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. FERMI'S UNIVE'RSAL THEGRY OF INTERACTION |
C s R
NUCLEAR GAPTURE OF MINUS MU- MESON#
~COMMUNIST CHINA-

['Following is a translation of an article
7 by Chou Kuang-chou (0719 0342 0664) and
'V. Mayevaky, Moscow Combined Nuclear Re. -
~  pearch Institute, in Wu-li Hsueh.pao,
~ Volume 15, Rumber. 7, 3uiy 1959, ppe 3 - -

§1,' Preface

' The V-A weak coupling 1nteract10n - pointed out by
‘Feyrman and Gell.Mann, and Sudarshan and Marshak .- has been
.verified by Beta-decay experiments, In our work, we (the
‘authors) feel that all weak coupling Hamiltonians have the
same form; therefore, the (Fermi) Universal Theory of Inw
teraction 1s presented,
‘ Some particles ~- such as nucleon ~. interact rather‘,,
‘strongly with % meson and K meson; other particles -« such
&8 mi-meson -- do not manifest this type of intersction,
Due to the strong effects of this interaction the physical
miclel and the mi-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 dif-
ferent, The change of the coupling constant dus to these
strong interactions is termed the regulated effect, .
Let the Hamlltonian density of the m-meson oapture'*

by the mieleus be B ..Jﬁ,v,,(z ;7.)4«;,”}

N (1)
_where J ,y,”f'
.§ﬁaceivea 22 February 1959.W],; o




‘48 the electric current vector of the weak nuclear interac-
tion; g, 1s the unregulated coupling constant; the indices
‘of the lower right-hand corner of the field value 1 indicate
‘the different particles with &, v, p, nj 7¥g 18 the Dirac
‘pepresentation. In Eq. (1), the Hamiltonlan density 1s bal-

anced with a. : .
Let the initial state of the atomic nucleus be |1y,

‘and let the finsl state be |f> . The A .meson starts at
‘the lowest Bohr orbit (disregard the ¢ o of the M meson’
‘wave function ®(x) on the atomic mucleus), from which we

can formulate the [ meson capture by the atomic nucleus due

‘to the shifting of orbits as shown below /[ see Note_/: -

(2)

Y e

‘where Uu 18 the 4 meson's Dirac spin moment, its relative
‘momentum B =0, energy pﬁgzm,a (m, 1s the mass of the meson
Irac s

at rest); () 1s the D pin value of the neutrino,

and its kinetic enmergy vector is k. Eq. (2) 1s derived from

the first order process of EBq. (1), with respect to the weak

4interaction, In order to integrate all the results of the
‘strong interactions in the calculation, ‘the Jg(x) in Eg, (2)

1s from Heisenberg's expression (for strong interactions),

‘and |& and |f) are the state vectors of the stomic mucleus

(inecluding the meson cloud Interaction). ' -
: {/“Fotg/ From now on, we use the unit systemk=e=1,

8°b ach w 8obg, & and a,, respectively, are the space and

time components of the four-dimensional vector a.).
i ‘Based on the property of the strong interactlon,

thers is no effect on the moving group; therefore, we have .

Tl A (8

where ¥ 1s the kinetie energy of the atomic mucleus, The
initial state and final state of ¥ and and pes respece
tively. . Substituti Bq. {(3) into qui {’%), we obtailn

Ty= @A Fop - FROIORBRA e )enll). (4)

: Lot us first examine & situation concerning A4~ meson
capture by the proton. The initial state 1s the physieal
proton, and the final state is the physical neutron. Acw
cording to the invariance of the theory of relativlity,

<f|Jgl1>, should be & four-dimensional vector, and its most

e
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where ui{p) 1s the Dirac spin momentum, p, and pg are the
kinetic energy vectors of the initial stite proton and the
final state meutron; M-is the mass of the nucleus; 5’,?‘.‘._,’

s ¢, 4 and £ are the ‘quantitiea of the funation

S (e e G [Ama v,
" ‘Fpom the ourrent density of the original Hamiltonisn

" Jg(x), there are the following symmetrieal propertlies: -let

pe 8nd n, represent the charge conjugates of the proton and

neutron, respectively (or their their antisparticles), " Af-

tor eXGhANES e e Cmebm e L
ng Pt sp, ws , the vector of the weak.

