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Excitation of the High-Spin 180Hf lsorner ;nd Deexcitation 
of the 180T~ Isomer in· (y, y') Reactions · . 

The·reaction mechanism of excitation and deexcitation of the high-spin isomers 

. ISOHf (lrt= 8.:_ )and 18~Ta (J1t= 9-) .in inelastic gainma-quanta scattering was 

. investigated. Anomalously_ large integral cross section and -isomeric ratio for I S(Ta 
in comparison to 180Hf were obtained. Level properties intlu7nci;1g these relati~ms 
are discussed. 

' The investigation has be~n performed at the Flerov L~borat,ory of Nuclear 
Reactions, JINR •. 

. : Preprint of the !oint Institute for Nuclear Rcs~arch. Dubnai 1995 



,.; 

,, 

, ' \ C 

1. Introduction · 
Photo. nu~leaf 're~ctions . at low and mean energies· of y-q~anta are oL . 

\ :,'., •': , < ' ' ,.., •• 

. important, source of information on atomi~.' nuclear structure. One of the 
_ directions· in researching y-quanta is nieasur:ing •tiie ·pr~babilities of .nucleus r 

production in separated .quantum state: Such investigations \\'.ill be __ the. m9st · 
effective if the studied states, are in· isomeric relation with sufficiently large · 
half~lives_so that to separate the irradiation pr:~cesses and measur~mepts with' 
time.. · •. .. . i. · .. , , , · . , . · , , :, , . . · .. ' . . . . ., 

The. great' interest of investigation in (y,y'.) reactions are connected·· 
with the next facts. Firstly, since there are not Coulomb banfor,,and bi~ding 
energy for. y-quanta,_ one can .obtain excited nuclei both in .the region above· 
nJcleori' threshold arid below· it. Secondly, the -momentum being introduced 

. into. nucJeus by y~qu~rituill- is not varied with energy iri~rease (it is . 1 h, :at 
, ·. ,, , • , ·,·, , I · ,, ', \ . •. t 

dipole absorption and 2h at quadruple one). -. ·· . , . ·.' ·.. , 
· This characteristic property of population of high spin ca~ses to that, 
Isomeric Ratio (IR) is .very sensitivity to the level density parameter·_ and . 
possibility of radiative traniiition .. In. deformed· nuclei reason of iso·merism and . 
prohibition for Y:-quanta may· be not only high differe~ces. of isomeric. and:· 
ground state spin, but and they projection on the symmetric axis(quantum -. ' 
number K). ' · · . . . · 

·' The aim of the prnsent I work is to investigate the reaction 'mechanism 
leading to the. excitation and deexcitation of high-spin isomers in the· inelastic 
y-quanta.scattering, and also the properties of the levels.p'articipating in these· 
processes: As objects of this investigation the nuclei' 180Hf and. 180Ta wer~· 
chosen. These nuclei have one and the same mass number and also the same 
spin difference betwee~- the ground arid isomeric:'state (~1~8). At the sa~e 

·, time, their level structure is quite different (viz., the nucleus 180Hf is odd-"'. · 
even, while 1.80Ta is odd~odd with. a great number of low-lying states with 

, high spins). 
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. 2. Level properties ~f 180Hr and 183Ta ' ' . 

The level schemes and radioactiv:e decay of 180Hf. and 180.T~ are 
presented in fig. ( [1]. .In 'the nucleus 180Hfthere is an isomeric. level with 
P:=8...,. and the cause for the)somerism is the hindranc~ by qu~tum number K • 

. (tlie projection of the· spin 011 the nuclear syrrunetry a,xis) 'for y-tra~sitions to . 
. the states in the ground state rotational band:with K,;o: The ·isomeric state is 
tw~-quasi particle one, arising . because of the de. coupling of two protons; . 
and has the corifiguration p[S04fp[51LlLThe isomeric siate of IEOHf decays 
by a weak.beta~decay branch{0.3.%) to .the isomeric state itP80Ta (J1t=9-) 

. . witli the ;configuration p[514] n[624]. Bec'ause of the l:lig difference in 'the , 
·· spii:is of the isomeric and ground states (A1=8) and bccaus~ of the absence. ~f · · · 
.· levels lying below. the isomeric state. and having close spin. values,~the nucleus. ; , . 

