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This paper deals with an investiga-
tion of the snort-lived neutron-deficient
isctopes of barium and rare-earth elements,
By using the BEMS-2 isotope separator on
& heavy ion beam, we succeeded in produs-—
ing 19 new isobopes with mass numbers ran~
ging from 117 to 138, Five of these (11?Ba,
429’131Nd and 133’IIBESm) turned cut to be
delayed proton emitters. The ﬁ~decay
probabilities for bthe new isotopes have
been analyzed in terms of the p —strength
function. An analysis of the proton spect-—
rum shape has been performed using the
statistical model for delayed proton emis-—
sion,

1. Experimental Technigue

The experiments were carried outl
using an exbternal beam from the JINR La-
boratory of Nuclear Reactions U-300 Heévy
Jon Cyclotron., Targets made of the enrich-
ed isotopes 92Mo, 96Ru, 102Pd, 1060& and
M2eh were bombarded with (180-190)MeV
3252% ions with the beam intensity of
(1=3) pA. The targebs were positioned in
the close viecinity of the BEMS-2 on-~line
ilon source « In bhese 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.?’, The efficiency of the
isotope separator for rare-—earth elements
was 15 - 20 % under these operating condi-
tiens, the average ion hold-up time in
the ion source being (5~10)sec., The ion
gource wag designed to permit the use of
two alternate bargets with a possibility
of replacing them without destroying the
Vatuull,.

Through a 2 mm slit in the focal pla-
ne of the isctope separator isobars

USSR

with a certain mass passed. Behind the slit,
& thin ( 1 pm) aluminium catcher foil
glued onto a disk with holes wag placed.
The detecting system consisted of two
Si(Au) proton counters with an energy re-
solubtion of ~ 40 keV, a Ge(Li) ~Tay
detector (with a sensitive volume of 23 cm
and energy resolution of about 5 keV for

Co), a Princeton Gamma~Tech, Xwray detec
tor (with an active area of 25 mm?, & thick-
ness of 5 mm and energy resolution of aboub
350 eV) and two plastic scintillstion ﬁ-
counters. The accumulated activity of the
isobar chogsen was placed from time to time
between the proton counter and the p—cou-
nter, or between the Ge(Li) (or Xeray) de-
tector and the second p—counter. The
other Si(Au) proton detector was placed
on~line with the separated isotope beam
behind the catcher foil,

For the mass calibration of the igow
tope separator the ﬁ-counting rate was
measured as & function of +the magnetic ri-
gidity. The curve obbtained shows pronounc—
ed peaks corresponding to the detection of
isobars with definite mass numbers (fig, 1).
The sgsignment of the mass numbers to the
beaks was made on the basis of the proper—
ties of the known radicactive isctopes pro-
duced in the ssme experiment,

2, Tdentificabtion of New Isotopes.

In the synthesis of new isobopes,

heavy ion reactions of the (HI,xn) type

are widely used. For the identification of
an isotope, the excibation function of the
reactlon leading to the formation of the
final product are usually measured. However,
this methed becomes unsuitable if one goes
to the vexy proton-rich isotopes of medium-
weight elements because at a fixed excitaw
tion energy the (HI,xp,yn) and (HI, oL ,xp,yn)
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reactions leading Lo isobars with given
A but different 7 wvalues occuxr with compa=-
rable probabllities.
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Fig. 1. The Ii—counting rate on the cat-
cher foil in the focal plane measured as

a function of the isobar mass number,

Arrows show iscbars for which new isotopes
have been observed. The activity accumula-~
tion and counting times are equal to 13 sec,

In the present paper isobtopes were mainly
identified by measuring the ~ray and
X~-ray spectra of the dsughber nuclei form-
ed as a result of the ptudecay. In addi-
tion, the decay curves of the total [j-ac~
tivity of given iscobars have been measured,
To eliminate the contribubtion due to the
decay of the low-lying isomeric states,

the —-and X-ray spectra were measured in
coincidence with positrons {the threshold
in the p—channel was sebt at a level of

(0o5~1,0)MeV), 411l of the measurements
were carried oub with the electronics opew
rabed in the time-~amplitude mode., As an
axample, fig. 2 ghows the X~ray spectrum
neasured for isobars with A=133. Here one
can clearly see the characteristic X-ray
lines corresponding to le, Pr and Kd, The
results are suwmmarized in tabls 1,

