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This paper deals with an investigation of
the short-lived neutron-deficient isotopes of
barium and rare-earth elements, Using the
BEMS-2 isotope separator on a heavy ion beam,
we succeeded in producing 19 new isotopes
with mass numbers ranging from 117 to 138,
Five of these (''"Bu, '®INd and 1341358y )
turned ocut to be delayed proton emitters.

The f[4-decay probabilities for the new isgo=
topes have been analyzed in terms of the
A-strength function. An analysis of the pro-
ton spectrum shape has been performed using
the statis.ical model for delayed proton
emission,

1. EXPERIMENTAL TECHNIQUE

The experiments were carried out using

an external beam from the JINR Laboratory of
Nuclear Reactions U-300 Heavy Ion Cyclotron.
gﬁrgets made %f the enriched isotopes ?%Mo,

R, 5 "%py, "% cd and '"?5y vere bombarded with
(180-190JMeV3255“ iong with the beam intensi-
ty of (1-3uA. The targets were positioned in
the close vicinity of the BEMS-2 on-line ion
source/!/, In these experiments, use was made
of a high-temperature surface-ionization
ion source with an operating temperature of
up to 2700°K, described in detail in ref./?,
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The efficiency of the isotope separator for
rare-earth element was 15-20% under these
operating conditions, the average ion hold-
up time in the ion source being (5-10) sec.
The ion source was designed to permit the
use of two alternate targets with a possibi-
lity of replacing them without destroying
the vacuumn.

Through & 2 mm slit in the focal plane of
the isotope separator isobars with a cer-
tain mass passed. Behind the slit, a thin
(lum} aluminium catcher foil glued onto
a disk holes was placed. The detecting system
consisted of two Sif{Au) proton counters with
an energy resolution of 40 keV, a Gelli)

y -ray detector (with a sensitive volume
of 23 ¢m3 and energy resolution of about

5 xeV for ©60Co), a Princeton Gamma-Tech,
X -ray detector (with an active area of

25 mm2 , thickness of 5 mm and energy reso-
lution of about 350 eV) and two plastic
scintillation S~counters. The accumulated
activity of the isobar chosen was placed
from time to time between the proton coun-
ter and the fS~counter, or between the Ge(Li)
(or X-ray) detector and the second f-counter,
The other Si{Au) proton detector was placed
on-line with the separated isotopes beam
behind. the catcher foil.

For the mass calibration of the isotope
separator the ﬁ—counting rate was measured
as a function of the magnetic rigidity. The
curve obtained shows pronounced peaks cor-
responding to the detection of isobars with
definite mass numbers (fig. 1), The assign~-
ment of the mass numbers to the peeks was
made on the basis of the properties of the
known radicactive isotopes produced in the
same experiment.
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Fig. 1. The ﬂ-counting rate on the catcher
foil in the focal plane measured as a function

of the isobar mass number. Arrows show isobars

for which new isotopes have been observed.
The activity accumulation and counting times
are equal to 13 sec.

2. IDENTIFICATION OF NEW ISOTOPES

In the synthesis of new isotopes, heavy
ion reactions of the (Hl,xm) type are widely
used, For the identification of an isotope,
the excitation function of the reaction
leading to the formation of the final pro-
duct are ususlly measured. However, this
method becomes unsuitable if one goes to the
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very proton-rich isotopes of nedium~weight
elements because at a fixed excitation
energy the (HI, xp, yn) and (Hl,a,xp,yn) reactions
leading to isobars with given A but diffe-
rent 2 values occcur with comparable probabi-
lities. In the present paper isotopes were
mainly identified by measuring the y-ray

and X-ray spectra of the daughter nuclej
-formed as a result of the ﬁtdecay. In addi-
tion, the decay curves of the total fH-acti-
vity of given isobars have been measured.

