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. .' 8 210 210 ' . 
The electron-capture decay of .3-hr At to levels in Po has been 

studied with high-resolut'ion germanium and silicon,spectrometers and an anti-

Compton germanium spectrometer. ' Fifty transitions among levels in polonium 

have been observed, and the'lS:-conversion coefficients of nine of these have 

been measured with a solid-state conversion-coefficient spectrometer. The new 

data account for most of the weak, unassigned conversion-electron lines re-

ported in previous studies. .A decay scheme is presented that incorporates 

210 forty transitions, and the' Po levels are discussed in terms of recent 

" theoretical calculations. , 
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L Introduction·' 

The study 

210pb 
82 

of energy levels of nuclei in the vicinity of the double closed 

shell at continues to be an effective means for observing the single-

particle aspects of nuclear structure. 
210 

In the case of 84Po, one expects the . . 

composition of the low-lying excited states to be dominated by the coupling 

of the 83rd and 84th proton orbitals immediately beyond the 82-proton config-

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

." be possible. Although the 2l0po energy levels had been the subject of several 

experimental and theoretical investigations , only a few· exci ted stat.es have 

been identified with certainty, and many weak transitions have remained un-

assigned. 

The 210po levels have been studied mainly from the electron-capture decay. 
2W 1 .. .. 2 . 

of 8~t. Data obtained by Mihelich et al. ) and by Hoff and Hollander ) are 

in agreement with respect to the most intense transitions, and these are sum-

marized in the decay scheme of figure 1. The transition multipolarities were 

derived in their work from K-conversion coefficient andL-subshell conver'sion 

ratio measurements. Directional. correlation measurements by Schiria et.al. 3 ) 

substantiated the spin assignments ~'~hown in the decay scheme with· the exception 

of that of the 3024-ke V level (se~ Section 4. 2 ). The 
+ . . . ...•. ·0 

6 members of the g:round-s Gate Eand '¥Tere measured by 

lifetimes of the 4+ 
. 4 

Funk et. aL ). Not 

and 

shovffi in the figure are a large number of weak transitions whose pOSitions in 

the level scheme were uncertain. 2 
In addition Hoff and Hol~ander ) and 

. 1 . . 
o Mihelich et al. ) also observed many weak lines in the conversion electron 

spectrum which, although unassigned, were considered to belong definitely to 

2l0At decay •. 
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'. '.: ', .. " . '210 ..... 
In this paper' we report on a, reinvestigation' of the, decay of, At with 

, '. ", . 
h:i;gh-resolution solid-state detectors. . In this studY, ·the energies and in;;" 

...... 

. '.' , 
tensities of fifty -y-ray transitions were nieasuredwith a Compton-reject:i,on, 

. '. . .. 

g~rmanium -y-ray spectrometer,.and th~ K-conversion 'co~fficients of the 

stronger transitions were determined with a conversion~coefficient spectrometer. >, • 

A lithium-drifted silicon detector was also used, ,to study the low;-energ:1 
. " '.' . '. ' 210 

electron and gamma-ray.spectra •. From these data,: a ,new level scheme of Po. 
....,.; 

has been constructed incorporating forty of the obser~ed transitions, and 

.! thi-s scheme is discussed with reference to the theoretical level schemes of, 

Kim and Rasmussen5) and Redlich6 ). 
, .~ . 

. ,', . 

.' ., ... . : ": ' 
, ...... :. " . 

'. ": .:. ~ . 
. , ... 

2. Experimental Procedure' 
~ ....... . -.... 

2 ~ 1 SOURCE PREPARATION " : '. ~ : '., . :-. . . 

Astatine-210 was produced by the (ex, 3D.) ;eacti~n 'on:209~{ target~>in 
the Berkeley 88-inch cyclotron. The bismuth targets' were prepared by vacuum.' . .' . .. ' ','. 

evaporation of the metal onto 0 •. 25 mm. aluminum discs., which produced target 

thicy,.nesses of 25-30 mg/cm
2

• Initial bombardments at' beam energies of 41 MeV' 

resulted in appreciable production of 209At from tl:J.e (a, 4n) reaction (evidenced 
, , 

by the presence of gamma-rays of 545 and 780 keV decaying witha,5-hour half 

life) and therefore the be'am energy was reduced to 38 MeV in subsequent 

irradiatIons, which greatly diminished the yield of 209At •. This observation is 

consistent with excitation functions measured by Kelly and Segr~7), an~ Ramler 

et alr. 8), which indicate that'the relative yields of 209At and 211At are 

mini~ized 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 radiochemical purity of the astatine sources, two 

chemical separation techniques were employed •. In the first, the irradiated.' 

target was heated to the melting point of bismuth, and the volatilized 

astatine was collected on a cooled metal fOi19').J;n the second procedure, 

the bismuth target was dissolved in nitric acid and astatine was extracted 

into isopropyl ether from a nitric acid-hydrochloric acid mixturelO ). The 

gamma-ray spectra of sourc'es prepared by the two techniques were found to be 

identical. With the exception of very weak lines, all gamma-rays were ob-

served to decay with a half-life of about 8 hours; no prominent gamma-rays 

of half-life shorter than eight hours, or·other extraneout' lines, Were ob-

d S t t k ft 1 d 1 d th l' 206 .' th serve. pec ra a en a er severa ays s lowe e pres.ence 0 B1. from e 

veal\. alpha branching of 210 At 11). 