- .· 180Ta in its isomeri; state is pradically stable (T 112> 1015 y). It is present iri ·---
"' ·-· • • ' - : - , ',. ' ·' ! - . -· : ~' - ' - . - ~ 

·, the :natural Ta-isotope mixture invery small amounts ·(0.012: % or + 1017< · 
atomsjn lg of Ta).:J'his open{u~ique po·ssibilities fo carry out differe_nt · 

.. · experim~nts using a ta_rge_t .• con.sist_ing _of high-spin nuclei, for. instance natural• . 
Ta-target or ohe e_niiched in' 180Ta; One of thes~:experiri1ei1t~ isto studythe' 
deexcitation pfthe 1~0Ta iso1Uer~u~ing the inelastic scattering ofy~quant~. The 

.. results of such an experimentare presented .in this ieport>In;this process,· the· - · 
'' isomer. capiures. a y-qu~nt •. a~d ;subsequently_ by' means of a . y-cascade 'by: ' .. ', 
. passing the isomeric state deexcitesto the grou~d stat!,!. This state (JX=l+), as . 

one can see from fig:1, decays·to ' 1;80Hf (K~capture) :and to·180W (~-decay) 
· with a half-life c6nveni:ent for ·measuring (8. f: h} .. : " .. \ · /< -. ·.. . : ... · . 

. ., It, is ·quite probab!e thiit su'ch ·a· gerietic relation in the decay chain of 
the isotop~s· Hf~Ta-W wi!h'mass numbe~ A;,iso plays an important role-i~ 

: -the nucleosynthesis. In the strong fields: of neutron ·and y-radiation, ·which_' 
.. have existed, this relation must have manifested itself not, o£iy between the 

ground, but alsq between the isomeric states of the cited nuclei. In connection 
'with·_ihis;- the measurement. of.the.'crosssections•for:exciting the isomer in 

180Hf and· de~xciting. tl~e isomer in' 180Ta .is of interest fof astrophysics,. too. 
These cross sectibns will allow. to obtain, new i~ormation necessary for'. 
calculating the abundance. of these isotopes in. nature, and will also help to· 
rn,ake 'conclu;iohs 'ab,out the •. condftiQnS' in_ which nucleo,synthesis hai:taken. 

. place (matter'i:iensity, temperature). . . . . . .. . . , 
• < -i • ~ • ~-

> 

:3; Eiperioient:and Data.Analysis _ ._ _ _ 
·. ·. The; yields <of the investigated isotopes in' the ground- (18gTa)'and 
lS0meric. ( 1~0Hf) states were measured·()~ the,MT".25 microtion extracted 
beam· of _the· Flerov ·Laboratory. of Nuclear: Reactions,. JINR. ·.The ·description 

