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ABSTRACT

A magnetically compensated stilbene scintillation counter has
been developed 28 a detector for use with a beta-ray lens spectrometer,
Reasons for developing such a counter are discussed; design considera=-
tions and performance characteristics are given,

The performance of the scintillation counter-lens spectrometer
system in the measurement of beta spsctra has been investigated, Using
the beta spectra of Na22 and PBQ, the effects of scaltering, sourcs
thickness, and source backing upon specirum shaps and end-point hawve
been studied,

The scintilletion counter-lens spectrometer system has beoen
employed in studying radicactivity in the light elements, Specifically,
the beta-decays of Cll, F17, and F20 have been investigated, In the
beta~decay of FQQ, the energy discrimination ablility of scintillation
counters has been employed in investigating the possible existence of a
weak high energy beta transition in the presence of a large amount of

scattered electrons and room background,
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The research embodied in this thesis represents an attempt at

a sgystematic investigation of three beta-decays in the “ight element

10}

.
That such a study is desirable is evidenced by the fact that beta-
decay in the light elements has not been investigated as thoroughly

or as carefully as in the mediwm and heavy elements, This unfortu-

nate situation is in large measure attributed to the fact that radio-
activity in the light elements is predominantly short-lived, and

hence one needs, in addition to a beta-ray spectrometer, g device to
induce the radioactivity at the time of measurement. The presence

of a 3-Mev Van de Grezaf generator and beta-ray spectrometer at the
Kcllogg Hadiation Laboratery thus makes feasible an investigation of
beta~decay in the light elements. The ultimate aims of such a study are
to determine the decay schemes, and tc measure the beta spectra with
encugh accuracy so that end-point energies and ft=valnes coan he used

to predict mass differences and the nossible spins and parities of the
levels involved in the transitions, In the case of a beta transition

to an excited state, the energy of the excited state can be determinsd
through measurements of the delayed gamma radiation, The possible

spins and parities of the excited state can be determined from the ft-
value of the transition to the excited state,

Although a scintillation ccunter is not absolutely essential for
the study of beta spectra, its versatility and relisbillty did materially
help in deternining the bete specira more accurately, For example, the
energy discrimination ability of scintillation counters was emvloyed in
diseriminating against the low energy machine and room background, The
ratio of beta to background counts was improved somewhat with the result

that the beta spectra were measured with more reliability, The



seintillation counter is alec idenlly suited for tho detection of wesk
high energy beta components in the presence of large amounts of low
energy background, Such an application is described in the section on
the beta-decay of FzO, in which the ground state transition is highly
forbidden, In view of the usefulness of scintillation counters as
detectors for beta-ray spectrometers, the design considerations and per-
formance characteristics of such a counter are discussed in some detail
in Part II,

A necessary preliminary is the investigation of the performance of
the scintillation counter-lens spectrometer system in the measurement of

bete spectra, For this purpose, the well-known spectra of Na22 and

P32 were used in studying experimental technique and the method for the
analysis of beta spectra., The effects of scattering, source thickness,
and backing upon spectrum end-point and spectrum shape have also been
studied, These investigetions are described in Part III., Finally in
Parts IV, V, and VI the investigations on the beta-decay of 011, F17,
and F20 are described,  Because of time considerstions, it was impossi=
ble to investigate all the known beta-decays in the light elements,

The above three were chosen since the existing experimentsl evidence

on decay schemes and end-point energies was ambiguous,
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IT A MAGNETICALLY CONPENSATED STILBENE SCINTILLATION COUNTER

INTRODUCTION

Almost without exception, bela=ray lens specirometers utilize
end window Geiger counters for the detection of positrons and electrons,
Although these counters have a 100% detection efficiency for those
electrons and positrons which penstrate the counter window, they do have
some undesirable features, End window counters are fragile, and it is
difficult te obtain one that is capable of operating reliasbly for a
reasonable lencith of time, The maximum counting rate possible is
limited by the recovery time of the counter, In addition, with a Geiger
counter one 1s not able to diseriminate against the low energy room
background and low energy electrons scatiered into the detector, Since
it is known that scintilletion counters are capable of high counting
rates and of energy discrimination, it was decided to develop such a
counter for use with our spsctrometer,

Secintillation counters have been adapted to beta-ray lens
spectrometers befoye(l)a(z). However, these adaptations were made
chiefly to facilitate pulse height versus slectron energy otudies for
the various scintillation phosphors, loreover, since the specirometer
utilized in reference (1) contained iron, the magnetic field was con-
fined to the spectrometer proper; the field at the photo-tube was small
enough so that magnetic compensation was not required for moderate
values of spectrometer current, In our case, even with a 57 ecm lucite
light pipe, the magnetic field at the pholo-tube was 40 gauss for a

spectrometer current of 38 amperes, The impossibility of shielding out
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such & large field without the use of excessive amounts of iron

necessitated the use of magnetic compensation,

DESIGN CONSIDERATIONS

Since the spectrometer contains no iron, the magnetic field of

the spectrometer is directly proportional to the current through its
coils, To have compensation at all times, irrespective of the field

sattings, the compensation current through a suitably designed solenoid

s

must be proportional to the spectrometer current, This was easily
accomplished by connecting the compensating coil and a variable series

N

sistance in parallel with the spectrometer enils, This presapposes

that the resistance of the spectrometer coils is a constaent, This is
very nearly true since by means of wabter cooling the coils are never
allowed to heat up excessively.

A measurement of the magnetic field on the axis of the spectrometer

at varving distances from iits aluminum end plate yielded the following

results:

Distance (em Field (gauss)™
40 79
60 36.5
80 18.6

As illustrated schematically in Fig. 11, the photo-tube was placed
at the end of 2 57 cm lueite 1ight pipe, The solenoid, which was 30 en

long, was centered at a distance of 50 cm from the aluminum end plate,

*  Heasurements are for a spectrometer current of 38 amperes,



The solenoid wao built to the followling design epecificationss

Length=- 30 em

Diameter- 8.9 cm

Humber of layers- &

Turns per layer- 294,

Wire size- B, S, #18, enamel coated
Length of wire- 2140 £F

Total resistance- 1/ ohnms

#ith the above solenoid and a spectrometer current of 38 amperes, the
following pertinent cuantities were measured or calculated:
Toltaze across coils- L0 volts (measured)

Field of spectrometer
at center of solenoid- 57 gauss (measured)

Hegistance in series

with solenoid- 56 ohms
Solenoid current- «575 amp.

Total power
digsipation- 23 watts

Power dissipated
in sclenoid- 4,6 watts

The success of the design was attested by the fact that the measured
value for compensation was .47 amp. as compared with an estimated value
of ,575 amp., The solenoid was designed with a view towards low power
dissipation in it and the accompanying series resistance since it was
reglized that excessive heating could alter the value of the compen-

sation current, This reguirement of low power dissipation was met as
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evidenced by the fact that for a spectrometer current of 75 amperes
the power dissipation in the solenoid was only 18 watts, In Fig, 12
iz prescnted o drowing of the complete set-up showing the photo-tube,
light shield, lucite light pipe, stilbene crystal, and compensating
solenoid,
PERFORMANCE CHARACTERISTICS

In order to set the compensation current to the correct value,
the following method was employed: a radicactive gamma-ray source
was placed in a fixed position external to the spectrometer proper and
the counting rates were observed for different values of the spectrom-
eter current, The compensation current was considered properly set
when the counting rates were the same for different values of the spec-
trometer current between zero and one hundred amperes, When the above
procedure was carried out, it was observed that although the compensa-
tion was satisfactory for low values of the spectrometer current, the
counting rates dropped for currents above 50 amperes, the magnitude of
the decrease inereasing with increasing currentzs, Thie effoet implico
that the solenoid field does not match the spectrometer field exactly
a8 to magnitude and shape, and that the absolute value of this mis=-
match inereases with increasing currents, To eliminate this difficul-
ty, the photo-tube was surrounded with a shield constructed of mu-
metal and transformer iron, The compensation now proved to be satis-
factory for currents as high as one hundred amperes,

Having satisfactorily solved the compensation problem, the per-
formance characteristics of the scintillation counter were investigated,
The following aspects of the magnetically compensated stilbene scine-

tillation counter were investigated:
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{1) Counting efficiency for elecirons
(2) Signal to noise ratio
(3) Counter shielding and background counting rates
(4) Counter stability
(5) Maximum counting rate

