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I. Introduction '\.. 

In .the even-even nuclei the~e are observed .high-spin isomers with 
. . 

spins· up to' 30h ·and half-lives up· to several' years . [1]: ti~ually 

ihvestigatlons_ of these' isomers have been\ 
1perfo.~med in . reaction 

. .,_ .. ~ ~ ~ . -
induced, by protons,· ex-particles' and heavy· ions .but their: investigation 

in (-y; r') reactions, ·however,· is of great interest. Firstly, 1 since 
., . ' - ' -

the're are notCoulomb barrier and binding energy for r-quanta, one can. . ... '• . 

obtain excit~d nu~lei both in_•tlie region abov~ ·nucleon. threshold and 
' . 

below it.' ·Secondly, the" momentum -being 1 introduced fnto .nucleus by: 

r-quantunl i~; not/varied with e'nergy increase (it is' lh' at dipole .. ,.,., . . . . ~ 

absorption and 2h at quadn.ip.le. one). Therefore,:.,for -an.even-even-

nucleus' the spi~ and parity oL.the lnltial compound states are 

unambiguous!~ .determined (C; 1 ~ or· 2+1 ,. and 'r-quanta cascade leads to 

.I /, . • 
an isomeric state ... 

In'' the present work there· have been investlgated: (-y;7.') reactions 
• • I" -. ' \ ' • • • ' • •• : •• •• • ~ • • -' 

'producing high-spin' 
1isome~s of:;n~clei beloi-lging '.to· three different 

• ' • . ' ' ., •. . 180 . . • 190 
regions: strongly deformed:( .Hf), .... transitional ( .Qs) and spherical 

•. 204' . . ' ' . . . . ; ' ' . . • .. · 
. (. ·~b). ; The experimental isomeric ·ratios have been compared· with 

statistic~! inodel cal6ulations and pa~amet~rs . de~criblng r-ca~cades 

have been obtained. 

'I "· 
. II.·· Experimental method 

·',_ 

The· present investigations h~ve been carried out 'on the beam of:. 

bremsstrahlung gamma' q\ta~ta of the microtron. MT:-25 Fum,· jrNR; · Dubna 

in the ener_gy .region_ fr~m 6_ to 15 MeV. The electron. beam extracted 

from the 'accelerator· microtron chamber was directed on a· ttingsten 

stopping target by means of a system of quadruple lenses. The ta'rget 
' 

r=;~~~::;;trt 
~ 6H:;;J!t.,~Ol Et~:~t ·. ··. ~ 
..--..... ~--· 

\ 

·,'\ 
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thickness was 2 mm, and .• jus~ .behind .it a 30 mm aluminum absorber was 

I ' / • • ' 

placed.· The meari electron current on. the targeL (8-10 JLA) was measured . 

. . 

continuously• during the experiments. The electron __ energy· was 
. . -

"determined- through ·measurements of the, guidii1g_ .• microtron magnetic 

field using the nuclear magnetic rE!sonance method.-

. . .•. - . 180 ( . ') 190 204 

. Samples of enriched isotopes - Hf 99~}% , : Os(_78. 5%) and .Pb 

(99. 7%)' were· picked tip in aluminum -foil· and during· irni.diation were 

placed just behind---the ·aluminum· ·absorber.- Irradiation ·time. t ··-was 
. ~ lrr. - - .. 

-varied for different targets (t :s3T ":"Where T is the half-life 
• _ . lrr. 1/2 . · .. _ · 1/2 · · 

of isomers). Natural abundance· indium monitors. SO JLm"-thick- were placed 

J';lst in ·front _of ·_the targets. · 

· . The inv'estigatioil. of· the _isomeric states poj:>Ulation_·was _performed 

using activatlori technique: The lines correspo-nding to. the--''Q"-cascades . . . 

