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Abstract

The eléétron—capture decay'of'zloAt 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 reqent reaction
studies to assign spins and parities to these levels. Evidence is presented

which locates the 3 ' collective level in 210

Po at QLOO_keV above the groundvv‘

- state. The. electron-capture transition rates to odd parity levels are diséussed
with reference to the particle~hole excitations in7208Pb. Transition
_probabili£ie$ for gamma decay of members of the ﬂ(h9/2'f7/2) mﬁltiplet

are compared to predictions from recent theoretical calculations.
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1. Introduction = : - . . ' )

Previous studies of the electron-capture decay of,alOAt,l’a?B’h

) have

~ provided some detall on the energles and decay characteristics of levels of

spin 4, 5, and 6 in 210?0. 'While the experimentai level enefgies were in general

/ agreement withvtheoretical shell model spectre caietletedxffom a simple two
proton model, it was pointed out ) that the low values of log ft for electron-
‘capture transitions to the odd—parlty levels around 3‘MeV were_’ /
1nconsistent with this model and m;ght be indiecative Qf admixtures from neutron
exeitation 6ut'of the 208Pb core. Since the‘earlie; Vefk df’Mﬁkherjee and
Coyens) ané,Bardwiekland Tickles), & number of experiﬁental studies35) have
established the characteristics of the low-lying iQYeietinyzost which'arise./ B

- SRR v -
from'excitation of neutrons and protons out of this core. As a result it has

‘become evident that the mixing of such states with these’erising from the two

proton eonfigu;ations (h9/2 13/2) end (f7/2 13/2) should be a dominant
 characteristiec of the 210?0 level spectrum above 3 MeV. Whereas single
' 209

proton-stripping reactions on 2.) components of

y 9/2 =3

a given level, electrbn-captﬁre should strongly excite only the neutron-

Bi probe the (h

neutron and protbn—proton particle-~-hole components.e

th:only has there been a need for bettef experimentei definition of
1evels.involving particleﬁhole configufations, but aiee the data-reported.by
Prussin eﬁd Hbllandefl) were limited in several aspects. The 1ack.of coin-
cidence measurements pleced some uncertainty on the inclusion of several levels

'in the decay scheme which involved reasonably intense'gamma-rayé. Of greater

importande, 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 dlrectly by

electron—capture with any apprec1able strength but such states should be

populated in the gamma decay of higher-lying levels.

,For.tﬂese reasons we have performed a detaiiéd reiﬁvesfigation of fﬁe
electron—capfuie'aecay of 210At. Besides observing a number of new, very B
weak traﬁsitiOns, we héve'measured the mnltipolarities of 36 of,thgvstrongerv
t;ansitions;‘ The'results‘qf multiparameter Y-y coincidence measurements have
been used with thé recent data from nuclear reaction studiesT’B’g) to defin;
_twenty-three levels in 210Po. Evdience is preSented‘er'a 3" éolléctive'level
at 2hdo keV, énd_ﬁdre detailed information on the higher;lying odd-parity
states hés beén ébtaineg. The‘latter are discussed in terms of tﬁe'proton and
néutron particlé—hole components giving rise fp unhiéderéd B—decay transitions.

’ i

The tf&ﬁsition probebilities in the gaﬁma decay of lower-lying levels are

compared with those obtained from recent theoretical calculations.
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N ' - 2. Experimental

2.1. SOURCES
The astatine samples used in this study wefe'prodpced by the

‘ . !
2095 (4, 30)21°

At reaction at_ﬁombarding energies of 36.5-39 MeV, with bisﬁuth
' 209

metal targets of thickness 52-T3 mg/cmg. No detectable At from the (o,kn)

reaction was observed. Chemical-purficiation .of the astatine was. achieved by

10,11,12>

volatilization as previously described

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

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

The only Y-emitting impurities .

aluminum—qoated mylar. The sources were covered with a thin (3-10 ug/cm2)
layer of aluminum to prevent migration Qf the -astatine in the vacuum chamber
_of the electron detector..

. A

2.2. ’GAMMA—RAY SPECTRA

'vGamma—ray singles spectra in the energy range lOOvto 2500 keV wefe
obtained with a 35 cmS coaxial Ge(Li) detector (system resolution of 2.6 keV
(FWHM) at 1332 keV) and a 10 em> planar Ge(Li) deteétor (system resolution of .
2.2 keV (FWHM) at 1332 keV). For the energy range 16 to 130 keV, spectra were
oBtained with a 0.785 cm2 X 5 mm Si(Li)‘detec?pr system‘(resblution of 0;8 keV
(FWHM)‘atvéo keV). ‘All measurements were téken witﬁ conventional high-rate
pﬁlse électfonicslB’lh) coupled to a 4096-channel analoé to digital converter

15). A PDP-7 computer systeml6’17’18) W

of £he successive approximation type as
used for "on-line" anaiysis. The gamma-ray spectra‘obtained in these measure-
ments ére showh in figs. 1 and 2 and ﬁhe energies and inténsitiés of all |

transitions.ére given in Table 1.  fhe'unce;tainties-due to relagiﬁe‘effiCieﬂcy

calibratidn'offthe.various detectors were estimated to be iS%vin the energy
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range 6oesoo'k¢v and *3% in the range 500-2800 keVlg).v All photopesk intensities

20).

were.obtained with the computer code SAMPO For energy calibration the

data.compiied by Jardinézl) Were.used.
~In addition tb previously reported transitiéns, we‘have been able td
observe fourteen new transitions of very low intensity. The transition at
790.6+0.7 keV reported by Prussin and Hollanderl) can be reaésigned to the
209 )22,h3)

decay of " 7At (EY = 790.2t0.1 keV

- scme doubt on the existence of a 125.2 keV transition reported by Hoff and

. Our data (see sec. 2.3.1) place

Hollanderz),_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 (b<785 cm2 X 5 mm) lithium-
driftedvéilicon detector operated ét liquid nitroéen.température. The
: eleéﬁréniés system was similar to that used in the gamma-rsy measurements.
fhisnéySteé gave a resolution of 2.2 keV (FWHM) for the K-conversion electron-

line of the 1063-keV transition in the decay of 207

Bi and permitted observation
of well—defined electron lines at energies up to about 1600 keV. .The relative
electron efficiency function for this detector ﬁas 6Btained with sources having
knoﬁn con#ersion coefficientsuB). The estimated grror,in the efficiency
determinatiop is +8% over the energy'ranée 100-1500 keV.

