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The recent· availability of semiconductor detectors sensitive to both 

electrons and photons -with moderate efficiency and e~ergy resolution has 

provided for nuclear spectroscopy of tool of remarkable po-wer and versatility. 
l 

This advance in instrQ~entation may be compared, in its eventual impact, to 

the development of other important research tools as the scintillation detec-' 

tor, the double-focusing spectrometer, and the multichannel analyzer. 

Already the ne-w lithiQ~-drifted germaniQ~ ga~~a-ray detector is finding 

use in many areas of nuclear structure physics, for example, radioactive decay 

scheme studies, in-?eam ga~~a-ray spectroscopy, Coulomb excitation studies, 

M8ssbauer absorption studies, fission studies, and others. 

To place the merits of these detectors in perspective -with respect to 

their application to the determination of internal conversion coefficients, 

it is useful to revie-w some of the techniques presently employed for this 

problem. In Table I several methods are listed, together -with their chief 

advantages and dra-wbacks. It is probably reasonably accurate to state that 

the previously available methods required either 1) a very simple decay scheme 

or 2) a very strong source. When the decay scheme is sL~ple, measurements could 

be made -with use of the efficient scintillation detectors in spite of their lo-w 

resolving po-wer fot ga~~a rays. Or, alternatively, for beta emitters -with only 
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one or t'WQ gam.'ll.a·rays, it 'Was possible to 'determine the relative integr~ls of 

the beta spectrum and conversion line 'With good accuracy. •When a very strong 

source 'Was available, advantage could be taken of precise but indirect methods 

of lo'W efficiency, such as the "internal-external conversion" techniq_ue, that 

provide the possibility of very accurate determinations. 

Thus, much effort applied in these special cases has resulted in a 

good kno"Wledge of a small number of conversion coefficients, but a techniq_ue 

that is 'Widely applicable to nuclear spectroscopic investigations has been 

lacking. The use of Si and Ge detectors no'W provides such a techniq_ue, and 

makes it possib~e to measure internal-conversion coefficients 'With a facility 
I 

not previously attainable. 

Several variations on a basic teclmiq_ue are possible, all of 'Which 

make use of lithiQ'll.-drifted germaniQ'll detectors for·recording the gam.'ll.a-ray 

spectra. As an illustration of the general features of these detectors, 'We 

sho'W here a photograph and dra'Wing (Figs. Land 2) of a standard Ge (Li) 

assembly used at the La"Wrence Radiation Laboratory in Berkeley.· The resolving 

po'Wer of this system is illustrated.by the spectrQ'll. of co57 sho'Wn in Fig. 3, 

· in 'Which a line 'Width of 2.3 keY is obtained. 

The most general application of the semiconductor detectors for con-

version-co.efficient determinations involves the use of, li thiQ'll-drifted silicon 

and. germaniQ'll crystals for the rec~rding of the electron and gam.'ll.a-ray spectra, 

respectively. Because of the multichannel nature of both counters the full 
:.(:·~·~ '; • ~ ") 2, •• - ... c ···.~ 

. .... - 1 ., -- ". • . . . ' .. .• . 

electron and gam.'ll.a-ray spectra ·can' be recorded simultaneously and no decay 
... ;: .. ~ ... ~ .. ·. ;;;lq·;·-.... :: .. _·, .... ~ ~;t":·l ... '.! .· 

corrections oh individual peaks are necessary; therefore, the method can be used 
• J. • : ~ • ~ ~.: 1 ;· .~-.: .. • 

for the study· of short-lived activities. 

fJ 
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In Fig. 4 a :pic~ure of the first design of such a "conversion-coeffi

cient spectrometer" is sho-wn, and in Fig. ~) a scale dra-wing is· reproduced to 

sho-w. the various component parts. This dev.ice, -which has been f~lly described 
1 . 

else-where, is essentially a small vacuQ~ chamber in which silicon and german-

iQ~ detectors are mounted in 180° fixed geome:try, and into -which active sources 

can be introduced through a conventional spectrometer-type air-lock. In this 

design, both the Si and Ge crystals -were located -within a co~~on vacuQ~ system . 

