
Submitted to Nuclear Physic s 
RECEIVED 

lAWRENCE 
RADIATION lA80RATORY 

4 : - 1 

'/ 

LIBRARY AND 
DOCUMENTS SECTION 

DECAY OF 210 At TO LEVELS IN 210po 

L. J.Jardine, S. G. Pru8sin, and 
J. M. Hollander 

November 1971 

AEC Contract No. W -7405 -eng-48 

TWO-WEEK LOAN COPY 

LBL-278 
Preprint 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy. call 
Tech. Info. Diuision. Ext. 5545 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



- . 

.. . 

-1-

DECAY OF 210At TO LEVELS IN 210pO* 

L. J. Jardine and S. G. Prussin 

Lawrence Berkeley Laboratory and Department of Nuclear Engineering , 
University of California 

Berkeley, California 94720 

and 

J. M. Hollander 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

November 1971 

Abstract 

The electron-capture decay of 21 OAt has been reinvestigated and present 

210 ' 
data define twenty-three levels in Po. The multipolarity of thirty-six 

transitions have been measured and combined with data from recent reaction 

studies to assign spins and parities to these levels. Evidence is presented 

which locates the 3~ collective level in 210po at 2400 keY above the ground 

state. The electron-capture transition rates to odd parity levels are discussed 

with reference to the particle-hole excitations in 208pb • Transition 

probabilities for gamma decay of members of the 1T(h
9

/ 2 f
7 
/2) multiplet 

are compared to predictions from recent theoretical calculations. 

* 

RADIOACTIVITY 210At [from 209Bi (a,3n)); measured E , I • 
Y Y 

210 I ,Icc, yy, yy delayed coin. Po deduced ce 

levels, J, 1T, level t l / 2 , EC branching, log ft. 
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1. Introduction 

Previous studies 'o-r the electron-capt"ure decay of 2l0At 1~2,3,4) have' 

provided some detail on the energies and decay characteristics of levels of " 

spin 4, 5, and 6 1n 2l0po • While the exper1ni.ental level energies were in generSJ. 

. .. // 

agreement nth theoretical shell model, spectra calculated from a simple two . 
1,2) . proton model, it was pointed out that the.low val::tes of log ft for electron-

capture transitions to the odd-parity levels around' 3 MeV were 

inconsistent with this model and might be indicative of admixtures from neutron 

. i' h 208Pb exc~tat on out of t e core. 
) 6 

COhen5 ) and,Bardwickand Tickle ), 

established the characteristics of 

Since the earlier work of Mukherjee and 

a number of experimental studies35 ) have 

the low-lying levels in '208Pb which arise ( 

1 .• 

from' exci tationor neutrons and protons' out of this core. As a result it has 

become evident that the mixing of such states with those arising from the two 

proton configurations (h9/2 113/ 2 ) and (f7/ 2 i 13/ 2 ) should be a dominant 

character±.stie of the 2l0po level spectrum above 3 MeV. Whereas single 

proton-stripping ~eactions on 209Bi probe the (h
9
/

2
t
J

) components of 

~ given level, electron-capture should strongly excite only the neutron-

neutron and proton-proton particle-hole components. 

N~t only has there been a need for better experimental definition of 

levels involving particle~hole configurations, but also the datareported.by 

'. . 1 
Prussin and Hollander ) were limited in several aspects. The lack of coin~ 

cidence measurements placed some uncertainty on the inclusion of several levels 

in the decay scheme which involved reasonably intense' gamma:-rays • Of greater 

impOrtance, no evidence for levels of spins other than 4,' 5, or 6 was' obtained. 
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None of the two~proton shell model states are expected to be fed directly by 

electron-captUre With any appreciable s-trength, but such s-tates should be 

populated in the gamma decay of higher-lying levels. 

For these reasons we have performed a detailed reinvestigation of the 

210 electron-capture decay of At. Besides observing a number of new, very 

weak transitions, we have measured the multipolarities of 36 of the stronger 

transitions. The-results' of multiparameter y-y coincidence measurements have 

been used with the recent data from nuclear reaction studies 7,8,9) to define-

t t th 1 1 . 210p wen y- ree eve s 1.n o. Evdience is presented fora 3- collective level 

at 2400 keV, and more detailed information on the higher-lying odd-parity 

states has been obtained. The latter are discussed in terms of the proton and 
\ 

neutron particle-hole components giving rise tp unhindered a-decay transitions. 

The transition probabilities in the gamma decay of lower-lying levels are 

compared with those obtained from recent theoretical calculations. 

/ 
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2. Experimental 

2.1. SOURCES 

The astatine samples used in this study wereprodllced by the 
, / 

:209Bi (a.,3n)210At reaction at bombarding energies of 36,.5-39 MeY, with bismuth 

. 2 '209 
metal targets of thickness 52-73 mg/cm. No detectable At from the (a.,4n) 

reaction was observed. Chemical~purficiation ,of the astatine was ,achieved by 

1 t "l" t"' '. 1 d "b dlO ,11,12) vo a l lza :Lon as prevlous y escrl e . The only y':"'emitting impurities. 

were 211At and its daughters. Sources for electron measurements were 

prepared by evaporation of 210At solutions onto either, gold-coated or 

aluminum-coated mylar. The sources were ,covered with a thin (3-10 llg/cm2 ) 

layer of aluminum to prevent migration of the ,astatine in the vacuum chamber 

of the electron detector. 

2.2. GAMMA-RAY SPECTRA 

Gamma-ray s±ngles spectra in the energy range 100 to 2500 keY were 

obtained with a 35 cm3 coaxial Ge(Li) detector (sY$tem resolution of 2.6 keY 

(FWHM) at 1332 keY) and a,lO cm3 planar Ge(Li) detector (system resolution of 

2.2 keY (FWHM) at 1332 keY). For the energy range 16 to 130 keY, spectra were 

obtained with a 0.785 cm2 
x 5 mm Si(Li)' detector system (resolution of 0.8 keY 

(FWHM) at 60 keY). All measurements were taken with conventional high-rate 
'\ ' \ 

" . 13 14 
pulse electromcs ' ) coupled to a 4096-chaimel analog to digital converter 

of the successive approximation type15 ). 16 17 18 A PDP-7 computer system ' , ) was 

" 

used for "on-line" analysis. The gamma-ray spectra 'Obtained in these measure- • -

ments are shown in figs. 1 and 2 and the energies and intensities of all 
1, 

trans~tions are given in Table 1. The uncertainties due to relative efficiency 

calibration of ,the various detectors were estimated to be ±5% in the energy 
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range 60-500 keY and ±3% iri the 'range 500-2800 keV19 ). All photopeak intensities 

were obtained with the computer code SAMP0
20

). For energy calibration the 

data compiled by Jardine21 ) were used. 

