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POSITRON/SCINTILLATION CAMERA DAT\ 
ACQUISITION AND DISPLAY SYSTEM 

Abstract 

This report describes a Positron/Scin
tillation camera data acquisition and dig-
play system located at the LLL 100 MeV 
Linear Accelerator facility. The camera 
consists of two identical 16-in. dianti 
Anger Scintillation detectors. The cam-

A Positron/Scintillation camera has 
been constructed at the LLL Linear 
Accelerator (Linac) facility. The isotope 
producing ability of the Linac combined 
with the data acquisition and storage capa
bilities of the Linac computing center 

POSITRON/SCINTILLATION 
CAMERA 

The camera is composed of two, 
position-sensitive, scintillation detectors 
developed by H. O. Anger at Donner Lab-

1-3 oratories. The essential components 
of each detector are a 16-in. diam, 1/2-in. 
thick Nal(Ti) scintillator, a close-packed 
array of 37 photomultiplier tubes, a 
lucite light pipe that transmits scintilla
tion light to the photomultiplier tubes and 
a network of precision capacitors. The 
capacitors are used to derive scintillation 
intensity and position information from 
the photomultiplier tube outputs by charge 

era outputs are sampled, digitized and 
routed through a PDP-15 computer onto 
a high-speed drum storage device. A 
software operating and display system 
has been developed. Some applications 
are described. 

provide an exceptional location for an 
imaging instrument of this type. This 
report describes the camera, system 
electronics, computer interface, data 
collection and display software, and some 
applications. 

division. Provisions have been incor
porated into the camera design to 
facilitate changing the scintillator for 
future applications to neutron radio
graphy. 

Figure 1 shows the camera and a cross 
section of one of the detectors. Each de
tector is mounted separately on movable 
hoists. Normal operation of the camera 
is remote from the data acquisition sys
tem, therefore each scintillator, includ
ing its power supplies and signal pream
plifiers, are moved as a unit and con
nected to the Linac computing center by 
three, 50-fl cables. One of the three 
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Fig. 1, Camera and c ro s s section of one detector . 

22 
Pig . 2. Na source in 3/4- in . X 7/16-in. 

diam cylindrical aluminum hous
ing. Source moved 1-in. hor i 
zontally in plane midway between 
detec tors . Detectors a r e 20 in. 
apar t . The re were 12,288 posi
tron events. The full width at 
half maximum is approximately 
0.65 in. 

connecting cables t r ansmi t s scintillation 
intensity information and the other two cables 
c a r r y scinti l lation position information. 

When used to d-.tect posi t rons , the 
pair of detectors a r e positioned facing 
each other and the positron emitting 
object is placed between the detectors as 
shown in Fig. 1. A valid event is r e 
corded whenever simultaneous 0.51 MeV 
annihilation 7 - rays a re observed in the 
two de tec tors . Also, ei ther of the two 
detec tors can be utilizeH as a position-
sensi t ive scintillation detector when con
figured as a pinhole camera o r when used 
with a suitable coll imator. 

Resolution of the camera is dependent 
on many factors a.»d has not been p r e 
cisely measured . However, resolution 
is in the neighborhood of 1/2 in. when 
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Fig. 3. Block diagram of the camera i>lectronics. 

operated as a posi t ron detector, see 
Fig. 2. Maximum data ra te is 0.9 X 10 
scimillat ion events per second and is l im
ited by the drum storage t ransfer r a t e . 
Total drum storage capacity is slightly 
more than 3 X 10 scintillation events . 

SYSTEM ELECTRONICS 

A simplified block diagram of the cam
era data acquisition system is shown in 
Fig. 3. Each camera has five buss out
puts obtained from its charge division 
network. Two outputs contain horizontal 
scintillation position information (+X and 

-X), two outputs contain vert ical scint i l 
lation position information (+Y and -Y), 
and one output is proportional to scint i l la
tion intensity (Z). The position signals 
a r e obtained by directing a portion of the 
output of each photomultiplier tube to one 
of the four position busses . The percent
age of each photomultiplier tube signal 
sent to a par t icular buss is determined 
by the location of the photomultiplier tube 
in the photomultiplier tube a r r a y . Thus, 
a photomultiplier tube located at the top 
of the camera would direct most of its 
signal to the +Y buss , while a tube at the 
bottom would send most of its output to 
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Fig. 4. Simplified schematic of the positron signal preamplifier and the Z axis pre
amplifier. 

the -Y buss. The +X and -X signals are 
similarly obtained. The scintillation in
tensity signal is obtained by directing an 
equal percentage of each photomultiplier 
tube output to the Z buss. 

