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CHAPTER 4 THE TRITIUM SOURCES 

4.1. Introduction 

Source conditions are essential for a-polarization measure

ments at low electron energies. In the present investigation a 

compromise had to be found between the two following requirements: 

i) the amount of source material, which includes carrier and 

backing, should be small and of low atomic number in order to 

avoid large and uncertain depolarization corrections; ii) the 

source strength should be sufficient for reasonable counting 

statistics. The first requirement is especially severe at low 

electron energies since depolarization corrections exhibit 

approximately an e-2 energy dependence (see ch. 6). The second 

requirement becomes a serious limitation in the neighbourhood of 

the end-point energy of tritium. 

In sect. 4.2 we describe the composition of the sources used 

and in sect. 4.3 their energy spectra. 

4.2. Composition of the sources 

Tritium sources made by so cal led thermal occlusion of tritium 

in titanium or zirconium layers are commercially available. This 

kind of sources finds widespread use as targets for the production 

of neutrons by bombardment with deuterium. Typically the layers 

have thicknesses of some mg/cm2 and usually they are deposited on 

a thick backing of aluminium, nickel or, if optimum cooling is 

required, of copper. Sources on lower-Z backings, for example of 

beryllium, are not commercially obtainable. 

For our purposes we chose, of course, the lower-Z carrier 

titanium and a backing of aluminium. The two sources used for the 

reain experiments were made according to our specifications by 

Nukem (Hanau, W. Germany). They consist of tritiated titanium 

layers of 23 ± 2 and 120 ± 12 ~g/cm2 on I mm thick aluminium 

disks with a diameter of 10 mmo 

The product ion process of the sources consists of several 
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steps. First, titanium is deposited on the Al backing by vacuum 

evaporation. Then, the tritiation is performed by heating the 

titanium plus aluminium assembly for about 15 min at 400 0 C in 

a tritium atmosphere. The source is cooled in the tritium atmos

phere in about 2 hours to a temperature of about 80oC. During this 

cooling some tritium is trapped in the titanium layer. Finally, the 

assembly is cooled to room temperature. The tritium to titanium 

ratio of these sources may range from 1:1 to 1:2. According to the 

specifications of the manufacturer the tritium remains occluded 

in the titanium up to temperatures of about 200 0 C (in vacuo). 

The main advantage of sources of the tritiated titanium type 

is their very high specific activity: the above atomic ratios 

correspond to specific activities ranging between 450 and 900 Ci/g. 

Such high values can, as far as we know, not readily be obtained 

with other source preparation techniques. The specific activity of, 

for example, tritiated organic-compound sources is limited by the 

chemical nature of the compound and by problems of self-radiolysis. 

With tritiated silanol, a very stabIe compound, sources with 

specific activities up to about 40 Ci/g can be obtained (Dar68). 

A drawback of tritiated titanium sources is that the high 

temperatures involved in the product ion process rule out ultra thin 

backings. The minimum backing is 200 ~g/cm2 aluminium. However, in 

the upper part of the tritium 6-spectrum, where the more accurate 

polarization measurements were performed, the depolarization caused 

by such a backing is practically the same as for an "infinitely" 

thick aluminium backing: the energy loss of 15 keV electrons, for 

ins tance , traversing 200 ~g/cm2 Al twiée, amounts already to about 

4 keV. We, therefore, could use an easier to handle backing of 

mm thickness just as weIl. We show in ch. 6 that depolarization 

by the backing is of minor influence at energies not too far below 

the end-point energy. 

We made an autoradiogram of the thicker source with aid of a 

photographic emulsion which was sensitive for the X-rays. produced 

by the tri tium 6-par"ticles in the ti tanium layer. The source image 

was perfectly homogeneous. 

