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" ABSTRACT .

vLithium-drifted germanium gamma-ray spectrometers have been used for

" the nondestructive analysis of a sulfide ore by neutron activation. The con-

‘centrations of ten elements have been determined in the range 1.8 x lO5 p.p.m.
(iron) to 2.0 p.p.m. (gold). The analytical sensitivity obtained with avail-

able Ge(Li) detectors was compared with sodium iodide scintillators for the

estimation of manganese in the ore. The various detector properties which efféct.

sensitivities are discussed.
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INTRODUCTION

The épplicatioh of high-resolution, lithium-drifted gérmanium gamma—ray

detectors to nondestructive néutron aqtivation analysis has been reported by

Prussin, Harris, and Hollander (13) for the study of trace impurities in alu-

minum and by Girardi, Guzzi, and Pauly (2) for the determination of minor amounts

Aaj of hafnium iﬁ zirconium oxfae.. These studies illustrated the benefits to be
- gained from high resolution gamma-ray spectra in the spécial case of noninter-
- fering bulk materiél.' In many practical analyses, howé&er, minor aﬁa trace -

: constituent concentrations are desired for samples in which theiactivation of
.major constituents may contribute a high gamma -ray bagkground. In such cases
- the sensitivity of.analysis for a given component may be seVerely.limited by

© the complexity bf the gamma-ray spectra as well as by the masking effect of

- particular concern in the application of available lithium-dr}fted germanium

detectors since_the ratio of Compton to photopeak_efficiencies for theée de-.
tectors is considerably iarger than the corresponding ratib for the éommonly
used 3‘X j‘inch (diameter) sodium iodide.detectors.

In this paperlﬁe_feport thé results of theAapplication'of lithium- .

drifted germaniium detectors to the nondestructive analysis of minor and trace

constituents in a sample of a sulfide ore in which;the major constituents iron,

zinc, and copper have substantial neutron activation cross sections and yield

" (n,7vy) products with réasonably long half-lives. Results are given for analysis
 of a number of elements in the ore in the concentration range 1.7 X 105 p.p.m.

(iron) to 2 p.p.m. (gold);‘ Sensitivities for analysis of manganese in the ore 3

were estimated from gamma-ray spectra obtained with two Ge(Li) detectors of



s o ‘ | - | , UCRL-16600

' Qifferent active volumes and with a very good 3 X 3 inch (diameter) sodium
iodide scintillator. This comparison suggests that sensitivities obtained with
gamma;ray spectra from 'available germanium detectors are comparable to sensi-

Ctivities obtained using spectra from sodium iodide detectors.

EXPERIMENTAL .

Spectrometers. The construction and generél characteristics of the lithium-

- drifted germanium detectors and detector assemblies are described in References

(1, 3, b, 6, and 11). The two Ge(Li) detectors used in this.study had dimen-
" sions of about 2 sq. cm. X 7 mm. (active thicknéss) and 6 sq. cm. X 10 mm. (active
"thickness); The resolutions of ‘these detectors for the 122-k.e.v. gamma ray

| of 0057 were approximately 2 k.e.v. (FWHM) and u k.e.v. (FWHM), respectively.

[

" The assoc1ated electronics consisted of a low n01se, low-capac1ty preampllfler

| and a linear- ampllfler, blased.ampllfler.system de51gned by Gouldlng and
Landis (5)]énd.constructed at this laboratory. The 3 X 3 inch (diameter)
‘sodigm iodiae (thallium) detectof»system was a Harshaw integrally-mounted -
vunitlwhich exhibited a-resolution‘(FWHM) at 662 k.e.v. of slightly less than.
46 k.e.v. (7%). Pulses from the varicus detector systems Qere routed to a.

‘;Victofeen,'SCIPP 1600-channel pulse-height analyzer for sorting.

Sémple Preparation. The bulk sulfide ore was ground to a fine powder and mixed

to insure homogeniety of sampling in the range 50-100 mg. Weighed samples were
then sealed in polyethylene film or quartz tubing for irradiation. Quantitative
-analyses were performed by comparison of photopeak intensities of activities

‘induced in the ore to those induced in appropriate standards. To minimize
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: neutron flux variations between’samples and standards;‘the latter were prepared

by_evaporatihg aliquots of stock solutions onto thin polyethylene films and"

heat sealing a polyethylene cover film over the-deposit. The volume occupied

be the standards was thereby minimized, permitting the positioning of standards

"~ close to the samples within the irradiation capsules.

