
CHAPTER - 3 

DIRECT MEASUREMENTS OF PAIR PRODUCTION 
CROSS SECTION 

3~1 INTRODUCTION 

Although very accurate total cross section 

measurements provide a reasonably precise method ·of 

extracting the pair production cross section by making use 

of accurate theoretical calculations of photoelectric 

incoherent and coherent cross sections, the pair produc

tion cross section decreases very fast with decreasing 

energy and at low energy near threshold the method is 

not suitable for the determination of pair production 

cross section. 

Pair production events may however b~ separated 

from scattering and photoelectric effects by detection 

of two 0.511 Mev phot9ns from the annihilation of the 

positrons in the target. These come out in opposite direc-

tions, since nearly all the positrons are alowed down 

before annihilation. By placing the target on the line 

between the two detectors one may detect in coincidence 

a certain fraction of the total number of annihilation 

quanta. From a knowledge of the source strength, detection 

efficiency of the detection system, absorption of 

incide~t as well as annihilation quanta and a number of 

other correction! the pair production cross section may be 
j\ 
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determined. Many of the experiments of this type overlap 

both in photon energy and target Z. But the experimental 

results show wide variation vdth each other (Table 2.1). 
e.. 

+- The inconsistfo1?~ in the measured results must be due to 

some systematic errors inherent in the measurement which 

could neither be eliminated nor could be estimated. 

FQ1'f:.:l.low energs, therefore in order to avoid 

various systematic errors· and uncertainties, it is easier 

to perform relative me·asurements to study the screening 

effects in atomic pair production. That is, in comparison 

to some standard substance the cross section for the 

experimental substance can be measured. To find the 

absolute pair production cross section of the desired 

element the cross section ofthe standard element_must 

be known. For low~elements screening correction i~ very 

small. So, relative to a target element of low Z the cross 

section for high Z elements can be compared for which 

screening correct·ions are important at low energy. But 

for very low Z elements incoherent pair production, 

·trident production contribute significantly and these are 

not well known theoretically. Also the counting rates for 

low Z targets will be ver.y small. So for practical pUD

ROses the standard element selected should be of inter

mediate z for which the effects of incoherent pair 



-50-

production and trident production are negligible. 

We have therefore made measurements of pair pro-

duction cross section taking •copper• as the standard 

substance for reasons memtioned above. 

In order to minimise the response of the detection 

system to false and accidental coincidences, we have used 
c. 

a coincident circuit having a resolving time of 40 nsep. 

In the present method various probable sources of errors 

, and uncertainties have been either eliminated or reduced 

to a minimum by making relative measurements because (a) 

separate measurements of annihilation pair detection 

efficiency are not needed (b) total gamma ray absorption 

coefficient do not enter into the computation of the cross 

section (c) a large number of corrections to the data are 

avoided (d) the continuum background does not affect the 

result and there is no problem in separating the well 

defined pair annihilation peaks obtained by Nai (Tl) 

detector~ 

3.2 Experimental arrangement 

The principle of the experimental determination 

of pair production cross section is simple. Photons of 

energy greater than threshold for pair production .from 

a source are allowed to strike a target. In the Coulomb 

field of the target such a photon may disappear producing 

electron-positron pair. The positron in course of its 
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passage through the target loses ene.rgy and ultimately 

stops in the target, when it will interact with target 

electron producing two .511 Mev photons 180° apart. For 

t . f 180° annihilation in flight slight devia ~on rom is 

observed. so detection of two .511 Mev photons by two 

detectors 180° apart "in coincidence will ensure the anni

hilation of a positron and hence a pair production event. 

A certain fraction of the total number of annihilation 

quanta thus detected enables the determination of pair 

production cross section. 

