INVESTIGATION OF NEUTRON-DEFICIENT ISOTOPES

160

vp, 181y, 163y, Anp 165y,

J. Adam, K.Y¥a, Gromov, M. Honusek, V.V. Kuznetsov, H.,U, Siebert
Joint Institute for Nuclear Research -~ Dubns, USSR,

Abstract
A new isotope 161Yb(T1 5 = 4.2 min)

has been identified. The decay of 160y,
(TI/g = 4.8 min), 153Yb(T1/2 = 11.4 min)
and 55Yb(T1 » = 9.8 min) has been investi-

gated with Ge(Li), Si(Li} and NaI(Tl) de~-
tectors, & toroldel B-spectromster and mag-
netic p-spectrographs using isobarically
separated samples produced bylg e YASNAPP
facility. A decay schemesfor Yb, 163vb
and Yo are proposed.

1. Preparation of sources

The neutron-deficient ytterbium iso-
topes were produced in the spallation re-
action induced by high-energy protons on
a tantalum target. The external 660 MeV
proton beam (current 0,1 } of the Dubna
synchrocyclotron was employed, The metal-
lic tantelum foils (0.05 mm thick and 0.5 g
weight) were irradiated for a period ran-
ging from 5 min to 15 min. The exposed tar=-
gets were transferred pneumatically and lo-
aded to the pipe~type surface ionization
source of an electromagnetic isotope sepa-
rator. Products of the spallation reaction
in the tantelum target diffusing from the
foll were sigarated by the method descri-
bed in ref + Measurements of isobaricel~
ly sepsratad samples started about 5 min
after the end of irradiation. The 160vp
and 151¥b isotopes were identified using
also the chemically separated samples. In
this case suspensions of about 5 g of
Te,0. in G.1 M HC1 were irradiated. Becau~

se ot the high recoil energy of the spalla-
tion products about 40 § of those were sta-
bilized in the liquid phase and could easi-
ly be separated from the target <), The ra-
re earth spallation products were separated
by cation exchange chromastography et a 2 ¢
x 80 mm column filled with Aminex 5. After
elution of the ytterbium fraction it was
deposited by electrolysis on a 5 mm“tung-
sten foll and separation of the Yb isotope
was performed., The measurements started
about 20 min after the end of irradiation.

2. Measurements

The spectrs of ¢-raye were investigaw
ted using Ge(Li) detectorg with sensitive
volumes 0.5, 254 and 3 cm™ with system re-
solutions for Co of 1.2, 0.6 and 0.9 kaV,
respectively and Ge(Li) detsctors with vo

lumes 27, gb and 40 cm” with aystem resolu-~
tione for ““Co of 3.5, 2.4 and 3.5 keV,
respoctively, The spectra wera stored in
4096 channel analyzere and were anelysed
by meene of computers. Gamma-ray energies
were calibrated by measuring the investi-~
gated ilsotope together with several casli-
bration sources, Calibration for efficien-
cy of the Ge(Li) detectors waes performed
with an scecurecy of 2«5 %; 16 different
atendard sources were used for thie task,

the conversion electrons were investi-
gated by meens of an iron free g~spectro-
meter with toroidal magnetic field (the
resolution was 0.65 % and the transmission
10 %),.8 Si(Li) detector (with volume
150 mr“ x 3 mm and system resolution of
2.2 keV for E_ = 74 keV) and magnetic -
-spectrographs operating at 0.04 % resolu-
tion.

The geg-coincidence spectra were ta-
ken by two Ge(Li) detactogs having sensiti-
ve volume of 27 and 41 cm™, The resolving
time of the coincidence circuits was 50
nsec. The two~dimensional coineidence spec-
trum (4096 x 4096 channels) was tape rew
corded and then further treated by the
HP 2116 C computer.

The half-life of excited states was
measured by the delayed ¢~g~coincidence
technique with @4 x 4cm™Na(T1l) scintillaw,
tion counter as a gate detector and 41 cm
Ge(Li) detector for recording the coinciden-
ce. The resolving time of the system was
10 nsec.

The decay energy of 153Yb was deter=-
mined by measuring the coincidences of
positrons with 820.28 keV g-rays. A Si(ki)
detector (100 mm“ surface, 15 mm thickness)
and 8 @8 x 8cm3 NaI{Tl) crystal were used,
Corrections to the positron spectrum for
the backward scattering effect in the
Si(LiA detactor were obtained by means of
the Op positron spectrum.

