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1 · · Introduction 

Nuclear reactions Y,.ith high~spin isomers are of inte~est for the investigation of nu~lear struc- .. 
·.hire effects. Sp~cial features are expected in the readion cross-sections and angular distri
buti~n;. Fu:rtherru'ore, high-spiii levels may be excited with higher probability. Of special 

. interest is the question of structure selectivity for the population of levels iri the ·residual 
nucleus. ·.This. selectivity is well ]{~own fo~ excited levels below ~3 MeV populated in {3-
a~d ~-decays, It Is important to know whether an initial structure of the. target nucleus 

.influences the feeding intensities of the levels in the reaction product or ifitis governed just 
by spin and excitation energy, in accordance with the statistical-~odel predictions. · · · 

Photo~U:dear reactions starting from a high-spin isomer can be im:portarit for the study" 
of giant resonance~ built on qhasiparticle states a~ well as for the study_of the amount of 
K-mixing at high excitatio~s energies. The i'nterest in such reactions may also be motivated 
by the possible applications, e.g. the search' for efficient ways of [-laser pumping. 

Some years ago the strong depopulation of the 180Tam isomeric state (m) bY the {1, -y')- · 
reaction wasinvestigated (1]. Aftermo;e detailed studies (2]the idea of strong K-mixing was. 
introduced for_ the levels at an excitation energy/E*?. 2.8 MeV which serve as intermediate 
:states z for the m ~ z. __..; g (ground state) transitions. In Coulomb excitation the depop
ulation of ?80Ta":' :was observed (3], ho_wever'the.measurements were disturbed by-possible· 
transfer reactions 6nJS1Ta. ~ . . .. . . . . .. ·- . . . . . . . 

Another program focuses on the study of the 178HF2 isomer, both with regaid to aspects 
· ofnuciear structure and .of~uclear-reaction· mechani~ms. This isomer is a fo~r-quasiparticle, 
i6+, long-lived (31' years) yrast trap. It can be considered as a unique object for reaction 
studie~. The methods for production, chemical and-mass-separation· of the }78HF2 isor:r(e~ . 
were developed (4] and resulted iri theproduction of as many as 2 . 1015 atoms until now. 
Several nuclear rea~tions such as Coulomb excitation, (d,d'), (p,t) and (11;-y)-reactions using 

.. a 178HF2 target were succe~sfully-investigated. One can nndcthe results in 'the original 
papers(5-7] and review talks (8-10]. Many. problems areunder continuous investigation and 

; among them t~e problem of the levels population iJ?. produCts of _nuclear reactions with exotic 
isomeric targets. · · - · 

Let us assume that the reaction starts from im isoru'eric state and finally populates both 
.isomeric and ground states iri a residual nu~leus. The measured ratio of the isomeric-'to
·ground state yields can throw some light on the feeding selettivity especially if the initial 
and final isomeric states have similar single-particle structure. • ·· · · · 

The,yields ~f the' exotic. reactions:· 178Hfm;(l,n)177Hfm';-180Tam('Y,in)178Tam,g and 
. ' . . ' \ 

1soTam{l,p)179 Hfm', as well as yields of many other photonuclear reactions on ground states 
of Ta and Hf nuclei ·were measured by the method of the :-y-spectroscopy off-line after the 
targets activation· by. the. brimsstrahlung ·radiation. The properties· of the isomeric and 
ground states of the involved ;;:uclei are presented in fig. i: Their decay -y-lines are listed in 
table 1. ' · .. · · · . 

2 The ~78Hjm2(1, n)177 Hf_m2 reaction 
"I 

l The single-particle structure~ of the target and product ~uclei are attrib~ted to the ( 1r1 /2+, 
7r9/2-, v7/2-; v9j2+) and (7r7/2+, 7r9/2-, v5/2-., v7/2-, v9j2+) configurations, respec~ 
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tively. Only one neutron-pair has to be decoupled in the reaction. Also the spin difference 
between initial and final channels of the-reaction (-3/2 h) is low enough to expect a relatively 
high yield foi the production of the 177 H fm' five-quasiparticle, /(" = 37/2- isomer in the 
(-y,n)-reaction on t~e four-quasiparticle, /(" = _16+ Y 8 H fm' isomeric target. · 

The experimental scheme is rather-simple: a 178 H fm' sample is irradiated by the bremsst- -
rahlung, and the induced -y-activity is thereafter measured by a Ge-detei:tor to search for. 

·the-y-lines decayingfrom the 51.4 min ~77Hfm2 isomer. However, due to the_ low level of" 
~ctivitythe difficulties arise. . - · ' • . . . ·· · . _ . 

