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INTRODUCTION

The purpose of this experiment was to measure, with better accuracy than

presently available, the relative intensities of gamma rays in the beta decay

of W-*-87, using a lithium-drifted germanium detector. Determination of accu-

rate relative intensities of gamma rays is the first important step in con-

structing an energy level scheme of

The beta decay of W-^^*^ (T 1/2 ° 2\x h) and the energy level scheme of

Re-^87 have been studied by many groups of researchers (l-5). Several methods

using magnetic beta-ray spectrometers and Nal(Tl) scintillation spectrometers

have been used by them to determine the relative intensities of gamma-rays

in the decay. Although magnetic beta-ray spectrometers have good energy

resolution, assignment of energy and intensity to weak gamma rays is rendered

uncertain because of the overlapping of electron lines originating in different

shells and subshells. Scintillation spectrometers of Nal(Tl) have poor

energy resolution so that if full energy peaks of relatively weak gamma rays

are in the near vicinity of those of stronger gamma rays, difficulties are

encountered in determining the relative intensities accurately. The most

suitable method is by using a Ge(Li) detector, which has good energy reso-

lution. A Ge(Li) detector with its high energy resolution incorporated with

a multi-channel analyzer provides an accurate method for determining relative

intensities of gamma rays.

Recently a study of wJ-87 decay using a Ge(Li) detector of 1.3 cm^ active

area and U mm depletion depth has been done by Sebille (6) . Plate I shows

the decay scheme proposed by Gallagher (3) and extended by Sebille (6).

One disadvantage of a Ge(Li) detector is its poor detection efficiency.

However, this can be compensated for by using a more active source or a larger



EXPLANATION OF PLATE I

The disintegration scheme of the beta decay of Wl87 based on

the results of Gallagher and S6bille.
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detector voiumo. In this experiment, a Ge(iii) detector with an active area of

8 cm^ and a depletion depth of ^ mm was used. Thus, a better result was

expected, as compared to the recent work of Sebiiie (6).

A
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UTTERACTION OF GAMMA-RATS WITH THE Ge(Li) DETECTOR

Gamma-rays are eiectromaEnetic radiations associated with the nuclear

transition from excited energy states to one of smaller excitation energy or

to the groxuid state. Since the nucleus has discrete energy levels, the

Y -ray quanta emitted have a definite energy which is equal to the difference

between the two energy levels,

h-i7 - -

where h is Planck's constant; V is the frequency of the radiation; E^ is the

energy of the initial energy level, and is the energy of the final energy

level of the nucleus.

The characteristic of t -ray interaction with any matter, viz. Ge(Li)

detector, is that Y -ray photons are absorbed or scattered individually in a

single event. Thus, the number of photons eliminated from the incident beam,

AN, is proportional to the thickness traversed, Ax, and to the number of

incident photons, i. e.
.

AN - -//INAx,

where jX is the absoiT)tion coefficient. This leads to the exponential

attenuation. The equation on integration becomes

N » N^e'-^x

where is the nvunber of incident photons.

The attenuation coefficient,ya, is the sum of partial attenuation

coefficients of independent modes of interaction.

For -ray energies between 10 keV to about 5 J'^eV, the wavelengths of

the O'-ray are about 1.2 x 10"® cm to 2.5 x lO"-*-^ cm. These are less than

atomic dimensions and much greater than nuclear dimensions. Thus, the inter-

action will mainly be outside the nucleus; that is, 'Y'-ray photons of these
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energies interact only with the atomic electrons or the nuclear electric

field, resulting in the following most important effects:

(a) Photoelectric effect

For nr-ray energies below lOO keV and greater than the electron binding

energy of the atom which interacts with the nr-ray photon, the predominant

mode of interaction is the photoelectric process. In this process the

incident photon is completely absorbed by one of the bound electron of an

atom*

Consider the case of a free electron initially at rest which absorbs an

incident photon. Before interaction, the system consists of a photon of

energy h^? , and momentum hV/c. After interaction, the photon disappears,

the system then consists only of the electron with kinetic energy T = hv?,

so as to conserve energy. However, the momentum of the electron with kinetic

energy T would be p » ^ jTXT~+~2mc^ which cannot be equal to T/c or hV/c
c

the momentum of the initial system. Therefore, an incident photon cannot be

completely absorbed by a free electron. It is clear that the incident photon

should interact with the whole atom in order to be absorbed. Thus, the total

absorption can only take place if the electron is initially bound in an atom.

