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Anam M. & ap. E6-11299

Cocrosmra 185y, Boabyxnaemuie mpu pacnane 9,8 mun 165Yb

Pacnaa ¢%Yb (T.A = 9,8 mun) uayuancs c momomsio Ge(Li),
Si(Li) #  Nal(Tl) -nerexropos, TopomgansHoro B -cnexTpoMeTrpa
B MarHaTHbIX fB-cnekrporpados. Hcnoabaosanauch u3obapuyeckn cenapupo-
BAHHbI€ HCTOYHHKH, KOTOpble Noly4yanuch Ha ycraHoske SACHATI s Ny6-
He, }lamepsiiuck mpocrsie y-cnexrps, CneKTpbl KOHBEPCHOHHBIX 3/eKTPOHOB,
MPHOBeHHble W 3ajepXaHHble y-y -copnadeuus. [lpeanaraercs cxema pac-
nana 185Yb , KoTopas cocToHT u3 40 Bo3ByxaeHHHX cocroauuf 185Tp.

Beite uaenruduunpopanm feppele 4neHbl POTAUHOHHLIX MONOC 172 [411] ,
2% (a11], 5/27[4021, 7/2%[404], 1/27(541], 7/27[528] 4 9/2" (514].

Pabora Bumonxena B JlaGopaTopun aoepHbIX npo6iem OUAM.

[Tpenpaur O6vennnenuoro HHCTHTYTa anepHbiX ucchnenosanufl. [y6ua 1978

Adam J, et al, E6-11299
Levels in 85Ty Excited by the Decay of 9.8 min 185yh

The decay of 185y, (T./z = 9.8 min) has been investigated with
Ge(Li), Si(Li) and Nal(Ti) detectors, a toroidal B-spectrometer
and magnetic g-spectrographs. The isobarically separated samples
produced by the YASNAPP facility at the Dubna Institute were
used. The single y-ray spectrum, the conversion electron spect-
rum, prompt and delayed y~y coincidences have been measured,
The decay scheme of 16%Yh involving 40 excited states in 185Tnm
has been proposed. The first members of the rotational bands
v2¥anl , s/2% {411, 5/27%(402], 7/2*[404], 1/27(541] , 17/27[523] and
9/27 [514]  have been identified,

The investigation has been performed at the Labeoratory
of Nuclear Problems, JINR,
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1. INTRODUCTION

The excited states in 15Ty populated by the decay
of 18%yh have been studied in refs./1-5/, Paris/lY has
observed twenty transitions following 185yp decay and
determined the decay energy and construcfed the
decay scheme involving 8 levels. The lifetime of
the 7/2” [523] state has been determined and four
levels have been introduced in the decay scheme
by Temura’/%.The half-life of 1#5Yb has been deter-
mined most precisely in ref. 6/, Ty, =9.8+0.8 min. The
levels of 185Tm were studied by several investiga-
tors via various reactions: (p,ny)(ref. /"7/),,/ /(p. 211);)
(ret./78:9/), (a,xny) (ref/19:11/) (11Bxm) (ret./*), (He,d)
(ref./12/ ) and (a,t) (ref./12/$. Most complete experimen~
tal results concerning the beta decay of 185yp have
been reported in ref,/ 4/ The authors of this work
have suggested that the y-ray as well as conver-
sion electron spectra and y-y coincidence spectra
must be reinvestigated with isotopically separated
sources, '

Such sources of 185Yb have been employed in the
measurements of spectra of single y-rays, c?nver—
sion electrons, prompt and delayed y-y coincidences
studied here, For this purpose, Ge(Li), Si(Li) arld
Nal (T1) detectors, together with a toroidal g-spectro-
meter and magnetic g-spectrographs have been
utilized. Thus, the construction of a more complete
scheme of the 18%yy ., 189Tpdecay proved to be pos-
sible, Preliminary results of the present study have
been reported in ref, /3.8/,



2. EXPERIMENTAL CONDITIONS AND RESULTS

2.1. Preparation of Sources

The neutron-deficient isotopes of rare-earth ele-
ments were obtained by the spallation reaction in-
duced by high energy protons on tantalum or haf-
nium targets, Targets of metallic foil 0,05 mm thick
and weighting approximately 0.5 g were irradiated in
the external 660 MeV beam (current of 0.1 pA)) of
the JINR synchrocyclotron for 15 min., The irradiated
targets were transported pneumatically and loaded
into the pipe-type surface ionization source/18/of an
electromagnetic isotope separator/14/The products
of the spallation reaction in the tantalum target were
separated isobarically by means of the method

described in ref./15/Sources (A=165) prepared in this -

way contained also 185 Ly activity (T,/2 = 11.8 min),
The single spectra of y -rays were measured using
hafnium targets/16/in the later experiments. In that
case the Lu activity disappeared completely and the
vield ratio Yb/Tm was improved, The time interval
between the end of target irradiation and the be-
ginning of above described measurements did not
exceed ‘5 min, - '

