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branymi liniami elektronów wewnętrznej konwersji prs©-
prowadzono używając detektora Ge/Li/ i sseścioaacaelino
«ego magnetycznego spektrometru f§ , Pomiary prostego
eicuna е.isiŁŁronów wewne.tirane j konwersji
przy użyciu spektrometru fb z detektorem Si/Li/
czonym z systemem ruchomych diaffragm w jednorodnym polu
magnetycznym. Zaproponowano schemat rozpadu saraierający
39 poziomów wzbudzonych 2 2 S T ł u Z całkowitej liczby 160
przejść przypisanych do rozpadu " Pa i scheiaacie tyra
umieszczono i i i przejść. Wyznaczono energię przejścia
^ а р а —£. dfi5QTh, która, wynosi 2103 _ ^ keVo W oparciu

o modele jądrowe przean&lisowano rozkład funkcji mocy
''28dla zasilań poziomów ~ Th na drodze wychwytu elektronu.

Przedstawiono analizę oddziaływania Coriolisa pomiędzy
pasmami oktupolowymi К = 0, i , 2 i 3= Doświadczalne
wartości elementów macierzowych oddziaływania Coriolisa
porównano z wartościami obliczonymi w oparciu o mikro-
skopowy model jądra.

Аннотация
PPR ??R

Распад ^°Ра —^ Tli , исследовался с применением
нескольких методов0 Спектры гамна и КХ-лучей изучались
с помощью Ge(Li)s Si (Li)- детекторовв И»мерения гамма-
-гамма ш гамма-КХ совпадений проводшгись на установке
с двумя &е(1О - детекторамие Электрон - гамма совпадения
изучались с помощью шестизазорного бета- спектрометра и
Ge(Li)- детектора. Спектр конверсионных электронов иссле-
довался на бета-спектрометре с Si (Li)- детектором нахо-
дящимся 8 вместе с подвижными диафрагмами% в области
однородного магнитного поля» Предлагается схема распада

Ра —&. ТЬ , в которой введены 39 уровней» В схеме
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размещено l i i гаша-переходов из полного числа 160 гамма
PPR

-переходов наблюдавшихся при распаде Ра, Определено
энергию распада - 2 8 Р а —з»2 2 8ТЬ , которая равна ( 2 I j 2
Экспериментальное распределение силовой функции электрон-
ного захвата сравнивается с теоретическими расчетами,,
Представлен анализ взаимодействия Кориолиса четырех
октупольных полос (К s ОД ,2 ш 3)„
Полученные экспериментальные величины матричных элементов
взаимодействия Кориолиса сравниваются с теоретически-
ми расчётами в рамках микроскопической модели ядрав
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Massy features of tts© Pa •*• *h a@oay векше

established and d&@©B№S©d W Arferasa e t a l 0 |jQ
already in i960. However, © «leosd© la te r the available
experisemtsl tec&miąTOS шг® шмоЬ i©pr©v@fi0 aostly

to rsiav©stigBto th i s
pr©@©Bt paper fi©sorib©s suols ae^ esteneiv© studios

lafi to a aore ooaplet-© kao^le^g© ©f
nna

fto I@^®Is â -łwę ©ttor results„ the ©sist@Bo©
©f S a ©„ 2 ©ad 3 eetupeie Ьаайв is ooiafirEEefi aafi ©vi»
d©a©@ is gi^eaa tentatively for the previously ua«b@©rv
К « i ootajp©!© baade The Coriolis oowplimg ©ff thase
bassds i s aasai^sod in оова €e te i l 5 refer®m@© beiing raado

to the microscopic-nod®! oaloulatiom@e Also tb© Pa

й®еа& energy amd braachimg rat ios for ttoe olsotr
tare feeuiffig of the Th levels шг© determimed,

to cslceilat© the dis tr ibut ion of the beta stremgtta

P© 22 Ш ac t iv i ty ®as prouaaeeu in Ш®
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Eur©©®i©s ©t &1„ [3d о During the ^©ssiar©eeEat0e apart
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3 . SINGLES SggCTŁft^OF ^ R A Y S M I A M D

BLBCTROMS

part off the 7f~ray spec trust
measured ^ i t h a, 2.5 m@ tltiolc and 5 mm in dimeter Si/Li/
detector, having at 60 feeV a resolution (FWHM) of
i.4 SteV. Тй© energy aad intensity calibration was per-
formed usisag the С©„ C&9 Yb and As soiarcos.

