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1. Small Deviations in Beta Spectra

One would think that the foundations of beta decay theory are rather well established since the Univer-
sal Fermi Interaction explains a great lot of phenomena. There remain, however, some experimental facts
which should be carefully analysed in order to account for details of the theory. '{Pe m;:st important among
k them seem to be the small deviations which have been observed in beta spectra 2 . The Fermi-Kurle
plots for electron and ‘positron spectra have exhibited deviations from linearity, which could not be explai-
“ ned by means of F‘ierz interference terms since there exists now a strong experrmental suppott { as well as
even more strong theoretical reasons, too) that these terms are vanishing. F urthermore, taking Fierz inter-
fererice terms would imply opposite direction of the mentioned deviations for electron and posrtron spectra,
whereas experimentally it was found by Langer and his collaborators that in both cases there is an excess '
of low-energy ‘ -particles. In view of the sllghtly strange consequences presented in this paper and
" following from the assumptlon of Langer s results it may be pornted as necessary to relnvestigate experr—
o ‘mentally the problem in order to obtain e1ther a support for our hypotheses or’ to give them up.
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The followlng decays were investigated experimentallyr . ;i
1) 32, F 32s‘1 - 3, 1g = 7.9, allowed G-T transition;
)114In->114Sn (I'»0), lg ft= 4.5, - -

3)22Na 2%{e (3 -» 2‘3 lg ft L 3 74 - - ;
4)9°YP Oy (7> 0), g fte 8.0, first forbidden unique transition.

The analysis of experimental spectrum shapes resulted in introducing an empirical multiplicative cor-
rection term: (1 + -LF ) to yleld a linear Fermi-Kurie plot of the same type for ¥ -spectra, with the
values of b lying in the interval from 0.2 to(.4 (in our unit system in which c=he m,= 1). It was shown
by the present aquthor. 3/ that spectrum shape of the desired type may be obtained under a srmple assump-
tion of semlphenomenologica.l nature (addition of corrections of first order in the gradient of lepton fields).
1t s, however, necessary to fit into a reqular theory, without any ad hoc assumptions.

IL. "lumerrcal T‘sumauons in the Framework of the Conventional Theory

It is, well known that usually in unique beta transitions we have to dedl wrth only one decrslve energy
independent nuclear matrix element  (Mgp or By)  which plays the role of a multiplicative
factor In constructing the F‘ermi-Kurie plot. With respect to the transitions mentioned, thls is approximately
true only in the case of the first forbidden decay of ~ Y and in the allowed decay, of - _ ‘In, whereas the
two other allowed G-T decays exhibit too high values of lg ft which is an ‘argument in favour of the sup-
‘pression of the usually dominant matrix element Thus ‘a series of additronal correction terms, usually
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regarded as being of no importance, may be of comparable magnitude, changing even the resulting spectrum
shape. In the conventional treatment of the {‘V-A} interaction there are follovi_zing additional terms for
allowed G~ T transitions:

[x,?,* [z* for feD7

It was shown 4/ that in ordinary decays ( in which 1g ft does not exceed 4) these corrections are va-
nishingly small This result may be adopted to the decay of ‘ 114 In but the two other decays

( with matrix elements less by two orders of magnitude) escape this treatment and need a more thorough
analysis,

From the well known relation, valid for allowed transitions

M IC(,TMGTI b3 PELVE

5 4. .- : o :
mc¢ . (1)
et us estimate the Gamow-Teller matrix element ( With the value C GT = C’ ‘ given 1n ref / ) Thi .
matrix element comes to be of the order of 7 10 32 P 'and 112, 5 . 103 for =~ ‘Ja. We use the

standard formulcx for spectrtum shape

XEeE-T e {0, |2+|u>[tfs| e{(fé)"( Aeed - Se o
& -Re{qum)}(r E)E qs)gmg(g m,,} ¢('2)
ARG G (fs)(fwf)] (626 +¢-3) }aE

and the approximate form of the nuclear matrix elements given in ref.6/ based on the one-particle model.