(6) Effect of energy discrimination upon elesetrons
scattered into the detector

(7) Variation of pulse height output for a given amount
of mal-compensation, and

(8) Pulse height versus electron energy relationship,
(1) Counting efficiency for electrons:

By adjusting the spectrometer current to the peak of the 1,32 Hev
0060 internal conversion line and comparing the counting rates for a
scintillation and Geiger counter, it was found that the counting rates
were the same if the scintillation counter was biased on the plateau of
the integral bias curve, This therefore indicates that the scintillation
counter has a 100% detection efficiency for electrons of this energy,
(2) Signal to noise ratio:

Jentschke et al.(B) have shown that different scintillation phos-
phors yield different pulse height outouts when struck by monoenergetic
slectrons, UOf the three ohosphors investigated by them, Hal yields the
greatest pulse height output, DBut, it was not used in the present
investigation because it is hygroscopic, Anthracene is intermediate
between Hal and stilbene as regards pulse height output; however, it
was not used since large, high quallty anthracene crystals are not
available commercially, The stilbene crystal used in the present in-

vestligatlion was machined Trom a larger plece grown in this laboratory
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by ¥r., Hugh Voodbury. The shape of the machined crystal was a

right circular cylinder having

(]

e dismeter and height of one inch,

Using a stilbene crystal and moncenergsilec eleclrons, 1L was found
that in a batch of six 5819 photo-tubes the signal to nolse ratios

5

1

differed by as much as a factor of three. It was also found that the

1

gnal to noise ratio was inersased by 507 when the sides as well as one

6]
ide

end of the cylindrical stilbene crystal were covered with reflecting
aluminum foil, The effect of cooling the ohoto-tube was investigated
However, the small dmprovement in the signal to neise ratio did not
justify its use, The effect of absorption in the lucite Iight pipe

was also investigated. It was discovered that the signal to noise ratio
was reduced by 80% through losses in the light nipe.

1

ng the

°

Us est photo-tube, the signal to noise ratio for the

;_.u
o

inal set-up was measured utilizing the Th=B F internal conversion
line. The value obtained was 3.2, The procedurs followed was to

adjust the spectrometer current to the peak of the F-line (147 Kev)

fdr

and then run an integral bias curve, The signal level is nalf way up

#*

[

on the integral bias step as shown in Fig. 1 Since pulse height is
linearly proportional to electron energy (see section 8), this

indicates that the noise level occurs at an energy corresponding to 47

Kev electrons, Although it is possible to detect elecirons with energies
as low as 47 Kev, it is not possible to count them with 100% efficiency

since the pulse height siragsling at these low energies is appreciable.
Biasing the scintillation counter at the noise threshold, the F-line

(147 Kev) was successfully run with a resolution of 1,99% (see Fig., 2).

# The integral bias step is apparent after subiraction of background,
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(3) Counter shielding and background counting rates:
The scintillation counter was shislded with lead, cadmium, and
paraffin, With the Van de Graaf generator delivering .4 ua of 2.4
Mev protons, the following beckground counting rates as a function of

counter bilas were observed:

Counter Bias (llev) Bked, Counts/min,
25 520
50 162
1.00 30
2,00 14

The counts represent background which is produced when the proton
bean sirikes brass and tantalum, When running a reaction producing
gamma-rays and neutrons, the background is naturally much greater, In
any case, the above results indicate that the machine background pro-
duces essentially low energy radiation, which can be discriminated
against by biasing the secintillation counter as high as vpossible, Hence
the seintillation counter is very effective in discriminating against
low energy background,

(4) Counter stability:

The scintillation counter with its associated electronic equip~-
ment proved to be guite stable, and hence reliable, Integral bias
curves of the Th-D and Th-B internal conversion lines were run daily
for four to five days, and each day the pulse helghts were repro=-
ducible, This also proved to be the case during a day's operation,
(5) Maximum counting rate:

The durstion of the light pulses from a stilpbene crystal is very

short- of the order of 10-8-10"9 seconds, Theoretically then, counting
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rates as high as 106-107 per second are realizable for a 1% counting
loss, Fractically however, the electronics limit the meximum counting
rate realizeble for a given counting loss, The scaler utilized declmal
counting units manufactured by the Berkeley Scientific Company. The
resolving time of these units was 5}L"SGCOE@S. Therefore, a counting
rate as high as 2000 per second is realizable for a 1% counting loss,
In 211 applications, the counting rates were well below this value,
and hence loss corrections were not made,

(6) Effect of energy discrimination upon electrons scattered into the
detector:

It has already been demonsirated that energy discrimination is
very effective in eliminabting counts due to low energy machine back-
ground, Therefore, it is evident that the counter would also
discriminate against low energy electrons if such were scattered into
the detector, However, photo~lines run with a Gelger and scintiliation
counter yielded almost identical shapes, Hence preliminary evidence
seenms to indlcate that elther scattering was not excessive or else the
scattered electrons were not much different in energy from the ones
being focused* .

(7} Varistion of pulse height output for a given amount of mal-
compensation:

Because of such effects as resistor heating and aging, it is
always possible that the compensation current may change. Therefore it
is very important to asceritain how critical compensation iz, 4s a

sensitive measure of this, the variation of pulse height output for a

* lore detailed studies (see Part III) show that the first hypothesis
is correct: scattering in the specirometer is not excessive,
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given amount of mal-compensation was determined, Opecifically,

integral bias curves were run for the Th-D X~line with a¥10% change in
compensation current, The results are shown in Fig., 3. Due to
shielding, the compensation was not overly critical as a 10% decrease

in compensation current reduced the pulse height output by 6,3% while

an increase of 10% increased the pulse height ocutput by 2%, These
effects are easily explained: increasing the solenoid current focuses
electrons in the phobto-tube since the sovlencid field is mainly axial,

On the other hand, decreasing the solenoid current means that part of
the spectrometer field at the photo-tube is not being compensated, This
ficld has o large radial component; hence 1t defocuses electrons in

the photo-tube and a decresse in pulse height is observed, Even if a
10% change in current does occur, which is very unlikely, the electrons
are still counted with 100% efficiency if the counter is biased
sufficiently back on the plateaun of the integral‘bias curve,

(8) Pulse height versus electron energy relationship:

The energy discrimination ability of seintillation counters is
based upon the fact that there is a linear relationship between pulse
height and energy. This linear relationship certainly holds for scin-
tillation counters without magnetic compensation and without a lucite
light pipe, as demonstrated in reference (1), To ascertain if this
relationship still holds for a megnetically compensated counter with a
lucite light pipe, the pulse height versus electron energy relationship
was investigated experimentally. Integral bias curves (Figs, 1, 5-8)

R #
were run for the varioug internal conversion lines™, As shown in these

*  The integral bias curves 21l show a sloping plateau, However, if
the zero current integral bias curve is sublracted, the platesus
of the resulting integral bias curves are flat within statistics,
This fact is illustreted in Fig, 17,
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figures, the signal level in arbitrary units is then half way up on
the integral bias step, These investigations have shown, as depicted
in Fig, 4, that pulse height is directly proportional to electron
energy.for the range of electron energies employed- namely between
147 Kev and 4,7, Mev, The three uvper energy points were obtained from
integral Dias curves of the 720 peta spectrum, These resulls lndicale
that the compensation is perfect since the linear relationship is
preserved, In addition, they show that the lucite rod absorbs a fixed
perdentage of the light produced in the crystal regardless of the
elecliron energy,

Finally, to illustrate the performance and capability of the
(4),

ceintillation counter, the Th=D and Th-B internal conversion lines

as run with this counter, are shown in Figs, 2, 9, and 10,
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III THE PERFORMANCE OF THE SCINTILIATION COUNTER-LENS SPEZCTEOMETER

