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Abstract

. - " 20 : s '
The electron-capture decay of’ 9At has been investigated and present

q

’ data define twenty-one levels in 209Po. The multipolarity of thirty-six

tranéitions.have béén deduced and combined with data from recent feactibn étudies
to assign spins and pari;ies‘to levels. Evidence is presenﬁed to idéntify
seniority_one ana'séniority three states below 2.3 MeV which ariée froﬁ couplings
of‘the bneenegtron‘hole with'two—protOn configurations. A calculation |

using experimental data_from neighboring isotopes in £he:l¢ad region to approximate
residualAiﬁteractions was found to‘giVe remarkéble agreement with the experimentél
level structure beldw'i.G MeV.,- First-forbidden eléctron—éapture'transition

. , o |
rates to even parity levels at 2.3 and 2.9 MeV in 209Po-are discussed with

\ reference to the gé/z and ill/z'seniority one neutron states.

.
. 1

+Work performed under the auspices of the U. S. Atomic Energy Commission.
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RADIOACTIVITY 209, ¢ [from 209Bi(0L,4n)];

measured Ey’ I, I ,. Y=Y coinc; deduéed'

Y ce’a0g v v
EC branching, log ft. Po deduced levels,
J, ®, cc, Y-multipolarity. Ge(Li), Si(Li) detectors, Ge (Li) -
Ge(Li).coinc., mass spect.

(5]

*
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1. 1Introduction

. : . 2 :
Theoretical calculatlonslf ) of the level structure of 2;2Po and zéng
| - . . .
82

o ' . .. . 208 :
assuming two particles outside a Pb core have been found. to give remarkable

: 3,4, : o
agreement with the experimental™’ ") level structures. 'Due to the proximity of

209 ' 1 . ' . '

'84Po to these nuclei, one might hope to describe the low-lying level structure
209 . . - . '

of Po in terms of three-particle states arising from couplings of the odd-

neutron with the two protons outside a lead core. .The existence of such three

. . . 2 ' -
particle states was first ascribed to ogPo by Yamazaki and Matthiass) who..

. .. 208, : _ .
investigated the 8Pb(oc,3nY) reaction. Later reports of the same reaction by

2 e 6 e ' 7 ) _ .
Wikstrom ) and Bergstrom et al. ) have given further support to the existence

9

210Pd(d,t)20 Po and

of three particle states. A recent study8) of the

2 2 ’ . Y : , . .
loPo {(p,d) 09Po_reavctlons has located low-lying levels which are predominantly

of seniority one character. Although the electron-capture decay of 2ogAt is

expected to populate intensely only a few levels which have large components of

selected seniority one configurations, subsequent gamma decay should excite

seniority three type states which are not readily observed in the stripping

feactioné. The decay and reaction studies thus complement'each other and can
provide a more complete understandiﬁg of the low-lying level structure of 209Po.
In the present paper, we report on the investigation of the y-ray

. {
transitions following the electron-capture decay .of 209At. The energies and.

209

intensities of approximately one hundred transitions between levels in Po

have been measured and multipolarities of thirty-six of these have been determined

by measuring relative internal conversion coefficients. These data have been

combined with results from gamma-gamma coincidence measurements to construct a

209

decay scheme for At. Together with fhe data obtained through reaction studies,
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states arising from seniority three and seniority one configurations have been
identified and thé'electron—captﬁre decay to these levels are discussed in terms
of the singléFneutron states giving rise to.fifst forbiaden B~decay tr;nsitions.
Finally, the levei spectrum of‘zogPo hQS'beén cqlculétea using expgrimental
matrix‘elehentsvfor proton-proton, proton-core,vneutfon-holé~prpton, and neut:on-
.hoie;cqre~interacti¢ns obtainéd'frcm_analysis of the.level structuie of nuclei
adﬁacent.to ZOSPbQ ;The calculated spectﬁum.below 1.7 MeV in excitatibﬁ—energy
compares reﬁarkably weli:with-the_expérimental level spéétgum;

‘During the course of our study a number of reporté of similar'investigatiéns

9,10,11,12,13

have éppearéd_in'the literature ). While our data ‘compare favorably
with -the results'from these'studies, especially regarding the more intense Y-ray

transitions, a number of significant differences are noted and these are discussed.

in the main text.
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2. Experimental

2.1. SOURCES
' ' L . o . . 209_. 209
Sources used in this study were .obtained by the reaction Bi(a,4n) At
at bombarding energies of 47-51 MeV with bismuth metal targets of thicknesses

' -2 . e o . ’ . . c s
30-59 mg/cm‘. Chemical purification of the astatine was achieved by volatilization

12,14 ' o '
"™7). Due to the broad excitation functions for the

(a,xn) reactions, sources prepared in this way contained varying amounts of 08At,

2lOA‘t, and leAt. While the contribﬁtioh from 208A£ could be minimized by

as previously described

reducing the beam energy below.the (a,5n) threshold, theSeksources contained

210

unacceptibly high fractions of At activity, and, as a result, it was necessary

to deduce the Y-ray transitions following 09At decay by analysis of fairly

208

complex spectra. The Y-ray transitions of "~ At and 2l'OAtl"were identified by

'comparison of energies and intensifies with the data reported by Treytl, Hyde,

and Yamazakils) and Jardine, Prussin, and Hollahder3). Td'confirm’éssiéﬁmeﬁts

209

made to the At spectrum and to search fof additional weak transitions, a low-

= 209 : o
intensity source of 0 At was prepared by mass separation in the Berkeley

-Isotope Separator. No Y-ray transitions were detected from this source other

209

than .those from the decéy of the At and its decay products.

Two types of sources were used for conversion electron measurements.

, _ : . ) . o
When astatine was obtained by the volatilization procedure, solutions containing

209

.the - At'were e?éporated onté aluminum—coéted mylar which was then coated with
- a thin (3-10 yg/cm ) layer of!aluminum to prevent migration of the astatine in
) . ! . ‘

L P . N - L. 209
the vacuum chamber of the electron detector. For the mass separated At, 4a

o © ‘ .' s i 3 . ) o !
narrow strip from the aluminum collection plate was used directly as a source.

