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Disintegration of Ta"'
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The modes of decay of 8-hour Ta'g have been studied by means of a magnetic spectrometer and coinci-
dence-absorption techniques. It is found that approximately 21 percent of the decays involve either of two
negative beta-particles in transitions to states of VP . The remainder of the decays proceed by means of
E-capture to at least two dift'erent states of Hf'". No positrons are observed. Very prominent conversion
lines attributed to a 93-kev gamma-transition in Hf'" are observed, in addition to a weaker line considered
to be associated with a 102-kev gamma-ray in W' . Auger electrons are also present. The multipolarity
of the 93-kev gamma-ray is thought to be electric quadrupole.

II. APPARATUS

The sources were produced by a probe technique of
activation in the 22-Mev betatron at the University of
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FIG. 1. Block diagram of the Geld regulator employed with the
180' magnetic spectrometer.

~ ABC fellow.
f Assisted in part by the joint program of the ONR and AEC.' 0. Oldenberg, Phys. Rev. SB, 35 (1938).' G. %ilkinson, Phys. Rev. 80, 495 {1950).' 9gndel, Brown, and Seeker, Phys. Rev. Sl, 300 (1951).

I. INTRODUCTIOÃ
'

~ IGHT —HOUR radioactive Ta'~ was investigated
~ by Oldenberg, ' and more recently by %'ilkinson. '

The first investigator employed absorption techniques
upon a sample produced by the reaction Ta'" (Is,2n)Ta'ss.
E x-radiation was found which was attributed to decay
by E™capture.Negatively charged particles of maximum

energy 0.48 Mev were also found. The second worker
produced the activity by means of (n, 2n) and (p,pit)
reactions. Utilizing absorption methods and a magnetic
spectrometer, Wilkinson found negative beta-particles
of maximum energy 0.7 Mev, I and E x-radiation, and
a 1.3-Mev gamma-ray.

Ta'~ has been extensively investigated in this labo-
ratory during the past two years. The work was re-
ported in part at the 1950 meeting of the American
Physical Society at Chicago. ' The activity was obtained
in abundance and in pure form by a (T,n) reaction on
the 100 percent isotope Ta'".

Illinois. The details of this method of activation have
been reported previously. 4 Metallic tantalum foils of
thickness ~s mil ( 11 mg/cm') were largely used in the
spectrometric measurements of the particles, while
somewhat thicker samples were employed for the
gamma-ray measurements. Typical activities for a 4-mil
foil, 2 mm wide and 24 mm long, were of the order of
20 microcuries of particles.

A 180-degree magnetic spectrometer, a scintillation
spectrometer, and absorption and coincidence absorp-
tion techniques were employed in the present work.
The latter were of a standard variety and need not be
discussed here, and the scintillation spectrometer, a
multichannel device, will be described elsewhere. The
magnetic spectrometer permits the recording of data
either manually or automatically. The automatic
features provide constant rates of change of the mag-
netic Geld, and a recording of counter data at uniform
time intervals.

The method through which the changing magnetic
field is produced is summarized in the block diagram
shown in Fig. 1. The field is monitored by means of
two small rotating coils, C1 and C2. C1 rotates in the
6eld of a reference permanent magnet (magnetron
magnet) and Cs rotates in the gap of the spectrometer.
The two coils are on a common shaft of a 30-cycle
synchronous motor in order to minimize frequency and
phasing difhculties. The output emf of each is taken
oft by means of slip rings. C1 is connected to a 15 turn,
0.05 percent linearity Beckman Helipot, A as shown,
the output of which is connected in series with the
output of C2. Any small difference signal is amplified

by a 30-cycle ampli6er of the Sturtevant' type and
compared by means of a phase selector with the refer-
ence voltage (output of Ci). Following this the ampliled
diGerence signal is rectified. Depending upon the phase
of the diGerence signal relative to that of the emf from
C1, a positive or negative dc voltage is produced by the
rectifier. After a stage of amplification, this control
voltage is applied to the grids of 6AS7 triodes to correct

