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Dunng a ma.ny-year hrstory of mvestrgatlon of glant resonances a lot of n--i-

) formatlon on their propertles has been galned [1 2]. .The present expenmental
; Adevelopment of the comcldence techmque allows one to ‘consider i in deta.ll some
e 'spec1ﬁc propertres of glant resonances like theu' - and partlcle—decay By drﬂ'erent
‘ ‘iv measurements we may separate mformatlon on drﬂ'erent states contnbutrng togi-: .
- “ant resonances in non-comcrdence expenments and thus look inside the resonance
s structure. Another source of mformatlon on the ﬁne structure of glant resona.nces 7'
o ’yrs 1nelast1c scattermg expenments with a hrgh resolutlon We ¢an mentron here v,‘,’ :
(e ) expenments [3] or recent (p,p ). measurements below the partrcle threshold
- ‘viwhrch drstmgursh fragmentatron ofa resonance m a group of many drscrete states

s [4] These expenmenta.l a.chrevements demand theoretrcal treatment of glant res- e “ :

e onances on an. eqmvalent level One of them wrll be presented here :

Mrcroscoprc ana.lysrs of states forrmng glant resonances as well as low-lyrng
» states has been performed w1thm the Quasxpartrcle Phonon Model (QPM) [5—7] o
} The model Hamrltoma.n H 1ncludes an average ﬁeld Vp(,,) for protons and neutron.

a monopole palrlng mteractlon and 1soscalar and 1sovector resrdual 1nteractlon of ‘

B a separable type with a form factor proportrona.l to dVP(,.) /dr Excrted states of

: even-even nucler are treated in terms of phonon exc1tatlons bmlt upon the ground
 state that is consrdered as a phonon vacuum |0 >,;. Phonon creatlon operator l' ‘
Q i | for multlpolarlty z\/,t is 1ntroduced asa lmear comblnatron of two quasrpartrcle B ‘
creatlon a+ and an.mhllatlon a,,,. operators wrth the shell quantum numbers jmo

5 of the average ﬁeld V as follows

QL-‘=‘§'~Z {7@;3 ,,,.,h,,+( 1)*"‘ ;;[q,-,,.a;',,.dx:,;}«-;




where P

E 1

= <m0 o
; m”‘" .,' ‘

The forward 1,!)'\', and backward ¢ amplltudes are obtamed by solvrng RPA equa- .
tions that yleld a set of one—phonon conﬁguratlons with exc1tatlon energles Wi and

RPA ‘Toot number i Among phonons we obta.ln both collectlve and practlcally ' e

pure two—quas1pa.rt1cle excltatlons SRR

We assume that rmxmg of one-phonon conﬁguratlons through whrch glant res- -
onances are exclted in 1nelast1c scattermg, with- more complex conﬁguratlons 1s o :
suﬁiclently strong 1n the resonance reglon Thus, we, wrlte the wave functlon of _7 .
resonance states as a sum ‘of conﬁguratlons of dlfferent complexlty by the number T

0f phonons If we: lumt this sum to one- and two-phonon conﬁguratlons only, the"‘ i el

. wave functlon for the /\”-‘state has the form

In actual calculatlons we do not 1nclude two-phonon conﬁguratlons made of both.ft: S
non-collectlve phonorIs for the second term of the - wave, functlon (2) By tlus
truncatlon of the tWO-phonon basrs, we' remove complex conﬁguratlons ‘that are 5

.- weakly coupled to one- phonon states and on the other hand may strongly vmlater

the Pauli pr1nc1ple

For the a.mphtudes R (/\I/) and P"”’(/\V) eq (2), we dlagonallze the model

iy,

Hamlltonlan on the basrs of wave functlons (2) Elgenvalues E_ of states (2) are '_~'

got as the roots of the fol owmg determlnant

f',‘:(Az) ::::(M') :
4\1!1 + w);!; e E :

. /\111.»\212

: where f{

Ui:::(xz) =< Q»IIHH [Qt,lcz:,.,]l

3 SOME RESULTS

; 3“3 1. Fme structure of the GDR

N

, mlcroscopxcally as soon as ‘a phonon ba51s is ﬁxed The ra.nk of the determma.nt*
o (3)1i is determmed by the number of one—phonon conﬁguratxons 1ncluded 1n the ﬁrst

term of the wave functlon (2) SN T e
Numenca.l ca.lculatlons have been performed w1th the Woods Saxon potentlal

B for an average field w1th the pa.rameters from ref. [8]. Pa.ra.meters of the resid-+ -
ual 1nteractlons were’ a.d_]usted to the propertxes of the low—lymg collectxve levels.

