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Radiations from W"' and Wts'g
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(Received February 14, 1957)

The radiations of W' 5 and W"~ have been examined in a thin-lens magnetic spectrometer, by coincident
scintillation spectrometers, and with a gray-wedge analyzer. W'" was found to emit no detectable gamma
rays. Its beta spectrum is first-forbidden (AI = 1, yes!) and of maximum energy 440+5 kev. By observation
of internal conversion lines and photoelectric peaks, fourteen gamma rays have been resolved in the decay
of W"'. Three beta-ray spectra are emitted with end-point energies of 340&20, 630+10, and 1325&15
kev with relative intensities of 10%, 70%, and 20%. The most energetic spectrum has the unique shape
associated with a spin change of two and a change of parity.

INTRODUCTION

HEN naturally occurring wolfram is irradiated
by slow neutrons, radionuclides W's' (140 day),

W'" (73.2 day), and W"' (24 hr) are formed. Although
numerous investigations have been performed, their
precise decay schemes have remained undecided. In
the present studies, certain aspects of the disintegration
of two of these elements have been clari6ed with
utilization of such instruments as a thin-lens beta
spectrometer, coincident-scintillation spectrometers, etc.
In addition isotopically concentrated W'~ has been
employed as the target material in. oforming W"' so
that its radiations could be studied with decreased
interference from those of W181

Spectra of the radiations of W"' are shown in Fig. 1.
In Fig. 1(a) are presented the beta-ray continuum of
W1 5 as detected in an anthracene crystal along with
the gamma-ray spectrum of the same source, detected
in a crystal of NaI(Tl). Naturally occurring wolfram
was the target material. Electromagnetically separated
W"4 (isotopic enrichment 95%) was employed as a
target in obtaining the W' ' of Fig. 1(b). The beta
spectrum appears as before, but the quantum radiations
are greatly reduced in intensity, showing that these
quanta are not related to the decay of W'". In obtaining
the data of these two sets of curves, the geometries
were identical, and the beta-ray intensities equal. The
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The radiations of W"' were first reported to consist
of beta rays' at 428 kev' and a single gamma ray
of energy 133.7 kev. ' Other investigators4 ' reported
no evidence of any gamma radiation from W'". Subse-
quent to these latter papers in which W'" was said to
emit no gamma rays, one at 55.6 kev was stated to be
present. ' Still other measurements have led to the
conclusion that gamma rays are present at 57 kev, 7

570 and 770 kev, ' and 132 kev. ' The aforecited data
are evidently highly contradictory in character. In
order to reinvestigate the radiations of W'", targets
of wolfram isotopically concentrated in W'~ were

irradiated by slow neutrons in the Brookhaven reactor.
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FIG. 1. (a) Beta and gamma spectra of naturally occurring
wolfram, aged after irradiation. An energy scale is not indicated
for the gamma-ray spectrum. (b) Beta and gamma spectra of an
aged sample of wolfram enriched in W'~. The material had been
irradiated by slow neutrons.
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Fro. 2. Fermi-Kurie plot of the beta spectrum of VP'5.
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Fro. 3. Detection effjciency of the anthracene beta-ray detector
of the lens spectrometer as a function of momentum.

electromagnetic radiation of Fig. 1(a) is interpreted as
x-radiation of Ta, emitted following E-capture in W' '.
A search was made for any gamma rays emitted in the
disintegration of W'", and a series of measurements
were performed to place an upper limit upon the
intensity of any gamma rays present. The source was
located before an anthracene beta-ray counter and
subsequently before a sodium iodide counter of a
scintillation spectrometer. The number of gamma rays
per disintegration emitted in any given energy interval
could thus be determined. The upper limits of gamma-
ray intensities so obtained are given in Table I. Smaller
values of these upper limits were unobtainable by
counting singles because of the presence of the complex
gamma-ray spectrum of Ta'" which gave rise to a back-
ground widely distributed in energy. Attempted chem-
ical separations of Ta from W did not better background
conditions. It is probable that the more part of the
counting rates, from which the upper limits of Table I
have been calculated, actually arise almost entirely
from the presence of Ta'" so that the intensities of any
gamma rays from %' ' are in fact much lower. This
conclusion is confirmed by the fact that the gamma-ray
intensity per disintegration could be estimated in
various portions of the gamma-ray spectrum by meas-
uring the beta-gamma coincidence rate. By this latter
method it was concluded that the upper limit of
intensity of any 57-kev gamma-ray coincident with the
beta rays of W'" is (2.4&1.2)X10 4 7/disintegration.
A conversion coeKcient' of 3.3 was assumed in making
this estimate.

In a similar measurement, it was concluded that any
gamma rays coincident with beta rays and of energy
greater than this amount could have an intensity of at
most (4.6&1.3) &&10 ' y/disintegration.

