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1. INTRODUCTION . . 

··During a many-year hlstory ofizivestigation ~f'giant reson<!-D.ces a lot of in--· 

formation on t~eir properties has been gained [1,2]: The present, experimental 
development. of the . coincidence 'technique ~ows one. to consider in detail· some:_ 

specific pr~p~ies of. giant ~esonances like their :y~ and particle-decay: By diff~~ent · 
- meaSurements we may s~parate information on different state~ contributing .to gi

ant resonances in non-coincidence experiments and thus look inside the resonance 

struct~e. Another source rif i~ormation on the fine st~~ture of giant res~nances 
is inelastic SCattering experix'nents ~ith a high resolution~ . We Can mention here 

: •• ' ; • • • ~ ' ----' '.. ~' •• • ' • ,··.. • < ' 

(e;e~) experime_nts [3] or recent (p,p') measurements below the particle threshold 

which diStinguiSh fragmentatio~ of a re~on~ce in: a group of many discrete states 
• '· ' ' • • I .\ 

, [4]. Thes~ e~perimental achi~vements demand theo:etiCal tr~atxnerit of gian~ res- . 
onances on an equivalent leveL One of them will be presented here. ' 

. . ··.· . . " " .. '· :. . . . ... . ' 

·, ., 
. 2. FORMALISM AND DETAILS OF_ CALCULATIO~S 

! 
.. '\ \ ' .. . ' ' . 

Micr_ oscopic·analysis of states forming giant resoiiancesas well as low-l_ying · 
. ' _( ' · ' " I·' · I 

states has been performed withlri. the Quasiparticle Phonon Modef(QPM) [5~7] .. ' 
' . . ' . . ~ . •' 

:The modelHamiltonian 1l includes. aD. average field Vp(n{for protons ~d neutrons, ' 
' ~ ' I ~ . ~ ; • , - • -; . • . • • • '. 

a monopole pairing interaction. and isoscalar and isovector residual intera.Ction of 

a separable t}rpe .with a form f~to~ pr~portiomu to dVp(n)/dr. Excitedstates of 

even-e~en nuclei are treat~d in t~~ of phonon ~xcitations built upon the groUnd 
- . ,.' : . •' ' ' - _ .. · - . . . _.: _\ - •. 

state that is considered as a phonon vacuum .10. >ph· Phonon· creation operator 

Qtpi for multipol~itY,\ .\p is i~trodu~ed as a linear c~mbinatlon ~f tw~ q~asipa:rti~le 
·_. cre~~ion ajm and annihilation aim operators with. the.~h~ll, quant~ ·!lumbers jm, 

. ofthe average field¥ as follo\Vs: · 

' . ~ p,n .~. ·· .· ; -· · · . · 

Q+ - 1"' {~t.l.i [ + + ] ( 1)l...;.p,~.l.i [ ] • ·'··} 
l.pi - 2 4 V'jj' ajmaj'm' l.~ + . -:. . . . 'l'jj' ajmaj'm' l.-p 

,' JJ . . ' . ' . 
(1) 

. ~-~ ...... ~..,.,.-~ .... , ... _..,,""" 
I 

{}\;;;~:t~;titr: 1 . 
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where, 

' ' ' 

[ + + ] - """"" . ., 'I..X . + + 
ajmaj'm' ).p- L..J < ~mJ m p. >.ajmaj'm' 

mm , 
·\ 

, . I 

The forward 1/Jjj. and ba~kwaid.¢JJ• amplitudes at:e obt~ined bysolvingRPA eqml:-'. 
tions that yield a set ofone-phonon configurations with excitationen~rgies ~).i and ' 

. RPA root numbe,r i .. Among phonon; we obtain_'both collective .and practic~ly. · 

pure two-quasiparticle excitations.. _ .,.; . , 
We assume that, mixing of one-phonon c~nfigu~ations, thro~gh ,vhich gi~t r~s- . 

onances are ,excited. in· inelastic scattering, with inore coinpl~x configuration; is' 

sUfficiently strong in the resonance region. 'Thus, we. write the. wa:..e I fu'iJ'~tion~f 
re~o~ance'states as~ su'm of configurations ~f diff~rent c6mpl~xit/by the 'number~ 

