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Alpha active platinum isotopes : et

Antti Siivola ®

Lawrence Radiation Laborafory' .
University of California **

Abstract:
Nine new alpha active platinum isotopes have been iden-
tified among reaction products in heavy ion bombardments of va-

rious rare earth targets. Earlier results on the decay of l82Pt,
183 184

. "Pt, and 7" 'Pt have been verified. The measurements were per-
formed by using a fast recoil collection apparatus, and the iso-
topes were identified by cross bombardments and excitéfion func-
tion measurements, The decay charactéristics of the nuclei studied

are as follows:

" E (MeV) T/,
184py 4,50 * 0,02 16.5 * 2 min
183py 4,73 * 0,02 7.0t 2,5 min
182p¢ C 4,84 % 0,02 3,0 * 0.2 min
18lpy 5,02 * 0,02 51 *5s
180py s.1w * 0.01 50 *s5s
17%p 5,15 * 0,01 33 tuns -
178py .4kt 0,01 21,8 % 1.5 s
177py 5,51 ¢ 0,01 6.6 * 1,0 s
M0t 5,78 % 0,01 6.0 * 0.5 s
1755 5,95 * 0,01 2.1 % 0.2 s
17y 6,03 * 0,01 0.7 * 0.2 s
173py 6,19 * 0,02 2

14 Present address: Department of Nuclear Physics, University
of Helsinki., Helsinki. Finland



1. Introduction

It has been known for a few years that natural platinum

1)

emits alpha particles. In 1956 Porschen and Riezler—’ reported

lgOPt and lgth, and the

measurements have been repeated by Macfarlanez), Graeffea’u),

5)

the discovery of the alpha activity of

y @all of whom confirmed the activity

of the lighter isotope while that of lgth seems to be doubtful.

and Petrzhak and Yakunin

) 6 . .' L . L -
Karras et al. ) were the first to find an alpha active artificial

‘ 4 . s
l88P‘t, and recently Graeffe ) has identified four

isotope, viz.
more alpha emitters among the light platinum isotopes, His results
are summarized in table 1,

Because of the success of heavy ion bombardments in

7-10) it was considered

producing new rare earth alpha emitters
feasible to try to find even shorter lived platinum isotopes than
those discovered by Graeffe., The method chosen was to bombard -

suitable targets with heavy ions and measure the alpha activity

of the reaction products as soon as possible after bombardment.



2, EIxperimental method

Bombardments were done with beams from the Berkeley Heavy
Ion Linear Accelerator (Hilac). The full energy beam of 10,4 MeV/
amu passed thrbﬁéh a vacuum window and a stack of aluminium foils
(which decreased the energy to the desired value), went through
the target, and was finally collected in a Faraday cup behind
another -vacuum window, The degrader folils and the target were
enclosed in a chamber filled to a pressure of 1 atm with helium
gas which acted as a coolant for the foils and as a stopping medium
for reaction products ejected from the target. From the target
chamber the helium was pumped through a small drifice‘to an adja-
cent vacuum chamber, where reaction prodﬁcts carried by the gas
flow were deposited on a small area on an aluminium plate. A sur-
face barfier counter wés used to measure the alpha spectrum of
the collected activity. The system is essentially the same as that

11

described by Macfarlane and Griffioen except that the orifice

through which the helium and reaction products were pumped was in
the fip of a cone-shaped brass plug, at right angles to the beam
and 6 mm‘from it.

The pulses from the alpha detector were amplified and a
suitable part of the spectrum was selected by a biased amplifier
to be displayed on a multichannel analyzer, The analyzer was gated
off dufing the beam burst of the Hilac because the high radiation
level in the target area saturated the detector ana overloaded the
amplifiers. In an average experiment the off time was 10 % of the

total time, The resolution of the system depends on the size of

the detector; the best resolution obtained in an actual run was



‘m

30 keV (FWHM) using a 9 mm2 crystal.'For energy calibration a-

252 241Am 234

sourte containing Cf, and U was used together with a -

calibrated pulser, Alpha particle-energies for the standards were
taken from a recent article by Wapstra12>.

