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Pacnan H30MepHbiX COCTOSIHHH !il3/2 B H30TOUBX 
199 

Po ;o
1 

Po. 

HccnenoaanHCb fJ +-:- EC- pacnanhl uaoMepHbiX cocToSIHH:ii a uaoTonax 
199p0 H 201 Po, nony'leHHbiX ua peaKIIHH Au(10B, :mi99

•
201Po. B peaynhTaTe 

npoaeneHHhiX uaMepeau:ii npocTbiX y ...;.cneKTpoa, cneKTpoa y-y coananeau:ii 
u cneKTpoa aneKTpOHOB aayTpeaae:ii KOHBepcnH npennonoJKeHbi cxeMhi pacnana 
H30MepHiiX COCTOSIHHfi B 3THX B30TOUaX; 8KCUepBMeHT8nhHbie llBHHbie cpaB
HBBBnBCb C pe3ynhTBTBMH TeopeTH'IeCKHX paC'IeTOB. 
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D~cay of the !i13/2 Isomeric States in the 
199

Po 
and 201Po Isotopes. 

+ 199, 201 
The fJ -EC-decays of isomeric states in the . Po 

isotopes produced in the reaction Au( 1 ~, :m J 19
9, 

201 
Po 

have been investigated. On the basis of the simple 
y -spectra, y-y coincidence and conversion electron 

measurements the decay schemes of 199
m Po and 201 

mpo isome
ric states are presented. The experimental data and the 
results of theoretical calculations are compared. 
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Introduction 

The investigation of bismuth isoto.pes in the neighbour
hood of the: double magic nucleus of 208Pb is a good source 
of ·information on the ·nature of the effective nuciear 
force.s inside nuclei:··O"wing to uieirproximityto the double 
niagie nu'cleus of . 208 Po, bismuth isotopes present a re-
gion of particular interest. · · · . 

The higher .mass isotopes situated .. not far from the 
double magic nucleushave been the,subject of numerous 
studies. Nevertheles~, very little is still known about the 
nuclear. energy levels of the more neutron-deficient 
isotopes of bismuth .. 

·'Levels Jn 199
•
201 

Bi isotopes may be popula,~~d by 
the electron-capture decay of· the 199

• 
2?1 Po :isotopes. 

These isotopes have.been identified in alpha decay studies 
by Tielsch·-cassei 11 1 and Brun 121 . They h·ave also 
established isomerism in 199• 201 Po. However,. at the. 
moment of. the beginning of our' investiga~ion,· the decay 
schemes of the 199

•
201Po isotopes were. unknown... . : 

. Siivola 131 reported on isomerism in 201 Bi. Alpsten 
and 'Astner 1_4 1 observed a strongly converted 846 keV 
.gamma transitio'n with a half-life of 50-:-60 min, which' they 
_assigned to the. de~ay of the 201 m Di . !somerfc state. 

Experimental Met~o~ . 

The radioactive sources were obtained by irradiating 
a golden target in the external· beam of the U-300 heavy 
ion- cyclotron of the JINR Laboratory of ~uclear Reactions, 
Dubria .. The nuclei of 199 ;201 Po : were pfoduce·d in the 
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reaction 197Au(1 CB, xn / 07-x Po. After irradiation the samp
les without chemical separation were transported to the 
detector system. · · · 

' 3 
Two Ge(Li) detectors, one a 13 em planar crystal 

detector with resolution of ._2 keV (FWHM) at 122 keV 
under udeal conditions, and_ the other of_ 37 cm 3 in 
voiume and resolution of 2.5 keV (FWHM),. were used 
for the .measurements .of gamma rays. Low-noise com
mer.cially available amplifiers and associated electronic 
components,. including a 409,_6:-channel pulse height,analy-
zer, were employed. ·: •- _ · · 

Gamma-gamma coincidence Spectra have been obtained 
using a Ge(Li)-NaJ(Tl) set up. The electronics used were 
of the standard slow-fast coincidence type. A time-to-:
amplitude converter and a single.:.channel- analyzer rep
laced the conventional slow-coincidence . circuit. Time 
pick-up units were employed for ,fast coinc1~ence measu
rements .. A gamma-gamma- coincidence regime was ach
ieved by means of a lfx 2" -NaJ(Tl) cr'ystalasa gating 
detector, and the 37 cm 3 coaxial Ge(Li) detector: for an 
analysis. 