, • , '· " ', , ' ' • • • ' J • I ' .f, .'. _- .. • , I> 

of phonons. If· we limit this sum to one- and two~phi:mon configurations only,·the 
' ' • ; • .' . ! '· , • ···:· I •' 

wave function for the,...X~:-'state has. the form: · . 1 · · · 

•T• ,(' .)· . {""'R .. ·(~· ).Q+ +' '· ·~,·p. ;.2;;(..\ ) [Q+:· ·Q·~ ·]./J .. I.O > > '(;) 
""v ~p. =:= ~· j ~ . ).1'~ . ~-. ;.,;, .· V ' ;.,).,;, ).TJi2i2 ~I'• , ph . 

• \ • : '.,·_ :-. > •,' • ••• _: /~111!~2_12 .• , . i. ·.· .. ·. !'. .. ·':_:: ; .~ ' ' j_·. 

In actual calculations we do !lot include two-'i;>hoiwn.cunfiguratiori.s made of both' : 
non-collective phonm1:s for the :se~ond t~rni. of the' ,wave. fun~tion (2).' By ~his. 

. .. . . . '. . . •. . .·. ' · .. \:\ .. :··; ,. ''· .. " . . . 
truncatiori.of the two:phonon oa.Sis, we'remove complex configurations that are. 

' • J • ' • ' ' •:, , ' • , ' ,_.' .~ ,•} I !: \;. •. ' 
·weakly coupled to one-phonon states and, 011 the ,other hand,.may strongly violate 
tlie •Paull ~rindple. · · · . . ' f · ' · ·. ' ·. . . 
• ' ·,,-' '-, , . . I,, ' '_•,, -·- ; . ~ .x' ' , .· , • - . ', .. , . , ~ . • 

For the amplitudes R;(..Xv) a11d P;.,2;1
1

2(..X":), eq: (2), .~e diagona~ize·t.he model 

Hamiltonian on't~e. basis :,of wave f~nctions (2), .Eigenvalues Ev' ~f ~t~te~ (2) are· . 
'·• I .,, . ! .j ••• , I •• I. ·. i". ·., • ' .. ' ' ' 

got as the roots.of the following determinant;. 
t i '·' \ •• •; ,· _. ' _,·' 

F(Ev),. == d~tl(w;.i ~ Ev)6;;,--~' ~- ;u{:;~2(..Xi)ud,~(..Xi') 
1
'._ 

. . . '' .. '.. 2 ~ W). • + w . _:.. E -,-; 0 
' , . , . , ..\1 t1",.%.2i2 111 · , . ..\212· II .. '·~ , 

: ~ -, 

(3) ; 

where 
'i 

u;.2; 2 (..X') -· Q. :IIHII.[Q+ .Q+ ] ;.,;, l :-< AI ;.,;, . ).2i2 ). > 
' ·, . 

is the matrix element'of int~raction b~t~een' ~~~.:·a~d·tw<>~pho~o'n ~o~fign~ation~ . 
. ·w~ch is a functi~n [6] ofthe-~plltudes.l/Jjj. and <f>jj, eq. (1) ~d thus, caiculated • 
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mic~oscopically as soonas a pllonon basis i~ fixed. The rank of the determinant· . 
·. (3) is d~termined by the number of one-pho~on configurations incl~ded in the first 
term of the wave functio'h (2). . , ~ . .· . .. . 

.. Numerical calculations have been performed ~ith the Woods-Saxon potential 

for ar1 average field with ~he parameters from ref. [8]. Parameters of the resid-· 

ual interactions were adjusted .to the properties of the low-lying collective levelS. 

Natural parity phonorls with)."'= 1- -· g+ have been included in the two-phonon 
term of the:~av~ functi~n (2).. \ 

l 

3. SOME RESULTS >", 

. I 

, With a:·c~mpleteiriformation on the fill~ structure of ghinhesonan~es obt.ained 

' · in this way, w~ ~ay consider different physical p~~ce~ses in whiCh different states •. 
- - . . .. - . \. - ·. . . . '·· . \ ' .. . . ·- . . . \ .\ ~. . 