1
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2.2. GAMMA-RAY SPECTRA

Gamma—réy singles spectra.in.the'energy rénge of:lOO—27OO keV.Qere
obtained with a 35--cm3 (éysﬁem resbl?tion 2.6 keV (FWHM) at 1332 kevV) coaxial
Ge (Li) defectqr. .For méasurements is thé energy rangevéf 16;500 keV a 10-cm
planar‘Ge(Li) detector (system résolution 1.5 kev (fWHM)‘at 122 keV) and a
0.784 cm2 X 5 mm Si(Li)'detector (system resolution O.8-kéV'(FWHM) at 60 kevV)
were employéd; Ali‘measurements Qeré'taken with conventional high—rate pulse
electronicsle'l7) coupled to a 4096-éhannel analog-to-digital converter of the

18 19,20,21

successive approximation type ) was used

). A PD?-? camputer system
for on-line analysis.' Typical Y4ray speétra afe shown in figs. i, 2, and 3.

_ Thé spectra were analyzed with the camputer code SAMP022) and energy calibration
was 6btained with the data compiled by Jardine23). UnCértainties due to the
relative efficiency calibratioﬁs of the various detectdrs were estimated to be
5% in the ehergy range of 100-600 keV and #4% in the energy range of 500-2800
keV24). The energies and intensities of Y-ray traﬁsitiohs definitely assigned

to the decay of 20% ¢ are given in Table 1 and a list of possible additional

weak transitions assigned tentatively through analysis of the spectrum obtained

with the mass separated source is giVen separately in Table 2. Absolute transition

inteﬁéities were obtained from the intensity balance of3thé decay scheme and
with_correctiéns fpr internal conversién'of'the low energy transitions with known
multipolarities obtained with the theoretical conVersion.coefficients‘of Hager
and Séltzerzs). For several of the low-energy transitioné of ﬁnqértain multipole
character; it wasbneceésary to assume vaiues consistent with placement of the

N . o _

transitions in the decay scheme. (The transitions at energies of 90.8, 113.2,

and 151.5 keV were all assumed to be pure E2 transitions. The 90.8 keV y-ray
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'was_not resolved from the KB X-rays of polonium with the detectors employed in.

this study. The reported Y-ray 1nteneity‘has been calculated from the measured
intensities of the L-conversion electrons which establishéd this transition to
be of E2 multipolarity.)

The date reported here are generally in good agreement with those reported
by Alpsten, Appelgvist, and Astnerg) (AAA) , Charvet gt_gi.lo), and Afansev et.gi.ll).
A number ofvdiscrepancies'are, however, worthy of note.-'Tﬁe Y—ray transitions
at energies of 1056.0, 1333.4, 2105, and 2204 keV assigned to the decay of 209,¢
by AAA9) were not observed in our measurements. We can set sufficiently low
intensity liﬁits.for tﬁese to cenclude that they probably do not follow the 209At
decey. This  argument is also used to rule against the tentative assignments by
AAAg) of transitidns at 807.4, 895.0, 2111, and 2448 keV‘to the decay of 209At.

We have found that the transition reported by AAAg) at il47.6t0.2 kev (with a relative

photon intensity of 2.4%0.1) can be resolved into a doublet of lines at energies of

- 1147. 4+0 3 and 1148.810.3 keV with relatlve photon 1nten51t1es of -1.5%0.1 and 0.86%0.10,

respectlvely. Flnally, the discrepancies between the intensities. reported for the 104.2.
keV transition is not considered serious and the lower value for the 1nten51ty of the

985.2 kev Y?ray reported in this work may reflect a correction for a contribution

205

from the decay of Bi.

'
!

2.3. INTERNAL CONVERSION ELECTRON sEECTRA

Spectra of conversion electrons were_obtained with e 0;’785:cm2lx 5 mm
iithium—drifted silicon detéctor‘(operated at liduid nit;eéen temperature) coupled
to the same data ecquisitioh'system‘and pulse electronics used in the Y?ray

singles measurements (see section 2.2). This system gave a resolution»of 1.2 kev
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(FWHM) for 100 kéV electroné and 2.2.keV’(FWHM) for thé.Kfconversion electron
line of tﬁe:1063 kéviffansitioh'in the decay of 207Bi. Electron spectra were
analyzed for eqergies and intensifieS'with the cqmputer.code SAMPOZ?) with the
K-electron lines of thevstrbnéer transiﬁions used for internal energy calibraﬁipn;
The relative éiéctron éfficiéncy function of this deteéfof-Was determined to
t4% over the'energy range of 100-1500 keV énd +7% over the range of 1200—1700 keV
using thé_methods described elsewhere26).  |

Some typical conversion elecfron spectra obtainéd with the mass separated
soufce are shown in figs. 4 and S. Béth these.and épecfra obtainéd from |
unseparated sources were used for extraction of electron inteﬁsities; The

electron intensities obtained from

these measurements were combined with measured Y-ray intensities to determine
conversion cbefficients relative to the K-conversion‘coéffiéient for the 545.0
keV (5/2f > 1/27) ground-state transition. This transitioﬁ was assumed to be

of pure E2'chafa¢£er5) and absolute values for all convérsion coefficients were
thén °btéined_th£o£gh use of the theoretiéal value of ak(EZ) for this traﬁsition.
These are given in Table 3 along Qith the'multipolérity assignments deduced by
comparisoh with the theoretical valueszs). Thé éxéerimental K-conversibp : e
cOefficients are éle.shown in-fig; 6 with the theoxeticavaurveé coﬁstructed

25

from the values of ref. ). We comment further on several of our results in

the following parégraphs.

. w
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Ly Lyt g

this transition establishes the multipolarity as E2 in agreemént with previous

2.3.1. 90.8 keV transition. - The measured ratio (0 + )/o¢L for

resultsg'lO

). - The total transition intensity and the intensity of the 90.8 keVv
Y-ray were then obtained by comparisoh of the total L-conversion electron intensity
with ~ the K-electron intensity of the 545.0 keV transition.

2.3.2., 195.0 keV transition. The M1-E2 hixing.ratiole + ®0%E2 for

the 195.0 keV transition was determinéd from the ratio of our ﬁeaéured K and M+...
conversion coefficients. The éxperimental'ratio was l9,2i4.7 and the théoretical
ratio for M1 + 20%E2 is'aK/aM = 19.4,- Our value of Olye is in agreement with
ama®y.

'2;3.3. 551.0 and 552.4 kev transitions. The K-conversion electrons’

of these two transitions were not resolved in our spectra. Using our relative
Y-ray intensities ahd assuming the 551.0 keV transition to be pure E2 as required
by our decay scheme (section 3), the O of the 552.4 keVv transition was calculated

from the sum electron intensity to be 0.086%0.10 which is consistent with M1

multipolarity.