interaction current 7(&5@%‘1 ).,;-'éhénee;; aign, but the

pseudo-vector weak 1nBeractibn current W (x)rave¥ (%) dd‘ég B
not change. BSo0, in {n}Jg(x)|p), the same -propertges should

‘be present, This is dus to the relationship between the * -

strong interaction and the above exchange, From this we
can prove that o=d=0, .. . - - L e

" 77TIf the strong interaction 18 not present, from Eq.(1)
and Eq, (2), we should get AR

L eraoip - Sese. EILAYINE).
" In other Words, /. and f should equal zero, and gsgq,

A=l, Generally speaking, the strong interaction not -only -
- -changes the wvalue of g, it could also add new terms of cur-
~rent, - . B o N

 If we consider the presence of '8 ‘strong interaction,

thén it should not be. too surprising if we notice the ‘exista

. ence of a very large anomalous magnetlic moment in the mi.
oleus, During the electro-magnetic interaction, we have not
. only the normal charge-induced current,’ but also a eurreént: .

. induced by thée anomalous magnetlc moment, Similar phenoma .

ens appear in the decay problem too, Since the electro-
magnetic interaction current is a vector quantity, many- -

properties of the current vector in the wesk interaction

_ are similar to the electro-magnetic interaction current, .

We can designate g as the Beta-charge, and 4u as the Beta.' -
rioment -(anomalous). T _ ,
From the law of constant current, the.-existence of a

' strong interaction in the electro-magnetic interaction does

not effect the charge of the atomic proton and the positron.
Likewiss, the charge of the other particles not posseissing
a strong interaction -- sich as electrons -- remains un-
changed with the strong interactlions, . The strong interac-
tion only changes the magnetic moment of the physical nu~ -

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

Foynman discovered from decay of the /. meson that they could
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stant of the Beta-decay vector were very cloas to each oth -
‘er. This states that the strong interaction has 1little ef-
ifect on the coupling constans of the vector. For the ex-
‘planation of this phenomenon, PG suggested the hypothesis
‘that the current vector in ‘the weak interaction is ‘gonstant.
Under this assumption, the current vector in the weak inter-
‘sctlon and the current veetor in the’ electro-magnetic inter-
‘action have completely similar properties, They are dis-

‘similar components of ,si’rgii&ra veotors, cccupying the same

bheorize that th& cdupling‘ constant and the coupling con-

orblt, So, when (pn-Pp)==0» Beta-charge g lacks strong . .
{nteraction effect g=gy; moreover » Ao should equal the dif.
‘ference of the anomalous magnetic moment ‘between the proton
end the nsEtron,ﬂ#am. In addition, g and A aré a function
‘of {py-Pp)°, and the same s the charge of the nucleus and
the magnetlc moment distribution function. - . - S
f We have calculated ‘the effect of Beta-magnetie moment

‘on the process of “capturs by the proton. The result has

curate, then the Beta.magnetic moment sffect should be ape
proximately 20%. Due to the low probability of A~ eapture
‘by the proton, we have already mentioned the effects of the
Beta.magnetic moment on 4 meson capture in the nucleus, 8o
we can predict that thils effect would nol be too small, The
purpose of this paper is fo complete this problem, In order:
to arrive at the moeat general result, in this paper we will
‘gonaider not only the effect of the Beta-magnetic moment,
‘but also, we will conslder the ‘effect on the £ term.

