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ABSTRACT

The capture of negative mions by protons can be regarded
as taling place ac a result of a direct coupling or visz the
pi-meson Tield. An atlempt is made to check whether the static,
cut-off psendovector coupling model of the pl-meson-nucleon
interaction can give rise to predictions on the capture of muons
by mueclei in agreement with experiment. Chew theory Temds to a
capture rate 20 ftimes smeller than that predicted’by the direct
coupling thecry. Accurate calculations can be made for the case
of hydrogen, Cetteriiw or helium, Tor which experimental infor-
mation would be highly desirable. Comparison with the observar

tional data Tor carbon, oxygen and silicium, based on the
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ideal gae model for nuclei, indicates that they are conszictent
with the direct coupling theory. Meson theory givez a capture

rate about 20 times too smell.

INTRODUCTT O

The experimental neasurenent of the captiure rate ol ne-
gative muons by protons would provide an invaluable zource of
information on the nature of the interaction between mi~mesons
and micleonse.

Due ﬁo the Fact that the decay of negotive mions predo-—
minates over thelr muelear abscrpiion by muclel with atomic
mwmber lesc than about 12, the experinmental data refer up to
now to medium and heavy nucleil. The theoretical predictions
of the caplture rate for sucii miclel are, however, very diffi-

4

cult to be made accurately at present due to our lack of

Imowledze of the nuclear wave Tunctloilse
ag

Ag 1t 1e well Imovm, two alternotive views are nossible
Tor describing the interaction belween muons and nucluonuz.
The most widely accented prescribes o direct Fermi coupling‘
between the nueleon anc the muon~neutrino fields, in a manner
analogous to beta decay. The alternative view 1eg that of an
interaction o muons and mucleons vin the pi-meson field. The

~r

Tirst interpretation received a great deal of attentlon when
it was discovered that, within the experimental uncerte lnty,
the sane order of mignitude of the coupling conouant could
accoumnt for the Deta deeay of neutron ond mi~meson as well as

Tor the capturce of muons by muclel. On the other hand, the



i

alternative interpretation of the interaction of mu~-mesons with
micleons through the pion field is incvitable according +o
current guantums~mechanical principlics. Since pi-mesons decay
into mu~mesons and interact strongly with nucleons, the mocha~
nism of capturc of mui-mesons by protons via virtusl pi-mesons

cannot be discardled unless it gives a negligible contribution
v

to the process cor some as yot unlmown rulce forbids it.

The recent success of the cut-off meson theory for dos-
cribing low cnergy pl-meson-miclcon scattering rnd related
procossosﬁ, led us to ro-cxamine this problem. In this paper,
we present resulits of caleulations carricd out under both
interprotations,_our oim belng to cheek whether the Chow=Low
meson theory would be capable of giving predictions in agrees
ment with experiment. The celeulations coan bg made accurately
for the copturce of mu~mesons by a froo proton, by the deutoeron
and to a certain extent by the alpha particle. Chew theory
prcedicts a capture rate Qbouﬁ 20 times smoller than the direct
coupling theory, for acceptable values of the coupling cong-
tants. Am cetimote based on the Formi gos model for nucled
spherically symmetric in gpin mnd isotoplce spin space, indicoe
tes that the availabloe experimental data arce consistoent with
the dircet coupling thoeory, not with the Chew theory which_
prodicts lifoetimes 20 timés lorger. The conclusion will be
definite when measurcments for capturc by hydrogen bocone

available.

