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INTRODUCTION

Since nuclear reactors have been developed, concern has
been expressed over the effects resulting from exposure to
the neutron flux generated by them. The only means of stand-
ardizing the data collected from these early reactors and ex-
periments was to perform the experiments in a thermal column
or in some facility that provided a flux of essentially
thermallized neutrons. These data collected by rather simple
counting devices provided useful information in many flelds
such a8 the redilation effects of thermal neutrons, neutron
activated reactions, and thermal cross section studies,

However, when en attempt was made to expand these meth-
ods to utilize the fast neutron flux present in the reactor
core region, no convenient means of evaluating the neutron
flux spectrum wes svailsble., As a result, a large quentity
of Mta was collected, but many contradictory results were
published., At best, results were correlated to integrated
flux time, with no attempt made to estimate the flux spec~

trum,
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LITERATURE REVIEW

After 1t was discovered that neutrons are susceptable
to Bragg reflection, suggesting the possibllity of producing
& monochromatic beam of neutrons by means of diffrazstion in e
larce single crystel, Zinn (1) developed & erystal mono-
chromator at Argonne, This device could separate 2 small
nearly monochromatlic neutron beam from an external neutron
flux spectrum, However, the major disadventa:e of this de-
vice is its poor resolution at high energles., For that ree-
son it is normally used for separating neutrons of energy
iess than 10 ev, Hence crystal monochromators are not well
salted for reactor flux spectrum determination,

£ second apparetus which also selects & perticular
energy segment from a neutron spectrum ie & mechanical,
velocity sensitive selector commonly known @8 & neutron
chopper (2). However, uniike the crystal monochromator,
neutron choppers are used well inte the fast neutron renge.
Neutron choppers have the additionel advantage of smaller
slze. In spite of thia size advantage, the neutron chopper
is not well sulted to reactor measurements elther, for many
radlation cavities such &g pneumatic tubes are inaccessible
or aimply too smell for the ehoppﬁ and 1its assoclated eguip-
ment, Another consideration, perhaps even more serious, is
the distortion that such ean apparatus would cause m‘m
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surrounding neutron flux spectrum since the collimator and
shutters of the neutron chopper must necessarily be neutron
poisons.

Thus 1t 1s evident that the first two methods of neutron
spectra measurement are useful only at resctor beem ports or
at similar sources of an external neutron beem, hence they
will not be discussed further.

3ome measure of success has been shown, however, in the
use of thin feolls for detemining the neutron flux spectrum
in radiation cevities, Thin folls are amell and durable
enocugh %o be introduced into the core region by means of e
pneumatic tube, but may still be kept thin enough that the
surrounding neutron filux is not disturbed, Since foil acti-
vation technigues seem to offer the most promise for neutron
flux spectrum determination, several avenues of approech have
been investigated,

The most prevalent approsch utilizes a series of thres-
held reactions to obtain values of the neutron flux above
the respective threshold energles, Representative investi-
gations of this type have been published by Flscher (3) who
used the fission threshold resctions of U234 y235, 236,
U233 ana by Greder (4) who used the fission threshold resc-
tlons of Pu®3? gna U23% g5 well as the threshold 53%(n,p) P32
reaction, GCGreder measured the neutron flux spectrum of the
LPIR and the KEWB-1 reactors with en estimated accurscy of



about % per cent, within the accuracy of the cross sections,
and found e strong correlation with the fission spectrum,

The principal disadvantages of the threshold reaction
approach lie in the many hazards assoclated with the use of
fissionable isotopes of U and Pu. The use of non-fissicnable
threshold reections would be much more convenient; however,
the lack of informatlion concerning threshold resctions below
1 Mev leaves only the anticipation of what might be done if
such reactions are dlscovered., At present the well known
non-fissionable threshold reactions almost all occur in the
energy range from 1 to 10 Mev, hence are hardly adaptable to
neutron flux spectrum measurements over the renge from ther-
mal energy to 10 Mev.