Half—li?es were measured wifh-a‘programmer which turns the
Hilac on for a pre-set period of time, then turné-the beam fo
and.takes Qp té eight successive spectré into memory subgroups'of
the analyzer (an 800 channel Victoreen), and repeats the cycle.
This method was used for half-lives between a fraction of a second
and a few minutes., A least-s§uares analysis of the decay data was
performed using a computer, ‘ |

When isotopes with longer than 2 min half-life were studied,
the activity was collected duriﬁg the bombardment on a 25 mmldia-
meter aluminium disc placed at right angles to the helium jet

coming from the target chamber. The disc was then inserted into

a gridded ionization chamber which was used as an alpha spectro-

v metér. Meésurements could be started 2 minvafter the end of bom-

—

bardment,

Targets were made by depositing a small amount of rare

‘earth nitrate solution on a thin (1.7 mg/cmz) aluminium foil and

evaporating it to dryness. The deposit was then heated to convert
it to oxide. The thickness of the targets thus obtained was from

1 to 2 mg/cm2

. Enrichedvisotopegzwere'used in most bombardments,
During the experiments the activity on the collector was
allowed to build up'to'equilibriUm and the alpha spectrum was

recorded. This was repeated for various bombarding energies to

determine. the excitation functions for different alpha groups.



L.

The range~energy curvesbof Northcliffel3) were used to find the
actdal bombarding energy, and the mass tables of Seegerlu) and
Kénig et _;.;5> were used to calculate the Q value for compound
nucleus formation.
#  The isotopic compositions of the targets were as follows
162 . 164 166 167 168 170
182pr | 11 9.0 0.0 17,1 - 14,6 5.2
8% r | <0.2 35,1 w74 - 9,8 6.2 1.5
186pn | "<0.1 <0.1 72,9 17,7 8.5 . 0.8
168 170 171 172 173 - 174 176
168 o | . —
°Syp | 19.5 = 6.62 18,0 - 19,9 12,0 18,5 5.5
0mp | <0.1 85.4 542 3,66 1,93 2,86 0.75
172yp | <0.01  0.05  0.75  97.15 1.01 0.87 0.19
1y | <0.01  <0.02 0.08 0.20 0,52 98,97 0.22
178yp | <001 0,08 0,16 0.29 . 0.28 1,45 97,77
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3. Resulfs

16 " 190-x

17%vp (*°0,xn) Pt

3.1. The reaction

174

In the first runs, enriched Yb (98,97%) was used as a

target, and recoil atoms were collected on discs whose activities

were measured in an ionization chamber, Alpha groups were found
at 4,50, 4,73, and 4,84 MeV, all of which agree with the energies

reported by Graeffeu) for light platinum isotopes. The half-lives

were also measured with the ion chamber, and they proved to be

16.5, 7,0, and 3.0 min, again in good'agreementkwith the earlier
data. Excitatioﬁ functions for these activities‘are presented in
fig. 1, It can be seen thgt they peak at 80, 93, and 106 MeV,
respectively. | |

‘The measurements were repeated by using a solid state
counter and reéording thg spectra between beam bursts, The 4,84
MeV activity was seen again énd its excitation-function was-thé
same as that obtained from'the ion chamber measurements., The two
lower energy alpha groups were too.Weak to give anyvdseful reéults;

instead two new groups appeared at higher bombarding energies.

16 172

More data on these two were thained from o + Yb experiments.,

By using excitation function data obtained in the rare

earth replonl6 »7=10) and in a recent study of llght fran01um iso-

f0pesl7) it was deduced that most probably these reactions are

6
(1 0,6n), (160,7n), and ( O,8n). This means that the correspond-

ing élpha groups are to be assigﬁed to 18L‘Pt; 183Pt, and 182pt,

4)

respectively, Graeffe ’ came to the same conclusion from a dif-

ferent starting point.



16 . - y188-x,.

. 3.2, The reaction 172¢p ¢ 0,xn Pt

"When l723(13'(97.15%) was bombarded with 160; several new o

alpha groups were observed in addition to the 4,84 MeV peak
182 | | |

 assigned to Pt. The alpha-particle energies were 5.02, 5.15,
and 5.44% MeV, and the half-lives 51, 30 - SC s (see beiow), and
21.3 s, respectively. | -

| Excitation functions for these activities are shown in
fig. 1, and it can bé seen that the 4.8 MéV adtivity is nbw,
produced in. an (160,6n).reaction whiéh has its maximum cross
section at 78 MeV._This.supports.our earlier assignment of this

activity to 182P‘t.-The 5,02 and 5.15 MeV activities have their

maxima at excitafibn energies of 92 and 105 Mev; which suggests
that they are produéed in (160,7n) and (160,8n) reactions. The

maximum cross section for the 5,44 MeV alpha emitter was not

 reached yet,



b

ld

from the 0 +

16 186~x

‘ 70
3.3. The reactionvl Yb (770,xn) Pt

The most interesting feature here is the apparent absence

- of the (160,7n)‘reaction damong the excitation functions (fig. 1).

