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!· Small Deviations in I3eta Spectra 

One .would think that the foundations of beta decay theory are rather well established since the Uni~er­
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. JJ.e 7st important among 
them seem to be the small deviations which have been observed in beta spectra 1 2 

• The Fermi-Kurie 

plots for electron an4 positron spectra have exhibited deviations from linearity, which could not be explai­
ned by means of Fierz interference terms since there exists now a strong experimental suppolt ( as well as 

even more strong theoretical reasons, too) that these terms are vanishing. Furthermore, taking Fierz inter­

ference term~ would imply opposite direction of the mentioned deviations for electron and positron spectra, 
whereas experimentally it was found by Langer and his collaborators that in both cases there is an ex~ess 
ofloW-energy p :parti~les. In view of_the ;lightly strange consequences presented in this paper and 

following from the assumption of Langer.'s· results it maybe pointed as necessaiy to reinvestirjcrte experi­

mentally the problem in order to obtain either a support for our hypotheses or· to give them up. . .. ~ 

The following decays were investigated experimentally: . 

1) 32p ~ 3% (1+ ~ oi, lg ft• 7.9, allowed G-T transition;. 

2)114In~114sn (1+.+0}, lg ft: 4.5, -·-· -·- • ; 

3) 2~af:2~e {3+-.2), lg fts 7.4, _,.. 

~· +. 
(2 ~ 0), ·lg ft • 8.0, first forbidden unique transition. 

The analysis of experimental spectrum shapes resulted in introducing an empirical multiplicative cor­
rection term: (1 ~ {- ) to yield a linear Fermi-Kurie plot, of the same type for f+ -spectra, with the 
values of b lying in the interval from 0.2 to0.4 (in our unit system in which c=1i• me"' 1). It was shown 
by the present author 31 that spectrum shape of the desired type may be obtained under a simple assump­

tion of semiphenomenological nature (addition of corrections of first order in the gradient of lepton fields). 

It is, however, necessary to fit into a regular theory, without any ad hoc: assumptions. 

II. Numerical Estimations in the Framework ofthe Conventional Theory 

It is ,well known that usually in unique beta transitions we have to deal with only one decisl:ve energy 
independent nuclear matrix el~ment ( MGT or Bij) which plays the role of a multiplicative 
factor in constructing the Fermi:.Kurie plot. With respect to the transitions mentioned, this is approximately . . . 90 . . ·. 114 
true only in the case of t4e 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
pressi~n of the .usually dominant .matrix element;]hus . a series of. additional' correction terms, usually 

' . "/ . . ' ·. ··"-·' 
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regarded as being of, no importance, may be of comparabl"e magnitude, changing even the resulting spectrum 
shape. In the conventionaf treatment of the {V-A) interaction there are following additional terms for 
allowed G - T transitions: 

(. .. ! .. -JYs'r 1 IX:ll'r, f .. 2 
6'-t 

I 

r:( ... '"") .... 
p6·'r 'Y. 

It was shown 4/ that in ordinary decays ( in which lg ft does not exceed 4) these corrections are va-

nishingly small. This result may be adapted to the decay of 114 In but the two other decays 

( with matrix elements less by two orders of magn~tude) escape this treatment and need a more thorough 

analysis. 

From the well known relation, valid for allowed transitions 

f c. FMFI2 
+ /C M 12 

.. .L. z~'l k2·1/ 
GT GT ft · · ( 1 ) 

let us estimate the Gamow.:.Teller matrix element.( with the value C :: C :. given i~ ref.S/ . ). This 
· ·. · •· . -3 . 32 . _GT A~1 . ·22 . 

matrix element comes to be .of the order of 7•10 for P and. 12.5 • w- f.or ·~~a. We use the 
standard formula for spectrum shape: 

}{(E)dE =~· pE{{UCA\2 +IC~I2 )(1j61~ -~Refifcr)"if61'1~(E;E)(~o- ~E + 

+fi- ~)- ~'Re{if6>V(t~~~(Eo-E)( E- t + 3}) ·+ t Itn {if6fifrs~~(~0-t+ 31~ 

·~ R.(C: C. .c~*c) 1kWJ"if~·fl}(E,-2E •t -3j)} dE 

( 2 ) 