spectrum iss the ©ш©г@у sramge of 100 to 2iOO

was measured with several Ge/Li/ detectors, Tb® issia
3

results were obtained using a 5D6 сш detsctor ^ith
3a 1600 etaasmel analyzer awd a 33 ora d©ct©otor with

a 4096 ch&smel analyser ( Pig* 1). The resolution ( РИНМ)
of tto©s© detectors ©4 1332 keV ^©s 3,0 aad 6,0 feaV9

respectively» En©rgi©a of ttoe intaas© -g--lia©s were

from .those of the staadard l ines by oounting
228

Pa source амо standard sources simultaneously,

IH several runs, different ssts of 2 2Na 8

 6 0Co e

 S 8 Y e

Agt Bi or E® standard sources «©r©

Also th© energies of 7f-3L&B©a of

et al. [ 2 ^ 9

 2 3 2Р& /Каса&годаМ et al И / &dd 2 3 3

used as intersial—oaiibratiou siaadards. The energies
of Ps lines t;ith ula© &ssigaed uac©rt©iis4i©s of 0=2 keV
or less ©sr© d©fcerffliEBQd in tois «aye In th© H®st st©p5

ibese prsoisely d©tersin©d energies w©r© oomsid©r©d ®e
@©coadsry staiBdards wton finding the energies of
lines» Por calibrstisjg the ©ffici®acy of

for the ©om&rtteatioffl £у©н "jf «lines of
, P® or Pe,o SOIB© ©f the у



ft© ©nargj шй iai@msity data for -jf-rays
a &y© l i s t e d ia ©©lassa© i and 3 of Table 1„
Colusa 3 of Table I l i s t s tfe© dat© om

integr i t i e s of the lia©s of i®t©raal«
tronSo A fc> •*•&$&о%~к0&зЬ®т 's ith a 3 ш% tMick Si/Li/
doteotor in © иовоявпоои© EB©gn©ti© ^i©lde d®®©riw@d
toy Płootaoebi e t a l . \j&2i> w a s uesd for d@t©stioa of
limes in the ©aorgiF raisg© abetr© 300 K®Ve А $@ж& ©f th i s
вр©с&гша is G!M©SB i s Fig» 8. Sino© th© d©t©etos"

i t was вюе®@@шт to corrsot Ш<э l iee iatosis i t ios f@r Ш©
deteotiom @fffici©B3oye The ©ffici©aoy owrv© ^s© based oo
the data r©port©ś bf Mmm e t &1. nsT®h© studied the most
intense P® oossversiom l i n o s , ias the ©asrgy ramge ab©v@
800 keV, usiBg © bigb^resol^tiom sagaeti© /3 ~вр©сtrots®ter<

T© calculate the isst©rnsl«ooasve?fflion co©ffioioats s the
^•=гау ©ad coaverBion-lim® iatemBities s©re normalized

by assuiElBg the tfe©orotioal /Eager ашй S©lts©r С^Ц/ Е2
internal-conversion oceff ioisat ©ff ©e9 ж 10 for the
911,23 k®¥ tr&msi&ioBu Тще coluasns 4 sad 5 In Tab!© I
l i s t , reflpectivolFa tJa© valM©s off the i'nternel-conversion
cosfficient-o asau th© rauliipolaritjj assigsMBsats,

cooparimg the в© va!«©@ Ditto the №©or®tit;al ои©а L6J

COmciDBHCB

«jith internsl-oon-
3version olootrons @©r© ssśsassjred using a 5.6 cm G©/Li/

detector ©me a sis«=>gap iHBgia©tic Q -»B
of tboao o9&sur@Eient@ S©F® id©atio©I to

tasdise @f Iurc©wio£ @t a l . Z%~}° ^® rsswlto ©r©
i a fats!© II шайд fssr он® of tin© two c©iit№id©n©©

©sparia©Htss In Figo 3„
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6. ТИЕ DECAY SCHEME

22S
The Pa decay schsiBe shown in Pigs. 7a and 7b is

an extension of that published by Arbraaa ®i al.

The twenty on© levels of Th reported in Ref. [I]

have been confirmed, and new levels at 618p 952„ 969

(2"), 1016, 1064, 1175, 1200e 1580B 1642, 1676, 1843,

1900, 1925,, 1939, 1965, 1994, 2010 and 2016 keV nave

been found. It has recently been ©hown that шалу of these

new levels ar© populated also in the S~-decay of " Ac

/Dalmasso and Maria C7J» H©rm©nt &&« Vien C8J/.
2223The oonstruction of the Th level scheme is based

on th© transition energy fits, searched with the use of

a special computer program, and on the results of the

coincidence experiments. Th© decay scheme includes iii

of th© total number of 160 traditions ascribed to the
223

Pa activity. The multipol® character established for
numerous transitions allots to define th© parity for the

228
majority off the Th levels and to assign spin values toof thera. With the knowledge of the Q ™ value .of the
028

Pa half=life and of the EC branching ratios it
possible to calculate log ft values. The los log ft valu©

for the tramsi&ion to th© 1944 k©V 3* level ©nd the direct

L."- feeding of th© 2 + and 4 + level® Indicates the spin and

parity 3 for the Pa ground state„ This is in agreement

@ith the assigmsant proposed by АгЬшап et al. QL] * The

assignments of th© К q- .&nt№ numbers to the levels at

lotaer excitation energy results frota th© interpretation

of th©s© levels in t©rms off nucloar Eiodels (cf. section 7),

The arguments taken into account wtaen constructing

tho dsosy scheme can by easily reproduced if use is

of the information contained in fables I - 111. It



baon deciu@d, therefore, to oalt in this section any

comments on the existence of individual levels in Th

end on tUe spin-parity assignment. In tho next section,

howevers brief commoate can b© found on peversl, mostly

tentative, levels shoe© identification is important for

the verification of th© applicability of th® deforsad-
228

-nuclei theory to th© low-©n@rgy excitations in Tto.

