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A B S T R A C T 

This report deals with the d e t a i l s of the construction and t e s t s of 

the three crystal s c i n t i l l a t i o n pair spectrometer. It also describes the 

d e t a i l s of the design and construction of the radiation shield and c o l l i -

mation of the thermal neutron beam. It i s found that the in tens i ty of 

the collimated thermal neutron beam at the target place i s 10 neutron/ 

cm s e c . The central s c i n t i l l a t i o n head has an energy resolut ion ~7,5% 

for the Cs 1 3 7 l ine of 0.662 MeV, with a Nal(Tl) crystal of dimensions 

(l.75M0x2ML). The two s ides s c i n t i l l a t i o n heads have a resolut ion of 

about 10$ for Nal(Tl) crys ta l s with the dimensions (3M0x3"L). The e l e c ­

tronic equipment i . e . , a pulse shaper for the f a s t coincidence input and 

another for the analyzer gate, a s tab i l i zed power supply and the matchi*?? 

cathode followers were l o c a l l y constructed. Th$ l i n e a r i t y of a (512 

pulse Height Analyzer) and the two single P.H.Ac, was proved. In the 

fas t - s low coincidence c i r c u i t , the resolving time used for the fa s t i s 
-9 —6 

about 50x10 sec . jwhile that of the slow i s 0.42x10 s e c . The fas t - s low 
22 coincidence was checlced using Na standard source which indicates that 

the e lectronic equipments are sa t i s fac tory for a three-crysta l pair 

spectrometero Also in t h i s report, the gamma-ray spectrum following 

thermal neutron capture in natural lead i s taken, as a check for the 

v a l i d i t y of the spectrometer. 



1. PRINCIPLE OF OPERATION 

Our crystal /spectrometer consists of three Nal(Tl) crystals (A,B 

and C) as shown in Figo (l)» The spectrometer is operated in such a 

way that an incident gamma-ray beam is directly received by what is 

rolled the center crystal (A)« In order to select the pair events among 

the photoelectric and Compton events, two large (B) and (C) Nal(Tl) 

crystals (3M£fx3wL) were placed on either side of the center crystal 

(1.75w0x2wL) SO that all three were in line. 

The annihilation of the positron accompanying the pair event in 

the center crystal gave two 0*511 MeV quanta going out in opposite 

directions which could then be detected in the side crystalse A triple 

coincidence between the three crystals was considered sufficient to 

indicate a pair event in the centeral crystal«, 

To eliminate the large low energy background from multiple scatter­

ing and double Compton effect, a differential pulse height aaalyser is 

used with eoch of the side crystals, so as to admit only the photo-pe*0 

of 0*511 MeV. Hence a pulse height analysis of a measured pair spectrum 

will be of an energy lees than the energy of incident gamma radiation by 

an amount equal to the annihilation energy (1.022 MeV)c 

2. GEOMETRY OF INCIDENT GAMMA-RAYS ON THE CENTER CRYSTAL 

The present work represents part of a programm of investigations 

of gamma-gamma coincidence from ganma-ray cascades following neutrons 

capture. The coincidence conditions require that the two counters sub­

tend large solid angles with the source. A suitable geometry can only 

be attained for a target in an external neutron beam. It was decided 

to measure coincidences between high energy gamma-rays detected by the 

three crystal pair spectrometer and lower energy gamma-rays detected by 

a single Nal(Tl) crystal (3"0x3"L). The use of a pair spectrometer in 

the coincidence measurement had the advantage that only one peak is 
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Fig. (l)s Crystals Arrsngesent in pair Crystal Spectrometer, 
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present in the spectrum for each gamma-ray. Thus the spectrum of gamma-

ray coincident with a given pair spectrometer peak represents in effect 

the pattern of de-excitation of the particular level populated by high 

energy gamma-rays. 

Thus the pair spectrometer has to be placed very close to the tar­

get in order to increase the solid angle (~2 steradian)* Hence the 

over all efficiency of this arrangement has nearly the same value as 

when the ser.ple was placed inside the reactor0 

3 o ENERGY RANGE 

The pair crystal spectrometer can detect gamma-ray energy greater 

than 1.022 MeVo But the upper limit of the linear part of the energy 

calibration for the pair spectrometer depends upon the dintentions of 

the center crystal as well as upon the photomultiplier tube characte. s-

tic So The dimensions of the center crystal was chosen in such a way 

that the electrons of the pairs have a good chance to be stopped in the 

crystal, and to allow the escape of the annihilation quanta to the sid<» 

crystals achieving the maximum possible counting efficiency. 

In general, as a result of the rapid increase in the pair produc­

tion cross-section in the centeral crystal* with the incident gamma-ray 

energy^ the present pair spectrometer detection efficiency was found to 
-8 -2 (1) 

be rapidly increasing from /^ 10 at 1.5 MeV to <^2xl0 at 10 MeVx '. 

