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The decsy oF gasPa vo the levels of aga?h has beem

oxtensively otudied by various tochmigues. Singles epsctra
of ¥ = and K X-roaye have been mopsured with Si/Li/ and
Ga/Li/ detectors. A sot of twe Ge/Li/ deteotors has boon
used to study ¥ = ¥ and ¥= K X-ray cefimeidomess.
Moasurements of ¥ ~spectra in coincidemce with the peleg-
ted imternsl-conversion limes have beenr oarried out us g
s Ge/Li/ deteotor and & six-gep megmslic 3 -spectrometer.
Finelly, speotra of latermael-gonversiom eleotrons have
been studied im & f3 -~spoci-ometer which uses & Si/Li/
detector placed tougether with a system of digphregms im

& homogencous magnetie Lfileld., The decay sSchems hes bhesn
congiructed lmoluding 39 liovels of zgaﬁh, It accopmis

for iii of 160 tranmsitioms ascribsd to the 238?& activity,.
The electrom-cepture decey omerygy has heemn determinsd to
ne 2103 © 3% wov, Tme otrength aistibutionm for the eleoc-
mronnuspturé feeding of the ggaTh levels is amelysed im
terme of mucleer models. Thoe Coriclis mimimg of Lour
octupole bands (E = 0, 1, 2 and 3) i stuwdied in some
dotail. The occoupling metrix cleoments deduced from the
exparimont are compared wi&h/%ﬁe repplic of tho micro-
osepic=model calculations. ( OJLQXQX/

Strea ﬁ@ﬁ%@ﬁ&@

Bodeno rozpad 22%py 4o posieméw 2284m stooujae rétme-
rodne teohmiki. Pomisr widm prootych ¥ 3 promiomiovamis
IX prooprowadcone uiyvajae deteoliterdw GosfLis 4 SA/Li/.
¥ perdorash kRoimeydemoyjmyok ¥ =¥ 1 § = EX ctosevanc
dus dotoRtory Gof/Li/. Pomlery widnm ¥ w koimeydems]i % wy-



iii

branymi liniami elekironéw wewngirznej komwersji prze-
prowadzono uzywajgc detektora Ge/Li/ i szedclomszczelino-
vego magnetyczmego spektrometru 3 . Pemiary prostego
fidme ciektrondw wewngtrmne) komwersjli Jrzaprowadzono
przy uzyciu spektrometru /3 2z detektorem 5i/Li/ umiesz-
czenym z sysiemem ruchomych diafragm w jednorodnym polu
magnetycznym. Zaproponowano schemat rozpadu zawlerajacy
39 pozioméw wzbudzorych zsth, Z calkowitej liczby 160
prze js¢ przypisanych de rozpadu 228Pa w schemacie tym
umieszczono 111 przejéé. Wyzmaczono energig¢ przejscia
228pa > 2287y, Ktéra wynosi 2108 © 1% kev, W oparciu
o modele jadrowe przeanalizowano rozkiad funkcji mocy
dla zasllan poziomdéw 228Th na drodze wychwytu elekirenu.
Przedstawiono analize¢ oddzialywania Coriolisa pomigdzy
pasmami oktupolowymi K = 0, 4, 2 1 3. Doswiadczalne
wartoscl elementdéw macierzowych oddzialywania Coriolisa
pordéwnano z wartos$ciami obliczonymi w oparciu o mikro-

skopowy model jadra.

AHHOTANUA

Pacnag 228py -%m228TIx . #ACCIeZCBAJICA C NpUMEHEHKeM
HOCKONBKNX M6TOA0B, CneKrpw rarma K KX-nydell wuwayuanucs
¢ nomonsw Ge(Li)m Si(Li)- merexTopoB. WeMepenus ramsa—
=pamMMa ¥ reMma=KX coBnazeHuil MpOBOZMAKCE: H8 YCTAHOBEE
¢ zByua Ge(li) - meTexTOpaMu. SARKTPOH — IaMMa COBNAACHAA
ESyuanmchk C MOMOWBID WECTA3A30PHOI0 OeTa— CNEKTPOMETpa H
Ge(Li)= meTekTopa. CHeKrTp KOHBOPCHMOHHHX SIEKTDPOHOB HCCHAE-—
ZoBanca HA OeTa-cnexrpouerpe ¢ Si(Li) - AeTEKTOpOM HAXO~
AABMMCSH , BMECTE C MOABARHEMK Fuadparvamu, B 00.48CTH
gnnoponﬂorogmarHMTaoro nonf, :IpeinaraeTcid cXema pacnaza

Pa — Th , B Kotopoi mBegeHs 39 yposHell. B cxeme
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pasMemeHo 414 ramMa~-nepexoroB ¥z NONHOTO uncaa 160 rampia~

~[epeXON0B Eaﬁnmuanmmxcﬂ ngw pacnage 22 Pa. Onpeneneﬂo
SHEepIruR pacnaza 22 Pa — Th. » KOT2pafg paBHA (ZIO3+IZ)533D

3ECNEePUMEHTANBHO® pAcNpefielieRne CHNOBOM QYHKLIWN 3IeKTPOR-
HOT'0 3aXBaTd CPABHWBAGTCA C TEODPETHUGCKUMN DPaCUETaMH.
percraBieH aganua B3amMoAZeicTsua Hopmonmea dYeTHDEX
okrynoaeHrx mojxoc (K = 0,4,2 n 3),

MonyYexHHe SKCNEPHMEHTANBHHE BENNYMHN MATPITIHNX BIEMEHTOB

B3anMogeiicTsna KOpHONKCA CPABHUBADECH ¢ TEOPETHUGCKU-
MW DAcUETAMM B DAMKAX MUKDOCKOMHUUYECEOH MOZeNH AZpa.



