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VISUALIZING THE DlST~tmUTlON OF GAMMA-RAY AND POSITRON EMITTERS 

Hal 0. Anger 

Lawrence Radiation Laboratory and 
Donner Laboratory of Biophyeic:e and Med.ic:a.l Phyeica 
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February 9. 1961 

ABSTRACT 

The principle of operation of the scintillation camera, a eenaitive 

type of pinhole camera for gamma rays, ia de•crlbed.. SdntUlaticns occur­

rin,g in a larae ilat sodium iodide cryatal are d.etocted by a bank of 7 or 19 

phototubea. and then are reproduced as flaebee on a cathod.e•ray tube. The 

Qashee are photographed over a period of time and yield. a picture of the 

distribution of activity ia a subject. This instrument has been used for some 

time to visualize the uptake of 1131 in the tb.yroid gland. 

The positron camera, a specialized version of the above instrument, 

utilizes a gamma-ray counter placed on the opposite aide of the subject and 

coincidence circuitry. The pinhole aperture is no longer required. An 

instrument of improved sensitivity and definition ls then obtained. 
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VISUALIZING THE DISTRIBUTION OF CAMMA-RAY AND POSITRON EMITTERS 

Hal 0. Anger 

Lawrence Radiation Laboratory and 
Donner Laboratory of ~iopbysics and Medical Physics 

University of California, Berkeley, California 

Febru.ary 9, 1961 

One well-kuown method of showing the distribution of gamma-ray­

emitting isotopes la by scanning. Another 'l.nethod ls to amplify the light 

produced in a mosaic of scintUlator crystals ln an image-intensifier tube. A 

third method ls by means of the gamma-ray acintUlation camera. This lnatru-

ment, and the positron camera, are the aubjec:te of this paper. 

In the ·gamma-ray camera, a pinhole aperture is altuated in a lead 

camewa body so that it projects a gamma-ray image of the subject onto a large, 

thin oodium-iodicle crystal. The crystal io viewed by seven photomwtiplier 

·tubes arranged with six of the tubes in a circle and the seventh in the center. 

The tubes are spaced about an inch above the crystal. When a scintillation 

occurs, the light divides among the phototubes in ratio• depending on the 

location o£ the scintillation in the crystal. Each pbototube yields a pulae pro­

portional to the amount o! light it receivea. The pulses from the phototubee 

are converted into x ... and Y -axis deflection signals, which indicate tb.e posi­

tion of the ecintUlation in the crystal. These signals deflect the beam of a 

cathode-ray tube to the point corl'eeponding to the location of the scintUlatlon, 

and then the cathode-ray beam is turned on momentarily. The ecintUlation 

is reproduced aa a flasb. on the cathode-ray-tube screen. A pulse-height 

selector is provided to reject acintUlationa not falling within the photopeak of 

the pulse-height spectrum of the iaotopo used. The flashes on the oscUloacope 

are recorded by time exposure o£ a. photographic fUm, usually Polaroid Land 
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fUm, and an image of the distribution of activity in the subject is obtained. 

The scintUlation camera has a number of advantages over other 

methods. There is no line structure to the tmase. since acannins is not em­

ployed. It is concurrently sensitive to all parts of its field o! view, and thus 

can show the distribution of isotopes with rapidly chanztng distribution or 

short half-lives. lt can be. readUy adapted to taking time-lapse motion pictures 

of dynamic processes. 

Remote viewing and recording are quite feasible. When the pulse­

height selector is adju.sted to the photopeak of the most ftlergetic gamma-ray 

present, gamma rays that have been scattered through a large enough angle 

are rejected, whether the scattering occurs in the subject or im the camera 

body, since the gamma rays wUl have been degraded in energy before they 

reach the crystal. The pulse-height selection also reduces background due 

to cosmic rays and stray radiation. 

A sectional view of the camera i8 shown in Fig. 1. The camera 

housing is lead, and the pinhole aperture ie tungsten or platinum for high stop­

ping power at the edges of the aperture. The thallium-activated sodium iodide 

crystal is above the aperture. It is a single solid crystal backe4 with mag­

nesium oxide to reflect maximum light. The bank of seven photomultiplier 

tubes is about a.n inch above the crystal. The tubes are a. minimum distance 

apart and the areas between tho photocathodes are covered by white refiecting 

surfaces. The outermost reflecting surface, near the edge of the crystal, is 

polished aluminum. The epace between the crystal houeins and the phototubee 

ie filled with fhtld for better optical coupling. 

