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Compton germaniumvspéétrometer.’ Fifty transitions aﬁongvlevels in polonium
have been observed, and the"K-cénvérsion c@efficiehts of nine of these have

' been measured wiﬁh a solid-state conversion-coefficienf spectrometer. The new
dafa account for most of the weak, unéssigned con&ersion-electron lines re-
ported in previogs Studies..-A decay scheme is presented @hat incorporatés

forty transitions, and theggloPo_levels_are’discussed in terms of recent

_ theoretical caleulations.
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1. lntroductlon |

The study of energy levels of nuclel in the v1cin1ty of the double cloeed N
shell at 2é‘OPb continues to be an effective means for observing the single- _
particle aspects of nuclear structure. In the case of 28MPO’ one expects the S
composition of the low-lying excited statee to be.dominated by the eoupling

of the 83rd and 8l4th proton orbitals immediately beyond the 82—prton config-

uration, and thus a fairly.simple description.df this nucleus would seem to -

- be possible;ﬂ Although the 2loPo energy levels had been the subject of several

experimental and theoretical;in&estigatioﬁs;.onlyié.feW'exclted states have
been identified with certainty, and many weak transitions have remained un-
assigned. | | |

The 2lo}?o levels have been studled malnly from the electron captﬁre decay }-
of 2é5At. Data obtained by - Mihelich et al. ) and by Hoff and Hollander ) are

in agreement with respect to the most 1ntense tran51t10ns, and these are sum-

marized in the decay scheme of flgure 1. The tran51t10n multlpolarltles were

derived in their work from K-conversion coefficient and L-subshell conversion

ratio measurements. Directional correlation measurements by Schima et_al.j)
substantiated the spin assignmentsf%hown ihbthe decay scheme with the exception

of that of the %02k-keV level (uee Sectlon h.e) The’lifetimes of the 4 and

L
6 members of the ground-sbate band were measured by Funk et al. ). DNot

- shown in the flgure are a large number .of weak transitions whose positions in

the level scheme were uncertain. In addition Hoff and Hollander ) and

o S .
Mihelich et al. } also observed many weak lines in the conversion electron
spectrum which, although unassmgned were con31dered to ‘belong deflnltely {o,

210 At decay. .

[E T eesp—
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In this paper: we report on.a relnyestigatlon of thebdecay of At yith::"
high-resolution s011d~state detectors. In thls study, the energies and ins ti.z-
tensities of fifty <y-ray transitions were measured'wdth a Compton~regectlon:.
germandum y-ray sPectrometer,,ahd the'K-cohversiohicoefficiehts of the :Jv:;ﬂr;f :g'
stronger transitions were determined with a converSiOn-coefficient spectrometer¥€}~” |
A lithium-drifted silicon detector was also used, to study the low-energy o
electron and gamma-ray spectra. From these data, a new level scheme of QlOPélljégiﬁ_”
has been constructed 1ncorporat1ng forty of the observed trans1tlons; and B

_ this scheme is discussed with reference to the theoretlcal level schemes of - ;:

Kim and Rasmussen ) and Redllch6).

2. Experimental Procedure;T57}j55f77.5f:'.'g:- ﬂff:‘hlf eﬁAxi

2.1 SOURCE PREPARATION

Astat1ne-2lo was produced by the (Og 3n) reaction on 20931 targets in

the Berkeley 88-inch cyclotron. The bismuth targets were prepared.by vacuum'
evaporation of the metal onto 0.25 mm. alumlnum dlScS, whlch produced target ‘
thicknesses of 25-30 mg/cm . Initial bombardments at heam energies of k1 MeV;_;;_ﬂ:fs‘
resulted in apprecisble production of 299Atvfrod ther(og Ln) reactiont(evidenced }f;
by the presence of gamma-rays of 545 and 780 keV decaying'with'a’5ghourrhalfrit{f*s
‘life) and therefore the beam energy was reduced‘to_38rMeV:in subsequent'

209A”

irradiations, which greatly diminished the yieldbof ‘o ThlS observation 1s'{r

consistent with exc1tatlon functions measured by Kelly and Segre7) and Ramler '

et a158), which indicate +that the relative yields of_ Q9At and 2]flAt are

minimized at this energy. The major radiations of‘2¥lAt, 62 and 671 keV, were - -

in fact not observed in our spectrum.

