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COMPTON SCATTER IMAGING INSTRUMENT 

The present application claims the benefit of the priority filing date of provisional patent 

application no. 60/200,015, filed April 27, 2000. 

Background of the Invention 

1. Field of the Invention 

This invention relates to a method and devices using the method for measuring incident 

15 gamma-ray energy and direction. More particularly, the invention relates to measuring energy losses 

and positions of two Compton scatter interactions followed by a measurement of the position of a 

third Compton scatter or photoelectric interaction to determine the incident gamma-ray energy and 

direction cone without the necessity for absorbing the full energy of the incident gamma ray. 

20 2. Description of the Related Art 

Gamma ray imaging and detection is used in many scientific and commercial applications, 

including medical imaging, nuclear spectroscopy, and gamma ray astronomy. 

One application that makes use of gamma ray imaging is gamma ray astronomy. In the 

25 conventional approach two position-sensitive detector arrays are used. The first array uses low-Z 

scintillation detectors and the second array, separated some distance from the first, uses high-Z 

scintillation detectors. Gamma rays incident on the first detector array undergo Compton scattering, 

and the Compton scattered gamma rays must be fully absorbed in the second detector array in order 

to estimate the energy and direction of the initial gamma ray. This approach has several limitations, 

30 including low efficiency, poor energy resolution and poor angular (imaging) resolution. 

Alternative concepts to improve on these limitations have been proposed or undertaken that 

20010808 114 
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5 use detectors with improved position and/or energy resolution. However, in all of these approaches 

the full energy of the initial gamma ray must be absorbed in order to determine the energy and 

direction of the incident gamma ray. 

Another application is medical imaging using positron emission tomography (PET). In PET, 

a radio-pharmaceutical positron emitter is administered to a patient. In some PET applications, the 

10 radio-pharmaceutical is selected for its ability to preferentially concentrate in a desired tissue, e.g. 

a tumor. In other applications, the biological uptake or distribution of the radio-pharmaceutical is 

used to study organ function (e.g. brain or heart). In these applications, PET applies the mechanism 

whereby the positrons from the radio-pharmaceutical annihilate with electrons to create two 

annihilation gamma rays, each having an energy of 511 keV, that are emitted in opposite directions 

15 at an angle of almost exactly 180 degrees. The gamma rays are detected with position-sensitive 

detectors and the location of the detections determines a line on which the radioactive decay is 

located. Multiple events allow a more precise, 3-dimensional determination of the location of the 

concentration of radio-pharmaceutical and thus the location/morphology of the tumor or the function 

of the organ of interest. Typically, two identical detectors, each a combination of scintillators and 

20 photomultiplier tubes, are required for PET. This instrumentation, however, provides only moderate 

energy resolution and position resolution capabilities. 

Another application is single photon emission computed tomography (SPECT). In SPECT, 

an injected radio-pharmaceutical emits a single gamma ray per radioactive decay. The direction of 

the emitted gamma ray is determined by using a collimator in conjunction with a position-sensitive 

25 scintillator-photomultiplier detector. The collimator only allows gamma rays from a single direction 

to reach the detector. This provides a two-dimensional view of the radioactivity. By moving the 

detector/collimator assembly to view the region-of-interest from many directions, or using multiple 

collimators and/or detectors, a three dimensional image can be reconstructed. The disadvantage of 

this technique is that the sharpest images are generated by collimators with narrow apertures. This 

30 is very inefficient and hence requires large doses or long collection times. 

An application similar to SPECT is planar imaging, which is the traditional form of medical 
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5 gamma ray imaging, in which a patient is injected with a radio-pharmaceutical as in SPECT but in 

which the collimator and detector are planar and are not rotated around the patient. The 

disadvantage is that the image generated is then a 2-dimensional projection rather than a 3- 

dimensional image of the radiation distribution. 

