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Summary 

The present report contains two papers dealing with giant electric 

multipole resonances in the frame of the direct-semidirect model 

for nuclear radiative capture and the interacting boson model for 

photonuclear reactions, respectively. Both are included in the 1987 

progress report of Italian nuclear theoreticians. 

Riassunto 

Il presente rapporto contiene due lavori che trattano delle 

risonanze giganti di multipolo elettrico nel modello diretto-

semidiretto di cattura radiativa di nucleoni e nel modello a 

bosoni interagenti per le reazioni fotonucleari. Entrambi sono 

inclusi nel rapporto di attività 1987 dei fisici nucleari teo

rici italiani. 
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SHELL-MODEL APPROACH TO THE RADIAL COUPLING FORM IN THE DIRECT-SEMIDIRECT 

MODEL OF NUCLEON RADIATIVE CAPTURE 

R. Guidotti and F. Saporetti 

Dipartimento di Fisica dell'Università and Istituto Nazionale di Fisica 

Nucleare, Sezione di Bologna, via Irnerio 46, Bologna. 

G. Maino and A. Ventura 

Comitato Nazionale per l'Energia Nucleare e le Energie Alternative, 

via Mazzini 2, Bologna. 

ABSTRACT 

The present work is devoted to a comparison of shell-model and phenomeno-
logic approaches to the particle-vibration coupling in the direct-semi-
direct model of radiative capture of fast nucleons and their effect on 
the evaluation of measurable quantities, such as cross sections at a given 
emission angle, # = 90°. 

1. INTRODUCTION 

The semidirect capture amplitude, describing the excitation of giant 
resonances (GR) in the target nucleus, is crucially dependent on the 
radial form factor (RFF) of particle-vibration coupling in the direct-
semidirect (DSD) model of radiative capture /l/. 
A shell-model evaluation of the RFF /2,3/ is here compared with the usual 
phenomenologic expression, based on the Fermi distribution of nucleons in 
the target nucleus. The influence of both approaches on the evaluation of 
capture cross sections is investigated in detail for the excitation of 
the electric multipole GR's in 208Pb. 

2. THE MODEL 

The starting point is the Hamiltonian of interaction between the incident 
nucleon and the target nucleus /l/ : 

H 1 n t - £ , ( P ' 0 0 » * >>(,0)-*. 7, * P ( 0 " ó. 5, • r < " ) ( 3 . «,)(?. »,) ) 

x*(3'(r-r,) , (1) 

where ó , 1 are the spin and isospin of the incident nucleon, o * and t i 
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the corresponding quantities of the i-th target nucleon and the <) 
distribution simulates a zero-range interaction. The indexes of the 
coupling constants, l'^'s), refer to the isospin and spin character 
of the interaction. Expanding the <J distribution in spherical harmonics 
allows one to write H- . as a sum of products of irreducible spherical 
tensors : 

Here, vj = 0 for T = 0, v^ = 0, +1 for T = 1, £ s = 0 for S = 0, 

£ = 0, +] for S = 1. The irreducible tensor related to the target 

nucleus is, by definition : 

«INT »TS $,(>•) • £•
 X\ 6ts. ^ i ^ YL« W • (3) 

In the present work only the electric-multipole GR's labelled with 
(T=0, S=0, L=2) and (T = l, *'j=0, S=0, L=l,2) are taken into account. 
If the GR state, |Et^)X ,/i), exhausts the corresponding non-energy 
weighted sum rule, an assumption to be corrected later on, it can be 
related in a simple way to the nuclear ground-state, : 

|EWA*>- «V ' V , (4) 

where *•>•»' is a multipole operator. The RFF, l i x ( r ) , for EA exci tat ions, 
is introduced by rewrit ing the interact ion Mainiltonian in macroscopic 
form 72/ 

(5) "int=ZIp"1 I S )(^K ) +C ( n )^< • 
T»>T S$s Xji T '$ -r r~ 

If one assumes that the matrix element of Hamiltonian (1) between the 
GR state and the ground state is equal to the matrix element of (5) 
between the one-phonon and the zero-phonon states, with the same coupling 
constants, p('s) - P'( T S), one obtains an explicit definition of h» (r), 

with the normalization condition : 

