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A fairly detailed analysis is given of the available experimental data on '’B—'Ce ~¥,, ’N—!'*Ce *v,, and
p~"C—v, '’B making use of the “elementary-particle” treatment. Our results indicate that the variation with
energy of the asymmetry coefficients obtained by Sugimoto et al. cannot be reconciled with the observed
value of the muon capture rate on the hypothesis (A) of gross violation of (“strong’) conserved vector current
and absence of second-class axial currents and can be reconciled only with great difficulty on the alternative
hypothesis (B) of validity of (strong) conserved vector current and presence of relatively large second-class
axial currents. On the other hand, a good fit to the observed muon capture rate can be obtained on the
hypothesis (C) of (strong) conserved vector current, (“‘suitably corrected”) partially conserved axial vector
current, and absence of second-class axial currents. This last hypothesis leads, of course, to a prediction for
the variation with energy of the asymmetry coefficients in contradiction to the results of Sugimoto et al. We
also find that the magnitude of the recoil '’B polarization obtained by Possoz et al. agrees with that
calculated on hypothesis (C) but not with those calculated on hypotheses (A) or (B).
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INTRODUCTION

Recently, some striking new results have been
obtained in the study of the nuclear 8 decays:
12B.12C¢~V, and *N-~'2Ce*v,. Assuming “strong”
conserved vector current (CVC), i.e., assuming
that the polar weak current is identified with the
isospin currentand so isfirst classand conserved,
the experiment of Sugimoto, Tanihata, and
Goring! requires the existence of a relatively
large second-class axial current A} in order to
interpret the observed variation with energy of
the asymmetry coefficients.? However, Calaprice
and Holstein® (C-H) have questioned the original
analysis of the experiment of Lee, Mo, and Wu on
the e~ and e¢* energy spectra in the ?B and 2N de-
cays? and, as a result, thrown some doubt on the
validity of strong CVC; the C-H critique is dis-
cussed in a new analysis by Wu, Lee, and Mo*®
of the data of the experiment with the conclusion
that these data still support strong CVC. Further-
more, according to Holstein’s analysis® of the
muon capture of 2C (which assumes the validity of
the Sugimoto et al. experiment!), the recoil *B
polarization measured by Possoz et al.® requires
a value for the nuclear pseudoscalar form factor
F, (g?) which is inconsistent with that estimated
on the basis of (“suitably corrected”) partial con-
servation of axial-vector current (PCAC).

In view of the uncertainty at present with regard
to the reliability or the interpretation of one or

valid?

more of the above mentioned experiments,!**¢ we
shall analyze the A=12 muon capture and g8 decays
in some detail in the hope of obtaining a consistent
picture regarding the validity of strong CVC and
the presence of second-class axial currents. As
will be shown below, any fit of theory to the Sug-
imoto ef al. experiment! without the introduction
of second-class axial currents requires nuclear
weak magnetism form factors Fj(q2) about twice
those deduced from strong CVC; this, in turn,
with a reasonable g2 dependence for the nuclear
axial form factors F%(g?), predicts a muon cap-
ture rate unacceptably greater than that observed
—alternatively, Fy(g2)=2[F}(q2)]cyc predicts a
muon capture rate in agreement with observation
only if the F%(q2) decrease unreasonably rapidly
with ¢2. On the other hand, the introduction of
second-class axial currents to interpret the Sugi-
moto ef al. experiment’ encounters the same,
somewhat less serious but still significant, diffi-
culty—either the predicted muon capture rate is
appreciably greater than that observed or the
*(g?) decrease too rapidly with ¢2. Sim-
ilarly, the experiment of Calaprice ef al.” on
the variation with energy of the asymmetry coef-
ficient in '*Ne -!°Fe*v,, implemented by means of
impulse approximation (IA) plus nucleon-eff-mass-
shell and meson-exchange corrections to yield the
nucleonformfactorsf(g)andf(,?, requires eitherf(g)
=(1.7£0.5)(fP)cye andf = (f P)cve (Ref. 8) or
FP=0 and fH=(1.9 £0.4) (fD)eve (Ref. 7); how-
ever, both of these sets of values for the form
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398 W-Y. P. HWANG AND H. PRIMAKOFF !E
trustworthy, at least in the case of the first-class
form factors, for a treatment of allowed uninhib-
ited B decay transitions such as *B-'2Ce~7, and
2N-'2Ce*v,. Furthermore, in the treatment of
these B decay transitions, we include both the
final -state Coulomb interaction and the g2 de-
pendence of the various form factors in a suitably
defined Fermi function [see Eq. (10) below].