. " In section two, we shall ‘approach the general formi-
lae of capture‘probabi,lit,y;-*th_‘e engular relationshlps be.
‘tween neutrons and the polarized A, ‘and polarized neutrons.
In section three, we shall take up the formlae for the .
probability of the A eapture by the ‘proton; angular rela-
‘tionships, and the polarized neutrons. In section four, we
shall discuss the /A meson ecapture by the Radon meleus, In.
section five, we shall discuss the 4 meson capture by the .
atomie nucleus, ' FERERE : . ,

2. General Formulae for Mu Mirus Meson Capture blﬁué;g_;_
! 1If we rvepresent the weak ‘muelesr interaction current
}.n the nuclear“_rself-vapikn apace, we obtaln ‘
where " represents the miclear self-spin:

(7)




v

A—'ﬁé(ﬁ.ﬁ(l-@-ﬂ)%#%-&ﬁp&ﬂ;l-?.)m)‘, .
B= % [7@«3 pio(1 +7.)u.+—%miﬁp‘¢ @ *f?o)ﬁ‘j‘q."_‘- ,

_ In ocbtaining Eq. (8), disregard all the square terms
of the muclear velocity, and use ‘the conditions _13,.‘;'0, .
zn-_l_’_p‘-'-'-Pvn-_lg.' “ Pop the msake of convenience, et A r.epregen’c
A+l, and let fimf-A, ' A R
‘ In representing the fu.meson and neutrino self-spin

space, Eq. (8) can be expressed in the vf’q__llovving fo_r'm: A
| [BaLae.BDe Hggrknte, gl (9)

[ SR e

where n i1s the unit vector parallel with the neutrino mo-
mentum k, In-order to distinguish the meclear self-spin,
An ¥q. (9), 6» is used to represent the self-spln of the
/»meson and neutrino., From Eqe (9), we see that A and B
are the self-spin spaces of the /A meson and neutrino, re-
spectively., They are independent of the miclear self-spin .
and co-ordinates. ' : L
8o far we have only considered A meson capture by
the proton., When we treat the muelear 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

) capture by the atomiec nmucleus is proportiomal to the fol=
- lowing formulasd ‘ - I PR o

o |r=f W§’“?‘""('3)'<i+?'-er;)f#'f'i’v"f?f G

- where ©*(4) 1s the isotopie spintgff & neutron which is

changed from a proton., If the 4B melecn 1is a proton, then
1t changes to a neutron after the (4} interaction. If it
1s a neutron, then T(j) would produce a result of zeros - .
¥ and ¥; are the wave functlons of: the initial dtate and
t%e fina) stete, respectively, of the atomic nuecleus, In
genersl, neutrons have enough energy to eseapo from the
stomlc nucleus, So the final state wave function includes
the escaped neutrons and residual nuclear wave functionse
Since we have partitioned out the central mass moment in :
Eq. (4), ¥p consists only of the relative co-crdinates of tle
neutrons and the residual nucleus. Therefore, it depends
only on the magnitude of the relative momentum P=2Pntk.

5 .




, | Genaidering the proparty of anti-symetry of the wave
: function, Eq. (10) can bb written in the rollowing form:

. (11)
where

(12):

iwhere N'is the number of the nuclei in the atomle nucleus, -
.. Leb &, be the selfespin value of the escaped neutrons,
: Using Eq. (1 ? we can write Eq, (4)

k. oo (13)
., Hotiee that 9 (x) 1s the wave f‘unation of the /;. meson
‘on the 1owes~b Bohr orbit 5 thex'erore s .

;where 24 is the Bohr radius of the hydrogen atom, Z is the
‘charge of the atomic nucleus, From Eq. (13) and Eq. (14), -
4t is easy to arrive at the probability and angular relaw
‘tionships of the A~ meson capture by the atomic nucleus.
:If the atomle nucleus is in the initlal and non-polarized
ista‘be, we o'btain - R S

where EBa 1s the polarized vector of the A meson at the .'mi... '
tilal state; J is the sum of the angular momenta of the ;
atomie micleus at the initial state; Sp 13 the average mag..
'netic exponent between the initial and final atates,