4 R. A. Becker and F. S. Kirn, Phys. Rev. 76, 182 (1949);
Becker, Kirn, and Buck, Phys. Rev. 76, 1406 (1949}; R. A.
Becker, Rev. Sci. Instr. , to be published.' J. M. Stnrtevant, Rev. Sci. Instr. 18, 124 (1947).
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Fro. 2. Bp curve shouting conversion lines and the continuous
beta-spectrum. The Kurie plot of the continuum, depicted in the
insert, is consistent vrith the presence of two components as
indicated.

separated by about 100 kev, and with the upper
endpoint at 705~15 kev. Presumably the betas involve
transitions to states of W'~. The source thickness was
11 mg/cm', and the counter window thickness was
75 pgm/cm'. The slight break at approximately 450
kev on the Kurie plot vras shown, by employing still
thicker sources, to be the result of the unfavorable
source thicknesses vrhich were necessarily employed for
reasons of intensity. The evidence consisted in the fact
that vrhen the foil thickness vras changed, the location
of the break near 600 kev remained unaltered, vrhile
the other shifted in position. The dashed lines on the
momentum plot represent the decomposition of the
continuum into the two components I{I3 and ps. The
ratio ps/(p3+pm) was found to be 0.53&0.09. It will
be shown belovr that the disintegration of the parent
Ta'~ state proceeds predominantly by E-capture, there
being about four E-captures to every beta-particle. The
conversion lines associated with a 93-kev gamma-ray

the portion of the magnet current controlled by them.
The latter circuit is represented in the diagram as a
variable impedance. The result is a 6eM-regulated
device. Such a technique has been employed by others.

The dial of the helipot is calibrated directly in terms
of Bp values by means of the conversion line found in
the decay of Cs"', and the gamma-rays found in the
decay of Co~. A linear variation of the spectrometer
6eld vrith time is realized by driving the helipot shaft
with one of an assortment of synchronous timing
motors. The counter data are recorded by a Streeter-
Amet-type~ recorder vrhich prints accumulated counts
at speci6ed intervals.

III. DATA
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The half-life was measured vrith 6ve diGerent samples,
three of which vrere followed for at least 10 half-lives.
One of the latter was followed for a time greater than
100 half-lives, and shovred that the amount of Ta'"
activity present (formed from e capture by Ta'") was
of the order of only 10 ' of the initial Ta'~ activity.
The data were obtained continuously (save for the
long run), employing a Streeter-Amet recorder" in
conjunction with an Amperex type 200C (1.4-mg/cm'
mica window) halogen-filled counter. The measurements
vrere corrected for dead-time, the presence of the weak
Ta'" activity, and other background. On the basis of
six such determinations the half-life vras found to be
8.15&0.02 hours.

Figure 2 shows a conventional momentum spectrum
of the negative particles present, together with a Kurie
plot of the continuous portion of the spectrum. The
analysis of the beta-particles is consistent vrith the
existence of two components, p3 and ps, with end points

' E. P. Tomhnson, Phys. Rev. 74, 1231 (1948); E. M. Lyman,
private communication.

'Streeter-Amet Company, 4101 North Ravenswood Avenue,
Chicago, Hlinois.

FIG. 3, Absorption, in copper, of x-rays and gamma-rays.

are too intense to be attributed to a transition in %'~,
following the P&-decay, and are consequently assigned
to a transition in Hf'~ following a E-capture transition.
This is consistent vrith other evidence cited below.
Likevrise, the two lines betvreen 93-E and 93-L are
interpreted as Auger electrons arising from the con-
version of the Hf'~ x-rays of energy 54.7 to 55.9 kev.

The weak line near 1100Bp was interpreted as an
M conversion of a 102-kev gare~a-ray and, for reasons
given below, vras associated vrith a transition in %'~,
following Ps. The L line of the 102-kev gamma-ray is
superimposed upon the M line of the converted 93-kev
gamma-ray.