We define the nuclear form factors in the case
of the A=12 nuclei by the expressions immediately
below.!! We note that all these form factors are
relatively real if time-reversal invariance holds.

factors yield (analogous to the situation in the
u~'2C-y,'?B case) rates for p™p —y,n which are
appreciably greater than the one observed [see
Eq. (51) below].

CALCULATIONS

We perform our analysis in a model-independent
fashion by making use of the “elementary-particle”
treatment (EPT).° A rough idea of the relative
magnitudes of the various form factors can be ob-
tained on the basis of the connection!® between

EPT and 1A, the connection being sufficiently Thus
(20 RO PBOy D)=V exspnte 3 o3 Fild?). (1a)
(2C(p,) |4(0) | By, £) = F(zm(qz)m P30 - g Fia®) | (1)
F(I)- 2 F@-(p2
(C(2,) | V3(0) PNy 0 VT €rspr b o ZQM Fila® (1)
(1AL 1N, 0 =/F (i va LE Fia) -2 £ i) (te)
- Dy, 2 Mo 2 ‘
(2C(p,) 8, A(0) [°N(p,, £) =iVZ ‘1'5<1i‘;z(7m1 e (1f)
(20(p,) IS (0)12CH by €0 =VE excombezm= iy hla?), (1)
@)=V +V P @), AW =AP ) +AV (), (1h)
VI ={Va ) yerm. com. (1= 2840), AT ={A X} yerm. com, (1-2042), (1i)

Fyarsd®=FQ% ps@sF{% 5 5(q?),

where g\ =(p, =p1)r, Qn=B,+P ), M=5 (M, +M,)
=3 M(*C) +M(**B, *N)], A’=M(*B, *N) -M(**C),
and m, (> m,) is a mass which governs the ¢? de-
pendence of the second-class axial-divergence
form factors F®*(¢2%)/(1 +q2/m?) analogous to
the way in which m, governs the g2 dependence of
the first-class axial-divergence form factors
FQ%g2)/(1 +q%/m,?) (i.e., for a nucleon, F®(g?)
and F%)(g?) vary but little in the intervals —m,2
<q?*s<m,? and -m,? <q?sm,? respectively—
PCAC). Further, u(g?)isthe nuclear magnetic tran-
sitionform factor, Fj , p z(q°)are, respectively,
the nuclear weak magnetism, axial, pseudoscalar,
weak electricity (or pseudotensor) form factors,

£ is the polarization four-vector of the spin-one
nuclei, and N (AM=A*=16.833 MeV), 2C* (AM
=15.110 MeV), and ?B (AM=A"=13.881 MeV) con-
stitute a J¥=1* isotriplet with (A" - A™)/M so small

(13)

r

(=2.6x 107%) that the values of p,, £ and mass
are only negligibly different for the different iso-
triplet members.
We now note that strong CVC, i.e., V; =VQ =1{
(so that 8,V =8, V1 =8,17"=0),'2 implies
FQ7(g?)=V2 pn(g?),
FiP*(g?) =0; (2a)

Fila®)=V2 u(g?),

or, if we include the corrections associated with
the fact that the electromagnetic interaction
breaks isospin symmetry

FP%(q?)=v2 pn(g?)(1+580%),
F{P™q?) =V2 n(g?30"7; (2b)
Fiylg®)=V2 pu(g?)(1%46%),
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where |67 [= |67 +5T7 | is expected to be <Za < 1. which implies
Since the isospin-symmetry breaking parameter N
5" is small, we consistently neglect it in what fol - F:(O)+-2—;- F%(0)= FD#(0) ¥ FIP%(0) (3a)
lows. Further, we obtain from Egs. (1b), (1c), . »
(1e), and (1f), and
2 F
w2y, 47 w2y, B 2
@9+ 2 5 Felg®) + 55— Fald®) s (0 == | 7?2 B (gry | L @?)
P\q a\g *‘2mp =(q?) 1+¢%/m,2?
T
=1 [I.mv(qz) g 1ra%/mg? F(H)*(qz)]
1+9%/m,2 " ° 1+9%/mp? = P (3b)
3) with
¢ (gy)=" {1 _ F‘z‘?‘(qz)*[(lwz/:nn"’)/(l +qz/mg2)]F‘,‘,”’(q2)] _ 3c)
q° Fa(g®) +(&7/2m,) Fg(q®) :
In the nucleon case, we use the form factor definitions's:
BV +VP (0)] +[AP (0) +A{ (0)]} | n(p,))
=t _z ! 0y 2) + S22y 2)  lmy +m ) (g 2:!
@n)? up(l’p){nyfv (g4°) + 2m, fiu’ (ay?))+ m,2 15 (a47)
( (m,+m, ) (qy),y oxglan) ¥
(rrrer gy - TR I g ) - DI 0 ) b (p,), )
m

