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PIIULTIPLE-CRYSTAL G m - R A Y  S P E C m m  

ABSTRACT 

A multiple-crystal spectrometer has been constructed 

POP measuring gamma-ray spectra of interest  i n  shielding 

work. This instrument mcbkes w e  of NaI-T1I crystals, 

5819 photomultipliers and electronic pulse height 

selee%ors. 

production t o  provfde a unique energy response. 

sensftivity and yesolution are quite adequate fo r  shfelding; 

measurements. The sensitivity has been calibrated 

abssh%ePy by emparison w i t h  a standard ionization cbaabar. 

It u t i l i zes  either the Campton effect  or p a f ~  

The 

Several spectra 

in this report as  examples of the type of results that -7 

be ob.t.cairraed. 

radioactive sources have been included 

- 3 -  
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MULTIPLE -CRYSTAL GAMMA-RAY SPECTROMETER 

INTR ODUCTI OM 

c 

This report describes the development of a spectrometer t o  be 

used for the meersupemeat of cseupma-ray spectra *om the Bulk Shielding 

Reactor and *om shielding materials surrounding it. A scint i l la t ion 

counter was chosen as  having the best chance of successful operation. 

Hofstadter,"' Bell,'*) and others have shown that a NaI-T1I 

crystal with a 5819 photomultiplier tube may be used as a gamma-ray 

spectrometer. It was further shown 'by HofstadterC3) that a unique 

energy response could be obtafned i n  the low-energy region by using a 

second crystal  t o  detect Conapton-scattered electrons. 

the second photomultiplier was used t o  operate a gate c i rcui t  so that 

The signal f r o m  

only pulses corresponding t o  Conapton-recoil electrons were detected. 

Since the scattering angle was fixed by the chosen geometry, the 

incident gama-ray energy could be determined directly &om the recoil  

energy-. If the crystal  which detects the scattered gamma ray i s  

placed in  the backward direction, a rather large solid angle may be used 

without appreciable change in  the energy of the recoi l  electron. Thus 

the sensit ivity may be made large enough t o  be usable and a unique response 

~ 5 . 1 1  be obtained. That fs,  a monoenergetfc gamma ray gives r i s e  t o  

(1) J. A. McIntyre and R e  Hofstadter, "Measurement of Gamma-Ray Energies 

42) P. R. Bell, "Pair Production ryrii Photo Electric? Effect and 

(3) R.  Hofstadter and J. A .  McIntyre, "Measure!aent of Gslrma-Ray Energies 

with One Crystal," Phys. Rev. 3, 617 (1950). 

Scinti l lat ion Phosphms," Science - 112, 7 (1950). 

with Two Crystals in Cofncidence," Phys.  Rev. - J'8, 619 (1950). 

7 
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only a single peak. It i s  the lack of t h i s  unique resgonse which 

c 

severely I f m i t s  the use of a single c ~ y s t a l  as a device for  measuring 

continuous spectra. 

The Conpton spectrometer discussed above loses i t s  unique re -  

sponse for gama rays which are energetic enough t o  give rise t o  

pair  production. Annfhflatiora quanta t r i p  the auxiliary crystal  and 

pass pulses corresponding t o  electron pairs .  These, of course, occur 

wfth a dlffe-rent energy than the Cmpton-recoil peak. I n  order t o  

ppeserve $he mfquenessj ft was suggested by Hofstadter and others tha t  

a th i rd  crystal  be added opposite t o  the second. Colncidences from the 

two auxiliary crystals would be used t o  gate the electron-produced 

pulse, Such an instrument w a s  developed by J o h a n ~ s o n ( ~ )  and inde- 

pendently by Bafr and Mafenschein. ( 5 )  

The l '.Lter instmment, whfeh led t o  the development of the spectrome- 

ter imdep *onsideration in  t h i s  report, i s  discussed more completely in  

EI, NEPA re: TC. 

I 

(41 

It - . 1 i be noted that  the pair spectrometer dfffers  f i o m  the 

cor!!pi;ors. 1 - xt Pn that %he dfrectfon of the incident gamma ray need 

not 1: ...a fn  orcier tm determine the gamma-ray energy. 
I \  

(4) 

( 5 )  6. K. B a i r  and F, C, Mafenschefn, "Three-Crystal Scint i l la t ion 

(6) 

Sven A .  E. Johansson, "A Scfnt i l la t ion Spectrometer for High Energy 
Gamma Rays1" Nature If%, 794 (1950). 