: Natural pa.rxty phonons with A’ = 1“‘? 8t have been mcluded in the two—phonon
S term of the ‘wave functxon (2)

R R

st Wlth a complete m.formatlon on the ﬁne structure of gla.nt resona.nces obta.med

§ 1n th1s way, we may consxder dlfferent physwa.l processes m whlch dxfferent states

o ‘nlque of measurmg deca.y propertles of these states ﬁngerprmts of some spec1ﬁc
states from the resona.nce regxon can be observed ThlS allows one to con31der gla.nt i
resona.nces not as broad featureless structures but as a set of a great number of

‘ states w1th thexr own propertles a.nd also serves as a good test for exrstmg nuclea.r -

m'o‘dels.» i

H

Flrst let us demonstrate the fragmentatron of the B(EA) strength due to the

e couphng of one—phonou conﬁguratlons to two-phonon ones in the resonance reglon

o We ta.ke as an exa.mple the gxa.nt djpole resonance (GDR) in 136Xe The top part of

*'iFlgure 1 presents the B(El) strength djstrxbutlon over one—phonon conﬁguratlons o

“ The ma]or part of the B(El) strength 1s ca.rned by these conﬁguratlons ‘the’ d1rect

L : ‘exc1tat10n of two-phonon 1= states from the ground state is about three orders of
fmagmtude wea.ker The couplmg of s1mple (one—phonon) conﬁguratlons to more :

. complex (two-phonon) ones results ina strong fragmentatlon of one-phonon states :

. " over the states with the-wave flmctron (2),the bottom pa.rt of Flgure 1. This exam- . - '
~-ple clearly shows how the w1dth ofa glant resonance appea.rs Calculatlons on the -

. “set of wave flmctlons, eq. (2), somewhat underestlmate thhm a few hundred of \
i keV the experlmenta.lly measured wrdths of gla.nt resonances Thxs 1s not surpns- :
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Flgure 10 GDR in: 136Xe
dtstrzbutwn over one-phonon conﬁgui_’v

Ei- strength

("y;‘ri)?.UBPb' cross sectio

" rations (top) \ﬁ, ‘Couplmg to complea; :
) conﬁgumtwns{’ulave functwn, eq.; (2),,

s allowed fo'r (bottom)

and 0 2 MeV (bott m)

; ing s1nce conﬁguratlons more complex than two-phonon ones are not 1ncluded To

achleve better agreement w1th an experlment in the B(E/\) strength d1str1butlon '

" an addxtlonal artlﬁcral damplng w1dth wh1ch eﬁ'ectlvely s1mulates truncated com— :

plex conﬁguratlons 1s 1ncluded by usxng the well~known strength functlon method

Some substructures of the GDR have been observed in the ('y, n) cross sectlons R : :
' at low exmtatlon energ1es [9] -The experlmental ('y n)QUSPb Cross section is: pre-‘ I T

” sented in the top part of Flgure 2. It is compared to the calculated energy averaged S

underestlmatlon of a h1gh energy pa.rt in our calculatlon are“caused by the trun . L
catlon of a large number of two phonon conﬁguratlons which are wea.kly coupled
. w1th one—phonon states

MeV is formed by E1— and Ml(dashed hne)-transrtlons

“to the CToss sectlon in this energy reglon *This result isin. good agreement with