4. THE SCINTILLATION HEADS 
• - j . 

Several (RCA 6342 A) photo-multiplier tubes and commercial (HARSHAV) 

Nal(Tl) crys ta l s were tes ted in order to find an optimum combination* 

Criter ia used for judging qual i ty were the resolut ion and the peak-

t o - v a l l e y ra t io of the s ingle crys ta l pulse height spectrum of the 

(0.662 MeV) gamma-rays from (Cs ) . 

Resolution i s defined aa the ra t io of peak width at half maximum to 

the pulse height at the center of the peak. The peak-to-val ley r a t i o in 

http://ser.pl
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the pulse height spectra i s the rat io of the counts/channel at the cent­

ral pos i t ion of the peak to the counts/channel at the center of the 

adjacent v a l l e y . 

The schematic diagram of the cathode follower associat ing the photo-

mult ip l ier tube in each s c i n t i l l a t i o n head i s shown in Fig* ( 2 ) . I t was 

constructed and used to t e s t the photo-multiplier tubes and the crystals* 

With a particular (RCA. 6342A) photo-multiplier tube, e ight crys ta l s were 

bench tested* Also for each crys ta l , e ight photo-multipl ier tabes were 

bench tested* The dimensions of c rys ta l s used are s 

(2.25»7fxl.75"L, 2"/fx2wL, 1.75"j*x2ML and 3*0x3"L). 

In case of crystals having dimensions (2*25nj$xl.75"L, l*75"j&c2"L and 

3*fht9"L) a coupling plexiglass light guides with conical sides, were put 

between crystals and photo-tube, after good poleering* In the second 

case in which the dimentions of crystals 2wjlx2HL there is no light guides 

because the diameter of the photo-tube is similar to the diameter of the 

crystal itself* In both cases, silicon oil was used to provide good 

optical coupling* 

The photomultiplier tube and the potential divider were arranged 

and connected together inside a cylindrical aluminium can ending with an 

aluminium box inside which was built the cathode follower shown in Fig* 

(2)* The photo-multiplier tube was surrounded by yj.-metal tube for good 

magnetic shielding* The crystal was fixed tightly on the photo-tube by 

the help of one of the ccver of the cylindrical cans which contained a 

suitable hole-backed with rubber ring-through which the crystal passed. 

The output plug from the cathode follower and the high voltage plugs 

, were fixed on one side of the aluminium box at the end of the cans* 

The aluminium box which contain the cathode follower and potential divi­

der was tightly fixed with the cylindrical aluminium can by screwed 

copper ring* The potential divider of the photo-tube which is shown in 

Fig* (2) and the interdynode potential were adjusted to give the best 

resolution* 
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Fig. ( 2 ) : Schematic Diagram of the Baae Uaed v i t h the Photo Tub© 

(R.C.A. 6342A Cathode Earthed) and Cathode Follower. 
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The output from the cathode follower of the phot omu H i p lie r crya-

tal system was fed into a Russian linear amplifier type No.TNri-TC-3199, 

1964, the output of which was fed to the input of 512 pulse height 

analyser. With such a set-up. it was possible to detect the effect of 
18 7 

the interdynode potential on the resolution of the photo-peak from Cs 

standard source. 

The focussing electrode, potential was adjusted to achieve an op­

timum resolution. 

In order to reduce the photo-multiplier noise, the photo-cathode 

was maintained at the same potential as the crystal. Putting the photo-

cathode potential above the ground potential and insulating crystal from 

the ground would run the risk of developing surface charges on the crys­

tal y thus the mounted crystal was grounded and the photo-cathode was 

maintained at ground potential by applying the positive high tension to 

the anode of photo-multiplier tube as shown in Fig. (2). 

The following table (l) shows the resolution and the peak-to-valley 

ratio of single crystal pulse height spectrum of the (0.662 IfeV) for the 

best group of photo-multiplier tube and crystal system selected from the 

tested group. 

Table (l) 

Serial No. 

1 

2 

8 

4 

5 

6 

7 

8 

Dimensions 

1,75"jfe2ML 

2"jk2"L 

2.25"/fel.75«L 

2.25Mjfel.75"Ii 

2.25"/fel.75wL 

2.25"jkl.75"L 

3wjtfx3HL 

8«/fa»Ii 

Resolution 

7.5% 

7.5% 

B.5% 

9.0% 
9.5^ 

8*$% 
10.0* 

9.91% 

Peak-to-Valley 

20.0 
18.0 
14.0 

* 
15.0 
13.5 
14.0 

13.0 
14.0 
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(Harsh air Nal(Tl) crystal with dimension a 1.75M0x2"L, was selected for 
IS 7 

the central crystal which has a resolution 7.5J6 for Cs (0»662 MeV). 

