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ABSTRACT

The Chew static model of me son theory predicts transition
probabilities for the capture of p-mesons by nuclel about twenty
timeé smaller than the experimental data. This seems to indicate
that the interaction of muons with nucleons is probably not the re
sult of a direct coupling of these particles with the pion field.
The data are consistent with a Fermi direct coupling of muons with

nucleons. The quality cof the couplings is discussed. The triangle
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of interactions among nucleons, muons and electrons can be extend-
ed to encompass a presumable coupling of leptons with pairs of hy-
perons With the same strangeness quantum number. This Impllies a
beta.decay of hyperons with rate of the same order of magnitude as
that of the neutron. The p.decay of K.mesons through closed loops
1s discussed. It requires the assumpticn of a further coupling of
muons and of electrons with pairs of baryons with different stran
geness. The absence of the beta-decay of K-mesons can be accounted
for. One obtains, however; a beta-decay rate for the A which is
about 3% of the observed decay rate, for a Fermi scalar coupling,

The possible Interactions are digscussged.

1. INTERACTION OF u-MESONS WITH NUCLEONS

As 1s well known, p-mesons are particles with spin é%-which

are produced in the N . p decay:
J[+_...._.}1++ v (1)
They are unstable and decay into electrons:
p*~wﬂ et + v+ ¥ ' {2}

p-mesons, therefore, Interact with plons and with electrons
and neutrinos. There exists also a coupling of p-mesons with nu-
¢leons, which is revealed iIn the capture of negative muons by nu-
c¢lei., The fundamental process in this capture is the transforma -
tion of a nuclear proton Into a neutron with the emission of a neu
trino which carries away most of the energy brought in by the

p-meson:

N

pT + P—s N + ¥V (
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The :es%a-decay (2) of the p-meson has been described success
fully [TIOMNO & WHEELER, 1949; MICHEL, 1950) in terms of an assume
ed dirset coupling of the pair {p,v) with the pair (e,¥);, in a man
ner anzlogous to the Fermil coupling of the pair of nucleons (NSP)
with {(e,v). For some time physicists have believed that the Fermi
interaction would be the by-product of the Yukawa coupling of both
pairs of fermions (N,P] and {e,v) with a boson risld. The boson
field that is known to interact strongly with nu¢liasons ig the field
of M-mescns., However, the great diffizultvy for reducing the Fermi
interacticn tc a result of direct couplings to this boason fieid9
is that the beta-decay of plons ssems not to corur. The experimen
tal ratio (LOKANATHAN & STEINBERGER, 1955) of this to the %~ n

decay rate is known at present to be of the order ol 10“52

(2o + V) o 39-5
(Ao + v)

Thus the diagram of fig .l iz ruled out because the bond of
st-mesons with the (e,v) field is missing or extremely weak, as
indicated in fig.2 by the dotted line. We are thus led to assume
a dire~s Ferml coupling between (N,P) and (e, v) and between (p,w)
and (e, v) {fig.%). But than one may ask: is the diagram of inter-
actions the cne in fig.3 ¢r rather that represented in fig.h? The
latter has been invoked by several physlcists who claimed the pos
sivie existence of & universal Fermi interacticn (see the litera-
ture in MTOHEL, 19%2), smoung suitable palrs cf fzrmicns, with a
scupling zomstesud o Ui ordses of thet dsteminesd in the beta-de-
coor of uazlei. Before, howsvwsr, ome decidss in avor of rig.l one
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experiment.,

To investigate whether the bonds (N,P}=——W—~—(p, v} descri
be the experimental data, one must ask which meson theory to use.
This was the difficulty of the earlier calculations following the
discovery of the pion and muon processes, when the nature of the
pion field and the strength of its coupling wi th nucleons were unk
nown. Now we know that the Chew model of meson theory {CHEW, 195L;
WICK, 1955) has been successful in describing the scattering of
pions by protons for energles below 300 Mev and the phctoproduction
of N-mesons. The model is restricted to low energy phenomena be-
cause We do not know how to calculate With a relativistic meson
theory with.a large coupling constant. The Chew mcdel, therefore,
disregards processes which involve nucleon, antinucleon palirs.