. However, because the surface layer of uncovered germariiQ~ detectors can so 

easily be damaged by the condensation of moisture, etc. caused by the inadver-

tent aQ~ission of air into the system (-which occasionally ha:p:pens -when inexperi-
. I 

enced operators use the a:p:paratus), .the design -was subsequently changed so that 

the germaniQ~ crystal -was enclosed in a separate conventional.vacuQ~ chamber, 

as sho-wn in Figs. 6 and 7. In this design, the germaniQ~ detector assembly 

fits reproducibly into a "well", machined into the vacumn chamber of the Si 

detector system. 

An example of the electron.and :photon spectra taken -with the conversion

coefficient apparatus is sho-wn in Fig. 8. Here, the K, L, and M electron lines 

of the 279-keV transition in Hg203 decay are resolved, -with line -width 4~2 keV. 

The 279-keV photon line -width is 4.6 keV. 

The internal-conversion coefficient may be exPressed as: 

' 
'(1) 

-where: 

A is the area under the conversion electron peak~ e 
'' 

A~ is ihe area under the corresponding ga~~a-ray :peak. 
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is the detection efficiency.of the Si(Li) system for 

electrons in the full-energy peak·(~ncluding solid

angle factor)._ 

is the detection efficiency of the. Ge(Li) system for 

ga~~a-rays in the full-energy peak (including solid-

. angle factor) . ' . 

Calibration of the 'instru.~ent was done in the following way: First, a 

determination was made of the relative photopeak efficiency, 11-y(E'Y), ofthe 

Ge(Li) detector as a function of ga~~a-ray energy E , by use of a nu.~ber qf . )' 

isotop~s ~ith ~ell-measured photon-relative intensities. The experimental 

ga~~a efficiency function is shown in,Fig. 9· A suitably normalized electron 
I 

efficiency function 11 (E ) was then determined, with use of Eq. (1), by 
e e 

measuring the areas under the electron and ga~~a-ray lines from transitions 

with known conversion coefficients. All solid-angle factors are constant 

and need not be considered explicity. The normalized electron efficiency ' 

flmction so obtained is shown in Fig. 10. 

This method is being applied in studies of neutron-deficient cyclotron 

produced activities in the Pt, Au, Hg region: Spectra recorded of 40-hour 

Hgl95m are shown in Fig~. 11,· 12, .and 13. From these spectra, recorded over 

a period of only 2 days, as many as 18 conversion coefficients can be 

determined. 

A case of particular interest was the 191-keV transition in the decay 

of Ptl97, for which there were a nu.~ber of widely deviating K-conversion 

coefficient measurements in the literature, ranging· from 0.65 to 2.5. Portions ~ 

f. th Ptl97. Ptl97m . . o e . and electron and ga~~a-ray spectru.~, taken with the con-

version-coefficient spectrometer, are shown in Fig. 14. From this spectru.~ 

the value Ek = 0.69.± 0.07 .was obtained. 

. I 
) 

-~ 

• 
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The ultimate accuracy obtainable ~ith this technique depends on 

several factors. A~ong these are: 

(l) Care and extent of calibration of the efficiencies of the ga~~a 

and electron detectors. With use of a nQ~ber of isotopes that have accurately-

kno~n ga~~a and electron relative intensities, the relative efficiency curves 

can in principle be well established, at least up to ~1.5 MeV. At least three 

absolute conversion coefficients are ~ell kno~n (Hg203, Au198, and Csl37) thus 

the normalization of the electron and ga~~a efficiency scales can be effected 

to an accuracy of a fe~ percent. It should thus be possible to achieve at 

least a ±lo% overall calibration accuracy. 

(2) Kno~ledge of the spectral response of the detectors. With more 

extensive studies o·f ,the response func"tions and peak shapes of individual 

detectors, the accuracy of peak area measurement ~ill be much improved over 

the present situation. It wil~ be possible eventually to achieve the sophis-

tication that presently characterizes the analysis of scintillation spectra, 

altqough the methods ~ill remain largely empirical rather than analytic, 

because of variability from detector to detector. 