Momentum is then conserved by the recoil of the residual atom. This also

explains the fact that the probability of photoelectric absorption increases

with the tightness of binding of the electron, so that at energies greater

than the K- and L-shells, the absorption due to outer shells is negligible.

Actually, about 80 per cent of the photoelectrons are ejected from the K-shell.

From the theory of photoelectric effect, the photoelectric absorption

coefficient can be expressed as (?)

<^photo ^ N z5e;3.5 cm-1

where N is the number of absorber atoms per cv? and Z is the atomic number of
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the absorber.

This expression shows CTphoto increases very rapidly with atomic number

end decreases very rapidly with photon energy. The dependence on Z can be

understood by the dependence of binding energy on Z. Also, electrons are

relatively more tightly bound for low energy photons. Thus, the probability

of photoelectric absorption increases as the energy of the 'T-rays decreases.

Because the nuclear mass is very large compared with that of the electron,

the energy taken by the recoiling nucleus is negligible. Therefore, the

ejected photoelectron has kinetic energy

T - h-i? - Dq

where Bg is the binding energy of the ejected electron.

The result of this process leaves a vacancy in the shell from which the

photoelectron was ejected. The atom then immediately emits characteristic

X-rays or Auger electrons. The emitted X-rays are generally absorbed by a

second photoelectric effect and the total energy of the incident photon is

absorbed by the matter.

(b) Compton effect

For the energy range between 0.1 MeV and 10 KeV, the energies of the

incident photons are much higher than the binding energies of the atomic

electrons. The loosely bound electrons can be considered as free electrons.

Since an incident photon cannot be absorbed by a free electron, it will be

scattered with a lower energy, the remainder of the energy being taken by

the recoil electron. This inelastic collision of a photon with a free

electron is known as the Compton effect.

Applying the conservation of energy and momentum, the energies of the

scattered photon and the recoil electron are given by the following equations:
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E

1 + - COS0)

K ' - ^'^ ' ^
e ^ ' mc^

^ * U - cos9)

where E,, is the energy of the incident photon, E^ is the energy of the

scattered photon and 9 is the angle between the direction of the primary and

scattered photons. Since the angle 9 can vary from 0° to 1B0°, the corres-

ponding energy of the scattered Compton electron, varies from zero energy to

maximum energy, (Se)jnjax» ,
^

(E ) - ,

2E^

= E/r - Ie£
2

when Err is very large compared with mc^, the backseattered photons have an

energy of mc^/2 which is equal to 0.2^7 MeV.

The Compton scattering coefficient, as given by Klein and Nishna, can

be expressed as (?)

^Compton NZE;l[ln(||-) ^ l/2] cm"!

where N, Z and E^ are as previously defined. This shows the Compton scatter-

ing coefficient increases linearly with Z and decreases approximately linearly

with or -ray energy.

Comparing photoelectric absorption coefficient with Compton scattering

coefficient, it is seen that the ratio ^ P^°^° goes as and E -2.5.
' (TCompton

Thus for high Z absorber, the photoelectric absorption is much more probable

than Compton scattering. On the other hand, the photoelectric absorption
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decreases more rapidly than Compton scattering as the -r -ray energy increases.

Thus, for each element, the photoelectric effect predominates below a certain

energy, and above this energy the Compton effect is predominant.

(c) Pair Production

For 'y-ray energy greater than 1.02 MeV, another total absorption effect

occurs. This phenomenon is the disappearance of a photon resulting in the

formation of an electron-position pair.

Fair production cannot take place in free space, because it can be sho;m

that the disappearance of a photon, followed by the appearance of nn electron-^

and positron, cannot conserve both total relativistic energy and momentum.

