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Dead time 10 micro seconds
With source measurements
Beta 2807916
Gamma 203191
Coincident count 167891
External timer 6000089 
Internal timer 600 s
Background measurements
Beta 2204
Gamma 3256
Coincident count 32
External timer 6000089
Internal timer 600 s.
BETA signal.
High= 2500 mV. Width= 17.5 micro seconds.
Gamma signal
[bookmark: _GoBack]High= 200 mV. Width= 75 micro seconds.
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One of the first questions that should be asked when dealing with radioisotopes is how
much of the radioisotope is present — better known as its activity. The ST unit of

activity is the Becquerel and is the number of atoms in the material that disintegrate
(decay) in a given time period. An older unit of activity still used is the Curie.

Units of activity: | Curie=3.7x10" Bq (Becquerel)
1 Becquerel = | decay/second

The activity is a key parameter when considering radioactive material particularly
with regard to patient treatment, but where docs this number come from and how
accurate is it?

The Radionuclide Metrology (RM) Group at ANSTO is responsible for the Becquerel
in Australia as delegated by the National Measurement Institute of Australia. This
means that any use of the Activity unit in Australia, should be legally traceable to
measurements made at ANSTO. These measurements are then compared on an
international scale to a network of similar National Measurement Institutes to validate
the best methods achicvable at the time of measurement and collated by the Burcau
International des Poids et Mesures (BIPM), located in Paris.

The area of Radionuclide Metrology is concerned with measuring the activity of
sources as accurately as possible using a variety of techniques depending how the
particular radionuclide decays. The difficulty is measuring the activity of a
radionuclide without reference to previous measurements or calibrations, known as
absolute measurements.

Primary measurement methods used at ANSTO include coincidence counting
between two differing radiation types- from a single decay, that can be used to
determine the activity (4xp(Proportional counting)-y and 4af(Liquid Scintillation
Counting)-y). Another heavily utilised technique specific to beta-emitting
radionuclides is the Triple to Double Coincidence Ratio (TDCR) method.

The need and use of radionuclides by medicine and industry determine what
radionuclides are measured. Once determined, the standard is captured by the
Australian Secondary Standard of Activity, which is an lonisation chamber that has
been in operation since the early 1960’s. The secondary standard is effectively an
archive of the standards and a way to maintain the activity long after the sources that
were standardised by primary methods, have decayed away.

From the sccondary standard located at Lucas Heights, the standard is transferred to
hospitals around Australia and New Zealand using a program called the Australian
Nuclear Medicine Traceability Program (ANMTP). RM staff travel to participating
hospitals with sources measured against the secondary standard at Lucas Heights and
calibrate the fonisation chambers that are used to measure the activity of radionuclides
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being used in patients for diagnosis and treatment. The RM group also provide
traceability to the radionuclide producers within Australia to make sure the quantities
of radionuclides being sold are traceable. One such manufacturer is ANSTO Health.

Coincidence counting theory

The activity of a source No, measured by a detector would be determined by the
relation
No = epNo

Where & is the efficiency of the detector to the source radiation, and Ny is the count
rate measured by the detcctor. A single measurement would require knowledge of the
detector efficiency, thus relying on a previous measurement. The final number for
activity would be limited to any errors or uncertaintics made determining the previous
information.

One method for achieving absolute measurements of activity is by using the
coincidence technique. Consider a source being measured by two independent
detectors simultancously. In practice this may be achieved by measuring the beta
count rate in one detector and the gamma count rate in another if the source is a beta
emitter that decays to an excited daughter state. The signals from these detectors may
also be examined for occasions where both the beta signal and gamma signal occur at
the same time. We have

Ny = ggNo (3.)

N, =e,Ny (3.2

Ne = egeyNo 3.3)

This gives three equations with three unknowns, from which the activity Np may be
readily determined. Put another way, we can arrange these to obtain the following

equation;
Nahy

N Ne

34

which gives the Activity independent of the efficiency of cach detector. This is only
appropriate when one of the detectors in use has close to 100% efficiency.

There are also more involved corrections that look after:
- accidental coincidence,
- dead-time correction,
- beta-gamma angular correlation,
- the sensitivity of the detectors to other radiation,
- internal conversion

These and some other involved corrections will not be considered in this
demonstration but just be aware that they exist and they will vary depending on the
nuclide being measured.