(3) As in all measurements, the complexity of the individual spectru.'!l 

must be considered, as vell as the peak-to-background ratio. The presence of 

a beta spectrQ'Tl constitutes an unavoidable source of background in a singles 

spectrQ'Tl, although in some situations this may be improved by coincidence 

measurements. Background due to the registration of Compton scattered ga~'!la 

rays in both Si.and Ge detectors is severe in present-tlay detectors, but this 

problem can be lessened by better design of the detector assemblies and also 

by the application of Compton-rejection anti-coincidence shields. Then also, 

the. development of .Ge detectors of larger volQ'Tle ~ill markedly improve the full

energy peak/Comptoh.ratio. 
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At the present' time, in cases that are not particularly unfavorable, 

conversion coefficients can probabl~r be measured by the Si-Ge technique with 

an aqcuracy of ±15-20%. While not sufficiently accurate in its present 

development for making sensitive tests of conversion coefficient theory, this 

technique will facilitate the measurement of large nu.rnbers of conversion coef-

ficients, from which it will be possible to assign many nuclear spins and 

parities iri level-scheme studies. 

In situations where the experimental problem demands higher accU.racy 

of the conversion-coefficient determinations than can be achieved by the 

technique described above, it is possible (if time is not a critical factor) 
l 

to combine the advantages of high-resolution electron spectrometers with those 

of lithium-drifted germaniu.rn detectors. The following are illustrative 

examples of how this has been done: 1) Internal calibration - the mixed-source 

technique. Brown. and Ewan2. have measured internal-conversion coefficients in 

~4 · U4 the decay of Cs by studying a single mixed source containing both Cs and 

the calibration standard Cs137. · The relative gS:m.rna-ray intensities were 

measured with a .Ge(Li) spectrometer and the relative K-conversion lines with 

a nJ2 beta spectrometer. Portions of the spectrQ~ are reproduced in Fig. 15, 

li 

\) 

showing the photons and K-conversion lines of the 605 and 796 keV transitions ·--~_j_ 

of Cs134 and the 662 keV transition. of the internal standard, Cs137. From the 

measured intensity ratios, the absolute conversion coefficients are deduced as 

follows: 

~(602) ::: 
IK-602 
I K-662 

I 
y-662 

1)'-602 
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. -3 
The value so obtained for the 6o5 keV E2 transition, (4.S5 ± 0.2) x 10 , is 

in. close· agreement ~ith other recently measured values for this transition. 

2) External calibration - Yamazaki and Hollander3 have measured the K- and 

.L-conversion coefficients of the So keV transition of Ho
166 

by use of the 279-

203 keV transition of Hg as a conversion-coefficient standard. The ~lixed-source 

techniq_ue could not be used in th:i.s case because of interference in the gam!11.a-

. . 166 203 
ray spectrQ~ bet~een the Ho 80-koV photon and the Hg K x-rays, ~hich lie 

. S t f H i66 d H 203 t in the same energy reg~on. epara e sources o o an g ~ere herefore 

used for the comparative measurements of the K-conversion lines in a 7T .f2 

spectrometer, subseq_uent to ~hich the same sources ~ere used for measurements 

of the gamma spectrQ~. In both measurements, the source geometry ~as carefully 

fixed and reproducible. The relevant portions of the Ge(Li) gam.~a-ray spectra 

are shown in Fig. 16. 

A req_uirement for the successful use of Ge(Li) detectors for conversion-

coefficient determinations is that the shape of the ful~-energy peak efficiency 

cUrve be very ~ell kno~n. In this 
66 . 

measurementon Ho1 the efficiency of the 

detector at -80 keV relative to that at 279 keV ~as determined from the area of 

the Hg K-x-raypeak relative to the 279 keV area, ~ith kno.;...ledge of the fluqres-

cence yield and 279 keV conversion coefficient. It ~as found, in fact, that the 

' 
detection effic~ency is slightly lo~er at So keV, ·ror·the particular detector used, 

than at 279 keV. The decrease in efficiency at very lo~ energies is presQ~ably 

due to a "~indo~", or dead layer, at the surface of the lithiu.~-drifted germartiu.~ 

l crys..,al. 

