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Abstract

Infornatlon obtained from a study of the radwoactlve decay of 1.7 hour

20 8At and from on- llne studles of the ~y- radlatlons emltted by 208?0 produced

209 208

Bi(p En), Pb(a 2n); and Pb(a,hn) reactions has been used to con-

~struct a decay scheme for 208At and a level scheme for 208?0; Many of the

low- lylng levels can be exoldlned on the bas1s of the known levels of 206Pb

and 210 Po ‘and. the weak coupllng approx1matlon. .Among the 1nterest1ng features

of the scheme is a 380 nanosecond state whlch is identified as the 8+ member

.. o . . _ _ 5
of the band of levels resulting from the proton configuration (h9/2) .
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RADTOACTTVITY: 2OOAt; measured For Majp Ty Y Y coin. 208;,
deduced levels Jgm. . 1 & Ae Y T

WUCIEAR REACTIONS: 20%Bi(p,2n), 2%pb(a,on), 2%

Pb(a,kn) measured -
E‘Y ¥ lifetimes v angular distribution. : '
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1. Introduction
8Po,va

208

The purpose of this work was to study the level scheme Qf.eo
‘nucleus which is of some theoretical interest owing t6 its proximity to - Pb.

¢

It has two ﬁrotoﬁsfmofe'thaﬁ a closed sheli.of 82 and two neutrons less than

& closed configuration‘of 126. One might hopé'to understand its level structure

by'a.shell modelVdes¢fiption. As a first approximation one might start from

06

the level schemes of'glOPo and'2 Pb, aboﬁf which much is known, and apply the

weak ébuplihg épproximétion tordeséribe the interaction‘of.the two neutron hole
vstateé with‘ﬁhe two protén sfafes. |

| Our first'épb?oach'to the experimenéalbgoél ofbthis.paper was a de-
tailed study'ofvihé’réaiatioﬁs emitted by’1.7-hog£ 2085t in its electron
cébtufe decay td~295é§ﬁ' Gamma raytenergies and intenéities were measured with

lithiumgdrifted géfménium'detecﬁors and conversion electrons were studied with

silicon semiconductor detectors. Additional information was obtained by

" prompt and delayedbcoincidence techniques. Valuable additional information

wasuobtained'by the study of 208PQ radiationS'emitted during the course of

299Bi(p,2n)208P0'and'206Pb(a,2n5208P0 reactions carried out at the Berkeley

88-inch éyclotron-:5 These measurements were made with_gefmanium detectors
placed near, the target at ‘the cyclotron. The characteristics of the beam

and of the céuntihg eqﬁipment were such that the 208Po gamma rays could be

analyzed on a nanbsEcond time'scale during and between cyclotron beam bursts.

Astatine—208 was_first reported by Hyde, CGhiorso, and Seaborgl) who
observed its formation by‘the'a;depaj of 19-minute 2leFr and reported a half
life of 1.7 hours and an,EC/avbrahching ratio of.QOO. The product of electron
capture decay is 2.95-yeéf 208Po. Astatine-208 can also be prepared by bom-

bardment of bismuth with high energy alpha particles, but other astatine
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viéétqpes of simiiargﬁalf'lifexaré pféparéd,at‘thé:samé time.-“Stﬁdies of
astatine prepafédih this‘wéy séemed to-sugées?)fhe oécurrénce of isomeric
forms of 2%8at with half lives of 1.7 and 6.3 hours, but later work by
Thoresen, Asarb,vandrferlmanB) disproved the existence éf the 6.3hour form. . v
The only aftempt to measure the radiations of 208At was made in a 1956 thesis
study by Stoneru) who used NaI detectors to measure the ¥ rays. Hé reported
- prominent 7y rays af'i75 and 660 keV in coincidence plus some évidence for a
.-v ray af 250 keV. |

In the éxpé}iﬁéhtal‘éédtidn to follow we first éresent the resuits of
our resfudy of 2q8At.@eééy‘and theﬁ the resulté of in;begmfmeasuréments of
208 206Pb(

Po radiations as produced in the Bieog(p,Qn)208P03 a,2n), and

208Pb(a,hn) reactions. In secﬁion % we present a 20_8Po level scheme and dis-
cuss the evidence fbr this scheme On'a'levelfbyAIevel basis. We conclude in

section I with a discussion»df a possible interpretation of the results.

i é. Expériménﬁal
2.1. ASTATINE-208 SAMPLE PREPARATTON B
lHaving deéiaed to restudy 208At we considered all possible ways of
preparing it aﬁd decided on the following aslfhe most suitable for preparation
of radiocactivity-pure samples. We bombérded tﬁick targets of metallic thallium

-\

. 1 . .
with 120 MeV 2C ions in the Berkeley Heavy Ion Linear Accelerator (HILAC) to

2P (e, 5n) %

"~ produce l9.3-minute_?;2Fr by the reaction Fr. Francium was
separated in carrief—free form from the one gram thallium target and from
- radiocactive reaction products by techniques fully described elsewhere5). In

its essentials the technique involved the coprecipitationof tracer francium on
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silicotuhgsticracidﬁﬁrecipitatedﬂfrom cold saturated Hdl solution, followed

by thé dissoiutioh of the_precipitate in water, thesadsorption of the francium
‘on‘a short'ion;eXChange:célumn éf ﬁowex 50 resin, and later desorption 6f the
activify with 6M ﬁydrbchlbric‘acid. The time taken for the.separation ranged
from 40.to 60 minufésgso that all ffancium‘isotopes‘shorfer-lived than 212Fr
v:haa deéayédlto é ﬁ?éiigiﬁle.level. |

In some e#ﬁériments aliQuOfs of the final e;gFr samble were used with-

208

 ¢ut further treatment'forﬂthe measurements of At radiations about 1 or 2

hours after preparation or, more‘uéuallyz after an hour's decay of 212Fr; the

208At daughter was extracted from the 6M HC1 solution into di—iSoperyi ether

which was washedwith 6-84 HC1 and'then evaporated to make the final 2O8At
samples}' Samples'prépared ih'this way shbwed.no evidence of contamination

‘with any radioactivé:nuclidé;'., 

2.2. 'GAMMA,SPﬁcdeschY—AsTATiNE_QOB STNGLES SPECTRA

| 'Gémma raéiéﬁiéns wefe measured with sgveral semiconductor detectors.
MQst'measurements Qére made with a'6_cm? X 8 mm deep lithium-drifted germanium
' detéctor. ‘We alsé uéed.a'iarge coaxially drifted detector with a sgnsitive
volume of %2 cc. All detectors weré'méde by the semiconductbr detector group
of this laborétory:  Convenfional-electronic circuitry was used throughoﬁt
and spectra weré'feébrdgd on commeréiai muiti;channel analyzers. 1The effi-
ciency and gedmetry féctofs'for ali détectors were.meaSUred as a fﬁnction of
i—energy witﬁ a éeriéé of calibrated gamma.sources; Spectfa weré taken re-

08

peatedly over a period of several 2904t nalr lives to establigh that all

observed 7y rays belongéd to the same isotope.
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Flgure 1 shows the y- reglon from 90 to llOO keV as recorded by the.