A second method of approach utilizing foll setivation
techniques 1s represented by the publication of Pal et al.
(5). This method utilizes the assumption that for some
materials such as In, which have large resonance cress sec-
tion peaks, the total sctivatlon cross section may be approx-
imated by the resonsnce peak cross section and the neutron
flux at the energy of the resonance peak., The foll sctiva-
tion is measured and the resonance peak cross section is ob-
tained from Hughes and Schwartz (6). Thus an spproximation
of the neutron flux &t 1.45 ev is obtained, In 2 similar way
the flux i1s found at the resonance peak energles of Ag
5.2 ev, Mn 340 ev, etc. A curve drawn through these points
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i8 & representation of the neutron flux spectrum, This sys-
tem has meny advantages; however, its primary disadvantage
lies in the basic assumption, "the total asetivation erose
section may be epproximsted by the resonance peak cross sec-
tion alone.”

In the case of In, the area under the resonance pesk on
an energy versus cross section per unit ener:y curve is about
34 per cent of the ares under the entire curve., However in
the case of Mn, the area under the resonance peak 1s only 55
per cent of the area under the entire curve. This would tend
to indlcate the magnitude of the error involved in such an
assumption,
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THEORY

S8ince it is desired to develop a method of determining
the neutron flux spectrum at various positions within the
reactor, assumptions usually assoclated with the continuous
slowing~-down model are no longer velld., For example, the
pneumatic rebbit tube near the core cannot be consldered an
infinite, homogeneous, non-absorbing medium, therefore the
usual procedure of considering only ener;les well below the
source energy cen not be used, The flux spectrum at the
pneumatic rebbit tube will probably renge from near the maxi-
mam fission energy to thermal,

An agpproximation to such & flux spectrum could be made
by dividing the energy range into several segments, then
measuring an average value of the flux in each sesment. An
experimental value of the themmal flux as found from bare and
¢4 covered Au activity, is used as an approximation of the
flux below the cadmium cut-off. Similarly, an experimental
value of the fast flux sbove 2.1 Mev 18 found from the acti-
vation of Al due to its threshold resction (‘7). The flux in
the remaining energy interval from 0.4 ev to 2.1 Mev 1s
approximated by an average value in each of six energy se:-
ments, The first sezment covers the range from C.4 ev to
1¢ ev, the second from 10 ev to 100 ev ete, The thirq,
fourth, and fifth segments are all energy decades, but the
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sixth extends from 0.1 Mev to 2.1 Mev,

These six everage values of the flux are derived from
the simultenecus sclution of the activetion eguation for six
different materials. The total activation of a material is a
summation of the activation ceused by each energy interval of
the flux,

6 -
Ap = Mgt ’;1 d?,rimu(n, 8, ©) tAp

fiave(E, a, ©) is defined as the sctlivation function, and is
dependent on the energy, the sctivation cross section and the
incident sngle of the neutron into the foll. Since the total
activity Ap may be found experimentally for each of the six
materials, six equations will result which can be solved for
the six values of (ﬁ. providing that velues of fj;ave can be
evaluated for each material in each energy interval.

The following development of fiave is based on the pres-
entation by Hweng (8). One basic assumption is that all
scattering processes are spherically symmetric in the center
of mass system., This assumption 1s strlctly valid for the
energy renze below 1 Mev (9).

A second more intultive assumption is that the neutron
flux at all energles 1s assumed to be uniformly distributed
et the surface of the foll.

A final sssumption which is necessary for the validity
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of the experimental procedure is the sssumption that the rlux.
spectrum is percentage-wise independent of the power level of
the reector, within i1t¢s normal operating range, i.e., it is
assumed that the percentace of the neutron flux which falls
within the energy range from, say, l-10 ev will be the same
whether the reactor is operating at 0.1 watt or 10,000 watts,

In the development of the activation function, consider
firet the probability of neutron scattering into the elemental
aree &t & distance of r from the point of scatter. This aree
also corresponds to the element of solld engle saubtended by
the eres at the polint of scatter.

rde

sin O s%.',&*rﬂl\e

The probebility of scattering within an encle O 1is
equal to

é o M
(27r 8in O )(r a6 ) 8in 640
'12"/ T ﬂa/ ) llvt/g#

since cos © is commonly denoted by M. Also the probability
that & neutron traveling the distance r will not be absorbed
or scattered is



