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Abstract. The induced pseudotensor contribution to 0 - ~ 0  + and unique/~ transitions has 
been analyzed starting from two possible forms of the nonrelativistic Hamiltonian. The 
role of mesonic corrections and mesonic second-class currents has been discussed. 

I. Introduction 

Renewal of the search for second-class currents (SCC) 
in weak interactions [1] has prompted reinvestigations 
of the non-relativistic approximation (NRA) for the 
nuclear/~-decay Hamiltonian [2]. 
The non-relativistic weak Hamiltonian may be written 
as follows 

. gA L H r  i V ' a L 4 + ~  M 4 a.p 

gv 
+ g v L 2 + ~ M ( - i V ) ' L 2 + ~ - - L 2 " p  
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where Li and L/are appropriate combinations of the 
lepton wave functions as mentioned in Refs. 3, 4; ga 
and gv are, respectively, the effective axial vector and 
vector coupling constants; M is the nucleon mass and 
pp and /~, are the anomalous magnetic moments of 
proton and neutron, respectively. 
The NRA of the induced pseudoscalar interaction 
H(1P) has been treated in our earlier papers [-3, 4], so 
we will restrict here our attention to the induced 
pseudotensor interaction H(IT). 
There are two possible NRA for the induced pseudo- 
tensor interaction [5], namely 

Y 
H(IT)= 2M [Pf2a'L4+iV" aL4] 

Y 
q- ( ~ -  [-QL 4 O" .p --2i a" VL4" p] (2) 

with 

p = 0 (case A) 
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and 

p = 1 (case B). 

The symbol Y stands for the induced pseudotensor 
coupling constant defined in Ref. 4, while 

O=  Wo+2~, (=c~Z/2ro; 

W o is the energy release of the/3-decay in units of mc 2, 
is the fine structure constant and Z and ro are the 

charge and nuclear radius of the daugther nuclei. 
The physical meaning of the approximations A and B 
has been discussed in detail in a recent paper [5]. 
However, it is worthwile to mention here that the 
non-relativistic Hamiltonian (2) depends on the as- 
sumptions concerning the form of the phenomenologi- 
cal induced pseudotensor Hamiltonian, mesonic ef- 
fects and nuclear models. 
The case B is mainly the approximation used in our 
previous analysis [3, 4]. However, the terms propor- 
tional to 1/M 2 in Eq. (2) have been overlooked there. 
The modifications due to these new terms are indicated 
in Section II. 
As shown in Ref. 6, mesonic SCC can produce an 
effective single-particle induced pseudotensor as the 
one appearing in Eq. (2) and, in addition, some two- 
body transition operators. In the present work these 
two-body operators are discussed only in the role of 
effective parameters. We comment mesonic SCC in 
Section III. 
It is demonstrated in Section IV, that the hypothesis 
of conserved induced pseudotensor current [2], con- 
duces to an interesting relationship between the n.m.e. 
( ia .  p/m) and ( a .  r). 
The search for the induced pseudotensor interaction, 
performed so far, in the 0--40+/3 transitions, was 
based on the experimental data, reported by Daniel 
and Kaschl [7], for the spertrum shape factor in 144pr 
and a66Ho nuclei. The parameter b = Y/gA was required 
to be rather large and negative. 
The unique first forbidden /7 transitions, measured 
by Daniel et al. [8] (42K, 86Rb, 9~ 9oy) and by 
Beekhuis [9] (a42pr, 166Ho) were analysed in Ref. 3. 
The parameters h and gr used there are connected 
with our parameter Y through h = gr = Y/2 M. These 
studies show that the experimental spectrum-shape 
factors can be explained either by, 
(i) choosing appropriate values for the higher order 
(third forbidden) nuclear matrix elements (n.m.e.), 
when b--0, or 
(ii) by the n.m.e, calculated in the spherical single- 
particle shell-model, when b >0. 
Meanwhile, new measurements of the spectrum shape 
factors of the 0-  ~ 0 +/3 transitions have been reported: 
by Liaud [10] in 166H0, by Nagarajan etal. [11] in 