We can expreass the polarized vector <o'3_) of the neu.
tron in the rcllowing formala:

3
i

3 (16)
The next prablem 1s to find Sp.. We average the maga-

netic exponent between the initial and finallstates, based .
on the property of 1nvarianee» of rotation and rai‘lection '
space, ;

g f .).R

an




. _In Bq. (17), the second form should be zero, since
Spab' should be 2 pseudo-vsctor, Bowever, one vector B (the
relative momentum of the neutron end the residual rmcleus)
cannot form a pseudo-vector, 80 1t can only be zero, Fi,
Fo, and Pz, are functions of the neutron energy Eyxe They .
hfve different forms becsuse of the different properties of"
thelr atomlc nuclel. L ' . :

In the seme way , WO obtain ‘

a0
S 8p ot = F (BT + FUBOPRS

T (S S (18
b Sy b B BB AT EOR (BB, (18)
5,’5""}“’5&7{ , are also functlons related to the
of afomic nuclei. From Eq. (15) and Eq. (17),

where Fu,
prc»perties : :
we see that we must £ind th_q following formd,

En Bp A(l+0, BAY,

@ spB-(1+0,-R.)B, | o
(8) SpB-P(+o, BP0 - (19)

Also, we have to find the following == for the polarization
of the neutron ., ,
4) Ep A(1+0,:P,)B*,
ES} SPA(,].-',H’.'»’fp)B‘lP*v , . . o )
(&) SpBx(1+0, POBY, I - (20)

'A%l these forms are presented in Appendix I. - ' :
. - Substituting the results obtained from Appendix I -
into Bqe (17), Eqe (18), and Eq. (15), we obtain the prob-
ability and the angular relationships of the /&~ meson cap-
ture by atomic mcleus. From Eq. (16), we can get the
polarization of the muclear neutron.s o

~ 3.’_._'Mimls'mi'ﬁeson Capture Bz‘ the Proton

. Wnen we consider the A capture by the proton, we ob=
tain especially simple results. Hore, ¥ and ¥ bonslst of
. only the self-spin wave function of the [nitial state of the
proton and the final gtate of the neutron. From the nuclear
self-spin expression, 1t 45 a simple matter to get

. =y b  (21)
From Eq. (21), we limediately arrive at the Fy funoction of
-  p=Ry=1, Fy=Fi=0, - (22)

)
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; fiafﬁé;’{ié); ﬁéﬁéfiil muéﬁuﬁake a minor ocorrectlon -
. Vlaley, when the A meson 1s captured by the proton, the finsl
lgtate econsists only of a neutron and a neutrino (no residual

‘muelel remain), and its energy satisfies the relationship

When we calculate the state mumber of the finpal _agate s WO
‘should not re-integrate into it the temm dPn/(279°,  The
gprdbability formile which should be used 1s,

- dam () 08 weE  (24)
%Fféﬁ'EQ§~f17):«E a/(15)h'$Qm (24), and Appendix I, we can
ggbt th6“probEb111ty.Othha,ﬁE‘mesan eapture by the proton, -

aF, o, ~ (25)

‘where .

| (26)
a ' Lo (27)
.and, therein, ;
f (28) ¢

1 1f, in Bge (25), Eq. (26), and Eq. (27), we let I
‘equal £-x, and disregard all terms which relate to f, we
will get the results indur earller work. In this paper
‘'we consider not only the effects of the Beta.magnetic moment,
but also the effects of the pssudoe.scalar coupling due to-
‘the regulated effect. From Eq. (26) and Eq, (27), we can
‘see that if £' and Au' are positive, then the effect would
‘be to increase the co-efficient of angular relatlonships,
and to decrease the probability of ecapture, From the pre-:
‘sent experimental materisls, we krnow the value of I 1s
‘grester thap 1+3)% (approximately O.4-1 times greater). -.
See Note_/, This shows that f' 1s elther quite small, or
It might even be negative, Thim does not match the estimate
of £' 1n Bq. (2) by using the spectrum. The estimate of £t
by using speotral analysis is a very large positive value,
Simmltaneous experiments to study the probability of capture
end the angular relationships -- l.e., determine the vaiue |
of I and ett the same time «. would help to elear up this
problen, o S ;
([‘Noto~7‘ In the comparison with experiments, we as«
sume the Permi Universal Interactlion to be correct, and the
- soupling constant due to change of energy not large, Then,
the values of g and A are the same as those developsd in the