The 5,15 MeV alpha group seems to be é product of the (lBO,Bn)
reacfion, and the 5.44 MeV activity is prdbably made through an
(lSO,Sn) reaction although it has not quite reached its maximum
yet, Two new groups appeared, one at 5,51 MeV and the other af
5,74 MeV; these were later found to have half-lives of 6,5 and
6.0 s, A typical series of spectra taken with 50 keV resolution
areﬂshbwn in fig. 2,

The absence of the 7n reaction suggests that the 5,15 MeV
activity might consist.of two adjacent isotopes. To find out if

this was the case, its half-live was measured at different bombard-

ing energies., The results were found to vary bétween 50 and 30 S,

depending on the bombarding energy, whichvindeed indicates the

presence of two isotopes., Their half-lives are 33 s as obtained

16 170y} reaction at 97 MeV excitation energy,

and 50 s from the 160 + 172Yb at 92 MeV, These two represent meas-

 urements performed on the high and the low side of the excitation

function, Further evidence suppérting_the presenéé of two,isotopeé ‘
was obtained in careful eﬁergy measurements on the 5,15 MeV alpha
grou?,by varying the bombafding energy. The peak shifte@ downward
by approximately 10 keV when the 16O energy decfeaSed from 155 to
128 MeV, and back égain when the bohbarding energy ihcreased to

its original value,



In the»lso + 170Yb runs, a weak'alpha peak was observed

at 5.28 MeV, Its half-life and excitation function proved to be

the same as those'of the 5.44 MeV 178

Pt within experimental un-
certainty. This gfoup is‘a$sumed to be a finé-stfﬁctﬁre groﬁp
populating the first excited stafe iﬁ the daugﬂter nucleus 17408;
- The ‘intensity ofgthiS'group is approximately 5 % of the intehéity

of the main group.
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A4

.a contribution from the (

P 16 184-x
3.4, The reaction 168Yb (l 0,xn) Pt

" The excitation functions indicate that the S5.44, 5.51,

and 5.74 MeV alpha groups belong to the isotopes 178Pt5 177Pt5

and 176Pt, respectively,One new activity was found with an
alpha-particle energy of 5.95 MeV and a half—lifelof 2.1 s,

and it is tentatively assigned to the next lighter isotope

‘175

Pt.

The excitation function for the 5.44 MeV activity shows

'a tail at high bombarding energies (see fig, 1), It is due to

16O,8n) reaction on 170Yb, a consider-

able amount of which was present in the target.



10,

3.5, Other bombardments

In a lgF + leng bombardment all activ;ties from l8~Pt

178 . : o
to ‘Pt were observed and the excitation function data (fig. 3)

16

are consistent with the results obtained in the 0 + Y¥Yb runs,

When erbium targets were bombarded with 2ONe ions, all

“the alpha activities with an energy of 5.1% MeV or more were

¢

- N B - . . . » L] ) O -
observed again, Two additional activities appeared in the 2 Ne .

64,162 . ‘ ’
y 1881 Er runs, one with an alpha energy of 6.03 MeV, the other

wifh an energy of 6.19 MeV, The 6,03 MeV activity has a half-life
of 0,7 s,.while tﬁe ther one was too weak to allow a half-life
measurements. Fig. 4 shows'é typical spectrum from a VzoNe_+
run at 185 MeV bombarding energy.

ﬁxcitation funcfion daté from thé'ZONe + Er bombardments
~are fragmentary because the enriched isotopes used were not pure

enough, The results from'zoNe_+ lGGEr are in agreement with the

results from the lso‘runs. The results for the reactions (ZONe,sn)

and'ﬂzoNe,lOn) are shown in fig, 33 the assigﬁments of the 5,95

MeV activity to 175Pt, the 6,03 MeV activity to 174Pt, and the

6.19 MeV activity to l?aPt are based én these curves,

When lngm‘WQS bombarded with 16O ions, ﬁone of the alpha
activities assigned‘to platinum isotopes were obserVed; Instead,
a few ﬁew groups appeared, which cén be assigned to various iso-

! - ’ L[] * L3 ' o’ 9
topes of iridium. The same is true of the 1

F + Er runs: no plati-
- num activities were seen, and new alpha emitters were found.

