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1, Preface

The V-A weak_couplingkinteraction -= pointed out by

Peynman and Gell-Mann, and Sudarshaen and Marshalt .. has been
verified by Beta-decay experiments, In our work, we (the

authors) feel that all weak coupling Hamiltonlans have the
same form; therefors, the (Ferml) Universel Theory of In-

Some particles -- such as nucleon -. interact rather

‘strongly with % meson and K meson; other particles -« such

a8 m-meson -- do not manifest this type of intersction.
Due to the strong effects of thils interaction the physiecal
miclel and the mu.meson will have different kinds of decay.

Although the form of the Hamiltonian equation is the same

in both instances, the weak coupling constant might be difw

ferent., The change of the coupling constant due to these -

strong interactions is termed the regulated effect, K
Let the Hamiltonian density of the mu.meson ecapture

by the rnucleus be IOENE XA e R AT

' TR T - {1)
where /.= ;gﬁfif;ﬂ,(i ; 7‘)4;.‘,’

FNooslved 22 February 1950,




{g the electric current vector of the weak nuclear interaca
~tion; g5 1s the unregulated coupling constant; the indices
* of the lower right-~hand corner of the field value 1 indicate
the different particles with 4, v, p, n; 7 g 18 the Dirac
‘representation, In Eq. (1), the Hamiltonian density 1s bale
snced with a. L

Let the initial state of the atomic nucleus be iy,

and let the final state be |f» . The A .meson starts at
‘the lowest Bohr orbit (disregard the change of the [ meson
‘wave function ®(x) on the atomic macleus), from which we
can formlate the [t meson capture by the atomlic mucleus due
to the shifting of orbits as shown below / see Note_/:

AR 700ty v, (2)

where U 1as the / meson's Diraec spin moment, its relative
momentum Bu =0, eNergy Puo=Me (Ma 1s the mass of the meson
at rest); %, {8y 13 the Dgrac spin valus of the neutrino,
‘and 1ts kiretic energy vector is k. Ege. (2) is derived from
the first order process of Eq. (1), with respect to the weak
interaction., In order to integrate all the results of the
strong interactions in the caleulation, the Jg(x) in Eg. (2).
1s from Heisenberg's expression (for strong interactions),
and | and |f} are the state vectora of the atomic nmucleus
{including the meson cloud interaction). v

.([gliotg From now on, we use the unit systemf=c=1,
a*b a*b = 8,bys; & and &,, respectively, are the space and
time components of the four-dimensional vector s.).
: Bagsed on the property of the strong interactlon,

(3)

where $ 1s the kinetic energy of the atomice nicleus. The
initial stete and final state of ¥ and %é and pp, respec-
)

tively. . Substituting Eq. (3) into Eq. s We obtain
: T"“(%)E(Pﬁ'p"‘f’* _ AL } (4)
| Let us first examine a situation concerning A4~ meson
capture by the proton. The initial state ls the physieal
proten, and the flnal state is the physical neutron. Ac-
cording to the invariance of the theory of relativity,

£ 311>, should be & four-dimensional vector, and 1ts most
common form is = e '

(2‘#)’%11«@) - &%a (P*) {7

PR DRI YRS ST
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where uip) 1s the Dirac spin momentum, p, &nd p, are the
kinetie energy vectors of the initial s Bve pro?on and the
final state neutron; M is the mass of the nucleus; g,A,
fuy 6, 4 and £ are the quantities of the function

(=2 = (BB = (= Pr) 3
From the burrent-density.of the original Hamiltonlen

B=2.7+107,.