8




Beta~decaye)e . o L
; Similarly, in finding the formula for neutron polare
ization, we get - = . : T
B V[l""dru“ﬂ(’l)'[““‘bru‘n]n;"‘rg :

- . O (z8)
where o S . o
' @az[a(x+1)+_gix+p_,;'(;*p,,-/g)_f.% f'.;gff}, o (29)
p=p[r0+1) W (+1y +& u’.(f'.-ké')"-i—..%(f + “)] ..
awenerdiB). ey
-%[k'-*::-’;-’-,»'o-*'via%f(H%u')f-%(if«%é')] -
-2[(1-1)()«4—%;«)-(%!’4—%) (H-‘-';-ﬂ)]- N |
B 1 Lot et 7 R

' Notice in Eg. (£8), n representas the neutrino's mov-
-ing direction. It has direction opposite to that of the
peutron. So, the sign for a is not the same here as that
in equetions developed by Mayevsky and myself in 1958, At
that time we used pn to represent the neutronts moving direc-
tion, Furthermore, Eq. (29) and Eq. (31) are different from
. our 1958 work. This is the result. of different handling
techniques for terms of higher powers, Therefore, the fore
‘mélae we have presented. in this paper are accurate up to-
#2, This is then more acourate than what we have done pre-
‘V_iO\lSl'S'o . . )

We can see that if f' and 4 have positive values,
then their interaction will mutually inerease in the comefa
figient b, and will partially cancel each other out in a
and c. ' . .

. 4o lln. Mimas Keéon’cagture by the Radon Magleus .'

Before we go into the complicated nucleus, we will
first discuss a simple mucleus of the Radon atom. Under
‘these simplified circumstances, we see certain properties
. of the A" meson capture by the mcleus,. : ,

‘In the case of a radon mucleus, since the sum of self-
spin is constant, the two neutrons of the final state are
either in the selfapin triple states or in the self-spin

-9




_single state. ILet P, Pes Pa

‘the radon nucleus, From BEqg.

‘ , be the final state meutron .
+in the single state, triple states, and the radon's space
'wave functions, respectively; lebt Xg, Xy, Xg, be their
'gelf~spln wave fun¢tions,vrespectiveiym. We will disregard
‘the tension force (i.e., the D wave in the basic state of

(12

we got

where

r is the relative couoréiﬂates,of the nucleus, . From the
‘Belf-spin space, we can ghow that

.5 X0y %

(32)

(Ss)é

< St (34)%

Substituting Eq. (32) snd Ea. (34) for Ba. (17) and Eq. (18),

‘we get

(55)2

: (36)

§Sdbst1tut1n? Eq. (35) and Bq. (36) into Eq. (17), Eq. (18),2

and Bq. (15), observe that

and

. After integrating the

L

energy of‘ﬁhe'neutfino, we got’

10




o (o) 4ty LML 1 4 0g R B/0) 4BADL ()
whe?é o

;,,eu{,;a;,z,.+§»‘[s»-;mz-'f?>+;g';.(,‘-=-+;;f~)_]t;z..+z, , (38)

e et . wtae'? ) i N TN

4

1.34"“’*?‘;& T *"‘;‘%‘w' -~ (40)
s W L S '