; tures dlsappea.r One cannot observe any substructures in nuclel w1th open shells ‘
; because of the h1gh level dens1t1es and strong couplmg between conﬁguratlons [10]
», »y To shed more hght on'the problem of the substructure ex1stence, the low en-
;’ ergy part of the Ccross sectlon w1th smaller A= =0. 2 MeV has been calculated The;‘~ ‘
i results of calculatlons ‘are glven ln the bottom part “of Flgure 2 Our calculatlons, :

, reproduce the ma.m structures observed by the experlment at the e\:cltatlon en-«
v ergles 7.6,.8.6, 9 1, 9.5,710. 0 a.nd 11 3. MeV The substructure at the energy 76
As can be seen from,‘
the bottom part of Flgure 2 the 1sovector Ml——resonance contrlbutes essentlally»” ‘

'ﬂ is the strength functlon of the d1pole strength dlstrlbutlon calculated w1th the ar-
t1ﬁc1a1 damplng parameter A'="1MeV. One can see from Flgure 2a rather good
: agreement of expenmenta._ data with the theoret1ca1 calculatlons for. the photoneu— e

. tron-cross section: Some overestlmatlon of a Cross sectlon near a maximum, a.nd L

An 1ntegra1 contrlbutlon of these components may be - 5
essentlally taken into account by.increasing the energy averaglng parameter A.
The results of the RPA. calculatlon for the: d1pole strength dlstrlbutlon are shown, o

»in the same ﬁgure by vert1ca1 lines. ; As can’ be seen £rom Flgure 2 there are

E substructures in the low energy pa.rt of the cross sectlon They are located _near’

the RPA collectlve states ~The coupllng of the last w1th the two phonon sta.tes',

results in a redlstrlbutlon of the d1pole strength For the low energy part where L

v

S “a level dens1ty is not 1) h1gh substructures are. pronounced The increasing of the i

excrtatlon energy leads toi 1ncreasrng of the level dens1ty, and asa result substruc- L

‘the experlmental M1 strength distribution wh1ch has been measured w1th h1ghly'

polarlzed tagged photons [11] We, fail to reproduce the substructure at’ the energ_y

8 MeV nevertheless there isa two—bump structure in ,the calculated absorptlon‘ o

cross sectlon at. lower energ1es Some dlsagreement between calculatlons and ex- -

e,

B :

‘ ‘perlmental data may be caused appa.rently by 1naccurac1es of our s1ngle partlcle_
‘fenergles but we did not try to get an 1dea1 descrlptlon of experlmental datas It'is -
~worth’ mentlomng that E2—tran51tlons do not g1ve any not1ceable contrlbutlon toi‘
the cross sectlon R oo S ‘ : ‘



' 3. 3. 7-decay of the GDR mto the ground and 2+ states L
Recently 116, l"’“Sn(oz a/'y) experlments have been performed at. the KVI [12]

' The- GDR reglon of excltatlon was 1nvest1gated Comc1dence measurements be-
‘tween the scattered a-partlcles and the ermtted 7 rays were’ used to select the
contrlbutlon of the GDR from the giant monopole (GMR) and quadrupole (GQR) '_

: resonances It was observed that the populatlon of the first 2+ excited state in.

“tin 1sotopes was nearly as strong as the ground state The followmg 1dea of inter- -
preting ‘the results of these experiments ha‘s been proposed [13]. As soon as the% S
GDR is exclted by a pa.rtlcles it decays mto the ground state by El _transitions. -

;state is: strong, it mlght mean that the- couphng‘; -

. Since the ~-decay mto .the’ 2

of the GDR with two-phonon conﬁguratlons [GDR ® 2+],- is sufﬁc1ently strong, B

" and we pbserve El- trans1t10ns from these two phonon conﬁguratlons to the first .
. f2+ state “To cons1der 7-decay 1nto the 2+ state ‘we need to know the structure of LS
each 1~ state contrlbutmg to the GDR; Thus the ﬁne structure of the GDR has; o

been calculated ER IR

The ideas of the multlstep theory of nuclear reactlons (see e

5 sectlon has been deduced followmg the procedure descrlbed in ref. [15]