The conversiqn—electron spectrum obtained for 21OAt deca& is shown in
figs. 3 and 4. We géve used these data alonngiﬁh the gamma—ray~intensitiés
reported'hére to detégmine-conversion coefficients normalized to the

theoretical value of uk(EQ) for the 1181.k4 keV (2% + 0%) grouna state transition.

These are given in Table 2 along with multipolarity assignments deduced by
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23,2h).

' comparison with the theoretical values of Hager and Seltzer The

Keconversioﬁ coefficients are also shown in fig. 5 with the theoretical curves

~ .
23>-

constructed from the data of ref. A number of the results are worthy of

some comment in the light of previously reported datéf

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

IY125 < 0.32, which was derived from a compton-suppressed gamma-ray spectruml).

 However, our_obser#ation of a weak gamma-ray transition at 201.8%0.2 keV
suggests thaﬁ'at‘least one of the lines assigned as the L-conversion lines of
a 125 keV transition by Hoff and Hollander2) should be reassigned as the

K—cohversion line of this new transition. The measured value of aL for the

il

201.8 keV transition is also consistent with the multipolarity assignment of

M1 bbtainedﬂfrom our measurement of the K—éonversion'coefficient of this

7/

transition.

2.3.2. 83.45-keV transition. Hoff and Hollandere) have observed an
83,&5_keV E2 transition in ?loAt decay. Because of low intensity and poor
resolution this transition was not observed in our measurements or in the

previousAstudy by Prussin and Hollanderl). However, in a recent study of the
208 ”. 9 -
Pb(0,2nY) reaction by Bergstrom et al.”), an 83.7-keV y-ray has been _
+ + -
identified as the transition between the 8 and 6 members of the n(h9/2)2

210

: ‘ . At
ground state band in Po. Their data place the location of the 8 level at

1557 . keV. A level at 1557%5 keV”was also observed in récent studies of the

209 209Bi(3 7,8>.

Bi(a,t) and He,d) reactions In the present study, we have

- .

obtained evidence for weak population of_fhis level by y-rays following decay

—6f‘2lOAt.'
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2. CAMMA-GAMMA COINCIDENCE MEASUREMENTS

Three pgfametér gamma~gamma coincidence measurements were taken with
two Ge(Li) detectors of about 35 cm3feach (active volume) and a fast-coincidence
electronic arrangement similar'to that described;by Jeklevie gg_gl,gs). The
axes of the two detectors were positioned at 90° with respect to the source
and were separated by a graded shield (lead—cadmiuﬁécopper) to minimize
scattering bétween the detectors. - The width of the'prompt.time~distribution
as dete%miﬁed by the 1181.h41H83.3 keV gamma-ray cascade was about 40 nsec.

The three parameter data (E At) were stored serially on magnetic tape

10 oo

and'later sorted on the LBL-CDC-6600 computér system. Spectra in coincidence
with the vérious gates were corrected for chance coincidences»and for con-
tributions'frqm the compton background within the gates. For each gate two
sorté wefe ob%ained‘corresponding to prompt‘and delayed coincidence events
 (fhe latter were delayed in time by about 60 nsec from the centroid of ;hé

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

L3

figs. 6 and T and a complete set of all spectra is/given in ref. ). These

210

results are discussed in connection with the. At decay scheme in sec. 3.
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3. The Dééay Scheme

Coincidence measurements and sum-difference relationships among

ganma~ray energies have been used to construct the:level scheme shown in fig.
. . A

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

7,8,9)

conversion electron measurements and the results of recent reaction studies

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

related groﬁps.

3.1.  LEVELS AT 1181.L, 1hé6.7, 1473.4, AND 1556.8 keV

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

152a397:8’26)

been well established We note that our delayed coincidence
 measurement ofvthé 1&36 3-245.3 keV gamma-ray cascade (406 ns) confirms the

half- llfe of the 6 level ( 8+5 ns) at 1473.4 keV reported by Funk ét al.26).

The 8% level at 1556 8 keV, whose existence was first 1nferred by

27) 78,9y

Yamazakl and Ewan ,» 1s now well established As discussed in sec.

'2L3.2,,_we/assign the 83.45 keV transitiong) to the decay 6f this level. Our

energy differences and intensity balance support this interpretation. The

28)

vhalleife of the level has been measured as llOiB ns and 115210 nsg).

3.2. EVEN- PARITY LEVELS AT 2187 7, 2290.0, 2326.0, 2382 L, 2h03 2, AND 2&38 3
keV

The levels at 2382.L4 and 2403.2 keV were established by Prussin and
Hollander ) and we have been able to observe several new weak transitions
involving these levels, A h as51gnment to the 2382.4 keV state is established

in our work throughvEl transitions from 5 states at 2910.0 and/3026.2 keV and
, C o

by decay via the 1201.2 (E2) and 955.8 (M1) keV transitioné which connect this

+ + : '
level to the 2  and h”’levels at 1181.4 and 1426.7 keV. This assignment is consistent .




-9- : | ' " LBL-278

with results from fhe reaction studies as shown in fig. 9. The spin and parity
assignments of 5* to the level at 2403.2 keV are similariy established.

- Tﬁevaata of réf.vl)_established a'téntative level at either 2278 or
2325 keV.Which decayed via the 852.7 keV transition to either the 4" or 6%
levels at lhéé.? 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.k4 keV
transitions and also that it is in prompt coincidenée with the 58L.0 keV
.;fransition. ‘These results along with the prqbable absence of a transition
at lES.Q.ker(see sec. 2.3.1.) indicate the existence Qf a level at 2326 keV.

72899)

Ailevel at this energy has been observed in reaction studies and a spin

1I"E;r‘:_td parity assignment of 6+ is indicated from these data. The measured Ml
_multipoiarity of the 852.7 keV transition and the El multipolarity of the
vthAO‘kéV transition (from the 5, level at 2910.0 keV) are consistent with
this aésignment. . i

;We'ndté here tentative evidence for the exiétence of a weak transition

" of T7.2 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

origihal photographic plates of Hoff and qulanderQ) indicates that the

KL L {Auger line at 60.2 keV is too intense relative to neighboring Auger

II TII
lines by a factor of about 1.7 compared to the Auger lines from 2llAt decay .