Jg(x), there are the following symmetriecal properties: let =

pe 8nd ng represent the charge conjugates of the proton and
neutron, respectively (or their their anti-particles). Af.

ter exchange ‘e S L ‘
e [P 8P, %23 , the vector of the weak

interaction current ﬁF(x)y’ﬂV(x)~changes slgn, but the
pseudo-vector weak in erac%ign current ﬂ;(x)raygyr(x);does
not change. S0, in <n|Jg(x)ip), the sama'propertgesAshould
be present. This is dus to the relationship between the
strong interaction and the above exchange, From this we
can prove that c¢=d=0. o , -

" 7" 1f the strong interaction 1s not present, from Eq.(1)
and Eq., (2), we should get : ——

|eorai@ip-JgEenarmne. (g
In other Words, A and £ should equal zero, and g=gq,

A=1, Generally speaking, the strong interaction not only

changes the value of gy, 1t conld also add new terms of cur-
rent. . ‘ ' ' i

 If we consider the presence of & strong interaction, -
then it should not be toc surprising if we notice the exist-

_ence of a very large anomalous magnetic moment in the mi-
_eleus, During the electro-magnetic interaction, we have not
only the normal charge~-induced current, but also a current
 induced by the anomalous magnetic moment, Similar phenome

ena appear in the decay problem too, Since the electro-
magnetic interaction current is a vector quantity, many
properties of the current vector lIn the weak interaction

_ are similar to the electro-magnetic interaction current.

We can designate g as the Beta.charge, and v as the Beta
noment (anomalous). .

: _From the law of constant current, the existence of &
strong interaction in the electro-magnetic interaction does
not effect the charge of the atomie proton and the positron, .
Likewise, the charge of the other particles not possesgsing
a strong interaction -- such as electrons - remains une
changed with the strong interactions. The strong interac-
tion only changes the magnetic moment of the physical nu-

eleus. ILikewise, in the weak interaction, Gell-Mann and

Feynman discovered from decay of the /4 meson that they could

3




theorize that the coupling constant and the coupling con-
‘gtant of the Beta-dscay vector were very close to each othe
‘er. This states that the astrong interaction has 1ittle ef-
fact on the coupling constank of the vector. For the ex-
planstion of this phenomenon, PG suggested the hypothesls
that the current vector in the weak interaction is constant,
Under this assumption, the current vector in the weak inter-
‘action and the current vector in the electro-magnetic inter-
action have completely similar properties, They are dis-
similar components of sigilar,vectors, occupying the same
orbit, So, when (pp-Dpl)<=0s Beta-charge g lacks strong
interaction effect g=8¢} moreover, A should equal the dif-
ference of the anomalous magnetic moment bhetween the proton
and the ne%tronaﬁw=3.7;'aIn‘addition, g and 4 are a function
of (pn-pp)°, and the same as the charge of the nucleus and
the magnetic moment distribution functlon. -

f We have caleulated the effect of Beta-magnstic moment
on the process of  cepture by the proton., The result has
shown that if the Gell.Meym and Feynuan hypothesis iz ac-
curats, then the Beta-magnetic moment effect should bs ap-
proximately 208, Due to the low probabllity of A~ capture
by the proton, we have already mentioned the effects of the
Beta.mugnetic moment on /4 meson capture in the muecleus, so
we can predicet that this effect would not be tcoo small, The
purpose of this paper 13 to complete this problem. In order
o arrive at the most general result, in this paper we will
consider not only the offect of the Beta.magnetic moment,
but also, we will consider the effect on the f term.

: In section two, we shall approach the general formi-
Jae of capture probablility, the angular relaticnships be-
tween neutrons and the polarized 4., and polarized neutrons.
In section three, we shall take up the formlae for the
probability of the /i eapture by the proton, angular rela-
tionships, and the polarized neutrons. In section four, we
gshall discuss the A meson capture by the Radon nucleus. In

section five, we shall discuss the /A meson capture by the
atomic nucleus.

