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Radiography Image Detector Capability in MCNP4BTM, Edward C. Snow 
(Bschtel Nevada),‘ John D. Court (LANL) 

For some time now, people have been interested in adding a capability to the 

MCNP’ code to provide computational simulations of imagery such as x-ray images or 

pinhole projections of an object from an internal or external source. The main focus of 

these interests are in the ability to generate the direct or source contribution to the image, 

in addition to the total image obtained from both scattered and direct contributions. With 

this ability, simulations can be done to determine methods for image enhancement or to 

extract a direct image from one composed of direct, scattered, and background 

contributions. A patch2 extending the existing point detector capabilities in MCNP has 

been created to provide radiography-type imagery as a tally option in MCNP. In addition 

to the patch available to MCNP4B, this feature is being considered for permanent 

inclusion in MCNPX3, the high-energy transport version of MCNP. 

MCNP POINT DETECTOR PHYSICS 

A point detector4 in MCNP is termed a “next event estimator” because it is a tally 

of the flux at a point if the next event is a trajectory without fbrther collision directly to 

the point detector. It is a deterministic estimate (from the current event point) of the flux 

at a point in space. Contributions to the point detector tally are made at each source and 

collision event throughout the random walk process. At each source event, after the 

emission angle has been determined, the probability that the source particle is born into 

the solid angle towards the detector is computed. A pseudoparticle can then be 
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transported from the source point to the detector. The weight of the pseudoparticle 

transported is proportional to the solid angle scattering probability, and material medium 

attenuation is taken into account in the transport calculation from the source point to the 

detector. The same process occurs at each collision event. Once the scattering angle is 

determined, the probability of scattering into the detector and transport attenuation is 

computed, and the scattering contribution is made to the detector tally. In this way, all 

direct and scattered contributions are tallied separately in MCNP, and two quantities are 

reported in the output: total contribution and direct contribution to the point detector. 

PINHOLE IMAGE PROJECTION 

For a pinhole image simulation, a point is defined in space that acts much like the 

pinhole in a pinhole camera, and is used to focus an image onto a grid that acts much like 

photographic film. In this type of image, the pinhole acts as a point detector and is used 

to define the directional cosines of the contribution that is to be made to the grid. The 

pinhole position relative to the grid is also used to define the element of the grid into 

which this contribution is to be scored. Once the direction is established, a ray-trace type 

contribution is made to the grid bin with attenuation being determined for any material 

region along that path. In this configuration, the source need not be internal to the object, 

nor does it need to produce the same type of particles that the detector grid has been 

programmed to score. The grid and pinhole will image neutron or photon events that go 

on within the object, from both source and scattering events. These event-type 

contributions can be binned within the grid tallies by binning as source-only, total, or by 



using special binning relative to the number of collisions, contributing cells, etc. Figure 1 

shows the schematic of the pinhole image projection. 
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Fig. 1. Schematic of pinhole image projection. 

TRANSMITTED IMAGE PROJECTION 

In the second radiographic image type, the grid acts like a film pack in an x-ray 

type image. As opposed to pinhole image consisting of one detector point at the pinhole, 

this method is comparable to having a grid of point detectors at the imaging grid. For 

every source or scatter event, a ray-trace type contribution is made to every bin in the 

detector grid. This is done to eliminate statistical fluctuations across the grid that would 

occur if the grid location for the contribution from each event was picked randomly, as 

would be the case if a DXTRAN sphere and a segmented surface tally were used. For 



each event, source or scatter, the direction to each of the grid points is determined, and an 

attenuated ray-trace type contribution is made. As in the pinhole case, there are no 

restrictions as to where or what type of source is used. These tallies automatically bin in 

a total and source only, but could be further binned as described for the pinhole tally. 

Figure 2 is the transmitted image schematic. 
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Fig. 2. Schematic of the transmitted image projection. A contribution to each grid sector 

is made for every source and scattering event. 

CONCLUSION 

The MCNP radiography tally presents a wide range of opportunities for simulations 

of imagery systems. One example, as in Figure 3, is in medical imaging for x-rays or 

radioisotopic internal source imagery. This ability will allow multiple simulations to be 



run before actual diagnostic or therapeutic radiation modalities are implemented. For 

other uses of radiographic imagery, this simulation will allow a backgroundscattering 

component to be calculated and digitally removed from actual images to obtain a precise 

image of the object in question. 
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Fig. 3. MCNP simulation of an x-ray of the MIRD phan t~m.~  
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