- 3.,2.1 Collimation of the gamma ray sotrrce 

The experimental set up (:B1ig. 3.1, Table 3.1) 

has been arranged 'under rigorous collimation requirements 

to reduce the background due to pair production in materi-

als other than the target. A uniform conical hole was 

drilled through a lead cylinder the diameter Of the holes 

being 1 em at the entry and 1.8 em at the exit., The 

cylinder was 16 em in diameter and 40 em in length. The 

source v;as placed at the entry and and was well surrounded 

on all sides by lead bricks. There was a minimum o~ 35 em 

lead in any side of the source, allowing only the exit 

of photons. 
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FIG. 3.1. SHOWING THE BLOCK DIAGRAM OF EX-
PERIMENTAL ARRANGEMENT FOR DETECTING' THE ANNI-
HILATION QUANTA. 
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Table - 3 .. 1 

Basic data of the experimental set up (Fig~ 3.1) 

1e Source to target distance - 45 em 

2® Source diameter .3 em for Co
60 source 

and .8 em for 65 zn source 

3. Detector diameter- 7.5 em 

4. Targets - circlliar foils of diameter 2 em. 

5. Target to detector dista~ce - 8 em 

6. Solid angle subtend by the detector at the 
target - 0.69 Sr. 

3@2.2 Finite resolving time of the coincidence circuit, 
chance and accidental coincidences. 

Due to fj.ni te resolving time of the coincidence 

circuit the detector system may respond to photons and 

record a count from events other than annihilation quanta. 

So an appreciable number of counts recorded by the system 

may be due to false and chance coincidences. This may · 

introduce an appreciable error in the result of measure-

ments. 

This has been minimised by the use of a coincidence 
(... \- -t .,.,t ..... e. '' "-") 

circuit having a resolving time of 40 nse~, thus el~na-
" 

~g chance and accidental coincidences to a minimum. 
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3.2.3 Coinciden~ Circuit 

As shown in Fig. 3.1·A and Bare two pulse shaping 

circuits, consisting of three AND Gates and an INVERTER. 

The output resulting from the coincidence between 

the two detectors was used to gate a multichannel· analy

ser (MCA) which recorded the .511 Mev annihilation radia-

tion spectrum from one of the detectors. The gain and 

biases of the two PADs of the MCA and high voltage supply 

to each photo mu.l~iplier tube of the two detectros (Det-

1 and Det-2) were set so that energy calibration of the 

channels was the same for both detectors. A pUlse detec
o !- J~-t_ *" . ted by either"- detectors after being amplified by the res-

·pecti ve PADs was fed into two pulse shaping circuits A 

and B. The amplified pulse from the PAD was applied to 

the shorted terminals of a dual input AND Gate 1. The 

output from tlil.is gate was applied simultaneously to one 

input terminal of another dual input AND Gate 2 and to 

a shorted input terminal of a dual input 1lliD Gate 3. The 

output from the Gate 3 is inverted ~.~ .. .:" by an inverter 

gate 4 and applied to the other input terminal of M~D 

gate 2. The input logic levels of the input terminals of 

gate 2 were adjusted so that it gave an output pulse 

approximately 40 nse,.e until a pulse from inverter' gate 4 

changes the logic level therefore whateve~ be the pulse 
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width of the output of the PAD, there was always an out 
c... 

-1 put pulse at the output of gate 2 with a width of_40 nse~. 

A pUlse of similar width was also obtained from 

the identical circuit for the second detector. These two 
c.-

pulses of width 40 nse¢ were applied to the in put termi-

nals of a dual input AND gate 5. 

So the AND Gate 5 will give an output only when 

the output pulses from the gate 2 of circuit A and the 
' c_ 

corresponding one from circuit B arrive within 40 nse¢. 

This output from gate 5 was inverted and applied to the ' s 5 
mono stable multi-vi brat or with ,s1chmi tt-triger input. The 

A 

external timing capacitor and resistor were adjusted to 

obtain a pulse of proper height and width which was 

ap_plied to the coincidence input of the ADO of MOA-. The 

output pUlse of Dectector 2 was fed through the PAD to 

the ADO input for analysis enabling it to give a pUlse 

spectrum from detector 2 which is in coincide~ce with 

detector 1 vdth a resolving time of 40 nse~. 

3.2.4 Positrons formed at the edge or the sides of the 
target. 

Positrons after its formation in the target 

material are slowed down in the target material and 

ultimately give rise to annihilation quanta when it 
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collided with a target electron. But some of the positrons 

may be formed at the sides of the target and may escape 

from the target before annihilation. Such an event cannot 

be recorded and will introduce certain amotmt of error 

in the measured cross section. 