3. Experimental Results 

3. 1 GAMMA-RAY SPECTRUM 

~o "3 
Initial measurements of the At ga:.mma-ray spectrum made with a 6 cm 

Ge(Li) detector showed, besides the well-known lines reported previOuslyl,2,3), 

a number of very weak lines that were only poorly resolved from the intense 

Compton background. In order to study these transitions with an.improved 

signal-to-background ratio, a Compton rejection Ge(Li) system constructed by 

12 
D. C. Camp ) was employed. The detector elements of this system consist of 

a 7 cm3 germanium diode mounted between two NaI(Tl) cylinders of dimensions 

22.9 cm (dia) x 1l.4 cm (thickness). Source radiations are collimated by a 

1.27 cm (dia) hole in a 10.1 cm (thickness) lead shield. In our measurements 
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, .,,;' 

. , ,' . .- ":.': ..... :: .' 
. :' . . ".,:~, .;, .. ',..',,' :;.~. ; 

" , .:. . ••. , •.•. , ' 'j..,' 

,', 

.' : 

a source-to-detec~ordist~c~~' ~:fJ.t{ c~, :W~:;'us~d,~,,<'>i~~."~ainriia~~'a~,:,s;ectrum of 
. . ~" . . . ~ '. " . . 

:1 -" 

.... ,' • 
figs. 2 and 3. , The reduction, iri:':,continucusbackgr,oUnd,afford~d by the anti-

C ompton spectrometer amounted ,to : a' factor, of six in,tire regiop. 'of the Compton '" 

edge of the 1180. 4-keV tran~it'i:on~, ' ,This devi'ce also j;irovidedso :'large a, 

reduction in the. intensi~iesof U'single-escape ll '~d:'lIdmlble-escap~n peaks 

, (loss of annihilation radiati~n:~ollowing pair pro~uction in th~' detector) 

that only one single~escape:peakwas, observed' (that 'of',the'1599.0 gamma-ray', 
"',~'. ':' ... '., '. 

at 1087.9 keV).t, .... . ' • ~ •• > • 

, ; 
' ... ,.' 

The low-energy-' ~art' Of,:th~-'~~~~~r~,':(E<150, ~~V)~ ,~'s:,:re~O~dedwi th a 

~.: .. '." ': ". " 

and a teflon absorber' was 'lis ed' ,to' dist:Ln@,lishbetweengamma-rS:ysand conversion 
" - • . 4',·. : ~ • . ' ~. .' "'. .' • .' • 

... . ' . . . . '. " 

electrons. The spectra obtained with and ,without theabsorbera.:re, shown in' ' . ,~ , 

.... !. '. 

" '. . .. 
from interaction of'_ radiation with part of, the detector mounting' material~)' " 

, : ~ . . "..". . .' 

" 
Energy c;li bration of. the~":ray speetrometers in ~h~r~ge50-2400keV' ',,' 

" ." "241 '~' 57' ,20;',' i37 ":, 60 22 88 24, ,,': 
was ,made by us~ng sources of " 'A:m.,'Co"I~ ___ :Hg,. Cs", Co, Na, Y, Na, 

. ....' . . 

and 5
4

Mn, with referenc~ to the, ~nergy data ~om~iled by 'Haverfield13 ) • 
, " 

" ' 
.," . "!. • 

t The observed i~tensi ty ratio {Il088/I1599 )~. wa~ (:3. 06:t.~-~ 25) X,IO -2, whereas 

the expected intensity ratio ,(single-escape peak/full ~riergy 'Peak) for a 
, , , '-2 

1599-keV gamma-ray was, estimated, experimentally, to be 1.60 .X10 . There-, 
." ~. 

fore, at least 48% of the intensity of the 1088-k~V photopeak must' be due to , 

a real ganima'ray 01' this energy. 
( . 

, . 

. " ".' 

, ........ . 
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In the low-energy range, calibration for coriver'sion.;.electronandgannna-ray 

spectra was based on energies of the polonium X-rays and the X- and ganrrna.-

241 
rays of Am, Digital gain stabilization was' employed for all measurements. 

The relative photopeak efficiency function of the Ge(Li) detector in the anti-

compton spectrometer was determined with standard intensity sources in the 

energy range 60-2800 keY, and the uncertainty in this efficiency function 

varied from about ± 8% below 100 keY to ± 3% in the range 280-1300 keY. 

In Table 1, a surrnnary is given of the energies and intensities 

210 
of the At gamma rays observed in this work. In the cases of the lowest-

energy transitions, with known multipolarities, we have included also the 

total transition intensities, computed with use of the theoretical conversion 

coefficients of Sliv and ~d14). The quoted errors in 'the intensity values 

of Table I reflect the uncertainties in the detector efficiency function as 

well as the statistical errors in estimation of photopeak areas. 

