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Abstract

243 244

. “Es and Es, were
studied by means of @-particle sgectroscopy. The isotopes
were produced by bombarding a 233y target with 15N ions
accelerated by the Berkeley HILAC. The half-lives and the
o-particle energies of the two nuclides were observed to be:

Two isotopes of einsteinium,

2435 2142 sec  7.89 £0.02 MeV

2M‘Es 37 + 4 sec 7.57 £ 0,02 MeV
The mass assignments are basgﬂuon'excitation function meas-
urements and in tﬂﬁ case of Es on the genetic link to

iFs EC daugﬂﬁer 24%cf, Estimates for the EC branching of
243Es and Es are given. -

I Introducfidn

This work on neutron deficient einsteinium isotopes is

closely related to the study of mendelevium isotopes with

mass nﬁmbers 248 through 252.1 Decay properties of,2u5Es,

2146Es and 2LWES and their production by (HI,axn)-reactions
were briefly discussed in that study.

The lightest Es isotope reported before the present

work is 245Es. In 1961 Ghiorso et a1.2 produced this 7.65-MeV,
75-sec a activity by bombardinga target containing 240Pu with
10

B ions accelerated by the Berkeley heavy-ion linear
accelerator (HILAC). Their results were confirmed in 1967

by Mikheev et al.3 who reported 2L‘SEs to be a 7.70 £0.,03-MeV,
1.33+0,15-min @ emitter with an electron-capture (EC)
branching of 83:’:; %. |

We have produced two new isotopes of einsteinium,

q 2M¢E 233 15

MBE

S

an s, by bombarding a U target with N ions
accelerated by the Berkeley HILAC, The isotopes were observed
and studied by means of qa-particle spectroscopy. The mass
assignments have been based on.excitation-function measure-
menté and in the case of Zths on the genetic link to its

EC daughter 2u40f.



IT Eiperimental

The experimental techniques and apparatus used in this
work were the same as those described in Refs. 1 and 4, The
recbil atoms knocked out of the target by énergetic-15N ions
were stopped in rapidly flowing He gas, which transferred .
the atoms onto the rim of a vertically mounted wheel, After
an appropriate collection period the deposited recoil atoms
were placed by a rotation of thé wheel‘to face a series of
Si-Au surface-barrier detectors to measure qa-particle spectra
of the recoils, There were seven detector stations arranged
equidistantly at 450 " intervals around the wheel, FEach
station had four detectors: two movable ones which alternately
faced the wheel, and two stationary ones which in turnvfaced
the one movable detector shuttled into off-wheel position. _
This configuration of deteétors'allowed'a physical separation '
of genetically related o activities and their detection with
high efficiency. A schematic representation of the arrange-
ment of the 28 detectors around the vertical wheel and in
each station is given in Ref.4,: .

Signals from the detectbrs were amplified by modular
units developed in our 1aboratory, processed by a PDP-9
computer and stored on IBM tape, Eachuwheelgstepping'interval
and shutt;e period were independently divided into four time

subgroups of equal length,
ITI Results

The a—particle spectra displayed in Fig.1 resulted from
bombardments of the 25U target with 77-82-MeV 15N ions
and were rerrded by fhe movable detectors when facing the
wheel ("parent" spectra). The energies of the a-particle
groups were determined using the SAMPO computer program.5
The 6.773-MeV peak of 2'JFr and the 7.210-MeV peak of 2‘*ce
served as calibration étandards. '

The o-particle group at 7.89 MeV has been assigned to

2l‘BEs and that at 7.57 MeV to Zths. The 7.73-MeV group

2h5Es, but it is masked by the 7.69-MeV 214Po.

215

belongs to

1
Both 2 hPo and At are present in the spectra as members




of decay chains originating from activities produced by

233

many-nucleon transfer reactions from U. The strong peak

at 7.21 MeV belongs to 2uhcf which is mainly an electron

20k

s. The origin of other activities is
211?0,213

capture product of

either a small lead impurity in the target ( Fr), or

they were accumulated on the wheel and on the detectors

during earlier unrelated expériments (zuzcm,ZSBEs).