3. Results

The decay of lson with a half-life of
4.8 min was observed for the first time

from 3(40Ar,4n) 0Yb reaction 3). The
trensitions with energy of 78.3, 600 and
631.7 keV were reported by de Boer et al,
4} who determined & half-life of 4.1 % 0,2

min for on, but we established_that the-
se transitions correspond to the 16lyp de-
cay (see below), Gamme~ray spectra mesured
with isobarically separated (A = 160) sour-
ces contain the thulium KX~rays, g-transi-

tione corresponding to the Yb decay

(seeo ta?és 1) and well known g-rays from de-
cay of Tm. Sources obtained by combined
chemical and mass-separations (ytterbium
and thulium fraction, A = 860) were measu-
red., In the sctivity of 16158 g-rayi gor-
responding to the decay of Yb and 6 Tm
were observed. On the other side, the acti-
vity of m contained just the y-rays of
150Tn, The half-life of 160vb was establis-
hed to be T;,, = 4.8 0.2 nin. The part of

our results was published in ref.” /. It
should be noted that ¢wrays with energy
(and relative intensity) of 173.8 keV (100)
and of 215.7 keV (47) corresponding to the
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decay of activity with 4.6 + 0.5 min_half-
life were observed by de Boer et &l.” ‘and
identified erronecusly as belonging to the

158y, decay.

Tabla 10

Energies and intensities of the ywray
transitions in the decay of Ovb

E, (kev) I, Ey (keV) Iy
K1 (Tm) 129 173,74 £ 0,06 100
34.18 £ 0.10 3.0 174.40 % 0,10 13.2
42,02 Y 0,10 7.3 215.78 * 0,068 48
62,05 * 0,10 0.46 320,00 t 0.15 3.6
84,29 * 0,07 0,82 327.60 % 0.15 5.6
og,24 t 0,05 2.8 373,00 £ 0.10 10,0
05.46 * 0,056 2,1 38B6.,2 % 0.3 3.2
116.44 ¢ 0.056 1.96 389,38 L Q.15 5.7
132.23 ¥ 0,05 14.0 429,0 % 0.3 1.4
40,35 ¥ 0,05 22,2 s62.8 % 0.3 1.9
155,76 £ 0.07 1.7 '582,0 ¥ 0.3 2.4

Results of the y~g coincidence measu=
rements used for the decay scheme construc-
tion are shown by full circles, see fig.l.

The multipolarity of following transi-
tions was determined from internal conver-
sion electron measursments with the toro-
idel magnetic spectrometer: 42,02 keV - M1
+ 5 Y EZ2, 132,23 kevV-El, 140.35 keV-El,
173.74 keV-El and 215.78 keV-El. The spin

of the 180Tn ground state was established
to be I=1 by Ekstrom et al. 6}, which can
be explained by assuming the

1~{p 5/2*[402]2n 3/27[521] ) assignment to
this state. The measured thulium KX-ray in=
tensity (table 1) for the 160Yh decay and
intensity balance of excited stetes of

1607n gives approximstely an upper limit
of 45 % for the direct population of the
ground state. Ths decay energy Q=2.8 MeV

for 160Yb teken from Wapstra and Gove /)
was used for calculation of the log ft
vaelue for Q@w«transitions, The allowed un-
hindered character (log ft £ 4,5) was esta-
blished for the p~branch to the state at

215.78 keV, which leads_ to_unambiguous assige
ment 1t(p 7/271523] =-n 5/27[523])for this

state. On the basis of our experimental re-
sults, the spin of the 42.03 keV state can
be 2-, 17, or 07, From energy of this sta~
te we suppose, that it is a first member

of the ground-state rotational band with
spin=-parity 27«

3.2 1lvp

Single wy=-ray spectra of three isobari
cally seperated sources {A=160, 161 and
162) were measured simultaneously and de-
cay of the transitions was followed. Besi-
des y~ray transitions correspondigg to the
decay of the well known_isotopes +BlTp
(Ty/2 = 37 min) and of 18lEr(Ty/2 = 3.1 h),
several new transitions were identified,