The two side crystals were selected to be larger (Harshaw Nal(Tl) 

3"jdx3"L diameter, to increase the detection probability of the anni­

hilation quanta ("\4%y ' leading to an increase in the efficiency 

of the spectrometer as a whole. 

After selections and initial tests for crystals and their suitable 

photo-multipliers, the cathode follower connected to the potential 

divider of each scintillation head was connected as shown in Fig0 (2). 

Such a cathode follower, acts mainly as an impedance matching device 

where pulses with fast rise time must be transfered through a coaxial 

cable from one part of the circuit to the other, in addition to the 

production of high input resistance and low input capacitance required 

for small pulse rise time. The output of the cathode follower is a 

negative ** 0,5 volt, pulse of 5/tsec. duration which meets the require­

ments of the amplifiers input. 

5* THE EXPERIMENTAL ARRANGEMENT 

The UA-RR-1 was used as a source of neutrons for the capture gamma-

ray measurements. A collimated beam of neutrons from one of the direct 

horizontal reactor holes, 60 mmjrf was used to irradiate the sample» The 

UA-RR-1 is a 2MY. research reactor with 10$ enriched Uranium fuel. At 

this power level, the average thermal neutron flux at the reactor core 

is f 2x10 n /cm .sec* The reactor gamma-ray flux results mainly from 

the fission process itself, and the neutron capture in the nuclei of the 

reactor materials. Reduction of these gamma-ray flux at the sample 

position proved to be more difficult for a hole which looks directly at 

the core than for a hole which runs tangential to the core. 

As a result of lack of such tangential hole in our research reactor 

we were info reed to use a horisontal hole (60 mm fi) which directly face 

the • core.. 
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In crcUr to minimise the reactor gamma-ray flux a bismuth plug 

(200 mm length 60 ram^) was inserted inside the reactor hole (in the 

shielding zone) in front of the internal collimator from the core 

side. 

Since the shielded crystal pair spectrometer detector is set at 

an angle 90* to the neutron beam, the core gamma-rays must therefore 

undergo a Compton scattering to enter the detector. Consequently most 

of the core gamma-ray reaching the pair detector will have energies 

much less than 1 MeV, which is below the energy range of the present 

measurements. 

5.1 Neutron Collimation » 

To obtain good quality capture gamma-ray spectra, it is desirable 

to use a thermal neutron beam having a minimum cross-section area. In 

this way extraneous back ground counting effects due to scattering of 
\ *• 

a large diameter beam off the shielding, source holder, beam catcher, 

etc. v.. are minimised. To accomplish this a collimator having (12mmfS) 

hole was constructed and inserted into hole (8). For maximum effect!, 

ness it is necessary to collimate both the epithermal and fast neutrons 

and the reactor gamma-rays, in addition to the thermal neutrons. 

Thus a collimator was constructed as shown in Fig. (3) using 

graphite and lead. The graphite served to collimate the thermal neut­

rons and the lead to collimate gamma-rays. 

At the target position, after collimation the thermal neutron flux 
6 / 2 

was found to be of the order of 10 neutron/cm • Second, measured by 

the activation of an indium foil. The distribution of the neutron flux 

along the perpendicular to the neutron beam, at the sample position is 

shown in Fig. (4). 
\ 

5.2 Detectors Shield Arrangement s 

Figures ( l and 5) show a horizontal and vert ical cross-section of 
the Ypair spectrometer detector together with i t s associated shield. < 
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Pig. (4): The Distribution of the Neutron Flux at the Target Place 
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The detector shie lding consisted of lead (having a minimum thickness of 

10 cm) lrhich was, inttirn shielded by 10 cm Borated paraffin (containing 

40fo boron carbide) . In th i s way thermal neutron scattered from the beam 

were prevented from ber'ng captured in the lead shie ld with the resultant 

emission of 7.38 MeV capture gamma-rays. Instead, such scattered ther ­

mal neutrons were absorbed by the boron with the resultant 0*477 MeV 
10 7 ^3^ 

prompt gamma-rays from (8 (n,0< )Li ) reactionv ' being absorbed by the 

lead. In the d irec t path between the sample and the internal collimator 

there was a hole in the lead sh ie ld with a diamter 22 mm. 

Since there i s an appreciable neutron scatter ing by a sample.it i s 

necessary to locate a neutron shie ld in front of the detector . 

5«a Beam Catcher : 

I t was necessary to completely absorb the external reactor beam in 

a beam catcher. I t i s desirable to accomplish t h i s with a minimum pro­

duction of high energy capture gamma-rays, and a minimum neutron and 

gamma-ray back scattering into the sample detector area. 

Consequently, with beam catcher which was constructed, the neutron 

beam i s led down a (10 cm/0, 20 cm long) hole into the central region of Borated 

Paraffin Block. The Paraffin block i s contained in a lead shield 10 cm 

thick wal l s as shown in Fig. ( 5 ) . 