To eliminate the effect, the target in the form 

of circUlar foil w~ placed inside a perspex holder of 

cylindrical shape and 1 mm thiclc in all directions. This 

thickness was enough to stop all the positrons formed at 

the sides but thin for annihilation quanta, so the pair 

formed at the edge of th~ target will annihilate and 

will lend itself to be detected by the detection system. 

The thickness was evaluated from the range energy rela

tionship of the electrons. 

5. 2.5 Targets 

Targets were in the form of thin circular foils 

of diameter·2 em. Samples of Copper, Tin, Gold, Thorium 

and Uranium were 99;fo pur~. Thickness of the foils v~ere 

in the range .03 -1.lS. gm/c-ru2 which was thick enough 

to stop the positrons,·· but thin for the incident as well 

~s annihilation photons. 

3.2.6 Requirements at the detector system 

Since the detector system axe designed to detect 

the .511 Mev photon resUlting from· the annihilation of 
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positrons, simultaneous arrival of two .511 Mev photons 

and detection thereof will ensure a pair event. So the 

bias and gain of the two detectors were adjusted to be 
~-

exactly identical with a 137os source so that the photo-

peaks of 137os are exactly at the same channel for both 

the detectors. The measured resolution of the detectors 

at. 137os 662 Mev was 8% at full-~ddth at half maximum of 

the photopeak. 

3.2.7 Gamma Sources 

The description of the gamma ray sources used in 

the measurement are given in table 3.2. 

Table - 3.& 

Source Active Size Physical Half App. Energy 
{Approximate) form life Strength in Mev 

--
Co-60 3 mm dia x Sealed 5~3 yr 300 mci 1.173 

2 rrnn long Source 1.3Q2 

Zu -65 4 mm. dia x Sealed 246 100 mci 1.115 
3 mm long Source days 
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3.2.·8 Errors arising due to absorption of incident and 
annihilation photons in the target. 

The errors arising from the absorption of inci

denct and annihilation photons were taken into account 

and the effect was eliminated by taking the coincident 
. 

counts with gradually increased thickness of the target 

in steps. 

For each target element four identical samples 

were taken. Coincident counts were recorded with one 

target, two targets, and so on. Thus the number of target 

atoms were increased in steps. But coincident count rates 

did not increase proportionately which is due to absorp

tion of incident as well as annihilation photons. Coin-

cident counts were plotted against target thickness the 

plot is found to fit an equation of the form 

- Bt 
Nc:== cte • • • ( 3.1) 

where C and B are constants, 0 is the true two photon 
-2 

coincidence count rate for a target of thickness 1 gm em • 

The targer thickness was determined by taking the mass of 

the targets an~ measuring its cross sectional area. 

From the observed counts and from a knowledge of 

.the target thickness the values of B and C were determined· 
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by a method of least square 

••• (3.2) 

Taking the sum for all the observations 

••• (3.3) 

where· N is the total number of targets used. Multiplying 

equation (3.2) by to- and. taking the sum forfoll the obser

vations. 

Multiplying eq.uation (3.3) byl_tr2 and equation (3.4) 

by 2._ tr respedti vely 



-59-

Substracting equati-on (3.6) from equation (3.5) we get 

Ltl L_LY1Nc_- L L)L t~ Ln Nc_ 

N L"'C [-L~~ 'Zt1 L.2. Ln to-

Rearranging we get 

In a similar way eliminating 0 the value of B can be found 

out and B comes out to be 

B= N (~ t, L 'Y1 N ._-Z k L 'Y1 t .) - 2J(2 ~~.N( 3.M }\ lJ 
N L i/=- (:?_ tiJ 1-



-60-

c thus dete~lined from the observed coincident counts by 

a method of least sqt~re gives the true coincident count 
-2 .rate per 1 gm em ·of the target thickness had there been 

no absorption of the incident as well as annihilation 

photons. 