Spec t rme te r  , " Rev e Sei .  Ins- 22, 343 (1951) . 
Gamma-Ray Speetrosmpy Using NaI-TU Crystals,'' MEpA-l7Ol (1951). 

J. X. B a l r ,  F. C, Mafenschein, and W .  B e  Baker, "Multiple-Crystal 

- 8 -  



EQUIPMENT 

Specifications of this par%icular spectrometer m e  given in  

several illustzstions. 

of the crystaTs which are  si the following sizes. The inifietl crystal, 

A ,  is a right cylinder P in. i n  diameter and 1 in. high. The auxiliary 

c~ysterfs B and C are sight cylinders, 1.5 in. in  diameter and 1.5 in. 

high. 

7/8-in. hole through the &ine lead shield. 

.in the forward directlon. 

6 in, of' the coP%Sraator so that. it m i g h t  be replaced by a solid plug. 

The 2411. Prole a t  t he  back of the shield allows the beam t o  escape 

without strong back scattering, 

hole and the necessity of keeping c rys t a lB  close t o  A for reasons of 

intensity required that the scattering angle be large. 

chosen, 135', l i m i t s  the Cornapton spectxometer energy resolution t o  about 

2 6  f u l l  wfdth a t  half maximum at 0.5 Mev. The only l i m i t  on the pair 

spectrometer i s  the resolution of" Crystal A.  Figure 2 i s  a side view, 

showing the arrangement of the photomultiplier tubes and crystals, and 

Fig, 3 fs a photograph of t h i s  arrangement, showing i n  addition a 

"bmal" box which could be used as  a spec t rae te r  housirrg;. 

was l ight-t ight and waterproof, a s  was the lead-filled container shown 

i n  Fig. 4, 

two tons of high-purity Canadfan lead, 

Figme 1 is 8 top section showing the position 

This section also shows the csll ination which consists of a 

There i s  additional lead 

A removable sleeve i s  placed In  the f i r s t  

The use of such a large collimating 

The angle 

This box 

The shielding material used in the lead housing -8 about 

W i t h  the known average scattering angle of 135', it is possible t o  

calculate %he Carmptm-scattered gamma-ray energy for any i n i t i a l  gamma- 

ray energy, The A paph of' such calculations i s  reproduced i n  Fig, 5. 

- 9 -  
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energy of an electron pair i s  also plotted, although this energy i s  

,just 2 %e2 l e s s  than the gwnm-ray energy. 

l ines represent *e energies of gaum radiation frm various radio- 

active sources which were used for calibration purpoees. 

The dotted hlvrizontal 

The pulse dfstribution obtalined Won crystal  A w i l l  be just  that 

of any single crystal spectrometer. 

used, crystals B and C w i l l  respond principally to  scatteped radiation. 

All the scattered radiation which it is desired t o  count w i l l  have an 

However, with the collimation 

energy 5 % ~ ~ .  Figure 6 shows the gamraa-ray spectra observed i n  

crystals B and C with ThC” (mainly 0.59 and 2.62 MeV.) r8diatiOn 

incident on the i n i t i a l  crystal. 

selector i s  set  i n  order t o  accept only the desired pulses. 

obvious that  there are few pulses outside this energy region with the 

point sovrce used, 

The arrow shows how a pulse-height 

1% i s  

However, with reactor-produced gamma radiation, the 

pulse height selector is necessssy t o  reduce chance coincidence8 and 

multiple scattering events. Even 6 in. of lead i s  far from black t o  

gamma rays of moderate energies but practical  considerations i n  

handling the spectrometer quickly l i m i t  the thickness of lead. 

Crystals 

The sodfum iodide-thallium-activsted crystals were a l l  furnished 

cut roughly t o  size by the Hapshaw Chemical Cmpany. 

treatlnent consfsted of polishing in  a dry box with baked polishing papers 

nos. 180, 240, and 600. The crystal  was then opt1fxU.y sealed t o  a 

fucite lite-piper with Dow Corning stopcock grease and placed in an 

alminum can lfned with shiny aluminum f o i l .  An air-t ight seal was 

Subsequent 

- 15 - 
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made by means of an O-ring pressing aga-fnst a lite-piper as shown i n  

Fig. 2. 

more stopcock grease. 

and crystals. 