To increase the detector efficiency the sample must be· placed so close to the detector 
that the Compton suppression is ineffective because the anti-Compton;sc-intillator will be 

- fired by al~ost each -y-cascad{~f high:mu.ltip_licity.: As seen. in fable 1 most intense ')'-lines 
of 177Hfm2 are lower in energy than the 178HJ"':i lines, so the Qompton·spectrum of the 

_)78 H fm' isomer gives rise to large background in the region of the 177 H fm' lines .. Only one 
line, 638.2 keY, lies in an energy region whicli is free from the 178Hfm' Compton spectrum, 
and it was -therefore chosen· as a reference. . · - . · .: 

In the measurements it. was seen immediately -that th~ 1~8 H fm' . s~u~c~ ge~erates high 
counting rat~sat .en~rgies above the_most energeti~ line, 574.2 keY, because of the addition 
of the ·-y-cascade quanta in the close geometry which .~as is used~ The spe~trum'-;,_ro~nd 630-
keY is shown in fig .. 2a. One can see four sum peaks in this portion ofthe spectrum ·with a 
strong one at 639.8 ke V, obscuring the 638.2 ke V li~e ofl77JJ f":;. Basing on th~ K, ·values 
listed in table 1for 178lJf"'' .one can evaluate as many as:150 SUm-energy lines of different 
intensity. The majority of them were seen in the measured ~pectra:. To.suppre~; the relative . 
intensity of.the sum peaks in the spectrum thesource:detector distance could be increased,. 
however, this leads to an; unacceptable-loss in efficiency: - -. . . . . • . 

Some of the sum lines ca~ be suppreiised using absorbers._ The 639.8 keY line, for insta~ce, 
is·formed by summing the energies of 213.4 keY and 426.4 keY transitions: 'When the lirie of -
213.4 keY is absoroed in 7 mm Ph the satellite line is suppressed by two orders ~f magnitude 
as it is ·seen by the comparison of figs 2a and 2b spectra. The remaining b'ackground is· due 
to the adding of Compton~effect signals'in' the deteCtor. The inti-oduction of the absorber 
reduces the detection efficiency. for the 638.2 ke V .-y:qua~ta by a fact~r of two both due to an
absorption 'and a. source~d~tectordistance increase. However, the background .suppression is' 

· - mu'ch more significant. _· _ . _ · · . _.. . · . 

Another important sourceof backgrmind is the bremsstrahhing-in'duced activation of the. 
material used as· a backing and as· a catcher. Of many tested-materials beryllium ·was found · 
to be the best since It· is" activated only weakly by the bremsstrahlung. _·A p~;;blem is· posed 
by the actiyation ofcontaminal}t element~ presenfin Be such as Cl, Sc, Ti, Cr, Fe, 'Ni, Zn,'_ 

. Cu,'Ga; Sr, Zr. A high-p-urity 20 Jl B~ foil was finally used pniducing.near 630 keY a smooth 
Compton spect-rum with an intensity below that of the spectrum generated by the 178 H Jmi 

' self-activity. -- · . · . . · · . . : --- . 

-The 178JJ fm' material was purified using a specialchemical procedure (ref. (1.1 ]): Efforts 
were made to avoid. any ballast' activity. and weight· admiitures in the ' 178 H f"'' material: 
Finally- 178 H fm'' target· layer was chemically deposited· ont~ the Be substrate, dried- and· 
heated up to reach the oxide form. ·Two of the 178H fm' targets. with the Be catcher, foil 
between them were coupled closely and this stack was exposed, to a bremsstrahlung radiation. 

The catcher collects 177' H fm' atoms recoiling from the targets dtieto-neutron emission 
in the(-y, n)-process" A total of 0,9·1014 atoiri.s of 178Hf;.., on' the two targets were exposed.~ 
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The catcher is needed ·to minimize the activity ~fth~ sa·m~le measured:~ The 178 H f;,' activity 
is transferred to- the cat~her only as a contaminant b~cause of the direct contact· with the 

·178JJ fm' layers under exposure. The use of a cat her leads to some loss' of 177 H fm', activity, . 
-but ·it eliminates ·the bulk of the 178ll fm 2 . a~ti\·ity.' s~ the effect~to-background ratio is 
improved by the use of the catcher. ·- . . . ' ~ · . . . 

Since a collection efficiency, Ec. of the ~atcher infh;ences the final result·; it was calculated 
'using the ranges (measu~e-d in ref.(I2])"of the 196Au retails foqned in the 197 Au(')', n) r~action 
at E,=24.2 MeV . .The average range was fo_und [12] to be about 5.0 pgjc"m2 in Au,.this figure 
was corrected for the case of the 177Hfrecoils in theHf02 matter;. The thickness of the 
Snmi in.'diameter target-lil.yer \\'as ·estirmited- tobt•:J.5pgfcrn2 of the Hf02 . The estimation· 

. is based 6n·the measured · 178 l/ f"'' activity and the known (-1] ratio of the 178 H fm 2 to the 
total Hf yields in- the producer reaction. The presence of any conta~inants \~·as 'neglected. 