In addition to previously reported transitions, we have been able to 

observe fourteen new transitions of very low intensity. The transition at 

790.6±0.7 keY reported by Prussin and Hollander
l

) can be reassigned to the 

209 22 43 decay of At (E = 790.2±0.1 keY) , ). Our data (see ,sec. 2.3.1) place y 

some doubt on the existence of a 125.2 keY transition reported by Hoff and 

Hollander2 ), but not observed in the photon spectrum of Prussin and Hollanderl ). 

Otherwise our data agree well with previous measurements. 

2.3. CONVERSION ELECTRON SPECTRA 

The detector system consisted of a thick (0.785 cm2 
x 5 mm) lithium-

drifted silicon detector operated at liquid ni,trogen temperature. The 

electronics system was similar to that used in the gamma-r8~ measurements. 

This system gave a resolution of 2.2 keY (FWHM) for the K-conversion electron 

line of the 1063-keV transition in the decay of 207Bi and permitted observation 

of well-defined electron lines at energies up to about 1600 keY. The relative 

electron efficiency function for this detector was obtained with sources having 

known conversion coefficients 43) . The estimated error, in the efficiency 

determination is ±8% over the energy range 100-1500 keY. 

The conversion-electron spectrum obtained for 210At decay is shown in 

figs. 3 and 4. We ~~ve used these data along with the gamma-ray intensities 

reported here to determine conversion coefficients normalized to the 

theoretical value of 0''K~E2) for the 1181.4 keY (2+ + 0+) ground state transition. 

These are given in Table 2 along with multipolarity assignments deduced by 
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comparis'on with th,e theoretical values of Hager and Seltzer23 , 24 1. The 

K-conversion coefficients are also shown in fig. 5 with the theoretical curves 
,/ 

constructed froni the data of ref. 23) . A number of the results are worthy of 

some comment in the light of previously reported data. 

2.3.1. 125-keV transition. The present data do not improve the limit 

1 
IY125 ~ 0.32, which was derived from a compton-suppressed gamma-ray spectrum ). 

However, our observation of a weak gamma-ray transition at 201.8±0.2 keY 

suggests that at 'least one of the lines assigned as the L-conversion lines of 

. 2 . 
a 125 keY transitioh .by Hoff and Hollander) should be reassigned as the 

K-conversion line of this new transition. The measured value of aL for the 

201. 8 keY transition is, also consistent with the multipolarity assignment of 

Ml 'obtained from our measurement of the K-conversion' coef.ficient of this 

transi ti'on. 

2.3.2. 83.45-keV transition. 2 Hoff and Hollander ) have observed an 

210 
83.45 keY E2 transition in - At decay. Because of low intensity and poor 

resolution this transition was not observed in our measUrements or in the 

previous' study by Prussin and HOllander l ). However, in a recent study of the 

208 ( ) /. .. 9) 8 Pba,2ny react~on by Bergstrom et ale ,an 3.7-keV y-ray has been 

+ + 2 
identified as the tr~nsition between the 8 and 6 members of the n(h

9
/ 2 ) 

ground state band in 210po . Their' data place the location of the 8+ level at 

1557 keY. A level at 1557±5 keY was also observed in recent studies of the 

209Bi (a,t) and 209Bi(3He,d) reactions 7 ,8). In the present study, we have 

obtained evidence for weak population, of this level by y-rays following decay 

of .210At . 

-. 

• 
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2.4. GAMMA~GAMMA COINCIDENCE MEASUREMENTS 

Three parameter gamma.,...gamma coi:ncidence measurements were taken with 

two Ge (1i) detectors of about 35 cm3 each (active volume) and a fast-coincidence 

electronic arrangement similar to that described by Jaklevic et a1. 25 ). The 

axes of the two detectors were positioned at 90° with respect to the source 

and were separated by a graded shield (lead-cadmium~copper) to minimize 

scattering between the detectors. The width of the prompt time-distribution 

as determined by the 1181.4 .... 1483.3 keY gamma-ray cascade was about 40 nsec. 

The three parameter data (E
l

, E
2

, 6t) were stored serially on magnetic tape 

and later sorted on the 1B1-CDC-6600 computer system. Spectra in coincidence 

with the various gates were corrected for chance coincidences and for con-

tributions fro,m the compton background within the gates" Fo'r each gate two 

sorts were obtained corresponding to prompt and delayed coincidence events 

(the latter were delayed in time by about 60 nsec from the centroid of the 

prompt time distribution). Several important coincidence spectra are shown in 

. 6 7 d 1 t f 11 .., f 43) flgs. and an a camp e e set a a spectra lS glven In re. . These 

210 results are discussed in connection with the At decay scheme in sec. 3 . 

! 
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3. The Decay Scheme 

Coincidence measurements and s,um-diffe,rence relationships among 

gamma-ray energies have been used to construct the level scheme shown in fig. 

8. Spin and parity assignments are based upon previously reported data, our 

conversion electron meas1iremen~s and the results of recent reaction studies7 ,8,9) 

summarized in fig. 9. For convenience the levels are discussed below in 

related groups. 

3.1. LEVELS AT 1181.4,1426.7,1473.4, AND 1556.8 keY 

210 Spin and parity assignments for the first three levels in Po have 

. , 1 2 3 7 8 26) been well established ' , , " . We note that our delayed coincid~nce 

measurement of the 1436.3-245.3 keY gamma-ray cascade (40±6 ns) confirms the 

6+ ( ) 4 ,26) half-life of the . level 38±5 ns at 1473. keY reported by Funk et al. . 
. ' . 

+ The 8 level at 1556.8 keY, wltose existence was first inferred by 

Yam~zaki and Ewan27 ), is now well established7 ,8,9). As discussed in sec. 

2.,3.2. ,wei assign the 83.45 keY transition2 ) to the decay of this level. Our 

energy differences and intensity balance support this interpretation. The 

half-life of the level has been measured as 110±8 ns 28 ) and 115±10 ns9 ). 

3.2. EVEN-PARITY LEVELS AT 2187.7, 2290.0, 2326.0, 2382.4, 2403.2, AND 2438.3 
keY 

The levels at 2382.4 and 2403.2 keY were established by Prussin and 

Hollan~erl) and we have been able to observe several new weak transitions 

involving these levels,. + A 4 assignment to the 2382.4 keY state is established 

in our work through El transitions from 5- states at 2910.0 and 13026.2 keY and 

by decay via the 1201.2 (E2) and 955.8 (Ml) keY transitions which connect this 

+ . + 
level to the 2 and 4· 'levels at 1181.4 and 1426.7 keV. Th.is assignment is consistent 

s. 
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with results from the reaction studies as shown in fig. 9. The spin and parity 

+ assignments of 5 to the leve.l at 2403.2 keV are similarly established. 