2.3.4. 1147.4 and 1148.8 keV transitions. As discussed in subsection
2,2, theée were detected as an unresolved doublet for which we were not able to
resolve the K-electrons. Both our Y-ray and conversion electron sum intensities

agree with AAAg). If we assume that the 1148.8 kev transition is of El multipolarity

! .
i

as suggested byvthé level scheme of section‘3, we‘calculate an aK = 0.005%0.001 for the

.1147.4 keV transition which inlies E2 multipolafity. These results remain

tentative but consistent withiour level scheme.

2.4. GAMMA-GAMMA COINCIDENCE MEASUREMENTS

Three parameter y-Y cqincidence measurements of a mixed source were

. | .
taken with two coaxial Ge(Li) detectors of about 35 cm3_each (active volume).
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The axeé of thé two detectors were pbsitidned at_90°.with'respéct_£o the sources
and were separated'by'a'graded Shieid (iead%cadmiﬁm—cobéer)'to minimize -
scattering between the detecforé. A fééf—coiﬁcidence electfonic arraﬁgement

was used similar to that described by Jaﬁievic 93_21,27) with the width of ‘the
prompt time distributionvdeter@inedvbyvthe 545,0-781.9 keV y-ray cascade of about

40 nsec (FWHM)“ Three parameter data (El' E., At) were stored serially on

27
magnetic tape and later—Sorted on the LBL CDC-6600 CQmputeﬁ system. The sorting

routine employed permitted subtraction of. random evénts ahd_events associated

with the-neighboring Compton distribiuitions from each enefgy’gate with sorts

performed at a fnglving time of about 80-nsec. Several typical coinéidence
12,

spectra are shown in figs. 7 and 8»with.the complete set given in ref. ).

3

-«




—o- = 5 | . LBL-245

3. The Decay Scheme

Coincidence measurements and the sum-difference relationships among

Y-ray energies have been used to construct the level scheme shown in fig. 9.
A , . 5

Spin and parity assignments are based -upon previously reported data -9), our

21

conversion electron measurements and the results of the QEo(d,t)zogpo and

210Pq(p,d)299Po-reaction'studiess).-.Ihe,electron—capture b:énching ratios to the
various 209?0 levels Weré calculated from the total tfansition intensity

depopulating eaéh'ievel using ouf relatiQe Y—ray.intensity.data corrected for

internal conversion and assuming no B—deéay to the giound éﬁate. Where n§ B-branching
was indicatgd, limits were determined.from intensity erfgfs"and these are shown

as daéhed lineg...in fié. 9. :Logvft values were obtaineafby'using,the'method.discussed
‘by Konopinski and R§s¢28). The Q—valuezg) used‘fof tﬁe eléétrOn—capture,decay;was |
:3483i9 keV and ihe‘half—lifé3o) was taken as 5.42%+0.06 hSurs.v The mode of the 209At
' deday was taken3l) as 95,9% EC and'4.1t0.5%‘a decay. - o

As discussed in section 4vbelow, the low-lying leveivspectfum can be

charaéteriéed by seniority one and seniority three states'é;ising from the . .
couplings of a single neutron hole to two proton COnfigﬁfgtibhs,'ana we discuss
the levél spectrum below with referéncé'this description;' As an.aidwto fhe

‘discussion we show in fig. 10 the experimental (neutronfholé) states of 207Pb

. . ' ., 2 . D
which may be compared directly to levels in 09Po assigned as seniority one

‘ o ' ‘ . | S o :
states. We also include in that figure a portion of the level spectrum observeds)

in the'ZlOPo(d,t)zogPé reaction which is characterized by.sﬁates believed to have
dqminantvseﬁiority'éne structures.
3.1. LEVELS OF SENIORITY ONE AT 0.0, 545.0, 854.4, 1761.1, AND 2312.2 keV

" The ground state and'levéls at 545.0, 854.4, and 1761.1 keV were strongly

populéteds) in tﬁé‘reaction 210PO(d,t)20920, with cross sections comparable to



-10- , LBL-245
those observed for excitation of single neutron-hole states in the 208Pb(p,d)
. s s .2 .
reaction. The transitions to these states in 09Po were assigned definite
f-transfers of 1, 3, 1, and 6, resbectiVely.. The spin of the ground state has
been measured ) as 1/2 and by analogy w1th the levels in 2_07Pb, the angular momentum

transfers fix the splns of the other three levels as 5/2(545.0), 3/2(854.4), and

13/2(1761.1). These four levels are identified with the‘seniority one configurations

2 -1 | 2 -1 2 -1
g 32 ve, 2 TH L, g i vie 0, g 0 v, 0,
9/2, T1/2 1/2] 72y 32 5/2” 8/2° T3/2 T3,
and (ﬂ(h9/2 V(ll3/2) ») . :

13/2
‘The spln and parity of the level -at 2312 2 kev is fixed at 9/2 by

observation of:decay to the levels at 545.0 and 1761.1 kev by M2 and E2 transitions,
respectiVely.» This level receives about 75% of the intensity in the electron-

o - 209. " . . . | .
capture decay of- 9At by an unhindered, first forbidden transition (log ft = 6.1).

. . 9,33 ' ' , . © . .
As previously pointed out '7), electron capture of nuclides in the immediate

vicinity of 2085, probevcore excited states and it is likely that the level at

2 1, |
)" vlg,,,)) .. This
925 T2 gt

interpretation is cons1stent w1th the fact that thlS level was not observed .in

21 . . . .
the - Opo(d,t) reactlon studies ), as the g9/2 orbital is expected to be almost

empty in the 210Po_(target) ground state.

2312.2 keV arisesafrom the dominant configuration (m(h

The transitions shown in fig. 9 arising from the decay of these excited
seniority one levels are in agreement with those placed in the decay schemes of
AAA ) and Charvet ) with two notable exceptions. The trans1tlon at 342.8 keV has
v»not been placed between the 9/2 state at 2312.2 keV and:the 13/2 state at 1417.8
keV. If this placement_were correct,'thes the transitioa energy sﬁoﬁld be the sum
of thcse at 164.2 and 23952_ke§. A precise determination of these Y-ray energies

with 133Ba and l82’_I‘a as internal standardsZB) gave the fcllowing sum relations:

»
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(104.187+0.003)_ + (239.190%#0.018)_ = (343.377+t0.020) # (342.87+0.008)
: Y ' Y sum Y

which is,also in agreement with the values given by AAAgy

104.1£0.1) + (239.1%0.1) ‘= (343.2+0.2 (342.8%0.1) .
( D, @ )y = ¢ ) gum 7 (342.820.1)

- . Further, our expeiimental O implies a multipolarigy of Ei + A10%M2
or E2 + ~30%M1  and _ the latter would be inqonsistent with this placement in the
decay-scheme. The transition'may be an unresolved doublet and at this time»we have no
energy sum or definitive coincidence information upon which‘a placement in the decay
- scheme can beubaséa.

