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. . In our stH<liPs of ( ci - 1' )~£'oincid<'IH'i•s at thP de£'ay of 
225 .-1(· ami its daughter pni<lnds [1;2,3] W<; h.ad a possil.1ility <;f ohtaitiing 
some -expc>rinH•ntaldat.a on cHlPi·ay of 217At- to· kvels of ~~3 Bi130 whkh. 
is <'xpedPd to be a: good <'xaluple of th{' tmdens des(·dhed hy th<' slu•lL · 

·model.·. · . · · · · 

The available data on tlH' ir3 Bi leveis are ·scanty and fiOUH'What 
.coutradiet.ory [4]. On the ha.~is oHh{• '~.<'~nits' ~f Liai1g [5] and Dzhdepov 
et aL [6] levels of 213 Bi with energ-ies 258 ke V, 465 ke V ari<r 5!)3-h:e V wer<' _ 
intt:odttC<'tl. 'A f~w more ')',.:t.rausit.ions were· ascribed to 211At decay [4] but
not placed in the decay scheme. ~Last. year we establisli~dt.hat. tl1e Gino 
,keV n_-liue e·arlfer ascribed to tlw 217 At decay belonged to 221 R(~ arisiilg. 
in the 225A.r d<'cay chain in the W<'ak (3-decay branch of t.h<' 2?1Fr· <l<'cay 
[3] iui<Lt.l!er<'fore t.he 465 kcV level docs not exist. in 2.13 Bi.: . . 

We ~eparated 225Ac (T1j2=10 days) [7] from30 jtCi activity of 229Th 
(T1; 2 = 7340 years). The samples obtained were ':"an~um evaporat.ed on a 
tlihl Al foil. The 225 Ac sources were placed between the (y mid 1' d<'tf,'etors 

. in the .180° dose geon1et.ry; The Si(Au)~a--detector; 100 71l1n2 i!_1 area, 
has a 20 ki:-V resolution. Tlre HPGe ')'•detector, 84 cc in volume, has a 
1.0 lwV n•solnt.iou at the energy 150 keV. Single. a- a~1~l 1' sp~ct.l·a 'were 
tak('n togdher ,v"ith- 4096 x 4096 channel' coincidenre me~urements: [8]. 
The (Eo.' E 1 , T)-coincidence events were writte1~in a list mode. In the 

. course of the analysis of the experimental data oi1 very weak("' 0.01 %'per. 
decay) branches ofthe 217At n-de~ay it was necessary to takeinto accou~1t 
relatively weak instrtunei1tal eft"ects caused by 225Ac, 221 Fr· · atld 213 Bi: 
nuclei f1:om t.he 22~Ac decay chain the decay of which is accompanied -
by· intense n 'and 1' radiation. T~iese effec~s are: a) rando~ sunimation 
of t.lw ·amplitudes., of the a-pulses resulting- in. coicidences of i~tense _')'-. 
pea:ks thronglumt the a-spectrum (for example weak coincidences with 
1218 keV 221Fr· are observed .up to E01 > 10 MeV); b)sumn1ing of the 
pulses from the a--I>articles and conversion electrons; c )summation of t_he 
pulsesfi;Olll ca.~c~de ')'and X_:rays in ')'-Spectra; d) renmants of the random 
coincidence peaks .. The n1ajorit.y of the ni.ndom events is eliminated in 
the proc~ss of sorting 'th~ coincidence events. We identified -1-niys with' 
217 At decay by obs~rving the d:u~nges in the area:_of the ')'-peaks in the set 
o·-gatcs (Fig. 1.;_)·. ·For exaruple maxini.a of the -y258 keV.peak area are 
ob~erved at the mergies ...... ?810 keV_arid....., 6480 keV. The.maxima of the 
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area of the 335 ke V and 593 ke V ')'-peaks manifest themselves only at the 
energy rv 6480 keV. Thusthe 213Bi 258 keV and 593 keVlevels (Fig.1b) 
proposed in [5,6] are confirmed. Besides, we observed 759 ke V ')'-rays 
with the area maximum in the E 01=6S40 keV gate. This gate energy is the 
energy of the intense ao-line at the 221 Fr decay (Eao = 6343keV, l 01o=' 85%) 

but we cannot attribute coincidences with !759 ke V to the remnant of. 
the random coincidences because .in the 217 At Ea-0=7069 ke V gate this 
peak is absent ·(Fig. 1.). The energy of a- particles calculated for the . 
population of the 213 Bi 759 k~V level is equal to 6322 keV. This allowed 
us to confirm excitation of the 21~ Bi 759 ke V level in the 217 At a--decay. 
In the 1 spectra measured in the gates of Fig.l we obser~d a few more · 
weak 1' peaks.· The analysis similar to the one in Fig.l excludes their· 
belonging to the 217 Ai decay. For example,· the 150 ke V ~y-peak area 
showed the maximum at Ea=6610 keV. These a--particles, as mentioned 
above, arise from the 221 Ra decay after the 221 Fr ,a--decay. The 440 
keV 213 Bi and.465 keV 209Tl ')'-peak areas have maxima in the 

221 
Fr 

Eo:o and 217 At Eo:o gates and therefore a~e connected. with the random 
(a--')' )-coincidences. In the gated ')'-spectra we a,~o observed weak peaks 
of the most intense 1-iay~ of 225Ac and 22~Fr: .1218 keV; 100 keV, 172 
keV, 188 keV, 'et~. We a8cribe them to the effect of random summation 
of the a--particle pulses. · · . . 