These five, unipolar, buss outputs are 
connected to charge sensitive preampli
fiers mounted on the camera housing. 
Here, the pairs of unipolar position signals 
are combined to form a single bipolar 
horizontal signal (X) and a single bipolar 
vertical signal (Y). Figure 4 shows a 
simplified schematic of the position signal 
preamplifier and the Z axis preamplifier. 

The position preamplifier consists of two, 
charge-sensitive, input stages driving a 
differential amplifier. This combination 
produces a single, bipolar, position pulse. 
A zero voltage output corresponds to a 
scintillation at the camera center whi'e 
large positive or negative signals indicate 
scintillations at the camera edges. The 
Z axis preamplifier consists of a charge 
sensitive input stage followed by a cable 
driving power inverter. 

The three outputs (X, Y and Z) of each 
camera are now connected to sample and 
hold circuits. The Z outputs are also 
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connected to single channel analyzers 
(SCA's) consisting of KG&G TD101/N dif
ferential d i sc r imina tors . The SCA's a r e 
adjusted to allow t r igger ing by only those 
s ignals having a pulse height cor respond
ing to the energy band of in teres t . The 
timing outputs of the two SCA'a a r e con
nected to a coincidence unit that detects 
simultaneity between the A and B c a m 
e r a s and generates the s trobe pulse when 
the system is operated as a positron c a m 
era . When the system is used as a pos i 
tion sensitive scint i l lator , the coincidence 
unit is bypassed p.nd the s t robe pulse is 
initiated by the A camera SCA. In this 
mode, the B can.era and its e lec t ronics 
c i rcui t ry a re not used. The coincidence 
unit s t robe pulse init iates the s t a r t of thf 
data acquisition operation by t r igger ing 
holding action in the sample/hold c i r cu i t s . 
All six camera outputs a r e held for 
approximately 10 /usee. This t ime is 
necessa ry to allow the outputs of the 
dividing c i rcui ts to set t le and the A/D 
conver ters to opera te . The sample /hold 
circui ts utilize an Analog Devices SHA-II 
unit having a 10 nsec acquisition t ime. 
The sampxed outputs a re connected to the 
divider (ratio) c i rcui ts where the X and Y 
position outputs a r e used as the numera 
to r s and the amplified Z outputs a r e used 
as the denominators. 

The divider c i rcui ts form the ra t ios 
X/Y and Y / Z and compensate for pos i 
tion e r r o r s due to the finit- SCA win
dow size. The dividers a r e Analog 
Device Models 530K. These units a r e 
integrated c i rcui ts having approximately 
1% accuracy and a 1-MHz, smal l -
signal bandwidth. The divider outputs go 
to the A/ D conver ters and the analog 
display unit. 

The A/D conver ters are Phoenix Dafa 
Systems model ADC 700 having an 8-bit 
accuracy and a 3.5-jisec conversion t ime. 
8-bits allows a resolution nf l par t in 256 
which cor responds to a camera distance 
of 1/16 in. The s tar t of the A/D conver
sion is initiated by the delayed s t robe 
pulse that lags the sampling strobe by 
5 usee . This delay is necessary to allow 
the divider outputs to set t le after large 
excursions or overloads. The A/D con
ver te r outputs consist of fight data lines 
plus a conversion complete signal and 
a r e tied into the PDP-15 interface. The 
analog display unit provides immediate 
viewing of scintillation position when the 
camera is used as a positron detector . 
In 1MB mode of operation, the A camera 
and B c a m e r a position coordinates define 
the l ine along which the 7 - rays originated. 
By taking weighted averages of these 
coordinates , the camera can be focused 
to any plane between c a m e r a s . The ana
log display unit forms the averaging 
functions: 

X = aXB + (1 - * ) X A 

Y = » Y B + (1 - a ) Y A 

where a is the normalized distance from 
c a m e r a A to the focus plane. Figure 5 
shows the bas ic display circui t and its 
geometr ic equivalent. The display unit 
outputs a r e attached to an X-Y osci l lo
scope and a r e displayed during the A/D 
conversion t ime by pulsinf the osci l lo
scope unblanking circui t . Figure 6 shows 
the focusing proper t ies when the camera 
is used as a positron detector . 

