a neu-
trino or an anti-neutrino is produced. The magnitude of the po-
larization should be the same in either case, but would have dif.
ferent sign.

If the results of jgndecay293 are interpreted according to
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the two component theory, one concludes that a neutrino is produ-
ced with the positronh'whila an antineutrine is produced with the
electron, in accordance with the principle of congservation of
1eptons5o
Applying this principle to the process:

+ +' '_T’

one concludes that pf like e should be an arti-pariticle,
Experiments on the polarization of p-mesons and elcctrons from
K-meson decay will provide a check on the validity of the princi.-
ple of conservation of leptons. On the basis of this principle
the processes should be:

+ o
K oo v 4+ v 4 3
Mo ’l-,

+ q
KGB [V UPRIE W - ] ' + }) o

These combinations are assumed in our analysis. All conclusions
on pelarization refer to theﬁo |

It should be noted that as far as energy distribution is
concerned the spin state of the neutrino 1s irrelewvant.

In princi.le, “he oniy requirement upon the interactions is
that they must be invariant under proper Lorentz ftransformations.
However, we aszsume that the fermion pair is producsed through a

Fermi interaction, the whole process involving closed baryon loops

of which an example is given in Fig. 1.
& 2 ] o e
f"“
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Radiative cerrectlions are negligible. Moreover, we assume that the
factor In the ftransition matrix element arising from the intsernal
processes can be expanded in a power series in the initial and fi
nal momenta; we retain only the leading term of this expansion
fer each type of PFermi interaction. This is the procedure adopted
by Puruichi &t 217 in their analysis of the jp-meson and slectron
energy spectrs.

We summariss our assumptions as follows:
I. The K-megson is a spinless particle,
I1. The neutrino iz described by the two-component theory of Yang
and Lee, or equivalently in terms of the Dirac spinor ¥, satls-

fying the condition:

&

1.y
2 = Y, (1)
2
III, The decay modes of k* and KXK' are:
F3 &3

+ + ‘ ')
Kp3 A %€ (24)

e ¢ G
X e I Yoo+ b8 (2B)

i

TV. A primary Permi interaction is involved in the production of
the fermion pair. &n expsnsion of the matrix element in powers of
the four-mcomanta of %the decay products is assumed possibls and

only the leading term for each type of Fermi interacticn is retal

ned.

i¥. MATRIX ELEMENTS

The transition matrix elements for processes in which n-ne-

sons (eleetrons) are produced with spin parallel or anti-parallel .
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to their momenta can be written as:

M, o (@14 8o -pm) F, 05 ¥y ad(p) (3)
where y& is a'spinor for a neutrino with momantuﬁ p, and ]p;
is a spinor for a muon {electron) with momentum p and spin p;=
rallel (+) or anti-parsllel (-) to p . The Qj“ 8 are cové-
riant Diréc matrices and Aj(p) are covariant functions of the mo

_ menta, which, taking into account hypothesis IV and the conserva-

tion laws, reduce to:

Scalar  { 0, = I) ad = Lo, (La)
J M S

Vector ( Oj = i}kﬁ ad t—ﬂ%h (ngKa'+ gvgpy?)(hB)

Tens or (0, =190

; ap) A = =36 v g (he)

for the three possible fypes of Fermi interaction; axial vector
and pseudo-scalar couplings are equivalent to vector and scalar
by virtue of condition {I). The g's are dimensionless constants
and M is the K-messon mass. Throughout this paper we use natural
units such that #A = ¢ = 1. The transition rate into an element of
phase space is given bys

th - (2ﬂ)h8h(pK=p¢pr\,) o
1+ 6.

] € 1=
. w4, 0y (4 + WO, I x
. R 2

< Ajﬂi% d5 p‘ dﬁ P d3 Py (5)
(2T)9 2M.2E 4 .2E.2E,

+
where —£%§g1£_ is the spin projection operator for the state

Y+, -g is & unit vector in the direction of motion cof the

muon (electron). As is shown in the appendix, invariance under
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gime reverzal impliss that all gt's must be either real or pure
imaginary depending on the parity of the K-meson. In general,
they may be complex. However, since the strong interactions are
invariant under time reversal, it is evident from the assumed de-

cay mechanism that gy g;i is real.