SYSTEW IN THE MEASUREMENT OF BETA SPECTRA

ADJUSTUENTS AND CALIBRATION

The beta=-ray lens specirometer used in the following investigations
is fully described in an article by Hornyak, Lauritsen, and Rasmussen
(52 The spectrometer was modified from that described in the paper
in two respects: the end window Gelger counter was replaced by a scin-
tillation counter and the spectrometer coils were separated to form a
double lens configuration. The geometrical alignment was checked by
moving the vacuum chamber with respect to the axis of the ceoils and ob-
serving the intensity of the high energy internal conversion X line of
Th-D, The alignment was considered satisfactory when the intensity of
the X line was maximized, The compensation for the vertical component
of the earth's magnetic field was checked by rumning the Th-B I and F
lines (222 and 147 Kev respectively), The compensation proved to be sat-
isfactory as evidenced by the faect that the resolution for these lines
was the same as that for the high energy X line, which would not be the
case had the vertical component of the earth's field not been properly
compensated, The F, X, and I lines are shown in Figs. 2, 9, and 10,
The resolution of the spectrometer was thus about 2%. The effective
solid angle wes determined to be 2,4% of a esphere, Helieal baffles per-
mit observaition of electrons and positrons separately,

The spectrometer was calibrated with the Th internal conversion
lines, The lines with their corresponding values of momentum in gauss-

cm are presented in the following table:



Line Gauss -.cn

Th-D X 998¢.4 + 2,0(6)

Th-B I 1754,01%0,25(7)
Th-3 ¥ 1388,55+0,20(7)

Several independent determinations of the pesk position of these lines
were made and then averaged to give the calibration constant., The
calibration constants {gauss~cm/milli-volt) for the three manganin

shunts used are given in the following tables

Shunt B M, V,

10 amp, 42,2932 0,05
75 anp, 159,13 £ 0.1
150 amp, 317,15 £ 0,2

For the meaning and significance of the calibration constant, the
reader is referred to the article by Hornyak, lauritsen, and Rasmussen
(5).

In all subseguent investigations, the electron or positron
detector was a magnetically compensated stilbene scintillation counter,
The compensation was checked periodically by placing a gamma-ray source
in a fixed position external to the spectrometer proper and observing
the counting rates as a function of spectrometer current, Even for
the highest currents utilized in any of the given experiments, the
counting rates were constant, showing that the counter sensitivity was
not a function of spectrometer current, In addition to checking the
compensation, the scintillation counter itself was checked at the
beginning of a day's run with a gamma-ray source placed in a fixed
position, Integral bias curves, at different electron energies, were

run veriodically to check that the counter was operating satisfactorily.
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The counter proved to be quite stable as pulse height output for a
given electron energy was reproducible over a periocd of several months,
Thls lacl dlmplies Lhe use of a Lixed value for the high voltage on the

5819 photo-tube; the particular value chosen was 800 volts,

THE BETA SPECTRA OF Ne”< AND PR

Since Na?? and P32 are relatively long~lived and easily available,
they are ideally snited Tor checking the nerformance of the seintillation
counter=-lens spectrometer system in the measurement of positron and
electron spectra, Since the end-point energies and spectrum shapes
are well-known, they can also be used to check such items as scatlering,
and effects of source thickness and source backing, In addition, the
sceurately known end-point energies will provide a check on experimental
technique, and on the method in which the dats is analyzed 1o construct
a Fermi-Kurie plot,

The Na”~ (T’é? 2,6 years) was in the form of a solid sall of
sodium, The source was prepared by sandwiching a small gquantity of the
salt between scotch tape and # mil aluminum foil, The energy loss of
the positrons in the foil (1,7 mg/cm? thickness) is estimated to be of
the order of two to three Kev at most, The positron spectrum has been
investigated by llacklin, Lidofsky, and Wu(8), They find that the Fermi-
Kurie plot is linear down to 25 Kev, and that the spectrum end~-point is
54215 Kev, The experimentally observed momentum spectrum is shown in
Fig, 13,

The P32(T s 14.1 days) was in the form of a solution of a salt of
phosphorus., The source was prepared by placing a drop of the solution

on 0,15 mil aluminum, and then heating to drive off the solvent, The

electron spectrum has been studied by many investigators., The various
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determinations of the end-point energy are summarized in reference (9),
The weighted mean of all the measurements indicates that the end-point
ig 1,707 +0.004 Rlev(g). The Fermi-Kurie plet is linear down to at
(10) . ; ;
least 260 Kevi+Y/, The experimentally observed spectrum 1s shown in

Fig. 15,

METHOD OF ANALYSIS OF BETA SPECTRA

The Kaf? and P32 beta spectra (Figs. 13, 15) were analyzed by
extending the background tail to lower energies (see Fig, 15) and sub-
tracting the extrapolated background from the recorded counts at each
point, The major part of the extrapolated background is the constant
room bsckground., However, because the background tail does slope
somewhat, the net effect is thal an extrapolated straight line gives
more background counts at the low energy end of the beta spectrum, This
method of background subtraction, although questionable, is at least
gualitatively correct since one would expecl more scatbering the lower
the energy of the beta-rays, Since the slope of the background tail
is so slight, the assumption of a constant background for the spectrum
should yield about the same end-point, This point was checked by
calculations on the PP beta spectrum: assumption of either the constant
room background or the slightly sloping background gave the same end-
point to within one Kev, A constant background gave 1,711 liev while a
sloping background gave 1,712 Mev by least squares analysis,

The number of betas counts per unit momentum interval was obtained

by dividing the observed counts, corrected for background, by the

'

[119]

"indow" of the spectrometer at the given momentum setting, The other
P 5 g
alternative is to "unfold" the observed momentum spectrum with the

spectrometer resolution curve to obtain the true spectrum, Anaelyzing
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the Na?? and P2 by dividing the observed counts by the momentunm
window gave straight line Fermi-Kurie plots (Figs. 14, 16) and the
correct end-points, Hence the more laborious method of "unfolding!
can be dispensed with. The values of the Fermi function used in
constructing the Fermi-Kurie plots were obtained from "Tables for the
Analysis of Beta Spectra¥ pmblished hy the Hational Bureau of
Standards., In all cases, corrections have been applied for the effects
of screening by the atomic electrons, These corrections are also given
in the ahove tables.

Fig, 14 shows the resulting Fermi-Kurie nlot for Na®<, The

*

540 Kev end-point” is in agreement with the work of Macklin, Lidofsky,

and @n(g) . The Permi-Kurie plot is linear down to 200 Kev, the
lowest energy at which the spectrum was measured,

Fig, 16 shows the Fermi-Kurie plot for PBZ. The end-point
of 1,711 Mev is in agreement with the weighted mean of all the other
measurements(g) . The Fermi-Kurie plot is linear down to 330 Eev,
the lowest energy at which the spectrum was measured,

The above vrocedures and techniques, having been tested on

the Na?? and P32 and found adequate, have been applied in the analysis

of all subsequently measured beta spectra,

EXTENT ARD EFFECT OF SCATTERIN
Seattering potentially has the greatest effect in producing false

end~points and distorted spectra., For this reason, the extent and

#* The quoted end=-point includes a 3 Kev correction for energy loss
in the aluminum foil,
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effect of scattering in the spectrometer have been investigated in
some detail., That some degree of scatlering is present is evidenced by
the very slight tail observed beyond the end-point in both the Naf?
and P32 momentum nlots, Figs. 13, 15 respectively*, By tail is meant
the counts remaining beyvond the end-point of the beta spectrum after the
constant room background is subtracted, The magpitude of this tail is
quite small, being a few tenths of a percent of the peak of the beta
spectrum, For the Na®? the figure is 0,5%, while for the P3¢ it is
0,25%%%, This tail extends about 10% beyond the end-soint, and
eventually it runs into the zero current or room background., The
magnitude of the measured room background is of course dependent upon
how low Lhe counter blas is., Tor example, in the case of the ﬁazz
momentum spectrum the measured room background amounted to 135 counts
per minute, The corresponding bias was such that 200 Kev electrons
were counted with 100% efficiency. In the case of the PBZ, the
measured room background was 88 counts per minute, The background was
lower since the counter was biased so as to count 500 Kev elechrons with
100% efficicncy, The measurement of the ‘PBZ spectrum below 500 Kev
involved a change of bias to a lower value,

The fact that the assumption of a constant room background for
the entire p3R spectrum gave the correct spectrum shape and end-point
implies that the scattering at different points of the beta spectrum

ecannot be excessive, The amount of scattering at different points of

% Hornyak and Lauritsen(ll) in measurements on the N13 beta spectrum
observed a similar field sensitive background,