6 cm2 X 8 mm deep detector in three consecutive measurements separated by
about 2 hours. .Figure 2 shows the entire spectrum‘from 177 to BOOO keV as
recorded by the 50 ce detector. Figure'B shows the iow energy region from 10
keV. to 100 keV recorded in a third detector, a thln silicon detector of
dimensions 3 cm? o B w;th aj mm‘sens1t1ve depth, This detector
used an electronic system with-a-cooled field-effect transistor as the first
stage of a charge sen31t1ve preampilfler ) - The energy’resolution of tnis
system.was 0. T keV full—w1dth-at—half-max1mum for X rays and <y rays in the
0-150-keV range,andhencawas well sulted for the search_for y—trans1tlons in
tnis energy rangeﬂ'

The'gamma”rays detected in these and similar measurements are listed
in table l'togetnervwdth-relative.intensities and other information. The
'most intense 7y rays have energies 177; 660 and 685"which, as we .shall see
below, form a triple cascade Whlch appears in a magorlty (79%) of the decay
events. Other gamma rays, in intensity greater than 5%, occur at 206 517,

808, 845, 896, 986, 995, and 1028 keV.

2.3. CONVERSION CORFFICTENT MEASUREMENTS
v Some conversion coefficients werevmade in a conversion coefficient
spectrometer constrncted by Easterday, HaVerfield? and HollanderY). This
instrument consisted of a Ge(Li)y detector (& em® X 0.5 mm) and a silicon
semiconductor electron detector»(l cm® X 3 mm) mounted in én evacuated metal
box in fixed geometric positions witn respect to the sample locatfon. .The
combined geometryvand efficiency factors of both crystals-were measured as
; . : 7).

a Tfunction of radiation energy with a series of standards A sample of

T

Q"
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OSPO Y rays

Seen ln

“ seen in
Po
reactlons (keV) .

-2 08

‘Po vy rags

decay (keV)

Relative tran-
sition Intensity
I 4T (in percent )’

At decay

for

° 208

Multi-.
polarity

Conversion
Electrons
Obsgerved

149.8
177
206

517
631
660
T3k
685
808
8L5

8%

o1hk8

P 993 -
1013*
o 1028
- 1113"
118k
11199,

11.1, 1o
13.31 18
1551 Ly
7.0

‘2.4’ kB2
177

206,
'1,252»

332*
517
631 -

© 660

.685 
808
85

7 88T*

8%

1231%
1280 -

S 1%62

1hz9*
57

~ 1539 -

L 1581%

S 1801
1869%

2028%

<2199
. oL 8g*
. 20563(-

- K2 X rays’
79 K
©.89.9 K31

A A

4“3A
O O

U
(@}

' V)
NI oS
O ®O

2 .
=2
0

™
O

3 =
F-30 0N
R EuUTOTY

NOOHOOOK I HWW H

U

o

¢ru>\n\n\ncnuaé\\ﬂjo-b'ba4rixlr

M E2
M M1

M1
- E2
E2

L E2
K M
K E1

(E2)

M1
M1l -

~ XN

NOTE 1:

o

NOTE 2: Asteri

oolunne

For vy rays above 1028 keV the tran51t10n 1nten51ty is set equal to photon
intensity.
sk after entrwy value in column 2 means y-ray not placed in decay
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20 8At evaporated on gold- ~coated Mylar film (O 25 mg/cm thlck) was placed 1n
the spectrometer.. Electron and y spectra were measured s1multaneously and the
areas under the yﬁphotopeaks end the corresponding electron peaks were de--
,fermined and correcfed with the apﬁropriate efficiency factors. A,typical 17
-electron spectrom;ie?ehown in fig. M.o To eliminate the‘possibility that 1oo
energy gamma raye might be detected iﬁ the silicon oounfer and be mistaken
for electron lines, additional meesorements were made with a teflon absorber
oF ‘sufficie;it th.ioknesefto S‘bOp. electrons. Measurements were made at 1 to 2
hoor infervéls to be certain fhat éll.electron and photo lines had a 1.7 hour
half life. |

Measured.K, L, and M convereion coefficients are jresented'in table 2
together with multlpolarltles deduced by comparlson with the theoretlcal
conversion coefflclents of Sliv and Band ).

‘In the case”of the’ 177—keV,tran51t10nAthe K-conversion electron groups
feli between tﬁe ﬁ&;and KB X rays and i£ was possible to get only an order'
of magﬁitude valoe. ;The ”teflon—absorbedﬁ spectrum was helpful in this case.

The & value of ~0.13 and . value of 0.31 rules out all multipolarities
o . _ out.

L
except E2. v
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Table 2
‘Tran- Conversion o ~ Sliv and Band Values .. Favored
© sition Coefficient _ - _ multi-
(keV) S El S oMl E2 M2 polarity
) .
177 oK = <0.135 . .091 - 1.81 210 - T.92
S aL = 0.31..  0.0165  0.3%5  0.k2 o Ee.
OCM"A:,VO.]_E ‘ o
206 oK~ 0.9 L0672 1.20 L165 5.52
QL = 0.19 | .0011 22 e , M1
oM = _o.lu . o ‘ S
517 oK = 0.062  .0082 .098 .021 27 ML+ E2
631 oK = 0.020 L0058 .066  .085 .18 E2 .
660 oK = _o{oi25 ©.0048 .051 .0125 16 E2
aL = o0.0043 - o
685 oK = 0.012 .00k6 . .ok .0118 Ak D
L ol l="_-_-Or.?OO_)+ .» |‘ ) : )
808 oK = 0.024% .O?}B .28 .0086 076 M1
845 0K = <0.0037  .0051 . .026 .0080 070 - (E1)
8% K ~ 'o.oi. boq28' .022 .0072 056 (E2)
986 oK = o.012] I " o M1
' S L0024 - .017 .0059 .02
995 K = 0,015 ' | _ M1
. 1028 oK = 0,017 .mﬁﬂsf ,.0161  .00561 .038 M1
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2.k, GAMMA-GAMMA éoiNCIDENCE MEASU?EMENTS lN‘ASTATINE-208.DECAY

| C01nc1dence measurements of conventional type were taken with two
germanium detectors of approx1mately 5 ce sens1t1ve volume ' In some exp rl;
ments the BO cc-germanium crystal vas used as one of the detectors. The
electronics circuitry consistedzof dupliCate Goulding—Landis fast-slow coin-
cidence systems9jf In one system single.channel windows were set'around the
photqpeak position‘of one of the prominent 0% rays and the output pulses were
used to gate the electronic system assoc1ated With the second detector. The
resolv1ng time of the-fast 001nc1dence network was set at a nominal value of

4o nanoseconds. Measurements were taken w1th the gating determlned by X .

X rays and by 177, 205, 660 ‘and 685 keV photopeaks..