Conversion electron- spectra were recorded using a 
-2.5 -mm . thick Si(Li) detector with an energy resolution. 
of about' 6 keV for all energies. . 

For lhe analysis 'of the gamrria spectra a CDC-1604A 
computer was used. The computer· programme fitted the 
peaks with a variable-width symmetrical Gaussian and 
used an exponential approximation for the background. 
The code employed contained many automatica:l possibi:-
lities, including peak searching- and error analysis. It 
provided different· ways of obtaining energy, efficiency 
and half-life qf gamma lines. The output coii8_isted of 
printer plots· of. the fit along with· the tabulation Of the 
results. 

Re~urts 

201m 201 
The Po isomeric state decay. The Po 

isotope was obtained in the reaction 197Auci0B,6nj 0.Po.The 

maximum cross section was found to be at an energy_ of 
•, 
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-8B .± 3 MeV. The single gamma-ray spectrum of the 
201 Po -source measured with the Ge(Li) spectrometer is 
shown in fig; 1. The presence- .of the polonium isotopes 
1 99,200, 201 • 202 Po in the sample is confirmed by their 

excitation functions and half-lives; well established from 
alpha decay studies /1.'2,5,6,7/: . - _ . . . 

In the gamma-:ray. spectrum we have observed four 
gamma transitions with a half-life-~ = 9.0± 0.3 min and 
energies of 968.0, 419.0, 412.4 and 2~:7 keV, which have 

. been assigned to the decay of the -t 13/2 isomeric state 
in the 201 Po isotope. The coinCidence -measurements (see 

.fig. 2) show that the 968.0, 412.4 and 272.7 keV gamma 
transitions form-- a cascade. Our results are in '-good 
agreement with those -_obtained· by Kaun ''ef al. 18 1 in 
investigations of the short-lived isomeric state- in the · 
201 Po isotope. · . ,:. · 

From the electron conversion spectra;we have found 
the relative ·electron conversion coefficiEmts for these 
gamma transitions. We have observed ,a very strongly 
converted .gamma transition with an energy. of419.0.keV. The 
.normalization between the electron and gam"ma-ray inten- · 
-sities for the 201 mPo isotopes.was done on theassumption 
of the- 419.0 keV gamma transition to· have a pure M4 · 
character indicated by the K/ L · ratio of 1. 7 ± 0.3. The 
theoretical value for the M4 .. transition is equal to 
(K I L) th = 1.86.- (ref. 191 ). Under this assumption we -~ 
have found the 968.0,' 412.4 arid 272.7-keV gamma transi-
tions to have a MI character. - · 

The gamma and conversion electron data obtained are 
listed in Table 1. The decay; scheme of the 201 m. Po iso-
meric states is shown in fig. 3. ' - - - · 

The estimated Q value for 201 Po electron capture has
been _obtained froril Seeger's ·Table Itt/ - and is equal to 
4.997 MeV .. From this and the _direct leveffeedings·that·· 
we determined from the intensity balance in this paper, 
the log It values are calculated~ 

199m · - ' ·. 
The Pp isomeric state decay. The som;ces 

of the 199 PoFisotope have been obtained in the reaction 
197Au(10B, 8n) 199 Po at' the beam energy of 100 MeV, i.e,, 
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·· . Table I · 201 · 
T'he Transition Observed in the Decay of the m Po 

Transition 
energy{keV) 
272~:7 

4!2.4 

4!9.0 

·' 

\' .. 