*% This discrepancy can be accounted for by the poor statistics (see
Figs., 13, 15)3 it cannot be accoun®dfor by the high energy beta-

?% f from NaR< since the ground state branching ratio is only 0,06%
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the beta spectrum was investigated by running integral bias curves,
If scattering were excessive, the plateaus of the integral bias curves
should show a nubticeable rise as the bias 1s lowered. This effect
has been cbserved near the end of a beta spectrum where the number of
scattered electrons is comparable to that of direct electrons, Bxperi-
mentally it is observed that if the zero current integral bias curve
is subtracted from the observed intezral blas curves, the vlateaus of
the resulting integral bias curves at different points of the beta
spectrum are flat within statistics, This fazect is illustrated in Fig,
17, which represents integral bias curves taken at different points of
the P32 beta spectrum,

The effect of counter bias upon measured spectrum end-point has
also been investigated. The P2 veta spectrum was run with two
different biases, It was observed thai, within statistics, the two
curves are identical if a correction is made for the increase of
recorded room backeround counts with lower bias., This again indicates
that the sealtering at different points of the beta spectrum cannol be
excessive, If scattering were serious, then a lowered bias would record
the low energy scatiered electrons, and the spectrum would deviate
from that observed with a higher bias,

The conclusion is therefore that a small degree of scattering is
present, However, the number of scattered counts at a given point of
the beta spectrum is of the order of the statistical variation of
measursd counts at that point, and hence scattering has a negligible
effect on spectrum shape and end-point,

Finally, the most effective argument for negligible scattering is

the fact that messurements on Na?? and P32 gave the correct end-points
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and straight line Fermi-Kurie plots down to 200 and 330 Kev

respectively,

EFFECT OF SOURCE THICKNESS

It is not entirely clear how the end-peoint is shifted or how the
spectrum is distorted if the beta-rays traverse a finite thickness of
meterial, The effect of source thickness upon spectrum shape and end-
point hes boen cxporimentally investigated utilizing the beta spectrum
of P32. The source was deposited on a gquartz film of measured thick-
ness 4,7 mg/cm2 . The spectrum was first measured with the elecirons
traversing zero thickness and then with the electrons traversing a
thickness squal to 4.7 mg/cm2 . Since it was realized that the shift
is quite small- of the order of 6-7 Kev - the spectrum in the two cases
was carefully measured, The staetistice at all points oxceot those close
to the end-point were good to 1%, which is equivalent to 10,000 counts
at each point. The respective measured spectra are shown in Fig, 18,
The dots correspond to the 4,7 mg/cm2 beta spectrum curve, By inspec-~
tion, it is seen that the 4.7 mg/cm2 curve is shifted bodily to a lower
energy.

Construction of Fermi-Kurie plots (Figs. 19, 20} for the two cases
shows that a thickness of 4.7 mg/cm2 reduces the measured beta spsctrum
end-point by 8 Kev., (The end-points were obtained by a least squares
analysis of the two sets of data,) This figure is reasonable since
electrons, on the average, lose about 1,5 Kev/mg/cmz if the electron
energy is greater than 400 Kev, Having determined the shift for a given
thickness, smpirical corrections can now be applied to those cases where
the beta-rays traverse a given foll thickness, In additicn, the Fermi-

Kurie plot of Fig, 20 yields a straight line, This fact indicates that a
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source thickness as great as 4,7 mg/cm2 produces no serious distortion

of the beta spectrum down to at least 330 Kev,

EFFECT OF SOURCE BACKING

By running the p32 beta spectrum with different thickncoses of
backing material, the effect of source backing upon spectrum erd-point
and shape was investigated. The spectra run with backing thicknesses
of 1 and 4,7 mg/cmz arc shown in Figs., 15, 18 (solid curve) respective-
ly., The Fermi-Kurie plots of the corresponding spectra, Figs, 16, 19
respectively, show that the end-point is not affected by backing thick-
nooss as would be expoected, The two end-points, determined by leazst
squares analysis, differed by one Kev, In addition, Fig, 19 shows that
a backing thickness as great as 4.7 mg/cm2 produces no observable dis-

tortion of the beta spectrum down to at least 330 Kev,



1V THE BETA-DECAY OF cil
INTRODUCTION

cll is a positron emitter with a half-life of 20.4 minmtes(lB),
It provides an example of a superallowed beta transition since the

11 11,

daughter nucleus, B-", is the mirror of It is therefore expected

ground siate of 311. The spectrum was measured by Townsendilé) » and
Siegbahn and Bohr (15) They found the beta spectrum to be simple,

In addition, Siegbahn and Peterson(lé) observed the absence of ¥-0
coincidences™ , The end-point determinations were: Townsend, 0,981%
0,005 Mev; OSiegbahn and Bohr, 0,9934 0,01 Mev, The main reason for
remeasuring the cll positron spectrum is that the above reported beta-
ray end-point energies are considerably higher than that expected from
the Bllipn} ¢1h threshold measurement, The threshold measurement
reported by Richards and Smith(l7) predicts a beita-ray end-point of

0.9584 0,003 Mev, The discrepancies thus lie outside the combined

probable errors,

EXFERIVENTAL METHOD
Radiocactive C1l was produced by the Blﬂ(dn)Cliyreaetion. The

B0 abundance)

target assembly consisted of a thin layer of B03 (normal
melted vobo an 0,15 wil aluwinum foil, This foil was then fastened to

s 4 mil supporting eluminum foil which had a 3/8 inch hole in its center,

#* They looked for coincidences between arnihilation radiation and
ZAMMO-TEY D,
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Since the production of Pl7 positrons would interfere with the beta
spectrum measurements, the target was bombarded with 1,77 Mev deuterons,
The bombarding energy is below the Olé(dn)Flv threshold at 1,836 Mev(lg).
A bombardment of 20 minutes with a beam current of 0,5 ua was sufficient
to produce a usable activity. AL the end of the bombardment, the
accelerator was shut down and the target was reversed before counting
commenced, Reversal of the target means that the bombarded 8203 now
faced the scintillation counter end of the spectrometer so thal the
majority of the positrons traversed zerc source thickness, The spectrum
was normalized by referring all points to a fixed point in the spectrum,
Each voint in the spectrum was determined by the following procedure:

at a particular field setting, counts were recorded for one mimute, The
counter was then turned off for one minute, during which time the
spectrometer current was changed back to the reference field setiing,
The counts at the reference setting were then also measured for one
mimite, Although the accurately known half-life could be used for
normalization purposes, 1t was felt that the above more tedious proce-
dure wes more accurate since the counts at each point were directly
compared with the number of counts at the reference point of the beta
spectrum, Counting was carried out over one half-life or 20 minutes,

in which time 5 points could be determined, During each counting
interval, the half-life was carefully checked. In all cases, the
counting rate does drop to half-value in 20 mimutes. This agreement
with the known half-1ife provides en added check that the positrons

gll + The turning on and off of the counters

being counted are from the
for 1 minute intervals was accomplished by a set of relays actuated by

a synchronous motor,
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POSITRON SPECTRUM

The observed momentum spectrum is shown in Fig, 21, Beyond the
end-point a slightly sloping background is again observed, This tail
is well understood from studies of the We*< and P3° beta spectra,
Subtracting the background and meking the usuel Fermi-Kurie plol yields
the straight line of Fig, 22, An average of three determinations gave
an end-point energy of 9708 Kev”, A least squares analysis was also
made for one of the three sets of data; the graphical and least sguares
solutions agreed Yo within two Kev, Fig, 22 shows that a straight
line fite the Fermi-Kurie plot down to at least 255 Kev, The

measurements were not carried below this value since the background

correction, resulting from the lowered bias, was appreciable,

DISCUSSION

The end-point energy of 970 Kev coupled with a half-1ife of 20.4
minutes gives an fi-value of 4170 seconds, Hence the fi-value confirms
the fact that the transition is superallowed since c11 ang BLL gre
nirror nuclei, The fi-value lles wilithin the accepiled range for mirrvor
transitions: £t between 1000=-3000 seconds,

Examination of the level scheme for Bl reveals that the
posslbility of a delayed gamma=-ray being assocleted with the belu-decay
ig definitely ruled out by energy considerations: the first excited
state of Bl has an excitation energy of 2,14 Mev above the ground
stale,