Sources for ' B=spectrographs ‘were produced
using a tantalum target which was exposed to the
internal 2,3 pA" proton beam of the accelerator, The
Yb activity was chemically séparated from other
spallation products ‘and was then deposited on a
50 um platinum wire by electroplating. The measure-
ments of the conversion electron sources started
about 1 hour after the irradiation,

2.2, Gamma-Ray Singles Measurements -

Gamma-ray single spectra were measured with
detectors having volumes of 0.5 and 41 cm® and
a resolution of 0.8 keV for %7Co and 2.4 keV for
80 Co, respectively, The spectra were taken with the

4

4096-channel analyzers and treated by fitting a Gaus-
sian function/17to the data. The low- and high-ener-
gy parts of the y-ray spectrum of the 165y} decay
are shown in Figs, 1 and_2, respectively,

The energy of y-rays accompanying the 165Yb
decay was determined by measuring the isobar A=165
activity together with the '33Ba, 88Ty, 110mpg 152p,
and ?26Ra calibration sources /18/ Relative efficiencies
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Fig. 1. Low-energy part of the 165yp y -ray spect-

rum measured with the 0.5 cm3 Ge(Li) detector.
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Fig. 2, High-energy part of the %%yp ,-ray spect-
rum measured by means of the 41 cm 3 Ge(Li) detec-

tor,

were calibrated with many standart sources and the
efficiency curves were described by the six-para-
meter analytical function/19/The accuracy to within

2-5% of the efficiency calibration of Ge(Li)

detec-

tors with respect to y-ray intensities from the stan-
dart sources/18/was reached.

The 185yt activity,the 185Tp (ref./ao/) activity and
weak contributions from neighbouring isobars were

6

found in y-ray spectra. Gamma-rays accompanying
the '6%yh decay were identified according to their
intensity reductions found in some sets of measure-
ments of the isobar A=165 activity. Some low inten-
sity y -rays seem to be an exception, Table 1 pre-
sents the data from the analysis of single y-ray
spectra in the 185yp decay. This table contains

153 y-transitions from which as many as 48 have
been observed for the first time, The energy of
previously reported y-rays has been determined in
this work with an error 2-3 times smaller than in
ref, 74/,

2.3. Conversion Electron Measurements

Conversion electron spectra of 1$9Yhp were mea-
sured with a 3 mm thick Si(Li) detector (the working
surface of 150 mm?2 and resolution of 2,2 keV for
the K -electron line of the 121 keV transition)
placed in the magnetic field/2Vwith an iron-free .
B -spectrometer having a toroidal magnetic field/zs/
(the resolution of 0,4% and the transmission of 7%)
and with magnetic g-spectrographs operating at
the 0.05% resolution,

The 11.60+0,10 keV transition depopulating the
first excited state was found by means of an iron-
free B-spectrometer (see fig, 3), The results of the
conversion electron measurements are summarized
in Table 2, The multipolarities of the y-ray tran-
sitions are deduced from a comparison of K-conver-
sion coefficients and L- and M-subshell ratios with
the theoretical values of conversion coefficients /22/,
The multipolarity of 15 transitions was determined
for the first time while the previous assignment
(except the 13.7 keV one V) was confirmed for
the other transitions (see table 2 and refs,/1. 2/ ),



Energies and intensities of y-rays in 165yy decay

Table 1

B 4Ej(keV) I, oI, Ey aEjikeV) Iy  aI;
30.80 0.10 11.8 2.0 (389.9 ) 0.5 0.35 0.20
€8.86  0.05 70.2 4.0 391.40 0,08  2.31 0.30
80.11 0.02  374.0 20.0 404.47 0,10 1.08 0.07
91.97 0.05 2.64 0.30 416,03 0.13 1.26 0.10