9

e 5 Y

The precbabllity that the neutron will be absorbed but not

0 (BB

Then the total probability of neutron absorption P per unit

gree of foll due to the neutron current is the rate of abe
sorption R in the lethargy intervel up - u;.

o sl - Y EB) g

P(£) 1s & mean value of P(u) snd may be considered a
conetant on the basis of the mesn value theorem, Thus:

1( 1- 'ﬁ)( '*g“:ﬂ) poan g

Re PI§) 7

B < (> 0)

Since the value of —# 18 very small for the materials
of Smtovest, S50 peabiioiity o N ouy Nl NGNS b B4

unity. Similarly _.54& ie slso smell, however 1t is still of

significant sige, Therefore since 55—‘9-«1 and u>o for all
regions except the principal reaonance reglons, (1 B c@)



10 -

may be expanded into & power series
!
(1~."“ﬁ>-z~[1-§?+(§§?)2+. ‘ J

If only the first two temms of this expansion are considered,

& 1 )4
SLACHPEPE - P2
< B

e Ep
'd>(§)xuf .E‘.de.
1

Since xp 1s the thickness of the foil end a, is the surface
area of the foll, xps, = V, the volume of the foll., 4 1s
ectivetion.

G § 3
.‘.a*zﬁﬂm;)lf ?a-v,mg)'[“?a
oy 1

Where N, 18 Avogadro's number and N 1s the number of
mlo&/oas, then for energy rezions not containing the prin-
e¢ipal resonsnce, the activetion function is

B2
£1, = V¥ 81[ %i.cm (1)

Howaver for the energy ﬁglm around the significant
resonance peaks, the activation funotion is



11
et [ (e T (2)
5 5

Since this activation function must be considered wherever
Z g%p <<1 is not true, a demarkation value of 0.01 is chosen,
Hence for each of the materials chosen, when the value of

2 g% exceeds 0,01, the relation 2 must be evaluated rather
than relation 1. Then the average value of the activation
function to be used in the ener.y interval as for example
from 1-10 evj

Typ=0y(1-8) +0(8-B) +1(B-10)

where ‘1:."" - A) and rh(n -« 10) are found by use of relation
1 and rg,a(a - B) is found by means of relation 2.

In each of the actlvatlion functions to be evaluated,
the (n, ¥ ) absorption cross section Oy must be determined as
& function of energy. Total cross sections are published as
& function of enerzy (6, 10). The total cross section is the
summation of the (n, ¥ ) absorption cross section 0, the
potential scattering cross section 0"9, the resonance scat-
tering cross section Opg, the inelastic scatiering cross
sectlon 0, and many others., Those which are not signifi-
cant at energles below 1 Mev will not be considered here,
even though they are included in the total croass section,
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The method of evaluating the sbsorption cross section
is to subtrect the various significant eross sections from
the total cross section. These various cross sections may be
csleulated from empirical or theoreticsal spproximations,
giving reasonably accurete results,

Except for thermal cross sections, experimental values
of the potential scattering cross section are not available
for the materials used, This cross section may be approxi-
mated by the following relation in the energy renge above the
first resonance peak (9).

Op * 4 T (Repp)®

Rgpp 18 an effective radius of the nucleus, and may be ob-
telned from Seth (11) &s a function of astomic number, Seth
displays a curve of the theoretical relatlion between Rypep &nd
stomic number, He alsc shows experimental values of Rgpe
collected from even nuclel, These experimental values ocscil-
late about the theoretlical curve, showing the seme general
relation, even though individual deta vary widely. According
to Welnberg and Wigner (9), these experimental date deviate
from the expested value of Rgpe * 1.47 x 10°13 Y3 pecause
of the interference between potential and resonance scatter-
ing. This interference cen result from single resonance
pesks of "nearby" energy or it may be caused by the composite
effect of many "distant” resonsnces. It is this latter type
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of interference which causes the deviation of the experimen-
tel value for the effective nuclear radius, Becasuse this
effect is due to many "distent” resonances 1t is not closely
dependent on the energy. Therefore the potential scattering
cross section is essentially constent outside of the influ-
ence of tht nearest resonance,

On the other hand, this interference between the two
types of scattering must be taken into consideration since
constructive interference results in an increase in the
potential scattering crops section at energles sbove & reso-
nance peak, and destructive interference below the resonance
peak results in & lowering of the potential scatterin; ceross
section, This 1s adeguate mnu’iuucm for using the
smaller thermel value for the potential scattering eross sec-
tion in the region below the large resonance peals.

