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| .  RADIATTONS FROM DECHY OF |
Co T pIsNom-e03, ammﬁ-m LiAD~20ka, AND BISMITE-205
| - #rmold R, Fritech and Jack M, Hollmuder
Rediation Leboratury  end g&r&zm‘o of Chentstry
ﬁﬁiverf‘itv of Ca.liibrn.s.a, Rexkelsy, Celdifiomnis

June, 3-9"7

& S'defj hns been iaédh of the z'aciiauiomi from thé'neu?':-
acfiéient i.,ot:op'es Bé.m‘ Bi “Qh, ’31205, and. Pbge "h, principelly
. by emvvemion elcehron Mymcwoscopy vith four 180° c.iectm
B mcmwwms of the permw‘k-m&me’c ‘Gype. The decay schemes
'oi’ e n,zm:uttz L,L,tozx:s axe found %o be very complex, mnd in
o spite 0f high- resclution studlma and some coineidence vork uniquef
o ‘-'leml .,cxmzsea camnct be g,ivtm in an.y case, A nevw tronsition in
o the &_esg; of the lehow ¥ OF 3 i..mer nas been idenyified at 2895
k@v, snd thiﬂ is. mWYm‘e'ﬂd gs ardsing fran o b state of Pbéaé
at 1563kev, A cmﬁ.m i5 given of the resulte of the present study
. of 33.2‘95 ddeay wiin dzode of oah@r Fecent apecmvoumpic & uuﬁies. of ’
um m“"?f’ lsvels, ' o
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| RADIATIONS FROM DECAY OF
BISMUTH-203, BISWTH-20b, 1EMD-20ka, AND BISHMUTH-205
fxmold R, Pritech’ and Jack M. Hollander

‘Raﬁiation laboratory and Department of Chemistry
University of Califomia, Berkeley, C@lifomia

June, 1957
INTR(&DWL’IGR

' stwﬁies of the alec%mn»cb@tnre &LO&}F@ of the mutmn-deficient

-bimuth isawpes have been of in*'@emst becaasa *‘hey provide & means of
obaex’vﬂng the emargy &mrels of cmespom&ing lead 1sotopes ﬁha’t. aiffer.
=fr<xn the. aoublewlowd shell By iny ohe: or more neur.rons and henc are

L d scribc..hlc in’ t.ems e‘{c‘ the ext,r&me amgle-particlu mad.el

; ing energ;g. Pl//' 1’5/&, ‘@3/2, 113/5, and f,{/,,. ,

'E‘h,e decay of Bidoﬂ -populates lev;..ls of szo? lcvels of‘ a single

: -:neutron (hole) in the. 126 shell, Thege levels are, in order of increes-

s ‘me l.evels of a neutrcn pair maniff.wi: themuelvev in Pbm, and
206

:have heen studied from the elesctron-cepture decay oi’ Bi™TT by ﬁlbur@er
. and. Pryce.l ‘Their results inciica‘ae a marked increase in complexity of
- the. P”b“ﬁm devels over those of Pbao? as evidenced by the twenly-six

V\.ransitions and tusive states that ere reported, &4n approximate theo--

reﬁcal mament of the two neutrop holes, originally developed by

" Pryce , vas -applied with considerable success in the interpretation
and vzxdﬁrst.anding of the experimnnual %806 results,

. This x-mr& had as ity ob(,e«.tive the bt.zdy of ‘the decays of bi&OB
3120’*’ and Bi 205 by methods of high-resolution veta SP2CtrosCOpy.

~’>ubsequent Lo its completion, we became ewere of the detailed study of
Bl
the most part, the transition data of the two investigetions of 24
are in good 'agréement_ although the electroneelecitron coincidence worix

205 by Scbm_orak s Stockendal, McPonell, Bergstrim, and Gerholm,” For

205

. ) .
Present address: Westinghouse Ilectric Corporstion, Pittsbur@, ra.,
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by 6chmomk et; al. leads them to a different com,lueion re(,a:din the fiyst
excited state of Pbms from that we have reached frcm coﬁsidpration of ’a"oﬁ’09

' alpha~decay dota. Ve shall pot present here our data on BiZ0? in detatl,

‘ V:but cml.,r point ou‘c areas where further work seems pecesgary. A more complete
deseripiion of this W(m’k. is %o be found in the thesis by cne of us, (A.R..F.)'.2+

303 and Bizm e in no sense complets or

‘i‘he pmsemt results on 331
even satisfactory. However, as further work is not being carried on presently

~in ‘this. ﬂ.aberatory .on:this problem y T we believed that a brief susmary

- ef our ez@ermmal deta m:actld be of value even ?hough unique decay schemes

h ;yield %o be obtained, Bi " and’ Bi

The 12-&32@&;&— Ei

canno’e be given, . Indeed, Biﬁo& decay, vith 6’? transitions identified, may

can :mm o challenge nuclear gpectrascopists for some fime,

- BOMBARIHENTS ARD CHEMISTRY. mocmum:s
: _ ‘}.‘he bl:ﬂnuth activities were proﬁuced. bg means of algha-part cle
bcmbar&mcnts i‘;‘f‘{jﬁ enriched semplis of ‘1‘1?‘03 (8% ‘3‘1‘:@5 , 2% 4 205 ), using
4 the Crocker G0<inch cyclotron, Thae emrgies of the alpha particlm were
chogen in such e manner that @ aistinc’ciorx could be made between the
nticlides, To obtein the Li~day Bi° 7, bonbardnents vere cerried out at
.28 *%v, which. is ‘below thc @,3n threshold and yet allows the full o,2n