An absorption curve of the electromagnetic radiation,
using copper absorbers, is presented in Fig. 3. A scintil-
lation counter detector composed of a 5819 photo-
multiplier tube and a 5-mm thick crystal of NaI were
employed. The results show that the radiation consists
mainly of a portion in the range 55 to 60 kev, inter-
preted as x-rays, and another at about 100 kev, the



BROWN BENDEL, SHORE, AND BECKER

D
g IOO-

UJ

Cl
~ 50—
O
Z'

D

I

m

IO ——

50

I.Q gm gc
/p ~ .I m4'v

7

latter bein
lower e

er being present to the extent of 0.13+0.05 f
er energy fraction. The symbol X /X 11

o the The determination
o ~ wi be articles from

on was made by absorption of tho e

1 d b lo fo h io Add' 1 bi iona a sorption afore-mention
ce an use

gies, an using both window Gei er cou
an en-

er a d le d absorbers, indicated the ossibl

p f one or more weak components in thresence of
e possi e were em lo ed. The sp y . source was prepared chemicall

175 to 450 kev. Evidence for this was obt d 1

in e range from a tantalum foil which had been irradiated with

with a sc'
s o aine a so the betatron. The

a scintillation spectrometer which fi d hcon rme t e have a thick
e prepared source was estimat d t

strong components near 55 kev and 100 kev
ic ness of about 1 mg/cm' or less.

e o

revealed weak lines at approximately 0.2 M d
v an ev, and The ossibilit wap

' '
y as recognized, in these experiments

~ ~

0.4 Mev Tev. The intensity of the weaker radiatio
ev an that the lar e numg m"er of L, x-ray quanta present mi ht

less than 1 percent of the 55-kev component.
er ra iation was acct the numbers S . , rp ion, and Xp. Accordingly, absorption

The
nen . curves of the sin 1

that
supposition stated above and b Old by en erg, ' were taken in

'
g e counting rates from a similar source

E-

, in which the radiations were c 11 t d b
-ra ia ion o owing a slits in the fi

o imae y

Hf- dbsuppor e y critical particles of elect
arge

ma
a sorption measurements performed 'th bwi a sorbers scattered radia

'
o eectronic mass were unable exce t fep or

a
'

s 3, r~ 3, and ence of the field.a e from the rare earth oxides N12O, E 0,
iations, to negotiate the slits in thin e pres-

203. This point of view is supported 1 ba so y measure- ma net indi
o e e . Data obtained with and with t th

f h 1
' ' '

f h

ou e

tion
i ies o e various radia- not more than 4 pe ce to t o the chargedparticles.

well as totoo many conversion electrons) f th b
any - ev quanta (as Similar measurements wes were carried out, employing a

associated exclusively with the beta- artie
or ese to e scintillation counterr "etector, in order to determine the

e a particles going relative numbers of beta-part 1 d 55 kic es an - ev x-rays.

The relative intensities of th

e crystal was 5 mry 5 mm thick NaI covered with 3.4
i ies o t e conversion electrons mg/cm' aluminum. The ratio 1V

or e ic ness of air and aluminum d
percent absorption of the x-rays in the c stal

P--7

all

scintillation counters as detect f

of coinci ences as a function of copper ab b h k
s p ace in ront of the gamma-ray detector. Particles

f
0

were prevented from reaching th h he p osp ors by means
o aluminum blocks of thickness 1 cm'. Th

a gamma-radiation of approximately 100

IOO—

kev is concerned in both the beta-gamma 'd

an x-gamma coincidences. The low energy tail of the

tl —28 gm/cm~

lower curve owes itself to additi 1

iA

lo
' ' 'ona coinci encesarising

~54 kev

'rom x-ra s bein detecte
CO I N G I QE t4CE—54I«small a s

f
'

g ecte in the gamma-counter t

ABSORPTION
bsorber thicknesses. This portion of the absorp-

ecte

ys ABSORBED
tion curve presents a half-thickness att 'b t bl

iation of about 55-kev energy. These results are

O

consistent with the assignment f ths o e conversion lines

UJ
IO

previously given in Fig. 2.
search was made for possibl t

o
and 180'. The results indicated that there are not

X-7
isin egrations.

Ii

more than 5 positrons in 10' d' ' t

I 0
I I I l

Qttls CM/c2 IN FRONT QF 7 coUNTER

FIG4B. 4. Beta-gamma and x-gamma coinci"4 B - -g ma comcxdences as a function of
sor er c ess placed in front af the gamma-counter.