6o ELECTRONIC EQUIPMENT SET-UP 

A block diagram of e lectronic c i rcu i t ry i s shown in Fig . ( 6 ) . The 

pulses from the cathode follower of center crys ta l system are amplified 

by a Russian l inear amplifier type (TNIT-TC-3199-1964) and fed af ter 

2yusec. delay l ine and matching cathode follower into the input of 512 

pulse height analyser« 

Each of the side crys ta l s ( A ) and ( B ) received annihi lat ion photons 

from the pair events as well as the scattered gamma-rays, produced by 

gamma radiation incident on the central crystal (C). These pulses coming 

http://sample.it
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Fig. (5 ) j Schematic Diagram of Shielding Aiiaenblj at the Beactor Hole. 
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H?iLJ^ 512 P.H.A. 

Fig. (e)s Block Dit great of the Three Crjetel Pair Spectrometer. 
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from the two side cathode followers were amplified by two-Hamner-linea. 

amplifiers type (N. J.U.S.A. model 328) and fed into the fast cuincideuc 

type (101 N.EoH.R. Inc.) through two units of pulse shaper circuits. 

Also the pulses from the cathode follower of the center crystal ampli­

fied by (Hamner) linear amplifier type (N.J.U.S.A. Model 328) were fed 

into the sa^e fast coincidence through a third unit of pulse shaper* 

The pulses from the two side linear amplifiers are fed after two 

single pulse height analysers into slow coincidence type (1036 A.B.R.E. 

serial 412). In the same time the pulses coming from the output of the 

fast coincidence were fed directly into the third unit of the slow 

coincidence. 

At last the output pulses from the slow coincidence were fed after 

a gated pulse shaper circuit into the linear gate of 512 pulse height 

analyzer. 

Phillips power units type (p.W. 4025) were used to supply the 

photo-multipliers with stabilized high voltage. 

Other stabilized power units used to supply cathode followers we**c 

constructed locally. 

t A ee ft *r\ 

Some suitable electronic circuits from different referencesv ' 9 • ' 

have been selected and modified in order to suit the required specifica­

tions. In this part we shall give a short account about these equipments. 

6.1 Single Pulse Height Analysers (S.P.H.A.) i 

We used two single pulse height analysers (Hamner type N.J. U.S.A.' 

328) and by using standard sources of gamma radiations which were t 

OO fJA aez 1*9? 

Na , Co , Zn and Cs , the linearity of each equipment was 

found as follows. 

An amplisorter was connected with the output of the cathode follower of 

each side crystal head which was, intern, exposed to standard gamma-ray 

sources one after the other. The output of the S.P.H.A. was connected 

to a scaler with timer. 
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By varying the base druM position (E-volts) while keeping the win­

dow drum at constant value A E»l volt, the counts/unit time could be 

registered for each value of E. 

Results of each source were plotted and the photo-peaks amplitude 

voltages which correspond to their channel number were determined. 

Knowing the energy for each peak of the standard sources we could plot 

the relation between the energy in MeV against the number of channels 

which correspond to the voltage reading at (E) drum. 

Both curves showed good linear relation which passed by the origin* 

The resolution for the characteristic gamma-rays from the different 

source were found to be described by the usual relation that the resolu­

tion is inversly proportional to the square root of gamma-ray energy, 

6.2 Linearity of 512 P«H.A» t 

Two methods were used to check the linearity of the 512 P.H.A. One 

is by means of a precision pulse generator (RIDL Mercury Pulse Gen. Hod. 

47-1); which was used to provide pulses of full scale amplitude, half 

full scale, a quarter of full scale, and so on. With an (R-C) shaping 

network the pulses from this generator were given the same shape as the 

pulses from the detector. 

By this, the cathode-follower, the Russian linear amplifier (Type 

TC-3199-84 TNTl) and the 512 multi-channel analyser proved to be linear 

and stable over a long period to within _+ 1%. 

In the second method, a rapid indication of the differential 

linearity of the analyser was obtained by making two measurements of a 
137 

Cs at two widly different gain settings. It shows that the spectral 

shape is the same for both cases and'this gives an indication of excel­

lent differential linearity. 
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6e3 Fast Coincidene* : 

The fast coincidence unit (model 101 N EH research Lab0f Xnc.)« 

This model is designed to deliver an output pulse whenever a time coin­

cidence occurs among pulses appearing on all the activated input channels) 

except when a pulse appears on the anti—input channelo 

For this coincidence circuit, sources of negative going pulges 

(greater than -2V ranging from 0.1 jisec. to 50 nsec. in width) can be 

connected into the inputs. In order to avoid major pulse reflections 

(125 ohm) cable is used. With the more shorting switch (SW6) on (TERM) 

position the resolution time-the time displacement required to reduce 

the output amplitude by a significant factor-will be of the order of the 

input pulse width. 