A block diagram of the electronic circuit is shown in Fig. Z. A pulse 

signal indicating the position. of the oeintUlation along the X axia of the crystal 

is obtained by adding eignala from the right-band phototubes. numbers 3, 4, 



and 5, and subtractiag from this the algnals from the left-hand phototubea, 

1, 2, and 6. Similarly. the Y signal ie obtained by adding the al&nal• from 

upper phototubes 2. and 3, and subtracting those from the bottom tubes, 5 

and 6. 

These aignah are amplified and applied to the X- and Y- defiection 

input te~mi.nala of the oscUloscope. A third signal, the Z signal, is obtained 

by adding equally the signal• from all the phototubes. Then ecintUlationo of 

equal brightness produce pubes of equal height regardless of where they occur 

in the crystal. The Z signal is amplified and fed to the input of tbe pulae-height 

eelec:tor, which i.a usually aet to the photopeak of the iso\qpe being uaed. The 

output of the pulse-height selector goes to a shaper-and-delay circuit, which 

shortens the pulaes and delays them so that they eoindde with the peaks of the 

X andY poeitioning signals. The shortened pulses are then applied to the in­

tensity input of the cathocle-ray oacUleacope, where they turn on the beam 

momentarUy and reproduce the desired scintillations. 

SlllAeiUvttr and Resolution 

The inherent resolution and linearity of the crystal and phototube 

combination were determined experimentally in the following way. Fifteen 

gamma-ray beams, each about 1/8 in. in diameter, were directed at the crystal 

£rom holes in a block of lead, aa ebown in Fig. 3. The sources ln the central 

part of the pattern were 1/2 in. apart and the others 1 inch. A picture of the 

resultina pattern b shown in Fig. 4. Each source appears to be about 1/4 in. 

in diameter, referred to the crystal. 

The resolution of the complete camera, including the pinhole aperture, 

is shown in Ff.a. 5. The source of gamma rays in this case wae a pattern of 

1/4-in. -diam sou.rces of 1131 . The spacing between sources was 2 in., and 
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the pattern was 10 in. away from the camera. The fou.r pictures were taken . 
with 1/4, 3/16, 1/8, and 1/16-in. aperturea. 

Tlle effect of exposure time and subject activity on the quality of the 

pictures ie shown in Fig. 6. The two pictures on the left were taken. of a 

thyroid phantom ccmtalalna 6.1 11C of 1131 • A 1/4-ln. aperture wae used, and 

expoeure times were 1 min for the u.pper plct\lre and 24 min for the lower 

picture. The two pi.cturee on the right are of the same phantom, except that 

it contained 30 .,.c. The aperture size was 1/8 in., and tbe exposure times 

were 9 min and 35 min. 

The main cause of definition loa •• aside !rom that du.e to the finite 

size of the pinhole apertu.re, la £:rom atatt.atlcal fluctuation• in the X andY 

positioning algnals, whlcb a'l'e in tu:rn caused by stadatical O.uctuatlona in the 

photomultiplier tubes. On the averaae only 40 to SO photoelectrons are re­

leaaed from each pbotot\lbe by photopealt acintUladoner floom the 0.36-Mev 

gamma rays of 1131• The number of photoelectl'ona is, ot course, aubject to 

statistical nuctuatioua, and an uncertainty in placement of the flashes on the 

oscUloecope screen realalte. Thia uncertainty corresponds to a diameter of 

about 1/4 in. m the crystal. 

A second cause of definition loss h due to Compton l"ecoUs that 

sometimes produce a secondary gamma-ray J."ecoU lathe crystal. When a 

Compton recoU occurs. a weak scintUlation and a secondary gamma ray· are 

first produced. The secondary gamma ray travela a. clletance in the crystal 

and may produce a second acintUlation. The total amount of light produced 

ia then the same aa that which Vlould be produced U all the energy of the gamma 

ray were spent in a single recoU. Therefore, the reaultina aipal passes the 

.pulse-height selector, and a flash appears on. the cathocle-ray tube. Tb.e flash 

b located part way between the pointe that represent the two acintWatione. 
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131 The average distance a secondary gamma ray from 1 travels in the crystal 

ia about 6 mm. and the reaulting flashes are misplaced an average distance 

equivalent to 3 or 4 mm in the crystal. Moat secondary gamma raye escape 

the crystal without producing secondary recoils. however, and the ecintUlatlone 

produced by the initial recoU are rejected by the pulse-height lielector. 

The scintUlation camera hae been used for the paet 3 years to take 

pictures of the thyroid glands of more than a hundred patlente. An example 

is shown in Fig. 7. 131 Pictures such ae these are taken with S to 10 f.I.C o£ 1 

in the gland, and expoeure times of 5 to 20 min. Ueu.ally a 3/16- or 1/4-ln. 

diam aperture is uaed, and the distance between the aperture and the thyroid 

le about 4 in. Three thousand to :sbcthbusand ,dots are recorded. 