(n(p){[VEPT(0) +V{DT(0)] +[APT(0) +ATT (0)]}  p(p,))

——. ( N) n N 2
-Gy m(pn){[(m‘y”(qf)——ﬂ—’L“*Zm‘i 7P (04")) #i L2 g 0

¢ BICANA 5 ‘

with (g,), =(p, =pp)r, and FIP (g,2) =FP(ay") =P (ay*) =P (qx®) =P (qy*) =/ (gy?) =0 in the limit that
In) and | p) are members of the same isodoublet.
To obtain the connection between EPT and IA for the 2B—!%C case, we assume

N[

m

An=P,—DPp=P2—P1=4q (5)
and define
a :

Mer (42)5<‘/)12C I leo( Iﬁfr("))‘r(f)o(?)i 4’1ZB.§(0)> ’ (6a)
35,(1§17) .

M, ()= | ﬁ —Wr?’( FOXFD), |1z, c0) » (6b)
4, 35,(1§ 1) .

moﬁz(qz) = i<¢12C I Zl (IIEI'V(“)) T?)Z(a) (_6( ). f)(a)) ' ZplzB,g(o) > ) : (60)

15j,(14 1) .
M,o(q?) =q*Wis, | 2 _——(]Izﬁlr"‘))z : @0 P[0 ) = 369)* 1 Y150 » (6d)

where
- @ @) @
V125, 0= P125,£00 (cons ¥,09,70,.00)5

I,Dmc-'—-zpmc(“.,'f("),o'f),T(:),.”),

P=pPir?),

and £(0) is the polarization four-vector describing the 2B state with J,=0; as a rough estimate, v{e have

[ Mer (@) =M, ,.(q%)] = |9, (g*)] > M, o(q?)l, the last inequality being a consequence of the approxlma}te
spatial sphericity of | ¢125,g(o)>- Further, the spin of the B nucleus arises largely fr.om the appropri-
ately coupled spins of its constituent nucleons so that IsmL(qz)l is expected to be considerably smaller than
|9 .;(¢?)|. Finally, a nuclear-physics calculation’ yields M ;;(g?)= - |9M ;1(g?)| so that [see Egs. (7a) and
7(b) just below] Fy 4(a%)= | Fu, 4@ 1.
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Using a method similar to that described by Delorme’® and keeping terms up to the first order in
A~/2m,, we then obtain™

VZFy(q®) =VZ [FP(¢?) - F{P" (¢)]

2= [ 1D (g?) +P ()] [Mgr (¢°) =M, 0(q?)] =110 (¢°) My (4%)
=[P (@) + P (¢ Mer(g?) =P (¢*) M (¢2)
ﬁF;(q2)=~/'2—[F§"(qz)—F‘A“"(qz)]

s

IIZ

IIZ

e @) B ) = 8,00

= [f“’(qz)+ f(“’(qz)}mm(q),
VZF3(@*) =VZ [FP"(¢°) - FE" (¢°)]
[0 - () 70 @] Ber (@) 39,0002
e - GE) e emae,
VZF;(@*) =VZ [F§"(¢*) - Fg""(¢*)]

= [P 7P B (0) + Fq(a)] =10 (0°) 2 l) + T ()

f“”(qz)J Ma(e?)

IIZ

S R

IIZ

==[f (I)(CI) f(n)(qz)]fmm(qz)'zfg)(qz)fmcpz(qz)

IF;“"|ﬁ|(mw>2f9’ w1
| F- am,) 157
F%m— %II) mol’z -1
— =0 1+2 ,
F%I) £ Mer

Fy~ S0P 1P M
FO- oA M
P e

- ?
Fm P

F(EI)- ~14+2 moﬁz = (1 +2 mcﬁz)
Fo- Mer Mgy

M,y s M7 =My, , Mgr With 70~ 7% and |2B) — [C).

(7a)

(o)

(7c)

(7d)

(8a)

(8b)

(8¢)

(8d)

(8e)

(8f)

(8g)

We recall that the contributions of V{¥’ and A{!) may be particularly sensitive to deviations from IA (nu-
cleon-off-mass-shell and meson-exchange effects) so that Fﬁ}ff;' p,g could be quite different from the values
indicated in Eqs. (7a)—(8d).® Nonetheless, the conclusion from these equations that, given f{ =) only

7~ is important, is likely to be correct.