,_ ' • ~-•~ -.•, c-__ " , -, ', < ·., . '. ,: •-

::7i,7~~7:' .. ~,~ -~ ';:=.::~ : .; . -, .. ~fl 1 .. ,·j ~f.~~~ .. ,-~u~~. ih~.::--'.i:~~ ;:·~~ .t . 
f,· ,(Jf~ .. i:f'2i-,,l\"' Y-1{~.-iifl~f~~•"i;'.~!1,"'c..~· ~ -
§ .. ~.-'_ ·•·:~•-..J~ li~.--~ ~~~~a.i,;.±,,-..< ~:J,._.,,, f ~,.-,. . 
i ~: Gt'iS,m,10TEi{f.t t · ; _ 
~~~ . ,-. _-,~. -:~~~·--· 
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Fig.f. Sc~einatic lev~(diagram· ~f 180Ta;and its daughter~~uc_lei. ~e .• 
•. : :initial photOexcitation of18

-
0Ta begins from the 9- isomer. The 

· deexcitation cascade leads :finally .to· the g.s: whos~ electr"oti · 
. capture.· and beta decay/respectively~• can'.be. d~tect~d. _ For . 
1

~.
0Hf· the opposite process_is re~lised _-,excitation of isom~ric 

. - . .. . . . . . ·'. .. . . + '· ' . ·-
state ~-:begins from the ground state 1_ ,. __ 
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·. of thinnicrotrnn. and its· main cha~act~ristics.a~e Jr;ient~d

0

in-th~ work [2]. 
Electron energy: ~ariation was. effected Ill twb ways: qvera wide range:-. 
transitio"n fron1 orbit- to orbit, in the energy range up to L8' MeV -: with 
changing the mag~etic field . .Tl}scooled .device' of tungsteri'·dis!rz inniin 
thickness behind which there was located the aluminum electron absorber JO 

· ~m in th1ck11ess\vas·served aSa bremsstrahlung target. The tungsten target 
serves as. a catche~ of electrons ·passing through it in. a time of each· irradiation -· 
_and ,vhich -· was . measured _with_ the. _help of the . electrical ·charge integrator.· 
Electron energy ,vas determined by measuting the· m_icrotron. magnetic field 

. with the method of nuclear magnetic resonance : and by measuring the 
-', frequency ()f accelerating ~electdcal fi~id. !~stability of electron. energy during_ 

the exp@ri111ent did not-exceed 50 keV. ._ · 
_ ._ .• · Tl~e samples'::of tantalum (metallic disk 100 µm thick' ) and __ I-l:L

_1 (enriched isotopes - 993 % ) were irradiated with incident energy below the 
neutron binding· energy: The photo e~citationbf In serve as a monitor -

. . . reactiorj as its cross sedion is k1i~w11 very well [3-6]. The experimental data 
- . on the· yield ratios for two gam~a energies are presented in Table I. . .·. · -_ -
. - ·. .. . -• The residual activity of the irradiated samples was me;sured with the 
- ,help ofGe(Li) detector 6Ocm3 in volumeand with.the res6lution ofJ keV 
, (for the line:1332 keV 60co): The detector ~fficiency was determined by a set • 

of standard samples OSGI. . . . ·-

Table 1. Tli~yields of l 80mHf iso~1er and IS0ia groJ~d ;tate-related to th;- , 
- . ' . yield of l l~mlnjsomer. _· .. : ' .... - L : ' . . .-,:_ .· .•• · ' ' 

·.o 
5 
0 
5 

.-_,0.02(1) .. 

0,07(2) 
. •· 0:11(4). 
. _0.35(6) 

o.~6(~) 

··<t 

5.0(1.5) 
: . 5.0(i.2) 
_-- .:42(8) ·: 

1600(100) ·. 

--·-· 
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usually, in the experiments the. current of accelerated electrons was -
• • • , • - - - • I ... r • ~ . , • __-

20 µA, irradiation time;.;; 5 hours, and measurement time - until collecting the.-
necessary count' statistics ( as-·a rule, of some thousands of pulses in pea!( of' 

·• the measured y-line ) fig 2. . . - . . . , .. 
, - , • • •• I' 
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,Fig.2. A y-spect,mm of ~31Ta produced a~erthe irradiation by with J-quanta 
. . Ey ~ 7 MeV.- . . . ,. .· . , . ' -·' . - / - , ·-

4. Discussion ·· ·~' ' · 
. - . , Th~ -inves_tigation of the reaction (y;y') af low energies (E,, <6 MeV) 
i has _ shown Jhar the main -role in photo.:absorption and the · subsequent, 
, population of isomers· is played by a· relatively small number of activation · 

· state~ wit.h large partia,I /width ri [~;9]: For someniic,lei,' including 180Ta: the-. '':! 