These findings will be reported later,

162Er



11,

4, Discussion
4,1, Mass assignments

The actiQities discusséd in tﬁe preceeding section are
believed to belong to isotopes of platinum because.they were
prodﬁced in bombardments where the compound nucleus was an iso-
tope of platinum but.hot when it was iridium or osmium or ény
lighter element. Possible impurities.in the targets cannot ac-
count for the observed activities. Furthermore,'all known
translead alpha emitters that have energies close to our plati-
num alpha energies have much longer half-lives, and the corre-

7-l0) )

sponding rare éarths have shorter half-lives . Graeffeu-

has identified the activities with E,= 4.84% MeV and less as
platinum isotobes by performing a chemical separation.

Our mass assignments are based entirely on excitation

functions, According‘to Alexander ahd.Simonoffls), in the case

of dysprosium compound nuclei the average excitation energies
for the reactions (HI,6n), (HI,?h), and'(HI,Sn),'where HI stands
~ for heavy ion, are 87 MeV, 101 MeV, and 116 MeV, and the maximum

cross section occurs at 2 to 5 MeV lower energies, On the other

17) 197,

hand, Griffiocen and Macfarlane found that. the reaction

: ) .
(lgo,Sn) ztgfr has 1ts maximum cross section at 99 MeV, We con-

clude that the reaction observed in the 16O + Yb bombardments at

106 MeV excitation energy is (lGO,Sn), and the others, with their -
maxima at 93 and 80 MeV, arev(160,7n) and (lso,Gn),'respectively.

This and the regular behaviour of the Yb(lso,xn)‘reactions (see



12,

fig. 1) gives unambigbusly the mass numbersvdown to l76Pt. The
vtﬁfee lighter isotopes were éssigned in a similarvwéy using

2ONe + Er bombardments., o

A summary of the results is presented in table %, As can

bé‘éeen, there is a good agreement betWeen our data and those
. s . |
18uP ; 3Pt, and l82P1:. Another

lSQPt by

of Graeffe for the isotopeé t,

half—life, 42 min, has been recently reported for

18) 184

~Qaim y who measured it by milking the 3.2 h Ir daughtér. 

The reason for this discrepancy iéwunknpwn; There seems to be a
great deal of confusiqn4in the region frcm.lath to 187Pt (see

Qaim's.paperls) and its references) while the heavier isotopes

are well known,



130 ’

4.2, Alpha energiés.‘

From table 1 one can see that the alpha-particle energy

increases in a‘fairly regdlar manner when the mass number
decreases, An interesting detail is the faét that the Q,vs A
curve, fig, 5, changes its slope at A = 188, This change seems’
to be associated with the nuclear deformation which in platinum

increases with decreasing mass number, The calculations of

9)

Marshalek et gil show this clearlyj they predict a deforma-

186

" tion which increases until Pt is reached and is essentially

constant for the lighter isotopes. The mass formula of Myers

0)

and Swiatecki2 gives the same result: the deformation increases

193P 187

rapidly between t and Pt and then levels off.

In fig, 5 the .experimental alpha  decay energies are

- compared with energies given by several mass,K formulas (Cameronzl),

Seegerlu), Swiatecki?o), Kiimmel et 5;22)). The best overall fit
to the experimental points is achieved with Swiafecki?s formulaj
it is one of the new formulas, and it gives_not pnly the masses
but also the nuclear Shapés,'All give a good fit:in.the vicinity
of 190Pt, which is close to the line of.ﬁaximum beta stability,

but outside that regioﬁ the old formulas are clearly inferior,



14,

4,3, Cross sections and branching ratione

- From the excitation‘fenction meaeuremente the relative
intensities of various alpha groups were obtained as a functibn
of bombardlng (or ex01tatlon) energy. No absolute cross sections
were measured, so that it is not possible to calculate alpha
branching ratione from the measured.quantities alone,

‘ In order to be able to defermine the branching ratios we
assume thaf the reactions used for the‘production of the new
.platinum isotoﬁes do not differ very much from the heavy ion
reactions observed in the'rare eafth region, This assumption is
- based on the following consiﬁerations.

