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1. Methods for efficiency calibration

(1) Measurement of
standard volume source
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» Complicated procedures
In manufacturing

» Frequent manufacturing of
standard volume sources
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Increase of radioactive waste

(2) Monte Carlo
simulation (MC)

» Parameterisation of
geometry Is necessary
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Ineffective region in Ge

crystal

» Traceability not assured
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2. What is the RP method ?

2.1 General concept

Efficiency calibration method combines
“MC” and “Point Source Calibration”

Reduce volume to a single point

Representative Point _ _ l
(RP) Calibration with a standard
. L point source at the RP
A position which gives '
approximately the same
efficiency curve as a Correction of self-absorption effect

volume sample '

Efficiency curve
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2.2 Procedure of the RP method

Efficiency curves at
various positions
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- Efficiency-curves group

Spatial
interpolation

Ge crystal

End cap

Detailed efficiency-curves group
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Detailed efficiency-curves group
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Spatial averaging for

a selected region
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An efficiency curve
of volume sample
(air-equivalent)
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RP
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Calibration at RP

Correction for self-
absorption effect
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Final efficiency curve
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2.3 How to find the RP

Parameter t

1a(p _v. Y “  Pg : Efficiency at each point
t = _Z(g) x100 (%) Ve : Efficiency of volume sample (air-equiv.)
NI\ Ve n : Number of energy points
* Simplified expression for this presentation
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Photon energy (keV)
Comparison of two efficiency curves
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2.4

Distribution of parameter t
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2.5 Efficiency curve of the volume sample and that at RP
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2.6 Correction of self-absorption effect
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Efficiency

: / (measurement)
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| Corrected efficiency =

103F -

At RP i
(r,z) = (31,63) mm 7

RP method

Conventional
method

10? 10°
Photon energy (keV)

Cement standard source

(92 mm in dia., 46 mm in height)
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Self-absorption correction
factor (obtained by MC)

Efficiency with material

Efficiency at the RP x —— _ _
Efficiency without material

By Measurement

= efficiency of volume
sample (air-equiv.)



3. How to apply the RP method ?
3.1 Features of CREPT-MCNP®

System al
Microsoft Windows 2000, XP
Graphical User Interface (GUI)

MCNP-4 or -5

A 4

v

v

Felruary 2007
Alomic Energy Agency ‘ BT ARARAN

Main Features ~ Manual
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v

Calculation of efficiency curves group

A 4

Representative point search

v

Calculation of self-absorption correction factor

* Calibration code for the Representative Point calibration method with MCNP
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3.2 Geometry modelling

Derived MCNP
input file

[18 detector window for data originationnGe3.csy = =10] x| 78 -1.74000E400 18 -19 11 -3 =

CREPT code for efficiency calibration of radioa

File[E] DatalD] Calculation[C] Calculation results[0] wWindowla] Help[H]

- B — imp:p 1.000 impie 1.000
Mew | O file Dvg\lrite Sav a5 EIESE Show tewt file | Displa c:s sectio 8 WRLARIONEN g, 13
E s inp:p 1,000 inpre 1.000
9 B -1.20430E-03 11 -2 19 -20
T inprp 1.000 impie 1.000
Dictitely Jae_Tope 10 8 -1.19000E+00 (2 -1 -20):(11 -1 20 -21)
inprp 1.000 impie 1.000
Parameter | Walue el
1 |Length of end cap [cm] 11
2 | Distance from upper suface of defector case to upper suface of Ge crystal [om] 045 | F2 ‘ origin ” z 2 Zoom
3 |Length of Ge crystal [cm] 798
4 | Distance from upper surface of Gelopstal to tip of contact pin [cm] 2EE .
5 |Length of mount-cup [cm] 9E8 1PZ0 G t
_ o eometric
E | Thickness of dead layer [cm] 0.00003 SRS .
7 | Thickness of end cap [cylinder tubel\Jcr L th d 01 4Pz _0'45 p t t
g |Gap between end cap and protectaff [cr e n g an 0.03 5 P7 -0.45003 re rese n a I O n
9 | Thickness of pratectar [radial] [cm] L - 0z B PZ -1.05
10| Thickness of end cap (tap] [em] pOS|t|On Settl ngS 0.05 ; Ei ‘:-325
11 | Thickness of protector [top] [cm] 01 4 Pz _16 13
12 | Thickness of mount-cup [cm] 01 10 PZ -10.14
13 | Duter radius of Ge crystal [cm] 292 1M1 P2 -11
14 | Outer radiug of end cap [cm] J 35 }g gi g ;?5
15 |Material of Ge crystal (incl. dead layer] germanium | 1407 2.32
16 | Material of mount-cup COppeEr - 16 7 2.91957
17 |Material of end cap [cylinder tube) magnhesiumm - 16 CZ 2.92
18 |Material of end cap [top] iberylium - }; g; g ??
19 |Filing material betweef\end cap and protector [cm] air J I 19 07 3.97
20 | Material of protector felioliel - 20 C7 3.4
21 CZ 3.8
22 KZ -3 1 A
= = 23 87 -3.485 0.378
Materlal Settl ngS 24 TZ 0 0 -1.05 2.32 0.53337 0.59987
25 TZ0 0 -1.05 2,82 0.6 0.8

kR
# material cards #
EERE R B R B

---- no. 1 material: copper
23000 -1.0000000E+00
---- no. 2 material: germanium
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3.3 An apparatus for positioning a point source at RP

Standard point
source

Movable stage
(r,z,0 direction)

Detector
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4. Summary

Merits of RP Method

(1) Expansion in applicable volume samples
(2) Reduction of radioactive waste, costs
(3) Easy efficiency calibration

CREPT-MCNP

(1) A GUI based code for the RP method
(2) Registered in JAEA Software Library, PRODAS
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Appendix “Position of RP” and “Dead layer thickness”
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p-type HPGes with different dead layer thickness
(Sample: 92 mm in dia. x 46 mm in height)
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The RP is very stable !
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(f) Dead Layer 5.4 mm