We are now.ready to set down the reduced T matrix elements for **B~!2Ce~y,, *N—~"Ce*v,, and p~'2C

-~v,'?B. These are

T(**B~'2Ce™7,) = J‘% (2C(p ) [V (0) +A4,(0)]] **B(p,, £)) -(—zf;js-ﬁe(pe)yx(l +vs)vy (b)),

(92)
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TON=2Cet ) = (3 C(p.)| [V1(0) +AT(O)]1 N (pas 80) oyt (o, ) 721 +75)0,(20) (9b)
T(u'lzc-uu 12B) = Tg——< uB(sz E)l [VI(O) +A;(0)] I lzc([h)) (2;)3 uuu(i’vu) YX(I +Y5) u”(‘b“) (9c)
with

(2B(py &)l [V1(0) +AJ(0)]]22C(p,)) = (2C(p,)| [V,(0) +A, (0] 2B(p,, £)) (1-25,).

The e* decay energy and angular distributions and the corresponding asymmetry coefficients @* are then*:!5

a’T(e’)= 8 < [FFA(O)] F.Z,E,)p,E,(A*—E,)*(1+n,+a.E,)dE, dQ,

X [1%(hy =k _,) (1 +a,E, ) cosb, +(1 - 3h,) a E, (3c0s’6, - 3)] ,

d°T(e%)g,-~a’T(e%)g,- ,

d’T(e7)g - +d°T (€ )e,=

=F(h,~h_,){l+a,[1-(1-3ky)]E,}, (10)

where

@*=

F.(Z,E,)=Fermi function for the e* decays,
i1,k -1,k g=populations of the J,=1, ~1,0 states of *?B or '?N normalized so thats, +h_, +k,=1,

cosf,=p, 2,

4 F}(0) 1 Fy(0)  FE(0)
a;= ¥ » 0= =0y " = 11)
3m, F3(0) 3m, \ FL(0)  F5(0)
¥ F;(0 F‘ 0
.= 3A <¥2 #(0) ng( ))
m, F3(0) FA(O)
whence, with the replacement’®
F.(Z,E,)p,E,(A*~E,)*dE,~¢.p,E (A ~E,)*dE,, (12a)
L
where T(er)=124.51 seci[F5 O)F(1+0.005529)  (162)
)&; dx x (x? - 2)1/ 2(1 —x)zF,(Z, %) e’)= .01 sec A +0. F;(O) , a
fl dxx(xz 2)1/2(1 _x)z )
F3(0
I'(e*)=251.28 sec™'[F%(0 2(1 0.006 f( > (16b
fb;dx x(% — b 21 - x)°F,(Z, x) ©] F40) )
(1/30 53 /B ) while from the experimental values of the half-
_ 5 2 farel _m, _, lives'®
z(f)g*b$ (1/30-b; /6) ) b*=—&%<2—g (12b)
we get (t/2),-=21.02+0.06 msec, 7
G2 (A7 (ty)2),+=11.63+0.04 msec
re) =S5 e - 4o /aPIVE FOF )
we have
<1 30 & ) 13) I'(e")=32.98+0.10 sec™ (18)
F30) 3m, I(e*)=59.60+0.20 sec™
Using the appropriately calculated f values'’: Equations (16a), (16b), and (18) specify the values
(f),-=(5.6118+0.0026) X 10° of F5 (0) rather accurately since the terms in
(14) F%(0)/F%(0) are multiplied by very small coeffi-
(f),+=(1.1327£0.0017) X 10° cients.
we obtain . f\;l;t(llsr, the muon capture rate is specified
¢.=1.146, £,=0.880, (15) y

T(u*C~v*B)=B(*C, “B)(MY RG,), 19)

so that, with G=(1.140+0.006) X 10! MeV 2, F(0)
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where

4= (by=p)m =0, =0,)
=-m,/2+2E,m,

=0.740m,%=0.212 fm2, (202)

E
12 12 = 2 v 12
8(**C,'*B) =1E, (1_ u+M2>c( C)

<) o)

=(3.55+0.01) X103 sec™ (20b)

and

+(1+F3:<qm )m,E, F3a,) E, >

F—i@m j mt _F.-A(qmzj zmp
(20¢)
and where we have used
(m, — &)
= _— A — B~ =
E=m,-A M (ZB) 91.41 MeV,
zZ(*C)=6,

C(C)=correction factor arising from the
nonpoint charge distribution of 2C,

=0.841 [Refs. 9 and 9(b)] .