1Th% éxcess.intensity may be ascribed to the L. line of a TT7.2-keV transition.

I

‘lines, one may infer an M1 character. Ve

II III

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

" From the absence of L and L

might compete favorably with higher energy interband transitions.

The levels at 2187.7 and 2438.3 keV have been cbserved in feaction
72899) ’

: - ' ' - ' ot +
studies and spin and parity assignments of 8 and T .have been given,

¥
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feepecﬁively;fctneSe»levels are weekiy populeted_thnoﬁgh redicectife"decey”of
21?A£}.}whi1e our data. alone ‘are insufficient to define the spins, the meaéufed'
mﬁitipoiafities of transitions involving these levele‘e;e‘consistent'withfthese
’aSSign;ents.  We have shoﬁn a possible transition KMi)ncf‘llé.3_keV-cOnnecting

" the 7" level at 2438.3 keV to the 6% level at 2326.0 keV. Hoff and ﬁollénae£21
repcrfed an unessigned electron linevat BS.éT keV_yhich can be interprefed es
fne Ll con#ersion line of this.transition. | | o ) | |

o “;Finally we have shown in fig. 8 = tentative‘lenel at 2290.0 keV,cvhich.
is,deflned by a. 31ngle trens1tion to the ground state of 210Po and by decey of |
| _the 't 1evel at 2382 L keV. The latter transition (92 O‘keV) vas identified
by Hoff and Hollander ) as a probable E2 transltion.v Both (TB)71 and Lanford )
‘report a level at about 2285 keV with a spin and parlty assignment of l or 2 .

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

”the reactlon studies, a 2 or 3 assignment 1s inferred.

3;3Q_;0DD.PARITY LEVEL AT 2386.8 keV

| The sum—dlfference reletlons between gamma—ray energies and tentative
c01nc1dence data on the 639. h 1205 4 kev gamma-ray cascade have led to the

- placement of a level at 2386.8 keV whlch decays to the. ground state and flrst-
.cexclted (2" ) state of 2105, ana poss1bly to the h level at lh26 T keV.. The

level is weakly populated by at least three transztlons from hlgher-lylng odd-

‘parlty levels (see sec. 3.5). The measured E2 multlpclerity of the 639fh—keV

t?anSItIOn connecting this level to the 5~ level at'éoeé 2 keV'establisheswthe

‘»_parity es odd and limits‘probable spins to 3—7. The 1205 h—keV tran51tlon from~

thls level to the 2 flrst—exclted state is llmlted to. a mnltlpolarlty of El

with up to about 157 M2 admlxture, from the intensity llmlt of its- (unobserved)
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K-conversion eléctron_iine. These date in conjunctiOn.with the direct transi-

tion from this level to the ground state define the spin as 3, and it is mbst

208

likely the 3~ collective state analogous to that observed in Pb at 261L4 keV.

This assignment.gains some support from the fact that no odd-parity states of
single—partiéle character are expected at this low energy and the state .

épparently is not strongly excited by stripping reactionms.

The energy of the 3  level in 210Po is somewhat depressed from that

observed in 208, (2614 keV). This shift may result in pert from configuration

mixing via the 3  component of the w(h ) configuration. Hamamoto

9/2 *13/2 _
has calculated the energies of the 3" octupole vibration in a number of even

QlOPQ 31)_

mass lead:isotopeSBO) and in The calculated energies were

generally highér than those observed experimentallyag) but did reflect the large

reduction in Qlon relative to the energy in 208Pb because of the‘strong

coupling of the octupole vibration to the 3" component of the neutron con-
e | 210 - - o
flguratlon v(2g9/2 lj15/2). In "Po, two 3 levels? arising from m1x1ng of
. o/2 113/2)
multiplet, are predicted3l) to occur at 2.52 and 2.88 MeV, the lower one being

the octupole vibration with the 3" member of the two proton w(h

predominantly vibrational in character.

3.4, ODD-PARITY LEVELS AT 2910.0, 3016.8, 3026.2, 3075.1, 3111.4, AND 3124.7
keV ' : ’

\

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

configurgtidn:ﬁ(hg/g il3/2) and evidence from this and previous studies has
also established thé‘impbrtance of contributions from excited states of the
208 ‘ | o

Pb core.
' The two odd-parity levels at 2910.0 and 3026.2 keV are well known and

our data on the first of these is in agreement with the previously.QSSigned
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“spin of 5. The spin of fhe'level at.3026.2 keV is now established from our
limit on a. of the 1552.7 keV transition to the 6 level at 1473.3 keV vhich
‘réquires that its multipolarity,be predominatély El. 'Tégether with the measured
El multipolarity‘of the 1599 keV‘transition, this firmly establisﬂés“the spin
6f the 3026.2 keV level as 5. This assignmént had been suggested b&
Schime g&_gi,h) as a result of (Nal) angular distribution méasurements on the
1599—2h5 keV gammé-ray cascade, but &as quéstioned by'frussin and Hollander‘
who favored a spin a351gnment of 4 because of the large difference in the
branching ratlo (T /1 ) as compared with the ratio (Ilh83/11h36) for the

1599 1552
analcéouS‘decay'of the level at 2910 keV. Present evidence suggests that these

two levels arise predominantly from configuration mixing of the two Eroton
) s -1y .
conflguratlon TT(h9/2 13/2) with the neutron excitation v(g9/2 pl/2) s Both
levels have been observed 1n the reaction studies of (TB)7) and LanfordB)'who
report weak populatlon of the 2910 0 keV level compared to other high spin

" members of the w(h ) multiplet. As discussed below (see sec. k. l)

, 9/2 113/2 5 |
their datsa are qualitatively in agreemgnt with respect to the amplitudes of

»fhe two-proton configuration assigned to each level by analysis of the B-decay
| transitiqn ﬁrobabilities in the deca& cf QlOAt.