We also note that the 596.4 keV transition cén'béﬂpiaced in

Eﬂg:different 16cations in the level écﬁeme oﬁ*the basis of energy sums. We
favor the tentative placement (based on very weak Y-Y coincidence results)
between the'9/é+'sta£e at 2312.2 keV and 9/2” state at 1715.8 keV which would
suggest an.El mﬁltipolarity., However, thevexperimental.aK:iS'consiétent with
either Elvf Q’.LS%MZ or'E2,+v§80%Ml. | Thus, either the ﬁransition has two

components-with some inténsity belonging to each placement or there must be an

M2 component in strong competition with the El.

3.2. LEVELS OF SENIORITY THREE BELOW 2 MeV
The theoretical calculations presented in section: 4 suggest that additional

' . 2 . . , . \
states below 2 MeV in 09Po can be assigned dominant configurations of the type

ﬁ(h9/2)2 v(&.) and all additional observed levels in this energy range are
J#0 ‘ : ‘ o - o
shown to be of 0dd parity. Detailed arguments for spin and‘parity assignments to

n

these levels are given below.
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3.2.1. 1levels ét 1175.4,,1326.9,'1409.1, 1417.8, 1522.0, 1715.8, and
1991.2 kev. The parity of the level at 1175.4 keV is established as odd and
its spin limited to 3/2 or 5/2 by the 630.3 kev (M1) ané ii75.4vkeV (E2) transitions
to the first-excited and ground states,'fespectively. The (M2) characfer of
the transition at 1136.5 keV from the 9/2+ level at 2312.2 keV establishes a
definite 5/2f assigpment to the 1175.4 kéV level. This level was weakly

populateds) through an £ = 3 transfer in the 210

Po(d,t) reaction which is
believed to result from configuration mixing With the 5/2é.seniority one level
at 545.0 kev.

" The angular distribution mgasureménts ovKamazaki‘and Matthiass) establish
the spin and parity of the level af 1326.9 kev as 9/2 . .The measured E2
multipolarity of the 78;;9 kev tran;ition from this level to 5/2_ first excited
s£ate is consistent with this assignmeﬁt.

The level’af 1409.1 keV was established by definition of éhe-903.05—
.233;7—1175.4'Y?ray cascade through coincidence measurements. The 903.05 keV (E1)
transition from the 9/2+ level at 2312.2 kev énd’the 233.7 kev (M1l) transition
to the 5/2- level at 1175.4 kev fi# ﬁhe spin and parity as_7/2—. Similarly,
the spin and parity of the level at 1522.0 keV is defined as 11/2_ by the 239.2‘keV 
(1) transition from 13/2 level at 1761.1 keV and by the 195.0 keV (M1 + E2)
transition to the 9/2° level at 1326.9 Kev.

. The level at 1417.8 keV was strongly excited invﬁhé 208Pb(0L,3nY) reaction
‘studies by Bergstrom 93_2237), indicating a high value for the spin of this lével.
An odd parity and évspin aésignment in the range 9/2-13/2 are assigned to this
lével through the Ml character 6f the 104.2 keV transition and the E2 character

of the 90.8 keV transition. We note further that the measured ratio
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(aL + aL )/OLL . for the latter transition is consistent with an assignement
1 2 3 :

of pure E2, the assﬁmption of which would lead to a definite assignment of 13/2
for the spin and parity of the 1417.8‘keV level. While this remains somewhat
fentativé, it is consistent with all experimental data.

. The levelé aﬁ 1715.8 keV and 1991.2 keV were also‘established from
| coincidence data. A definite assignment of 9/2  for the spin and parity of the
1715.8 keV level results from the measured multipolarities of the 1170.75 keV
(E2) and 388.9 keV (Ml) transitions to the levels at 545.0 and11326.9 kev, and
through pdpulation by the 1148.8 keV (El) transition from the 11/2+ level at
2864.§ keV (see sectibn 3.3). The level at 1991.2 keV ié assigned the spin and
parity of 7/2- through the measured multipolarities of the 815.6 keV (M1) and

'321.1 kev (El) transitions. ' . A level at 1996 keV. was
210 '

.

8 . - o . . .
excited ) in the Po(d,t) reaction via an £ = 3 transfer. Our spin and parity

assignment is consistent with this result if the 1991.2 keV level is assumed
tb be that observed in the reaction experiments.

3.2.2. ILevel at 1213.8 keV. A level at 1214 keV was weakly populated

(presumably thru an admixture of the seniority one 3/2-.state at 854.4 keV) in
the\-z;oP.o(d,t) reac.tion8) with an £ = 1 transfer, .implying a spin and parity

,assighment of (1/2,3/2)_ for this level. We have observed a weak Y-ray at an

energy of 1213.8 keV in the aecay of 209At;and tenatively assigﬁ th;s,as the ground state
trénsition in the decay of the same level. The theoretiéal calculations given

in section 4 5upport this level and the assignment of.3/2* for the spin_and

pafity;_
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3.3. EVEN PARITY LEVELS AT 2864.6, 2902.5, 2908.5, AND 2978.5 keV

The eveh_pafity nature of these levels is readily established through
the measured multipolarities of y~ray transitions arising in their decay and
log ft values for electroﬁ—capture decay %o these levels ére consiétent with
first-forbidden transitions. A spin of 11/2 is aésigned to:the level at 2864.6
keV through decay to the 2312.2 kev (9/27) and 1761.1 kev (13/2") levels by the
transitions of'552.4 kev (M1) and 1103.5 keV (M1.+ E2), respectively. The
1141.4 keV M1 transition to the l3/2+'state at 1761.1 keV limits the spin of the
2902.5 keV level té 11/2, 13/2, 15/2. However, £he relatively low log ft of 7.1
for electron—captufe decay to this level ;nd the weak 2357;7 keV transition Fo

the 545.0 keVv 5/2- level argue strongly fbr.the lower spin assignment of 11/2.