Resul s of the experiments are shown 1n figs. 5 and 6 and summarlzed‘

in table 3. The most important‘result is thatvthe prominent Y rays‘of 17T,
660,'and 685‘keV are in coincidence. Because of the'high intensity of these
.‘gamma rays it can‘beuconcluded that:thiS-triple-cascade is involved in the
majority.of deca& events; direct deCay to the ground or first few excited

states is improbable because of the high spin of the parent iSotope.‘ The

coincidence results alone did not‘reveal the order of the =y rays in the triple

cascade but this information was obtained from the experiments discussedvin
section 2. 5. One of the important om1551ons from the list of 001n01dent

vy rays is the 1028 keV gamma ray (28% abundant in singles spectrum) which is
definitely not in coincidence,with the 177-keV Y ray-and'apparently not in
coincidence with'the 660 and 685-keV y rays. Houever, it does appear to be

in coincidence with K X rays.

©
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Table 3.. Summary of -~y 7y coincidence results.

~ Gate Setting

-y rays in coincidence

685
660
177
206

K-X rays

177,
177,

206,

17,

177,

206, 660, Bi5, 896, 986 + 993
206, 685, 845, 986 + 995
517, 660, 685,.8h5, 986, 993
660, €85, Bk5, 993

660, 685, others, 1028
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2.5. TIN-BEAM MEASUREMENT OF 8Po PROMPT vy RAYS IN O9B (o ,2n )208

208Pb(a,4n)2Q8Po, AND 206 (a 2n )208Po REACTIONS .

The low;l&ing levels of 8Po were also -studied by obsefving.y rays
in the ,O9B1(p,2n)208 o, 208Pb(a,un)208Po and 20-61)1)(05,2')208130 reactions.
This in-beam.work‘was done at the Berkeley 88—inCh‘cyclotfcn byvplecing e;
Ge(Li) detectorjclose to the target. Details of these experinents will be
published elsewherelo);v | T

Figure 7wdisplays Spectrevfrom.the 2O_9Bi(p,2n)208Po reaction taken'at
'proton energies of 12, 1k, and 16>MeV; A.few'y rays belonging to 2OgPo, a
. product of the (p,n) reactlon, are 1dent1f1ed, but most of the y rays belong

208__ 208

to Po and in most cases are the- same ones seen in the AT studles. The
208?0 radlatlons cnserved in these experlments are llsted in nable 1. The
most imporﬁant infcfmation contained'in'fig.;7 is nhe shifts in relanive
intensities cf the y‘rays’when the pfcton bomnanding energy'is reised. -These
shifts are useful fof determining the order of placement of the y rays in the
208Po level scheme, partlcularly the order of the 684-660 =177 keV cascade,

the results unamblguously place the 684 keV transition lowest and the 177 -keV
. transition hlghest.f The steady decrease in the 1ntens1ty difference for these
three Y rays 1is cansed ny the increesing pOpulatibn of high excited and higher
spin states, as discnssed by Sakai, Yamazaki, and-Ejiril;). Figure T provides
some valueble clues also on the placement. of other y rays in the decay scheme.
For example, the 896-keV Y ray appeers et a ioWer energy than the 845-keV

Y ray — a fact we meke_use of in the later discussion.

Similar measurements of 208Po v rays were made for the 20 Po(a,un)208Po

reaction induced by,SO-MeV_heliumnions and the 2O6Pb(a,2n)208Po reaction. In

the prompt spectra from the first reaction prominent <y rays were observed at

145 and ‘147 keV. These do not occur in the ~y-spectrum of 208At.v
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2.6. IN-BEAM MEASUREMENTS OF DELAYED ~-RAYS OF 2O8Po PRODUCED IN
208 208 . 206 208 ' '
Pb{a,Un)“""Po AND Pb(c,2n)"" Po REACTIONS

'EViﬂenéé for the existence of 208Po levels with lifetimes in the nano-

second range was found by Yamazaki and Ewanlg). These experiments were made

with'arGe(Li) detector recording y rays emitted by targets of 208Pb and 206Pb

bombarded with helium ions. 'The_beam.characteristips of the‘Befkeley 88 -

indhvéyciotroh‘(repétifion‘period is 100 to 160 nsec and time spread of each

bunch is'aﬁprbximatély 5 ‘nsec) are such that half lives of delayed transitions

can be méasured in' the périodIBetween beam bursts. A fast signal from the
Ge(Li),detecfbrxwas”used as a starting signal for a time-to-pulse-height

convertef>and'ﬁhe RF sighal'from'thé cyclotron (suitably delayed) was used

to stop the converter. The‘énergy and time signals were analyzed in a 2-

dimenSionai puiée heigﬁﬁ analyzer. Details of the method will bé published

elSéwherelB)Lv o B ’ |
Tt ﬁaé fdﬁﬁd tpat the 177,.666, and 684 cascade gamma rajs have a

prompt componént ih»fheir time spectra but in addition they all have a def

layed componenf wiﬁhﬁé half life of 390 * 90 nanoseconds as shown in fig. 8

which indicates the existence of a déiayéd vy-transition feeding the triple

cascade. The identity of the delayed tranSitioh ﬁas not clear from the data.
In addition, it was éstabiished thatAa'lh7—keV Y ray seen in ﬁhe

208Pb(a,4n)2O8Po study had a half life of 8 nanoseconds. This transition is

208

not observed in the radioactive decay of At. The. 177-keV 7y ray showed a

oW .

faster component of about 4 nsec, but no accurate determination of its half

life could be made.’ T
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2;7Q: DELAYED COINCIDENCE MEASUREMENTS IN 8At DECAY

The measurements presented in sectlon 2.6 made 1t des1rable to in-

208

vestigate the poss1ble occurrence of delayed trans1t10ns in the decay of At

even»though the coincidence experiments reported in section 2.2 had revealed no

evidence for them.' As e general introducthnvto this search we declded to
use X réYspfrom theielectron capture decay as start pulses for a time-to-
pulseeheight eonuerter and one or moreiprominent Y reys as the.stOp pulses.
The population of eny lonnglved state of ZOSPO, particularly the 390 nano-
second state, should be revealed by a delayed component in the tlme—tOfpulse—

Height spectrum of- the 177- 660-684 cascade.

The detectors con51sted of 1- 1/2 x 1- l/2 1nch NaI(Tl) crystals cementedv

to 56 AVP photomultrpller tubes. Thevfast ‘anode 51gnals were fed into 100 Mc
tunnel dlode dlscrlmlnators, the outputs of whlch fed 1nto an EG & G Time-to-
.Amplltude Converter (TAC) The energy 51gnals from.the preampllflers were

fed into conventlonal electronlc c1rcu1try u31ng s1ngle channel analyzers.to
set approprlate gates.‘ The gated output of the TAC was fed 1nto a 400 channel
pulse height analeer. The time resolution of.thls system (FWHM) was 2 nano-
seconds at the.energies measured. The TAC was gated on by the polonium X rays
emitted by.the 298A£ sample and off by the 177-keV ~ ray. The time spectrum
so obtained ls'showé in fig. 9. The presence'of.a 380 nanosecond component

in this time spectrum proves that some unidentified level lying above the
177-660-684 cascadeﬁis being populated at least partially by‘208At decay. In
.section 2.9 we discuss an experiment'whlch leads to the conclusion that in
fact approximately 35 pereent of the decay events pass through this delayed

level.