The· average Ec value was calculated taking- i1ito account the range dispersion due to~ 
th~ neutron energy speCtrum, tiiC: !lng~la~depend!'nce of the rang<' [12J 'and'n<l.tural range 
'straggling. Some indefinity in the chemical forni_ of th<' Hf rnateriafand possible inhomogenity 

· of the layer thickness force us to increase the effect.iw target t hickn!'ss by a factor of 1.4 .. This 
. more or less arbitrary factor has to be introdnc!'din the res{dt er-ror.- finally, the efficien~y 

was found to be about t.'c=0.24 of -lrr. . - . . -:· ·. - ·- . 
A series .of. irr.{diations 'were carriea out to nwasu~e the 177 II fm' yiCld in the.(1,n)· 

reaetjon. A 15 I'~ 24. MeV clec~ron beatJl frO'rn tlH' Dubna ~IT-'25 rnicrotr~i1 \\)tS impinging 
on a 2.5 mm W converter (fig. ·a). ,'fhestack of the, samples ,\·as placedjust behiitd the \\' 

·'converter. AT.{ foil· was usc.d'as 'a calibration target.. . · · · ·<. . · · . 

Aft/r a 2 h ex~osureof the stack usiitg the maximum intensity. ~f the rnicrotron.bearn 
-.the ')':spe~trum of thecatcher:was measured ~~u~ing ·2 h h\: a high-resolution "Canberra" 

_III; Ge-detectorin close geonietry wi!.h a' 7 mm Ph + Cd +. (c{1 absorber~ Tlw d!'tl'ctor was 
placed into alead housing to ~upprcss the ba~kground from natural radioactivit~:: Ex~;osurt;s 
and m~<J.s~r~~ents were repeated 8 ti;nes und!'r the s~me c(mditionsand the accumulal<'d 
spectra were-added. · · ' ' . · : .. _ . I 

. F~om_the accumulated spectr~rn the following backgroun-d spectra \\"<'re sub!r~~te<l: 

--::1. 'A detec-tor background propor.timlalto j.lie m<'asurenient tim<' ... 
_, • - ' c ,. ' 

2. The spectrum due to the ·178 /Ifm' activity. , , 

3. The spectrum of.the n"'llf adivation -by th<' br<'msstr.a.hlung proportional to _th" ,''"'llf ~ 
quantityin t.hesarnple, t.he.collection'efliciency and th<' int<•grai<'d irr~diat.ion i1_1tem.it·y. 

. 4. The spectrum of the catcher's material a.ctivitt.ion . 

Each background spectrum w~s.mea"ured separately witit su!TI;i .. nt. statistics in <>nler to 
rniriirnize the inaccuracy of th~' final rPsnlt. · .. 
. The resulting spectrum._ is shown in fig. :1a;- The peak at. the .right m<'rgy position, 

638.2 keY, has an area of about. 70.± 26nm11ts. It. is att.ributt'd t.o 1771/f"''·produced in 
the 17~Jlfm2 (1,n)'r~~ctiCl_n. Th~ decay ohs<'fV!'d for this t.iny peak is c~msistent \\:ith tlw 
known 51 A min half-life of 177 H f".'>-;The m.or<' intense peak a.t. 6:14 ki,Y is a.tt'ributed to 74 As 
prbduced ·in the {1'; n) rea~tion on an As cm.tt.a.mination in t.he isonwric llf mal<'rial. 
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From ih~· are~ of the 638.2 keV peak' we ~could 'deduce the numoer of177H fm 2 atoms 
produced_ during the. irr.;_diation. _,AI! the necessary efficiency and time faciors were. taken 
into account. After that the photonuclear reaction yield was evaluated as: 

Npr . , . " - - .· 

y = !v··~N , - . . - . . . 
where 'N~; .is the numoer of atoms pr~duced; N~~T is the.nu~oer of target atoms ~nd Ne 

is the-Integral numoer of electrons hitting the converter during the irradiatio'n. The yield 
defined in such a way includes the conversion efficiency, ihe shape of _the'oremsstrahlung 
spe~trum and geome-try factors. H()wever, the ratio of yields 'is physically signific~nt since it 
-is definedbythe integrated cross-section ratios for'the production of any final states. 

The measurecl 177 H fm-2 yield is accurate within a f~ctor of 2 mainly due to the st~tistical 
.error in the peak area anduncertainties in the cal~ulated collection_efficiency. The ground 
state of the 111Hf oeing stable cannot be detected by the activ~tion technique .. So, the yield Y 
(1 71 H /"'2 ) can be compared tot he 181Ta(y, n) 18DTa9 reaction yield measure(for'calibration 
under identical conditions and the ratio was fo'und 'to be. ' ' 

' Y(t17 Hfm2) _ 0.05 '- . .. . 
. Y("OTa9) - 0.1"2±0.04' . .. . , 

The properties_ of the calibration-reaction are nof expecte4 to be very_ different from the 
studied one:· the thresholds of both ·reactions are.-nearlythe same as .well as the 'width_s-and. 
positions of giant resonances .. Therl!fore the yield ratio reflects the Isomer-to-ground state . 
ratio for the 178 H /"':_2 {7, n) 177H fm 2

·•. reaction: It 'means-that the ground state is populated 
with a large probability-arid only'about 12% oft he reaction events lead to the 37 /2:.:., rri2 

. isom~ric state in 177Hf.. . · ... · · . · . . - . 