The data of ref. 1) established a tentative level at either 2278 or 

2325 keV which decayed via the 852.7 keV transition' to either the 4+ or 6+' 

levels at 1426.7 or 1473.3 keV. Our y-y coincidence data show that the 852.7 

keV transition is in delayed coincidence with the 245.3 and 1181.4 keV 

transitions and also that it is in prompt coincidence with the 584.0 keV 

,transition. These results along with the probable absence of a transition 

.at 125.2 keV (see sec. 2.3.1.) indicate the existence of a level at 2326 keV. 

A level at this energy has been observed in reaction studies 7 ,8,9) and a spin 

+ 
and parit~ assignment of 6 is indicated from these data. The measured Ml 

.multipolarity of the 852.7 keV transition and the El multipolarity of the 

584.0 keV transition (from the 5:- level at 2910.0 keV) are consistent with 

this assignment. 

We note here tentative evidence for the existence of a weak transition 
. + ' 

of 77.2 keV connecting the 5 level at 2403.2 keV to the 2326.0 keV level. 

210' 
Our re~examination of the conversion electron spectrum of At (from the 

original photographic plates of Hoff and Hollander2 ) indicates that the 

K Ln LIIAuger line at 60.2 keV is too intense relative to neighboring Auger 

211 
lines ~y a factor of about 1.7 compared to the Auger lines fTom At decay. 

, ,.I 

The excess intensity may be ascribed to the LI line of a 77.2-keV transition. 

From the absence of LII and LIll lines,. one may infer an M1 character. We 

discuss later (sec. 5) how this and other low energy intraband transitions 

might compete favorablyw;Lth higher energy interband transitions. 

The levels at 2187.7 and 2438.3 keV have been observed in reaction 

.. 789 + + 
studies ' , ) and spin and parity assignments of 8 and 7 have been given, 
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respectivelY. 'These levels are weakly populated through radioactivedec8\Y' of 

2l0At • While our dataaloneiare insufficient to define the spins, the meaSured 

mUltipolarities of transitions involving these leve1.sare consistent with these 

assignments. We have shown a possible transition(Ml) of l12.3keV connecting 
, , . 

the 7+ level at 2438.3 keY to the 6+ level at, 2326.0 keY. 2 Hoff and Hollander ) 

reported an unassigned electron line at 85.27 keY which can be interpreted as 

the Ll conversion line of this transition. 

Finally we have shown in fig. 8 a tentative level at 2290.0 keV, which 

is :..-defined by a single transition, to the g~o'Wld state of,' 2l0po and by decay of 

.+ 
the 4 level at 2382.4 keY. The la.tter transition (92.0 keY) was identified 

, 8 
by Hoff and Hollander2 ) as a probable E2 transition. B~th. (TB171 and Lanford) 

. 8 + .+ report a level at about 22 5 keY with a spin and parity assignment ofl "r 2 '. 

'If.our identification.is correct and corresponds to the same level observed in 

+ + the reaction studies, a 2 . or 3 assignmen.t is inferred •. ; 

3.3 •. ,obb PARITY LEVEL AT 2386.8 ·keV 

The sum-difference relations between gamma~ray energies and tentative 

coincidence data on the 639.4-1205.4 keY gamma-ray cascade have led to the 

pla~ement of a level at 2386.8 keVwhich decays to the ground state and:f'irst;... 

excited (2+) state of 2l0po and possibly to the 4+ level at 1426.7 keV.The ... 
level is weakly populated by at least three transitionsfromhigher-lying9dd­

parityleve;Ls (see sec. 3.5). The :measured E2 multipolarity of the 639.4 .. keY 

transition connecting this level to the 5- level at 3026.2 keVestablishesthe 

parity as odd and limits probable spins to 3-7. The l205'.4-keV transition from­

this level to the 2+ first~excited state is limited to amultipolarity of El, 

with. up to about 15% ,M2 admixture., from the i,ntensi~y limit of its (unobserved) 

, 

[ , , 

. i 
i 

1 

. j 



'. 

\' 

-11- LBL-278 

K-conversion electron line. These data in conjunction with the directtransi-

tion ~rom this' level to the ground state de~ine the spin as 3, and it is most 

likely the 3- collective state analogous to that observed in 208Pb at 2614 keY. 

This assignment gains some support ~rom the ~act 'that no odd-parity states of' 

-
single-particle character are expected at this lo~ energy and the state 

apparently is not strongly excited by stripping reactions. 

The energy o~ the 3- level in 210po is somewhat depressed ~rom that 

observed in 208Pb (2614 keY). This shi~t may result in part ~rom con~iguration 

mixing via the 3"" component o~ the 1T(h
9

/ 2 i 13/ 2 ) configuration. Hamamoto 

has calculated the energies o~ the 3- octupole vibration in a number o~ even 

mass lead Isotopes30 ) and in 210po 31). The calculated energies were 

generally higher than those observed experimentally29) but did reflect the large 

d t " . 210Pb 1 to tt. ° 208Pb b ~ h t re uc 10n 1n re a 1ve to ue energy 1n ecause o~ t e s rong 

coupling o~ the octupole vibration to the 3- component of the neutron con-

f o to (2 Ij ) In 210po , two 3 1 1 . ° f .. f 19ura l.on V g9/2 15/2. eve s, arl.sl.ng rom m1Xl.ng 0 

" 
the octupole vibration with the 3- member o~ the two proton 1T(h

9
/ 2 i 13/ 2 ) 

multiPlet" are predicted 31) to occur at 2.52 and 2 .88 MeV , the lower one being 

predominantly vibrational in character. 

3.4. ODD-PARITY LEVELS AT 2910.0, 3016.8, 3026.2, 307561, 3111.4, AND 3124.7 
keY 

Levels in this region are expected to arise from the two proton 

COn~iguration1T(h9/~i13/2) and evidence from this and previous studies has 

also established the importance of contributions from excited states of the 

208Pb core. 

The two odd-parity levels at 2910.0 and 3026.2 keY are well known and 

-
our data on the first of these is in agreement with the previously assigned 
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''': spin of' 5. The spin of' the level at 3026.2 keV is noW' established f'rom our 

limit on ~ of the 1552.7 keV transition to the 6+ level at 1473.3keV which 

requires that its mllltipolarity be predominately El. Together with the measured 

El multipolarity of' the 1599 keV transition, this firmly establishes the spin • 

of' the 3026.2 keV level as 5. This assignment had been suggested by 

Schima et a1. 4) as a result of (NaI) angular distribution measurements on the 

1599-245 keV gamma-ray cascade, but was questioned by Prussin and Hollander 

who favored a spin assignment of 4 because of the large dif'f'erence in the 
I 

branching ratio (Ii599/I1552) as compared with the ratio (Ii483/I1436) for the 

analogous-~ecay of the level at 2910 keV. Present evidence suggests that these 

two levels arise predominantly from configuration mixing of' the two proton 

conf'iguration 7r(h9/ 2 i13/2\_ with the neutron excitation v(g9/2 P~~2)5- Both 

levels have been observed in the reaction studies of (TB)7) and Lanford8 ) who 

report weak population Of ~he 2910.0 keV level compared to other high spin 
i 

As discussed below (see sec. 4.1) 

their data are q1.lalitatively in agreement with respect to the amplitudes of 

the two-proton configuration assigned to each level by analysis of the a-decay 

transition probabilities in the decay of 2l0At . 