~ where 1"7(E) 1s the w1dth of the 7—decay of an 1ntermed1ate l" 'state 1nto the groundfi i
or the 2 state and 1" is the GDR w1dth The second term 1n eq (6) corresponds L

to the compound decay

" Using the calculated structure of the 1 states in the GDR regxon we can obtam
: mlcroscoplcally both the cross sectlon of exc1tat10n au ,,:(El v) of each u”' 1“ state: T
" and its decay w1dth 1nto the ground state or the 2+ state The GDR exc1tat10n at
the. KVI energles is domlnated by the Coulomb terrn Thu,s, we can approxrmate»;" f: : 5
one—phonon 1~ conﬁguratlon by electro-j:[" o
> multlphed by the energy—dependent N

.the form factor of exc1tat10n of the z
‘ magnetic matrix elements < 17 || El ||

: 8 [14]) have apphed“; : .
in the calculatlon of the (a, a/'y) cross sectlons a.nd the oz, o 7(E) comc1dence cross,"r J

part of the exc1tat10n cross sectlon The decay w1dth 1".,(E1—.,) of the 1/“' 1“ ex—' :

cited state in eq (6) is 51mply related to the 7-tra.n31tlon matrix elements between
o .one—phonon conﬁguratlons a.nd the phonon vacnum for the decay mto the ground

para.rneter A = 1 MeV equal to the b1n size: used in experlmental data
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'Flgure 3 Measured dz_ﬁ"erentzal cross sectton for melastzc a- scatte'rzng in coinci-
. dence wzth i decay znto the ground state (top) and the 2+ state (bottom) of HSSn
i 5 and l""‘Sn as a functzon of e:vcztatzon ene'ryy in comparzson with the QPM calcula-
o tzons Sohd lzne corresponds to the e:vcztatzon of the GDR; dashed hne - the GQR
- dot- dashed line ~»the GMR dotted lzne is'a contrzbutzon of the compound decay

s and long-dashed lzne is. the sum of all contrzbutzons

: the 2+ state The calculated cross sectxons have been averaged w1th the averaglng

The calculated cross sectlons correspondmg to the exc1tat10n and decay of the
Tib GDR are presented 1n Flgure 3 by the sohd hnes The exponentlal dependence of
the Coulomb excrtatlon cross sectlon as a functlon of exc1tat10n energy strongly
enhances lower energles Asa result the maxrmum 1n the %a a/.,o(E) cross sectlons B

s slnfted down compared to the El strength distribution: Contrlbutlons to the ‘

1n Flgure 3) at lower energles has been estunated phenomenologlca]ly as well as

O ey
B .

,,1

' state and between two—phonon and one—phonon conﬁguratlons for the decay mto L ‘

. . total a., 270 (E) cross sectlons from excitation and decay of the'GQR (dashed lines

L the COntnbutlon from the GMR (dot-dashed hnes) for the decay mto 2 state .



" centroids separated by the energy of the }1 state.

iy

The dotted hnes are the contrlbutron from the compound decay and the resultmg i

Cross sectlons are presented by long dashed lines.™

,

~The shape of the Ta o (E) cross sectrons is descrrbed rather well w1thout intro- -
ducmg any artificial width of the GDR although the pomt at 12.5 MeV 1n Oa, o (E‘) -
or 1158n is not reproduced in the calculatlon The shape of the a,, a, ,,( E).cross

'”"sectlon is- very sens1t1ve to. the coupling of the GDR wrth the GDR burlt on'the

. first ‘ot state If the couphng is weak these two modes exrst mdependently w1th' e
é In th1s case, ‘the (a 0/72+) S '
'cross sectlon is very- small By 1ncreas1ng the couphng We can expect two rnax-',, S

: 1ma in the oa,a:., +(E') cross sectlon from the two afore-mentloned modes thh the - i
‘_‘. one ‘at hrgher energy suppressed by the. Coulomb factor ThlS couphng is deter-"j' S

-‘m1ned by the’ collect1v1ty of both the ﬁrst 2+ state and the ‘GDR. To reproduce‘ S