1. INTRODUCTION

Many features of the gza?a-¢>zzaTh deoay sohome

were established and discussed by Arbmam ot al. [1]
slready in 1260, However, 2 deoasds later the avalilable
experimental techniguwes wore mmeh improved, mostly

owing to the development of semiconductor dstecters,

end it secmed rozsonable te roilmvestigeto this decay.

The prosemt papor deseribes such me® extemsive studies
which led to & more compleote knowledge of properties

of the 33&?@ levels, A=—~ng other results, the exisiemce
of K= 0, 2 and 3 ectupole bamds is confirmed and e¢vVie
denos is given tentatively for the proviously unebserved
K = 1 octupole band., The Corielis couplimg of these

bands i anmalysed in come detsil, reference boinmg made

to the microscoplz-model caloulations. Alase the aaa?m
decoy omergy and bramching ratios Fox ithe slectiromecap-—
ture feeding of the 223@% levels are determimed, which
sllows to calculete the distributionm of the beotva stromgih
and to study this distribution im terms of muslear meodels.

3., SCURCE PREPARATION

Tho 22°Pg 82 B sctivity was produced inm the
33Th(p95n) reaction. Aboul 4 g of metallio thorium foll
was bombarded for 3 to 6 hours with 400 MoV protons im
the ZINR symohrooyoleiron at Dubme. Protactinium semples
were propared by the chemical precedure brisfly described
by Kurcowlsocz ot sl. [g], During the moeasuremsnis, aperd

from the Pa activity amd traces ¢f 1ts docsy products,

229 230 332 233
comtributions froem Pa, Pa, Pg amd Py were
oboorved.

a



3. SINGLES SPECTRA OF *¥=RAYS AND INTERNAL-CONVERSIOR
ELECTRONS

The low—senergy part of the ¥ =ray epuctrum was
measured with 2 2.5 m= thick and 5 mm in diameter Si/Li/
detector, having at 60 keV a resolution (FWEM) of
i.4 keV, The energy and iatennity calibrg’u’.ion was per=
formed using the °'co, 2°%ca, 2%°1w and #**as sources.

Phe spectrum in the engrgy range of 100 teo 2400 keV
was measured with several Ge/Li/ detectors, The msin
results were obdtained using & 5.6 cms detoctor with
& 1600 chamnel amalyzer aud a 33 em3 dectoctor with
a 4096 channel amelyzer ( Fig. 1). The resclution ( FWHEM)
of these detectore at 1332 keV was 3.0 and 4.0 keV,
respectively. Energles of the intense ¥ <limee were
doternimed from phose of ihe standard linss by counting

4
ths 228?& seurcs and stamdard sources simulianeously.
In several rune, differemt ssts of 22Na, 6000e Ssys
1i0m

Ag, 207Bi or 226

Also the emergies of T ~lines of Pe /Kurcewicz

et al. [ 27/, 2325, /Kaczerowski et al. [3])/ &ad 233p,
were used a8 internale-cslibration standavrde. The emergiles
of 328?& lines with the sesigned uncerteimniies of 0.2 keV
or less were determimed im this way. In the mext step,
thess preoisely delormined emergiles were considered ag
secondary standards whem finding the emergles of woaker

lines. For calibraeting the efficiemcy of the detoctors

56
such sources ae “Ygo gﬂO@Ag and zzﬁma wore used, which

have several 7 =lines with relative imtomgitles accu~
rately kmown. The intemsity of soms 328?@ 1imes bad to
ke correoted Lor ke ocomiributiom frem  F -~linee of
230 232 a33

Pa, Pa or Pa. Somo of the ¥ =Opectrs wWexe
analysed usimg the GIER computer code.

Ra standard souress were used.
230

@



The encrgy and imtensity dais for 3 -raye of
gas?& are listed in columms 4 amnd 3 of Table I.

Columm 3 of Table I liste tho date om rolative
inter~2ties of the limes of imternal-convarsion eleg-
troms., A [ssmp@c&romat@r with & 3 == thick Si/Li/
doteotor in & homegencous magmotic Tield, desoribsed
by Pioohocki et al. [4], was used for dotectiom of these
limes im the omorgy ramge abeve 300 keV. A part of this
spectrum is clhown im Fig. 2. Since the detoctor was mov
thick emough to BYop hﬂgh«@n@rgy electroms oompletely,
it was necessary to correot the lime lmtomoitios for ihe
deteotion officleomoy. The officlomey ourve was based on
the data reported by Amov et al. [B] whoe studicd the mest
intense &Pa comvorsion limes, in vhe omergy range above
8090 keV, using & high-roselution magnedtis B -spectromater.