h 203 m‘e ‘not produced at this energy,

and cantsmination by Bim is hel& “z.o & winimum, For Btddg’ of lZ2«hour
:Bizabr bomi.«m'&mnts of 1’1'03 were maac, at 3€ Mevy et this energy Bim“ i'*
siot; pro&uéeﬁ hu‘c much Bi 206! 1s fomad from the a,n reaction on 1. @3 and
. the a,;n reacbiou Qn Tl‘mg 1@6 and Bim are ml&tivel;g easy to if-
.ferentiam, szmwr ’ ’aecam:ae of the mgfv difference in their balf lives, .
, "03 we.s b uained by fullnenergy alyba bomberdments at 85 Mev.
',.ymmtely equal anowrte of 12-howr 31203
jat. this ENerLy, hexxce The - assimem of randtioms o m
’ Gnly after Bi‘aoi" had been smdied separate}.y. ’ :
T L Tne terget materml ‘J‘l 0z, was dissolved immediately after bou-
lb@.r&mcn‘{, in ‘& minim volw:e oi’ cozxcentramﬂ hydrochloric mm._ Hecovery
}oi’ the th;allmm was ei’iecwﬁ ”by eztractions with dif*thyl etuerx' éatwmted
C with concom‘hrated hydmchloric a;cxd ‘Khe activity was adsorved on a -
‘ Dcmja.x-l anxon-exchamgei_co;m, follmmg vhich the lead ’raguon Was Te~

" moved iby elution with 20 ._mll_v0 of 0,1 #CL, The blsmuth activity was then

and 12 «hiour Biacm are i’omea

203 Lould ve made
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| ﬂtl'lpped frm the colum with m ﬁzmh ¥ evammtea dry'xes:s, ﬂissolve,d
“4n dilu% mlg snd snﬁoequently eleczmplatea upon S-uil platinu wires,

?mm:m\z. METHCDS

3 Rloton ayectr& of t.hesn isoiﬁpee were cbta&md by use of a E‘aI(:.l)
'scimillatian detéctor ecaple& o B pi)-channal enslyzer, Conversicn-

' e}.ecbron a}mcﬁm were. axaminﬂd &*im i‘h-ur psmanemwwmn bats spectm«-
e m@m resagim;; in field stm.ﬁgth frar\' %0 gauss %o 340 gouss and omrat:in,@;

- at »«3 3.% zzmzemum maelutmn.s Bosae gsm&-gm coincidence experiments
hav‘e&l&cbm.nperfcme&‘ o ' o

; 5. .Emmm-wj-

R ﬁalfmre | | -
T me balf life ofm swaamasmﬁby fma;the dccay of the
c Keconversion lmfa of m. 8z ‘j«lm transition in ﬁm—a double-focusing apﬂcurcm-
\émmwﬁ,m the- r@gcu;@ /,, = 11,5 2 3.0 tzour |

- acm‘tﬁhlatﬁiw Spectram

o Becmme of the cmxzﬁﬁxxt:, of‘ 'L.he spectrum. and oecaase of the
vmaaenc& of Bi“‘@’* in 't;he semples, the photon ﬁpectrwz; mmalcd clearly
cn}.}, the strong tr&nsit.xm at 825 he», and hence wae of 1ittle value in

pmné.m{v m:fama don aboa.‘c ﬁae meny ‘other nmaitim from 51203 decay.

-Elceﬁton Szi‘ectrm .

L& swamary of ‘the 51893 msiuon.;. obbemd from the election
spﬁetm ig given i.n ’Eable I. F_Lé;ht mitiom: have beeh i&sntiﬁcd
. Hit’a g modarate de@ee of certainty bg the -observation of st least three
| vmnvamim lines of e&ch, mn other 'bmmimoms ave &,asigne:d from

- job.:«fzrv’m..on only’ of K iines, B@cw...,e our sarrpjkg of Bi 203 were wegker

. theh the coirreapordi'ng BL“7" and BA

20Y% 05 203

samples, we feel thet the Bi
.sgectrum reported here is incmplete, emd that with s Lronger sources
"man,; Bore trmitions w:’al.l prelsm]w: appear, :
o & multigmmrity asm@amnt cen definitely be made for the 26, b=

" hev m.,:luion, vhich is iﬁmwﬁeﬂ bJ its Lesubshell conversion pattern -



T,
v

Sae

k Teble I,

Wsisions cbsewaa i‘mm Bi Wctmm ,

A ' ”rmaition Relatilve elet;.tron line intensitiesa
L enerﬂ ' ' .

ﬁ .

Prwabbe :
“maltipole.

Hraar

iii.'i' " )
1.

e
3

R SR S v

ko T WO w

B9.7
84'2# 9 | ,
..9337 NI R

Nl
g
8

150

FRUPRDN AN 3 e

Y
RPN

.353;.55
RN
6250
8
7221
_;535':.& .