'"I /··· 

,, 

from the resonance region are excited by different probes, and in coincidence teCh--.. 

nique ~i meas~in~ decay I>ioperties of these states; fi~gerprintsof som~ sp~cific 
states fro!nthe res~nance region cari be ~bserved. ~This all~ws on~ to consider gianf. 

·.resonances not as broad featureless structures but as a set of a grea.'tnumber. of' 
·, stat~s with'thei~' ow~ properties,and ~so serves as a go'od test for existing tiucle~ 
'm~dels. ' · :' . \ :· · 0 ,; . . . .· . 

', ... · 

·3.1. Fine structure of the GDR . ·/· ·/ 

· First~· let u~ de~'onstrate.th~ fr~~entation ofthe. B(E..X) strength due to the 
i I . ' ' ' . • • .' ' , -· , - • 

coupling ofonfr.phonon,configurations to' tw<rphonon ones in the resonance region. 

Wetake'as ari exa.lnple' th~ giant dip~le r~son~~~ (GDR) in 136Xe: Th~ top ~art of · 
·j . ' . ' ' . . . . - . . ~ ':' - • ; . ,", ' • -- I' 

··.Figure 1 presents the B(E1) strength distribution over one-phonon configurations; 

Them~jo~ part of the B(El) str~ngth is carried by th~seconfigurations; the di~ect ·. 

excit~tion of t~<rphonon 1- stat~s fr:om the gr~Urid st~te is ~bout three order~ of· 
, l " ·._,. .· l . ,. . ; 

magnitude weaker. The coupling of simple (one-phonon) configurations to more 

compiex (two-pho~on) ones results. in~ strong fragxnentatiori ~f one-phonon states . 
·, . . . ' . 

over the states with the·wave function (2),the bottom part of Figure L This exam-

ple cleifly· shows how the width of a ~iant resonance appea,;,.~. · Calculatio~ on the .. 

set of wave fun~tiou;,, ·eq. (2); somewhat underestimatewithin a few. hundred of 

· .. ke V. the experimentally measured widths of giarit resonanc~. This is not surpris- .. 

13; 
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Figure 1: GDR.in· 136Xe. ·Bl:streri'gth .i: Figure 2: Ex;erimental and theoretical 

distribution ~~er. on~-phonon co~figu-.. , ', (7, ri)208 Pb cro~s s~ctii?nf, 'calculdti(jns 1 

rations ,{top). , Coupling. to complex, .are,perform~d_with ~ A 1 MeV (top) 

· c~nfigurations; ulave function, eq. {2},; , • and0.2 M~ V (b~ttorn). . . . 
is allowedf?r· (bott~'rr:J, : ., • i . . . . '· · . ., . ' ., . . ·.~ 

ing since configurations more complex thantwo~phon~n ones are not included. ·To 
: ' ' \ .. • ' 1 ' • • ·., :· ) ; • ·, • , • , ' ' • ' \ • ' ., : ··.~ , '. " ' ' ' ;.. ;' 

achieve better agreement with an experiment in the,B(E>.) strength distribution, 
' ' ,· •• ~ l ,•\1 ' ' ' • ' 

an additional artificial damping width, which effecti,;,elysimulates,t~uncated. com" ' 

plex configurations, is i~~luded by u~i~g the w~ll-known: st~ength function uiethod.' 
. \ . ' : ' ' ',, ' . •, ' . - '' ' I ~ ' ' 

. . ' ' . ' . ~ ' 

3.2., Substructures·_~f,~h~ (7, n)Pbcross sectio~ 1 
. . . 