Some of the very weak lines of Table 1 are of uncertain origin or 

assignment. This is true of the 602.4~ and 726.0-kevlines. The line at 

1718.6 ±0.6 keY may be due 

formed in the weak (0.18%) 

to the intense 1719.7 keY transit~on of 206Bi , 

, . 11 210' 206.. " .. 
alpha-branch~ng ) of At. other Bl Ilnes ~n 

the high-energy part of the gamma spectrum would not have been seen because 

of their low intensities. It is certain, however, that none of the lines 

ob8~rved below 1200 keY are due to 206Bi • In particular, the line at 881.6 
206 

keY should not be confused with the Bi 880.8-keV transition, as ru10ther and 

more intense 206Bi line at 803.3-keV was not observed. The gamma-rays at 

544.8 ±0.5 keY and 782.9 ±0.7 keY may be due to ~09At, as the relative in-

tensities of these lines agree, within error limits, with the values reported 
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'/' 

:' ,!",'. r,': .. : .' ~' ... ; ,', . 

bY'Sto~er15) for the"'544~'5-":'~d.·786~kevtransiti6~;~;Of209At·> The other ,209At 

gannna-ray) at 195. OkeV;is too weak to have been seen'in our :,spectrum~ 

"':, ;" 

~.;: :: 

:3.2 " INTERNAL CONVERS;rON ELECTRON SPECTRUM; CONVERSION,COEFFICJ:E!NTS AND 
~IDLTIPOLARITIES " ' 

,. ;," ',' " . " . .', .- " 210' . " , . ,- ' ',' 
As mentioned in 'the previ~us'" sectio'n, the portion of, the' At spectrum," 

'. '. '-. ". 

below 150 keY was examined.withe: Si(Li)spectromete;,., and the conversion 
.1 ..• .;', " 

i' 

electron and X~ray liness60bserved are' shown, in f)g~' ,4.' In·fig., 5 the con-~' 
. . , . . 

'.' -' \ .' . . 

version electron spectrum in :the' range 100-400 'keY ,is shown. In the low-energy 

region th~ resolution of the: ?i (Li) ,: detectors is much 'poorer than that of the 
o ' " '", ',' :',' , '" '2, \> -, '. ' " 

180 magnetic spectrographs used by. Hoff ,and Hollander )jOh0V?'ever our' data do 

provide more accurate intensity values of the stronger lihesthanwere pre-' 

viously available. I~ the higJ:ie~-~Iiergy region (t> '150 keY) ,th~ K-conversion 

coefficients were determined by: simultaneous measurement ':of ,electron' and gamma ' 
. , ' ,', .... " 16 " 17' 

spectra with the spectrometer 'described by Easterday et ale ) and Hollander ). 

This "conversion-coefficient:~pectrometer" co~tains both a Ge(Li) detector 
7. 

(6 cm,)) and a Si(Li) detector (:3mm depletion depth), and is calibrated'lvlth 

sources having known conversion coefficients. 

, " 

In the case of the strong 4~. 5-keV transition" th~ ni~asured LII/LItI.~., 

subshell conversion ratiO, 1.1 ±~.l, confirms the previous assig~entsl,2) , 

of this transition as E2. The measured absolute,conversio~ coefficients of 

", . 

. . 
the higher-energy transitions are shown in fig. 6 together with the theoretical 

values of Sliv and Bandl~. From a comparison of these the multipolarity 

assignments shown'1n Table 2~ were obtained. Quantitative estimates of 

multipole mixing z:atios are not given, as 'the data are not accurate enough. 

, . 
" , 
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" Some comments should be made about the conversion coefficients of the 

125.2- and 402.4-keV transitions: our estimate. of a:(L"" L'» 3.0 for the 
<,' •• 1,+ II ' 

125.2-keV transition suggests that this transition has .appreciable Ml character. 

This is consistent with the observation by Hoff and HOllander
2

) of only 'the 

LI and LII line's of this ·transition (Table I of Ref. 2), although due to all 

error in Table II of Ref. 2 this transition was assigned as E2. In the case 

of the 402.4~keV transition, our value of '\:, (1.53 ±0.26) X 10-1, is appreciably 

higher than the result of Schima, et ar. 3 ») and suggests that this transition is, 

more nearly pure Ml in character. 

With these new data, w~ can account for most of the conversion-electron 

lines of unknown or doubtful assigmnent reported in references 1 and 2. The 

energies of these lines and our suggested assignments for them are given in 

Table 3. The energies of all the high-energy electron lines agree with 

values calculated for K- or L- lines from our measured gamma-ray energies, 

except for the 542 . .5- and 700-keV lines. The origin of these two lines is 

unY,.n01-m. 

" 

• 
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t._:. 
'. ':.,: ( 

. '. :'.' 

.... :.: . . '. ~ ,: ' 

. 4. The Level Scheme:' ene·rgies,. spins;, and. parities···· 

The data obtained in this study haye been combined'~ith previous results .. 

", " 

and have led to the construction of the level, scheme shown in fig. 7 .We have.' .. 

relied heavily on the accuracy of the ga~~a-ray energy and intensity measure-
. 

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 .. 

weakness of most of the new transitions found in our work •. Several coincidence 

experiments 'Were attempted to help in establishing the gamma-ray cascades iml?lied 

by this scheme, but no ne'W information could be added from the coincidence 

measurements to the results reported' in (1,2;3) •. Of the fourteen levels sho'Wn:. 

in fig.7 " those sho'Wn with broken lines are relatively uncertain and should be . 

taken as only tentatively identified. The levels are discussed in relate.d 

groups belm-l: 

4.1 LEVELS AT 1180,.. 1426, 1472 keY 
\ 

These levels had been well identified in the previous studies.of.210At 

1 2) + + A . decay' , and the assignments of 2 ) 4 , and 0 , respectively, to them'were . 

established by the· E2 multipolarities of the 1180.4-;' 245.3-, and 46.5- keY 

transitions and by the angular distribution measurements reported in (1) and (2).: . 