L PN S S

W

e e et ot 2 A o PR o A e & e w2

]
§

ML ¢
M 2
52

ML, M2
W, M2

W

‘8. Where Yiues were too wesk for c}.emitcm,try, visusl estimates of line

bmckrez.s axe given W= :r ok, V = very.

b, »Bnresalved from mm}",‘

105.5~kev gemwe M‘I isne,

 ¢. The scven assigmente below are tentative; enly the K lineé have been

- Cboerved,

d. h MI linte masked by ¥ - LI - Lil fuger live.

s
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-a&‘: an E2 LranJitim ‘“?w 60 1@ 137,75 186, fr; and 264 ,0O-kev treasitions

| are ahown tc: Ye pruamd.nmuly m@wtm by their high I“I conversion, but

. either ML o 12 16 possible. The 82h.9-kev fsomeric transition has bee,n
""-;ic‘enﬁ;fieﬁ an Mh, from 1ts half life snd its Knconf!ersim cocf""icient

"03 Isomex‘

'mm lead ma‘.uer v:'aa Gdu covered by Hopum, w0 measwred 1te
:.Oﬁm

o h&lf life @.a 5, G sec@n@& and- assigmed it to Po . The later assigoment

to 2%2031\1 B made by Fischer, 8 in order to sirengthen this mass aasi@«-

men%: ¥ have verii’icd the mne‘c:hc relaw.onship between this isomer and
20~

s’ Bi ' pa.mm by a chomdcal "'milkirzg, exportment, Tas 51203 activity
‘Z*’Eks pheed upan an ion-excmmge column containing !:owy«l anion resin,

‘ zm& F‘fo
R 5 HO1 and ?h#m place& into a cc»qnter The entire procedure consuzed
"aimut 5 seac@nd The "‘oes‘t“ valuza of the half-life obtained from 22 puch

: e@erimeﬁt& was T l + 0,5 seconds, ‘

203 was stripped rapidly ﬁ‘m the colm with o small volume of

B conhimmuﬁ-ﬁlmi G.ﬁ.»tem s also assemblﬁd so thai the photon

~",'xsyﬂetmm oF Lm S.somer eo&d ve examined with the scintillation spectron-
a .'e“bcr,. @nly ong phctopeak wes seen, with an enerr;y 826 2 5 kev; this ig
f‘g';m.summhly t&;e preﬁwaly iéz.ntiﬁe;é Mk isomeric wrensition of Pia 3m

o - In & gmma-‘gama coinc.»,den-.e experim:ant essen*ial’!.y Zeny coincielences

o _-Tz:am ztian smas S

"measzm.ri i’rcm the Bi

-.f'y«er:, observed with this photan, ‘indicating thut the Lamr decays dircrt}.;

’ah'* gm;eunﬂ auate. A more- precise valm. of the . tran»imon enargy
203 electm szaec:w.zn, is Bah.y S O o kev,

: Althcu@a 2% leval Qchezrm will not be ;gmesenwd for 1’1)”93

trami ion-enm B can be nofc.ed that may be of help in eut.abllslﬂng
this sehmne. ‘ "hese are. @;iVL.D in Teble IX, end are based upon an ar-cept-

,vmca eri‘oerimn of. a@am within u s, ‘fhe significence of suns of
. the transitiozm baseo. on K-dine sscigiments slone 1:: af cvurse zuestionable,

' C j.}..mms---jai

203

4 posaible c.milaritj between the b and E?‘o'ms | ERerRy levels is

indiaa;jt.e& by ‘a' a,_cunparieaon of th? energles of a number ol the azt'.mnger

_ transitions of these nuelides as follows:
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w6 . . mz2
Bro L 805
385 o L 330
. 6250 - 0 66,2
m B
Coomsay o 10k |
‘me." tbsm am i‘emr repcrtcd uran‘,itirmo af Bidog than of ﬁimﬁ may be due

jmﬂmly to the exgerz.mn‘bal ai fﬁcul’z,, in producing Eldgj in quantltles comparable to
201‘ 2’05 beeemae ﬁae t,hick targ\,m that were employca have the effect of .
_reclucing *’he cx,lm yieldfa re}a’civn to 'uhoae of thi 2,30 rmd a,m reactiom.

”‘ablﬂ II

' : B v’ﬁransitionwemrgy ewnms of.‘ Bi‘w?’ d:aca:»,r

 ®11&& = 6.5
_ Grc over v = e,
3B G350 = . 1006.5
.J%ae*way,ff‘.g' 1080.9
‘~5Jui 5 4 7064 s 10899

06,3 + Bzl .9'.1 = T 1m0

CfeBk e 722l & 1430.5

Bimmuth-20% and Teed-20lm

: Ealf Life -
T Lok

A ni , emnple wa& fullmmd for anﬂ week in & G-M coun*wr, and &

. L half-lit\. -v&lue of 11,0 & 0 &scmm wwa obtained, . The mi,n contmninmt in

"~ the sample %85 4, h-dw B:x."oQ o Lbe extent of 10% of the initiel counting '
rate, Thae bm"bar&aem; had beén made below the a,bn threshold to avoid the
pa‘c&uctim of Bie’{}3