The integrals in momentum space have to be cub off at energiles of
the order of the nucleon rest energy. This is best done by using
8 nucleon source function U(x) and employing the interaction ha-

miltonians :
Ho =P, T, f0(x) (5.9) §, (x) adx

L 1 -
I SR £, my (&)

a form already used in the 1940's in connection with the strong
coupling theory {PAULI, 1946). For the interaction of the pion
fleld with the muon-mentrine field cne may choose the pseudovector
coupling (we do not need to consider here the part of the hamil-

tonian which anticommubes wWith the parity operator):

H a_iaoig‘é‘”‘fﬁv’;‘}s el %-}[&2&35{ +

Hon dx,

172 =1
+ herm. conj.; G = (L3 j‘go wy (5)
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In (&) 'CO( end 0, are the components of the nucleon 1soto-
pic spin and spin vectors. In . (5) the meson field § u1—/—]:,—(Q1=1@2)
1s the well known linear combination of the first two cgmponents
of the real field @‘O‘; the indices » and p refer to the neutrl
no and the muon.

In order to know the lmagnitude of g, e compute the rate

of the 3 - p decay. One obtains for a pion at -est:

~ M "‘2 m 2 m 2 z ()
Tl e o (2) |12 6
7" = Bg A mg My

The exper imental value of the lifetime 'ﬁﬁ - 2,55 , 10"’8860

n
determines g, ¢

=1
gg =0.18 . 10=

Since the N - p coupling is very weak, we do not loose any
accuracy by treating it az a perturbation of the remaining hamil-
tonian.

We now need to caleulate the amplitude for the transition
(3). Consider the metrix element (V ,N| H}m | pP}. From the Fou

rier expansion ©f § end the 7¥'s one obtains:

N} H,u«nf EP) = (g Mip) vp)<1\T[a(p) [P>+ (¥, M(-p) vp) o

E%
L

o <H{u{on}| P>

4

where the v's are spinors, M(p) contains only quantities rew
ferring to the light particles, a{p) and b {p) are respectively
the annihilatinn ccezator of pesitive piony :nd creation coperator
of negative plerse T 13 %he momentum transfer. The above expres
sion results from tns linearity of H};uc in the pion field. It
corresponds te the btwo graphs of Tig.%H, where the nuc Leon line

includes its meson sloud. The matrix elsmenzs <M| a2ip)| B> |
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b=

<N] v"{p)}{ P> can obtained exactly. For this purpose, one uses

ths equation'which describes a real nucleon:

(Hy + H . ) | n> ejEnin>

and the commutation rules of a(p) and b(p) with Hj, + Hy - One

obtains: (#v + )
(v N| | P) = o et 2 Ta R *(p) <N]d.DT"|P>
gpu v p2 - me P

where V 1s the normalization volume, p (p) is ths Fourier trans-
form of the source function. We replace F (p) by 1. This is be-
cause the mcmentum transfer is small compared to the cut-off mo-
mentum p_. For a gaussian source function, for example, p (p) =
= eXp(qu/pg) =1 - pz/pi 4+ ... and (p/Pc)ZEE 1/90.

Cn the other hand wWe replace the a priocri coupling constant
FO by the renormalized coupling constant F by means of the rela-

tion (see WICK, 1955):
F <N| T.3T7|P>=F (uy §.5T" u,) (7)

which reduces the unknown matrlx element *<N['€°§‘U“|P> to a tri.
vial one, computed wiih free nucleon spinors.
The result Tor the capbure rate of a negative muon at rest

at the peasition of the proton 1is:

X o 2 9 2\ 3 m \21°%
=1 iy ol My C ! =
'UH %2 1OgT e (mi) (hmc ) [1 +. (m—%) ] (8)

The ratio between (&) and {8) gives Fy = 0.08 sec, if one uses

the value of the wouplirz cconstant fza 0.08 obtained from the pilon-
proton scattering. In {2} <he probability to find a K-orbit muon

at the proten poaiticon mulsiplies the rate caleulated with free
muons, Apart from this apd from the subs titution P {p)—1l, formu-

la (8) is exact. No peyrurbhation procedure was wied for HThe picn-
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-nucleon interaction. The approximation used is the one already
contained in the static model (and of course the perturbaﬁion
of the plon-muon coupling).