The probable multipolarity assignments of (El) to-the.1581.6 keV transition .

populating the 9/2_-leve1 at 1326.9 kev and (E2) éo the 1147&4 keV transition
to the 13/2% state at 1761.1 kev limit the spin and parity of the 2908.5 kev

level to 9/2+,«11/2f. The log ft value of 6.6 for eleétroh-dapture.decay to

this level is consistent with these assigﬁments.

The 1262;6 keV (El) transition. to the 9/2; level at 1715.8 keV limits
the spin of- the ievel at 2978.4 keV to 7/2, 9/2, 11/2. The tentative assignmeht
of (M1 + E2)vfof the multipolarity of the 1217.2 keV trénsition to the l3/2+

_lével at 1761.1 keV and the low log ft value éf 6.4 argdebfor an assignmént of

11/2 for the spin of this level.

3.4. LEVELS AT 2654,4,_2836.0,'3072.8, AND 3251.9 kev
The levels at 2654.4 and 3072.8 keV have been placed in the decay scheme
on the basis of sum-difference relations between Y-ray energies, while the level

at 2836.0 keV resulted from a weak coincidence between 1074.8 and 239.2 kev
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Y-rays. While thé lack of mu}tipolafity assignments to Yfray fransitions arising
from these levels precludes definite assignments of spins aﬁd parities, we note
that the presence of a ground state transition inbthe decay of the 2654.4 keV
level along with thelmeasured lo§ ft éf 8.6 for electron-cépture decay limit

' +
likely assignments to 5/27 or 7/2+.
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4,  Calculation of the Level Spectrum of 2'09Po Using
- Experimental Two-Nucleon Matrix Elements

The calculation of the energies of high spin‘states in 210Po using
experimenfal,;evelVenergies and ground state nuclear masses to estimate matrix’
elements’for'protoh-proton infefactions has reproduced a pértial level. spectrum
in exéellent agreement with experimental.data34). Similar calculations appiied
to high spin states of other'nﬁclei in the vicinity of.208Pb have also reproduced

35,36 . .
S ), that it is of some interest

experimental spectra withvsufficient quality
to considervhow well this calcﬁlational techniqug repréduées the complete level
spectrum at low e#citation eneréies. The basic.assumpfions underlying this
approach are that the Hémiltonian can be written as a suﬁ of two-body iﬁteractions
which are identidal to those in neighboiing nuclei, and'tﬁat configuration mixing
may bé neglected. )

We have used this technique to calculate the lével:spectrum of 20990 with
the assumption that the lcw;lying level spectrum is deséribable in tems of
two proton;dné.neutron hole states. . Matrix elements for proton-proton and
neutron hole-proton interactions were.takeh from experimental data3'37) on the

enerxgy levels of 21OPo and 208Bi, respectively, while those for proton-core and

L . . . ' 209_.
neutron-hole-core interactions were estimated from the level spectra of 0 Bi

' : ' - . L 209
and 207Pb, respectively. With these four interactions, the mass MI( Po) of a
state of total spin I, formed from the coupling of the three particle momenta

) jv)I may be written as
123 | ' !
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. . G R j o
MI(209P6) -y 1 2 (210Po) .M v(207Pb) _ MQ_(zoapb)
+ 3 @@+ nlwG, 3 13,5 T3 al
| M "My 7V I Iy
J' . ' 1
) . ! ) 2 Jll
+ + "o+ j j i ; "
Z (23 + 1) v(‘2.J, 1) |w(31T2 Jﬂl I3, 33| AM.Tr 3,
: J" o 2 :
i (1) :
where '
(3, 3.3 o 3 - , ,
. T, T : + S 3
, T T : 2
AMJ =M o 08-Bi) + Mo (208Pb) lM(zogBi) - VM( 07Pb)
(2)
and
To341 F=3_  +3 aF =1 +1 3
T=J9+3, —Jnl 3112_' an —JTrl."J\).' )

The masé'(or energy) to be used in the above equations is the ground state mass

plus the energy of the excited state with the appropriate spin. (The W(j j' I j"; J J")
ate Racah éoeffidients.) The energies of leveis‘calqulétea with eq. (1) below

‘2 MeV in excitation-are coméaréd with the éxperimental speétrum in fig.'ll.

.We-have also ipgludéd in that figure the }evei spectrum obtained from thé.shell

vmodel calculagionkof‘Bald;idgé gﬁ_§£.38) which permits some qﬁalitative»evaluatibn

of the ;el;tige importanée of configﬁ;ation mixing in this energy range. .

' i

It is ‘evident from the data

| shown in figqg. ll,'that.fhe simple calculation -

~usiﬂg‘ekperiméntal matrix elements compares quite favorably with the more

sophiLticafed shell model calculation'and both reproduce the experimental level
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scheme quite wéil. With the exceptions of the ldwest lying levels of spin 13/2 andl7/2,
the calculation'reproduces the séme spin seguence of levels that ére experimentally
observed in the region below 1.7 MeV of excitation energy.

The neglectrof configufation mixing in the caléulations presented here
are evident, especially with regard to the enérgy of the séniority one level,

)-l) _r at 854.4 keV. The calculation of Baldridge gE_gl,38),

3/2 : _
which reproduces the experimental energy‘m'orev accurately, indicates extensive

. . 2 “v
("(h9/2)0+ Vip,

configuration mixing between this state and the seniority three state

(T(h )2 v(p ‘)_1) observed experimentallys) at. 1214 keV. The leading .
9/2 of 1/2 32" : v

terms of the wave function for the 854.4 kev level as obtained from the shell

model calculation38) were

0.863] (m_ )2

a1 -
072 4 Ve, , ) Y327 + L.

-1 - 2
) )3/2> + o.4s3|(n(h9/2)2+,v<p1/2

210Po(d,t)

It is of interest to note hére that while both 3/2- levels were excitéd in the
reactioﬁa); the level at 1214 keV was only weakly populaféd, presumably through
the (small) amplitude of the seniority one‘configuration contained'in the state.
A similar éituatién is épparent  relative to configuration mixing between the
two lowest 5/2_ lé&els,valthough the disagreement isvnotiaS’pronounced. Again

210Po(d,t) reaction but rélatively weakly in the

both states were excited in the
case of the level at 1175 kevV.