3 180Tam(ry,·2n)178I'_am,g. an~ 180Tam(l,p)179HJ.m2 reactions 

The reactionswith 180Tam (9-::)isomer werestudied u~ing natural (n"'Ta) ta~gets despite'
the very low' ab~ndan~e {1.2 · 10-2 %) of this nuClide. Their~acliation scheme .was si~ilar to 
that shown'in fig. 3. · · ~ .. -~ · · . . . ~ 

For the ob~ervatioh ~f the ( 7; 2ii)-reaction a: lOp Ta foil was. exposed to the oremsstrahlung 
and its 7-activity was' measured by a Ge detector after: irradiation. In the series ofirradia
tions time intervals of the exposure~ and measurements were optimized taking into account 
the lifetimes of the detected a~tivities:· 178Tfr -· 2.4 hand .178Ta9 >9.3.min; It is so far. 
unknown what ;t~te is.-the isomer and what is the'ground statei~ 178Ta: I1ereaft~r we·shall 
call ~he high-spin_(7~·, 2.4h)_ state as isomeric and the (1 +; 9.3 min)~as the ground state: 
This arbitrary nomination is introduced just for the simplicity of the discussion. --:, · · · 

The major 7clines {see.tableJ) of 178Tam and 17~Ta• were observed-in the 7-spectra witJ:t
good statistics, as dc~cribed in the preliminary publication [q] .. For·example, one-spectrum 
of the natTa sample activated by a 22 M~V· b'remsstrahlung radiation taken Jier lh cooling .• 
is shown in fig.4b, .the7-lir;~s of the 178Ta"' are evident. M~re inten~e lines of 180Hf~ are~_· 
seen too. · .. 

The abundant reaction 181 Ta(7, n)180Ta• (8.l5h) was used for the yield calib_ration: This 
reaction does not create a large background in the detector since the 180Ta9 nucleus erriits . 
in the decay only Hf, W K-X r~ys and soft _7-lines (9i3 and 103.6 keV) which are e<!Sily 
suppressed by a Lrrim Pb absorber. - . - · ' . 

. ' ' . ----Both activities of 1I8Ta, 9:3-min and 2.4 h, could be measured from 17 up to 24 MeV 
end-point energy (Ee) of-the_ bremsstrahlung spectrum.I~dependently_ of Ee the isomer-to- .. 
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. :• Table 1. Major 7-lines of the 177H /~2, 178 H /"'2, 179 Hfm'' l78Ta"' ;178Ta•, 180Ta•, 177 Lu•, 
178Lu,;,, 178Lul, (as compiled i~ N~cl. Data' Sheets)·- - .. . . .. . ~ ~ 

-
111 H /"'2 • I 1 8H/m2 I gHfm'. ·. :.1 ~Ta"' 11HTa9 1soTa• 

E.y,keV L,,% E.,.,keV L;,% E.,.,keV L,,% E.,.,keV L,,% E.,.,keV L,,% E.,.,keV L,;% 
113.0 27.0 88.9 62.0 122.7 28.0 88.9 .. 64.3 93.2 6.7 HfKa 57 -

- '-

128.5 20.2 . 93.2 17.3 .146.1' 27.3 ' 93.2 17.2 1106.1 0.53_: Hf K,B 15 
" . . 

153.3 21.8 213.4 80.9 169:8 19.6 213.4 _81.4 1183.5 0.17 .WKa 0.46' 
\ ' 

•' - .. 

208.4 73.0 216.7 .· 63,7 192.8 21.8 216.7 0.24 1340.9 1.02 w Kf3 0.12 -
I / ' 

214.0 40.9 237.4 8.8 217:0 9.1 ·325:6 94.1 1350.6 '. 1.17 .93.3 '4,34 
' : . \ . 

228.5 48.0 . 257.6. 16.6 236.6 . 19.0' 331.6 31.2 1402.9 0.48. 103.6 0.78 
/ .. · - -

~-,. 

277.3 :75.8 277.4 \.5 . 268.9- 11.4 . 426.4 .96.9 1496.1 0.27 \': .. 

-· .· 

295:1' 69.0 296.8 '9.8 316.0 20.5 · 17 Lu• -... HB£um . 11s Lu• 
I . . -. - ' .. -

311.5 58.8 325:6 93.9' 362.6 40.1 71.7 0.15 88.5 - 63.1 93.2 6.24 .. ., ' . _/_ .. 

