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CHAPTER 3 THE 8-DECAY OF TRITIUM 

3. 1. Introduction 

Tritium, the isotope of hydrogen with one proton and two 

neutrons was discovered in 1934 by Rutherford et al. (Rut34). It 

occurs in nature as a result of nuclear reactions induced by 

cosmic radiation: on 10 18 atoms of lH,about one atom of 3H is 

found (KauS4). TritilJm is S--dct iv e dnd de cays as 

(3. I ) 

The trans ition occurs between the ground states (fig . 3 . 1). Spin 

and parity of both states are JTI = ~+ (Led67), in accordance with 

the single-particle mod e l of the nucl ear shell theory: the 3H and 

3He nuclQi can be described as closed cores (N=Z=2) with a single 

hole in th e IS 1 proton or ne utron she ll, r es pectively . 
~ 

Tt .1.+ 
J = 2 

T 1/2 = 12.3 Y 

~ (EO = 18.617 keV) 

stabie 3 He 

Fig . 3. 1 . Decay scheme of the tritium 8- - transition . 

3H and 3Ue are mirror nuclei in the sense that the numbers 

of protons and neutrons are interchanged (Ni = Zf and Zi = Nf ; 

thus, for a 8--transition: Ni = Zi + land Nf = Zf - I , the 
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suffices i and f denoting the initial and final state, respective

ly). This implies that the ground states form an isospin doublet 

with isospin quantum number T = ! . The third component of the 

isospin T3 = (2 - N)/2 (following the convention that a proton 

has T3 = +! and a neutron T3 = -I) is -I for 3H and +1 for 3He. 

The assignme nt T = I for both ground states is based on the rule 

that the isospin quantum number of the ground state of a light 

nucleus takes the lowest possible value : T = IT31. 

Since [).J = [).T = 0 and lf i = lf f' the tritium transition is a 

mixed allowed transition: both Fermi and Gamow-Teller decay modes 

participate. Because of its low ft -value (log f t = 3.06, see 

sect. 3 .4) the transition is commonly classified as "superallowed". 

The allowed statistical shape of the tritium B-spectrum has been 

established down to about I keV (Cur52, Lew70), the lowest B-energy 

ever studied. 

3.2. End-point energy 

The end-point energy EO of the tritium B-spectrum is weIl 

established, thanks to numerous investigations on the antineutrino 

rest mass (see below). The six most recent experimental results 

for EO, all with claimed accuracies better than 0.1 keV, are in 

excellent agreement, as shown in table 3 . I. Their weighted 

average is 

18.617 ± 0.012 keV. (3.2) 

This end-point value refers to the decay of the free atom. All 

investigators assumed a zero antineutrino rest mass when deriving 

their value of the tritium end-point energy (except, perhaps, 

Piel (Pie73), who is not clear on this point). Bergkvist (Ber72) 

claims that his result is practically independent of this 

assumption. 

The liquid-drop model may be used to demonstrate why the 

tritium decay has a low end-point energy. According to this model 

the maximum total energy Wo of a B--particle emitted in a 

transition between mirror nuclei is given by 
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Table 3.1 

Recent experimental results for the tritium end-point energy . 

End- point 
Author(s) Method energy EO 

(keV) 

Salgo and Staub electrostatic spectrometer 18.70 ± 0.06 
(Sa169) 

Daris and St-Pierre magnetic spectrometer 18.570 ± 0.075 
(Dar69a) 

Lewis (Lew70) 3H implantation 18.540 ± 0.095 

Bergkvist (Ber72) magnetic spectrometer 18.610 ± 0.016 

Piel (Pie73) magnetic spectrometer 18.578 ± 0.040 

Röde (Röd74) magnetic spectrometer 18.648 ± 0.026 

. d a) We1ghte average 18.617 ± 0.012 

a) Chi-s~uare per degree of freedom is 1.10. 

Wo = m 0 2 + Eo ~ (m - m )02 - óW 
e n p C 

(3.3) 

(assuming a zero rest mass of the antineutrino). Here mec2 is the 

rest energy . of the electron ( ~ 0 . 51 MeV) and En is the maximum 

kinetic energy; the mass difference between neutron and proton 

is ~ 1.29 HeV; th e Coulomb di s placement energy ÓW
C 

accounts for 

the rnass difference be tween initial and final nucleus due to 

Coulomb interaction: for two isobars with charges Z + land Z 

ÓWC is ~ 1.4 Z A- I / 3 MeV (Fra74). Contributions to the nuclear 

binding due to, in the language of the liquid-drop model, the 

volume-, surface-, symmetry- and pairing-energy are essentially 

the same for parent and daugther nucleus and cancel in the 

expression for WO, For the simplest S--transition between mirror 

nuclei, the decay of the neutron into a proton, óW
C 

= 0 and 

EO ~ 1.29 - 0.51 = 0.78 MeV . Next in simplicity is the tritium 

mirror transition: for this decay ÓWC is already 50 large that 

only a small amount of energy is available as kinetic energy of 

the electrons. Actually, in this case the above approximation 

gives ÓWC ~ I MeV, so that eq. 3 . 3 gives EO (3H) ~ -0.2 MeV; a 

33 



more precise treatment, including charge symmetry breaking inter

actions (ShI75), is needed to explain that the tritium end-point 

energy is still slightly positive. For higher Z the Coulomb term 

is so large that a--transitions are energetically prohibited: 

with the exception of the neutron and tritium decay all trans i

tions between mirror nuclei are a+-decays. This is in accordance 

with the weIl known fact that radioactive nuclei with N ~ Z lie, 

for not too low Z, on the a+-active side of the valley of a

stability . 