As a result of the comparison of the predictions of the two calculations

. . : . 6 . . ' ' e sl
with the experimental reactlons' '8) and radioactive decay data, the seniority .
. . g 2 |
one states corresponding to the configurations ﬂ(hg/z) + v(lj) where
0

1 -1 -1 =1

\V(Qj) = p1/2"f5/2’ Pyyr 113/2,-and 99/2 are now identified as are all of the
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' T . . ; 2 -1 . .
states of the seniority three configurations (m(h ) V(p )) with the single
. ‘ 9/2 I#0 ~1/2
exception of thé=15/2_ meﬁber.of this set. The lack of definite spin assignments

and the expected high level density above 1.7 MeV of excitation energy presently

vprecludé identif;catidn of seniority_Ehreevstates;érising'from the dominant
SPTSITE 2 -1 ' 2 B ] o .
t m (m .

‘conflgura ions " ( (hg/z) v(fs/z) ) and ( (h9/2) v(p3/2) ) Configuration

. J#0 . J#0 :
‘mixing.is certainly of more importance in this energy range, and as a result the
2 V(f )—1) . is probably fragmented over
ot 7/2 7/2"
Po(d,t) reaction détag) indicated a relatively

seniority one configuration (n(hg/z)
- 210

several states near 2 MeV. The

strong £ = 3 trénsfer to a level at 1996 keV and it is likely that this level

may correspond to our level at 1991.2 keV and contain some- of the strength of this

7/2" configuration.
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5. Electron-Capture Decay Rates

09At should favor transitions to seniority

’ 2
Electron-capture decay of

2 o . .
one states in 09Po where the transitions are relatively unhindered. The ground

209_,124
85At
3 ' 6
) \)(fs/z)
9/2 .0 9/2 _ : 5
large components of the seniority one configurations (W(hg/z) V(g +
: ’ 0 9/2
2 . 1 . . .
9/2)0 v(lll/Z) )ll/2+ are expected to proceed via unhindered first

forbidden transitions. Decay to other seniority one configurations should be

state of is presumed to have thé‘dominant'configuration

(T (h

9/2 _ and consequently strong decay to levels containing

1
9/2) )

)

and (m(h
highly hindered because of the large change in orbital angular momentum in these
cases.
: + . , : ) . .
The 9/2 level at 2312.2 keV has been assigned as having the dominant
configuration (TT(h9 )

/2
decay with a log ft =

) +) + and it is populated by electron—capturé

9/2° 9/2
1. This value is comparable in magnitude to that

2

Vi{g,
o 9/2
6‘

. 3 . .
observed ) for the same transitions ('lTh9 ) seen in the electron-capture

decay of 2103 ¢ o 210p,,

/2 " Y9,2

A number of levels at about 3 MeV in 209Po are popﬁlated by electron-
captufe transitions of relatively low log ft values, and it is probable that

these proceed via components of the seniority one configuration

2 . : - . : _ .
(ﬂ(hg/z) v(lll/2) ) 4+ From the energy spacing of the 99/2 and 111/2
0 11/2 11/2 37 39 . _
neutron orbitals derived from the spacings™ '~7) of the 9/2 ground state and
209

Pb (778 kev) and in 1t

. + . ' 1
the 11/2 first excited state in Po (687 keV), this
. . . | | o o
~ configuration is expected to lie near 3 MeV in Po. Configuration mixing with
other even parity states in the vicinity can be expected‘tb produce substantial

fragmentation because of the level density.
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Teble 1 . Gamma-rays observed in the decay of 29%at.
Relative® Relative’
Y-ray Y-ray transition
Energy ~ intensity intensity

(keV)

90.8 (2) (2.0 (2))°¢ (23.9 (25))°
10&.5‘(2) 2.20 (25) (gg:? Eﬁf;
113.2 (3) 0.18 (k) (0.97)¢
151.5 (3) 0.06 (2) (0.1)%
191.1 (3)¢€ 0.1 (7) -
195.0,(1) 2h.2 (12) 1 60.1 (32)F
233.7 (1) 1.10 (9) 1 2.33 (18)
239.2 (1) 113.5 (5) 1k.2 (7)
321.1 (2) 0.69-(3) 0.70 (4)
342.8 (2)° 0.57 (3) 0.67 (5)
388.9 (2) 0.5k (3) 0.68 (5)
415.8 (6)8 0.06 (2) -
433.8(3) 0.08 (2) -

Lyt (2) 0.29 (2) 0.3k (3)
. Relative® | : Relative®
Y-ray Y-ray L Y-ray Y-ray .
Energy intensity Energy intensity

(keV) | |

.5h5.o (1) 100 1272.9 (2)° 0.22 (2)
5510 (3) 5.1 (2) 1311.7 (3) 0.056 (6)
5524 (L) 1.6 (2) 1342.9 (3)F 0.071 (6)
. q.?o (11) 1357.0 (2) aﬂo.18_(l)',

55,6 (4)

(continued)
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Table 1 = (continued)

Relative® . Relative®
Y-ray S Yeray Y-ray Y-ray
Energy - intensity Energy - intensity
(keV) S ¢ (kev) '
596.4 (2) - 0.72 (k) . 1k09.0 (6)% 0.019 (8)
630.3 (2) - 0.75 (3) 14111 (u)e’if: 0.058 (8)
666.2 (1)  2.04 (T) 1527.0 (3)8 0.031 (6)
719.6 (3)¢ 0.08 (1) 1M6.15 (10) - 0.58 (2)
750.9 (2)° 0.07 (1) | 1456.4 (2) a2 (1)
781.9 (1) 91.7 (26) 1478.9 (3) 0.04k (L)
790.2 (1) 69.9 (20) Wwek.7 (3 - 0.10 (1)
799.1 (2)° 0.11 (2)  1490.8 (2) | 0.29 (2)
809.8 (3)%°% 0.036 (8) 1533;1 (2)° 0.17 (1)
815.6 (3) C0.25 (3) 1537.7 (1) 0.5h4 (1)
817.7 (3)°°8 . 0.18 (W) 1575.6 (2) . C0.92 (W)
- 826.8 (3)%°7 0.05 (1) | 'i581.6 (1) | 1.95 (7)
854.% (2) 0.64 (k) 1622.4 (2)° 0.18 (1)
86k.0 (1) 2.24 (10) 1651.5 (5) o 0.043 (k)
903.05 (10) 4.00 (12) " 1687.3 (2)° | N b.hl (2)
910.7 (5)‘3’i | 0.077 (11)7 | 1730.0 (h)g f | | 0.013 (2)
922.0 (3)e’i . 0.077 (10) '1745;8 (3) 0.090 (5)
‘..939.5 (3)® - 0.05 (1) 767.0 (1) 0.54 (3)
985.2 (2) 0.8 (1) | 1786.5 () 0.13 (1)
»1, 999.6 (2)° 0.17 (1) . 1803.8 )° | 0.058 (L)
1008.4 (u)e’i "~ 0.038 (9) 1810.0 (2)e i 0.043 (k)