A Fermi-Kurie plot of the beta spectrum of W'85 is
given in Fig. 2. These data were obtained in a thin-lens
magnetic spectrometer of resolution 1.8% in momen-
tum, as measured by observing the conversion electrons
of the 662-kev gamma ray of Cs"'. The end-point
energy calculated from the data of Fig. 2 is 440&5 kev.
A beta-ray component of end-point energy 370 kev has
been previously reported' ' with an intensity of 0.10—
0.15 per disintegration. No spectrum of this energy or
intensity can be inferred from the data of Fig. 2.

The detecting device of this spectrometer was an
anthracene crystal of thickness 2 mm, covered by a
silver foil of thickness 0.18 mg/cm'. The phototube
was a DuMont 6292 photomultiplier, enclosed in a
solenoid designed to provide a compensating field to
counteract the eGects of the magnetic field of the thin
lens itself upon photomultiplier operation. The current
of the solenoid was in parallel with the current of the
lens so that as the lens current was changed, compen-
sation was automatic. A curve of the detection efFiciency

TAsr, z X. Upper limits of intensities of possible
gamma rays from F85.

Energy interval

33 kev&E&& 88 kev
88 kev&E&&154 kev

154 kev&Eq& ~

Upper limit of radiation intensity
(gamma ray per beta ray)

3.5X10 '
1.3X10 '
2.4X10 '

of the anthracene counter as a function of Hp is shown
in Fig. 3. This curve was obtained by measuring the
known beta spectrum of Co~.

The beta-ray sources were mounted upon thin back-
ings of Nu-skin. Color fringes were often observable
across the faces of the sources; so it was estimated that
the beta-ray sources were in general of thickness only
a few micrograms/cm'.

W187

The radiations of W' have been investigated in
extensive detail over a period of many years by numer-
ous authors. Recent relatively complete studies have
been carried out by Cork et al. ,

"using a photomagnetic
semicircular focusing beta-ray spectrometer, and by
Sunyar. " Gamma rays have been detected" with
quantum energies of 72, 106, 113, 134, 206, 239, 246,
480, 513, 619, 625, 686, 774, and 866 kev. An additional
gamma ray at 552 kev was also reported. "Coincidence
studies, determining lifetimes, multipolarities, and
cascade relationships, have been made of the gamma-

'o Cork, Brice, Nester, LeBlanc, and Martin, Phys. Rev. S9,
1291 (1953).

"A. W. Sunyar, Phys. Rev. 90, 387(A) (1953).
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ray spectrum. "' Scintillation counters were employed
in these latter measurements. Several measure-
ments""" of the beta-ray spectrum have indicated as
many as three groups of beta rays, having maximum
energies of approximately 1330 kev, 630 kev, and 330
kev.

Fermi-Kurie plots of the presently observed beta-ray
spectra of W"' are shown in Fig. 4, where the high-
energy portion of the curve has been replotted at the
upper right as (fij'/I PF(Z,g) aI]) I, where a„ is given by"

(2N+1)!(2v+1)!
a„= P g'" "'L (p WZ).

~=o 22"(v!)2(2N—2v+1)!

TABLE II. Characteristics of the beta-spectrum of W's7.

Bp (max)

340' 20
630~10

1325~15

Rel. int.

-10%%uo
&O/o

logft

6.4
6.3
8.0

conversion lines are shown in Fig. 5, and the high-energy
region is depicted in Fig. 6 where a somewhat thicker
source was employed. In all, fourteen gamma rays were
detected. The data of Figs. 5 and 6 are summarized in

N

Hp

The linearity of this plot of the spectrum of highest
energy (1325+15 kev) shows it to be in the category of
the "unique" forbidden transitions (AI=2; yes). The
1225-kev beta spectrum of Mo" was also examined in
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FIG. 4. Fermi-Kurie plots of the beta spectra, of W'

the thin lens spectrometer and was found to have the
allowed or more usual 6rst forbidden shape, yielding a
straight line on a Fermi-Kurie plot, without introduc-
tion of any correction factor, to beta-ray energies as
low as 550 kev. This measurement was taken as further
evidence of unique shape of the high-energy spectrum
of W" . From the data of Fig. 4, it is clear that two
inner spectra of lower energies are also present having
maximum energies of 630&10 kev and 340+20 kev.
Other data pertinent to these spectra are shown in
Table II.

The gamma-ray spectrum is depicted by way of
internal conversion lines in Figs. 5 and 6. I,ow-energy
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FIG. 5. Internal conversion lines of the soft gamma rays of
W"~. The correction for the detection eKciency is indicated by
the broken line.
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FIG. 6. Internal conversion lines of the harder gamma rays of W'".

Table III. The probable error in kilovolts of the gamma
rays can be taken as that of the E-shell conversion
line in each case.

Photoelectric lines of the gamma rays of W" were
also observed. The source was located inside of a brass
capsule of sufhcient thickness to absorb the primary
beta rays of W' 7. This capsule was in turn encased in
an aluminum cylinder on the bottom of which was
placed a radiator of thickness varying from 5 to 10
mg/cm' of gold. The spectrum of photoelectron lines
is shown in Fig. 7. The data of Fig. 7 are interpreted
in Table IV. The photoelectron energies of Table IV

have been translated into the gamma-ray energies of
Table V. Moreover, from the areas under the photo-
electric peaks of Fig. 7, the relative intensities of the
unconverted quantum radiations have been calculated.
For reasons of energy or intensity or the masking
eGects of other more intense radiations the relative
intensities of the unconverted quanta of the 72- and
206-kev gamma rays have not been calculated. At low

energies (e.g. , 72 and 136 kev) absorption in the

TABLE IV. Photoelectron lines of the gamma rays of W" .