' ,' . > :"' '. • ''·' ~ J • ' • : '• " :· ' • :: \ •- ' ;' '. . ·' ·::I ' ~ _.' ' ' 
·some substructures of tlleGDR ~ave been observed iri. tFe,(7, n) cross sections·, 

at low excitation energies [9] .. The experimental ('y, n}208~b cross section is P!-'e~ 
s~nted in the top part ofFigur~ 2) It is c~mpliredto the calculated ene~gy averaged 

·cross section of the dipole 'photon· adsorption· · · · 
. ,/. . ~ ·l ~. t +, ~ • ,, r 

(4) ·. !7-rt(E.1) ~ 4,02!>E11b(E~,l!J1) 
I ! i ., 

.. 
l-.. •. 

wh&~··:_·: :•'-: ·: : ;:,:: _, l. 
'b(El;E) ~ L I< vi!M(El)ll~ >I. '271' (E~ Ev)~+~;/4 ~, 

. ' ·. . ·- : ; .'. :''- ·' ' .. ,'. " ' .. ~-' '·, ... · . '' ,·· . ·• \, - -~- · .. ~ '. ' . ' 

·.,,· ~ ,I ' 

.. (5). 
,'f 

j '4 

' 
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I• 

·, l 
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~ -· . 
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is the strength function of the dipa'le strength distributioncalrulated with the ar.: 

.tifi~iai dan:{pi11g p~~eter.~ =1 MeV. Orie can see from Fiiure 2 a rather good 

agreement of experiment_al data with the theoretical calculations for the photoneu- · 

. . tron cro~s section. Some o~erestimation of a cross section near a ~axim~ and 

underestimation of a high energy part in oirr' calculation are' caused ~y the 'tru'n- . 

: cation of a large number of two phonop configurations which are weakly coupled 
• '. . . - ,. . I' ' . .... . , . . 

with one~phonon states. An integral contribution of these components may be 

. essentially taken into account by jncreasing the energy averaging parameter ~. 

The results of the RPA c~culati~n for the dipole strength distribution are shown 

in the. same figure by vertical lines.; As can be. se~n froni Figure 2, there are · 

substructures in the 10\V energy p~t of th~ cr~ss ~ection.: They are located, near 
." . . - ~ ' . . . / ' . ·. . ' ... /,·· . 
. , the .RPA collective states; The coupling of the last with the two-phonon states 1 \ • 

. results in a redistribution ofth~ dipole stre~gth.', For th~ low en~rgy part where 
' . '.· . '; ' 

a level density is not so high substructures are. pronounced. The increasing of the 
I • . ' . . . • • , 

excitation energy leads to increasing of the level density, and as a result, substruc-

. tur~s disapp~ar. One cannot observe any: subst;uCt~res in m.lclei with open shells 

. ):>ecause of th~ high leveldensitie~ and strong coupllng betw~en cmifigurations [10]. 
. •• ' . - ' . . . '. j. / ' . ~ • . • 

T<? shed more light on the problem of the.substructure existence, the,low en- : 

e~gy pa:rt ofthe cross s~ction with smaller ~ = 0.2 MeV has beencalculated: The 

. results of calculati~ns'are given .in ~he. b~ttom partof Figure 2;, Our calcul~~ions 
.rep~oduc~ 'th~ main st'xuctures observed by the experim{mt at the excit~tion e~-

' ·. ' . 

ergies.7.6, 8.6, 9.1, 9.5, 10.0 aD.d 11.3.MeV. The substructureat the energy 7.6 

;MeV is formed by E1- and Mi(dashed li~e)-trall.sitions. As·cab..be see~ from 

the b~tto~ pa~t of Fi~rA. 2, the isovector111-r~sonanc~ cont~ibutes essentially · 
. . .. . . ' . ··. . . . .. ·' . / ' '· 

to the cross section· in this energy region. • ~his result is in good agreement with 

the experimental Ml strength dist~ibution ~hich has bee~ measured with highly 

polarized tag~ed ~hotons (11]. We.f~il to reprod~ce the substru~ture at the energy 

8 MeV, nevertheless, there is a two-bump structure in1 the calculated 'abso~ptioh · 
'· 'cr~ss ~ecti~n. a:t I ower. energies. Some disagreement between. calcul~q~n~ and ex-· 

perimental data may be caused app~ently by inaccuracies of our single particle 

· energies but we did not' try to ~et an ideal description 'of experimental data; I~ is 

worth mentioning that E2...:.transitions do not give any 'll.oticeable contribution to 
the cross section. . . ' 

,s· 



•' 
.' 

