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Abstract. Radioactive sourccs which used to study were the standardized radioactive o f  common 
monocncrgeĩic radionuclide and standardized multiuamnia C o ^ ,  B a '^ \  Determination
o f  the absolute e íỉ lc icncy  curve and cnoruy resolulion as a function o f  cneruy o f  GEM 40P4 HPGe 
spectrometer arc presented  in this paper.

Kcyworils: GI'M4()IM 1IPGI: detector, relative efficiency, absolute cfilcicncy, energy resolution.

1. In t ro d u c t io n

The high purity gcrnianium  (llPG c) spectrometer is used for analysis o f  environmental sample and 
d e t e r m i n a t i o n  o f  r a d i o i s o t o p e  c o n c e n t r a t i o n  d u e  to  Its c x c c l l c n l  r c s o l u l i o n .  'I'his detector has better 
characteristics and more sensitive to the detection o f  impurities. When purchasing an ỈIPGe detector,
o p o r n t i n g  c b a r a c t c r i ' ’ticr. Guch ar> r c i io lu l io n ,  a b s o l u t e  c f i i c i c n c y  WCIL c u i m i i o n l y  Ubcd to  c u u i p a i c

different systems and to judge  pcrforniancc.

/ . / .  Ahsoĩỉiíe efu'icncy o j I!P G l' detector

A s  V. c  k n o w n  t h a t  t h e  a b s o l u l c  c f i i c i c n c y  o f  l I P G e  d c t c c t o r  IS t h e  r a t i o  o f  t h e  number o f  counts in 

the  ful l -  e n e r g y  p h o t o - p c a k  to  th e  total  n u m b e r  o f  g a m m a  ra ys  c n i i t l c d  f r o m  a source and can b e  

determined by lormulal Ị-4 |;

(I)

w h e r e  /;(/:') IS t h e  a b s o l u t e  d c l c c t i o n  e f f i c i c n c y  a t  e n e r g y  o f  E,  N  IS n u m b e r  o f  c o u n t s  i n  t h e  p h o t o - p e a k  

(net area), A is activity o f  gam m a sourcc at measurement time, Br is branching ratio corresponding to 
the energy o f  /:, and ĩr is denotes the real time taken for cach successive measurement.

In principal, clTicicncics o f  germanium dclcclors can be estimated from published measurements 
or calculations ibr detectors o f  similar size, the accuracy o f  results based on these values will not be 
much better than 10-20‘!o []]. One major difficulty that llie dimensions o f  these detectors are not
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standardized to any degree, and il is very difficult to dclcnninc prcciscly llicii active volume (includc 
d e a d  l a y e r ) .  O n  o t h e r  h a n d ,  a b s o l u t e  e l T i c i c n c y  a r e  d e p e n d  n o t  o n l y  d c l e c t o r  ỊM'op cr t i c s  b u t  a l s o  o n  t h e  

details o f  the counting geometry (primarily the distance from the source to the detector). Hence, in 
s o m e  c a s e  vvc a l s o  n e e d  t o  c a l c u l a t c d  a b s o l u t e  c i r i c i e n c y  a s  g e o m e t r y  I ' u n c l i o n  ( t h e  f u n c t i o n  o f  t h e  

distance between source and dctcctor). I'urlhermore, long-term chan^cs in charuc collcclion cii'icicrncy 
and window thickness can lead lo drills in the dctcclor ciTicicncy over periods o f  lime.

For these reasons, \vc must normally carry out our own periodic cfficicncy calibrations o f  our 
germanium detectors.  To calculalc  the energy dcpcn dc nc c o f  the detector  e í ì ì c i c n c y ,  a SCI o f  several  
reference gamma sourcc which known nuclide activity and gamma em ission probability is needed to 
cover the energy ranges o f  interest (IAEA, 1991; Sima ei al., 2001; Sima and C’a/an, 2004). If \vc use 
multi-energy sources summing cffcct would affcct the result o f  absolute cfilcicncy. To avoid this 
eưor, single energy gam m a sourccs were usually used. However, almost o f  them have short half life 
and only use in a few months. That s why, the multi-energy gam ma sources \\ crc used in this paper to 
calculatc the clTiciency calibration.

It can be assumed that in gamma measurements using multi-cncrụy sources the counting loss ratios 
in every peak causcd by the summing cffcct were about the same [2]. 'I’hcn, if we known relative 
efficiencies and transformation factor, the absolute efficiencies can be oblam ed bv follow relation.