2, General Formulae for Ma Minus Meason Capture by Nuelel

If we represent the weak miclear interaction current:
in the nuclear self-spin space, we

G,

where ¢ represent s themzclea.r sem‘.'lﬂ

(")




A-5—2;(5.5(1-!-7»)“,4-%-;,3;:#(1*?.}1;;), .
n,:/%[xﬁ,ﬁp.da+7.)u.+%huup,¢(1fy,)@“_ |
. . .-x“.(l_?')%].’ - (8)

N AUe—— ]

 In obtaining Eq. (8), disregard all the square terms
of the muelear veloelty, and use the conditions E.=0, ‘
En~Pp=Py=-k. For the sake of convenience, let A' represent
ftl, and let f'=f-Ae - ' PN
’ In representing the /. meson and neutrino self-spin
apace, Eq. (8) can be expressed in the following form:

A (thgy)aeem. |
B DD ke i), (9

where n is the unit vector parallel with the neutrino mo-
mentum k., In order to distinguish the miclear self.spin,
An ¥q. (9), 65 1s used to represent the self-spin of the
/umeson and neutrino. From Eq. (9), we see that A and B
are the self-spin spaces of the /. meson and neutrino, re-
spectively, They are independent of the nuclear self-spln
and cow~ordinates. ' : -

So far we have only considered A meson capture by
the proton. nen we treat the nuclear structure of the atom
and assume as only nominal the effects of other nuclel on
. the meson cloud of the physical nucleus, then the A meson
~ eaphure by the atomic nucleus 1s proportional to the fola
- lowing formula: . ' : '

. -, .' . :'._._a. . o . -
B SR T (10)

where TE( ) 1s the isotopic spin gf & meutron which is
changed from & proton. If the '8 mucleon is a proton, then
1t changes to a neutron after the T(}) interaction. If it
418 2 neutron, then (4} would produce a result of zero.

% and ¥ are the wave functions of the initial state and
t?ie final stete, respectively, of the atomiec nucleus, In
general, neutrons have enough energy to esespo from the
stomle nueleus. So the final state wave function incjudes
the escaped neutrons and residual nuclear wave functions,
Since we have partitioned out the central mass moment in .
Eq. (4), ¥ consists only of the relative co-ordinates of tl
neutrons and the residual mucleus, Therefore, it depends
only on the magnitude of the relative momentum P=2Entk.
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: _'mééhaiééfiﬁg'ﬁﬁeﬂéfopérﬁywof anti-symmetry of the wave
function, BEq. (10) ecan be written in the following form:

_ (11)
where

(12)

‘where N 1s tha number of tha nnclei in the atomic nucleus, -
. Let 6, be the self-gpin value of the escaped neutrons.
Using Eq. (11 ? we can write BEq. (4)

Ty (30) 50403 £ £pi~ D, ) Rp(0). (13)
: Notice that ¢(x) 1s the wave funetion of the /& meson
cn the lowest Bohr orbit, tharerore,_ .

ww;z*a-%} . (14)

where a, 1a the Bohr radius of the hydrogen atom, 2 18 the
chargoe of the atomiec mucleus. From Eq. (13) and Eq. (14),
1t 12 easy to arrive at thse probability and angular rsla-
‘tionships of the A~ meson capture by the atomle nmucleus.
‘If the atomle nucleus is 1n the initlal and nonppolarized
-state, we obtain

dwa(fm -+ 2 f; 2wﬁpﬂ(i+¢. ,)R*d;t,dkmﬁ (15)

where P 13 the polarized vector of the /1 meson at the 1n1- '
tial state; J is the sum of the angular momenta of the
atomlie nuecleus st the initial state; Sp 1s the average nag-
netic exponesnt between the initlal and final astates,

We ocan express the polarized vector {6i) of the neu.
tron in the following formils : ;

. [ﬂpﬂclw d? )3*}(«,% ,aw,,s ,}It (16)

The next problem 18 to find Sp. We average the (-
netic exponent between the initial and final)states, based .
on the property of inverliasnce of rotation and reflection

space, e
mgﬁpm M'FI(EE}; .