L3
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in a sécqﬁ@ éxperiment'in’ﬁhich a shorter time range was emphasized
we observed a_shofﬁér~compohent_qf h.O.i‘O.5 nanoseconds. The results of
this expgrimeptlaféfghOVn.in fig. 10. We.believe'this perioa belongs to the
_177—k¢V tranéitiéﬁ; ,it is only,in roUghiggreement with the value predicﬁed
‘fbr»Eé:by>the-Weisskopf formula‘but'is ofdersiof maghitude largér than the

value predic?ed for El.

2,8. ANGﬁLAR DISTRIBUTiON OF'y RAXS.IN 177-660—684 CASCADE
o The éﬁguléyidistribution of the.pfominent 177, 660, 68k KeV vy rays
 was measured.ihiiﬁé}in—beam éxperiment§ to obtain.additioﬁal eﬁidence for
fhe'aésignmentSfof-ﬁﬁitipoiaritiés and léﬁel.spins; |

'J_Thé,experfﬁent waé done'Withlthe ?OBPb(a,Un)208PQvreaction, where the
térget nﬁCléus.haé no.spin én&; mdredver, the lead metal.ﬁsedvas the target
_ has_cﬁbié cfyétal'structure. Alsovin this set Of.experiments the time
analysis-systém'ﬁaslused so that we coulq measure the angular distribﬁtion of
delayed.y fays.as‘ﬁellnas brompt y rays. rsince the half life of the delayed
state'(580.nsec)‘i$”muchvgreater than the repetition périod of the beam burst
(127 nsec) ve took:the-integrated delayed cbméonent that did not include the
prémpt éomponént;g_The resulfs'computed from measurementé‘made at 90, 112,
134, and 156 degfeéé.are presented in table k. The angular distribution of
:  'the deléyedAcgﬁponent‘is found.to_be the same (A2 ~ 0.12, Aﬁ ~--b.05) within
the efrors for all three transitions.. This result is compatible only with |

the sequenceli),:'

6+ E2 bt E2 é+ B2 > o+
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Table k. Angularfaistribution of v rays in QOSPB(G,Mn)208Po reaction at
E, = 48 Mev. .Métallic foil.of'208Pb was used as a targét;'

[04
vy ray ‘ Prompt . _" “ - - Delayed
. energy ‘ , - : . ' ‘ .
(keV) , Ay ) A n A, _ Ay
177 0.161 i'o;018 ~0.080 £0.026  0.13h *0.015 -0.043 0.022
660 0.14o = 6;052 - -0.008 * 0.049 0.128 * of058 © =0.019 * 0.054
635 0.116 * 0.031 0.057 % 0.048 0.100 * 0.0%5  -0.015 * 0.055
206 - -0.273 i-oiqgh' -0.090 * 0.036 - |
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although the absolute‘valuee'bf AQ are_abeut 50% lower than the empirically
expeéted onesl6); The angular distributions’of the pfompt’components show a
well known tendency, toward a decreese in anlsotrOPy for the trans1t10ns.
lower 1nnthe sequenee. The study of the angular dlstrlbutlon of delayed vy
rays from the v1ewp01nts of the hyperflne 1nteract10n will be reported else-
where by Yamazaki and Matth1a=l7).
The 206-keV y rays ‘exhibited angular dis trlbutlon characteristic to
the J+l - J dl;pole‘transmlon° The measured I, conversion coefficient rules
out E1l (see tablewe) and,iskin reasonable agreement with Ml. (Consideration
of both experimenﬁe establishes an Ml multipolarity.
2.9. ESTIMATiON.OF POPUIATION OF 580 nsec STATE OF 8Po IN DECAY OF 208At

Evidence for “the part1c1pat10n of a 380 nanosecond_ 8Po level in the

decay scheme of 8At is presented in sectlon'2.7. In earller sectlons evi-

dence was presented'for the occurrence of a 177-660-68hﬁkeV cagcade to the

ground'stete in the great,majority of decay events. (In our final decay
scheme we conelude thatl79% of the eventsrpass through thisg triple’cascade.)
These facte made it peSSibie to estimate.the fraction of decay events passing
through the 380.nanesecond state by the following method.

First'ne determined the singles spectrum of an EOBAt Sample and com-
puted the ratio.of'pelonium.Ka‘X rays to photopeaks of the 660-keV and
68L-keV y rays. Tnen'under nearly identical conditions we measured the

spectrum of K, X rays plus 660 and 684-keV photons in prompt coincidence

- with 177-keV photons. This was done with two Ge(li) detectors in the manner

outlined in section 2.4. If for the moment we attribute all the K X rays to

the orbital electron éapture process and ignore ény contribution from -y-

conversion, we can conclude that any reduction in’ the Ka/6607 or Kd/68hy ratio
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in the 001nc1dence spectrum compared to the slngles spectrum must be caused -

’by the populatlon of the 580 nanosecond level when the delayed state is pOpu—>
lated the X ray is removed from the coincidence spectrum but the 660 and 68&-
keV photons remain. From this rough computation we estimated that about 40
percent of the 2O8At decay events populate the 380 nanosecond level.
| It is:of'course necessary to correct the X ray intensity in singles
and coincidence speCtra for contributions from K-conversion of several v rays.
We carried out a detailed‘calculatlon correcting:fOr these effects for counter
effiCiencies;'fluorescent yield, ete. and obtained the corrected value of 35
percent for the events whlch pass through the 380 nanosecond level The

algebra is stralghtforward but too lengthy to reproduce here.

3. Level Scheme of’208Po

3.1. CONSTRUCTION OF LEVEL SCHEME

The experimental information presented in the preceding sections can
be used to comstruct the level scheme for ?OSPO shown in fig. 11. In the
paragraphs whlch‘follow we discuss the proposedbscheme leVelebyelevel together
with the evidence'used in support of each. |

685 keV level. This is the first excited state of'EOSPo. The 685-keV transi-

'ttlon, which is the most 1ntense y ray in the spectrum, is a menmber of the

_promlent 685~ 660 177 triple cascade of vy rays (main sequence), and the reaction
data clearly place it at the bottom of the sequence. Both angular'distrihution
~and conver51on coeff1c1ent experiments character1ze it as E2, which establishes

the 685—keV'state as 2+, the expected value for the first excited state of an
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even—even.nucleus; Intensity balance»precludes direct popﬁlation of this,
level. Furthermore, it is nearly certain that the spin of”208At is >4 (see
later discussion) so no décay'to-thé 685-keV level would be expected.