Lmu obtained with ‘enothey pary of the sanple.,

, and its abgence was verified by the eonvextsion-electrmj
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‘»:;; P’mtw spnctm ) L : C
: '.B:te pho‘tx:m sFec.tz'wzz of Bi e vas obtamed with the acintillation
speewfvmuer, and & ccmpar:lsen was nede of this spectrus with thet of the
%ante ?b 2l isomer. ihe RS - ‘-'pecm Me showa in Pig. i, The
) -s;ectm of I’b"‘g AL is lmown to cmsisr. only of a 375=kev pno%;ozi and s
f'pair of unresolveﬁ ;ﬁ’wwmz &k «900 kev, Thet of Bi‘?’@h is evidenolj Bore
.eawpﬁxéx, ‘imz; the only a&ditional photon that 4s easily fdentified is the
- ﬁpeak. Bt 670 kev, |
' mc.ctrqn %mctrus'--m%h
. B *“he high resolution (Q i %) of the permanent-negrst spc»xo@'a@us
" was, cazm‘bial to & study of. the ﬁ:matmaly conplex spectrum of Bim and
the aﬁsaciai,c& isotopes 31205 306

s BL ; and ﬁim. FPigure 2 shows a portion

- -of {.he &ensitmneter Lra.cing obtaineﬁ fxom & photograpnic rlm;c of }3100"’

) and. nim in thv energy r@g;ion from. ?‘TO to BY0 kev, Two of the photoe |

© graphic plates are reproduced in Fig. 3, | |

L A listing of the »raxz»sitiom associated with Bizo decay is ggiven :
. in Teble IIT. Theee are divided into three rather subjective groups which
» coﬁéeycﬂd to ﬁemasing levels of c(mndeme in the %simmntw The
" firm and aecm& groups contam tram,ni*'ions with two or miore conversion

o V;Lines asuiga.ed, ?bm: those. i the saecmd groa.p are weaker or centain pose

. sible am‘niguities “In the third: gg'oup mly one iine peT tramitzon hes
. been ohcs»md, but in at least two independent experiments, The numerical

- ; ,mlative intensibies o‘f ‘the st:mnger ecmversian 1lires have mea obtained from

: Adﬁmime&er ra;cings af the photogmphie rpectm. The absolule aceuracy
_'cnf the tmmition energies snould be better than G.L.f,. Relative conversion-.’
' lane imtensifl% are prooab].y @ocd to 30% .

d)l»m"

. -.Mecumn 3@—90.1;1%“% , .
 Inasgn at ’cemp? o vonrtruc» a decay gcheme for- Bléoi one can utﬁ.li.&e
_‘as a basic fratiework the smzlle Fb‘:okm decny scheme, Thig isomer is known
Lt d.ewxcite by tires cascade germe rays of ‘energies 911, 375, ané -899 kev,
".vrhie,h defim levels in %2‘01& at 9, 8»99, lé.’?lr, end 2185 kev of spins and
paxities O+, 24, by wd 9=, rmgpectively. ' We have examined the conversions

_eleé uroj spEckTun of P‘o'ﬁ % and huve found s new Aevel in ”‘b’ol{’ which ve



. Table TII
- a0

_B1“"” Trensitions

Conversion linés chserved

K—line~intensity

,g LI
KLy

jﬁﬁzf%fiﬁmzu- -
| LILI Py -

Iylar'

K 't,IszirsI

K Ll
- K LI..
kg
K Lyl
s f'K'Limlﬂi ' L
EL
RS
R ngy
LKL

g Ix

.'f K LI.:i ‘:i E
K Tplybe ey |
en ¥

X

K'Ll :

.. -v*.“i: ”
K
K Lpylypgtlyy

K'LI

3080 (Ly;)
- 2090 (L)
270 (1)
W
1230

M

T ost0
170
3970
130
- 120
2
230
150
120
260
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,:72,"5'._31 o -‘“‘1 S 50
RGN T S A .

9"’%“5 S LnLnf&INn o 1330
3T S LM o 10
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w9 SEEEE "Z‘ILI'IMII o L W)
C6k9. . o KL - | oW
L 2 - R
235 - Ky | 70
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10'5 5 ' - LI-:F . - o v
L |
K

209.1
321 | |
0.6 _ k- - 70
3’{66 - ok ¢ - 210

W

E

46,3 K | 120
.“5.342.2” : K | . o 40
555.7° 0 K | 50
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___Teble 117 {continued)

®¢ " Conversian lines ohserved K-line intensity
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6152

i
3

62,7
b "625.1; |
. 63%.3-- vf B
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g2
.5
e
B
&bk, 100

936 R
'1139.8 | K
o '_.120'3;,.9, - -
LW

momOR OR K &R O® R O® R R ORCR R

12115
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. lievelies at . 1563 kev; the same conclusion hae also been reeched inde-
_' jpendsmly by Herrlander, Stockendal, MeDunell, and Bergstedn in their
1 'frecent study of this isomer, 2 A
'  ghe ~eonversion electran data of P’b 20k exe given in Table IV, In«
:aéﬁ,:tmn ETey th:a pz“vicuslg InGin u'émsiuion.a, a ver:;f vieqk 15;310 appears

- which we have assigped’ s.s the hi4 line of a 280, 5«hey Lram‘;itiom e baesis
for this a.aai@meht iies lsxg,c.ly in mt, fart that & strong 209, $-kev
' nrmi'cion ha.s Teen io.mntlfied rom Bido,g decay (%ée Tuble III;. BSince
is not o@eehed that there will be & hew level in 0% below uhe bt
'v level g3 lﬂL kev it seems re(..acmablze t‘.hat this new level. ...J.Q'" beteen
" the s+ level end she 2185-kev ¥~ level, We were unsble %o f£ind in the
A QGItm spectw T.i.aes of a z;.ew“d urs.xzsi .icm com ponding to the dif- »
- ';emme vetween 911.5 and 283.5, i.e., 622.0 kev, but such & transition