To caleulnto the imtermel-genvordiom coefficiemis, ithe

F-rey and comversion~-line imtemsitics were normalized
by assuming the thoorotical /Hager amd Seltzer [6]/ E2
internal-converzion coefficisnt of 8.9 X £0=3 fer the
911.23 keV tramsitionm, The columns 4 and 5 im Table I
ligt, revpectively, the values of ithe internal-convereion
copfficionts amd the multipolarity assignments, dGeduced
by comparing these valueg with the thoeorsticval omes Eéjo

do

COINCIDENCE MPEASUREME]

The ¥ =ppoetre in colneldorce with imternal-con-
version eloctrons wore meoasured using a 5.6 cm3 Ge/L1/
detector and @ Six-gap magoevic ﬁ -gpootromoter. The
conditiona of thoso mossurgments were Ldemiicsl to thosws
in 2%, geudics of Hurcowics of al. [2]. The resulto ere

presonted im Fable LI amd, for ome of the two coilmcidemnce
experiments, im Flg. 3.



The measurozemnts of T - F ©oinoidences Were pere
formed usimg & @p@c%ﬂ@ﬁ@%@f withk twe Ge/Li/ detecters.
Thooe dotectors wero placed at a&nm amglo of asbout 80°
with regard te tho seurce positicon. Abporkers were used
&d gtop P -rayo ooatiorod from omo deteocter im the
dirootion of tho othor eme. A fast-gley colpoldonce
cirenit with & tics=te-amplitudo comvorter vwes appliied.
Two solncildeonce spoeire wers roceorded simuwltansensly.
One was gaied by a soclescted P =limo and & portiom of
the Compton comtimuum, and tho cocend cme By & section
of thio comtimuum obove the lime. Thus the pure coinci-
- domeo offoct dme to the oolected tramsition could be
doduced. In Fig. ¢ a typicel pair ¢f ooimecidemco apsctira
is shown by wWay of czemple. A8 it oy be seen froem Teble II,
the colpdicomes date wore obteolimed for five gatimg linss.

P FEE ELECTRON-CAPFTURE DEGAE.ENEQQH

The mothod uwocd to detormime the 23&?@ doony onergy

Qpe Va2 simllar %o thot doseribod by Kurcewiocs ot al. [2]
for the dosey of 330“@ it takes account of vthe woll kmoum
dopendense ¢f the rélative E-capturs pr@b&biﬂiay PK npem
tho eclectrom-capture tramsitiom omergy Q.

The retio of the imteomsitios was dotormimed @xp@r$=
zentally for the 1688 amd 1887 keV T =limec from the
singles T ~rey cpoetrun onmd the spectram coimsidemt
with the K X-rayo( ef.Fig. §). Fron these dote it was
pooaible te calomladto tho ratio ef tho PE values for
the olcetrom=sapiurc tramsitioms te the lovels at 1646
and 1946 koV (ef. Fig. 6). Thio rotie ves foumd te bo
0.47 » 0.1, vhore frem the omorgy for tho tramoitiouw
to tho 1948 oV lovel i ogqual to 169 v %g EoV.

Thue, the docsy omorsy io Qg = §ﬂ®3¢ ig koV,



6. THE DECAY SCHEME
The 228P& decay scheme shown in Figs. 7a and Tb is
an extension of that published by Arbman e%t al. [1].
The twenty omne levels of 22s‘l‘h reported in Ref. [1]
have been confirmed, and new levels at 6418, 953, 969
(2-), 1016, 1064, 1475, 1200, 1580, 1642, 1676, 1843,
1900, 1925, 1939, 1965, 1994, 2040 and 2016 keV have
been found. It has recoenitly been shown that many of these
now lovels ares populated slso im the " -decay of zgsAc
/Dalmasso and Maria [7], Hermeat and Vien [8]/.
The comstruction of the 228Th lovel scheme is based
on the transition energy fits, searched with the use of
& 8peclal computier program, and on the results of the
colncldence experimente. The decsy schems includes 111
of the total number of 160 tramnsitions ascribed to the
238?& activity. The muliipole character estiablished for
DUMeTous tr&naitéggs allows to define the parity for the
majority of the Tk levels and to¢ assign spin values to
fggy of them, With the knowledge of the QEC valus, of the
“"“Pa half-life and of the EC branching ratios it was
possible to oaloulate log £t values. The low log £t value
for the tramsition to the 1044 keV 3% level amd the direct
v feeding of the 2% and at levels imdicates the spin and
parity 3% for the 228?& ground state. Thie ls in agreement
with the assignmont proposed by Arbman st al. [1], The
assignments of the K q mntum numbers to the lovels at
lower excitatlion enorgy results from the interpretation
of these levela im terms of muclear models (cf, saction 7).
The argumenis talkem into account when comstructing
the decay scheme can by easily reproduced if use 10 made
of the information contained in Tables I - IIY, It has



baon decided, therefore, io omit in this section any
commante on the exisience of individual levels in 228Th
and on ilbe spin-parity aseigament. In the next section,
howaver, brief commenis cam be found on roveral, meostly
tentative, levels whoge ldentification 1o importanit for
the verificaiion of ihe applicability of the deformed-
-nuclel theory to the lov-smergy eoexXcitations in zgsTh.
‘The balance of the inmtempitios for the decay schome
ie based on the sgsumption that the EC proosse occurs in
98% of the ggspa decaye /eeeTables by Laderor ot al. [9]/
and that there is po EC foeding of the 328?& ground stato.
The total tramnsition intensities have been caloulated
with the use of the theorstical internsl cconvereion cogf-
ficients of Hager and Soltmor [6]. The imtomoity of the
49 transitiens not included In the decay scheme corrocpends
to that of about 11% of the total BC decays. Including of
these trangitions in the doesy echeme would resgult im o
ohange of the EC Lranobimgsn and log ft values with roopoct
to these givewn in Figs Tea and Tb, This, howvever, ocould
hurdly atfect the spin gnd parity sssignmemnt to the BEBP&
ground atato. Yo belleve slso that the qualitative con-
Clusions of section 7.3 on the beta-oirength distribuiion
would not be ohanged.