Our data support these assignments. 

. , f· 

",' ~ ....... ~' .... ' .. - . 

4.2 LEVELS AT 2908 and 3024 keY 
.. ' 

The multipolarities of the 1482.9- and1436.2~ keY transitions, 'Which 

depopulate the 2908-keV level to the 4+ and ~ ievels ~t 1426 and 1472 .k~V~ were 

previously determined to be El
l
,2), and this fixes the spin and parity of the 

2908-keV level as 5-. Angular 9i'stribution results. for the 1482. 9 - 245.3 cascade are 

consistent 'With the spin sequence 5(D,Q)4(Q)2 (maximum quadrupole inixing of 0.4%)3). 

,--
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The :parity of the 3024-keV level is estahlishec( as odd by the El and 

Ml(E2) assignments of the 1599.0- 'and 116.5- keVtransitions, respectively, 

and its spin is limited to the values 4 or 5. The angular distribution 

results 'Of Schima,et al)) on tJie·1599.0-245_3 keY cascade are reported to 

be in agreement with the s:pin sequences"'5(D,Q)4(Q)2 (maximum quadrupole mixing 

of 0.6%) and 3(D,Q)4(Q)2 (maxirtlum'quadrupole)llixing of 0.2%), but not with the 
. , 

sequence 4(D,Q)~(Q)2 for any value of quadrupole admixture. Schima et aL} 

chose spin 5 as the most likely assign.'llent for the 3024-keV level, noting, the. 

. + 
absence of a transition to the 2 level at 1180 keY. On the other hand, there 

is some evidence from the present study that indicates a 4- assignment for the 

3024-keV.level. We have observed the l55l.9-keV transition from this level to 

the ~ level at 1472 keY, and its low intensity compared. to that of the l599-keV 

El transition favors an M2 rather than an Elassignment;the intensity ratio is: 

]:159:/I1552 = 89· One notes in contrast that the intensity ratio for the two 

kI10'l.m El transitions depopulating the 2908-keV level is almost unity; 

• 
Thus, we favor the 4- ass'ignment for the 3024-keV leveL' The angular distribu

tion measurements of reference 3 on the 1599-245 keY cascade are not consistent 

with this assignment, but these measurements were made with scintillation 

detectors, and it is, possible that because of the poor resol~tion there may 
t ' ' 
• 

• have been appreciable contribution to the high-energy photopeak from the intense 

lL'U'esolved El doublet (1436-1483 keV). 
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. " .. ' 

:", . " 

' .. ,' 
. : >-' ;:',' ",' :': .. :,."/' 

The parity of these levels has been: estabJ.,1shed asbdd 'by . observation .. 
. . . .'"', . 

of Ml or Ml + E2 transitions connecting them 'with the known.·odd":parity ieveis: 
, . 

at 2908 and 3024 keY. A probable spin of 5 is assigned to the level at 3427 
. :I . 

-:: - :: .. ,' 

keY because of the observation of transitions'~ ih',.almo~t.:equal,i:htensitY from it .. :'-,: 
. . . . . - /" : .. ' '... .. , 

to the 4+ and ~ levels of the ground-state band. This assignment is consistent:::>-':" 

with the observation also of transitions to the (4)- and 5- l~vels at 3024 and--;:~ .. ->.::. 
2908 keY. A spin of 6 is li,kely for the levels at 3524- a~d3726-keVbecause. 

of the absence of transitions to ·the 4+ leve'l at 1426 keY a~d the presence of 

~; .' 

:. ,.,' 

transitions to ~) 5-) and '(4)- states • 

. 4.4 LEVELS AT 2381 AND 2402 keY: 

~.: ' .. 

:,' .. ~" ,', 

These levels ,are populated by the decaY·,of 'the (4):"' and.5- levels at .. 

3024 and 2908 keVand they decay to the.4+ and 6'". members of' the ground-state',." 

band. The most likely spin and parity assignments 'are (4+). 5±). 

4"5 TENTATIVE LEVELS AT 3779) 3711) AND 3698 keY: 

'. . ),' 

The assignment of levels at 3779) 3711, and '3698 keY is b~sed primarily> :'.<','::. 
on the observation of pairs of transitions from e;';'ch to.the~·and·4+ level~ 

at i472 and 1426' keV. Little can be s.aid concern1~ the character of.'these:· . I·' 

levels and their presence in the level scheme should' be considered uncertain •. 

4.6 LEVEL AT .2325 OR 2278 keY . 
-'" 0( •..••• :. ~,,~:. .#. 

One of the more intense of' 'the new gamina:-ray lines found in this. ?tudy , ,. 

is that at 853.1 ±·O.4keV, but ~fortunately there '~ppear to. be no definitive :.,' _, > 
.. ' .:.' -:,., ... 210 . '.'--'" '. 

sum-relationships that ,might establish its position in the' .. ' Po level scheme. _: 

Two sums appear) whi~h' involve. very weak transitions (584~0~ and·1200.3-keV); ...• -
. : . 

and these sums) ,if valid;: would define a level at 2325 keV," Another sum. appears, .' 
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VIi th the' 630'. 9-ke:v~~~si~ioh; 'and" this~6uiddefiUe;:th~:ievei'a~ 2278keV. 
' ........ ,.. ,', , .. ;;'" 

. delayed coincid~nc~ exPe!'~ment5viith the li81-keV'tr~nsition~ight' decide' 
: .:< . , .. ~.:. :" '. 