104.26  0.07 1.21 0.15 422,26 0.25  0.29 0.03
118.06  0.05 18.40 1.00 430.8 ®) 0.5 0.13 0.03
129.59  0.06 " 3.04 0.50 433.35 0.10 1.44 0.10
130.26 0,07 2.21 0.50 446.10 0.20 0.26 0.03
132.32 0.10 0.80 0.20 462,63 0,15  0.83 0,09
134.60  0.08 0.75 0.15 479.72  0.07 2,68 0.20
147.29  0.05 7.95 0.40 492.9 %) 0.6 0.26 0,09
156.51 0.15 1.05 0.10 522,76  0.20 0.26 0,07
158.20  0.25 0.56 0.07 527.50 0.30  0.15 0.03
170.25 0.05 4.45 0.22 533.35 0.40 0.12 0.04
185.88  0.06 4.45 0.22 545.24 0,20 0O.44 0,06
203.32  0.G7 2.81 0.15 557.96%) 0.40 0.18 0.06
(208.5 ) 0.5 0.17 0.04 566.90 0.10 0.97 0.08
228.34%) o0.20 0.22 0.03 578.56 0.16 0.51 0.05
232.61 0.08 1.87 0.10 597.12 0.30 0.38 0.08
235.21  0.09 0.73 0.06 599.57 0.30 0.38 0.08
255.00  0.10 0.41 0.05 606.24 0.25 0.38 0.06
260.87 0.09 0.75 0.08 (609.44) 0.30 0.20 0.06
263.89  0.20 0.16 0.04 613.52 0.20 0.36 0.05
215.53%) 0.07 1.50 0.08 628.1 0.6 0.12 0.04
286,03  0.15 0.24 0.03 636.79 0,10 1.46 0,10
290.32  0.16 0.41 0.04 644.21%) 0.30 0.20 0.04
304.03  0.06 8.29 0.50 650.00 0.30 0.18 0.04
312.25 2.30 0.31 0.05 656.00 0,07 2.89 0.16
314.31  G.30 0.37 0.05 675.75 0.20 0.49 0.06
320.68 0,08 1.70 0.10 708.13  0.40 - 0.25 0.08
332.30 0.20 1.00 0.30 722.30 0.50 0.17 0.08
339.67 0.20 0.54 0.18 728.77 0.39  0.29 0.08
361.59 0.10 2,00 0.14 739.00 0.30 0.43 0,05
363.58,  0.30 0.71 0.10 T744.6 0.8 0.12 0,96
382.49 ) 0,20 0.24 0.03 772.61 0,20 0.51 0.07

Table 1 (continued)

B) AE)(keV) II AI, E) ‘E)(ke'v')ll AI)
784.43  0.10 1.60 0.12 1172.7 ®) 0.5  0.28 0.09
796.21  0.40 0.26 0.05 1188.40  0.13 1.05 0.1C
820.87  0.40 0.29 0.14 1193.47 0.15 0.60 0.15
826.33  0.10 1.44 0.12 1202.54 0.14 0.97 0.10
83.12  0.13 0.94 0,09 1209.4 0.5 0.52 0.20
838.83  0.20 0.48 0.08 1212, 0.5 0.63 0.20
853,05  0.20 0.68 0.07 1219.41 0.08  3.90 0.30
856.00  0.20 0.77 0.07 (1229.3) 0.8  0.18 0.10
877.0 0.6 0.77 0.40 1239.56  0.09 2.28 0.15
878.6 0.5 1.02 0.40 1249.5 1.6 0.29 0.15
892.9 *) 0.6 0.44 0.20 1266.13 0.10 1.66 0.12
895.21  0.20 1.06 0.25 1269.87 0.12 1.14 0.il
906.10  0.17 0.50 0.20 1289.65 0.12 1.22 0.10
935.17 0.08  3.21 0.20 1294.5 *) 0.5 0.5 0.20
937.96  0.25 0.71 0.08 1296.81  0.20 1.68 0.20
946.8 0.7 0.21 0.1l0 1302.25 0.15 0.76 0.10
956.68  0.07 8.35 0.50 1308.7 0.5 0.36 0.07
967.94 0.15 0.70 0.l1l0 1312,12 0.1 1,08 0.08
973.10%) o0.22 0.43 0.10 1329.36 0,08 2.82 0.20
989,97  0.30 0.61 0.14 1339.9 0.5 0.14 0.07
999.34%) 0.07 4.85 0,25 1351.85  0.30 0.23 0.04