J hx(r) r*
+2dr = 1 . (7) 

o 

The shell-model evaluation of formula (6) is based on the assumption that 
the nuclear ground state is described by a Slater determinant of single-
particle wave-functions, to be calculated by means of a shell-model potential 

I*. > = 7T ocf\o> • (8) 
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Here,JP>= / nljm> is a single-particle state below the Fermi energy, £Fi 
and i^ is the nucleon creation operator in |p>. 
It can be shown HI (and /3/ for a detailed derivation) that the shell-
model approach to formula (6) leads to the following expression, valid 
for a nucleus with closed j-subshells : 

h<",cr)(r) _ _o«r o.ptr P « ,g. 

Here, lp> and/|V> are states below the Fermi energy and Rp and Rp the 
corresponding radial wave functions. ̂  and C^ are the following integrals : 

*>W -(%(x)W**'*' • ft M-ffi)***"dA' / no) 
and d^ (1,1',j ,j') rules the angular-momentum coupling of single-particle 
states : 

dA(l,T,J,J') = (21+l)(Zj+l)(2j'+l)[(1,X,0,0| l',0) W U . i . A . I M ' J ' j l
2 , 

(11) 
where W is a standard Racah coefficient. 
The phenomenologic expression commonly used in DSD model calculation can 
be derived from formula (9) by means of two approximations : (i): neglecting 
the double sums over (i and fi' (two-body contributions) with resoect to the 
single sums (one-body contributions) at the numerator and denominator of 
formula (8) leads to the one-body expression : 

h(one-body)(r) = ^Oj^i^HjO) 
X Z Oi*i) $x(t) 

Formula (12) is reduced to the phenomenologic volume form : 

.(phen), . r X e ( r ) 
( r ) = 7^2A> > (13) 

Àn 

once (ii) G> and <r > are no more evaluated by means of shell-model wave-
functions, but through the phenomenologic nucleon distribution : 

eOO = _L A. * A (14) 

1/3 ' 
where R (=r0A ) is the nuclear radius and a the diffuseness parameter. 
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Expressions (9), or (13), have to be inserted in integrals of the type : 

0 

where ( £ ' ,1 ' ,j ', x' ) and (n,l,j,T) are the quantum numbers of the incident 
nucleon and the captured nucleon, respectively,.while R and V are the 
corresponding radial wave functions. The B(EA )* ' coefficient, giving 
the fraction of sum rule effectively exhausted by the GR state, corrects 
the assumption on which formula (4) was originally based. 
The y x integrals are fundamental ingredients of the semic 
amplitude, QÌ^P' /l/, coherently added to the direct capture amplitude, 
Q ^ ) , to form the DSD amplitude, Q ^ = QJ^) + Qj[SD) t f r o m wnich the 

The y x integrals are fundamental ingredients of the semidirect capture 
implitude, oi^) /l/, coherently added to th« 
J^) , to form the DSD amplitude, Q ^ = QJ^i 

capture cross section to the single-particle state, (n,l,j,r ), is easily 
derived /!/ : 

— - d^Hc2 Z, £ C-Ox*fi (*•*)* ft Ax T. (16) 

Here, M is the reduced mass, k' and Yy are the wa^e numbers of the incident 
nucleon and the emitted photon, respectively, and 1<X are the vector 
spherical harmonics. Summing over m, m' and^i, one obtains the well-known 
expansion in Legendre polynomials : 

£ ( » ) . Z . A PL(cost> ) , (17) 

where the explicit expression of the A. coefficients is given, for instance, 
in ref./4/. At fr = 90°, formula (16) reduces to : 

fa (90») . A<EI> • A<E2> - |( A<E,> • A<"> ) • 3A<E!!>/8 , (18, 

where (EA. ) labels the electric multipolarity of the GR states. 

