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ABSTRACT 

'A lead glass photon tilpectrometex- has been uaed to ir:~~aa.sure the total 

attenuation Cl"oes aection of Pb and Al for photons of energy Z.5 * 0.5 Bev 

produced in the Berkeley Bevatron. The electron-pai!' cross sections have 

been inferred from the measured total c:rol6s sections. Preliminary data 

indicate that the electron~pair cross section iB 34.6 :t: 6.6 barns in Pb and 

1.22 ~ 0.11· barns in Al. 
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X. Introduction 

The dol!pinant interaction of photons with matter is the pll"oduction 

ot electron pairs. This effect bas been studied experimentally at et.;.ergies 

up to approximately 500 Mev.
1 

and good agreement has been obtained with the 

total c?oss-section calculations by Davies. Bethe~ and Maximon. 
2 

An empirical 

co:rrection has been found
1 

to the older Born-appr.o:u:imation total cross-section 

calculations of Bethe and Heitler which adequately accounts for the faii.ure of 

the Born approximation in heavy elements. The correction is given by 

-5 2 cp (k, Z) = $ (k, Z) ( l - l. 5 X l 0 Z ) . 
p 

(1) 

Bethe-Heiti.er 

The ~~heoretical values for ~ (k, Z} used below are obtained !?om Eq. (1). . p 
This pape1r describes prelimina1ry l'esulta of a further test of the 

theory at 2.5 ::t 0.5 Bev. We measured the total photon-a.bsoX'ption cross sections 

fol!." aluminum and lead by utilizing high':"ene:&-gy photons produced in the 

Bevatron. We then inferred the sum of the electl·on-pair at1d the electron­

triplet cross aections from the measured absorption cross section for each 

element. and separated the two electl'on effects by using a theoretical ratio 

of their cross sections. 

* . 
This work was done undea- the auspices of the U. § .. Atomic Energy 

Commission. 

r Now .at 'rhe Ramo-wooldridge Coxp. ' 8820 BeHa:nc.a Ave. ' Los Angeles 45' 
CaUfoY.'nia. 
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II. Appeu:atua and Pro::_ed.u~~ 

When the 6.2 Bev protons of_ the Bevatron ci:r:cu.lating bea.n1 coHide 

with an inteX'nal bei'yUium target neutlfal pions &E'e producedr a.r!.d thcHH:J pions 

which decay in nearly the f'ot·ward direction yield a usable Hmt of photons in. 

the energy t>ange of a few Bev. These photons were coUimatll!d to form a 

.na?row beam at 6 ° to the db:ection of the incident protons~ a.s ehow11. in Fig. 1. 

and the .observed opect:rum above Z Bevin the collimated beam was app:roxi­

mately proportional to·k~~·5 * 0• 8 p where kis the ir.u:iden~ photon energy. 

Charged particles were cleared from the beam by the sweeping magnet, 
' 

~~a1.ring a mixtu~e of photons and neutrons inCident upon the absorbel'. The 

a'bso!'bere were pure «ZS) aluminum or commercial~grade lead of applt'oximately 

on~ radiation length thickness. The total photon Hun: contained in the beam 

wall) detected by a high~efficiency spectrometer~ shown in Fig. Zc which con­

sisted of a cbarged•particle a.nticoincidenf!!e counte:ll' «A), followed by a lead 
- - -- - - " . - t 

converter foi' photons and a coincidence co\Ulter (B)D situated immediately. 

in front of the lead glass Cerenkov counter (C). 4 1i an event was simulta.nec:maly 

detected b1 counters B and C in tb.e absence of a pulse from counter Ao the 

ten-channel pulse-height analyzer was gated ·on to l'ecord the si~e .r;;f. the · 

Cerenkov counter pulse. The efficiency .of the spectrometer for 2.5 .Bev 

photons was about 60% and its remolution was k/l. fuU width at hc;.lf maximum. 

The enei"gy calibration and the resolution of the Cerenkov counter wex-e 

checked nightly by observing cosmic a ray muons during the pe:dod betweent 

succe.ssive days 0 runs. A detailed description of the detedor is contained. 

in Ref. 4. 

The Stpectg-ometer h sensitive to neutrons as weU as to photons. 

These two components of the incident neutl'aJ. flux were separated by introducing 

a li. -bu:h lead shutter So shown in Fig. l, into the beam in Ol"der to attenuate 

the 2.5 Bev photons by a factor of 1.1 without appreciably ~J.tel"ing the b.'l.cide;:,.t 

neuti'on flux. Appropriate counting differences then yielded the photon nux 

inCident upon the spedt"ometeF. The observed ratio of counting :rates due 

to neutrons and photons wa.£J a.ppro~dma.tely u.nity foi~ the beam incident upon 

the absorbel!'. 

ConventionaL abs4:n·ption technique was en~ployed to filn.d the total 

photon absol'ption cross aedion>+a>.ba«kD Z)p of a givelll a.bsoz.obe:rt. The l!."ati.o 

of incident to tra.nsmitted photon inten~ity~ 1
0 

/I, was det.eTtnined f.o1" ax;. 

abH!lOl'be!' of thickness t. Tih.e value o£ $ ~- «k.t Z) is then. given by · · a~s 
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whe:r:e N is th.e number of atoms per cm3 in the absorber. The transmitted 

&Xld incident intensities are proportional to the corrected photon counting 

rates with and without the absorber in pla.ce 0 i'tal!llpectively, and a:re normalized 

to a monit:cn.· scintiU~.tio:n co\.mter whose response was proportion~! to the 

number of protons that struck the internal Bevatron tal' get. 