L. Captire by a proton. The hamiltorian of a pi-mcson

£icld in interaction with o muon~neutrino Ticld and on oxtended



mwcloeon is the following:

+ Hy + Hee I—Iﬂ} (1)

where g, H., Hy, arce the homiltonians of frec pi-mesons,

w
free muons and ncutrinos, reopectivelye

iy = 7, T U@« D) &x (2)

is the psoudo-vector interaction beiween pi-mesons and the

o . I/2, =1
extended nucleon with source U(x), where FO (411) / Lo Dy
and the sum over the subgceriph & = 1,2,3 of igotopic gpin

gpace is implicd; M =1, ¢ = 1,
- W) v
= o 5 3. . s
Hyy = 3 Gy «/E(f"{f}l\’ 5 Yj E—Xj V., @’x + herml.conje (3)

is tho ps 1Qo~vocﬁor intercetion between thoe pi-~ and mion-

neutrine fields. The muon-neutrine operators are labelled by

r -

N 3 e ey 3 . = 1 oy - : = | a
the indices n cné v; @ ﬁﬁrqu ip,) and § =0, 1, 2y 3 is

the ordinory space subscript. The representation has boeen
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taken in W?ich ’T; = JY5 and ajbj = agbh, - 2 . B Also
/2 -1 ‘
(4 g my-.
The interaction (3) gives »isc to the dec u-—ﬂﬁ_p + VY

of which thc tronsition probability for pions ot rest is:
m Il .
- 12 2 42
T = gfng 292 [1 - (2212, (4)
i 0 ﬁ_rnﬁ ' m o ‘
The experimentsl volue of Z%u = 2.55 x 1078sce determines 8yt

g5 = 0.18 x 1074,

The smallnecs of g allows the troatment of Hﬂp ag o small
poerturbation of the remaining homiltonian in (1).

The aanihilation of o negritive muon accompanicd by the
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tronsformation of o proton into o ncutron ond the emisoion of‘
an anti-neutrine is deseribed by the matrix clement (vNIHr}IIpP)
The Fouricr development of&o \F and \va.

1 o ﬂ‘”‘z ® ooy —ARX
G172 (e ®e ™ + b @)™,
:

b

TQ’ ,)V)l/Ejj{

f = =pymigo); al® = (g (-, (B); b7 ()=

= "";‘/"g\—' & iﬂé),
. e Bt . P
" : L Te PV dy, Me¥ 1. Y o1,y ;-1@’%’%
Y}h" v/ fzirrgl,Z o e e po © ]

in (3) gives for. the matrix clomont (VNlHﬂll}lP) between the
initial state d;ﬁ )IP\Y and the final state d (o )lN}YO

the following expression (\}fo ig the vacuum state vector):
(Wi |H mll,uP) = (vﬁ,M(l )vv) <Nialk) [Py + (VR,M(—- )va

<l (B> (5)

Herc [P> and  |N> are the wove functions which desceribe the

physical proton md naitron (with thelr meson clouds):

(H I ) [P> = B_|P>,

p
( ’ﬂﬂ iir'IT IN> = EnIN>
G 4 .
By =.C . ' = . - =
E}Ild I‘ﬂ(l&) V ?)/”Z e i \] 2 h- p}'l py L K kq:Yd.

The matrix o ucnts <¥|a(®@) P> and <N|bé(f§) [PY con Be
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expressed In terms of the nueleon and pi-meson variobles it

one conagiders the commitation relations:

[Hﬁ-i-HﬂN,a(k)] = - a(k)+v_(%),
[Ertig, b (D] = w,n" B+, (),
F,T"

—. 0 - %—"; 7.:.... ...ﬂ‘ Y =
Va(k) —(55;5175 i(dk)v (k) Vb(h) Va( k); vik)

. ‘—i -
= fu(?c)olﬁ'xdjx.

On¢ obtains: v
<N]Va(k) Py

<N[a(R) Py = o
K

LNV, (k) [P>
N[BT (B [Py = 2

= e

Substitution of thesc cexprossions in (5) gives:

2G_F i . (v Pu Y )
ONH B) = « —LL I B It (6)

Py = Mg

where Py = (p,,q-pﬂ?) is the (four) momentum transfore Now the
well-known thecorem:

F <N| §.5271P5 = F(11N+3-3fup)
permits the replacement in our formula of FO by ’qho renormo-
lizec} coupling constont F and the unknovwn matrix clement
(-Nla':ﬁtle‘}”by the onc computed with free particle spinors
(u%?.f)’ ’C"{xp).