The fast coincidence was tested by the delayed coincidence methodv/ 

60 

using Co as standard source of gamma radiation. By inserting a vari­

able delay line in series with one of the two output from the pulse 

shaper unit, and varying the delay line value we noticed a decrease in 

the counting rate cf the double coincidence unit0 

A curve could be plotted of the recorded coincidence rate as a 

function of artificial delay time inserted in series with each channel. 

Such a curve is called a prompt resolution curve which will have a 

rounded shape as shown in Fig. (7). It is worthy to mention that this 

prompt resolution curve will have a rectangular shape of full width 

equal to 2t_ if the counter and the coincidence circuit are ideal, 

where X is the resolving time of the fast coincidence circuit. 
o ** 

The resolving time of the coincidence circuit. 2 % can be- defined 
o 

as the effective width of the prompt resolution curve, that is the area 

divided by its maximum" height which is approximately equal to the full 

width of the curve at half maximum. 
Thus from Fig0 (7) it is seen that the resolving time of the fast 

coincidence circuit measured 2 ^ =100 n sec, i.e. 71 =50 n sec. 
o ^^o 
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Fig- (7 ) . 

Inserted Belay in 10 sec* Units 

The Prompt Coincidence Resolution Curre Obserred in Testing 
the f*at Coincidence* 
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8o4 31oir Coincidence t 

The slow coincidence c ircu i t used in the pair spectrometer i s 

(A0E0R0E. Harwell unit , 1036C). I t cons i s t s of three ident ica l input 

channels which are provided with amplitude discrimination (range 2 -

20V)o Variable paralys i s time (5 , 10, 200, 300, 400, 500/tsee . ) and 

variable delay time from(0 to 1 usee , in stepr of 0 . 0 5 j i s e c ) . 

The resolution time of the mixer of the coincidence output channels 

1 and 2 with channel 3 may be set to any of the fol lowing values (0*1, 

0o2, 0 . 3 , 0 .4 , 0 .5 , 1, 2 and 4 / i s e c « ) . 

The accuracy of the resolution times above i s about ± 10$ but the ir 

s t a b i l i t y i s of order + 2$> for times greater than 0,1 usee, and + 5% for 

the shortest resolving time. 

Xn our case the resolving time was set equal to 0 .4 /1 sec . In order 

to check t h i s resolving time two independent radioactive sources are 
| Q ft Oft 

used (Cs and Co ) and counted, the output pulses being fed to channel 

1 and 2 of the coincidence unit. The number of input pulses and the 

number of coincidence in a given time are then measured on three scalers 
(6) 

and the resolving time calculated from the following relation^ ' 

where N • the average number of coincidence per second, 

N. * the average number of input pulses/second in channel No.l, 

N. * the average number of input pulses/second in channel Ho*2, 

*£ m the coincidence resolving time in seconds* 

Sufficient coincidence pulses had been counted to achieve good 

statistical accuracy and also it had been noticed that there was no 

interaction between counters which might give rise to genuine coincidence 

X- - v*a found experimentally * 0.42 ji sec. 
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6.5 Construction of a Pulse Shaper t 

Oar fast coincidence type (101 NEH) needs negative pulses of width 

ranging from (0.05jisec. to 0.1 jisec. and with aaplitade from 3V to 6V). 

In the same time the amplifiers gives a bipolar pulses with duration 

about 1.5^i sec. 

A pulse shaper circuit was designed and constructed to connect the 

amplifier with the fast coincidence circuit. The shaping circuit used 

is as shown in Fig. (8). 

The bipolar signal taken from the amplifier was clipped for a nega­

tive part of the pulse with a clipping circuit and applied to the oontrol 

grid of the univibrator tube (E88CC). The output of such circuit applied 

to the pentode tube 6X911 which has a negative bias. The final output 

taken from the anode of the pentode has negative form (with SO n.sec. 

width and rise time 20 n.sec), which is applied to the fast coincidence 

circuit, 

6.6 Construction of a Gate Shaping Circuit s 

The coincidence connnector terminal of the 512 P.H.A. requires -

3 volts to be held at ail time for closing the gate of the analyser which 

can be opened by a positive pulse with-2 volts amplitude and ̂ 2 . 5 ^ sec. width. 

A suitable pulse shaping circuit was designed as shown in Fig* (9) 

to open the gate of the 512 P.H.A. 