Ly ,.;
f,viﬁphw* 0.

T..,,gp wa-mwm w,wth (17)




. _In Eq. (17), the second form should be zero, since
Spad’ should be & pseudo-vector, However, one vector P (the
relative momentum of the neutron and the r‘esiduallnucleus)
cennot form a pseudo-vector, SO 1t can only be zero. Fis
Fp, 8nd Fz, are functions of the neutron energy Ey. They
hive diffsrent forms because of the different properties of
their atomlc nuclel. o '

In the same way. , Wwe obtaln '
PIFs ,E'lsp.af;qf-o,’ |
L8 anbt = FUEDT + Fi(BIPD
| S bR B A (B BX B A (Ea)pp- (BX ), (28)
‘5

where F;, ¥, and ¥y, &re aiso funetions reiated to the
propert%ea of atomic nuclei., From Eqe (15) and Eq. (17),
we see that we must find thq following forms, :

El) 8p A(L+0, -P,)A*,

() SpB-(14+0,-B)B", | o
5) spB-P(L4o, BBy - 39

Also, we have to find the following == for the polarization
of the neutron ; .
4) 8p A(1+0,°F,)B",
ES‘; SpA(1+d,-f,)B-§*, : . . .
(&) $pBX 1+, BB, . o - (20)

Al these forms are presented in Appendix I. '
Substituting the results obtained from App#ndix I
into Eqe (17), Eqs (18), and Eq. (15), we obtain the prob-
abllity and the angular relationships of the A meson cap-
ture by atomic muoclous, From Eq. (16), we can get the
pelarization of the mclear neutron. _ o

. 3. Minus Mi Meson Capture by the Proton

: . When we consider the A~ capture by the proton, we ob=
tain especislly simple results. Here, ¥ and ¥ tonsist of
.~ only the self-spin wave funetion of the Initlal state of the
proton and the final state of the neutron. From the nuclear
self-spin expression, it 43 a simple matter to get . ) ‘

' ' : |@=1, beoy, . o 21)
~ From Eq. (21), we limediately arrive at the Fy funetion of

Eq. (17) and Eq. (18):FmFy=1, Fy=0, . S
|  |FumFy=1, Fy=Fi=, - (e2)
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N Eé;'(lﬁ), we sbill must ﬁﬁké'&-minor correction w=
‘|4+@s5 when the A~ meson 1s eaptursd by the proton, the final
lgtate consists only of & neutron and a neutrino (no residual
‘miclel remain), and its energy satisfies the relationship
When we caleulste the state number of the final sgate, wo
'should not re-integrate into 1t the term dPn/(27%)°, The
probability formula which shonld be used 1is,

From Eq. (17), Bqe (18), Bqe (24), and Appendix I, we can
{get the probabllity of the /A~ meson cdpture by the proton.

i

;where |
(28)
(27)
{(28)

: if, in Bge (25), Eq. (26), and BEq. (27), we let £
equal £->_, and disregard all terms whilch relate to f, we
will get the results indur earlier work. In this paper
‘we consider not only the effects of the Beta.magnetic moment,
but also the effects of the pseudo-scalar couplling due %o
‘the regulated effect, From Hq. (26) and By, (27), we can
see that if £' and At are positive, then the effect would
‘be to increase the co-efficient of angular relationships,
and to decrease the probability of eapture, From the pre-
‘sent experimental materisls, we know the value of I is
greater thap 1+3)! (approximately 0.4-1 times greater), -
7/ See Rote_?. This shows that f' is either quite small, or
It might even be negative, This does not mateh the estimate
of £t in Eq. (2) by using the spectrum. The estimate of ft
by using spectral analysis'is & very large positive value,
Simltaneous experiments to study the probability of capture
and the anguler relstionships -« l.e., determine the value
of I and att the same time -~ would help to elear up this
problem, . _
(/[ FWots_7 'In the comparison with experiments, we as-
sume the Ferm!i Universal Interaction to be correct, and the
- coupling constant duse to change of energy not large. Then,
the values of g and A sare the same as thoss developed in the

e




- _In Egq. (17), the gecond form should be zero, since
$paY’ should be a pseudo-vector, However, one vector B (the
relative momentum of the neutron and the residual nucleus)
sannot form a pseudo-vector, SO 1t ean only be zero. Fi,
Fo, and Fz, are functions of the neutron energy Exe They
hive different forms because of the different properties of -
their atomic nuclel. S S o !