In order to address the disadvantages of the current imaging systems, several concepts have 

10 been implemented or proposed that use the Compton scattering process. In Compton scattering, an 

initial gamma ray scatters off an electron in a position-sensitive detector and the Compton scattered 

gamma ray, reduced in energy, is detected by a second position-sensitive detector. The angle of 

scatter is determined from knowledge of the energy loss at the first and second detectors, where it 

is required that the full energy of the Compton scattered gamma ray is deposited in the second 

15 detector. With this information, the direction of the initial gamma ray is restricted to a cone whose 

axis is the line joining the two interaction sites and whose opening angle is twice the Compton 

scatter angle. This technique, for example, was the basis for a scintillation-detector imaging gamma 

ray instrument that was flown on a NASA mission to image the gamma ray sky. That instrument 

used low-Z and high-Z detectors for the first Compton scatter detector and the second full 

20 absorption detector, respectively.  Significant disadvantages of this approach are poor detection 

efficiency and poor imaging resolution, the latter due to the poor energy resolution of the 

scintillation detectors. 

Another proposed concept for an improved Compton imaging detector employs multiple 

Compton scattering in arrays of position-sensitive silicon detectors. In this approach, the initial 

25 gamma ray undergoes several Compton scatters in the silicon detector array, with the initial gamma 

ray energy either fully absorbed in the silicon array, or the gamma ray escaping the silicon array 

being absorbed in a scintillation detector surrounding the silicon array. Knowledge of the fall 

energy loss is used, along with the energy losses and positions of the first two interactions to 

determine the Compton scatter angle at the first interaction site. The most probable interaction 

30 sequence for the Compton scatter events is determined from the consistency of the energy losses and 

scattering angles with the known physics of the Compton scattering process. An alternative to this 
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5 technique recognizes that the full energy of the incident gamma ray need not be fully absorbed, and 

proposes that if the interaction order for four Compton scatters and the initial gamma-ray energy are 

unknown, the initial gamma ray energy and direction can still be deduced. 

Another Compton imaging approach employs the use of position-sensitive gas or liquid 

detectors. A low-Z material (e.g. argon) is used for the Compton scatter detector while a high-Z 

10 material (e.g. xenon) is used to absorb the Compton scattered gamma ray. Disadvantages of this 

concept are the poor energy resolution of gas and liquid detectors relative to solid-state detectors, 

the low interaction efficiency in gas detectors compared to solid-state detectors, and the associated 

limitation to low-energy gamma-rays. 

There is, therefore, a need for a gamma ray imaging device having improved imaging, 

15 improved detection efficiencies, better energy resolution, and capable of extending gamma-ray 

imaging capabilities to higher gamma-ray energies. 

Summary of the Invention 

20 According to the invention, a device for determining the photon energy E, and direction 

cone angle of incident gamma ray with two Compton scattering interactions and one subsequent 

interaction includes a first radiation detector for receiving an incident gamma ray having an 

unknown photon energy Ey and an unknown direction cone angle, for scattering a photon energy 

E2 in a first Compton scattering interaction at a first scatter angle 8b and for providing a first 

25 output corresponding to the first Compton scattering interaction; a second radiation detector for 

receiving photon energy E2 and scattering some photon energy E3 in a second Compton 

scattering interaction at a second scatter angle 02, and for providing a second output 

corresponding to the second Compton scattering interaction; a third radiation detector for 

receiving photon energy E3i and interacting with photon energy E3 in a third interaction, and for 

30 providing a third output corresponding to the third interaction; and a processor for receiving and 

processing the first, second, and third outputs and for calculating the photon energy E, and 
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5 direction cone angle of the incident gamma ray based on the outputs. The first, second, and third 

radiation detectors are sensitive to the position and energy of incident gamma ray, e.g. by virtue 

of being in a three-dimensional array providing a very accurate determination of the position of a 

scattering or other event. The device and processor include the capability to calculate the 

photon energy Ej and direction cone angle of the incident gamma ray without the necessity for 

10 the absorption and measurement of the entire or substantially all of the energy E, in the detector. 

The detector also preferably includes the processor being programmed to reject a selected 

detection event, e.g. in an algorithm that also calculates the respective energy losses Lb L2, and 

L3 in the first, second, and third radiation detectors. 