i~4pr and by Flothmann et al. [12] and Persson et al. 
[13] in 2~ Liaud [10] has also measured the 
spectrum shape factor of the 0 - ~ 2  + transition in 
166Ho. It appears then necessary to bring our previous 
works [3, 4] up to date, in accordance with the present 
level of knowledge. This is done in Section V. 
We will concentrate our attention on the 166Ho, as 
this nucleus present several interesting features, namely 
a) both 0-  -4 0 + and 0-  --, 2 + transitions occur; 
b) in addition to the experimental information about 
the spectrum shape-factors, also the data for the 
0-  ~ 2 +-40 + f l - 7  angular correlation are available 
[14]; 
c) the structure of the states involved in the fl-decay 
processes is fairly well known. 
Finally, in Section VI the conclusions are presented. 
The results for forbidden transitions are contrasted 
with those for allowed transitions to see whether any 
general pattern emerges. In fact, if the effective induced 
pseudotensor is present, all deviations from the 
"normal" spectrum shapes should be explainable in 
terms of the parameter b=  Y/ga fixed from allowed 
f t  values [5]. 

II. Spectrum-Shape Factors for O- -4 0 § 
and Unique Nuclear fl-Transitions 

A detailed description of the formalism for different 
fl-decay observables can be found in Refs. 3, 4; here 
we simply sketch the procedure and give the pertinent 
definitions for the spectrum shape factors. 
From the comparison of the expressions (1) and (2) 
it can be easily seen that the first three induced pseudo- 
tensor terms will contribute to the shape factor in 
the same way as the corresponding axial vector terms. 
The contribution coming from the last term in Eq. (2) 
is worked out in the Appendix. 
The spectrum-shape factor for 0 - -4  0 + transitions is 
of the form [-4] 

-2 I l ia. [ \ i 2  1 
C~(W)--  gAl~ " 21_ X~ IC t/~ ~12 (3) 

-2p2 q2 Fo(Z, W)~=z, ll ot ~l 

where p and q are electron and neutrino momenta, 
respectively, and Fo (Z, W) is the Fermi function. The 
coefficients Co (x), including the induced pseudotensor 
interaction, are: 

Co(1)--(1-P 2 M  ) (fl F- l -g l  F1)rol 

( bf2) ( l+b)  
+ 1 + ~ - f ( f l F l + g l F _ l ) +  2 ~  

[ ( 4 )  ] 
�9 (2(flF 1-g lF1)+(g lF l+f lF_l )  - ~-o glF-1 r~ 
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b 
+ f ~ -  [~(fl  F~ + g l  F - l )  "~ ( f l  El - g l  F - l ) ]  

Co(-l)=(l-p ~--~) (g-, F-, + f-a FOro' 

+( l + ~M ) f(g-t Fl-f-x F-O 

(1 +b) [f2(g_, V l + f - ,  FO+(f-, F~ - g - 1  F-l) 
2 ~ - -  

+ ( 4 )  f_ ,  F-l] ro 1 

+ f 2 ~ M  [O(g_, F~ - f _ ,  F 1 ) --(g--1 F1 + f - ,  F_ 1)] 

with 

(4) 

(ia .p} 
f M(a.r}" (5) 

Here fi  and g~ are the electron wave functions and 
the F~ are the neutrino ones. 
From the above expressions we see that in the case B 
the induced pseudotensor contributions cancel par- 
tially out. 
In the case of unique transitions, in addition to the 
induced pseudotensor interaction, also, the induced 
tensor interaction, as well as the higher order terms 
in the multipole expansion of the weak Hamiltonian, 
can contribute. The shape factor is now 

2 
2 g2Al(rT2a}12 ~ IC2(~c)1 ~-, (6) 

C~(W)= p2 qZ Fo(Z, W) 25rg ~= -2 

where the coefficients C2 (K) are 

3 
C2(Ir A~+~-(I+b)B~T-~C~ 

C 

-]-~4 H~ +75 I~, (7) 

in which the upper and lower signs corresponds to 
~= l, 2 and ~= - 1, -2 ,  respectively. The quantities 
A~, B~, C~, D~, E~, F~, G~ and H~ are defined in Ref. 3 
and are functions of the electron and neutrino wave 
functions. The coefficients I~ are originated by the 
last term in Eq. (2) and are related to the coefficients 
A~ by the expression 

b t d + 2  t 
I~-  6M \d r r  r J  & '  (8) 