The tronsition probability for capture of o negative mwon



by a proton is then:

"l = Efl . Z [ (v li\Tlell;II,P)l2

2

vV

n?

=

¢ 0 (27 aQ,

where L Z L Z‘ means oum over the gpin of the Final neutron
2 rs 2 NP
and neutrine ~né aversge of the spin of the initial proton and
: ¥ - Rl . 2... ¢.. 3 .
mwon, By i the encrgy of the neutrino, [¢(0)]<= 3 (mue 17 s
the probability to ©ind the mon at the proton position (from
the K=-orbit).

Assuming thot both the proton and mu-meson are at rest

givoes: g ) 5 o
’Uﬁl = 32 fgggm %; (e2)3 1+ %—; . n

In this formula, ac lwell as in the matrix clement (6), we have
replaced the fouricr transformed of the source furction, vlk),
by 1. This resultsc from the fact that the cut-off momentum in
the Chew-Low theory is of the order of the nucleozi rest ocnergye
If one assumes a Gaussian distribution for the source, it may
be practically replaced by the wiiky.

From (4) and (7) we obtains

o 2 (3 a2 -(2)]

tH 1 o Dot

2. IMuon ecapture by a light nucleng.

The preceding calculations can be casily genceralized

when a muen is captlrn:ed by a miclqiic,
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Let |72 be the wave function which deseribes the otate

off a mieleus with cnergy B

€y = E|N> .

H is Tormed of thoe sum of the lkincetic energics of the (slowly
moving) muclcong and of the pi-meson Ficld hamiltonian and its
interoetion with the nuelconse

The latter ig:

Pﬂ

R A CRICAR ATNES )d3

where the sum is cxtended over the mucleons and swmation over
the igotopic spin subocriph is understoods. We want the matrix
elements (ﬁ?la(g)lv) and <(W?!b%(§)l@5 which ocecur in the
exprossion (analogous to (5)) for the amplitude (?2?]5%UIHTWJ
of captwre of a negative muon by o nucleus in state Pﬁ)*which

then goce over into state [771):
7y lhm.m?) = (VL) V) < [al®) 17 + (T u(Ev )
Y () >

They arce obtained from the commutation rclation:

- - A Pd
Hya(k) = ~ya(l) + 3 v,k VJ.(ET:’) =

'F
—W (a’ olx)ﬁ (1;.
(Vw, )

and another once with b"(k).

Onc obtaing: 23 A
{nt ] A V(B[
(k) |py= L2k ,
(M ale) |7 - gy
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(

A
i PR AGIEE
Mo (%)) = —

' w F -
E! E u)k

The matriz clement analogous to (6) is thens

(T bty [ ) <?2' (3, B8 vy ()

T Y v Y

Here woe have neglected the eoffect of the nuelcear Coulomb ficeld
on the mon wave fumetion which wos represamted by a plone wave.
The formula should, howevoer, be cufificicntly cccurate for 1light
mielei if we use the offective atomic muber coleulated by
Wheelcl‘4.

In the preceding capression we uhalT roeplacce F by the
renormalized Chow coupling constont Fo Thic cmounts to intro-
ducing the impulso approximatione. The interoction of a mueleor
proton with the muicn is complicated by the prescence off other
nucleons with which it intcracts. However, the time diring
which the intereetion with the muon tolz s place is small com-
parcd to the past ond futiwre history of the nmueleus. We thore-
foE'e asoume that only o emnll crror is committed if we take
the proton in question as free during that tim_o. The offeet
of this assuption will be tc replace Fo by the offcetive
renormalized coupling conctant relative to a frec muelcon.