Therefore, it is necessary for the process to take place in the Coulomb field

of an atom because there can be interactions between the pair of charged

particles and the nucleus. These interactions allow the massive nucleus to

absorb the required moraentxun and conserve momentum without affecting the

energy balance.

The production of electron-positron pairs can be explained by Dirac's

relativistic theory of electrons. In this theory the allowed values of

total relativistic energy E for a free electron are

E - ±7c2p2~+Tn^^?y2 ,

where m^ is the electron rest mass. The negative energy levels are normally

occupied at all points in space. An incident photon with energy greater than

2mc2 can excite the negative energy state electron to a positive energy state,

thus producing an electron and a hole, which is the positron.

After the positron has slowed down by collision vrlth the atoms, it will

annihilate with an electron, resulting in the creation of two photons each

with an energy 0.^11 HeV.

The pair production results in total energy absorption of the T-ray.
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The absorption coefficient is proportional to z2 and increases with increasing

IT -ray energy.

(d) Analysis of 'r -ray Spectra (8)

In the study of 'T -radiations, Nal(Ti) and Ge(Li) detectors are often

used, and commercially produced multichannel analyzers are employed to

accumulate the pulse spectra.

In these spectra, usually appear photopeaks and several continuous

Compton distributions.

The photopeak corresponding to total absorption of t-ray energy is the

most significant characteristic of a spectrum. The energy of such a peak

and its intensity are used to determine the energy and intensity of T-rays

producing a given puise-height distribution. The full width at half the

maximum height of this peak is a measure of the energy resolution of the

detector.

The photopeak results not only from the photoelectric effect, but also

from many multiple events which result in total energy loss. Such multiple

events are, for example, Compton scattering followed by a photoevent and

pair production, in turn followed by absorption of the two annihilation

quanta.

However, if the X-rays produced following a photoelectric interaction

escape from the surface of the detector, a peak of smaller intensity will

appear on the low energy side of the full-energy peak. This X-ray escape

peak can be identified, because it has energy less than the full-energy peak

and the energy difference is equal to the K-shell electron binding energy of

the detector material.

The Compton distribution results from the absorption of Compton electrons

and the scattered photons escape the detector. For the maximum energy of
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the Compton electrons the pulse obsei^ed is the so called Compton edge.

There is also a definite peak superimposed upon the otherwise flat energy-

distribution of Compton electrons. This peak is the "backscattered peak" and

arises from Compton scattering of gamma rays in the walls of the shield

surrounding the detector.

For T-rays the energy of which exceeds the threshold for pair production,

the pulse-height distribution becomes more complicated. In addition to the

full-energy peak and the Compton distribution, several satellite peaks are

superimposed upon the Compton distribution as a result of interaction by the

pair production process. The absorption of the total energy of the electron-

positron pair gives a fviil-energy peak at E-j- . However, the annihilation of

the positron will create two 0.^11 MeV photons within the detector. If both

of the annihilation quanta escape detection, then a peak will appear at an

energy corresponding to 1.02 MeV less than the full-energy peak and kno-^-m as

the "double escape peak". There may also be a peak at O.5II KeV less than the

full energy peak, which is knoi^n as the "single escape peak", corresponding

to the detection of one annihilation quantum following the initial absorption

due to pair formation. Furthermore, there is also a peak corresponding to

0.511 XeY, This peak is due to the detection of annihilation quanta resulting

from pair production external to the detector.

If the detector is shielded for the sake of reducing background radiation,

this shield vrill increase the scattered radiation and produce characteristic

X-rays from the surface of the shielding material.

Since an intense high energy beta emitter produces a beta-ray spectrum,

an absorbing material must be used to prevent beta particles from reaching

the detector. Furthermore, there is usually a bremsstrahlung radiation

distribution. This results from the acceleration of beta rays in the field
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of the nucleus after they are emitted. A continuous energy distribution of

photons results, which decreases rapidly in intensity with increasing energy,

to the maximum beta ray energy. The energy loss by bremsstrahlung radiation

is proportional to beta ray energy and increases as the square of the atomic

number, Z, of the absorbing material.