(_ 

3.2.9 CoDrections for ~ompton scattering of the 
annihilation quanta. 

Compton scattering suffered by the annihilation 

photon may lead to some error in the measured true coin

cident counts. To keep the spread in the scattering angle 

to a minimum due ·to finite size of the scatterer the angle 

between the plane of the scatterer·and the direction of 

the incident photon beam was found out from the follow

ing relation due to Dixon and Storey (Di- bg ) 

s \ Y\ cp 
----
~\0\ l & -ce) • • • (3.11) 

where C/J = angle between the plane of the scatterer and 

direction of incidence and () is angle between the. direc

tion o~ incident photon and the line joining the detector 

to the scatterer, r - distance between the target and 

detector, R = distance between source and target. Values 
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of r, R, (t and r:p are given in Table 3.3. 

Table 3.3 

Distance betwe~n Distance 
source and target between target 

and detector 

Angle 
between the 
direction of 

R (em) r (em} 

40 8 

incident 
·f,Fhoton and line 

joining the 
target to detec
tor 

(degree) 

90 

3.2.10 Reduction of Backgrovnd counts 

Angle 
between 
the plane 
of the 
scatterer 
and direc
tion of 
the inci
dent beam 

~ 
(degree) 

11.3 

To minimise the effect of false and chance coin-

cidences the two det-ectors were covered with 2 em :Pb 

.cylinder. This shielding reduced the background from 

external sources considerably. The baekground readings 

were taken with the two detectors at 180° positron as 

well as in 90° position with the holder in position and 

.-
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holder removed and the source in position. The background 

at 180 ° position of the detectors was ~~2.0 counts in 40 kSec 

without holder in position and:2:'+~9G' counts at 90° position 

of the detectors. 

BackgroLmd with holder removed and source in 
0 

position was fol.md to be exactly identical at 180 and 

at 90° position which was taken as the background due to 

false and accidental coincidences. Nearly identical read-. 

ings in the two cases ensured constru!cy of the background. 

3.2.11 Small angle scattering of annihilation photons. 

Scattering of any of the pair annihilation photons 

may prevent the photon from reaching the detector and 

thus may escape detection if the solid-angle subtended 

by the detector at the position of the scatterer is 

small. This effect was taken into account by placing 

the two detectors exactly at a distance of 8 em from 

the centre of the target. Thus keeping the solid angle 

to a reasonably high value. The error arising out of 

scattering was thus reduced to a minimum. 

3 •. 3 Experimental procedure and measurements. 

If C be the true coincident counts :per gm cm-2 

vvhen a target of atomic number Z is exposed to gamma 
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-ray beam of intensity ~ placed at a distance R from 

the target then it can be cons·idered to the pair produc-

tion cross section by the follOwing relation. 

C= ••• (3.12) 

·~·,.here N0 is the avagadro•s number, t is the efficiency 

of detection~the pair production cross section per atom 

of the material of the target, and A the atomic weight 

of the target material. In order to determine U other 

unknown quantities has to be measured as for example Q, 

R and E ,. Determination of ' and E- -leads to uncertainty 

in the measurements and so will give rise to some error 

in the measured result. some sort Of systematic errors 

are likely in the determination of these unknovm quan

tities and these are very difi'icult -to eliminate com

pletely. We have therefore avoided the determination of 

these factors. 

By observing the two annihilation quanta at 180° 

apart created in a target 11 X11 of atomic number Z the 

spectrum of annihilation photons at the given direction 

with respect to the incident photon beam was recorded 

along with an exactly similar lower Z comparison radiator 

placed at the same posit ions of 11 X" in exactly. same 
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geometry. Counting time was adjusted to give reasonably 

good statistics. As screening correctio~ is small in low 
s 

Z element at low energy the standard element should be . } 

a low Z material. 