'of the isomers· werE! registered by_ a ·Ge(Li) detector· (with ·60,cm
3 

• . . . . . - 60 . 
volume and energy resolution ~E=3.5 KeV forE =1332 KeV .Co) ;coupled . . . • .. . - . . .. - . . r. C", • 

to -a: ... 4096-multlchannel analyzer.- The detector·. :efficiency was 

experimentally ·.determined using the OSGI standard. sources' [2]. The 
' -..... _ 

0"·-spei:tra were - processed by ,_means of . the . SPM-program .. [ 3]. The. 

spectrosc?pic characteristics of the i~omeric stat~s 'and the recorded 

spectra are showri in Table 11
, and Flgc. 1. ·;respect! vely. 

Table 1. Spectroscopic characteristics of the investigations isomers 

.. NUCLEUS ·._ HALF.:.LIFE JTC ' 

180m Hf. 5.5 h 8-

190m Os 9.9 m 10-

204m Pb 
1
_67.2 m· . 9-: 

.E 
'Q"l 

KeV 

I 
'. 0"1 

% 

E 
0"2 

KeV 

. 215. 3 75 332. 3 

186.7 '?ci 361.2 

I 
0"2 

E-· . I 
0"3 -:-. 0"3 

%. · KeV % 
.. REF. 

94 443.2 76' [3] 

95 502.5 98 £41 

374. 7' 90 899.2, 99 911.7 99 [5] 

;. 

,.r,' 

/ 
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Fig.l. Decay scheme and obtained t;;ray spectra for investigated 
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III; Experimental results 
__... ..., 

-The yields Y(E · · ) of _.the reactions-()'; ,-•) were .. obtained· ·by 
... -. ...:· -'-·~max -- - · 

' . I -,..· - . .. - . 
means of the r_elative- method compar!!lg the ,--ray -photo-peak areas of" 

the isomers and the one of the '',--line· -E =336 KeV of usmin: ' ,,.-
Y(E ) = IC yffi(E ) 

7max 'lmax 
~Ol 

nm A S em ·Im .-fm ( t , t , _, t ) · --
D ,- lrr ·col m .. (2) ··IC ·= 

n Am Sm'c I f(t · ,t .- t) 
- 0-- r· . lrr - col m 

where n-numiJer of nuclei; -·5-photo-:-peak area; -c
0 
-:detector efficiency I -

r 
· .. -At - -At - -At' . 

f(t , t' •. t ) ·= (1-e li-rle col(l-e m·); 
lrr col· m. f~·. 

. r-line intensity; ., 
t' -. t , t --_time :or irradiation, cooling and. measuring; A-decay 

lrr , . col m ·- · · · · · - · 
1 r~ ' 

constant. Index' m relates to. the monitor rea~~-l.on US InC~. r' ). which 

yl"eld was -determined by integration of its excitation 
' ~ • r .:.. • • ; • 

function: -

E·. 
'fmax 

yffi(E -)'=I_ ;.;;(E l_ F(E_·_::. 
_,-m~x - _r_ ,-

.. - . 

E ) dE 
,-ma~ - . r 

(3) 

--- 0 

where o-m(E )-(,-, r' ) reaction c~oss..:.sei:tlons. [4]; ,:F(E., E )-energetic 
- ,. .· ' - - - - '- ' " ,. rmax - - . 

dependence ~f the bremsstrahlung s~ctrum. tsJ. 
'., ~ . 

During t_lle irra~iations besides .bremsst~ahlung r,-quanta neutrons 

(emitted from the st~pplng target and' the: lead protection a~ou~d it) 
. ~ " : ~ . . . 

