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. apsTmRACT
. A total absorpﬁion scintillation counter for high-energy photons has
been‘developed with £7%energy resolution for 130-Mev photons, The counter
was Built of enough i)lastié scintillator to contain most of the energy and
| maintéih a h;.gh detection efﬁciency. : ‘W e employed the technique of observing
a statistical sampling of light £rom an integrating volunie. The integrating
volume was obtained by painting the suz-face_: of the counter with a diffuse
‘reflector and detecting thé Iiéht with a largé numberioﬁ photomultiplier tubes’
placed. sf:simmetz;ically‘ ;béut the éo;u.ni:er.. , Use of a scixﬁtillator 'e:;zabled us to

work with a light source of high intensity, thus assuring optimum photon

statistics.
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INTRODUCTiON AND PHYSICAL PRI\CIPLEa '

We desu‘ed to build a total absorptmn scm‘tlllatlon counte; of hij gn efﬁ-
ciency which could be used to determine high photon energies thn good
resolution. Examina.tion of the absorption ¢cross sections for ‘gamma‘ rayes in
lead and.cau:‘bon1 (Fig. 1) shows the pair-production cross section ihére‘asing

with energy and the Comptonusca.ttering cross section decreasing with energy.

' Tms conﬂlct in energy dependence leads to a mlmmum. in the total—a.bsafption

cross section, whmh for high- Z matenal is more pronounced a.nd appearﬂ at

lower energzes than for low-Z materials.

An electrqn produce_d by either process may lose itsienergy either through

radiation or through ionizing collisions. From the relationship between the

two modes of energy loss,

(AE/dx)_,. ..
radiation . ~ 2/805 Mev

“idk'/d" )mmzmg colhs*ons

(where E is tgxe energy of the particle in quesuoﬁ and Z is the atomic
number of the matemal the particle: traverses) one can see that the critical
enexrgy, at which radiative loss equa.ls ioniz mg loss, is mve:. s‘eiy relatcd to
Z. In high-Z matemals there is a strang probabdzf:*y of reradxavcn brems-

strahlung in the region of the minimum in the absorption cross section; there-

‘fore in high-Z materials where the critical energy is low there may be lage

e g
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f‘-;ﬁcf:uatigns in‘the ener'gy c’:qnté.iﬁmén‘t; and éhué poér energy resclution,
mless'thé counter is large éﬁough to contain 'nea.r'l'y all the energy.- ) % "

When the eﬁergy of the pho's:on is near the critical energy, the voluméj'
of the wmrc"y contaxm‘nent is elonaa.ted in the dwectxon of the mccmmg pho;on.
Whe the e'xergy is much greater than the criti | cal energy, the vol.mne is more
-ﬁai‘iy herical and less sensxtzve to tbe direction of the uzcoming photon

.~.}1e problem of conta,inment is £uxther comphco.‘ced by the 1nterammn
of ’s,hc photon au various depe.hs in thc coumer in the usual e‘zponcnual fashion |
{Fig. 2). This results 1n»ﬂuc‘tua€mns in the energy chtazned in the counter.
The effect of the varu_ﬁon in the photon interaction posi ition is more banparena
in low-Z materials wh:a.ch require fewer radlatmn lenvths to contain the energy.

. The energy contained by an absorpcmn caunter is usually detected by
convevtmg a vractzon of 1&. to v1s1b1e hgnt enher by Cerenkov radiation or a
sczmal};amgn process. The lmht is then detected by a photomultiplier-tube
' arrangemem,v‘and for a given event the energy'comained in the' countér is
~ determined to an accuracy W1th1n the variance of the number of ue;ected pt hotons.
The va:iance i_s due_ t_o the statistical nature of the hght--producmg Process a_.r;d
- to variations ln iight collection efﬁcieﬁcy The stai‘istical ﬂuctuations- are
| remtcd to the square roots of the numbcrs of photons detected Thé variations
inl glght conectmn eiﬁcxency are mamly due to variations in zbe sohd angle

subnendedv by the phototubes at d;ﬁerent po_sxtxons in the counter, and to the
différent effects of re-f.lectiox-x and absorpi.i‘on‘_intoﬁect_ing the livght from different
positions. Fluctuétiong_ inthe povsition of the generated light are due tcs variations . :,
| in the posiﬁ'élﬁ: and direction of the incident photon and the fact that sﬁcc_:vevssi,ve .
- showers are not contained i.;m the Sa:ﬁe Jele.mezvlts of volume. Variations' in light-
.. collection efﬁciency are more pronounced in lar«re-volume counters auch as are .

reqmred to conta.m 185 Mev photons
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The probabﬂity of collectmg 11ght £rom all volume elements in the

- counter can be made appro:nmately independent of positicn by coatmg the

’counter with a diffuse reﬂector. “The diffuse reflector is useful'only to the

extent’that the light is reﬂected beiore detection and not detected ‘directly.'