/ 

The remaining levels in this group are tentatively identified through . 

weak gamma-ray transitions observed in our work and we have combined these 

data with the results from reaction studies to arrive. at 

suggested spin and parity assignments. Due to small level spacings and poor 
(" 

statistics, substantial differences exist between the spin assignments of (TB) 7 ) 

and Lanford
8). Assignments for these levels shown in fig. 8 and on the 

composite scheme ,of fig. 9 represent our summary of all reaction' and decay data. 

"' 
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The level shown at 3075.1 keV may be identi.fied with that observed in 

the reaction studies which·has been assigned a spin and parity of 4-. (We 

have. observed only a single gamma-ray transition defining this· level). The 
; . . 8 

level at 3124.7 keV has been seen by both (TB)7) and Lanford) but was not 
! 

identified in the (cx,2n) studies of Bergstrom et al. 9). Our gamma-ray data 

establish. the parity as odd and limit the likely spin a,ssignments to the range 

4, 5, 6. With the assumption that this level is due primarily to the two 

proton configuration TI(h
9

/ 2 i
13

/ 2 ), and having located the spin 4 and 5 members 

elsewhere, we tentatively identify this level as th'e 6- level defined by 

Lanford. This assumption seems reasonable .through the following arguments. 

First the only likely core excitation leading to levels in this energy range 

is the neutron configuration v(g9/2 P~~2)' Secondly as discussed in sec. 4, 

210 ' 
electron-capture of At should occur with much higher probability to core-

. . d t . . 2l0p h tIl f th . 1 t t f' t' exc1te sates 1n ot an 0, eve s 0 e s1mpe wo pro on con 19ura 10n 

210 : 
of the 83rd and 84th protons of Po. (Note here the low log ft values for 

transitions to the 5- levels in this region). 

We have tentatively included a level at 3016.8 keV in agreement with 

the results of the reaction studies of (TB)7) and Lanford8 )., In our work the 

6+ level is defined only by a single gamma-r~ transition to the level at 

1473.3 keV and thus its spin is limited to the, range .4-8. We favor a likely 

assignment of 7-, 8- to this level. 

The rema~;~ing level in this region at 3111.4 keV was unresolved in the 
-t,;l;., .. , 
'''.,\.~\ . " 

reaction studies, .. ~rid its dec~ to the 3 .... level at 2386.8 keV by an M1 trans! tion 

.defines the parity as odd and limits spin to the ra~ge 2-4. The weak population 

of this level inS-decay rules out its assignment as the 4- member of the 
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neutron- excitation VLg9/2 P~~2)' The Mldecay t9 this level from the (4)- level 

at 3428.2 keY then suggests a tentative spin and parity ,assignment of (31- (see 

sec. 3.5). 

The levels ,of the 'JT(h
9

/ 2 i 13/ 2) multiplet with spins '8, 9, 10, and 11 

have been identified from reaction studies and we have included these in the 

composite level scheme in fig. 9. The location of levels with spins 10 and 1~ 

at-energies'of 3183 and 2849 keY, respectively, seems well defined. However, 

the definite assignment of spins 8 and 9 to the levels at 3138 and"';" 3009 keY, 

'respectively, is open to question as the data of CTB)7) and Lanford8 ) are not 

in agreement. 

Of the ten levels arising_from the 'JT(h9/ 2 i 13/;) proton multiplet, only 
7 8 . 

the 2- member remains unassigned. Both (TB) ) and Lanford) have argued for 

an unresolved doublet at about 2845 keV composed o~ the 11- and (possibly) 2-

members of this multiplet. With the tentative location of the 3- member at 

3111.4 keY, it would ap~ear that the 2~ level might belong ~n the quartet of 
-. , 

states in "the energy range 3000-3030 keY. While the reaction studies require 

greater strength at 2945 keY than can be accounted for by the 11- level alone, 

this may reflect a relatively reduced strength for the lower spin members of 

the multiplet due to configuration mixing. The calculations of Kim and' 

32 ' 
Rasmussen ) locate the levels of the 'JT(f

7
/ 2 i 13/ 2 )J- proton multiplet at 

about 0.8-1.0 MeV above the corresponding levels of the'JT(h9/2 i l3/ 2 )J_ 

multiplet. Mixing among these states would leave the 2- and 11- members of the 

'JT(h
9

/ 2 i1~/2) multiplet pure and would give them somewhat greater intensity 

in the (ct,t) or C
3He,d) studies relative to the remaining levels., 

I 

" 

.. 
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3.5. LEVELS IN THE RANGE 3428-3780 keV 

These levels are all populated rather strongly in the electron-capture 

210 decay of At and it is likely that they arise from neutron and proton 

excitation of the 208Pb core. 

The spin and parity of' the level at 3428.2 keV is limited to (4,5,6)-

by observation of' Ml transitions from this level to the 5- level at 2910.0 and 

3026.2 keV. The probable assignment of (4)- has been inferred by the M1 + E2 

assignment of' the 316.8 keV transition from this level to the (3)- level at 

3111.4 keV. We note that so long as the latter level is limited to a spin 

of 2 or 3, the presence of an Ml component in the 316.8 keV transition requires 

both that the spin of the '3111.4 keV level be 3 and the spin of the level at 

3482.2 keV be 4. The spin and parity of the level at 3727.2 keV is then 

defined as CS)-by the measured Ml decay to levels of spin 4, '5, and 6. 

Similar arguments have been invoked to limit the assignment of spin and parity 
, 

of the level at 3525.2 keV to (5,6)-. t:The remaining levels at 3699.4, 3711.2, 

and 3779.5 keV are probably limited to spins 4, 5, and 6 and the 3779.5 keV 

level seems to be of odd parity. 
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4.· Electron-Capture Decay Rates and Particle-l1ole 

C Ex · t t' ~2l0p ore c~ a .~on ~n 0 

Log ft values have been obtained by using the method discussed by 

33 ; 
Konopinski and Rose' ) for allowed transitions. \The electron-capture feeding 

was obtained from our y-ray intensity data corrected for internal conversion. 

J '34 
The Q.,.value for the electron-capture decay was taken as~C = 3877±26 keY ). 