Irradiations. Neutron irradiations were carried out at the’Livermore_LPTR

nuclear reactorf The thermal neutron flux at the irradiation rosition was
o approximately 5 X 1012 n./sq. cm. -sec., and the neutron spectrum exhibited a

" cadmium ratio of approximately 1l. Irradiation periods ranged from 2 hours to

2

'l f2 hours, and samples were available for counting within 2-4 hours after the

end of irradiation.

RESULTS AND DISCUSSION

' Analytieal. The qualitative 1dent1fication of the rad101sotopes induced in ir-

, radiated ore samples was made through determination of photopeak energies and

half-lives and_by comparison of experimental gamma-ray relative 1nten31ties to

- literature values for isotopes yieldihg more than one photon in their decay.

L}

A sample of sulfide ore of approximately 150 mg. was irradiated for 2

hours in the LPTR facility to prOVide gamma ray spectra of the shorter lived

Vﬁ'activ1ties ihduced in the sample Thevspectra were obtained with the smaller

Ge(Li) detector [2 sq. cm. X 7 mm. (active thickness)] using an energy interval

. of approximately 1 k.e.v. per channel. Data were accumulated for 60 minutes
(live time) at two-hour.intervals over a period of twelve hours. The first

'spectrum, taken 4.5 hours after the end of the irradiation, isbshown in Figure

1 (Spectrum 2). TFor comparison we have included a spectrum of the ore obtained
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‘with the sodium iodide scintillator (Spectrum 1). Photopeak enérgies and half-.

. lives were estimated from the Ge(Li) spectra, and isotope assignments were made
by comparing these data to literature values (7, 8, 12). Assignments were

confirmed, where possible, with relative intensity measurements. These data

116m 56 69m 122

' - , : 2L
- indicated the presence of In Mn”", Zn 7, Sb , and Na  in the activated

sample. In Tableﬂifgre listed the experimental measurements together with the

DL

literature values of each quantity. It is interesting to note that much Of.the

‘relative intensity data obtained from NaI(Tl) gamma-ray spectra may be subject

~to greater experimental uncertainties than those obtained through the germanium

spectra. The Ge(Li)rintenSity data are estimated to-have uncertainties of
) 5-10% for the more intense lineskin the spectra. ‘This was checked by using the
 relative inteneities of photopeaks in a spectrum from an irradiatea indium
standard. These values are shown in Table II in parentheses beside the litera-
‘ ture values. . . . , r
Enhancement of radioisotopes of longer'half-lives,was obteined thfough
a 49fhour irradiation of 50 mg. of the'sulfide‘ore. After e decay period of
24 hours, spectra were"obtained ovef'a two-day period‘at iﬂtervals of four
houfs. A typical spectrum fepresenting data accumulatioh for 120 minutes (live
»time) is shewn as Spectrum 3 of Figure 1. Theee spectra iedicated the'presence
of_Au198, Ga72, Fe59, and Zn65 in the activated ere in addition'to those.iso-
" topes listed above. Pefﬁiﬁent date for.assign@enfs-to these isotopes‘haveleeen
."included in Table I.
| Quantitative estimatioﬁ of fhe elements.in'the ore giving rise to these
~ activities was obtained through subseqﬁent irradiationseOfASIﬁilar samples.

These data are given ianable IT.

ke
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| vThe‘simplicity of both‘qualitative énd.quéntitativé_analysié affofded by

the use of Ge(Li) deteétors is well demonstrated by considering the neighboring
559-k;e.§..gamma-ray line of As76 ahd_the»563-k.e.v; line of Sblgg; It is ob-
f vioué frdvaiguré l‘that accurate resolution oflthese photopeaks in the sbdium
»iodidé Spectfum woﬁla be difficult,lif not impossible, because of the 1arge
5ll—k.e.y. annihilation photopeak from the B+ decay of Cuéu, The diffiéulty”

is intensified by the necessity of interpolating the complex background
beneathAtﬁése photopeaks over :an energy range of approximétely 200 k.e.v.

