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G, = ca 0,50-G,, bei (ﬁ) —ca. 1,
! min.

min. l

in guter Ubereinstimmung mit der hier entwickelten Theorie
sind, und hierdurch auch ihre einwandfreie Erklirung erhalten.

Auch bei dieser Gelegenheit mochte ich der Direktion des
Dénischen Carlsbergfonds meinen aufrichtigen Dank fiir ge-
wiahrte Stiitze aussprechen. —
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Assuming the f-decaying nucleon to move in a simple scalar poten-
tial, the Foldy-Wouthuysen transformation is used to obtain an equi-
valent non-relativistic form for the pseudoscalar interaction. The effect
of the recoil of the nucleus has been taken into account. The observed
shapes of allowed f-spectra permit an estimate of an upper limit to the
pseudoscalar coupling constant, ‘which is difficult to reconcile with the
value derived from the analysis by PETscHEK and MARsHAK of the RaE
spectrum. This conclusion is dependent on the assumption of a simple
nuclear potential.

The pseudoscalar f-interaction differs from the other four types
of interactions in not possessing any non-relativistic analogy.
The matrix elements therefore may depend essentially on the
nuclear forces acting upon the decaying particles, and great care
is needed in the devivation of equivalent non-relativistic forms
which permit 3 comparison with other §-decay interactions. The
significance of the pseudoscalar interaction for the shape of
certain forbidden spectra has recently been suggested".
The contribution of the pseudoscalar interaction to p-tran-

sitions may in the plane wave approximation for the leptons be
expanded as follows:

BrL) > = Cleys) i Loty (flppse? | D (ALY, (LD)
+<Hﬂ7/5ri‘i>(vil‘)o (1.2)

+é (FlBys <I'i I'k*%‘sikl'z)j iy(v,v,. L), (1.3)

where li Y and |f) are the initial and final states of the trans-
forming nucleus and L is the lepton covariant ¢¥fy;p,. The
index 0 means that the functions will be evaluated at the position

1) A. G. PerscHexk and R. E. Marsuax, Phys. Rev. 85, 698 (1952).
. 1*
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of the nucleus. The operator ), which transforms neutrons into
protons, is omitted in the following. The first two terms (1.1)
contribute to first forbidden 4J = 0 (yes) transitions. The third
(1.2) contributes to allowed transitions 4J =0, 41 (no),
whereas the fourth contributes to first forbidden 4J = 0, 4 1,
+ 2 (yes) transitions.

An especially well suited method for estimating the nuclear
matrix elements in (1) is provided by the Foldy-Wouthuysen
transformation® ®. The Foldy-Wouthuysen transformation also
proves very useful for the evaluation of other relativistic matrix
elements which occur in f-theory. The approximations made by
Aurens and Frenserc? in a similar evaluation stand out clearly
when this method is used.

The Hamiltonian to be transformed is

O

\

H = I{ + 1111+Hﬁ+H0v (2)

where H, is the free particle Hamiltonian for the nucleons
A

/ > > . . .
Z(*Of p— ﬁM)l, Hiye is the nucleon-nucleon interaction, Hpg
=1

is the f-interaction Zg5 BvsL, and H is the free lepton Hamil-
tonian, The usual nucleon-nucleon interactions do not contain odd
operators, i. e., operators which mix large and small components.

Treating Hﬁ + Hy¥ as a pe1tu1bat10n it is easy (cf. ref. 2) to

construct a unitary transformation ¥ which transforms Hy + Hyy

into a Schrédinger Hamiltonian:

s ﬁ

H
Q
J;

> +)ﬂ

S b f '
4 Mz L>~ « Hinl.] e (Z w- P (3)

It we take Hj,, simply to be a scalar central potential BV we get
the non-relativistic equivalent of the pseudoscalar matrix element:

2) L. L. FoLpy and S. A. WouTnuysen, Phys. Rev. 78,29 (1950). This method
was first applied to §-decay by HEerssT and Busuxovirch, Phys. Rev. 91, 442
(1953).