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

According to the large it-value we assume that the matrix element fg is approximately one percent of 

its valu: f?r ordi~ary favoured transitions. Thus the ratioslfKs;'YIJ6 etc, are multiplied by a fact.or 

of the .order of 10 • Nevertheless; we do not obtain simply a spectrum proportional to (1 + ~ ), since the 

f .. 2. 1< .. :1\-'> . ~~ .. . . terms with 6t' 1 th J'Y and 0(• 'I" include an evident energy dependence of another type (terms 

proportional toE and E2) which was hithert.o unobserved. Only in one very special case we obtain the 

spe~trum of the desired empirical shape f.or 32 P. This happens if we ·take into account only the additi.onal 

J . 1!~ 
matrix element ~;; a: 0.0009· ~0 ~ ; w": obtain b- 0.29. Even under this rather artificial 
assumption of considering only one correction term no agreement with experiment can be achieved in the 

c;ase of the positron decay of 22Na, since the coefficient b does not exceedO.OS for the ratio ifts7Vif~l 
from the rea~onable interval of volues (0 + 0.1). 
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The explanation of deviations in beta spectra in the framework of conven.tional corrections seems 

thus to be impossible even in the case of the ' A. -forbidden transitions .. Itseems to be a mere accident 

that f~r one PSJSSible value of. f rsr._ w~ obt~ined the empirical correcti~~ for 
3:P, si22e similar esti-

matipns fail to y±eld even approximately the correction factor for the positron decay of Na .There 
arises the problem: how to explain the deviations on a solid basis, not by assuming ad hoc some strange 

'.) .· . ' : . . ' . . . 

cancellations of matrix elements, and withouUhe need to introduce a different explanation for each experi-

mental case separately. Besides, it isof interest to mention that there is also another phenomenon in . 
. fo -decay, which cannot be ~xplained theoretically. Experimental vdlu~s of the longitudinal polarization 

of J -particles were namely ,., 10% lower than the theoretical val~e ~v;/1. A reinvestigation of the 

problem made by the same _(Iuthors has led them tothe conchision that polarization has been systematically 

underestimated,· yet there remain deviations from theory of the order of ,.., 51~ • This problem seems to. be 

do~ely connected w!th th~ former and perhaps they may be simultan~ously solved . . ' 
In the following, two tentative explanations of the presented deviations will begiven, bOth beingcnly 

a first step of a more detailed analysi.s to be performed subsequently; and both needing a further support. 

One of these alternative explanations makes the deviations observed due to possible '3-nonconserving 

interactions, whereas .the second proves to draw some conclusions from the hypothesis of an intermediary 
chiral boson. ·. . .. 

III. G-nonconserving Interactions 

In order to explain. the deviations in f?J -spectra, let us present the most.~eneral transition - ;- 8/ 
matrix element for a nucleon decay in the notation of Weinberg : 

( 3 ) 

The effect of strong ~teraction is described by means of 6 form factors fA, fV etc., which are 

funcUorie of k 2 • k k-.
1
k,_ beinq·the 4-momentum transfer. If time reversal holds and final state interac­

Uon:'l are neglected, the form factors in ( 3 ) are real~ 

The primary weak interactions have bee!'! divided by Weinberg 81 into two classes according to the G­

trans!ormation* properties of the stronq!y interacting currents. It was shown that for nucleon processes 

the terms with hv and \ can arise only from the second~class interactions which are absent in the 
f'eynman•Gell-Mann theory, If these interactions would be present, this would break the deep relation bet­

ween the weak !ntaracUonl.l and 1aotop1c spin, suggested by F~ynman and Gell-Mann. In the following we 

* The G·tmnf'lformcition is defined as the product of charge symmetry and charge conjugation. 



6 

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

Let us consider the f -d~cay of complex nuclei assu~ing that the :nain contributio~ 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 is given in Table I. We cxpply the Foldy-Wouthuyse~ trans-. . .· . . . ... 9/ .• •... 
formation and the nucleon operators are taken in the nonrelativistk form as in ref : In Table I we have . . 
4-component nucleon spinors, whereas in Table II, where' the nonrelativisticform of the S-matrix element 

. . . ... .. . .... . . .. .. . . 
is given, we have two-component riucleon spinors and 6 is a Pauli matrix in nucleon space •. 