The invention also includes a method for determining the photon energy E{ and direction 

15 cone angle of incident gamma ray with two Compton scattering interactions and one subsequent 

interaction, comprising the steps of receiving an incident gamma ray having an unknown photon 

energy E{ and an unknown direction cone angle, for scattering a photon energy E2 in a first 

Compton scattering interaction at a first scatter angle 6l3 and providing a first output 

corresponding to the first Compton scattering interaction; receiving photon energy E2 and 

20 scattering some photon energy E3 in a second Compton scattering interaction at a second scatter 

angle 62, and providing a second output corresponding to the second Compton scattering 

interaction; receiving photon energy E3> and interacting with photon energy E3 in a third 

interaction, and providing a third output corresponding to the third interaction; and processing 

the first, second, and third outputs and calculating the photon energy Ex and direction cone angle 

25 of the incident gamma ray based on the outputs, without necessarily absorbing and measuring 

the entire or substantially all of the energy E,. 

The invention provides substantially improved efficiency and imaging resolution 

compared to current systems. 

The invention further provides a system that produces gamma-ray images having 

30 improved spectral resolution. 

The invention is useful in military applications, for example for the location of fissile 
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5 materials or for the location and identification of radioactive waste materials. The system and 

method also has non-military applications, for example in nuclear medical imaging and non- 

destructive testing, to name but a few. 

The invention may have specific application in certain nuclear medical imaging 

applications, such as that described in pending US patent application no. filed 

1 o on , entitled "Coincident Multiple Compton Scatter Nuclear Medical Imager". 

Additional features and advantages of the present invention will be set forth in, or be 

apparent from, the detailed description of preferred embodiments which follows. 

15 

20 

Brief Description of the Drawings 

FIG. 1 is a diagram illustration of the Compton scatter process. 

FIG. 2 is a diagram of an embodiment illustrating the use of a monolithic position-sensitive 

detector system according to the invention. 

FIG. 3 is a cross sectional view of a Compton imaging instrument illustrating the use of arrays of 

position-sensitive solid-state detectors according to the invention. 

FIGURE 4 illustrates the multiple Compton scattering process and detection scheme according 

25 to the invention. 

FIGURE 5 shows an array of three position-sensitive solid-state strip detectors (germanium) 

applicable to the invention. 

30        FIGURE 6 is an illustration of using relative timing of anode and cathode signals in a 

germanium strip detector to achieve 3-dimensional positioning. The x-y position is derived from 
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5 the orthogonal strips that receive the signals, and can determine positions to the strip pitch that 

may be less than 1 mm. The z-dimension is derived from the signal arrival times and can be 

determined to less that 0.5 mm. 

FIGURE 7 illustrates the several components of the uncertainty in the Compton scatter angle 

10 including those due to energy resolution, position resolution, and Doppler broadening. 

FIGURE 8 shows a depiction of the direction cone illustrating factors leading to its calculation 

and determination, including the uncertainty in the Compton scatter angle. 

15 Detailed Description 

The invention makes use of the Compton scattering of gamma rays. Referring to Figure 

1, a gamma ray 52 is incident on a detector 50 in which the gamma ray undergoes a Compton 

scatter interaction at location 53. The detector 50 is such that both the location 53 and the energy 

20 loss to a Compton scattered electron can be precisely determined. The Compton scattered 

gamma ray 62 undergoes a photoelectric (full-energy) interaction at location 63 in a second 

detector 60 such that the location 63 and the energy loss at location 63 can be precisely 

determined. It is well known to those skilled in the art that the scatter angle d{ is uniquely 

determined by the energy losses at locations 53 and 63 under the assumption that the initial 

25 momentum of the Compton scattered electron is zero. The angle of scattering is given by: 

(i) , ,   p 
cos i9j = 1 - mc' 

E2    E,j 

30 where E2 is the energy of the scattered gamma ray (and the energy deposited at location 63) and 

E, is the energy of the incident gamma ray (and also the sum of the energy losses at locations 53 
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5 and 63). 