Hp

857
878
928

1257
1310
1331
1412
1501
1542
1607
1670
1712
1798
2570
2676
2796
2832
3110
3223
3346
3682
4000

Electron
energy in kev

60~2
64~2
70

124
134
137&3
153~3
170~3
177&3
191
204
213
238
414+4
440~4
471
480~5
552~6
609
614~6
703~5
794~5

Interpretation (gamma-
ray energy in kev)

72E
136E
72(M'+Ã)

136L
136M
206E
226K
241E
249E
206L
20631
226L
241L+249L
482E
510E
482L
552E+482M
621E+627E
621L
686E+627L
775E
866E

Conversion
coefficient ratio

E/L= 5.0~0.5

Li3f=3.5&0.5

E/L =4.5&0.5

E/L =4.0~0.5

E/L =3.8&1

TABLE III. Conversion lines of the gamma rays of W' 7. Hp

745
822
914

1242
1310
1400
1460
1490
1610
1710
1770
1808
2520
2620
2765
2800
2900
3070
3310
3335
3560
3640
3885
3975
4215

Electron energy
in kev

52
56
69

121
133
150
160
168
192
213
226
234
399
426
463
471
498
542
605
613
672
694
761
785
852

Interpretation
(gamma-ray energy, kev)

Auger electrons from Au
136E+72L

723II
136L+206E
136HZ
226E
241E
249E
206L
227L
241L
249L
482E
510E
482L
552E
510L
552L+621E+627E
686E+621L
627L
686L
775E
775L
866E
866L
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Fzo. 7. Photoelectric lines generated in gold by the gamma rays of %'87. The correction for the detection
e%ciency is indicated by the broken line.

converter itself becomes important, and no corrections
have been made for this effect in this paper.

Cascade relationships among the various gamma rays
were investigated with the use of coincident scintillation
spectrometers. The resolving time of the circuit was
0.2 microsecond. Some observed gamma-gamma coinci-
dence rates are shown in Fig. 8. In Fig. 8(a), one
channel of the coincidence arrangement was placed so
as to 'count only pulses of the 866-kev gamma ray,
while the other channel was permitted to pass through
the region of lower energies. The coincidences of Fig.
8(a) show the 866-kev gamma ray to be in cascade
with the 136-kev radiation. In this case, gamma-(x-ray)
coincidences are also observed, because the 136-kev
gamma ray is to some extent converted. In Fig. 8(b)
are recorded coincidences between the 482-kev gamma
ray and the 136-kev gamma ray, the 72-kev gamma,
and x-rays. That the 866-kev gamma ray is noncoinci-
dent with the 72-kev gamma ray is indicated by the
smaller ratio of the peak at 60 kev to the 136-kev

TABLE V. Energies and relative intensities of some
of the unconverted quanta of W' 7.

peak, in Fig. 8(a). Coincidences were also noted be-
tween the 482-kev gamma ray and radiation near 210
kev. The 686-kev gamma ray was found to be non-
coincident with gamma radiation of all energies. This
gamma ray was found to be coincident with a beta
spectrum of maximum energy about 630 kev. Several
supplementary experiments with a gray-wedge analyzer
were carried out. Gamma radiation of a mixture of
energies of 750 kev or greater was found to be coincident
with the 72- and 134-kev quanta.

MSCUSSION OF RESULTS

The foregoing measurements can be summarized in
decay schemes of VP and VP shown i11 Figs. 9 B,nd
10. Since no gamma rays were actually detected in the
decay of %'", only upper limits of intensities having
been assigned, its decay scheme can be best represented
by a single beta transition (see Fig. 9). The ground-
state spin of Re'" has been measured" as» and the

60 kev

60 Kev

Gamma-ray energy
in kev

Relative intensity of the
unconverted quanta

I36 kev 600

136
224
241
249
482
510
552
621
627
686
775
866

45b
2

2
100

12
40
30
15

185
20
12

CL

nJ
g. I 0

5-

400

200-

I

10 0

PULSE HEIGHT - VOLTS

IO

~ Obtained from areaa under the photopeaks of Fig. 7, and from photo-
electric absorption coefficients associated with article by C. M. Davisson,
in Beta- and Gatensa-Ray Spectroscopy, edited by K. Siegbahn {Interscience
Publishers, Inc. , New York, 19SS},Chap. II, p. 24.

b Taken from reference 11.

FIG. 8. (a) Coincidences between the 860-Irev gamma ray and
the 136-kev gamma ray. (b) Coincidences between the 480-kev
gamma ray and gamma rays at 136 and 72 kev and x-rays.

"H. Schuier and H. Korsching, Z. Physik M4, 468 (1987).
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