Since the values ofS=k/M and k are related, in Eq,
(38), and Eq. (39), we should replace the 8 with its average
value , o o
o T fberall and Wolgenstein disregarded the case of Beta.
magnetic moment in the calculation of the /4" meson capture.
by the radon micleus, If we letfi=0, in Eq. (38) and Eq,
(39), and disregard the higher ordeg of infinitesinals e
f.e,, 811 terms proportional with§° -- then our formlae
agree with Uberall and Wdgenstein, so we need not repeat
them here. Notice that the Beta.magnetic moment can alter
the values of I, and &, up to approximately 20%., Ij4 and
- I'%gmhave been integrated into the Uberall.Wolgenstein
fo _Lac ' . : ' ' o
In the same way, we can find the neutron polarize.
tion equation e
]I»(1+ao!.-uv;)<¢:>éWﬁ‘H?,‘MJ?H@at@.xwp.. (41)

whare

b3 i Ytura s+ (4 )0~ et}
b= 38{ G (+Bu) anrame my s+ ) s man e ) (43)
=2 () {(-Br)durametn + (e Bl L)} (a)

_ (45)

i1 -




(46)

In Eqs. (42) to (45), 1letF=0, and we will obtein

‘the results which have already been achieved earller, :
In the same way, we ean caloulate the difference of
‘the probability of A meson capture under dissimilar hyper. :
‘fine conditions. LetA,andA.be, respectively, the prob.
‘abilities of Al meson capture in F 3/2 and F 1/2. F 1s the
total angular momentum of the Limeson. Then,A=2/3231/3x,
- " can be taken asg the average capt.ura probabliliity, and we
‘easlly arrive at

(a7)

;whe‘re

(48)

If we do not econaider the mutual 1nteraction of neu..:f_
trons in the final state, then I,, Iyy. Bence, :

(a70)
' ;whera

(481):

If we let Li=0, we will arrive at the conclusions of
'bhe Bernstein Equation,

For other atomle nuclel, 1f we use the Fermi gas
model, we wi.ll got

(49)

where I 1s the self-spin of the atomlc muclei, L is the
angular momentum of the proton in the initial orbital atate,
Ab and a are given in the Appandix IT:




Z 1s the charge of the atomic nuclel, § 1s one factor in
the Pauli interaction., In ceses where we disregard the
Beta.magnatic moment, we will see how Eq, (49) derives from
fhard1l and Wolgenstein, When we find Eq. (49), we can use
a8 technique similar to that employed by Bernstein.Primakoff,

From Eq. (48'), we can see that if f' is very small
-or negative, then because of interaction of the Beta.mag.
‘netisc moment, both a and b will increase about 20%, and
their ratio will remain relatively unchanged, Ifgf! is
positive and very large, then it is possible to diminish
this difference. - S R
5. Mims Mu Meson Capture by Atomie Nusleil

- 8ince we luck a complete understanding of the struc-
ture of atomiec nueclei, and without accurate wavé functions
of the atomic muclel, 1t 1s impossible to accurately caleu-
late the 4" meson capture by atomic nuclei. ‘ ,
. There has already been some work done in hypothesiz.
"ing that we oan unse the Fermi gas model or the independente
particle model as approximations upon which to caleulate the
. provabllity of A meson capture in atomic nuclei. In nene
of this work were the effscts of the Beta-magnetic moment
congidered, .

-In this section we shall use the independent.pariticle
model, Blokhintsev and Dolinsky used this model to calou.
late the 4 meson capture., We will use their computational
results in our calenlations. '

B Based on the work of Blokhintsev and Dolinsky, we

have the following conclusions about the Fy functions:

|FymFyy  Fy=0,

_~ The inter-relationships of the Blokhintsev-Dolinsicy
functions 4A,, Ay, Apy By, By, end By, and the functions Py
are as follows: ‘ ' ' '

-] Cr .

-~ . (50)

From Eq. (50) and‘* Eq. (49), we can express the probabi‘iity .
and the angular relationships of the /& meson eapture by the

atomic mucleus as .rollows ‘“_gz(j.q-a,y,/y,)&l,dﬂ,/(h), (1)

M

13




where

(52)

 'Blokhintsev and Dolinsky calculated the A4(Ey) and
B,(Ey) functions of the Ca® and 0% muclel, We need only
—d%ange the co-efficients preceding A4 and Bl'in order to
‘determine the contribution of the Belta-magnétic momant o

14
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APPENDIX I
() 38p A(1+q;.r;),a+;%(1-ég‘)’ (1-B,n),

+ .