The balance of the intensities for the decay acfeoao

le based on the assumption that the 1С process occurs in

98% of the Pa decays /ее©fables bjr Laderer ©t al.

and that there is во 1С £©©diag of fcta© ' Tfe ground

The total transition intensities have boon calculated

Hith the us© of the theoretical internal oonveroiou coef-

ficients oi Hag©r and Soltssr [V]. The iataasity of the

49 transitiexae not included in th® decay асЬевэ ооггоороийэ

to that of about il% of the total 1С docoyоо Inclyding of

thess transitions in 4h© &©®gg$ &ch®m& would result in a

change of th® EC braHohisgs and log ft values raifeh respect

to th©B© givsii in Figs 7© ©ad ?b. This, taoraovar, oould
A A Q

hardly effect the spin шли parity assigniaemt to the P©

ground state. He b©lisv© also that the qualitative coa=>

tiubions of section 7.3 on th© bota-str©agth fiietribution

»oula not be changed.

О "̂  Л

The pruperilee of the " Tb levels ar© disciieseol in

this aaotluu in terms of th© sodels developed for the de-,

formad nucit»!. For a gsner©! presentation of those models

the reader may retor lo Nathan and Nilsson fiO1 and Soln-

viov il .



7.1» Poaitiye-flarity а!а&ва__Ье1ди 1500

228
The interpretation of the ltw-©aergy fh levels of

parity is illustrated in Fig. 8o

The ground-state beлd is sfooisn siih four rotational

laveia. The 6* level introduced by Arbiasn ©t si. j i ] ao

uncertain is now well proved by coincidence data. The

evidence for tbe 8 level is only tentative. The cal-

culations based on the rotational formula, with three

parameters determined froa tbe position of tbe 2 , 4

and б4" levels, for the 8 + level yi©ld the energy of

624 keV„ fhiQ is not far fro® ttoe tentat ively givsB вк-
porlaental va las .

The a©s lsv©J, at 1174.5 &©V is interpreted as the
spiia-parity 5+ somber off thm 7$* --vibrationel band. The

p-л/ibrational O l©v@le iffitrocliaood by Lsderar et al»
[l2] at 0c83 MeVf hse mot fe©©n fouad to ba fed in tao
decay of 2 2 8 P a .

Tbe ii53«6 Si@V lovcsl ©ad the X -vibrat ional baad-
x/

hssd state are linKsd by ibe SO traasition . Honeo, for

the ii53«i6 b©¥ level ш© Imv® Kl^ m 22"% ©ad therefore

this level oeulfi bo interpreted as a two~phono& (в + тр

-вtat©о Its onergy is, bowevsr» significaBtly loaar thantho оию of tfo® ©Bsorgioa ©f Ш® (3 - aad 7f -vlbratlunaL
(TT- . I

levels. Siailar К" ш a lov©3.© hav© bs®n observed in
2 3 0 , • -,

fh /os© !©£„ 12] еай ©arli©r pap©r@ quoted there/ ar.-i
in P /BJ^rsslaoiQ at aio

1?Ь© Ew olsareatas" of tho i84«B k©V t r a n s i t i o n was ear-
l ie r aotiood tef Bĵ rnlsi©lia (J.3] . Reference ohouJd aleo
b© eado to tho rossont p?Jiblioation by Herra©n& aaid Vi en
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The assignment of П ^ = 44* to the 1432.0 k©V

level has been concluded frora the ratios of the 13 reduced

probabilities of the transitions to the T -bead. The

experimental ratios

B(E2,44+ •• 22+) |В(Е2,44+-».23+)|В(Е2944
+-«*24+) ш

(1.12 + 0.08) s i 8 (0„64 * 0.05)

©re in agreement with the theoretical on@0, 1„04г i sO„6i0

obtained from the Mihailov foriaula (jLETj f?lth the parameter

a = 0.030. No agreement is achieved wh@n SI ̂  я 33* is

assuBjiBd for the dacayiag state» A possibl© t^0=^8s@siparti=-

cle configuration of this state is discussed in section

7.3.

7c2. Octupole bands.

228
The negative-parity states observed in Th belo^

1500 feeV are iaterprstod as ш©шЪ©гв of the octupole bauds

(of. Pig. 9).

The esistenoe of toe К и О, 2 and 3 octyp©!© bamds

observed by АгЬшаа et al. (jQ has been сой£1гш©«а ia the

present study. The redue©d branching retios for th© tram-=>

sitions deexciting thssa bands are foisad to b© cosmistoat

with th© adopted int©rpretstioMe provided that the analysis

is carried out with the use of the Mihailov foriaula [i5j.

A new octupole band tuith К «a i is proposed to have its

first four levels at 95i„9„ 969, 1015.6 and 1064.1 k©V.