The end-point determination lies between the previously measured

% Includes a 1 ¥Xev correction for sourece thickness,
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end»points(i4>,(15) and that predicted from the threshold measurement,
The combined probable errors overlap in all cases with the exception

(16) . vy

of the end-point reported by Siegbahn and Bohr The present
results therefore do not indicate whether the previous beta-ray or

threshold measurement lies closer to the truth,.
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V THE BETA-DECAY OF Fi7

TNTRODUCTION

The ground and excited states of the mirror nucleid 07 and FL7
have been extensively investigated(lg), It has been generally
concluded that the ground and first excited states of these nuclei
have spins and parities given by J = 5/2 + and J = 1/2 + respectively
(see Fig,26), Since 016 has spin zero and even parity and represents
the closure of the p-shell, this would indicate on the shell model
that the extra neulron or proton ocutside the closed shell has the

AL -values 2 and 0 respectively,

pl7 ol7.

is unstable for positron emission to The reaction

F7( B8*) 017 nas been known for a long time (20) ; in fact a standard
way of detscting the capture of protons by Olé is by observing the
(21)

decay positrons of the Flv. Previous investigators observed an
excess of positrons at the low ensrgy end of the beta spectrum, This
was interpreted by Bethe, Hoyle, and Feierls(zz) to mean that the
actual specirum was complex with a low energy component going to an
excited state of 017 , This supposition was apparently confirmed by
V., Perez~llendez and P, Lindenfeld(ZB) whose work indicated that the
spectrum was complex with two components of maximum energy 1.72 and .78
lev respectively, The ft-values of the high and low energy components
were respectively 3240 and 350 seconds, In addition, a gamms-ray of
energy ,98 1,05 lev (T’éé 70 sec,) was observed,

An allowed [i-value of 3240 seconds for the ground state transition

is in agreement with the theory of mirror nuclei, The ground state

transition is AJ = 0; no, and hence allowed on either the Gamow=



T
Teller or Fermi selection rules, However, an ft-value of 350 seconds
for the excited state transition is unexpectedly small, For this case,
the assignment of spins and parities discussed sbove predicts according
to either the Fermi or Gamow-Teller selection rules a second-forbidden
transition, with 2 spin change of two units and no change in parity,
Thug a much larger ft-value than that reported in reference (23)
would be expected,

A later publication by Perez~llendez and Lindenfeld(QA) reporied
that the originally observed gamma-ray does not exist, In view of this
result, it may be concluded that the beta spectrum is simple, and the
contradiction discussed in the previous paragraph is removed, ©Since
however, the bebta spectrum has not becn remeasured, it was thought
worthwhile to reinvestigate the positron spectrum in order to check the
linearity of the Fermi-Kurie plot and in order to determine more
accurately its end-point, For the sake of completeness, a search for

delayed gamma radistion following the beta-decay was also made,

SEARCH FOR DELAYED GANMA RADIATION

L careful search was made for 874 Kev delayed gamma radiation,
This radiation is emitted if the beta-decay has a branch proceeding to
the first excited state of 017, The search was made with both the lens
and scintillation spectrometers, In the scintillation spesctrometer
studies, the deuteron beam struck a thick quartz slab mounted within an
evacugted target chamber, In the lens spectrometer studies, the
deuteron beam was brought directly into the vacuum chamber of the
spectrometer in order to bombard a quartz target at the source position,

In the lens spectrometer search, the target assembly consisted of

g 31 mil quartz (ﬁiOz) slab, 100 mil aluminur absorber, and 23,2 mg/emz
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thorium converter., Before an effective search can be made, it is
necessary that the shape of the photo-peask and Compton edge for an
874 Rev gammo-ray be accurately known, To this end, the 274 Kev
prompt gamma-ray fromthe Glé(dp)017* reaction was measured with the
above target assembly, The deuteron bombarding energy was 1,77 lev,
which is below the 016(dn)Fl7 threshold at 1,836 Mevi18), The
observed conversion spectrum from the 874 Kev prompt gamma-ray is
shown in Fig, 23 (dotted curve), The spectrum was normaslized by
monitoring the prompt gemma-rays with a Geiger monitor, The position
of the K photo-peak yielded an energy of 872 Kev for the gemma-ray
energy, in agreement with the results of Thomas and Lauritsen(zﬁ).

In the search for the delayed gamma=-ray following the F17 beta-
decay, the region of the 874 Kev K photo-peak was surveyed with the
lens spectrometer, To show that posiirons were being produced anﬁ
to check the method of normalization, the K photo-peak from the
annihilation radistion was also measured, The results are shown in
Fig, 23 (eircled curve), The position of the K photo-pesk yielded an
energy of 507 Kev for the annihilation radiation., The agreement is
satisfactory in view of the fact that the photo~-peak was not determined
with a high degree of precision, The asymmetry of the photo-peak is
caused by the fact that for annihilation rediation a 23,2 mg/bmz
thickness of thorium amounts to a thick photo-electric converter.
This point is discussed fully in the article by Hornysk, Leuritsen,
and Rasmussent5) o

The procedure followed in obtaining the delayed spectrum was to
bombard the target with 1ua of 2,32 liev deutercns for two minutes

with the detector and monitor furned off, In order to avoid counting
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the intense prompt radiation, the high wvoltage on the Geiger moniteor
was reduced to below the threshold value during the bombardment period,
At the end of the bombardment period, the voliage on‘the electrostatic
generator was turned down mainly to reduce the background counting
rates for both the detector and monitor counters, An additional 25
seconds was introduced boitwoon the end of the bombardment and the
turning on of both counters in order to allow the ngaﬂtivity (71 1" 4,6
seconds) to decay. The detector reading was normalized to a fixed
monitor reading., The monitor ecounter recorded the annihilation
radiation from the target, and counting was carried on for 90 seconds,
or approximately 1,5 L7 naif-lives,

In Fig. 23, the conversion electrons from the prompt and delayed
radiation as measured with the lens spectrometer sre shown, The
prompt radiation spectrum (dots) displays the usual Compton edge, K,
and L photo-peaks from conversion processes while the corresponding
delayed radiation spectrum (circles) displays no such structure,

This then indicates the absence of 874 Kev delayed gamma radiation,
Gongegquently, it can be said that the beta-decay of F17 shows no
visible branching to the known 874 Kev level in 0l7 . From the Geiger
monitor readings and the areas of the K vhoto-peaks, the yield of
positrons and prompt gamma-rays was caleculated, Doth methods gave
sasentially the same answers: the prompt radiation spectrum corre-
sponded to the production of 2,1x109 874 Kev guantas; the delayed

spectrum corresponded to the production of 1.0x10%* positrons, The

#* lNeasurements indicate that, at most, 2% of these positrons are from
the P30, This ficure is very nearly equal to the ratie of the
abundances of $i29 to 010 in guartz. 3Since the statistical variatign
of Geiger monitor counts amounted to about 3%, the éffects of the P O
positrons can be neglected,
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dashed curve of Fig, 23 corresponds to the expected K photo-peak if
all the positrons went to the 874 Kev level in ol7, The delayed
spectrum in the region of the 874 Kev K photo-peak is essentially
flat, The observed scatiering of points can be fully accounted for
by the statistics., Hence the statistical variation of counts sets an
upper 1imit upon the possible existence of an 874 Kev delayed K photo-
peak, TFrom the statistics, it is concluded that in the beta-decay
of F17 less than 2% of the beta transitions result in 874 Kev delayed
gamma radietion., This estimate is consistent with a later one based
‘upon an examination of the Fermi-Kurie plot,