; : the collect1v1ty of the 2"' state, the parameter of the 1soscalar quadrupole res1dual:‘;"g
‘ 1ntera.ct10n has been. ad_]usted to obta1n in ‘the calculatron the experlmental value“k f s
of the B(E2 2t -—$ 0}, ) trans1tlon [16] Thé collect1v1ty of the 27 state in: UGSn' = ; " :
o vrs somewhat stronger as compared to the’ one 1n 124Sn [16] Tt results 1n a wxder"'] G

dlStI‘lbllthl’l of Oaa's, +(E) in 116Sn (see solrd lmes in the bottom of Frgure 3)

R The shape of the Oaar, +(E) cross sectlons peakmg around 14.5 MeV in 12"Sn 3
‘. and practlcally ﬂat in’ 116Sn is- reproduced in’ general by the QPM calculatrons:‘?’
s although the amplltudes of these cross sectlons are underestrmated The ratlo of i
. ;the energy mtegrated (a, 0/70) and (a, 0/72+) cross sectrons over the energy mterval el
_ 12 17 MeV can be estlmated from the experlment as 1 5:1:0 5 for 116Sn and 1. 1:1:0 3 0 e
124Sn The calculatron grves the values 2.1 and 2. 0 respect1ver It should be. S
L mentloned that dxﬁ'erent shapes of the au a'-,,,(E) and ol o, +(E) Cross sectlons frorn~t e

s 'both experlment and calculatlon support the’ assumptlon of a: sufﬁc1ently strong‘; 5

7 ,mrxrng between the GDRs bullt on’ the ground and 2+ states

_>3 4. 7 decay of the HEOR

The 1dea that grant resonance states can be excrted via® one—phonon conﬁg—
’uratlons and then’ decay by: ‘means of two—phonon conﬁguratlons of the1r wave . S
k functlons can be applled to mvestlgatron of grant resonances of hlgh multlpolarrty o o
- for whrch 7~decay to the ground state is strongly suppressed As an e;ample we S
" consider 7—decay propertles of the ngh Energy Octupole Resonance (HEOR) in:

TN

i)

: states (rzght) m 9°Zr ,' ceiE 'v

90Zr It may be excxted by some lsoscalar probe and the correspondmg, cal‘culated o

4 CONCLUSIONS
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Flgure 4: CaIcuIated strenyth functzon of thc zsoscalar E3 strength dzstnbutzon n
_the HEOR reyzon (Ieﬁ) and -y decay widths of the HEOR to Iow-Iymg 2t and 4+ o |

‘4" B
s .

w1th1n the QPM strength functlon is presented in the left part of Fi 1gure 4, In

: thls calculatlon the HEOR has the energy centr01d E = 22 4 MeV and the total S
'w1dthI‘-—44MeV o ' :

Because of the hlgh dens1ty of two phonon conﬁguratlons in the HEOR reglon‘
We have succeeded in” calculatmg the HEOR 7—decay mto the low-lymg collectlve ]
21 4 and 4"'2 states only on the truncated two phonon baSlS The partlal - decay [

w1dths for these trans1t10ns calculated under the assumptlon of isoscalar nature‘ o

of the HEOR exc1tat10n are shown in ‘the rlght part of Flgure 4 ‘The total- w1dth )
: I‘H £0 R_,QL,,,J, is equal to 3 keV or about 10% of the GDR 'y-decay wrdth into' the

ground state It opens a new poss1b111ty to 1nvest1gate the HEOR

The Qua51part1cle Phonon Model has been applled here to calculatlons of the L

Py ﬁne structure of glant resonances The model Hamlltonlan has been dlagonahzed’

i ¥ on the bas1s of the wave functlons of exc1ted states Wthh lnclude one- and two- B

phonon conﬁguratxonsr A complete 1nformatlon on the wave funct1011 of each state

‘ contrxbutmg to a g1ant resonance allows one to cons1der the decay propertles of

the resonance 1nto the ground and low-lylng excited states “As an’ example,’ the -

: 7—decay of the GDR into the ﬁrst 2+ state and the HEOR mto the low-lymg 2+ »'
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