IV. DISCUSSION

An estimate of the total conversion coeK t fe cien o te
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rom, ~ „ the

gamma-radiation of energy near 100 kev. This was
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found to be in the range 2 to 9, with a probable value
of 4.6. The determination was made by utilizing the
three ratios X,/Xs, Xs/E, E,/N„which were men-
tioned in Sec. III. The quantity X was corrected to
include the Auger electrons arising from the conversion
of the x-rays in the I.and 3f shells of Hf'~ (and to some
extent in W'~). The number of these was estimated by
comparison with the data of SteBen, Huber, and
Humbel' for Au"' and Au"6. It was thought that a
reasonable value was 0.077 for the ratio of Auger
electrons to x-rays.

The E/I. ratio of conversion electrons associated
with the 93-kev gamma-ray was estimated from Fig. 2,
aided also by an analysis of the type of Richardson's'
for thick sources. The value found was 0.15 o.05.

Employing Axel's" curves, and an empirical curve
kindly supplied in advance of publication by Gold-
haber, "considerations of the total conversion coeKcient
and of the E/I ratio indicated the 93-kev gamma-ray
probably to be electric quadrupole radiation,

The above results are summed up in Fig. 5, which is
a partial level scheme thought to be involved in the
decay of Ta'~ to Hf'" and %'~. The total percentage
of E-capture transitions was determined to be as shown
in the figure from the ratio Ss/X, by correcting for the
presence of Auger electrons, and for the presence of
x-rays following E-conversion of the two gamma-rays
principally involved in various decay processes. The
division into the two branches Ei and E2 was necessary
in order to account for the excess of x-rays over radia-
tions involved in the 93-kev transition. E~ is assumed
to go to the ground state of Hf'~ because of the absence
of other radiation of intensity comparable to that of
the 93-kev radiations. Although not sufIiciently certain
to be included in the figure, the ratio of Ei/E2 was
estimated to be about 0.7. The branch E3 was included
hypothetically in order to explain the apparent presence
of weak gamma-ray components in the range j.75 to
450 kev. Gamma-rays in this range have been observed
in Hf'~ by Burson. "The assumption is also made that
pi involves the ground state of W'~.

Steven, Huber, and Humbel, Helv. Phys. Acta 22, 167 {1949).
'H. O. W. Richardson, Proc. Phys. Soc. (London) A63, 234

(1.950).
' P. Axel and R. F. Goodrich, ONR report, unpublished."M. Goldhaber, private communication."Burson, Blair, Keller, and Wexler, Phys. Rev. 83, 222 (1951).
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Fro. 5. Tentative partial level scheme involved in the decay of
Ta' to Hf" and VP'.

Since both Hf'~ and W'~ are even-even nuclei, it is
assumed that they both have zero spin in the ground
state. Accordingly, since the 93-kev gamma-ray was
judged to be electric quadrupole, the spin of the excited
state of Hf'~ must be 2 and must have the same parity
as that of the ground state. Estimates of the ft values
of E~ and E2 were made, assuming that at least 400 kev
was involved in the Ej transition, and in view of the
absence of positrons, that not more than 1400 kev was
involved. The values of logft for both Ei and Em were
estimated to be in the range 4,5 to 6.6. The spin of
the Ta'~ parent state, consistent with both these ft
values and with the fact that E& and E~ are of approxi-
mately equal intensity, is chosen to be 1. The magni-
tudes of logft are consistent with allowed, and possibly
with first-forbidden transitions. Thus the parity of
Ta'", relative to that of the two states of Hf'" is
subject to some doubt. The parity of Ta'80, as shown in
the 6gure, is that which is the case if E~ and E2 are
both allowed.

The values of logft for Pi and P2 were found to be
6.8 and 6.5, respectively. The spin assignment to the
excited state of W'" is consistent with both these ft
values and with the fact that Pi and Pm are of approxi-
rnately equal intensity. It is quite likely that the same
type of transition is involved for the major components
going to %'", as for the major components going to
Hf' . For the spin and parity assignments shown in
W'" the 102-kev gamma-ray would be electric quadru-
pole.