The strength of both sources is in the order of 10 mCi as 

estimated from observed counting rates in a double-focusing 
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spectrometer (see below) and in our polarimeter. For the thinner 

source, with which the final polarization measurements were 

performed, this strength corresponds to a tritium to titanium 

ratio of 1:0.8, roughly in accordance with the limits quoted 

above. It is not clear why the thicker source is weaker than 

expected. Actually, we obtained a third source, with a tritiated 

titanium layer of 12 ~g/cm2 . This source, however, was about a 

factor six weaker than the other ones and was hardly used. 

The variation with depth of the tritium concentration in the 

source material is not accurately known. Most probably the 

aluminium backing was covered with a thin oxide film before being 

used in the product ion process of the souree. Since tritium 

diffuses difficultly through aluminium oxide, as observed for 

example by Daris and St-Pierre (Dar69) (see also ref. Ber63), 

we expect that only a small fraction of the tritium 

activity resides in the backing. The titanium layer may be 

oxidized'or nitridized on either side due to atmospheric oxidation 

or absorption of rest gases from the evaporation chamber. This is 

at least indicated by tritium profiles in thick sources as deter

mined by Gunnersen and James (Gun60; Kab73). Their results suggest 

that the tritium concentration increases somewhat with depth in 

our titanium layer. We estimate that the average depth of the 

tritium is 0.7 ± 0.2 times the thickness of the titanium layer. 

This estimate is confirmed , within error limits, by measurements 

with the double-focusing spectrometer, described below. 

Any dead layer on the surface of the source should be 

avoided since it would depolarize the emerging beam. During 

preliminary polarization measurements with the 120 ~g/cm2 source 

we noticed a gradually growing contamination on the source. Pre

sumably this is due to rest-gas molecules that adhere on the sur

face af ter decomposition and imroobilization by the intense 

B-radiation. Before starting the polarization measurements with 

the 23 ~g/cm2 source we placed several nitrogen-cooled vapour 

traps in the apparatus to re duce source contamination (see subsect. 

5.2. I). Af ter finishing these measurements we demonstrated with the 

double-focusing spectrometer that contamination can be neglected 

for this souree (see next section). 
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4.3. Energy spectrum 

The energy spectrum of the a-particles emerging from the 

sources was measured with the Groningen double-focusing spectro

meter t . A description of this spectrometer has been given by 

Pleiter (Ple72). The a--particles are detected by a Geiger-Muller 

counter with a thin gold-coated formvar window, supported by a 

platinum mesh. The transmission curve of this window has been 

measured by Pleiter. For electron energies above IS keV the 

transmission was independent of energy; the transmission at 8 keV 

was half of that at IS keV. We calibrated the spectrometer with 

LI and MI convers ion electrons from the 39.86 keV level of 20e Tl 

that have kinetic energies of 24.510 keV ("Th-A line") and 

36. I SS keV ("Th-B line"), respectively (Led67). The Th (B+C+C I ') 

calibration source was recoil-collected in an aluminium foil. The 

accuracy of the energy determination in the neighbourhood of the 

tritium end point is 65 eV. The observed shape of the convers ion 

lines is approximately Gaussian, with a FWHM resolution 6p/p = 0.6%. 

This momentum resolution corresponds in the tritium end-point region 

with a FWHM energy width of 220 eV (6E/E = 1.2%). The resolution 

could have been improved by using a different adjustment of the 

spectrometer. This, however, was not necessary since the line 

broadening due to the depth distribution of the activity and to 

energy-loss straggling amounts already to about 200 eV for the 

23 ~g/cm2 source (see below). Furthermore, the smaller transmission, 

inherent in improved resolution, would give more severe background 

problems in the end-point region. 

For an undistorted allowed a-spectrum with end-point energy 

EO, the intensity distribution is given by (see eq. 1.20) 

(4. I ) 

Here, N(E) denotes the number of electrons emitted by the atoms per 

tIn co-operation with Mr. R. Spanhoff. 
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unit of time, energy and solid angle with kinetic energy E; pand 

Ware momentum and total energy of these electrons, respectively; 

F(Z,W) is the Fermi function . For the tritium transition, the 

shape of the spectrum above, say, I keV is mainly determined by 

the product /Ë(EO-E)2, sillce in this energy reg ion F (Beh69) and 

Ware practically energy independent, while p is approximately 

proportional to /Ë . The intensity N(E) has its maximum at about 

3.7 keV. 