Thio oporoximotion i also equivslent o oascuming that a proton
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which abcorbs o »ion cmitted by the muon doco not oxchonge

plong with the nclghboring nuelcons for o ghort time boefore

*
and after the arrival of the virbuol pi-meson.

The troncition probability is:

1 = 2 'r1 hnil =t (Z e ) X
Je Hh “w *’J}J. (2#)9 7 mll
il 2
4 GT F
o To P 2
X -E-O—_-—~—2--‘2- <Tl> a QV’
1.?

0. . 2 .
whoere 2,;, ig the sum over the ©in-l muclcecor stotes and <M> ic
the sum over the final nuclecr cpinc and average over initial

miclear gpin of the absolute sqagre of:

b

5 =ik ‘
M = (7’2'] i1 (G -p)'G qz> .

Ni

Here ocgein we n’ogloct the nucleon cztension and thus replace

v, (k) by cxp(-ik.x.

J
“1 .8 2.2 By 2 B, *Py
(9 f& T mﬂ(ﬁ%} (2c°) E'./Q ( Pll>x

E.?.

[(5,3,)°"(, 5, 0% gl

- < afly .

Fe  Coge of the deuteron

<X con be calewlated in the cnce of the deuteromn.

The grounﬂ obate wave function ic:

> = ?55% _{f‘z_ 0(1)n(2)-p(2)n(1)]1° ¥ _(1,2)up(=),
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where p and n arce the proton and neutron eomponcats of the
icotopic spin wove function, 3'Xm(l,Z) io the triplet opin wave
function, uy(r) ic the radial function.

Aftcr capfurc of the muon, the deuteron tronsforns into
a di-neutron which ctn have spin O or 1. The two poscible final

vave funetions are thuos:
1B
')

71y = W n(1)n(2)" X, (T, 2)u, (x)o

| 1 3 iBH
! - . . ) .

f?? a) W n(1in(2) chl,z)ua(r‘)t .

&

qu\ iBs ek halad Na e Ao - + 3 ? -1 . v =] e
o *5 the singlet spin wave function, is thoe center of muss

- .
momcntium, R = §{rl+?2), T ='?i4?2 and the oubscripts g and g
stand for symmctiric ond anticymmetric wove functions in spacce
coordinataco.
The matrixz  elenents corresponding to the two typeo of

transition arc:
-—ﬁ<%l @,8,) . 317X > ts?

Ma_ ﬁ< 7%11;, (61"'?2) . B‘)gn a

i

R;I( 8

(]

It

whoero

kol
Hl

*

I =J/ru;(r)uD(r)e dBr;

ES
2

]

I}JD
ol

A

. -3 .
I, ﬁj/rua(r)uD(r)e a’r,

For a muon at root the transition probability is:

e 2 JEE 21 12 4 2 | (%)
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- v
E = m}1 -5, - 7t ig the nuclear cxcltation cnergy ond:

To cvaluote the sum in (8), develop g(B) in powers of E, The

first and sceond terms depend on the following integrolo:
2 - #* * . , NI S ‘
IIQI =//u‘ (r)uD(r)u(r-!)uD(rf)MK'r!WJdMﬁ;w%ﬁla

lISl2 =//11*(r)uD(r)11(r!-)ug(r')c.os(K.r)cos(K.r'.)dsrdgr!,
- k=k
The gum com be obtained if we agsume that X does not depend
on B; thic omounts to acouming an avernge cxeitation cnergy
small comporced to the amuon rest cnergy vhich ig known cxperi-

'montally to be tmic. One gots thoni

% IIQIZ 2/11;;(;")'113)(1')sinZ(K.r)d3r' = J
% 1T, [2 uD(r)uD(r)cou 2(Kur)@r = 1 = J,