In the further treatment the dependence of the form factors upon the four:..rriomentum transfer will be 

disregarded for a specific transition and they will be treated as con~tants ( whi~h in~y be; how~ver, diffe-: 

rent in different decays). A rough guess would give the magnitude of the ~ and ~ constant~ at least ab;;ut 

one order of magnitude lower than the magnitude of f. We shall therefore disregard those terms· in Table II, . . ' i . 
in which the g an~ h constants are multiplied by l]_ (lv1 is here the nucleon rriass in mits of electron 

mass). 

In order to obtain all desired formulae it is sufficient to adcxpt the results of pcxper 91 after i:i suitable 

change of notation**· 

The problem of relative signs for f and f+ .-transitions may be easily solved if Weinberg's Theorem 

S/ is taken into acc~unt. From this theorem a change of the sign of ly cmd h A in interference 

·.erms follows for . J -decay and the final formulae for spectrum s?cxpe are given below: . . 
. - . . 

a) for Fermi transitions (0-+0): · · 

->fo(E)dE = ~ (±Z, E) p £~~ lj112 
{ I fv 12 

± aRe (fv h;) Eo t 

+(2Re(jvn~)±hlfvlz}(t0 ±Z] -~)}dE (4l 

*This means that we consider on:ly the decay of physical 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 transitions: .. ~! · ...,. tfv + h.v Eo I~ . 

·l·~~. ~ ~:ReKfv f hvEo)(~fv 1- hv)~J . 
b) for Garno~-Teller transiti~ns : ~~ ~ I fFt - hA E0 \

2 
' . . . . 

~. ~~...,. ~Re~fl\-nAEo)(rMJA + n .. St) 
~ ~1t11~z Re((jA- hA[o)(iMfv + ~v)") 

Three other constants g4 , g3 and g5 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 als~adapted to take into account 
the additional terms for tensor interaction which are given by Weinberg~!. 
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b) for....: Gamow-Teller trcmsitions ( ~ J:: 1): 

X1(E)dE ~ fcJ±Z, E) pE~ 1{612 {lfl\ 12. ~ Z ~e(fA h~ )~ + 
,. ... -- . 

-+~[2RdfAh~.) ± ~lfAia)(E" ±2}-~) + 
( 5) 

+ ~·ZRt (~fAfv" + 2fA~: )(Eo-ZE ,+ ~~, + t)}dE 
- . . . ~ ' ' -. ' ' 

· The uppei· signs are for .? --decay, the lower ones - for f +-decay. The spectrum shape for a A J = 0 

( not 0-9 0) transition is given by the sum of the expressions (4) and (5): In the same mcinner as the-for­
mulae for spectrum shapes one may obtain angular correlatio~ formul~e from the expressions ( 3 ) and 
( 8 ) in ref. 91 • · · • . · · · 

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 \r etc. may 
be considered as real constants, and that the following estimation is correct: 

I h)'>>~ lfvl 

I hA\ '>> Mux ( ~lfAI 1 ~lfv\~l~v\) 
{ 6) 

It follows that a part of terms appearing in ( 4 ) and { 5_) may be omitted and that the spectrum shape 
is proportional to pEq2 ( 1 + ~ ), where . 

E 
a) for Fermi transitions : 1 . -z"E 

F 1+ 2.XF(Eo~Eot2.}) 
)(:~ 

transitions; fv b) for Gamow-Teller 

,b6T: 3.+ ~~:(tr 3E, tZ j1 
' h 

X -~ 6T- tA . ' 
The upper.(lower) SiQns are for r( ~~ )-decay •. 

The result obtained in this. way is important though a littl~ strange: there is some Indication that in 

.f' ·decay we have an admixture of the G-nonconserving interaction of the order. of ten percent. For 
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x ST = -0; 125, i.e. h =- -11_8 fA * we obtain b ..., 0.12 (for 
22~~a and 

32r) and ,~':'0.4 ~ 114In), 
which is consistenl with experimentalvalues. The explanation of Langer's results in this wcty Is-'stiil, 

however, no satisfactory argument iri favour of the exist~m:~ > of G-rionconserving interaction and we 

must wait with final conclusions until' more experimental data are available. Especially spectrum 
: .. . ' '. ' . ' . . 

shapes for pure G-T and Fermi emitters should be carefully investigated in order to obtain further infer.:-

mation about possible deviations. 