The resonance scattering croas sectlon may be evaluated

by the Breit-Wigner approximetion
2

OVM)uF)K “"0)9'& )3'“77}2.[[_13!

which reduces to the second form at the resonance peak., Be-
cause of the interference between resonance and potentlal
scattering 1t would be nearly impossible te arrive at a
rigovous development of the resonance scatiering cross sec-
tion s & function of energy. A realistic approximation
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would be to consider the aves of the isosceles triangle
whose helght is Opg__ ., 8nd whose half width is [ p, @8
equivelent to the area under the resonance scattering cross
section curve in the region of the resonance peek.

6-“ (area) = 6;.“ l[_; ‘377;*-[_%; .{—:‘

The inelastic scattering process does not occur unless
the neutron energy is higher than the lirst excited state of
the partioulsr material (9). Actually the inelsstic scatter-
ing threshold energy 1s A3l times the enmevgy of the first
excited state, The energy of this first excited state ranges
from a few Mev for the smaller atomic numbers to 0.13 and
0.07 Mev for Te and Au respectively. Thus, the inelastic
soattering cross section would have to be caloulated end sub-
tracted from the total cross section in the energy range from
the threshold to 2.1 Mev,

Portunately, however, activation cross sections 04, are
gvallsble in the higher energy renges (6, 10)., Activation
eross sections are given for Au above 0,001 Mev end for Ta
above 0,01 Mev, The necessary cross sections are similerly
given for the other materials, and the problem of inelastic
scattering 1s completely evaded.

Thus the activation function may be evalusted for each
material over the energy renges of interest. In order to
arrive gt an approximate value for the flux over the various
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energy intervels, the counting rates of the various irredi-
ated materials must be correlated to the actual disintegra-
tion rate of the foll thet wes caused by exposure to the flux
spectrum at & particular power level.

The usual equation which relates the number of counts
¢ recorded over & time interval %t,, back tc the activity A,
which would have been measured at the instant of removal from
the reactor, a time &, before is

g
o T e Meygem

The relation between A, and the actual disintegration
rate A of the foil when corrected for saturation and the

various counter efficiencies that are pertinent is
A

o
g T ﬁ"‘)(t.)(?u)('vg)(mr) ﬁ“

Due to the cholce of 2 47 gas flow proportional counter
for measuring the foll activities it 1ls necessary to take
into consideration only the self absorption factor £ and e
window factor fy.

The self sbsorption factor fg may be evaluated by the
femiliar equation &s given in Bleuler and Goldsmith (12),

tg = o (1 - 67 "%) (3)
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Absorber thickness 1s ¢ and 4 is the absorption coefficlent.
Since this relationship 1s velid only for gonme ray absorp-
tion, it may be adapted to beta counting only if the sbsorp-
tion coefficient is empirically defined in a manner such as
that given by Price (13).

M = g2 n:;33 (4)

These empirical relationships are valld for beta parti-
cle meximum energles from 0.5 to 6 Mev, gilving & good approx-
imation for the self sbsorption factor. This factor becomes
insensitive as 1t spproaches unity for very thin folls, For
thet reason, foll welight was kept Yo & minimum, Erperimental
values have also been determined which sgree with the empiri-
cal fectors to within one per cent.

