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Abstractv
.A descriptidn_is giVenvof a'device‘fhat has Been_designed for the
measuremént of intefnal conversion éoefficients by simultaneous observation
of electron énd gamma spectré‘with lithium-drifted silicon and germenium
detectors, respectively. Caiibrétion of the de&icé was made by use of

203 198 37

several well-known internal conversion coefficients (Hg™ -, Au~", Csl »
207 109 ' . ) '
sources). Dependence of the efficiency of the germanium detector
for full-energy absorption of gamma-rays has been determlned.

Application of the method to the determination of conversion ‘coef-

ficients of the 191-keV transition from pt 27 decay and of the 346-keV transi-
fcl97m

p 97

decay is described. The following results are obtained

il

: 191 keV transitiony. e 0.69 * 0.07, K/L = 5.2 * 0.6

pt I

X

: 346 keV transition, e, = 3.9 * 0.4, K/IL = 1.8 £ 0.2,

K

TOn leave from Oregon State University, Corvallis, Oregon.
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1. - Introduction
The measurement of éﬁsdlute vélues of,iﬁterﬁal conversioﬁ coefficiénts
has been a tool of wide use in nuclear spectroscopy. The internal conversion
coefficient, defined as the ratio of electron emission probability to photon
emission probablility for a particular nuélear tranéifion, is very sensitive
to several nuclear parameters, e.g.; atomic number, tranéition»energy,,andw
vtfansition multipolarity. Thus it is in principleIPOSSiblé to deduce ﬁhe
‘multipole orders of gamma transitidné of pafticulér energy and Z by compari?
son of experimentally measured converéion.coefficients with appropriate values
frbm“tables of theoretically cdlculated coefficiéntsl’z).
A considerable effort.has been expended in éhecking the accuracy of
the theoreticai tablesﬁ),'and,'a§ a result, seﬁéral internal conversion coef-
ficiénts have been rather preciéély measuﬁed. These include the convérsion of

203 decay, the L12-keV transition of Aul_98

the 279-keV transition in Hg , and the
662~ of Cs137.> However, the more general use of internal conversion\coefficieﬁt
determinations in nuclear spectroscopy has begn hindered by experimental dif-
ficulties associated primarily with the poor energy resolution for gamma rays

"of scintillation crystals, so that only in cases of relatively uncomplicated
decay schemes could measurements be made with confidence. It was however

possible in some cases such as those mentioned above, where.extremely strong’
sources could be prepafed, to make use of precise but indirect methods, é}g.,

by "externally converting'" the photon spectra to photoeléctron spectra in a

" magnetic spectrometer with use of high-Z absorbers placed in front of the source, -
and making quantitative comperisons of thelphoto- and conversion-electron
intensitiesB); Because of fhé small photoelectric cross sections and unfavorable.
geoﬁeﬁric factors, the~external-conversion method is inefficient and hence
limited in application.

‘The recent availability of semi-conductor detectors sensitive to both

electrons and photons with moderate efficiency and energy resolution provides
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the possibiliby to measure internel conversion coefficients in a direct and
convenient manner. This paper describes a simple "electron-gamma spectrometer”
utilizing silicon and géfmanium detecto?s that hés been constructed for this .
purpose. With it; conversion coefficients can be meaéured routiﬁely with an
accuracy in most sitﬁations'of about 15%. The metﬁod is‘generally appliéablé,
buf, in particular, conversion ;oefficients of short-lived activities can‘éé

determined readily because the electron and gamma spectra are fecorded simul-

taneously with the use of multichannel analyzers.

s 2. Description}ofAthe Aéparatus

A pictgre of the convers;on;coefficient sjectrometer’is'shown in fig.
1 and a scale drawing is giveﬁ in fig. 2. It is essenﬁiéliy a small vacuum
chamber in which are mounted, at 180°- f£ixed geometry, lifhium-drifted silicon
and germanium detectors; for recording the eléctron»aﬁd gamme. spectra, res-
pectively. A i]}6-inch aluminum absorber placed in front of the Ge(Li) crystal
prevents ‘electron lines from being recordedlin the gamma channel.. No problem
is encountered from gamme detection in the electfon channel becgause the effici-
ency of Si(Li) fér absorption of gamme rays above ~80 keV islvery low and‘in
any event gamma peaks fall at different.energies from conversion electron peaks.
Dimensions of the Si(Li).detector are‘l em® by 3 mm deep. In order to minimize
edge-effects in this crystal, a 5/16-inch diameter aluminum collimator was
placed in front of it. Dimensions of the Ge(Li) detector are L em® by 5 mm
deep. Both detectors were produced at this Laboratoryh)-
””” The active sourcés are introduced into the vacuum chember through an |
air lock of conventional design, evacuated by a separate roughing pump. The

source holder is designed'sd'as to assure reproducible positioning of the

sources between' the Si(Li) and Ge(Ii) detectors. Sources are usually liquid-
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deposited, on backings of Au-coated mylar, over an area of ~0.3 cme. The
system is maintained at a pressure of 2 x_loféﬂmm.‘witﬁ use of a standard oil
diffusion pump, separated from the vacudmvchamber-by two cold-traps in seriesi
to minimize depositiqn of pump-6il oﬁ the detectors.