Positron Camera 

It became apparent a short time after the acintUladon camera wa.a 

bullt that the imaaina crystal and phototube assembly used in the acintUlatlon 

camera would. have unique advantages when uaed with positron emitters, and 

that sharp lmagee o£ positron-emitting subjects could ~ obtained without the 

use of a pinhole aperture or other collimator. . 

Figure 8 shows a. camera £or positronMemitting isotopes that is now 

in operation. lt consists in part of the crystal and phototu'be assembly, com­

puting circuit, and cathode-ray oscUloacope, such as the one described for 

the scintillation camera. Additional components are a scintUlatiou counter, 

a second pulse-heigbt selector, and a coincidence circuit. 

The image crystal ia placed on one side of the subject, and the scin­

tUlaticu counter is placed on the opposite side at some distance. When a 

positron ia annihilated in the subject, two gamma rays of 0.51-Mev energy are 

produced, that travel away in opposite directions. Wb.en one gamma ray pro-

duces a count in the scintillation counter, the other gamma ray impinges on 
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the image crystal at a given point. If a scintillation is produced in eath.crystal. 
·, 

the pulses actuate the coinddence circuit, and a flash cor~esponding to the 

location of the scintillation in tho image crystal is displayed on the cathode-ray 

tube. All other scintUlationa occurr.ing in the ima;e crystal are rejected. 

Th\ls the coincidence circuit selects. from many scintUlations occur-

~~ in the crystal. those that form an imaae of the distribution o£ activity in 

the subject. The eclntUlaticn counter is a point o£ focus of the gamma-ray 

pairs that form the image. Oamma rays that 'h.a.ve been scattered appreciably 

by Compton scattering are rejected by the pulse-heiaht selectors. 

Figure 9 shows a picture obtained with this instrument. The subject 

consisted of ll small sources of salU.um-68, a short-lived positron emitter. 

Tb.e pattern contained 4 fA.C o£ activity. Exposure time was 1 min and the 

subject was about 1 in. away from the image crystal. 

Most ol the backgrouud. is due to gamma rays which have undergone 

multiple scattering in the image crystal. Background due to coamic rays. 

and ordinary room background, is lese than 1 count per minute. 

The image crystal in this camera ia 8 in. in diameter and 1/4 in. 

thick. Nineteen pb.ototubea are arranged in a hexagonal pattern over the face 

of the crystal. The colncldeuce detector consists of a sodium-iodide crystal 

2 in. in diameter by 2 in. thick and a single phototube. Obviously, the best 

definition ia obtained for thin eubjecte that can be placed quite close to the 

image crystal. However. the camera can also be used to advantage with 

relatively thick subjecte. eucb as the brain and liver. and teste are under way 

at present to determine ita useiulnesa in this regard. 



Lead housing 

MU-13578 

Fig. 1 



Z signal 

Fig. 2 

X-oxis 
input 

Y-oxiso-1-----' 
input 

..._ ___ _,Oscilloscope 
MU-13577 



Ba 133 sources at bottom 
of I V2

11 
x 1/a

11 
diem holes 

Fig. 3 

Top view 
of lead 

MU-16744 



ZN-2205 

Fig. 4 



ZN- 2208 

Fig. 5 



7.N-220 7 

Fig . 6 



Fig. 7 



Scintillation 
_ counte_? 

Pulse- height 
'-- selector 

(set at ·0.5 Mev) 

1 mage crystal 

Photo­
multi pi ier 1--­

assembly 

Subject containing 
positron emitting isotope 

Pulse -height 
selector 

--------., z signal (set at 0.5Mev) f-

ond . Coincidence 
circuit .-- Pulse-comput1ng 

circuits 

t y signal 
1 
~ signal ,-Intensify input 

' ""- ~ II 
CirCUit J Puls~-sh.aping ~~ ~ 0 

Fig. 8 

L----t~-o X input 
....., y input 

Cathode- ray oscilloscope 
MU-16745 



t ·~ l '·, .-' · •, 1 -

-t 

' • ~· • . •• I ~~' "fv I :t•' •• 4.' • • • ~I( • • • , . 
• 

• ... ... • 

~ ... "' • "~ ,,~ ·t •;& A 

~·· . ,.. .... ' , . . '• ... .. • ,.., 

• 

·~ • \ I -
·~ ;~· 

•• 

ZN-2684 

Fig. 9 