1009.3 0.8 0.18 0.09 1356.05  0.25 0.32 0.04
1012.40  0.40 0.47 0.15 1367.57 0.12 1.13 0.10
1015.70  0.30 0.77 0.15 1371.33  0.12 1l.12 0.i¢
1030.05  0.07 5.20 0,30 1386,00 0.40 0.20 0.05
(1032.3 ) 0.8 0.29 0.15 1390.47 0.14 0.71 0.08
1073.47°) 0.06 7.25 0.40 1401.41 0.16 0.68 0.08
1090.28%) 0.06  34.6 2.0 1404.70  0.30 0,30 0.05
1117.74 0,10 1.55 0.15 1421.35 0.10 2.46 0,15
1122,00  0.12 1.28 0.15 1426.91 0,12 0.95 0.12
1126.34  0.12 1.25 0.15 1435.26  0.16 0.81 0.12
1145.33  0.30 0.84 0.12 1452.06 0,11 2.20 0.15
1148.56  0.10 1.49 0.15 1501.31  0.08 4.54 0.30
1154.54  0.0€ 3.52 0,25 1531.10 0,17 0.65 0.07
1161.78  0.18 0.74 0.09 1686.00 0.40 0.47 0.08
1165.53  0.10 1.90 0.15 1705.00 0.40 0.28 0.05



Table 1 (continued) Table 2

Intensities of the conversion electrons and

.E EylkeV
: ? 23 ' Fj ek - aly conclusions on the multipolarity of some transitions
1726.10 0.40 0 in 19°Tm
. . .32 0.06 1916.5 1.0  0.25 0,10
1784.8 0.5 0.29 0.07 1942.6 1.0  0.40 0.06
1788.9 0.5 0.37 0.07 1 .4 1.0 0. .
1802.8 0.8 0.20 0.05 1::;.3 1.5 o.:g g.g: By (xen) g Ix'lorml Il'zor/u"’ ILJOr/M3 Multipolarity
1827. . . .
oo 1o g.ig oo 2004.5 1.5 0.20 0.08 11.60%0.10 ~860%)  £200%)  £200%) M+ 0.1%2
a) Belongi . 165 ] 30.80 <100°) i1}
ging of this y -ray to the decay of Yb is 68.86 ~ 400 570%) 770) 800°) E2
uncertain, 80.11 ~1600 . 180°) ~ 40°) El+ & 282
b) Double transition as concluded from y-y coinci- 91.97 16 M1+E2
dence measurements, 104.26 10 : M
118.06 45 E2, M1+E2
129.59 s12 M, E2, &1
130.26 $5 B, Rl
147.29 11 E2, M1+E2
L—d B 156.51 2 n
> < 170.25 1.5 E (E2)
b R zlc 185.88 2.5 B2
< =3 203.32 3 M
T = 232.61 0.5
O L s o 235.21 0.6 n
R o 275.53 <0.2 n
0t - = @ 290.32 £$0.3 M, E2, ®
&1200 N 5 - 304.03 1.6 B2, M1+E2
| z 3 320.68 50.2 El (E2)
(.'L) - = 332.30 50.2 ' E2, K1
=1000 N .
D Electron intensities are normalized to gamma-ray
o intensities assuming that the 68,86 keV transition
O 800 is pure E2 (obtained from L -subshell ratio).
L L L a) Intensities of the conversion electrons from M -

L 1 N
subshell,
280 3m 320 b) Intensities of the conversion electrons from

CHANNEL NUMBER L —subshell.

Fig, 3. A part of the conversion electron spectrum
measured with a p-spectrometer having a toroidal
magnetic field,
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2.4, Prompt _and Delayed ¥~y Coincidence
Meas urements

The prompt y-y coincidence spectra were measur— "
ed by means of two Ge(Li) detectors having sensi-
tive volumes of 41 and 45 cm3 at apparatus reso-
lutions of 2,4 and 2,6 keV for 60Co , respectively,

The resolving time of the coincidence system was
about 50 nsec, The two-dimensional coincidence
spectrum (4096x4096 channsls) was tape recorded/17/
and then treated with the HP 2116C computer /23/
The representative samples of y-y coincidence from
gated energies of 118,06 and 147.29 keV are shown
in fig. 4, 178128

All the results from the Y-y coincidence in the

b decay are summarized in table 3. The intensity
errors are about 20% for strong transitions but may
be as large as 50% for the weakest ones, These
errors include uncertainty in the subtraction of the
Compton background, '