: ....... ' .'". 

betVleenthes'ealternati vt=s, as'intb.e first 'case ,the, intermediate state Vlould 

have a haif-life of 38; nsec'(i472-keV ,state)whilelrl thesecohd ,cas,ethe delay 

Vlould be 1.8nsec(1426-~ev~tate},'/ 
. , .. - ,." ". ~ ':-," 

The ~UltiPOlari~;"~f the,853~keV,transiti6n~sbeen established; as . 

Ml(E2) (see Table 2 }so~ the'. pari tYoft'hest~te>ts' even; if either of the ' 
',''-' , .... : .::,"' :'. ..' 

, abo'yeinterpretatiori$,of·its .location is. correct. 

. (;" 

. .'. ..' 

"r-- '. ..' 

The high int~hsity~Or' theB53";,kev;t~~nsft\on.:, :andthe ,ver,y Vleak . intensity' 
.... 

of the ~-transitionsthat .feed ,~t,indicate tha£'thisst~1;eispopt.ilateddirectly' 

by 2l0At electron:... capture ~,"Therefore,thespin .. cl10icesarerestricted to 4, 5"or , . 

6. 

.. ; " 

., ' 

;'. r 

.. ~ . 

, . ' 

','" 
''. I' 

: J 

, . 

-'.--.. 
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.... ; 
.' ... '~ 

. ~. .. : ,. .' 
... ~, . ':. "r " . ..... . 

... :- -:. 
: ...... , .' . ' ~ ...... .. , , . 

.... '" ; 
~ / ,.'" "." ". . 

'. ~, 

·5." TheoreticalConsiderati6ns·:-.' "'," ./' '.' '. '. '. 

The 
. .·210····· .• ' . - ','; ....',.>. "-:' .. :.' 208': ',. 

proximity of 84Po126 to. the double-closed-shell.nucleus 82Pb126' ::: , 

has led to' a numper of shell-model calculations of the level .structure of:··' , ~. . 
.. ', . 

.. '. '. lJ 
Using known single particle en:ergie~, ofthe:odd ,proton in":·"'," ". this nucleus. 

. . , . . 

2 ' " " . '. . 
and Holla.:qder )c,alculated the two-proton .. " level, .structure·(:: ":,:'::,, •. ' .•. ' 209B· H ff 

83 ~126' 0 .! . " 

with a delta-function force. It was assumed that the two protons' beyond the' 
. '., .... ~ 

closed 82-proton shell occupy the h9/2 orbital in :the ground state.. Their' 

calculations . clearly predicted a ground-state band.oflev,els· due :to the coUp~·':··.:· 
:'.' ..... : ..... 

. , ' . " 2 ',.. '. '" ... :. ':'"-:',,, .,., 
ling of the 83rd and 84th protons in the.c~/2) ·configuration,.a.r:dthis is " 

in good .agreement with the observed energies of the low-lying exci ted states" 

+ + A 
(2 , 4 , and b ). The calculations further predicted the 'presence of a band' .: 

.' . . 

of negative-parity states due to the (h
9

/ 2, i1'3/2) :.configuration~t' abou't ~he 
.... ' 

same excitation energy as the observ~d 5- and (4) - levels, (3 MeV). " 
. 5' , 6 '. '" 

Recently) Kim and Rasmussen ) and Redlich ) have performed nruch more 

detailed calculations on the 210po nucleus. However both sets of calculations 

exclude' collective interactions and neither takes into account the contribution, 
208 . ' 

of neutron orbitals: from the Pb coree 
. . 

The theory of Kim and Rasmussen uses 

a finite-range central force and tensor forces for the proton-core and proton-

proton interactions, with no spin-orbit force. The calculations of Redlich 

are based on a Gaussian singlet-even potential. The level energies 'that 
I 

resulted from theSe calculations are shown 'in fig. 8 along with the experi-
f 

mental scheme. It is of interest to discuss the experimental state assign-
'. 

ments in terms o~ these theoretical schemes. 
~., 

f·. 
t • • F 

One is imme~iately aware of the limitation oftheradi?alptive decay. of 

210 (' 210 . '. 
At as a means of studying excited levels of . Po: "onlY the levels of 

.,'," 

. '.1, '!,'of' .:: ••. ,:,.. •. 

.. ,'. 

~. 

..~I, 

:~ .... ~ . 
· ... L 

. ..... . 
' .......... ~ ... .' . . ~-
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spin 4, 5, or 6 are populated., Nonetheless some valid comparisons with' the 

theoretical calculations. can be made, and these are discussed below. 

5.1 GROUND-STATE BAND 
, ' 2 

The lowest-lying 2+, 4+, and 6+ states clearly belong. to the (h
9

/ 2 ) 

configuration. Although the 8+ state of this configuration is not seen from 

2l0At decay, there is evidence concerning it from the 208pb(CX, 2n)210po 

reaction, studied by Yamazaki and Ewani8 ). They have observed that the 245-

and 1180-keV transitions (depopulating the 4+ and 2+ members of the ground 

band) follow a decay of ~150 iJ. sec., and they postulate that this lifetime 

is due to the low-energy 8+ -) 6+ transition,which was unobserved in their 

gamma~ray spectrum. 