7. DISCUSSION
223
The properties of the Th levels are discussed 1in
thio seotivu in termws of the medels developed for the des
formed nuclel., Fur a general procentation of these models

the reader way reter to Nathan and Nileson [107 and Soln-
viev 11 .



7.1. Positive-parity states bslow 1500 keV,

The interpretation of the lcw-energy 228Th lavels of

positive parity is illustrated in Fig. 8.

The ground-state band is shown with four rotational
levess. The 6° level introduced by Arbman ot al. | 1] as
uncertain is now well proved by coincidence data. The
evidence for ths 8+ lovel is only tentative. The cal-
culations based on the rotational formula, with three
parapeters deteormined from the position of the 2+, 4"
and 67 levels, for the gt lovel yiald the energy of
624 eV, Thic is not far from the temtatively givem o8-
porimental value. -

The mow lovel at 1174.5 keV is interpreted as the
spip-parity 5* membsr of the Y -vibraticnal band. The
P -vivrational 0% ievel, imtreoduced by Lederer et al.

(12] at 0.83 MsV, has mot beon foumd to ba fed im tho
decay of zzBPa

The 1153.8 keV lovel amd the 7 -vibrational band-
hoad state are linked by the EO traneitionx/. Heneco, for
tho 1153.6 keV level we have XKL o 22%, anmd thersfors
this levol osuld bo interpreted as & two-phonon B+
~atato, Ito omergy ip, howoveor, eignificantly lowsr than
tho osum of tha onergiocs of the 3 = and ¥ =vibraticvnal
levels. Similar K7 = 3% levels bave hoen observed in
230?h /000 Ref. [3] cmd oarlier papers quotod there/ an<
in 234y /Bidrnbholn ot al. [24]/.

X/ $he BS obarestor of tho 164.5 hoV transition was ear-
lior moticod by Bifrmholm [AJ] . Reforence ohould also
bs made %o the rocont publlestion by Herment and Vien

@l .



The assignment of KI” = 447 to the 1432.0 keV
level bas been concluded from the raties of the E2 reducsed
probabilities of the tramsitions to the 7 -band. The
experimental ratios

B(E2,44% = 22%) 1B(E2,44" = 237) 1B(B2,647 » 247) =
(1.12 + 0.08) : & : (0.84 % 0,05)

are in agresment with the theorstical ones, 1.043 1 30.6%,
obtained freom the Mihailov formuls [ii] with the parameter
& = 0,030, No agreement is achieved whon K19 = 33% ie
assumad for the decayimg sitate. A possible two-guasiparti-
cle configuration of ithis state 18 discussed im gection
7.3,

7.2. Qctupole bands,

The negative-parity statee observed in 228Tb below

1500 keV are imtsrpreited az membore of the octupole bands
(o2. Pig. 9).

The existencs of the X = 0, 2 and 3 octupele bards
observed by Arbman et al, [4] has been confirmed im the
present study. The reduced branching ratics for the tram-
sitions deexclting these bands are foumd te be comsistomi
with the adopted interpretatiomn, provided thet the anslysis
is carried out with the use of the Mihailov formuls [15].

A new octupole band with K = 1 is proposed %o bave its
first four levels at 954.9, 969, 1015.6 and 1064.1 keV,.

The 951.9 keV level., To this level & spim end parity
1~ may be assigned only tenmtatively. The 1" level may be
expected to decay to the 0F ground state. The fact that
such & transition has not been observed im the T ~ray



specirum does mot necessarily comtradict this assignment,
gince 1t can ke masked by the stromg 954.92 keV lime of
33@?&5 Thig lovel may be interproteod as the head of a
pew band.

The 969 keV level. The KI” = 137 level ai 969 keV
is propossd wainly becawss of its decay te the 396.09 keV
K7 = 03 ard 327.74 koV KIV = 01" lovels. The 573 keV
transition appesrs in occlncldomes with the J38,.32 keV
line. We belleve that this is & Mi or B iransitiem Lrom
tho 969 keV 12 level, rather tham & E-~forbiddem Ei tram-
pition from the 962.05 keV 227 lovel. The 640.6 koV tram-
sition is placed betwsom the hypothetical 2 and the
327.74 keV 1~ lovels for the omergy-fit rossem, without
any coincidomee suppoert. However, its M4 ocharacter is
conzistent with our interpretstiom,

The 1045,6 keV lsvel, The exigtemce of this level
is well proved by colincidemce data. Also it is shown
clearly that 1is parity is negative. This level is a
candidate to be inmterpreted as a 3  member of the K = 1
band.

The_1064.14 koV lovel. This lovel could be the 4
gtate of the K7 = 41”7 band, but ite oxictemee should be
consldered ap temtative.