3. RESULTS AND COMMENTS 

Neutron and proton capture by Pb has been investigated in the region 
of excitation of the isovector dipole and isoscalar quadrupole GR's. The 
leading SD process is the excitation of the El GR, whose radial form factors, 
evaluated in the microscopic and phenomenologic approaches, are compared 
in fig.l. The oscillations appearing in the curve based on formula (9) are 
due to the two-body contributions, which are always of the order of magnitude 
of the one-body terms. Therefore, approximation (i), leading to formula (12), 
turns out to be rather poor in itself, but approximation (ii), making use 
of a phenomenologic nudeon distribution, introduces a kind of error 
compensation, since the overall trends of the microscopic and phenomenologic 
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RFF's are not very different, except for a narrow region close to the 
nuclear surface, where the microscopic RFF has a pronounced peak. 
In the case of neutron capture, the calculations are described in detail 
in ref./3/. The P(10) and P(00J constants of formula (1) have been 
adjusted on the experimental {r\tyQ) cross section /5,6/, which is 
fairly well reproduced in both approaches by using the same coupling 
constants. The results are quite different for the (n, Y-\) reaction, 
leading to the neutron capture in a li 11/2 state. As shown in fig. 2, 
the cross section based on the microscopic formula is higher than the 
phenomenologic one and in better overall agreement with the experimental 
data. _, 
As for proton capture, the (p, YQ) and (p.V^) cross sections at V= 90° 
have been evaluated according to the procedure of ref./7/. 
The purpose of the present work is the comparison of microscopic and 
phenomenologic RFF's, not the accurate reproduction of the experimental 
data for proton capture /8/, because the (p, y^) cross section at proton 
energies higher than about 15 MeV shows pronounced peaks due to the 
interference with the isobaric analog resonance (IAR) in LK}H:,. It is 
worth recalling that IAR's have been introduced in the phenomenologic RFF 
in ref./7/ and the experimental (p.^i) cross section well reproduced up 
to E n = 18 MeV. 
On the other hand, it is a simple matter to work out the expression of 
the microscopic RFF for IAR's, having quantum numbers T=l, *>T=1, S=0, 
L=0, 1 and introduce it in DSD model calculations. This study will be 
described in a separate paper. 
For the time being,we limit ourselves to the excitation of El and E2 GR s 
and show the resulting (p.^i) cross sections in fig. 3. Here again, the 
phenomenologic calculation underestimates the microscopic one, at proton 
energies higher than 12 MeV. 



6 

v. 

10 12 

En(MeV) 
u 

Fig. 2. Pb (n,^,) cross section 3t &= 90° : solid line : shell-model 
approach ; dashed line : phenomenologic approach : dotted solid 
line : compound nucleus contribution ; experimental data from 
refs./5,6/. 
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Summing up, tho two approaches are not equivalent : for Pb, the 
phenomenologic results are almost coincident with the microscopic 
calculations of nucleort capture to the ground state of the compound 
nucleus, but underestimate them in the capi,ure to the first excited 
state. 
Replacing the more rigorous shell-model formula (9) with the phenomeno-
logic expression «13) does not appear to be a satisfactory approximation. 
Analyses of capture processes in other regions of the periodic table, 
as well as the introduction of a finite-range interaction /4,9/ between 
the incident nucleon and the target nucleus in the microscopic approach 
are in progress and will be presented in forthcoming papers. 
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FRAGMENTATION OF THE GIANT DI POLE RESONANCE IN AN ALGEBRAIC MODEL 

G. Maino and A. Ventura 

Comitato Nazionale per l'Energia Nucleare e le Energie Alternative, 

via Mazzini 2, 40138 Bologna 

L. Zuffi 

Dipartimento di Fisica dell'Università e Istituto Nazionale di Fisica 

Nucleare, Sezione di Milano, 20133 Milano 

ABSTRACT 

A phenomenological algebraic approach to nuclear dipole excitations is 
presented within the framework of the interacting boson model. The 
application to photon absorption and scattering by nuclei in regions 
of shape transitions and axially symmetric deformations is discussed. 
Finally, an a:gebraic model for the coupling of giant dipole resonance 
states to fermion and isospin degrees of freedom is proposed and applied. 