5.2 HIGHER EXC ITED STATES .' 
<> 

Three levels are seen', at an excitation of about 2400 keV, and they probably 

have ~ parity and spins A, 5" or 6. It seems reasonable to identify these 

8.S members of the (h
9

/ 2, f
7
/ 2 ) configuration, which occurs in the theoretical 

spectrum at about this excitation energy. The (f7/2)2 cO~figu.ration also 
• 

produces states of 4+ and 6+ but they are not expected to be excited in the 

decay of 2l0At . 

Next in the experimental spectrum are the well':'identified odd-parity 

levels at 3 MeV, with probable spins 4 and 5.·Quite good agreement is found 

with the location of these levels in the theoretical spectrum of the (h
9
/ 2, 

i 13/ 2 ) configuration • 

Both the theoret~cal and experimental pictures become less clear at 

pigher excitations. Three higher-lying odd-parity levels are seen (3427-, 

3524-, and 3726-keV) and these may belong to the (f
7
/ 2, i

13
/ 2) configuration. 
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. . .!'.',. ..;: . " 

Little is known about the states. at 3698-j ·3711;',·and.3779-keV.' 

It is interesting that both in the theoretical arid. experimental spectra. 

some grouping of levels appears,' and this has facilitated the niakingof levei·· 
. I . ' • 

'assignments, such that consistent assignments of almo"stall observed leve"Is 

could be made to configurations calculated from the simple two;'proton model~ 

',;, 

Finally i,e note the theoretical prediction of tb,e lowest-lying member of 

the (h
9

/ 2, i
13

/ 2 ) configuration, the ll-lev~l, calculated by Kim and Rasmusse.n5). 

to be at -2.9.MeV. They also pointed out that this level is expected to decay 

by an E3 trarisitio~ to the 8+ member of the (h9/2)2 ground-state band •. Y~zaki 

and Ewan
l8

) have observed an isomeric tran~itionoi energy 1292 keV decaying with 

a lifetime of about 25 ns, which is close to the theoreti'cal lifetime for a' 

single-particle E3 transition, although much shorter than the lifetime pre-
~ . 

dieted by Kim and Rasmussen. Yamazaki and Ewan assign,ed this as the 11- to 8+ 

'. 

< ,', 

,',. ' 

transition. This assignment does not actually fix the energy: of the 11- state, 

since the succeeding low-energy 8+ to 6+ transition h~s not yet been observed 
"':'. " 

-, ;: 

(Sec. 5.1), 'but, the 11- energy would be approximately 2.8 MeV, in good 

agreement ion th the theory of Kim and Rasmussen. 

',- '.,':', 

. :' 

.... 
I . 

.. :;.~~ .... '. : ... 
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2M 2M ". 
6. At Electron-Cap:ture Decay Rates and Purity of the Po Levels 

210 .... ~;'.' ". .... . . .' 210 
The At electron-capture branching ratios to the various Po levels 

"ere estimated in our work from the total gamma-ray intensity depopulating 

each level. These intensities... were corrected for fr.actional decay by K-capture • 

~nd then used for calculation of the log ftvalues given in the decay scheme. 
.. +66. . 

The total decay energy was taken as ~ = 3830_57 keV3) •• Our results for 

decay to the levels at 3024 and 2908 keVare in good agreement with previous 

measurements and we have been able to set somewhat higher limits to log ft . 

values for the transitions to the 6+ and 4+ levels at 1472 and 1426 keY. 

It was pointed out by Hoff and Hollande~2) that the 210AtEC decays of 
. :~.,- --.. 

210po g'r" ound band 'of le'vels the allowed type to th~ are highly.hindered, whereas 

those decays of 1st-forbidden type to the 4- and 5- levels at -3 MeV are un-

hindered. The hindered decays can be understood in terms of the configurations 

involved: decay of 2l0At ' (with assumed configuration P(h
9
/ 2)3, N(Pl/2)) into 

the ground band of 210po (with assumed configuration P(h
9
/ 2 )2, N(PI/2)2) must· 

convert an h9/2 proton into a pl/2.neutron, and. this transition is hindered 

because of the large L change involved. This is also true for transitions 

into the even-parity levels at -2400 keY (with assumed configuration P(h
9

/ 2,' 

f7/2L N(PI/2)2). The same 'hindrance is to be expected for transitions to 

all final excited states that involve only proton excitations, and thus the 

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

210 Po as used in the theoret:i,calcalculations of Kim and Rasmussen and Redlich., 

HOI,rever, these unhindered transitions to the odd':"pari ty. states maybe due to 

t ..... , . "f th 208Pb f 2l0p 208 - 4-neu ron exc~vac~onO - e . . core o' o. In . Pb the 5 and . states 

C 
a 

. . , 
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of the (Pl/2' g9/2) neutro~ con.fi@rratio~ and,·the f and 6-. states of the 

(Pl/2) i ll/ 2),,' rie~tron configur~tionhave :bee~, established 'at, excitation 
, . . ~,~ 

energies of about}. 4 and :4.2 MeV, respectively ,"). The energies of these· . 
.' \ 

, ,. 

208pb states are close to ~hose of the 4- and 5- states in· 2l0po . (":'3, l'-1eV)· and . 

it :L.s reasonable' to' assume that the same ··neutron configurations also contribute· 

210:' . " 
to the odd-parity states in, Po.' The beta-decay components proceeding via 

these admixtures .i·lOu~d be unhindered, as the transition wpuld"be from an h9/2 

proton to a g9/2 or 1 11/ 2 neut:i::on.: 

' . 