In table 2, these transitions of the

(4.2 1 0.2) min activity, observed in the
isobarically separated sources (A=lBl)

are listed., Additrional proofs were recei-
ved for correctness of mass determinations
by measuring g-ray spectra from two neigh-
bouring masswseparated sources, In ihg
first source, we found activity of 160Yb
and 1607n jactopes. In the second source,
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Fig. 1. The 160vy, .., 1607y decay scheme,

the 162vh gnd 1827, isotopes were establis-
hed. The transitions listed in table 2 are
not cbserved in sources of this type,

Table 2

Energies and relative intensities of the
y-rays occuring in the lleb_hq}sle decay

E, (keV) Iy

Key (Tm) 100 t 7.5
78,17 ¥ 0.05 48,9 % 2.7
140.20 % 0,20 3,3 to.8
188,20 * 0,08 4,5 %t 0,8
599,80 * 0,30 38,8 % 3.2
631.30 * 0.50 2}.0 % 3,0

The 78.17 keV transition of the 4.2 min
activity was identified also in the chemi-
cally {ytterbium fraction) and isobarical~
ly (A=161) separated sources. All these ex~
perimental results allowed us to determined
the observed 4.2 £ 0.2 min activity as the
181lvp,

De Boer et 31.4) measured y~rays of
78.3 keV, 600.0 keV and 631.7 keV decaying
with helf-lives of 4,1 £ 0.2 min and assig=-
ned them errorneously to the decay of the
lson.

3 N 3 163Yb

Decay scheme of this_nuclsus including
thirty excited levels of 163Tm is shown in
fig. 2. It was proposed on the besis of ax-
perimental results for g-rays, conversion
electrons and spectre of prompt and delayed
coincidence. The intensity of 88 sbserved
g «transitions not placed in the decay sche-
me is about 7 %, Calculation of log ft

- 407 -



[ » 2z° {371)
B Q“ 370 2 100 we

™ dog ft
L] 58
— e B
R | ]
RER £
130 6% 69
- ik
FiifGy Mo H T2 wr 54
wH
an i s 0
= %
§3 5 %?:,’a a8
3 wn gl
o ? mg e 8
i-i T ogn 0 56 (VAT o 5
. o 8 gg g ® 0 wrvr %
wee TR x 822 wr as
o LS E 8 § 1
e % = YY¥gn o= 1 g 1N vearsr &
o & SgEg., %A EroE] vt 7]
i'gn g 8...3"‘ 20840
ghii ; UEcBEBE 23033 veyrer 1
g Azg ZugHRR3 E, B %
£ unp ¥ il 1. .
—_— 4 &8 & il B 1] e :% ﬁ.w i
07 nes wr 3901 nawc
-5 2%
g :
o % = 4 ~A K #
12 Tm
Fig. 2. The 183vb__, 163r, decay scheme.
values is based on assuming the same order Table 3,

of p~feeding to iES first excited and
ground statres of*°3Tm in the 163vp decay.
We used a Quvalue of 3.37 MeV which was da«
duced from f~g~-coincidence measurements.
Complete experimental Sasults were recent-~
ly published in ref. ©).

The spin I = 1/2 for the ground state
163Tn was measug?d and interpreted as
1/2% 1411} state B). Conclusions for the
transition nmultipolarity sllowed assignment
of the following spin and parity values to
the excited levels in 163Tm: 13,51 kev-3/23
144,39 keV~-5/2%, 175.00 kev~7/2%. Energies
of these states are well described by the
usual formula for the states of the K=1/2
rotational band with parameter A=15.,36 keV
end decoupling factor a = -0,707. The mea~
sured value of the admixture parameter
for the transition 3/2%*1/2,1/271/2 and
the intensity ratios of ywtransitions from
state with spin I to I-) and I to I-2 allo-
wed us to calculate the ratio

s2 = (g = gg)? [1+(-1)T*1/2 b,,]zfqg

(see table 3).

