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&

' ABSTRACT | |
| ‘A lead giaés photon spectrometer has been used o measure the total
attenuation cross @ecﬁon of Pb and Al for photons of energy 2.5 £ 0.5 Bev
produced in the Berkeley Bevatron., The eiectron?pa,ir crose sections have
beenv inferred from the measured total cross sections. - Preliminary data
indicate that the electron-paiir cross section is 34.6 % 6.6 barng in Pb and
1.22 # 0.17 barnse in Al -
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I. Introduction

The dogninant interaction of photoneg with matter is the production

of alec_ti’@n pairs. This effect has been studied e#p@rimentally at énergiee
up to approximately 500 Mev, _l and good agreement has beeﬁ obtained with the
total cross-section calcizl_&tions by Davies, Befhe, and Maximon. 2 An empirical
correction has been fmmdl to the older Born-approximation total cross-section
calculations of Bethe and Heitler which adequately accounts for the failure of
the Born approximation in heavy elements. The correction ié given by

5, (k,Z)—q»(kZ.) (1-15x107 2%, » T

Bethe -Heitler

The theoretical values fon' ¢ {k, Z) uged below are obtained from Eq él)

This paper deacmbes prehmmdry results of a further test of the _
theory at 2.5 £ 0.5 Bev. We measured the total photon-absgorpticn cross sectiong
for aluminum and lead by utilizing high-energy phot'ons preduced in the
Bevatron. 'We then inferred the sum of the electron-pair and the electron-

tmpie& cross gections from the measured absorption cross section for each

‘element, and separ ated the two electron effects by usmg a theoretical ratio

. of their crose sections.

T‘us work was done v.mdef the auspices of the U. §. Atomic Energy

Cormmiggion.

?\!cw a2t The Ramo-~Wooldridge Corp 8820¢ Bellanca Ave., Los Angelas 45,
California. | '
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1L, Apparatus and Procedure

When the 6.2 Bev px’oﬁ:@na of the Bevatron circulating beam collide
with an internal beryllium target neuwiral pions are produced and those pions
- which decay in nearly the forward direction yieid 2 usable fiux of photons in
the energy range of a few Bev. These photone were coliimated to form a
_ narrow beam at 69 to the dire@ien of the incident protons. as shown in Fig. 1,
and the observed spectrum above 2 Bev in the collimated beam was approxi-

5 5%0. &, where kis the incident photon energy.

. mately proportwna.& tok
Charged particles were cleared from ﬁ.ne beam by the sweeping magneﬁ:
ieaving a mmmre of phoﬁons and neutrons incident upon the absorber. The
absorbers were pure {(2S) aluminum or commercial-grade lead of approximately
one radiation Eength thickness. The toml. photon flux contained ir the bea;m “
was detected by a high«-efﬁciency spectrowmeter, shown in Fig. 2, which con-
sisted of & cha.rged-'parﬁcﬁe anticoincidence counter (A), followed by a lead
_cozw@rter for photons and a coincidence counter (E)s situated zmm@dmﬂ*eiy
in front of the lead glass Cerenkov counter @Cﬁ ‘¥ an event was mmui&anemmiy
detected in counters B and C in the absence of a pulse from counter A, the
ten-channel puise»heaghﬁ; ana.kyzer was gated on to record the size of the ~
Cerenkov counter puE.ge; v The efficiency of the spectrometer for 2.5 Bev
photons was asbout 60% and its reeolution was k/2 full width at half maximum.
The energy calibration and the resolution of the Cerenkov counter were
checked nightly by bbaerving cosmic-ray muons during the pericd between
successive da.y_s".funsa A detailed description of the detector ie contained
in Ref, 4. | | ”
The apectromewr is aerwz’kwe to neuﬁ“rons ag well as to photons.
These two components of the incident neutral flux were sep&raﬁed by introducing
a2 l-inch lead shutter 3, shown in Fig. l, into the beam in order to attenuvate
the 2.2 Bev ph@fmné by a iacmf of 27 without appreciably altering the incid;en’i:
neutron flux. Appropriate e:mm&mg dszorenezes then yielded the photon flux
incident upuniehe spectrometer., The observe& ratio of counting rates due
te neutrons and photons was a.ppromma‘im&y unity for the beam incident upon
the absorber, ‘ ’ : ' _
‘Conventional absorption technigue was employed to find the total
photon absorption crogs S‘ection>¢&b8@E;; Zﬁg of 2 given absorber. The ratio
of incident to transwmiited photon intenaity, i /I wag determined for an

absdrber of thickness t, The Va»lue of 1o & MP is then given by
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i 1

. - o
Papate 2} = g~ B 7

where N is the number of atome per cm3 in the absorber. The tranamitted
and incident intensities are proportional to the corrected photon counting

rates with and'withou‘& the absorber in place, respectively, and are normalized
to a monitor scintillation counter whose response was proportionzl to the
nuinber of protons that struck the internal Bevatron target. '

Ii]. Resulte and Discussion

The total photor absorption cross section')@ (k. Z), for element 2

: abs
and photon energy k can be written '

bao e 2) = 4yl 2) + zwkb + T, {k, Z),

where ¢p@k, Z) = total clectron-pair p:m&uction cross section,

%((k) = total electron-triplet production cross section per electronm,
- and ‘
'MiQk, Z) = total cross section for all other photoprocesses,