. :., 
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Gal1JIDa-ray 
energy (keV) 

46.4 ±C.3 

116.S±C·3 

125·2 

2'02.'0 ±C.3 

245.3 ±C.;> 

6 c' 31 ·9 ±C.3 

4C2~4 ±c.3 

5'06.9 ±c.3 

SlB.7 ±c.4 .' 

527.6 ±C·3 

544.8 ±C.5d 

584.0 ±0.5. 

6'02.4 ±0.6d 

, 615.1 tC.5 

623.1 :to.4 

643.7 ±0.:5 

,"' -

o 

-2'0-

", Table 1, ,: 
.... . 

, ' 

. " Gannna-ray intensi ty'a' ' 
, (percent of,21CAt decays) 

, .. 

UCRL~17B43 

.';' ."., . 

. " : 

TraJisition b 
,intensity 

0.110'±0.016. 

:,: ::0.68 .±O.O), " .,' -.: ......• 
30.5 ±4.6 

5.6 ±0.4 
':" 

.~ .. 
",~ 

,' . .' o. 17 .±O. 02 
.'. '. ;' .. 

r' . 

. : 79. '0 ' ±2. 4 

. : . 

", '.: . 
. £~~. .~. 

0.i43:1;0.OC8 ',:, , " 

'0:78 .,±C~03 
.•.. 

, ' 

, ',:': ,::' '~'::'O~63 '±0.02 " 

. ' 

",:':, '0.13 ·±C~Ol ' , " , ' 

,', 

1.10 " ±6:c4 

0.32 , ±O.,C2 

0.'3'1 ' ±C.02' 

, '0.52 ':',±O.02 

'0.3'0 ±0.C2 

'0.23 ±C.C2 

o.J.~6 ',±C.02 

: . ~, , 

.. .,'. 

.' , 

", ~ . 

• Q 

's. 0.25 

, 99·1 ±3·0 

',0.94 ±0.,04 : 

U· 

'., 

. ...... 



Garrmla-ray , ' 
energy (keV) 

701.1 ±0.3 

726.0 ±0.6
d 

782. 9 ±O. 7
d 

, 

, 790.6 ±0·7 

817.8 ±0.4 
., 

853.1 ±0.4 

870.6 ±1.0 

'c 
881.6 ±0.6 

909.4 ±0.8 

930.6±0.5 . 

956.7 ±0·5 

977.2 ±0.6 

1087.9 ±0.8c 

1180.4' ±0.7 

1200.3 ±1.0 

1203.8 ±O. {, 

1289.4 ±O. {, 

1324.4 ±0.7 

1436.2 ±0.6 

1482.9 ±0.6 

1551.9 ±0.8 

" •• .> 

,: ' .' 

'UCRL-1781+}, -21:' 

, .' :, '.' . ~ ., .~. -' 

. '," 
'.';,." . 

',\ . " 

" b 
Transition ' Gamma-ray intensity,' 

(percent of 210At'decaYS)a 
. : .... :\ intensity, 

0.43 ±0.02' 

, , 

'0.095 ±0.024 

0.093 ±0.023' 

L 72 ±0.06' 

1.39 ,±0.05 

0 7079 ±0.020 

0.25 ±0.03 

"': . 

:." 

" .~, 

'-, .. 

. ;; 

• ': T' 

0;092 ±0.023 ',' , 

" 

O.96,±O.04 

,~L83±0. OT' 

0.63 ±0.04 

;?o.14 ±0.02e 

100 

0.16 ±0.04 

0.72 ±0.25. 

,0.46 ' ±0.03 . 

0.36 ±0.03 

29·0 ±1.5 

47.7 : ±2.4 

0.16 ±0.02 

.,-" ,.' 

",.:, .", . 

':" ,< 
" 

" ' 

t' . . '. 

.. 
"," .. -

.', ..'. " ,",' 

, : 
'. ' .-

. " . . . '~.' .,.,. 

" , 

C f ' 

,', 

" 

...... ," . :,' 

, . 



Gamma-ray 
energy (keV) 

1599.0 ±0.6 

J.:647.5 ±0.8c 

1718.6 ±0.6f 

1955·1 ±0·7 

2001.9 ±0.9 

2052.4 ±1. o. 

2225.8 ±0.9" 

2238.9 ±1. 2 

2253.8 ±1.0 . 

" 2272.8 ±1.0.· 

2284.5 ±1.2 

2306.0 ±1.0 

2353.3 ±0.8 

',I •. : 

". " 

..... , 
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". ' . .' . 

, Gamma-ray intensity , 
, .' (percent of 2l0At decays)a 

......... 

14.2 ±0·.99 

. . -0.089\ ±O. 01 

., '6.108 ±0.01 ' .. 
, . :', 

... 0·38 ±0.03 
,. . ~ 
· ,": .. '. ,." 

.... 0.11' ·±0.01:·· - . . . .., .. " ...... ,.,., 

;. . ~ .;-. -.' 0.049 ±O. 007> 
',' .,' 

".:,"; 

"':, . 0.04{±O.007 .... 
., .. ' ," . 

: ...... '.6.011 ±0~004:. '. 