‘This demonstration will be focused around the use of one of the Activity Standard
Laboratories main instruments, a 47 — instrument, consisting of a Proportional gas
flow-type counter with 2 x Nal gamma detectors. We will be measuring “Co as it is a
well-known nuclide that is ideally suited to this type of measurement
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Demonstration

appreciation for measuring an absolute activity of “’Co and the proces
logic required by

- Watching a demonstration of the system

- Caleulating the simplified activity of “’Co and

- Complete the assignment regarding your understanding of the demonstration

EXPERIMENTAL SETUP
(The following is the experimental setup procedure for the instrument and will give
you an insight to signal processing)

STEP! : Overall description of the detectors and the system

IS

EP 2: The electronic components are as shown below

ppict Discrmintor
Amp Amplifier ey
sum [ Gap
P Gamma
Amp [7] Amplifier [] Discriminator Y Gap |—— counts
A x (TSCA)
” || Coincidence
Coincidence e
Proportional counter mixer
Beta
Pre- > 1> Discriminator [——>| G&D f-——>1  couns
] ™ Amplificr Py

STEP 3: The voltage settings of the photomultiplier tubes of the Nal(T]) detectors and
the 47-§ proportional counter chamber.
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STEP 4: (f
amplif

. v channel): Using the oscilloscope, observe the output of the main
Record and describe the shape of the pulses.

P-channel
STEP 5: Observe each step

STEP 6: setting of the DT and DT methodology.
y-channel

STEP 7: The Gamma spectrum, its features.
STEP 8: Setting the gamma gate procedure.

STEP 9: Set the DT

47p-y Coincidence

For better efficiency of coincidence the 7 and  pulses on the output of the
corresponding channels must be simultanous or as close as possible. The differs
in the associated delay in each channel is due to different mechanisms of signal
formation in the two different channels.

For compensation of this time difference, a delay module in the y channel. To
determine the correct delay setting we need to measure the delay spectrum between
the output of the y SCA and the output of the § SCA. This is done using a Time to
Amplitude Converter (TAC).

EP 10: Time delay and
a) Connect the NEGATIVE OUT of the y channel SCA to the START of the TAC.

b) Connect the NEGATIVE OUT of the B channel SCA to the STOP of the TAC

©) Set the TAC output amplitude to 10V,

d) The TAC dating mode should be set to ANTI COIN.

¢) Connect the output of the TAC to the ADC and hence to the computer MCA.

) Collect a spectrum

£) Set the cursors either side of the peak. Determine the integrated counts between
these two cursors. Divide this value by 2. Move one cursor until the integrated counts
display indicates half the original value. Clear spectrum.

h) On the Ortec 416A gate and delay generator, connect the DELAY MARKER to

STOP on the TAC. Collect a spectrum. Adjust the 416A delay until the cursor at the
mid point of the peak starts to rise. This indicates that the y pulses will be sufficiently
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delayed so that half the B pulses reach the coincidence mixer ahead of the
corresponding v pulses, and half after.
‘The system will now operate with maximum delay matching

STEP 11
) Dead time correction for count rate.

For f and y count rate, the true count rate is given by

Where, 7 is the non-extendable dead time of an individual channel, N is the
observed count rate including background count rate N, and N is the observed
count rate with the background rate subtracted.

Questions (25 Marks)

1 In your own words, what is a primary, secondary and tertiary standard in
reference to radionuclide metrology? (2 marks)

Wy is coincidence counting used for primary standard measurements?

(1 mark)

3 Describe the two detectors being used and the underlying physics of
detection (2 marks)

4 What is the limitation of this atmospheric- flow proportional counter
coincidence technique- will it work for all radionuclides? (/ mark)

5 Draw the Pre-amplifier signal shapes from each type of detector and label
the height and width (2 marks)

6 Write down the observed count-rates and time information from the

measurement of “’Co and the background (/ mark)

2 Calculate the Beta detector and Gamma detector efficiencies from the
observed measurements(2 marks)
T Derive equation 3.4 from equations 3.1~ 3.3. (1 mark)

comm——  Calculate the activity of the “Co sample, with and without dead time

corrections, show all working(/ mark)
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Where in the system (us
logic pulses? (2 marks)

g the diagram) do the analogue pulses become

Explain briefly the paralysable model of dead time. (2 marks)
What is the function of the Gate and Delay modules? What values are
used? (3 marks)

Draw a sketch of the Gamma detector spectrum and identify the features of
this spectrum. (2 marks)

Indicate the region that s used in the system for the gamma channel gate
(1 mark)

What s the role of the gamma SCA module? (/ mark)

Which detector do you expect to be faster and why? (/ mark)
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