If Ox and Ccu be the true coincidence counts as 

determined experimentally this procedure gives for the 

cross section ratio from ~quation (3.12) 

••• (3.13) 

where u'l- ;_: ___ ·. ,;_ is' u .. :G the cross sections for the pair 

production of the target 11 X11 having an atomic weight Ax 

and U:v and Acu are the- corresponding qua11:-tities for 

--: .--. .,-! , • • \ I' copper,_,_.._,,:;:~ __ ·.~·-·:.,. .• 

3.3.1 Procedure 

The source target assembly was placed as shown 

in fig. 3.1 , the connecting leads from the detector 

to the multichannel-analyser kept at 20°0 was made of 

exactly equal lengths so that there was no time delay 

introduced due to unequal length of the leads. The detec- _ 

tion system was 7.5 em x 7.5 ~al (Tl) mounted on 8054 

photo multiplier. The detector system was then calibrated 
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in such a way that photopeak of .511 ter gamma rays. from 

22.Na source was exactly at the same channel for the two. 

detectors by adjusting the gain and bias of the two detec

tors. Several weak gamma ray sources were used for the 

purpose. These settings were checked at least once in 

every 24 hours and no detectable dri~t of the photopeak 

was observed. 

During m~asurement with each sample position of 

the photopeak with 22 Na source was checked and rechecked 

against any fluctuation. A holder made of perspex was 

used to pl'ace the target in position. · 

To minimise the effect of background (chance and 

false co inc-idences) resui t ing from interact ions other 

than pair production in the target and short term va~ia

tion_ of detection efficiency of annihilation photons, 

the data were taken alternatively on each set of stan-. \ 

·aard and sample targets in the fOllowing sequence: 

Standard target (coincidence rate at 180° and at 90° 

between the axes of the two detectors), sampie targets· 

(coincidence rate at 180° and 90° position of the two 

dete~tors), backgro~d coincidences (with and without 

holder) at the two positions~ standard target and so on. 

The 'sample' and 'standard' target coincidence rates at 

the 90°· position were taken as the chance coincidence rate 
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in the determination of pair annihilation coincidence 

rate at 180° position and have been used to correct the 

observed coincidence spectrum. Counting times from 40 ~ L~c_ 
I;. c._ 

to 100 ;csep were used. The measLITements were carried out 

at an ambient temperature of 20°C and it was maintained 

constant throughout the period of the measurement. For 

experiment v.,ri th Co-60 source all the 512 channels were 

used for storing the data, and only 256 channels were 

used for experiment with Zn-65 source. 

3.3.2 Errors and Correction 

The various SOLITces of errors taken into consi-

deration in the analysis of the data are discussed in 

this §leetion. 

(a) Uncertainty in the deter111ination of the area of 
the annihilation spectra. 

The raw data after subptraction ~f the background 

were fed to the microcomputer 1101 oJ DCM and fitted to 

a gaussian. Fitted spectra along with raw annihilation 

spectra are shown in Fig. 3.2 - 3.9:-~. 

It is very clear from the figures that in the 

present experimental set up and the detection system 

used there was no difficulty in separating the well 

defined .511 Mev spect~a resUlting fro~ the annihilation 

of positrons. Total counts were obtained by evaluating 
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the photop eak area by using the formula >, _, .:.- ::..:.. ; 

. I 

f't == H b ~(71Aioaez) 
1
'2--

••• (3.14) 

where H is the maximum peak ordinate andbds fUll width 
'2-

at half maximum of the photopeak for a gaussian. Also 

the total counts in a photopeak was determined through 

simple addition of_ the counts in the single chruLnels 

under photopeak. The results of the two evaluation are 

found to agree within 1 percent. 

(b) Statistical errors 

Statistical errors of a measurement of the inten-

si ty of the annihilation spectra has been expressed by 

standard deviation in the total number of aruLihilation 

counts. For measurement with. 60 00 source ·this was 3.62% 

and for measurement with 65zn source this was 2.7%. 

(c) Corrections for the decay of th~ source 
the. 

The decay correction forAperiod of the experiment 

was evaluated by recording the decay curve. 

Relative Activity Aoi\;A" or relative amounts of 

radioactive nuclideS are plotted on a semilogarithmic axiK 
- 1\t 

against time on the linear scale, then -e . is a straight 
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line passing through the points A/A0 = 1 at t = 0 and 

A/ A
0 

= .5 at t = T where ~ is the half life of the source •. 

From which activity at any time can: be evaluated to a 

high degree of accuracy in term of the initial activity. 

' 
(d) Errors due to finite energy resolution of the 

detectors. 