/ } ' 

3.3. -y:.:decay of the GDR into the grC:,und and 2f states·. · '· 
• > • ' ' • • ~. ' • • • • ; \ • • •• ' ~ • • ' • • 

Recently, 116•124Sn(a, d-y) experiments have been performed at the KVI [12f 

The GDR region ofexcitation was in~estigated .. C~indd~~~e measurements be-. 

tween .the scattered a~particles 'and the emitted '}':rays were: used to select the 

contribut-ion of thE] GDR frordthe giant mono!>al~ (GMR) a~d quadrupole (GQR) 

· resonances .. It· was observed that the population of the first 2+ ·excited state in · 

tin isoto;es 'Was nearly as strong as the ground state;:The f~llowing ide~ of inter-. 

preting the results ~.f these. experiments h~ b~en proposed [13]. As s~on ~the 
GDRis.excited by a particles, it dec~y}l i~tothe ground state byE1,transitions.' 

Since, the -y~decay into the 2f 1 ~t~t~ is strong, it migh~' m~an·thl3,t the dmp~ing i1 

of the GDR with two-phonon configurations [GDR ® 2i]t-: is sufficiently strong, 

and we pbser\re E1 transitions fromthe:Se two-~honon configurations to th.e first 

2+state. To consider -y~d~cay.intotlie 2i state, we need to k~ow the ~tructU:re ~f 
each 1_;, state'contributi~g totheGDR. Th~s,thefine structure oftheGDR has 
been c8lculated. . . . · 1 . • . . .. . . ·. • . . 

, , ' l/ ., , ,• 1 " J'• , \ ' I ·t'• .',,: 1 ·.'• 

The ideas ofthemultisteJ> theory of nuclear reactions (see e:g, [14]) have applied . 
in the calc~lation ~fthe. {~, d,-y) cr~ss sections; and the al.,a•,.(E)'coincidence cro~s ... 
section_'has be~~ deduced .foll?';Ving' th'e procedlfie described in ref. _[15] as: '. ' 

.··~aa,«,.CE)~da.~(E). [~:~E)+ ~BeN(~>],. 
,, I ,.' • .. • 'I . 

,, 
(6) i 

''• .t 

where r,.(E) istlie width ofthe -y-decay ofan intermediate 1- stateint~ the g~ouml• 
or the 2f stat~ and r is the:GDR width .. The second term in eq. "(6) ~orresponds 

., . . ·, ,. . . . ~ . ' '.' . '·'' :' ', •' . ,- .. 
to the compound decay.· · , ' 

\y 
.·.}. 
l. .· 
"'ftl,. 

j 
. \ 

' 

· Using the c-alculated structure of the 1- states in the .GDR region we can ~btain · , 

microscopically both the Lross section of excitati~n a a a•(El~l') of each !Jth 1 '·state / ' '. 
. ~ ' . . ' ' , , , t . ' '. ' I • 

and its decay width into the ground state or the 2f state;. The GDR excitation at 

the KVI energies is dominated by the Coulomb term: Thup, we can approximate . 

. the form. factor~ of excitation of the i1h one-pho~on ·. i-'- configuration by electroc- . 

magnetic matrix elem~nt's,< 1i IIB1ll Ot >multiplied by the ~riergy-dep,~ndent. 
part of the exCitation ~ross'secti~n; The decay w'idth r,.(E1:...,) of. the i;th i- ex~ 
cited state in eq: (6) is simply related to the -y-tr~ition matrix ele~erit~ between · 

'.one-phonon cormguration5 and 'the phonon vaeuuin forth~ decay into the grmt~d' 
.· \ .• 

I.' 
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i Figure 3: Measured differential cross section for inelastic a-scattering .in coi~ci- •: 
' ' . ' . ' ' ~ .. 

dence with! decay into the ground state (top) andthe.!Jt state (bottom) of 116Sn 

.. and •124Sn a~ a function of ex~itation energy in ~omparison with tie QPM calcula" 

tions. :s61i'a. 1i~e corresponds. to the excitation of the GDR; dashed line -:-the GQR; 

dot-dashed l{ne --the GMR;dotted line is a contri.buti~n ofthe c~mpo~nddecay 
and long-dashed _li1fe1is the. sum of aU contributioirs. . 