When the camera is used as a sc int i l 
lation detector, the analog display circuit 
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Fig. 5. Basic analog display c i rcui t and i ts geometric equivalent. 

is bypassed anc -he camera A 
divider outputs a r e applied directly 
to the oscil loscope. Figure 7 shows 
the analog display when the unit is 

used in a pinhole camera confignra-
239 tion. The object is a disc of ' Pu 

with the SCA window set from 0. 4 to 
0.5 MeV. 

Computer Interface 

The computer interface t r ansmi t s the 
c a m e r a ' s A/D converter output data into 
the P D P - 1 5 ' s core memory. When the 
camera is operated as a single detector 
scinti l lator, only camera A is utilized 
and the data consis ts of single, 16-bit, 
x-y coordinate words . For positron oper
ation, both camera A and B outputs a r e 
placed into memory and the data consists 

of pa i r s of 16-bit words. In addition to 
the data, two lines called STROBE AH 
and STROBE BH connect to the interface. 
Signals on these lines indicate when cam
era A and B A/D conver ters a re ready to 
t ransmi t data. A simplified logic dia
g ram of the interface is shown in Fig. 3. 

The input data words a r e connected to 
two, 16-bit, s torage r e g i s t e r s . These 
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Fig. 6. Focusing proper t ies of a camera 
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Fig. 7. Analog display for a pinhole cam
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tUtem VapfcTctJ ht>\e. The ctojeeV te 
a disc of 2 3 0 p u W j t n j n a atuinleus 
steel container. 

r eg i s t e r s Htore the input datn when their 
related strobe linos come true. Once the 
register!) have been set, further data 
words a r e locked out until the stored data 
has been t r ans fe r red to the computer. 
The two s torage reg is te rs a rc connected 
to a lG-bit multiplexor that can connect 
ci ther r eg i s t e r to the CUP- 15 memory 
via the I/O bus d r ive r s . For scinti l lator 
operations, the regis te r A is continually 
connected to the bus d r ivers and the 
t ransfer operation consists of a single 
data word t ransfer . For posi t rons, ret;-
i s t e r s A and B i r e alternately connected 
to the bus d r ive r s and both data r eg i s t e r s 
A and B a re t ransfer red for every valid 
camera event. The remainder of the 
interface logic consists of control and 
timing c i rcu i t ry necessary to utilize the 
computer ' s I/O device seiect lines, th ree-
cycle data break and automatic pr ior i ty 
interrupt (API) facili t ies. The detailed 
operation of these and other FDP-1S 
interface hardware is given in Ref. -l 
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Fig. 8. Simplified logic diagram of the PDP-15 positron camera interface. 

Software 

GENERAL 

Camera software is composed of data 
collection, manipulation and display rou
t ines imegrated into an operating sys tem. 
The software system can be conveniently 
subdivided into four pa r t s ; Data Col lec
tion, Matrix Formation, Matrix Smooth
ing and Matrix Display. These routines 
occupy approximately 4000„ storage loca
tions and util ize the Linac 's high speed 
drum for data s torage . Once the program 

has been s tar ted all u se r interaction is 
through the console teletype. 

DATA COLLECTION 

Data collection is performed using the 
camera interface and the multicycle data 
break facility of the PDP-15 . Data from 
the interface is double buffered onto the 
high speed drum where it res ides until 
data collection i= complete. Drum t r a n s 
fers a r e made by the drum handler 
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subroutine that is utilized by both the data 
collection and matr ix formation rout ines. 
Machine time not utilized by data t r a n s 
fers is used to display the just-fil led 
buffer on the console X-Y oscil loscope. 

The data collection interface is con
trolled by four software commands: 

a. Enable Positron (ENPIOT) 
Operation 701402 

b. Enable Scintilla- (ENSIOT) 
tov Operation 701404 

c. Disable r « m = r a (DISIOT) 
Interface 701401 

d. Clean Camera (CLR API IOT) 
API Flag 701421 

Before issuing any interface commands, 
the collection routine initialized the word 
count and current address locations r e 
quired for three-cycle , data-break opera
tion. These locations define the address 
and length of the first core memory buffer 
to be filled. The use r then specifies the 
s t a r t and end drum storage t r a c k s , 
chooses whether the camera is being used 
as a scinti l lator or to detect posi t rons , 
and sets the camera focus point if the 
camera is used for posi t rons. The data 
collection routine then init ializes the 
drum handler p rogram. The Input-Output 
Transfer (IOT) commands are now issued 
to turn on the interface and the PDP-15 ' s 
API system is enabled s tar t ing the data 
collection. 