- In the same way. , We obtalin
SFELoP aoat =0, '
Sy SP wobt = P (BN 4 FUEITR -
b Be B BB X T (Er (BX ). (28)
where Fu, %.‘F”;"E"m are also functions related to the
properties of atomic puolel. From Eqe (15) and Eq. (17),
we see that we must find the following forms,

En 8p A(1+0,°P,)A%,

K2) SpB-(1+0,-P)B, | o o
8) SpB-P(1+0,:B)B-p"; | D - (19}

Also, we have to find the following
of the neutron .

E4) ‘BpAQ1 +’u'?n)n+ ’

-= for the polarization

5} SpA(l+o,-B)B-p*, | . - .
(€) BpBx (140, BB, | ) | o (20)

. ALl these forms are presented in Appendix I. =~
Substituting the results obtained from Appendix I
into Eq. (17), BEqs (18), and Eq. (15), we cbtain the prob.
ability and the angular: pelationships of the A~ meson cap-
ture by atomic muoleus, From Eq. (18), we can get the
polarization of the nuclear neutron. .

- 8. MWinus Mi Meson Capture by the Proton

‘ . Wnen we consider the A~ capture by the proton, we ob-
tain especinlly simple results. Here, ¥; and ¥ tonsist of
- only the self-spin wave function of the initial state of the
proton and the final state of the neutron. From the nuclear
self-spin expression, it is a simple matter to get

. - : \5’1""“’1' ‘ (.21')’ ,
From Eq, (21), we iimediately arrive at the Fy funotion of
Eq. ﬂ( 17) and Eqe (18):[F,=Fy=1, Fy=0, . , of

FymFy=l, FymFy=0, (22)
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[~ In Bge (15), we still must make & minor correction .
i4ses, when the A~ meson is captured by the proton, the final
| gtate conslsts only of & neutron and & neubtrino (no residual
‘ruclel remain), and its energy satisfies the relationship

BT

. B (23)
When we caleulate the state number of the final sgate, we
‘gshould not re-integrate into it the term dPn/(270%, Ths

(24)

From Eq. (17), Bqe (18}, Eqe (24), and Appendix I, we can
.get the probabllity of the /& meson

e (S0

‘where e = ;;~,.j},_,ﬁ |

| I+ BB~ MY 4 B mwﬁfﬁ““’?‘"f” (26)

| Lnm1 N 4 B =Ny~ Bl (B /D) + B 1 (27)
‘and, therein, (28)

ey,

: If, in Bg. (25), BEg. (26), and Eq. (27), we let !
equal f-x. , and disregerd all terms which relate to f, we
will get the results indur searlier work. In this paper
‘we econsider not only the effects of the Beta.magnstlc moment,
but also the effects of the pseudo~scalar coupling due to
‘the regulated effect. From Eq. (26) and Eqe. (27), we can
see that if f£! and o' are positive, then the effect would
‘be to increase the co-sfficlent of angular relationships,
and to decrease the probability of capture, From the pre-
sent experimental materisls, we know the value of I is :
greater thap 1+3>% (approximately 0.4-1 times greater), =
/ See Note“ﬁ. This shows that f' 1s either quite small, or
it might even be negative, This does not mateh the estimate
of £' in Eq. (2) by using the spectrum, The sstimate of f!
by using speotral analysis is a very large positlve value,
Similtaneous experiments to study the probabllity of eapture
and the angular relstionships «. 1,e., determine the value
of T and att the same time . would help to clear up this.
problem, -
(/"Note_7 In the comparison with experiments, we as-
sume the Fermi Universal Interactlion to be correct, and the
- coupling constant due to change of energy not large, Then,
the values of g and A are the same as those developed in the

