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An integrating image detector for high energy neutrons. 

Chris Morris, V. Armijo, L.G. Atencio, A. Bridge, A. Gavron, G. Hart, K. Morley, 
T. Mottershead, G.J. Yates, and John Zumbro 

Los Alamos National Laboratory 
Los Alamos, NM 87544, USA. 

ABSTRACT 
We describe an integrating cathode-pad read-out wire chamber for imaging high energy neutrons. "his 
technology allows construction of a detector with a wide dynamic range (lo4), which is gatable, easiIy read out, 
and provides millimeter scale resolution. Results from a prototype 48 x 48 pixel array are presented. 

1 INTRODUCTION 
In this paper we describe the motivation behind the high energy neutron radiography work in Los Alamos, and 

describe and present some results from an integrating, imaging detector for high energy (30-600 MeV) 
neutrons. 

Radiography provides a method of non-destructive evaluation of objects with internal structure. 
Quantitatively, lengths, I,, through an object can be extracted by measuring the attenuation of a penetrating be 
of neutral particles such as neutrons or X-rays: 

(1) 
-I: r,o 1 

N = N , e  '1 , A,=-. 
Pi 0, 

Where Noc(x,y) is the incident flux, N(x,y) is the transmitted flux, are mean free paths, and Z,(x,y) are a set of 
lengths of materials in the object being radiographed. Ideally, if contributions from detectors and other sources 
of error are ignored, the precision of the measurement can be evaluated in terms of the Poisson statistics 

nt material Eqn.. 1 reduces to: 

(2) 



Table 1. Mean fiee paths for photons, AF, and neutrons, hh. 

Ah 
(gm/cm*> 

Material h( 
(gm/cm2> 

Li 20 55 
U 20 120 

Another feature of high energy neutron radiography which is useful for our particul 
il low Z materials than for high Z materials. This implies neutrons are esp 
material surrounded by a high 2 material 

diameter ratios (L/D) are available fiom spallation targets. However, imag 
have not been developed. 

High intensity sources of high energy neutrons are available using proton ind 

2 DETECTOR 

Several issues drive the design of the detector. The interactions of h energy neutrons are predominately 
due to elastic or quasi-elastic collisions with nuclei. Many of these interactions produce energetic charge 
particles which can be detected using a variety of techniques. However, the ranges in most media are much 
longer than the two mm position resolution, needed in our application. We avoid the position resolution 
broadening due to the range of the charged particles by using a thin converter followed by a thin position 
sensitive detector. For such a transmission detector the position resolution approximately given by Ax=tun(@>, 
where 8 is the mean angle at which_the_charged particles are emitted, and t is the thickness of the converter plus 
detector. We have measured tun(@=.4 in a previous experiment where tracking chambers were used as the 
position sensitive neutron detector.' The detector efficiency, which is also proportional to t, and the position 
resolution are coupled. The best converter shortest interaction length. We have chosen tungsten. 
We have used an integrating cathode-pad r er for the detector. In this detector the positive charge 
created by avalanches near an anode p set of 48x48 conducting pads placed on 2.5 mm 
centers on a printed circuit board whic e m  cathode of the wire chamber. Photographs of the 
detector are shown in Figure 1. 

The charge deposited on each of the apacitor, until it was readout 
through a multiplexer; an_.amplifier-md- into-aCAMAC ADC, Leakase currents limited the readout time to be 
less than about 10 seconds in order to avoid loosing too much of the signal. The multiplexing was arranged so 

measured range there appears 
om the result expect 

There is an additional term in the expected width when detecting 
the deposited charge such as neutrons. The can be expressed b 
measured by the fluctuation level, to the actual efficiency of the 



We have measured o/q=l. 67 for the charge distribution in a wire chamber induced by high energy interactions 
in a previous experiment.' With a 1.5 mm tungsten converter we expectedEFF=1.3%, and DQE=O.4% 

3 RESULTS 
We have used the detector in the 30" R beam line at the WNR facility at Los Alamos Neutron Scattering 

Center (LANSCE) to image a test object. The details of the test object are shown in Figure 3. Data were taken at 
a set 9 angles between 0 and 180 degrees. The object was located about 20 m fkom the spallation source giving a 
flux of about 7x105/cm2/sec. A two hour run was sufficient to obtain 0.1% statistical precession in a 2.5x2.5 
mm2 pixel at this flux. The transmitted flux was about 1/5 of the incident flux at the center of the object. This 
gives a detector quantum efficiency (DQE) of about 3x10 in reasonable agreement with our expectations. 

The actual errors in our measurement of the transmitted flux had contributions from temperature induced 
fluctuations in the electronic gain, and beam intensity-dependent fluctuations in the chamber gain due to build 
up of charge on the areas of the cathode circuit board. The residual effects after our best efforts to correct for 
these systematic effects limited the precision of our measurements to about 0.4%. Never the less we have been 
able to achieve a sensitivity sufficient to clearly observe the effect of the 12.7 mm and the 6.3 mm diameter 
holes in the polyethylene insert in the test object in single views. This is shown in Figure 4. In addition a clear 
signal of the 3.2 mm diameter hole was obtained in the tomographic reconstruction of the data, suing a filtered 
back projection algorithm as can be seen in Figure 5 .  In to filtered back projection the object has been 
reconstructed using a maximum entropy tomographic algorithm. This produced fewer artifacts than the filtered 
back projection. The results are displayed in Figure 6. 

4 CONCLUSIONS 
We have described the construction of an integrating imaging detector for high energy neutrons. We were ab 

to obtain a DQE of about .4 %. We demonstrated a sensitivity to structure in a test object at the 0.6% level 
transmitted flux, looking through up to 160 gm/cm2 of uranium using a white source of spallation neutrons. We 
will continue our work in the next running period with a larger detector build on 1.8 mm centers. The new 
circuit boards will have more copper coverage to avoid the problem with charge build up, and will rotate the test 
object more frequently so that we average over gain instabilities. In addition we are building a new spallation 
target, with it's axis aligned on the beam line, in order to increase the L/D ratio. 
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Figure 5: Results of a filtered back projection reconstruction made using 9 images (every 20") a)unfiltered, 
b)filtered to remove some of the artifacts. 
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