The meaning of the other symbols is 

c=(#p-/~,) gv _4.7 gv , (9) 
g a  g A  

, ~  3 ^ =l  3 (r~T23(?)) =]/10 <i Y2 r2a'P} 
~2 / / 2 ro 2 ( r  T21(?)} ~3 ' M ro <r T2, if)>' 

~,,=gv ,/7;__V '~ <ir2v T22 (/3)> ro(ip T21(/3)> 
gA Mro(r T/l(?)}' ~5 -  (r T21(r)) 

(10) 

In the above expressions it has been assumed that 
r-dependent lepton wave functions can be taken out 
of the n.m.e. However, in the region of relatively large 
f i  values, this approximation might be very bad and 
it is necessary to consider explicitely the effects of 
additional n.m.e, which arise from the expansion of 
the lepton wave-functions in powers of r z. Here we 
will use the formalism presented in Refs. 3, 4, which 
leaves us with the smallest possible number of ad- 
ditional parameters, namely with the ratios 

(r  3 T21 (?)} 
~1 - r z ( r  T21(?)} (1 1) 

in the case of unique transitions and with 

( r  2 0"" r} ( r  2 a -  p} 
~'1 - r~ 2 ( a .  r} and e 2 -  r g ( 6 -  p} (12) 

in the case of 0 - -*  0 + transitions. In the independent- 
particle shell-model the ratios ~i and ei are estimated 
to be 

_ _  i ~1=~, ~2 - -~ ,  ~3=~roA, 

5 gv 1 
~5= - 2 r  roA, 

~ 4 -  2 gA M r  o ' 

el = / ~ 2 : 2  , l < A < 3 .  (13) 

III .  M e s o n i c  S e c o n d - C l a s s  C u r r e n t s  

The possibility that SCC may be entirely composed 
of meson fields was suggested [15] to explain the 
energy independence of ft ratios for allowed tran- 
sitions [16] which was found experimentally. A de- 
tailed investigation of single-particle contributions 
coming from the closed-loop diagram leads to the 
conclusion [6] that the ~ co loop gives an effective Hp 
of the form given by Eqs. (1) and (2). Other combina- 
tions of mesons, such as p ~o, K* K, etc., give different 
closed-loop contributions. However, when the cutoff 
is introduced and estimated on the basis of AS4:0 
semileptonic decays [17] the result is comparable with 
the n co-loop contribution. It is obvious that our 
analysis of forbidden transitions does not yield in- 
formation about the origin of the parameter b. The 
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effect may be entirely due to either mesonic SCC or 
some other effect, or its origin may be mixed. 
Mesonic SCC currents can also be exchanged between 
nucleons, thus leading to two-body transition opera- 
tors [6, 18]. For 0 - ~ 0  + transitions, the dominant 
term is [6] 

D 2 = d 2 L4 

= 2 M  [(a2" 172) QA zf  + ( a , .  171) QA v/v ] L4, (14) 

where 

1 
QA = (mS - m 2) 8 rt 3 

�9 Id3ke  ik'(r~-r2l [ l n f k 2 + m 2 ~  mZ-m2]  (15) 
~k2+m2!  k2+m2]  " 

This term can be included in our formalism as a 
redefinition of the parameter f 

i a . p  
(16) 

The theoretical calculation of the single-particle n.m.e. 
ratio f is a rather difficult task [19]. We can even 
less hope for a reliable estimate of the two-body 
matrix element (d2). As the mesonic SCC coupling 
constant has to be small, the modification of f presented 
by Eq. (16) is probably not very important. Our analysis 
does not distinguish f from j~ 
Two-body transition operators for unique transitions 
are by far more complex. Most of the operators 
appearing in the n.m.e, ratios ai receive two-body 
operators as additions. As we have estimated only 
single-particle contributions, our analysis would be 
at best an approximation. 