Tn addition to the 4 cm® Ge(Li) detector in the e~y epectfbmeter, a
separate detector assembly with a Ge(Li) crystal (2 cm? X T mm deep) of superier
energy resolution has‘beeh used for more detailed examinatien of the gamma.
spectra where resolution problems might be encountered.

| The Ge(Li) detectofs are maintaiﬁed at "liguid-nitrogen temperature"
(-lQéOC) with use of”lO—liter gravity feed liquid nitrogen feservoirs of com-
mercial maﬁufactures). The Si(Ii) detector is maintained at —65OC,Aat which
'temperature it was found to heveithe best energy resolufion, by the introduction
of & heat lesk at the Si-detector mount.

The assoclated eiectronics for each detector consists éf aleW-noise,
low-capacity preamplifier and biased;émplifier eystem_designed by Gouldiﬁg and
Landis6’7) and manufactﬁred atvthis Laboratory. Pulse-height analysis of the

spectra is made with LOO-channel R.I.D.L. analyzers8).

- 3. Performance and Calibration of the System 7
The performance of fhe 2 cm2 Ge(Li) detector system is iliustrated in
figs. 3 and L4, where portions of ﬁhe gamma~-ray spectra of{Co?7 and Co © are
shown. The achieved line widths are 2.5 keV at 122 keV photon energy
(LE/E = 1.9%) and 4.8 keV at 1.33 MeV (AE/E = 0.32%). The observed increase in
line width with energy can be explained partly by the etatistics of eharge
production in the detector with the assumption of a "Fano factor"9) of about

0.3- This value has been observed in measurements on another detector by

Goulding, Landis, and Hansenlo).



&

2l ' UCRL-1152k

An exaﬁplé of the electron and photon spectra taken with the éonversion-
coefficient,appératus'is shovm iﬁ,fig, 5. Here, the K, L,‘and M electron lines
of the 279-KeV transition in Hggo5 decay ére regolvéd, with line width‘ 4.2 keV.
The 279-keV photon line width is 4.6 keV.. | | |

The internal conversion coefficient may be expreésed as:

A n:(E') - o
€ = n ZE 5‘ ) A - S v' - (1)
. e e v ’ '

where Ae is the area»undgr fhe cqnvgrsion‘electron peak.

A 1s the area under the corresponding gaﬁma-ray peak. 

ne(Ee) is the detection efficiency of the Si(Li) system for electrons

in the full-energy peak (including'soiid-angle factor)
ny(Ey) is the detection efficieécy of the Ge(lLi) system for gamma-rays.
| in.ﬁhe full-énergy peak (including solid-angle factor).
Calibration of the instrument .was done in the following way: , First, a

determination was made of fhe reiative.photopeak effiéiency, nV(EV)’ of the -
Ge(Li) detector as a function of gamma-ray energy Ey’ by‘use of a number of
isotopes with well—measuiéd photon relative intensities. The experimental

gamma efficiency function is shown in fig. 6. A suitably normalized electron

- efficiency function né(Ee) was then determined, with use of eq. (1), by-measuring

the areas under the eleéﬁron and gamma-ray lines from transifions with known

" conversion coefficients. The !standard coefficients" are listed in teble 1.

All solid-angle factors are constant and need not be considered explicitly.
The normalized electron efficiency function so obtained is shown in fig. T.

As a check on the shape of the electron efficiency functibn, a source

205

and. B1206 was prepared, and an independent determination of the
' 206

containing Bi

relative electron efficiencies was made, with use of the B1205 and Bi electron |

intensity data of Stockendal and Hultbergl8). Satisfactory agreement with the

curve of fig. 7 was obtained.



-5= UCRL;llS2h

19Tm 197

4. Application of the Method - Pt and Pt~7' Decay

As an example of the application of ﬁhis method, results of meaéurements
of the intefnal conversion coefficiénts of the 191-keV transitlon ffom lB-hour(
pe197 decay and of the 346-keV transi%ion from 90—ﬁinute Ptl97m decay are
summarized briefly: | |

Previous measurements of the conversion coefficient of the 191l-keV

1 »
transition from Ptl97 have yielded values ranging from 0.65 % 0.15 9) to

2.520). The relevant theoretical values are: ML, BK oL 95: K/L 6.k4;

