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Requirement

• Approached by a lab in Spain to build an 
active detector to measure the fluence of    
2.5 MeV neutrons from a single D-D fusion 
pulse (z-pulse) !

• The total fluence into 4p in the pulse may be 
between 106 and 109 neutrons  OK - the more 
the merrier

• Duration of pulse is ~ 10 ns! Now things are 
starting to get difficult – most active devices 
are not going to work because of dead-time.
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General view 

of our LAB

Requirement
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Our Z-pinch
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Z-PINCH Discharge

5 ns exposure time
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Plasma discharge
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Solution to the problem

What sort of instrument could we build to 
measure these pulses?

• Obviously need to store the neutron signal from 
the pulse in some way

• Solution - use an activation technique

• Moderate the neutrons in a polyethylene block 
and use a capture reaction in a material which 
becomes radioactive 

• This approach is not new, it is a copy of an old 
Los Alamos design
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The detector

• Thermal neutrons captured in silver. 
• Fluence determined by counting the b-particles from the 

decay of the short half-life silver activity
• 4 GM tubes used to increase the efficiency
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Construction

• Building the detector presented some minor problems, 
e.g. obtaining sufficiently thick pieces of polyethylene 
and getting simple electronics for Geiger-Müller tubes, 
but was generally reasonably straightforward.

In what way could we improve on the original Los 
Alamos design?

• We used the Monte Carlo transport code MCNP to 
optimise the design, primarily to determine the 
optimum depth for the G-M tubes and to provide some 
calibration information.

• We used more up-to-date electronics 

• Otherwise, no radical changes
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Calibration of the detector with an 241Am-Be source

Nevertheless 
there remained 
the issue of 
calibrating the 
device to give 
the response, 
i.e. the counts 
per unit fluence 
from the pulse. 
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Calibration - how can it be done?

• Ideally one needs a pulsed (10 ns) D-D field of 
known intensity – none available

• Could use D-D reaction on the Van de Graaff in DC 
mode to get the right energy (2.4 MeV) - but the 
problem of calibration for a pulse remains. 

• Can calculate the response using MCNP – but that 
only gives the activity in the silver foils, we sti ll 
need the efficiency of the GM tubes for detecting 
this activity.

• However, MCNP calculations can provide reliable 
information on relative efficiency as a function of  
energy so calibrating at exactly the right energy i s 
not a major requirement.
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Continuous v pulse. What are the differences?

Some important parameters which need to be 
considered

• Silver has two isotopes 107Ag and 109Ag which produce                    
108Ag(t = 2.37 min) and 110Ag (t = 24.6 s) in a thermal field.

• Cross sections are different (but not by orders of magnitude 
so both isotopes must be considered)

• The b-decay end point energy is different for the two 
isotopes so the efficiencies for detecting the b particles in 
the GM tubes are different
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Continuous v pulse. What is the difference?
• For a very short pulse producing a total fluence, F , the total 

counts, TP, seen by a GM tube during the subsequent decay is:

,108 ,110 108 110P P PT T T k kF F= + = +

• kx is the efficiency per unit fluence for a fast neutron to produce a 
count in the GM tube via decay of isotope x. If k108 and k110 can 
be determined then F can be calculated from:

,108 ,110 108 110S S SR R R k kf f= + = +

• If we can determine the kx values from a DC measurement 
we have a calibration for the pulse situation:

108 110( )
PT

k k
F =

+
• For a DC irradiation to saturation (~30 min) in a fluence rate, f , 

the count rate, RS, seen at the end of the irradiation is:



Wednesday, 22 October 2008

15Neutron Users’ Club 14th October 2008

Calibration

• Solution is to calibrate with DC fields allowing the 
activity to reach saturation (~ 30 min) and to record the 
decay as a function of time after the end of the 
irradiation.

• The efficiency values k108 and k110 for the two isotopes 
can be determined from a fit of the counts to a double 
exponential.

• Because MCNP can be used to calculate relative 
efficiencies the calibration can be performed with a 
radionuclide source, provided it is not too dissimilar in 
energy to the D-D neutrons, and MCNP calculations 
can be used to correct for the different energies.
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Calibration of the detector with an 241Am-Be source 

Fitting performed with analysis tools in the Origin graphical 
package to give values for k108 and k110
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Calibration

• All seemed to work well and we were able to derive values for 
the efficiencies k108 and k110

• However, because we need information on the effective centre 
of the device, measurements had to be made at different 
source to detector distances. As the count rates decreased 
with increasing distance the ratio of the efficiencies (k108/k110) 
for the two isotopes changed. This should not happen and 
something must be going wrong in the analysis.

• The reason turned out to be the weighting of the fits!

• In order to follow the decay, counts were recorded every 2 s, 
and we had assumed Poisson statistics applied to these 
counts, i.e. uncertainties were the square root of the counts

• There is an obvious problem with Poisson statistics as the 
count rates decrease to almost background level if the 
background is low.
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Calibration of the detector with an 241Am-Be source
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Calibration of the detector with an 241Am-Be source
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Conclusions

• We have built a pulsed neutron detector which worked 
well when tried with radionuclide sources.

• For some applications the old ideas (activation and GM 
tubes) still provide solutions, but can be improved (better 
design, electronics, and calibration).

• The weighting problem surprised us. The lesson is –
there is a need to think before simply assigning 
uncertainties assuming Poisson statistics.

• There may be increasing needs for devices like this with 
more interest being shown in small fusion devices.

• Sadly, we have still heard nothing from the people in 
Spain about whether the device has yet detected any 
pulsed neutrons.
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End
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Calibration of the detector with an Am-Be source
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Calibration of the detector with an Am-Be source
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