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The process u+AZ < e* +A(Z - 2) is considered in connection with the lepton scheme of Konopinski and
Mahmoud. An upper limit for the isotensor weak coupling constant is determined which is smailer than that
previously obtained by Kisslinger. The possible connection with recent attempts to discover an isotensoc

electromagnetic interaction is also discussed.

It has been emphasized by Kisslinger [1] that the
study of the reaction

p~+4z 4" +4(2-2) (1)

provided a sensitive test of the lepton-number scheme
of Konopinski and Mahmoud (2] in which there is
only a single additive lepton number which is con-
served and which is +1 fore~, v, u*, v, and —1 for
the corresponding antiparticles. The conventional
scheme, in which additive muonic and electronic
lepton numbers are conserved separately, naturally
forbids this reaction as does a third possible scheme
combining additive and multiplicative lepton quantum
numbers [3].

In addition, Kisslinger assumed for this reaction
that there existed “fundamentaily” only a pion—iepton
isotensor weak coupling (fig. 1) and that the isoteasor
baryon—lepton couplings arose from this in accor-
dance with the pion-core model [4] of the baryons
as shown in fig. 2. This has the interesting consequence
that oniy vector couplings are allowed and hence the
isotensor weak and electromagnetic interactions
should have a very similar form. However, Kisslinger
considered only the AA—lepton coupling and, there-
fore, was not led to examine the connection with the
electromagnetic results, which apply essentially to the
NA«y vertex. But as wiil become evident below, it is
the NA—lepton vertex which likely plays the more
important role.

One can, in fact, go somewhat beyond the pion-
core model. Assuming with Kisslinger that in the
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Fig. 1. The weak isotensor
pion—icpton vertex consis-
tent with the Konopinski—

Fig. 2. The weak isotensor
baryon-iepton intsraction

following Kisslinger.

Mahmoud scheme.

absence of the strong interactions there is only a
pion—lepton isotensor coupling of the form

LaT™2=—(ifIm )p™3, "L , ()

with L, = ¥(e™) 7,(1 +75) ¥(u*) leads immediately
in perturbation theory to the baryon-—lepton interac-
tion which may be expressed by an effective Lagran-

“gian of the form -
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where £, =3, L, ~3,L, and I] 1 isthe tensor in
isospin space which steps down or steps up the

charge appropriately. Further, assuming the dominance

of the above graphs we find

G, ~ ;::: [Gz + (M:::“A )Gs]
~ 0.44 [Gz + (;{-fm—>63] 4

where /N4 = 2.3 is the ¥NA (pseudovector) coupling
constant and [,y = (m,/2My)g, = 1.01 is the
pseudovector pion—nucleon coupling constant. Thus,
barring delicate cancellations we expect Gy to be of
about the same order of magnitude 2s the larger of
G, or {m /(My+M )] G,. Since G4 vanishes if we
neglect the recoil of the intermediate nucieon we
might expect G4 {m,/(My+M,)] to be smailer than
Gy or G,. Even if G5 should tum out to be numen-
cally larger than G, or G,, this shouid not be taken as
indicating the greater importance of the last term in
eq.(3). The other couplings, in fatc, contzin an im-
plicit factor (My+# ) which compensates that
appearing in eq. (4).

The first term of eq. (3) is indeed very similar to
the phenomenological NAY interaction of Gourdin
and Salin {S] which was used to study pion photo-
production in the (3,3) resonance region:

. . v p
L:: 14 —u;h: (qI“T”?sI(l’WN**N?;’SIéw“)F *

®

where £, is the electromagnetic field tensor. gy has
the numenul value 0.37. In both eqs.(3) and (5) we
have neglected the NAY electric coupling since in the
isovector electromagnetic interaction its contribution
is known to be very smail compared to that of the
magnetic coupling. In the same way the isotensor
electromagnetic coupling is assumed to have the
form

G. -
LaT"2 - "i’,‘,,l'(%‘7»7513“’11*"""7-7515“’)5' uo
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Fig. 3. Pomible mechanisms for the reaction g~ +p+p—
e rara

The Lagrangians of eqs. (2) and (3) lead to three
possibie mechanisms for the simpiest nuclear process

4= +p+p—e+n+n

which are shown in fig. 3. These we take to be the
basic processes which can occur in muclei. The am-
plitude corresponding to fig. 3a vanighes identically
between antisymmetric nuclear wave functions. For
the remaining two processes we expect that the
matrix elements for fig. 3b and 3¢ behave roughiy as

M, ~\e,2G,

M_=~2a,|G, ,

where G’ is some combination of G and G5 and
la412 is the probability of a virtual A being excited
in the nucleus, roughly of the order of a few percent.
If Gy is not anomalously large we expect that the
mpﬁ&dcmbyﬁg.kwﬂlbcduhrprbyn
order of magnitude.

The explicit evaluation of the amplitude in fig. 3¢
leads in the non-relativistic limit to

M~ 526, NJgl NpLy o)

WheulNl)anle()mthelniﬂalandﬁmlmdm
states and
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T, =exp (}ik - Gy tx)) 77 7,
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k is the momentum of the emitted positron. We have
negiected in eq. (8) ternis of order ikl/4m, = 0.1,
among these the space components J.