According to the large ft-value we assume that the matrix element ( 6 is approximately one petcent of
its value for ordinary favoured transitions. Thus the ratrostsv y IJo’
of the order of 102

etc. are multiplied by a factor

‘\Ievertheless, we do not obtain simply a spectrum proportional to (1 + -L; ). since the
terms with fﬂf f(d 7)7 and f =14 include an.evident energy dependence of another type (terms
proportional toE and E ) which was hitherto unobserved Only in one very specral case we obtaln the
spectrum of the desired empirical shape for P This happens if we take into account only the additional
> int "
matrix element j yr = 0.0009-40 ; we obtaln b~ 0.29. Even under this rather artificial
assumption of considering only one correction term no agreement with experiment.can be achieved in the
case of the positron decay of 22Ncr, since the coefficient b does not exceed O 05 for the ratio ngfyljd |
from the reasonable 1nterval of values (0 + 0 1)



- The explanation of deviations in beta spectra in the.framework.of conventional corrections seems *

- thus to be impossible even in the case of the . . /l.,fforbldden transrtrons. It seems to be a mere..accident

that for one 90ssible value of Ixs - we obtained the emprrical correctron for P, srgge similar esti-
mations fail to yield even approximately the correction factor for the positron decay of Na ,There
arises the problem: how.to explarn the devratrons on'a solid basis, not by assuming ad hoc some strange
ancellatrons of matrix elements, and. without the need to 1ntroduce a drfferent explanation for each experi-
mental case separately, Besides, it 1s of 1nterest to mentron that there is also another phenomenen in |
- decay, which cannot be explarned theoretically. Experimental values of the longitudinal polarrzation
of P -particles were namely ~ 10% lower than the theoretical value ~v/e . A reinvestigation of the
problem made by the same authors has led them to the conclusion that polarization has been systematically
underestlmated yet there renain devratrons from theory of the ~order of ~ 5% . This problem seems to. be
closely connected with the former and perhaps they may be srmultaneously solved
In the following, two tentative explanations of the présented deviations will be given," both belng :anly‘
a first step of a more detailed analysis to be performed subsequently, and'both needing a further ‘sunbort
One of these alternative explanations makes the deviations observed due to possrble >-nonconserving
interactions, whereas the second proves to draw some conclusrons from the hypothesrs of an intermediary
chiral boson.

.

1. G-nonconserving Interéctions

In order to explain the deviations in ﬁ -spectra, let us present the most. peneral transrtron
matr{x element for a nucleon decay in the notation of “Jemberg : . S

M [u X).'i Xs UP fle »+ %v61/“l( + Ll\ l( ) ]

(3

+[ﬁgil{sl(x,('l*rz(sluv][ﬁp()(f\i}(s!(x * %Ak;yg * Lh;S,;/‘ s l‘}‘)u“]

The effect of strong interaction is descrlbed by means of 6 form factors f; Al f v etc., ° which are -
functions of k 2 = L) K ka, ks, being-the 4-momentum transter. If time reversal holds and final state interac-
tions are neqlected the form iactors in(3 ) are real. '

The primary weak interactions have been divided by Weinberg 8/ into two classes according to the G-
transformation* preperties of the strongly interacting currents. It was shown that for nucleon processes

the terms with h,, and.h, . can arise only from the second-class Interactions which are absent in the
Feynman-Gall-Mann theory, If these interactions would be present, this would break the deep relation bet-

ween the wegk {ntaractions and {sotopic spin, suggested by Feynman  and Gell-Mann. In the following we

* The Getransformetion 15 defined as the product of charge symmetry and charge conjugation.



‘shall see that there exists a test for the existence of such interactions.

Let us consider the /5 -decay of complex nuclet assuming that the main contributlon to the nuclear
matrix elements comes from the structure of the nucleon, rather than of the nucleus* '

The relativistic form of the S—matrix element 1s given in Table 1. We apply the’ F‘oldy-”louthuysen trcms—
formation and the nucleon operators are taken in the nonrelativistic form as in tef 7/, In Table I we have
4—component nucleon spinors, whereas 1n Table II where the nonrelat1vist1c form of the S-matr1x element
is given, we have two-component nucleon spinors and g isa Pauh matr1x in nucleon space