integral; excitation ·cross sectioirof these·states was :found to_ be_ very large:. 
[IO, 11], The large cross section,values inay be'connected with the following_· 
factors - the big numbe·r. of activation -states, their_ widths and the., transition -
probability to the isomer (tlie isomeric ratio). The properties of these state ~e., 
scarcely investigated,, thus making' ft difficult to ju_dge _of; the)mportance ,o( 
any of the above factors .. -. ., , · . . - ._ _ ',. • .· .. • , . . . .- .. 

. • . - A more definhe conclusion can· be drawn on the basis of cross sections -
' m~asui-ed for·. the , photo, excitation of iso~eri in the regi~n of the neutron /, 

·,. .: binning. energy .. At: such energies level' properties ( density, 'total 'and' partial .. 
•• ., ··-- ' •'"'. ., • • • • ,r 

1 

.... ~. ~ .... ,, 
/ ,_ . '6" -. . ,,,, ~. 

··J•··./'' / 

{ ·-
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~ 

., 

,· (.. 

I 

. - l _•.-_ ', • . . ,_ 

· > · width) are known form neutron resonance studies: The results presented here· 
. have be_en obtained in this energy region, toq: . . ' , . . . . _ 

The fast rise of the isomeric yields with increasing'the y-quanta energy 
and tJie noticeable overrun above the values at Ey < 6.MeV, obtaine~ iri ref. 

· [10; 11], show that the main contribution to the integral isomer excitation 
. - cross . section c~mes from the most highly' lying- states due to their high 
- density. It this case; the isomeric yield ratio corresponds to -the ratio of the 

integral cross sections: Because of this, on the ba;is'ofthe measured isomeric 
yield ratios and the known.value of cr~for the reaction" 1151n(y,y')ll5mJri, 

. (Table I), we can obtain the values for the integral cro.ss sections for exciting 
the 180Hf isomer and deexciting the 180Ta/isomer. The obtained in this way, 

, values for cr;~~ are shown in Table 2. One'can see the very l~ge, more thari a 
· -"factor of 1 o4, difference in the reaction cross sectio~s for .180Hf arid lSOTa,' 

indepe~de~iof the facCthit' the spin difference for the isomeric and group,d 
states is the same (~1=8). .. "'- _,, . ·. - _ , . . . _ ·.· 

:· The kno\1/n parameters of the states of the nuclei --11s1n, 180Hf, and: _ 
180Ta; obtained from 'neutron.- resonance \;ystematics [12)3], · allo~--to .·-.·· 

, estimate_ the total photo-absorption cross 'sections;. which in_ turri allows to 
determine the Ilf' in the' region ~f the n~utron binding -energy, the cross 
section for photo-absorption, averaged over many levels, can·9e represented -

_,.:.., as: ' - . ,., . :, '•,_·, ,, ''- _, . , ,'c" , 

> 

').,2 
'/ 

CT=--

-~,,, 

21·+ l T 1 , ' . ' -
-.-_ 8n: -. 2 lo+ I _ ,D, 

:I, I ;c, 

(1) 

l\ ..,.' 

where:A. i_s the wavelength of thJ y-quanta, Io and Ii are the spins ofg~ound .. · 
and.'isomeric states; respec!ively, ~i ·is the partial width. for the gamma: . , 

' transition to the ground state, D is the average distance between the levels. 
~suming that the investig~tednuclei have·,close values of ti;_,. 10-2 eVan(i 
that the· value\ of D _isJaken for one and the same excitation energy, and ' 
taking into account the, changes in D for the transition_ to the spins of the• 
excited Jevels in each_ nuclei,· by using the relation (1) we can estimate the -

.. photo.--absorption cross . sect10Il' for the investigated'. :nuclei. These cross· 

. , sections· correspond to the ,known systematic [15].' The ratio. of the cross 
. ,)·. _ · , sec~ions for: exciting ( or deexciting) the isomers ~d the_ obtained by the r above-'me.ntione.d •. procedure a~~orptio·n· ·_cro~s ,section,s, integrat~ ._over the 

,:; · , ,_ same energyrnnge, can be considered as IR - they are presented.mTable 2. 