@
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As a check on the radiochemicél purity of_the!astatine SOﬁpces, two

chemical separation technigues were employed. . In the first, the irradiated_'. 

target waé heated to the melting péint_df bismuﬁh, and the vélétilized
astatine was collected on a qooled metal foilét). ’In the second proceduré,'~
the bismuth target was-dissolved in nitric acid aﬁd astatine was extracted '
iﬁto isopropyl ether fromla nitric acid—hydrochloriC_acid mixturelo). ‘The . f.
gamma-réy spectra of souféés_preéared by the tﬁq'teéhniques were found to bé_
identical. With the exception of fery weak lines, all gamma-rayé were ob-
served to decay ﬁith a half-life of about 8 hburs;-no_préminent gamma -rays. ; 

of half-life shorter than eight hours, or.other extfaneou§ lines, were ob-

served. Spectra taken after seVQral days showed the presence of 2Q6Bi from the
210, 11 i | '

weak alpha branching of At

3. Experimental Résuitsv'“n

3.1 GAMMA-RAY SPECTRUM |

Initial measurements of the 2lOAt gammea-ray speéﬁrumfmade with a 6 cﬁ:
Ge(Li) detector showed, besides the well-known lines reported previouélyl’2’5),'v
a number of very weak lines that were only poofly resolved from the intensev |
Compton background. In order to study these transitions with an,improvedv.
signal-to-background ratic, a Compton rejection Ge(Li)_system constructed by.
D. C. Camplg) was employed. The detector elements Qf this systém consist of -

b

a 7 cm” germanium diode mounted between two NaI(Tl) cylinders of dimensions
22.9 cm (dia) X 11.4 cm (thickness). Source radiations are collimated by a

1.27 cm (@ia) hole in a 10.1 cm (thickness) lead shield. In our measurements
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a source—to detector dlstance of 18 cm was use v
210

The gamma—ray'spectrum of

flgs 2 and.3 The reductlon 1n contlnuous background afforded by the antl- ﬁﬁ

Compton spectrometer amounted to a factor of 51x 1n the reglon of the Compton o

edge of - the 1180 . keV tran51t10n Thls dev1ce also prov1ded.so large a,
~reduction in the 1nten51t1es of s1ngle escape and "double escape peaks

* (Loss of annlhllatlon radlatlon follow1ng palr productlon 1n the detector)

-,

~that only one. s1ngle escape peak was | observed (that of - the l 99 O gamma ray,:dvﬂ
- CoE R L e o L

fat 1087 9 kev)

The low-energy part of the spectrum (E<l50 keV) was recorded w1th a

© lithium-drifted 5111con detector of drmens1ons 5 mm (dla) by 5 m (thlckness), .

and a teflon absorber was used to dlstlngulsh between gamma—rays and conver51on‘ ) |

electrons. . The spectra obtalned w1th and w1thout the absorber are shown in- -
flg L, (The weak 1nd1um X—rays apparent 1n the gamma-ray Spectrum arise.
from 1nteract10n of radlatlon W1th part of the detector mountlng materlal )

Energy callbratlon of the y-ray spectrometers 1n the range 50 2400 keV

. was made by u51ng sources of gh;Am; ??d ,WER?Hg, lB?Cs, 6905, 22Na, 88Y, egNa,{“-"
.and‘51L 3)

Mn, w1th reference to the energy data complled by Haverfleld

. RESTACRES
Tne observed - 1ntens1ty ratlo (11088/11599

the expected 1nten81ty ratlo (81ngle-escape peak/full energy peak) for a

vas (5 06 £0. 25) X 10 ', whereas -

- -2 o
999-KeV gamma—ray was: est1mated experlmentally, to be 1 6 x 10 : There- o
A fore, at least 48% of the 1nten51ty of the 1088-keV photopeak must be due to

a real gamma“ray of thls energy;t:n

At obtalned w1th thls dev1ce in the energy range lOO 2&00 keV 1s shown rn f;f‘..