Because of the extremely low end-point energy the shape of 

the tritium a-spectrum in the neighbourhood of the end point is 

very sensitive to the influence of any finite rest mass of the 

antineutrino . A recent compilation of results of investigations 

on this subject has been given by Piel (Pie73). T~e most accurate 

result is claimed by Bergkvist (Ber72): he gives an upper limit 

for the antineutrino rest mass of 55-60 eV at a confidence level 

of 90%. 

Also the longitudinal polarization of the a-particles depends 

on the rest mass of the antineutrino. However, this dependenee 

disappears af ter averaging over the emlssion direction of the 

antineutrino, as has been discussed in some detail by Bergkvist 

(Ber72). Hence, no information on this rest mass can be derived 

from the tritium a-polarization measurement described in this 

thesis . 

3.3. Half-life 

A compilation of results of measurements of the tritium half

life is given by Piel (Pie73). The data with by far the highest 

claimed accuracies are those of Jones (Jon55: T, = 12.262 ± 0 . 004 y) 

and of Eichelberger' et al. (Eic63: T, = 12.355 ± 0.010 y), both 

obtained by measuring the growth of 3He in a known amount of 3H. 

These values differ by about 10 to 20 times their stated errors. 

The results of calorimetrie determinations of the tritium heat 

output show better consistency . Lewis (Lew70) demonstrated that 

these data strongly favour the T,-determination of Eichelberger 

et al. 
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3.4. ft-value 

With E'O and T
1 

known, the comparative half-life or ft-value 

of the tritium decay can be calculated in principle (eq. 1.30). 

Bergkvist (Ber72) gave a detailed analysis of the various 

corrections which are needed (e.g. influences of bound-state 

decay, outer radiative effects and screening). Using the half-life 

value obtained by Jones (see above) and his own result for the 

tritium end-point energy (see table 3 .1 ), which agrees 

well with the weighted avèrage presented in eq. 3.2, he arrived 

at : ft = 1148 ± 3 sec. Use of the probably more reliable half-life 

result of Eichelberger (see above) leads to a 0.8% higher value 

1157±4sec, (3.4) 

which corresponds to log ft 3.06. 

3.5. Nuclear matrix elements 

Since the tritium S-decay is a transition between two members 

of an isospin multiplet, the value of the Fermi matrix element can 

be calculated with the aid of eq . 1. 29. Inserting T = -T~ = T~ 
I. For a nucleus as light as tritium the 

magnitude of isospin impurity corrections (see subsect. 1.2.2) is 

expected to be smaller than 0.1% (Ram75). The magnitude of the 

Fermi matrix element is not influenced by strong interactions 

(see subsect. 1.2.2). 

As remarked in subsect. 1.2.2 the Gamow-Teller matrix element 

depends on nuclear structure and is affected by strong inter-

actions (pion exchange). The matrix element can be expressed as: 

\MGT\ = \ MgT \ (I +0 e) . The parameter 0 accounts for the strong e 
interactioQ effects. Comearison of experimental values of \MGT\ 
with a calculated I~T\-value may provide a check of the validity 

of the PCAC-theory. Extensive studies on this subject were presented 

by Primakoff (Pri70) and by Blin-Stoyle (Bli73). The 3H-3He case is 

especially suited for this approach because it is af ter the neutron 

decay the simp lest S-transition, so that the wave functions of the 
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initial and final state are known rather reliably. Hence, I~TI 

can be calculated. In the single particle model, the I~TI-values 

of the tritium and neutron decay are equal: I~TI 2 = 3 (Wu66). 

Using more realistic 3H and 3He wave functions, the theoretical 

values of I~TI 2 vary between about 2.5 and 2.9 (Bli73). The 

rather broad range reflects uncertainties i.n the wave functions. 

An experimental value of IMGTI for the tritium transition 

can be obtained from a comparison of the ft-value of the tritium 

decay with those of 0+ + 0+ transitions and the neutron decay, 

using IM
F

(3H)I I and, as discussed in subsect. 1.2. 2, 

IMF(O++Q+)1 2 2, IMF(n)I = land IMGT(n)1 2 = 3. Eqs. 1.31 and 

1.32 yield: 

tlin1- 2ft(0 +0 )-ft ( H) 

U 
+ + 3-~ 

3f t (3H) 2ft (0++0+)-ft(n) . (3.5) 

Upon inserting ft(3H) = 1157 ± 4 sec (eq. 3.4), ft(n) = 1093.3 ± 

16.5 sec (Kro74) and for ft(O++Q+) the value 3085 ± 5 sec, adopted 

in subsect. 1.2. 2, one obtains IM
GT

(3H)12 = 2 .80 ~ 0.04, which is 

not much smaller than IM
GT

(n)1 2 . Clearly, more accurate theore

tical I~TI va lues for the tritium transition demanding more 

precise 3H and 3He wave functions, are needed to obtain conclu

sions about the magnitude of the PCAC-correction oe ' 

The present polarization measurement yields no information 

about the Gamow-Teller matrix element of the tritium decay. As 

may be seen from inspection of eq. 1.36, the degree of longitu

dinal polarization for allowed transitions is completely indepen

dent of nuclear matrix elements if th e (V-ÀA)-theory with two

component left-handed neutrinos (implying equality of the 

parity-conserving and the parity-violating coupling constants: 

Cv = C~ and CA = C~) is valid. 

In ch. 8 we consider the ratios C~/CV and C~/ CA' The result 

of the present polarization measurement is combined there with 

information about the nuclear matrix elements of tritium. 
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