1345 keV'leVel" The second ‘most 1ntense line in the y spectrum is the 660~

keV Ve Tt is in cascade w1th ‘the 177 and 685 keV trans1t10ns, and the (p,En)
ﬁofk'(f;g. 7y cleerly places it between them.. Angular distribution and con-
version coefficiecﬁ values argﬁe that it_is.J+é —J BE2. This evidence together
with the absence'bf a 1545-kev Y réy establishes that the 1345-keV level is

ﬁ+. From‘an intensitylbalsnce of the -y reys in.the spectrum, we conclude
there is no direct popclatiOn-of'this.1evel.by‘elecﬁron captufe.

1419 keV level.':A:754 keV y-ray is observed in'the‘?OQBi(p,Qn) reaction spectra

'dispia&ed-in fié;j?[ffif'apﬁears to have built up.to its full intensity af a
proton energy of-lﬁ MeV WhiCh indicetes that it originates from a state near
the 1522 keV level and dlstlnctly below the 2200 keV reglon Because of the
“wide spa01ng of. the flrst two 20 8P0 levels the T3k keV radiation must orlglnate
from a level at 1419 keV Thls Y ray is not observed in 8At decay.

1502 keV level. The third‘principai line in the spectrum is the 177-keV

transiticn; It is. of nearly equal 1ntens1ty with the other two members of the
main sequence and is in coincidence with them. The (p,2n) work (fig. 7) shows
that it is the higheSt lying of fhe ﬁhree, and its E2 nature is estabiished
bj conversion coefficient and by angular distribution measurements. The E2
nature of the 1774£evny’rey aﬁd the inferpretation of the angﬁlar distribution
vmeasurePents presehted in section 2.8 establishes a 6+ assignment for the
l522—keV'le§el. ‘The.level has a half life of 4.0 nsec. From the in-out
balance of y-transitions -~ electron~capture branching

to this level cannot exceed 2 percent.
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1581 kev 1§v¢1. The 896-KeV ray present in T4 intensity is not coincident
with the 177 nor the 660-keV transitions, but is coincident with the 685-keV
radiation (figs.‘éaend-6). ﬁThe (p,2n) reactioh‘data'ih fig. 7 indicate that
the 896-keV Y fay eriginates ffem a sfate neaT the 1522-keV level_and definitely
below the_egoo;kévffegioh.. Owing to the wide spacing of the first two.QO&Po V
levels;‘the’896—keV»£ransitidn‘cah erigineie.only~from a level at 1581 keV.

From our eotlmate of the K converslon coefflclent the 896 keV radiation is
most-llkely E2. There is e weak 7-line at 1581 keV 0.9% which could poss1bly
be tﬂe croésover_trensition to the_groUnd state but we have no strong evidence
for this'placeﬁehtf HThe most ﬁrobable spin and parity of the 1581 keV level

is b+ AS‘direct:eléethn eaﬁtufe'fo a 4+flefel isfimpossiblevfrom]a;7+ ground
state of 208At (diséussed later)'there mﬁet be,some y_tranéitions_totaling about
6% feeding this'leeel.. Howeve?'We‘heve not been able to identify ﬁhese Yy rays
-andxnone are-shewn in fig'.ll N ) | ﬂ

2153 keV level. A level at 2153—kev can be postulated to account for the 631~ and

808-keV -y rays which dlffer in energy by 177 keV. The 6Bl—keV radlatlon is in
coincidence: w1th the l77-keV tran51t10n, but the 808—keV radiation is not. The -
: c01nc1dence data: (flg 5) for y—radlatlon 001nc1dent with 660-or 685 -keV photons
. are not good enough in the neighborhood of. 808-keV' to establ;sh the coincidence

- of the 808 -keV yfrey'with’660hand 685-keV transitions. Howevef, %ﬁe (p,2n) re-
action (fig. 7),da£a‘show‘that both the 631-and 808—keV y's originate at some
le&el above 1511 keV, and below 2500 keV | ConVersionvceefficienfs for both of
.these lines have been measured leadlng to the multlpolarlty assignments llsted
in table 2. This would establish the 2153-keV level as 5+ or 6+. Intensity
balance argues that thie level mustibe largely ﬁopulated-b&'a directvelectron—

capture branch.
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2567vkeV level. one of the more prominent peaks in the spectrum is at 845

keV, (21% _ This y ray is strongly c01n01dent with the l77—keV line, and the
rest of the main sequence. The (p,2n) reaction curves show that it originates
from a level cOnsiderably above 1522 keV. The intensity of the 845-keV peak,

the.elear coincidence deta;uand the'absence of any other coincident v's of

prOper energy or intensity all argue that the 845-keV transition feeds

directly into the 1522-keV level, which establishes a level at 2367 keV. We

could only obtain‘an upper limit of 3.7 X lO-3 for the conversion coefficient

of the 845-keV line, but this low value clearly indicates that it is El (see

table 2). 'The 2567—kev level is therefore 5-, 6-, or T-. There is, however,

" no vy ray of 1023 keV,:which would correspdnd to. the transition to the 1345-keV

4+ level via another E1 v ray. The 2367-keV level is therefore 6- or 7-.

~ Considering the high intensity of the 845-keV line, and the low intensities

of the y‘s which feed the level (fig. 11), we can estimate that about 20% of

208At eiectron'captufe decays feed directly into the 2367-keV level.

2515 keV level. This level is postulated principally on the basis of the

moderately intense (lh%) 995 -keV transition which is strongly coincident with

the 177-keV 11ne, and the rest of the main sequence. The (p,2n) reactlon

curves indicate that this vy ray originates from a level higher than 200 keV,

but the strength df‘the_coincidence with the 177-keV line, and the absence of
other coincident y's of comperable intensity‘argue that the 993-keV <y ray

feeds directly into the 1522-keV level. This establishes, then, a level at

2515 keV. The 206—kev transition is eoincident with the 995—kev line, but it

is also coincidentinith the 845-keV ¥, and it is of. insufficient intensity to

be fed by both of these gammas.' Tt must therefore feed into them, and the absence

of any other low energy gamma rays argues that the 206-keV transition feeds directly
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into the 2515 keV level. This would require a 148-keV branch to the 2367-keV

level. Such a peak is observed, particularly in the highest bombarding energy

spectrum of the (pZQn) work (fig. 7). A weak peak at this energy is also seen

in the 208At y4spééﬁfé. The 993—kéV conversion coefficient hés been meésured
(#able 2), and.cdffésponds to an M1 character, giving possible aséignmenﬁs Qf

5, 6, T+ to the 2515‘kév‘level. The absence of an.ll7b-kev.peak-in the spectrum‘
which would correspbnd to an M1 >transi£ion from tﬁe 2515 to the 1345-keV
lefel is incqnsistent with . a 5*‘éssignmént.for the 2515 kéV levei, leavingl6+ or

7+ ag the favored choice.