In the case of the emission of two or more gamma-rays in cascade, there

is a finite probability that these gamma-rays will be detected simultaneously.

Thus results a "coincident sum peak" which corresponds in energy to the sian of

the energies of the coincident gamma-rays. In addition, the accidental time-

coincidences between events occurring in the detector, will also result in

sum peaks. Consequently, a continuous distribution of pulses extending to

approximately twice the amplitude of the full-energy peak will be observed.

The intensity of the coincidence sum spectrum for two coincident gamma rays

is given by

^c.s.s. ' No^ie2^(e°),

where Nq is the number of coincident pairs of gamma rays emitted by the

source, e^^ and $2 are the efficiencies for the detection of gamma rays 1 and

2, andW(9°) is a factor which takes into account the angular correlation of

the two coincident gamma rays. Since will be proportional to the source

strength, N^.g.g. will be small for a weaker source.

These effects are the major sources of difficulty in the analysis of the

gamma ray spectra and have to be taken into account in the intensity measure-

ments of gamma rays. ' .
'
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EXPERINiLT'TAL EQUIPMENT

The detection system employed in this experiment consists of (a) the

detector-dewar system and, (b) electronics which includes a preamplifier,

linear amplifier and pulse-height analyzer. A block diagram exhibiting the

connection of the system is shon^n in Plate II.

(a) The detector-dev;ar system

The detector used was a lithium-drifted germanium detector manufactured

by Isotopes, Inc. It has en active area of 8 cm^, a depletion depth of $ mm.

The structure of the Ge(Li) detector is similar to a p-i-n type semi-

conductor (9). A schematic diagram of the lithium-drifted germanium

detector is shown in Plate III. Essentially, the detector is a cylindrical

block of germanium crystal. The front region is a heavily doped n''' material

produced by diffusion of lithium into the front surface. The central region

is the intrinsic region formed by the lithium-drift process and the back is

the original p-type material.

A bias voltage of UUO volts is maintained across the block. Absorption

or scattering of gamma-rays within the intrinsic region produces high-speed

electrons which lose their energy by creating electron-hole pairs. These

electron-hole pairs are collected by the electric field. Thus, electric

pulses proportional to the energy absorbed are produced.

In order to reduce the detector leakage current, it was operated at

liquid nitrogen temperature (77°^)' Also, the detector was kept in vacuum

to avoid condensation and contamination of the detector surface.

The detector is movmted on a cold finger in contact with liquid rj-trogen.

Liquid nitrogen is contained in a dewar which has a capacity of 2^ liters.

The whole system is kept inside a steel container, forming a detector-dewar
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system.

The distance between the detector and stee± window is 0.U7 cm. The

steel windo\j is iO mils thick which acts unfortunately as an absorber to the

incident ganma-rays of low energy.

(b) Electronics

The electrical pulses produced in the Ce(Li) detector were first

amplified in a lo;^-noise charge sensitive preamplifier, Tennelec Kodel TC I'^O.

It has a charge sensitivity of 5U mV/1'IeV loss in a Ge(Li) detector, according

to specifications.

The signal was further anplified by a linear amplifier, Tennelec Kodel

TC 200. This amplifier has RC pulse shaping and a total amplifier gain of

U to 20U8 with an integral nonlinearity of less than 0.05 per cent of rated

output as given by the manufacturer's specifications.

The pulses were finally registered according to energy by a pulse-height

/malyzer. The analyzer was a Li096-channel Multiparameter Pulse Analyzer with

Kodel 213 Pulse Height Logic Units. This analyzer system has a differential

linearity of 2 per cent of full scale, a time stability of less than 0.0$ per

cent of full scale channel drift per 30 degrees centigrade, and can accept

as many as 5 x 10^ counts per second with no change in drift or linearity,

according to specifications.
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EXPERU'lENTAL PROCEDURE

The source was prepared by Oalc Ridge national Laboratory. The

chemical form of the source is KgWO^ in KOH solution. The solution was placed

on the adhesive side of "Scotch" tape and allowed to dry. Then the source was

sealed with another piece of tape. The diameter of the source was approxi-

mately 6-10 mm. A lucite absorber of thickness 5*8 nm was used to absorb beta

rays

.