TR N N {[mesracaw -+ G4 3t N+ :
R Y1 L S

(5) L8p [AQL+e, BB +BG 4o PIAT= L

--§(1+g.)[a(x+%p)r-pm+r>rm~2(>~~ AT

() Lop (41 £0, 2B -BU+e, R4 § £ +5)r+ 4w JRuxn.
(}5) _%Sp Bx(1 +&.ﬁ.v “.)B*-* -'n" {(h-l-%n'xx-—%f')l’.-l- | | | B ‘“; -
R L ) et ) 1 SO

AU S
3

APPENDIX I3I _ . .
 Under varying experimental conditions, the atomlc

welght of the/& meson in the hyperfine miclear structure
may be different, In additlion, in the polarized target
‘experiment, the (x p) system in the initial state may also
wvary according to differing conditions and experimental
technliques., Under the most usual clroumstances, the initial
' gtate density of the orbitals would have ths following form:

\-pi‘- 1/4 (14-“,- .+',‘rv+C'n"r’3

whore Py 18 the polarized veector of the proton in the inl.
$14l ‘s'fgte. ~ The magnitude of ¢ is related to the atomiec - '
weight of the (4'p) system in different hyperfine ‘structures.

We shall not diseuss the magnitudes of Eu, Py, and { .  But,
w> will use the p to calculate the probi%iﬁgy of A" meson
capture by the proton, angular relationships, and the neu- .
tron polarization, When we compare the theoretical and the.
experimental aspects, we should judge the megnitudes of Ps,
P, and {, based on the whole body of experimental condi.

_tions, This is a complicated problem and we shall not dis-
cuss it here, T Sl
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The computaticm is as followa.
e Probability of capture and angular relationshipa.

.- m«t%}*{%ﬂ%ﬂ@»"
where ...

-2;

~where

ama{xcmxwﬁmm fwﬂu'fé)«ﬁf’ ' f]-*-

; —:[(1+ 3) +'zw+wﬁ'k~afm-ﬁ'f'n +- ‘9’ f"-—mn ]

bwi?(f'w{-p’) (k+1+ +-§p)

o 23(;4 +.f’)(k+ Bu-2

Under normal eiroumstances ¥ dw denotes the factor :
of probabil:lty (1/4%)(®23)™ of the f meson in the mucleus -
which should be replaced by lr(o)l“ s where ?(r) is the -
wave function of the 4 meson., - :

© When the /A meson atom 4s in the hyperfine atate Fz]., :
1ts capture probabllity Ajican be ascartained from the above
equation - 1f we let z==1/3. .

,,ma-s-x)*w(x—«aw : ¢
When exprassing 7\,+, we disrega.rd all those terms pro..
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of A\-of the

portional to &%, Let L=-1, and we will get the probability
{mason oapture in the state of F=03

!)';_,ﬁ.,‘(1}57;)%5(1}'3,“sin'.«a—'sih'?-&f"-b%(ﬁ'ﬂf)(i?i)).

~ Using the above-mentioned A,and ) .we now obtain

‘where

t.’:ﬁ:‘.}_—;- -2
. x ™ ¥

e v e s i e

tﬁ"“%f*“ﬁ(w’i%wm?#‘ R ),
S I H AL SN), T

.In the above squations, we disregardéﬁ ail terms

‘proportional tog*. In the above, although we only obtain

the  probabllity of the A eapture by the proton in the hyper
fine state, 1f we.assume the acouracy of the Fermi gas nodel
approximation, then we can obtein Ed. {49) in section four,
The a and b in Eq, (49) agres with the & and b found above
in the A eapture by the proton. - L '
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