2721 keV level. 'RééébnS'WerezgiVen above in connection with the 2515-keV

level for believing that the 206-keV y-transition (124 intensity) terminates
at that level. This would then establish a level at 2721 keV. A peak at
1199 keV .appears_ih'the spectrum (1;5% intensity), which should correspond

£o the transition from the 2721 to the 1522-keV level. Angular distribution

results (see sectioh-2;8) prove that»thev206.kev o is J+1J Ml. On the basis of

this multipolarity the spin and parity éhoices fdr the 2721 -keV levél are
restricted to 6; 7, 8+. The absence of a 1376 keV <y ray of E2 character feeding
»the-h+ level at 1345-keV is iﬂcohsistenf with a 64 aSsignmenf, leaving 7+ or

8+ as the remaining possibilities. | |

2802 keV level. The 1457 keV (1.:3%) and 1280 (3.8%) keV gamma rays differ in

energy by 177 keV,'ahd'can be used-to postulate a level at 2802 keV. The

| intensities of théSe:high energy transitions were‘such that no coincidence
data'éou;d be obtainedfto verify this placement. This leﬁel, decaying as it
does to the 6+ and 4+ levels at 1522 énd 1345 keV respectively, may be 5+, 6+,

or 5-. This level is almost certainly fed by dife¢t electron capture branching.

&
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- 288k keV level. - The highest level in the scheme is found at this emergy. It is
deexcited by transitiens.of 2199, 1539, 1362, and 517 keV to the levels at 685,
1345, 1522, and 2367.keV respectively. - The intensity balance.indicates a 10% .

population of this .lev&l by. electron capture.

5;2.' PLACEMENT 6F TH§ 380 NANOSECOND STATE

The plécement'of the prdminént1028 kev tfansitibn and the assignment
'>of the,38dvnanosecdnd staﬁe to a_level-lyingvneaf 1532'keV is based on the
following Conéideratiohé. | | -

The frahéitioﬁ lifetimevméésurementé digcussed in sections 2.6 and 2.7
- prove ‘that thé deléyéd’state-feedg directly or indirectly into the top of the

'mainrfriple yhcés§édé‘ahd hence must lie above lﬁEé‘keV; Furthermore, the

éipériments diécgssédiin'section 2.9 establish a Vélue of 35 percent for the
fraction of the fo%él events which pass through the‘580 nanosecond State,
which means fhat thé transitibn (or series of transitions) connect;ng the de-
layed state wifh the.l522-kev-level should be prominent both in the singles
spectra and in the v spectré céiﬁ;ident with photons of 177; 660, and 685 keV.
Also the radiation should have an appareﬁt decay cémponent of 380 nanoséconds

in the spectré ﬁakeé betwéen beam bursts in‘the Pb(a,én) and
reaction studieé?é Because no such properties wefe'dbserved‘for any of the vy
rayS-listed'in faﬁiévL‘we can conclude ﬁhat a tranéition‘of_low‘energy was
beiﬁg overiooked;l‘From our éxperiﬁéntal Y spectravwe can state tﬁat we
should not héve ﬁissed photons of the required ihtensity with an energy 10
keV or above. Of course, if.thé.transition energy wére‘this low.it would Ee
almost totally converted unless it were El'in character._—In:our eléctron

spectra (not all shown here) we did not observe electrons of the missing

transition down to 20 keV.
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It is probable that the 1028-kév'y ray plays a major role in the popu-
_ lation of the 5801nanosecond state.biFordone thing, it occurs'in_28.percent.
abundance which is'roughly eQual to the 25 percent intensity of the 380 nano-
second state. It is in coincidence ﬁith K-x rays which shows:that it doesvnot
'originate in a level of long life, but it is not in coincidence with any other
Y ray.which indicates that it populates a state with a long lifetime. The
other pOssible conclusion that the 1028 keV gamma ray decays directly to
ground, is ruled out by the fact that 1t was not observed in the Y9B1(p,2n)
reaction studies. ) - ‘

A’further aréuement canAbeumade on the basis of the intensity figures.
Ir the.Bad nanOSecond level is pOpulated by paths quite independent of the
level responsible for the 1028 keV gamma ray, then 35 + 28 = 63 percent of
the decaj events of 208At pass tnrough one or the other of these levels,
leaving only 37 percent for the'population of the remaining states. But.in
the prev1ous discus51on we have accounted for more than 50 percent of the
total intensity in. the pqpulatlon of levels which are quite unrelated to the
380 nanosecond state or- the 1028 keV radiatlon. Hence we are. foreced to con-

clude that the 1028 keV .y ray feeds into the 580 nanosecond state.

Our placement oi the 380 nanosecond. state in'fig} 11 can be considered
reasonablevby a comparison of the similar scheme in 2-loPo.' Theory in this
case (see for example the work.of‘Kim anduRasmussenl8)), predicts a O+, 2+,
b+ 6+, 8+ sequence for the lowest lying levels formed fron the hé/2 proton
configuration. The O+ state is greatly depressed and the spacing in the 2+
to 8+ sequence becomes successively smaller. The position of these levels up

210

1
to the 6+ is well known experimentally from the decay scheme of At 9).

12 '
The work of Yamazaki and Ewan ), on delayed radiation observed in the
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2O8Pb(®é,2n)210Po case provides evidence for an 8+ state with a half life of

150 nanoseconds, although the 8+ — 6+ y ray was not observed directly. ‘Tt is

‘quite reasonable‘thEXpect a similar set of levels in 208Po and the 380 nano-

second state couid bé the 8+ level in the corresponding sequence. .If this is
Correct,the miSsihé Y ray transifion is E2 in character. A half life of 380
nanoseconds is quiﬁe reasconable for an E2 transition ofbless than 20 keV. We ~
discuss this intefésting 8+ - 6+ transition moreﬂfully in the discussion

section below.

'3.3. ELECTRON CAPTURE BRANCH AND LOG FT VALUES

208 08

. The Q value for the electron capture decay of At to Po ig esti-

mated to be 4823 keV by Myers and Swiateckigo).b Almost the same value is.

given also in other tablesgl-25). Assuming this value and the correctness

of the-present dééay‘éCheme, we deduced log ft values, as presented in table 5

and in fig. 11.

. Discussgion

208At GROUND STATE AND LOG FT VALUES

208

The ground state spin-parity of At can be predicted from the simple

shéll—model. The single-proton orbits at 7=8% and the single-neutron orbits

208

at N=12524) are‘presented in fig. 12. The ground state of At (2=85, N=123)

i . s . -1, .
should then have thelunpalred conf;guratlon, (h9/2)p (f5/2 )n’ which results
25)

in the ground-state spin of T+ according to the Nordheim rule

This prediction is quite consistent with the observed log ft values, al-

though we cannot exclude other cases. For instance,'théleoaAt ground state
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_ Table 5. Electrc’)n_:»‘,céptur-e branches and ft values. Qe = 4823 keV is assumed.