The window factor compensates for the fact that the beta
particles which are counted by the lower electrode must
travel through an aluminiszed myler support film while those
counted by the upper electrode have an uncbstructed path. In
addition to the support film of mylar, Mn, Au, In and I folls
are sealed in a packet with mylar windows. Thus, for these
materials, the window factor must take inte consideration two
thicknesses of mylar for the betas being counted in the lower
hemisphere, while those beta particles being counted in the
upper hemisphere go through only one thickness of mylar. The
mylar used is only about 0.9 mg/sq em thick, so that the
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window fector 1s only & minor effect, resulting in values of
the window factor which renge from & low of 0,95 to & high
of 0,99, The insensitivity of this fector justifies the use
of the empirical approximation, reletions 3 and 4, Where
mylaer is used only for the support, the count rate measured
in the upper hemisphere is just half the disintegration rate.

CRy = B

The count rate measured in the lower hemisphere is

%*%fu

sCRp B (1re,) n(l%f!)

Similarly for the folls which are sesled in a packet with
mylar windows, the factor le

T + Ia
oy = [
Where £ is the factor for two thicknesses of mylar as seen
by the betas going into the lower hemisphere, and CRp is the
total count rate. Therefore the resultant window factor Ty
is defined below depending on the foll material.

T © (}.;!) or T, 8 (fl.;fi) (5)

The experimental date used to calculate the actuasl dis-
intezration rate hes been normalized both for foll welght and
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the power level of the reactor., This was necessary since the
various folls were irradiated at different power levels in
order to obtain adequate counting rates,
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EXPERIMENT

The experimentel work divided 1tself quite distinetly
inte three categories. Total and activatlion cross sections
were sraphically or numerlically integrated over the pertinent
energy intervals for each foll material used, A technique of
foll preparation was developed that resulted in relatively
durable folls of meterials that remained stable in welght,
had low hazerd rating and were thin enough te be acceptable
veta sources. The final experimental phase was the collec-
tion of data from folls which hed been ilrradiasted in the Iowe
State University UTR-10 reactor;, and the computation of the
resultant average flux spectrum,

The grephicsl integration of G = / +amu-

complished by plotting linesr grephs of 13 versus E for
each of the chosen materials, then integreting the ares under
each curve with e planimeter, excluding the large resonance
peaks of indium gold and menganese.

As mentioned in the previous section, a separate inte-
zration procedure had to be used in the immediate nelzhbore
hood of large resonance peaks. When the product of the
macroscoplic total cross section and the thickness of the
source foll exceeded 0,01, numerical integretion was used
(equation €), This double integrel of & function which
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contelned both verliables was evaluated by caleulating the
volume enclosed by &8 2 u , 8 AE, and a height vepresented by
the function £ evaluated at (1 3,E;) where ) and B; are
values in the center of the A« and AE intervals,

The 2 « intervals chosen were 0.1 wide and the AR
intervals chosen were the smellest increments compatable with
the data sheets from which the cross section information wes
taken (6). The summation of these volumes from v = O to
M = 1 and over the energy region of interest was used as an
approximation of the cross section integral.

Cross section information used in both of these methods
wes obtained from Haghes and Schwartz (6) end Hughes et al.
(10). The data obtained by these integretions were elther
total ervss sections or (m, ¥ ) activation cross sections, and
in the energy repgions where the total cross section was the
only information known, the cross sectlions due to potential
scattering and resonance scattering had to be subtracted from
the total cross section Lo obtain the desired sctivation
eross sectlion,

Potentlal scattering cross sections obtained from the
relation Op = 47RS,, were used for the energy reglon above
the first resonance peak, but themmal cross section values
were used for the energy reglon below the firast resonsnce
pesk. Values for Rgpp @8 & function of atomic number were
found in Seth (11), and the values of the potential
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scattering thermal c¢ross section were gilven in Haghes and
Schwartz (6). 3ince the potential scettering cross section
was effectively independent of energy, the appropriate poten-
tial scattering cross section was multiplied by the loserithm
of the particular enevgy imterval to obtein ;. an effective
value of potential scattering over the energy inServal.

