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The ob jec tive of this study is to model the im pact of un cer tain ties in the en gi neer ing spec i fi ca -
tions of a typ i cal p-type HPGe de tec tor on the ef fi ciency val ues when  the mea sured soil sam -
ple is in con tact  ge om e try with the de tec tor. We in tro duce a pa ram e ter named the nor mal ized
sen si tiv ity im pact which al lows a com par a tive anal y sis to be made of the im pact of the de tec tor 
spec i fi ca tion un cer tain ties and de velop a cor rec tion fac tor ta ble for the most im por tant pa -
ram e ters. The ar eas of the de tec tor most sus cep ti ble to er ror were found to be the crys tal ge -
om e try, vac uum layer above the crys tal and the bulletizing ra dius. In all cases the ma jor im -
pacts were math e mat i cally mod eled – for the first time – and found to vary ei ther
quadratically or logarithmically over the en ergy range of 180 keV to 1500 keV. Fi nally, we
pro pose a set of de tec tor char ac ter iza tion val ues that may be used in AN GLE for gen er at ing a
ref er ence ef fi ciency curve us ing the ef fi ciency trans fer method in her ent in this soft ware. These 
val ues are to be used with the un der stand ing that their un cer tainty im pact on the full-peak ef -
fi ciency though not very sig nif i cant in this count ing ar range ment, is not non-zero. 
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INTRODUCTION

The en gi neer ing de signs of  typ i cal HPGe ra di a -
tion de tec tors in clude spec i fi ca tions that char ac ter ize
them such as crys tal height and length, vac uum top and 
side thick ness, bulletizing ra dius, core ge om e try, in ac -
tive top and side layer thick ness, con tact ma te rial, con -
tact pin ma te rial, con tact pin ra dius, end-cap win dow
and ma te rial, and de tec tor hous ing. When these nu -
mer ous pa ram e ters are in cor rectly en tered  or con tain
er rors in their mea sure ment, sys tem atic er rors will be
in tro duced  in gamma ac tiv ity mea sure ments when us -
ing ab so lute Monte Carlo (MC) or semi-em pir i cal
mod els such as AN GLE soft ware. A typ i cal de tec tor
set-up in a semi-em pir i cal model may re quire as much
as 70 pa ram e ters with Monte Carlo meth ods re quir ing
much more de tailed spec i fi ca tion. In vari ably, the
spectrometrists may en coun ter sig nif i cant chal lenges
in ac cess ing the tech ni cal spec i fi ca tions from the man -
u fac turer, and cases have been known where the spec i -
fi ca tion sent con tained er rors.  Tran scrip tion er rors en -
ter ing these many pa ram e ters can not be over looked as
some of the in puts are val ues well be low unity.

Un til now, not much can be said about where the
high est level of sen si tiv ity to er ror lies in an HPGe de -

tec tor de signed for the ra dio met ric anal y sis of soil and
sed i ment sam ples in con tact ge om e try with the de tec -
tor. For  this  study, we lim ited our in ves ti ga tion to a
cy lin dri cal source in con tact ge om e try with a p-type
180 cm3 closed-end co ax ial HPGe de tec tor fully en -
closed in a lead con tainer to re duce ter res trial and cos -
mic ra di a tion. This is a pop u lar ge om e try for count ing
gammas from soil or beach sed i ment sam ples. The
gammas of in ter est are those of pri mor dial or i gin such
as the ac tin ium, ura nium, and tho rium se ries in the
range of 180 keV-1500 keV, and the non-se ries K-40 at 
1460 keV. We have not con sid ered Marinelli  sources
and the other types of semi-con duc tor de tec tors such
as n-types, well-type or semi-pla nar low-en ergy pho -
ton de tec tors (LEPD), or mul ti ple crys tal sizes found
in  de tec tors used in soil gamma spec trom e try. These
may be in ves ti gated in a fur ther study.

While other fac tors out side of the de tec tor can
im pact one's abil ity to ac cu rately de ter mine the anal y -
sis of the ra dio iso topes of in ter est, our in ves ti ga tion
will be lim ited to the en gi neer ing spec i fi ca tion of the
typ i cal HPGe de tec tor used for en vi ron men tal anal y -
sis of soil and sed i ment sam ples. Spe cif i cally we seek
to de ter mine quan ti ta tively, how er rors in the var i ous
com po nents of the en gi neer ing de sign im pact the ef fi -
ciency or re ported ra dio ac tiv ity mea sure ments. With a
knowl edge of the er ror sen si tiv ity of the key com po -
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nents, spectrometrists us ing MC or semi-em pir i cal
meth ods will now be able to fo cus more on spe cific en -
gi neer ing pa ram e ters to en sure that sys tem atic er rors
are min i mized in the mea sure ment pro cess.

Nu mer ous in ves ti ga tions into un cer tain ties in
var i ous as pects of the nu clear in stru men ta tion pro -
cesses cov er ing photomultiplier de tec tor, de tec tor
dead time, de cay data due to co in ci dence sum ming,
mea sure ments in CR-39 track de tec tors, un cer tainty
bound to ra don prog eny equi lib rium fac tors, en ergy
loss in sil i con, Sr-90 con cen tra tions in pow der sam -
ples, and in-situ gamma spec trom e try mea sure ments
of air clean ing fil ters have been pub lished [1-12].
These works high light the im por tance of mod el ing un -
cer tain ties in the nu clear mea sure ment pro cess in or -
der to re duce sys tem atic er rors and pro duce re sults
that can sus tain sci en tific scru tiny and ex per i men tal
reproducibility. In ad di tion, para met ric stud ies of un -
cer tainty prop a ga tion in CANDU re ac tor to quan tify
the un cer tainty in the de tec tor lay out us ing as much as
343 sets of un cer tainty val ues to pro duce cor re spond -
ing trip set points in the re ac tor have been done [13].
Un for tu nately, not much work has been pub lished
deal ing with er ror prop a ga tion in HPGe de tec tors
setup spe cif i cally for mea sur ing soil ra dio ac tiv ity. A
very com pre hen sive pub li ca tion by Mihaljevic et al.
deal ing with the ef fect of ig nor ing bulletization in var -
i ous de tec tor-source ge om e tries rep re sents the clos est
study to this work. Their pa per ap plied a math e mat i cal
treat ment to disc, cy lin dri cal and Marinelli  sources in
var i ous ge om e tries with n-type, p-type HPGe , thick
LEPD de tec tors, sim u lat ing the im pact of var i ous
bulletizing ra dius. The de tec tors used in their sim u la -
tion cov ered vari a tions in crys tal ra dius, crys tal
height, dead layer, core height, core ra dius, con tact
thick ness, crys tal to end-cap dis tance, end cap thick -
ness, and win dow thick ness. They con cluded that
bulletizing ra dius er ror can lead to con sid er able sys -
tem atic er rors (tens of per cent's) es pe cially for low
gamma en er gies and close count ing ar range ments
[14]. Re gard ing the ef fect of bulletizing ra dius, this
pa per ex am ined the im pact of as sum ing a com mon 8
mm bulletizing ra dius when in fact the de tec tor had no
bulletizing ra dius. In the dis cus sion sec tion of this pa -
per we iden ti fied ar eas of com mon al ity in these two
pa pers and ex plained how the ex ist ing the ory of
gamma de tec tion sup ports the re sults we pro pose. We
note that the  pur pose of bulletization is pri mar ily for
elim i nat ing the weak elec tric fields found at the edges
of the cy lin dri cal de tec tor crys tal [15].  How ever, there 
is no uni ver sal con sen sus here, as Prince ton
Gamma-Tech (PGT) sur mises that the vari a tion in the
elec tric field that is avoided by this de sign is mi nor and 
so they do not man u fac ture crys tals with  bulletizing
ra dius [16]. 

