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Beta Ray Spectroscopy

1. Purpose
When a parent nucleus of mass number A and atomic number Z undergoes (- decay, an electron ((- particle) is emitted and the daughter nucleus is characterized by the numbers A and Z+1.  Because the mass of a nucleus greatly exceeds that of the electron, the daughter acquires virtually no kinetic energy.  We might therefore expect the electrons to be monoenergetic, with an energy equal to the difference in rest energies of the parent and daughter nuclei.  In this experiment you will discover that the electron energies cover a range of values, indicating the involvement of another particle, the elusive antineutrino, which carries off some of the energy.  The complete process is represented by                  

AZP ( AZ+1D + 0-1e + 00((   

For conservation of energy,

(MP-Zme)c2 = [MD - (Z+1)me]c2 + mec2 + Q,

where Q ( the kinetic energy of the electron and antineutrino.  Therefore

                       Q = (MP - MD)c2  .................(1)

By measuring the radius of curvature of the electron path in a magnetic field, the electron energy may be determined.  The geometry of the beta spectrometer you will use is shown in Fig. 1.
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Fig. 1 Beta spectrometer geometry.

The magnetic field is produced by disk magnets of radius R.  The electron path radius, r, equal to R/tan((/2), is given by

r = mev/eB.

Thus the momentum, p, of the electron is given by

p = eBR/tan((/2),  ...............(2)

and the kinetic energy, K, is given by

K = 
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where Eo is the electron rest energy (0.511 MeV).

By altering the angle (, the GM tube will record the number of electrons of different kinetic energies incident on it.  The maximum kinetic energy observed will correspond to the situation where the kinetic energy of the antineutrino is zero.  This maximum kinetic energy is then equal to the Q value of the process.                              

2. Procedure

Two β emitting sources, thalium (204Tl) and strontium (90Sr), are avilable for this experiment.  The decay schemes are as follows:         

204Tl   (   204Pb

3.8 yr

90Sr  (  90Y  (  90Zr

28.1 yr   64 hr

The half-lives of the isotopes are shown, and the masses are:

204Tl  203.97386 amu

204Pb  203.97304 amu

90Sr  89.907747 amu

90Y   89.907163 amu

90Zr  89.904700 amu

Measure the radius, R, of the disk magnets, and use the gaussmeter to determine the average magnetic induction, B, between them.  Note also the direction of B.  Place the thalium (204Tl) source under the spring clip in the source arm.  Set the source arm at the 90o position on the side that gives the higher count rate.  Determine from this the sign of the ( particles.  Reverse the source to see if you obtain a higher count rate.  If not, use the original orientation.

Obtain a 5 minute background count with the source arm at 90o on the side which gives the lower count rate, and the other source far away.  Now return the arm to the higher count rate side and obtain timed counts for angles between 90o and 40o in 5o intervals.  For angles between 90o and 70o, use 2 minute intervals; for the rest, use 5 minute intervals.

Replace the thalium source with the strontium (90Sr) source and obtain 5 minute counts at 10o intervals between 10o and 90o.

3. calculations

For each source and each angle, determine the number of counts per minute above background (C/min).  (Negative values may be replaced by zero.)  Prepare a table for each source, an example of which is shown below.  Column 2 is calculated from equations (2) and (3).  Now the geometry of the collimator and collector of the spectrometer provides a range of  collection angles of about 10o.  Due to equations (2) and (3), the energy collected for a given angle changes with the angle, as can be seen in column 2.  What is of interest is the number of counts per unit energy range, so the following correction is required.  

The differences in successive energies in column 2 are tabulated in column 3 ((E).  The C/min values in column 4 are divided by the corresponding values in column 3 and multiplied by 0.051 MeV, the value for 85o, with the results appearing in column 5.  Thus the counts/minute for a given angle are reduced to approximately the value that would be obtained with the same energy range that the apparatus collects at 85o.

Angle    Energy        (E        C/min   C/mincorr
(deg)    (MeV)      (MeV)       (min-1)   (min-1)

_______________________________________________

90       0.343                             228

85       0.394          0.051           215        215

80       0.452          0.058           187        164

75       0.517          0.065           123         97

Plot graphs of corrected counts per minute (ordinate) vs ( particle energy (abscissa).  For each source, determine the Q value of the reaction.  Because of the rather crude equipment used, your graphs will probably show a lot of tailing at the higher energies.  Ignore this and obtain an intercept with the abscissa using the relatively linear portion of the graph.  Compare your Q-values so obtained with those given by equation 1.
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