: 0;31[‘2i‘ . %m%

The resonsnce scattering cross section also had to be
subtrected from the total cross section wherever it contrib-
uted a significent portion of the total. The resonance scate
tering cross sectlon wes calculsted from the Breit-Wigner
relationship and the necessary level widthe were found in
Hughes end Schwartz (6), An effective value of the resonance
cross section over an energy interval was obtained by summing
mamoklwmaruumam section peaks
which fall in the energy intervel, then dividing by the width
of the intervel to obtain an effective average value, The
effective areas of the resonence croes sestlion pesks were
celeulated from the relation developed in the previous sece~
tion,

| 2
f’“ . mg(b Xg%‘) (rﬂ.‘)
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The selection of foll material was besed on several con-
slderations, The first requirement was that the naturally
securring element was isotoploally pure. The reason for this
was thet the data given in Hughes end Schwartz (6) were
listed for naturally occurring elements, however the activae-
tion cross section for & particular (n, J ) reaction was the
desirved information, If the naturslly occcurring element was
100 per cent one perticular isotope, then the absorption
oross section for that element would be the (n, ¥') activation
oross sectlon of that isotope, Equally lmportent require-
ments were that the element had to have & reasonably large
cross section and & reascnably long half-life, HMaterials
which satisfied the above conditions were Mn, Ts, ¥, Co, In,
fa, V, As, and I, One exception to the first requirement was
In, HNeturally occurring In is 95.3 per cent iscotope 115 and
4.2 per cent isotope 113. However, the portion of the total
cross section due to the isotope 115 was known to be 0.736
therefore the requirement of isotopic purity could be waived.

One additional factor taken into consideration was the
materiels hazerd rating. Of the materials under considers-
tion, As had & number one hasard reting due to its toxiecity.
S8ince only six materials were required to supply information
for the caleulation of an average flux in the six energy
decedes, As was rejected leaving eight materials.

There also appeared to be some contrédiction and
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uncertainty in the cross sections of Y since its potential
scattering was indicated to be of o larger velue than the
total oross section; therefore Y was rejected leaving seven
avalleble materials, The alx materisls selected from these
were In, Mn, Au, Te, I, and V,

There were several sveilable techniques for measuring
the activation of irradisted materials, Two accurate methods
were the use of a gamms ray scintillation detector coupled to
& single channel enalyszer, and the use of & gas flow propor-
tional detector operating in the beta region.

In the first method, the scintillator collects gamma
rays of all energles, produced by the decaying radliosctive
nuclide, however the single channel anslyzer registers only
those gemmas occurring in a selected energy bandwidth or in-
terval, Since gammas of @ particular energy are emitted with
& definite probability for esch decay process, the usefulness
or sccuracy of this method depends on the aceuracy to which
the decay chain probabilities are known for the particular
nuclide which has been activated. In the case of Au, In or
some other thoroughly investigated element, the decay chain
probabilities are very aceurately known, however, for other
metals such s Ta or V, the accurscy with which the decay
chain probadllity is known may be of nearly the same order
of megnitude as the probablility itself, PFor this reason, the
second method was chosen to measure the foll activation,
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The second method utilized e gas flow proportionsl
detector operating in the beta reglon to record the beta
perticles that were emitted a8 the activated nuclide decayed
to & stable configurstion, A detector with 47 geometry wes
utilized so that essentially all beta particles that got out
of the foll volume were detected regardless of their emission
divection, In such & detector, effectively all beta parti-
cles emitted are detected and less than 1 per cent of the
gemma vaye present are reglsterved.

In pddition to the fact that the geometry factor and the
counting efficiency factor were unity, the backscattering
factor was also egual te one. The window factor was very
nearly unity since the suppert film is mylar of only 0.9
mz/em® thickness, However since this factor could easily be
caloulated using the empiricsl relationships mentioned in the
previous section, a correction was made for the effect of the
mylar window on the counting rate as & function of the vari-
ous energy beta particles.