The pro duc tion of the ab so lute ef fi ciency curve
for a par tic u lar de tec tor is one of the most im por tant
func tions in ra dio met ric anal y sis. Us ing the ex per i men -

tal ap proach, the ef fi ciency curve must how ever be gen -
er ated by a ref er ence stan dard for each ge om e try that
will be en coun tered. In vari ably, the ref er ence stan dard
may not be avail able in all the ge om e tries re quired. In
or der to over come this chal lenge, spectrometrists may
use ab so lute meth ods such as Monte Carlo or semi-em -
pir i cal meth ods such as AN GLE to gen er ate a ref er ence
ef fi ciency curve for a spec i fied ge om e try us ing avail -
able ref er ence stan dards in a par tic u lar ge om e try. For
ex am ple in this study, we used the ef fi ciency trans fer
func tion of AN GLE to con vert the ef fi ciency curve  of 
disc source counted 25 cm above the de tec tor  to that for
a cy lin dri cal source in con tact ge om e try. The ex per i -
men tal curve for the source in con tact ge om e try  was
com pared to  the AN GLE sim u lated curve for the sim i -
lar ge om e try and used for qual ity as sur ance for  the sim -
u lated re sults pre sented in this pa per. In gen eral, the er -
ror vari a tion in the ef fi ciency curves may be at trib ut able 
to er ror in tro duced in the  ex per i men tal mea sure ment
pro cess and poor de tec tor spec i fi ca tion, es pe cially for
the ac tive body, in ac tive lay ers, vac uum and
compositional de tails of all el e ments in the source and
de tec tor [17].The de tec tor's char ac ter is tics may also
con trib ute to er rors since some gammas may have been
scat tered and ab sorbed in the de tec tor's end-cap win -
dow and in the Ge in ac tive or dead layer. Ad di tion ally
some gammas may not have pro duced a sig nal in side
the de tec tor's ac tive vol ume if their en ergy is lower than
the de tec tor's discriminator thresh old. For gamma en er -
gies up to 40 keV, the re la tion ship be tween en ergy and
ef fi ciency is strongly af fected by the at ten u a tion of
these pho tons by ma te ri als out side the de tec tor, such as
the in ter cept ing lay ers, and the dead layer sur round ing
the de tec tor. De tec tor man u fac tur ers have made en gi -
neer ing in ter ven tions to re duce this at ten u a tion of the
low en er gies. Ortec re ports that its gamma-X n-type de -
tec tors al low  pho tons with en er gies as low as 3 keV to
en ter the de tec tor's ac tive vol ume as a re sult of the 0.3
mm bo ron ion-im planted con tact and thin be ryl lium
front win dow. For the mea sure ment of pri mor dial
gamma ra di a tion in soils, we are  rarely  con cerned with
en er gies in the vi cin ity of 40 keV and be low. Most
likely the gammas of in ter est in the lower en er gies are
the U-235 peaks at 144, 163, and 185 keV and the
Th-234 peak at 63 keV. The U-235 peak at 185.71 keV
may be very prob lem atic to iso late due to its over lap
with Ra-226 at 186.21 keV. 

AN GLE is an ap pli ca tion run ning in a Win dows
based en vi ron ment that cal cu lates full en ergy peak ef -
fi cien cies  for a va ri ety of de tec tors such as HPGe true
and closed-end co ax ial, Ge(Li) open and closed-end,
pla nar low en ergy pho ton de tec tors (LEPD) and
well-type de tec tors. AN GLE uses the ef fec tive solid
an gle con cept and sup ports cy lin dri cal or Marinelli 
sources for co ax ial po si tion ing; sam ples may also be
point, disc, or bulky sam ples. AN GLE's use has been
re ported in many pub li ca tions. A de tailed de scrip tion
of AN GLE has been pub lished by its de vel oper [17].
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Ef fi ciency cal i bra tions com par i sons be tween AN GLE 
and LabSOSCS have found de vi a tions within 10% in
ex per i men tal ver sus cal cu lated ef fi ciency cal i bra tions
for three HPGe de tec tors [18]. Many other stud ies in -
volv ing the use of AN GLE have been pub lished [17,
19-24].

SUMMARY OF THE THEORETICAL

AN GLE uses the con cept of the ef fec tive solid
an gle (W) to cal cu late the value of the en ergy de pend -
ent full-en ergy peak ef fi ciency or ab so lute ef fi ciency
qual i ta tively de fined in eq. (1)

eabs

number of pulses recorded in detector

number o
=

f radiation quanta emmitted by source

(1)

This ef fi ciency is im pacted by the de tec tor prop -
er ties and the solid an gle (W) sub tended by the ra dio -
ac tive source counted on the face of the de tec tor .The
ab so lute ef fi ciency  of the sam ple eabs  is re lated to that
of the ref er ence stan dard eabs,ref  by the ex pres sion in
eq. (2) [25]

e eabs abs, ref
ref

=
W

W
(2)

As sum ing a gamma source (S) and de tec tor (D)
shown in fig. 1, the ef fec tive solid an gle may be de -
fined as shown  in  eqs. (3) and (4), where SD is the sur -
face of the de tec tor ex posed to the gamma pho tons and  
Vs, is the vol ume of the source, T is a point vary ing
over Vs, P is a point vary ing over SD, and nu

®
is the ex -

ter nal unit vec tor nor mal to an in fin i tes i mal area ds on  
SD. Fatt ac counts for the gamma at ten u a tion that oc curs 

when the pho ton emerges from the de tec tor vol ume in
the di rec tion TP. Feff re lates to the prob a bil ity of a pho -
ton, de graded in en ergy, in ter act ing within the de tec tor 
ac tive vol ume

W W= ò d
V Ss D,

(3)
and

d
TPn

TP
datt eff uW =

® ®

®

F F

| |3
s (4)

In the case where the source is a cy lin dri cal
source  po si tioned  above  the  de tec tor,  as  shown in
fig. 2, the solid an gle (W) for the above ge om e try
where r0 < R0 may be ex pressed as shown in eq. (5)
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Cases where r0 > R0 for the above ge om e try and
Marinelli sources, have  been  ad e quately cov ered by
Mihaljevi} et al. They have also shown that when de -
tec tor bulletizing ra dius is be ing con sid ered (as in this
pa per) the solid an gle may be ex pressed as shown in eq.
(6). Fur ther de tails are pro vided for sources whose ra dii
ex ceed that of the de tec tor, r0 > R0. For the count ing ar -
range ment en coun tered in this pa per, r0 < R0  [17]
 