’ .jwas .L&Qntifi”d in the Bim' syect:ﬁxa s 289, 5-lev tmsi tion is ﬂhmm .
o be. m in. the velis cheme than the 622-kev transition by two arguments:
. {8) The. 289 S-kav trancition has a lug;h K/I. retic {as ouserved in the

.-Bi% gpee trun) and hence is of lov mal’ciyole order, probebly aipole, Ito

: pmment L conversion in the Ly wub ubshell indicates that it is an Ml or an
' "2 tmnmtisn‘;, and hence it could not arise from the isomeric state, which
| de-excites mainly by the 9I1,.5-kev ES transition, '

(b) In the B:lzm} s;r‘scwm, the 2&9 S-key traneition is. e’x‘x:reré’lj weak,
It is 3,.1}&@13, therefore, that the 289,5-kev transition lies lower in the
' cescad,,, Since the alterpative explanabion would require that there be a

very strong Lransition in ni’ﬁ"' docay that is paraliel to the 622-kev
transition; such a parellel transition hms not been observed,

The spin of the mew level, as suggested by the probable magnetic dipole

charas*ber of the. 289,5-kev msition,my be 3+, b4, oF 5+, Analogy with

the known P~ 205 level aclmel suggests an aasigmnent of 14+ the 628.0-kev
tranaitim tmuld then be an B, as is the 911 Seitev trenciticn. Further
 demonstration of the E5 character of the 622.0-kev transition has been given
by Herrlander et g_l_,y who £ind a K/L ravio of 0.7k + 0.0%, in reasonsble

. agreement with Rese's theoretical ratio for an E5 transition, 0.854-.10

, ~ Frem the %201@:5 spectrum, we nessure the ratio of the intemssisy of
the K line of the 289 5~kur trantition to that of the 375.0-kev tromsition



L & B ' . UCRL-380E
:_b@‘OJQ?? By use cf 311v uhaorctxcal K~conversion coe”ficientll Tx @
289, Skev Ml ﬁxaasi ian {6 30), & #0d the cxpﬂrimanual r«eanversidn cocf-
ficieni of the 5”” O-kﬂv B2 traasition measured by ﬁerrlanacr et al, 2 {0.0uh),
w2 ob*ain £y transition ratio” (d00/375) of 0.00%, Herrlisndes et al, report a ;g'
tmmsitian retio (62&/91°) of . o027, Siwed the 622~ and 290-kev trwm»ion
1ntensitiea ;hguld be about enguad, aw well as the 91i- and 3I75-kev 1ntenﬁitﬁae,
hhese tws raties should be roughly equal, zhis branching usy be compared
with that expocted thearetically fran a stridt EZQI+1 ‘dependence, The cale
" culaue&'rétmo is 652/912 5] 01;, ed canpeved with the experiwental avernge
- value 622/912 = 0,003, 1ndica&inu that the 622-kev transivion is slower by a
'factar of dbout Pow (reletive to the §l2-kev transition) than would be pre-
dicted from (,he en,ergy degsnﬂencfe alone, o

ﬁ}dEUE '?

Cmnveralun Lines. Gus [ Frcn szggm Dﬁc&j

| Electron Emnmggy,(kgy}'x' - Vis&u;~'1nueﬁsing h . Helgament

00T | .*W,' 289.5 K

- A Vs 375.0 K
S Mo 35,0 Ty
3622 Pl 5 375.0 Lugy
C3TRE W 375.0 Mgy
3;'?3.;-,7'1' i \&i 375.0 By

811.9 SV 899.2 ¥

“eaho M 911.5 K
5.3 u. FIL.5 By
85,8 - WYV 9115 e
089 W 911,5 Myy

t11.6 CvE

(935 By

“ransi ion BamQ~-BiéO

20hn

To build further uncm the en@rgy—level Lramevork ErUVad%u by Pb »

~uc hﬁ#ﬁ &xaminua the Lransitiom«&um relationsiips o
’ there are aevaral thousand cuns obtained from the &
‘eidental coincidences of sums of two transitions with other

decay. Sdnce:
*ransition;, many -
csums of two
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| transiuions Wil sceur, even ot & yrecicion of 0.1%, e bave licted in
Foble ¥, therefare; only cis of Lo Lmﬂma with oingle transitions
'(aﬁ&'@m«ﬂt within 0,3%); 111 such. .,ums are foumd, - |
o It is nig;aificmt that frow i,his st of sums the energy of the
’Es 15@%:&» trzmaltion,_ Q11,5«kev; mw.ra 85 & Cros8over tmeition edx
',t;mes. i prcbabil.{ty that this number of swis - v ,_zld occur by chanée
18 on,z.y 1dn 10,009, hence at least some of tm,f»e cascade Yelationshivs
rust be uigmii‘iéaxzt The six smm to G1i.5 ) +Q 9 v sre:d
-_ : -83&3-&- 76,6 = 93.0 a
D 799 ¢ 158 = gL
”ﬁm&%mkﬁm
661.5 ¢ 24,1 = 910,6
66,0 % #27.1 "= SLLL
S 6217 4 289,5 = 9il.e . o
Onl sng of thcfe m.x pairs of cascede urazn:. lons fus m.‘ara.ll:;
B bﬂ‘e‘n ob served 4 “the eleutrm spectrun of the Ssomer wself (by Herrlander
N 'et. &k, 9), 4 uherefore ox:ze Mgt a.ccom\: for the absence of the oma.r cuscades
fcm intc‘wltgf srounds if the Gums are to be considered Ve
‘l‘wu gums thet cen clzarly be rejected in this way are #:.mse uf the
LC.?Q:)T}. ¢ paix and the 6614.5@27@9 L pair, becausc the ¥ K lines of a.ll the