The remaining levels in this group are tentatively identified‘thréugﬂ,
weak gammé—ray transifions observed in our work énd we have combinéd thesév
data with the results'from reaction studies to arrive at
sﬁggested spin and éayity assignments. Due to small levei spacings énd péor
stétiétics, substantial(differences exist betweén_the spin assignments of'(TB)7)
énd Lanfdrds). 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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: trans;tlons to the 5 1levels in this region).
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.Thevleyelvshown at 3075.1 keV may be identified with that oﬁserved'in
the feacfien studies which -has been assigned a spin‘and parity of 4. (We
heve.ebServedvdniy a single gamma-ray transition defining thiselevel). The
level at 312L4.7 keV has been seen by both (Tﬁ)7) eﬁd_ianforda) but was not
identified in the (a,2n) studies of Bergstrém et al.’). Our gamma-ray data
establish the parity as odd and limit the likely spin a551gnments to the range
4, s, 6. With the assumption that this level is due prlmarlly to the two

proton conflguratlon m(h_ ), and having located the spin 4 and 5 members

9/2 13/2

' elsewhere, we tentatively identify this level as the 6~ level defined by

Lanford. This'assﬁmption seems reasonable through the following arguments.
First the onlyvlikely core excitation leading to levels in this energy range
is the neutron conflguratlon v(g9/2 pl/2) Secondly as discussed in sec. k4,

electron—capture of 210At should occur w1th much higher probablllty to core-

"excited states in elOPo than to, 1evels of the simple two proton conflguratlon

210..

of the 83rd and 8hth protons of Po. (Note here the low log ft values for

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

_the results of the reaction studies of (r8)7) and Lenforda).. In our work the

i

level is defined only by & single gamma-resy transition to the 6 level at
1473.3 keV and thus its spin is limited to the range 4-8. We favor a likely
assignment of T , 8_ to this level.

2A“ng level in this region at 3111. h keV was unresolved in the

reaction studles and 1ts decay to the 3~ level at 2386.8 keV by an ML transition

defines the parity as odd z2nd limits spin to the range 2—&; The week population

of this level in'B—decay'fules out its assignment as_fhe 47 member of the



about 0.8-1.0 MeV above the corresponding levels of the w(h

- EL-2r8

: neutron excitation v(g9/2 pl/2) The M1 decay to this level from the (h) level

at 3&28 2 keV then suggests a tentative spin and parity. assignment of (3) (see

sec. 3.5). . _ -

\

The levels of the m(h ) multiplet with sp1ns’8 9, 10, and 11 -

9/2 13/2
have been 1dent1f1ed from reaction studles and we have included these in the
composite level scheme in fig. 9. vThe location of levels withAspins 10 and 11
at -energies of 3183 and 2849 keV, respectively, seems well defined. However,

the definite assignment of spins 8 and 9 to the levels at 3138 and ~ 3009 keV,

‘fespeetively, is open to question as the data of (TB)7) and Lanforda)'are not

in agreement.

Of the ten levels arising from the m(h ) proton multlplet, only

9/2 13/2

the 27 member_remains unassigned. Both (TB)7) and Lanford ) have argued for

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

 membérs of this multiplet. With the tentative location of the 3~ member at

3111.4 kéV, it would appear that the 27 level might belong in the quartet'éf »

. staﬁes_in the energy rangen300043030 keV. While the reaction studies require

greaﬁér strength at 2945 keV than can be accounted for by the 11  level alone,

vthis may reflect a'relatively reduced strength for thé lower spin members of

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

Rasmussen32) locate the levels of the w(f ) proton multiplet at

9/2 13/2)J_

7/2 13/2

nultiplet. Mixing among these states would leave the 2~ and 11~ members of the *

n(h 9/2 13/2) multiplet pure and would give them somewhat greater intensity

in the (o,t) or ( He,d) studies relative to the remalnlng levels.
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3.5. LEVELS IN THE RANGE 3428-3780 keV
These levels are all p0pulated rather strodgly in the electron-capture

decay of 210At'and it is likely that they arise from neutron end profon

excitation of the 208Pb core.

N ) ’ . “

The spin and parity of the level at 3L28.2 keV is limited to (4,5,6)"
by observation'pf Ml transitions from this level ?o the 5 level at 2910.0 and
3026.2 keV.. The prdbable assignment of (4)  has been inferred by the Ml +~E2
assignment of the 316.8 keV transition from this level to the (3)” level at
'3lll.h keV. We noté that so long as the latter level.is limited to a sﬁin
of 2 or 3, the presence of an M1 component in the 316.8 keVAtransition requires
both that tﬁé_spin of the 3111.4 keV level be 3 and the spin of the levél at
3&82,2 kev be 4. The spin and parity of the level at 3727.2 keV is then.
défined as (5)’ by the measured M1 decay to levels‘of spin L,IS, and 6.
Similar arguments have been invoked to li@it fﬁe assigﬁment of spin and parity
of the lével at 3525.2 keV to (5,6);. ;The-remaining levels st 3699.h, 3711.2,
and 3779.5 kev are probably limited to‘spins L, s, aﬁd 6 and the 3779.5 keV

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

Core Excitation.in 210?0

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

Koﬁopinski and Rose33) for allowed transitions. “The electrdn—éapture feeding

was obtained from Ouf Y-féy intenéity data corrected for internal»conversion.
‘The Q-value for the electron-capture decay was taken as QEC = 387726 keV

3h)_
\ !

Newby'and’Konopinski36) discussed the importance of particle-hole core

excitations in the level spectrum-of 2lOPo, Experimental efidénce for such

effects was'firét pointed out by Hoff and'Hollander?) through analysis of the

electron-capture decay rates of 210At to the odd-parity levels in ?;OPO above

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

2 Y, mh ) or m(n

configurations W(h9/2_ 9/2 f7/2 ) should‘al;‘be‘hlghly‘

9/2 113/2

o fbrbiddén due to the large change in orbital angular momentum required. for

. - : : L Y
conversion of an h proton ‘into a pi/g neutron. Experimentally, highly-

9/2

. 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 keV were attributed to contributions in these states from neutron

excitation of the 208Pb core.