If ¢he KT o 2~ band has the level cmergles as sug-
gested hers, it is for the first time possible, anyway
%o the presemt esutbor’s kmowledge, 0 get somo informa~
tion om the Corieclis interactiom of all four one-=phonon
octupole bands directly from experiment. Im the calcula-
tioms porformod it has boen mocessary to comsider several
quantities as free parameterss (1) three ocouplimg matrix
olements Agqo Aia and Ayq /the subseoripis reforring to
the K valucs/ and (11) the umperturbed cmergy of the
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kI = 337 level. The momont-of-inertia parameter

A has been assumed to be the same for all banda. For the
sale of simplicity, the relatioms betwesn 4, ADi and AiZ”
derived from the known positions of the I = 41 and I = 2
levels in the X = 1 and 2 bands, bhave besn used in the
calculations, the small experimental errors boing neg-
lootod, A Fit of ihe calculated omergles to the experi-
montal once has been performed for the four I = 3 levels.
The values of the mairix elements found im this way axo
listed im Table IV, end compared with the theoroticsl ox-
pectationa,

For the parsmeter valuss resSulving from the best-fit
procedure asdopted here, the emergios of the 1~ and 2~
levels are reproduced exactly ond those of the 3~ 1lovels
= within +0.6 keV. The agreement between the calculated
and sxperimentel smnorgies for the 4~ levels is& worse.

For the K = 1 and K = 2 bands, the calculsied emergies
of the 4~ levels are 1039.4 emd 1334.3 keV, respectively,
which is pretty far from the oXperimsntal veluss.

The experimentsl emorgies of the lovels of the STh
octupole bande are comparsd im Table V with the theoretical
results based on the microscoplc-model caleculations carried
out by different authors.

22

228 228

7.3. Distribution of the bots stirenmsth in tbo Pa - Th

dechg

In the consideratioms of the aaapa EC decay given
below, the most probable comfiguration of the Nilssone
~model orbitals, p 5304 and n 752% , hee been assumed

for the ground state of this nucleus, in sgreement with
Arbman et al. (1].
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The rather low probability /low strength/ observed
for the AK = 3 EC decay to the levels of the ground-state
band and of the K7 = 0~ octupole band of 22%pn is related
to the effect of K forbiddenness. Also, the AKX = 2 value
for the 1 st <forbidden transitions to the levels of the
possible KT = 17 octupole band eliminates all matrix ele-
ments, except the unigue ome, which is compatible with the
high limits set for log ft values as given in the decay
scheme,

The allowed transitiomns to the gamma-vibrationmal band,
ag well a5 the 1 st-forbidden non-unique transiiions to the
K = 27 and 37 octupole bands, are mot hindered by the K
selactionm rule, To explalm the low rate of traneiticns to
the first two of these bands gualitatively, we may refer
te the micrescopic-model calculations performed by Zhelez-
nova et al, [16]. They show for both collective wave func=
tions & very low contribution of those two-quasiparticle
configurations which can presumably participate in the EC
transformation., The transition to the KIT' = 337 state at
1450 keV 18 faster /log £t = 7.28/. Thie fact seems to be
in & Btrong disagreement with the results of calculations
performed by Blocki (18] whko has found that the 3~ state
in guestion has am almost pure /98.5%/ two-proton confi-
guration, (54i¢ <+ 6429), which cannot be fed im the EC
decay of 228pa, Znmelezmova et al. (46] do mot give anmy
explicit imformation on the structure of the 3  states.

Table VI comtaims s 1list of these pure two-quasi-
particle otates, predicted by the superconductivity model,
whichk have proper configurations from the point of view of
thelr direct EC feedimg from the 22°Pa ground state, amnd
which are theoretically predicted st omergies below 2.5 MeV.
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The (7621 <+ T61it) configuration may possibly be ascribed
to the 4% level observed at 1432 keV. fowever, identifica-
tion of other twe-quasziparticle states, at higher snergy,
would be difficul?t mot omly bsceusse of the lack of com-
plete experimemtal information on spims, parities, log ft
values or deexcitation patterms, bui also dus teo the ox-
peoted level-mixing effects, It has been docided, therefors,
to analyse the distribution of the average bels siremngib
rathar than probabilities of imdividusl trensitions. The
energy range of the ggsTh sxclitations defined by the value
of Qp, has bean divided imte AE = 0.3 MgV imtervals and

for oach imtorval ths bate sirength

1 1

S = — —

AE ™ £t

has beon calculated. The results are shown in Fig. 10,

In the experimentsal distribution there 18 & distincet eXx-
ceas of the beta stirength in the 1.8 = 2.1 MeV energy in-
terval compared with the theoretical predictions. Perhaps,
soms two-quasiparilcle configurations theorsitically ex<
pected above 2.5 MoV give an ezpemtilisl comiribution te this
beta -stremgth excesSs. This oxoess could be slso an indica~
tiom of the role of the four-guaesiparticle configuration

n 7524, n 6314, p 5304, p 631y . Such g state would be
fed by s fast, mlloved unhindered tramzition. Admixtures

of this four-quasiparticle comfigurstion to soms of the
even~parity otates in the consldered energy imtsrval cam

explain the appearance of the ombhancement of the beta docay
to these statas.
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TABLE I

Data on internal transitions in 228Th.