To eliminate the contribution due to the
decay of the low-lying isomeric states, the
¥y -and X-ray were measured in coincidence
with positrons (the threshold in the g -
channel was set at a level of (0.5-1,0) MeV ),
All of the measurements were carried out
with the electronics operated in the time-
amplitude mode, As an example, fig. 2 shows
the X-ray spectrum measured for isobars

with A=133,Here one can clearly see the cha-
racteristic X-ray lines corresponding to

Ce. Pr and Nd.The results are summarized

in the table.

Now we shall elucidate the case where iso-
topes were identified without measuring the
characteristic X-radiation.

In the y-spectrum for the A=12 isobar,
one observed the 2+»(thransition in 1?0 xe
produced as a result of the Bt ~decay of 120y
(T, = (62%5) sec). In addition, the 51 keV
and 182 keV lines with half~lives of
(32 £5) sec were also observable, These
activities were attributed to 20Ba. Under
the chosen operating conditions of the ion
source/% | the separation efficiency for the
heavier elements producead by nuclear reac-
tions was depressed,
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Fig. 2. The X-ray spectrum measured for
isobars with A =133 in the bombardment
of 1% ¢cq with 180 MeV 32§ ions.

From ref.’" it is known of two isomers
of !22Cs. The first one has a half-life of
about 23 sec and the medt probable spin
and parity of 2 ,while second seems to be
characterized by higher spin and a half-
life of 4.2 min. In the y-ray spectrum of
the A=122 isobar we observed only the 2%.0%
transition in '?2Xe, the intensity of this
line decreasing with a half-life of
(120 £20) sec. We attributed this half~li?e
to 1?2 Ba, whose decay leads to the population
of the first isomer of 122¢5.  Under the
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chosen operating conditions of the ion source
the separation efficiency for the heavier
elements was also depressed similarly to the
previous case,

As one can see from the table, the isoto-
pes ll?Ba,, ]29Nd, , I31Nd,, lSSSm and l358m
are delayed proton emitters. Two of these
isotopes, !Nd and !*°Sm, were identified by
X -radiation. The rest of them were identi-
fied by the proton activity half-lives taking
into account the existing empirical regula-
rities for delayed proton emitters. All of
the known proton emitters of medium-weight and
heavy elements with odd mass numbers have
even Z values. This indicate that the proton
emission of the A=12 and A=133 isobars can,
in principle, be related to 1290 and '*3Gd
rather than !®Nd and 13%8m, However, we con-
sider this coneclusion unlikely since, as
predicted by the gross theory of fg-transi-
tions, the !2%8m and !33Gd isotopes are
expected to have half-lives by an order of
magnitude shorter than those measured for the
proton emission of the A=129 and A=133 iso-
bars. As to the proton emission of the A=117
isobar, it is unambiguously related to }'7Ba,
since the reaction leading to the formation
of e was energetically impossible
in our experiments,

Figure 3 shows the region of Z and N of
the isotopic chart where the present inves-
tigations were carried out.

3. BY~DECAY STRENGTH FUNCTIONS

The systematics of the average values of
the Bt-decay strength functions for Ba, Pr,
Nd , Pm, Sm and Eu isotopes in the region
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Table 1

The properties of the isotopes observed

A T soc Radiation -ray ener Reacti

/2 measured 5 ykeV & on

117 1.9%0.2 , 92y 44923

Ba 120 g2%s 3 51, 182 9 pue32g
122 120%20 Y, f-¢ "

120 24%s 3 102p,,32g

pr 180  28% ¢ 10644,92¢
131 100720 P, X e

129 5.9%0.6 P 1025, ,324

130  z8ia B X 10604 ,324
Na 181 2473 pt o, P X -t
132 105%10 X e
183 70f10 SR 61,106,166, L

227,251,369
132 4tz X e
133 1283 X e
Pn 134 2422 Py v X 294,460,495,632 -"a
185  55%10 [, X 129,199,271, ata
564,465

133 s2%04 P il
Sm 184 12%s X M
135  10%2 P, X .