The end-point energy of a B-spectrum can be determined with 

the aid of a Kurie plot, plotting l]vobs(E) /P~/~ ! vs. E. Nobs(E) 

is the intensity observed at an energy setting E of the spectro

meter, corrected for background and for variation of energy 

resolution of the spectrometer. In the neighbourhood of the end 

point, corrections for instrumental resolution due to finite 

resolution of the spectrometer and to fini te source thic;kness, may 

be necessary. For an allowed transition the Kurie plot is expected 

to be a straight line which intersects the energy axis at Eo. 
In fig. 4.1 we show a Kurie plot for the 23 ~g / cm2 tritium 

source at energies above 17 ke~ where the spectrum distortion due 

to scattering in the titanium layer and in the backing is expec

ted to be small. The observed intensities were corrected for back

ground and for variation of energy resolution, but not yet for 

instrumental resolution. The Kurie plot is essentially straighbj 

ascertaining that the influence of scat tering is indeed small in 

the energy region concerned. The intersection with the energy axis 

occurs at 18.63 ± 0.07 keV. The error is mainly due to the un

certainty of the energy calibration. This measurement with the 

double-focusing spectrometer was performed af ter the final pola

rization measurements. The surface of the source was still clean: 

no traces of contamination were visible. A similar Kurie plot (not 

shown) of the visibly contaminated 120 ~g/cm2 source, yielded 

17.8 ± O. I keV as intersection with the energy axis. Comparison 

with the value EO = 18.617 ± 0.012 keV of eq. 3.2 indicates that 

the influence of the titanium layer and of contamination is small 

for the 23 ~g/cm2 source, but becomes more important for the 

thicker source. 

Until now the influence of finite spectrometer resolution and 
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Fig . 4. 1. Kurie plot of the 23 ug/cm2 tritium source obtained with 
the double-focusing spectrometer . The straight Une represents a 
leas t - squares adjustment : chi-square p~r degree of freedom is 1. 09 . 

broadening in the source was disregarded. In the following dis

cussion these effects are taken into account in order to obtain 

better information on the average dep th of the tritium activity. 

Neglecting, for a moment, scat tering in the source, we write for 

the number of elec trons emitted per unit of time, energy and 

solid angle with energy E ' in a direct ion perpendicular to the 

surface of the source: 
to EO 

Ns(E ') '" f f n ( t ) N(E) w (E , t ;E ') d t dE . 

o E' 

(4.2) 

Here, n (t ) gives the depth distribution of the tritium activity 

between t = 0 and the maximum dep th to ; N(E ) is the undistorted 

spectrum as emitted by the tritium atoms (eq. 4.1); w(E , t ; E ' ) is 

the probability (neglecting scat tering) per unit of solid angle 
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and energy that an electron, emitted by a tritium atom at dep th t , 

with inital energy E . in a direction perpe ndicular to the s urf ace 

of the source, leaves tlie· source ~n that direction with final 

energy E' . For small t we can write in good approximation (Kn065) : 

w(E , ~ ; E ') '" Gn!};' ; r::-ó( t )' 0.Q. (t)], a normalized Gaussian distribution 

centered at an energy E- ó ( t ) with standard deviation 0.Q. ( t ); ó ( t ) is 

the mean energy 10ss in a layer with thickness t ; the variation in 

the energy loss is due to straggling . Using the series developments 

+00 

J f (x )G (x; x ,o)dx 
n m 

+ . • . (4.3) 

(the odd derivates vanish by virtue of the symmetry of the Gaussian 

distribution) and 

N( E '+ó( t ») (4.4) 

eq . 4.2 yields for values of EO- E' which are at least a few times 

larger than t.: 

The bars denote av~raging over the depth distribution. This equation 

can be written in a form which is more easy to interprete: 

(4 . 6) 

The first term on the rigbt-hand side indicates that into first 

order the spectra N and N
s 

are shifted with respect to each other 

over an energy interval ó . In the end-point region, where 

(d2N / dE2) / N ~ 2(EO-E)-2 becomes large, the second term may be im

portant . In this term, (tJ. -6)2 accounts for the finite width of the. 

distribution of the tritium in the source, while 02 accounts for .Q. 

energy- loss straggling in the source material. 