IV. Conserved Second-Class Axial-Vector Current 

In the next section we present a phenomenological 
search for SCC effects. However, the physics associated 
with SCC is not completely contained in the terms 
multiplied by the constant b. Let us show how we 
can find relations among n.m.e, through the concept 
of conserved second-class axial-vector current (CSAC). 
This concept was introduced in Ref. 2 when evaluating 
two-body exchange corrections to the single-particle 
induced pseudotensor term. Here we want to use this 
concept in close analogy to the explanation of the 
problem of conserved vector current (CVC) [20, 21]. 
Writing the induced pseudotensor interaction as 

Hi.  t ( IT)  = (IT)~, L~,, (17) 

where 

Lu =(i L4, L4), (18) 

we find for case A 

( I r ) , = ~ -  - (~ .V)~ ,  - i  ~. V + ~ - ~ . p  . (19) 

The rest then closely follows the standard Refs. 20, 21 
or books [22]. The nuclear wave functions in expres- 
sion (19) should be understood, and one has to study 
the nuclear matrix element 

~V.(IT)ft(r,O,c~)dz=--S(IT).Vf~(r,O,(a)dz. (20) 

Here ft(r, 0, 4)) are some suitable coordinate functions, 
the derivative of which leads to the required fl-decay 
n.m.e. The functions fl appear naturally in the expan- 
sion of the lepton wave-function bilinears L4 and L 4. 
The relation 

8u(IT)u =0  (21) 

together with the gauge-invariant substitution 8 u 
8 u - i  e Au then leads to the n.m.e, relation 

( f l ( ~ r ' V ) ~ - -  flli) 

~ - ( W o + 2 r  > . (22) 

When assessing the physical significance of the out- 
lined approach, one should keep in mind that for the 
single-particle induced pseudotensor of the form 

Y 1 
Him(IT)= 2M 2 [?" 'Tv]-750vLu (23) 

relation (21) is obviously an identity. However, the 
two-body exchange contribution can be considered 
as included in Eqs. (21) and (22). 
Choosing 

f l=r  z (24) 

and neglecting the second term on the r.h.s, of Eq. (22), 
one obtains for 0-  --+ 0 + transitions 

i#.p 
/ ~ / ~ ( W 0  +2~) (or �9 r ) .  (25) 

It is interesting that the predicted n.m.e, ratio f is 
in qualitative agreement with experimental results. 
Eq. (25) resembles the Ahrens-Feenberg formula [23, 
24] * 

�9 The analogous formula from (fl ip/M Ii> =(W0 +2~)(flrli) cor- 
responds in the same way to the Ahrens-Feenberg formula 

(flip/M[i)~-(Wo +r 
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( ~ - ~ / - - - ( W 0  + ~) ( a  �9 r ) .  (26) 

It is questionable whether one is allowed to repeat 
the same trick for case B. For this case the concept 
of CSAC has already been employed in deriving the 
effective H~,t. It is not surprising that the condition 
(21) applied once more should lead to inconsistency. 
In the case of 0 - ~ 0  § transitions, for example, one 
deduces 

a ' P  l i ) _ ~ - < f l r 2  %P li ) .  ( f l  -- M - -  (27) 

As f2 r2/4 ~ 1, expression (27) is inconsistent.* 
The discussion presented in this section is not appli- 
cable to mesonic SCC. 

V. Analysis of the Experimental Data 

The method for searching the values of the free pa- 
rameters was based on the minimization of the reduced 
chi-square function Z 2 defined as 

1 mK) 
Qexp(O]/AQexp(O} (28) z2(K)=N(K) y {[Q~(i)_ x �9 K �9 2 

/=1 

where N(K) is the total number of the experimental 
K i K �9 values of the observable K; Qexp() ,  AQexp(0 and Q~(i) 

are, respectively, the experimental value, the experi- 
mental error and the theoretical value of the observ- 
able K at a given energy W(i). 
The minimization procedure was carried out with the 
aid of the package of subroutines MINUITS, kindly 
provided by CERN. 
The differences between the nonrelativistic approxima- 
tions A and B are illustrated in Tables 1 and 2 for 
0 - ~  0 + and unique transitions, respectively. In these 
calculations Eq. (4) and (7) were considered, while the 
parameters f and b were varied in the region 

I f l<50 ,  Ibl<50. (29) 

The values of the ratios e2, ~3, ~4 and e5 were those 
given by Eq. (13). 