The only remaining detector factor which had to be cone-
sldered is the sell sbsorption factor. This was the only
important factor which must be eveluated when using the 47
zas flow proportionsl detector. In order to keep the self
sbsorption factor as close (o unity as possible, those mate-
rials emitting low energy beta particles were used only in
the form of extremely thin folls,
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This experimental requirement for thin foll sources
reinforced a similar requirement expressed in the previous
section on thecry, The relation between neutron flux and
the activation of the folls was based on the assumption that
the folle were thin, i.e,, the presence of a foll in the
reactor would cause effectively ne flux depression or
distortion, -~

Thus foll thickness wes maintained at & minimum, with an
optimum thickness belng that which had: 1, a self absorption
factor near unity, or at least within the experimental error
of 5 per cent, 1.e., 0.95 or larger; 2, a foll mass which is
heavy enough to be welighed within an accuracy of 5 per cent;
3, a mass large encugh to be activated to at least 20,000 cpm
with the neutron flux avellable in the UTR-10, |

For most materisls, this meant a thickness of about
0,0001 in or sbout 0,10 mg/em®, Polls renging in weight from
about 0,02 mg/em® to about 1 mg/em® have been produced with a
vacuum deposition or "eveporator" chamber or an electroplat-
ing device. However if the eveporator or electroplating
chamber is not used, the thinnest foils which could be made
were @bout 0,0005 in thick, produced by sandwich rolling of &
many layered sample., Of the metals used, three were vacuum
deposited, but two were rolled., V and Ta have very high
melting temperatures and very low vapor pressures, making
them incompatable with the vapor deposition process., The
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sixth foil I wes made by two processes, A thin erystalline
isyer was sublimed on to a plestic film, and & thin "blotter”
was used to absorb an alcohol ilodine solutlon.

The basic problem with either electro plating or vecuum
deposition was the question of the meterial on which to
deposit or plate the metal. The backing material had to have
negligible cross sectionz for neutron or gamme activation,
This reguirement wes necessary because the scurce material
and backing had to be irradiated together in & hi:h neutron
and pamme flux. Any bets sctivity of the backing msterial
would unnecessarily coumplicate the calculation of the sctivi-
ty of the source materisl, The backing material had to be
extremely thin so that the 477 geometry of the beta detector
would not be dlerupted by ebsorption of the bete particles
in the backing. Sinece any backing no matter how thin would
absord some of the betas emitted by the activated metal, the
best material would be the thinnest. An excellent backin:
meteriel was a thin film of sluminiged mylar, similer to the
support film used in the 477 ges flow proportionsl counter,
Because the sluminiged myler was very thin, the empirical re~
lstionshipe 3 and 4 were used to calculate its absorption
factor,

Vecuum deposition was chosen a&s the method to be used
for producing the thin film sources of Mn, In, and Au decause
aluninized mylar was hetter sulted to the vacuum deposition
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process than to electro plating techniques.

In the vacuum depositlon process, Mn which had been
placed em‘ an electrode was eveporated, in e high vacuum, onto
& substrate film some distance sway. The electrode was a
strip of Mo 0.25 inch wide by 0,01 inch thick which has been
bent into the shape of & trough for the purpose of holding
the Mn powder while it was heated to its veporisation tempera-
ture, The substrate mask plate, positioned sbout eight
inches above the electrode was & 0,01 inch thick Al sheet
through which several 1 om® square holes were cut, The sub-
strate film of aluminized mylar was positioned over the holes
so that after completion of the Mn veporization, several
neet, 1 em® square deposits of Mn were left on the mylar sub-
strete, |

It was necessary to use extreme care in the electrode
temperature control, for mylar hses & melting range above
140°¢, Mn evaporated at a temperature of sbout 1300°¢. in
the high vacuum, mr at temperatures Just above that, the
radisnt energy from the electrode was encugh to shrivel up
the mylar substrate at 2 distance of elght inches. The use
of a second plece of Al &8 & backing cover for the aluminized
myler also helped somewhat in conducting the heat away from
the exposed 1 om® squave "targets”,

Af'ter welghing these Mn folls and the mylar substrete
f1ilm upon which they had been deposited, each foll was
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covered by @ second myler film end sealed around the edges
by & "pieture frame” of Scotch tape., In this msnner, the
delicate myler flims were reinforced, and the Ma foll wes
protected from sbresion or chipping, without drastically
interfering with the transmission of the beta emitted by it,

In 2 similer manner, folils of Au and In were prepered.
Since these metals were avallable in sheet form, & W wire
electrode was used rather than the Mo trough, resulting in
less radiant energy emission,

The other element which was somewhat difficult to pre-
pare in the form of & thin foll was I,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>