III. ENERGY DISTRIEBUTION

Integrating expression (5) over the whole of momentum space

one obtains

+ 0. ¢ e 1l -
T -] Tro [ﬁ\’ Oj!—":"‘—-—""—: (ﬁ + m) Oi_—}—i ] %
2 ' 2

Ain% 1

(h?[)s T dE 4% q (6)

where the integrand is a function of E and Eﬁ only, because
of the conservation of energy and momentum.

The total transition rate is given by:

T = T, + T = P(E,Eﬂ_} dE dBgy (7)

where JO(EQEgt) is the probability density for an event to take
place in which the energy of the pion and muon (electron) are
respectively Eg and B . We give below the expressions for
jo{EsEﬁ ) in the K-meson rest system for eaeh-ﬁype cf Fermi inter-

action:
Ps = ::tigsiz (Wy - By )/(Lm.)3 M (84)
py = 2[;E‘I+gw{8 [2EE, -M(Wyi-Eg)] M +

b lgy 2 0O - By ) =2(gytey ) g nE, |/ (10 3uM (8B)
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po = 2lepl® [[(E-E,,)E»mz](H,,,-E-,()M+2m2E‘3]/(h]'()3M5 (8G)

- wWhere Wy = Eﬁ—(M3ﬁp2_@?) is the maximum pion energy, B and m
are the pion and muon {electron) masses. Numerical values are gi-
ven in tables 1 and 2. The numbers represent the relative proba-
bilities of finding events inside the corresponding energy inter-
vals, The last row and column give the frequency distribution of
pions and muons {electrons). The vector interaction has been cal-
culated for gy, = 0. We have taken M = 965 m , p = 26L4.5 m,
m.}1 a 207 m .

One observes very distinect behaviour for the probabllity
densitiea corresponding to the various Interactions. For a given
M-meson or electron erergy, Ps decreases linearly Wwhereas Py
increases linearly with pion energy. For a given pion energy,
‘PS is constant. Vector coupling suppresses probabllity of the ele-
ctron (also, to a lesser extent, of the j-meson) and neutrino
to go off in opposite directions, hence the probablllity density
is small near the extreme end of the electron (p-meson) spectrum
and greatesf in between; just the opposite trend is evidenced by
Pp since, due to the factor (E - E,)Z the probability density is
large at extreme energies and small at intermediate ones.,

In calculating the tables 1 and 2, we have omitted the se-
cond term of (L4B) because it can be split into two terms: one of
the form of the firstltermy the other giving a contribution of the

form of a scalar interaction. Using conservation of momentum and

the Dirac equation, one obtains the result that

ey = Lra¥u" - nhY -
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It is importent to realise that in the vector interaction the
constants 8y and gy, are likely to be of the same order of
magnitude. The difference between )bV calculated gor each term
separately is small of order of magnitude of (%%a (cf. 8B} and
therefore negligible for Ke3 - decay; for KPB - decay the V'-cou-
pling favours highly energetic pions even more than V-coupling
(see Fig. 2). For the most general combination of interactions,

the probability density is given by

p (BB ) =ps+py+ppt 2Re{pgy * Pyr * Pog) (9)
where

LPsv = zm[gs(gv*‘sve)%ﬁu - gsgﬁn(wﬁ -=Eﬁ)]/(mt)3m3 (104)

Pyp = Zm[(gv+gvﬂ)g§[M(wﬁwEﬁ)mEv'MgEﬂ)} M -
gy &5 (BB, (g By M-n”E, ] |/ (110 S (108)
Prs = 2g:84 [(E:-Ev)(li,t B M - ngu}/(lﬂt) 3wl (100)

The total pion spectrum shows much greater differences in

the case ol the Ke - dscay due to the fact that the electron e-

A
nergies are almost completely in the relativistic range. Because

of this, the behaviour of the matrix elements for fthe dif ferent
types of interaction are very different and influence the shape

of the spectra decisively. On the other hand, in the KPB case the
phase space factor is more effective. Curves for the pilon spectrum
due to 8,V,V?! and T coupling and to phase space alone, are shown
in Pigs. 2 and 3. In general, the pion specirum m%%; =Vfip dE

1s given by8
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ar_ _ 2 m 2 2
dEIL (hj[)B {Igs - 'I\T gvr[ st[gvfgvil Q’V +