@




Beﬁa-decafy. )‘. . : ) . .
, Similarly, in finding the formla for neutron polar«
ization, we get - ’ o

(168, :n)(o) = (24P, -nntcP,,

(28) -
where : | ~
a=2[M+1)+ £ A4 8u (hj{rﬂn'li);%f'—%’f'] - 29)
Bp £+ G+ +5 0 (S )+ 5 +i) ] =

i buan-gr (e 8s) -5 (454 -

‘2[0«—17 (M« % H)_(% e % ) (k+ % #)] -
(B (1-8-8r). Y

. .Notice in Eq. (28), n represents the neutrino's move
ing direction. It has direction opposite to that of the
neutron. 8o, the sign for a is not the game here as that
in equations developed by Mayevsky and myself in 1968, At
that time we used n to represent the neutron's moving direc-
tion, Furthermore, Eq. (29) and Eq. (31) are different from
. our 1058 work. This is the result of different handling
techniques for terms of higher powers, Therefore, the for-
‘ymlae we have presented in this paper are accurate up to-
#2, This is then more accurate than what we have done pre-
vyiously. a .

We can see that if f! and 4 have positive values,
then their interaction will mutually increase in the co-of=
i;gient b, and will partially cancel each other out in a

Ce ' .

%

. e Muvﬂinns Moégg Capture bx the Radon Mucleus

Before we go into the complicated nucleus, we will
£4rst discuss a simple micleus of the Radon atom. Under
‘these simplified circumstances, we see certain properties
of the 4~ meson oapture by the mucleus,. _

‘In the oase of a radon miclseus, since the sum of self.
spin is constant, the two neutrons of the final state are
either in the selfspin triple states or in the self-spin




single state. Iet ®P., PgsPas be the final state neutron
-in the single state, triple states, and the radon's space
‘wave functions, respectively; let X,s Xpy X35 be their .
'gelf.spin wave functions, respaative?y@ We will dilsregard :
the tension force (1.6., the D wave in the basic gtate of
‘the radon muecleus. From Ed. (12), we get '

(32)
where
.z is the relative co-ordinates of the nueleus, From the
self-spin space, we can show that . -

we get

Fm S QP s5)

(36)

Substituting Eq. (35) and Eq. (36) into Eq. (17), Bq. (18),
and Bqe (15), observe that '

and
After integrating the energy of the neutrino, we gebt

10




o= (224 (m82) LM {1+ 058, B/p2) 4B, (57)
whefe |

o= @HB Lot 3 [0+ Brca = 10+ B (e g ) J1aker ), (38)

o= (4B = [P Bru 1)+ B (- ) Gl 1D, (50

fum o w0

Since the values of8=k/M and k are related, in Eq.
(38), and Eq. (39), we should replace the § with its average
value§ . ' ‘ : - . .
. Fﬂberall and Wolgensteln disregarded the case of Betae
- magnetic moment in the calculation of the A" meson capture.
by the radon micleus., If we letp=0, in Eq, (38) and Eq.
(39), and disregard the higher ordegof;inrimwsimals -
f.e., 811 terms proportional with§“ -. then our formlae
agree with Uberall and Wdgenstein, so we nesd not repeat
" them here. 'Notice that the Beta.magnetic moment can elter
the values of I, and a, up to approximately 20%, Ijq and
: I'Huhave been integrated into the Uberall-Wolgenstelin
In the same way, we c¢an find the neutron polariza.
tion equation N o
| Ip(1+ apP, Pal P2) (00> = 03/ Pa+ BB, I/ P2 + TP+ OB, X B/, (41)

where |

b= (e m A i Y s 3B L) +{1 gr%)(i;%f)“’(ﬂwlw' } e

b -;%-B{ W +v.-f')'(8+§n') (I +2 R I:,)+(1 +—-23.)(?" +f)a.(u;,+ 1:,)} - (43)
=2 (a2 {(r-2r) (qug‘gﬁ Ly +(1+5 " Bucaz..u..)} . (aa)

e T
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(48)