Newby a:nd Konopinski 36) discussed. the importance of particl~:-hole core 

210 
excitations in the'level spectrum-of Po. Experimental evidence for such 

effects was first pointed out by Hoff andHollander~) through analysis of the 

. 210 210 
electron-capture decay rates of At to the odd-parity levels in / Po above 

3 MeV·. Specifically, they pointed out that the decay to levels of the two-proton 

con,figurations 1T(h~/2}' 1T(h9/ 2 f7/2) or 1T(h9/ 2 i 13/ 2 ) sho~d all, be highly 

forbidden due to the large change in orbital angular momentum required for 

r conversion of an h9/2 proton 'into a Pl/2 neutron.' Expe~imentally, highly-­

hindered electron-capture transitions are evident for the allowed decay to all 

even-parity levels below 2.9 MeV. Above this energy, however, unhindered 

transitions of the first-forbidden type to the odd-parity levels at 2910 and 

3026 keY were attributed to contributions in these states from neutron 

208 
exci'tation of the Pb core 0 

Recently a· fairly complete picture of core-excited states in 208Pb has 
, 

been obtained in the energy range below about 4.1 MeV through numerous reaction 

35 208 
studies ) . The observed Pb levels are shown to the right in fig. 10. The 

lowest levels due to core excitation (3198 and 3475 keY) are predominantly 

the two comp,?nents of th~ neutron excitation v(g9/2 P~~-2)5- ,4- respectively. 

Although a number of the levels in the energy range 3700-4100 keY -have unknown 

.. 



-17- LBL-278 

parentage, at least four levels arise predominantly from the neutron 

and the proton excitations ~(h9/2 s~~2) - 4-
5 , 

Configuration mixing between components of these excitations is evident'from 

"' '37 <the wave func'tions for these' states calculated by True et ale ) • 

In the case of 2l0po these core excitations should occur in the 

'vicinity of the odd-parity levels arising from the two-proton configurations 

~(h9/2 i 13/ 2 )J_ and ~(f7/2 i13/2)J_32,36,38). Although the effect of the 

additional 83rd and 84th protons on the zero-order energies of the particle-

hole core excitations is unknown, energy shifts are expected to be small and 

strong conf~guration mixing is expected. 210 Electron-capture decay of At to 

odd parity levels of 210po that contain components of the neutron particle­

hole excitation v(g9/2 P~~2) and/or the proton particle-hole excitation 

~(h~/2 s~~2) will be relatively ~in:dered. In the first ,case, unhindered 1st 

forbidden decay is due to conversion of anlh9/2 proton into a 2g
9

/2 neutron. 

In the second case a 3s1/ 2 core proton in 210At is converted into a 3Pl/2 

t . 210p neu ron ~n o. Hence the e~decay transition probabilities to levels in 

210 . 
Po above about 3 MeV shOuld:

i 
be a measure of the total amplitudes in these 

states of the neutr9n particie~hole component Iv(g9/2 P~~2» and the proton 

particle-hole component ITf(h~/2 s~~2»' This is o,f particular importance to 

the characteri z;ation of the more highly-excited levels, since the compl~entary 
I 

information on amplitudes of two-proton components is derived from the 

reaction data of (ci,t) and (3He ,d) studies. 

",:. 
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4.1. ELECTRON-CAPrURE DECAY TO LEVELS AT 2910.·0 AND 3026.2 keY 

Both of these levels .are populated by relatively unhindered electron­
I 

capture transitions, and they are identified with the two states arising from 

configuration mixing of the first two-proton 5- state in 210po (predominantly (j 

I 
208·' 

'IT(h
9

/ 2 i 13/ 2 ) 5-) and the first 5- Pb neutron core state. (The two-proton 

wave .function undoubtedly contains a small component of the confi~ation 

'IT(f
7

/ 2 i 13/ 2 ) 5-' but this does not affect the following argument., The wave' 

208· . 
function for' the first 5-, state in Pb has been calculated by True, Ma, and 

Pink7lton (TMP) 37) as 

'. 

and the amplitudes of the two largest components are in agreement with the 

experimental data of McClatchie, G~ashausser, and Hendrie 39) and Bardwick and 

Tickle6 ).) 

To estimate the relative amplitudes of core and two proton 

components in these states using our experimental log ft values, we followed 

the analysis o'f first-forbidden S-decay in the 208pb region given by Damgaard 
\ 

40) . . ' 41) and Winther ,.and Damgaard, Brogll.a, and Riedel. The analysis was carried 

out only for 13- decay, but it is reasonable to expect that the same formulation 

is applicable for examination of relative ft values for electron-capture 

transi tions involving the same parti.cle configuratiolfs. In the present case 
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we have made the further simplifying assumptions that the ground-state wave 

functions of 210At is 1~(h~/2)V(P~~2»5+ and that the wave functions for the two 

5- levels in 2l0po can be approximated by the two-component vectors 

where the full strength of the two-proton and neutron-core excitation 

components are included. Electron-capture decay to these states was assumed 

to proceed qnly through the single component v(g9/2 P~~2)' Using our 

experimental ratio (ft)29l0/(ft')3026' 

the two-component vectors are calculated to be 

i 
These results can be compared directly to the relative two-proton 

amplitudes obtained with the same assumptions as above from the 209Bi (a,t) 

and 209Bi(3He,d) reaction studies of TB7) and Lanford8). In both studies the 
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5- level at 2910 keY was excited and was well resolved from otqer members of the 

7T(h
9

/ 2 i 13/ 2 ) multiplet. Since the +1- member of this multiplet is expected 

,to arise orily from this two-pr0-"t0n configuration, the ratios r (2910 )/r (2945) 
5 11-

(corrected for the (2J + 1) dependence of the ,reaction cross sections) directly 

yield experimental values for the amplitude I all2,. The ratios of the two 

proton components in these states are estimated7,8) 'from these data' as 

(
lal

I2
) 

la 12 = 0.41 

2 (TB) 

and (
fal

I2
) . 

-, a-=-I~2 = 0 .82±O • 20 

,,2 (Lanford) 

The agreement between these values and that derived from analysis of the 

ele;ctron-capture transition rates is good,. in spite of the many simplifying 

assumptions required in the calculatio~ , and is suggestive of the correct 

interpretation of the character of these levels. Unfortunately the lac,k of 

experimental data and the complexity of the wave functions for other odd-

parity states involving core excitations precludes extension of this analysis 

at present. The fact that only the two lowest energy core excitations are 
) 

expected to contribute significantly to unhindered S-dec~ does however permit 

the qualitative discussions given in the following paragraphs. 