INTRODUCTION 

As is known, the coupling of the giant dipole resonance (GDR) to low-
energy nuclear excitations leads to a peculiar fragmentation pattern 
of the GDR itself. In particular, the coupling to low-lying collective 
modes (surface oscillations and nuclear rotations) has been considered 
within the framework of the dynamic collective model /l/, the pairing-
plus-quadrupole model of Kumar and Baranger 111 and the quasiparticle-
phonon model 13/. 
For light-mass nuclei with nonzero ground-state isospin, there is 
experimental evidence for a further GDR splitting into different iso
spin components /4/. This fragmentation has been investigated both by 
a semiclassical treatment of spherical nuclei /5/ and by means of the 
electric dipole sum rules for different isospin channels /6,7/. 
From an experimental point of view, high-resolution measurements of 
photon absorption and scattering cross sections in the GDR energy region 
allow one to investigate the fragmentation mechanisms and to extract 
nuclear structure information from the GDR coupling to low-energy degrees 
of freedom, as discussed in ref./8/ in the case of deformed nuclei with 
possible meson exchange effects. 
In recent years, the interaction of low-lying (vibrations and rotations) 
and high-lying (giant resonances) collective modes has been studied /9, 
10,11/ within the framework of the interacting boson model (IBM) /12/, 
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which has proven to be a very flexible tool for the description of nuclear 
structure data. The advantage of the IBM alqebraic approach to GUR is 
twofold : first, it provides a simple, yet accurate approximation to 
complex shell-model calculations arid an original framework to deal with 
topics such as shape transitions in GDR photoabsorption /13/, inelastic 
photon scattering /10,14/, interference between nuclear modes and quantum 
electrodynamics effects (Uelbriick scattering) /15/, which are sometimes 
difficult to interpret with othor nuclear models. Second, the flexible 
algebraic structure of IBM allows one to introduce the GDR coupling to 
nuclear non-bosonic degrees of freedom in a simple manner. 
Essentially, four kinds of nuclear excitations have been introduced till 
now into an extended IBM, originally formulated /12/ in terms of s and 
d bosons only, for low-energy spectra of even-even (non-magic) nuclei : 

1) IBM plus further particle-particle bosons, like negative-parity 
octupole bosons ( f-boson, with J w = 3") to describe negative-parity 
states in even-even nuclei /16/ and positive-parity bosons with intrin
sic angular momentum L ^ 4 , to enlarge the IBM configuration space /17/. 

2) IBM plus fermi on degrees of freedom, to deal with odd-mass nuclei 
(interacting boson-fennion model) /19/, odd-odd nuclei /20/ and two-
quasiparticle excitations in even-even nuclei /21/. 

3) IBM plus particle-hole bosons, to describe giant resonance states and 
their coupling to low-energy levels /9-12,13,22/, and s' or d' bosons 
(JK = 0 + and 2 +, respectively) to simulate low-energy intruder states 
originating from two particle-two hole excitations through closed 
shells /18/. 

4) IBM plus spin and isospin degrees of freedom, to reproduce low-energy 
spectra and properties of light-mass nuclei,eg.in the 2s-ld shell (IBM-3 
/23/ and 1BM-4 /24/ models). 

Moreover, different nuclear modes (1-4) can be combined together to yield, 
for instance, an interacting boson-termion model with enlarged boson basis 
(s,d,g,...). In the following, we shall discuss point (3), limiting 
ourselves to GDR and extensions of the relevant model to include both 
fermion (2) and isospin (4) degrees of freedom. 