Tb^Q^^^JceV^^lejre^ To this level a spin and parity

i may be assigned ои1у tentatively. The i"level шву be

expected to decay to the 0* ground state. Th© fact that

such a transition has not been observed in th© тг -=ray



spectrum doe© aot necessarily contradict this ©ssigmieot,,
sino© i t cast be ш.вк.@й by the strosag 95i„92 ke¥ line of

Pse This level taay fee imterprstod as the h©ad of a

i a© El31" ш ig** level at 969 keV
is proposed isaialy became© off i to decay to the 396 o 09 lc©¥

KE ж a 03" sad 32f»74 k©V SI ^ a Oi"* levels. The 573 beV
trosjsitioM appears In ооЫсЫта® wi№ tSa© 338.32 IsoV
l iao s W© beli@vQ that thie Is a Mi or ЕУ tramsitiom fros
the 969 k©¥ 12*° 1в̂ г©19 rstto©r tSama a K«.forMud©n Bl traa-
eitiora from the ©SieOS-lse'? 22* 1©^©1в Ив© 640»© Ł®Y tram-

32T„74 taV i " levels for the QB©rgy->fit ro^son, without
amy coincidoiaoe support. Horaevor, i t s Щ oharaoter is
comsistoat with our interpret©tiosio

esietesio© of this level
is та©11 ргс/©й toy coimcidesic© dat©o Also i t i s shorn
clearly that i te parity is negatives This level i s ©
omadidat© to b@ interpreted as © 3" s@ b̂®r of the К э т = i"

e This level could Ьт the 4"
of the К ж и i m baiadj but i t s ©sist©Hce should bs

ooasiderei as &©ia&©tiv<§o

If,the I s i band teas tho level ©n©rgis@ as
g@st©& b©r©9 i t i s for the f i r s t time possible t

to the pr@s©Eit ©iathorss ImoTiIedg©, to get som© informa-
tion oa ~ib® Cori©iis interactiom ©f a l l four ome-phoaon
octupole bands dir©otly from ©xp©riraente In the calcula-
tions parforaofi i t Ises beem пееваашгу to comsidor several

EB fr©© parameters g ( i) three ooupllng matris

o i „ A i g шй Ag3 /the subscripts referring to
the 1 values/ ©ad ( i i ) the araporturbed ©a©rgy of the



io

KI *"" я 33°" level. The som©nt-of~inertia parameter

A has been assumed to be the earn® for all bandao for the

eak© of simplicity, the relations between A e A ^ and A^gs

derived from the кпоша positions of the I = i and I ~ 2

levels in the К = i and 2 bands, have b©en used in th®

calculations „ the sassll experimental errors being n©g«=

leoted„ A fit of the calculated energies to the esperi-

E©ntsl oa©s has been performed for the four I a» 3 levels»

Tfe© values of the satris ©leEants found in thie way ar©

listed in Table IV, and. compared t3ith the theoretical sx~

p®ctatioas0

For th® pajr©i3©t©r valuss resulting Ггош tli© best-fit

procedur© adopted a©r©e tho ©aergies of th© 1 and 2

levels are reproduced exactly end those of the 3 levels

- within +0„6 teV. The agreement between the calculated

and esperiEJsnt©! ©m®rgi©s for the 4™ levels is 'sorse.

Por toe К и I asad Ж и 2 toiBaidsB the calculated energies

of the 4° levels ar© i039o4 essd 1234»2 k©¥, respectively,

which is pretty far from th© asp©rinental
228

The experimental emsrgiss of the lev©Is of the Th

octupole bands are compered 1н Table V îftte tła© thaoretical

results based on the isicroscopic==aodal ealculatioas carried

out by different authors,

-o 2 2 8 T h

In th® considerations of the 2 2 8 p a EC decay given

belowp th© moat probable configuration of the Nilsson-

-inodel orbitels,, p 630f and n 752 ? , has been assusaed

for the ground state of this njacleue,1 in ©grsesant

АгЬщ&и et el.
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The rather 1оя probability /low strength/ observed

for the Д К = 3 EC decay to the levels of the ground-state

band and of the К ̂  => 0~ octupole band of Th is related

to the effect of К forbiddanness. Also, the ДК = 2 value

for the i Rt forbidden transitions to the levels of the

possible K-^ = i™ octupole band eliminates all matrix ele-

ments, except the unique on©, tshich is compatible with the

high limits set for log ft values as given in the decay

scheme.

The allowed transitions to the gamma-vibrational band,

as well as the 1 st-forbidden non-unique transitions to th©

K 3 7 = 2" and 3"" octupole bands, are not hindered by the К

selection rule. To explain the low rate of transitions to

the first two of these bands qualitatively, vie may refer

to the microscopic-model calculations performed by Zhelez-

nova et al. [16]e They show for both collective save func-

tions a very low contribution of those two-quasiparticle

configurations ©hich can presumably participate in the EC

transformation. The transition to the KI э т = 33~ state at

1450 keV is faster /log ft = 7,28/. This fact seems to be

in a strong disagreement nith the results of calculations

performed by Błoclsi [i8j ©ho has found that the 3~ state

in question toas ая almost purs /98„5%/ two-proton confi-

guration (541^ + 642?), vision cannot be fed in the EC

decay of Pa. Sbele-saova et al. [is] do not give ssiy

explicit iKaforsastioH on tła© structure of the 3" stateso

Table VI comtaims a list of those pure trao-ąussi-

per tic Is stat.&s,, predicted by th© superconductivity model,

sin i eto bavs proper configurations from the point of view of

tteeir direct EC f©®dimg from tbe Pa ground state» and

etoich ar© tlseoratically predicted Et energies belos 2.5 M©V.