The calculations can be extended to the case of muon captu-
re by nuclel (IEITE LOPES; 1957}, One has, however, to conslder
the substltution of fo by f as a hypothesis which 1s equivalent
to the Impulse approximation. The Ferml gas model for the compu-
tatlon of the nuclesar matrix element gives capture rates which are
about twenty times smaller than the measured ratsez for carbon,
oxygen, Silicium and cale¢ium.,

The capture rate can be compulbed In thé framework of Fermi
direct coupling theory (fig.lL). The hamiltonians of scalar, vector,
tensor and axial vector ccuplings of the muon-nsubtringe field with
nucleus are respectively (we disregard here the parts of the ha-
miltoniaﬁ which anticommute with the parlty operator becauss we

are interested cnly in lifetimes):

S =g, EéihjgfzixlumaxioaoxAYﬁz’Y}(xlo.,xioaoxA) .
. \fﬁ fxﬁ})ﬁ mfp(xi) ds%g
{%é vfyﬁixluooxio,oxAYc;ﬁyi(xlo.cxiPo,xA) o
B MECTHE ERILE: 5

A % -
T = g, ggf/?ngxloooxio,oxg)jBi Ui’si ’W&(Kloooxio.axA) .
4

. "Pf‘:?‘;;"ﬁ [ p(xi)dsxs

& # o _ :

A =g égitjﬁf%QxlotuxiouozA; Ui'Bi'j&{xlnuoxi.aoxA) .
.fyj(xi)a‘?yﬁxi)dié .

Experimentally, therz 13 no indication yet of which of the.



-8«

se couplings is realized in nature, except that possibly the ten-
sor component may be present (GODFREY, 1953%; MICHEL, 1957) . If we
take the combination 8 + T, the calculated rates agree {(ILEITE LO-
PES, 1957) with the sxperimental data for (g5 + Sg%)l/z . 3.10"19
ergocm3 {in the gas model). The same agreement iz obtained for tle
combination A + V with the same value for (g§ + ng)l/zn

The conclusion is that the direct coupling theory is consls
tent with the experimental data so far. The coupling of muons with
nucleons through xN-mescns does not account for these data, if 1¢
18 described by the Chew static model of meson theory. This, howe.
ver, stlill does not prove that fig.3 1= not the correct represen-
tation of the couplings. Por it is possible that what falls 1s the
application of the static model to the muon capture., It mlght well
be that high energy virtual plons would give & non-negligible con
tribution to the process. In any event, the couplings of fig.l
can bs postulated to describe: a) the beta-decay of nuclei, b) the
veia-decay of mucns, @) the capture of muons by nuclei. The uni-
versality of the tvpe of coupling does not, however, seem to exist.
For the NX. p decay reguires a P or A component (RUDERMAN & FIN-
KELSTEIN, 1949; TREIMAN & WYLD, 1956) in the coupling of (N,P)
with (p , ¥), which component most probably can not be present iIn
the (N,P)-(e, V) coupling { A would give a beta-decay rate of a
pion about 10 times larger than the experimen tal iimit, P would
make it 105 times large=), Thus, to account for the decay of the
pion, the coupling {N,P'-{s, vV} can have S,V,T components, no P

nor A. The coupling (N,7 <{;:, v} must have & P or A component in

addition to possible 5,V or T.
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II. INTERACTION OF BARYONS WITH LEPTONS

The scheme of fig.l; can perhaps be generalised to include
all pairs of hyperons with the same strangeness quantum number,
It has been suggested (WIGNER, 1952; GELL-MANN, 1957) that the
pion field should have the same coupling tb:all baryons. It is pos
sible that the same types of coupling as those of (N,P) with
(P, ¥Y) and with (e, »} are also possessed by pairs of hyperons of
the same strangeness, with (g, ¥) and with (e, ¥). Thus fig.l} would
be extended as in fig.H. A consequence of this assumption 1s the

beta-decay of hyperons:

<l

zr__az\o f 8 f

a8t a rate comparabls %o that of the neutron.