The intensity distribution actually observed with the s~c

trometer is 0btained by applying the 50 cal led Owen-primakoU -cor

rection (Owe48) on the distributions 4 . 5 or 4.6. This correction ac

counts for the finite resolution of the spectrometer. If the window 
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curve of the s pectrometer 1 S Gaussian with mt> an energy E" and stand ard 

devia tion Ow' eq. 4.3 may be used to obtain for E - E" » o : 
w 

d2N 
Nobs(E") ~ Ns (E") + ~O~( dEf) E" + ... (4.7) 

The relation between 0 and the FWHM width 6E is 0 6EI( 8 In 2)! ~ 
w w 

0.42 6E , so that Ow ~ 90 eV in the enó-point region. 
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Fig . 4. 2. Shape factor of 23 Wg/cm2 source versus energy setting of 
the double - focusing spectrometer . Iadicated uncertaintie~ do not in
clude errors in Eo and E. The !'esult of a least- squares adjustment 
is shown (see text) . 

In fig. 4. 2 we show the shape factor N b IN for the 23 wg/cm2 
o s 

source af ter correction for the finite transmission of the GM-

window. At energies above 14 keV this correction is of little 

influence. We performed a leas t-squares adjustment for the data 

between 14 and 18. 3 keV with three adjustable parameters Cl, C2 

and 6 to: 

N (E") = C N(E") x obs I 

Here, source thickness and instrumental resolution are accounted 

for according to eqs. 4.5 and 4.7; Cl is a normalization factor; 

the term with C2 is a phenomenological correct ion for the influence 

of scattering in source and backing. The term with the second 
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ard derivate is relatively small: we used Ow 90 eV and the realistic 

estimate: 62 + o~ ~ 0 .7 (6) 2 . The end-point energy Eo was held fixed 

at the value 18.617 keV of eq. 3.2. The resu1ts of this adjustment 

(with a chi-square per degree of freedom of 1.1 4) were C2 = 

0.0015 ± 0.0012 per keV2 and ~ = 50 ± 70 eV . The errors include 

the uncertainty of the energy calibration and of the end-point 

energy. 

The observed mean energy 1055 Ö can be converted to the 

average depth tav of the tritium in the titanium layer. Assuming 

that the source was not contaminated and taking a value of 8 ± 2eV / 

~g/cm2 (Ber64; Ber72) for the mean energy 10ss of 18.6 keV electrons 

in titanium we find: t = 6 ± 10 ~g /cm2 . Similarly, for the av 
120 ~g/cm2 source: t 100 ± 30 ~g/cm2. These results prove that 

av 
the penetration of tritium into the aluminium backing is minute, as 

was anticipated in the previous section. 

As remarked, we shall neglect the influence of contamination 

for the 23 ~g/cm2 source. The above result for ö shows that a 

possible low-Z contamination layer is thinner than about 10 ~g/cm2. 

Even for such an unrealistically thick layer, the depolarization 

would not exceed 0.7% (see ch. 6). 

It follows from the above value of C2 that the influence of 

scat tering in source and backing is small in the neighbourhood of 

the end point. At 15 keV, for example, the C2 (EO- E") term of 

eq. 4.8 amounts to about 2%, while, at 10 keV, its magnitude is still 

only about 11 %. In ch . 6 we discuss depolarization due to scat ter

ing in source and backing: the above value of C2 agrees roughly 

with intensity calculations presented there. 
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