Table 1. Values of the matrix-element ratio f = ~ (a  - r )  

and the coupling constant b for the spectrum shapes measured by 
Daniel and Kaschl [7] 

Case A Case B 

f b X 2 ( a . r )  f b Z 2 ( a . r )  

ro ro 

x44pr 10.4 - 13.0 2 .68  1.38 11.6 - 13.7 2.68 1.15 
166Ho 1 3 . 6  -8 .7  2.56 0.34 14.6 -8 .3  2.56 0.34 

* For 144Pr, ~r~/4--_2.2 • 10 -3. 

Table 2. Parameter b =  Y/ga extracted for case A and B from the 
experimental shapes for unique transitions 

Case A Case B 

b Z: b Z a 

42 K" 14.9 1.04 17.0 1.02 
86Rba 2.30 0.22 2.65 0.22 
9~ 1.25 3.20 1.50 3.13 
9Oya -4.42 2.45 --4.72 2.47 
42prb 0.55 1.28 0.73 1.27 

166Hob 18.5 1.26 34.0 1.26 

a Measurements by Daniel et al. [8]. 
b Measurements by Beekhuis [9]. 

Table 3. Parameters and the coupling constant for the spectrum 
shapes for 0 - ~ 0  + transitions for case B analyzed in approximation 
E from Ref. 4. A fourparameter variation has been performed 

f b e, 1 e, 2 Z 2 

144pr 20.9 1.87 2.0 1.1 X 10 -3 28.2 
166Ho 20.0 1.63 3 • 10 -5 1.36 2.55 

From the Tables 1 and 2 it can be seen that, while 
for the 0 - ~ 0  + transitions the approximations A 
and B give almost identical results for the coupling 
constant b, in the case of unique transitions a larger 
value of b is needed for the approximation B than 
for the approximation A. 
A second step was taken in order to ascertain whether 
the results of Daniel and Kaschl are explainable with 
a positive value of the coupling constant b, by varying, 
in addition to f and b, also the ratios e 1 and e 2 with 
the condition 

Ifl__<50, 0 < b < 5 0 ,  le11__<2 and [eel<2. (30) 

The results presented in Table 3 show that, if only 
b > 0  is allowed, it is not possible to reproduce satis- 
factorily the experimental data for 144pr nucleons, 
while the ratio el needs to be extremely small for 
166Ho isotope. 
The analysis of the recent measurements of the 0-  ~ 0 § 
fl-transitions has been done in the case A and with 
e~ = e2 = 1. The results are shown in Figs. 1, 2 a and 2 b. 
The spectrum shape of the 144Pr nucleons seems to 
allow both b>0  and b < 0  including b=0,  while 
Ifl <40. Similar conclusions may be drawn from the 
two measurements [12, 13] of 0 - ~ 0  + transition in 
2~ However, these data seem to be in rather poor 
mutual agreement. 
An extensive analysis was performed on the shape 
factor measurements, reported by Liaud [10], for both 
0 - ~ 0  + and 0-- - ,2  + • in the 166Ho 

nucleons. In addition the fl-~, angular correlation 
experiment [14] was also considered. 
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Fig. I. The 7z(C~) plot for the 0 -+0 + transition in 144pr (case A). 
The measurement  performed by Nagarajan et al. [11] was analyzed 

b 
The above mentioned data where fitted simultaneously 
[25] by minimizing the total x2-function 40 

Z~=zz(C~)+ z2(C~)+ zz(8~). (31) 

The results, summarized in Table4, were obtained 20 

by varying the parameters f and b (in runs Nos. 1, 2, 
3, 4, 7 and 8) or ~1 (run No. 6) between the limits 0 

Ifl=<50 and [bl__<50 (or1~11__<2). (32) 
- 2 0  

In the run No. 5, only the ratio f was considered as a 
free parameters. The ratios el and el were fixed on the 
basis of the single-particle spherical shell model -40 
estimates (see Eq. (13)) and from the Nilsson model. 
In the second case, the initial intrinsic states are taken 
to be 7/2-[523T] and 7/2+[633T] for the odd 
proton and odd neutron, respectively, while in the 
final state both protons are in the 7/2-[523 T] state. 
The formulas quoted in Refs. 26-28 were used with 
the deformation parameter ~ =0.3. 