In Eqs, (42) to (45), letf=0, and we will obtain
‘the results which have already been achleved earlier, :
: In the same way, we ean caleulate the difference of
‘the probability of A"meson capture under dissimilar hyper.
fine conditions. Let A,and A.be, respectively, the probdb.
abilities of ALi'meson eapture in F 3/2 and F 1/2, F 13 the
total angular momentum of the Aimeson. Then,R=2/3231/3x,
- -can be taken as the averags capture probability, and we

easily arrive st o

(47)

where

2 (48)'

: If we do not conszider the mutual Interaction of neu-é
‘trona’in the final stat®, then I,y Ipp. Hence,

(a71)

where

(48')

: (If we let Li=0, we will arrive at the conclusions of
the Bernstein Equation.

- For other atomic nuclel, if we use the Fermi gas
model, we will get ‘

(49)

where I is the self-spin of the atomle muclei, L is the
angular momentum of the proton in the inltial orbital state;
‘b and a are given in the Appendix II: : :

& 3,
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% 1s the charge of the atomic ruelei, § 1s one factor in
the Paull interaction., In cases where we disregard the
Beta-magnetic moment, we will see how Eq. (49) derives from
fherd1l and Wolgenstein, When we find Eq, (49), we can use
a technique similar to that employed by Bernstein.Primakoff,
From Eq, (48'), wo can gee that if £' is very small
or negative, then because of interaction of the Beta.mag.
netic moment, both a and b will inereage sbout 20%, and
their ratio will remain relatively unchanged, Ifg8f! is
positive and very large, then it 1s possible to diminish
this difference, c R S

5, Mims My Meson Gapture‘by‘Atomie7Nnéieil

. 8ince we lack a complete understanding of the strucw
ture of atomic nuclei, and without accurate wave functions
of the atomlic nuclel, it is impossible to accurately calcuw
late the 4" meson capture by atomic nuclel, '

, There has already been some work done in hypothesiz-
"ing that we can use the Fermi gas model or the independent.
particle model as approximations upon which to caleulate the
_probabllity of A meson capture in atomic nmuclel. In none

of this work were the effects of the Beta.magnetic moment
considered. .

.In this section we shall use the independent.particle
model, Blokhintsev and Dolinsky used this model to ocalou.
late the & meson capture, We will use their computational
.results in our calenlations. ‘

| Based on the work of Blokhintsev and Dolinsky, we
have the following conclusions about the F; functions:

\FymFy Fy=0, |

: ' 'The.inter-iélationships of the Blokhintsev-Doiinsky
functions 4, Ay, Aps B,y By, and BQ, and the funetions Fy,
are as follows: . ' ' '

AR = ) D -2 K,

1=0,1,2,

(50)

From Eq. (50) and Eq, (49), we can express the probabiiity .
and the angnlar relationships of the Armeson eapture by the

atomic micleus as follows ‘“,25.1(14-&,,_/9,)&349,/(&:). (1)

4
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where

© L (1N B (B (12

_ Blokhintsev and Dolinsky caleulated the Aq(Ey) and

B, (Ey) functions of the Ca® and o%
cﬁa.nge the co-efficients preceding
determine the contridbution of the
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APPENDIX I

(1) Lop A +e, BIar = L(148) - Bom),

@ 18p B.(1 40, ..)v-!éf{['axig_-lmm“-f')uo- yﬁ%f,”j)h
eosaner@e-bmleat.