Since we have taken the area ratio of annihilation 

peaks the f~nite energy resolution of the detectors did 

not affect thts ratio. 

(e) Error in the determination of efficiency of the 
detectors and Geometry factor. 

k1Y error·in the determination of efficiency of 

' the detectors does not enter because this factor and 

effective solid angle factor cancel out in the measured 

ration. 

(f) Determination of activity of the primar,y source 

did not enter into our computation of the area ratio of 

photopeaks. 

(g) Errors due to absorption of primary. as well as 
annihilated photon. 

As has already been explained in section 3.2.8 

the effect of absorption was taken into account and 

corrected for recording the annihilation spectra with 
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gradually increasing thickness for each sample. Corrected 

true coincidence counts were obtained by a method of least 

square fit as explained there. 

Pair production cross section ratio data was 

obtained from measurements made at a solid angle of 

0.87 sr between the target and detector. The sample thick

ness was determined to an accuracy of .05~. Coincidence 
'( \ 

coun~ate as obtained from the measured area of the· anni-

hilation spectra fig. 3.2 - 3/~l.: has been plotted against 

target thickness fig. 3.,~0- 3.:);'1 ~ The resulting curve 

is found. to fit an equation of the form 

N
0 

: Ote-Bt 

where C and B are constants C is the true coincidence 

count if there had been no absorption of the incident 

and annihilation photons C and were determined by a method 

of leas;!Y square fit for each target material and for each 

energy. Evaluation of C leads to the determination of 

cross section ratio from a knowledge of the Atomic weight 

of the target material. 
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Cross section ratios are shown .in Table. 3.4 along 

with some other experimental results. From ~he-measured 

ratio absolute cross sectiOns have been evaluated with the 

help of accurate theoretical cross section for copper for 

which·screening correction is very small and the results 

are shown in Tabl-e 3.5 and. Table 3.6~ The cross section 
s . . 

ratio,. are shoV'I!l. in ~igs. 3.18 - · 3.19 along vvi th other 

recent measurements and latest theoretical calculations • 

. 3.5 Discussi,2E; 

The effect of screening on the cross section of 
I 

pair production near threshold is important for atoms of 

larger atomic.number. As demonstrated in Fig. 3.18 and 

3.19 where results of Ui J/ have been plotted against 
, (Ucu . 

. . ' 
atomic number from different theoretical ·calcLuations and 

direct· measurements along with the present experim!=Jnts, 

it is easier to check experimentally the screening correc

tion in the presently adopted method that avoids various 

sources of errors which. ·were found to be very difficult to 

remove in earlier direct experiments. (Av-14, Gi-78 ,79 ). Most 

of the recent experiments L~sed Ge (Li) detecto~s which give 

a lower counting efficiency· resulting· in poor statistics. 

The resUl·ts of the present set of measurements thus 

demonstrated the suitability of the present method, ~n making 

direct experimental check on the screening correction :for 

pair production cross section at energies near threshold. 
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Table - 3.4 ... 

Theoretical and Experimental c~ss section ratios 

·-
Energy Ratio THEORETICAL - EXPERIMENTAL 
in Mev Born jiverbo 10verbo Tseng Girard Dayton Standil Schmidt Henry :Present 

approxi- PC so Pratt et al et al et al expt. 
mat ion so 

--- --
C\nL 2,9'1 3.83 3.95 3.93 3.85 3. 66 3.48 3.47 ~ 3.97 ,' 

:r.15 
d:u 1.332 

U~o fa, 7. 40 1.173 12.74 14.00 13.68 14.,14 
cu ±.33 

cfPb/c( '1.99 13.86 15.56 15.12 15.33 14.70 13.93 13 •.. 69 15.29 
{(} ±0.92 -±:. • 33 

Uu /cf 10 .• 07 21.52 20.79 . 21.4 
(LJ "!: 1. 32 

c:Js "lcJ. 2. 97 3.335 3.589 3.64 3.77 
-j-.20 

(() 

Contd •• 
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--
Energy Ratio THEORETICAL_ 
in Mev Born ~verbo ~verbo Tseng 

approxi- PO So Fratt 
mation SO 

:115 - U:v;{jw 7.42 6.38 10.58 8.;-

cfTh/~ 9.62 6.81 14.41 11.01 
\J LLJ 

Uv /r. 10.0 6 6. 83 15.66 11.38 

Ucu 

\~ 
' ' 
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Table- 3.4 (Oontd •• ) 

-Girard 
et al 

E:xp'ERIMENTAL 
Dayton Standil Schmidt Henry 

et a1 et al 

* 

:Present 
expt. 