(continued)
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LBL—24 5

| " Relative® o 'Belétivea
Y=ray Y-ray . Y-ray Y-ray
Energy intensity Energy ‘intensity
(keV). (keV)

1037.8 (4)°F © " 0.030 (6) 1861.4 (5)°% 0.008 (2)
11074.8 (2) - 0.21 (2) 1047.7 (W)° 0.015 (2)
1092.8 (4)° 0,09 (7) 2109.5 (3) 0.0b5 (1)
1103.46 (10) 5.9 (20) 225.8 (6)° 0.007 (1)
11136.5 (3) 0.075 (10) 2292.3 (5)%°1 0.0l (1)
1141.4 (3) 0.3k (2) 2319.6 (L) 0.008 (2)
1147.4:(3) 1.50 (10) 2342.9 (4)° 0.021 (5)
1148.8 (3) 0.86 (10) 2357.7 (6) 0.006 (2) °
1170.75 (10) 3.3 (1) 2363.7 (k) | 0.015°(2)
1175.4 (2) 2.1 (1) o e368.3 (4)° 0.012 (2)
1183.0 (3)°*8 0.16 (2) - 2433.44 (20) 0.015 (2)

i1§2.9 (3) 0.16 (1) 2528.1 (6) 0003 (1)
1213.8 (2) 0.47 (h) 2555.4 (h)e. 6.002 (1)-
1217.2 (2) 1.20 (8) 2588.9 (4)° 0.021 (3)
1243.9 (2)° 0.17 (2) 2645.6 (3)°. 0.013 (k)
1262.6 (1) 2{07 (8) éasu.u (L) 0,6034(1)

(continued)
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Table 1 (continued)

Absolute Y-ray intensities (derlved from the level scheme) may be obtalned by .
renormallzlng the relatlve 1ntens1t1es' .The 545.0 keV transition

has ~an absolute photon 1nten51ty of 94 4+2 0 per 100 decays of 209At.

b 25
The theoretlcal conversion coeff1c1ents of Hager and Seltzer ) were used to

derlve these" trans1t10n intensities.

“These intensities were calculated from the relative conversion electron
intensities where the 90.8 keV transition was assumed to be pure E2 (subsection

2.3.1).
Yhe multipolarity of this transition was assumed E2 for this table.
eThese'transltions are uhplaced iﬁ'the:present level scheme.

fThe multipolarity of this’ transition was assumed M1 + 20%E2 based on our

measured Valuescof’aK, aL' and a (subsectlon 2.3.2).

209At decay is based on the ‘observation of the transition in a

gAssignment to

. ... 20 21
low intensity 9At mass separated source with no oAt present.

. 2 . .
hA551gnment to 09At decay is uncertain.

’ 2 209
ThlS transition was observed as a very weak tran51tlon in mlxed loAt and At

209
sources and also in the low intensity At mass separated source; however the

2 ., .
assignment to _09At decay is still uncertain.

j . . 205_ . .
JThe intensity was corrected for a 5»BJ. component.

: : : ' ' 205
kAssignment to 209At decay is uncertain ( 05Bi?‘).

. . 226_ .
QThe intensity was corrected for a 6Ra component from room«background.
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Table 2. Possible additional weak transitions observed from a low intensity
.mass. separated H2.09At_ source. The assignment of these transitions to 209at
decay is tentative and these are not placed in the current level scheme.

| | Relative®
Y-ray : . : . y-ray
Energy I intensity
keV -
515.1 (3) . .05 (2)
523.0 (3) - 2 b.oh (2)
’103h.o () | . 0.037 (5)-
©-1112,9 - (6) - 0.022 (6)
1202.3 (4) 0.022 (6)
izlo,é (L) ‘; 0}047 (10) "
1295.8 (4) j _ 0.026 (6)
1299.0 (5) | - 0.022 (6)
1361.7 (6) . o 0.009 (1)
14194 (k) | o 0.0k2 (9)
1421.5 (5) - - 0,023‘(8)
15294 (5) , o 0.016 (5)
Y17o6.1 (7) ~0.006 (3)
2102.0 (h)_. , o ~ 0.008 (3)

-aThe Y-ray intensity ﬁormalization is the same as Table 1.




Table 3''. Experimental and theoreti¢al internal conversion coefficients:

209

At
Trensition Experimentala conversion b . . o Assigned
energy coefficient Theoretical chversion c0efficient multipilarity
KkeV (1073) E1(1073)  E2(1073) Mi(1073)  m2(1073)
90.8 (aﬁ + o )/op = 13k0 (100) | 3130 1300 142000 | L4100 E2
1 2 73 _
195.0 Ja = 1170 (120) 70.9 178 . 1k20 15910
o = 220 (20) 13 256 250 - 1800 M1 + ~20%E2
oy, = 61 (7) 3.06 674 58.9 | us6
233.7 o = T60 (50) 46 119 855 3230
| o, = 136 (10) 8.22 120 - 151 910 Ml \
. W
(op = 28(10))° 1.93 31.5 35.5 229 ?
239.2 - o = 37 (%) 43.5 113 ‘801 2990 .
o = 5.0 (10) 7.75 109 1k 834 EL
321.1 (aK = 26‘(15))C .22 58 357 T 1150 E1-
= o ' >E2 + ~30%M1 or
3L42.8 o, = 110 (10) 19 30.1 299 935, EL + ~10%M2
388.9 A = 190 (20) bk 28.1 213 631 M1
. ' ) =
LLT.7 o = 130 (20) 10.7 21 146 410 M1 i
, !
- . . . S
523.0 (aK = 320 (8_0))d T.73 20.4 96.6 257 (M2)2

(continued)




Table 3 .