The amplifier gains were set to view both low and high energy portion of

the spectrum. For high energy spectra, a 0.2Li cm thick Gd absorber was used

to absorb low energy gamma-rays.

Plates IV and V show typical differential pulse height distributions of

gamma-rays from WlB? , for low and high energy portions, respectively. They

have been coirected by subtracting background radiations which were accumu-

lated without the source for the same period of time and for each amplifier

gain separately.

The full-energy peaks in a given spectrum are used to determine the

relative gamma-ray intensities. However, because of the scattering distri-

bution in a spectrum, the total numbers of gamma-rays entering into the

detector should be corrected for peak-to-total ratio and the detector efficiency.

The peak-to-total ratio is defined as the fraction of the total number of

events in the pulse-height spectrum which appear in the full-energy peak.

This ratio must be determined experimentally for a given geometry because of

the large number of multiple processes which occur in the detector. The

experimental measurement of the full energy peak-to-total ratio and the calcu-

lation of detector efficiency were necessary for the determination of relative

gamma-ray intensities.
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The peak-to-total ratio was calculated from the differential energy-

spectra of gamma rays emitted in the decay of Na22, Cs^^T, and Co^^. A

typical gamma ray spectrum is sho^^n in Plate VI. Cross-sections giving the

number of Compton electrons per unit energy of gamma rays are available (lO).

The cross-section for the gamma ray energies used were found from these

tabulated values by log-log interpolation and are given in Table I. The

cross-sections for each gamma ray energy were normalized to the experimentally

observed spectrum by using an appropriate point near the Compton edge. This

point was chosen to minimize other effects appearing at lower energies. This

normalization was accomplished by determining the suitable m\iltiplicative

factor necessary to make the chosen point coincide with the experimental

curve. The other cross-sections were multiplied by this same factor to obtain

the theoretical distribution. This theoretical distribution is indicated as

a dashed line in Plate VI.

This procedure is shmn in Plate VI in the case of Cs-'-^'^ ^ for which the

point chosen for normalization was at W^^sx = '^^is point was chosen to

avoid the effect due to backscattered radiation. The normalization factor in

this case was found to be h'&hS x 1028. Using this factor, theoretical

Compton distribution for Cs^^? was calculated ar^ is given in Table II, and

is shown as a dashed line in Plate VI.

The total number of counts was found by taking the area under the

dashed line from energy zero up to the energy at which the theoretical and

actual distributions match and the area under the experimental curve from

there to the gamma-ray energy. The number of counts in the full-energy peak

was found by taking the area xmder the peak.

Plate VII shows a plot of peak-to-total ratio versus energy for the

detector used in this experiment. The dashed line on this plate indicates



EXPLANATION OF PLATE VI

The gairatia ray spectrum of Cs^37 used to determine the peak-to-total ratio

of the detector. The dashed line is the theoretical Compton

distribution used in the calculation. The peak-to-total ratio

for the 662 keV gamma ray is O.0507.



PLATE VI
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CHANNEL NUMBER

200 250
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Table 1. Differential cross-section for the energy dis-
tribution of Compton electrons (lO). The

table gives the nvunber of Compton electrons
per HeV interval at energy E, per electron of

material per photon.per crn2. Multiply by
xO~27 to obtain ^ O'(^) in cm2 per electron.

ax

511

3hl

Gamma Ray Energy (keV)

662 1173 127

U

961 1061

1332

1116

• 980 585
.1 935 552
.2

. 850 520
.3 790 U90
•U 738 U65
.5 698 Uh$

.55 680 h36
*60 670 U35
.65 685 hhh
.70 700 U58
.75 730 U82

.80 800 530

.85 900 59U

.90 1050 705

.95 1290 870
1.00 1630 1130

190 1U5
183 155 lUi
177 150 136
173 1U6 13U
166 ih3 130
166 m3 131

167 133
168 1U6 13J4

173 150 138
182 158 1U6
195 170 157

2lU 186 173
21U 186 173
293 259 2U1
382 339 3IU
580 U90 U58
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Table 2. Theoretical Compton distribution in the Cs-'-'^? soectriiir..