(40 chahnéls). Figure 2 shows this energy region of a Ge(Li) spectrum ob-
téined with the.smaller detector. The spectrum from which Figure 2 Waé pre- .
f‘pared represénts a'500—minute couﬁt of 19 mg. of the ore, taken 36 hours after
" a T2-hour irfadiation. Peak-shape resolution*of the two lines:was.a¢complished
for each spectrum, in a decay sequence as_shan in Figure 3, by using the single
- b28-x.e.v. gamma-ray line of Zn69m.in the same spectrum as the sﬁaﬁdard peak- .
shapé (line widths ihcrease by less than 0.5 k:ie.v. over thié energy range).
The analytical data shown in Table II for arsenic and'antimony were obtained

\

by this method.

Sensitivity. The va}ue of the gefmanium.detector for nondestructive activation -
analysis rests in large part upon the aﬁalytica; sensitivity obtained with its
use. In order to provide a bésis for Jjudging relatiyé'mefit, we have maae-
measurements on the same samples of the ore with Ge(Li) dete;tor.systems and '
'vwith‘the commonly used 3 X 3 inch (diameter) sodium iodide scintillator,: The
-.major charééteristics of the systems whichlmust be considered in such a com-

‘parison: are the overall efficiencies, relative photopeak to Compton efficiencies,

and the resolutions of the detectors. It is obvious that the vastly improved



'_6-_ | ' UCRL-16600

fesoiution of the germanigm.systgms will improve sehsitivipies in complex
}specﬁra when the ﬁajor limitation'pf.importance is the gbility'to fesolve
' cleanly.two Or more gamma-ray lineéiwhich lie close in energy. Clean_resplgtion
 'of sucﬁ lines will also improvg the aécuraéy of analysis in cases where the
speétrdﬁ_éxhibits gamma-réysAof éimilar energiesvand hélf-lives. In order.to
':assess_the effects of resolution and gfficienciesAuponvsensitivity in the geﬁ-
eral casé, it is'ne¢essary to examine the error inrthe estimation of a phétoe
* ‘peak which is-superimposed'ubon a large background from higher-energy gamma .
rays.in the spectrum. For'%%é‘present pﬁrposes we coﬁsider only the statisﬁical
counting error in such a aétefminatioﬁ (9).

fhe standard deviétion in the méasgrement of #he number-of:countsz Np,

\

in a photopeak may be approximated by

| - . |
E . = N. + 2 ’ .
% Jct + o Jﬁé 2N, o T o (l)/<

where the subscripts t and- b refer to total and background éounts_in the

‘region of the photopeak, and Np‘= I\Tt - Nba If it ié required that the*photqpeak.‘
_intensity be known within some specific error limit, then
. p .

o =KN_ | P ' f (2)°

B

The number of counts in the photdpeak necessary to'give rise t0 this limit of '

error for a given background, N, s et

| 1. : —5 . ' . : _ R
N = —= |1 +J1+8KN | ‘ (3)
S [ a 3 ‘ | T

ia§,
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It is seen from Equationd(l) that N_. will introduCe'a major contri-
bufion to the error in Np when the intensity of Compton distributions from
.higher-energy lines is'comparable to ohe'photopeak intenSity. The error in
" the esoimation of a photopeak‘will’be reduced by factors which tend,to increase
'.£he ratio of Np»to Nb'and which tend to'inorease‘the‘total number of counts
accumulated.

| There are several response characteristics of Ge(Li) and NaI(T1l) de-

2£eotors that will affect the errors discussed above. .The higher resolution of

the Ge(Li) detectors tends to increase the ratio of Np to N_ since the beckground _
d"underAa photopeak is summed over a smaller energy interval than requiredvin
sodium iodide spectra.v However,theghigher raiio of photOpeak to Compton ef-
_fioienciee characteristic of NaI(Tl) scintillators will tend to produoe a more
intenselphotopeak and therebé.increaee theiratio of'Np'to Nb relative to gef-
R manium. The ratios of the photopeak efficiencies and liﬁewidths of NaI(T1) .
relative to Ge(Li) both inciease with increasing’gamma-ray energies, and these
effects'will tend to compensete for one anoﬁher. As a reSult; the major dif-
 ference in-detector characteristics of importahcesis in total~detection ef- A
.ficienciés. The high efficiency of a 3 x.5 inch (diameter) sodium iodide

~ scintillator .will result in greater total counts than that obtained with the

\
Al

.small'germanium detectors for given‘experimental conditions;