W W W= +
+
ò òd d

( ), ,V V S V S1 2 1 2 2

(6)
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Fig ure 1. De fin ing the solid an gle [26]

Fig ure 2. Cy lin dri cal source above de tec tor, for solid
an gle de vel op ment



De tec tor full-en ergy ef fi ciency curves form the
foun da tion on which ac cu rate ra dio ac tiv ity is mea -
sured in en vi ron men tal sam ples such as top soil us ing
a stan dard and ver i fi able source counted above the de -
tec tor. The spe cific ac tiv ity (A) of the sam ple is mea -
sured by the for mula

A
CPS

mI
( )

( )
g

e g
=

g

(7)

where CPS is the net count per sec ond un der the
gamma peak of in ter est,  Ig – the branch ing ra tio, m –
the mass, and e(g) – the ab so lute or full en ergy peak ef -
fi ciency for a par tic u lar gamma en ergy of in ter est.
From eq. (7), it is ap par ent that any over-state ment or
un der-state ment of the ef fi ciency value leads to an un -
der-state ment or over-state ment, re spec tively, of the
ra dio ac tiv ity of the sam ple.

The key is the de ter mi na tion of e, which may be
ex per i men tally de ter mined by fit ting a func tion of the
form shown in eq. (8) to a plot of full-en ergy ef fi ciency 
ver sus gamma en er gies us ing a ref er ence source of
ver i fi able ac tiv ity and ref er ence date, to ac count for
ac tiv ity on the date of mea sure ment. Var i ous soft ware
can be used to de ter mine the ef fi ciency fit ting pa ram e -
ters  a, b, c, and d be low, which can then be ex trap o -
lated to de ter mine the gamma en er gies of in ter est.
SigmaPlot ver sion 10 was used in this re search due to
its ease of use and flex i bil ity.

e =
+

aE

c E

b

d1000
(8)

The ab so lute ef fi ciency eabs is a func tion of the
solid an gle  W; the solid an gle is de pend ent on the source 
to de tec tor dis tance or count ing ge om e try. In this pa per,
the ge om e try em ployed was with Eu 152/154  cy lin dri -
cal and disc cal i bra tion sources; the for mer in con tact 
ge om e try with the de tec tor and the lat ter counted 25 cm
above the face of the de tec tor. Co in ci dence sum ming in
gamma spec trom e try, pri mar ily due to com plex de cay
schemes, close ge om e try, and where life times of nu -
clear lev els are much shorter than the charge col lec tion
time in de tec tors, im pact the ef fi ciency mea sure ments.
Sum ming cor rec tions from a few per cent to higher (few
10% for low-level mea sure ments in Marinelli con tain -
ers or well-type de tec tors) are some times re quired.
Treat ment of sum ma tion ef fects in clud ing con tin uum
re duc tion and the Compton spec trom e ter method have
been de tailed [27]. 

MATERIALS AND METHODS

Overview

The re sults for this ex per i ment were gen er ated by
the fol low ing three step method (a) two ex per i men tal
ref er ence ef fi ciency  (REC) curves were gen er ated, one
for a Eu-152 disc source po si tioned  25 cm above the

de tec tor and counted for 1800 s and a cy lin dri cal source
(soil ge om e try) in con tact ge om e try  with the de tec tor
counted for 3600 s. (b) In for ma tion from Ortec on the
tech ni cal spec i fi ca tions of the de tec tor were in put into
AN GLE, and the ex per i men tal disc source's REC was
used to gen er ate  the soil ge om e try's ab so lute ef fi ciency
curve (AEC). A com par i son of both the ex per i men tal
soil AEC and the sim u lated soil AEC was done for the
con tact ge om e try . This was used as a qual ity as sur ance
method to val i date the con fig u ra tion of the de tec tor in
AN GLE sim u la tion and jus tify us ing it to gen er ate the
data that were sim u lated. (c) The fi nal pro ce dure was to
ex am ine how er ro ne ous mea sure ments re lat ing to the
de tec tor's crys tal, core, vac uum, hous ing, dead layer,
end-cap and end-cap win dow, con tacts, compositional
ma te ri als and de tec tor hous ing were prop a gated to the
AEC of the soil ge om e try. In cor rect de tec tor pa ram e ter
val ues were en tered and the re sults of the new ef fi -
ciency curves are com pared with the cor rect ef fi ciency
curve to de ter mine the per cent age de vi a tion. The val ues 
en tered are shown in tab. 2 where the plus and mi nus in -
te gers in di cate the vari a tion from the true de tec tor val -
ues. In some cases the val ues are halved or dou bled, and 
where ap pli ca ble con struc tion ma te ri als are changed. In 
all in stances, a Gauss co ef fi cient of or der 42 was used to 
gen er ate the sim u lated data in AN GLE. AN GLE com -
pleted these cal cu la tions in less than a min ute.

The ex per i men tal set-up was in keep ing with ge -
om e try rec om men da tion from the man u fac turer Ortec
re gard ing mea sure ments for on end-cap sam ples such
as ours, i. e., that the de tec tor's di am e ter should ide ally
ex ceed the sam ple di am e ter by at least 20% and that be -
yond 30% the gain in ef fi ciency is neg li gi ble. If the de -
tec tor di am e ter ex ceeds the sam ple by 20% or more
then er ror due to irreproducibility of sam ple po si tion
will be min i mal. The de tec tor was fit ted with a
low-back ground car bon 0.76 mm fi ber win dow, which
re sulted in a lower min i mum de tect able ac tiv ity (MDA) 
for a spe cific count ing time  (Ortec 2011). In this set-up,
the de tec tor crys tal di am e ter was 85 mm and the cy lin -
dri cal cal i bra tion source con tainer's di am e ter was 70
mm in di cat ing that the de tec tor was ap prox i mately
21.4% larger than the con tainer. We were there fore sat -
is fied that we are op er at ing at op ti mum ef fi ciency for
the size of the con tainer. A con tainer with a larger di am -
e ter is there fore not only un nec es sary but would only
in tro duce er rors due to ge om e try irreproducibility.

All an a lyt i cal work was done us ing AN GLE ver -
sion 3, SPECTRW, Datafit 9.0, SigmaPlot 10.0,
$RSUMUP, ENERCOR, Microsoft Ex cel and a cus -
tom ized file for cor rect ing sum ming ef fects in tro -
duced by soil sam ple and cal i bra tion sources in con tact  
ge om e try with this spe cific HPGe de tec tor.