Data collection continues until the first 
buffer is filled. At this point data col lec
tion halts while the software reini t ial izes 
the word count and current address loca
tion in order to direct t ransfers to the 
second of the two memory buffers. The 
drum handler program is then s tar ted to 
t ransfer the just-fil led memory buffer to 
the designated drum track. The camera 
interface i? now reenabled and camera 

data begins filling the second buffer. Con
current ly , the drum handler subroutine is 
t ransferr ing the just-filled 3000.,-word, 
memory-data buffer contents onto the d e s 
ignated 3000„-word, d rum-s to rage t rack. 
An average data collection rate of 0.D 
X 10 words/second o r less is required to 
insure that the cur rent buffer to drum 
transfer is completed before the next buf
fer is filled. This data ra te corresponds 
to 0.9 X 10 events per second in che scin
t i l lator mode of operation or one-half that 
in the positron mode. When the second 
buffer is filled, the reinitializing and 
drum-handler activation procedure r e 
peats . Now data i s directed again to the 
first buffer while the just- l l l led second 
buffer contents is t ransfer red to the drum. 
When the final t rack, as previously spec i 
fied by the use r , is to be t ransfer red , the 
interface is disabled, the final drum 
t ransfer completed and the data collection 
portion of the software ts complete. 

During data collection, any unused 
p rocessor t ime is directed to continuously 
scan the buffer being t ransfer red and d i s 
play the X-Y data coordinates on the con
sole osci l loscope. For scintillation oper
ation, the scintillation coordinates a re 
directly displayed. For positron opera
tion, a weighted average of the two scin
tillation coordinates is taken using the 
previously specified focus point to de te r 
mine the weighting. 

MATRIX FORMATION 

Matrix formation software utitizes the 
X-Y coordinate data points stored on the 
magnetic drum to incrementary one loca
tion of a 100 X 100 a r r ay of memory 
locations. The memory location to be 



implemented is specified by the scint i l la
tion coordinates and by this procedure 
one obtains a three-dimensional plot of 
X-Y position vs scintil lation counts (Z 
axis). 

To s t a r t the Matrix formation routine, 
the u se r f irs t specifies the s t a r t and end 
drum storage t racks containing the data 
to be used. The use r then specifies 
whether the data in scint i l lator or pos i 
t ron data and, if positron data, se ts the 
focus point. The routine now c l ea r s the 
memory locations used to s tore the a r r a y 
and then uti l izes the drum handler sub
routine to t ransfer the first specified 
drum t rack into a 3000g-word, c o r e -
memory buffer. Each 18-bit data word 
contains X and Y position coordinates . 
Each of these is 8-bits long and r e p r e 
sents a resolution of approximately 
1/16 in. To fully display these coord i 
nates would require a 256 X 256 grid o r 
65,536 memory locations. Since our 
present computer memory has 16,384 
locations of which approximately 3600 a r e 
required for program s torage , the mat r ix 
formation software uti l izes 10,000 m e m 
ory locations to form a 100 X 100 grid. 

The software operates on the data 
word in the following manner. The leas t 
significant bits of both coordinates a r e 
ignored and the remaining 7 bits a re 
tested to see if they a r e between 14 and 
114. If either the X or Y coordinates a r e 
outside this range, the coordinate pa i r is 
discarded. This method of reducing data 
to a 100 X 100 a r r a y el iminates approxi
mately 11% of the periphery of the camera 
picture and reduces resolution to approxi
mately 1/8 in. With scinti l lator data, 
this testing is performed on the data 
words directly. With positron data, the 

pai r of coordinates a re first averaged 
using the specified focus point and the 
resul tant coordinates tested. If both the 
X and Y coordinates pass this tes t , the 
matr ix location specified is incremented 
and the next data word is examined. After 
all the data buffer words have been exam
ined, the next drum storage t rack is 
t ransfer red into the buffer and the p r o c 
ess repeated. As the matr ix is being 
formed, the valid X-Y coordinates a r e 
displayed on the oscil loscope. After all 
the specified drum t racks have been 
t ransfer red and tested, the matr ix forma
tion portion of the software is complete. 