ỉ : ( E ) ^ t ( E ) c X E )  ^2)

w h e r e  c (E )  IS t h e  a b s o l u t e  d c l c c l i o n  e f l i c i c n c y  a t  e n e r g y  o f  /: .  / ( / : )  IS t h e  t r a n s f o r m a t i o n  f a c t o r  

corresponding to energy o f  i.rilĩ) is the relative efficiency value at clicrgy o f  E  |2 |.
To determine ihc relative efficiency curvc we used two gamma sources (source 1) and ' Hu

(source 2). By chosc ihc photo-peak cfilcicncy at energy Ei (source 1) equal 100%, wc obtained the
value o f  relative efficicncy at energy Eị (source 2) as follow:

( £ )  =  c, (3)
2 .r t’ V J i.rc 'V  i '  Ỉ  ¥-• \  À i ' i  Í  \

« , ( £ , )  A .

where £•, (-£" ) is  the relative efficicncy for energy Ei o f  source 1, usually  it is taken as 100%, 

^ 2  {E  ) is the relative cfficicncy for energy Ej o f  source 2, { E ị ) and i i j { E  ̂ ) arc the count rates 

o f  source 1 at energy E, and source 2 at energy A| and A 2 arc the activities o f  source 1 and source 2 
at the measurement time, (z r ,) and { E ị ) are branching ratios o f  sourcc 1 and source 2 [2],

1.2. Energy resolution as a function o f  energy

The energy resolution is a measure o f  the dctcctor’s ability lo distinguish closcly spaced lines in 
the spectrum. The overall energy resolution achieved in a germanium system  is normally determined 
by a combination o f  three factors; the inherent statistical spread in ihe num ber o f  charge earners, 
variations in the charge collection cfficicncy, and contributions o f  cicclric noise. W hich of  these 
factors dominate depends on the energy o f  the radiation and the size and inherent quality o f  the 
detector in use. The full width at half  maxium Wj o f  a typical peak in the spcctrum  due to the detection 
o f  a monoenergetic gamma ray can be synthesized as follows

= W ị ^ W l + W Ị  (4)

W here the w ,  values on the right-hand side are the peak widths that w ould  be observed due only 
to effects o f  carricr statistics, charge carriers, and electronic noise crcatcd.
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- I h e  l i r s t  o f  t h e s e  ĩ a c t o r s ,  r c ỊM Cs cn l s  i h c  i n h e r e n t  s t a t i s t i c a l  n u c l L i a t i o n  m t h e  n u m b e r  o f  

chargc earners and IS ụivcỉi by:

It',; = ( 2 j 5 y F c / ;

W here V is ỉ-;ino factor, r. is cncruv ncccssary to creatc one clcctron-hole pair, and E is the gamma- 
ray energy.

- The conlribulion o f  ihc second term, I V y , is due to incomplete chargc collection and is most 

signiticant in detectors <)1 larực volume and low avcraee electric ik'ld.

- rhc  third factor, ỉi^ị~ , represents the broadening cfficcls o f  all clcclronic components following 

t h e  d c t c c t o r  1 1 1.

2. Experimental setup and m easurem ents

G EM 40P4 dctcclor w hich was localod in Nuclear Department (Hanoi University o f  Siences) were 
produced by O R TliC  com pany. It is the first dctcctor have cooled down bv X-cooler in Vietnam. The 
dctcctor were Ill^Gc coaxial detector (wiih 1 mm A1 window) which are placcd inside low background 
lead shield (model 747). The inlcgralcd signal processor consists o f  a pulse height analysis system to 
transform pulses, which arc collcclcd and stored by a computcr-based M CA. The signal processor 
c o n t a i n s  h i g h - r c s o l u t i o n  s p c c t r o s c o p y  a m p l i f i l l e r  w i t h  a  p i l c - u p  r c j c c t o r .  I n  o u r  m e a s u r e m e n t s  t h e  

input rise time is set to 12 fis corresponding to shaping time is 6 L̂S.
Operating param eters o f  the system are governed and controlled by the computer program 

MAliS'l'RO 32 [5]. Data stored in 16384 sequential channels. Automatic coiTcclion for the dead time 
IS o b i a i n e d  b y  c o l i c c l i n u  d a t a  f o r  a  g i v e n  l iv e  t i m e .  T h e  d c l e c l o r  d i a g r a m  a n d  t h e  m a t e r i a l s  m a d e  u p  

each part o f  it can be sliow n in I’ igure I and I’able 1.

F'ic. 1. G H M 4 0 P 4  D c te c t o r  Diai ' r i im.
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1 able 1 Miscellaneous detector assembly dimensions and n iaicnals

IDENTIFIER DIM ENSION DESCRIPI'ION m a t i ;r i a l {S)

A 105 mm  M O U N T CUP, LENGTH

B 4 mni END CAP TO CRY STA L GAP

c 3.2 m m  M O U N T CUP BASE

D 1 m m  HND CAP W INDOW

E 0.03/0.03 ninimm INSULATORySHEILD

F 7 0 0 OUTS I DE CO N TA C T LAYIÍR 

G 0.3™^-™“  HOLE C O N TA C T LAYER

H 0.76 m m  M O UN T CUP WALL

1 1.3 mm END CAP WALL

A LU M IN U M

\',A .

A L U M IN U M
A L U M lX ljM

M VI.AR A L u  M 1NIZED M L A R

IJT H IU M

BORON

ALUM INlINi

A LU M IN U M

3. Results and discussion

In this paper, we used four radioactive sources o f  IAEA standard source including Cs'^’ (661.66
keV), Co“  (1 173.228 kcV and 1332.492 keV), Ba'^^ (80.997 kcV, 302.96 kcV, 356.013 keV and 
383.848 keV) and E u '”  (121.77 keV, 244.697 keV, 344.34 keV, 778.94 keV  and 964.09 keV) as 
shown in table 2. In table 2, N is number o f  counts in the photo-peak and t is counting time.