F"@) JFS" @) (Fal@®) JF36@) Fud®) o

FF0) FO) ~ FR0 F;0)  Fu0) -

Finally, the recoil B polarization in p**C-v B
is given by®

2(, _Plgy)
Pa' 3 ( m) (213.)
with

o [y
(G BDET. e

If we now assume the validity of strong CVC, we
can immediately determine the numerical value
for F}(0). The transition rate for the ¥ decay
12C*-'""C'y is specified by

r(ﬂc**ﬂ@)%j—élﬁu(o)lz,
?»

E,=15.10 MeV (22a)
and, using the experimental value'®

T(2C*~2Cy)=37.0£1.1 eV (22b)
we obtain from Egs. (22a), (22b), (2a)

F3(0)=V2 1(0)=1.97+0.02. (23)

As regards the relevance of PCAC to the evalua-
tion of F3(¢g%)/F% (%), or, in view of Egs. (3b) and
(3¢) to the evaluation of €7 (g%), we first assume

4

and, remembering that m,, > m,, obtain from Egs. (32)-(3c),

2.2} o iFl()Hk(o)
€ (q )—‘!FD *(0) $F(“ (0)

i[F(IIH(o)_'_ (A¥/2m )F(II)T(O)]

TFIT0) + (A7/2m,)FH0)] :[F(“T(O) +(&%/2m )F 77 (0)] °

Equation (24) corresponds to the assumption that
the g® dependence of F " 1V%(g?) F7(¢%), Fi(g?),
F3(@®), and p(g®) is essentially determined by the
dimensions of the initial and final nuclei for the
range of ¢ under consideration and so is very
similar for all the various form factors. The im-
pulse approximation, i.e., Egs. (7a)-(7d), yields
F{I0=(0) + (a7/2m )F {V=(0)=0 so that €(g?) =0
More generally, it is reasonable to assume
|F§{T0%(0) [<«< [F{P%(0) | and [(a%/2m )F P+ 1D%(0) |
< |F{P%(0)| so that €¥(g?) is expected to be small
even without invocation of the impulse approxima-
tion.

With €7(¢®) and (47/2m )F%(g®) neglected, Eq.
(3b) becomes

(24)
(25)
F3lg?) o 1
F{(qz) B TY (26a)

a result reminiscent of that obtained in the nucleon
case through use of PCAC.*

We also note that, in agreement with Eq. (26a),
the impulse approximation of Egs. (7a)-(7d) yields
directly

F*(qz) f(l) 2) 1
) G T Tigme (26b)

where the second equality follows with rather high
precision from PCAC applied to the nucleon case.™®
Hence a gross deviation of the €¥(g%) from zero in-
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dicates the failure not only of the assumption of
similar ¢g* dependence of the various form factors
[Eq. (24)] but also of the impulse approximation
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small deviation, i.e., to a value of about -0.15
(“suitably corrected” PCAC).2°

To throw further light on the relative magnitudes

and, in fact, detailed theoretical estimates of of F 3(q,°)/F3(0), Fy(q,>)/Fy0), and u(g,2)/1(0),
€ (g,?) in the ¥C—~12B case correspond to a rather we define
A . ,
mGT(qz; Bex-120)= <¢’12c l Zjo( Iq ] r@ )ET;G)G:G) Id)mc*,z(o)> ’ (27a)
a=1
35, (1q] r@) 780 -
M, (g% 2C*—~12C)= @120'2_—_—1 (alr@) 2 (.(“) xp@), ,‘pxzc* Yy (27p)

and denote M (g% and M, (¢?) defined in Egs. (6a) and (6b) by Myr(¢2; 2B~ 12C) and M . (¢%;**B~'°C). We
then have

mL(qz; 12C* 12C ) m (qZ 12B — 12c)
mGT (qz., IZC* 12C) GT(q ITB - IZC)

with the small difference between the two ratios determined essentially by the amount of isospin-symmetry
breaking between Y125, and Y12¢* (o). In addition, the connection between EPT and IA yields

V2 u(@®) = ~{[e,(a®) - €,(a®) ]+ [15(a7) = (gD} Mr(g?;°C* =12C) - [,(07) - €,(47)] My (g% *C* ~ 2C)

where e,(¢%) [e,(¢®)] and p,(¢®) [1.(¢®)] are the electric charge and anomalous magnetic moment form fac-

(28)