326.7· 65.4 . 426.4 · .. 96.9 409.8 21.7 112.9 ·.6.4 93.2 \17.2 203.8 0.32 
. ' 

~8.6 \ 
... 

. ' ' ,, ' 

327.7_ 23.7 454.0 ' 16.3 . 453.7• 208.4 11.0 213:5 81.4 1269.2 0.97 
' .. 

;·~-:-·, . ., . 
' ., 

[·· 378.5
1 / -' 

I 39.3 495.0 .· 68.7 
\, 

249.7 o'.2i 325.3 9.4.1 1309.9 1.46 
:.. .'. : I 

... . 
418.5 . 28.1' ~- 535.,!1 '8.9 .· . •. 321.3 0.22 33L5 .13.2 1340.8 4.59 

' .. ,:." .. 
. ··· - .. 

638.2 . '20.1 574.2. 83.6 ' '426.2 96.9 1496.0 0.33 
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Table 2. · Bremsstrahl~rig-indti~edrea~tion ;ields ·measured at· E.:, = 23.5 MeV wltli ~·'Ta, 
""'Hf and.178HJ:"' t~r~ets. :.~-_::· ·, .., .> · . · ·:: ·. ). ·. :.;; . ~ ·. .·. ~~ :---

Reaction "", -- ·--

1B1Ta(l,n)1_soTaY 

1s1Ta(-y,p)1~ H f"'. . 

, 1BiTa('Y,a)inLuY 

. 180Tam(-y, 2n)178Tam 

., . /" 

. 7/2 · • o ~ 8· .. >3.5 10:4 :. • o.o4 · 

7/2 7/2 23/2 -~ 4_.2 10~5 

.;_..10.39 
9 'i '7 

1BOTam( -y, _2n )17BTaY 

1sora.me-(,p)179Hf':;' _ 9 

.lBOHj(,Y,-y')tsoHf": .. 0· 

. 3:o .· 
0.13 

9/2' _25/2' 0.8 IQ-3 ~-' 0.09 
. ~--

·O . 8 - / '4.9 10-.4 ... 0.0029 

. }_soHf('Y_,f)119Lu : 0 7/2 -. 0.97 10'-2 • ·.,- ;·-. '· :. ... ..___ \ .. 
~--·' ·, .. · ·-

. 11~Ji !( -y, 'Y')l79j[ !"'' 9/2; '9/2 25/2 2.4 10[4. ·0.0014 

2.4 w-3 

'9/2 c-1 . 9 0.75 
3.2 w-3 

' ' ' 

';::::5.10-:5 ' 

-., .. :•. __ . 

179 HJ('Y,p)178 Lum, 

179 Hj('Y,p)i1s Lu9 

"mHJ('Y,p)17T £um 

-118 i[ f('Y;p)117 Lu9 . 

' 0. :'1 /2. 23/2 .. · "< o:oo5 

1~s H f""'('Y;n)177 H !"''. 

._ i77HJ('Y,2n)i~sHf• 

" 176Hf('Y, n)11s H f 

174HJ('Y,n)113Hf 

16 7/2 

7/2 · S/2 

0 5/2 

0 1/2 

114Hj('Y,2n)112Hf 0 0 

37/2 .-

-

-
-

-

. 1'.1- w-2 -

0.7 0.12 
,-:: 

_.,_ 
' ·, 7.5 -· 

-~ 

. ,. 

5.9 

~ .. -

:·:-

•l For the yield definition see text; , ·. -: ' 
**) Random errors of the Ym/Yu values -~re typically about ± (15-20)%, and the system-: 

atical ones are discussed in the text. ' · \ 
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gro~ndstate rati~ w~s found to be: 
y,;;y;, = 3.0 ± 0.4 
for the. reaction 180Tam('y, 2n) 178Tam·9 • The 2.4 h lived,_ 7~ state is pop~lated in 75%-of 

the events and the 1 +" state \Vith a probability of 25%.. . . · . · 
· The background reaction ori the abui1dant isotope · 18 ~1.-a(1,3n) has a threshold of 22.1 
· MeV. Thus.it cannot contribute to the 178Ta yield as long as the bremsstrahlung end-point 

energy is kept below 22 MeV. ' ... . ' ' '. 
The total reaction· yield ofthe 178Tam. + 178Ta 9 turns out to be 1.5 ±0.2 times'higher

:than the-yield of the (-Y,2n):reaction 0;1 a zero-spin farget nucle~s; determine~ b)· the. 
/,yield measurement for thc· 1 ~~H fh, 2n)172 H /reaction. This excess factor (1.5) rou!d be 

a·manifestation of the special properties of'a high~spin target; perhaps the giantcresonance 
parameters are differ<~ntJromthestandard ones, . :. ' ' ' _:' -·-.: .· ' .. 