%:E l'Ial ='&ﬁ’(&-€f) (U™ Yy 3oy
o5 _ 2
%E 1125 g I+ <V Vp Ve

whoroe

{VeVp?2 o © %/ﬁl“(r)u(r!)(Vf-VD)u,_S(r.'PI;D(r)sin(K M oin(Kert' ) X
dsfdar! _and<(Vf4VD:>C io th some cxpregssion as <V V’ )
with cogincs in place of sineo; VD is the dentteron potonrta.al
T d
CINCTEY y Vf the potenticl of the final di-neutron. We neglect

Vf and writos
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. 2 , -
1o ool ; EL%__%O D_ - Y p)
T;D 2‘6I {1+J+ 500 [4M (2=T) _/tIDltD VD(l sin“K.r)a-rl}),
For evulgaﬁion of tho intograls we balce the deutoeron wave

fune tion6'

1/2/ -ar ~Ar
u-D(‘r) = [211 %—q —l (e - £ ) ’
ap)] ™ T

P - E'%E h -/3];5 A= Ta; o« = 45.5 Mev,
7

where

and Tor the deutercn potential energy

Vy =V, e-—r/a’ vV, = 214 1:10c2, a = 0.251(e2/m;02}.'

One then obtoing

C— B o . ~1 P AN -3, ot
J "m%ﬁr{l -ap + § [tan™ §+ tan™ - 2tam’ ?zlfg]}’

2 V .
2 3., - o r_ 1 1 2
g Vpd e & = — - _
_/ T 'D 1 ap 20"%‘ 2p% O+ﬁ+%~ ’
v S
2 .2 5 av,. 1 1
s Vo ain®(Kep)d'r = - 5= + : ~
./D‘D : '2'('1‘-_-qp)(a+_1___ ﬁ+___‘i‘“'
2a 24
- 4 17 sl gn2/a w1 A2/8 el AL/
CFpoEE * g Ltan™ S5+ toan ™ S5 ~2tan ===
a

The mumericoal result is

-1 . ~1 -
By = 1.214T 7, Ty = 0.81 Ty

Physically the foet that the trancition probability for thp
deu‘teron ig a 1itfle larger thon that for the proton coan be
understood from the findte oxtension of the dcitteren within
whieh thce proton ic apread. The svernge cexeltation cnergy of

the di-noutron ic 1%.5 keve.
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4., Spherical micleie.

Ve need to ovaluote .

ik ¥

{7 J-;i @B 6 I 1®

Under the asoumption thot the ageroge nucleor coxcltoation energy

is omall, we carry out thig scum with k indecpendent of B and

obtain 23
e VX =X
%}?'lle =<5 G B@,BE e m >

Ve chall consider nuclel which have gpin zere ond cquol mumber
of neutrons and protons. The gpherical gymmetry in isctopile

cpin space reduces the above matrix clement to the following

one:
S 2 =<7t 5, 5 T (2, 2 .
ﬁ?]lﬂ[ 74 “h F ) (T ..p)‘sz'fZ,?,_1 coso L.(Xg “5111)[/17
Call 1) = "'{/(::lxz...::A)

the wave function of the nuclear ground state, the X's ropre=~
- senting the gpoce, opin and igotopic sgpin vari bles of the
- 3 ; PR . -
nicloons. Let Jol(xi’xj) dencte the probability dencity of
finding o proton with cpin wp at :?i
spin up at ¥.. Call (X % ) P NeX® ) P (X %3 ) the analo-
3 Fo p, 4

and another proton with

J
— ~ N :
gous guantitics for a oroton p at Xy and a pl'oton dovn at xj,
a proton up at X,i and a neutron up ot i’j, a proton up ot i-'fi and

a noutron up at %, & proten up at X, and a neutron down at Ry

i‘eapectively. We have

-

~ 2 7 S YAPr 0w =
/Pl J}. .t& }COU A, (X .AL )d d —’\.Jﬁ

o l"

A 1(1% 5

(1+ 0, ) (l—f—d )Vco k'(ﬁ. %y ) x

roj
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whonee (taking into account the gpheriecal symaetry in opin ond

icotopic cpin cpoecel:

= .....1 4 2 -, — - ) r [l
PI - 8{< coo I{O(J{J .Ai)) <dzidz_ COo 1;— (J\-J i)> +
o e ey T; A e (s e l

where the brackets { ) indicate cxpeetation volue in the nuelcar
ground statc.