(29)

tors of the proton (neutron). Note thate,(0)=1, €,(0)=0, and u,(0) - 11,(0)=3.706. Hence, using the EPT-
IA connection of Egs. (7a) and (7b)
Fy (0,3 ~ Fa(a,) (f8@,0)+f P4, /f,‘;”(q,,,"’)>
F' © F 0 \ 70 +7F(0) 7 §P(0)
f;(,I)(qMZ) mL(qmz; IZB-’ C12) f{,n(O) ‘mL(O; lzg ., 12C)
x [<1+ 0@, +fiD @) JRGT(Q,,,Z;EB-’”C)>/<1+ A (0)+7F(0) M (0; 12B-‘”C)>‘.|
= s e @] 80)

Here €'"(q,,°) can be estimated as < 2% for any reasonable nuclear model'® so that F(q?)/Fi(0) = F(q%)/F(0)
can be considered as valid to a few percent within the context of the EPT-IA connection. Further, Egs.
(28), (29), and (7b) yield

#aw) o Faldw) < €, (@3) = €n(@n) + 1p(0’) = ald?) | F30ld 2))( Mr(g,’; C* = 1*C) /M T(q,,.z;“B*“C))
L0 FR0 \T e, 0= e,(0)+ 1,(0) = 1,(0) / 7O (0 ) \ Mz (0;°CF=20) mG—T(O;“B‘i TCY.

(g, 2, 12C ~120)
TR JRGT((I,,., r(q,2; PCF~T2C).

)]

e,(q,°) - e,(q,°)
—e,(9,0)+ (@) —

* [(1+ €,(qn°) )/

e,(0) — e,(0)
(“ O = e (07 ()

mL(O; 12C* - 12C)
'mc,'r(o; 0% Ifc)

K,(0)

= ) (1 gr miio =) (1 27 g
Falan)

i

(31)

F(O) [1+€”-(qm )] ’

where €”~(q,%) =€’ (q,,?) if strong CVC holds and €”7(q,%) =€’ (g,°) even without strong CVC. Examination
of Eq. (31) shows that it is hardly possible to reconcile with the EPT-IA connection a value for [1 [Falad/
F7(0)]/[ #(¢,3)/11(0)] | of more than 5%. Such a conclusion is independent of the validity of strong CVC.

We now proceed to analyze the situation on the basis ot the following experimental data as reliable in-
puts:



404 W-Y. P. HWANG AND H. PRIMAKOFF 16

(1) [T'(e)]exp=32.98+0.10 sec™, [T'(e*)] oy, =59.60+0.20 sec™ (Ref. 18);
(2) [T( *C—~Vy'°B)Joyy=(6.220.3) X 10° sec™ (Ref.21); (32)
(3) [T(**C* =1'2Cy)] ¢y =37.0£ 1.1 eV (Ref.19) and (u(g%)/ 1(0))eyp = 0.750+ 0.013 (Ref. 22).

Hypothesis A
Assumptions:
Fi'a pr,0(4°)=0;
2 F(,2
Fpl@) __ _1+€@) i e(q,2) == 0.15 (Ref. 20);

F,@®) ~ 1+q/m}

Fy(@®) _ Fiy(e® _ Fi(d®) .
TF0)  FR0)  Fg(0) ’ (33)

Fy,(0) _F;(0) _ F(0)
F(0) " F4(0) ~ Fy(0)

a_= (A, )exp,=(3.1£0.6)/GeV,
a,= (A, )exp=—(2.1£0.7)/GeV (Ref. 1).

(Ref. 23);

Predictions:
Eqgs. (11) and (33) yield
1 (i Fj(0) F‘Ew))

s

= 3o, " F(0 T F0)
_ 1 (i Fy(0) _ F;(O))
3m, \" F,(0) ~ F,(0)
= (0 )any (34)
so that
% =(1.32+1.30), % =-(1.41£1.30).
(35)

Equation (35), together with Eqs. (16a), (16b), and
(18), yields

%(0)=1.055F(0)=0.516
‘which in turn implies
F3(0)=1.055 F3,(0) =3.78+ 0.67
=(1.92+0.34)[ F3(0)] cvc -
Equations (19)-(21b), (35), and (33) and the value
of [T(u™ *2C =~ vy *B)] ,, then give

e,
—A9m ! _(,639+0.030
F,(0)

and
P,,=0.61+0.02
This value of F(q,?)/F,(0) yields

1‘(%%)/ (ﬁ;f—?(?)ﬁ Taeed% 69

which is in serious disagreement with what is ex-

r

pected from the hypothesis of similar ¢* depen-
dence of the various form factors [see Eq. (24)

et seq.] or from the impulse approximation [see
Eq. (31) et seq.].