.: ·_The 180Tam('Yi p) 179 J(f'" 2 rcactiori produces nptch.Jowe~ acti\·ity than the {1,'2t;t) re~ction,\ ·. 
so the rg sample of natTa was exposed at E,:; 23.5 :\leV during 20 hours~ Thc'contributionof 

.. the 181 Ta(-y, d) 179 H f'n'.react.i~n is .negligibl~. Th" yield of the 25.1 d '179 II f"'; was measured 
by looking for th~most intense liiws,,:l62.6 and ·153.7 keV, in the pr~s'crice of radiation of 
the 182Ta(l15d) produced iri the (n;-y) read ion' by the neutron fhix'creatl'd iri thcconi.:erter 
by the c-beam:· The liiies at .364.2 and 451.4 k~V ar;.- identified as smn .i>eaks ~f.182 Ta dec a)' 
1-lines. Gamr1'1alim~s of activated impurities(Fe. :\b,.Zr ... ). an• also prrsent in the spectra . 

, After_a 100 h nieastirement one can· distii1gtiish In th" spp(·trum tin\: peaks bdongii1g to. 
179Hfm', see infigAc. Th~ yicld'was evaluated f;'onvthe iritc!i~ityof ii1ese lines. hi order to 
estimate the isomer-to-ground state ratio this 'yield {vas coni pared to til!' us'tial (1, pj:react io;l 

·,yield. The last on.; was determined in a sepanite l'XJ>e;·imcnt whPre·a ""'IIf target wasexpos(·d 
~nd the lutecitim isotop~s 1FLti iiiul 179Lu were d(·tei-h•d: This. \'i~·ld. was multiplied b\· a 
fact~r of 1:5 for the account..br the yidd enhancement ~evealed\1 til(; 1801';"' ( l• 2n) reacti-on. 

'the Ym/YlT ratio for. th.; 1801'a"'(/1 pjl!9 11 f r~·arlion at E, ·~ 23.5 !VIeV was determini·d-
':,'-to· be: . · ~ · 

_,/'' 

•I '~ =0.09±0.03. , ; . . 
. . The isomer:t.o-gn)und'st.aie rat.ios have thus bl'<:n dei.,~mined forthn~c f<•a'ctions.·on is,)I 

meric :targets. An accU.racy i~- limited by so;ne restriction in. ('X peri mental conditions. So 
the,studies should be continued since the photoabsorption cro~s'scct.ionfor 'high~spin quasi
particle. states has .never bceii _st~died in ··.detail, la·it.hcr theoretic all); nor experimentally. 
More precise experiments than des'c'rib(;d here requin•'highly mriched t.argel.s. which are. not 
available today. · · · · 

· . .-· ·-,., 

. 4·"; Systeinatic~·of the. Y,,Jt:"q·.values .. and. disc~ssiori . 
• f ,, •• 

·'It\as already.rriCntioried that. many rea~ti(ms <ln t.lw gnim~d si;t.e nuclei of lH and:l~• 
_were-studied forth.; calibrati~n and co~rnparison with the results take1i ;m isomeri<; .targets. 
The yield values are presented in Table 2 for a 2:1.5 MeV bremsstrahlung end-poi1.1Lenergy. _ 
Ther~stilts deviate in some detail from th~se ir! the rev.iew.(I·IJ; for instance, in t.he na'Ilf 
i~radiatioris·we carirwt detectl77 Lttm' !nit. 179 II fm< 17

0) ),u: 178 Lit'"··· a!Hr 177 Lu.O arc obs<·r\·ed 
sucess~ully. (Their -y-lines, seein tab!<' I). . . _--: . .· . · . . ' 
, ,· 17.9l/ fm 2

. and 180 II r:.weic produced in the ('Y, ,~) readiot1S. '!'he total vieid of the (1', ')1) 

p-roducts was evaluated from the' (1', n)-):idd taking into 'aiTount the GDi{ paranll't('rs, the 

. '"\ 

./ ., ... ...-_:· 

j 

7 
'\..' 
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shape of the bremsstrahluri'g spectrull,l ~~d:the r~da~urcd~ exdt~tion function ~h. he {"{,_,') 
pwcesses [15) .. Th11s y,( Y_.: .vqlues '''cr~ found to be on the_levcl.~f 2: JQ-~rortheca,es wheri 

··.tso H fm and 179 H f'-" 2 isomcfs._were excited in· a: photon inelastic scqttering: ·. . . . 
. ··. · .The results .of a'ur ~ea:s~~eriient~ together 'vith .the li'ter~ture' data could be. suffic!ctit to 

.. construct~ s~riiiempiric~l-syste~atics of Ym/Ya ~a_lu~g in ph~ton ir!dui:ed reactloris.~ Let us· 
rilotivatc the neccessity ofsu~h .S);Stcm~tlcs .. Bein'g' plott;:d ii allo\vs us to 'dteck \v.hetfJcr a . 
'special ntidear struct~re of ari isorrieri.c st~tc. ( used:i!.s a_ target J plays'ari impor'tan~· roJ,; ju •. 