N i n -  

f I I 
-4O -2O 0 20 40 

Fig. 2a  and b. The z2(C~) plot for the 0---+0 + transition in 2~ 
(case A). The results of the analysis of the measurements  performed 
by F lo thmann et al. 1-12] and Persson et al. [13] are displayed in 
(2 a) and (2 b), respectively 

Table 4. Analysis of 166Ho. The ratios of n.m.e, are estimated from the single-particle spherical (see Eq. (13)) and deformed (Nilsson) shell 
models. The ratio ~5 is taken always to be ~5 = - 4 / 3  ~3 

No. Case f b xz(C~) z2(C~) Z2(%y) ( a . r )  (rT21) e, 1 

ro ro 

g2 ~1 ~2 ~3 ~4 

1 A 23.53 28.32 0.35 1.01 0.28 0.055 0.275 1 1 1 -0 .166  0.7 0.095 
2 B 18.56 21.03 0.35 1.01 0.28 0.071 0.337 1 1 1 -0 .166  0.7 0.095 
3 A 22.54 25.18 0.39 1.01 0.27 0.056 0.300 0.748 0.452 0.744 0.390 0.193 0.475 
4 B 18.26 18.50 0.39 1.01 0.27 0.074 0.38l 0.748 0.452 0.744 0.390 0.193 0.475 
5 B 15.6 0 0.52 3.55 0.16 0.177 0.412 1 1 I -0 .166  0.7 0.097 
6 B 15.6 0 0.54 0.90 0.41 0.175 0.771 1 1 0.191 -0 .166  0.7 0.097 
7 A 20.2 16.53 0.37 0.99 0.28 0.077 0.374 1 1 0.666 -0 .166  0.7 0.097 
8 B 18.7 24.14 0.35 1.01 0.28 0.067 0.376 1 1 1 0 0 0 
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It is interesting to note that the Nilsson model predicts 
the following general expression for the ratio f, 

f = o~ o -~ 80 A -1/3 (33) 

being o90 the frequency of the nuclear harmonic oscil- 
lator potential. 
There are some particulary note worthy features in 
the results presented in Table 4. Firstly, the spectrum 
shape factor of the 0 - ~ 0  § transition is satisfactory 
explained without any induced pseudotensor inter- 
action. Secondly, the shape factor of the 0 - ~ 2  § 
transition is very sensitive to the ratio ~ ,  as it is 
illustrated by runs Nos. 1, 6 and 7. Thirdly, the meas- 
urements of the/3-y directional correlation and of the 
spectrum shape factor for the 0 - ~ 2  + transition seem 
to be inconsistent with each other. 

VI. Final Remarks 
Since for the two groups of forbidden transitions 
under consideration, nuclear physics theories are not 
yet sufficiently advanced to determine n.m.e, accurately, 
the analysis of the first forbidden/3-decay transitions 
was performed on a tentative basis. It should be re- 
membered that even in those cases in which the 
structure of the nuclear states involved in the process 
is rather well interpreted, within the framework of 
conventional models, the calculated n.m.e, represent 
only a rough estimate of their real values [29]. This is 
due to the fact that the /%decay n.m.e, depend in a 
sensitive way of the particle-hole correlations induced 
by the isospin-dependent residual interactions, which 
are not well known at all. 
Although the present analysis includes much more 
experimental data than our previous studies [-3, 4], the 
final conclusions are essentially the same, namely 
that the 0---*0 + transitions favour b < 0  while most 
of the unique transitions require b>0.  This result is 
valid for both NRA of the induced pseudotensor 
interaction. 
One should keep in mind that i) the experimental data 
for the f t  values in allowed transitions can be ex- 
plained with both b < 0  and b>0,  depending on the 
NRA, namely b > 0  for case A and b < 0  for case B 
and ii) the/3- 7 directional correlations in allowed pro- 
cesses do not depend on the NRA and the correspond- 
ing measurements are only consistent with b >0  [5]. 