i;(lceV) Channel Cross-section Theoretical

Number x 10-2? Counts

-36 585 2eiioo

.1 U8 -16 552 26800

.2 96 3 520 2U700

.3 lUU 22 U90 23800

•u 192 U2 U65 22600

2liO 61 UU5 21600

.55 26U 71 h36 21150

.60 288 81 U35 21100

.65 312 90 hXh 21500

•70 336 100 U58 22200

.75 360 110 U82 23liOO

.80 38U 120 530 25200

.85 UOS 129 59U 28800

.90 U32 139 705 3U200

.95 U56 1)49 870 U2200

1.00 U80 158 1130 5U600
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the ratio of the photooicctric cross-section to the total cross-section.

The detection efficiency is defined as the number of gamrna-rays inter-

actinft with the detector to the number of gamr.a-rays emitted from the source

which entered the detector.

The geometry of the source and the detector is shc/zn in Plate VIII.

For a point source at a distance "h" away from the face of the detector

which is a cylinder with radius "r", thickness "t" and total attenuation

coefficient "/^(E)", the -efficiency "e(E) at an energy "E" is

e(E) 1 Ia [l - e '^^^Q
] sinQde +

1 - cose i. ° ^

J^ll - e'^^^^^^iHe ~ "^^sinGdej

where 9 = tan"-'- £ and ^ = tan""'- ;

—

h h + t •

This expression must be corrected for every absorber used between the

source and detector. Thus

e'(£) = e(E)exp ( - I. /Jii{E)ti]

where /XS^) is the total attenuation coefficient and ti is the thickness for

the ith absorber.

The detection efficiency was computed on the Kansas State University's

IBM ii;Ol-liilO Computer. The program for this calculation was written by

Agin (ll). •
•

"



EXPLAKATION OF PLATE VIII

Geometry used for the calculation of detector

efficiency. "
•-



PLATE VIII

JOITRCE

DETECTOR

Radius of the detector: r = 1.6 cm

Thickness of the detector: t = 0.5 cm

Distance between the source and the face of the detector:

(a) For high energy spectra
h " 7'U7 cm

(b) For laiT energy spectra
*

h = 18. U? cm
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DETERMINATION OF RELATIVE DITEKSITISS

The areas under the full-energy peaks v/ere obtained from the differential

pulse height distribution of garana-rays in the decay of '/.'^S? by suinrr.ing the

counts per channel over the peak areas, and subtracting an estimated GoiTipton

background. These quantities were the "raw data". The correct data were

then obtained by multiplying the raw data by appropriate correction factors

for detection efficiency and peek-to-total ratio. The correction factors

were the reciprocals of the detection efficiency and the peak-to-total ratio,

respectively. The intensity data were normalized to the U79 keV gaiana-ray

which is 100 in intensity, by definition.

Several gamma ray spectra like the ones shown in Plates 17 and V, vxere

used to calculate the gamma-ray intensities of '.-^'-^^"^
. Table III shows the

raw data and the corrections used to determine W-'-^''' gamma ray intensities.

Comparison of the relative intensities determined in this experiment with

the previously measured intensities is shown in Table IV,
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Table 3. The raw data and the corrections used to detennine V/lG? ga'rrr.a rsy

intensities.

Gamma-P.ay ?eak-to-Total Efficiency Total Corr. Raw Counts Correct

Energy Ratio Factor ( ?^ error) Counts

Lm Energy

56 .955 '75 l'B22 1,) 1 20, 000
(2.B2)

67 .92 .65 1.652 x,U60,000
(2.05)

131, .600 .UU 3.8 liUO,000

(6.97)

1,79 .076 .176 7U.76 52,000
(1.93)

511 .0695 .17 8i;.63 880
... (9.1)

551 . .0633 .166 95.17 8,590
( .583)

618 .05U6 .158 115.9 1,070
(5.61)

625 .0538 .157 118. U 8,500
(5.80)

High Energy

U79

.