- 're~ch.-the samples. :Therefore,: much attention has been paid to ·account 

for-· the contribution of (n, rl _·and (n, n') 'reactions· to the pr:oduction 

of the investigated. -isomers. The en;,-) reaction leads to-
180

mHf 

. . - -' 179 . ,· . li +. 
isomers .producticm from _Hf nuclei. (J

0
=9/2 , with 3.1Y. aburidan-ce _in 

' -' 

. the target.. and · cro-;;s-section cTm -=0. 34±0. 03 b [6]) and 190m0S . from, 
( n,rJ ~ - -

189 . li / -- -· Os .(J =3/2 , _with 
0 . . . 

m · -4 
0' =(2. 6±0. 3)10 ' b 

( n,'J) - - . 

7Y. abundance lri the target and .. cross-section 

l6] ):- Measurin~ the flux of-- thermal- neutrons 

with 'the _help of the monitoring · reaction u~In(n, ,-)116m,In, the · 

. -- - 180m· 
_contribution-of the (n,,-) reaction tp the production of __ Hf was not 

more thait SY. and less than lr, for 190fllo~. 

-4 
- "· 

;. 

j, 
l 

,,_-"-

....... ; 

--

\: 
The -influence--of fast neutron in' (Z) was c01nptited using the. 

expression: 
E .. 

nmax 

S!n,n'l=n~ :i: f(t , t ·. ~ ~- lrH vJo-1_n,n'loi: ;N(E ·: E )dE · (4) 
· D 'l. lr:_r col . m· o n -·. 1 .n ~ n nmax n 

... ' _:_ . - . 
- 0 

where/ I -number; of electrons' _ reac'hing-- the ; bremsstrahlung target;' 
' 0 - . . 

y, -'-neutrons yield per' on~ 
-. 

o-1n~n:~ (E )'-(n, n') reaction electron,_ [7]; 
n ' ' n 

cross-section . (8;9;10]; N(E ,E.~ )-normalized 
" n nmax ' ' ' ·· ·-· 

neutron spectrUm 

.distributions· [11]; E -maximum · ileutron _ energy; 1 rl-geometrical. 
nmax · · 

factor. Our· calculations shot/ that 'at electron- en'E_lrgies below 9 MeV 
. I . . . . '- . . ; . . , ~ . 

the influence or·rast neutrons for all the investigated nuclei is_less 

thiui 1r.: With eneij~y Jncrease, up to 1S MeV, however,- :1 t incre~ses up to 

15-20%. 

- - The accuracy·. or the yields depends-· on .uncertainties- in , the 
' - ·- . . -

·.~ ~ ~ .• -· . . . . ' -" . , '. ··.. .) ._:-~ . ·. 
- determination of photo-peak areas. It depends niainly on the quantity of 

'-
investigated nuclei in .the target; the conditions of. the_ irradiation~ 

' - -. I . 

coolirlg 'and . meas~rlng times,' end-'-point energy' of the bremsstrahlung 

·-spectr~· and neutron contribu~ion to· isomer producti~ns: 1 It. was about 

- . · - 180m ' · - -.-- 204m : · ·· · . · . _ 190m _-· · , - · 
5-:30Y. for Hf and Pb and 15:-60Y. :for · · Os. ,From the obtained 

·· yields the cross-sections have been restore<;\ by metho~ of minimization· 

-of the directioned ·discrepancy·· [12] :. · In Fig. 2_ .. and Fi~. 3 th~re are 

shown 
.. · ,· . . m 

the-· experimen~al • cross-sections-o- and 
; . -

isomeric ratios 

~~m/o-tot.- (~tot._total photo-absorption cross-secti~n) versus-
,,-:..._ 

r-qi,Janta energy. The errors_-· in· cross-'-section. values. have been 

determin'eci by-, the - ~rror _limit_!> after multiple cross-sections 

restoration with the random ~ariation' ~f initlal data distribu~ed by-

the Poisons-law. 