6.7 Construction of a Stabilised Power Supply I 

The electronic circuity shown in Fig. (10) was designed to supply 

the cathode followors and pulse shaper of our system with the necessary 

power* At 800 V D.C. of very small ripple component changing from 2 m.V. 

up to 10 m.V. at maximum load is available. The power transformer was 

designed to supply the A.C. filament voltage by a separate winding of 

6.8 Y and 8 i M beside the winding of the voltage supply* Basic design 

theory of the power supply is convered by Elmore and 9ands^ '« 
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Figc ( s ) s Pulse Shaper for Coincidence Input. 
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Fig* (9 ) i Gate Shaping Circuit for the Multichannel Pul«e Height Analyser* 
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Pig . ( 1 0 ) J Stabi l ized Power Supply, 
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Valve 5 U 4 acts as a full ware rectifier and valve (6H5C) acta as 

a voltage regulator which control the current through the load, its 

control grid is coupled to the D*C* amplifier (dcf»4)* The cathode of 

the tube 6$4 is connected to the anode of the gas filled tube CT2C 

which generate a stable voltages of 105 V. at the anode. Valve CT2C 

acts as the voltage reference tube0 The control grid of the valve$*(;4 

was connected to the output of the regulated tube through the feed back 

link R., R and R„ so that any change in the output voltage give a change 

at the anode of 6d£4 this change is reversed by 180* which give the 

reverse of change at the output, 

6.8 Construction of a Matching Cathode Follower ? 

For the coincidence purpose a delay line (D.L«) of the order of 

2 usee, was inserted after the main amplifier to the 512 P.HoA. 

A cathode follower was constructed as shown in Fig. (ll) in order 

to natch the impedance of the D.L. with the impedance of P.H.A. input. 

6*9 A Check of the Fast-Slow Coincidence Arrangement ? 

Fig* (12) shows the arrangement for adjusting and checking the 

electronic circuit in connection with each side scintillation head. 
22 

Na gamma-ray standard source was used for this purpose. In particu-
(&) 

lar the annihilation photo-peakv ' of energy 0*511 MeV was found useful 

for adjusting the positions and the widths of the amplisorter window. 

Using the previously mentioned calibration curves of the amplisor­

ters, the window width of each of the amplisorters were opened to 

double width of the full width at half maximum height determined from 

the resolution curve which is previously mentioned and the base (E) was 

fixed at (0*511 - -r-). i.e. nearly the total annihilation photo-peak 

gamma-rays passes through the window of the amplisorter Hamner 

(N.J.U.S.A.) Model 328). 

Fig* (13a) shows the direct spectrum without gating the 512 P.H.A* 
00 ( SL \ 

which give the normal Na spectrum1 • Fig* (13b) shows the spectrum 
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Fig. ( l2)t Arrangement for Checking the Faat-Slov Coincidence Syatem. 
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when the gate was used which represent nearly the t o t a l area of the 

annihi lat ion photo-peak. 

This was carried out for the second side detector B and the 

spectra were found the same for both crystal systems within the 

standard error. 

This indicates that the e lectronic equipment are sat i s factory 

f ,r a three-crysta l pair spectrometer. 

7. THERMAL NEUTRON CAPTURE GAMMA-RAYS IN NATURAL LEAD 

7ol Introduction t 

The study of thermal neutron capture gamma-rays emitted by lead 

was aimed at f i r s t to invest igate the pair spectrometer peak shape at 

the gamma-rays of energy 7.38 MeV. The spectrum obtained could be 

compared with Adyasevich et a l . ' and Kinsey e t a l , ' ' r e s u l t s , 

as a check for our pair spectrometer working funct ion. 

The lead sample consisted of (22,04 gm) of chemically pure lead 

99.9^, 1.2 cm in diameter and 2 cm thick, was placed in the external 

thermal neutron beam with i t s ax i s extending along the neutron beam* 

The arrangement of counters was as shown in Fig . ( l ) , with the 

lead cy l indrica l center at a distance 4 cm from the front surface of 

central c r y s t a l . 

The abundances and cross - sec t ion of each of the four stable i i o -

tops of lead are as follows* ' ' 

P b 2 0 4 ( l . 4 8 * ) ( n , t t ) ( 6 - « 0 . 7 b ) *- P b 2 0 5 n 

l# , 
p b 205 3*10 7 ? , T 1 2 0 » ( . t . b l . ) 

P b 2 0 6 ( 2 3 . 6 j 0 ( n , » ) (6 - -0 .08b) —*VbZ01a 

* P b 8 0 7 ( « t . b l . ) 



- 28 -

Pb 2 0 7 (22 .6#) (n ,* ' ) Pb 2 0 8 (6-=0.72b)stable . 

P b 2 0 8 ( 5 2 , 3 ^ ) ( n , y ) Pb209(<T«0.5mb) ^£r- B i 2 0 9 ( s t a b l e ) 

Effective capture cross-sect ion i s s 

©-(2200) »(0.172 + 0.002)b 

This cross -sect ion has been normalized to a value of; (T(2200)=77lb for 
a 

Harwell standard boron instead of the value of 766.6 b they used* 
Kinsey et a l . * ' studied the lead neutron capture gamma-ray 

spectrum by a pair spectrometers Only tiro strorg gamma-rays have been 

detected during the bombardement with thermal neutrons. The weaker of 

the two i s due to capture in Pb and has an energy of 6.7?4 MeV 
207 

+ O0OO8 MeV, and the stronger i s due to capture in Pb and has an 

energy 7.380 MeV _+ 0.008 MeV. Apart from a very weak gamma-ray with 

an energy of 6.90 + 0.05 MeV, no other radiation has been detected. 