• ,_,I' 

' .. 0~3'3' ±0.03··.:· 

'. . ", 

. o· 

...... "''111.,:''-:~~.' ;, ' 

. , 0.012 ±0.003 .' 
. ." .... .. ~ . 

· -.. ~ " .. . ~ . 
,0.029' ±O. 004 . 

0.125 ±0·.014 

. '. .. 

, .' 

"',", ." 

... ,' .... -

. :' 
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Transition b 
intensity 

, . 

. a) Intensity values have been normalized to 100 for the l180.4-keV grumna ray. 

b) 

The absol~te .intensity.of this transition isknown'from the levelscheme 

to be 100% and the correctio:t;l. for internal conversion is not Significant. 

Transition intensities were computed from the measured gamma-ray intensities 

with th~ u~e of' the theoret~cal conversion coefficients of Sliv and Band14). 

c) Assigned to the .decay of 2l0At but not included in the decay scheme. 

d) Assignment to the decay <?f 2l0At is uncertain. 
e . . . 

) Corrected for contribution from the single-escape' peak of the 1599.·0-keV 

tranSition (see Sec. 3.1). . . ~6 . . 
f) This line may, be' due to 'the decay of Bi (see Sec. 3.1). 

" 

." 

to·1 
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Transition 
energy 

(keV) 

116.5 

245.3 

402.4 

615.1 

630·9 

701.1 

817.8 

853·1 

1180.4 

1436.2 

1482·9 

1599·0 

. ';' 
{) 

". ,-23- , ;, 

.,'. 

-,'r 
,;:', ..Table2 

~ ~-, ~ .~ "".: ','~ 'j. 

Multfpolarit'y:ass'igmnents of 
. . 

ExPerimental K-conversio'n Coeficients , Multipolarity 

This .work From REd' .il . 

3·5 ±0·5 5.9 . 

(9.3 ±1.1)X:_l0-2 101 X 10..;1 

(1. 53 ±o. 26 )'X~O -1~3 . 5 X 10-2 
. . 

(2.3 ±O. 5)x '10-2 ....... 

$.5 X '10-2 .. 

-::;'2' X 10-2 

. , 

. (2.8 ±O. 7) X 10-2 

(2.0 '±0.5)X 10-2 

(4.37 ±0.35)X 10-3 ' 
" 3 

4.7·X10-

J1.2 XIO~3 

From Ref: 2" 

Ml( +E2) 

, .... ,.-1 
,1.7 XI0, . E2 

.. " .,. ...... "'2 ........... . 
.8.6 X 10~'. . Ml(E2) . 

; .' 

(E2+Ml) 

(£.12)? 

:,:1 
E2 

. . :. . -' 

, 4.i'·x 10~3/ .'. 

1.1 ~ 10-3 ' 
, . ' 

. ' .' -3 
,1.4X10 .' 

. . 

Ml(E2) 

Ml(E2) 

E2 

El 
*' .' .. 

El 

.... ". -3 
1.1 X 10,: ' El 

." ' :. 

: ... 

. " " 
• '~ •• "" .•....• ~. .~,.. >: 

" " " 
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608 

700 

727 

762 

837 

865 

885 

923 

939 
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, '. . . - - . . , 
" •.•. ,'f· 

. ".' · : " 

~ ... , 
'~ .. 

"liable .3 ..... ~. ", .' .... :', .:. ". 

'.... ~. ", ,'; 

Electron energy (keV) and assignment 

From Ref. ·1 

. .:.;. 

" ,; 

" 

',', ~ . 

From Ref. 2, . 

7i.77 

75.76 LlI-9~.?9 .' 

'78 .. '32 LilI -92,. 12: 

'. ,:95.27· . .... , 

" 

....... 

Proposed assignment 

.... 

......... 

" 1" 

~;- ,-: . 

.' 184.~7' ': .. "::.' .'d:::::' :L~I~202~'O ±O.3·, 

205.4 '"K::':2·98. 5'.' ":.',,',~"- ;: .. K;"29tL 9 ±0.5 

. ': .·:223'.}·'· :",' .K-316.9 ±0.3· 

. M-542 : 209 At·: ( ? ) 

• 

K-701 

) 

K-820 
.. 

K-855 

Ll -854 

K-958 

L-956 

· -282 .. 4 . L1l-298 ~·6.· '. L.;.298. 9 . ±O. 5 . 

· 406. 3 K-499 '.5 

522.0 .K.:615.2 

.529.3 

: 537.8 

i 542.5 . ., 
.\ 
,608.8 K-702.0 ' .. 

. \ 
'. , 

I' 

.. 724.3 K-817. 5. 

863.0 

.. 

" K~499.1±0.5 '. 

K-615~1 ±0.5 

. . . K-623.'l ±O. 4 

K-630.9 ±0.5 

. . 
K-701.1 ±0·3 . 

K~81 7.8 :to.4 . 

K-853.t\. ±b~4 

K-930.-6±0.5, L-?53.1 :to;4 

K-956.7 :to.5 

K-977.2 ±0.6 

.... , 
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Decay scheme of At, from the studies of Mihelich et al. ), Hoff 
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Log counts .per channel (arbitrary) 
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This report was prepared as an account of Government 
sponsored work. Neither the United States,nor the Co~· 
mISSIon, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
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or for damages resulting from the use of any infor
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this report. 
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with the Commission, or his employment with such contractor. 
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