The above coneideratiope‘are illustrated by the_estimation of the sen-
'sitiﬁity for_the deterdihation of mangenese in the sulfide ore‘using the two
'Ge(Li) detectors and fhe,5 X 3 inch (diameter) sodium iodide detectoi. lGemma;

dﬂray spectra obﬁained with eaoh defeetor,in.the region of the 845-k.e.v. photo—'
. peak of Mn5§ afe shown in Figure 3. ;The photopeak in the NaI(T1) spectrum

" (Spectrum 1) covers an energy range of about 175 k.e.v. and appeafs to be
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single, while the spectrum'from the larger Ge(Li) detector (Spectrum 2)

shows complete resolutlon of the 819 k e.v. line from Inll6m, The spectrum

'_obtalned with the smaller Ge(Ll) detector (Spectrum 5) shows, in addition,

s the complete resolutlon of the 835-k. e.v. 1line of Ga

T2
The decay of 2.6-hour Mn56 was followed by using each of the three
detectors and the resulting decay curves are shown in Figure‘h. The data from
which this figure was prepared are given in Table 5. Because of the difficulty
in peak-shape analysis, the complex photopeaks in the sodiumviodide spectra

'~ were treated as single photopeaks. The -initial portion of the NaI(Tl) decay

o 116
~curve 1s then in error to the extent of contribution from the Sh-minute In™" .

The error caused by the inclusion of the 8L45-k.e.v. photopeak from Ga7 is

negligible; The error bare in Figufe 4 represent #lc limits as determined
from Equation (1). . | |

The quantity (100 cp)/(Np).as a function of time after irrediation hae/ _
: been determined for the'three_Mn56 aecay curves -and is shown in Figure 5. These

curves cléarly show the effects of the level of Compton background upon the

_ error in photopeak determinations. In the curves for the two Ge(Li) spectra,
116
. the decrease in error at early times is due to the rapid decay of the In™" m)
o ’ . : ' '
" which increases the ratio of_Np to Nb. The apparent linearity in the sodium

iodide data during this,time interval is due to the inclusion of the Inll6m
j'photopeak. In all three sets of data the ‘error 1ncreasee roughly exponentlally
'for times long compared to the half-life of Inll6m.. In this regioo a reaSOn--
able comperison of the sensiti&ity for_estimation.of‘manganese may'be attained
- by oomparing the relatlve photopeak intensities for a.givenistatistical error
'l.llmit, In theopresepo;case,.we have determined fhe fraction of manganese

..remaining at the times corfesponding to the error limit cp = 0.1 N?. The

i eyt
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corresponding limits of manganese concentration were determined from these

‘data to be 21 p.p.m. (small Ge(Li)), 4.4 p.p.m. (large Ge(Li)), and 0.7% p.p.m.

(Naz(T1)).
It should be§noted that the statistical treatment presented here has
neglected several sources of error which are of particular importance for the
A -

 sodium iodide data. The unresolved 855-k.e;v._line of Ga  will contribute

,‘ significantly'to thé apparent Mn56 photopeak near the sensitiVity.limit and
decrease this limit from the statisticél estimate. Although the intefpolation
"of a béckgroun@ under the narrow photopeaks in germanium épectra can genefally
:'bé per?ormed with certainty, the.interpolation over the large energy interval
| required in the sodium iodide spectra can contribute greatly to the error in
4'estimation.of the photopeak intensity.

The sengitivity limits set for the less efficient Ge(Li)‘detectors are
-strongly dependent upon the counting interval and sample size in the experiments
repérted here. With feasonable increases in thesé variableé, the total counts
éccumulated with the germaﬁium detectors may be increésea énd sénsitivities

~ comparable to sodium iodide can ibe obtained.

.CONCLUSIONS
Thé results/of fhis,study show the applicability of available liéhium-'
drifted germanium gamma-réy.spectrometers to nondestructive neutron activationv
| analyéis of samplés in which the.major constituents as wéli as the.minOr and
.trace constituents: are activated. The simplicity of the sfectra obtained witﬁ
‘these semicoﬁductor detectors éllows'rapid and accurate‘estimation of con-
stituenﬁs whose concenﬁfations may'vary-oﬁer a .very. wide raﬁge. Similér_

treatment, of data_obtained using sodium iodide scintillators would be very
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“'dlfflcult and, in many instances, totally impractical. In the present work,
for example, the simplest. photopeak in the sodium iodide spectra (845 k.e.v.)
was seen to be composed of three gamma ray lines superlmposed on a complex