TL« 6<>90 MeV gamma-ray may be due to the exc i ta t ion of a hitherto 
208 unknown state in Pb or i t may be due t o an impurity. 

In (1961) Jurney e t a l . , by the aid of the Compton spectrometer, 

found the gamma-rays of 7.370 and 6.740 MeV due to Pb ( n , y ) P b and 

Pb (n,tf )Pb to have an in tens i ty rat io 10 + 1 for natural lead in 

agreement with previous work* 9 ' . If no other gamma-ray t r a n s i t i o n s 

occur for these reactions then the observed i n t e n s i t y rat io should 

correspond to the absorption cross - sec t ion . Ten weak gamma-rays are 

observed between 2.5 and 6.7 MeV. but the ir t o t a l in t ens i ty can not 

a l t e r the Pb /Pb capture rat io to be greater than 13. P i l e 

o s c i l l a t o r absorption cross - sec t ion measurements give a capture rat io 

of 27 + 5 for natural lead^ '• Only one of the observed weak l i n e s 

(2.617) MeV shows any simple correlat ion with known excited s t a t e s in 

lead* The remaining nine weak l i n e s might be due to impurit ies . A 

theoret ica l estimate of t rans i t i ons to the f i r s t exc i ted state of 

P b 2 0 7 i s 0.3 for direct c a p t u r e * U \ 
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(17) In (1962) Motz et a l . ' observed with the high energy resolution 

Coupton spectrometer spectra resul t ing from slow neutrons capture in 

natural and radiogenic lead t a r g e t s . 

Spectra from similar targets and from samples of enriched Pb , 
206 207 208 

Pb , Pb and Pb have been observed irith a three s c i n t i l l a t i o n 
pair spectrometer. • 

A trans i t ion of 6.472 MeV i s assigned to P b 2 0 4 ( n , t f ) P b 2 0 5 and i s 
/ \2 

bel ieved to e x c i t s the corresponding ( f - / 0 ) P«/« three hole state of 
205 ' ' 

Pb • I t s in tens i ty i s 0.2 of the ground state trans i t ion and r e s u l t s 
205 in an excited l eve l of 265 keV in Pb 

204/ \ 
The sum of Pb ( n , y ) l i n e s r e s u l t s in a minimum to ta l capture 

204 cross - sec t ions of 420 mb for Pb • Twenty-one trans i t ion for 
Pb ( n , ^ ) P b have been observed and expected to be trans i t ions 

205 betveen low spin s t a t e s of Pb 

(13) In (1965) Greenwood et a l . v ' using Nal(Tl) s c i n t i l l a t i o n crysta l 

spectrometer observed the 7*38 lieV gamma-ray energy due to thermal 
207 neutron capture in Pb isotope which accounts for about 90% of the 

thermal neutron absorption in a sample of natural Pb* 

(18) In (1967) Jttrney and Motzv ' observed the gamma-ray spectrum 

fol lowing thermal neutron capture by Pb (n ,X)Pb using Li-dri f ted 

Ge detector placed at the centre of cy l indrical Nal(Tl) annulus. The 

target contains Pb 

74.1* P b 2 0 4 , 11.8* P b 2 0 6 , 8 . * P b 2 0 7 , 8 .8* P b 2 0 8 

The high energy neutron capture gamma-rays observed from 

P b 2 0 4 ( n , # ) P b 2 0 5 were 16 l i n e s from 3.5720 MeV to 6.7315 MeV and the 

low energies were 24 l i n e s from 2.1170 MeV t i l l 0.2269 MeV. Taking 

into consideration that the binding energy B * 6.7342 MeV in Pb , 
204 n 

the neutron capture cross - sec t ion for Pb was found 661 + 70 mb. 
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7o2 Experimental Results and Discussion s 

The spectrum of lead capture gamma-rays obtained uncorrected for 

background i s shown in Fig* ( 1 4 ) . I t i s c lear ly that the two charac­

t e r i s t i c peaks at 7<>38 IfeV and 60 74 MeV are in agreement with Kinsey 

e t a l o * 1 0 ' , Ad'yasivich et a l , ' 9 ' and Motz e t a l . * 1 7 ' . 