The cross-sectforis of the lnvestigat~d reactions have, a resonance 

' 
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: shape and their maxima within the accuracy of the measurements 

coincide with . the threshold; o~ i ( -r, n)-B n _ ·. reaction. - The .. !!harp 

cross-section· decrease at ene·rgies·- above B _is' connected- with the 
- n 

competition of neutron channel (f :.r ) which at E l:9 MeV iu;ns out, to 
'•-· n7 · -r· .-, 

·be observable and -leads ·to· ·sign_ificant -.--decrease of total 
. , __ 

cross-sections of ( 'r. 7') reactions, 

--... ,.J 

. IV. -Theory· and results 

-'statistical 'model ca~culations for- the;' cr~ss-sections- of· the 

investigated reactions -in the . ener-gy range_ 6--'9 MeV have been: 

performed, The foflowirig assumptions were 'made: 
·_, ..... ' 

1) After the absorption: of a 7-qu~ntum~with energy E ' aild inul tipole. 
,' '' •• ' • ·, • • ',"r' ~·.· ... •• • .- "• ,, 0 ,• 'q .-~ • ,••) "• "• 

order. XL=E1, M1 and E2. by_. ·a even-even nucleus there ;are- formed initial' 
. - "·· c.. • , •. · , ·:-··r; .. -.·. . _, • ·n -~---- -.+ 

compound~ states with_ well defined, characteristics: E,=E ,_ ~J =1, 1 
. - 'r' .. _·. 

·and 2.; 

2) The compound-nu'cieus. is deexcited- by· means of -r-quanta cas-cade of 

mul tlpole order El,- M1 and· E2. 
~--

--
3) The' populatlqn of low-energy. nuclei· states '(\ncluding isomeric 

•, o F • ' • ~-· -, '.- • ......... • • •• : ", • ' ' ' • 

onesLdepends on-.,--quantUJII ·energy, characteristics of the initial·and'-

fi~al. st~tes,· and ·also on the_ spin .~nd energy d~pende~ce of level-. " -- - ·: __ ·,, ··- -
------

density~ 

The photo~absorption cross-section 'for a -r-CJ:uantum energy E is . . 7 
-

given by [13]: 
XL' r . -

. '' J J . 
-IT(E .. J7l) =' (itll.2 )g ~ w 

,_ . . .- - J-D - n 
J 

(5} 

where 11.-photon:· wavelength,. g -statistical weighting: factor,' 
-~ . J • ~ -' . 

D1-spacirig between· _-compound-nucleus levels, · r.KL -partial transitation 
- - -- - - . J J ·-

0 

width between levels with .spins ·_J ('ground). and_ J (compound), 
- . - -- ' 0 ·.-

8 

\) 
rJ· 

/\
\:/-
I) 

:' :J-·. 

1-(-1)L7l n 
. . w =-----:..;.: _:0:_, 
-n 

XL-parity and.multipola~ity of the7-,quantuin . 
,2--

. ~ . . -.. . . - ·. ~-

The gamma ray_·casc":de_ and the population of. low' levels _(Ef,Jf,nf) 

have . been c~lculated -.. uslng the- algor-itm described ... in. [14]. The--

probabi-lity of a radiative--·transitlori from a nuclear state-1 '(E .. J ,n ) · 
·-- · · - · - I I I 

to· a state f is given by: 
-1 • _) 

(6) 
r n. 

dW = __!!__ p(E.,J f)dE 
lf_-rl- ,f f f 

tot 
1- -- . . - . -

- where r and r · =E r are the ·partial and -the total' widths .of 
. If · tot f If . _ 

1l .. -· . 
- • f - - - - . - - . 

the initial state, p(E , J )-leveL density for_ the final state. 
, , - . . f f . · - . _ 

> ---._ . 
The char:acteristics of .the levels in the lowest excitation energy 

. '•--· :.; - . :,··· ---··· - .-. ___ . .. ' ~~- ~ .--- . .. - .. ;.-- .. 
-region ·-E :sE .-. '(E -excitation· energy of the last known low-lying 

.. · cut cut · · , 

leveU are taken from [1s; 1~. i11! 
··N. 