In corresponding "daughter" spectra i.e, in the spectra
recorded by the same detectors when in off-wheel position
combined with spectra from the stationary detectors facing

them, the 7.21-Mev 2*% '

Cf was the only distinct daughter
activity originating from bombardments of 233U with 15N.
b3

This is understandable because the EC daughtefs of 2 Es and

2L‘SEs decay predominantly by EC themselves and the q~decay

239Bk 2l+oBk and 241

daughters, the unknown , Bk, are expected
to decay mainly by EC.6 On the right hand side of Fig.2
black circles mark the decay of the 2M‘Cf peak in the

daughter spectra combined from several experimeﬁts; A least-
squéres analysis of the data gave a half-life value of

37 + 4 sec and this is our best value for the half-life of
24U p .. By quadrants of the 12-min shuttle period the 2*ice
counts were distributed as 250, 207, 180, and 187 giving a

half-1life of 20+ 11 min for 2aqu. This value is in agreement

7

with the reported value of 19.4+0.6 min.' Open circles mark
the decay of the 7.57-MeV q-activity in corresponding

parent spectra, but due to large statistical errors the half-
life value is rather inaccurate, The left half of Fig.?2

shows the decay curve for the 7.89-MeV ¢« activity in the
parent spectra. An analysis of the data gave the value

212 sec for the half-life of 243

all half-life values of this study were set equal to twice

Es, The error limits in

the standard deviation of the fit,

Further evidence for the suggested mass assignments of
Es isotopes was obtained from the measured excitation
functions, The curves in Fig.3a are for activities in the
parent spectra and the curve in Fig.3b is for .the 7.21-MeV
activity in the daughter spectra, The latter curve has
been corrected with geometry and time factors to make it
comparable with the curves above., However, the correction

due to the transfer efficiency €. discussed in the next



paragraph has not been included. The fact that in Fig.3a
2hs., 24 243

the excitation curves labeled ~ “Es, Es and Es reach
their maxima at 73, 78 and 86 MeV, respectively, is consistent
with the activities being produced by 3n, 4n and 5n reactionss.
Iﬁ Figs. 3a and 3b the excitation curves for ZAACf have their
maxima at 78 MeV which gives additional support for a parent-
daughter relationship between the 7,57-MeV and 7.21-MeV
“activities.

244

In order to get estimates for the EC branchings of Es and
?uBEs, it was necessary to know the transfer efficiency €.
of the EC daughter atoms onto the detectors relative to that
of the q-decay recoils., This quantity was not determined in
the course of these experiments, but assuming the value of
€. to be 0,5+0.2 or as measured 2 for the EC of 213Ra the
EC branching value of 96'+2 % for 2lmEs was derived, It was
difficult to extract the amount of 7.05-MeV 2L‘BCf 7 in the
daughter spectra because of its low @-~decay branching and

the interfering 7.127-MeV 218Rn. We are able to give only

an upper limit of 70 % for the EC branching of 243Es.

Iv Discussion

The experimental results obtained in this stﬁdy are
summarized in Table I, The observed qg-particle energies of
2l‘BEs andlzqus were already included in Fig.10 of our
paper on Md isotopes,1 In the figure the @-decay energies of
the heaviest elements were plotted as a function of the
héufron number N, The observed g-decay energiés of the two
new LEs isotopes. are in agreement with the values expected on
the basis of such a systematics., A small dip in the measured

244

a-decay energy is evident for Es, as is the case for other
. . 241 243 245
N= 145 nuclei such as Cm, Cf and Fm,
The g-decay hindrance factbrs.were calculated using spin-
independent (1::0) equations of Preston.10 The radius para-
meter R was chosen to be 9.40 fm. For the g-decay branchings

, )
2“3Es and 2mEs the values > 30 % and 4 %, respectively,

of
were used, The observed a—transitidnsappear essentially
unhindered and thus leave the last odd particle(s) in the

same Nilsson orbital(s) in the daughter as in the parent,
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Table I, Summary of experimental results,
Half-life o-particle EC o -decay
: ' factor
(sec) (MeV) (%)
2435 2142 7.89 £ 0,02 < 70 <6
2lmEs 37 £ 4  7.57+£0.02 96 +2 6
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Fig. 1i A series of o~-particle spectra produced by bombardments of 2330 with
15N ions. The individual spectra show the total of counts recorded at each
.of the seven stations by the two movable detectors when facing the wheel.

The sum of the seven spectra is plotted topmost.
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Pig. 3. Excitation curves for the Es and Cf activities produced in bombardments of
233y with 15N ions. The upper part displays fhe excitation curves for the
activities in "parent" spectra and the curve in the lower part is for the 2hhcr
sctivity in "daughter" spectra. The error bars indicate an uncertainty of one
standard deviation; where no error bars are marked the uncertainty is close to
the size of the point showing the experimental result.
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