FORMALISM 

In IBM language, the GDR excitation can be described by means of a p-boson 
with Jn = 1" ; the whole nuclear system is then represented by the following 
basis states : 

• i v > - ( s + )V )V ) q i o> , (i) 
where |0>is the boson vacuum, m+n=N, number of effective bosons, q=0 or 
1, depending on whether low-energy or GDR states are concerned, respectively, 
s ,d+ and p+ create one s,d or p boson, respectively. The relevant 
Hamiltonian is : 

" = "sd + fpfìp + "sdp ' (z) 
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where H . is the usual IBM-1 Hamiltonian /12/, n is the p-boson number 

operator and the coupling term, II . , between low- and high-energy bosons 
has the general form : 

"sdp = bu(d
+x3f)<0)(p+xp)<0) + b1(d

+xd)(1).(p+xp)(1) • 

b 2Q^
,.( P

+xp) ( 2 ) • (3) 

Here, Q ^ - [ (s\d + d4xs)<2> >x (d
+xd)(Z) ] and ̂  >m = (-1 )J

+raa. ,_,„. 

In eq.(3) the dominant term, responsible for the GDR splitting due to 
nuclear deformations or surface oscillations, is the quadrupole-quadrupole 
operator, while the monopole-monopole interaction renormalizes the free 
p-boson energy, e„. Finally, the dipole-dipole interaction shifts the GDR 
states to lower or higher energies, according to the sign of bi, and 
modifies the relevant dipole strengths. 
The transition strengths from GUR to low-lying states can be easily evalua
ted by means of the following dipole operator : 

D ^ = D0(p
+ + p) . (4) 

For a comparison with experimental data, one calculates the photon absorption, 
°abs> and differential scattering, do/dfi , cross sections in the GDR 
region. They are expressed, as usual, in terms of nuclear polarizabili ties 
/ V , PL : 

X i + L z U l _ e e v^l(Ze)2 (5) 

AmNc 

a abs Vi E 
4ir he . B 

lmP0 • (6) 

da ,„ „ nn+ , +v E' 
dil 

(£,£\0;Of-L/) = ̂ r \PL\78L(e)bLL/ , (7) 

with go(0)=in+cos
20), g2(0)=TVn3H-cos

2^) . Here> E (E-) is the incident 
(emitted) photon energy, # the scattering angle, L the transferred angular 
momentum and Lf the spin of final nuclear state ; the last term on the r.h.s. 
of eq.(5) accounts for the Thomson amplitude in the elastic channel, Z and 
A being the charge and mass number, respectively, of the target nucleus and 
ni|s| the atomic mass unit. 
Moreover, | 1" > is the nth GDR state, at energy E . Since its intrinsic width, 
J7 , cannot nbe evaluated within the IBM framework, we assume the following 
power law /l/ : 

r(E) = kE(>, (8) 

where k and ò have to be adjusted on experimental data. We Ivive thus six 
parameters left, namely b,., b,, I ~, l)y, k and ò , whose values are determined, 
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ong 

for a given isotope chain, by the best fit to the photoabsorption cross_,/3 

section. The p-boson energy satisfies the semiempirical law f ~ 77.5 A 
MeV. Once the parameters are adjusted on the experimental photoabsorption 
data, differential scattering cross sections can be calculated without 
further adjustable parameters and, therefore, represent a good test for 
the model. 

GDR EXCITATION IN SHAPE TRANSITIONAL REGIONS 

Since the IBM parameters are fixed for a given isotope chain (see Table I), 
it is useful to investigate shape transitional regions where different GDR 
fragmentation patterns appear as a consequence of the coupling to different 
ground-state shapes. The original SUB(6) symmetry of IBM-1 can be reduced 
to three subsymmetries corresponding to different low-energy spectra : SU„(3) 
which describes an axially symmetric rotor ; Su*B(5), a vibrational nucleus ; 
OD(6), a gamma-soft nucleus. 
Tne SUBf5) ) SUp(3) transition from a spherical to a deformed shape is 
exemplified by Nd and Sm isotopes /16/; the relevant GDR fragmentation al 
this chain is discussed in ref./13/. The S U g ( 3 ) — ) 0g(6) case goes from 
axially symmetric rotors, with two main GDR components like in ,0 Os, to 
Jf-soft nuclei, where the GDR state at the lowest energy is strongly excited 
and the remaining dipgle strength is uniformly distributed among several GDR 
components, like in '92os /13/. In figs.l and 2, we show analogous results 
for Pt isotopes : 1^2pt has the GDR splitting typical of a }f-soft nucleus, 
while ^98pt exhibits a fragmentation pattern close to that of an oblate rotor. 
Finally, the 0B(6) ) SUB(5) transition is observed, for instance, in Ru 
isotopes and neighbouring nuclei /12/. Calculations for ,00Pd and 10°Pd, 
presented in figs.3 and 4, are representative of GDR fragmentation for nuclear 
shapes intermediate between these two symmetries, but closer to the SUB(5) 
limit. In this case, the dipole strength decreases with increasing excitation 
energy. 
We observe that the elastic scattering in figs.1-4 is evaluated in kinematical 
ranges (E ̂ 8 MeV, # = 140°) where both atomic Rayleigh and Delbriick 
contributions are negligible. As for the inelastic Raman scattering, the 
present IBM approach has been proven successful in reproducing exDerimental 