3
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In the loﬁ-energy range, calibration for-convéféidn;elecfron‘andjgammafray'
spectra was based on energieé of.the polonium X-rayé and;ﬁhe X-‘and gamma-
rays of 2Lﬂ'Am,_ Digital gain stabilization waS'employed for ali measuremenfé.
The relative photopeak efficiency function of'the Ge(Li) detector in the anti_ 
Compton spectrometer. was determined wifh standard intensity sourcés in the |
energy range 60-2800 keV, and the uncertainty in this efficiency4functiOhv
varied from about * 8% below 100 keV to * 3% in the range 280-1300 keV. ._ 

In Table 1, a summary is given of the energiés‘and inﬁensities .
of the 2lOAt gamma rays observed in this work. In fhévcases of the 16Wés£;i:.‘
energy transitions, with known‘multipolarities, we havé included also thé o
total transition intensities, computed with use of the theoretical conver51on
coefficients of S1liv and Banalu). ‘The quoted ‘errors in 'the intensity values
of Table I reflect the uncertainties in the detector effi;iency.function as
well as the statistical errors in estimation of photopgak afeas.

Some of the very.weak lines of~Table 1 are of uﬁcertain origin or
assignment. This is true of the 602.L- and 726 O-kev llnes Thé line ‘at

1718.6 0.6 keV may be. due to the intense 1719 7 keV transwtlon of 6 i,

2 S
- formed in the weak (0.18%) alpha-branchlng )vof lQ At. Other. O6B1 lines in

the high-energy part of the gama specfrum would not have been seen because'_ 1'

of their low intensities. It is certaln, however, “that none of the llnesrﬂ

observed below 1200 keV are due +o 20.6Bi. In partlcular, the llne at 881. 6
o 206 . |

keV should not be confused with the Bi 880.8-kKeV transition, as another and

206

more intense Bi line at 805.5—keV was not'observed. The gamma-rays at

o

5LL.8 £0.5 keV and 782.9 0. 7 keV may be due to ?O9At, as the relative in-

~tensities of these lines agree, within error 11m1ts, with the values reported )



by Stoner 5) for the 5&& 5- and 780 keV trans1t10ns of At The other mQ4At- ;

gamma-ray, at 195 0 keV 1s too weak to have been seen in our spectrum
3. 2 INTERNAL CONVERSION ELECTRON SPECTRUM CONVERSION COEFFICIENTS AND
NULTIPOLARITIES ' N ol o : i

. ¢ .

-As mentloned in the Prevmous sectlon, the portlon Of the At spectrum;‘;y;iL‘”~“

below 150 keV was examlned w1th a S1(L1) spectrometer, and the converS1on :
electron and X-ray llnes so observed are shown in flg h In flg 5 the con-«;_*

versmon electron spectrum.ln the range lOO hOO keV 1s shown In the low-energytif
region the resolution of the Sl(Ll) detectors 1s much poorer than .that of the
180° ‘magnetic sPectrographs used by Hoff and Hollander ),°however our data do

provide more accurate 1ntens1ty values of the stronger 11nes than were pre-;:.

viously avallable. In the hlgheroenergy reglon (E > 150 keV) the K-conver51on RS

coefficients were determlned by s1multaneous measurement -of electron and gamma

17, - S
spectra with the spectrometer descrlbed by Easterday et al. ) and Hollander ). -

This "conversion- coeff1c1ent upectrometer conta;ns both a Ge(Ll) detector'
(6 cm’) and a Si(Li) detector (3 mm depletion depth), and is calibrated with
~sources having known conversion coefficients" :

In the case of the strong L6. 5- keV transitlon, the measured L

- of this transition as E2. The measured absolute conver31on coeffic1ents of

the higher-energy transit;ons are shown_ln f1g56 together»W1th the theoretlcali
values of Sliv and Bandjjb. From a comparison of4these'the multipolarity g :_{”
assignments shown ‘in Table 2. were obtained. Quantitative estimates of ’

multipole mixing ratios are not given, as the data are not accurate enough.'

Y

II/ s U

‘l'_ subshell conversion ratio, 1.1 +O 1, confirms the prev1ous aSS1gnmentsl’2).s e
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Some comments shéulafbé;mgdé;about thé éohveféioh'éOefficienfé of the
125.2- and hOE.h-keV transitionéz our eétiﬁéte'of a(L 4 L )> 3.0 for the :
125.2-keV transition s&ééésts that thls trén31£10n has apprec1able ML character._
This is consistent with the observatlon by Hoff and Eollander ) of only “the
LI and LII line; of this-transition (Table I‘of Refi 2), although-due to anf
‘ error in Table II‘of Ref. 2 this:ﬁransition was-assigned as E2. In the case .
of the hOE.MLkeV transition, our value of O, (i;5§ 20.26) x lO‘l’.ié appreciably
" higher than the result of Schima, et al.B),_andISuggests.ﬁhétvthis transition is.
more negrly pure M1 in charaéterfi | |