Energy intensity oL °103 Multi- Initial level
/keV/ ¥ raye K electrons K polarity energy®) /keV/

57,70 + 0.10 87 + 14 £28) 57,70

3.7 2 0.3 36 + 15 11®) 1531.9
129.22 + 0,10 475 + 25 £2®) 186.92
132.0 : 0.6 77 + 12

138.3 £ 0.2 67 + 10

146.14 = 0.3 54 = & 1168,.18
153.9 + 0.3 60 + 8 1122.50
178.0 & 0.2% 14 ~200%) 23400 M3 1200.4
184.5 0.2%) <30 520 = 26%) > 4100 EO +(M1+E2)1153,6
191.2 + 0.2 45 + 7 378.1
199.7 3+ 0.2 49 + 6 1168.18
204.4 + 0.2 80 + 7 1226.56
209,28 + 0,10 278 + 25 se + 5% 75 + 9 E1 396.09
210.0 + 0.8%) =g 1643,5
216,15 + 0.10 145 + 15 1468.18
(219.8 ¢+ 0.6) =30 1944.5
223,61 ¢ 0.40 _ 153 » 23 780 + 40%) 1210 + 120 Mi + E2  1450,14

(240.2 : 0.8)") =477 ) 616.3

255 & 1P 50% 1687.3

92



TABLE I /continued/
Energzy Intensity oA .103 Multi- Initial level
/keV/ ¥ rays K electrons K polarity energy @ /fkeV/
270.23 + 0.10 350 + 17 48 + 3°) 33 + 3 E1 327.74
2782 < 20 24 + 1) o200 (1)
281,87 + 0.10 205 + 11 512 + 26?) 590 + 45 M1 + E2 1450, 14
327.64 + 0.10 660 + 50 116 + 6%/ 42 + 4 Ei and E2 327.74 and 1450.14
332.36 + 0.10 262 + 24 519.28
338.32 + 0.10 850 + 50 68 + 4% 19 + 2 E1 396.06
341.1 + 0.3 257 + 20 56 + 0@ 52 + E2 1432.00
500.51 = 0,10 10067 216 + 11%) 51 = E2 1432.00
149.3 + 0.6 250 1900.00
(461 + 1)®) =140 1892.6
463.0U » 0.10 2200 + 100 394 + 80 42 + 9 E2 1432.00
481.5 + 0.3 20 1450.14
(198 + 1)b) ~100” 1450.14
525.0  + 0.6 300+ 10
547.5 + 0.6 20 + 5
556.1 + 0.5 0+ v 951.9
563.2 + 0.5 110 + 30 1531.9
571.1 + 0.2 95 + 10
513+ 1% 74+ 20°) 969
581.4 + 0.2 170 + 40 1645.7
589.2 + 0.8 <13 1.6 + C.2 >25 M1 + E2

Le



TABLE I /contipued/

Intensit 3 Multi-

eess” rve K eieorrem k0 poleriw sl
602,56 + 0.8 <10 3.2 + 0.4 %66 M
614.9 + 0.4 16 + 4
619.6 + 0.4 50 + 20 .8 + 2.0 47 ¢ 31 M1 + E2 1015.8
633.8 ¢ 0.5 13 + 2 . 951.9 27%/0r 1645.7
640.6 + 0.5 10+ 5 11 ¢ 2 260 + 140 M4 869
650.5 + 0.4 42 + 6
663.3 + 0.6 60 + 8 6.4 + 1.9 30 + 10 ML + E2
667.9 ¢ 0.6 65 + 10 5.8 + 1.7 21 + 7 B2 1064.1 &
677.0 + 0.4 97 + 21 6.6 + 4.3 18 + 4 E2 1645.7
692.8 4+ 0.8 9+ 4 45.5 + 2,03 41C + 190  ED «{M1+E2)  1892.6
701.5 + 0.5 13 + 5 13.5 + 2.0 250 & 110 Mg 1724,1
707.3 + 0.2 50 + 40 7.0 + 2.0 33 + 10 M4 + E2 1226.56
718.1 + 0,2 20+ 2 2.4 + 1.0 2+ 6 (B2) 1687.3
726.2 & 0.8%  ~s0® 1122.50
738.6 + 0.6 <145 4.6 + 1.0 D74 M1 1892.6 *™%/or 1938.6
745.0 + 0.6 K20 8.6 £ 1.3 290 ui 1944.5
750.5 + 0.5 3% + 7 1925.3
755,18+ 0,10 210 + 14  54.9 + 2.8 62 + 5 M 1724.1
772.17+ 0.10 498 + 24 47.6 + 1.4 28+ 2 B3+ ML 1168.18
776.5 ¢ 0.2 70 ¢+ 8 3.9 % 1.0 10 + 3 E2