' *background

The aralytical! sensitivities obtained with the various detectors for -

' .. the particular“case of estimation of manganese in the ore indicate ‘that the

4I_larger.Ge(Li)'detector‘is capable of yielding sensitivities comparable to the
. sodium iodide detector. This comparison shows the sodium io0dide system at its-
best, in that-the gamma-ray line'stadied was fairly well resolved from other
.iines in the spectrum. It is clear that the relative—sensitivities obtained
-_.Wlth the germanlum detector would be much better for many of the gamma ray

llnes.whlch are not so well resolved 1n the NaI(Tl) spectra Also it should
be noted that the cohditions of sample'size, counting intervai, and counting
‘.geometry could,be optimized for use with Ge(Li) spectrometers. The data in

‘Table III shoy that the sample activity used in the sénsitivity comparison

e 1vis near the practical limit for the sodium iodide detector, while a much more

cactive samp;e_could be used with the less efficient germanium systems.
As a final note we wish to point out that the smali Volumes of avail{t
able Ge(Li) detectors have been set by the techniques‘usedtin'fabrication>and
~ . not byfthe intrinsic properties of-the_system. Recently Malm, TaVendale, and .
. Fowler (10) have reported the construction of a Ge(Li) detector of about 16 cec.
(acdtive volume) by a new drifting technigue. The efficiency reported for this
;f‘detector was 2.5% at-IBOO k.e:v., comparable to a 1 X 1 inch (diameter) NaI(Tl)

‘scintillator. The detector resolution was 3.3 kve.v. (FWHM) and 4.8 k.e.v.

- (FWHM) at 122 and 1333 k.e.v., respectively. The new drifting technique should

make available Ge(Li) detectors of excellent resolution with several times the

e

volume of this detector.

i
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-~ Table I. Isotope'assignments for Activities Induced in,thé‘Sulfide Ore

1292

. Experimental - _ " Literature®
.;sdtope .Tl/g : E&(k;e.v,) Rel. Inten. -Tl/g Ev(k;e,v.)  Reli Inten.
In}lém* ~ 5hm 137 1k.2 “Shm 135 12 (14.8)
' ' 6 100° 4ot 100 (100)
- 819 '39.1 1820 - (b3.2)
© 1100 233 - 1085 216  (221)
- . | 1300 ";520 1270 . 300 (318)
 .Mn?63 ' 2.7 h 8L45 -2.6 h 8L5
cu® 12.5n Co13hs 12.8 n 1340
o o 511(annihilation) '
'Znégm»" 1 h 438 13.8n k39
g - 1119 245 @ 1119
Ga®  ibhn 835 1310 835
Na24 | 15.5 h 1369 : 15 h 1368 o
asT® 26 n 559 _1bbb 26.3 h . 559 © 100
' 657 14,6 657 14.6
1216 - 1216 9.7
P 60 n 563 62.7h 566 '
o 686 686
w0 n b8 n M2
Fe? - 1095 45 4 1100
1290

aNuclear_ Data Sheets (Reference 12).

‘bRelative intensities normaiizad-to this value.
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Table II. Results of Quantitative Analy51s of Sulfide Ore
| Flement  ugi  Sample TIrradiation - E p.p.m.®
- Present weight time
mg. hours. k.e.v.
.'an" '6,0 - 6e. 2 8&5(Mn56) 95 7
In 1.6 6. - "15oo(In116m) 120 5
Ga ": 5.8 . 2 835(Ca <) 61+ 16
Zn 3020 o, ok 438(Zn 69m) ~ (1.20 % 0. 01) x 10°.
As : 60 -19. 72 550(as ) (3.16 * 0.04) x 100
sp 8.2 .';-19. 72 565(Sb122) 430 £ 6
; Cu . 12ko 19. 72 511(cu®)P (6.50 % 0.01) x Lok
‘Na,. 16 1o T2  1369(melty 8o 25
| Fe.. 3370 . 19. 72 1095(Fe?®)  (1.78 * 0.01) % 10°
Au ‘0,638 9. 72 111 (au28) 2.00% 0.2

faErrors shOwn~represent statistical counting'efror only.