We are interested in EHI,xn) reactions, and there are two
major effects, charged particle emission and fission, that can
change the xn‘cross sections{when one goes from the rare earth
region to the platlnum reglon. As comes to the charged particle

20, 22)

emission, the mass tables indicate that the neutron binding

- energies ( 10,5 MeV) of the platlnum isotopes in the region from

176 180

Pt to Pt are very smmllar to those of the erbium isotopes

9)

studied by Macfarlane °, The‘Coulomb barrler for protons is about

20 % hlgher in platinum, so that charged partlcle emission is in

platinum very probably sllghtly less than it is in erblum. Accord-~

23) e . 16 141

ing to Slkkeland s fission competition in o + Pr = Ho

%

'bOmbardments is very small, less than 4 % of the total reaction

cross section at an excitation. energy of 106 MeV, In the reaction

16 174

0 + Yb it increases from 15 % at 80 MeV to 33 % at 106 MeV.

>
L7
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The alpha,branching ratios for platinum isotopes were
calculated from the measured relative alpha intensities by as-

suming that the ratios of the maximum cross sections for the

16

16 L
reactions (160,6n), (70,7n), and (" 0,8n) are the same for all

)

the ytterbium isotopes used as targets., Alexander and Simonoffls.

have found that the peak (HI,xn)Dy cross section at excitation

energies above 80 MeV increases élowly when the number of emitted

neutrons x increases, By using the same technique as was used in

8,9)

this study, Macfarlane found that in holmium and erbium the

0,

peak cross section decreases by approximately 20 % when one goes

from (HI,5n) to (HI,6n) and from (HI,7n) to (HI,8n). Now we note

~that the two effects, charged particle emission and fission, do

not change cross sections very much in this region and, moreover,
they work in opposite‘directions. We feel that a good approxima-
tion is that the maximum (lBO,xn) cross section decreases slowly
when x goes from 6 tol8.'Macférlane's figure was adopted and the
ratios aeﬁ:°7n:°85' were taken as 120.320.64.'This neglects pos-
sible angular momentumveffects (see for instance ref.zq)) on the
reactions producing odd mass isotopes. | |

As a check, thenrétio 68n:°6n was determined for the

. . 4
reactions producing 18 Pt and 182

4)

Pt by using the branching ratios

given by Graeffe and the measured alpha intensities., The result

0.47 is in reasonable agreement with the adopted value 0.64,

The alpha branchings of the even platinum isotopes. from

180Pt to l76Pt were determined by starting with Graeffe's value

182

for Pt; the results appear in table 2, From these resulté the

branching ratios for the odd-mass isotopes l8lPt- 177Pt were



16,

obtained always starting with the next heavier isotope. For the
lightest three isotopes the beta half-life was determined by | 3

20,22)

taking the decay energy from the mass tables and by aSsum-

ing a log ft value of 5 for the gross beta‘décéy. In all three ’
cases the half-life thus obtained was much longer than the ob-
served half-life, the éorre8pondingvalpha branchingiratios are
shown in table 2, |

_ The branching ratios increasevwith decreasing mass number,
and those determined from thgvalpha measurementé seem to approach
unity without exceeding it. The fesuits are probably correct

- within a factor of two or three; those in the middle of the region

are the most uncertain,
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4,4, Reduced widths

From the:experimental alpha energies, half-lives and

branchlng ratios the reduced w1dths 62

2

for alpha decay were cal-'

2

culated, The quantlty §° is defined by the expression x = §°+ P/h,

‘'where is the experimental decay constant, P is the potential

 barrier penetration factor,.and h is Planck's constant, The pene-

25) The

trabilities were obtained by using Rasmussen's method
barrier is taken as the sum of the Coulomb potential, the centrif-
ugal potential and the real part of Igo's potential derived. from
alpha-particle scatterlng data by using the optlcal mode126)
Because'the spins of the odd-mass platinum and osmium

nucleides involved are not known, the calculation was performed

for 1 = O alpha emission for all ground state decays. In this case

‘the term to be added to the Coulomb potential is V(r) = - 1100 exp

1/3)/0 574 ) MeV, where r is in fm and A is the

mass number of the daughter nucleus.
The results of the calculatlon are shown in the last col-
umn of table 2, There is a fairly large increase in the alpha

reduced width when one goes from lgOPt to 178Pt.-'l‘he reason for

this 1ncrease is unknown so far, and theoretlcal alpha decay

calculatlons based on the Nilsson wave functlons at constant de=
formation and palrlng 1nteract;on did not show any increase of
comparable magnitude. It is possible, however, that the increase