IIT. THE K- p DECAY

A comparison of the photoproduction cross sectlon of pions
with that of K-mescns has lad Gell-Mann (1957) to establish that
the coupling constant of the K-meson field interaction with the
pair (j\OBP) should be asmaller than'the.pionmnucleon coupling
constant

8%~ (1/35) & (9)
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3ell-Mann assumes that the K.meson field is pseudoscalar and

its couplings with baryons give rise to the virtual reactions:

K+:2 P +dK° .

+ =

K" & ne 3,

+ - - {10)
K2 A+E

o]
KW &2 L=
K+‘2‘—" 2’_‘,++;"_:';0

In contrast with the case of the picn field interactions,
the four coupling constants In (10), g, for the KPA  coupling,
g, for KPZ and KNZ gz for KA = and gu for KTLE , are not
necessarily equal to one another; in fact, the‘difference in mass
among the baryons may require that these constants do not have the
sams value.

Now among the decay modes of the K-meson, the most frequent

1s the K}‘12 processg:
K~ p + VY (11)

The couplings (1C) suggest us the possibility of regarding
the decay (11) as due to the closed loops (10) which then decay
into muon and neutrino through a Fermi.like coupiing of those

baryon pairs with the muon.neutrino fleld:

P+ _KP
Y '»"'- 20
Kfu-w.xN +§m"->u++\’ : (12)
Ay v E”
Zo'f"‘:s
¥ e
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An assumption of this type has been considered previously
by several physicists (COSTA & DALLAFORTA, 1955; ONEDA, HCRI &
WAKASA, 1956; FURUICHI, KODAMA, SUGAHARA & YONEZAWA, 1956) . The
fdent ification of these couplings with the corresponding ones in
fig.6 is, however, not suggested a priori, It may well be that
the weak couplings at the right of (12) differ from one another
in strength and in guality.

Let us assume that the couplings of the K-mesaon with the
baryon pairs in (12} be =zll pseudoscalar. Assume the weak cou-
plings at the right of {12) to be axial vector with coupling cons
tants: g{ for ( AUQP) with (p, ¥}, g) for (P, 2} and (N, T) with
(p, »), g% for (110953) with (p,v) and gﬂ for (51953) with
(p, ). We can obtain a relation of these coupling constants with
those of the K-baryon pairs couplings and the Yukawa and Fermi
coupling constants if we compare the decay rate K— pn + Y with
L — pn + V. Both decay rates are divergent in the presént field
theoryo'The divergences are, however, of the Same type in both
cases if the coupling of the baryons with (n,») in fig.6 is also
assumsd axial wertor., I the integrals which occur in both decay
rates sre mede convergens by some procedure, their ratio will be
near unity. One hasg
= (87) ! (e2g1° + g5as” + ggggaf gﬁgf) .

m \E 17 .
<2
o M2m§ P [1-={§§) } ir

where M is the bsryon mass and

(K—r Bt U) &T‘:K‘

= e

= {25 ) = ‘jr{pguMz)al((me)E - Manl 4

The ratic beitwesn 1is and the {ﬂMf,p + V! rate is then:
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(Ko p#9) | 1 2.2 2 2 2,2 2y Mg
: 8581+ g5gi+ glglt+ glgy”) .
(Ksp + V) hgin gg 17l ere 373 L=k My
2 1° .2
1 - (mp/my) | Tk
1 - (mp/m.ﬁ_)2 I%

The quotient Ié / I% is nearly one. The lifetimes of the 1 - R

decay and of the KPE mode are nearly equal. We therefore obtain:

2 4,2, 2,2, 2.2, 2,24 12 2
B181 * 8283 * 8383 * g)g” ¥ T gy &3 (13)