Alternatively, if we use F(g,2)/F4(0) = [n(g,°)/
1(0) ], instead of [T'(p™**C -v,'*B)] , in our input
and the same assumptions as before and calculate
T'(p~'3C—-v,'?B) from Egs. (19)-(20c), we obtain

T(w'2C—v,'?B)=(8.6+0.8) X103 sec™ (37
which is much too large to reconcile with

[T(*2C = v,12B)] 4y = (6.2 0.3) X 10° sec™.
Further, since

(i;Fp(qmz) muE, _Fplan) Ev>220
Foa,) mI F,(ay) 2m,

in the expression of R(g,?) [see Eq. (20c)], we ob-
tain

1‘<1%(((IT3"T)>/ (%%)2 ©£5)%  (38)

or, alternatively, leaving I'(y"'2C - v, *B) to be
calculated,

T(uw**C-v,¥B)=(7.3+£0.7) X10° sec.”™*  (39)
Both values are again too large to reconcile with
Eq. (24) or [T(u~*C =~v, ®B)] oy -

Hypothesis B

Assumptions:
F3(¢*)=V2u(g®) as in Eqs. (2a), (23), and (32);
Fi(@®) _ 1+€()

S ey .
D) "I Im with € (g,,°) = -0.15 (Ref. 20);

F (2 F (2 (- (II)=
FA@) _Flq)). Fg(O) Fg"(0) ., per 93,

FL(0)  FQ0) ’ FI#(0) FIU+0)
a_= ()= (3.1£0.6)GeV,
0, = (@) exp= —(2.1£0.7)/GeV (Ref. 1),

(40)

Predictions:

Equations (16a), (16b), (18), and (40) together
with

_ 1 F(0)  F%(0)\ _
*=3m, (* F*:(O) - Fj(0)> = (®)exs
yield



F3(0)=F'P~(0) - F{-(0)=0.521,
F3(0)=F$-(0) - FI-(0)= -(2.58 £ 0.86);

(41a)
F4(0)=F{*(0)+ F{1*(0)=0.484,
F3(0)= F{*(0)+ FF*(0) = +(0.89 £ 0.95)
so that
(1)¥ _
FZ%(0)=-(0.85+0.64), (41b)

Fgl)*(o) =+(1.74+0.64).

Equations (19)-(21b), (40), and (41a) and the value
of [T'(u™*2C = v,'?B)],, then give

Falan) _
'm—)— =0.677+0.021
and

P,,=0.65+0.01.
This value of F(g,°)/F(0) yields

Fal@g)\ /(#aad)\ _

(700 (567) om0
which [as in the case of Eq. (36)] is in disagree-
ment with the hypothesis of similar ¢* dependence
of the various form factors or with the impulse ap-
proximation. Alternatively, if we use
Fia,2)/F3(0)=[ 1:(g,*)/ 1:(0)] o, instead of [T(u"2C
- v,'2B)],,, in our input and the same assumptions
as before, and calculate I'(n™'2C - v, '*B) from Eqgs.
(19)-(20c) we obtain

r'(u'*C-v,"”B)=(7.4+0.4) X 10° sec™ (43)

which [as in the case of Eq. (37)] is too large to
reconcile with

[T(p2C = v,'*B)].,=(6.2£0.3) X 10° sec™.

We note that the error in the above prediction of
T'(p™2C - v,'?B) is considerably smaller than in
the corresponding prediction for hypothesis A
because here the error in Fy(q°) [Eqs. (23) and
(32)] is very small.

Finally, we emphasize that for both hypothesis
A and hypothesis B, the predicted P,,: 0.61
+0.02 and 0.65+0.01 are in poor agreement with
(Pv)exp=0.53£0.04 as obtained by Possoz et al.®
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Hypothesis C

Assumptions:
F;IX.IA)TP,E,D(qz) =0;

Fi(¢°)=V2 u(¢®) as in Egs. (2a), (23), and (32);.

Fi(@®)  1+€(@®) .. . o .
f(qz) =~ Tagmr Vith €(g,) = -0.15 (Ret. 20);
(44)

Fi() _ Fi(d®) _ Fi@®) . Fu(0) F3(0) (Ret. 23)

F(0) ~ FR(0)  F%(0) * FL(0) Fz(0)
F%(0)

5 (0) 3.64:0.08 from Eq. (8g) and a nuclear-
4 physics calculation (Ref. 14).