An. improvement on this technique is illustrated schematically in Fig.' 17, 

~hich shm.;s a Ge (Li) detector mounted as a fixed part of the source chamber of 

an iron-free 1r.f2 spectrometer. With this system, ga~ma spectra can.be recorded 

Printed in USA. Price $1.00. Available from'the Clearinghouse for Federal 
Scientific and Technical Information, National Bureau of Standards, 

U. S. Department of Commerce, ,Springfield, Vi r,gini a. 
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simultaneously with the scanning of selected. regions of the internal-conversion 

spectrQ~ so that decay corrections are minirnized. In addition, the geometry 

of such a system can be fixed and reproducible so that, in principle, a single 

calibration is sufficient for a series of precision measurements. (This should, 

of course, be checked periodically, but the calibration activity need not be run 

at the same time as the source being studied:)· 3) Internal calibration with 

a knmm transition -·Hamilton a.nd vanNooijen 
4 

have measured internal-conversion 

coefficients of a nQ~ber of transitions in the.de~ay of Y86 . Relative intensity 

measurements were made of the garrL~a rays with a Ge (Li) spectrometer and of the 

electrons with a n~2 spectrometer. Normalization of the intensity scales was 
! 

. made with respect to the 1078-keV E2 transition in the same decay whose con-

version coefficient had previously been determined by the internal-external 

technique. The .accuracy obtained in these measurements is believed to be 8-lo%. 

It is apparent that in the field of internal-conversion coefficient 

measurement, we are at the beginning of a ~ew era, USDered ih by the.semi-

conductor detector. The measurement of an internal-conversion coefficient is 

no longer an experimental "tour de force'':; but has become al.~ost a routine 

laboratory measurement~ The result of this new simplicity will be a tremen-

dous proliferation in the nQ~ber of conversion-coefficient values that will 

be known. Still, for .very accurate measurements of the various conversion 

coefficients (absolute, K/L ratios, L and M subshell ratios, etc.) the .elegant 

and often indirect methods will continue to be used. The main impact of the 

semiconductor detector will be to provide large quantities of reliable data--

from which a true systematics of internal-conversion will eventually emerge •. 

. 
v 

• 

• 
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FIGURE CAPTIONS 

Fig. 1. Photograph of.a standard Ge(Li) ga~~a-ray detector assembly used at 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5 ... 

Fig. 6. 

Fig. 7. 

Fig. 8. 

·Lawrence Radiation Laboratory, Berkeley. 

Cross-sectional view of Ge(Li) assembly of Fig. 1. 

Ga~~a-ray spectrQ~ of co57 . 

Original version of conversion-coefficient spectrometer. 

Cross~sectional view of spectrometer of Fig. 4. 

Photograph of revised conversion-coefficient spectrometer. 

Drawing of revised conversion-coefficient spectrometer. 

Electron and ga~~a spectra of the 279-keV transition in Hg203 

recorded with conversion-coefficient spectrometer. 

Fig. 9· Experimental photopeak efficiency function for Ge(Li) detector 

of the. conversion-coefficient spectrometer. 

::."ig. 10. Normalized electron efficiency function for Si(Li) detector of 

conversion-coefficient spectrometer. 

Fig. ·11. Electron and ga~~a spectra 
. 105 of Hg .;; d H 195m an g . 

Fig. 12. Electron and ga~ma spectra f H 195 .d H 195m o g an g . 

Fig. 13. Electron and ga~~a spectra of Hgl95 and Hgl95m. 

Fig. 14. Partial electron and ga~ma spectra of Ptl97 and Ptl97m. 

15. Portion of electron 134 . 137 Fig. and ga~ma~spectra of Cs and Cs · from 
' . 2 

Brown and Ewan. 

. . 166 203 
Fig. 16. Portion of ga~ma spectra of Ho and Hg , from Yamazaki and 

Hollander. 3 

the 

Fig. 17. Representation of proposed installation of Ge(Li) detector near sour.ce 

position ;in an iron-free .'electron spectrometer. 

, 
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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 use 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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