data /25/, in particular 
excitation of rotational 

TABLE I side bands /10»13/» 
which cannot be easily 

IBM parameters for the giant dipole resonance described within the 
framework of other 
collective models. 

Isotope Pd Sin 0s Pt 

bQ (MeV) 

b1 (MeV) 

b2 (MeV) 

DQ (e.fm) 

k (MeV1-0) 

Ó 

0. 

0. 

0.50 

6.4 

0.08 

1.5 

0. 

1.0 

0.48 

8.0 

0.06 

1.6 

0.30 

0. 

0.35 

9.4 

0.09 

1.4 

0.30 

0. 

0.35 

9.5 

0.08 

1.5 
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EXACT SUB(3) SYMMEllV.' 

In the 5IL(3) limit, it is possible to derive analytic formulae for the 
GDR splitting due to the ground-state deformation, since the p-boson 
operator transforms under SU(3) like a first-rank tensor, belonging to 
t.ie (1,0) irreducible representation (irrep). The GDR states are then 
coupled only to the UJ and 2! levels in the ground-state rotational band, 
which belongs to (2N, 0). I"us, w 

(2N.0) ® (1,0) = (,'N+l.O) 0 (2N-1.1) (9) 

The energies of the two GDR states contained in the (2N+1.0) and (2N-1.1) 
irreps are expressible in terms of expectation values of relevant SU(3) 
Casimir operators /!!/. In fact, the Hamiltonian 

" - •,iìì,.i«i) * '.,"„ • «QÌS).(P*»P)<2> . 1 sd •'"sd ' "p"p ' "• Hsà (10) 

with 0 ,'=fto(d xd)^ ', can be written as a combination of SU(3) Casimir 

opera tors, ̂ o : 

fe?|su(3)| = 26
(2>-Q(2)

 +
 3 CCD.Cd) , {11) 

_ 4 

if one defines Q» ' = - ~ (p xpj^ ' in order to satisfy the commutation 
rules of su(3) ^algebra. 
Therefore, neglecting the energy differences of levels in the ground-state 
band (the first term on the r.h.s. of eq.(10) ) in comparison with the GDR 
splitting, one obtains /11/ : 

f -
P 

" ve 
2F3 ' 

2N a I \3 

S Usdp< 3 J e
2l

SUsd<3> '2lSV3)]l " 

«(2fH3)/(2,3) (12) 

Alternatively, we can recover the same result by an exact solution of the 
corresponding two mixed-level problem /9/. The 2x2 matrix Marni 1 toni an (10) 
which couples GDR components to Ot and 2t levels, is : 

II = f IK 
p u <2\\\&0t)<b r i5 u i " l ' sd ' , i u i 

a 

E(2 

(2), 
<o;iiQsd 

10X3 

2|>0 

llQ^I^Xl) 
(13) 

'sd "M 7 
w1thll>= <(1,0) ,0,1 | | (p+xp) ( 2 ) | | (1,0),0,1 >= fb and <0J||q(^||2J > 

<2 | l lQ Ìd ) H U Ì > = N 2 N + 3 ) • < z ] l l i ì d , l l 2 l > a -^(4N+3)/(2^7). 