The lite-piper was sealed t o  the photomultiplier tube with 

F f p e  7 i s  a photograph of the two sizes of c a s  

With thfs  method of crystal  caning, the resolution 

decreased somewhat over the first few days and then stayed appr0zisra;tely 

constant fop periods up t o  several months. 

sealing method coyPd be achieved, but attaining the very best resolution 

Undoubtedly, a better 

should not be necessary for shielding research. 

Photomultiplier Tubes 

O f  a t o t a l  of about forty 5819 photomultiplier tubes which were 

tested, two were f ' a ~  superior t o  a l l  the rest. One of these was used 

with crystal, A,  which i s  the only tube fkom which the pulse height 

needs t o  be known accwatel,y. The t e s t s  mentioned above were mde with 

a good f.3-in. crystap a d  a cd37 source, the cri terion of performance 

being the peak-to-valley'rafio of tbe Cs137 photopeak. The same dynode 

voltages were used fop a l l  tubes since optimization of these voltages 

seemed t o  affect  only the amplification of the tube and not the resolution 

obtained. 

corresponding t o  a full width a t  half maximum of about 13$. 

The best peak-to-vafhey r a t io s  observed were about 25 t o  1, 

El8c tr onic Conrponent s 

Block diagrams of the two spectrometers are  shown i n  Fig. 8. Signals 

f'ram the photomultiplfer tubes wefe modified by a pre-amp so that  they 

might be sent through a 754% cable. A c i rcu i t  diagram of t h i s  pre-amp 

i s  shown i n  Fig. 20 i n  Appehdix IIe 

by Atomic Model 204 B linear amplifiers which were modified by delay-line 

The signals were amplified further 

shaping the input pulses. The pulse height analyzers used(7) had the 

(7) J. E. Frsncia, P. R .  Bell and J. C. Gundlach, "Single-Channel 
Analyzer," Rev. Scf . Igstr. 22, 133 (1951) 

- a7 - 
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output pulse shwtened i n  order t o  operate a coincidence circuit .  

Further, the Wfndow widths for Bir;lal.yzers B and C were widened From 

0-1* t o  o-aoo$. 
AnalysPs of tihe pulse he-fghts before making coincidences pemi ts  

the use of a simple coincidence c-P~~uit i .  

certainty about tinae delays i n  t he  analyzers. 

that these are l e s s  than about, O e 5 ~ s e c  and tests w i t h  varlous combi- 

nations of pulse heights showed %hat BQ coirrcidencers are lost .  

oofncibnce c f ~ e u f t  umd (Fig, 211, in addition t o  operating as a 

2- and 3-cBusncl coincidome cfrcuit, could also be operated w i t h  two 

channels i n  cofncfdence md one i n  raticofrcidence. This feature was 

It also introduces an un- 

However, it appeass 

The 

not used fn  the presen% expePfmen%r, 

of -1.5 /usee, 

105 sealer or a sfapPe data taker which was constructed far this  purpose 

The cfrcui t  had 8 sesolvfag t iBe  

Coincidence pulses were either recorded w i t h  an Atonic 

since no commerfeal units were available. 

of aa Atomic 101 M scaler, modified t o  scale P ( n  = 0 t o  6), wbich 

stored counts on a bank of registers. 

analyzer A. 

M e  Henry of the Physics Dfrisfon. 

Tbis unit  (Fig. 22) consisted 

Between counts a rotor adjusted 

The data taker vas designed by Robcrrt G. Cocbran and Keith 

The high-voltage power supply used 

for the photamultfplfe~ tubes has 'been described. (8) 

- 20 - 



l?Em?mAm Emcm 

It has been shown repeatedly that the l igh t  pulses nCaer NaI-T11 

. 

crystals are proportioaralto the energy l o s t  by an electron i n  the 

crystal  i n  the energy region of interest  here. Therefore, by using 

sources of known energy, the pulse height may be calibrated i n  terms 

of energy. Due t o  the natwe of the electronic equipmen% involved, 

such energy calibrations mast be made i n  connection with each runr 

However, the over-all response must s t i l l  remain constant during the 

run and therefore the effects of temperature on a crystal  and tube 

were determined. 