’ 1
Crensit icms are much too ’in’uenna 4n the Bi"e‘" spectrum to have been -

_obse:m:cd dn he Fo” 20 spee trun, he status of the other Lhree Bs.‘m" swas
rewasins in qmstion becm}.ue gt lemet one of each pair ic sufficiently weask

. 20k

- relative to the 911, 5 thet it could have been miseed in the E—‘b'f'o . spechEuws,

. 20k ’ - . }
e ;wpu._ml be denirable to resexmuime the Fo™ o spectruy with stronger sources.

to search for theee wesk competing isomeric tramsitions,

20k

S Pb * level scheme cexmot be constructed on the besis of
the nEnerical @ma re;??amonshilm slonge; tvhe complexity is such that o preciuxcn
@‘em;er than 0.1% would bve required, Eleciron-electron coincidente work at

' i‘airl;r high resolution could also help to decide the true or accidental '
neture of aame of the trensition mwis. ' '

Gonclms i.oxm - «Bﬂ,
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_Table V

T
“Transitions
L A T e

Crosgs

B 219.5
o 2hg.1

25,5
330.9

%055
Ckzh
'Kléa&

421,8

- k388

40,2
yko.z

W02

468.3
%8‘3

1501.8

501.8
501.8

501.8

22.2

532.6

542.2
54e.2

54%5,7 .
- 545,7

548.8

- 5h8.8

548.8
585 .4

. 615.2.
615.2
- 615.2

2ho.7

. .78.62 10,9
Bo.21 168,68
80,21 '209.1

78.62  252.4
164.9 k0.7
80.21 © 332.1
1849 227.1
209.1 - 212.7
216,1 222.5
109.1 - 330.9
212.7 227.1
213.5 227.1
216,20 252.%
219.5  2ho.1
80,21 521,68
170.0  .332.1
212.7 289.5
2h9.1 252 4
1005 4218
126.86° haz.u
16,9 376.8
252, 289.5

168,68 ‘

213.5 332.1
80,21 4683
109.1 - ko2
216.2 332.1
209.1 376.8
176.2 438.8
209.1 405, 5

~ 375.0

Cross-

over ;t(}afsqaléi,é sum .
6464 100,k 540.7
6464 1k 501.0
G465 2hO.T 405,5°
6615 19,8 sha.2
651.5  222.% %38.8
661.5  29.1 W2k
6634 '78.52 585.4 .
663,4 140,9 522,82
663.4  330.9 332.1
671.0 168,86 501.8
671,0  249,1 . ka8
671.0  »330.9°  340.6
685.0 216,z 68,3
710.% 16%.9 545.7
710.h4 168.8 548,2
710.5 209.1 501.8 .
718.5  170.0 548,0
78,5  176.2 5%2.2

7185 216.2 501,8
725.3 78.65 6454
728,73 176.2 . 548.8
T45.2 212.7 532.6
7h5,2 282.5 522,2
TH5.2  332.1 . Mi2.h

8,5 216.2  532.6
7654 216, 2 548,8
T65.4 219,5 5487
T65.%  222.5 54z, 2
T9L.9 176,z 615,22
791.9 2491 542,82
T9L.9 269.5 5018



© Table V {continued)

Crogs- . ... . . " Cross-. e
over " Cascade sum - , over ‘Cascade sum .-
832.3 168,86 - 663.1  1056.7 . z3.5  BW.1
832.3 A - 170.0 661.5 - 1056.7 222.5 834.3
832.3 2895 . su.z ©1056.7 2910 . T765.%
£32.3 330.9 . s01.6 1056.7 330.9 728.3
83v.3 . Mz k218 1056.7 3321 725.3
83.3 © 109.1 ~.728.3 . 1056,7 1445 911.5
83k.3  219.5  615.2 ©1056.7 212,70 Sk
8383 2.1 . 585.4  1139.8 2225y 918.4
83,3 332.1 5018 C139.8  2k0,7 899.2
841 78,62 T65.% . 1139.8  375.0 7654
8,1 375.0  468.3 139.8 4218 785
8h4. 1 %05.5 - 436.8 1139.6 1;60,3 &71.0 -
899.2 252k GME.h 1203.9 k2% . 799
899.2 37168 sw.z 1203.9  4B8.8 - 7654
911.5 76.62  832.3 1203.9  532.6 671.0
915 w98 79l 12039 sk 6L
911.5  zW0.7T 6710 12115 376.8 83y
gu.5 2L 66L5 12115 50L& 710k
911.5 6840  zz7.l . 215 5M8.8 6615
Loas 2895 6B 1aLs SMB.8 . 863k

918,45  170,0 7485
9184 332.1 5854
018,k 326.8 - she.z
933.6 100 832,32
933.6  140,3  79L.9
933.6  168.8  785.h
933.6 1849 8.5
933.5  209.1  725.3
933.6 222.5 TW0.4%
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Bisuath-20

Half Llfe . 5
T semple of Ei was fanc:wed for more than seven half iives W th

a G- counter to obtaﬁ.n a valme for the Biaos half life of 1.5 2 0.7 days,
%pprcxﬁmately &Oﬁ of the initial’ ‘counting rate of the sample was )31805; ‘the
other 20% was G-day Bimﬁ with a very small emount o\ a-y*ar Biﬁo?

scmm.uation Bgectm R | .