Experimental set-up

The gen er a tion of the ex per i men tal ef fi ciency
curves was car ried us ing the Ortec GEM-FX8530P4
with a war ranted res o lu tion (FWHM) at 1.33 MeV
(Co-60) =1.9 kev and fac tory re ported mea sured value 

M. Miller, et al.: Mod el ing the Im pact of Un cer tainty in De tec tor Spec i fi ca tion ...
172 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2013, Vol. 28, No. 2, pp. 169-181



of 1.76 keV. The am pli fier shap ing time was 6 ms,
peak-to-Compton ra tio (Co-60) was 55:1 (war ranted)
and 61:1 mea sured, rel a tive ef fi ciency at 1.33 MeV
(Co-60) was 40.5%.The set-up con sisted of a high
volt age fil ter, de tec tor, and pre-am pli fier which were
all housed in the de tec tor lead housing. A rec om -
mended high volt age of 4800 V was ap plied to the de -
tec tor from a FAST NHQ-205M NIM mod ule [28].
The di men sions of the cy lin dri cal con tainer used for
the soil and EU-152/154 ef fi ciency mea sure ments was 
as fol lows: di am e ter = 70 mm, height = 21 mm, bot tom 
thick ness = 1 mm, and side thick ness = 1 mm. De tails
of the prep a ra tion of the Eu-152/154 cal i bra tion
sources used in this pa per have been pub lished [29]. 

Detector parameters 

Fig ure 3 shows the de tec tor's con fig u ra tion as
sup plied by the man u fac turer, ORTEC. In AN GLE,
the in put data are cat e go rized as de tec tor, con tainer,
ge om e try, source and ref er ence ef fi ciency curve. The
ma jor ity of the data re quire ment is for the de tec tor. De -
tails of the in put to AN GLE are shown fur ther in tab. 2.

Quality assurance

The  ex per i men tal  ef fi ciency  curve   for   both
the  disc  and  cy lin dri cal  Eu-152/154  sources were
de duced from spec tra an a lyzed in the SPECTRW
V37-27 soft ware. The disc source ef fi ciency data was
in put to AN GLE 3 and used to gen er ate an ef fi ciency
curve for a cy lin dri cal ge om e try sim i lar  to the soil
con tainer.  The  AN GLE  ef fi ciency  val ues were then
com pared to the ex per i men tal val ues for the gamma
en er gies  of  in ter est  in  soil  sam ples   for  the  range
180 keV-1500 keV. Er ror val ues within 4% (of the ex -
per i men tal val ues) were ob tained and are con sid ered
ac cept able [17]. Fig ure 4 shows both the ex per i men tal

and the AN GLE-gen er ated ef fi ciency curves; tab. 1
shows the dif fer ence be tween the two curves over the
re gion of 180 keV-1500 keV and the vari a tion within
the spec trum quan ti fied in tab. 1. The gamma en er gies
are those of the pri mor dial radionuclides com monly
found in un con tam i nated soil sam ples.

RESULTS AND DISCUSSION

Summary of results

In this sec tion we re port on how the de tec tor un -
cer tain ties in ves ti gated in tab. 2 prop a gated to the
mean ab so lute/full-peak ef fi ciency val ues over the
range 180 keV-1500 keV. We in tro duce a nor mal ized
sen si tiv ity im pact (NSI) value which in di cates the per -
cent age change in the ab so lute ef fi ciency val ues for
each cor re spond ing per cent er ror in tro duced in the de -
sign pa ram e ter and de fined as fol lows

NSI
E

=
De

(9)

where  De  de notes the mean per cent age change in ab so lute
ef fi ciency over the gamma range of 180 keV-1500 keV and
|E| = ab so lute value of per cent age vari a tion be tween true
and er ror gen er ated ef fi ciency val ues. An other way of look -
ing at the NSI pa ram e ter is that the per cent age out put er ror
is nor mal ized to the in put er ror.

 We con cluded that the ar eas of high est sen si tiv -
ity in the de tec tor, shown in fig. 5, were the vac uum top 
thick ness (NSI = 0.12), the crys tal's ra dius (NSI =
=.0.55) and crys tal height (NSI = 0.16). The de tec tor
bulletizing ra dius was shown to have an im pact of
+2.24% changes on the mean ef fi ciency value when an 
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Fig ure 3. De tec tor pa ram e ters for GEM-FX8530P4 HPGe
de tec tor. Data cour tesy of Ortec [30]
E: Nom i nal 5 mm ra dius, F: 58 mm cup lenght, G: 5 mm space,
H: 0.03 mm/0.03 mm Al/My lar,  I: 0.09 mm car bon fi ber, J:
<0.015 mm Ge/Li/ dead, K: 2.5 mm Al, L: 1 mm Al, M: 0.7 mm
Ge/Li dead layer, N: 0.3 mi cron Ge/B dead layer, and P: 11 mm

Table 1. Percentage variation between experimental and
ANGLE for absolute efficiency

Energies

Experimental
full-peak
efficiency

values

ANGLE
full-peak
efficiency

values

Percentage
variation between

ANGLE and
experimental [%]

186.1 0.077228141 0.07716939 –0.08

238.63 0.061638994 0.06188052 0.39

241 0.061088997 0.06131016 0.36

241.91 0.060880547 0.06109351 0.35

295.2 0.050823094 0.0504024 –0.83

338.322 0.044911334 0.04406982 –1.87

351.4 0.043392708 0.04244894 –2.17

510.8 0.030908619 0.02966513 –4.02

582.7 0.027428747 0.02643554 –3.62

609.312 0.026339981 0.02547244 –3.29

661.66 0.024442755 0.02386221 –2.38

727.264 0.022434288 0.02224391  –0.85

910.8 0.018292488 0.01788789 –2.21

964.64 0.01736404 0.01691765 –2.57

968.971 0.017293633 0.01684415 –2.60

1120.4 0.015159689 0.01435839 –5.29

1460.83 0.011917432 0.0115639 –2.97



in cor rect value of 8 mm was as sumed, the cor rect
value be ing zero. The de tails of how these er rors prop -
a gated at the var i ous sec tions in the gamma en ergy

spec trum are dis cussed fur ther on in this pa per. We
also in ves ti gated the im pact of changes in con struc tion 
ma te ri als such as the con tact ma te rial and the con tact
pin ma te rial, but their im pact was deemed neg li gi ble
for this count ing ge om e try. Other com po nents, where
NSI = 0.00 as shown in tab. 2, ap peared to be not very
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Table 2. Results of detector parameters investigated

ANGLE
description Error modeling description Key

Correct
value
[mm]

Incorrect value
[mm]

Input
error
[%]

Mean impact
on efficiency

[%]