Copper concentration corr
photopeak from decay of -Znb9

ed for contrlbutlon to 51ll-k.e.v. annihilation
and Na :
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Table III. Data for Comparison of Sensitivities between Ge(Li)
Detectors and 3 X 3 Inch (Diameter) NaI(Tl) Scintillator.

' Sample weight:  62.9 mg.

Irradiation time: 2 hr. - Flux: = 5°X 1012 n:/sq. cm.-sec.
Counting interval: 60 min. Detector: small . Ge(Li) -
Time o (x 107°)  ._' Nb (xllo‘5)v" (200 o)/(Np)
4.0 : . 2.98 | ~10.0 ‘ 5.07
'6.5 ‘ . 1.55 | - 3.76 6.1k
8.5 g 0.923 2.2k 7.96
10.7 o o0.592 1.89 11.20
3.0 . 0.240 1.13 o  20.80
Saﬁple Qéight: , 62.0 mg. 1o o
Irradiation time: 2 hr. . Flux: 5 x 107" n./sq. cm.-sec.
Counting interval: 60 min. = Detector: large Ge(Li) ~ :
Time ' '_ Np (x 1075)1 Nb'(x 10'5) (1oo'c)/(Np)
C 2.0 : 38.85 209.3% 1,74
5.0 . 16.3h4 N 15,0 2,00 . ./
Tk | 9.27 25.0 2.6
9.7 k63 . 17.0 k.2l
21 230 1ko 7.58
ks 1.26 ~11.0 12.15
Sample weight: .- 629 mg. 10
+ Irradiation time: 2 hr. ‘ Flux: 5 x 1077 n./sq. cm.-sec.
' Counting interval: 60 min. =~  Detector: 3 X 3 inch NaI(T1)
| Time h  Np (x 107) N, (X 107°) _‘_(1oo q)/(Np)
5.2 _ 2094k 310.3 0.43
T 10203 182.0 0.67
9.6 5913 o 125.0 0.9
1.9 ' 2.9  9k.3 143
1.1 18.5 - . 82.4 2.52
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FIGURE CAPTIONS'

M“‘/Figf 1. GCamma-ray spectra of activated sulfide ore. Spectrum 1 was obtained

—

with the 3 X 3-inch (diameter) sodium iodide scintillator 5.2 hours after
é;2—hr. irradiation of 62.9Amg. of sulfide ore. vSéectrum 2 wés obtained
'withvthe smaller Gé(Li) detéctor L hours after é Z;hr.‘irradiation of
--6é,9*mg.vof the ‘ore. vSpéctrﬁm 3 was obtained with the smaller Ge(Li) de-

tector 24 hours after a 49-hr. irradiation of 50 mg. of the ore.

o Fig. 2. 'Peak-shape fit for the 559-k.e.v. gamma-ray line of As76 and 563-k.e.v.

122

‘gamma-ray line of Sb in the activated sulfide ore. The spectra were ob-

tained with the smaller Gé(Li) detecﬁor. The energy interval is appqui—
ﬁately 1 kfé.v.;pe; channel. The ﬁpper spectra'represgnt'the'tptalvcounts
ip“thedregions‘éf‘the photopeaks and the lower spectra repreéent the
" counts iﬁ the photopeak (Nf—N£f,
Fig. 3. Energy region of the‘BhS—k.e.v. photopeak 6f Mnsé. Spectrum 1 was
obtained with the sodiﬁm ibdide scintillator. Spectra 2 and 3 were ob-
tained with the larger énd.émaller Ge(Li).detectors, respectively.

56

Fig. 4. Decady curves for 2.6-hr. Mn” in the activated sulfide ore. Curve 1

representséata.obtained wifh the sodium iodide'sgintillaﬁor.' Curves 2 and
3»represent‘data bbtained with the:’larger and sﬁallér Qe(Li)\detectors,
.frespectively. | | :
Fig.iB. Percent standard deviation in pﬁotopéak inﬁénsity vs time after
| ;ifraaiation forvihé 8h5—kw¢.v._gamma—ray of Mn56. Curves 1 and_2.repre_
sént (100 0?)/(Np)'for thé smaller and larger Ge(Li) détectdrs, respec-v

tively. Curve 3 is for the NaI(Tl) data.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the usé of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of ‘any infor-
mation, apparatus, method, or process disclosed in
this report. '

As used in the above, "person acting on behalf of the
Commission” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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