4.2. ELECTRON-CAPTURE DECAY TO LEVELS AT 3075~1 AND 3428.2 keY 

-1 ) The extent to which the v(g9/2 Pl/2 4- core configuration mixes with 

the state arising from the 11T(h
9

/ 2 i 13/ 2 )4_ configuration should be reduced 

relative to that observed in the 5- levels because of the larger difference in 

zeroth-order energies of these states. Unhindered electron-capture decay is 

then expected only to the relatively pure 'core state and it is reasonable to 
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associate this state with the (4)- level at 3428.2 keY (log ft = 6.9). Decay 

to the (4-) level at 3075.1 keV is highly hindered (log ft = 8.9) and this 

state probably arises predominately from the two proton configuration. The 

reaction.studies also indicate that the greater part of the strength of the 

7T(h
9

/ 2 i 13/ 2 )4- configuration is located in the lower of " these two levels 

since the higher one was not excited to a measurable extent. 
I 

4.3. DECAY TO LEVELS AT 3525.2, 3699.4, 3711.2, 3727.2, AND 3779.5 keV 

The electron-capture decay to these levels is also relatively unhindered 

which reflects strong admixtures of particle-hole core components in the wave 

function of these states. Of the possible core components that are expected 

here, the most probable admixture that can give rise to these fast transitions 

is the pr~ton excitations 11T(h9 / 2 sl/2»4_ 5- The decay of the 3s l / 2 proton 

in 2l0At to the 3Pl
/

2 
neutron in 2l0po might be expected to occur with a 

I 

somewhat greater absolute rate than for the similar decay of an lh9/2 proton 

into a 2g
9
/2 neutron because of better overlap of the wave functions of the 

initial and final states. Thus the low log ft values assigned to transitions 

to the two highest energy levels of this group may be due to strong admixtures 

of this proton c?re excitation. The inverse of these decay p~ocesses, observed 

; 208 208 
in the decay of.' Tl to the core states of Pb, proceed with similar (but 

somewhat lower) log ft values. I 

\, 



<' 

-22-

5. Gamma-Ray Transition Rates Involving Levels of the' 

~(h9/2 f 1/ 2 ) and 7T(h9/ 2 )2 Configur~tions 

LBL-278 

The data available from rea.ction studies and the electron-cap~ure 

decay of, 210 At now give a fairly 'detailed description of the lower-lying levels ~ 
. 210 2 
~n . ,Po. All levels of the 7T(h

9
/ 2 ) ground-state multiplet are well charac-

terized and the major transitions in decay of the levels of the rr(~9/2 f 7/ 2 ) 

multiplet, other than those of the low-spin members, are now known. Com­

parison of the level sequences calculated by (KR)32) and (MT)38 1 w~th the , . 

the experimental spectrum indicates general agreement with energies and level 

spacings (see fig. 10). With the decay properties of these levels known, th~ 

experimental data may serve as a guide to future calculations. In pa+ticular 

the Ml branching ratios in the decay of the odd spin members of the rr(h
9
!2 f7/2) 

Qand to the low-lying even-parity levels may serve as a sensitive test of 

admixtures in the 7T(h
9
/ 2 )2 band. 

We have calculated the total gamma-ray transition probabilities for 

decay of a number of levels of the 7T(h
9

/ 2 f7/2) multiplet using the eigenfunctions 

32. 38 of (KR) ) and (MT) ) and our experimental level energ:tes. In Table 3 we list 

for reference the theoretical transition probabilities obtained with these 

wave fUnctions using ,the Schmidt or free space values for the factors gj' gt 

an~ g. The results were found to be extremely sensitiv~ to various assumed 
s 

values of gj' gt and gs and the possibility of using a set of effective values 

is currently being investigated. Whil~ quantitative'agreement with experimental 

transition probabilities was generally poor, all calculations gave several 
,~. -

qualit.ative predictions that co0d be ~ompared directly with ourexperiinental 

findings; 

I 
i 
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(a) The intensities of the transitions 82 + 61 (714.4 keY), 

62 + 81 (769.2 keV), 62 + 41 (899.3 keY) ,and 22 + 21 (1188.6 keY) are 

LBL-278 

predicted to be small compared to other competing transitions. These gamma 

rays were not detected in our measurements.' 

(b ) Low-energy ,intraband transitions between members of the 

TI(h
9

/ 2 f7/2) mUltiplet are predicted to compete favorably with the more 

energetic transitions to levels of the TI(h
9

/ 2 )2 multiplet. Our placement of 

the 77.2, 92.1, and 112.2 keY transitions as interband transitions is 

supported by these results and experimental mUltipolarities are consistent 

with the theoretical predictions. 

! ' 
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Table 1. 

Gamma-Ray Energy 

(keV) 

46.6 (2) 
c 77.2 . 

83.45c 

92~lc 

112.2c 

llb.2 (1) 

201.8 (2) 

245.3 (1) 

250.5 (2) 

298.8 (2) 

316 .. 8 (2) 

334.3 (2)e 

402.0 (2) 
I 

498.9 -'2) 

506.8 (2) 

518.3 (2) 

527.6 (1 ) 

584.0 (2) 

602.5 (2) 

615.3 (2) , 

-28-

. .. ao 
Gamma-rays observed from decay of At. 

Absolutea 

Gamma-Ray Intensity 
210 (percent of At decays) 

.65 (6) 

.15 (2) 

80.0 (40) 

.~1 (4) 

.11 (2 ) 

.17 (1) 

.05 (1) 

.78 (2) 

.15 (1) 

.69 (2) 

.15 (1) 

1.15 (4 ) 

.34 (2) 

.12 (2) 

.36 (2) 

. Absolute b Transition Intensities 
210 (percent of , At decays) 

(34.5(15) )i 

(~ .15)h 

( ~ 0.60 (3»i 

(~ O.Ol)h 

(~ .27)h 

"5.6 (5) 

• 39('4) 

99.0 (50) 

.39 (6) 

.17 .(2) 

.24 (7) 

.07 (2) 

.97 (4) 

.17 (1) 

(continued) 

) 
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Table 1 (continued) 

Absolute a 

"- Gamma-Ray Energy Gamma-Ray Intensity 
(keV) ( 210.) percent of At decays 

623.0 (2) ..• 43 (2) 

630.9 (2) - .31 (2) .,-
639.4 (2) .26 (2) 

643.8 (2) .46 (2) 

701.0 (2) .47 (2) 

721.6 (3) .10 (4) 

724.7 (2) .21 (3) 

798.6 (3) .06 ,(2) 

817.2 (2) 1. 72 (5) 

852.7 (2) 1.39 (5) 

869. 4 (2) .13 (2) 

881.1 (2) i .22 (2) 

909.2 (3) .09 (3) 

929.9 (2) .76 (3) 

955.8 (1) 1.81 (6) 

(960 .1) (5) f « 0.04)f 

964.9 (2) .16 (4) 
... 