Isome:dc State · 
.. ·., ... 

. Gamma .Total. transi-
intensity tion intensity 
?+I · : · .; 'ro!2 

Jl.5:!:2 

51.6:!: 2.: 
. I 

IOO IOO 

K-conversion Multipolarity 
coeffi~.ient .assignment ' 

0.25. MI · 

o.I68 

2.7 
... 
MI r'.' 

' I 

, . 

\ .. ·. ;·.,; ': ·. 
. · .. 

.. 

·---c------------"-----~----------------., 

toO 200 

C"ANHt:L NUMIIEII 

Fig. 1. The gamma-ray spectrum observed in the 
197 Au(lO B~ 6n) 201 Po reaction. 
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Fig. 2. The gamma-gamma·· coincidence measurement 
results. A: ,the simple y -spectrum observed in the 

197 Au(1oB, 6nj01 Po reaction. B: the y -spectrum in coinci
dence with 272.7 keV. C: the y -spectrum in coincidence 
with 412.4 keV. D: the y -spectrum in coincidence with 
968.0 keV. 
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.2a. Conversion electron spectrum observed in the 
197 Au(10B, 6n) 201 Po reaction. 
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at the maximum energy of. the. 10B beam. The single· 
gamma ray spectrum of the 199Po source, measured with · 

.the 37 criJ;
9

m Ge(Li) detector, is shown in fig_. 4. In the 
current - Po· measurements the 1002.0, 499.8 and 
273.2 keV gamma-ray lines were observed to decay with 
a half-life of about 4 min. These lines have been assigned. 
to the EC-f3+- decay of the 199 mPo isomeric state. Suchan 
assignment of these gamma transitions was substantiated 
by the excitation function measurements. The half-life 
of the 199m Po has been determined to be 4.2 ± 0.3 min, 
from. the gamma measurements, which is ·in good agree
ment with the results obtained from the decay of the alpha 
group/1.2 .s ,6. 71. 

Kaun et al. 181 carried out on-line measurements to 
investigate the decay of the short-lived isomeric state 
in the 19 9 Bi isotope. They observed the same gamma 
transitions in the cascade to decay with the half-life 
300 ns~ T ~ ::; 20 f1 s and with the same energy within expe!. 
rimental accuracy . 

. 199m 
In the electron conversion spectrum of the Po 

isomeric state decay we have not observed any strongly 
converted gamma transition with a half-life of about 
4 min. and an energy E<IOO keV. No search was carried 
out for .low energy conversion electrons. 

We would like to note that the ·i13 /2 isomeric states 
in even polonium isotopes can undergo alpha, EC-f3+decay, 
as well as they can decay by the M4 type gamma transi
tion. In the heavier bismuth isotopes with A > 201 gamma 
transitio·ns are predominant, but as one moves away from 
the N = 126 neutron shell the possibility of beta-elect
ron-capture decay is increasing, and may be expected 
to dominate in the 199Po isotope. -

The data on the19Ympoisomerfc state decay gamma lines 
obtained in the present investigations a·re listed in Table II. 

The decay scheme of the 199"Po isomeric state is shown 
in fig. 3. The fog ft values have been fourid in the same 
way as in the 201Po isomeric state decay . 

II 
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Fig. ~· Gamma ray spectrum observed in the 197 Au( 1~ sn/99 p 0 
reaction. · ' 

Table II 
The Transition Observed in the Decay of the 

199
m Po 

Isomeric State · 

Transition Gamma Totsl transition Multipolarity. 
energy (keV) intensity intensity assumption 

273.2 ro!2 I6!2 MI 

499.8 + 25-2 28!2 MI 

I002.0 IOO IOO MI 
'., 
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I Calculations 