In the further treatment the dependence of the form factors upon the four-momentum transfer will be
disregarded for a specific transitlon and they’ w1ll be treated as constants ( which may be, however, d1ffe-
rent {n different decays). A rough guess would give the magnitude of the g and h constants at least about -
one order of magnitude lower than the magnitude of f. We shall therefore disregard those terms'in Table II,

in which the g and h constants are multiplied by ZM (M is here the nucleon mass in mits of electron
mass) C N . : U
In order to obtain all desired formulae it is sufficient to adapt the results of paper S after a'suitable
change of notation **. , . ST
The problem of relative signs for Js and }5 ~transitions may be ea51ly solved if Weinberg's Theorem
is taken Into account. From this theorem a change of the sign of | and h in interference

‘erms follows for P -decay and the final formulae for spectrum shape are given below: -

a) for Fermi transitions (0 0):

X, (E)dE = ?(ze)PEqvljll Ijv 2Re(jv |
+[2:Re(fvl’lv‘)iﬁlfv‘ Eo-.tz Ell dE l (4)

*This means that we consider only the decay of phys1cal nucleon inside the nucleus and we neglect
the possibility of exchange or cooperative effects in complex nuclei. Since for high Z Coulomb
effects destroy G-invariance, both first- and second-class interactions are retained:

**In Alaga’s formulae (1) ... (9) we do the following substitutions ( with the new ‘constants on

the right side ): .

a) for Fermi transrtions ‘ L l jv + l\ E l2

W %z "zR‘[fv*h El(aufvﬁ*h lj

2
b) for Gamow-Teller transitions : %4 > lfﬁ h E l

#ohe 2 Rell - hy E (?.Mlﬂ+h ")
a2 Rl L) i +45)')

Three other constants g, , g5 and gs have to be put equal to zero. If the S, T and P interactions
will be once more of interest, the formulae presented in 9/ can be also cy:lapted to take into account’
the additional terms for tensor interaction which are given by Weinber



: b) for = Ga}now-Teller transitions (A J = 1) -

N(E)dE T(+ZE)PE¢L |[5| {1fuf = ‘Z,Re(ﬁ.h‘;)_ .
AR £ HIAE)CE, 241,

- (5)

2R (RFFV + aqu) €28 22 + D} dE

- : +
"The uppe'r,signs are for P -decay, the lower ones ~ for P -decay. The spectrum shape for a AJ=20

{ not” ‘0 0) transition s given by the sum of the express1ons (4) and (5) In the same mdnner as the-for-

mulae for spge}:trum shapes one may obtain angular correlation formulde from the expressions ( 3 ) and -
(8 ) in ref ‘ :

One easily finds that Langer's empirical shape ‘correction factor may be’ easily derived from ( 4 ) and

(5).In order to simplify our expression let us assume for the time being that the constants fv etc. may
be considered as real constants, and that the following estimation is correct:

INESUNETAR D) ‘l%vl) Y

It follows that a part of terms appearing in(4)and (5 ) may be omitted and that the spectrum shape
is proportional to qu2 (1.+= t ), where : s

a) for Fermi trcmsitipns : b =2xe

¢ T (B =H

b) for Gamow-Teller transitions' j v
b..z ’2:)(91'
6" B3 2y (E, 7 3E, £26)

Xer * ',’&

The upper. (lower) signs are fc>rj3 ;’ )= decay..

The result obtained in this way s {mportant though a litﬂe, strange: there is some indication that in
~decay we have an admixture of the G-nonconserving interaction of the order of ten percent. For



%o = -0, e h=-1/81, * weobtainb~ 0.12 (for o ad %) and br04 (1141n)
which is consistent with experimental values. The explanation of Langer s results'in this way Ts. still :
however, no satrsfactory argument in favéur of the exrstenr:e ‘of G—nonconservmq interaction and we i
must wait with final conclusrons until” more experimental data are, avarlable uspecrally spectrum

shapes for pure G-T and Fermi emitters should be' carefully 1nvest1gated in order to obtain further infor--

mation about possible deviations.
IV. The HypothéSis of the InterrnediétefSinglet Boson in Beta Necay