We calculated relative cfficicncy o f  GEM 40P4 detcctor by chose cfficicncy at energy o f  
356.013 is equal 100% and used the formula (3) to calculated relative ciTicicncy o f  other energy. 
Absolute efficicncy can be calculatcd by the formula (1). The result o f  relative and absolute efficiency 
can be shown in Table 2.

Table 2. Calculation o f  relative and absolute efficicncy o f  GI-M40IM

133

E (keV) N t (s) Br (%) Relative ef'licicncy (%) Absolute efficiency (%)
80.997 10817 260.22 34.06 108.520 Ỉ 0.218 0.737 ±0.009
121.77 221677 768.64 28.58 168.531 t 0,569 1.145±0.015
244.697 54728 768.64 7.58 132.965 f 0.725 0.903 ±0.013
302.96 29751 260.22 18.33 113.702 I 0.762 0.772 ±0.011
344.34 Ì46839 768.64 26.5 102.315 ± 0.435 0.695 ± 0.009
356.013 88575 260.22 62,05 100.000 X 0,475 0,679 ± 0.009
383.848 10757 260.22 8.94 93.507 ±0.861 0.635 ±0.010
661.66 14518 20.9 85,1 62.658 ±0.511 0.426 ± 0.006
778.94 33815 768,64 12.94 53.556 ±0.308 0 .3 6 4  ± 0.005
964.09 32510 768.64 14.61 45.014 ±0.267 0.306 ±0.004
1173.22 10897 401.38 99.97 36.003 ± 0.334 0.245 ±0.004
1332.49 10093 401.38 99.99 32.526 ±0.320 0.221 ±0.004

After the analysis o f  recorded spectra and evaluation o f  obtained data 
energies, calibration curves were obtained by fitting(Fig 2). rh e  analytical 
efficiency curves is given by following f o r m u l a  [2,6,7]:

for efficiency at given 
expression o f  obtained

(5)
n=0
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1 he relative CÍiicicncy ol' Ortcc dctector (GIỈM40P4) was plotlcd against logarithm o f  the gamma 
ray energy  to relate the detection crficiency o f  the HPGe dclcctor system as a function o f  energy.
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Ị m. 2. The relative efficiency curve of Ortec delector (Gl'M40ỈM), £  =  E Ỵ  in which
O=:0

a ,  - 6 5 8 4 6 . 4 3  ± 7 1 5 5 . 2 3 ,  a ,  -  5 2 4 6 0 . 9 4  1 6 3 6 3 . 5 9 ,  a . = - 1 6 5 1 0 . 7 4  i  2 2 4 6 . 3 3 ,  33 = 2577.13 ± 393.43,
U4 -  -199.93 ± 34.19, as -  6.17 i  1.1 s,' with the value of R,' is 0.99979.

'1 he absolute cflicicncy curve was obtained by multiplying a„ with t{E). ^I'he value o f  /(£) was 
calculatcd by using the 661.657 keV gamma-line. 'I'he total uncertainly o f  the calculated absolute 
dctccior efficiency includes relative uncertainties o f  the gamma peak area, the calibration source 
activity and also co-varianccs introduced in ihc curvc fitting (Fig 3).

Energy (keV)

Fig.  3. T h e  re l a t i v e  c f n c i c n c y  cu r v e  (b l ue  l ine)  a n d  ab s o lu te  c f f i c i c n c y  curv'c ( d a r k  l ine)
o f  O r t c c  d e t e c to r  ( G E M 4 0 P 4 ) .

In order to evaluate the dependcncc o f  the HPGe energy resolution on the gamma-ray energy, the 
FW IIM  o f  the G aussian curvc, fitted to each coưected histogram o f  each gamma-ray peak. The 
diffcrencc FWHM o f  the peak width varies with the gamma-ray energy, as showTi in Fig. 4.
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Fiu. 4. 'I'he energy rcsohitiua C L irv c  as the function o fc iic igy  OÍ'GIÌM40IM dclector

4. Conclusion

The efficiency and energy resolution curvcs arc in good a g r e e m e n t  w i t h  measurement nuclear 
data. But in this paper vve d idn ’t discuss the result o f  detcctor cfficicncy between calculatcd and 
experimental efficiencies in low-cncrgy region (< 60 keV). Bccausc Ihc fact that the calculatcd 
efficiency for very-low energies is V C I 7  scnsilivc to the thicknesses o f  the germanium dead layer and 
o f  the detcctor entrance window, which strongly attenuate low energy photons. I 'hcrcforc, It was 
necessar>'  to  o p t i m r / c  t h e  t h i c k n e s s  OÍ' th e  ( i c  i n a c t i v e  l a y e r  in o r d e r  t o  brini* i n t o  a c c o r d a n c c  the  

experimental and calculated enicicncics for vcr>'-lovv energies.
This work is fmancialy supported by Project QG-09-06 o f  VNl I.
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