The (7Б2 4 -s- T6iO configuration may possibly be ascribed

to the 4* level observed at 1432 k©V. However, identifica-

tion of other t^o-quasiparticle states, at higher energy,

would b@ difficult not oaly because of the lack of com-

plete ©speriaaatal iaformatioB ОЙ spins, parities, log ft

values or deexeitaiion patterns, but also due to the es~

psoted level-mising effects. It has been decided, therefore,,

to analyse the distribution of the average beta strength

ratb.ar than probabilities of individual transitioaBe
228range of the Tto ascitations defined by the valu©

of ©„„ has bean divided into Д Е = 0.3 MBV intervale and

for ©acb isaterval the beta strength

S Z

has been calculated. The results are shown in Pig. 10o

In the experimental distribution there is a distinct ex-

cess of the beta strength in th© i„в - 2.1 Ms¥ energy ia-

tsrval corapared with the theoretical prediotiOBS, Perlsapa,

аоша two=qMasiparticle configurations tjseor©tically ex-

pected above 2.5 M0V give an eaaentiel contribution to thi@

beta -strength escesa,, fhis ©so©@s could b© also вп indica=-

tion of the rol© of the fQur««s|Łsasiparticl© configuration

n 752 4 , n 631 § , p 530 ł , p 631 4 «, Sucb a state eoialfi Ъ©

fed by a fast, allowed unhisadsr©d treasition„ AAaistur©s

of this four-qu'esiparticl© configurstiOB to sora© of the

®v©n-parity states in the considered energy iat©rval can

ежр1а!п the appearance of the enhancement of &b& b©ta decay

to these states<,
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1432.00 ., , 4*
К Ш 4

57.70
0

1174.7- 5* A=7.80 i tf ffl-gll
1 0 9 1 . 4 — — - 4 %

у 1 (n
______ 5* A: i
K-2 J

618.3 — — 8 *

7b- — 6 *

186.92»

po a
Ftg. S. The interpretation of the Th positive-partty states below 15ОО keV.

Notation! A - moment-of-inertla parameter in keV, n/3 and n ̂  - quantum

^ oscillations.
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TABLE I

Data on internal transitions in 226Th.

En
/keV/

57
9d

1 2 9

1 3 2

1 3 8

1 4 6

1 5 3

1 7 8

1 8 4

1 9 1

1 9 9

2 0 4

2 0 9

210
216

(219
2 2 3

(240,

2 5 5

. 7 0

. 7
„ 2 2

. 0

. 3

. 1

„ 9

. 0

. 5

. 2

. 7

. 4

. 2 8

. 0

. 1 5

. 8

. 6 1

,2

ir

4-

Ż
•s-

-5-

-s-

t
i
+

±

£
i

-S-

0„

0 .

0 .

0„

0 ,

0„

0„

o„
0 .

0 .

0„

0 .

0 .

0 .
0„

0 .

0 .

0 .л

,10

3
1 0

6

2

3

3

2a)
2a)
2

2

2

1 0

8 b )

10

6 )
1 0

s)b^

r
8 7

3 6

4 7 5

7 7

6 7

5 4

6 0

4 14
^ 3 0

4 5

4 9

8 0

2 7 8

^ 6 0 Ł

145
^ 3 0

1 5 3

~17 Ł

Intensity
rays

4

t
+

+

t

+

i
*

y a

F
i

•5-
-ль>r

50b>

14
1 5

25

12

1 0

6

8

7

6

7

2 5

1 5

1 3

К electrons

«200 s)

520 + 26^

88 i 5 a )

780 + 4 0 ^

К 1 O

>3400

^=4100

75 + 9

1210 j 120

Mii 1 1 i ™
VfUJk A. is A* ™

polarity

E 2 a )

M1S^

E2 a ^

Ml

T n i t i Й*В 1 йггй 1
energy6) /keV/

57.70

1531.9
186.92

1168.18
1122.50

1200.4
E0 + ( M 1 + E 2 ) l l 5 3 . 6

E l

Ml + E2

378.1
1168.18
1226.56
396.09

1642.5
1168.18

1944.5
1450.14
618.3

1687.3

to



TABLE I /continued/

Energy
/keV/

270.23

278 a )

281.87

327.64

332.36

338.32

341.1

409.51

440.3

(461

46 3 . 0(J

481.o

.4 98

525.0

547.5

550 . 1

563.2

571.1

573

581.4

589.2

J.

-r

+

+

+

-t-

r

i

+

r

+

1 +

+1

+

+

0

0

0.

0,

0.

0.

0.

0.

l)

0.

0.

l)

0.

0.

0.

0.

0.

1°
0.

0.

.10

.10

,1O

,10

.10

.3

,10

,6

10

3

ь)
0

(j

5

5
2

)

2

8

Intensity

)T rays

350 *

< 20

205 +
660 +

262 +

850 +

257 +
•PV"

100C "

^5 0

^ 1 4 0 Ь )

2200 +

** 20

~100 Ъ^

3«i +

20 +

30 +

110 +

95 +

74 +

170 +

<13

17

11

50

24

50

2 u

100

1.)