MATRIX SMOOTHING ROUTINE 

This routine takes two, 3-point ave r 
ages about each nonboundary grid point, 
one average in the X direction and one 
average in the Y direction. The routine 
then ave rages these two resu l t s and r e 
places the original grid point number 
with this final average . Given that N ^ . y . 
is the number of counts in the grid loca
tion X; Y.j, the resultant averaged count 
NXjYj is given by 

^4k.v . , + N X . Y . + 1 

J J L 3 j - 1 j j + l 

+ 2 N V v + N v v

 + N X Y I • 
J J X j - l j J 2 + 1J 

Figure 9 shows the effect of the smooth
ing routine for a typical Y matr ix line. 
Figures 10 and 11 also show the effect of 
smoothing on the different displays. 
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Unsmoothed data Unsmoothed matrix 
Threshold = 2 

X = 0 X = 99 

Matrix smoothed once 

Matrix smoothed twice 
Threshold = 2 

Fig. 9. Effects of a smoothing routine for 
a typical Y matr ix l ine. C r o s s 
section display when Y - 418(33). 
Data from 2 3 9 p u experiment with 
the camera in the s ingle-detector , 
pinhole configuration. 

Fig. 10. Typical i sometr ic display of a 
mat r ix . Data obtained from a 
2 3 9 p u pinhole camera exper i 
ment. 

DISPLAY ROUTINES 

Four software routines, used to d i s 
play X-Y position vs count for al l or par t 
of the 100 X 100 X-Y matr ix on the coa-
sole oscilloscope, a re as follows: 

a. A c ross - sec t ion display that plots 
count vs all X position values for 
any given Y position value. 

b. A head-on display showing all m a 
t r ix points and utilizing the three , 
osci l loscope-brightness levels to 
indicate count value. 
An isometr ic display. 
A contour display showing all ma
tr ix points but displaying only those 
locations having counts lying b e 
tween two specified values. 
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Unsmoothed matrix 
Threshold = 2 

Matrix smoothed once 
Threshold = 2 

Matrix smoothed six times 
Threshold = 2 

Fig. 11. Head-on display data obtained 
from 2 3 9 ^ pinhole camera 
experiment. 

Cross-Sect ion Display 
A typical c ross -sec t ion display is 

shown in Fig. 9. To obtain this display, 
the octal value of the desired Y position 
is placed into the console switch reg is te r 
(switches 11-17). The program continu
ally senses the switch reg is te r and gener
a tes the display for any Y position value 
between 0 and 144,,. Changing the switch 
r eg i s t e r value Immediately changes the 
display. 

Isometr ic Display 
A typical i somet r ic display of the ma

tr ix is shown in Fig. 10. This display is 
composed of c ross - sec t ion displays of all 
the even Y position values. The origin 
(X = 0) of each display is slightly offset 
to produce the i sometr ic effect. Before 
the display s t a r t s , the u se r specifies a 
threshold value. The program then omits 
from the display those matr ix locations 
having counts below the threshold value. 

Head-On Display 
In th is display, a 100 X 100 dot a r r a y 

is formed on the oscilloscope. The 
br ightness of each dot is related to the 
number of counts in the corresponding 
matr ix memory location. This is accom
plished in the program by loading a two-
bit, br ightness regis te r with ei ther a 
binary 0, 1, 2, or 3. Normally only the 
1, 2, and 3 br ightness levels can be ob
served with the three level producing the 
br ightest display. However, the zero 
level can be seen by adjusting the osci l lo
scope 's br ightness control. Before the 
display s t a r t s , the user specifies a 
threshold value and the program finds 
and pr in ts out on the console teletype the 
value of the eighth l a rges t matr ix count 
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called D1SC2. The display program now 
repeatedly scans the entire 10,000 matr ix 
locations and examines each count. If the 
count is l e ss than the threshold value, the 
corresponding oscilloscope dot is omitted. 
If the count l ies between the threshold 
value and D1SC2/4, a zero is placed in 
the br ightness r eg i s t e r and the c o r r e 
sponding point displayed, ff the count 
l ies between D1SC2/4 and D1SC2/2, a one 
is placed in the br ightness reg i s t e r and 
the point displayed. If the count l ies b e 
tween D1SC2/2 and D1SC2, the point is 
displayed with a two in the br ightness 
reg i s t e r . The eight l a rges t values a r e 
displayed at maximum br ightness . F ig 
ure 11 shows the head-on display. 