Referring now. to FIG. 2, a gamma ray detection system 10 includes detector 12, which 

comprises a device capable of interacting with and scattering an incident gamma ray 14 while 

providing an output 16 to processor 15 from each scattering event as will be further explained 

below. Detector 12 may comprise a position-sensitive solid-state detector or a position-sensitive 

10        gaseous detector or a position-sensitive liquid-filled detector. The solid-state detector could be 

one of a number of solid state detector materials as are described further below. 

Gamma ray 14 is scattered in detector 12 in a first Compton-scattering interaction at a 

first location 18. First Compton-scattered gamma ray 24 interacts in a second Compton- 

scattering event at a second location 28 to produce a second Compton-scattered gamma ray 34. 

15 Gamma ray 34 may interact in a third Compton-scattering event or may undergo a photoelectric 

interaction at a third location 38. In the event that gamma ray 34 interacts through a third 

scattering event at location 38, a third Compton-scattered gamma ray is produced which can exit 

the detector 12. The output data 16, i.e. the location and energy deposited from each scattering 

event in detector 12, is input to a processor 15. Processor 15 includes a program for calculating, 

20 based on the energy losses at locations 18 and 28 and the angle of scattering at location 28 

determined from the locations 18,28, and 38, the direction cone and energy of the incident 

gamma ray 14 as is described below. The processor outputs this data to display unit 25 which 

can display, among other information, the incident direction cone of each gamma ray, a two- 

dimensional map representing the gamma ray sources in the field, and the energy spectra of 

25        sources in selected regions in the map. 

Referring now to FIG. 3, in another embodiment of the invention, a gamma ray detection 

system 200 includes a detector array 210 that comprises a plurality of individual detector layers 

212 each of which serves as a position-sensitive solid-state detector. Each layer 212 of array 210 

comprises a material able to interact with an incoming gamma ray 232 by Compton scattering 

30 and by additional interaction mechanisms as are well known in the art. Useful materials for 

layers of 210 that exhibit good spectral resolution include germanium, silicon, CZT, CdTe, and 

8 
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5 GaAs, although other semi-conductor detectors known to provide acceptable spectral resolution 

are also within the scope of the invention. Silicon is a preferred material, as it combines highest 

relative probability of Compton scattering over a broad range of energies and can be used at 

near-room temperatures, unlike germanium-based prior art Compton detectors that are 

cryogenically cooled for acceptable performance. 

10 Gamma ray 232 is Compton-scattered in a first interaction layer 230 at location 238. First 

Compton-scattered gamma ray 242 is then Compton-scattered in a second layer 240 at location 

248. Second Compton-scattered gamma ray 252 is then Compton-scattered in a third layer 250 

at location 258 or may be absorbed by a photoelectric interaction at location 258.   If second 

Compton-scattered gamma ray 252 is Compton-scattered at location 258 , then a third Compton 

15 scattered gamma ray 262 is produced that may exit the detector array 210. Since the detectors in 

each layer are position-sensitive, it is understood by those skilled in the art that two interactions 

may occur in the same layer. The output data 216 (the location and energy deposited from each 

interaction event) of detector array 210 is input to a processor 215. Processor 215 as in the case 

of processor 15 includes the program for calculating the direction cone and energy of the 

20 incident gamma ray 232 (described below). The processor outputs this data to display unit 225 

which as before can display the incident direction cone of each gamma ray, a two-dimensional 

map, and the energy spectra of sources in selected regions in the map. For each interaction, the 

processor processes the electronic signals from the detector to determine the energy deposited at 

each interaction site and the x, y, and z coordinates for each energy loss. 

25 We now show that the energy and direction angle of a gamma ray can be determined 

from only the partial energy loss at the first three interaction sites if the first two interactions are 

Compton scatters. Referring to Figure 4, consider the two successive Compton scatter 

interactions followed by a third interaction. An initial gamma ray 132 with energy Eu is 

incident on a detector array 100 which has good position resolution and good energy resolution. 