The calculated intensities of y—y coincidences
were obtained in accordance with the 165Tm level
scheme (see fig, 5).The total intensity of transitions
was used for the calculations of Y-y coincidences
in the case of transitions deexciting the levels:
129.62, 158,93, 181,72, 210.59, 252,44, 315,54,
362,28 and 419,79 keV. The values of theoretical
conversion coefficients/?22/were used to evaluate the s
total intensity of transitions with the known multipola-
rity. For the 129,59 keV transition, the E2 multipo-
larity was supposed to be based on the decay
scheme, The unknown mixing ratio of the 91,97 and
118,06 keV transitions increased the uncertainty of
their total intensity by 10%, For other transitions L1t e S R B
we have adopted that the total intensity is equal to T
the y-ray intensity. geoz———— " =~ 8958

In order to reach agreement between 1.cale . ___(3
and I;’;,p for the coincidences of the 132,32 keV 1595k =

09781~
transition with the 1294,50keV one the multipolarity 3
M1 or E2 must be assumed for 132,32 keV transition,
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Table 3

Results of y.y coincidence measurements in the
decay of 165Yp

Table 3 (continued)

Level Gated linef Coincident lines
B(keYV) Bll(kev) E,z(kev) I;ip R I;;lc b)

129.62 118,06 185.88 0.78 1.39
232.61 0.28 0.58

290,32 0.11 0.13

320,68 0.40 0.53

361.59 0.40 0.62

422,26 ~0.13 0.09

462,63 0.22 0.26

1435.28 ~ 0,17 0.25

1452.06 0.45 0.68

129,59 185.88 0.17 0.22

1452.06 yeos 0,11

158.93°) 147.29 134.60 0.33 0.44
156,51 0.45 0.62

203.32 0.16 0.17

255,00 ~0.3) 0.24

260,87 0.45 0.44

332,30 0.50 0.59

433.35 0.78 0.85

566.90 0.4 0.57

1122.00 0.78 0.76

1148.56 0.55 0.88

181.72%) 170.25 708,13 ~ 0.39 0.23
739.00 ~ 0.29 0.40

831.12 0.87 0.87

1126.34 1.45 1.16

1188.40 0.97 0.97

210.59 130.26 826.3) 0.55 0.63
| 1371.33 0.45 0.49
252.44 91.97 545.24 0.09 0.09
578.58 0.14 0.10

937.96 0.16 0.14

998,38°%) 0.23 0.20

1073.56°) 1.0 0.55

14

Level Gated lines Coincident linea 19XP 2) I cale b)
B(keV)  Ey(keV) Eyp(keV) Yy Yy
1117.74 0.28 0.29
1312.12 0.16 0,20
1329.36 0.55 0.55
J15.54 156.51 104.26 ~ 0.055 0.071
185.88 0.22 0.30
235.21 ~ 0.05 0.05
304.03 0.50 0.57
156.51 606.24 ~ 0.04 0,023
156.51 935.17 0.16 0.19
185.88 0.72 0.80
304.03 1.55 1.51
156.51 999.46°) 0.33 0.24
185.88 1.0 1.0
235.21 yeos 0.17
304.03 2.1 1.83
304.03 1249.50 yes 0.14
156.51 1266,13 yeos 0.10
185.88 0.33 0.41
304.03 0.67 0.78
304.03 1531.10 0.46 0.30
362.28 203.32 363.58 0.22 0.32
232,61 0.28 0.22
203.32 1202.54 0.40 0.44
232.61 0.33 0.30
203.32 1219.41 1.0 1.76
232.61 0.9 1.18
413.93 255.00 312.25 0.28 0.3C
419.79 104,26 132,32 yeos 0.15
104,26 895.21 0.l8 0.20
260.87 yes 0.12
104.26 11€1.78 0.16 0.14
104.26 1426.91 0.15 0.18
491.23  332.30 1073.54%) C.55 0.40
361.59 0.83 0.80
479.72 1.1 1.1
15
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Level Gated lines Coincident lines 19XP 2y rcale b) ‘:i g_e ﬁ
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a) Intensities have been obtained from the analysis Rk ;
of y-y coincidence spectra, e & '
b) Intensities have been determined from the level ga— i
scheme. The normalization of the intensity values o D g
is based on _coincidences from 315,54 keV level. Py : :
The intensity I, =I, was taken for y -transitions ' Q# 454 q
with unknown multipolarity. 54 | E
c) The calculation of the 1%I¢ was performed 4
including the 29,31 keV transition (see table 4), i
3
d) The calculation of the I;:,;,lc was performed includ- 1 4 F i
ing 22,78 keV ard 52,10 keV transitions (see table 4). s‘ 4
e) The intensity corresponding to the component of . ] 4 4 E
the doubclﬁ}‘,: (see table 4) was used for calculation ' ‘ E
of the I},y . ' :
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Fig. 5b. High-energy part of the 18%Yp decay scheme.