IV. The Hypothesis of the Inter~ediate- Singlet Boson in Beta 'Jecay 

- - 10/11/ 12/ - - . -
In a series of papers by Tanikawa and his collaborators there has been proposed a two-

stage process for the Fermi inte~action. !his interaction should be n~ely transmitted by some Bose_ 
fields with zero spin having only !enormalizable interactions with_the Fermi particles. The Yukawa 
model of beta decay was modified in the way that the Bose Held 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 -f' -decay is of the experimentally well established ( V- A ) form : 

HF = ~1 +pr,(1+~s)+l\~e ~r'( 1+r~)~~ + H.c. ( 7 ) 

This interaction results by eliminating the B-field from the basic Hamiltonian: 

\4
5 

= ~[~p(~-¥~)t: B + ~n (1-ys)~; BJ + H.t. (8) 

where B is a complex scalar neutral field with the sarrie chirality as its multiplier in the Hamiltonian H , 

o/.(. ·is the charge conjugate spinor c~ .. -- -- -- - s 

Some time ago there have been proposed many elegant methods and principles to obtain the desired 
lYl~lY • 

U.F.I. of ( V-A) form • None of them, however; could give the experimental ratio between 

the axial.vector and vector parts of the Universal Fermi Interaction. It was always -linstead·of the expe­

rimental value - 1.25 for CJ..I CV. One possible objection which_ may arise against the presented method 
to introduce the (V A) interaction is the same which stands against other elegant principles from which 

this interaction may be deduced: it likewise gives the ratio Cp( cy equal to .. 1 instead of .. 1.25. 

The intermediary boson hypothesis ought not to be regarded, however, as a mere artificial complication 
of the present situation. One argumentin favour of this hypothesis is the fact that 1t e~plains in a straight~ 

forward manner the deviations in beta spectra. In the energy spectrum of '-particles, besides the 
usual factor fa Epq" ( in the standard ~-decay theory notation) we obtain the factor -------------

"* The agreement of the theory with experiment for I h A{! { fA [ ... o, 1 may be regarded as a post hoc 
justification of the estimation (6) • 

• 
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( 9 ) 

from the intermediate mescn propagator. Here M8 , t.l and E are the meson mass, nucleon mass and electron 
energy, respectively. 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 J -particles of both signs and the deviations in 
the Fermi-Kurie plot rna~ agree. with a high accuracy with the deviations observed experimentally 11 21. 
In order to illustrate this thesis we give below a table of the values of the quantity 

( 10) 

which after multiplying by q a {E0- E) should ~ive the Fermi-Kurie plot. The ~alues are given for a P­
transition in which the maximum ~ -particle energy E0 is equal to 5 ( in units of m c 2 ). This mag­

nitude of E0 is of the order appearing in the experiments of Lanaer 1121 where it was e.g. 4;9 for 114 In 

and 4.34 for 
32 

P. The numerical values in Table ill are given w.ith the accuracy to a common multi-
plicative factor which was aranged in the way as to ~ld unity for the spectrum end. . . 

It may be easily concluded from Table III that a possible existence of an intermediary boson of mass 

- 1900 me may account in a sufficient manner for the observed deviations in beta spectra. 

V. Final 1emarks 

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 
vrhich 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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Values of th'e ')uantity 3 

3 
from the formula 

E 
with the empirical 
correction (1+f) 

b= 0.2 ba 0.3 

1 1.07 1.11 
2 1.03 1.04 
3 1.02 1.02 
4 1.005 1.01 
5 1 1 
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Table III 

for a Hypothetical p- Decay with 

a 

E =5 
0 

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

B 

1875 me 1900me 1925me 1950me 

1.11 1.06 1.045 
I 

1.035 
1.08 1.045 . 1.035 1.025 
1.05 1.03 1.02 1.015 

1.025 1.02 1.01 1.01 
1 1 1 1 