.076
j

.Hi 93.99 li75,000 UU,6U5,250
•

7 ( .8U2)

511 .0695 .1375 10U.65 \ 6,200 6U8,830
. (9.63)

551 ....
.0633 •135

.
_
117.01 72,000 8,U2U,720

(2.78)

618 .05Ii6 .131 139.82 83,000 U, 605, 060

( .603)

625 .0538 .13 1U2.97 6,900 986,1.93

(U.35)

682 .0U82 .126 16U.67 - 278,000 15,778,260
(1.08)

7l;5 •Oh 35 .123 186.9 2,260 U22,39l;
(2.66)

773 .OU19 .122 195.63 32,800 6,Iii6,66U

( .915)

86U .037 .117 231.0 2,U00
(U.16)

551i,U00

880 .036 .1155 2U0.5 900 216, U50
(5.56)

Total correction factor is the reciprocal of the product of the pe ale-to-total

ratio and the detection efficiency.

2,587,2UO

2.Ull,920

1,572,000

3,887,520

7u,U7U

817,510

12U,013

1,006,U00
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CONCLUSION

T\^elve gamraa-rays in W-1-87 decay were ccmpiotely or partially resolved.

The energies of those gama-rays are 72, 13U, U79, ^H, 55^-, 6l3, 625, 682,

7U5, 773* and 830 keV, and their relative intensities are hh, 35*

1.7, 20.8, 25.8, U, 103, 0.95, lU-U, 1-214, and 0.U9 respectively.

The relative intensities of the U79, 5ll> 551, 618, 625, 632, 715, 773,

86U, and 880 keV gairma-rays are in good agreement with those of Scbiiio (6).

However, statistical accuracy has been improved in general by a factor of ten.

The intensities of the 72 and 13U keV gamma rays had not been previously

studied with a semiconductor detector. The presently measured intensities of

these two gamma-rays are in good agreement with the measurement of Gallagher

(3).

Previously reported gajnma-rays (3) 96, 107, IIU, 206, 239, and 2h6 keV

are not seen in the present measurement. However, their quoted intensities

are smaller than that of the 880 keV gamma-rays. If present, these gamma-

rays have intensities smaller than that of the 380 keV gamma-ray. >:o3t of

these gamma-rays would have their full energy peaks in the region of the

strong Compton and backscatter distributions resulted from the higher energy

gamma-rays. Thus, they have been masked to a certain extent. Since all of

these gamma-rays are low in energy, they may have large conversion coeffi-

cients. The best v:ay to measirre their intensities would oe the study of the

interal conversion electron spectrum in a beta ray spectrometer.
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The relative intensities of gamma-rays emitted from Wl^7 (T l/2 =• 2h h)

have been measured with a lithium-drifted germanium detector. This detector

has an active area of 8 cm^ and a depletion depth of ^ mm. Ihis high energy

resolution Ge(Li) detector, incorporated v;ith a h096-channel multiparameter

pulse-height analyzer, provides an accurate method of investigating the decay

ofWl87.

The full energy peak-to-total ratio and the efficiency of the Ge(Li)

detector, as functions of energy have been experimentally measured. These

detector parameters are needed for determination of the relative intensities

of the gamma-rays.

Twelve gamma-rays in vA^T decay were completely or partially resolved.

The energies of these gamma-rays are 72, 13U, h79, >11, 551* 6lS, 625, 632,

7U5* 773, 86U, and 880 keV, and their relative intensities are Ux, 35, 1^0,

1.7, 20.8, 25.8, U, 103, 0.95, lU.U, 1.2U, and 0.u9 respectively. The

relative intensities of the U79, 5il, 551, 6i8, 625, 682, 7l;5, 773, 86U, and

880 keV gamma-rays are in good agreement with those of Sebille. However,

statistical accuracy of the intensities measurement has been improved in

general by a factor of ten. The intensities of the J 2 and 13U keV gamma-rays

have not been studied with semiconductor before. The intensities of these

two-gama-rays in this work show good agreement with those of Gallagher.