5

o

30

1O

20 ̂

40

К electrons

48

24

5.12

116

tiS

50

216

394

1.6

ż з а )

+ 2 6 a J

Z 6a)

+ 4 a^

: з а )

+ n a)

i s 0

* 0.2

33

^290

590

42

19

52

51

42

>26

к '
+

+

+

+

i+

r

+

.te»

3

45

4

2

5

3

9

Multi-
polarity

El

(Ml)

Ml + E2

El and E2

El

E2

E2

K2

M l •(- E 2

laltlał level
energy e-> /KeV/

327.

1450.

327.

519.

396.

1432.

1432.

1900.

1892.

1432.

1450.

1450.

951.

1531.

969

1645.

74

,14
74 and 1450.14

28

06

00

00 ы

00

6

00

14

14

9

9

7



TABLE I /coatiBUSd/

Energy
/keV/

602

614

619,

623,

640.
650,

663,

667,

677.
692,

701.

707.

718o

726.

73S.

745*

75©„

755 „

772.

77@

.5 +

.9 +

.6 +

»8 +

,6 +

,5 +

,3 +

>9 ±
,0 +

,8 +

,5 +

,1 +

,i +

2 +
6 ±
0 +
5 +
1S+

17+
5 +

0

0

0

0,

0,

0,

0,

o<
0,

0,

0.

0.

0.

0.

0o

0o

0,

0.

0»

0

„8

.4

,5

,s
,4

,6

,6

,4

,8

,5

,2

:•»
€

6

5
10

10

a

<10
16

50

13
10

42

60

65

97

9
13

50
40

«so1
<15
^ ^ 0

35

210

198

70

Intensity
reys

+

+

+
+

+

+

+

+

+

+

+

+

+

+

+

+

4

20

2
5

6

8

10

il

4

5

10

2

7

14

il

3

К electrons

3.

9,

il

6c

5.

6.
15.

13.
7.
2.

4.

8.

17.
3„

,2

,8

4

8

6

5

5

0

1

5

6

S
3
0

i

+

1

i
+
+

+
+

+

a»

+

+

±
+

o.

2.

2

i.

1.

1.
2.
2.
2.
1.

i.
1.

2.
1.

1.

,4

,0

9

7

3

3

0

0

0

0

3

8

4

0

К

>66

47

260

30

21

16
410

250

33

in

^71
^90

62
21
10

+

+

+

+

+
+

+

+

+

i
+

+

3

21

140

10

7

4

190
110
10
6

5
2

3

Multi-
polarity

Ml

Ш + E2

Ml

Ml + S2

Б2
£2
EO -фИ+Е2)
Щ

Щ + Eg

(E2)

Ml
Mi

Mi
12 + Ml

Б2

Initial level
energy e' /keV/

1015.6
951.9 a-"d/or 1645.7
969

1064.1

1645.7
1892.6
1724.1
1226.56
1687.3

1122.50

1892.6 a n /or 1938.6

1944.5
1925.3
1724.1
1168.18



TABLE I /continued/

JtaiJl

A
(782

790

794,

(796

802,

818,

823,

830,

835 о

840,

863

870.

884.

888.

894.

904.

911.

921.

923.

940.

ergy
0V/

.0 +

.8 +

Л +
+

.0 +

,0 +

,5 +

,5 *

,5 +

,0 +

±
i +

2 +

6 +

3 +

5 +

23+

7 +

8 +
0 +

0.6) b )

0.3

0.2

i)b>

0.5

0.8

1.0

0.3

0,3

0.4

1

0.4

0.6

0.5

0.5

0.3

0.10

о.зс)

0.5C^

0.8

Intensity

o*" rays

«iOO b>

4 5 + 6

334 + 15

< 15
100 + 50

=sJ40

325 + 16

464 + 23

170 + 10
4 10
176 + 10

57 + 12

130 + 30

440 +150

480 + 40

2070 +110

4 too
«i 60

100 + 50

К

9,

21.

2.
3.

18,

22,

6.

2 =

26.

2.

14.
100

24.

10,

1.

сС
electrons

Л
,3

.8

7

0

7
5
0

8

9

4

1
8

0

+ i.8

i 3" 4

+ 0.7

+ 1.1

+ 1.8

i 2» 3

•V" l o O

* 0.9

+ 2.7

+ 0»9

+ 2,2

•Ф- 3 о 2

+ 3.1°

+ 0.2

48 +

15 +

^44

8.8+

13 +

12 +

9.1+

^=47

38 +

6.3+

7.1+

8.9^

^>50
^ 3

2.3+

11

3

5.1

2

2

2.4

4

2.0

1.3

1.2

Multi-
polarity

Ml

Е2 + Mi

Ml
E2

E2
E2
E2
Ml
HI

El

E2

Ё2

Ml
Ml
Ei

Initial level
energy e' /keV/

969.05

1944.5

1122.50

1174.7

1226.56 ь

1022.36 a

1168.18

1944.5

1392.6

1900.0

951.9

1091.4

969.05

1944.5

1892.6

1892.6



SABLE I /continued/

lnt.QBaj.tg

/fceV/ rays К electrons К Multi-
polarity

Initial level
) /keV/

946

B67

964

969.