The seareh for the delayed gamma-ray was also made with the more
sensitive technigues of scintillstion spectroscopy since it 1s known
that a scintillation counter can detect a gamma ray whose intensity is
an order of magnitude weaker than that which can be detected by a lens
spectrometer, The light pulses from a Nal scintillation counter were
displayed on an eoscilloscope and photographed, Photographé of the
delayed gamma radiation spectrum revealed, however, a gamma-ray whose
energy was considerablyhigherthan 874 Kev, DBy direct comparison with
the Na2? §-ray (8 y = 1,275 lev), the energy of this delayed gamma=
ray was determined to be 1,32%0,07 Nev, The half-life of this gamma-
ray was observed to be much shorter than the F17 palf-life of 66
seconds, since this asctivity disappeared completely in a time comparable
to the FL7 half-life, By allowing the short-~lived activity to decay,
a search was then made for 874 Kev delayed ¥-radiation presumably
nooocioted with the beta-decay of Fl7. The seintillation spectrometer
was calibrated with the 874 Kev prompt gamma-ray from the @1é(dp)@lv*
reaction, In all photographs, intense annihilation radiztion was

observed, but no indications were found for the existence of 874 Kev
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delayed gamma radiation, This result is in accord with that obtained
by #, E. Myerhof(26>of Stanford who reports "....in the beta-decay of
FL7 less than 1 percent of the beta transitions result in gamma
radiation,”

The assignment of the 1,32 Hev delayed geamma-ray to the beta-decay
of §29 is based on the work of Hoderick, Lonsjo, amﬁ%eyeﬁbof<27) who
report the beta-decay of P29 shows branching to excited levels of 5129
at 1,28 and 2,43 Mev, There were also indications in the scintillation
spectrometer studies for the presence of a 2,43 lMev delayed gamma~-
ray, but guantitative measurements of energy were not made, This
assignment of the 1,32 lev delayed ¥-ray is plausible since in the
course of work done with quartz targets the PRY activity{28> was
actually identified by rough energy and half-life measurements: the
end-point energy was roucghly 3,810,2 liev, and the halif-life was
approximately 5 seconds, The production of 29 is energetically
possible since the Sizg(dn)Pz9 reaction has a (=value of 0.29+0.04
1),

POSTTRON SPECTRUM

The first attempts at measurement were made employing 3/4 mil
quartz films, These measurements were unsallslactory bLecsuse two
additional setivities were found teo be present, These activities were
positrons from P29 and PBO, produced by (dn) reactions on 5128 and
5129 (29) respeclively. The p30 activity was identified only through
a half-life determination of roughly 2.4 minutes, Pb0 targels evapo-
rated on 0.15 mil aluminum foils proved to be guite satisfactory, as no
aclivity other than the 66 second FL7 activity was obsorved., These

targets were supported by 3 mil aluminum foils which had 3/8% holes in
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their centers; these were used in all subseguent bsia spectra
measurements,

The problem of normalizing the different points in the positron
spectrum turned out to be quite iroublesome, It is true that anni-
hilation radiation is present, but this originates mainly from positrons
being stopped in the spectrometer walls sinece the targets are thin,
and since the positrong are bent by the magnetic field it is conceivy-
able that the amount of annihilation radiation as seen by the monitor
counter is a function of spectrometer current%. In the absence of any
other simple normalization methods, the spectrum was normalized by
referring all measurements to one point in the spectrum, Each point in
the spectrum was determined by the following procedure: at a
particular field setting counts were recorded for 30 seconds, The
counter was then turned off for 30 seconds, during which the spesectrom=
eter current was changed back to the reference field setting. Finally,
counts at the reference setting were recorded for 30 seconds, This
method has the advantage that the normalization does not depend upon
the half-life of the decay. The counter was turned on and off for 30

second intervals by means of relays actuated by a synchronous motor,

#* This difficulty does not aprear when normalizing the delayed gamms
radiation spectrum, In this case, half of the positrons produced
near the ounter surface of the quartz target is stopped by the 31
mil guartz slab and 100 mil eluminum absorbsr, The number of
annihiletion gquanta from the target assembly is thus equal to the
number of positrons produced, The remaining positrons being
stopped in the spectrometer walls give rise toa diffuse source of
anmihiletion radiation, This latter radiation does not contribute
appreciably to the monitor counting rate as the monitor is shielded
with lead in such a manner ag to accept only radiation from the
direction of the target assembly,
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The bombardment time was of the order of 2 minutes, at the end of
which the voliage on the electrostatic generator was turned down bhefore
the counting intsrvel sitarted, mainly to reduce the background counting
rate,

The observed momentum spectrum is shown in Fig, 24, Beyond the
end-point, o gradual deecreasss in the background with increasing field is
discernable, Eventually the background runs into the zero current or
room background., The same sort of phenomenon is chbserved in the momentum
spectra of Naf2 and fr’32, and is to he atitributed to the small degres of
scattering present in the spectrometer, This point has been adequately
discussed in section III and need not te entered into here,

Subtracting the background and making the usual Fermi-Kurie plot
for F17 yvielded the straight line of Fig, 25, An average of three
determinations yielded an end-point energy of 1,749%0,006 Nev., This
is in agreement with the results of V, Ferez-liendez and P, Lindenfeld
(QB)Who report the end-point energy as 1,7210,03 Mev, A least
squares analysis was also made of the three sets of data, and it was
discovered that the graphical and least sguares solutions agree to
within 2 Kev,

The Fermi-Xurie plot is linear from the end-point on down to an
energy of around 500 Kev, which is the lowest energy at which the spec-
trum was measured, If the spectrum were complex, a deviation from
linearity should occur at around 875 Kev, ©OSince thls is not observed
experimentally, it is concluded that the beta spectrum consists of

only one component, The deviation from linearity observed in reference
o oy

(23) at around 775 Kev is presumaebly due to scattered positrons caused
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by excessive source thickness,

DISCUSSION

The present investigation shows the absence of any 874 Kev
delayed pamma radiation associated with the beta=decay of F17, The
lens spectrometer studies indicated an upper limit of 2% for the
excited state branching ratio, This is in agreement with the results
obtained in references {24) and (26),

Deuteron bombardment of quartz (8102) targets reveals, in addition
to the #l7 activity, the presence of p2? and PBG nositron activiiy,
The assignment of the 1,32 20,07 Mev delayed gamme-ray to the beta=-
decay of P2? is based mainly upon the work of Roderick, Ldnsjo, and
Meyerh@f(27).

The beta spectrum consists of one component of maximum energy
1,749+ 0,006 ¥ev, This value is in agreement with that calculated
by 1i(Das 1.745+0.006 liev, The calculation is based on the
threshold measurement for the Dlé(dn}Fl7 reaction, as well as the §-
value for the Olé(dp)017 reaction,

The beta spectrum is of the allowed shape: a straight line fits
the Fermi-Kurie plot from the end-point on down to 500 Kev, From an
examination of the Fermi-Kurie plot, an upper limit can be put on the
transition to the known 874 Kev level in 017, If the excited state
transition does occur, its intensity is less than 1 percent of the
ground state transition, This result is again in agreement with the
result of W, E, leyerhol (26) o

The experimentally determined half-life was 66,0+1,8 seconds,

This value coupled with the end-point determination gives an ft-value
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of 2420 seconds for the ground state transition, This transition then
belongs to the class of so-cslled "superallowed" of "Figner" transi-
tiong where the fi~values lie between 1000-5000 seconds, “Superallowed”
transitions are transitions beitween states whose wave functions are
very similar, This is precisely what one would expect since the
transition ocours betwsen the ground states of twe mirror muclel, rl7
and 017,

The minimum fte-value for the excited state transition is 2 =z 104
sceonds, i.,e, £t 22 x 104 seconds and is probably much greater,
This is reasonable since the assignment of spins and parities to the
levels prediets a second-forbidden transition (ft of the order of 1013

seconds)(30>.