From an analysis of the decay of the 199in Po and 
201 

mpo isomeric states we obtain the values of energies 
and spins of the excited states of the 199Bi and20~i iso
topes. For the theoretical interpretation of these levels 
we use the intermediate coupling approach in the unified 
nuclear modeL The nucleus is treated as a system of the 
odd proton and the core which contains the even number 
of neutron holes. The motion of this core has the character 
of quadrupole vibrations of the surface. The total Ha
miltonian fpr such a system can be written as 

H =H + H · +H1 t , p B n (1) 

where HP is the Hamiltonian of the odd proton, H
8 

de
notes the Hamiltonian of the quadrupole vibrations of the 
surface of the even-even core, and H itit is the proton
phonon interaction Hamiltonian. We diagonalize Hamilto
nian (1), using, as basic states, the eigenvectors of the 
uncoupled system 1 j; NR; IM ·>, which satisfy the equa
tion 

(H
8
+HP)Ii;NR;IM>=[11w(N+5/2)+E

1 
lli;NR;IM >, (2) 

where i denotes the angular momentum of the odd pro
ton, ·N is the number of phonons, R is the total angular 
momentum of the vibrations; 1 is the total angular mo
mentum of the nucleus, M is its z component, w is the 
frequency of the surface vibrations, E1 is the energy of 
the simple proton. The expression for the matrix ele
ments of the nucleon- phonon interaction Hamiltonian 
has been obtained in ref. 1121 and reads as follows 

. R+ r +1-J 1r w , · 
<j;NR;IMIH. t lj';N'R';IM>=(-J) ky-y(2j+1)(2R +1)> 

m 2c 

xW(j'jR'Rl21)<fsj!jY llf's'j'><NRI!bi!N'R'>, 
2 

14 

.... •. ~ 

\.' ~"! ;- ;.. 

. 
where W'(j'jR 'Rj2r) is a R;acah coeificient, ~· b is ·the· : 
annihilatiOn operator of ph'onons. The reduced matrix 
elements <NRllbllN'R'>have been calculated inref./12 / for 
up -to three p]10nons. The coupling constant k=<k(r) > is 
a radial average 1131. ·: ... ·. .. _ . 

. . .. , . 

In the case ·of odd isotopes of 'bismuth the lowe·st 
states available for the proton ar~ h9/2. and 17/2~ Th~·· 
"effective~' single-particle spacing E .. = E(I7/2)-E(h9/2) 

.. p 

is treated as a· parameter: ·The other parameter. is the 
dimensionless particle.,.surface coupling constant 
(= k(5/2TTwflc)y.. where ~ is the· nuclear surface· defor
mation parameter. Our calculations include the single· 
partiCle· states h9/ 2 and 17/2 and the vibrational 
states of the even-even core for: two phonons. The .phonon 
energy 1i cu is defined from the position ol the first excited 
2+ states of the neighbOuring isotopes of lead. Two first 
excited ·states or' the 198Pb·nucleus have energies E(2l= . . + 
~1. 062 MeV and E (4 :J ;.1. 624 MeV, and for · 200Pb: E(2 ) = 
1.026MeV and E(4"'J={A88 MeV. . . . . 

' 

If we assume the experimentally-· -~b.served. states · 
4+ in the 19

·8Pb and 201Pb isotopes. to have the character 
of-~two- phonon states, we shall. obtain good ·agreement. 
between. the exper'imental and theoretical decay sche'mes 
199Bi and 201Bi. The.bes~.fit of the parameters gives the va.,. 
lues as follows · · · ' 

(= L2, · Ep= 1.1 MeV for 199Bi, and 
( = 1.2, EP = i.o MeV for 201 Bi. 

A comparison· of the experimental· da:ta withtheoretical 
calculations is shown· ill fig. 5. ' · 

The authors are much indebted to Academician G.N .Fie-
. rov for.: his permanent interest:·in the work.· We would 

'· also like to express. ou'r gratitude· to Professor L::!{.Eeker 
for his supi>orf·and many helpful suggestions. Thanks are 

·also due· to the cyclotron crew for· the good cooperatio-n .· 
. which made this work possible. 
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