the whole apparatus in  an air-eondf%ioned room, a course which was 

followed with the electronic components 

could not axways be moved into an air-conditioned room, however, so 

the reaponse of a single crystal  spectrollaeter was neasured as  a 

function of t q e r a t u r s .  The crystal  and tube were mounted in  a lead 

brick shield which also served a s  an insulator and maintained a rela- 

tively constarrt tempePatuPe. 

and cooling was effected K p t h  d ~ y  ice. 

were made with a thermocouple a t  the crystal .  

plotted in Fig. 9 correspond t o  the @&7 peak which was measured a t  

each temperature. 

over-all variation in response, but fmtunately the curve i s  relatively 

f l a t  at room temperatures in Oak Ridge. 

effect due t o  the very lapge mass of lead, no troubles have been 

experienced due t o  temperature drifting. 

The simplest solution of" this problem i s  t o  place 

The 2-1/2-ton spectrawter 

Heat was supplied by a soldering iron, 

Temperature measurements 

The pulse heights 

The resul ts  show +&at there is a very definite 

With the further stabilizing 

Before *king under-water 

measurements, however, the spectrometer was allowed t o  stand for 

several hours in order t o  reach a teaperatwe equilibrfum. 
- 21 - 
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Theoretical 
t 

1 Theoretical. predictions of %he sensitivfty of' both the Cospton 

and paiP spectrometers ~ v B  been made by R. He RItehfe of the Health 

Pby'eics Division, ORNL. These ea%culatfons are reproduced in  

Appendix I of th i s  report, a d  %he restilting curves: are plotted as 

solid l ines i n  Fig. 13. Two @mipa$ assumptions were Hade i n  

carrying out these ealeula%fons, - One fs that  the p~fnrapg crystal  i s  

uniformly irradiated, euzd 

are large carpared to  the cpys%af dlrueters. While the f irst  as- 

amptian i s  probably a very good one, $he sarcosd is far from V a l i d .  

.govever, not making t h i s  asmaption would require extensive numerical 

integrations whfch do not seem t o  be justfffed in view of other 

uncertrinties. 

is that  the d=l.s$anees between crystals 

Erraps introduced by this second assumption primarily 

affect the absolute aagpitude of %he sensftivity rather thim thq 

shape of the curvee 

Exper  Mental 

Experimental bterminatfons of the spectrometer sensitivity were 

made by reaming the ~ e a o n s e  fpaa sources with known decay schemes 

and known source strengths. The sources used a r t  listed in column 1 

of Table I, together wfth their  g--ray energies in column 2. The 

recoi l  energies l i s t ed  i n  the next colura were detemlned from Fiq. 5. 

The decay schemes and disintegration energies were taken from Huchar 

mta. (9) - 

( 9 )  K. Way et .1 - Huclew Data, - BBS C-freulacp 499 (1950). 
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Source 

Po-Be 

ThC”.. 

ET Mev 
(7-ray energy) 

0 282 

411 

. 663 

1.17 

1.33 

1.38 

2.76 

2.76 

4.45 

2.62 

TABU3 I (Fig. 10) 

R e s u l t s  of Intensity Calibration 

Pulse 
Heighl 

404 

10.2 

18.0 
7 

3704i 
42 9 
44.0 

101 

68.0 

134 

61.5 

Source 
Strength 
(curies) 

0484 

.051 

0 332 

8016 

0195 

.0195 

00059 

.25X1O6 
P s/sec 

- 

Source 
D i  stance 
(meters ) 

58.8 

9005 

475 

2610 

32.1 

32.1 

427 

430 

- 

N 
(counts 
per sec) 

0.59 

0 e 925 

6.87 

25.8 

0.264 

0 . 176 

0.47 

0.61 

10.0 

10.2 

U.5 

9.9 

8,2 

5.5 

0.47 

lo@ 

0064 

Probable 
Er ro r  + c 



Sotires str.ngths of a l l  the sources except twc, which w i l l  be 

discussed later, were measured with a standard ionization chamber. (10) 

There reamensbats were made by J. P. Gill, Roseapch Director's Division, 

QRX.,. Several readings were taken with the sources of short half-l ife.  