Normalized
sensitivity
impact on
absolute

efficiency

Vacuum Vacuum top thickness – 2 mm Vtt – 2 mm 5 3 –40 4.76 0.12

Vacuum Vacuum top thickness + 2 mm Vtt + 2 mm 5 7 40 –4.34 –0.11

Vacuum Vacuum side thickness – 2 mm Vst – 2 mm 8 6 –25 0.04 0.00

Vacuum Vacuum side thickness + 2 mm Vst + 2 mm 8 10 25 0.04 0.00

Detector Crystal radius – 2 mm Dcr – 2 mm 42.5 4.05 –5 2.61 0.55

Detector Crystal radius + 2 mm Dcr + 2 mm 42.5 44.5 5 –2.62 –0.56

Detector Crystal radius + 2 mm Dch + 2 mm 31.7 29.7 –6 –0.98 –0.16

Detector Crystal radius – 2 mm Dch – 2 mm 31.7 33.7 6 0.04 0.01

Detector Bulletizing radius Dbr 0 8 n/a 2.24 n/a

Detector Inactive Ge side thickness doubled Igest-X2 0.7 1.4 100 0.96 0.01

Detector Inactive Ge side thickness halved Igest-h 0.7 0.35 –50 –0.42 –0.01

Detector Inactive Ge top thickness doubled Igett-X2 0.0015 0.003 100 –0.05 0.00

Detector Inactive Ge top thickness halved Igett-h 0.0015 0.00075 –50 0.02 0.00

End-cap
window End-cap window thickness halved Ewt-h 0.9 0.45 –50 0.24 0.00

End-cap
window End-cap window material change Ewm-c Carbon fiber Beryllium n/a 0.08 n/a

End-cap End-cap top thickness doubled Ett-X2 1 2 100 –2.19 –0.02

End-cap End-cap side thickness doubled Est-X2 1 2 100 0.04 0.00

Detector Core height + 2 mm Dcorh + 2 mm 11.5 13.5 17 0.01 0.00

Detector Core height – 2 mm Dcorh – 2 mm 11.5 9.5 –17 –0.01 0.00

Detector Core radius – 2 mm Dcor – 2 mm 5.45 3.45 –37 –0.03 0.00

Detector Core radius + 2 mm Dcor + 2 mm 5.45 7.45 37 0.04 0.00

Detector Change in contact material Dcm – c Ge with
lithium ions Aluminum n/a 0.04 n/a

Detector Change in contact pin material Dcpm – c Brass Copper n/a 0.04 n/a

Detector Contact pin radius – 2 mm Dcpr – 2 mm 3.175 1.175 –63 0.04 0.00

Detector Contact pin radius + 2 mm Dcpr + 2 mm 3.175 5.175 63 0.04 0.00

Detector Contact side thickness doubled DcstX2 0.003 0.006 100 0.04 0.00

Detector Contact side thickness halved Dcst-h 0.003 0.0015 –50 0.04 0.00

Housing Inner side thickness – 2 mm Hist – 2 mm 2.5 0.5 –80 0.04 0.00

Housing Inner side thickness + 2 mm Hist + 2 mm 2.5 4.5 80 0.04 0.00

Fig ure 4. Ex per i men tal and sim u lated ref er ence
ef fi ciency curves

Fig ure 5. Summarizes the nor mal ized sen si tiv ity im pact
(NSI > 0.00) for the de tec tor and ge om e try in ves ti gated
in this re port



sig nif i cant ar eas of un cer tainty for the count ing ar -
range ment in ves ti gated.

In the next subsections, we mod eled the vari a -
tion of the ab so lute ef fi ciency curve (gen er ated by the
er rors in tro duced) from the orig i nal and valid curve.
The fit ted func tions de scrib ing the vari a tions and their
R-squared val ues are also pre sented. In the eqs. 11-16,
x de notes the gamma en er gies in keV, and Y de notes
the per cent age change in the ab so lute ef fi ciency value
when the er ror is in tro duced. 

Dis cus sion for gen eral re sults

Com po nents with NSI = 0.00 as shown in tab. 2,
ap peared to be not very sig nif i cant ar eas of un cer tainty 
for this count ing ar range ment when in ves ti gat ing the
gamma ac tiv ity of soil sam ples. We con clude that the
val ues in tab. 2 may be used as de fault val ues for sim i -
lar de tec tor-source set-up when the val ues are not
readily avail able from their man u fac turer and/or a pre -
lim i nary ef fi ciency curve is re quired. The zero NSI
val ues for the con tact ma te rial, con tact pin ra dius, and
pin ma te rial are not sur pris ing since they do not di -
rectly af fect the gamma solid an gle hence pho ton in -
ter ac tion is in the ac tive vol ume of the de tec tor. The
con tact ma te rial for this de tec tor was Ge with lith ium
ions which was mod eled as a ma te rial with den sity of 
5.323 g/cm3, Ge hav ing a mass at ten u a tion co ef fi cient
of 5.727E-02. The con tact pin was sim u lated as com -
pris ing 60% cop per, 39.25% zinc, and the re main ing
0.75% be ing sil i con; the den sity is as sumed to be 8.41
g/cm3. Note these NSI val ues are not zero, but are
rounded to two sig nif i cant fig ures, so er rors here do
prop a gate to the ef fi ciency value of the de tec tor.

Ta ble 3 is a set of cor rec tion val ues to be used
to mul ti ply the ac tiv ity when try ing to ac count for

un cer tain ties in the var i ous pa ram e ters shown in the
ta ble. The cor rect ing value Cn is de rived from the
ex pres sion

C
Y

n = -
æ

è
ç

ö

ø
÷1

100
(10)

Ap pli ca tion of cor rect ing func tion ta ble

As sume the spe cific ac tiv ity of  Pb-214 at 295
keV was mea sured at 93.91 Bq/kg us ing ef fi ciency
val ues from AN GLE. If we wish to ac count for the
range of val ues tak ing de tec tor crys tal ra dius er ror into 
con sid er ation then the range of val ues for this spe cific 
ac tiv ity value would be 93.91×0.972 to 93.91×1.028 or
93.91 ± 2.63 Bq/kg. De tails of the der i va tion of the
Y-value used in the cor rec tion func tion are shown in
the fol low ing sec tion.

Modeling of errors in detector
vacuum geometry – top and side thickness

In this sec tion we in tro duced two er ror sce nar ios
into the ef fi ciency cal cu la tion by chang ing the de tec tor
vac uum top thick ness value of  5  mm  to 3 mm and 7 mm. 
The re sult ing ef fi ciency curves from these two sce nar ios
were com pared with the ac tual ef fi ciency curve, and the
av er age per cent age value of the changes noted.

 The vac uum top thick ness value  ( in  fig. 6  with 
ar row  de pic tion)  had  an  in crease of  4.76% on the mean
ef fi ciency curve over the re gion of 180 keV-1500 keV,
when the top thick ness was un der mea sured by 2 mm; a
de cline of  4.34% on the mean ab so lute ef fi ciency val ues
over the 180 keV-1500 keV range was noted when the
same pa ram e ter was over mea sured by 2 mm. These er -
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Table 3. Correcting values for various detector parameters