30 Gamma ray 132 interacts by a Compton scatter interaction in position-sensitive detector 110 at 

position 133. First Compton scattered gamma ray 142 leaves position 133 at an angle 0, relative 
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to the direction of the initial gamma ray 132, and interacts in position-sensitive detector 120 at 

position 143. Second Compton scattered gamma ray 152 leaves position 143 at an angle 62 

relative to the direction of the first Compton scattered gamma ray 142 and interacts in position- 

sensitive detector 130 at position 153. The interaction at position 153 can be a Compton scatter 

interaction producing third Compton scattered gamma ray 162 or a photoelectric interaction. 

Only the position in detector 130 is required. The energy losses (to the scattered electrons) at 

positions 133 and 143 are Lb and L2, respectively. 

15 

143 are: 

The Compton scattering formulae for the two interactions at positions 133 and 

(2)       cos#i =l-mdL 

\E2      E\J 

(3) cosÄ =l-mc? 
V-^3       E2j 

where mcz is the rest mass of the electron, and the energies of the scattered electrons are: 

20 (4) 

(5) 

L! — E: - E2 

L2 - E2 - E3 

25 Solving eq. (5) for E3 and substituting into (3) yields an equation with E2 as the 

only unknown, since 02 is determined from the locations of the three interactions sites 133,143 

and 153. This quadratic equation can be solved for the energy E2, and is given by: 

10 
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(6) ^4 2        n        9 
L\ 

1-COSÄ 

10 

Therefore the incident gamma ray energy, E{ is also determined from (4), and is: 

(7) 
L2     1 

E1=E2 + L1 = L,+ y+2 
T,     Amc'L, 
L\+ j- 

1-COS.9, 

Now having Ex and E2, the scatter angle at the first interaction site and hence the 

direction cone for the initial gamma ray can be determined from equation (2). It is clear that 

15 determination of the correct energy and direction cone of the incident gamma ray requires that 

the correct sequence of interactions is known. This is accomplished through a procedure of 

testing the several possible interaction sequences and testing whether the Compton scatter 

interactions for each sequence is consistent with the kinematic relations for Compton scattering 

at each interaction site. In undertaking these tests, the probabilities for gamma rays of the 

20 inferred energies for each test sequence to travel from the nth interaction site to the (n+ l)st 

interaction site through the required material can also be used to optimize the probability for 

obtaining the correct interaction sequence. This procedure is known to those skilled in the art 

and, for example, is described in US patent 4,857,737, which is herein incorporated by 

reference. 

11 
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The uncertainties in Ex and 0! can also be determined. The uncertainty in Els dE,, is 

given by: 

(8) dEx dL, + 
(dE 
 dU 

\oL2     ' j 
+ 

dE, 
d& 

10 where dLj and dL2 are the uncertainties in the energy depositions at interaction sites 133 

and 143, and d82 is the uncertainty in the scattering angle at site 153 determined from the typical 

positional errors in the detector. 

The position-sensitive device 200 illustrated in Figure 3 indicates one possible 

implementation of a gamma ray detection system 210 that provides both excellent spectral 

15 resolution and excellent spatial resolution. Each of the several layers of the detector, 

exemplified by layers 230, 240 and 250 could consist of arrays of position-sensitive solid-state 

detectors. Referring to Figure 5, an array 500 of three germanium strip detectors, 510, 520 and 

530 is shown which are examples of the type of detectors that can be used to populate a detector 

device. Each of the strip detectors has an active area of 50mm x 50mm and is 10 mm thick. The 

20        detectors have 25 orthogonal electrical contact strips on opposite sides of the planar faces as 

indicated by the strip 525. The pitch of the strips is 2mm. One skilled in the art will know that 

when a gamma ray interacts by Compton scattering or photoelectric interaction in the active 

detector volume, electron-hole pairs are created. Under an applied electric field, the electrons 

drift toward one planar face and the holes drift toward the opposite face. The collection of the 

25 holes and electrons produce signals on a strip on each side of the detector. The location of the 

interaction in the planar dimension is determined by the intersection of the two strips that record 

the signals. For the devices shown, this location is determined to 2 mm accuracy in the x and y 

12 
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5 directions. Those skilled in the art will know that use of finer strip pitch enables position 

information in the x and y directions to be less than 1 mm. 

