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An Exponential Model for HPGe Detector Efficiencies

Willard G. Winn

Westinghouse Savannah River Company
Aiken, SC 29808

Interest in reducing the labor-intensive requirements for

calibrating HPGe detectors has resulted in various efficiency

modelslo The present study examines a method for predicting the

efficiencies over ranges of sample geometries, whereby only a few

measurements are required. The method has been appraised against

extensive HPGe calibrations, and has been used for a

"nondestructive" calibration for samples from a NASA satellite 2.

The method is explained using concepts in Figure i, where

the unattenuated point source efficiency c0(r ) for a gamma energy

is given as a contour map. The gradient V_0(r ) points toward an

effective detector center and also predicts a I/r 2 dependence for

E0(r ) in the vicinity of r. Any material between the point source

and detector will reduce the efficiency by e"_f, where B is the

material gamma attenuation coefficient and _ is the pathlength.

The point source efficiency then can be modeled as

E(r) = _0(r)e "_' = E,e'_'/r 2 = _,e'_'e'_/(fD) 2 (i)

where _x is effectively a constant proportional to the intrinsic
:

_ efficiency, and an exponential approximation for I/r 2 is used in
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the last expression where _ is a constant and rD = r-r is the

portion of r within the detector. In practical applications a

sample is an extended source, with an efficiency E that is the

average point-source efficiency within its volume V,

_v _ (r) dV Iv E (r) drdA [A <E (r) >_ dA
= = = (2)

dv d dA dA

where the volume drdA is integrated along T, yielding integrals

of area cross-section dA. Using Equation i, <E(r)>_ is calculated

as an exponential average,

E! (e"(_+a)'z- e "("+a)'') _ (r2) - _ (rl)
<_ (r)>_ = = (3)

(TD)2 (_+U) ([I - _2) In[E(r2)/_(rl) ]

where TI and r2, or equivalently r I and r2, are the limits of

integration along _.

Two types of calculations for _ were examined for the case

of a cylindrical sampl.e centered atop the detector. One

calculation assumes that the area integral of Equation 2 yields a

form similar to that of Equation 3,

= k (I - e_)/bh (4) :

where h is the sample height, and k and b are constants. Table 1



shows that Equation 4 models experimental data for E to within a

few percent. Consequently, only two E-measurements, which

determine k and b, are required to establish a reasonable

estimate of 6 as a function of height.

The other calculation refines Equation 4, by including the

radial position p, such that

E(r2) - E(rl) E(p,h) - _(p,O)
<E(r)>, = = = <E(p)>z (5)

in[E(r2)/E(rl)] in[E(p,h)/E(p,O)]

where the average along T is taken along its predominant z

component, between z=0 and z=h. The <E(p)>z, measured for a

sample of radius a, are then integrated with dA = 2_pdp in

Equation 2 to yield the efficiency. Because the required E-

measurements for <E(p)>z are performed on the sample surfaces,

the method allows for non-destructive calibrations. Such a

calibration was used for steel samples (h = 2.0 cm, a = 4.1 cm)

from the Long Duration Exposure Facility, a NASA satellite

retrieved in January 1990 after 6 years of radiation exposure in

space 2. These samples could not be altered; thus, efficiency

estimates for their geometries were necessary. Overall, the

efficiencies were accurate to about 4%.
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The success for the above calculations implies that the

point efficiency of Equation 1 may be approximated in (p,z)-

coordinates as

E(r) = e'[_(P)+=(P)]Z/[TD(p)]2 = k(p)e-b(p)z (6)

and this appears consistent with geometrical considerations. In

particular, Equation 6 is the same as Equation 1 for p = 0, where

r and z are identical. As p increases, 1/r a is approximated

better by ea(P)Z/[rD(p)]2 because i/r 2 becomes less sensitive to

changes in z; the attenuation factor becomes e""zsece= e"#(p)z where

sec8 accounts for the longer path length and typically is

relatively insensitive to z. Overall, the method appears useful

for a wide range of applications.
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Table I. Exponential Model of _ Measurements

for Aqueous Samples

Efficiencies: modeled _ = k(1 - e_)/bh; measured 6 to _ 3%.

Geometry ha Gamma Efficienoies x 105

(Vial a) mm 122 keV 662 keV 1332 keV
Model Meas Model Meas Model Meas

P-type
Detector °

4.86 13308 13616 2409 2470 1797 1224

9.96* 11531 11351 2102 2102 1048 1048

14.82 9844 9711 1858 1832 929 91G

Small 20.14 8507 8332 1635 1601 820 805

Vials 29.65 6715 6596 1324 1302 668 658

(12 mm) 39.62* 5405 5405 1087 1087 550 550
49.47 4482 4595 913 933 463 471

4.00 7363 7418 1545 1571 786 801

9.38* 6396 6396 1373 1373 703 703

Large 14.00 5701 5679 1246 1234 641 634
Vials 19.00 5065 5033 1126 1108 583 572

(32 mm) 29.90 3995 3969 917 900 479 468
39.10 3340 3326 783 773 411 405

48.60* 2828 2828 674 674 356 356
58.50 2420 2433 584 595 310 316

N-tyDe
Detector c

4.86 15732 15704 2832 2841 1332 1338

9.96* 13597 13597 2472 2472 1167 1167

14.82 11923 11931 2186 2181 1035 1032

Small 20.14 10411 10416 1924 1915 914 908

Vials 29.65 8341 8332 1559 1550 744 739

(12 mm) 39.62* 6788 6788 1280 12a0 613 613
49.47 5670 5733 1076 1096 517 528

4.00 10552 10790 1955 2019 922 955

9.38* 9207 9207 1733 1733 822 822

Large 14.00 '8235 8133 1569 1541 748 733
Vials 19.00 7339 7194 1416 1373 678 655

(32 mm) 29.90 5824 5703 1149 iii0 555 534
39.10 4888 4829 978 958 475 464

48.60* 4150 4150 840 840 410 410

58.50 3560 3591 727 744 356 366

a) Measured efficiet,cies at two h* define k and b of model. :

. b) Parameters: diam = 44.3 mm, length = 71.0 mm, std eff = 14.7%.

c) Parameters: diam = 51.1 mm, length = 37.5 mm, std eff = 16.0%.
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- Figure 1. Detector parameters per (a) unattenuated e_ficiency

contours, and (b) sample parameters