Gamma
source

Gamma
energy

Detector
bulletizing

radius

Crystal
height

– 2 mm

Crystal
height

 + 2 mm

Crystal
radius

– 2 mm

Crystal 
radius

+ 2 mm

End-cap top
thickness
doubled

End-cap
window
thickness

halved

Vacuum top
thickness
+ 2 mm

Vacuum top
thickness
 – 2 mm

U-235 186.1 0.983 0.995 1.004 0.970 1.030 1.020 0.996 1.041 0.955

Pb-212 238.63 0.980 0.993 1.006 0.971 1.029 1.021 0.997 1.042 0.955

Pb-214 241.91 0.980 0.992 1.007 0.971 1.029 1.021 0.997 1.042 0.954

Pb-214 295.2 0.979 0.991 1.008 0.972 1.028 1.021 0.997 1.042 0.954

Ac-228 338.322 0.978 0.990 1.009 0.973 1.027 1.021 0.997 1.043 0.953

Pb-214 351.4 0.978 0.990 1.009 0.973 1.027 1.022 0.997 1.043 0.953

Tl-208 510.8 0.977 0.989 1.010 0.974 1.026 1.022 0.998 1.044 0.952

Tl-208 582.7 0.977 0.988 1.011 0.975 1.026 1.022 0.998 1.044 0.952

Bi-214 609.312 0.977 0.988 1.011 0.975 1.025 1.022 0.998 1.044 0.952

Cs-137 661.66 0.976 0.988 1.011 0.975 1.025 1.022 0.998 1.044 0.952

Bi-212 727.264 0.976 0.987 1.011 0.975 1.025 1.022 0.998 1.044 0.951

Ac-228 910.8 0.976 0.987 1.012 0.976 1.024 1.023 0.998 1.045 0.951

Ac-228 964.64 0.976 0.987 1.012 0.976 1.024 1.023 0.998 1.045 0.951

Ac-228 968.971 0.976 0.987 1.012 0.976 1.024 1.023 0.998 1.045 0.951

Bi-214 1120.4 0.975 0.986 1.013 0.976 1.024 1.023 0.998 1.045 0.950

K-40 1460.83 0.975 0.986 1.013 0.977 1.023 1.023 0.998 1.046 0.950



rors are mod eled in figs. 7 and 8 and show that the max i -
mum im pact oc curred at the higher en er gies. Equa tion
(11) de picts the vari a tion of Y for un der stat ing the vac -
uum top thick ness and eq. 12 for over stat ing the same pa -
ram e ter

y = 3.3394 x0.0567 (11)

For fig. 7, the ra dio ac tiv ity val ues  at the lower
end of the spec trum (186 keV) will be re duced by
4.46% and at the higher end (1460 keV) by 5.02%
based on eq. (11) when  a –40% er ror is made in the
vac uum top thick ness.

In fig. 8, over stat ing the vac uum top thick ness
by 2 mm, in re la tion to a true value of 5 mm, re sults in
the ef fi ciency er ro ne ously de creas ing logarithmically
by the ex pres sion  shown in eq. (12)

y x= - -0239 28508. ln( ) . (12)

From fig. 8, the ra dio ac tiv ity val ues  at the lower
end of the spec trum (186 keV) were in creased  by
4.07% and at the higher end (1460 keV) by 4.6% based 
on eq. (12) when a +40% er ror is made in the vac uum
top thick ness.

Dis cus sion for de tec tor
vac uum er ror mod el ing

The  ma jor rea sons for the vac uum layer above
the de tec tor are to: (a) in su late the crys tal from the
outer layer tem per a ture of the de tec tor hous ing, (b)
re duce any vi bra tions that may gen er ate a fre quency
(mircophonics) that would add noise to the sys tem,
(c) pro vide some dis tance from the outer end cap
which is at ground po ten tial since the out side of the
de tec tor is typ i cally at the bias volt age po ten tial, and
(e) en sure that con tam i nants from the air are not at -
tracted to the sur face of the cold crys tal, re sult ing in a
neg a tive ef fect on the charge col lec tion char ac ter is -
tics (of the crys tal) [31]. The re sults of these mod eled
er rors are ex pected and eas ily ex plain able by the
phys i cal pro cesses that oc cur in gamma spec tros copy 
us ing semi con duc tors. Re duc tion in the dis tance
trav elled by the gamma from the source to the ac tive
vol ume is re duced if the vac uum level be tween the
crys tal and the end-cap win dow is re duced. This re -
duc tion would al low more gammas to ar rive and in -
ter act in side the ac tive vol ume due to an in crease in
solid an gle. Since a lin ear re la tion ship ex ists be tween 
the ef fi ciency and the solid an gle, the ef fi ciency of
the de tec tor is in creased. The op po site ef fect would
oc cur when the vac uum dis tance on top of the crys tal
is in creased. Not sur pris ingly, the er ror in the vac uum 
side thick ness is neg li gi ble for this ge om e try, as most
gammas would en ter the de tec tor from the top. The
gammas en ter ing the side of the crys tal would be
mainly X-rays from in ter ac tion in the sur round ing
lead shield. We an tic i pate that the side thick ness
would have a more sig nif i cant im pact, if Marinelli
con tain ers were used or if the source ra dius was much 
greater than the crys tal ra dius.
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Fig ure 6. Ex per i men tal set-up of de tec tor vac uum top
thick ness in AN GLE with red ar row show ing true value
of 5 mm

Fig ure 7. Per cent age in crease in ab so lute ef fi ciency due
to er ror in tro duced in the vac uum top thick ness; true
value  = 5 mm, er ror value = 3 mm, key = Vtt – 2 mm.
Ef fi ciency in crease range: 4.46 to 5.02 %

Fig ure 8. Per cent age in crease in ab so lute ef fi ciency due
to er ror in tro duced in the vac uum top thick ness, tru
value = 5 mm, er ror value = 7 mm, key = vtt + 2 mm.
Ef fi ciency de crease range: –4.07 to –4.57 %



Modeling of error in detector
crystal geometry – radius and height

In this sec tion we in tro duced two er ror sce nar ios
into the ef fi ciency cal cu la tion by chang ing the de tec -
tor crys tal ra dius value of 42.5 mm to 40.5 mm, and
44.5 mm. The re sult ing ef fi ciency curves from these
two sce nar ios were com pared with the ac tual ef fi -
ciency curve, and the av er age per cent age value of the
changes noted.

 Fig ures 10 and 11 show how er ror in tro duced in
mea sure ment of the crys tal ra dius im pacts the ab so lute
ef fi ciency val ues. In fig ure 10 un der stat ing the de tec tor
crys tal ra dius by 2 mm, re sults in an av er age de cline of
2.6% with the im pact max i mized at the lower en er gies
and mod eled by the ex pres sion shown in eq. (13)

 
Y E x x= - + +5 07 00012 31162 . . (13)

Fig ure 11 shows the mod el ing of over stat ing the
crys tal ra dius by 2 mm by the ex pres sion in eq. (14)

Y x= -0308 4 5464. ln( ) . (14)

Fig ures 13 and 14 and eqs. (13) and (14), show
how er ror in tro duced in the de tec tor crys tal height is
mod eled in AN GLE. As shown in tab. 2, we in tro duce

a six per cent er ror in the height of the crys tal and re port 
on the per cent age vari a tion of the new ef fi ciency curve 
from the cor rect value.
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Fig ure 9. De tec tor crys tal ra dius in AN GLE with ar row
de pict ing pa ram e ter value of 42 mm