With these new'aata, we cah'éccount for most of the conversion—eiectron
- lines of unknown or.doubtful_aésignment feported in references 1 and 2. The
energies of these lines and our suggested assignmentsvfof.them are given in’
Table 5. The energies of all the high—energy electron lines agree with
values calculated for K- or ﬁ— iines from our measured gamma-réy energies,
except for the 5&2.5— and 700-k¢V 1ines. The origin of these two lines is

UNknown.

w

o
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' h The Level Scheme'~ energies, spins, and parities
The data obtained in this study have been combined with previous results

and have led to the construction of the'levelﬂscheme shownvin fig,7-;- We_have,jéfI:L‘p

relied heavily on the accuracy. of. the ganma—ray energy and intenSity measureeﬁrifgfffi”'f

- ments for the insertion of new energy levels and for the placement of new
tranSitions between known levels.. This was necessary because of the relative {?;s;
weakness of most of the new transitions found in our‘work. vSeveral coincidence..
experiments were attempted to help in establishing the gamma ray cascades implied.i f 7f
by this scheme, but no new information could be added from the coincidence fﬂ- o
measurements to the results reported‘in (l,2,3).,'0f the fourteen levels shownf,jﬁus :
in fig.7 , those shown with broken lines are relatively uncertain and.should hevr”“
taken as only tentatively identified. The levels;are’discussed_in relatedvlt.'
groups below: | | o |
4.1 LEVELS AT 1180, 1426, 1472 keV DR

These levels had been well identified in the previous studies of ElQAt'
decay ), and the assignments of oF h*, and 6+ respectively, to them‘were'
established by the E2 multipolarities of the 1180 h— 2h5 3~, and h6 5- keV
transitions and by the angular distribution measurements reported in (l) and (2)
Qur data support these assignments | :
v.h 2 LEVELS AT 2908 and 3024 keV _ ‘ o

The multipolari‘bies of the 1&82 9- and’ 1&56 2- keV transitions, which
depopulate the 2908-keV level to the 4 and 6” levels at 1&26 ‘and 1&72 kov were R
previously determined to he El1 1.2 ), and this fixes the spin and parity of the

2908-keV level as 5-. Angular distribution results for the lh82 9.- 25,3 cascade are

consistent with the spin sequence 5(D,Q)M(Q)2 (meximum quadrupole mixingvof O.h%) 3).




Lo UCRL-17843

The pafity’ef fhehgoéﬁ;keVievei'is esﬁablished.as‘9gg‘b&-the ﬁi.éna_
ML(E2) assignments'cf the'1599;0—‘andvll6;5;.kev'fransiﬁions, fespectively;
‘and its spln is- llmlted to the values 4 or 5 The angular dlstrlbutlon
results of Schima, et al‘B) on the 1599 0- 2&5 3 keV cascade are reported to
be in agreement with the spin sequences’ SCD,Q)M(Q)E (max1mum quadrupole m1x1ng.
of 0.6%) and 3(D,Q)4(Q)2 (maximum quadrupole mixing of 0. 2%), but not with the
sequence h(D,Q)&(Q)E for any value of quadrupole admixture. Schima et al.,
chose spin 5 as the most likely assignment‘fcr'the 3024-keV level, noting the
absence of a transition to fhe EfAlevel at'1180 keV5 On the other hand, there
is some evidence from the present stnd& thaf indicates-a k- assignment for‘she_
502hekeV‘leVel.' We have.ebserved the 1551.94kev_transition from this leVellto‘
the 6+ level at 1472 keV, and its.low intensity comparedlto that of the l599—ker
El transition favors an M2vrather than an El-assignment'vthe intensity ratio is:
= 89. One notes in contrast that the intensity ratio for the two

1599/ 1552
known EL transitions depopulating the 2908 er level is almost unlty,

Ilu83/1lu56j= 1.7.