Using the approximation of Riska and Brown (6]
— namely, that three-body connected processes may
be ignored in eq. (10) below — who applied it to the
evaluation of very similar matrix elements appearing
in the calculation of the D-state contribution to the
pion exchange current, we write

Jy=C[V.T],=2CVT, (10)
with
r=231,, v=LV,.

i<f [

Conbining eqs. (7—10) we have for the capture rate
in the closure approximation

_ k12, 2 a2
M -'e")"—z;'hpl SCUNIVVT'TIND . (11)

nav

where Iwnlz, is the muon density averaged over the
nuclear volume, Writing approximately

(NIVVT'TIND ~

Ny ZVIV,TIT N
y .

WIT*TIND. (12
Wy %31',’7’,1 Np

the remainder of the calculation may be performed
exactly for the Fermi gas giving

(N,IT’TI Nl) =
(13)
122 -1)[{1-Ax)P-@ -1 Fr) {1 -Fe)}]
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where x = k| and Fx) is the usual two-body iso-
vector correlation function

F(x) = 1 —H(x/2kp) +1(x/2k)?,  x <2Kk,

=0, x>2kr.

We have negiected terms in (V—Z2)/A since these
contribute at most a few percent.

In fact, the relation (13) between the four-body
and two-body correlation functions hoids to leading
order in the proton number Z for an arbitrary deter-
mined wave functdon. in evaluating the right-hand
side of eq. (12) we have used the cut-off factor
1 —exp(l.ng) of Riska and Brown {6] to simulate
the effects of the hard core.

The rate for ordinary muon capture is given by

A —v,)=
= (W%2m)g, 12, (G3+3G% +GL-2G , G,)Z {1 -Flv)}
= (Ivi¥2m)le (2 (54GHZ(1 -F)} , (14)

uav

where Gy, G, and Gp are the effective vector, axial
vector and pseudoscalar coupling constants, respec-
tively, !vj the average neutrino momentum, and &
the Fermi coupling constant (= lO'SIM%‘ )

For ordinary muon capture in medium weight nu-
‘clei, [vi is constrained to have values very near to
80 MeV/e, largely due to the presence of the giant
dipole resonance. For the isatensor process, however,
the existence of an equally strong 2p—2h collective
excitationis not yet evidenced but we may assume
that the transition will lead to 2p—2h states in the
final nucleus whose-strength in centered about
40 MeV. Thus, taking k| 60 MeV/c and combining
eqs. (11)—(14) we obtain for the reaction

= +85Cu +85Co" +e*,

R=AW™ e )A@™~v, ) ~0035(G /C)*. (19)

The factor muitiplying (G, /G)? is larger than that
from Kisslinger's study for liis (G, /G)? by four
orders of magnitude. Two of these simply reflect the
trivial difference in the reiative strengths of scalar
and vector coupling constants. More specifically, if
we rewrite the NA—lepton interaction [S] as
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+h.c. +cross term , (16)

which is identical to first order to the corresponding
term in eq. (3) provided G, = {(M, +My)/m,} G ..
then we obtain

R~14X1074(G,/G)*. " a7n

It is this resuit which should be compared with
Kisslinger’s which was essendially

R =26 X 107%(G,/6)?

assuming the dominance of the process shown in
fig. 3b. The remaining two orders of magnitude dif-
ference arise from the suppression due to the additio-
nal A which must be produced as expected from our
carlier discussion.

From the experimental upper limit [7] for thn
branching ratio

Ry, S 26X 10-8 . (18)
we infer that
G,S09X1073G. (19)

The isotensor interaction and the Konspinski—
Mahmoud scheme.seem to be largely disfavored.

It is interesting to specuiate on the extension to
the isotensor coupling of the CVC hypothesis which
was proposed only for the isovector vector currents.
Assuming that a universal scale factor relates all the
corresponding weak and electromagnetic couplings
we would be led from eqgs. (3), (6) and (19) to expect
an isotensor electromagnetic coupling

£ S09%x1073. | (20)

Numerous theoretical analysis have been made of
possible isotensar interactions in the (3,3) resonance
region. Assuming that only the T"=+4 final states are
important thess authors show that
Mo ™8y -s/fxr .

M-m-A' ~sn +‘/{“l‘ e
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The most recent experiments {9—11] ail measure
essentially-the quantity 4v/F(gr/g)y) and find this to
be zero within systematic errors of 6%. Using gy =
037 we obtain the experimental limit

8Tl < 0.007 (21)

or about eight times larger than the limit suggested

in eq. (20) above on the basis of muon capture.
Finally, it is perhaps worth mentioning that if the

process (1) were experimentally confirmed, it wouid

be s vaiuable tool to study the extent to which the A

manifests itself in the nuciear wave functioa {12].
The fact that the process proceeds only through the
A intermedigte state makes it quite unique in provid-
ing us with information on the role of the nucieon
resonances in nuclear physics,

The authors wish to thank Professor LS. Kisslinger,
whaose earlier study inspired the present work, for
interesting and helpful correspondance.
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