3) Previous attempts have been made by T. Amrins, E. FEENBERG and
H. PriMmakorr, Phys, Rev. 87, 663 (1953) and T. AereEns, Phys. Rev. 90, 974
(1953) to express the relativisti¢c matrix element { f| Sy L|i ) in terms of the non-
relativistic matrix elements. The results are essentially different from those ob-
tained here, and it also appears that some of the approximations involved cannot
be justified.

4) T. Anrens and E. FEeNBERG, Phys. Rev. 86, 64 (1952).
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Ll ~ 55 <f|a‘7L|z>+W<ﬂLarli"—’|z ]

d
- (4)
4Mz<f‘(E E—V+V)LU ‘Vlz ’

Here we have omitted terms of the order 12 in the first term.

Also the last term: baving.the same selection rules as the second
term will be neglected in the following.

If one transforms the total Hamiltonian H into a Schradinger
Hamiltonian one; will get an additional term from Hg”. However,
this term vanishes since it is of the form®

Il X ap, Sgoprrlllo. (5)

Both methods are thus identical, and this result can be used
to show that one need not care about the operator Q. The for-
mula (4) applies as well to the scalar potential 8V as to the sta-
tic part of the vector potential V.

In the plane wave approximation (4) becomes

<fh3>f5LU>~

ldV

e T2 W+ e T AL, (6.1)

¥|_‘)M</‘|G ll>(7 L)O 4]‘[2<flo- IIC;V I >(v L)o (62)

3

2 > > .
'4_]1}</|U +6k"i“§5ik0'1'il>(viV/cL)o (6.3)

where the terms are ordered aceording to selection rules, the-
second term in (6.1) being of the order of magnitude of the
(6.3) term. In (6.3) only the major term is included.

The terms (6.1) correspond to the first terms (1.1) in (1).
The terms (6.2) correspond to (1.2), and so on. This correspond-
ence can also be seen directly by evaluating the matrix elements
using single particle Dirac wave functions for the nucleons.

The relative order of magnitude of the terms (6.1) can also

~5) This was pointed out to us by L. L. FoLpy,
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be found in this simple case. The result for a square well po-
tential is '

>1dv :
<fl i) (flBrslin

41v12 rdr N 5 ~ E? )
sl Tl g flee T

where E is the kinetic energy of the decaying nucleon. This
means that for low Z the ratio of the first term to the second

in (6.1) is of the order of Ez/( + q)z For heavy nuclei, however,
this ratio will tend towards E?*/(«Z/2p)?% that is the terms will
be of nearly the same order of magmtude By o we denote the

nuclear radius, p is the electron and q the neutrino momentum.
As regards the absolute magnitude of the matrix elements we
find for the square well potential

[
.
2

CFlonslD ~ 2 ®)

which for heavy elements is of the order of magnitude 107*.
The smallness of this matrix element reveals the peculiarity of
the pseudoscalar coupling. Furthermore, for the ratio of the
two terms in (6.2) we find

1 > >1dV .
AU Y. o
(flol M’

> +1dV< 1
r.r

The term (flo- T dr k—g k! >"/(V V L) is omitted in

(6.3), because of the smallness of this ratio.

These considerations are limited to simple potentials. RUDERr-
man® has shown that in the case of pseudoscalar meson theory
with pseudoscalar coupling <f| /3';/5, 1> may be large.

For the neutron decay the series expansion in (1) and (6)
is not appropriate. The f-spectrum of the neutron” may be cal-
culated from either (1) or (6) by using plane waves for all
particles. The inclusion of the momentum difference between

6) M. Rubperman, Phys. Rev. 83, 1227 (1953).
7) L. MicueL, Proc. Phys. Soc. 83A, 514 (1950).
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the neutron and the recoiling proton is essential to get a non
vanishing matrix element.