In both aluminuw and lead at these energies we have

Z4,(k, 2}

< IO°Z
¢&b3((k° Zb '

sd that the measured value for ¢a?bs(k° Z) is essentially the sum of pair and
triplet ¢ross sections. Then :

| | | I 4,k 2)

d"p, experﬁmamai«k” Z) = ypple 2 W k * $p%i€n 2}

where ab (i, Z) is calculated fromw the work of Bethe and Heitler (corrected:
~ for the B@rn»&ppr@xzmatmm failure in heavy eiemc.nm} and %@k Z} is
calculated from the work of Wheeler and Mmb and Borselline.
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Table I containg the obgerved total- a.%mo rption cross se"tmnﬂ and
t'ﬁm. derived total pa.maproduct:mm cxoss sections, with corrected Born-
appxrox;maﬂ:aon theorencal cross sections included for comparison. Figures
3 and 4 show the experimental results compared with the work of other-
authors and with the corrected calculations by Bethe and Heitler.
Table I o

atmaper s v
- e oo

Phomn total cross 3ec£xons at k = 2.5 2 0 5 Bev {barns)

Experimemal | Theoretical {corrected for
- _ § Born approximation)
Pb _ Al { Al
®abs  |35.0 2 6.7 131018 |
b :
: [ ) 1
¢’pair 346 £6.6 | l».Z.Z *0.17 !, 39.4 1.}0

The screening of both the nuclear and the electron Coulomb {ields
by the atomic electrong becomes ‘mdfe effective at higher energies, 3 and
places an a&y;nptotic high-energy limit on both the pair and triplet cross
sections. At 2.5 Bev, and at 4.6 Bev, for exémple. the Born-approximation
‘calculations indicate that the nuclear pair-production cross sectimﬁ for lead
is 96.6% and 97.4% of the asywmptotic cross section, respectively. This effect
is seen in Figs. 3 and 4. ' '

The failure of the Born appraxima&’iun for heavy elewents leads to
the disagreement of experiment with the older theoretical resuite of Bethe and
Heitler. The theoretical curves in Figs: 3 and 4 and the values in Table I have
been corrected to account for this failure of the Born approximation. - Within
~the assigned errors, the results of this experiment are consistent both with
the corrected theory and .wizh exgpérimenmk results extrapolated from lower
energies. These errors are statistical uncertainties combined with our best
estimates of anticoincidence counter inefﬁci‘ency, dead time, and other
systematic or instrumental errors.

The energy spectrum of the photon beam was broad, and extended
above the mean energy of 2.5 Bev at which the gbsorption cross sections were
detez mined. The measured values were subject to negligibly small positive

corrections (lesa than l‘fw) to account for those photone which were incident

N
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ug@ﬁ the absorber with energy greater than appx@*ﬁﬁma@,@ﬁy Zo 5 Bev, and which
underwent shower processes in the absorber in a manner that gave rise to
photons of energy of a,pproximately 2.5 Bev in the forward direction and were
therefore irdistinguishable from photong simpky tranemitted by the absorber,
Wheneveir such photons are aecamp&me& by an associated shower electron
that emem the counter geomctry,, the anncommdence counter rejects the
event, which is an unlikely one even in the a2bsence of the anticoincidence
counter, - | '

The systematic errors in the aluminum measwemen&a-weré con-
szdarably greater than for lead. The as,iummum results have been included
only as an approximate verification of the ZZ dependence of i.he electron-pair
‘crose section in the energy inmterval studied. -

I is expected that additional work will be done within ﬁ’he year at
2.5 Bev in order to reduce the over-all uncertainties both for aluminum and
for lead, and at 4.0 Bev in an effort to more accurately correlate the theory
with experiment at higher energies. Preliminary results ave preseﬁted at
thie ¢time because prior cbmmitmenﬁs prevent the immediate resumption of the

experiment.

IV, Acknowledgments

The advice and encouragewment of Professore A, C., Helmholz and
Burton J. Moyer are gratefully acknowledged. The authors are indebted
to Dr. Edward J. Lofgren and the Bevatron operating staff for their

cooperation during the experiment..



e UCRL-3718

References

1. J. W. DeWire, A. Ashkin, and L. A. Beach, Phys. Rev. 83, 505 (1951};
D. H. Cooper, Thesis, California Institute of Technology (1954} (unpublished).
2. H. Davies, H. A. Bethe, and L. C. Maximon, Phys. Rev, 93, 788 (1954},
3. W. Heitler, "The Quantum Theory of Radiation, "' Oxford University Press,
1954, p. 259, _ '

4. J. M. Brabant, B. J. Moyer, and R. W, Wallace, A Lead Glass Cerenkov
Radiation Photon Spectz"ometerg UCRL-~3490 (to be published in Rev. Sci. Instr.}.
5. J. A, Wheeler and W. R, Lamb, Fhys. Rev. 55, 858 (1939),
€. A, Borsellino, Nuovo Cimento 4, 112 (1947), '



G- ' UCRL-2718 .

Figures

Fig. Ii; Sketch (not to scale) of the experimental layout for the measurement
of electron-pair production cross sedtions,
Fig. 2. Schematic arrangement of the spectrometer showing the glass,
phoﬁoﬁﬁbes,’ and magnetic shield, as well as the anti ~coincidence
and coincidence counters, and the lead converter, These two
| scintiliation counters insure that the eieémon showerss which are
pulseaheight' aha.iyzedg start in the 1 [4-in, lead converter and are
thus centered in the glass and start at its front surface. |
‘Fig. 3. Electron pair production cross sections, The solid curves show the
. Bethe-Heitler theoretical values for lead and aluminum as a function of
photon energy, cgfrecﬁ:ed for Born-approximation failure in heavy
elements, The expervimental pointa are é'hown, *The dashed line
. represents the case for no screening. e - '
Fig. 4. Experimental values for the photon'toaal-»abaor?tion Croes ﬁecﬂ:ion‘
as a function of energy and of Z. The solid lines are calculated values,
- with the péir-produc&ion contribution given by the Bethe -Heitler theory

corrected for Born-approximation failure in heavy elements.
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