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

In the X—ﬁpectrum for the 4=120
isobar, one observed the 2¥— 0" trensi-
tion in 120Xe produced as a result of the

ﬁ*—decay of 12005 LTV2=(62i5)sec). In ad-
dition, the 61 keV and 182 keV lines with
half-lives of (32+5) sec were also observ-
able. These activibiles were attributed to
120Ba. Under the chosen operating condi-
tions of the ion source2 s the separation
efficiency for the heavier elements produ—~

ced by nuclear reaction was depressed.

§

8§

CANTS 9ER CHAMNEL
8 8§

o w0 D
CHANAE,  MUPBER

$0 40 500

Fig, 2, The X~ray spectrum measured for
isobars with A=133 in ‘the bombardmeat of
10804 with 180 MeV ~°S ions.

From ref.3) it is known of two lsomers
of 1220a, The fireb one has a half-Life of
about 23 sec and the most probable spin and
parity of 2+, while the second seems to be
characterized by higher spin and a half-
life of 4,2 min. In the J-ray spectrum
of the A=122 iscbar we observed only the
2*— 0% transition in '°°¥e, the intensity
of this line decreasing with s half--life
of (120+20) sec, We atbtributed this half-
1ife to '°“Ba, whose decay leads to the
population of the first isomer of 12208.
Under the chosen operating conditions cof
the lon source bthe separstion efficiency
for the heavier elements was also depressed
similarly to the previcus case.

As one can see Irom the table, the
isotopes qﬁ?Ba, 129Nd, 131Nd, 1335m and
1358111 are delayed proton emitters. Two of
these isotopes, 1BliNd and 135Sm, were iden—
tified by X~radiatiocn. The regt of them
were ldentified by the proton activity
half-lives btaking into account the exist-
ing empirical regularities for delayed
proton emitters. ALl of the known proton
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Table

The proverties of the iscbopes observed.,

A T.,/z,seo Radiation H-—ray energy,keV Reaction
measured
17 1.940,2 P P20 +3%5
Ba 120 3245 y-5" 51, 182 Py +¥%5
122 120420 B, §- g ~re
129 2445 102py 432
Pr 130 2816 gt x 19664 4325
131 100420 pt, x -,
129 5.9+0,6 P 102p4 4325
130 28+3 pt, 10654 +32g
Nd 131 2443 gt, P, X -
132 105410 y's —
133 70410 BY X, f  63,106,166,227,251,369 = "~
132 442 X -t
133 1243 X -
S TR 65 ¥ » X 294,460,495,632 -
135 55410 Y X 129,199,271, 364,465 -t
133 3240,4 P .
Sm 134 121—3 X R TI
135 1042 P, X -
¥
- 138 3516 B+ M2, 325
1o 54044 3
emitbers of medium~welght and heavy ele-
ments with odd mass mumbers have even 7 Dﬁ’ 4
values. This indicsbes that the proton { z es %
emission of the A=129 and A=133 isobars. "
car, in principle, be melated to 129Sm and p Z]m ® &gl /TN
13364 rather then 129Md and 13, Fowever, | & X SMFZ e
. s | & Fmle {e)n|%
we consilder this conclusion unlikely since, | ® 28 g2 os|
as predicted by the gross theory of (- g 24 | 26 |k
transitions, the 29Sm and 33Gd isotopes )
are expected to have half-lives by an or— @ <
der of magnitude shorter than those measu~ ¥
red for the proton emission of the A=129 vmBT -

and A=133 isobars. As to the proton emis-

sion of the A=117 isobar, it is unambiguous~ Fig., 3. Part of the isotopic chart showing
1y related to 1’17}33, since the reaction the isobeopes observed in the present inve-
leading to the formation of M?Ce was ener- stigation,

getically impossible in ocur experiments,

Fig, 3 shows the region of 72 and N of of ‘the ﬂ+-decay strength functions for
the isotopic chart where the present inves-  Ba, Pr, Nd, Pm, Sm and Bu isotopes in the
tigations were carried oul. region of 60L VL 81 is presented in fig. 4.
The average values of the f§ ~strength
function Sﬁ was found using the relabion

+
3. B - Decay Strength Functions.
L

The systematics of the average values
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4, Delayed Proton Emitters.