&• Jn) ='ocE•-E•)o o · P • . . L. f JJ nn 
· . -f f 

f ·=1 

where N-is _the number of the known low-lying levels. 

(7)' 

. ' . -·,· - ,- - . - ' -- . . . . 
-. The leve,l_ densities. f'or :excitation energies E >E , have been 

• - / . ·x. 

obtained using the Fermi-gas inodel [18]: 

-- I'~ (E •• J7l) 

exp(2(a(E~-~f.) )112] 
f ( J) -·--:__-'------'--' 

12 (Z)I/ZIT~I~4-(E•-t.)S/4. -

(S) -

where E• is the matching energy; a-level density parametr; f.~pairing X . . . - . . 

energy [19]; 

IT2 = (6/~2 )0. 146A213 (a(E• -t.))
1! 2

-- . · · (9) 
- -· 

spin cut-off parametr; 

> . f(J)' = (2J:1) exp[- (J+-1;2)2] 

\ 
0 

• ' C. 21T"· · ·:· ?N 

- · spin dependence of the level densities. 

(10) 

---- / 

For excitation energies below E• .the level densitles'have been 
X 

---.___. 

described by the constant tempetature m~del [18]: 

·"' 
-~ 



~' : ,·. 
' ,-

; 
'." i,_ 

pL(E.~Jn); 00f(J)+ ex~[(E:~E)/TJ -
__ . • • T , ,._ - _. 

(11). 

where E 
~ 

is a fitting: ·parameter; T-nuclear .te~perature .. In•. this 

regl!;m. the spin cut:..off _ par_<l:meter : cr has been . determined · · by 

. . .. ' 2 ··:· . :. . • -
interpola~ion between :the cr

0 
value,_ evaluated from .the spins J

1
_,of N-

low excit~d kno~ levels: 

. --~- N 

'cr2- ;;, :...! \' d+l/2)2 

o-· 2Nl.., I ' 
/.' • · < tzl 

'.. . 1=1 
2 . - ·~ . • • 

and the cr.:·value·from (9).at E·=E: 
X 

2 .~ L 2 
. .. . cr (E )-cr . . 

cr2(E•) = ·x. o (E•-E• )+cr2 
· • • " · cut D 

(13) 
( 

. The. parameters used in the calculations were .determlned.according 
,. · . . r : . .. -;,, ..• ·1 · ". ;_., ; .. , ·._ \ - ·: -:- . . :.-...:··:. ·r 

to the methods applied by Reffo [20]. The :values· of 'the level-:-density . 
. . . ~-' ' . . . '. . '.. . : ... ' 

parameter a follow:. from. the. overall systematics, obtainf;'!d by .fitting 

the reson_ance sequences ·of nucleL The ·parameters: E•, T and E were 
• · · X o 

/extracted • by fitting to. the step-.like. dependence of the comulative 
. . . . . . . . . . . ~/ . ' ~ 

. , , . . - ~ ' 

number of ·known discrete levels , and ·by matching . the low-energy: and . 
.....:_ ' . . . . . ' ..., 

high-energy level density fornmiae · at. E .. The parameters .adopted in·. 
'· X . ' . . . .. 

the calculations are shown in ·table. 2> 
"". 

.. ~ 'l 

'· 

Table· 2. Level dens! ty. par-ameters for investigation nuclei. adopted 
,·· ... · .. 

:tri the present ·calculations 

NUCLEUS a 

MeV 

180Hf 20.32' 

,1900s ··'20.36 '1. 16 

..._ 204Pb 12.91· L54. 

,·--.: 

E 
0 

MeV 

-:-0;·1414 

0.0966 

T. 

·"MeV 

o: 5148. 

0.5220. 

0 .. 2440 • 0. 6430. 

l 

If one 'fixes level density phenomenologi-cally accordin_g to. the 

10 
•'. 

· .. 