Recently a'faifly complete picture of core-excited states in 208Pb has ,‘

been obtained in the energy range below about 4.1 MeV through numerous feaétion
35)

studies . The observed 2O8Pb levels are shown to the right in fig. 10. The

lowest levels due to core excitation (3198 and 3475 keV) are predominantly
the two components of the neutron excitation v(g .p—l.)' " respectively.
: : v = 9/2 *71/2 5= 4= -
. 3
Although a number of the levels in thé'energy_range 3700-4100 keV have unknown

/
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pafentage .at least four levels arise predominantly from the neutron

excltatlons \)(39/2 5/2)' and the proton excitations ﬂ(h )

9/2 1/2 5= h"
Conflguratlon mixing between components of these exc1tat10ns is evident from

® S : 37)

*the wave functlons for these states calculated by True et al.

In the case of 210?0 these core excitations should occur in the

"vicinity of the odd—pafity levels srising from the two-proton configurations

. U . 32:36,38
9/2 113/2)J_ and Tr“"7/2 l13/2)J_ )

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

“m(h . Although the effect of the

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

strong configuration mixing is expected. Electron-capture decay of 2l.oAt to

odd parity leve;s of 2loPo that contein components of the neutron particle-

hole excitation v(g9/2 pZie) and/or:the proton particle~hole excitation

_ﬂ(h ) will be relatlvely unhlndered In the first case, unhindered lst

9/2 1/2

forbldden decay is due to conversion of an 1lh proton into a 2g9/2 neutron.

9/2
. In the second case a 351/2 core proton in 21 oAt is converted into a 3pl/2

neutron in_glOPe. Hence the deecay transition probabilities to levels in

‘ 2lOPo above about 3 MeV should;be a measure of the total amplitudes .in these

states of the heutrpn particielhole component lv(g9/2 p;}2)> and the proton
. : 3 s-l
9/2 "1/2

the chafacterization of the more highly-excited levels, since the eomplimeﬁtary

particle—hole component lﬂ(h )>. This is of particular importance to

information On'amplitudes of two-proton components is derived from the

reaction data of (d&,t) and (3He,d) studies.
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4.1. ELECTRON-CAPTURE DECAY TO LEVELS AT 2910.0 AND 3026.2 keV

Both of these levels are populated by relatively unhindered electron-
capture transitions, and they are identified with the two states arising from

configuration mixing of the first two-proton 5" state in 210Po (predominantly
|
208

W(h9/2 i;3/2)5_) and the'first 5 -

wave .function undoubtedly contains e small component of the configu}ation,

Pb neutron core state. (The two-proton

7/2 113/2)5_, but this does not affect the following argument.. The wave
) 208

function for the first 5 state in 0 Pb has been calculated by Trué, Ma, and.

(£
‘Pinkston (TMP)37) as

e q ‘ -1
b = -0.923Iv(egp Tyyp)> + 0-200]mlty , 5y )

b

1'5?

S+ 0.1b47 |04 9/2 d.::/2.

11/2 p1}2)> + 0.14k|mw(n

s

. PR
- o.122|n(s, , d/,)> + 0-0199lv(89/27fs/2)>‘

and tﬁé amplitudes of the two largest compbnents are in agreement with the
experimental data of McClatchie, G}ashausser, and Hendriesg) ana Bardwick and
Tickle6).),

To éétimate _ the relative amplitudes‘of core and two proton
compbnenté in these states using our experiméﬁtal Vldé ft values, ﬁé followed
the analysis of first—?orbidden B-decay in the 208varegion given by Damgaard
and Wintherho), and Damgaard, Bréglia, and'Riedel l), The an;lysis was carried
out only for g™ decay,lbut it is reasonable to-gXpect thatAthe saﬁe.fOrmulation

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

transitibns involving the same particle configurations. In the preseﬁt case

g
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we have.made'the further Simplifying assumptions that the ground-state wave
functions of.leAt is |w(h3> )\)(p'-l )> and that the wave functions for the two
. - 9/2 1/2 5+

5 levels in 210Po can be approximated by the two-coﬁponent veétors

¥ _(2910)

a. |r(h
5 1

o
9/2 13/2)> * b1|"(g9/2 ?1/2)>5,

¥ _(3026) = a,|m(h

-] .
5 9/2 13/2)> + by [Veg 5 Pyyp)

5=
where the full strength of the two-~proton and neutron-core excitation

components are included. Electfon—capture decay to these states was assumed

to proceed only through the single component v(g9/2 PI}E)' Using our

experimental ratio (ft)gglo/(ft)3026’ !
v 2
&) = = = 0.%0
3026 |a2I

the two—componénf vectors are calculated to be

) N . .‘ -1
| ws_(2910) ~ o.s3h|j 9/2 13/2)> o+ 0.8u6 (g, pl/2)>5_

N . o0 A
w5“<30?§)'~'0‘8h6|"(h9/2 113/2>>5- 70534 vleg/, P1/2)>5‘

4

ERE o : _
These results can be compared directly to the relative two-proton

209

[

emplitudes obtained with the same assﬁmptions as above from the Bi(a,t)'

and 209Bi(3Hé,d) reaction studies of TBY) and Lanfords). In both studies the
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s,

5 level at 2910 keV was excited and was well resolved from other members of the

"(h9/2' ) multlplet. Slnce the ll member of thls multlplet is expected

113/2

. _to arise only from this two-proton configuration, the ratios T _(2910)/I ._(29h5)

. : . . 5 11
(corrected-for the (2J + 1) dependence of the reaction cross sections) directly

yieid exﬁerimental'values for the amplitude lallz, The ratios of the ‘two.
7’8)'frdm these data as
2 - 2

l_ |2, |°

2 )" | ' 2
| s, |
(TB) ; , Y (Lanford)

= 0.8220.20

Theragreement between>these values and that deri§ed from analysis of the

electron-capture transition rates is good, .in spite of the meny simplifying

’:esSumptions required in the calculation , and is sﬁégestive of the correct

\

interpretation of ﬁhe character of these levels. Unfortunately the lack of

' experimentai_daﬁa.and the complexity of the wave functions for other odd-

perity states involving core excitations precludes extension of this anaiysis

?t'present; The fact that only the two lowest energy core excitations are

expected to contribute significantly to unhindered B-decay does however permit

-

the qualitative discussions given in the fbllowing paragraphs.