This is equivalent to the Gell-Mann relation (9)'if the g4 are
of the same order of magnitude among themselves and the gi are

‘equal to 8pae

IV. POSSIBLE p -DECAY OF HYPERONS

It follows from the weak couplings tentatively assumed in

(12) that the following decay processes:

j\d——b P +pn~ + v
E&;“* P 4+ pn” +V
_ZQ'“* N +n” + 9y
ST AR 4T
ekl R
=, ST 4 p~ +

are possible of these, the decay of Eb will probably never be
seen because, as is wWell known, this particle decays into Ag
and a photen by a fast process. The other ones can be checked ex-
perimentally. If the souplirg of (AP} with {p, v) is axlal

vector, the decay rate for the j-decay of A, 1s:
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2
3%{ = l‘
— - — 5T L (1..2y1/2,5 0.2 galt
(A_O P‘t"‘}l-&-’v}&a 3E°{60(1a) (2-9a“=8a™) +

+1/% alt log [ 1/a + (1/a2=l)1/2 ]}

where 2 = m/EQ and B is the rest mass differencs of A, and P,

One gets a ratio to the experimental decay rate (f\é_* P +1)

U.35, 1010 sac°1 equal to aboui 1.5 % if g{ ® Zo 501O°h9ergu

£ ]
exXp

GHIBS
(A;— P+ p+ '] u o

(AO_’ F *n)exp

.

The experimental determination ¢ an upper limis for
(A,— P + p ¥ V) will enable us to know gi.

Because‘of the decay K-—pu + » , one of “he couplings in
(12) < of hyperons with m , ¥ - must be A or P. Although the P
coupling would give a rate for the p-decay of 1\0 about 300 ti-
mes smaller than that predicted by the A coupling, the P coupling
alone is ruled out because 1t forbids the decay K—au + V + ‘ﬂbo
The simplest assumption 1g o consider all Wsak aouplinés iﬁ (12}
axial vector but 1% is posaible that the ratio (if) be too high
for gi = 2y o Tabie I 3mmarizes some results for the (jxogP) -
- (p, ») interaction, We see that (9) and (13) require gl = gp o
It is then important to know whether this equality and (1) are

consistent with the observatlions on decay of J\Oo

V. DIRECT INTERACTION OF HYFERONS WITH EBIECTRONS?

This interscticn is possibie for pairs of hypercans with the

seme strangeness quantum wsmber, &s seen in 2 (ef, fig.6). Ieg i3
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possible to generalize the couplings (12) to the case when (e, V)
replaces (p , ¥ ) ? Table II gives a few results which follow from
a Fermi coupling of (J\O,P) with (e, v). A scalar or vector cou-
pling would account for the absence of the beta-decay of the K.me-
son but would predict a beta-decay of j\; with rate about 3 % of

the experimental rate, if the coupling constant gg equals gp *

(AO——~P+e+v)

=2 Y
= 3,0 o 10 (g% / g4)
(Ag—P +1) 17 oA

which is probably higher than the ratio inferred from experiment;

»

one may have to assume gg < Es o
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TABLE I

Decey rates for different Fermi couplings

of (AOSP) with (p,vi.
(A —P +un+v)
(KH-:-;-A-F?) (K-—-)p+\’+‘llo) & —
{ Ao_* P+ )exp
S  forbidden a1l owed 0.5. 207
vV  forbidden allowed 0.5 1072
T  forbidden allowed 1.50 1072
A =(fﬂl—~>}1 +9) allowed 1.5 10“2
P oe(lap + V) forbidden 0,20 207°
TABLE II
Decay rates for different Permi ccocuplings
of A ¥} with
(A —P +e + V]
(K & + V) (K—e + v+ %) 2
(Ao_> d fn’)exp
S  forbidden 51lowed 3,00 107
Vv forbidden allowed 5,00 1072
T Terpiddéden t1lowed . o=
i B
A 10 HE-s 4+ 9)  allowed 9.0 107
P o :'Kwr;;.L W) Corbidden 1",'.‘-';}‘!‘