We can construct mixed second-class interaction 
models, containing both mesonic SCC and the 
phenomenological induced pseudotensor [6, 18]. 
However, the inconsistency of the sign of b as found 
for 0 --,0 + transitions with the one required by 
allowed and unique transitions, can only with diffi- 
culty be reconciled with the existence of mesonic SCC. 

It should be stressed that our conclusion for the 
0 - ~ 0  § transitions (b < 0) is mainly based in the meas- 
urements of Daniel and Kaschl [7] for 144pr and 
166Ho, which can not be satisfactorily explained 
(Z2< 1) with any value of b. On the other hand, Liaud's 
results [10] for 166Ho and those of Flothmann et al. 
[12] for Z~ are compatible with b>0.  Thus it could 
be that the experiments reported in Ref. 7 are wrong 
to such an extent that there is no need at all for a 
negative value of b. 
The possibility that no b is required, i.e., b=0,  if 
definitely confirmed, most likely precludes the exist- 
ence of mesonic SCC. It is possible to build up mixed 
theories in which there is no single-particle induced 
pseudotensor contributing to (1), but d 2 does exist in 
Eq.(16). Such conjectures are very inattractive. As 
their consequences are experimentally almost un- 
observables, they might be superfluous. 
Clearly, it is extremely important that the shape 
factors of the 0 - - , 0  + transitions should be carefully 
remeasured. In addition, more detailed measurements 
and analysis of the spectrum shape factors in unique 
transitions and of the /%7 directional correlations in 
allowed transitions would also help to clarify things. 

The overall situation must be regarded as consider- 
ably incertain. However, we do feel that more accurate 
experimental results on the nuclear ~-decay processes, 
completed with a better knowledge of nuclear struc- 
ture problems, could lead to further information on 
the presence of SCC in the weak Hamiltonian. 

Appendix 

In both cases A and B a new type of the term appeared 

T~ =(~ �9 V)(L 4 . p). (A.1) 

It can be calculated by applying the standard techni- 
ques, starting from the form 

T x = (a. V ) ~ (1 v 2 m l 12 JM) p~ y m q)~j (r). (A.2) 
J M  

Here, (/)xj(r) and Y~ are the radial and angular part of 
the lepton covariant L4, which can be found, for 
example, in Ref. 30. The momentum operator p~ acts 
only on the nuclear wave functions. The notation for 
the vector coupling coefficient has the usual meaning. 
After performing the derivation, one obtains 

T~ = ~ ( - )~ al':(1 v2 m]l ),JM)pI' 

.[{  +111 '2 
[~ 2 2 + 3  ] 

) 1,2 

(1 ~), m] 12 2 + 1 m + ~) Y~"+~ D (2) (b~.,j (r) 

q 
( 1 e 2 m] 1 ,;~ 2 - 1 in 4- ~,) Y~_~ D + (2) ~a.1(r)]. 

(A.3) 
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Here 

d 2 
D_(2)= 

dr r 

~ - r  2+1  D+(2)= + - - ,  (A.4) ?. 

and the summation goes over J and over the magnetic 
quantum numbers. 
The main contribution to 0 - ~ 0  + transitions comes 
from the second term in (A.3) when J =0  and 2 = 1 are 
selected, leading to 

Tx(0_ 0+) - a . p  3 D+(2= 1)~l~ (A.5) 

Further computation is then a matter of routine. 

The main contribution to unique transitions comes 
when J = 2 and 2 = 1 are selected, leading to 

Tx(2-~O+)=�89 (A.6) 

The new derivative operator appearing in this formula 
is of the form 

i p T ~ ( } ) = ~ - /  3 1 ~/z M ~ t  Z C2 v/v~ m O'; [71 m. (A.7) 

This operator acts on nucleon wave functions. 
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