SUMWMARY
The F17 (B8%)017 reaction has been investigated with a magnetic
lens spectrometer employing sources activated by the ():i*é(cln)Fl'7

F17 consists of one component of

reaction. The positron spectrum of
maximim energy 1.7492%0,006 Mev, The Fermi-Kurie plot is linear from
the end-point down to 500 kev, Beta-ray branching to the first excited
state of 017 at 87, Kev, if present, is estimated to have a relative
intensity of <1% of the ground state transition, This estimate is
consistent with the failure to observe any 874 Kev delayed gamma
radiation in conjunction with the annihilation radiation, The lens
spectpometer studies indicated an upper limit of 2% for the excited
state branching ratio, The fi-value for the ground state transition 1is

2420 seconds, while the minimum ft-value for the excited state

transition is 2 x 10& seconds,
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The search for delayed gamma radiation, which was made employing
guarbz (SiOZ) targets, reveals however the existence of a 1,3220,07
Mev delayed gamma-ray, The assignment of this gamma-ray to the beta-
decay of p29’ produced by the Sizg(dn)i)z9 reaction, is based mainly

upon the work of Roderick, Lonsjd, and &@yerhof(27).
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VI THE BETA-DECAY OF FR0

INTRODUCTION

Previous iﬁvestigators(al),(az} hawve shown that the mein body of
the beta-decay of 720 proceeded to an excited state of Ne?0 with the
subsequent emission of 1,63 lMev gamma radiation, However, there was
no general agreement as to the end-point energy of the intense beta
component, nor as to the complexity of the electron and the delayed
gamma radiation spectrum, It was primarily in the interest of
clarifying these points that the present investigation was undertaken,

After the investigation was begun, it was learned that D, E,
Alburger at Brockhaven had worked on the same problem, His results,
then communicated prior to publication but now recently p\}.blishe&(gg) 5
did not agree with either Jelley or Littauer, The results of the
present investigation however, confirm those obtained by Alburger.

The conflicting results of Jelley, Littauwer, and Alburger are
summarized below:

Jelley (31) finds the gamma~ray spectrum to be complex: the gamms
radiation consists of two components of energy 1.64%0.05 and 2.45 %
0,06 Mev, having an intensity ratio of 8.4 to 1, The beta spectrum is
composed of one component of maximum energy 5,03+0,05 lev,

Littauer(32) finds that the gamma-ray spectrum is probably complex,
He observes a strong gamma-ray of energy 1,63%0,02 Mev, which is
associated with the main body of the 122 beta-decay., In addition, he
observes a weak 1 lMev gamma-ray whose alloecation to the 7R0 beta~decay
cannot be excluded., The 2.45 Mev gamma-ray reported by Jelley is not

observed, The electron spectrum is complex in that 3.5 percent of the
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transitions occur directly to the ground state: Ef;(max} = 6,74+
0.1 Mev, The more intense beta group has an end-point energy of 5,33
+ 0.05 lev,

Alburgﬁr(33> finds both the beta and gamma spectrum to be simple,
The electron specirum consisis of one component of maximum energy
5,406+ 0,017 Kev, The beta-decay proceeds to an excited state of
Ne2C which decays by the emission of 1.631%0,006 Mev gamma radiation,
Beta~ray branching to the ground sitate of Nezo, if present, has a
relative intensity of less than 1 percent. The 1 and 2,45 Mev gamma-
rays observed by Littauer and Jelley respectively are not observed.

In addition to clarifying the decay scheme, the present invesii-
gation was undertaken for the purpose of determining accurately the

720 - Ne?C atomic mass difference. This mass differsnce, in conjunc-

tion with the G=values for the reactions NezO(ép)ﬁegl,~Q = 4,529 +

.

0.007 Hev(34) s and Flg(dp}Fzga Q= 4,373+£0.007 Hev(35) , can be

used to predict the G-value for the Nezl(dcc) F19 reaction, This
measurement has recently been carried out in this laboratory by W.
Whaling and G, ﬁiéeikowsky(Bé) . 1t is therefore of inleresi to see
how well the predicted wvalue agrees with the measured one,

The #20 - 3§60 mass difference and the Ne*t(d a’)F19 G=value

in themselves are of importance since they provide Q-value links
between the elements lighter than fluorine and those heavier than
neon, Based solely upon nuclear itransmultation energies, the masses of

the nuclel heavier than neon can then be related to 016. This has

recently been done by C, W, Li{9> of this laboratory,
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EXPERTVENTAL NETHOD
Radiocactive F20 (1’1 = 11,4 sec,) was produced by the Flgidp)on
g

reaction; CaF2 targels were bombarded with 2,3 Hev deutsrons from
the 3-lev Kellogg Hadiation laboratory electrostatic generator,
The deuteron beam was brought directly into the vacuum chamber of the
spectromebter to bombard targets at the source position, The eleciron
detector was a magnetically compensated stilbene scintillation counter
(see Fig,12), Experimentally, it was observed (see Part II) that the
pulse height cutput of the counter was directly proportional to the
energy of the electrons being focused, This useful property enables
one to distinguish between direct and scattered electrons, since the
latter are usually much degraded in cnergy. One thercfore has to run
integral blas curves and see whether or not the integral bias steps
move properly with respect to the energy of the electrons supposedly
being focused, In this manner it was shown, see next section, that
the counts beyond the end-point of the intense beta component are pre-
dominantly scattered electrons and room background., The monitor counter
was a conventional Geiger counter which was shielded by lead (excant
in the direction of the target) to reduce its background counting rate,

Primarily to avoid counting the intense prompt radiation, the
counters were turned off during a 6 sscond bombardment period., &n
0,2 second delay was introduced belween the end of the bombardment and
the turning on of the counters to insure that only the delayed redis~
tion was being counted and monitored, During the 5.2 second counting
period, the deuteron beam was interceplted by a tantalum-backed beam
chopper, This cycle was repeated until the monitor counter recorded

a fixed number of gamma=-ray counts, which indiecated that a certain
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number of beta disintegrations had occurred., The turning on and off
of the counters and the operation of the beam chopper were accomplished

by a system of relays actuated by a synchronous motor,

ELECTRON SPECTRUM

For the beta spectrum measurements, a thin layer of Gan was
evaporated on 0,1 mil nickel foil, This foil was supported by a 5 mil
aluminum foil which had a 3/8 inch hole in its center, The observed
mopentum spectrum is shown in Flg, 27, Beyond the 5,42 kev end-point
of the intense beta component, the counts do not go to zero, In
order to ascertain the nature of these counts, the energy distribution
of the electrons at a spectrometer setting of 5.69 lev was analyzed
by running sn integral bias curve with the scintillation counter
detector, To show that the counter was operating satisfactorily and
also for purposes of comparison, integral bias curves were also run at
spectrometer settings corresponding to 5.22, 4.74, 4.27, and 3,80 lev,
The results are shown in Fig, 28, These curves have been normslized
to take account of the fact that the bete spectrum counts beyond the
maximum decrease with increasing energy. The 5.22 lev curve, being
close to the end-point, has been corrected for background and for the
effects of scattered electrons. Both produce a pronocunced sloping
plateau on the 5,22 Mev integral bias curve, The 5,69 lev curve has
only teen corrscled for background: an integral bias curve was tsken

with zerp spectrometer current and then subtracted from the observed

5,69 curve™, The zero current integral bias curve 1s ghown in Flg, 29

¥ To be strictly correct, the high fileld and not the zero current back-
ground should be subtracted., The two are the same since the back-
ground tail of Fig, 27 at high fields runs into the zero current
background,
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(curve with circles), and represents the energy distribution of room
baekground and background from the FR0 (8 1eR0 reaction,

In Fig

o

28, it is seen that the integral bilas curves below the
5.69 Mev curve all show a plateau, indicating that electrons of one
energy are being counted. Nore important, the integral bias steps
move correctly with respect to the energy of the electrons being
focused, The 5,69 liev curve shows no plateau; in particular, since the
integral bias curve is a2 sloping straight line, ites differential bias
curve is & rectangle, which indicates that all energies below a certain
maximum are equally probable, This end-point lies roughly at 4 Nev,
and this ie the maximum energy of the electrons present although the
spectrometer is set to focus electrons of 5,69 Mev kinetic energy,
These curves show rather convincingly that the counts beyond the end-
point of the intense beta component, after subtracting background, are
almost entirely caused by scattered elecirons,