2 is connected with the increasing deformation, and therefore

in ¢
the calculations should be performed with changing deformation and

also with different deformations for initial and final nuclei.
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Onemight argué fhat.fhé assumptionS'made for the.branching
ratio calculation are unréa;istic. However, 1f the ratio %en’%n »
is reduced to 0.47 of'less, the alpha-branchingiratio of 176p¢
turns out to be one or m&re, and the redﬁcéd widths are even.
larger than:fhose in. table 2. Cn tﬂé'other hand oﬁe needs a four-
fold increase in the crosé section rafio if one wants to erase

2 petween lsth and 18OPt. This would greatly

the increase in ¢
decrease the reduced widths of some of the lightér isotopes.and
would shift the maximﬁm towards heavier mass numbers or it would
create two maxima if one believes in branching ratios deduced
from estimated beta half;lives. |

. | The author wénts to thank Professor I, Peflman and Dr,
Eafl_K. Hyde for fheir kind hoébitality during'his.stay at
Befkeley ahd Mr, Alberf'Ghiorso and thé Hilac.operafing crew.

for their help and éssistance.
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_ Figure captions:

Gy,

Fig.l Excitation functions for the production of platinum
-16

alphé’aétivities.from the “°0 + Yb bombardments.

Fig.2 A seﬁies'of'spectra'taken with different'bombarding

energies durihg the'led £ 170y experiments.

19 169

Fig.3 Excitation functions -obtained from the F + Tm
and 2ONe + Er bombardments.

Fig.4  An alpha spectrum of the reaction products from a
20ye + *®2py bombardment at 185 MeV(lab),

Fig;é-_: The alpha decay energiés of the platinum isotopes

-as.: a function of the mass number,
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© Table 1

Experimental data on the alpha active platinum isotopes

A Reference E, (MeV) Half-life
- 192 T 2k 101 .y
190 BT 3,18 ¢ 0.02 o (5.4 ¢ 0,610ty
188 v 3,93+ 0.01 . 10,2 * 0.3 d
186 s 4.23 ¢ 0,02 | 2,0 t0,2h
184 . Chus:o0.02 20 2 min
184w | 4,50 * 0,02  16.5 * 2 min
183 oy k.74 2 0,03 . 6.5t 1 min
183 « .73 0.02 7.0 £ 2.5 min
182 4 4,82 * 0,03 2.5 * 0.5 min
182 « mewso002 3.0 0,2 min
181 x . 5.02 %002 B S P s
180w . 5.4+ 0,01 50 +5 s
179 «  5.15 t 0,01 a3 sy s
278w s.ub o+ 0,01 21,3 * 1.5 s
| 178 0 5.8 0.01 |
177w U551t 0,01 8.6+ 1 s
176w 5.7u 1'0.01; " . 6.0%0.5s
175 = ~ ’' 5.-95"_;”<').01“  ";';"2.1'? 0.2 s
174 x 6.0 : 0,01 0.7 * 0.2 s
173 u 6,19 ¢ 0.02

# This work
The error limit given in the half-life column is twice the

standard deviation of a single componentvieast squares fit,



190

188

186

184

183

182

181
180
179

178
178

177

176

175
174

Branching ratios and reduced widths

3.18

3.93

Table 2

8.8¢10

7200

930

420
180

- 581
50
33

21.3 -

1.7.1013

5

Branéhing

1
3.0-110"7
1.4.10°6
1.5.107°
1.3-107°

2.3.10""

0.002

0.05

0.08

0.4 (0.8%)

P.
5,4+10™39

4,7.10-32

7.6+10~39

4,7.10"28

1.2+107%0

5.0-10'26

4,9+10"2°

2.0.10"24

2.210"2%

6.0.10™23

5.,5+10- 2"

1.2-10"22

-.1.3-10"21

1,010729
~20
2,1410

23,

52 (eV)
0.031

0.021

# Estimated by assuming log ft = 5 for the gross beta decay
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. '

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








