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The size of an induced scalar coupling in semileptonic weak processes arising from quark mass
differences, impulse-approximation results, and charged-Higgs-boson exchange is estimated.
Although the predicted size of the effect is non-negligible it is apparently below present experi-

mental capability to detect.

Since 1963, when Cabibbo wrote his landmark pa-
per,! the analysis of semileptonic weak decays has
been based upon this very simple and elegant
framework —a current-current weak interaction
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where G, =1Xx 1075 GeV~?%is the weak coupling con-

stant observed in muon decay,
M=y A+ y5) by, +dy A +y5) 0, @)
is the leptonic current, and
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is the weak hadronic current. Taking matrix ele-
ments between two hyperons one finds
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where ¢ =p,— p,, and the various form factors

fu . ..,gsare functions of g2 Analysis of hyperon
and B decay has conventionally utilized? (i) g,=0
from G invariance [plus SU(3) symmetry for AS =1]
and (ii) f3=0 from CVC (conserved vector current)
or from G invariance [plus SU(3) symmetry for

AS =1].

Recently, in the case of g,, we attempted to esti-
mate how large this form factor might realistically be,
taking into account SU(3)- and SU(2)-breaking ef-
fects via the quark model.?> In this note we wish to
ask how large the ‘“forbidden” polar-vector term f; is
expected to be in hyperon and nuclear 8 decay. First
consider a AS =1 hyperon B8 decay. There are two
approaches one can utilize here —one calculating f3
from the current directly, the second utilizing the
divergence.

Using the current directly, we can calculate the ma-
trix element of the first moment of the current using
the method of Donoghue and Johnson.* A simple
variant of the result derived in the Appendix to Ref.
3 yields
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where |B,s) represent quark-model states for the
parent and daughter baryons. In order to evaluate
the matrix element, we shall use the MIT bag
model,’ which employs relativistic quarks with wave
function

(6)
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Here

u(r)=Njolpr) , I(r)=—N
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p is an eigenvalue of the bag boundary condition (if
m=0, p=2.0428/R), and N is chosen such that

1= fax g’ = [ax wer) . ®
For the strangeness-changing current we find then

o=—i [ & ru - ul) ©

and, thus,
1 3
f3=—?(ml+Iﬂ2) fdxr(uuls—us[!l) . (10)

We note two interesting features here: (i) f3 van-
ishes in the SU(3) limit (m;=m,) as required by
symmetry considerations, and (i) f; is sensitive to
the same wave-function integral as is the quark-model
calculation of g,.}?

We can estimate f3, using Eq. (10) and bag wave
functions,

ﬁz—0.1u50)2~0.3 , 11)

N1
where u;” is the bag-model calculation of the total
proton magnetic moment measured in proton magne-
tons. On the other hand, a nonrelativistic-quark-
model estimate gives®

ﬁ'—::—OJ . (12)

S
Provided g,/g; can be measured in a hyperon-3-
decay experiment, our quark model predicts

& _h
& [fi

which would give then a prediction independent of
detailed numerical work.

A second approach to calculation of the induced
scalar uses the divergence of the current

(13)

io*V,=(mg—m,)S , (14)
where S is the scalar density
S=is . @15)
Taking matrix elements and defining
(B',s'IS|B,s) =8 i (p")u(p)s(q?) (16)
we find
a’f3(q?)

(my—my) f1(q?) + =(my—m,)s(q?) .
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At ¢2=0 we find

(my—m3)f1(0) = (mg—my)s (0) (18)
which is a prediction for quark mass splitting

mg—my=(m;—m,) j;l((:)) (19)
In the nonrelativistic quark model we have

f1(0)/s(0) =1 20)
and

mg—my=m,—mj . (21)

However, in the MIT bag model we have s(0) =0.5
(Ref. 6) and

mg—my=2(m;—my) . 2)

There may be some evidence for this effect, but this
is rather speculative at present.’

On the other hand, taking the first moment of Eq.
(17) we find

150 _ /i) |, 5'(0)
£1(0) f1(0)  s(0)

Assuming f; to be dominated by the K*(890) and s
by the «(1400) we find

f3(0) _ 2_ N 1 1
f1(0) = (mi*=m3 )[ my .t M mx2]
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=-0.5 (24)

which is quite consistent with our other estimate,
Egs. (11) and (12), based upon taking a moment of
the current.?

Unfortunately, such effects are at present nearly
impossible to detect, since any terms in f3 contribute
to decay spectra multiplied by’

_m
E(my+my) '

where m; and E, are the mass and energy of the
charged lepton. Thus for electron decay, we have

me?