TABLE I /continued/
Energy Intonsity oLy -10° mulei- Initial ievel
/zaV/ ¥ rays K electrons polarity snergy © /keV/
(782.0 + 0.8)®)  ~300°) §65.05
790.8 2 0.3 45 + 5 8.1 + 4.8 48 + 11 M1 1944.5
792.7 + 0.2, 334 + 15 21.3 + 3.4 15 + 3 E2 + M1 1122.50
(196 & 1)® ~ 209 1174.7
802.0 + 0.5 £ 15 2.8 + 0.7 D44 M1
818.0 + 0.8 100 + 50 3.7 + 1.1 8.8+ 5.1  E2
823.5 ¢ 1.0 ~2 40
830.5 + 0,3 335 + 16 18.0 + 1.8 13 ¢+ 2 B2 1226, 56
835.5 + 0.3 454 + 23 22.7 + 2,3 12 s 2 E2 1022, 36
840.0 + 0.4 170 ¢ 10 6.5 + 1.6 9.1+ 2.4  E2 1168.18
863 ¢ 1 £ 10 2.0 + 0.9 >47 141 1944.5
870,14 + 0.4 176 + 10 26.8 » 2.7 36 + 4 My 1892.8
884.2 + 0.5 57 + 12 1900.0
888.6 + 0.5 130 + 30 2.9 + 0.9 5.3+ 3.0 Ei
894.3 + 0.5 440 +150 951.9
904.5 + 0.3 480 + 40 14.4 + 2.2 T.1+ 1.3 E2 1081.4
911,23+ 0.10 2670 +110 100 8.9 E2 969,05
621.7 + 0.3%9 <100 _ 24.1 + 3.29250 M1 1944.5
923.8 » 0.59 o~ e0? 10.8 + 3.1%=43 M1 1892.6
940.0 + 0.8 100 #+ 50 1.0 # 0.2 2.3+ 1.2  E1 1892.6

6¢



PABLE 1 /continued/
ENor Ly S Iotopndty . oL K -10° Mulii- Initial level
/ke¥/ ¥ raye E olectrons polarity energy ©) /keV/
045.8 * 0.8 360 iloo
967.8 + 0.8 =100 1015.6
£84.6 + 0.3 1680 £200 658  £27 0.6 +« 4.0  E2 1022.36
969.11: 0.10 3200 fﬁaoo 30 330 5.4 bt . E2 869.05 and 1938.¢8
976.0 + 0.3 260 s+ 18 16+ 3 14+ B2 + M1 1944.5
987.8 4 0.3 40 + 2 1174.7 8ad 2010.0
1618.6 + 0.3 38 ¢+ B
1033.3 + 0.3 80 + & 1091.4
1039.8 ¢ 0.3 28 + 4 1226.56
1026.1 ¢ 0.8 8 + 2
1054.4 + 0.3 23 & 6 1450.14
©085.2 + 0.5 13 + 1 1122.50
1070.2 + 0.5 10 + 4
1096.0 ¢ 0,8 6+ 3 1153.6
1103.9 ¢+ 0.8 3+ 1
1110.4 ¢ 0.2 78+ 2 0.55+ 0.11 1.8 + 0.4  Bi 11683.18
1118.6 + 0.6 7+ 1 ‘
1164.4 + 0.6 12 + 1 0.70+ 0,07 14  + E2 + M1
1184.4 + U.6 4+ 2 0.22+4 0.06 13+ E2, M1 1580.3
1194.7 + 1.0 3+ 1 0.15+ 0.05 12  + 6 E2, Mi

ocC



TABLE 1 /continued/

Ener Intenaity Multi- Initial level
/!&eV? ¥ rays K electrons K "10 polerity energy @ /kev/
1237.7 + 0.6 14 + 2
1366.4 ¢ 0.2 150 + 7 2.9 + 0,3% 4.6 + 0.5 E2 1642.5
1253.1 + 0.6 3+ 1 0.205 0,08% 23 s10 1580.3
1273.0 + 0.6 13 + 2

1288.0 + 0.4 20+ 1 0,72« 0,07 8.5 + 1.0 B2 « M1
1308.0 + 0.4 19 + 2 0.21+ 0.07 2.6 + 0.9 K1 4+ M2
1311.0 + 0.6 v+ 3  0.26¢ 0.06 6.9 + 2.7 E2 + M1

1420.6 + 0.6 16 + 1 0.34+ 0.08 5.1 + 1.2 E2

1431.7 ¢ 0.6 23 + 2 0,51+ 0.09 5.3 + 1.1 E2
1453.8 + 0.6 20+ 1 0.13+ 0.06 1.5 + 0.7 Ei

1459.3 + 0.2 120 + 5 1.73+ 0,30 3.4 + 0.6 B2 1645.7
1464.2 + .2 1w+ 5

1881.4 + .5 15 « 1 0.30+ 0.10 4.7 + 1.6 E2
1437.5 ¢ 0.6 ~y
1495.9 + €.4 28 + 2 0.33+ 0,10 3.0 + 1.0 E1, E2

1503.9 + 0.6 16 + L 0,164 0,07 2.4 + 1.1 E1 1900.0
1522.6 + 0,4 S 1580.3
15045+ 0.8 29 . 10+ 0123 .3+ 1.1 E1, E2 1925.3
1537.1 + U.8 2 v Slo+ 00T .9 + 1. E2 1724.1
1548.5 2.6 16+ A 1944.5

4

Ic



TABLE /coutinued/
Ensrgy Intensity oL .10° Multi- Initial level
JkeV/ ¥ rays K electrons polarity enargy €) fuev/

1557.2 + 0,3 46 + 2 1.1 + 0.2 5.7 + 1.2 E2 + M1

1572.9 + 0.6 28 + 5 0.34 + 0.11 2.8 + 1.0 E1, E2 1900.0
1580.0 + 7.4 63 + 6 0.45 + 0.14_ 1.7 + 0.5 E1 1580.3
1588.0 + 0.2 405 +18 2.1 5 0.6%9 2.4 1 0.2 (B2) 1645.7
1610.% + 0.4 12 + 1 0.58 + 0.13 11  + 3 M1