2 3
+ legl QT“'2R€’[(QS“’ oy (yrey)” Qgy +

+ (gyrey.)” ep QVT” (13)
where
Qg = (Wy-By)d E/¥° (124)
Q = [233:@”- L (%82 - M -sEi)]SE/MS  (12B)
G = {[EE% 3-(SE o M (e -Ex) +
+ 2n [E£+ T5(5E) ]}SE/M5 (120)
gy = B, OE/M3 (12D)
Gyp = m [0y By) -E, (-5, ] Sm/ml (12E)
Qpg = O (12F)
_ _ _ (W -E )(MaE“)
and E = ME -B, and E,= M are the average energies

='2MI::¢ +p.
of the muon (electron) and neutrino for a glven plon energy and

2M (M -E,,,) 5 o 1/2
3E = 5 Eiwp ) is the phase space flactor.
M -2ME1+p :
Numerical values for the expressions (12) are given In tables 3

and lj. The electron mass was neglected in these calculations.

IV. POLARIZATION OF MUONS AND ELECTRONS

An important consequence of non-conservation of parity in
gﬂ3 and KeE“ decay is that the muons and elecirons will in gene-
ral be partially polarized along their direction of motion. Fola-

rization in other directions should arise if the motion of the
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TABLE 3

Numerical values (x 10°) for pion spzchrum in K __-decay

M3
Eem] % % Y Sgy Sy
.30 | 2.36 29 L0l .7% 0 -.016
.33 | 3,02 5L 042 1.05  -.05)
.36 | 3.15 .83 L07h 1.22  -.105%
.39 | 2.92  1.12 .099 1.30 - -.163
42 V2.2 1.4l a1y 1.28  -.22)
45 { 1.69  1.70 .109 1.1L  -.265
118 815 1.6% 071 .53 -.237
.51 032 2L .005% .06 -,0%0

TABLE

Numerical values (x 102) for picn spectimm in Kesmdeaay

(B | 95 Gy G ]
.30 3,16 .06 .019
.33 3.9 21 047
.36 Lo.26 o} 2 .082
-39 L.22 ~T7L .115
42 3.85 1,08 138
145 3.20 1.52 .1h3
1418 2.3%1 2.0 <12l
.51 1.20 2.65 N lrrd

plon is observed.
dT+ aT
= ansition ~abes t sate
ir JE~ ¢ gg— are the ftransitiosrn cates to states in
which the muon (electron) spin and moementun 2re respectively pa-

rallel and anti-parallel, the polarization is given by

ar aT aT, 4T
AN D LA (13)
dE- 7 dE ggT v Euvy ‘



-1l

In the two component theory of the neutrino, the polarization and,
in particular, its sign, depends mainly on the commutators of the
Dirac operators 03 involved in the covariant product ﬁojy
with the operator ')rs .

Let us consider

~ 1+ _ 1ty
$oif «F—z2o¥ = By ==Y
where the upper sign corresponds to the scalar and tensor opera-

tors which commute with ‘}-5 and the lower one to the vector ope-

rator which anti-commutes with "rs . Remembering that for plane

waves
Y = grrr?
80 that |
_1__:"_')’_5yw 1t'9'22/ (E+’rOH1)7 ’ (1)

one can see that for sufflciently large values of the energy, the
matrix element M. 1s small in the case of scalar or tensor coupling
and M+ in the case of vector coupling. Therefore, the polarization
should be large in sither case but oriented in opposite senses.
These considerations apply particularly tc the electrons
from KeS - decay. For most of the spectrum, E>»m and the pola-
rization 1s essentially equal to the velcacity of the electron.
In fact, for each type of coupling, the megnitude of the electron
polarization (derived from (16) below} 1ls of the form i%[1+0(%%)]o
Since -ﬁ- a ,001, the second term is negligible and the polariza-
tlon just equals thé velocity of the electron even at lcw ener-
gles. {The same result has been obtained for the electrons in

‘ﬁ-daoay9’lo)o_ Therefore, for Sand T or V coupling the polariza-
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tion rises from zero to a value c¢lose to unity within a few MeV,
and apart from a small region at low energiecs, is practically
complete,

However, a mixture of vector with scalar and {or) tensor
interactions will produce only partial polarization.