The disagreement in experimental and calculated
coincidence rate between 118,06 keV and other
transitions (see table 3) can be explained by an
admixture of the transition with Closed energy

(120 keV) from the 1851, decay., The coincidence
data indicate that the peaks at 275.53, 999,34,
1073.47 and 1090.28 keV observed in the165Yh decay
are double lines (see table 4)., The energies of the
doublet components were determined from the decay
scheme andtheir intensities were evaluated on the
basis of the coincidence measurement results, The
low energy transitions 22,78, 29,31 and 52,10 keV
were introduced analysing the coincidence intensity
for transitions connected with the 158,93 and

181,72 keV levels,

The delayed y-ycoincidence measurement /17/
was performed using the @ 4x4 cm3 Nal(Tl) scintilla-
tion counter as a gate detector and the 41 cm3 Ge(Li)
detector for recording the delayed coincidence
spectra, The resolving time of the system was
10 nsec., The time distribution curves corresponding
to the 80,11 keV and to the 118.06 keV transitions
confirmed the half-life of 9,0+0.5 psec determined
by T.Tamura/2/ for the 160.47 kel isomeric level,
The obtained value of 20 for the ratio of coincidence
intensity of the 80.11 and 118.06 keV transitions is
in agreement with proposed decay scheme, The half-
life of the 80,37 keV isomeric state, depopulating
via the 69,3 keV transition, being T,/ = 80.3+3 usec,
was determined in r‘ef./a/, We are not able to remea-~
sure this half-life because the upper limit of our
apparatus is 3 u sec,

3. DISCUSSION
3.1. The Decay Scheme of !65yp

The decay scheme proposed in fig, 5 is based
on the previously reported results from nuclear re—
action studies and on the present experimental in-
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Table 4

Energies and intensities of y-rays in 165yy, decay,
existence of which follow from y-y coincidencies

Placement in tie
decay scheme

b b b

E,‘) aEy®) I,‘) AI,“) E°)  aE)) ;") E, E,
22.78%) o0.07 °) 181.72 158,93
20.1%) o0.05 14%sT) 1s58.93 129.62
52.10%) o0.07 cy 181.72  129.62

275.53 0.07 1.50 0.08 275.53%) 0.20 1.2%0.2 275.53 0
275.70  0.20 ~0.3 1466.20 1190.50
999.34 0.07  4.85  0.25 998.38  0.08 ~1.0 1250.82  252.44
999,46 0.1 ~3.9 1315.00 315.54
1073.47 0.06  T.25  0.40 1073.54  0.10 ~2.4 1564.76 491,23
1073.56  0.13 ~4.8 1326.00 252.44
1090.28 0.06  34.6 2.0 1090.28  0.08 33.9%2,0 1250.82 160.47
1090.54  0.09 ~0.7 1581.77 491.23

a) Data from table 1 for double transitions, they are
indicated by D in fig, 5,

b) This value is calculated on the basis of the
level scheme and results of y-y coincidence,

c) Lot (22.78) + I o (52.10) =~ 4

d) Transitions are not shown on decay scheme in
fig. 5.

e) Conclusion on multipolarity El for this transition
holds,

f) The total intensity has been determined only.

20

vestigations, Transitions of 91,97, 118,06, 129,59,
130.26, 147.24 and 170,25 keV were placed in the
decay scheme using data from nuclear reaction/4,10-12/.
This placement is confirmed by the present data on
the coincidence of transitions depopulating the higher
excited levels., The levels at 158,20 and 275,53 were
introduced comparing our results with data from
refs, /4'12/.