From sindlor cxzprecgiond for P2, P.,_ and P4 onc obtains:

<0' d"JGzlfézj coo B (x -Ei’ )> = 2{]? P ~P +P4}

The ow off thig cxpmssiOn over the pairs of nuecleons 1o then

3, K0,10,:T,:%, 5 cos Ba(ZF,)> = 2(*‘)2{:9 ~P,~PP,} .
i3

7zl 2] %1 %z]

The exelusion prineciple is token care of by the density
PI.(Xin)‘ Thic density has aloo aﬁ-—-singularity LoT X7 vhich
accounts for the case when the two protons with opinwp arc
the some poarticle.

The trongition probobility for sphericeanl light nueloel io

the following:

74 [lil(;“__ﬁg_m(i)i _2_E_2,) }2 {1 + (%)2}2 7 (P -P P,_+P4)’§;

o ne

%I =

where B ic the avercge nuclear cxeltotion cnergye

5. Helium

For the alpho peorticle one hao

= = = = * - D '5'?
P; =1, P, P4ﬂycou Be(Z,%,) d7%p »eo@’my

-
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hence 219
Tt = 16(1"E/1102)4~ - F_+ (i‘_’:) ] 71 ’Y*Y'(l—-cos o (7, - I
Ll

. =z z

x a7 %y ...d)}c4
We evoluatce the integral by taking an oscillator—type wave
function for

-1 2,2 2.2 2
Y= (/2 s 2 o (xyraptaghiy)
which gives

s, 2 2 .
% — - ‘-a!- big -:* 311’ 3#7‘ - -— \"k /za
/’};/ y (I. CCJ L.C:I 452))6. xq cow 4»4 I ¢ .

U\ 12
To deternine o = (-K-) we uage thoe virial theoren

12 =13
= MR ) Aw
with the nuelcar rodiuc ©

or the cmpectation value of I‘2

in the
1o lovel. Uith B = 11 Mov we obtein B, = 0.022 sec for £°=.0.08.

6. Tormi zas model for heavier nucloel

In order to compoarce with nrescul coxperdimental dntn, we
need the lifetime for mion captore by such nmuelcel

20 earbon,
oxigen and silicium. The P's can be computed in the FPermi goo
nodel Lo

miclei. In thic model we hove

o 0(F %)
oy L2 2
PLEE) =7y

oin K 1 2
v (Kor12) 0" 12

To

om\ /7 _ 4 -
where KO = (—8~) ioc the mdius.of the momentun space

Fermi sphore, V oic the nucleor volune %—ﬂré A, P
We obtain

—tr

Xl Ko

1/3
Z - : 3
= (Pl—P2~P3+P4) = kr-o[% (-gﬂ)

- T.%'?! (Icro)z}
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The average cxeitoation cnergy of o nucleus io opproxdimately

glven by
7 = Hzl 2/2N

~ 16 Mcve

7. Dircet conpling theory

The interactien homiltonion for the capture of muen by a

nucleus, in the dircet coupling thoory 1o the following
HS+HT - gu/ ’YJI‘ xx:l»oory'oOOJC{\)f, YI(-A-l-oc-.n. olo.«CA)?Jl(-n.
x B9(xs) gTJ %yfrﬁlgl’él‘fl .‘}V}I(::i)ﬂ ay, (x4)