On the other hand, for SPB

gy of the muon is only about 2m, its mass cannot be neglected and

- decay, since the maximum ener-

from (1) 6nly, one cannot draw a definite conclusion. For the
gscalar and vector interactions, the polarization 1s given by

a

PSuMp/(mmm)

P ﬂam‘:-I“[p/(P"IE mmz)

v

Py

= - (M - 2E)p /(M - 2E)E + m?]

The absolute values of PS and Py, 1ncrease monotonically with
energy to a value of ,996 at maximum energy. For V-coupling, the
polarization reaches a maximum of about 6% at B =~ .36 M and
then decreases to 21% at maximum energy. The expression for the
polarization for tensor ~woupling 1s somewhat involved. The pecu-

lisr behaviour exhibited in this case (see Fig.l|) can be unders-

tood by observing that
i y" ﬂotﬁy pl% psﬁt = }‘[Zr’}”[pl?(pa - pvoz)" mg]
- m Y, Yo ¥ p?l‘.L" (15)
The first term is a scalar coupling multiplied by a factor which
reduces to [M(E - E))- ma] in the K-meson rest system. This term
gives a smell contribution in the Intermediate energy region where

ﬁ» =E - m.2/M° (As has already been pointed out, the energy spec-

“trum has a minimum in this region). The second term is then pre-
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aominant, 2nd,; as it is of vector type V', the polarization is ne
gative. At higher energies,; as ﬁv approaches zevo, the first
term increases causing the polarization to become pesitive and
large.

Curves for the polarization corresponding to these interac-
tions are shown in Fig.li. It is interesting that at high energles
‘the polarization is large and positive for 3 and T, large and ne-
gative for Vi-coupling, but small for V-coupling. This can be ex-
'‘plained in the following way. As 1s shown in Fig.5, the angular
correlation between fast mions and neutrinos due to phass space
alone is strongly peaked backwards. From conservation of angular
momentum when the muons move in opposite direction to the neutri-
nos, they are completely polarized in their direction of motion.
Therefore, the phase space factor enhances the contribution of the
matrix element giving a large right-handed polarization at maxi-
rmum energy in the case of S and T coupling.[cf,(lh)]° However,
for vector coupling the matrix element and phase space factor fa
vour opposite spin alignments. The net result is small polariza-
tion for V-coupling, For V'-coupling the matrix element strongly
dominates which accounts for the large polarization.

For the most general combination of interactions P %%— -

aT dT
;(HE; - agéa is given by an expression aralogous to (11), viz:
o QT 2 m 2 2
P agE = z [gs ﬂ—gvnl DS + ig‘g‘+gVF[ DV +
(430)
. 2 - &
v lepl"Dyr2re [(eg- - ey (ayray ) Dy +

_ 3 m %
* leytey ey Dyp + epleg- 7 &y+) Dgr ]} (16)

where



Dg x{%{wﬂ E M + ,;%_ e ‘EE} dEg M (174)

L p OBy 3
+ 3w g OB /M (178)

5002 .
Dy = {-ﬁf;l- ([{E}QL‘,)“@ m™ ] (Wy -Eq M
o . OB Z
e rtte (5
g OF
-~ = Moy 1 b 7
/9% 2, 5
Dgy = m O Ex /2M7 (184a)
SE
= = 1 2 ke
Dyq = m{—.%I_ZEE,«(Hﬁ_ﬂ.n)M] 4

+ -%;-QEW ,%_, B, 8, }SE,L/’Mi* (18B)

’ LB, SEL Y ..
- £ w0 qg.;m ﬂ.." } 8Eq /M7 (18¢)

In these supregaing.s

53 ‘!f‘\ —

pm{Ea -mor T En:'MaEmEg j E,, = M{Mo )(W-:»E)
C(MP L2 ME ¢ o) 8Bpe OMe(WoE)/(MO.2ME + mt)  and W o= MW =
= (M2+ mg-,p£>/£M a0 T maximum ensrgy of th& muon {electron) .
The absolute values of ths coefficients of m%u in the firat terms

of the expressicns (%7, &¥e the energy 4is trobutlors of bhe mesons

or eisctrons for Ghe cosresponding couplings. Juny neve been obtain
. ) o w1
ed and tabul-ted Uy Furoionl o+ gl
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TABLE 5
Numerical values (x 102) for the polarization and energy
distribution of m-mesons in KPB - decay. The upper figu-