• the. pop_ulation of high~spiri is?I)ier iri the read ion product. 'Ii1otheqvords sornc Ilght or~ the 
s~lect.ivity of the'leyel population in the dcexcitatioti cascades can he th~own. Iri particul<ir; 
the role of •. K-quantum nurnl:ie~ .<it highexcitati~n c~~rgies can be clarified.···:· •·.: ·,· . 
·. · . One·can~tiggesi that . the best .~vay :.~ such· ~<;!Jiation is. the.cohiparison c,>f ·the ex peri- . 

·mental results with th~ statisticaL model calculations: Indeed the statistical codes. are very 
. w'elJ justified fot;the simuJ.a:tibn.df neutio,ns ~nd ~-quanta err!is~ion at high-en~ugh excitation 
ene~gie~. However, one has to introduce some additional features to deduce wha:tway. the . 

.. i~dividual levels are, ended up).n cascades:. Sometimes an artificial properties: <if the cascade 
. are::U,sum~d to'simpiify the :calcul<itions., Anyway, the re~ult qf_ statistical cal~ulations ~s 
~imsitive tooth~ model assumptions arid the parameter's ~h~ice~(16): ·Th~ semiempitit'al,anal~ 
y~ls could be even more reliable. Th~ important points are -~ertainly to fi~d an appropriate . 
systematizi~g .. pa~a~eter atid .. to rriake asclection.or'tl;e experimental re~ults more or:less . 

'homogenionsby :all param•;tersexcept th~.syste~atizing·one: · . . ·. , . . · ·· 
Let: us asst_Ime tliai;the pr~auct: nu9idehas only :two long-lived ~tates: a low-spin g.s; · 

;ind ·a high-spin i.s:. In the staiisticaLmodel the low probability for- the population <if an.·. 
isomeric state is explained by· the angular momentl,;rri deficit. We therefore .try to ~stabli~h. 
a syster;.!atics o(theYm/Y9 ·values available' by plotting them versus the difference of spiri of. 
the input arid outp~t ch~nnels of the wa:ttio~:·_: · . . ' . . · · . ' 

'D.J ~ Jt+ 1- J;·.~,. . . ~~-. . . . . . . ·. . ·.· .. 
wh~re Jt and 'J; .•. are the"spins ~f the i;titial target ri'udeus and the produced high-spin'- • 

isomer, respectively.· The dipole ~adiation spin ~~ taken into account: The reaeti~m yiCid, -: 
whidt does not end up in the isomeric state, fe~ds the gr~und state because of the "absence 
of other long-lived states., Th~ g'rou'ud ·~tate. spin therefore does. not irifluen~ the Ym/Y. 
iatio in such an approximation; O~tj; V.:hcn the i:s. and g.s .. have riearly'equalspins this 
approach .rriay fail and such ca~es arce~Clud~d from the systeiuatics. A spin-defi~it decrea~e 

. or spin-excess 'rise allows more probable :y·cascad;;gwhich'Iead to a high"spiri isomer. So, we 
can expect the growth of the Ym/ Y. values as a fiiriction of the D..! pariuncter... . .. 

· ·The feeding of -the final states· in rcai:tioiis · prc;cecds ·via .1-cascadC.~ in.the evaporation: 
n:siduc afte~ paJ-ti~lfi ~rni~sion: Thcircfore the level;:- wi.tli excit~tlon c'nergics below t'he.neu-. 
tron binding energy are.involv<;das.initi~Lstates for.tl;e i~ca~cade~i. The calculated distri>· 
hutiori in.the.E*,-.1 coordiital~s· fc)r the residual nucletis' of the rcactio'n 180Tam(>y,2n)~78Ta 
at E-,=22 M.eV is showir ,in fig.:'i, · O~e can s~;c tit at the "-:id~ aistrib~tio~ allows multiple 
branches of 7-C~scades. Fig .. 'j illu;trate~ that it,is not easy to evaluate' whiCh -~ascade will be . 
ended up in th~ ground ;tat(~ haml'an<l ~hiclt mwfi;eiis thG.spedal-isorne;i~ ~t<l.te. · · 

A. distribution type shown· ir;· fig.S ~ciuld. b<; ~lotted· foi. the ~a..,es. of. other photo~udear 
rcacti0(1S, (/,ri), ( ;,p): .. .Jn all reactions the pc~k of distributiorLi~ placed ncar .lt±i by th~ 
spin coordinate and closely hel~w: B~ by Ulc Wcoordinafc: s~;onc ~an ~onclude that all 
'channels of the "reacti~ns~a~ he consider~dtog~thcr bec~usethe distrjl;lltionpreceeding t?e 
feeding cascade is more or less unified:. . ' - . '· . . -

.. 
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·.'Tab!~ 3: Isomeric:~~gro~nd state ratios:m~asur~d i~ ref. [ri-19)for h·,n) ~reactions. 
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The reactions on deformedt<i:rgets-fr~~ Nd to R~ were sel~ctedsince isomer-to-ground' 
state rati~_should be sensitive t() a level density parameter.- In addition to o~r results (tabie 
2)we took the literature data [17-19] presented in .table'3. _-_ _ __ · - _ . · · 