I3

d tenoor couplings:

h +Hy gv‘/'[‘})(fﬁ(l.l. ceXgae .)‘Ci“fl(x.l. elsen .)‘P}l(xi)’ﬁ) (::i)*f'gA ¥
xf%yf'-ciﬁiqf’;r Prlsg 06, G2y

for a combinution of veetor and oxicd voector 0011p111_u.,.”9ffF‘331d

Lor a combhin-ticnh of sealar i

,.J

VI are the wave functions of the initi.d ond finnl auclenr

A cwurmntion procodure snslogous to tho one ucced in 4
1 [

gives us

-1 1o 41 = 1/002)2 g YA
T oAl = 2N - B/ne®)” [(P +P2 5 P4) 1.,:3 + (PyP, P3+P4):G-E]2
11 4 g 2\2 . i 14 Z
Ty +TZA = 271 = B/jne”) " [(Py+P,=Ps~P,) =i + (PI—PZ—P3+P4){I_-{'] 3y

v A

whero

. 2 g 2
2eH =1 _ Hy-1_ ;- 2/H -lm Hy=L - 1 ¢ IR
(8 ‘lf- ) (SVT; ) (Jol\_'d = (DoTﬂ ) —2?!5}%{— (%?’ (%K) X

1
(He) E
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Both combinaticons Ieoad to prod ictlon in agreoment with

)1/2

cxrperinent if the coffective coupling conctumt, (gﬂ+3gT
(g&+3g§)1/2 ic about 5.10"49 TS cm3; If it is agouned that
g, = &p or that &y = gA on he volue of cach of these conow=
tants 1o 1.5+10 ~49 CTE cmg. Table I ligto the results for _

¢ 1ifetinme of mwon copture by the clemcnts indicated in the
firc T column, The ¢0110w1ng Culunn Plvcu the valucs of T eorres
ponddng to the valuc 722.0,08 of thcwChQWHLOW coupling constant.
In the third colwun we list the lifetimes according to the
dircet coupling theery for (g +3gT)1/2 = 3.10“49 Orge cm3 and
ayerage cxeitation energy (for cnron through calecium) of I1
Hov; in the Tourth eolwmn the average exeitation Bnergy “or
these nuelel was tolzen to be 20 Meve The loot colunn gives the
experinent .1 reosultc.

One sces that the captiwre rute in the static, cut~off
pocudo~vecetor coupling nodel of the meoon fhoory io ioo small,
by a factor 20. It is true that the comparison with observation
wan nade posalle by recourse to the 1deal gos model ©or nuclei.
It ic to be e¢xpected that the true value of the nucleor matrix
c¢lenent will not be very different from the voalue given hore.
However, the compariscn with capture by hydrogoen, deuterium or

helium would provide an involuable cheek for the dircet

™

coupling theory. Thus the roatic of the mmber of mucons copturcd

in hydrogen to the nmumber of muonsc vhich decay in clectrons io

obout E5_%55 in Chew theory whorcas the dircet coupling proedicts
?

. - L
a ratic of about 57555 .
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TABLE I

‘mon Cepture Lifetimes (in seconds)

Chew-Low Theory  Direct Coupling Theoxny Experinent
wd O
2 = 0,08 Borp = 5.10 45 erg en”
i 0.080 0.44.107°
2
)t 4
l.:..t. 0006 v
JHe 0.022 0.11.1072
L 5.10.107%  0.15.107 0.20,1074""  0.18 £ 0.05.207%
— LR o = by
L0t 10.60.1070  0.51.10 77 0.70.1077 1.35 * 0.76.1077
( 0 . e B
1A8i28 15,03.10"° 0.72.10“6 0.53.10 6 0.8% % 0.22.10 °
- e Gt ' L B
LCa%0 5.14007° 0.25.1077 0.54.20 %% g1t 1070
P T oz e e —
* Average niiclear excitation energy = 11 Llev.
#* Average nuclear excitation energy = 20 ilev.

+ Roference L.

++ A J. Meyer quoted by B. Va

(1956)

Ridley, Prog. Nuecl. Phys. 5, 138