(5) L8p (A1 +o, BIB +B(I+o, BIAT= -

. A

B e e O
(4) 380 [ACL o, "-)B‘f}-n(l'"""".,_ef:;?e)m "_'...?_%(‘*%X“%F’)f*’f“*
O el () o 10

+awr(x *‘g‘“ )"'“ (”'g"‘)'”} .

[ SRR PR

APPENDIX II

'Under' varying experiniental conditions, the atomic

welght of the /A meson in the hyperfine muclear structure

may be different, In addition, in the polarized target
‘experiment, the (4 p) system in the initial state may also
vary according to differing conditions and experimental
technigques., Under the most usual clrcumstances, the initial

' state density of the orbitals would have the following form:

|p= 1/4 (149, B, +0, By +{0,.0,),

-whe‘re- Pp 1s the polarized vestor of the proton in the ini-

ti41 state, The magnitude of { 1s related to the atomle

‘weight of the (&'p) system in different »hyperfina‘structures.
- We ghall not discuss the magnitudes of Fu, P

w- will use the p to calculate the probabilIty of 4 meson
capture by the proton, angular relationships, and the neu-
tron polarization, When we compars the theoretical and the
experimental aspects, we shonld judge the magnitudes of Pu,
P, and £, based on the whole body of experimental condi-

_tions, This is a complicated problem and we shall not dis-

euss 1t here,
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where

The compubation is as followa:
le Prcbability of capture and ang;ular relationships.

E«w (W)“‘(ﬂ%}“ﬁ"‘“ﬂ’f (1=aP, 07,

1~1+3&*+ﬂ+ﬁk{%~f’”+ %ﬂ.{@;ﬂ, ¥
 +Bonen |

’ .Zaw 1«»&4 +£=-B%£2ﬂ +

i

f*"z“‘?f .

Ira 2[¥+ (1+ ) (gf A}

2., HNeutron Polarimtion .
1(1 ~aF -nw-?P *nw}w €a+!ﬂ? ~a+a¥ aa}nwg,.-wr,,

where

aaz{mu)-{ﬂ h+ﬁn {Hm&‘/é)* f"'- f]“’ |
-;[(1+ Y+ s smuhsran- L + 3’ B ],
. bmﬂ(f’+i&')(k+1+ ﬁ:«») |
o=t Gu-r).
| a»v(mﬁu)(rg-m-g(mﬁ)) -

e () (- ).

Under normal circumstan»es s dw denotes the fasctor
of probability (1/4x)(®a2)™ of the 4 meson in the nucleus
which should be rsplaced by le(0) 1 s where @(r) is the
wave function of the 4 meson.

When the /A meson stom 1s in the hvperfine state F=l1,
its capture probability A, can be ascertained from the above
equation - if we let ‘Cxl/?u

Ay (1 n}'m(:a«-?xw (a-1>—~ "‘(u +r }(1-&-&))

When expressing 7\4., we disreg&rd 9.11 thoss terms pro.._
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portional to %, Let ﬁu-—l, and we will get the probablllity
of A.of the ACmeson oapture in the state of F=03

l'x,u (1 +81)’+ﬂ(1+81+3ﬂ'.+5)4&'—-41\f'+-§(ﬂ +'_f.f)(1+i)).
Using the abovs-mentioned Asand N .we now obtain
| A= U0,
K e

where

’ ~ n A
b-mm)w(wmw 4Ry 2 ee.—ff}(;&ﬂ));;
B2 14 B AL 2R K), R

-In the above egquations, we disregarded all terms

proportional to 4%, In the above, although we only obtain
the probability of the AL eapturs by the proton in the hyper-
fine state, if we assume the accuracy of the Ferml gas model

approximation, then we can obtain Bq., (49) in section four,
The a and b in Bq., (49) agree with the a and b found above

1n the ,6. eaptura b'y the proton.

10,099 : . END
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