·.I 

\· 

parametrizati~n '(7-13),. _then_ the possibility to. describe populated 
' . . . . . . -· . ~ . 

. states q~antltatively the ~dequaricy of the accepted ~atios between the 

radiative tr~nsitions: According to the assumed calculation scheme, . . . . 

- or-transitions' can be divided .into three c'lasses: . cc· • . cs· and ss· . 

(where· c:·and C'. condition~lly denote the initial and final h.ighly:

exclted compound, states re,spectively, 'and s arid s~-initial- and final 

simple low-ex.ci ted states 
I 

(see. Fig.4). Gamma transitat-ion · 

.probabilities. of SS' type ::for all' IlUclei ·have .. been taken from 

sp.ectros·copical_:.data [l5,16;171.For the descriptin.··of·CC' and CS' 

transitions, 
---~---

radiative strength. 
rXL 

functions (RSF): are ·. used: 

5xL = ___ •_r 
tr D E2L•-~ . 

(14) 
i 

1 or · 

At'' the present ·there .vas experimental! data- on RSF of CS'-:type . .· --- , . "' ' . . 

. obtained from _measureme!'JtS. of partiaf ·,and, to.i.al-:widths Of neutron' 

resonances [21], ·from, measurements· Of_ ·?o~tinuous: or-spectra' after 

' 'capture of thermal a~d res~na~ce neutrons [22] '-and also. or-r'ay spectra 
" . 

. --:-of (d·, p~)" [22_1 arid (n·; o:7) [23] reactions. On the basis of their 
. " ~ ..-. 

· analysis the· RSF ·is describ'ed~by a constarit strength f:i.mction lllodel 
: . . , ............ ,-~"----;-: ' 

(mod~l 1). [ lS, 21 ;·24]: Sr.1 =4. 10.c9Au3C~1 · Mev·\ sMi: -~z. 10~ 8 CM1 MeV~ 3 
· H 

_, . •, . . _;. . cs. <, \ ~. •• ~ ·_ t c s. ' . 

s~2 = 3.5410-14A4
/

3CE2 MeV-5
, where CEl, CMl and CE2.are normalization· 

CS' - - · • · 

constants; or by th~ giant' r~'sonance model (model 2). [ 13, 18, 25]: 

crD ' (E ) 
5r.1 = ,tot or 
cs•.. .3(!thc)2E 

or 

MeV-~ 

S
EZ. _ .t:.. [ cr0 (E )+~. 8cr0 

· (E.>] 
· = . T:O or · . T=1 · or 

cs• , 5C!thc)2E3 - . , - . 

o· 
where _ cr to~ (~or l 

N· .. '_[.or(~ ··)2 ( ')2]-1 
= \' cr . 1 + E2 -E2 

/ E r ·_ , 
-L.· mj- .'1 mj \ orJ. 
J .: 1. \, 

N=l 

(15) 

Mev-5 
(16) 

for spheri~l 

nuclei an<f N=2 for· deformed ones; cr , E H r-are· the· parameters of: · 
· . · · · • .. mj mj . . j , . - · 

the giant dipole resonance [261. and cr0 (E ) and /~ (E )- · total 
. T:O or · · T:1 or 

··ph~toabsorptio"n ·cross-sections of isoscalar (T=O) arid isovector (T=1) 

giimt' quadrupole· ~~sonance [251. 11 
....... ' ·-

;, < 



': 

. 
~ 

~ 

> .w 
-~ 

'* w 

'·· 

.::...0::: ·.' 
0· 
(!)' 

u 
"'I 

I 
I 

I c::· 
m I· 

I 
j 

';.,1 

( 

I '· 

u C/) 

/ 

\.•· 

' \' 

12 

'I ·~ 

-';--

E ., 
l:e ··. l:e 
J J 

. 
'IIJ~ 

'V E: 

'· 

Q) 

'g 
u. 
Ill 

"' u 

"'· :::= 
"' ::J 

·tl' 
I 
~ 

.... 
0 

~· Q) 
. .<:. 

u 
Ill 

.::· 
0 ..... ... 
"' ... 