‘Ihe BRMR-Tag scintillacim apectrum cf 81205 wes examined for a
messure of t,he rela‘w.ve intﬁnsities of the mozx intense photona 3 the remﬂ.ta
are given in Table "I

| .Elect.ron am@ctrwn IR S ' IR - ’Mﬂ.

The tmnoitions assi@@d to Bi 205. decay from this work, and fwm the -
work of Jchznarak et al , are given in "‘able VII. Also glven are the meass "
ured intensiui&s of warj.ous prcmin m lmw releative t‘.o tha K-line oi.’ the -
703, J=hev . maiuon.' The. a.gr@em'mt of ‘the transition energie., with. thoae .

reported by Schmomk et. al 3 1» for fhhe, stronger tramnumns- very good. :

' T&}Jle VI
Bi‘:o:’ Phot.on Spectrum

Bnergy of R o Remm '
gama rey - . S - . intensity

(kev) e

(¢ N
B .

w0 | oz |
w20

' C:&‘ima-ama Comcidx.ncea o : .

' Becauge of the cmpler:&ty of the g =%? spectrum, little. ihfoﬁnaﬁi‘bn ‘

was gained fron gma-g,mm coincidence experiments, The only certain results |

were that the 570-kev transition is in coincidence with the 10k4-kev tramaition
 and that the TO3=kev transition is in coincidence with ra.dﬁation of ‘energy
,,\greater than 1750 kv, : .

A bearch was also cozzduetcd for delayed stales in Bi decay. By -

gating with the K x-rays and compering the resulting coincidence spectrum

405

with the singles spectrum one was eble Yo discern that nope of the wore



. w138

_‘rongiiions chierved im 82°° decay .
By = ;V‘v4 AR o I.(K-lihe)z.
Schmorak et al, Tais work = Schmorak et gl,

.

I

et
it

e us.e - - e ()

’ 131.2 ‘ iy o> v wa- . .' - N - - '

. 192-'6 S e : - C o . ‘{ >

N 235.9 R T -

’3!@&“.3' 3454 o 29 , 28
383.3 ®s.2 : - .6
593.5 S e 1 11

526.0 - o v - ——
531.1 .y e -
550.3 550.0 | e 63
570.7 5710 S 7 I
76 S— '. e
s9.1 0 see0 % o
626.2 1 665 e 6
- e e
703.3 S i  x0.0

b6 ThS.O . o — - 2.1
756.6 758.3 R EER
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Table VII (continued)

By om0 _ T {K-line)

Thia‘bek'(kgv? ' Séhmorak.gg;gﬁ. . . Thds work " Schmorak et el.

ooy 908 — 9.8
eeTs  er8 & 27.5
- - o002, 7 e S e
k0 0 w2 — w9
1043.5 . ioha.? o o ez . 325
1073.3 e L e
1190.1 1196._3 A el s
s oy e 0.3
R 1502.5. S o
~1617 R T SR e a2

— 1786k S .i."-  _ e 436
D T R 1 s

.- ; 18633 o o, '_Aﬁ' - vz,é.u, -

- 29065 e e
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intense transitions was delayed, since both spectra wére almost identical,
By gating on ¢the X x-rays and inserting appwopria‘be delay., into the _
coincidence cireuit, an upper limit of asbout 5 x 10 Fige sec was set on tm
half life of the “03—1@\? B2 gagma z‘ay 4 similar Limit was set for the
other transitions. ' -

203

Sea.rch for 1 cxneric State in Pb~ S
Sfnce jsomers of the M4 type ere known %o occur in Fo°0 6203 »
and %207 it has been expecited that. I‘bzos should also have ‘such an isomer,
- Further, the Pbao“g’ and sz:O? isomers are directly populatad to & consider=
able extent from the decaa of 31303 and mZO?
netural to dgearch i"or the Fb 205 isomer from the decsy of Bi” .
 Prom the known half J.iveu of RO (6.8 sec) and Pb‘jcjm (7 .,ec),
one predicts a half life of‘ from l 5 Yo Z seconds for a similar Mk isomer
in. Pbaas Also an intarpolation of the en erqieg of' the P’bW an& szo‘?’
isomeric (.mnsit.icns lea,da toa predic’cion of’ an 9nerg',' of 900 to 1090 Bev '
for the P‘umﬁ iaomer '
We have searched for thi.a 1mr, in two separate exyerimentm,
with ncgativa resu.lts. 'me experinental method was the following: Sources
of fairly purs B1°0? vere produced by alpha-particle bombardment oz m*3
well below the o, 3n thz‘eahold ‘The regular chemical prov.edures was followed,
exeept x.hat in the final atep The bismuth artivity was sllowed. o remelin upon
| the anionmimnge colmrm ﬂ continuouuuflow system with O, HCX as elwmt
was then used to remove the leaed da.agmer activity co’xtinw::.asly ané pess it» .
along s glass tube &t a known flcw rate. By means of a singlenehamxel ‘ v
seintillation spectmmeter the mtivﬂ.ty 7 could be measured as & ﬁmction -
of distance slong the glass tube, and hence the half life determined,
The expariment ;\;:Lelded 8 m.lf iife of O, 7 sec, t'mich agrees mm
the laiown half life of Fu,20TR (0.8 sec), Purther proof that this activity

wa Pb 20T was obtained by mentiflcaticn in the ;gmsa epect.rwn of uh@ :
EOTm .

