
 

 

 University of Groningen

Tritium beta polarization
Koks, Fransiscus Wilhelmus Jozef

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
1977

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Koks, F. W. J. (1977). Tritium beta polarization. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/f98c4199-749d-469c-b61e-6833bf29a139


SYNOPSIS 

This thesis deals with an experimental investigation of the 

longitudinal polarization of B-particles at low velocities. The 

measurements were performed with B--particles from the allowed 

decay of tritium. 

In the years af ter the fall of parity in 1956, a firm belief 

has grown in the 50 cal led (V- ÀA) -form of the B-interaction and in 

the validity of the two-component neutrino theory with left-handed 

neutrinos. The latter theory implies the equality of the "parity

conserving" and the "parity-violating" coupling constants in the in

teraction hamiltonian: Cv = Cv for vector interaction and CA CA 

for axial-vector interaction. A direct consequence is that the degree 

of longitudinal polarization ofB -particles from allowed decays is 

given, in essence, by the simple relation P = - v / c, where V is the 

velocity of the electrons and c is the velocity of light. This 

relation has been confirmed indeed by a number of precise experiments 

covering the ene~gy range above about 120 keV, which corresponds to 

velocities above 0.6c . However, for velocities 0 . 4 ~ v/c ~ 0.6, where 

experiment al difficulties become more and more serious, large and 

unexplained deviations have been reported, while, so far, no mea

surements were performed at energies below 40 keV (v Ic = 0.37). 

The aim of this investigation was to obtain accurate B-pola

rization results at lowest possible velocities of the B-particles 

in order to check whether or not there are real deviations from 

theory in the low-velocity region. The tritium decay was selected 

for this investigation because of its very low end-point energy of 

18.6 keV (v / c = 0.26). In addition, the transition is of interest 

since it occurs between mirror nuclei, 50 that both Fermi and 

Gamow-Teller decay modes participate. Therefore. a sufficiently 

precise polarization result can be of significance for obtaining 

limits for both ratios CV/CV and CA/CA' 

We performed polarization measurements at electron energies 

between 5.5 and 16.0 keV (0.15 < v/c < 0.25). Af ter preselection 

of energy, the electrons were accelerated to a final energy of 

79 keV. The degree of longitudinal polarization was measured by 

means of the Mott scattering method. We lIsed an absolutely 



calibrated polarimeter. Instrumental asymmetries were reduced and 

corrected for with two detectors át forward scattering angles and 

in addition with a source of unpolarized electrons. It has been 

shown that depolarization in the source is small near the end

point energy. 

The final result for the degree of longitudinal polarization 

of tritium S-particles with an average energy of 15.2 keV (v 

0 . 24c ) is 
p ( 3H) = -(1.005 ± 0.026) v / c o 

Be~ause of the good agreement of this result with the theoretical 

prediction we propose to disregard the previous deviating results 

for other allowed decays at ve locities below 0.6c . Our result gives 

the following limits for the coupling- constant ratios: 0.61 < 

C~/CV < 1.65 and 0.80 < C~/CA < 1.26. The limits for C~/CV are of 

s~ecial interest, because they give a range which is narrower than 

the range previously deduced from all other r e levan r parity expe

riments combined . 

Chapter I reviews the description of polarized electron beams 

and gives some features of the S-decay interaction, the two-compo

nent neutrino theory and S-polarization. 

Chapter 2 deals with S-polarization measurements. The Mott 

scattering method is briefly described. The figure 2.2 presents a 

compilation of S-polarization results from the lit erature and 

includes also the results of the present investigation . 

Chapter 3 gives some features of the S-de cay of tritium rel e

vant for our investigation. The consequences of its being a tran

sition between mirror nuclei are discussed. A compilation of 

experimental results for the end-point energy is pres ented and the 

determination of the nuclear matrix elements is des cribed. 

Chapter 4 deals with the composition of the tritium sources 

and with measurements of their energy spectra with a double-focus

ing electron spectrometer. It is shown th at the influence of source 

contamination and of penetration of tritium in the backing is 

negligible. 

In Chapter 5 we describe the apparatus and the basic features 

of two different arrangements. Details are given only for the 
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arrangement used ior the main measurements. The energy calibration 

with convers ion lines and the experimental determination of the 

efficiency of the polarimeter are outlined. 

Chapter 6 deals with depolarization in the source. The 

depolarization by the aluminium souree backing was calculated 

using measured back-scattering probabilities from the literature. 

The depolarization by the titanium layer of the souree was deter

mined experimentally by placing various foils in front of the 

souree. 

Chapter 7 describes the experimental procedure and the data 

analysis. An extensive table with results of the measurements at 

various energy settings is presented (tabie 7.1). The final result 

for p ( 3H) is compared with the theoretical prediction and with 

other polarization results. 

In Chapter 8 the procedure for obtaining limits for C~/ CV and 

CA/CA is presented with a tentative di s cussion of the confidence 

level .for the results. 

A part of tnis thesis has been published, in a more condensed 

form, in ref. Kok76. 
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