UI. Results and Diseu0sion -
The total photon absorption cross sec:tion)+abe«k6 Z)~ for elem:ent Z 

and. photon ene&-gy_ k can be written 

where q,P{k, Z) = total electron-pair production erose section0 

•t«k) ::: total electron-triplet production croas section per eledrono 

and 

In both alumin.um and lead at these energies we have 

so that the measwred ~.ralue foi' +~bs(ko Z} is essentia.Uy the sum of pah:- and 

triplet cross sections. Then 
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Table ! contains the obse1:ved total.,;al:H~.ol·ption Cl"oss sections and 

the der-ived total pair-productioiD. cross sections, with corrected Born·~ 
! 

appX'oximation theoretical Ci'OBEJ sections included iior compa.ll:'ison. Figures 

3 and 4 show the experimental results compared with the work of oth(!Lr· 

authors and with the corrected calculations by Beth.e and HeiUe:r. 

$pair 

Table I 
==···====-

Photon t.otal cross sectiona at k = Z.S ± 0.5 Bev (barn.s} 

Experimental 

Pb Al 

35.0 ± 6. 7 1.31 :!: 0.18 

13: * 6.6= 
1.22*0.17 

64:: = ... z::::«t 

j 
j Theo!'etical (corrected fol· 

l ' 

! 

i 
I 
I 

J 

Born approximation) 
Ph Al 

39.4 1.30 

t#::li:i±e:te:e == :·~~ ... 

The screening of both the nude;;u· and the electron Coulomb fields 

by the atomic ~lectl"one becomes more effective at higher energies. 3 
and 

\ 

places an asymptotic high-energy limit on both the pair and triplet cross 

sections. At Z.S Bev. a.nd at 4.0 Bev, for example, the Born~apptoximation 

calculations indicate that the nuclear paii'-production. cJrosa section for lead 

is 96.6% and 97.4% of the asymptotic cross section, respectively. This effect 

is seen in. Figs. 3 and 4. 

The failure of the Born approximation for heavy elements leads to 

the disagreement of experiment with the older theoretical results of Beth.e and 

Heitler. The theoretical curves in Figs. 3 and 4 and the values in Table I have 

been cori'ected to account for this failure of the Born approximation. Within 

the assigned erl"Ol!."S 1 the results of this experiment are coneililtent both wid1 

the coi"rected theory and with expeFimental results e:~tt.rapolated from lower 

energies. These errors are statistiCal unceirtainties combined with. our best 

estimates of a:nticoincidence counter inefficiency. dead time, and othe~ 

systematic or instrumental er:rrore. 

The enet>gy spectrum of the photon beam was b;road. and extended 

above the mean e~aergy of 2.5 Bev at which the absorption erose sections were 

determined. The measured values we:rce subject to negligibly smaH positive 
I 

COli."X'ections (less than 1 ·~·u) to account for tho!i.ie photons which 'il1>•e:re incident 
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upon the al:u.\lorber with. energy g:reateF t.han app1:0!dmately 2..5 Bevv a.nd which 

underwent shower proceases in the abeorbe1r in a manner that gave rise to 

photons of energy of approximately z.s Bav in the f'orwal.l'd direction and we:t>e 

thex·eio:s-e lrdisth'lguisbable from photona simply tranemitted by the abeH'>:r?ber. 

Whenevex- such photons are accompanied by an associated shower electron 

Umt enters the counter geometryo the anticoincidence counter rejects the 

even.t 0 which io an unlikely one even in the absence of the a.nticoincid.el&Ce 

countero 

The sya~tematic errore in the aluminum measurementa were con­

siderably greate:rt.' than for lead. The aluminum results have been included 

only as an a.ppro::dmate verification of the Z Z dependence of the electl"o~~pa.ir 
cJross section in the energy interval etu.died. 

It is expected that additional work will be done within. the yeal." at 

2..5 Bevin o:rder to reduce the over-aU uncertainties both foA" aluminum and 

for lea.d9 and at 4.0 Bevin an effort to moce accurately correlate the theory 

with ell:periment at higher energies. P:reliminary results a:r.e preseiited at 

this time beca.uae prior commitments prevent the immediate resumption of ~b.e 

~E:xperiment. 
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Figures 

Fig. l. Sketch ~not to scale)' of the el&:perimenta! layout foy: the rnealllurement 

of electron.-padr production erose sections. 
Fig. Z~ Schematic aa.-ra.n .. gement of the spectx-omete? Ghowing the glass 0 

phctotubes~ and magnetic shieldo as well as the a.ntioccindden.ce 

and coincidence countet'st. and the lead converter. These two 

scintillation counters insuFe that the electl'on showelt'Sp which are 

pulse~beight ana.lyzed0 stax-t in the l/4-in. lead converter and ax-e 

thus centered in the glass a.nd sta:r.-t at its ~ront aud21.ce. 

Fig. 3. Electron pair production croas sections. The soHd cuFves ahow the 

BetheMHeitler theoretical values for lead and aluminum as a function of 

photon Em.ergy0 cot-reacted for Bo:rn~approximation failure in heavy 

elemenhl. The expe:rimeklta.l poi.nts are shown. 'The dashed line 

represents the case for no screening. 

Fig., 4. Experimental values for the photon'total-abeorption cross section 

as a. function of energy and of z. The solid lines are calculated va.lues~ 

with the pair-production contribution given by the Bethe ··Heitle1· theoJ:"y 

corrected for Born-approximation failure in heavy elements. 
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