By diagonalizing llamiltonian (13), where E(2{) is assumed negl ig ib le, we 

obtain the eigenvalues En = r -a(4fU3_f3 )/M 

in the l im i t of large N, they 

-n p -«(^^3^3 hòNz+24N+l ) / (8^3), corresponding 

to t i e energies of the two GDR components 
reduce to : 

6 ZaH/p ; 

2̂ 3 
(ZN*3/2) 

(14) 
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0=14Cf 

EYlMeV) Ey(MeV) 

Fig.5. SUR(3) calculations of (a) photon elastic scattering and (b) inelastic 
scattering to the 2, state of "<-Th, a^ an ar,gie # = 140? Solid line : 
broken SUR(3) symmetry /14/ ; dashed line : exact SU,.(3) symmetry (see 
text). Experimental data are quoted in ref./14/. 

to be compared with formula (12). Moreover, the two dipole transition 
strengths are proportional /ll/ to the reduced Wigner coefficients of 
the SU(3)O S0(3) decomposition /26/. 23? 
In fig.5, results of IBM calculations for Th in both exact and broken 
SUR(3) symmetry are compared with experimental data. Breaking the SIL(3) 
symmetry allows the low-energy spectrum to be accurately reproduced /14/. 

GDR IN ODD-MASS NUCLEI 

It is possible to generalize to odd systems the above treatment of GDR in 
even-even nuclei by adding suitable fermion degrees of freedom /27/. In 
particular cases we can exploit the limit symmetries to derive closed-form 
expressions for the GUR energy splitting, in analogy with the exact SUR(3) 
symmetry. For instance, we shall consider a deformed nucleus whose even-
even core is described by SU R(3), where the unpaired nucleon occupies a 
1=1/2 or 3/2 orbital. The fermion angular momenta, j=l/2 and 3/2, can be 
decomposed into a pseudo-orbital part, k=l, which transforms like a first-
ra.ik tensor under SUr(3), and a pseudo-spin part, s=l/2 /28/. 
The relevant group decomposition chain for the description of low-energy 
spectrum is : 
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U(6/6) D U B ( 6 ) ® u j
j ) ( 6 ) D SUB(3) ©Suj

k )(3) ® S U < s ) ( 2 ) D 

SU B F(3)®SU(
S )(2)D SO B r(3)0Su(

s )(2)DSpin(3) . (15) 

The rotational ground-state band belongs to the (2N+1.0) irrep of SURF(3) 
and includes states with J=l/2,3/2,5/2,....2N+3/2. Only the three lcwer-
spin levels, namely J=l/2,3/2 and 5/2, are coupled to the GDR, according 
to the following decomposition : 

(2N+1.0) ® (1,0) = (2N+2.0) © (2N.1) , (16) 

where five GDR components arise ; two of them,with angular momentum J=l/2 
and 3/2 and parity opposite to the ground-state, belong to the (2N+2,0) 
symmetric irrep. The remaining three states, with J=l/2,3/2 and 3/2, are 
contained in the (2N,1) irrep. 
Their energies are obtained by diagonalizing two Hamiltonian matrices, as 
in the SU„(3) limit. The 2x2 Hamil^nian matrix gives the energies of the 
J=l/2 GDR components, coupled to the low-energy J=l/2 and 3/2 levels, while 
the other 3x3 Hamiltonian matrix yields the energies of the J=3/2 GDR 
states, interacting with the J=l/2,3/2 and 5/2 levels of the ground-state 
band. 
Instead of solving the exact Hamiltonian, the energy splitting of the two 
J=l/2 GDR components can be directly related to the expectation values of 
SU(3) Casimir operators, in analogy with eqs.(ll) and (12) : 

A E = E|(2N,1),1/2 J - E[(2N+2,0),l/2) = « V3(N+1) . (17) 