L]

Thus, ‘we favor the L~ assignment for the 302k~ keV level. 'The angular distribu-
tion measurements of reference 3 ‘on the 1599 -245 keV cascade are not consistent
with this assignment, but these measurements were made with scintillation

detectors, and it is possible that because of the poor resolution there may .
¢

have been appreciable contributlon to the high-energy photopeak from the intense-

unresolved El doublet (1436~ 1h85 keV).
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u 3 LEVELS AT 3h27, 552h 5726 keV‘

The parity of these levels hes been established as odd by observation -”jjf;EL
of M1 or M1 + E2 transitions connecting them with the known odd parity levels

at 2908 and 3024 keV. A probable spin of 5 is ass1gned to the level at 3&27

keV because of the observation of tranSitions in almost equal intenSity from it

to the h and 6 levels of the ground- state band. This assignment is consistent

with the observation also of transitions to the (h)' and‘5-'levels at )02h and;lplﬁﬁ('ggf
2908 keV. A spin of 6 is likely for.the'levels'at 55244 andi3726-kevfbecanse. ff;f“:fv"

of the absence of transitions to the 4 level at 1426 keV and the presence’ . of fft'?*

- transitions to 6", 5, and (1) states.

‘4.4 LEVELS AT 2381 AND 2402 keV:

These levels are populated by the decay of the (h) ‘and. 5 levels at i
502h and 2908 keV and they decay to the. h and 6+ members of the ground state :3;;2;}?;;.
.band. The most likely spin and parity assignments are (h , 5 ) e
4.5 TENTATIVE LEVELS AT 3779, 3711 ATD 3698 keV‘”.u‘,‘

The assignment of levels at 5779, 3711, and 3698 keV is based primarily

on the observation of pairs of transitions from each to the 6+ and’ h levels,f??ff;}f'&J;
at-fh72 and 1426 keV. Little can be said concerning the character of ‘these -

levels and their Presence in the level scheme should be considered uncertain;:;'tf;ft”w
. 4.6 IEVEL AT 2525 OR 2278 keV ,.m'w;(lt, | g
One of the more intense oibthe.new‘gamma'ray lines found in this studyllltl :}i,g
:f is that at 855 1.0, i keV, ‘but unfortunately there appear to be no definitive ;1;2355 -
sum- relationships that might establish its position in the ?l Po level scheme S

Two sums appear, which involve very weak tranSitions (58h O- and’ 1200 3= keV), L

~and uhese sums,’ Af valid, would define a level at 2)25 keV. Another sum'appears,f
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'UWlth the 650 9 keV transition,

';delayed c01n01dence experiment it :he*ll8l keV_tranSition.might de01de

between these alternatlve" asxin the first case the intermediate state would

'khave a half life of 58 nsec(lh72 keV_state) while in the second case the de‘ay

‘u;would be l 8 nsec(lh26 keV state

'- The multlpolarity of the 855 keV‘transition hasfbeen established‘as

::Vile(EE) (see Table 2 ) so the parity of.the'state isieven, if elther of uhe

”T*Ifb‘ 21 At electron capture.

Therefore the spin chomces are restricted to h 5, orjfb f-i'

Ly




"”h5 Theoretlcal ConsmderatlonSy

2
The proxrmlty of é430126 to the double~closed—shel_ nucleus gng126

- has led to-a number of shell—model calculatlons of the level structure of

this nucleus. Using known s1ngle partlcle energles of the odd proton in'

209
8351106

with a delta-function force. It was assumed that the tw0 protons beyond the

Hoff and Hollander ) calculated the two-proton level structurelh'

closed 82-proton shell occupy the h9/ orbltal 1n the ground state Thelr

'calculatlons clearly predlcted a ground-state band of levels due to the coup-'r
llng of the 83rd and 8Mth protons in the (h9/2 conflguratlon, and thls 1s'ff;,ﬂf;f{‘f”

in good agreement with the observed energies of the low—lylng exclted states

(2+, > and 6+) The calculatlons further predlcted the presence of a band

of negatlve-parlty states due to the (h9/2, 113/2 conflguratlon at about the 2;?;?fﬂjé

same excitation energy as the observed 5  and (h) levels (5 MeV). . : 1..';;€f,:7té.-~
Recently, Kim and Rasmussen ) &nd Redllché) have performed much more.v-‘fya"'x-

| detailed calculations on the lOPo nucleus._ However both sets of- calculatlons ,'

vexclude collective interactions and nelther takes 1nto account the contrlbutlon

of neutron orbitals:.from the 20 8Pb core. The theory of Klm and Rasmussen uses> {'i“i

a finite-range central.forcevand tensor forces for the proton-core and proton— :

proton interactions, with no spin-orbit force.A The calculatlons of Redllch

‘are based on a Gaussian 51nglet even potential.: The level energies that ;vv.ﬁ'“

resulted from theSe calculations are shown in flg.8 along w1th the experlar

f

mental scheme. It is of interest to discuss the experlmental state a551gn—'§jif

S

" ments in terms ofi these theoretical schemes.Q .
;