,:, _ As iri' th~· case of the cross· se~tions, the IR differ strongly for 180Hf and 1soT_a. . ·,<\ ...... .._- \ ., .. 

J, ,, 
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.·· Table 2. irite;ated ct~si-sections .and IR at ph~to excitation of l 80m1If and 
... ·• 180Ta.- . · .. / .. -. ~- · · ... · .. · · ':~ · - ._ 

Eo 180mnf_. ·---
· <Jint · ; <Jm '5'. . ·. -10- . 

· .MeV ; .mb.keV·C ?'O 
~ 

,;. 

-6.0 
6.5 .. 

7.0. -' 
,7_5,· 

8.0 

· 0.002(1) · 0.010(5).- -
0.015(5). . ·. 0.07(2) ·. 
0.055(9) . 0:18(3) · 

0.15(3); .: 0.30(6). 
0.20(4)_ 0.32(6) 

\_',:,,. . 

180Ta 

,CTinC· 

: mb.Mev· ·· 

'..52 
· 8(3) 

• 12(4)·· 
\. -.. 

crm 
···---. 

cro 

J . __ ~,. : ·---. <-S -, ·:, •_, -~---:,1·· - ~- . . . . . . ,,- ,, . ·- .. ; ··- .. ~. 
The'. IR for .. the deexcitati6n of 180Ta is. practically :the. same air in . the . 

case of exciting the isomers when the change in spi·n·is" 'not-large (~1~3-4). _ 
. The large integral cross section of deexcitation of lSOmTa.makes ii one ofthe 

· importanfcand1dates for the y-l;;e~. ., . ··•· • . . · ; . · ... :- - . - · ·.· 
- .• :'. The observed. difference may be the result of, the different mechanism - ·, 

. of e~citing .the is~mer>-in- 1~0Ifr and· 'of deexciting the. isomer 180Ta. Fif 3 , 
~ r~p;e§ents'the p·ossibJe·paths of1the· (y;y') re~~tion for the two n~clei. It is 
· probable that from the·excited; after the y-capture,Jevels in. 18°,Ta with spins . 

s+, 9+ and 10+. Ml "". anq E2 -: transitions take_place to levels (with close spi~ 
·values}of the rotational band built on the ground state of180Ta (In=f+).The 

-·"'. · - qhanttim nu~ber Khiiidrance:for these nuclei may be significantly weaken¢d 
. due to tlie high level density in-· the odd.:.odd. nucleus· and. to the 'mixing. ot , - -.. 

lev'els· having different Kvaiues., A,similar;weakening of the K"". hindrance has . 
1 beeri observed, for- instance,. for the tr~nsitions b~tween .the high-spin -levels in . -

the nucleus 174Hf [14].Buch·a path ofdeexcitationof the.isomer can explain 
'the high value of the'IRbbtained in thereiction 180mTa(y;y')180Ta because the 

/ . decay of the levels of the rotational. band goes• practically solely t<> the grouhd 
. 'State .. - . . ,. , c::_·.. . '< . . . . .. 

:In the case of the nu~leus I 80Hf this way of poptilatirig the isortteds' 
irtjpossible, as from the excited,' after' the' y'.'capture, level with'• P==l..:..:_ tlie - ._ 

_ i;o~er i;- reached by ~ long: y~casc;de· competing with: the 9tfrer decay -
branches"at each step.~Such a :path of exciting.the isomer is connected Zvith 

•~'. • • '. ~,. • l - - _.. 

~· 

, 

'. .- ', . . . ~ / . ; : . . -/ ~ ; : 
the small IR The observed IR in the reaction 180Hf(y,y')180mHf corresponds. 
to the calculated one on the basis of the statistical model using th'e progratii 
EMPIRE [f6]. . . . . 

a+-g+ 10+ 
· I I ,-

'i / ~ .. , 

,,./, 

·K='8 
. . ~ . 

. ~:/ ,I : J,:_ .• .· . g-· 

.···•·· , . •· · 2+ ·: K = 9 ~ · 
. ; ... ·. , · .. ·,•:. 

--: 

,~,oTa 

, • ~ > "'. • •• , / • \ • 

Fig.3. Excitation scheme of 180mHf arid deexciiation of 18~,mTa at .inelastic \ '· ·:, . . . . . , . ~--' , .. ,· -• . ·> ·, . . . 
scattering of y-quanta.. · -. 

, in:summary, ·the above mentioned experiments -demonstrate thelarg~ 
influence of the level structure ·of the studied . nuclei ori the probability of · · 
exciting the. isomer ~- i.e. ·of the e~istence of rotational bands, -the- rotational 
transitiqn probabilities, the hindrance accordirig todifferent quanturri'.number. 
, , Finally, the authors would cJike to express their gratitude to Pr(?fs. 

Yu.Ts. Oganessian,Yti.E: Pe_!lionzhkevich and N. Balabanoyfor their interest 
·;· _in the presenfworkand for useful discussio_ns. 
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