Other excited levels were found on the basis
of the mentioned placement of transitions and using
the present coincidence results, except the
496.49 keV state, The full (open) dots in fig, 5
stand for the transitions having placements strongly
(weak_ly) supported by coincidences, Transitions not
marked by dots are included in the decay scheme
from energy sum relations and they were not ob-
served in coincidence measurements. The dashed
line marks the 1239.56, 1269.87 and 1296.81 keV
transitions, which are placed tentatively, because
their energies are by ~0.4 keV higher than the
energy difference of the corresponding levels,

The energies of excited states in 1¥°Tp were
calculated by the least-squares method/#4/using
energies and respective errors of all the y -transi-
tions included in the decay scheme (see fig, 5).
The double transitions (see table 4) and transitions,
placement of which in decay scheme is ambiguous,
were excluded from energy level calculations,

The total intensity of the 11.60, 68,86 and
80.11 keV cascade transitions is equal to 91% of
the full intensity of all observed transitions, Al-
together, 154 transitions were found from which 112
transitions were introduced in the decay scheme,
The intensity of the observed transitions not placed
in the proposed decay scheme is about 0.5%,

The level scheme of 18%Tnp is extended by
adding 10 new levels: 158,20, 469,49, 717,34,
830,98, 889.85, 921,37, 1466.20, 1790.40, 1846.56
and 2194,91 keV, All except seven (369.8, 609,.5,
950,0, 1100,5, 1129.1, 1352,6 and 1424.8 keV) of
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the 37 levels proposed by Tamura et al./4/ have
been confirmed,

Calculation of the logft +walues has been carried
out by assuming the g@-value’V to be 2.76 MeV and
neglecting the intensity of B -feeding of the first
excited and ground states, respectively. The allowed
unhindered character (log ft=4.7) was established for
the y-transition to the state at 160.47 keV, which
leads to the assignment n5/2 [523]-p7/2 [523] for
this B-decay. Then, the ground state of 1®°Yb is
described by the 5/27[523] quantum characteristics.

The assignment of levels corresponding to the
rotational bands above Nilsson states was based on
the conclusions of ref/19111% The multipolarities of
transitions deexciting the above mentioned levels
confirm the spin-parity determination. The spins
and parities for other levels were proposed provi-
ded that the multipolarities of transitions M1, E1 or

E2 are possible only. Further restrictions for spin
and parity assignment of levels follow from the
range of log ft values. The comparison of identi-

fications for low energy levels between the present
results and previous works (ref./4»10"12/ ) is given
in table 5.

3.2. Levels of Rotational Bands
with Positive Parity

The members of the 1/2'[411] rotational
band., The spin 1=1/2 for the ground state of 185Tnm
has been measured by Ekstrom et al. /25/ They
have attributed the 1/2%[411] Nilsson orbital to this
state, which corresponds to the ground states in
neighbouring odd thulium isotopes and a level
scheme in the Woods-Saxon potential. The half-
life of the 158.93 keV level, I" =7/2%, has been measu-
red to be T =322+20 psec (ref. /1/ ). This value
and total intensity of the 29,31 keV transition (see
table 4) allowed us to calculate the intrinsic quad-
rupole moment Q ;= 5.3+0.7b for the ground state
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Eeale(kav)

0.39
14.39
125.51
161,19
355.60
422.38
490.16
591.63
725.72
902.52
1100.03
317.56
418,22
556.20
717.90
76.90
215.27

Tamura otxal.“)

*)

11.8
129.9
159.1
362.4
414.1
491.2
609.5
725.1
315.8
420,1
552.2
®)

80.9
211,3

Poin et 11.1’)

*
11.9
130.2
159.2
362.5
414.2

Eexp(kov)
&)
8l.1
211.3

Table 5
Cheung ot.nlfz) Gizon et al?o)

*
11.9
130.2
159.2
367.0
414.2
81.1
211.3

Low energy states in 185Tp
)

12
130
160
370

(451)

(688)
316
a1

0
11.51
3/2* [411]

491.23
5/2% 402}

5/2% 315.54

772"

7/2% [404]
£0.37

Thie work
1/2% [a11)
158.93
362.28
413.93
592,25
725.88
419,79
552,00

5/2% 129.62
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g/2*
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1ns2*
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a) Levels of rotational band with higher spin were observed.

band. The rotational band was observed up to
the state with 1"=11/2 % in the present investigation.