(continued)

. a .
Experimental conversion

Trgnsition s coefficient | Theoretiéalb conversion coefficient Asgigned;
energy : _ : . : multipolarity
keV (1073 £1(1073)  E2(10” M1(1073)  M2(1073)

545,0 o = 18.7% 18.7 (assumed E2)®
551.0 18.3° 6.96 18.3 8k4.3 228 g€
5504 86-(10)€ 6.92 - 18.2 83.6 001 -

oo ’ _ oy El + ~15%M2 or
596 .4 o = .31 (5) | 5.94 _.15'6 68.4 175 E2 + ~302M1
630.3 o = 13.5 (ko) 0.859 3.83 10.2 31.1 M1
_666f2 U = 13 (2) 4.79 12.6 51.2 ‘;28 o

a; = 3.0 (8) 0.768 3.29 8.79: 26.3
719.6 ‘(aK = 130 (ko)) b1k | 10.9 41.9 103 (m2) &
781.9 e = 9.1 (7) 3.5k 9.26 33.8 81.4 ‘ o

o = (2) 0.560 2.10 1 5.62 15.7 - '
790.1 = 3.3 (3) 3.47 9.08 32.9 79 Bl

a = 0.50 (T) 0.549 2.04 5.L46. 15.2

(continued)

_TE_
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Table 3 .

(continued)

Transition

. a : .
Experimental ™ conversion

Assigned

Spc-14d1

 energy coefficient Theoreticalb.conversion coéfficiént multipolarity -
‘keV (10'3) E1(10'3) E2(10'3) M1(10'3)' M2(1o'3)
815.6 (o =29 (8))° 3.27 8.55 130.3 72.3 (M1)€
| 817.7 (aK = 16 (8))° 3.26 8.51 30.1 71.8 (M + E2)C
"~ 85k.k o = 26 (5) 3.00 7.8k 26.9 1637 M1
903.1 O = 3.3 (k) 2.71 7.07 23.3 54.8 il
1103.5 % = 9.0 (9) 1.90 L4.89 13.9 32.0 ML o+ ED '
' o = 1.6 (k) 0.294 0.95k 2.36 6.03
1136.5 (y = 37 (12))4 1.8 4.63 12.9 29.3 (M2)
1114 o =19 (6) 1.79 .59 12.8 28.9 M1
1147, se1f 1.77 4.55 12.6 28.9 g2t
1148.8 1.77% 1.77 L.sh 12.6 28.8 1 f
©1170.7 o = 4.6 (6) 1.71 4.39 12.0 27.h oo
o = 0.94 (32) 0.26k © 0.838. 2.03 5,12

(continued)



Table 3 . (continﬁed)’
: Experimentala conversion :

Transition coefficient Theoreticalb conversion coefficient As§1gned'
energy » : multipolarity.
keV (1073) £1(1073)  E2(1073) M1(107)  M2(1073)

1175.4 o = b9 (8) 1.70 k.35 1.9 27.1 B2
1213.8 (g = 6.8 (20)) 1.61 i 10.9 25.0 | (m +E2)°
1217.2 (a, = 7.1-(20)) 1.60 %.09 10.9 2.8 4 - (M + E2)°
. O , . :
1262.6 o = 1.8 (k) 1.50 3.82 - 9.89 | 22.5 E1l
1446.1 (0 = b4 (10))° 1.19 2.99 7.0 15.9 o+ E2)¢
1581.6. v(aK 0.87 (ko))¢ 1.03 2.55 5.57 12.7 (E1) ¢
1767.0 aK'='9.6 (20) 0.8548 2.018 3.968 9.38 M2

(continued)
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‘Table 3 . (continued)

&These conversion coefficients were measured relative to that for the 545.0 kev. (5/27 + 1/27) transition

which was assuméd to be ' pure E2.

bThéoretical values were obtained by computer interpolation from the tables of Hager and Seltzer25)

Chis value,was.¢Xtracted from a complex (doﬁblet) peak and is pentative due.to,poor réSOlution.
This chQersion coefficient is uncertain. |

®These vaiues were thained as stated in subsecﬁion 2.3.3,

fThese values were obtained as stated in subsection é.3.4;

&This theoretical conversion coefficient was obtained by extrapolation from the tables of Sliv and Bandéo

).
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Figure Captions

Fig. 1. Gamma-ray spectrum of 09At in the energy range of 100-1570 keV.
L , 209 08
Transitions not belonging to At decay are marked with symbols: A At,
DZloAt. fa
-. : . . . . . 209 . : . o . ‘ .

‘Pig. 2. Gamma-ray spectrum of At in the energy range of 6202660 keV.

I ' . 209 ' L 210
Transitions not belonging to the At decay are marked with symbols: OJ At.
. . 09 . : ) :

Fig. 3. Gamma-ray spectrum of 2 9At (mass separated) "in the energy range of
100-2700 kev.

Fig. 4. Conversion-electron spectrum (top) and X-ray épectrum (bottom)’of'

209 . s . . ,

At (mass separated) in the energy range of 16-240 keV -taken with a Si(Li)
speétrometer. (The bottom spectrum'was taken with teflon absorber covering
‘the electron source.)

. s : 209 .

Fig. 5. Conversion-electron spectrum of At (mass separated) in the energy
range of 80-1800 keV.

Fig. 6. Comparison of the experimental K-conversion coefficients with the
theoretical values of Hager and Seltzerzs). The values for M2 transitions
were extrapolated (dotted line) to 1770 kevV.

Fig. 7. Gamma-ray spectra in coincidence with the 666.2, 903.1, and 1446.2 keV
transitions. These helped to establish levels at 2978.4;'1409.1, 1175.4,
and 1991.2 keV.’

Fig. 8. Gamma-ray spectra in coincidence with the 1575.6{ 1581.6, and 1767.0
keV transitions. These helped establish the le§els_at.2602.5 and 2608.5
keV as well as the placement of the 1767.0 keV M2 transition. ' -

Fig. 9. Experimental decay scheme of 209At. Relative photon intensities with
their uncertainties in italics are shown above the transitions. Dashed

lines with limits represent only the maximum possible B-branchings based on

feedings from experimental Y-ray intensity errors.
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1

09

' ' . Iy 6,7 : 2 : '
Fig. 10. Comparison of the experimental '’) level scheme of Po (b) with the

: o 2
levels37) of 207Pb (a) and the. states populateds) (c) in the 210Po(p,d) 09Po

and 1oPo(d,t)zﬂogP.o reactions.

9950 (b) with a shell

"Fig. 11. Comparison of the experimental level scheme of 2
model célculatibn (a)38)_and with the calculation discussed in section 4,

(©.
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K- conversion
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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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