The 5,69 Mev integral bias curve has been examined in greater
detail in order to ascertain how many of the recorded counts are back-
ground and scattered electrons and how many could reasonably be
attributed to a high energy component arising from a ground state beta
transition. The situation is depicted in Fig, 29, The momentum spec~
trum of Fig. 27 was run with a counter bias of 10 volis, which corres-
ponds to counting all electrons whose energy is greater than 900 Kev,
The nmumber of counts at 5,69 Mev was 779, and this agrees with the
number observed at a setting of 10 volts on the 5,69 Mev integral bias
curve. In Fig, 29 the curve with the dots corresponds to the 5,69 Mev

curve with background included., The curve with the circles corresponds
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to the Integral bilas curve of the background taken wilh zero spee=-
trometer current. At 100 wvolts, the difference between the two curves
amounts to 3 counts. These counts are presumably scatiered elsctrons,
but the possibility that they represent high energy beta-rays cannct
be excluded, Since 100 volts corresponds to the setting at which 2
5,69 Mev integral bias step reaches half maximum, the maximum number
of high energy counts that could be present is six, This is depicted
in B of Fig, 29, Therefore of the 779 counts recorded at a bias
setting of 10 volts and a spectrometer setting of 5,69 lev, 490 counts
aerc duc to background, The remeining 289 counts (0,5% of the pesk of
the beta spectrum) are due almost entirely to scattered electrons as
shown in Fig, 28, If a high energy beta component were present, then
not more than 6 of the 289 counts could reasonably be attributed to it,
Beta=ray branching to the ground state of Nego, if present, is then
estimated to have a relative intensity of less than 2.4 x 10~% of the
main excited state itransition,

Subtracting out the background and making the ususl Fermi-Kurie
plot yielded the siraight line of Fig, 30, A straight line fits ths
date from the end=point on down to 400 Kev, The dashed portion repre-
sents data taken after the counter bias was reduced to count all elec-
trons of energy = 400 Kev., A least sguares analysis of the four sets
of data gave an end-point energy of 5.419+0.010 ?@Eav%. The probable
error includes the random errors as well as an estimate of the

systematic errors,

% The quoted end-point value includes a 3 Kev correction for energy
loss in the HNi foil,
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GANMMA RADIATION SPECTRUM

For the delayed gamma=-ray measurements, a 40 mil CaFo crystal,

150 mil copper absorber, and a 23,2 mg/cm2 thorium converter were used,
The observed svpectrum is shown in Fig, 31. One sees the Compton edge,
K, and L photo-peaks from a single gamma-ray, No gamma=-rays of energy
1 and 2,45 Mev with an intensity comparable with the main gamma transi-
tion are observed.* From the linesrity of the Fermi-Kurie plot, Fig,
30, in the region around 4,60 WMev, it is concluded that if a 2,45 Mev
gamma~-ray were assoclated with the =0 beta-decay, its intensity is
less than 1 percent of the main gamme transition, Similarly, the analy-
sis of the 5.69 Mev integral bias curve has shown the absence of beta
transitions to levels below the 1,627 Mev level in ﬁega., Hence if a

1 Mev gamma-ray were associated with the FZO beta=-decay, its intensity
is less than 2,4 x 1074 of the main gamma transition,

The gamma-ray energy was obtained by adding the K binding energy
of thorium plus a converter shift correction(S) to the measured energy
of the K photo=-electrons, An average of four independent determina-
tions yielded 1.627 * 0,005 Mev as the gamma-ray energy., The position
of the Compton edge is consistent with a gamma-ray of this energy. The
K photo-peak is shown enlarged in the upper right hand corner of Fig,3l.

Primarily to check upon the sccuracy of the gamma-ray measure-
ments, the 1,3332 * 0,0015 Hev o0 photo-electric pesk was run using
the same absorber and converter geometry. An average of two determina-

tions gave 1,332 lev as the gamma-ray energy. The error lies within the

# Seintillation spectrometer studies on the delayed radiation confirm
this result,
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guoted probable error of =% 0,005 Mev for the gamma-ray measurement,

DISCUSSION

The present investigation shows the beta and gamma spectrum of
the F20 beta-decay to be simples the beta-decay proceeds to an excited
state of Nezo which decays by emitting 1,627 X 0,005 Nev gamma radia-
tion, These results are in agreement with the results of Alburger and
in disagreement with the results of Jelley end Lititsuer,

Adding a 1 Kev correction for recoil (calculated correction being
LR Kev), the 720 - %620 atomic mass difference is 7,047 + 0,011 lev,
Thie is in agrosment with the walue 7,038 * 0,012 lev determined by
Alburger(BB) R Usiﬁg Li's value of 20,006350 %17 MU for the mass of
FEG(QZ the No?lnass is 19,998782 * 21 WU, The conversion factor of
931,152 Nev per WU was used, This value for the %ezg mass is in agree-
ment with the mass spectroscopic determinations of Ewald: 19,998771
+12 w37 | and of Nier: 19998835 * 43 uU(%8) | the latter within
the combined probable errors,

Using the Q-values for the Flg(dp)on and Nezo(dp)N821 reactions,
the predicted Q-value for the i\éezl(d o )Fl9 reaction is 6,442 +0,017
Mev., This is in agresment with the value as determined hy Whaling and
Mileikowsky: 6,432 * 0,010 Mev(Bé) .

The end-point energy of 5,419 % 0,010 Mev coupled with a half-life
of 11.4 seconds gives an fi-value of 9.73 x 104 seconds for the exeited
state transition, This value is considerably higher than the ft-values
for the class of mirror nuclei itransitions, fi between 1000-5000 sec-
onds, The transition is allowed unfavored in the sense that the wave

functions for the final and initial nucleon states do not quite overlap,
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The transition is AJ = 0, 1; no, Since the parity of the 70
ground state is even(39) » the first excited state in Ne0 must then
also have even parity,., This is not in agresment with the resulits of
Huby and Newns(40) ; they find that the 1,63 Mev level in Ne?0 has odd
parity,

Using the upper limit of 2.4 x 1074 for the ground state branching
ratio, the minimum ft-value for the ground state transition is 1.3 x
109 seconds (log £t 209,1), According to Nordheim's (41) empirical
clagsification of ground state beta transitions involving even A
nuclei, this transition is at least first forbidden (A4J = 2; Yes). An
AL -forvidden transition (4J = 1; No, Al=2) is just possible since
tho log fi-valuce for this claoss of itransitions range betwesn 5,0
to 9,0, The remaining alternative is that the transition is second or
higher forbidden (A J = 2; No, or AJ > 2), Since the F*U ground
state has sven parity(Bg) , the only alternatives possible are the £,
second, and higher forbidden transitions as the 1e<0 ground state is
presumably even parity, Since the Ne<0 ground state is presumably spin
zero, the possible assignments for the 720 ground state are then 1+, 2+,
and 3+, the 1+ being barely possible,

The recently published results of Bromley, et al.(39} , indicate
that the ground state of 7RO is 1+, The premnd state transition Is
then A J = 1; no, and hence allowed on Nordheim's classificatian(él),
To explain the lack of bets transitions to the ground state as observed
vy Littaner(32) | they postulated an £-forbidden transition as is done
in the previous paragraph, They conclude that a single-particle model

is inadeguate to account for their observatlions on the Fe0 ground state,
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4 2+ or 3+ assignment, however, is very probable on the hasis of
the present experimental results, These assignments are compatible
with Lhe shell model ploture: the odd proton is 81/2 while the odd

neutron is dg/@ or D}/z. These can combine to give 2+ or 3+,
A i

Fme

SUMMARY
The electron and gamma-ray spectrum associsted with the F<0
beta-decay haz becon invoshbigoted with a magnetice lens spectrometer,
The electron spectrum consists of one component of maximum energy 5.419
+ 0,010 Mev, The beta-decay proceeds to an excited state of NeC which
decays by the emission of 1,627%0,005 lev delayed gamma radiation,

F

The beta spectrum is of the allowed shape: the Fermi-Kurie plot is
linear from the end-point down to 400 kev, The fte-value of the
transition to the excited state is 0,73 x 104 seconds.

A magnetically compensated stilbene scintillation counter has been
employed to show that the counts beyond the end-point of the intense
beta component are predominantly scattered electrons and room back-
ground, Beta-ray branching to the ground state of Nezo, if present,
ig estimated to have a relative intensity of less than 2.4 x 1074 of
the main excited state transition, The minimum fi-value of the
transition to the ground state is then 1.3 x 107 seconds (log £t 2 9,1).
This lower limit for +the log fi-value suggests that the spin of the o0
ground state could be either one, two, or three if even parity is
assumed, The 1+ assignment, recently reported by Bromley et al., is
just barely possible on the basis of the present experimental results,

. a . 20 .
The possible ascignments for the Ne<O excited state are 1+, 2+,

and 3+ since the excited state transition is AJ = 0, 1; no. According



to the empirical rule of Goldhaber and Sunyar(ég) regarding the first

excited state of even-even nuclei, the assignment is most likely 2+,
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