For a determination of the disintegration ra te ,  aeeount was taken of the 

absorption of the gamma radiation fn and for  the lawor energy 

sources, of the effect of internal conve~sfsn and absorption of the 

accompanying X-rays. !€%e resulting soume strengths are given fn  column 

5 of Table I. 

. The resrpanee of the spectronater t o  these sources fs shown in  

Fig. l l ' i n  which the counting ra te  i s  plotted as 8 iuaetion of pulse 

height. Distances from the soupees are l fs ted in  eoluniu 6 of Table I. 

The sources were aligned accurately with the spectrometer collimator in 

a l l  cases. Pulse height8 of the varfous peaks are plotted against 

8 onergies of the  recoil  electrons as shown in Fig. 12. It i s  IntererWng 

t o  note that  a relatively straight l ine i s  obtained even though these 

measurements extended over a perfod of two weeks. In mder t o  obtain 

the sensitivity curve, Fig. 13, the areas under the peaks of Fig. 11, 

which w e  l i s ted  in calm 8 of Table I, were divided by the kncnm gamna- 

ray flux, colrpla 7. !Fhe reBUlt3ng sensi t ivi t ies  a re  l i s ted  in column 9, 

together with an e s t a t e  of the exporherital er rms .  The mafn con- 

tribution t o  the error i s  frcm the s ta t i s t lca  fn the spectral measurements. 

- 25 - 
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sources above the fiordzsn%al Pine in ?Fable I,  which were used in the 

but a r a t io  of the pa-fr-%o=Cmptcm c m t i n g  ~ ~ $ 8 8  wus &%esaPined. Then 

if the Carrpton sensitivity i s  %aka;ra leaam %he curve, a psi& on tRe pair 

sensitivity curve my= be obtained. 

It was very deoirabXe $0 sx%end %h:e pair  ealibrstion %o higher 

energies, but no radioactive s8193peei of aseibl,e PhaIf-Piie emf% appreciable 

numbers of gama ~ q y ' s  naore energe%fc than Ha2& [2,%& Mev.), 

g-a rays fPm an excited state @f CB2 wy be produced with a Po-Be 

neutron source. 

HmverP  

The moat prmfne~l glaps~eb ray (P$,45 MeV. may be easily 

and low intensity. In any even%, sather a rays aceout  fop less than 



lo$ of the disintegrations. 

an errtinate of tho  nunbar of 4.45-HerO q u u  r y o  per neuts9an vaa ueeB. 

The 

FOP dotemining Cho pair sensitivity, 

available data is t ha r t  of Roberts,(l3) who aorrtsrod r r l a t ive  

lntensltiee of noutrono leading t o  the ground s ta te  and 4.45-Hor. level 

i n  two directlono, 0’ and 180’. Since nothing else is knm about the 

angular distribution of this reaction and the values a t  0 and 180’ were 

equal, t h i s  brenchlng r a t i o  (63$ t o  4.45 Mev. level)  was uoad. 

bgrees closely w i t h  a value used by Temefl(12) who does not indicate it@ 

This 

derivation. The neutron source strengths of Po-Be eources are determined 

by comparirron w i t h  a standard s w c e  with a long counter. 

there values then gave the gamma-ray fntenrfty of tlw I’o-Be source a d  

The use of 

thue another point on the pair sensit ivity curm which also agreed with 

the thoeretica~ curve weU within the asmined I f r i t e  o f  error. (Also see 

discussion of the I’o-Be gamna-ray o p e c t ~ t n  on page 34.) 

Because of the rather surprisingly cloae woenont  of the exporlnental 

and theoretical sens i t i r i t ios  over the energy interval which is available 

experirentally, it i s  considered ,justifiable t o  use the theoretical 

expression as UL extrapolation t o  higher enorglea. 

(13) J. 8 ,  Roberta and W .  1. Ouies, “Energy Lovela in C12 fior Be9 
(afa)c12in 

c-icrtioeh t o  J. It. Bair. 
a x *  81, 317 (1951); also J. P. Roberts, privato 

- 30 - 



. 