res correspond to P %% , the lower ones to %% o

por —_— -

/v | DPg Dy Dy Dgy Dy Drpg
27 43 -.23 .0035 .09 030  -.072

.78 .70 066l .66 210 -.220
.30 1.52 -.61  -.012% .33 103 -.110

1.84 1.21 .0602 1.09 259 2,262
.36 2.47 -.69  =.0186 5% L lel .063
2.68 1.26 .03L9 1.17 -.156  -,038
42 2.65 -3 .0L68 .57 . 194 «390
2.7h .8l 0715 .91 015 .38

118 .1hg  -.006 022} .032 015 L0586
151 023 .0227 .039 .012 .579

The muon spectrum is also given by formula (15} provided

the lower figures for the D's in the above table are used.

V. FOUR COMPONENT THEORY

The predictions of the twWwo component theory are equlvalent

to a particular case (f = 0) of a more general interaction for

-

which the transition matrix is proportional to:

U S 0 _ _ 1.y,
ey —x= 0¥ + L5204, (19)

where y% ig here a Tfour-ccmponent Dirac spinor. The transition

o the seeond torm s eguas

rate Lo a siate ﬁﬁ* corressonding
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to the transition rate to the state 3y¥ corresponding to the
first. Since there 18 no interference between these two terms,

the energy spectrum is simply obtained by adding to the expresslion
we have given an identical expression with the g's substituted

by f's , and the generalisation of {16) is

S (8)-0®)

Wwhere on the right hand sids is to be calcalated by means

of (16) with the constants g or f as Iindlcated.

CONCLUDING REMARKS

The following discussion iIs hased on the validity of our
assumptions I and IV, If higher powers of momenta Were not ne-
glected in (3), the correct expression for the probability den-
sity corresponding to each coupling should differ from that we
have calculated only by a factor of the form [1+f(Eg)]. There-
fore, the dependence on E (the muon or electron energy) is cor-
rectly given by our @Kp?ﬁﬁSiOnﬂllo Moreover, since the internal
processes essenchially involve nucleon propagators; one might ex-
pect the magnitude of f{Ejt) tc pe amall compared with unity and*x
the results of our apprgrimation not to differ appreclably from
thoze of a more rigorous sreaiment.

The expressions for o given in (8 and [20) are linearly‘
independent functions of & and By o Alsc, Integrating with res
pect to either of these veriables, one obtains linearly indepen-
dent functions of the other. Therefore, in prinsiple, from the

KPB -decay it is possible to determine the magnitudes of (gs- ﬁgvfh
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(gv+gv,) and Bp s and the relative phases of the se parameters.
For. Ke3 since only the interference between the scalar and ten-
sor interactions is appreciable, one can determine only the rela-
tive phase of 8s and gp o

If our parameters are found to be complsx (note that a small
relstive phase 18 not significant), one has two alternatives for
interpreting this result:

(i} Invariance under time reversal fs violated.

(11) The two component theory cr the law ¢ scnservation of
leptons 1s not valid (in both cases the number of real parameters
at our disposal is doubled) . With the values of our parameters de
termined from the energy distribution; one can use formula (16)
to calculate the polarization. If the result of such a calculation
is inconsistent with the experimentally observed polarization;this
implies a failure of the two component theory or of the conserva-
tion of leptons (even if the parameters are real). On the other
hand if there is a good agreement between the theoretical predic-
tions and the experimsntal rosults, then complex walues of the
parameters implies viclation of time reversal invariance.

Onz notes that the foregoing considerations provide a more
powerful test of the two-somponent theory or conservation of lep-
tons than of time reversal invariance.