Thus one might expect that recoil eHects add essentially to
the contribution to - allowed transitions from the pseudoscalar
interaction. This is, however, not the case as ean be seen in the

~following way. To calculate the recoil effect the true final state,

{ fl, must be represented in the rest system of the daughter

_nucleus, where the stdte is represented by {f’ l:

Cf) ~ (F 1(1—‘111/[1}]{2_' LD (10)

i=1

-5
" Here the recoil 1nomentu1n is MAvp and the centre of mass

coordmate is —Zr(l) After the substitution of (10) into (6),
1—1

operat01s acting on two different particles have been neglected.
Conservation of monientum requires that
> 1

. S
and the result of operation with vy on the lepton covariant L is

bl = —11;71 VL. (12)

Thus we obtain '

<fl/9yaL|'
ldV 1 g

4112<f o |Z>(L)0 GH( “A><f|<f'r|1>(AL)g (13.1)

+717<f“’|‘ (7 L)g+ 4M2( )<i lo-7 —)zl Y(V L)y (13.2)
1 , 2 > >

.+4_M( *z)@"' lGirk—{-okri—g(Sika.I.lz>(vi‘7kL)0, (13.3)

This may also be seen directly in the case of single particle
wave functions for the nuclei. In the low velocity approxima-
tion for the Lorenz transformation we get
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_; Al e ey L scalar interaction is proportional " to .(pZ/qu) and therefore
(]~ | expl— _‘)13 S0 exp (~ iMvg E‘lr ) 1 ‘:Iarge f;n- largelmammum f-energies. Thus disintegrations like
2 iz i= s .
~ = (14) . he He® and B decays provide the most sensitive tests.
’ bp S T S0 B | F(;r (95/95)/2M = + 1/20 the spectrum (15) has been com-
~ (I — 5;“ — Moy, 2.7 : pared with the expenmexﬂal He® spectrum® in Fig. 1. Such a
The first exponential transforms the spinors while the second
transforms the space part of the phase. By the insertion of (14) 6
into (1) and the identification of corresponding terms in (1)
and (6) one is again led to (13).
For the neutron the series expansion of the last factor in (14)
is not appropriate, and the only contribution will arrive from the .
recoil term - .
, I R .
Cf' | exp (ﬁ lﬂ[LPjé'l‘) Bo-V L|i) A 4
since the term
: ’ . > > .
Cf'| Bys exp (— iMvg: 1') Ll
vanishes for free particles. .
As specific applications of the above estimates of the pseudo- 4 2
scalar mairix elements we consider the relatively simple cases
of allowed transitions with maximum spin change, and first
forbidden 0 — 0 (yes) transitions. In these cases one may restrict
the calculations to a mixture of tensor and pseudoscalar inter- g
actions. , n
The shape of allowed S-spectra can easily be found from (13) | 00 7 > — .
and has been evaluated for 4J = +°1 (no) transitions. The | £ — 3 Mfﬁ
SECOHd.tel‘l”fl in (13.2) has been omitted. In the pl.ane wave . Fig 1. Comparison of the spectrum (15) for 95/%s _ ¥1/20 (tull 4
approximation we get _ With the exporimental data for Fes a M ull drawn curves)
. i xperimen ata for HeS. The data are fitted best ibl
1 5 L > [ correspondi £ — possibly to the curve
PW) AW = s @pwawgs|\ o | AN B0 (Gulgd2A = 4 A0
i PP+et 2 piq ga/_g3 2 , Valuedof 95 would lead to a significant deviation from the ob-
3 “owllom (15) . serve spect?um and the figure shows that
2(P* _ \9sl9s | - |
_ 2P (9898 , gslgs | < 100
3 (W q) 2 M e
represents an upper limit to g;.
where gy and g, are the tensor and pseudoscalar coupling con-
stants respectively. It is seen that the main effect of the pseudo- f 18; 48' (Si'g?;[)” B. M. Rusrap, V. Perez-Mennez and L. Liporsky, Phys. Rev.