The levels at 23.33, 86,95 and 217.14
keV can be attributed to the Nilsson orbiw
tals 7/2%[404], 7/2-1523] gnd 1/27{541)] ,res~
pectively, by comparing ghem with the neighe
bouring Tm odd isotopes N

Calculated values of S? for states of the

1/2% [411] rotational band in 1637, and 165Tm,
100 52
I
163Tm 165Tm

3/2 5,45 9.4

5/2 4,2 1 o0.3 3.7 0,7

8/2 - 6.4 1 0.8

The half-life of the 86,95 keV level

was measured to be Tl > =380%30 nsec and
then the hindrance factor F, _ = 1,1x10°

was deduced for the 63.62 keV El transition.
It is most probable that the observed ex~
cited states of 136,70 (3/2%) and 224.4 kev
(3/2% or 5/2%), belong to the rotational
band built on the Nilsson orbital 3/2*+ 3/2
[411] . On the basis of low log ft value

and from calculation of Garesv et al.

the structure of levels at 947.29 keV and
1833,.48 keV could be interpreted as one-
~quasiparticle state 5/271532] and a three-
-quasiparticle state of the type

s/2™{p 7/2"[523], n 3/27[521}, n 5/2'{523ﬂ,

respectively.
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3.4 165y

The decay of 9.8 min lesYb has beean
studied. Nearly 140 y-transitions were as~
signed surely and 15 tentetively to the de-
cay of Yb. In comparison with the re-
sults of ref.ll) 34 new transitions were
observed and 13 transitions were not con-
firmed. The transition energies determined
in our measurements are more precise than
those reported in ref, 11),

The multipolarity of the transitions
with snergy 11.56 keV -~ M1 +%£ 0.1 % E2
30,80 keV - E1, 68.8B6 keV - E2 and 80,11
keV « El +£ 0.2 % M2 were deduced from a
comparison of the L-or Mw-subshell ratios
of the conversion electron intensities
with theoretical values. Reletive intensi-
ties of K-conversion electrons, g-rays and
deduced multipolarity of transition are
given in table 4.

Table 4 (continusd)
Transition intensities and multipole orders.

The decay of 165Yb.

E keV I I Multipole
¥ ( ) K ¥ order

203.32 3 2,81 M1

232.61 0.5 1.87 EZ2

235.21 0.6 0.73 M1

275,53 0.2 1.50 EL

304.03 1.6 8.29 E2 ML+E2

320,68 0.2 1.70 E1l,(E2)

332,30 0.2 1.00 E2,El

The decay scheme in fig. 3 is besed
on the results obtained from y-g~coinciden-
ce measurements, We do not introduce levels
275.5 keVv, 369,8 kev, 609,5 kev, 950.0 kev,
1100.5 keV, 1129.1 keV, 135§1§ keV and
1424.8 keV proposed in ref. « New lavels

Table 4, at 797.34 keV, B30,98 keV, 889.85 keV,
921.37 kev, 1790.40 keV, 1846,.56 keV
Transition 1n§ggsities and multipole orders. 1919, 40 keV and 2194.91.kev are placéd in
The decay of Yb. our decay scheme, Calculation of log ft
values was performed using Q-value eqgual
Ey (kev) I, I, Multipole to 2.76 MeV obtained in ref. 12), The assi-
order gment of levels corresponding to the rotati-
onal bands above Nilsson states 1/2% [411],
91.97 18 2.64 M1+E2 7/2% 14041, 7/2-1523), 1/2"[541) , 5/2* (402,
104.26 10 l.21 M1 and 3/2*[4iP was made {g}lowing conclusions
118.06 45 is.4 E2,MI+E2 from ref, ) and ref. + The multipolari-
147 .29 1l 7 .95 E2,M1+E2 ties of transitions deexciting the above
156,51 2 1.05 M1 mentioned levels confirm their spin-parity
170.25 1.5 4.45 E1(E2) determination. The spins and parities for
185.88 2.5 4,45 E2 other levels were proposed provided that
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Fig. 3. The 165vyp _3°tnm decay schome

- 409 -



unknown multipolerity of transitions can 6) C.Ekstrdm, M.Olsmats, B.Wannberg,

be M1l or E1 or E2. Next restrictions for Nuel.Phys., AL70 (1971) 649
spin and parity of levels follow from the 7) A.H.Wapstra, N.B,Gove, Nuclear Data

range of log ft values. The interpretation
of the levels situated above ~B800 keV is Tables 9 (1971) nos 4,5
rather complicaeted task and is in progress, 8) J.Adam, K.Ya.Gromov, M.Honusek, T.A.Is-
lamov, A.Sh.Khamidov, V.V.Kuznetsov,
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