Fig ure 10. Er ror in de tec tor crys tal ra dius, true value =
=.42.5 mm, er ror value = 40.5 mm, ra dius un der mea -
sured by 2 mm. Ef fi ciency in crease range: 2.33 to 3.00%

Fig ure 11. Er ror in de tec tor crys tal ra dius, true 
value = 42.5 mm, er ror value = 44.5 mm, ra dius over
mea sured by 2 mm. Ef fi ciency de crease range: –3.00 to
–2.34 %

Fig ure 12. De tec tor crys tal height in AN GLE with ar row
de pict ing pa ram e ter value of 31.7 mm

Fig ure 13. Er ror in de tec tor crys tal height, true 
value = 31.7 mm, er ror value = 29.7 mm, height un der
mea sured by 2 mm. Ef fi ciency in crease range: 0.52 to
1.43%



The per cent age vari a tion in fig. 13 is de scribed
by the ex pres sion in eq. (15)

Y x= -04152 15076. ln( ) . (15)

The per cent age vari a tion in fig. 14 is de scribed
by the ex pres sion in eq. (16)

Y E x x= - - -7 07 00017 030572 . . (16)

Dis cus sion on crys tal size
er ror mod el ing

We note that er ror in crys tal height and ra dius
that re sulted in a crys tal size larger than its true value
(figs. 10 and 13), re sulted in an in crease in ef fi ciency
over the true value. This in crease in ef fi ciency can be
ex plained due to an in crease in the solid an gle sub -
tended on the crys tal face when the crys tal di am e ter in -
creases. In the case of a crys tal with greater height, the
ac tive vol ume for which gamma in ter ac tion, mainly
by Compton scat ter ing, pho to elec tric ef fect and
pair-pro duc tion oc curs in creases, hence more gammas 
will be re corded lead ing to an in crease in ab so lute ef fi -
ciency. We pres ent a num ber of the o ret i cal and em pir i -
cal re sults that val i date our ex pec ta tions. The first
shown in eq. (17) , is that there is a di rect re la tion ship
be tween the rel a tive ef fi ciency erel (%) and the ac tive
vol ume; the ef fi ciency in creases faster with de tec tor
ra dius than de tec tor length. This is an ap prox i mate and 
not dimensionally cor rect re la tion ship [32]

Rel a tive ef fi ciency erel[%] = Vol ume/4.3 (17)

This  rel a tive  photopeak  ef fi ciency  which  is 
de fined as the 1.332 keV peak of a Co-60 point source
25 cm cen tered on the end -cap of a de tec tor. This ef fi -
ciency num ber is part of the stan dard for Ge de tec tors,

and is rel a tive to a per fect 3" di am e ter by 3" deep right
cir cu lar cyl in der  of  NaI(Tl) with  the  same  ge om e try 
to the source.  Since  this  is  the  re sponse  to  about a
1.3 MeV gamma, the vol ume alone is not the only fac -
tor when de ter min ing the rel a tive photopeak ef fi -
ciency.   The di men sions can vary with any spe cific Ge
de tec tor since these are in di vid u ally grown crys tals. 
For ex am ple a lon ger cy lin dri cal shape can re quire a
dif fer ent to tal vol ume than a large di am e ter crys tal
with less depth. There is more to this cal cu la tion than
sim ply the to tal vol ume. Us ing the fac tor 1/4.3 is a way 
to roughly cal cu late the rel a tive photopeak ef fi ciency
[33].

Our re search con firms (as shown in tab. 2, and
com par ing val ues for dcr-2mm and dch-2mm in fig. 5)
that the de tec tor crys tal ra dius has a greater im pact on
ef fi ciency than crys tal height; the nor mal ized sen si tiv -
ity value for the de tec tor ra dius  is greater than that of
the de tec tor height by a fac tor of 5.

 An other em pir i cal for mula  de scrib ing  the re la -
tion ship be tween the rel a tive ef fi ciency (%) and the
ac tive vol ume is shown in eq. (18) and  in di cates a
more de tailed re quire ment on the de tec tor di am e ter
[34]. The di am e ter  fac tor we de vel oped in eq. (13)
bears some sim i lar ity to the di am e ter fac tor in eq. (18)

Rel a tive ef fi ciency ereal = KD aLb (18)

where D is the ac tive crys tal di am e ter in deci me ters , L –
the crys tal length in deci me ters, K = 2.4321, a = 2.8155,
and b = 0.7785 [32].

For pla nar de tec tors, the Mowatt for mula has been
pro posed and found to give ef fi ciency re sults with an ac -
cu racy of 1.5% in the en ergy range of 100 keV-1400 keV
[35]. This ex pres sion also ex presses a di rect re la tion ship
be tween the ef fi ciency and the de tec tor size in the a5 fac -
tor

e
m t a

t a

m

=
- + -

+
×

× -

a F a a a E

a

1 2 3 4

51

'exp( ) exp( )

[ exp( )]

Ge

Ge

(19)

where F xi ii
' exp( )= -Õ m   and is the prod uct of the at -

ten u a tion fac tors out side the in trin sic area, t is the pho -
to elec tric ab sorp tion co ef fi cient in ger ma nium at en -
ergy E,  a – the  Compton  ab sorp tion  co ef fi cient  at 
en ergy  E,  a2 – the  thick ness of the ger ma nium front
dead layer, and a5 – the ef fec tive de tec tor depth

The Free man-Jenkins equa tion has also been re -
ported to give a 1% ac cu racy over the 500 keV-1500
keV range for the rel a tive ef fi ciency of cy lin dri cal and
trap e zoidal de tec tor and is de noted as

e t s= - - + -1 exp( ) exp( )x A BE (20)

where t is the pho to elec tric con stant, x – the thick ness
of the de tec tor, and s – the Compton co ef fi cient, and A
and B are con stants to be de ter mined from mea sure -
ments.
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Fig ure 14. Er ror in de tec tor crys tal height, true
value = 31.7 mm, er ror value = 33.7 mm, height over
mea sured by 2 mm. Ef fi ciency de crease range: –0.44 to
–1.33%



Modeling of error in bulletizing radius

In this sec tion we in tro duce an er ror sce nario
into the ef fi ciency cal cu la tion by in tro duc ing a de tec -
tor bulletizing ra dius of 8 mm where there should be
none. The re sult ing ef fi ciency curve from this sce nario 
was com pared with the ac tual ef fi ciency curve, and the 
av er age per cent age value of the changes noted. 

Fig ure 16 shows how er ror in the bulletizing ra -
dius was mod eled re sult ing in an av er age in crease of
2.24% in the ab so lute ef fi ciency val ues over the range
180 keV to 1500 keV, the greater per cent age in creases
oc cur ring at the higher en er gies. The im pact is mod -
eled in eq. 21

y E x x= - - + +1 06 00021 1151482 . . (21)

Dis cus sion on er ror in
bulletizing ra dius

Our re sults, as shown in eq. (21), show a qua -
dratic de pend ence on the over-re port ing of ab so lute ef -
fi ciency, when a bulletizing ra dius of 8 mm is in cor -

rectly as sumed with re spect to the cor rect no-bulletizing 
re sults. In our in ves ti ga tion, the min i mum er ror  (1.7%)
oc curred at the low est en ergy and the max i mum (2.5%)
at the high est en ergy for the count ing ge om e try in ves ti -
gated. Mihaljevi} et al also showed a qua dratic re la tion -
ship be tween the er rors and bulletizing ra dius with the
smaller gammas hav ing the greater ef fect [14].