975.

9§7.

loia.

iO33.

1039.

1046.

1054.

'.065.

1070.

1096.

1103.

1110.

1118.

1164.

1134.

1194.

.6 + O.S

.8 + 0.8

.6 + 0.3

.11+ o.io

.0 •* 0.3

. s * о. а

.6 + 0.3

.2 j 0.3

.9 * 0.3

.1 * 0.8

4 • 0.5

2 + 0.5

2 + 0.5

0 + 0,8

9 + 0.8

4 * 0.2

G + 0.6

4 + 0.6

4 + 0.6

7 + 1.0

300 4-100

1680

3200

260

40

36

go

2§
&
23

13
19
&
Э
73
7
12
4.
3

£400

i 1S

* 2
t 5

•fr б

+ 4
•«• 2

Ф 6

3

i

3

1

1
2
1

66 +27 9.6 + 4.0

50 -4-20 5.4 Ф 2.5

16 + 3 14 + 3

0.55+ O.il i.8 + 0.4

0.70+ 0.07 Ы + 2
0.22+ 0.06 13 + 7
0.15+ 0.05 12 +6

E3

S3

S2

E i

E2

E 2 ,

E 2 ,

4- Ml

+ Ml

Ml

Ml

1015.6
1022.36
969.05 and 1938.6

1S44.S
117Й.7 Bid 2 0 1 0 . 0

1091.4
1226.56

ii50.14
1122.50

1153.6

1168,18

15S0.3

о



TABLE I /continued/

AeV/

1237

£3#8,

1253

1273

1288

1398.

1311.

1420,

1431,

1453.

1459.

1464.

1461.

4437.

1*У5.

lTjO3.

15 22.

15-i.

1537,

IS-iS.

.7 *

.i +

•° 1
„0 +

.0 +

.0 4-

• 6 +

.7 +

,8 +

.3 +

.2 +

4 +

,5 +

9 +

9 +

6 +

S -f

1 +

•5 T

0

0,

0

0,

0,

0,

0,

0.

0,

0.

0.

(••.

i'.

0.

0,

u.
0.

d.

.6

.2

.6

.6

.4

л
.6

.6

,6

,6

.2

'.

в
4

6

(..

4

3

6

14

150

3

13

20

19

ló

23

20
120

10

15

2rf 9

28

16

r

24

Z

lb

Intensity

rays

+

4-1

14
-

4-1

4-

1 
+

+

+

+

+

•t

ł

••

t

t

+

2

7

i

2

1

2

3

1

2

1

5

5

1

2

1

1

1

2

0

0

0

0

0

0

0

i

0

1).

0

К electrons

.9 +

.29*

„72+

.21 +

.?.6t

. J4 +

.51 +

.13+

.73 +

.ЗИ +

..V> +

.1(5 +

. 40 +

o„
0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

u„

,3 C )

,O8C)

,07

07

06

08

09

06

3oc

10

10

07

i.;

07

aC
К

4.

23

B-.
2,

6.

5.

5.

1.

3.

4.

3.

2.

3.

2.

в

6

5

6

9

1

3

5

4

7

0

4

3

9

10

+ 0

+ 10

z

Z
+

+

+

i
+

4-

4-1

i

+

+

t
0

2

i

1

0

0

i

1

1

1,

1.

.5

.0

.9

.7

.2

.1

.7

.6

.6

.0

.1

.1

.5

Ui 11 » i _

polarity

E2

Ml

E2
Kl

E2

Б2

E2

El
E2

E2

El,

El

El,

E2

+ Ml

+ Ш

+ Mi

E2

E2

Initial Ifivf1!
energy e^ /keV/

1642,

1580,

1645.

1900.

1580.

1925.

1724.

1944.

.5

.3

,7

,0

,3

3

1

5



TABLE I /coutinued/

Energy
/keV/

Intensity
•10

rays К electrons
Multi-
polarity

Initial level
energy e ) /KeV/

1557.2
1572.9
1530.0
1588.0
1610.Ł
1618=7
1621.2
1600.3
1638.4
1666.3
1676.9
1685=8
1701.0
1705Л

(±712.5
1725.2
1733.7
1738.4
1752.6
1757.8

+ 0.3
+ 0.6
+ 0.4
+ 0.2
+ 0,4

t °'4

i °'4

+ 0.4
+ 0.4
+ 0.2
+ 0.6
+ 0.4

i 0.6

i °'i

t °°6

+ 0.6
+ 0.8
+ 0.2
+ 0.6
+ 0.2

46
28
63
405
12
23
43
17
16
31
5
24
10

36

«2

4
7

106
5
90

+ 2

i 5

i 6
+ 18

+ 1

i 3

t 4

i 2

i 2

i 2
+ i

+ 2

± 1

t 2

± 1
+ 2

± 5

+ 1

+ 5

1.1 + 0.2

0.34 + 0.11

0.45 + 0.14

4.1 + O.6C^

0.58 + 0.13

0.46 + 0.15

1.3 + 0.3

0.23 + 0.07

1.2 + O.3C'