One is lmmedlately aware of the llmltatlon of" the radlodctlve decay. of ﬂif}: }thgz,

210 ‘ 210 - _-"}‘7,*’ S
At as a meansi{of studying excited levels of Po: ;only the.levels-ofﬂ e

- . § i, [
F RN oot AR L UA T LR r* e
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spin 4, 5, or 6 are pépulatéd;: Négéthelésé'SOmeﬁvélidié6ﬁparisoné with the
theoretical caiéulatidns_can be made, and thééé éfexéiéCussed below.
5.1 GROUND- STATE BAND | | | | | |

The lowest-lying 2+, h+, and.6+ states clearly belong.to the (h9/2 2
configuration, Although the 8+ state of this configuration is not seen from ‘

1 2
2"OA’G decay, there 1svevidence concerning it from the o8 Po(c, 2n )210

reactién, studied by Yamazaki and Ewan18)t They héve obsérved'that the 245~
aﬁd.ll80-kev transitions (dépopulating the U+ and 2+ members of the groﬁnd
band) follow a decey of ~150  sec., and they postulate that this lifetime
is due.to the low;éneréy 8+ - 6+ transition,Twhich_wasiﬁhobserved»in their S
gamma4fay specfrum. | |
5.2 HIGHER EXCITED STATES - | |

‘Three levels are seen: at an. exc1tation of about EAOO keV, and they probably
~have even parlty and spins h 5, or 6 It seems reasonable to,identify these '
" as members of the_(hg/g, 7/2 COnflguratigﬁ, wﬁich oceurs in the theoretical
spectrum at about this excitdtion energy. The;(f7/2)2 qo?figuration also
produces states of U+ and 6+ but.theylére not expected'tojbe excited,in the
decay of 2lOAt. : | | V

Next in the experimental.épectrum.arevthé well;idéntified odd—pafity'
levels at 3 MeV, with:probable spiﬁs.h and 5. Quite good agreement is found
with the location of thesé levels in the tﬁédretical spectrum of the (h9/2,
113/2) configuration. | | V | | »
Both the theoretical and experimental pictures become less clear at

higher excitations. Three hwgher—lying odd-parity levels are seen ()427-

352k-, and 3726-keV) and these may belong to the (f7/2, 115/2) configuration.



Little is known abou'f £hé' é';cafeé at :'3"698; ,-"'."5711'; and 377'9¢;kév."" i
It is 1nterest1ng that both in the theoretlcal and experlmental spectrarlfix;lf'ﬁj'
some grouping of levels appears,  and thls has‘lac1litated the maklng of level o
-assigmments, such that con31stent a351gnments of almost all observed levels-“'}'
could be made to conflguratlons calculated fromtthe 51mpleitwo—proton modeléh;e”"~
Finally we note the theoretical prediction of the lowest-lying‘meﬁber of“'_h o

“the (h ) configuratioh, the ll-level, calculated by Kim and'Rasmussen

i
9/2’ "13/2
to be at ~2.9AMeV. They also p01nted out that thls Jevel 1s eypected to decay

by an E3 tran51t10n to the 8% member of the (h ) ground-state band° Yamazakw ‘53”'”

.8 9/2 |
and Ewan ) have observed an 1somer1c trans1t10n of energy 1292 keV decaylng w1th R
a lifetime of about 25 ns, which is close to the theoretlcal lifetime for a

single-particle EB tran51t10n, although much shorter than the llfetlme pre-

dicted oy Kim and Rasmussen. Yamazaki and Ewan a551gned thls as the ll to 8+ TR

o oRe

transition. This a351gnment does not actually flx the energy of the ll- state,
since the succeedlng low~energy 8+ to 6+ tran51t10n has not yet been observed
(Sec. 5.1), but, the 11l- energy would be approx1mately 2.8 MeV, ln‘good

agreement with‘the theory of Kim and Rasmussen..

b ee oty

< i

AR,
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210

Lo e T L e R
6. At Electron—Capture_Decay,Rates and Purity:of'the-sloPo Levels
210, 5 TR PR A 5 210l
The At electron-capture branching ratios to the various Po levels

were esfimated in our work from-the'potelggamma-ray inﬁensityvdepopulating_ o
each level. Theserintensities,Were:COrfectedlfor'fraetienalfaecay>by‘K—capturev“
snd then used for calculation of the logeft'values given in the decay scheme.