E2, ak-o 135, K/L 1.05 ). A value greater than O 95 would indicate monopole
(£0) admixture in the transition whereas values below O 95 would indicate E2

admixture. It is of theoretical interest to de01de between these alternaaﬁvm.

tivesel).

i

A source of Pt gng pe1d7

196 (*)

was prepared by neutron irradiation of
isotopically enriched Pt , and the electron and gamma, spectra were recofded,
Portions of these spectra are shown in fig. 8. From thesé and similar sjéctra
the data of table 2 were obtained. Comparison of the egiérimental conversion
coefficiént, 0.69 * 0.07, with'the quoted thedretical'ﬁalues ylelds the fesult
that the 191-keV transition is an M1-E2 mixture with 33 + 9%.E2 admixture. The
K/L ratio, 5.2 + 0.6, indicates a 22 + ll%.E2 admixture. | |

-In table 3 are given the data for the 346-keV transition of pt19m.
decay. The experimental values, € = 5;9 + 0.4 and X/I = 1.8 % Q.E,,clearly
establish the multipolarity of this transition as Mh since the theoretical Mh
valuesl).are: B (MH) = k.2, K/L = 1.75.

A more complete account of the studies of the mass-l97-isobars will be

published elsewhere.

Obtalned from the Stable Isotopes Division, Oak Ridge National Laboratory, Oak
Ridge, Tennessee.
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¢

Table 1. "Standard" internal conversion coefficients used for calibration of
e~y spectrometer. :
Isotope Transition Electron €x Reference
Energy ‘ Energy
(keV) ' (kev) -
Hg"O? 279 19% 0.162 * 0.00% 1
198 , ‘ -
Au k12 ’ 329 0.0303 * 0,0005 12
cso T 662 625 - 0.095 % 0.00k4 13
207 : c : ' :
Bi 1771 , 1683 0.0025 * 0.0005 1L
Cdlo9

88 . 62  9.9%0.5 15
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Table 2. K-conversion coefficient and K/L conversion ratio of 191-keV
‘ ' transition in Au ‘

- N CY . _ (@)
Run AK/A_y € = AK/AL .K/L = .
A Dy ‘ x .o
Ay e 'AL g
1 1.1k | 0.705 | 5.87 o h.95
2 - "1.025 ' 0.633 - ,.6'72 K 5.67
3 1.200 . - . 0.Th - - L,78: g Lol
b 1.149 0.700 .. 625 . 5.6
| - 1.088 . 0.672 . 6.5k 5.52
6 1.050 - 0.649 668 5.6k
T 1.10k 0.682 — R
e = 0.69£0.07 . : K/L = 5.2+0.6 -
(a)

The following efficiency values were used: - N
191-keV y, 0 = 21.0 |
108-keV K electron, g
177-keV L electron, Mo

34.0
28.7
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K~conversion coefficiént and K/L conversion ratio of 3L46-keV

Table 5;
' transition in ptL9Tm
| | (@) e (a)
Run AK/A,Y e= AK/@L K/ =
| oy | .
Ay g Ay Mg
1 16.03 3.62 2.51 2.6
2 16.42 5.7 1.75 1.6%
3 19.00- k.29 ~1.80 1.68
3.9+0.4 1.8%0.2 |
(a>n =56, n,=248, n =23.2
'y 2 K L

i
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Fig. 1. Photograph of conversion=-coefficient spectrometer ut;lizing si(ri)
and Ge(li) detectors.

Fig. 2. Draw1ng of conversion=-coefficient spectrometer.

!

:Fig. 3. Co 57 gamma—ray spectrum taken with 2 cm2 X T mm deep Ge(Li) detector

system.
Fig. L. 0060 gamma-ray spectrum teken with 2 cm?'x 7 nm deep Ge(Li) detector'
system. _ |
Fig. 5. Portions of‘HgQO5 electron and gamma-ray spectra taken with conversion~-
coefficient spectrometer.
Fig._6. Efficiency function for photoelectric absorption of gamma-rays in the
L cm2 X 5 mm Ge(Li) detector of the electron-gemme spectrometer. Values of
| the gemma-~-ray intensities used in constructing this curve, with the exception

17 m

of Lu were'taken from reference 16. The Lul77m values were those of

Alexander.et al. (ref. 17). The following symbols denote isotopes used for .

the calibration: O - Tal82; ¢ - 177m

0- 8127, v - 5293, A - 1L,
Fig. 7. Efficiency function for "full energy" electron absorptioﬁ in 8i(Li)
detector of conversion-coefficient spectrometer, normalized to the gamma-
'ra& efficiency funetion for uée in determining internal coﬁversion.coefficients.

Points obtained from the "standard" conversion coefficients, shown:with error

bars, were used to obtain this normalized function.

. Fig. 8. Portions of the Pt177 ana Pt17™ electron and gamme-ray spectra taken

with conversion-coefficient spectrometer.
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