—_ e~ 107¢ 25
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so that such effects are totally obscured. For muon
decay, on the other hand, we have

2
my

—tr  _—10! 26
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so that scalar contributions should be visible in a
high-statistics experiment. Unfortunately current ex-
periments involving muonic decay have very few
events.!?
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It is perhaps more interesting then to ask how large
one might expect induced scalar effects to be in nu-
clear B decay and muon capture, where a number of
high-precision experiments are available.

In this case there is essentially no effect arising
from the m,,m,; mass difference as Am is swamped
by the quark energy which enters into all such calcu-
lations.!! However, just as for g, there will in general
be a contribution from the impulse-approximation
nuclear current. A straightforward calculation finds’

2m~

f3(0) = [TMrup]gV B
(0X))

S100) = [(Mp+ 5 Apue (M, 5 — 3 Anuc M D)1

Here A4 is the nuclear mass number, my is the nu-
cleon mass,

6 Za
Anuc=m1_m2i’g7
is the nuclear mass difference (i.e., the actual mass

difference corrected for the Coulomb energy differ-
ence between the two states), gy is the polar-vector
coupling in neutron g8 decay (gy=1 by CVC), and

F (my,—mp) (28)

Me= (Bl Srilla) |
29)
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are nuclear matrix elements. Using the Ahrens-
Feenberg approximation, we can write!?

—2M,.pE (B” z7ii[Hnucr ri2]Ha>
;—Anuc:(BH ETiiri2||a) ‘=‘~AnucMr2 . (30

Thus
f3(0) E_%mNAnucngrZ (31)

and we see that f; vanishes for transitions between
members of a common isotopic multiplet (Ag,.=0)
as required by symmetry considerations. Thus, since
the r? operator carries AJ =0, we find f3# 0 only for
a Gamow-Teller transition between two states of the
same spin. For such a transition, e.g.,

8Li(2*)—®Be*(2.90 MeV,2*) + e+, ,
8B(2*)—%Be*(2.90 MeV,2Y) +et+y, |,
we have f1(0) =0 and

£3(0) =___1_5_;,_ mNAnucM,Z

g:1(0) — 3¢y, M, ’ 62

when g, = 1.25 is the axial-vector coupling in neu-

tron B decay and

Mo= (Bl 37 *5illa) (33)

is the Gamow-Teller matrix element. Forthe 4 =8
transition listed previously, we have A,,.= 15 MeV
and

£50) _ 1gp )
2.(0) Y myAncR?=0.4 , (34)
where R = 2.5 fm is the nuclear radius. Thus, not
only is f3 small but also since g, involves a rank 1
tensor & while f; involves a scalar r2, any interfer-
ence between g and f; can arise only in
polarization-dependent effects, which are less amen-
able to high-statistics experiments.® Even then the
effects are only

X LENS 0.1% (3%

g1

me?

mNEe

which is virtually impossible to detect.

In muon capture the expected scalar effect is some-
what larger
0[—’""

my

x I3 40 (36)

g1

However, again this will only show up in spin-
dependent correlations.

Finally, we note that there exists one additional
possible source for a scalar coupling, provided
charged Higgs bosons exist. In this case there will
exist an effective interaction!?

G 1
Ly=—7=LD— , 37
" \/—2_ mH2 ( )

where my is the charged-Higgs-boson mass,
L=meE(1+'ys)v,+m“ﬁ(1+ys)v“ (38)
is the lepton current, and
D=ul(mg—my)— (mg+m,)ysld cosbc
+ul(mg—my,) — (mg+my,)yslssindc  (39)

is the hadronic current. This can be written as an ef-
fective induced scalar coupling using the equations of
motion for the lepton fields:

en=L L piaLe . (40)
my
The resulting effective f3 form factor can be written as
(mi+my)(mg—my,)

£57(0) = 5 , AS =1 hyperon decay,
my
41)
2 i —
£57(0) = m,v(m—dzm,,)’ nuclear 8 decay .
my
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The present lower bound on such a mass is'4
my 22 GeV ,
so

f57(0) <0.08, AS =1 hyperon decay ,
(42)

f$7(0) <1073, nuclear 8 decay .

Since most likely my is much heavier than the
current 2-GeV lower bound® it is likely that these
Higgs-boson couplings too are unobservable.

We have thus examined possible origins for in-
duced scalar couplings in semileptonic weak
transitions —quark-mass-difference effects, impulse-
approximation predictions, and charged-Higgs-boson
exchange. Only the first of these was found to pro-

duce a sizable effect

f3(0) my.z
f1(0) E, (mi+m3)

in AS =1 hyperon decays. However, unlike the case
of the induced tensor it appears impossible at present
to detect the effect of an induced scalar coupling.

At present the only sensitive experimental limit is
obtained by a careful analysis of 0*-0* Fermi decays
by Szybisz et al., who conclude that!®

£3(0) =0.05+£0.57 . (44)

f1(0)
However, we expect a null result in this case, since
Apyc=0.

~ 5% (43)
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