Predictions:

Equations (16a), (16b), (18), (44) yield F3(0)
=1.058F*(0)=0.510, and, using also F}(¢,?)/
F:ﬁ(o)=[u(qm2)/p’(0)]exp, EqS. (19)-(21b) a_nd (44)
give

T'(p'2C-v,”B)=(6.2+0.2) x 10® sec™ (45)
which is clearly consistent with

[T(p2C = v,*B)]y,= (6.2+0.3) X 10° sec™
and
P,,=0.57+0.01 (46)

which agrees with (P,,).,,=0.53 £+ 0.04 within the
quoted uncertainties.

The prediction for the variation with energy of
the asymmetry coefficients is given by Egs. (11)
and (44)

a.=(0.08+0.03)/GeV, a, = —(2.75+0.03)/GeV  (47)

which is, of course, in contradiction with (@),
=(3.1£0.6)/GeV and (a,).,,=—(2.1£0.7)/GeV ob-
tained by Sugimoto et al.!

Further, instead of assuming a particular value
for F%(0)/F%(0) from Eq. (8g) and a nuclear-phy-
sics calculation, we can consider how I'(u™2C
-v,'?B), P,,, and a, vary with F5(0)/F3(0). We
obtain from Eqgs. (19)-(21b), (11), (44)

(£ 2C - v,?B)=(6.16 £ 0.21) X 10° sec™': F%(0)/F3(0)=+4,
= (6.60+0.23) X 10° sec™’: F%(0)/F%(0)=0,
=(7.21+0.25) X 10° sec™: F%(0)/F%(0)= -4, (48)

P,,=0.565: F%(0)/F5(0)=+4,
=0.619: F}(0)/F%(0)=0,
=0.658: F%(0)/F}(0)= -4,

(49)
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a.=-0.05/GeV, a,=-2.88/GeV: FZ(0)/F5(0)=+4,
0.=+1.36/GeV, a,=-1.44/GeV: F3(0)/F%(0)=0, (50)
a_=+2.17/GeV, o,=+1x103/GeV: F%(0)/F%(0)=
so that I'(u"2C ~v,'?B), P,, and a, are all sensitive to the value of F%(0)/F%(0), while

rp(o)< 1 1
3mp \F4(0) (0)/

is essentially independent of this value. It is to be noted on the basisof Egs. (48) and (49) that, in con-
tradistinction to the negative value for F3(0)/F%(0) required by (o)., and (@,).,, [see Eq. (35)], a positive
value for F%(0)/F%(0), as predicted by Eq. (8g) and the various nuclear-physics calculations,'*'? is in ad-
dition favored by both I'(u™?C = v,'?B),,, and (P,,)es,-

We also note that I'(u™2C - v,'?B) [Egs. (19)-(20c)] and P,, [Eqs. (21a)-(21b)] contain the same combina-
tion of F3(g,.2)/F(a,?) and F3(q,,2)/F%(q,?) so that Fp(q,2)/Falq,?) and F; (4.2)/F; (g.2) cannot be deter-
mined individually even if (I'(u™2C -~ v,'*B),,, and (P,,).,, are known precisely.

Finally, it is rather interesting to compare our results with those obtained for the nucleon case. There
we have®?

a ~2.80/GeV

.—a,=

T(up=~v,m;S,-,=0)=1753+16 sec™ for f{’=1.9(f)yc=1.0, f¥=0
similar to hypothesis A,
=762+16 sec™ for £ = (f)evc=3.7, fE=1.7(f$)cyc=6.3:
similar to hypothesis B,
= 659x15 sec™ for £ =(F{)eve=3.7, fEV=0
similar to hypothesis C (51)

which are to be compared with [T'(u"p = v,7; S,,-,=0)] ., = 651 + 57 sec™’.>* Note that, in the nucleon case,
there is no appreciable ambiguity arising from the ¢*> dependence of the various form factors. The striking
analogy between Eqgs. (37), (43), and (45) for I'(u"**C = v,'*B) vs [T'(u™!*C - v,'*B)],,, and Eq. (51) for
T(wp=v,m;S,,=0) vs [T(up—~v,n; Sy-p= 0)].,, constitutes another argument in favor of hypothesis C.2

r

CONCLUSIONS ment of Sugimoto et al.,' results in predicted muon

We summarize our conclusions by emphasizing
that the gross violation of (“strong”) CVC or the
introduction of relatively large second-class axi-

al currents, with either as required by the experi-

capture rates by 2C (and predicted polarizations
of the recoil ?B) in disagreement with the mea-

sured values. A remeasurement of the variation
with energy of the asymmetry coefficients in B
and 2N is thus urgently needed. -

*Work supported by the National Science Foundation.
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