The 3/2M411lrotational band., Tamura et al./4/
have established the following assignments to the
excited levels: 491,2 keV - 3/2% , 609.5 keV - 5/2%
and 725,1 keV - 7/2%. On the other hand, Cheung
et al./12 proposed tentatively that the 491 and the
688 keV levels are members of this band., Based
upon the present results, we conclude that the given
rotational band corresponds very likely to the levels
at 491,23, 592.25 and 725.88 keV with spin 3/27,
5/2% and 7/2% respectively, The 592,25 keV level
depopulates by the 433,55 and 462,63 keV transi-
tions to members with 17 =5/2%and 7/2% of the
ground state band as follows from our coincidence
data., The 688 keV level was not observed in the
present investigation, Tamura et al./# introduced
the 609.5keV level as a result of the energy sum
relations for the 479.6 and the 597.8 keV transi-
tions., However, we conclude from coincidence measu-
rement that the 479,72 keV transition is placed in
another part of the decay scheme and thus the
609.5 keV level does not appear.,

The 521402 rotational band, The 316 keV
level with 5/2% spin was indicated by Cheung
et al/12//The levels with spins and parities 5/27,
7/2+ and 9/2* at 315,54, 419,79 and at 552,00 keV,
respectively, belong /4/ to the 5/2%[402] rotational
band, as is ’ﬁrmly' established by the present re-
sults,

The 7/2'T404] rotational band. Two levels
with 17=7/2% and 17=9/2% at 80.37 and 210,59keV,
respectively, have been observed and their pre-
vious assignment/4.10-12/ is confirmed here,

The Coriolis coupling analysis was performed
for the rotational levels with positive parities. The
rotational parameter: A=h%/2J, decoupling factor of
K=1/2 band: a, band-head energy: Eg, and the
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value of matrix element of Coriolis interaction:
<Kl|J_|K+1> were allowed to vary., The results of the
energy fit are given in table 5, The calculated ener-
gy was obtained using the parameters A=15,75keV
and a = -0.57. The resulting value of the decoupling
factor a = -0,57 for 1/27411] rotational band is
close to a typical value a = =0,7 for this band /27/.

3.3. Levels of Rotational Bands with Negative Parity

The members of the 1/2 [Mllrotational
band. The levels with spin-parities 3/27, 5/27, 7/2~
and 9/2~ belonging to this band were observed in
refs./ 410712/ Cheung et al./1%have identified the level
with 17 =1/2- at 160 keV and Tamura et al/%/, using
the rotational formula, determined the energy for this
level to be 156 keV, The present results confirm
the levels with the spin-parities 3/27, 5/27, i
and 9/27 at 275,53, 181,72, 450,31 and 293,93 keV,
respectively, The 158,20 keV transition is the only
one among transitions corresponding to 165 Yb decay
with energy lower than 208 keV and being not placed
in the level scheme. Based on the above- mentioned
facts we introduced the 158,20 keV level, deexciting
by the 158,20 keV transition, tentatively,

The 7/2 [523] rotational band, Two levels with
spin-parities 7/27, 9/27 at 160,47 and 252,44 keV,
respectively, have been observed and their previous
assignments /4:10-12/ are confirmed,

The 9/2 Bldstate. Cheung et al./lg/have estab-
lished the I"=11/2 level at 970 keV corresponding
to the 9/2  [514] rotational band and calculated that
the energy of the 9/27 level is 834.4 keV, From
coincidence data we have introduced the 830,98 keV
level which deexcited to the I7 =9/27 level of the
7/27 [5623] state. The assignment 9/27 [514] for the
830,98 keV was assumed, '
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3.4. Levels at 1250,82, 1281,16, 1307,79
and 1581,77 keV

Cheung et al/1? have found the states with g7-1/2+
at 917 and at 1338 keV. We observed levels with
energies of 1250,82, 1281,16 and 1307.79 keV
which may be of positive parity and depopulate by
strong transitions to the I"=3/2% level of the 1/27[411]
band., These strong transitions indicate the exis—
tence of the component K7=1/2% in the 1250,82,
1281.16 and 1307,79 keV states. On the other
hand, the admixture of the {1/2+[411]+ Q21 component/26/
interferes likely in above-mentioned levels,

It is necessary to note the following contradic-
tion connected with the deexcitation of the 1581,77 keV
level. The 1090.54 keV transition depopulates this
level to the state with I" =3/2%as implied by the
coincidence results, Then the positive parity should
be attributed to the 1581,77 keV level if the multi-
polarity E2 is supposed for the 1090.54 keV transi-
tion, From the low value of logft =5.5 we conclude
that the 1581,77 keV level is populated by the
allowed B-transition and then the negative parity
is ascribed to this level,

We should like to thank Professor V.P,Dzhelepov
for his support. Our thanks are due to M.Jachim for
preparing the mass-separated sources. We are in-
debted to the electronics team of the measuring
centre and to the synchrocyclotron staff of the
Laboratory of Nuclear Problems,
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