UNCLASSIFIED 
DWG. 12840 

I I I 

x x  
X 

PULSE HEIGHT 
I 20 40 60 80 lo;, 

FIG. 14 SPECTRA OBTAINED WITH A C S ’ ~ ’  SOURCE 

-32- 



n 
c .- 
E 
\ 

U NCL A S SI FI ED 
DWG. 13122 I o4 

5 

2 

I o3 

5 

2 QUANTUM STRIKING 
QUANTUM ESCAPIN 

I o2 

5 

2 

IO 

5 

2 

I 

5 
ONE QUANTUM STRlKlN 

2 

IO '  
0 40 60 80 100 120 

PULSE HEIGHT 
20 

FIG. 15 SPECTRA OBTAINED WITH A 4 mC ThCN SOURCE 

-33- 



Since a sar~ple of was available which had been irradiated 

with neutrons six months prerfously, &e gamma-ray spectrum was eraained. 

The rosults, which were slurprfsfngly simple, show a single prominent 

peak a t  0.72 Mer. (see Fig. 16). 

2rg5 (Er  =a71 Mev.) which would 'be i n  equi l ibr im with i t s  da#ter, 

35-day Hb95 (E, =0.76 Mev. 1. 
with the 1 6  resolution available a% t h i s  energy. 

This i o  most l ikely due t o  65-day 

The two gaaM rays would not be Beparated 

Po-Be - 
The gamma-ray spectnur emitted by a Po-Be source i s  of interest not 

only from the point of view of intensity calibration (see page 30) but 

also because the spectrum itself is still i n  question. 

gama-ray energies (2.7, 4.5 and 7.0 Mer.) listed by B ~ ) t h e ( ~ ~ )  and 

Dzelepov,(l5) one (at 4.5 MeV.)  has been repeatedly 

prominent peaks in Fig. 17 correspond t o  t h i s  gslagaa ray. 

results(l*) with a 180° focusing pair speetrcmneter indicate that the 7.0- 

Of' the three 

and the 

Teprell's 

Mev. gsmra ray cannot be present w i t h  an abundance 7 0.s of that of the 

- 4.54ev. gamma ray. However, the sensftivity of the 180' spectroaeter 

was quite low i n  the region of 2.7 Mev. and P f t t l e  could be said about 

the existence of t h i s  gamaa rayo 

- ~ 

(14) W. Bothe, "Kernspektren Efniger Leichter Atme,? - -  Z e i t s .  f .  Physik. 

(15) B. S. Dzelepov, "Hew Method of Measuring the Znergy of Hard Gam 
- 100, 273 (1936) 

Rays,? Ccmpter Readus, U.B.S.S.& Roe 1, 24 (1939). 
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be l r o r  #an IO$ (LI 8bwila~t as %b bQ5-Mm. graraea, ray, A elewer con- 

oluaiwa omnot be rerehe8 boeause of %be pms;eme si a bwkgPound fn 

this energy region. 

scattering since it io uaur9u ~ ~ C B S W &  t o  acme exlea% in a l lneamements  

and decreases with t3ecreasOn.g eout rate, 

due to three-fold chance eofsxfdenaees, but scme e o u t o  might be due t o  

two-fold chance cofncidences combined with cross-crystal scattering. 

Other calculations by R. H. Ritchfe hiwe shorn %ha% them lower energy 

pulses mar not due to negatfve electrons aecrpbg from the i n i t i a l  

crystal  or t o  loss of energy as bremss.$plroihpplag. It was not practical. t o  

reduce the countfng rate i n  this axperfnent since one of the two spectral 

runs in  Fig. 17 required about 120 &. 

T b l o  background is preaumabu due t o  gross-crystal 

The backpound counts w e  not 

There two runs ware made ~5th two differeat sources, !Che top curve 

uood a-O.l-euris source at a dfatmce of-2 fn. *om the initial crystal, 

while the bottom pun was rrde with a 4 . ~ - m r i b  source at -1 ft fPar the 

i n i t i a l  crystd l .  The I O W " ~  s$~sqgtpls Pistea, sf c w m ,  partatn t o  

alpha emission rat he^ than gamma rays, 

enclosed fn an rlurinum contafner@l/8 in. thick, while ' b o a  sou~ces were 

contained in the usual nickel capsule, 

were mounted i p L  the l l 4 - f ~  thick "barrf" Box. 

the m o d i r t a  vicinity of the experfmental setup. 

did induce ac t iv i t ies  in the erystaf, but them pmdUCed only a mala 

fraction of tl. counting shown ~ p 1  %he epaph. 

The larger sowce capsule was 

The phstgnuLtipfier and crystal. 