10.53 
:t.71 

12.4 
-j: • 97 

13.18 
-±"1. 04 
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Table - 3 .t2_ 

Theoretical and Experimental pair production cross ·section in mb/atom 

Energy Element . cJ B 
c:J¢o_ 

PC 
cf¢o 

sc 
(jTP 

sc Present experimental 
in Mev z .taking cross section 

value of co12:eer 
10.1 from 

¢o.-79 

50 24.03 38.20 39.90 39.50 40.17 
-:±"1 .. 54 

·79 59.82 126.83 141.40 136.83 142.71 
± 3.22 

1.332 82 64.66 137.7 157.2 151.,2 

+ 
1.173 92 81.36 217.3 207.,00 

cJ; - Born approximation cross section 
~6 . 

([p, - ¢verbo point coulomb calculation ref (~~7) 
~0 

((,- ¢verbo screening corrected calculation ref6 (~0-79) 
C)~ Tseng Pratt screening corrected calculation (Ts-7~) 
~ . 

1. P.Schmidt and 
2., Girard et al 
3. I.F.Dayton 
4. s.standil and 

PeHubber (Sc-54) 
- (Gi,~- ... :79, 79) 
- (Da .:..53) 
v.Shkolnik (St-58) 

10.00 from 
,· Ts .. -72.. 

39.70 
"±"1. 54 

141.,30 
± 3.,22 

Other ExEeriments 

1 2 3 

32.68 40.5 35.~ 
:!2 

161-t 6 

222i-9 

4 

33.16 
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Table·-~ 

Theoretical and experimental pair production cross section in b/atom · 

Energy 
in Mev 

Element 
Atomic 
number 

GB cr (2)0 

J?'c cr
~o 

Sc 
r(TP 
~ Sc 

T2 

50 1. 895 :X: 10 -3 

~9 4.733 ~ 10-3 

1.115 90 6 .142:x:10 - 3 

' 92 6. 418:x:1o-3 

3.017 :X: 10-3 

5.774 :X: 10-3 

- -3 
6.16:x:10 

6 .184:x:10 - 3 

3.460x1o-3 30520:x:10-3 

-2 . ..:.3 
1.02:x:10 8. 660:x:10 

1.390:x:10-2 1.060:x:1o-2 

1.510x10-2 1.096:x:1o-2 

------·----
clB - Born approximation calculation 

C2>0 U Pc - ,0verbo point coulomb calcul.at·ion ((/)0-·61-) 
00 ~ cf Sc - ,0verbo screening corrected calculation (q>D-79} 

Present experimental taking 
the cross s~tion of COERer as 

9.64 :x: 10-
4 

from (a) 9.63 x 10-3 
. ________ _..from (_b_) __ 

( 3' 634"± .o 19 ):x:19-3 ( 3. 630 .t. 019):10 - 3 

.010:!-.00068 

e0119::!;,.0019 

• 0127 ~. 001 0 

.0101 t. 00068 

.0119±.0009 

.0126:t-.0001 

/(TP 
~ Sc - Tseng and Pratt screening corrected calculation (Ts-7t) 

a - (,elo - 79) 

b - ( Ts -74}' . 
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As seen in figo 3.18 (a) Experimental results 
), _q 

for ~in and pold are in ve~J good agreement with 
I 

calculation of ¢verbo (¢o - 79) at .1.115 Meve In fig. 

3.18 (b) .experimental results of Girard et al (Gi - 74) 
t- lA 

r at 1.119 Mev for tin, lead andjranium are showne 

Fig. 3.19 shows ~ /Ucu according to Born 

approximation calculation and c~lculation of ¢verbo(¢o - 79) 

along. with the. results of different experiments. 
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