Fo~ determination of the exact values of the 1-niy energy·and ,in
tensity (Table 1) the single 1-spectnim of the 225 Ac equilibrium chain and 
the spectrum of 1-rays coinciding with a-particles of energy Eo: = 5.9+ 7.2 
MeV were used. Th~ determinationof the intensity ~f 1-rays in per cent 
per decay was made using.the imowndata on the 218.2 keV ')'-transition 
at the decay of 221Fr. According to [9]the 218.2 keV1-trari.sition is of 
E2 type. Its total intensity is.15.1% per decay [5,9]. Thu~,using the ca.!~ 
culated [10] conversion coefficients, we found th~ intensity of 218.2 keV 
')'-rays to be 11.2(2)% per decay. The upper limits estimated for the ')'-ray 
intensity of the possible unobserved 501 keV and 166 keV ')'-transitions 
from the 759.0 ke V level are given in Table 1. Relative intensities of 258 
ke V 1-rays and K x-rays in the spectrum gated by Eo:2~8~6810 ke V were 
used to determine G'K25s=0.45( 4). C~mpari~on of this value with the cal
culated ones [10]. allows the conclusion thafthe 258 keV ,.Y~transition is 

of the (75% M1 + 25% E2) type. 
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Fig.· ·1. 'a) (d- I)-coincidence at the decay of ~17 AL Gamm~ peak areas 
S'Y in the alpha gated spec:;tra as a function of the gate middle energy Ea. 
Statisticalerrors do not exceed the size of the points. b) Decay.scheme 
of 217 At; 
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Table 1. Alpha-decay of 217At:(32 ms) on the levels of ~~3Bi130 
Energy (keY) of Intensity (%per decay 21

' At) of HF 
1-ray level a-particle 1-ray · ·. /-transition o ·- decaya) 
- - 7066.9(16) - - 99.9 1.0 
2.57.88(4) 2.57.88(4) 6813.8(16) 0.0287(7) 0.0-!50( 2.5) 0.0:36(3) .500 
335.:3:3(10) 593.10(10) 6484.7( 16) '0.0062(3) 0.0090(9) 0.021(2). 85 
59:3.10( 10) - ,. - . " - O.On5(5) . 0.012(1) 
7.58.9(1) 758.9(1) 6322.0(16) 0.0049(4) 0.00.5(1) 0.005(1) 100 
(165.8) - ,. - -

., - <0.0002 
(501.0) -

., - - " - <0.0002 
" 

,, 

•) Intensities of the o-decay branches are calculated on the assumption· of the 
absence of the level population' from higher lyiiig unknown levels. 

The quantitative analysis of the (a - 1 )-coincidence spectra con
firms the population of the 213Bi 257.9 keV, 5,92.9 keV and 75.9.0keV 
levels at the 217 At a-decay. The total intensity of the 335 ke V transi- . 
tion is determined to be 0.0090(9)% per decay. This value is consistent 
with Ml multipolarity of the 335 keV 1-transition .. Weak population, 
of the 592.9 keV and 759 keV levels by transitions from higher so far 
unknow levels of 213 Bi is not exclmfed .. The experi~netital data 01i · the 
217 At -+ 

213 Bi decay (Fig.l b) are summed up in Table L Energies of 
a-particles for the decay to excited 213 Bi levels are calculated using the 
energy value for the ground~grotmd a-transition Eoo=7066.9( 16) ke V rec
ommended by Rytz [11] and our vahwsf?.r the 213 Bi ,level etwrgies. The 
new fine structure line Ea759=6322.0 keV, Iaifig=0.005 %is discoverPd at 
the 217 At. decay. On the basis of more precise vahws for the n~decay in
tensity hindrance factors for the a-decay to 213 Bi levels are det<'rmined. 
The experimental data allow. the following intPrprPtation of th<' excited 
states of 213 Bi. The value of HF for the a-transition between thP 217 ... ft 
and 213 Bi ground states shows that the following configuratiol~S must be 
ascribed to_ ground states of these nuclei: ~fAt - ( 7rh~12 ; I/Y8;2}g;2- and 
~~3 Bi - ( 7rhg/2• vg~/2)9j2-. The high value HF=500 for the 258 keV lPVC'l 
shows that this state has a configuration that includ<'s sh<'llmodPl proton 
states h;2 or it3/2· The Ml character of the 258 kPV transition excludes 
the latter possibility. Thus we ascrilw the configuration ( 1r!; ;2• vg~12 ); ;

2
-

to the 258 .,keV state. The majority of the wave functions of the 592.9 
keV and 759 keV stat~s is apparently conne_etecl with the coupling of the 
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ground state configuration. with. the 2+ state of the even-even core 805 
ke V in 212 Pb and 609 ke V in 214 Po 82 84 . 
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CTpyKTypa ypoBHeii 213Bi 
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Mccne,lloBaHbi (a- y)-cosna,lleHHSI npH a-pacriMe 
c :mepm.IJMH 258 KsB w ~39 KsB no.llTBep)f(JleHbi. YeT: 
C 3Heprneii 759 K38. npe,llnaraiOTCSI ~nHHbl H 'IeTHOCTH YJ: 
Heii o6c}')f(,llaeTcSI B paMKax. MO.lleJm o6onotJeK . 

· Pa6oTa BhmonHe!'fa B Jla6opampHH S~.iJ.epHbiX npo6neM 
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flpenpHHT 06'be:UHHeHHOro HHCTHrYra llllepHbiX · HCCJieJlOBaHI . . . 

Level Structure in 213Bi -
/ 

Alpha-gamma-coincidences at the 217At a-decay are 

and .593 keY levels. in 213Bi are confirmed; A new level at~ 
Spins and panties of the levels are proposed. The structure o1 
in the framework of the shell model. 

. The investigation has been performed at the Laboratory 
JINR .. 
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