GDR WITH ISOSPIN 

Another interesting problem is the isospin splitting of the GDR in light-
mass nuclei, where the isospin, T, is a good quantum number and the low-
energy spectrum has to be described within the framework of IBM-3 version 
/23/ of the model, which contains neutron-proton bosons (T=l, T =0), in 
addition to the usual neutron-neutron and proton-proton pairs. 
Moreover, the electric dipole excitation carries one isospin unit with 
third component equal to zero. The relevant group decomposition chains 
are /29/ ; 

U B
S d )(6) ® SUJsd)(3) ® SU<P>(3) ® SU|P>(3)D U<sd>(6) 0 SU<p)(3) 0 Su|sdp>(3) 

or : (18a) 

Z> UB
sd)(6) ® SU<p)(3) © Sujsd)(2) © Sujp)(2) 

D U ^ s d ) ( 6 ) 0SU^ P )(3) ® Sl)jsdp)(2) , (18b) 

depending on whether strong (18a) or weak (18b) isospin coupling is 
considered (see ref./29/ for a detailed discussion). If eq.(18a) holds, 
the isospin irreps for the ground-state band /23/, (N,0), and the GDR 
excitation /29/, (1,0), are decomposed as follows : 

(N,0) 0(1,0) = (N+1,0) © (N-1,1) . (19) 

The (N+1,0) irrep contains T=N+1,N-1,...Jn+1, where Tn is the ground-state 
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3D 
a, 
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20 
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0Bl6)eSU,U) 
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24 26 28 30 

Ey (MeV) 

Fig.6. Experimental /30/ and calculated (solid line,.: broken 0B(6) x SUT(2) 
symmetry) photoabsorption cross section of 2°Mg. Dot-dashed line : 
T=l component ; dashed line : T=2 component ; the segments at the 
bottom represent the calculated dipole strengths, S , in arbitrary 
units. 

isospin, while the non-symmetric (N-1,1) irrep contains T=N,N-1,...J0+l, 
TQ. Only GDR components with T=T„ or TQ+1 are allowed by the selection 
rules. In scheme (18b), only two isospin components arise, with T=TQ+1 
and T=Tn, respectively, and energy separation A E ( T ) = 4fl (Tn+1) where 
0 = 15/K MeV /29/. u 

In both cases, however, the ratio of dipole strengths in the two isospin 
channels (TQ and TQ+1) is given by : 

S(T=T0+1)/S(T=T0) = 1/TQ . (20) 

This isospin splitting is superimposed to the (previously discussed) 
deformation splitting. In fig.6, we show the photoabsorption cross section 
of 26Mg, where both isospin and deformation (in a broken 0g(6) symmetry 
which reproduces the low-lying spectrum 129/) effects are taken into 
account in the IBM calculation. The GDR parameters are : e = 21.9 MeV, 
b2 = 2.60 MeV and D Q = 1.7 e fra.

 p 

Finally, it is worth mentioning the possible model extension which includes 
both spin and isospin degrees of freedom within the IBM-4 framework /24/. 
The p-boson excitation then carries additional intrinsic spin (s=0,1) and 
isospin quantum numbers ; the relevant group structure is $uip'(3) 0SuI?)(6), 
which is coupled to the low-lying IBM-4 states /24/. b 

IBM-4 shows two interesting features : first, the low-energy spectra of 



18 

odd-odd nuclei can be successfully described within the model /31/ and, 
therefore, it is possible to consider GUN fragmentation in odd-odd 
nuclei, too. Second, since SILT(6) contains the Wigner superimi Itiplet 
group, SU(4), the following meaningful decomposition holds : 

45d)(6) ©S*4T
sd)(6) QSUJP)(3) O S U ^ e j D (21) 

U^sd>(6) ®Su<S
T
d>(6) ®SU<P>(3) 0 SujP>(«, . 

This symmetry group incorporates the Goldhaber-Teller Oscillator (GTO) 
model, introduced by Donnelly and Loludice /32/ in order to couple 
surface vibrations to GDR excitations so as to deal with inelastic 
electron scattering reactions in light-mass nuclei. Jn fact, the GTO 
model corresponds to the limit symmetry, SuJsd|5)0 SUjP'(3) Q S U ( P ) ( 4 ) , 

arising as subgroup of formula (21). 
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