The total decay energy was taken*as QEC =_3830f§$ keVB)g,:Our_results for

decay to the levels at 3024 ahd_2908 keV are in geod"egreement’with'previeus
measurements and we have been able to set somewhat higher‘limits,tdilog ft .

values for the transitions to the 6+ and M+ levels at 1472 and 1126 keV.

It was pointedlout by'Hoff and Hollandefg) that the 2lQAt'EC decays of

the allowed type to tﬁekelOPo ground band ‘of levels are hlghly hindered, whereas

those decays of lst forbldden type to +the 4- and 5-. levels at ~3 MeV are un-

hindered. The hlnaered decays can be understood.ln terms of the conflguratlons

involved: decay. of 20 (w1th assumed conflguratlon P(h9/2) 5 N(pl/2 ) into

‘the ground band -of 2105, (w1th assumed conflguratlon P(h9/2 2; N(Pl/Q) ) must

" convert an h proton vnto a nl/2 neutron, and this transition 1s hindered

9/2

because of the large 2 change 1nvolved. This is also true for transitions

into the even-parity}levels at ~2400 keV (with assumed configuration P(hg/g,'

“fT/g), N(pl/e)z). The same hindrance is to be expected for transitions to
- all final eY”itEd stetes-that involve only proton excitations, and.thus the

-unhindered beta. decays cannot be understood in terms of a two-proton model of

OPo as used in the theoretlcal~calculatlons of Kim and Rasmus en and Redllch

‘However, these unnlndered transmtlons to the odd-parity states may be due to

“neulron excitation Of the .O8Pb core of 2L OPo; In ?,an the 5— and 4~ states .-

Doy
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of the (pl/Z’ g9/2) neutron conflguratlon and uhe 5 and 6 states of the

(p1/2’ 111/2) neutron conflguratlon have been establlshed at ex01tatﬂon .
19, 2o)

energies of about 3 h and 4 2 MeV respectlvely ' The energles of these

2
_ O8Db states are close to those of the 4- and 5- states in’ 210 Po'(&) MeV)'and

it is reasonable to assume that the same neutron conflguratlons also contrlbutel;; 2o

210 .-
. to the odd-parvty states 1n lOP The beta-decay components proceedlng via

these aamvxtures Yould be unhlndered, as the tran51tlon wnuld "be from an h9/2

- proton to a g9/2 or 111/2 neptropf:: : ,;t‘ .. B :7,\
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630.9 20.5 .. f*;f':’id;ao 40,02 -
639.5 20.5 o 0.23 fio,oz

643.7 20.5 - T . .1 0.46. %0.02
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Gamma-ray o . o Gamma~ray 1nten81ty _éu'_; . ..Transition
energy (keV) = (percent of 2104 decays) ~ . intensity

1599.0 0.6 7'v:d¥;'vlf_"14-2'  20,99  ‘ ;1. . 1.7. v —
6475 £0.8° -,ff-:'o'.'08gz oo s
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a‘) Intensity values have been normalized to lOO for the 1180 L-keV gammna ray.
The absolute 1nten51ty of. this traneltlon is known ‘from the level scheme_:.
to be lOO% and the correction for internal conver51on'1s not significant.
Transition 1ntenolt1es were computed from the’ measured ganmma.-ray 1nten51t1es-i
_ ‘with the use of the cheoretlcal conversion coefflclents of Sllv and Band ) |
C) Assigned to the decay of gloAt but not 1ncluded in the decay scheme.

Assignment to the decay of 21 At is uncertaln ' )
e)‘Corrected for- contrlbutlon from the S1ngle escape peak of the 1599 0= heV L

transition (see Sec. 3.1). ok
This line may be’ dae to the decay of 0 Bi (see Sec. Bfl).
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report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
' or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in

this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