The end-point energy, E., of a bremsstrahlung spectrum is another parameter for the· 
data selection. In our measurements theYm/Yr, ratios for 178Lum·~,180 Hfm,g and 178Ta~·9 

were found_to be almo'st independent on E. in.the range of 17-24 MeV. This oehaviour does 
not contradict other experime~ts 

1

and the theory predictions since the J, E*- distribution of 
excited nuclei is varied slightly when E. vaiue exceeds the reaction threshold by more than 
8 MeV. Finally, we selected the data taken nea~ E.~20 MeV without a~J.Y corrections .. · Not 

. absolutely identical E. and level density parameters could s_till bring some irregularities in 
- the data selected. . -- -- ·- - - •• / - - • ' . . - . ' < . . - -

The systematics is shown in fig.6. One can see that the points are scattered ardund the -_ 
straight line_ demonstrating the: exponential growth ·of the isomel'ic yields with' decreasing 
spin deficit~ -For. the reaction 180Tain(-y, 2n )178Tam,g where we have/ an excess of angular 
momentum (positive :D.J) the value as high .as Ym/Yr, ·= 3 is reached .. ,This behaviour_ is 
understandable in the frame of statistical model approach. . -

The guide line in fig.6 wa~ drawn by the points .corr~sponding t~the low-spin grouhd statci
. targets. However, one can se~ that the points for the reactions o~ high,spin isomeric target~ 

. (marked by the'index "i.t.")'lay on the same line well·enough;. Thus one· can conclude that 
. the selectivity for thepopulation of "target like" single particle 'stafes-in the. photon~clear 
reaction products, if ~xists, does not exceed a factor of 1:5 .. The random scattering of the 
points does n~t allow to infer more exactly the. selectivity factor;. rri. order t() do that one 
would have to impro~e the experimental accuracy as· well as the theory for the simulation of. 
the Ym/Yr, values. -~ . . . . . 

5 Conclusion: 

-The isomer-to-ground state ratios _have been measured in 'a group of photon. induced. reacc 
. tions on the Hf'and Ta targets, Three new photonucl.ear.reactions on high:spin iso~eric 
targets have been observed, The yield val~es and isomeric:to-grourid state ratios ha've bee'\ 
studied. A. syste'matical behaviour of the. isomedo-ground state. ratios versus spin-defi~it 

~ . - . . ' - - ' . . ' . . ,- 1 

in the reaction has been demonstrated both for the ground-state and. isomeric targets. An 
additional (to t~e spin-factor) selectivity for the "target-like" isome~ic states population ~as. 
not revealed. Rather this confirms the presence of total K-mixing at .high-excitation energies 
realized in photonuclear reactions. · • · . · .. : . 

. . . . '\ 
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KapaMSIII C.A. 11 !lp. 
Ha6mo!leHue cpoTOSillepHhiX peaKUIIii 

1-Ja 1130Mep11hiX MIIWeiiSIX: 178 Hf
11

\y. n) 177HI 

180Tam(y, 211)17STam.g 11 IXOTam(y, p)I79Hf
111 

Cllc-reMaTII'IeCKII 113Y'Ieilhi cpoTOS!Uepuhu 
· cocTOSIIIIISIX Sl!lep Hf 11 Ta. I~CIIO!IhJ)"eMhiX 

TeXIIIIKIL aKTIIBaUIIII 113Mepe11hl HhiXO).lhl pem 
llhiX OTHowcmlii y· I Y . CIICTCMllTIIKa Jlla 

. 111 ~-

IIOCTII CIIIIIIOH lla'laJihiiOI'O II KOIIe'IIIOIU CC 
cTpyKTypllaSI ceJJeKTIIHIIOCTh Jace.'lellmi ypl 
311epr11S!X HOJ6y)K!lCIIIISI . 

Pa6oTa HhiiiOJIIIella H Jla6opaTop1111 SlllCpl 

npc11p1111T 061,C;liiiiCIIIIOI'O IIIICTIIT)Ta l!;ll 

Karm11ian S.A. et al. • 
Observation of Photonudear Reactions 

17 Q 
111

' 177 111
' on Isomeric Targets: . oHf ·cy. 11) Hf -. 

180Tam(y. 211)178Tam.g and IXOTam(y, p)l79H 

Photonuclear reactions on isomeric am 
studied systematic~llly,byactivation techniq 
and isomer-to-ground state ratios Y I Y ·.' 

' . \ Ill g 

Y / Y values versus spii1 difference of in it 
Ill. g . 

reaction shows that the structure selectivity 1 
survive at high excitation energies. 

The investigation has been performed 
Reactions. JINR . 

Prcprinl of the J;;inl lnslilulc for N• 