If there were no self-a.bsorptxon and perf ect reﬁectwity, all the light could be

| collected by this method, but in practxce only a small fraction of the lxght is

couected

THE APPARATUS
v A Kantz and R, Hofstadter measured the shower conta,mment of 185-
Mev electrons in C, Al, Cu, Sn, and Pb, 2 The 'be_hav:.or of the plaSt:Lc
scintillator (’Taﬁle' I) can be approximated by their carbon data. Based oix these
data, a érbunfer was constructed from a plastic-sciz;tinaffor cylirider" five ra&iation
lengths long and one radiation length in diameter, which will contain about 94%
of the energy of an axially incident high-energy photon, In compar 1son, for the

same situation in lead, their data indicate that the cylinder would need to be

' 14 radiation lengths long and 20 radiation lengths in diameter. The plastic~

+

scintillator cylinder was 80in. long and l6in, in‘ diameter; a lead-glacs cylinde
to provide the same containment would be 15.4 in, long and 22 in, in diameter,
if we assume a density of 3.89 a/cm3 and a typical composition for such gla

' W"ith‘afcounter of this size, we decided to detect the light by taking a

statistical sample of light from an integrating "sphere, » To approximate a

’ ,aphefzte,- the 80-by 16-in, cylinder was divided into ‘four 20- by 16-in, section:c.

The machine-finished surface of the scintillator was coated with a diffuse
reflector consisting of d-alufni:xé. in an ac;?‘;:yf}o‘id resin which has an index of
refraction of approximately 1.5.3 It was hoped thé.t the coefficient of reflectivity
of the diffuse surface and the self-absorption of the scintillation light by the

counter would be such as to allow the light to make a number of reflections
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on the average ‘k;ef_ore being ‘det_ected.é_ This would'insure ‘v.tha't’ a large parcentagé |
of the détected’ photdns woﬁld be positi’on-insensitive. The light was deiected |
by six RCA 6655A photomult1p11er tubas arranged ina symmetncal fashion on
each of the four sections), as shcwn ix‘ Fxg. 3.
o The large volume of scmtxllator in the counter makea it very se*‘zmuwé to
background For example, cosmic r.a.ys aione give 7000 counts/ min above
v 56 Mev. The a.mount of shieldmo reémred for vanous bacngrounds is Sufﬁczem
to warrant e_very _attempt to keep the_‘ sizé of the counter and its pno-.otubes toa
minimum, : The counter sections weze contained in a’'steel box with thin aluminum
end walls. The steel box served as a magnetic shield as wellas a structural |
support and a light-i:ightzcontainer.“ | |
- 'In order to maintain the counter's energy resolutioh; the projected path
of a detected photon must fall Withiﬁ the defining cgz;linder of the counter for its
entire length, Hence, the detected photons must be collimated appropriatély.
| Having divided the counter into four sections, one must take caré td
engure that thé electronic gzin of each section is the same. \?‘fe first set the
gain of all the phototubes, using collimated minimum-ionizing cosmic rays 23
a prifnary,_st‘an}da'rd. A secondary st;,ndard, a d.c light scuarce {1B59), was
used to set the high voltage of the phototube thereafter. The resultant pulse

from the counter was taken to be the sum of the pulses from the four secticus,

" DATA
l'I‘he puisge' from the counter was observed to have va__‘r'ise' time of
approximately iZO nsec by use of a Tekﬁ:ronixSl?A oscilloscope. The leégth of
the rise time i:lﬁdicé,tes that most of the scintillation light is randomly reflected

before being detected, .
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The resolutmn of the counter was measured by observmg the 129.4-Mev’
monoenergetm photon produced by the radxatwe capture -of stoppmg p:.ons in A
hydrogen'in the reaction w +p~vy+n

In a.cidztxon to the monoenergetm phptori peak, there is a distributioxi of
photons from the decay of the vneut'ral pic‘m- produced in thé accompanying :
reactidn, 7 +p- 1r0 +n (Fig 4)." If the linearly extrapolated tail of the
neﬁtral-pion distributidzi is. §§btracted from the monoenergetic photon peak-
‘data, a Gauss:a.n curve can be fitted to the data. This Gaussian has a resoluticn

- of. 7 % half-width a.t half maximum (Fzg. 5).

LI A

- .
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‘Table L Composition of thé'plastic scintillator used.

e

. Solvent: N o ) 97.46% ploystyrene (CgHé)'
Activator: - _ | 2.5% p-terphenyl
Shifter: ' - | 0.03%rtetra_phenyl-butadiene

“ye

 Release agent B . 0.01% zinc stearate

. Toleranceé % 1%o0f each ingredient by weight
1 Radiation length: 43.4 a/cmzf or 41.3 cm

Index of refraction: 1.595

.~
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FIGURE LEGENDS

Tdta.l absorption cross sections for gamma rays im carbon and lead,

Here the cross aection in units af z2:. /1 7 is plotmd versus the cncrgy

in Mev, T}na fxgure is derivec} from curves givcn by Bethe and Aah&tin.g

Energy containment versua interaction depth The solid line represents the

a.vez'g.gc enerdy contained in the counter as a fmcsz‘ of the point of

produetzon of a 185 Mev electron. The curve is derwed from the data of
2

‘Kantz and Hofstadter.- ° The dashed line represents_the grobabuity that an

inc*de'nt 185-Mev photon penetratesa. given-distaﬁce into the counter.

Diagram of one of tle four identical a@C&iOHS oi the comter, showw the

| _ mountmg of ﬁhe photomuhinher tube,

 hydrogen. -The aumber of events per channel is plotted wamsi Ehe channel

has been su‘bﬁracx’:ed Th@ nrebabill ty of a area‘ter deviat

number of the pulse-height analyzez,
Gaussian curve through the data of the 129.4-Mev monocenergetic photon

pea.k a.fter the lmearly extrapolated ﬁ:aul of the nc.-.ghbcarnz

) ‘b,r, a aabsec:\..cnt set of da&a is 0 45, as determined ‘by a " amalyuis,

ponidi Iy

o

Jr—heton_spectrum cbtained by &:he counter for stopping negative pions in —_—
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