Excellent position resolution can also be achieved in the direction perpendicular to the x- 

y planar surfaces. This is achieved by measuring the relative arrival times of the electron and 

hole signals at the two strip surfaces. Referring to Figure 6a, the orthogonal strips are shown 

10        schematically on opposite surfaces of a germanium strip detector. Figure 6b shows the electron 

signal 615 acquired on strip 610 on the front face and the hole signal 625 acquired by the strip 

620 on the back face of the detector for an interaction that occurs very near the front surface. It 

is understood by those skilled in the art that the rise time of the signal 615 precedes the rise of 

the signal 625 by about 100 nanoseconds. Figure 6c shows the comparable signals 616 and 626 

15 for an interaction that occurs near the back face of the detector. In this case the hole signal 626 

arriving at strip 620 precedes the electron signal 616 arriving at strip 610 by about 100 

nanoseconds. The total difference in the relative arrival times is about 200 nanoseconds. With 

an intrinsic resolving time of 10-20 nanoseconds, it is clear that the location of the interaction 

can be determined to less than 1mm in the direction perpendicular to the strip faces of the 

20 detector. Combined with the x-y positions measured with the strip signals, the location of the 

interaction is measured to 1 mm or better in 3 dimensions. The uncertainty d92 is derived from 

the location uncertainties at the first three interaction sites. 

25 Next, proceeding with equation (8) and evaluating the partial differential terms using 

equation (7), we obtain: 

(9) 
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dl7-i = 

r 

dl, 
1 1 

2 4 

2       \mc~ L*) 
!.2 ■     ; 

(l-cos52) 
2/., + 

imc 

2     (i-cos52) 
df% 

sini9-, Arne Ln 

(l-cos*j) 

4mc Ln 

(l-cos52)" 
d&t 

The error in 0, can also be determined. From (2) we have: 

10 (10)                                           2                    2 2 v   J                   mc"    mc     ,      mc       mc 
cos^ = l + —= 1 + ■ 

E2      E1 Ex-Lx     Ex 

15 

(11) 

d cos &x = 

then: 

d cos <9, 
dE, 

V   5£"i / 

^2  Tacos^, „ ^ 
+ ———LdL1 

\   dLi J 

(12)     dSx 
m c2 

sm&x 

dEf+- d% 

(£i.LiJ    E\)     '    fe-Zj 

20 This uncertainty in the scattering angle at the first interaction site is due only to the 

uncertainty in the incident energy and the uncertainty in the energy loss in detector 110. In addition, 

there is an error associated with the uncertainties in the locations of the interactions at the three 

interaction sites. There is also an error associated with the initial momentum of the electron at 

position 133. This is assumed to be zero in the standard Compton formula derivation. Including the 

25 motion of the electron adds another uncertainty, commonly referred to as a Doppler broadening 

uncertainty and familiar to those skilled in the art. Figure 7 shows the several components of the 

14 
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5 angular uncertainty as a function of Compton scatter angle for a 1 MeV incident gamma ray. These 

components include uncertainties due to the detector energy resolution 710, the detector position 

resolution 720 and the Doppler broadening 730. 

The overall uncertainty in the direction of the incident gamma ray is given by the root- 

mean-square (RMS) sum of the three components 710,720 and 730 due to the finite energy 

10 resolution of the detectors, the finite position resolution of the detectors and the Doppler 

broadening, respectively. This is given by: 

(13)     d9?{total) = d9;(energy ) + d9?(geometric ) + d9?(Doppler ) 

15 Figure 7 shows these uncertainties for the energy resolution 710, the geometric resolution 

720 and the Doppler uncertainty 730 as a function of the Compton scattering angle for a 1 MeV 

incident gamma ray. In this case we have assumed a 2 keV FWHM energy resolution for the 

strip detectors, a 1 mm position resolution in three dimensions at each of the first three 

interaction sites, and a 15-cm mean-free-path between interactions (including the gaps between 

20 the layers of detectors). It is seen that for a broad range of scatter angles from about 20 degrees 

to 120 degrees, over which scatter angles the Compton cross section has a broad maximum, the 

total angular uncertainty is about 1 degree or less. 