CONCLUSIONS

When mea sur ing the solid an gle or ab so lute ef fi -
ciency of a de tec tor us ing ab so lute or semi-em pir i cal
cal cu la tions, in cor rect en gi neer ing de tails about the de -
tec tor con struc tion will re sult in the in tro duc tion of sys -
tem atic er rors. A typ i cal HPGe de tec tor set-up for the
mea sure ment of full peak ef fi ciency us ing AN GLE
may be char ac ter ized by as much as 64 spec i fi ca tions
dis trib uted as shown in brack ets across the crys tal (15),
end-cap win dow (3), end-cap (4), vac uum (2), hous ing
(8), source con tainer (9), source ge om e try (8), in ter -
cept ing lay ers, gamma en er gies (1 set), ref er ence ef fi -
ciency curve (13) , and the cal cu la tion pre ci sion.  In this
pa per, we re stricted our in ves ti ga tions to the 32 pa ram e -
ters that char ac ter ized the de tec tor and dem on strated
that er rors re lated to the vac uum layer above the de tec -
tor crys tal, the bulletizing spec i fi ca tion of the crys tal,
and the crys tal size, had the most im pact on the ef fi -
ciency value for a de tec tor setup for the spec tro met ric
anal y sis of soil in a cy lin dri cal con tainer and in con tact 
ge om e try with the de tec tor. The im pact of these un cer -
tain ties, char ac ter ized as the per cent age de vi a tion with
re spect to the cor rect ab so lute ef fi ciency curve, was
found to be de pend ent on whether the er ror val ues were
above or be low the cor rect val ues that char ac ter ized the
de tec tor. In all cases the im pacts were found to vary ei -
ther quadratically or logarithmically over the en ergy
range of 180 keV to 1500 keV. A num ber of other pa -
ram e ters shown in tab. 2 were de ter mined to have a very 
small im pact when their er rors were mod eled; these pa -
ram e ters had their NSI rounded to 0.00. In this pa per,
we mod eled these de tec tor er rors math e mat i cally for
the first time, al low ing spectrometrists us ing this count -
ing ge om e try and semi-em pir i cal ef fi ciency cal cu la tion
method to make er ror cor rec tions to their gamma ac tiv -
ity val ues done with de tec tor char ac ter iza tions that
were in cor rect.  Since full peak ef fi ciency cal cu la tion,
us ing AN GLE's ef fi ciency trans fer method re duces er -
ror prop a ga tion due to par tial er ror com pen sa tion in the 
W W/ ref  fac tor in eq. (3), AN GLE is gen er ally con sid -
ered as a good tool for han dling ef fi ciency cal cu la tions
[14]. Fi nally, this re search does the fol low ing for the
typ i cal count ing ge om e try em ploy ing p-type HPGe de -
tec tors for soil and sed i ment radionuclide anal y sis; (a)
in tro duces the nor mal ized sen si tiv ity im pact pa ram e ter
(NSI) which al lows a com par a tive anal y sis to be made
of the im pact of de tec tor spec i fi ca tion un cer tain ties, (b)
pro poses a de fault set of de tec tor char ac ter iza tion val -
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Fig ure 15. De tec tor bulletizing ra dius in AN GLE with
de pic tion with ar row

Fig ure 16. Er ror in in tro duc ing a bulletizing ra dius: true
value = 0 mm, er ror value = 8 mm



ues that may be used in semi-em pir i cal meth ods for
gen er at ing a ref er ence ef fi ciency curve us ing the ef fi -
ciency trans fer method in her ent in AN GLE soft ware (a
no ta tion is in serted that these val ues are to be used with
the un der stand ing that their un cer tainty im pact on the
full-peak ef fi ciency, though not very sig nif i cant in this
count ing ar range ment, is not non-zero), and (c) de vel -
ops an un der stand ing through math e mat i cal mod el ing,
of how un cer tain ties in the most im por tant de tec tor
spec i fi ca tions af fect the full-en ergy peak ef fi ciency
value in the gamma range of 180 keV-1500 keV.

Application of research results

The re sults shown in this pa per may be in cor po -
rated into fur ther re leases of AN GLE to re duce the ef -
fects of sys tem atic er rors and/or pro duce re sults with a
mar gin of er ror as so ci ated with com mon user in put er -
rors. Also in fu ture re leases of AN GLE, the de fault
val ues pre sented in this pa per may be in cor po rated as
ini tial de fault val ues for spe cific ra dio met ric ap pli ca -
tion and the pa ram e ters with higher er ror im pact high -
lighted. The cor rec tion fac tors listed in this study
should be use ful in mak ing cor rec tions to ac tiv ity re -
sults to ac com mo date any un cer tainty. We rec om mend 
ad di tional stud ies to in clude a wider va ri ety of de tec -
tors, de tec tor pa ram e ters and count ing ge om e tries to
as cer tain how the er rors in their en gi neer ing spec i fi ca -
tion prop a gates.
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Moris MILER, Mitko VU^KOV

MODELOVAWE  UTICAJA  NESIGURNOSTI  PARAMETARA
EFIKASNOSTI  HPGe  DETEKTORA  UPOTREBOM  PROGRAMA  ANGLE

Ciq ovog rada je da se modeluje uticaj nesigurnosti u in`ewerskim specifikacijama za
vrednosti parametara efikasnosti tipi~nog HPGe detektora p-tipa, pri merewu uzoraka
zemqi{ta u geometriji u kojoj je uzorak u kontaktu sa detektorom. Uveden je parametar
“normalizovan uticaj osetqivosti” koji omogu}ava komparativnu analizu uticaja nesigurnosti iz
specifikacija detektora i formirawe tabele korekcionih faktora za najva`nije parametre.
Oblasti detektora za koje je utvr|eno da su najpodlo`nije gre{ci su geometrija kristala,
vakuumski sloj iznad kristala i radijus zaobqewa kristala. Po prvi put su glavni uticaji
matemati~ki modelovani i utvr|eno je da se pona{aju kao kvadratna ili logaritamska funkcija u
opsegu energija od 180 keV do 1500 keV. Predlo`en je skup karakteristi~nih vrednosti za detektor
koje se mogu koristiti u programu AN GLE za generisawe referentne krive efikasnosti
upotrebom metode transfera efikasnosti, koja je deo programskog paketa. Ove vrednosti treba
koristiti imaju}i na umu da uticaj wihove nesigurnosti na maksimalnu efikasnost, iako ne
previ{e bitan u ovom obliku brojawa, nema nultu vrednost.

Kqu~ne re~i: karakterizacija detektora, pro gram AN GLE, nesigurnost, HPGe detektor,
..........................efikasnost detektora