·' 

/ 

::l . ' ·u ~ ~.-,.... 

"' u 

~- .... .. 
110 .... 

Ea.,' _/' 

'".: 

-
/ 

i 

·-

·\-· 

. Calculations for·. the ii:westigated isomeric states ' populations. . . - ·.· . . ' . . . . 

-'(made with . the . use ~f both models for RSF and assumption about the . 

lndepedence of initial and· final states· ScC'(E7 )=Scs,(El') [14]) ·are 

·shown in ·_Fig;3. As· ·seen. from. the figure, theoretical calculatl~ns· 
\ ' . ' . 

poorly. agree with the .experimental ·values and in mast cases. the 
. . . . ~ . . . ~ 

;-

coefflc!ent of , divergence is of one order~ Even after reasonable 

;variation of·level density parametr a in (s)·and s~in cut-off parametr 

rr ·. (9) one _has ,_succeeded in reproducing o:( only qualitative 

.· .· , . ' I experimental results and ·at the same time_ quantatitative .values_ are 

sensibly differed: ·using experimental data about excl,_tatiail functions 

of reactions·(7,7,') e_xi!iting in literature. for wide range_of nuclei' 
-:· ~--...... ' ··~-::·-·-...,-~::~ . - ...... ~ 

::[27, 28] ·for wl_lich differemcl'l of spins of the ground ,and isomeric 

states is relatively sinall (.O.J=3-6). we· have calculated cros~.:.sectlons 
' .· . . ' . . . 

-~£-. these re3;clions using~ the both> models for RSF~ The _obtained results 

' show that isomeric r,atios tu:n aut to 'be' less sensitive to different' 
' ~ . ' -·'. - \. . - ;· . -

types of RSF' and t}le both m?dels .well reproduce experlme~tal.re_surts. 

As · leveL density e~otentlally increases with excitation· .. energy 
~ ' . . . ' . . 

increase,_ then probability of. populated .levels wit.~ spin much more 

differed from spin oe the ground state is .mairily determined· by the .RSF ·- . . ~. . . . 

compound-compound (C-C',) 7-transi lions (E :s2 MeV). On ·the one hand, 
. . .. ' . 7 " . . . 

·· the. use oL the model 1. for RSF with a norinallzation .. to experimental . . . ~-- ' . . 

data of the c~_::; tr:ansitions leads to the increase of E1 part and 

• decrease of E2-transitloris part.· Ori' the other· himd the use of the 

model 2-a~ showun. in Fig.S leads·to the decrease of partial radiative 

~idths r 1 H ~, as SEHE2l E (E3 ). · }{o~ever, · as shown by, theoretical 
· , If If CC' 7 , .. 7. .· · , 

estimates [31,32] and the known .experimental data. [231. RSF of· ~1 

. . . . . CC' 
. . ·. · · · El Ml 

type practlcaly do not depend an 7-quanta energy and 'Scco:Scc• •. and 

ratios of partial widths .for H1' and Ei trans~~ti~ns· fM1 /~;10. · In. view 
· If If 

J ....... 

13 



- \., 

of this, we have computed population taking accoUnt\ of diferent ·natilre"· 

- - - · ' -~ iCE2l EICE2l - - -. ' .- '·· · . :·; 
of irii tial' and final states c!f .. s .) . Ther has been used- a ~ 

~ - : · ./ - --~ _ · cC' · _ cs• .-- · --~-<. · _ . · . ...___ . 

systematics .~f ~xperiment~l data [21'] for HSFSM1 and~/SU 1 =SMl- ./The 
, . - - "·"' · . ·.- cc.. _cs• ,. 

modei . of glant • resonances- has been used ·for. RpF C-S •- transitions-

sElCEZ>; RSF. or E1 compo~d-compound transitions (E :S2· MeV) has been 
CS' _ ' · - '¥ • . 