0.33 + 0.12

0.9 + 0.2

5.7 + 1.2 E2 + Ml

2.8 + 1.0 El, E2

1 . 7 + 0 . 5 El

2.4 + 0.4 (E2)

1 1 + 3 Ml
4.7 + 1.6 E2 + Ml

7.2 + 1.7 Ml

3.4 + 1.1 E2

9 . 2 + 2 . 4 Ml

3.2 + 1.2 E2

5.3 + 1.3 E2 + Ml

2.60 + 0.26°^ 5.8 + 0.7 E2 + Ml

c)
1.50 + 0.30 ' 3.9 + 0.8 E2 + Ml

1900.0

1580.3

1645.7

1676.3

1687.3

2016.4

1724.1

1676.3

1892.6

1900.0

1925.3

1938.Г.

1944.5

to



TABLE I /continued/

Energy
A¥/

Intensity

rays К electrons
^ K • 1 0' Multipo-

larlty
Initial level
energye) /KeV/

1T72,
1785,

1794,

180?,

1823.

1828.

1335,

1843.

1895.

1SS0.

!®67.

1900,

1907 о

1©£8»

1924.

1935.

1952.

1958.

1965.

.7

.2

,3

.2
,9

,9

,1

,2

,9

,0

,0

0

2

0

i

4

9

1

9

9

Ф

Ф

Ф

Ф

Ф

Ф

i
Ф

i
t
t
t
t
Ф

Ф

Ф

t
t
ea

•{•

0.6

0.3

0o3

0o5

0.8

0.8

0.2

0.3

Ооб

0,6

0.8

0.2

0.6

0„4

0,6

Ооб

0.6

0,6

0.8

0.8

5 Ф

14i Ф

£5 Ф

5.

6

9

106

27

8"

15

23

260

2.

9.

2.

1.

2.

8.

3.

4.

,4Ф

Ф

Ф

Ф

Ф

Ф

Ф

i

1

1

£
0.

1

2

6

2

1

2

2

Ф15

6 Ф

8 Ф
&±
4 Ф

4 Ф

5 Ф

6 Ф

8 Ф

0.

0.

0,

0о

0.

0.

0.

0„

,4

3

5

3

3
3

6

5

6

0.28 Ф 0.14 4.7 Ф 2.4 Ф Ml

0.16 Ф 0.08 7.0 Ф 3.6 Е2 Ф Ml

1 = 56 Ф 0„23С) 3.5 Ф 0.6 S3 Ф Ml

0.60 + 0.20°) 5.2 Ф 1.3 Е2 ф Ml

0.18 Ф 0.09 2,8 ф 1.4 (Е2)

2.97 + 0„4бС) 2о7 Ф 0.4 Е2

1342о 9

1993o9
2010.0
2016.4
1802.6
1900.0 m d / o r 1842.!

1933„в

1944.5

c.
с

1965.0

1993.9

2010.0

2016.4

1065.0



i Data from Ref. [lj ; K-electron intensities are renoriaalized by the present

aad assumed to be accurate nithin about 5% /see caption to Table I In Hef. [i]/.

b)
' Dais from our coincidence measurements.

c) Data from. Hef. [s] .

' Baaed on asou@ption of E2 multlpoiarity for the 911.23 ke¥ transition.

' Por the traaoltioas placed in the decay scheiae /ses Pigs 7a said 7b/«

intaaeity of IOOO units corresponds to 7,4% of the Pa dooay rat©.
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TABLE IV

Matrix eleiaents of the Coriolis interaction

between octupole bands /in ksV/

AK,K*1

Aoi
Ai2

A23

Experiment
a)

31.5

21.5

35.5

b)

32.0

29,2

22.6

the ory
c)

42.3

41.9

—

«0
t

7.2

44.1

60.4

a) Prom the analysis of the level-energy spacings.

The inertial parameter A = 8.34 keV.

b) The spherical-limit values calculated according

to the formula given by Neergard and Vogel [i7] .

c) Based on microscopic calculations by Zneleznova

et al. [ie] .
d) Based on microscopic calculations by Błocki jj.8j
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TABLE V

Energy levels ol

Ьалс1з in Th

к i31"

U 1~

3

1 l"

2"

3"

4~

2 2~

3~

4~

3 3"

Experiment

this work

328

ЗУб

952

969

1016

1064

1122

1168

1227

1450

Energy (keV)

ref. [ie]

350

1110

10 ou

ref. [l9]

620

1020

1160

1530

ref, [iTJj

360

400

880

890

930

1130

1200

1420

ref. [20]

460

1100

1400
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Tno-quasiporticie ets&as

GoBfiguratiffiffi

am(?6gt -s- 63it)

ffiis(75at + 7 Bit)

sm(762f + 770ł)

an(752f + 64ot)

m(752t •¥ 5O4)

sm(75gf - ®3l|)

/llaV/

i .31

i o 44

l . U

1.T6

1.97

3=ii

Jpira sad
pari&jr

4

4*

3 +

3"

a*

log ft

/ввЫтвЛвй/

боб

в.5

7,2

в.5

6,6

[is] and ftą

of the ssiperoonductivity model used