s respectively; hence it was
:1'0) :

- 570~kev gamme ray of Pb . o ,
It is possible froe thesse cxperimentg to set an upper l.imit to t.he ‘

population of such a Pbgo” iBQWr by the deeay of Biﬁos s uging the figure

- of 9% for the population of 3 ot by Bim'? decay end the known half lives
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of Bim (G vears) and Bi 205 {15.3 day.:) ssewning that the lew(a,z-a) Eims
crose»section is about the same ae the ‘1‘1‘“05 (’z,zn)mw?
knowing the isotopic enrichment of the thallium target materiel , one cal-
culates thit the population of an isomeric state o e by decay of g9
is less than 0,1%, "-mis liwit, of course, is valid only for an isomer
sivilar to that of Po 0> gud Fo'u " an fsomer with half 13fe less than
0.3 see is not ruled out . uy Uzesa experimc.nts. '

eross. gection, and

fransition-Energy Sums snd level Schems
O the basis of trwaition-ewgy sums end coincidenee information,

Schmorak et e,x.@ pres.ent & level echerm of %205 which ten levels are
considered to be "m-zll established. i Because oi‘ the close e.gmemem of
ouxr ngiti-on energies with thedrs, s 10st of th‘. sun relations are alse in
accerd, However, thvre are’ peveral inconsis mnc;eg withiq their level
acheme that would seewm o reuuire further clarificention, ‘It is fairly
cer‘t,ain that the 703.3-kev trzms:.tion ;—:roeeeds %o the ground state, bo’ch
becausa of it») high intensity a.xi beca.uﬁe it is not in coincidence with
- any of the other strcmg trmsiticms.  Bug Ahe lewal achemc of Schmorak
et al, places the strong 350.5~3se=-i trmuxtinn in a position high in the
ache:ne, where decay would proveed to ground vis d ca.sca&e through. the
_7@3.. jekev tremsition; wuch e position seems to con&adim the e:f,perimental .
‘dnta cited in Teble 1v, :mci in Thble VI of thelr payer, vhiech imdicate
~ that tlmse twe mtim axe mt in cc:a,ncidence. Fm'ther, the elpha~
’ _md BamRBSTeY data Qf Agsr0 md Peﬂzranlz on’ 'oha. -decay of Pc»d()9 (POF“.
-uwlating the samé daughter nucleus) show that the Pirst excited atate of

265 has e.xa emergy of 260 + 5 "vev, not 282.3 kev as ,_.,ostula.aed by
m:hmah et.al, However, the alternative proposel. that the 260 s-kev
tmsition be assi@ed to thé first excited state of PbEOS also gontya~
dict:: the B"‘EO) coincidence dam, siimce coincidences are found between
the ;71 O~ and 260.5-kev transitions, yet there are ﬁounﬁ no transitions
with the proper energies to connect the 1043,7- and “6(}.,5%&31: levels, Thae
seme contradiction holds for the information that the z;’&;ix 2-kev gomme. i
in coincidence with the 232 3-kev gomna; a trﬂn&lui(.‘;ﬂ ‘of 421.0 kev, which

weuld t&mn e nacz_bsary to. conmect the TO3,3-kev and 282,3-kev lévels, is
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~mot found. clther by_ Sehmorals ¢ et a1.” on . in this work. It peems dear fmm -

" the Po 207 alpha-deca,y data f:hat the firg‘b exciﬁed state of- Pb" 205 lies ai. _

260 kv, although it has not been nz'i::ved that the M. trensition mat de=

‘excités this state is i&entic&l o the &50. Gekev transition ohaem& fram
205 decay.- Mmer comcidcnoe hxpcriments with Blms falrly higit

: Nsolutm will be neceasary for-the chﬁficatmm of the ¥ ‘@’ level

mhme

‘205

Becouse c-f e large number of Lran: *:‘L"ioms :.omd in Bims decay
F i.s mmmatm 6 observe ﬁ‘m& 8 bt&‘tﬁ.&mcal Plot of transition energles
v'*&fﬁetb@r o not my correlations can be mede mth‘ the known energies of

cingle-neutron tranai‘cims in this region., In W 2« we give such a ;gloc,
" which shows the. fcnmd.ag ‘maxima end & possible interpretation.

'k

207

Magtmum hingleuneutmn tmnmtion in Pb
Akev) {kev)
1_25 . » ’ o .';‘_. Rt ..:i‘;;,.j'-".. "‘-‘v .;l -’ .. .- - - e
60 - C el e f 309
0 | Pyfe Lspz 3
=00 | fS/Z oty pl/z 570
e Pife T Paje T
205

Appareﬂtly in the "tkme—%wle ‘us:leus % mamfes tetione of cdd~-pucleon
trensitions ram&m, sumriwmwd upon the verious excit atic‘mr& of the other
nuclcon pair. : ‘ : - '

“his work vas done wider the m&ﬁpi@@o of the U, 3. htomic Bocrgy
- Commission, - . P : :
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