.determined from the ratio s~~=~~· ard RSF s~; from the condition 

. . ' ,..s . - . . . 
results show a satisfactory agreement between ~1/rz;,io .. The obtained 

If· If · 

I 

c~lculation '~hd experimental results, . at -the same ti'me'· there. is . no' 

' need to. introduce any f'ree parameter~ .. 

.. v; Conclusio~ 

. .. ·. .. . ' - . . . . -_ - ' ' - ~ " . . • . : -'y .. 
Iri the· present work there have_ been measured ·excitation functions : 

of high:...spins • i ~omers · · in . reactions '- ( '¥. -r' ) ;,;hich-' have close 

relationship'~ith some• aspects of nuclear pro~esses:_ the-'l:>eha~lo~r 'of 

total photoabsorption cross-sectiohs'below photonticleon·threshord; the 

multlplisity and multipolarity of .. cascade_ -r-quahta; . mechamism.' of 
' ·.. . ' ' ' . ' . -~: 

photoabsorption. The_ preformed calculations --showed that i.n -r-cascade 
. ' - -.. . . :· - ' ~. , 

besides elect~i~a~ dipol~ tran:sition's one sh~~ld take into acc~unt the. 
I ~ • 

magnetic dipole. and ·electric· quadrupole tran~itions. ~Moreover, at:.' 
; ~ - . - -

population 'or· high-spin· isomers· the'. primari- soft · -r.:.quanta r;unning - . . " . 
'.. 

between. coinpound-co'mpound s~ates play an·· important" role that allows 

one· in.a new way to co'nsider ·a· problem 'of initial ·steps of· 

intranuclear cascade connected ,with' -r-decay of. compound sta,tes; 
\ 

There is small difference- for, the isomeric ratios in .. the 

. - 204 . . . ' 180 - . - . --
spherical ( _ Pb) and deformed· ( Hf) nucleL 

:-----; - . ~ 
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. BaJia6aHOB H.II. H ~p. . 
Bo36yX<):(emrn BhiCOKOCTIHHOBNX H30MepoB 
IBOmHf, 190mos H 204mpb B (y, y') peaKU,IDix 

Bo36yX<):(eHHe H30MepHhiX COCTO~mrn 180Hf(J~ = 8-) 
204Pb(J~ = _9-) H3YllaJIOCb B pea~H (y, y'). C~11e~ E 

. MepHh1e OTHOIDeH~ H3Mep.SIJIHCb C HCITOJib30BaHHeM aKTHBc 
B HHTepBaJie SHepmH: y-KBaHTOB 6 + 15 MsB. 3KcnepHMeH1 
cpaBHHBaiOT~ C TeOpeTH'IeCKHMH paC'IeTaMH. 06cyX<):(aiC 
pacnpe~eJieHH~ pa3JIH'IHhiX y-MYJibTHITOJibHOCTeH B npo:u;1 
MepHhiX COCTO~HHH. 

Pa6oTa BhlnOJIHeHa B Jia6opaTOpHH MepHhiX peaK:u;Hil 

Ilpenp»HT OOO.eA»Heuuoro MHCTMT)'Ta !IAepnhiX MCCJieAosauM 

Balabanov N .P. et al. 
Excitation of the High-Spin Isomers IBOmHf, 190mos and 2 

in (y, y') Reactions 

Excitation of isomeric states of 180Hf(J~ = 8-), l9 
204Pb(J~ = 9-) is studied for (y, y') reactions. The cross-~ . { . . 
ratios are measured using activation technique in the ene: 
to 15 MeV. Experimental results were compared wit 
predictions.· A relative contribution of different y-ray mu 
process of the population of isomeric states excited in 
reaction and y-cascadeis investigated. 

The investigation has been performed at the Lat 
Reactions, JINR. 
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