'4.2. ELECTRON-CAPTURE DECAY TO LEVELS AT 3075.1 AND 3428.2 keV

The extent to which the v(g9/2 p;}e) core configuration mixes with
¢ - | : :
) configuration should be reduced

the etate arising from the ln 9/2 13/2 -

relatlve to that observed in the 5  levels because of the larger dlfference in

zéroth-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 keV (log ft = 6.9). Decay

to the (U47) level at 3075.1 keV is highly hindered (log ft = 8.9) and this
‘state probably arises predominately from the two proton configuration. The

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

w(h ) configuration is located in the lower of these two levels

9/2 13/2

gince the hlgher one was not excited to a measurable exFent.

4.3. DECAY TO LEVELS AT 3525.2, 3699.h; 3711.2, 3727.2, AND 3779.5 keV
Thg.electron—capture‘decay to these levelo is also relatively unhindered

which reflects stfong admixturesvof parficle—hole core components in tho wave‘

function of‘those states. Of the poosible core componénts that are expected

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

. s s
is the proton excitations lv(h9/2 31/2) . ihe decay of the 351/2 proton

210, . 210, M7a57
"At to the 3pl/2 neutron in Po might be expected to occur with a

/

soméwhat greater absolute rate than for the similar decay of an 1lh proton

9/2

1nto a . 2g9/2 neutron because of better overlap of the wave functions of.the

~initial and flnal states. Thus the 1ow log ft values assigned to transitions

to the two hlghest energy levels of thls group may be due to strong admixtures

of this proton core excitation. The inverse of these decay processes, observed

208 . . . 208

‘in the decay of Tl to the core states of Pb, proceed with similar (but

\

somewhat lower) log ft values.
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5. - Gamma—Ray Tran51t10n Rates Involv1gg Levels of the -
(b ) and w(h.

) Conflguratlons

9/2 7/2 9/2
The data available from reaction studies and the electron-capture
decay of,2loAt ndw give a fairly ‘detailed description of the lower-lying levéls

in,2lQP0{ All levels of the W(h9/2)2 ground-state multiplet are well charac-

terlzed and the major tran31tlons in decay of the levels of the n(h9/2 7/2)

multiplet, other  than those of the low-spin members, are now known. Com~
)38) with the
the ékperimental spectfum indicatés general agreement with energies and level

spacings (see fig. 10). With the decay propertles of these levels known, the

experimental data may serve ‘as a guide to future calculatlons. In partlcular

N
’

972 T1/2)

band to the low-lying even-parity levels~may serve as & sen51t1ve test of

the Ml branchlng ratios in the decay of the odd spln members of the ﬂ(h

sdmixtures in the m(h., )2 band.
: . ; 9/2 .
We have calculated the total gamma-ray transition probabilities for

decay of a number of levels_bf the m(h ) multiplet using the eigenfunctions

)32

o/2 *1/2
of (KR)™%) ahd (MT)38) and our expérimental level energies. In Table 3 we list
for_feférencefthe theoretical transition probabilities obtained with these |
wave fﬁnctioﬁs using the Schmidt»or'free space values‘fo£ the factors gj, 8y
dnd\g55 The résults #ere found to b¢ extfemely sensitive to various assumed
values of gj, gy and 8 and thg poséibility of using a set of effective vélues
is currently being investigated. While quantitative agreement with expérimental
vtrapsition probabilities was gqurally poor, all‘cglculations géve several )
qﬁaliﬁative.predibticns that céﬁlq be compared directly with our -experimental

’

findings;
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(a) The intensities of the transitions 82 > 6l (714.4 kev),

6,+ 8, (769.2 keV), 6, » hl‘(899.3 keV), and 2, + 2, (1188.6 keV) are

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

‘n(h9/2 f7/2)_multiplet afe predicfed to compete favorably with the more

energetic transitions to levels of the m(h )2 multiplet. Our placement of

9/2 _
the T77.2, 92.1, and 112.2 keV transitions as interband transitions is
supported by these results and experimental multipolarities are consistent

with the theoretical predictions.
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| Tab;e. 1. Camma-rays observed from decay of 210 .
{ - Absolute®  Absolute b
 Gamma -Ray Energy Gemma-Ray Intensity Transition Intensities
(keV)  (percent of 2104+ gecays) (percent of 1%t decays)

6.6 (2) (34.5 (15))%
T7.2° (~ 15"
»-83’.h5'° ( 2 0.60 (3))*
92.1°¢ (=$ 0.o0)f

- 112.2° | (~ .27)"

116.2 (1) .65 (6) 56 (5)

201.8 (2) a5 (2) S 39 W)
245.3 (1) 80.0 (%0) 99.0 (50)

250.5 (2) 21 () 39 (6)

- 298.8 (2) 11 (2) | A7 (2)
316.8 (2) .17 (1) - 24 (7)
334.3 (2)° .05 (1) | .07 (2)
ko2.0 (2) .78 (2) o 97 ()
498.9 (2) 15 (1) a7 (1)

- 506.8 (2) .69 (2)

1518.3 (2) .15 (1)

527.6 (1) 1.15 (k)
5810 (2) .34 (2)

- 602.5 (2) 7 ’ .V12’(2)

615.3 (2) . .36 (2).

{continued)
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Table 1 (continued)

. ; ‘ Absolute®
Gamma-Ray Energy . . » . Gamma-Ray Intensity
(keV) _ | (percent of 2*OAt ‘decays)
623.0 (2) T A3 (2)
6309 (2 | .31 (2) -
6394 (2) - | 6 ()
613.8 (2) ) .46 (2)
7010 (2) | | A7 (2)
721.6 (3) o : - -10 (B)
2.7 (2) M _A' .21 (3)
 798.6 (3) .06 (2)
e1r.2 (2) | 172 (5)
Bs2.7 (20 1.39 (5)
Beo.b (2) | } | . a3 (2)
861.1 (é) - S .22 (2)
909.2 (3) - o .09 (3)
929.9 (2) | - .76 (3)
955.8‘(1) " | | 1.81 (6)
(960.1) (5)° . (< 0.08)F
o6k.9 (2) - e
D965 (2) e ()
1041.6 (2) '  .30 (L)
.10h5.9 (3) | | - - .16 (3)

(continued)
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Table 1 (continued) .

LBL-278

‘ GémmaQRay.Energy .