\ • ' 1" . l 

' ' . '.' .• ' • • . " . , ' r ! ,' ,., ) : .. ~ ' '·. • \ ' • • :- ••. ·'. : ~ 
'state and between two-phonon and one-phonon collfigurations for the decay into 

the 2fstate: T~e calcU:lated crosss~ctions have be~n aver~ged 'with the ave~agi~g 
• 1'· : , ~ ',!, .' \' " ~,I •; '~ .. • ."' > ~ - : • ' ; • •• ,\ :·' • : ' ' '-., • • I , ~, 

parameter ~ = 1 MeV equal to the bin size used in expenmental data. 

·.·.The c~culated·6-~ss s~cti~ns corresponding to the ~xcitationaiid a~cay of'the · 

· GDR a:represente'a in .Figur~ 3 by the;~lid line~. The ~xponential dependen~e of 

. the c()~omq . excitati~n cross s~dion · as 'a function of. excitation
1
: e;ergy st~ongly 

·- • • l. .• ' . ,, 

enhances lower' energies. As a re~ult, the maxim~m in the aa,a•,.0 (E) cro;s sedi?:O:s. 

. is shifted down compared to the E1 strength distribution: • Contributions to the 

t~tai a~.c.·.,~(E) cross ~e~tions fr~IU excitation and decay of th.eiGQR (dashed lin~s 
in Fi~e 3) atlower energies ha:s been· estimated phenomenologically as' well as 

the contribution from the GMR (dot~dashed lin~sHo~ the decay_into 2fstate: 
·•. . . , I . . • • ..._ ,. ' • .· _· .. " • -~ ' 

... ~. 

7 . ·.• 

>I 
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The dotted lines are the contribution from the· compound decay an'd' th~ resulting 
• - • J , ,. . .- • ,· . , - I , , , ~ ), '• ... ; 

cross sections are presented by long' dashed lines.· ~ · · · · .. ·· 

. The shape of the u a,a'-ro (E) cross sectioiis is described rathe~ .well without in~ro
ducing any artificial width of the GDR although the poi~t at 12.5MeV i~ Ua,<i'-ro(E) 

.for ti6Sn. is not reproduced in the calculation. The shape· of the u a,a'-r + (E), cross 
. ' . . . - ' '. . ' . ., ' 21 . 

.. section is very sensitive tothe coupling of the GDR with the GDR built on the 

fust '2+ state .. , If th~ coupling is ~eak, these two modes exi~t i~dependently with 

'centroids separated by the energy of the _..2t state. in this' case, the (a, cY/2+) 
' . -- .. , L 

cross section is .very smalL· By. increasing the co~pling we can ~xpect two max~, . 

ima in t~e ua;a•-r +(E) ~ross section fr~m thet~o ~fore-mentioned m~des, with the .· .· 
. "'": . - . -· '. ~1 . .·_ -. . . .· ~. ·. . ' 

· on~ at higher energy suppressed by the Coulomb faCtor:; T~is c~upling is deter-

rclned·by the collectivity of both the first 2+ st~t~ ~d the GDR. T~ reprcid~ce 
. the coll~ctivityoLthe 2{state, the parameter of. the is;scalar quadrupole re~idual ' · .. 

. inter~tion h~ been adjusted'to obt;un in the ca1~ulation the experimental value 

of the B(E2, 2t, ~. ot. • .)transition [i6]. The c?ll~ctivit~ ofth~ 2tstate'in,n6Sn · 

is somewhat stronger as compaied t~ the one in 124Sn[l6): .It·. results in a wider . . - . _.. ' . ' : .. ~ ' . . . : '. \. 

distribution of Ua,a''r + (E)in'116Sn (see solid lines in the bottom of Figure 3) .. 
· , '"'' 21 • ·.' / 0 ' ' • ' : " " •< I ·" 

The sh~pe\of the ua;a•-y ;(E) cross s~cti~ns peaking around 14~5 MeVjn 124Sn '> 
.' : '··; ' . : - 21. . - ., ,. ' . : (' ' ,. · .. ' ·_, . ' . ' 

and practically flat in· 116Sn is reproduced, in general, by the QPM calculations 