The good resolution of the spectrometer can be seen from the 

• (2 
(10 

growth of the peak number (2) with energy 6092 IfeV which has been 
») observed by Kinsey et al 

The figure shows also an eridence for the presence of another 

gamma-ray peak number (4) with an energy of 6o47 MeV which has been 
(17) 205 

reported by Motz et aloV where it has been assigned to Pb „ 

Few weak gamma-rays are observed at the low energy end of the 

spectrum Figo (14). The most pronounced peaks of them hare energies 

2o95, 2o62, 2d2, lo80 and 2o65 MeV« Host of these observed weak lines 
(18 19 20^ 

show simple correlation with known excited states in leadv ' ' '• 

The background form is quite satisfactory for the pair crystal 

spectrometer in an external neutron beam« The resolution of the 

7o38 MeV peak was found 206% which is far better than the single crys­

tal spectrometero 



- 31 -

11NNVH9 / tlMAOO 



- 32 -

ACKNOWLEDGMENT 

The authors wish to express the ir thanks to 'Professor I . Hamouda, 

Head of the Reactor and Neutron Physics Department, U.A.R.A.E.K., for 

h i s interes t in t h i s work, for h i s useful d iscuss ions and for offering 

a l l the possible f a c i l i t i e s throughout the experimental work. 

The authors wish to express the ir thanks to Vrot^aBor M. El-Nadi, 

Head of Physics Department, Cairo University for h i s interest in t h i s 

work, for h i s helpful advice and continuous guidance. 



- 33 -

R E F E R E N C E S 

HoMo Abu-Zeid and A.M. Hassan, U«AoR.A.E.E./Rep.-93, (1970) . 

Vigors, S .H. ,Jr . , Marsden, LoL. and Heath, R.L., Calculated 

E f f i c i e n c i e s of Cylindrical Radiation Detectors, A.E.C., Research 

and DeTelopment Report, I DO-16370 (Sept. l y 1958)• 

I n g l i s , D.R., Phys. Rer., 74, 1876 (1948); 81, 914 (1951). 

Robort, W. Landee, Donoranc, Daris, Al-Bert p . and Al-Brecht, 

McGraw-Hill Boole Company, Electronic Designers Handbook, I n c . , 

36110 Sec. (3) and Sec. (15 ) , (1957). 

Yin Zeiuff and John Markus, McGraw-Hill Book Company, Inc . , Elec­

tronics Manual for Radio Engineers, Chapter III and X , (1949) . 

KA1 Sigbahn, Beta and Gamma-ray Spectroscopy, Cahpter XVIII,(1955). 

Elmore and Sands, "Electronics", McGraw-Hill, New York, (1949) . 

Heath, R.L., S c i n t i l l a t i o n Spectrometry Gamma-ray Spectrum cata­

logue . , ID0-16880-2 ABC Research and Derelopment Report Physics 

TID-1500 (31STE), ISSUED, August (1964). 

Ad'yaserich B.P. , Groaher, L.V. and Demidor, A.M., At on. Energy, 

1(2) 40 (1956), Journal of Nuclear Energy 3 , 258 (1966), Sowiet 

Journal of Atomic Energy 1, 183 (1956)« 

Kinsey, B.B. , Bartholomew, G.A., and Walker, W.H., Phys. Her., 

78, 77 

Kinsey, B.B. , Bartholomew, G.A., and Walker, W.H., Phys. ROT, , 

82, 380 (1951) . 

Groshew, L.V. and Demi dor, AoM., Lutsenko, "V.N. and Pelekher, V . I . , 

Atlas of Gamma-rays flfeectra from Radiatire Capture of Thermal 

Neutrons, Pergamon Press London, (1959). 



- 34 -

( I S ) Greenwood, RrCo9 and Reed, JoH., Prompt Gamma-rays from Radiat ire 

Capture of Thermal Neutrons, Vo l . 1 and 2 I I , TR-666, Technology 

Center II T, Rcso Insto Chicago, I l l i n o i s , ( 1 9 6 5 ) . 

(14) Jurney, E . T . , Carter, R.E. and Motz, H.T. , B u l l . Am. Phys* S o c 0 , 

6, 62, (1961) 0 

(15) Aitken A. , Proc<> Physo S o c , (London) A. 65, 761, ( 1 9 5 2 ) . 

(16) Lane, A«M« and Lynn, J 0 E„, Nucl . P h y s . , 17, 586, ( i 9 6 0 ) . 

( 1 7 ) Motz, H.T. , Jurney, E . T . , and Carter, R .E . , Los Alamos Sc . Lab. 

B u l l . Am. Phys» Soc 0 , 7, 11 , ( 1 9 6 2 ) . 

(13 ) Jurney, E»T. and Motz, H.T. , Nuclo Phys . Ac, 94 , 3 5 1 , ( 1 9 6 7 ) . 

(19 ) Rothmann, M.A. and R a n d e v i l l e , C.E. , Phys . Rev«, 93 , 796, ( 1 9 5 4 ) . 

(20) Day, B . , Phys . Rer . , 102, 767, ( 1 9 5 6 ) . 