Contour Display 
This display is an at tempt to observe 

s t ruc tu re and boundaries within the m a 
t r ix . It uses a 100 X 100 dot ci-ray on the 
osci l loscope. Those locations, having 
counts lying within a u s e r specified band 
(window), a r e displayed at maximum 
br ightness . Before s tar t ing the display, 
the u se r c l ea r s the console switch r e g i s 
t e r . This will allow the window scan to 
occur as explained below. The display 
then deterrr ; nes and pr in t s out the value 

Since its construction, the posi t ron/ 
scintillation camera has been used in a 
number of applications with varying r e 
sul ts . Two, neutron-resonancci. radiog
raphy experiments were attempted u t i l 
izing one of the scintillation detectors 
and various subject ma te r i a l s . The ex
per iments were performed with the de -

of D1SC2 as was done in the head-on d i s 
play. The u s e r specifies a threshold 
value and the number of counts in the d i s 
play band (DELTA). The program now 
scans the ent i re matr ix , omitting those 
locations with counts l ess than threshold 
and displaying at maximum brightness 
those locations having counts lying be 
tween threshold and threshold + DELTA. 
All other locations a r e displayed at low 
br igh tness . When one scan has been 
completed, the window values a r e raised 
by two and the display repeated. Then, 
those locations having counts between 
threshold +2 and threshold + delta + 2 a r e 
displayed at maximum br ightness . This 
p roces s continues until the lower window 
value (called CLOW) is equal to o r g rea t e r 
than DISCZ. At this point the display 
s e r i e s repeats by s tar t ing again at the 
threshold value. Thus, tl>« use r observes 
a scanning of the matr ix count contour by 
a moving window. During this display if 
any of the switch r eg i s t e r s a r e enabled, 
*he value of CLOW is printed out on the 
teletype and the window remains stat ion
a ry . When the switch regis te r is c leared, 
the window continues its scan. Figure 12 
shows the contour display for three 
values of CLOW. 

t ec to r ' s output gated to coincide with the 
t ime of a r r iva l of tho neutron energy of 
in teres t . In the first experiment, the 
detector was placed uncollimated in a 
t ime of flight l ine. In the second exper i 
ment, the detector was placed out of the 
line in a pinhole camera configuration. 
In both at tempts , background radiation 

Applications 
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CLOW = 2 
Disputing counts from 2 to 5 

CLOW = 10 8 

Disputing counts from 8 to 13 

CLOW = 30g 

Displaying counts from 24 to 29 

Fig. 12. Contour display data from 239pu 
Pu pinhole camera experiment. 
(Matrix smoothed twice, 
threshold = 2, delta = 5.) 
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Head-on display, matrix smoothed twice 
Threshold = 2 
Disc 2 = 78 

15 Fig. 13. O t r ace r experiment . 2008 
data t r ac k s (98,604 pos i t ron 
events) . 

prevented observation of the resonance 
phenomena. 

A t r a c e r experiment was run using the 
camera as a positron detector . The sub
ject was a dog breathing an a i r mixture 

15 containing O. This experiment was 
performed pr imar i ly to develop tech
niques for future a i r pollution r e sea rch 
concerning the ozone scrubbing p rope r -

15 t ies of the throat. The O was readily 



N ' 3 from 
ammonium 

Cu nitrate 

Analog display 

Fig. 14. Neutron activation experiment. 

I would like to express my gratitude to 
Hal Anger of Donner Laborator ies for hie 
ass i s tance and for camera assembly data and 
drawings and to Don Freeman for his 
abundant help in writing the software. 
Thanks a r e also due to Mario Abruzzo 
and the Linac E. B. and M. E. Shop 

detected; however, no anatomical s t ruc ture 
was observed. Figure 13 shows the experimen
tal se t - up and one of the result ing p ic tures . 

A neutron activation experiment was also 
performed. A standard, half-l i ter , poly
ethylene bottle, containing ammonium ni
t ra te , and a 1-in. X 1/4-in. c o p p e r b a r w e r e 
wrapped in a wool blanket and placed in a 
box. They were then i r radia ted with 14 MeV 
neutrons and la te r placed in the positron 
detector . The resu l t s a re shown in Fig. 14. 

Future experiments now being d i s 
cussed include electron t ranspor t studies 
to be simulated using posi trons and fur
ther medical type t r a ce r exper iments . In 
addition, the units a re available for use 
in general gamma spectroscopy and 
radioactive mater ia l imaging. 

Groups for assembling the units and the 
Linac M. E. Engineering Group for their 
fine design efforts. Acknowledgment is 
a lso due to Paul Meyer for isotope p ro 
duction and to Char les D, Bowman and 
Eugene Goldberg for their steady en
couragement. 
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