10/ 1712/ yere has been proposed a two-

In a series of papers by Tantkawa and his collaborators
stage process for the Ferm{ Interaction. This interaction should be namely transmitted by some Bose: . . -
fields with zero spin having only renprrhalizable interactions with the Fermi. particles. -The Yukawa.
model of beta decay was modified in the way that the Bose field had the source consisting of a nucleon
and a lepton. Similar modifications have been done with respect to other decays. The effective four -

fermion-interaction in: ]9 -decay is of the experimentally well established (V- A ) form :

I-"F = %24;? X/“(AWS)‘L*\ ;l-fc X/‘( 1+ Xs) \\Jv 4+ Hc (7)

This interaction results by eliminating the B—ﬁelgl'fromt the basic Hamiltonian:

e s e £~ - L N » ‘,
He= g (U B + U 'ts’tv BJ + e
where 3 s a complex sca.lar neutral field with the same chirality as its multiplier in'the Hamiltonian H

£
5\/ is the charge conjugate spinor C.IY-

Some time ago there have been proposed many elegant methods and principlyesto obtain the desired
U.JFJ. of (V- A) form . None:of them, 'ho‘vv»e\)er,' could give the experimental ratio between
the axial vector and vector parts of the Universal Fermi Interaction. It was always -1 instead of the expe-
rimental value =~ 1.25 for %/ C,,. One possible objection which may arise against the presented method
to introduce the (V A) interaction 1s the same which stands against other elegant prineiples from which
this interaction may be deduced: it likewise gives the ratio CA/ CV equal ‘to <] Instead of ~1.25.

-The intermediary boson hypothesis ought not to be regarded, however, as a mere artificial complication
of the present situation.One argument in favour of this hypothesis is the fact that it explains in a straights
forward manner the deviations in beta spectra. In the energy spectrum of P-particles, besides the
usual factor | qu" ( in the standard P-decay theory notation) we obtain the factor.

“* The agreement of the theory with experiment for [h ‘/ ] i ’~0 1 may be regarded as a post hoc
Justification of the estimation (6).



h¢,=(M;—M2~+ZNE)-Z R

from the intermediate mescn propagator. Here My, M and E are the meson mass, nucleon mass and electron
enerqy, respectlvely. For a suitable value of the meson mass we can obtain a spectrum shape of the.
desired type. There will be an excess of low energy -particles of both signs and the deviations in

the Fermi-ixune plot may agree with a high accuracy with the deviations observed experimentally

In order to illustrate this thesis we give below a table of the values of the quantity

9=V‘;_}(E$’§E—3q;1 . B (10)

which after multiplying by gq= (E ~E) should g1ve the Ferm{-Kurie plot. The values are given for a /3-
transition in which the maximum P -particle energy E, is equal to0 5 ( in units of m c 2 ). This mag-
-nitude of E4 is of the order appearing in'the experiments of L':xnaerl/2 where it was e.q. 4 9 for114 In

_and 4. 34 for 32p, “The numerical values in Table 111 are given with the accuracy toa common multl-
'phcative factor which was aranged in the way asto yielci unity for the spectrum end. .

. It may be easily concluded from Table III that a possible existence of an 1ntermediary boson of mass
~ 1900 M, may account in a sufficient manner for the observed deviations in beta spectra.

V. Final Remarks

The alternative explanations above of the deviations in beta spectra do not pretend to
exhaust all the theoretical possibilities. It was the author’s intention to confine attention only to those
vhich seemed the simplest in the present stage when scarce experimental data do not allow to distin-
guish between them.

The author wishes to express his gratitude to Prof, I,A. Smorodinsky for enlightening discussions
along these lines.
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Table III

Values of the Quantity 3 fora Hypothetical Pf Decay with Eo= 5

from the formula
with the empirical

3

from the formula with the theoretical correction
factor (9) for the boson mass M

_correction (14 3 ) !
b= 0.2 . b= 0.3 1875 m, 1900me 1925m, | 1950m,
1 1.07 L1l L1 1.06 1.045 1.035
2 1.03 1.04 1.08 L045 | 1035 | 1.025
3 1.02 1.02 1.05 1.03 1.02 1.015
4 1.005 1.0l 1.025 1.02 1.01- 1.01
S 1 1 1 1 1 1