Level 1‘;10 _
Energy B ’ Spin-parity» , Branch lbg ft

(kev) @)

| 0 o+ - 0

685 | T o |
135 ue o <h >80
s 8y T T
| 2153 N Lo T 1 | 7.0
%67 67— 12 7.0
2515 | 6+, T+ '.’ . ;2 ",‘ 5» ~TT
2560 8+ o8 6.6
2721 7,8+ 3 '15‘ | 6.8
2802 We‘5+,6+,5; - 5 ST

288k 7 ”:L[ : , 1o 6.9
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decays to both 6+ and 8+ states. The fairly high log ft values seem to be

kreasonable, since the tran31t10n

, 6+ or 8+

2
9/2‘)p’

, T+ (b

3 -1
h. £ .
is'forbidden because of Af = 2. Forbiddenness of‘this type has been observedlg)'

in the decay of ElQAt to 2,lOPo,,where the transition

- I : : ,
(hg/gj)p (91/2 _)n..ae ot my,(h9/2 )p , k+ or 6+

is much more hindered because AL = k.

k.2, 208, STRUCTURE IN COMPARISON WITH 2°pb awp 21Cpo

_ The excitedlstates of 208Po can be described qualitatiﬁely in terms

2Q6Pb'ehd ElOPo, The level schemes of 6Pb and Po have been

2
studied mainly from the decays of 206 2LL) and lOAtl9), respectively, which

ef those of

..p0pulate levels w1th .spins between 4 and 7. In fig; 13 are presented those
levels to be compared with 8Po. A large number of configurations can con-
tribute.to the many leﬁels‘in_thezspin range 0-7 observed in these complex
level: schemes. Therefore_it.seems meaningless without a detailed theoretical
calculation fo attempt a one tobone correspondehce between mOre than a few
levelsvof these nﬁclei. Level a331gnments on the basis of the weak coupling
approximation can be most safely made to the low- 1y1ng levels of -higher spln,

because the number of configurations contributing to such levels is very

limited. BRI
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208 210

‘The recent experiment of Yamazaki and‘Eﬁan ) on the Pb(a 2n)

reaction hasArevealed the 8+ membef of'the'hé/ez conflguratlon in 21OPo, as

shown in fig.'lﬁ._'This is an isomeric state cf 150—neec half life. Because

of the absence of &+ and 8+ leveis in 206Pb at this energy region, we expect

the 6+ and 8+ states of the h e configuration ofvprctons‘to remain nearly

’ 9/2
208 )

unperturbed in Po. Our 580fnseC'iscmeric state at about 1542 keV must be

the 8+ member of the (h _configuratioﬁ. The 4 nsec 6+ state at 1522

9/2

keV in 298P0_also:corresponds to the 6+ state in 21OPo quite well, ascihdi~'
cated by'the dotted line in fig. 13. The correspondence of the.1345-keV 4+
.. 208 - . AU [ S

state in Po to,thee1426?kev b+ state in “Po is fair, but not as good as

for the 6+ and 8+'States. The reason for this is the presence of a 4+ level

at 1684 keV in goéPb; which'gives,risedtc_chfiguration;mixing for the h+
_ 208 T : g oo 208 L ' ;
.state of Po. .The first 2+ state at 685 keV in Po must involve contrl—

butions from protoh.and neutron.excitations. On the other hand, the 5+ level

of 208Po may be the almost pure neutron state appearing in 206Pb.v

9/22 BAND

L.3. STRUCTURE OF THE h
We have characterized the lowest L+, 6+ and 8+ levels in O8Po-as

members of the ) band.' As is discussed by’Yamazaki26), experimental

9/2

B(EQ) values in the h 2 band of ?1OPo'are well described in terms of

9/2

eff = 1.6, which'is also consistent with the static quadrupole moment of

2092B1. In table 6 are presented experlmental B(E2) values 1n .lOPo and 208PO

computed under the assumptlon of the theoretical conversion coefficients of
S1iv and Band ). The 8+ — 6+ transition energy of 210p, s unknown, but
assumed to be 35 keV in the derivation of B(E2). However, we can still obtain

a reaconaole value of B(EQ) because .the energy dependence of half life for
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" “such a low energy E2 tran51tlon is quite small ‘This is tfuevbecause the total

conver51on coefflclent has an approx1mate energy dependence of E 5 in the

‘ energy range of interest.
The B(E2, 6+ — b+) for 208Po is twice'the;cbrresponding B(E2, 6+ —»L+)

for'glOPo; This fact suggests that conflguratlon mixing in 208Po is responsible

for the cnhancement of the 8+ —>6+ E2 trans1t10n. On the other hend; the
situation for»the 8+ - 6+ transitions is suprlslng. .The half life of the 8+

state in 08Po 1s cons1derably greater than that of the 8+ state in 21OPo

Wthh suggests an - extremely Low tran31tlon energy or a smaller B(E2) in 208Po.

Tor. 1nstance, if the B+ —>6+ tran51t10n energy 1is assumed to be 20 keV the

B(E2) becomes 29 e fmu, whlch is a factor of 2 smaller than the correspondlng

2lOPo. We w1ll attempt a weak coupllng treatment ) of the h9/ 2

206

members in a Vibrating Pb core to see what level structure and B(E2) can

B(E2) in

be anticipated.
To the lowest order of surface coupling, the perturbed states become

|

I+)

' Il(h9/2 )T, (0me)o s 1)

II(h

+

9/2 )Ife , {1 Bw)2 ; 1)

i

aa.l(hg/é o, (1 hg)e ;‘I)‘

o

auI](h9/22)1+2 , j(l}h®)2 ;1)

The energies EI 'ahd'the mixing amplitudes aiI .can be obtained by diago-

nalizing the interaetion28)
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' where k 1is the coupling constant which has a magnitude of 40 MeV according'

to Bohr and Mdtteiéongg). However we leave k as a parameter.

" amplitude is given by'

206, .
\/ﬁ\b = \/B(EQ 2+ -0 é Pb) =O.OlL|'6 s
‘ | 1% ZeR, o

- evaluated with thé'expériméntal valueEu)

206 2 u

B(ER, 2+ — O+, Pb) = 21k e

The non-diagonal matrix eléments are

((37)3, Nr; M, L [(J7)T, N'R'; 1)

= -2k \/é—;cl;(NRHb + bt'Hl_\I'R'MJ”Yg”j)

x V(2341)(27'41) W(3T3T'; J2) W(IRI'R'; I2)

The E2 transitiohﬁmatrix element is

(a2lm@)|n) = & & (Pl T e

. p=l;2 © eff P 2“‘

* <\/215+l,ai-1‘—2' 2 * | ey ><O” sery” gl

and then

The vibrational

(0,,2) (%D
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B(E2, T -1 2) = 21+1 [(1- 2H<HQ(E2)HI>|

12 I v/ 210, I I, . [eT-3 T I-2
~|a B(Ee I 12, 7o) - (T 8t 4 531% a,t a7

1

2O6Pb)|

V/s(Ee;ié4'm;o+
Since‘.agI and euIAQV are neéative,.the contribution of‘the.surface vibration
is alWays*edditife. | | |

Caiculated‘energy levels and B(E2) are dllustrated in fig. 1%. This
simple calcuietioh has yielded.the following results. The 6+ - b+ level |
spacing increaSesfas k,: whlle the 8+ - | 6+ level. spa01ng decreases rapldly
as k and the level order is ultlmately changed ' Because of the uncertainty
of E8 at k -0 we cennot make a quantltatrvevstatement on the spacings but the
“trends seem to expiain our exPerimental results‘quite well. Thus we are led
to believe that theVlonger half life of fhe 8+ state in 208Po 1s due to the
.small level spacing as expected from this calculation. The calculated 6+ - bt
energy.spacing is smaiier than erperimental value of 177 kev, which implies
that ‘the b+ gtate 1nvolves more conflguratlon mlxlng than considered here.