Sy Ty, JQOF(Z,QJ E)dE ]"1 The isotopes =79 13134 ana 133s135g,
are the first delayed proton emitters ob-

where F(Z, Qg E) ig the statlstlcal served in the rare-earth region. The pro-
rate function Ffor the ﬂmdecay and ton spectra of 117B 433°m and qBSSm are

electron capture, QO is the total energy of presented in figs, 5"70

the E-capture, and & is the excitation

energy of the daughter nucleus, The QO Va—

lues were taken from ref.5 « The cuboffs

C taking into account bthe pairing effect Np P

were chosen to be esqual to O gor doubly~ Ba”

odd daughter nuclei, 14.4 A™'“ MeV for nu=—

olei with odd 4 and 28.8 A~/2 MeV for

doubly~even nuclelé). The isoctopes shown
by closed marks are those produced in the

present work, while the rest of the data 2

are taken from ref°7 o The dashed cuzve

presents the average dependence of Sﬁ on

the mass number according to the gross

theory of K,Takahashi and M.Yamada., The )

calculation was made in ref°6) for an [~

decay energy of & MeV and an excitation

energy of 2 MeV, An increase in the S

value for N=80-31 is spparently due bo the

efrecv of vhe d%/z —n d?/a transition.

Ag one moves Go the smaller values of N, No &3
Sﬁ shows a weak dependerce on N and 7 ‘5

To=19:02

2 3 4 5 L

Fig. 5. The delayed proton spectrum and
decay curve for 1 Ba,

thus justifying the statisticsal approach - ﬁ/*
to the description of the p-decay at a 75 1 I"="p

high energy. It is noteworthy that in cul- G834 )
culating Sﬂ the Q, values taken from Bo={43

ref, 5) were used, A O, 5 MeV varlatlon in 50 1
Q, leads to a 50 % change in Sﬁ .
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Fig. 6. Comparison of the delayed proton

n , Ay : | spectrum foxr 1335m {histogram) with the cal-
““““““““““““ - \ E culation using the sbtatistical model. The

parameters used in the caleculation are ine

dicated in the figure, The QO and Bp values

are gilven in MeV,

169

60 65 0 75 80 .
The experimental spectra of samarium isobo-

pes are compared with those calculated on
the basis of the sbatistical model of de—
layed prolton emissian?’g » In this model,
the averaged spectrum is described by
the formula

Fig. #. Values of the averaged strength
function (MeV 'sec™ ) of the [ ~B0~decay
in %he region of 61 ¥ 81 for Ba, Pr, Nd,
Pm, Sm and Bu isotopes.
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<f{u {b
I(Ep)= ZF Big >if

The summlnguup is made cver all initial (i)
and final (f) states admisslble by the se-
lection rules, In the calculation of the
relative provon width (LR use was made
of probon transmission coefficients from
refl, 0 aad J —~ray tran31tlon widths
from ref, 17, he gquantity <ﬂl2/b'

the strengbh function for the ﬁ~%ran-
sition of nucleons with spin § +to the
state with spin 1 and excitation energy
E=B (A/A~THB_+B, (}&,) is a f-matrix
element squared and Di is an averasged
level spacing, The strength functions for
the f-transition to states with diffe-
rent spins are correlated as follows

Sﬁi=g(Li)Sﬂ

where g(j,i) dis a statistical weight
factor. The [-strength function SB was
assumed to be constant. The numerical pa-
remeters of the calculation are Qg4 and

Bp s Where B p is the proton bind-
ing energy Iin the dsughber nucleus Fformed
following the f[~decay.
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Fig, 7. The same as in £ig, 6, for '“7gm,

The caleulation performed shows a fair-
1y gocd agreement between experimental and
theoretical spectra obbtained using the Qg
and BP values predicted by the semi-
empigical mass formila of Garvey and Kelm
son “7,

The authors are thankful to Professor
G.N,Flerov for his interest in the work,
the ¢yelotron staff for providing bombard-—
ments, and L.V.Pashkevich for her help in
preparing the English version of the paper.
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