138 356 o 112,438

kEu 1.5%0.4 -
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Fig. 3. Part of the isotopic chart showing
the isotopes observed in the present inves-
tigation.

of 60<N¢ B1 is presented in fig. L. The ave-
rage value of the B'-strength function Sp
vas found ua&ng the relation
ﬁ-ll“mf Fiz,Q, - DME)

where F(Z, Q-~FEYs the statistical rate function
for the pt -decay and electron capture, Q,
is the total energy of the K-capture, and [
is the excitation energy of the daughter
nucleus. The Q, values were taken from
ref./%, The cutoffs C taking into account
the palrlng effect -were chosen to be equal
to 0 for doubly-odd daughter nuclei,

1.4 A-V/2 Mev for nuclei with off A and
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Fig. 4. Values of the averaged strength

function (MeV ! sec™! ) of the g+~ EC-decay
in the region of 61¢ N < 81 for Ba, Pr, Nd,
Pm ,Sm and Fu isotopes.

t

-1/2
28.8 A""? MeV for doubly-even nuclei’®.

isotopes shown by closed marks are those
produced in the present work, while the rest
of the data are taken from ref.’/?/, The dashed
curve presents the average dependence of §

on the mass number according to the gross
theory of K.Takahashi and M.Yamada. The cal-~
culation was made in ref./%/ for an B-decay
energy of 6 MeV and an excitation energy of

2 MeV. An increase in the Sﬁ

The

value for
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N= 80-81 is apparently due to the effect
of the dg/z*dg/Q transition._As one moves
to the smaller values of N, § shows a weak
dependence on N and Z thus justifying the
statistical approach to the description of
the f-decay at a high energy. It is note-
worthy that in calculating 8g the Qp values
taken from ref,. were used. A 0.5 MeV _
variation 1in Q, leads to a 50% change in§

g

4. DELAYED PROTON EMITTERS

The isotopes 129, 13134 and '3%1g,  are

the first delayed protons emitters observed
in the rare-earth region. The proton spectra
of 117p,a, 133g, and '%%8n are presented in
figs. 5-7. The experimental spectra of
samarium isotopes are compared with those
calculated on the basis of the statistical
model of delayed proton emission /8,9, 1In
this model, the averaged spectrum is descri-
bed by the forpula
HE )= 5 F> Tpo
N T D, il
The summing-up is made over all initial (i)
and final (f) states admissible by the selec~-

tion rules. In the calculation of the rela- T
tive proton width [ /I use was made of

proton transmission coefficients from ref.,'?/ .
and y-ray transition widths from ref, /11/ )

The quantity S‘ﬁ=<,u2i>/Di is the strength
function for the f-transition of nucleus
with spinj to the state with spin i and
excitation energy E::E(A/A—1)+BP+E,. <p%> is
a B-matrix element squared and D; 1is an
averaged level spacing. The strength func-
tions for the S-transition to states with

different spins are correlated as follows
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Fig. 5. The delayed proton spectrum and
decay curve for 117p,,
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where g(j,i) is a statistical weight factor.
The B-strength function § was assumed to
be constant, The numerical parameters of the
calculation are Qo-B, =and B,, where B_is
the proton binding energy in the daughte;
nucleus formed following the B-decay.

The calculation performed shows a fairly
good agreement between experimental and
theoretical spectra obtained using the Q
and Bp values predicted by the semiem-sJ
pirical mass formula of Garvey and Kelson/5/,
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Fig. 6. Comparison of the delayed proton
spectrum for '3 Sm (histogram) with the
calculation using the statistical model.

Phe parameters used in the calculation are
indicated in the figure. The (, and Hp va-
lues are given in MeV.

The authors are thankful to Professor
¢.N.Flerov for his interest in the work, the
eyclotron staff for orividing bombardmentg,
and L.V.Pashkevich for her help in preparing
the English version of the paper. '
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Fig. 7. The same as in fig. 6, for 1356,
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