There was no hyd~ogen in 

l!#eu%rcms &OI the 8ource 

- 3% - 



A multiple-cwyotal scint i l la t ion spectrometer hcts been 

developed which has an essentially unique response to 

monochromatic gamma. rays, It has been tested with several 

radioactive sources and appears t o  be capable of measuring 

gamrna-ray spectra from the Bulk Shield-fng Reactor and *on 

shield samples. The spectrometer u t i l i zes  the Coapton 

effect with a resolution of -17% a% 0.7 Mev. and a sensitivf%y 

of 1.4 x cts/y/cm at  th i s  energy. As 8, pair spectrmeter 

%he resolution decreases t o  7s at 6 MeV. witb a sensitivity 

of 2 x 10-3 cto/T/c&. 

2 

~ h o  pair eomit iv~t ty  a t  2 MeV. is  

2 10-4 ctP/7/cr2. 
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f 

Theoretical Calculation of" Ef"ffcfency - R .  H. Ritehie, IPesPth Physics 
Dfriafon, ORrjL 

ProbabKLi.t;sp of pe,aetiratforr into tehr p r i m a r y  crystal a d  

rrOPp8kCO 8 f h P  N8%te??. 

?roba$Plit~ of capture of gamma in  secondary crystalo 

Solid mgle subtended by o e c o m d ~  crystal at the center 

of the primary crystal (steradiano) . 
~rirapy gama ray or i ts  energy in %c* units, 

SecoM-7 gamma ray QT its energy fn %c* units;. 

radius of prirapy crystal (l in. ) . 
radius of secondug crystal (l-3./2 fn. 1. 

*ohair = v q 4 s  r a n .  
f - gamma-ray flux (photons/cm2/see) 
v - effective volume oi arystal (caa3). 
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Compton Scattering - Efficiency 

A s  sump t i ons 

1) A l l  primary garamas are assumed paral le l  and secondaries are 

assumed t o  leave the crystal  i n  paral le l  paths. 

The primary crystal  i s  assumed t o  be uniformly irradiated 2 )  

with primary gamas. 

This integral could be evaluated by numerical means. This does not 

seem t o  be just i f ied i n  view of the other approximations which have been 

made. 

To simplifg the problem we assume that the secondary i s  scattered 

through 180'. This assumption is made only i n  calculating 1, . 



. 
Then: 

where 2' is a function %abula%ei4 by Mhler, @Ql 
The probbility that %he degra130d gammas interact fn the seeonvfary 

crystal, ig ww ~bsemm that they $agave1 in pwrUel paths, irs 

The t o t a l  double eofncfdence conking  r&%e fs: 

Values of the cross sect;fm m e  taken f $ P m  Ffg. 18 which was 

calculated by D. S. Hughes, s~~~ pwtfcfpant €Yarn tibe University of 

Texas. 

The sensit ivity,  m , naay now be deternfned and is plotted as the solid 

l i n e  in  Fig.  13. 

An estfmate of" the solid angle gives V O f i  = 1*79 x PO'* ema. 

r 

(16) R. M b r ,  "Uber die zahlemassige BeherPachw uad Anwendung efnigw 
den Besselsehen verwaxrdten Funktionen nebat Bemerkungen am Gebfet 
der BessePfunktionen," q_ Zeft. w e w e  - -  Math. 19, 36 (1939). 
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Pair Production - Efficiency 

As sump ti on s 

1) A l l  angular detai l  i s  neglected. 

2) 

3 )  

Primary crystal  i s  assumed t o  be uniformly irradi.ated. 

Travel of the positron i n  the c r y s t a l  From the point of 

formstion t o  the point of annihilation i s  neglected. 
e ,  

0 - q,txl’ 

= 5 h*p { - LM) t 2 p c . 9 1 ~  +f ( - f~  % f 

The energy of the secondayim, y* 

independent of y .  

fs in t h l a  case 0.51 Rev., 

f . 

and the t r i p l e  coincidence counting ra te  is. 

N =  

V QR is N 8.3 x 10-3 cm3 for the pair geometpy. The sensitivity, 

N, is again plotted i n  Fig. 13. 
F 
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APPENDIX If 

Cjrcuit Diagrams of Electronic Components 

This section presents c i rcu i t  diagrams of ehectronfe equfpmeat 

not described elsewhere. 

. 
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