The calculated‘B(EQ) value increases with k, but it is smaller than the
experimental B(E2;;6+ _>4+).for'208Po. This also suggests that the present
treatmeﬁt is too simple to'take into eccount'configuration mixing for the L+
state. : | |

More realiéticcalculations‘includiﬁg proton—neutrdn interaction5o)

“would explain the whole level structure, but it is beyond scope of the present

paper.
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 ..Téble,6. g(EE) in the h9/2 .ban:_ 
. Trensition Half B(ER)
Nucleus Transition energy - life o )
: : (nsec) - (e fm')
210, 8+ > 6+ (35)° 1500 50
6+ - L+ 46.5 | | 38° L ehs
6F " L+ 177 o Lu,od - k50
2) . Assumed . | | .
From ref. 12) .
¢)  From ref; 28)

Present data
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L." Concluding Remérks )
.We bélievé this<study.hasbéstablished a number Qf featufes of the low
lying levels of 2.08Po ahd sugéested a bééis,for tﬁeir~interpretation. We
.believe.it also se%Ves as a géod deﬁonétrétion of the advantages of’a simul-
taneous-stﬁdy of algiQen isotope by ﬁhe traditional decay scheme apprbéch and
the neﬁervfechniqgég bf-on-line reaction spectfoscopy. ‘We hope our iesults '
caﬁ serve aé a Séiia starfing.point fof furtﬁef,exberimental and theoretical

studies of ﬁhis;iﬂtéresting nucleus.
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.Afigure Captions
Fig. 1. Gammalépéctrdm from.pure 208A£ sample. :All spéctra takén‘withHQ X:5
cem X 8 mm de(Li) detectors. iUp?er curve is 50 minute count fakényj hours
after HIIAC~bombardmeﬁt. éécond éﬁd thifd curves répresent_séme ébuﬁting
period starting ? houfs and 11 hburs reépectively aftér bombardment.
Fig.‘Q. :Gammé spectrum from.ﬁure 208At sampie.v Spectrum measured with 30 cc
coaxial Ge(Li)‘defector. fime 30 minutes. ﬁnergy scale calibfated with

méhy'standards including radiations of 5uMh, 22Na, 15703, 2O7Bi,‘ and

228‘I‘h series.

Fig. 3. Photons emitted by QOSAt in the X ray fegion as measured by high re-
solution phdton spectrometer. Astafine—208 prepared by_extraction in di-
isdprOpyl ketone from pufe 212Fr solution. Spectrum,shows LaLBLy and

K. K K, and X, X rays of polonium;‘ Fluorescent X rays of several
Gp Oy Py By T - |

elements were usedzto calibraté energy scale. Note that.no radiations .

éfher than'pOléﬁium.X rays‘afe obsérved in this energy region.

‘ Fig; 4; Electron spectrum Of 208At sample meésured'by silicon sémiconductor
detector in cdnversion coefficient spec%roﬁete?. Time of measurement 66

‘ minﬁteé; |

208

Fig. 5. Results of vy ¥ coincidence measurements of At radiations with

3

2 Gé(Li) detectoré'of-~5 em” sensitive volume. Time for each measurement —
L hours. Upper curve shows vy rays in»coincidencevwith 660-keV vy ray.

Lower curve shows y rays in coincidence with 685.-keV Y ray.
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huFig.'é. Results'df Y Y coincidence meésurement of 208At radiations made with

Ge(Li) deteétors of m5.cm5 and 30 cm5 sensitive volume. Smaller crystal

used t5.select'gé£e pulses-corrééponding to i77—keV & ray. Only thdse'

éecﬁiohs-of'specffum.where coincidence peaks appeared are shown. ¥or com-

parison éISingléé spectrum is.shown above. A slight time base;shift occurred

in the two meésurements. The occurrence of a 177-keV peak in the
coincidencé épéctrum'is fhe spurious result of Compton photons from the
brominentﬂ660'énd 685;keV v rays falling in the gate channels.

Fig. 7. Prdmptvy”rays recorded with 5 cm”

Ge(Li) detector in in-beam measure-
208 ‘

ments of 2O9Bi(p,2ﬁ_) Po at 3 proton beam energies.

Fié. 8;  Time distriﬁutidn curveslfor.pfominent Y rays emitted by 208Po in
| ﬁhé intéf&al.béﬂween Beambbursts.in the reaction 206Pb(a;2n)208Po. Start
"pulses'for thevpulse~héight circuitry were supplied by the y-detector and
stop pulses came from a délayed signal taken from the cyclotron RF
oséiilator. | |

Fig. 9. Time-tQApulse—height speétfum of 208At radiations. Po K X rays used
as start pulses, i77-keV y'rays as stop pulses.

Fig. 10. Time—to-pulse-heiéhtbépeétrum of 208At radiations. Polonium X rays
used as start pulsés and l77—keV photons as stép pulées. Single channel
analyier selectionvon both'radiatibns indicated is shown in the inset by
horizontal bars. The 4 nsec COmponent of the delay curve.is assigned to
the 177—keV Y ray. Time of méasurement — 200 minutes. Prompt curve
measured with radiations of 22Na.

08

Fig,'ll. Decay scheme of e At showing 208Po levels and transitions. - The
numbers in parentheses are percent transition intensities (IV+I“). The

established coincidence relation is indicated by a circle at the transition

arrow. The 1419 keV level appears only in the (p,2n) reaction.
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:vmiFlg. 12.' The 51ngle-proton orbits at Z—83 and the s1ngle-neutron—hole orblts;‘. ‘

at N_125,_revealed 1n the energy'levels of

' 208

‘931 and 2 7 b respectlvely.'
'H»fFlg._lE : Comparlson of the 8HP°'

levels. Levels of s1mllar character are connected by dotted 1nes.» Splnj

‘3mfd and parlty of each level are glven to the left and thedenergles (1n keV)

to the rlght.v_,gjlfll

'u”f;lFlg. 14 Level structure and B(E2) values obtalned i

?the weak coupllng ca1-2f1“7

culatlon as functlonvof'the coupllng sthength k ecause of thevlar

uncertalnty 1n the ground state energy, only relatlve energles_a e meanlng
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

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

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