Absolute® ,
Gamma -Ray Intensity

210

(kev) (percent of “"TAt decays)
1087.2 (3) 22 (3)2
1181.% (1) 100.0 (25)
1201.2 (2) ) .16 (2)
120§.h (2) .80 (3)
1289.0 (2) .52 (2)
1324.1 (2) A7 (2)
1436.7 (1) - 29.2 (13)
1483.3 (1) 46.8 (20)
1543.5 (3) .03 (1)
1552.7 (2) A7-(1)
1599.5 (1) 13.5 (6)
1648.4 (2) ~.o72 (8)
»16sh.6‘(5) .026 (k)
11955.0 (2) A1 (2)
2001.7 (2) a1 (1)
2051.9 (3) 071 (3)
2226.0 (3) 046 (3)

(continued)
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Table 1 (continued)

o . ; | | Absolute®
Gammia-Ray Energy . . Gexma-Ray Intensity
(keV) D ' (percent of °*OAt decays)
2237.9 (5) o . Lo18 (2)
2216.65 (5) o o26 (1)
2254.0 (2) o | 1.53 (5)
2266.8° (3) o Lo (5)
e272.7 (3) | .35 (1)
228h.5 (3) ' | .019 (2)
2290.0 (3) | - - .012 (3)
2306.2 (3) I ~.037 (2)
2352.8 (é) | , A4 (1)
2386.8 (3) » o 1,008 (2)

fpbsolute intensity values were derivea by normelizing results to the intensity

" of the llBl.h_keV_transition, which is known from the level scheme to be 100.0(25)%.

Prransition dintensities (< 500 keV) were derived from measured ganma-ray
intensities by correcting for internal conversion = using the theoretical values

of Hager and Seltzer

®Not observed in this work. These transitions were obtained by assignment of

conversion electrons reported by Hoff and Hollanderz)p

éThis intensity was obtained by correcting for contribution from the single escape
peék of the 1599.5 keV gamma-ray. '

eAssigned to 2l_oAt decay but unplaced in present level scheme.

f . ‘ .
This transition was not observed in the singles spectrum due to the intense
compton background but was observed in the coincidence spectra of the 639.1 keV

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

(continued)
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Table 1 (continued)

210

gAééignment to At decay is uncertain.

hThe intensity was estimated from the relatlve electron inten31t1es reported

by Hoff and Hollander )

iThe iﬁtensity was estimated from an intensity balance of the decay scheme.




210

Table 2. Experimental .and theor‘et’i‘ca._l internal conversion coefficients : At.
Trahsition Energy Experimentalcicdnvigsion | Theoreticala cénvergion CoeffiCith : vMuiiiéﬁ?Ziity'
keV " coefficient (10 ~) ‘ - S
| F1(1073)  E2(1073) M1(1073)
L6.6 - © (o o)/ 5 = 1010(80) 1980 1060 132800 R E2
;15.2 @ = 1220 (140) 504 2580 © 1100 M
o9, = 299 (35) | . 11.9 687 259 ‘
201.8 | o = 1240 (110) ©65.3 165 1290
| o = 220 (22) , ' 11.9 221 227 o M
245.3 o = 110 (13) ' b1 107 THT _
B o =-102 (18) 7.28 98.6 131 ' E2
(aLl + 0.LQ)/Q;B = 2320(240) 6600 2500 - 160000
250.5 o4 =700 (1O) 3 102 05 om
298.8 o = LLO (Lk) _ \ 26 68.2 L3y m
~ o = 81 (9) | b5 b5.h4 76.1
316.8 o = 31k (65) | e 59.8 370 ML(+E2)
o = 62 (8) 3.9 364 6k.8

(continued)
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Table 2 (continued) -

Trensition Energy Experimentalc conversion A Théoréticala conversion doefficieht Muiiizgzziiﬁy ,
keV coefricient (107°) | o
| E1(1073) E2(lo'3) M1(10'3) | “
402.0 Lo = 212 (15) 13.} 35, 195
oy = 37 (4) - 2,26 15.5 33.9 M1
Oy = 9.6 (10) 0.0527 0.395 - T.97
~ 1498.9 % = 110 (10) 18.52 22.k 109 M
506.8 o = 9.2 (1.2) 8.25 21.7 105 El
518.3 o =107 (11) 7,88 20.7 99.0 ML
o
527.6 0 =-8.3 (8) 7.60 20.0 ok .4 El
584.0 o = 7.0 (11) 6.20 16.3 T12.3 E1
602,5 o O = 80 (12) - 5.83 15.3 66.6 M1
615.3 o = 59 (5) | 5,59 14,7  63.0. M
623.0 o = 6.4 (11) 5.4 1.3 - 61.0 El

(continued)

~HE-
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~Teble 2 (coﬁtiﬁued)

Transition Energy Expérimentalc convéisipn | _Theoretical& conversicn cpefficient Muﬁziéggzgity
keV coeffiéignt (le3) ' | ' " ' .
| ﬁi(lo‘3). - E2(1073) M1(1073)
1630.9 % = 57 (5) 5,32 14,0 59.1 M1
o = 12.5 (16) 0.903 k.10 10.8
639.4 % = 12.5 (17) 5.19 13.6 57.0 E2
613.8 o = k.7 (8) 5.12 13.5 $56.0 E
7010 e = 39 (k) h.35 11.k Lh.9 - Mi(+ E2)
o = 6.5 (11) cmmame - 0,694 2.87 7.69 .
T2k, 7 o = Lo (L) ) k.08 10.7 41,2 M1
, 817,2 . oy = 30 (2) | 3.26 . 8.52 . 130.2 M
' o = 5.5 (5) 0.51h 1,93 5,13
852.7 o = 24 (2) 3.01 - 7.87 27.0 M
1869, (o <17 ()P 2.91 7.59 25.7 (ML + E2)P
861.1 o = 18.4 (25) 2.84 7.4 2L.8 Ml + E2

(continued)
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. Table 2 (continued)