1618.7 + 0.4 23 + 3 0.46 + 0.15 4.7 + 1.6 E2 + Ml .  1676.3
1621.2 + 0.4 43 + 4 1.3 + 0.3 7.2 £ 1.7 M1

1630.3 + 0.4 17 + 2 ) 1687.3
1638.4 + 0.4 16 + 2 0.23 + 0.07 3.4 + 1.1 E2 2016.4
1666.3 + 0.2 31 + 2 1.2 +0.39 0.2 +2.2 M 1724.1
1676.9 + 0.6 +1 1676.3
1685.8 + 0.4 24 + 2 0.33 + 0.12 3.2 + 1.2 k2

1701.0 + 0.6 10 + 1

1705.7 + 0.4 36 + 2 0.9 + 0.2 5.9 + 1.3 E2 + Mt 1892.6
(1712.5 ¢ 0.6) =2 1900.0
1725.2 + 0.6 4 + 1

1733.7 + 0.8 T+ 2

1738.4 + 0.2 106 + 5 2.60 + 0.26% 5.8 + 0.7 E2 + M1 1925.3
1752.6 + 0.6 5+ 1 1938.6
1757.8 + 0.2 90 + 5 1.50 + 0.309 3.9 £ 0.8 E2 + M 1944.5

e



TABLE I /continued/

Energy e tBtOREILY oL g ° 10 Multipo- Initial level
Lee¥/ ¥ rays K electrons larity energy @ /keV/
1772.7 + 0.6 5 + 4
1786.2 + 0.3 14 + 1 0.28 + 0.14 4.7 + 2.4 B2 + Mi 1842.9
1794.3 + 0.3 15 + 1
1807.2 % 0.5 5.4+ 0,4 0.46 + 0.08 7,0 + 3.6 E2 + M1 1993.9
1823.9 + 0.8 6 + 1 2010.0
1828.9 & 0.8 9 &2 2016.4
1835.4 + 0.2 106 + 6 1.56 + 0,239 3.5 + 0.6 B2 + M4 1892.6
1842.2 ¢ 0.3 27 + 2 0.60 + 0.20% 5.2 + 1.8 B2 + M 1900.0 22%/or 1842.9
1865.9 + 6.6 8 +1 %
1878.0 + 0.6 15 + 2 0.18 + 0,09 2.8 + 1.4 (E2)
2880.0 ¢ 0.8 23 + 2 1938.6
1887.0 ¢ 0.2 260 +15 2.97 + 0,659 2.7 + 0.4 E2 1944.5
1900.2 + 0.6 2.6+ 0.3 19000
1807.0 + 0.4 9.8+ 0.5 1965.0
1918.1 + 0.6 2.8+ 0,3
1924.4 + 0.6 1.4+ 0.3
1935.9 + 0.6 2.4+ 0.3 1993.9
1952.1 + 0.6 8.5+ 0.6 2010.0
1958.9 + 0.8 3.6+ 0.5 2016.4
1965.9 + 0.8 4.8+ 0.6 1865.0

or



a.) Data from Ref. [1]; K-electron intensities are renormalized by the present zuihors
and assumed to be accurate within about 5% /see caption to Table I in Ref. [1]/.

b) Dats from our coincidence measurements.

c) Datz from Ref. [5],

4) pased on asoumption of E2 multipolarity for the 911.23 keV tramsition.

e) For the transiticns piaced in the decay scheme /s8ee Pigs Ta and Th/.

228

£) The intomsity of 1000 units corresponds to 7.4% of tho Pa decay rate.

[4M
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TABLE 1V

Matrix elememts of the Coriolis interaction
between cctupole bands /in keV/

AE,K+1 Expe§§nent b) theg§y d)

'
' 31.5 32.0 42,3 7.2
Aiz 24.5 29.2 41,9 44,1
A23 35.5 22.6 - 60.4

a) From the analysis of the level-encrgy spacings.
The imertial parameter A = 8.34 keV.

b) The spherical-1imit values calculated according
to the formula given hy Neergﬁrd ani Vogel [iﬂ .

c) Based on microscopic calculations by Zheleznova
et al. [16].

d) Based on microscopic calculations by Blocki [i@ o
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TABLE V
Energy levels ol u..
228
bands 1in Th

Energy (keV)

Experviment

this work | ref. [e)jrer. [19] Jret. [17]iret. [20]
1§ 1 328 350 620 360 4650
R Juo 400
o SRy
to1 952 110 | 1020 880 | 1100
2 969 890
3 1016 930
4 1064
2 2 1122 tooo | 1160 1130 | 1400
3 1168 1200
4 1227
3 3 1450 1550 1420
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TABLE VI

Too-quasiparticle levels in >2°Fh fed by allowed

and firct forbiddem EC decay of 22°Pa

Two~guasiparticle states log It
Jestimated/
Configuration EBrorgy 3pim and
/o) parity
an{762} + 621f) 1.84 A" 7.2
on{752f + 784%) 1,84 a¥ 8.5
on{ 7520 + 770) 1,71 gt 8.5
an{7528 + eaol) 1.76 a~ 7.2
pn(752} + s08d) 1.87 a* 6.5
nn(752% - 634}) 2.14 2= 6.6

Emorgieos oalculatcd by Blockl smd KEuroewiesz
/unpubliched/. The veorsion of the superconductivity model used

in thoos calculatioms hes beem cerlior deseribed im Refs,

[18] end [19].