The angular uncertainty in the direction of the incident gamma ray is indicated in Figure 

8. Incident gamma ray 800 Compton scatters at location 815 and Compton scattered gamma ray 

25 810 leaves at an angle Ql relative to the direction of incident gamma ray 800. The direction cone 

of the incident gamma rays is shown as 825, where the possible directions of the incident gamma 

ray is confined to an annular conical volume with a half opening angle of Qx and an angular 

width of 2 times d9 ^total). 

The excellent energy and spatial resolution of the detector enables the analysis of the 

30 several energy losses associated with an incident gamma ray (nearly coincident in time) to 

determine the sequence of interactions that are consistent with the energy and momentum 

15 
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5 Compton scattering laws at the first two interaction sites. This provides a unique determination 

of the direction cone and energy of the incident gamma ray, without necessitating the full 

absorption-based measurement and calculation from the incident gamma ray; however, it should 

also be understood that such a full absorption event is also accurately recorded, i.e. the incident 

gamma ray direction cone and energy accurately determined according to the technique 

10 elaborated on above, by the device and method of the invention. 

Furthermore, background events, which are internal to the instrument or come from 

directions other than the field-of-view, are rejected with high efficiency. This is particularly 

important for gamma ray devices that operate in a high radiation environment such as those used 

in space. Take as an example a silicon detector array operating in space. A significant 

15 limitation on sensitivity and capability is imposed by the radiation produced by the interaction of 

cosmic ray and trapped particles in the Earth's high-energy radiation belts with the materials in 

the detector system and structure. Among the radioactive nuclei produced in abundance are for 

example, 22Na and 24Na which decay with the emission of gamma rays with characteristic 

energies (511 keV and 1275 keV for 22Na and 1369 keV and 2754 keV for 24Na). The techniques 

20 of this subject patent will prove useful to eliminate much of this background as follows. When a 

radioactive nuclide is produce and subsequently decays, the gamma ray will typically interact in 

the detector through several Compton interactions with escape of a Compton scattered gamma 

ray possible or likely. For those events that interact at least three times the several possible 

interaction sequences can be investigated to determine the likely energy and direction cone of 

25        the initial gamma ray. If this is consistent with the known gamma ray emission line energies of 

abundant spallation products and/or consistent with the direction of a coincident particle emitted 

during the decay, this event can be rejected by including the programming or algorithm run on 

processor 16 or 216 to discriminate out the selected detection event based on the positon and 

energy calculation matching or closely matching one or more of the predetermined values or 

30 parameters.. It is evident that the ability to achieve this internal background rejection is greatly 

enhanced with detectors that provide both excellent energy and position resolution. 

16 
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Obviously many modifications and variations of the present invention are 

possible in the light of the above teachings. It is therefore to be understood that the scope of the 

invention should be determined by referring to the following appended claims. 

17 
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5 ABSTRACT 

A device for determining the photon energy E, and direction cone angle of 

incident gamma ray includes a radiation detector for receiving an incident gamma ray having an 

unknown photon energy Et and an unknown direction and for scattering the gamma ray with two 

Compton scattering interactions and a subsequent scattering or absorption interaction. The 

10 detector provides three outputs, each output corresponding to one of the Compton scattering and 

the subsequent scattering or absorption interactions, to a processor, which is programmed to 

calculate the photon energy Et and direction cone angle of the incident gamma ray based on 

these outputs. The detector configuration, for example one that includes multiple detector 

layers, provides an accurate determination of both the position and energy of the incident gamma 

15 ray, while the calculation of the photon energy Ex and direction cone angle of the incident 

gamma ray does not require absorption and measurement of the entire or substantially all the 

energy E{ in the detector. 

25 
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