976.5 (2) .81 (4) 
<. 1041.6 (2) (4) .30 

1045.9 (3) .16 (3) 
(continued) 
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Table 1 (continued) 

Gamnia-Ray Energy 

(keY) 

Absolutea 

Gamma-Ray Intensity 
210 (percent of At decays) 

2237.9 (5) .018 (2) 

2246.6g (5) .026 (4) 

.2254.0 (2) 1.53 (5) 

2266.8e (3) .029 (5) 

2272.7 (3) .35 (1) 

2284.5 (3) .019 (2) 

2290.0 (3) .012 (3) 

2306.2 (3) .037 (2) 

2352.8 (2) .14 (1) 

2386.8 (3) .008 (2) 

a Absolute intensity values were derived by normalizing results to the intensity 

of the 1181.4 keY transition, which is known from the level scheme to be 100.0(25)%. 

bTransitiono:lntensities « 500 keY) were derived from measured gamma-ray 

intensities by correcting for internal conversion 
23 24 of Hager and Seltzer ' ). 

using the theoretical values 

cNot observed in this work. These transitions were obtained by assignment of 

conversion electrons reported by Hoff and Hollander2 ). 

~his intensity was obtained by correcting for contribution from the single escape 

peak of the 1599.5 keY gamma-ray. 

e 0 210 
o. Asslgned to At decay but unplaced in present level scheme. 

f This transiti~n was riot observed in the singles spectrum due to the intense 

compton background b~t was observed in the coincidence spectra of the 639.4 keY 

transition. The intensity limit was extracted from the coincidence spectra. 

(continued) 
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Table 1 (continued) 

gA~signment to 2l0At decay is uncertain. 

~he intensity was estimated :from the relative electron ibt~ensities reported 

by Hoff and Hollander 2 ). 

i The intensity was estimated' from an intensity balance of the decay scheme. 

Iii 



Table 2. Experimental and theoretical internal conversion coefficients: 210At • 

Transition Energy ExperimentalC conversion Theoreticala conversion coefficient Assigned 

keV coefficient (10-3) 
Multipolarity 

E1(10-3 ) E2(10-3 ) Ml(10-3) . 
" 46.6" (~1+ ~2)/~3 = 1010(80) 1980 1060 132800 E2 

116.2 ~= 1220 (140) 504 2580 1100 
Ml 

<i.1= 299 (35) 11.9 687 259 

201.8 '1c= .1240 (110) 65.3 165 1290 

~= 220 (22) 11.9 221 227 Ml 
I 

50 (10) 2.8 58.2 ~= 53.5 w 
w 
I 

245.3 '1c = 110 (13) 41 107 747 

~ =-102 (18) 7.28 98.6 131 E2 

('\1 + '1,2)/~3 = 2320(240) 6600 2500 160000 

250.5 '1c = 700 (140) 39 102 705 Ml 

= 298.8 ~ = 440 (44) 26 68.2 434 - Ml 
- ~ = 81 (9) 4.5 45.4 76.1 

316.8 '1<:= 314 (65) 22.7 59.8 370 t-t. 
M1(+E2) td 

t-t 

~= 62 (8) 3.91 36.4 64.8 I 
F\) 
~ 

(continued) 
co 



Table 2 (continued) 

c a·· . Assigned 
Tran$ition Energy Experimental conversion Theoretical conversion coefficient Multipolar1ty 

keY coefficient (10-3 ) 

E1(10-3) E2(10-3) Ml(10-3) r 

402.0 .~ = 212 (15) 13.4 35.4 195 

'1, = 37 (4) . 2.26 15.5 33.9 M1 

~ = 9.6 (10) 0.0527 0.395 7.97 

498.9 ~ = 110 (10) 8.52 22.4 109 M1 

506.8 ~ = 9.2 (1.2) 8.25 21.7 105 El 
I 
w 
.J::"" 
I· 

518.3 ~ = 107 (11) 7.88 20.7 99.0 Ml 

} 

527.6 ~ =-8.3 (8) 7.60 20.0 94.4 El 

584.0 ~ = 7.0 (11) 6.20 16.3 72.3 El 

602.5 ~ = ?O (12) 5.83 15.3 66.6 Ml 

-

615.3 ~ = 59 (5) 5.59 14.7 63.0· Ml . 

~ .. 

t-t 

623.0 'l< = 6.4 (11) 5.46 14.3 61.0 El I 
I\) 
~ 

(continued) 
(» 

_~ ___________ - --. - - ----- ------------- ----- - - '._ .... "- - -- --- --~~- - - ~--7--~----------~- ------~---------'-----------. --------- ----- --- -- -----------------~-
) 



Table 2 (continued) 

Transition Energy ExperimentalC conversion Theoreticala conversion coefficient Assigned 
Multipolarity 

keV coefficient (10-3) 

Ea(1O-3) . E2(10-3 ) Ml(10-3) 

630.9 '1c :: 57 (5) 5.32 ·14.0 59.1 Ml 
~ :: 12.5 (16) 0.903 4.10 10.8 

639.4 '1c :: 12.5 (17) 5.19 13.6 57.0 E2 

643.8 '1c :: 4.7 (8) 5.12 13.5 56.0 El 

701'.0 '1<: = 39 (4) 4.35 11.4 44.9 - I 

Ml(+ E2) 
w 
V1 

~ :: 6.5 (11) -, 0.694 2.87 7.69 I 

, 

-----
724.7 '1c = 40 (4) 4.08 10.7 41.2 Ml 

817.2 '1c = 30 (2) 3.26 8.52 30.2 M1 
.~ :: 5.5 (5) 0.514 1.93 5.13 

, 

852.7 '1c :: 24 (2) 3.01 7.87 27.0 Ml -

.869. 4 ('1c~1~ (4))b 2.91 7.59 25.7 - (Ml + E2)b 

I:-f 
tJ:j 

881.1 '1c :: 18.4 (25) 2.84 7.4 24.8 Ml + E2 I:-f 
I 
f\) 
-.:J 

(continued) ()) 



Transition Energy 

l<.eV . 

909.2 

929;9 

955.8 

976,.5 

\ 

1181. 4 

1201. 2 

1289.0 

. .• Table 2 (continued).· 

- c 
Experimental conversion Theoreticala conversion coefficient 

. coefficient (10-3) 

'1\ :: 20 (2) 

ot = 4.1 (5) 

~ = 19 (2) 

~ = 3.3. (4) 

~ = 19 (2) 

'i< = 4.31 (O)c 

'\ = 0.80 (7) 

'1< = 1.13 (10) 

~ = 0.18 (2) 

El(10-3 ) 
.. / 

2.68 

2.57 

0.403 

2.45 

0.383 

2.36 

1.69. 

0.26 ' 

1.64 

1.63 

1.21 

0.184 . 