The author is very glad to express his thanks %to Dr. R.H,
Dalitz for his stimulating assistance, to Profezsor R.E. Pelerls
for most helpful discussions and to Dr. Nina Byers lor many va-

luable suggestions,
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APPENDIX
Invariance under time reversal

Since S =1 - iM it follows from the unitarity of the

S - matrix that

2,
%

Mgy = Mpg) = GZ' Mac Mﬁc °
Taking a and b to be (K) and (X , u, v) states, the order of m-
gnitude of the right-hand side is glven by £héfsquare of the cou-
pling constant for weak inter&cﬁions or else'the‘ﬁfoduct of such
a coupling constant and eh {an electromagneﬁib interaction bet-
ween ‘pf and X ° is of fourth order in e ). Therefore, one can

neglect it and take

Mab = Mi . (21)

Invariance under time reversal implies that

M = M

ba (22}

»8=D s
where -a, -b are the time reversed states corresponding to a,b.
Using the Majorama representation of the Dirac matrices, und er

time reversal one has

E-———b=2 5?————»’)’0‘)’5'}/% 5

’?_“‘_'?M}'ﬁ}o ‘ (23)

Therefore, for a partiaular cholce of coupling, it follows that

g 8,
Mba’u % ‘7’5 }OOJ'}O’}’BY A“}{QE‘) .
= m’f:’)’t}oj,}'bfyf% Aj(_g) » e[%o\j’yl‘qj(ﬁ)%]% ’

where €= 1 1if the soupling iz scalar or tensor and €= - 1
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if it is vector. The first step follows from parity conservation
in strong interactions. The last one is a consequence of our de-
finitions of 0j in (I} according to which, in this representa-
tion, the Oj's are all real., Therefore invariance under time re

versal requires that
5
€as(p)® = ad(p) (2l)

which implies that all g's arelreal. Remembering that for pseudo.
-scaiar bosons the field operators §(t) traﬁsfofm under time re-
versal into - ¢¥(-t) while for scalar bosons ¢(t)-——*¢f(-t)

one sees that the above result 1is valid only for odd parity K-me-
aon. For even parity Kumeson, the above expression for Mba mist
be multipiied by (-1) and, as a consequence, it follows that the

g's nmust be pure imaginary.

1. T.D. Lee and C.N. Yang, Phys.kev., 105, 1671 (1957)

2e CoS.Mu, Bedmbler, H.ilHayward, D.D.Hoppes & R.P.Hudson, Phys.Hev., 1085,
1413 (1957)

5. heFravenie.der, R.Bobone, B.von Goeler, N.Levine, H.R.Lewis, R.N.Peacock,
AJRossi & G.rasqueli, Phys.iev., 106, 386 (1957)

4y Behmbler, R.W.Heywmrd, D.D.Hoppes & R.P.Hudson - Further experiments on
A-decey of polarized nuclsi (To be published) _

5. Recent experiments in p»—deca:ya seom to indicate thet the two component
theory meay not be velid, but the situation is still unclear. In the last
gection our problem is briefly discussed within the broader fremework of
the four~component theorv.

6, WeB.Helmansieldt, D.Re.huxson, F.Sthhelin & J.S.Allen - Electron neutrino
engular correlation in the positron decey of 435 (to be published)

7. S.Furuichi, T.Kodama, S.Ugawa, Y.Sugahera, A.Wekass & MJYoneseawa, Prog.
Theor eFhys. (Jepen), 17, 1, 89 (1957)



8.

9.
10.

il.

In ite centre of mass gystem the fermion pair is producsd in the follawing
stotes of angular momentum snd parity:

Scelar coupling 3 0

Vector coupling : 0 =, 1 ¥

+1, g% 1+

Tensor coupling : 1
This explaeins why the interference term Qpg vauishes.

J'Do Jackson, S-Be Treiman & H.W. Wylds Phyﬂt-hev.’ 1069 168 (1957)
L.Lenden, Muclear Fhysics, 3, 1, 127 (1957)

APeis and S.B.Treimen, Phys.iev., 105, 1616(1957)
The authors estsblish the general form of the angular correlation between
the pion and neutrino directions of motion, which 1s connected with the

probebility demsity being a polynomial of second degree in powers of B,
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FIG. -2 - ENERGY DISTRIBUTION OF PIONS IN Kpa — DECAY
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FIG.~3 - ENERGY DISTRIBUTION OF PIONS IN Kes~—- DECAY



POLARIZATION

FIG. 4 — POLARIZATION OF MUONS IN Kp3 - DECAY
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FIG. 5 ANGULAR CORRELATION BETWEEN THE DIRECTIONS OF
MOTION OF FAST MUONS AND NEUTRINOS DUE TO
PHASE SPACE ALONE.