- Transition Energy Iixp;—z:z:iznenta.J..c conversion Theoretical® conversion coefficient Mugi;iagiziity
keV . ~ coefficient (10"3) ' _ - ' ‘
El(lO’B)' B2(1073) om0
909.2 (o < 23) 2.68 6.98 22.9 (E2 7)
9299 o = 20 (2) 2,57 6.69 21.6 - L
'- = b1 (5) 0.403 1.4 3.68
955.8 o0 =19 (2) 2.45. 6.36 20.1 | M
oo = 3.3 (b) 0.383 1.32 3.2 N |
: ' | o
976.5 @ =19 (2) 2.36 - 6.11 19.1 ML
- 11814 oo = k31 (0 1.69 W3l LT Assumed pure E2
| o = 0.80 (7) 0.26 -0.821 1.98  E2 :
1201.2 (mK < 12.5) 1.64 4.19 “11.2 ' (E2)b‘
1205.4 oy < 2.5) 1.63 k.16 11.1 (E1 + < 15% M2)® : :
1289.0 | ( E3 or o
- \El + < 327 M2 E,
1436.7 o = 1.13 (10) 1.21 3.03 7.12 . N
o =0.18 (2) 0.184 - 0,542 1.20 - | @
o (éontinued)




Teble 2 (continued)

»

TraﬂsitLOn Energy Experimental® COﬁV@rSiOD,' ' - TheOreticala.conQérsion coefficient '  'Muiiiiggzgity
keV _ . coefficient (lO ) ’ _ o '
E1(10‘3)  E2(1073) -Ml(lof3)'
- 1483.3 ‘ o = 1,06 __(10) : . 1.14 2,86  6.56 Bl
o =0.17 (2) 0.17h 0.508 1.10

_ ] : ' : - . o ' : b
1552.7 » , . | (EL + < 21% M2)
1599.5 o = 0.93 (10) 1.01 2.50 5.41 | E1

Lheoretical values were obtalned by computer interpolationzh) from the tables of

Hager and Seltzer 3)

Only a 1limit could be set on the converslon electron intensity, as discussed in text, so that the assigned

multlpolarity is tentative.‘

_Lg;

These (relative) conversion coefficients were measured relative. to the 1181 L keV (2+-* O+) transition which

 was assumed to be & pure E2 transition.

SLZ‘TET
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Table 3. ComDarlson of transition probabllltles for M1 and E2 tran51tlons 1n the decay of the 7(h 9/2 7/2)
multlplet in 210Po. (The theoretical transition probab111+1es vere calculated with the wave functlons of Ma

and True gMT)ul) and Kim and Rasmussen (KR)32)

\

~ Theoretical Transition Probabilitiesd

Reiative : T(X) x 10f8.secfl
S ~ray . :
- Multi- - '
Transition E Branching . ;‘ : KR
Y Intensities polarity ME - o
CIRACPY (keV) (exp) (exp) M1 CE2 | ML E2
T > 8 881.1 100 ML + E2 2669 51.0 | 822 60.1
7, 8, 250.5 96 M1 1652 0.053 1672 0.0Lk
T, 6 9619 73 - 585 36.9 643 33.3
| b ~ . =6 o5 W
7,7 8, 112.2 -~ M 183 1.58%10 248 T.86x10 o
5,7 6, 929.9 ol ML 2631 b7 939 3.0
s v 6y 7.2 LI (ML) | 127 2.63x107° 132 2.04x107?
5l'+ b | 976.5 -~ 100 ML . 517 ' 66.9 751 - 66.2-
82»4 8, - 630.9 100 M1 5966 21.5 - 1909 16.3
8, > 6, (T1k.4) <13° - 0 1.59x107" 0 / 0.0475
| 6é > 8, | }(769;2) < 4¢ - 0 1.05 0 33.2 g
6, > 65 - 852.7 100 M . 2782 109 870 65.5 E%
6,7 by (899.3) <€ - o 26.5 o 6.1
: A — ' {continued)
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Table 3 (continued)

. Theoretical Transition,Probabilitiesd

v Belati&e - . CT(A) x 1078 gect
Traﬁsitiona E . 'Brgr:iggng Multi- — : — —
o R Y.ﬂ' ‘Intensities _.po;arity‘ M R o ‘ _KB
(3,+3,)  (xeV) (ex0) (o) T T m — ——
by > 6, 909.2 5T e 0 ¥ o o7
ey 955.8 100  m 3246 158 235 50.3
by>2 1201.2 9 (E2) 0 k33 o - 98.0
by > 2, 92.1  ~0.05° (£2) o —- 0.025 - 0.022
2, by (863.3) . --- e 0 5.7 0 - 78.0 v
) _'é2 > él (1108.6) =~ =m- R ugho om 1.1 1.hk
2, + dl | 2290.0 100 e 0 17300 0  Lh00

aJiiand'Jf~refer to the spins of the initial and final states_réSpectively. The subscripts 1 and‘?_;efer:to

the first end second levels (increasing energy) of a given spin.
bEstimated from conversion-electron line intensities in the spectrographic plates obtained by Hoff and Hollander®).

cEstimated from preliminary data taken with a comptonnéuppressed Ge(Li) spectrometerhz).

~

'dValues 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 83s 8y and g+

gle-1a71
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-Figure Captions

Fng 1. Gamma—rgy spéctrum_of 210At in the energy rahge-l6-l30 keV.

210

Fig. 2. Gammg-ray speétrum of At in the energy range 100-2500 keV., -

210

Fig. 3. _Conversion—elecfron spectrum of At in the energy range 20-320 keV.

210

Fig. L. Conversidnhelectron spectrum of At in the energy range T70-1500 keV.

Fig. 5. Comparison 6f experimentﬁl»K-cohversion c0efficients with theoretical

values of Hager and Seltzerz?fzh).

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

210

(2" - Of) ground state transition in Po. The 852.7 keV transition is

shown to be in delayed coincidence with the 1181.} keV transition.

‘Fig.\?. ,Gammérray 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 eloAt,~ Absdlute transition intensities

-_fare;shqﬁh»bn,the‘ééh;me. _ S h

'.Fig.;g. vSummany of available data on levels in 210Po belbw 4 MeV. The spin
and barity assignmehts given in the composite level>diagram héQg been
deduced by a comparison of fhe data from reaction studies and the electron-

. capture decay of glOAt.

210Po(b)_with a shell-

Fig; 10. Comparison of the expérimental level scheme of
I e 438y . . I 208 35

model calculation(a)” ) and with the experimental level scheme of Pb(c) 7).

" The zero-order energies of the lowest 2-proton configurations in 210Po are

shown to the left.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
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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