E2(10-3) 

6.98 

6.69 
, 

1.41 

6.36 

1.32 

6.11 

4.31 

- 0 .821 

4.19 

4.16 

3.03 

0.542 

".I 

. / 

Ml(10-3) 

22.9 

21.6·· 

3.68 

20.1 

3.42 

19.1 

11.7 

1.98 

·11.2 

11.1 

7.12 

1.20 -

".\: 

Assigned 
Multipolarity 

M1 

Ml 

Ml 

Assumed pure E2 

E2 

(E2)b 

(El + < 15% M2}b 

{continueq} 
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Transition Energy 

keY 

1483.3 

1552.7 

1599.5 

Table 2 (continued) 

c Experimental conversion Theoreticala conversion coefficient 

coefficient (10...;3) 

'1c == 1.06 (10) 

'\ = 0.17 (2) 

'1c = 0.93 (10) 

1.14 

0.174 

1.01 

2.86 

0.508 

2.50 

6.56 

1.10 

5.41 

aTheoretical values were obtained by computer interpolation24 ) from the. tables of 
. 23 

Hager and Seltzer ). 

Assigned 
Multipolarity 

El 

El 

b . Only a limit could be set on the conversion electron intensity, as discussed in text, BO that the assigned 

multipolarity is tentative • 

. cThese (relative) conversion coefficients were measured re1ativeto the 1181.4 keY (2+ + 0+) transitionwhich 

was assumed to be a pure .. ?2 transiti.on. 

I 
W 
~ 
I 
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Table 3. Comparison 

mUlti~let in 210po . 
41 and True (MT) ) and 

of transition probabilities for Ml and E2 transitions in the decay of the TT (h9/2 f,7 /2) 

(The theoretical transitiDn probabilities were calculated with the wave functions of Ma 

J<:im and Rasmussen (KR )32). 

Theoretical Transition Probabilities d 

Relative T(A) 10-:8 -1 x sec 

T 't' a 
y~ray 

Multi-ransl lOn- E Branching polarity MT KR Y Intensities 

(J, + 
l 

J
f

) (keV) (exp) (exp) Ml E2 Ml E2 

71 + ~1 881.1 100 Ml + E2 2669 51.0 822 60.1 

7 + 1 82 ' 250.5 96 Ml 1652 0.053 1672 0.044 

7 + 1 6
1 964'.9 73 585 36.9 643 33.3 

. ":6 
62 

"14b 
_t; 

7 + 112.2 Ml 183 1.58xI0 248 7.86xI0 / 1 

5 + 1 
6
1 929·9 94 Ml 2631 4.7 .939 3.01 

5 + 1 
6' 

2 77·2 4b 
(Ml ) 127 2.63xl0-5 132 2.04xl0-5 

5 + 1 41 976.5 100 Ml 517 66.9 751 66.2 

82 + 81 630.9 100 Ml 5966 21. 5 1909 16.3 

82 + 61 (714.4) <13
c 0 1.59Xl0-7 0 0.0475 

6 + 2 81 (769:2) < 4c 0 1.05 0 33.2 

62 + 61 852.7 100 Ml 2782 109 870 65.5 

6 + 
2 41 (899.3) <14c 0 26.5 0 6.1 

( c ont inued) 
G -,t; .1: ., 

'.' 

I 
.W 
co 
I 

t-i 
tJ:j 
t-i 
I 

f\) 
--J 
co 

-~--'---'------ .-~-.. ----.- ~----.. --.-.---- ----~---- '-~---' .. -" --_._----------------_._-- ._-_._-_ .. _----. •• ____ • __ ._-____________ ._. _____ • _____ • ___ • __ ... ___ •• _____ ~_. ____ • _____ h_~ ____ •• ____ ._---"--'-_ •• _. __ • _________ ._~ __ •• ~ __ •• _.:......_._._. _______ , 



42 -+ 61 

42 -+ 41 

42 -+ 21 

42 -+ 22 

22 -+ 41 

22 -+ 21 

22 + 01 

E 
Y 

(keV) 

909.2 

955.8 

1201.2 

92.1 

(863.3) 

(1108.6) 

2290.0 

Relative 
y-ray 

Branching 
Intensities 

(exp) 

5 

100 

100 

Table 3 (continued) 

. Theoretical Transition Probabilitiesd 

Multi­
.polarity 

(exp) 

Ml 

(E2) 

(E2) . 

Ml 

o 

3246 

o 

o 

4940 

o 

() . -8 -1 T A x 10 sec 

MT, 

E2 

46.1 

158 

433 

0.025 

75.7 

231 

17300 

Ml 

0 

235. 

0 

0 

11.1 

0 

KR 

E2 

107 

50.3 

98.0 

0.022 

78.0 

1.44 

4400 

aJi andJf refer to the spins of the initial and final states respectively. The subscripts 1 and 2 refer to 

the first and second levels (increasing energy) of a given spin. 

I 
w 
\() 
I 

b . 2 
Estimated from conversion-electron line intensities in the spectrographic plates obtained by Hoff and Hollander ). 

CEstimated from preliminary data taken with a compton suppressed Ge(Li) spectrometer 42). 

~alues of 1. 5e for the effective charge and 0.165 for the' oscillator parameter V were used in the calculation 

of T(E2). Schmidt values were used for the factors Sj~ St and Ss' 
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Figure Captions 

Fig. 1. Gamma-ray spectrum of 210At in the energy range 16-130 keV. 

Fig. 2. Gamma-ray spectrum of 210At in the energy range 100-2500 keV. 

, .. :., 

LBL-278 

Fi,g. 3. Conversion-electron spec,trum o,f 210At in the energy range 20-320 ~keV. :-=; 

Fig~ 4. Conversion~e1ectroh spectrum of 210At in the energy range 70-1500 keV. 

Fig. 5. Comparison of experi~enta1K-conversion coefficients with theoretical 

23 24 values of Hager and Seltzer I' ). 

Fig. 6. Gamma~ray spectra in prompt and delayed coincidence with the 1181.4 keV 

(2+ ~ 0+) ground state transition in 2l0po • The 852.7 keY transition is 

shown to be in delayed coincidence with the 1181.4 keVtransition. 

Fig. 7. Gamma~ray spectrum in prompt coincidence with the 250.5 keV transition, 

, establishing the 1289-250.5-630.9 keV gamma~ray cascade. , 

Fig. 8. Experimental decay scheme of 210At • Absolute transition intensities 

are shown on the scheme. 

Fig. 9. Summary of available data on levels in 2l0po below 4 MeV. The spin 

and parity assignments given in ,the composite level diagram have been 

deduced by a comparison of the data from reaction studies and the electron­

capture decay of ~lOAt. 

Fig. 10. Comparison of the experimental level scheme of 210pO (b} with a shell-

38 . , 208 35 
model calculation(a:) ) and with the experimental level scheme of Pb(c». 

Th d . f th 1 t 2 t fO t' . 2l0p , e zero-or er energ1.es 0 e owes -pro on con 1.gura 1.ons 1.n 0 are 

shown to the left. 
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Chon nel number 

Fig. 2 
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any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 
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