. although the ronplitudes ofthese cr~ss sections are.tindere~tiin~ted: The ratio of -

the ene;~int~grated (~, d./o) and(~, cY/2+) cross s'~ctions o~er the en~~gyinterv~ 
•' ' .. _ . . ' . ''. . 1 ... ·. ' . ' ' ' 

12-17.MeV can be estimated from the experiment asL5±0.5for 116Sn and 1.1±0.3 

f~~ 1248~1. Th~ calculati~n gives the values 2.1 and 2.0~ respecti~ely.: It should be 

mentio?ed that different.shapes of the u a,a'-r~( E) .a:nd u ,..;,...72~ (E) cross seCtions fro~ . 
: . ' ,. ' . ~ . . '/ . . • . ., 1 . . . . . . . 

both experiment and calculation support the assumption of a.sufficientlystroiig 
.., .~. ·, '. ·~ ~ . ~. " ' . '.' . . ·\· . . 
mixing between ~he GDRs' built on the_ground aJJ.d 2t stat~s. - · · 

" .-' \ 
3.4. 1 decay ofthe HEOR . 

The ide~ that giant resonance_ states ca~ be excited' via ~ne-phonon conflg-

. urations and then. decay by means ~f t~O::phonon config'urations of their; ~ave 
functions·c~ be applied to investigation ~f gi~t res~riances.'of high mtiltipolarity 

for whlch 1~de~ay to the firo~ndst~te is strongly suppres~ed.' As ~- e~~ple, 'we · 
consider ~~decay properties of the 'High Energy· Octupol~ Reso~a_n~e (HEOR) ~in : 

·'- '· 

8 

·/ 

. ·:. 

.. · 

'i 
~ '' " . ' 

Figure 4: Calc'u,lated strength function ·of the i;oscalar 'Ji:; strength distribution in 

the HEOJl region {left) aitd 1 dec~y widths. of the.HEOR to low-lying~. and 4+ 
· states (right) in 90 Zr.- . . 

90Zr. It' may be excited by some isoscalar probe and th~ corresponding, calculated 

'within the QPM, strength function.·is presented' in the left part of Figure 4. I~ 
this calculation, the HEOR has the energyce~troid E~ = 22:4 MeV and the total 
width r:::: .4AM,eV. . . . . . . 

Because of the high density of two~phonon configurations in the HEOR region '. ., {. ·, . . . . ,\ : . ·.· ' . . . ·. 
we have.succeeded in calculating the HEOR ~~decay into the low-lying collective. 

2t,4' and 4t,2 ~tates o~iyon ~h~truncate.d hy~~phcin?n ,ba.Sis.' The P!lrtial 1-dec~y . 

widths for these transiti9ns\calculated under the assumption of isoscalar nature 
• \ .. '. '' : \' ~ ; -' ' • _,'I, .', , ' ' ' ~ '. ~ ,. • , . ! ; . · t ; ' 

of the. ,IJEOR excitation .are shown in the right part' of Figure 4: The total·width 

r 1feon~2+ 4+ is equal to 3 keV. or about 10% ofthe GDR 1-decay. width)nto the 
.. ' . ''. 1,41 1,~- ' . ·.-· . ' ' ·. ~' .. ' .. ' . - : ' ' .. ' ·.. -.. '. . . ., . . 

ground state. It ope~s a new'possibility to investigate the HEOR. 
\ , " -;.. . . ~ . - ' 

•\ 

·/ 

4. :coNCLUSI<lNS 

The' Qu~iparti~l~ Phonon M~del h~· been applied. here to calculati~n~ of the 

fine ~truhure of giant resominces. ~The mod~l H~iltonian h~ been diagonalized 

0~ the basis of the wa~e functions of excit~d states which i~clude one- a~d two-. 

phonon configurations .. A com~lete information on the wave functioi1 of each state 
. . . ,• . ' ' ' ' 

. contributing to a giant resonance allows one to consider the decay properties of 

the resonanceinto. th~ ground and low-lying excited state~.'-As ~ example,· the . 

1-decay of the GDR into the first 2+ ~tate and the HiiOR into. the lo~-lying 2+ 
·. -· ,· . . ···'"· . '• ; . ' . 

and 4+ states have been present11d. 

'J 
I 
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