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Figure 1. The change of the mean field potential (top) and density
profiles (bottom) from � stable (a) to neutron-rich nuclei (b) and to
much more neutron-rich nuclei near the neutron-drip line (c) is
schematically shown. The upper panels indicate how the change of
the ratio of proton/neutron numbers can induce a significant
difference of Fermi energies between protons and neutrons as
measured by Sp � Sn. Such a difference causes the formation of a
thick neutron skin as in the bottom panel of (b). When Sn
approaches zero, the neutron halo structure appears as a
consequence of the quantum tunneling.

are the resultant dynamical aspects as revealed, for instance,
in the electric dipole response as discussed here.

The study of the physics of halo nuclei was initiated
in the mid-1980s by Tanihata et al [3, 6, 7] when they
started to apply high-energy fragmentation reactions to
produce very exotic nuclei by using heavy ions at about
800 MeV per nucleon at the Bevalac at LBNL (Lawlence
Berkeley National Laboratory). They measured systematically
the interaction cross sections of light neutron-rich nuclei up
to the neutron-drip line from He to Be isotopes and found
that the most neutron-rich Li isotope, 11Li, exhibits by far a
much larger matter radius as compared to the conventional
r0 A

1/3 systematics [3]. While it was not evident a priori if
the origin would be a strong deformation or a long tail in the
matter distribution [6], additional experimental information
on the magnetic moment obtained at ISOLDE [8] (and later
also of the quadrupole moment [9]) suggested an explanation
as detailed by Hansen and Jonson [4] that the large interaction
radius is related to a long tail of the neutron wave function
due to the small binding, which they named ‘Halo’. In the
same paper, Hansen and Jonson also predicted that, as a
consequence, the Coulomb breakup cross section of such
halo nuclei should be extremely large. Direct experimental
evidence of the halo structure of 11Li, where two valence
neutrons are extended over the densely packed 9Li core,
then came from the observation of the narrow momentum
distribution of 9Li, following the breakup of a 11Li projectile
with a carbon target, by Kobayashi et al [10] (transverse
component of the momentum), and later confirmed by Orr
et al [11] (longitudinal component of the momentum). These
observations directly reflect the small internal momentum
equivalent to the extended density distribution of the two
valence neutrons, which are removed in the reaction. The
third important observation on 11Li was the anomalously large
electromagnetic dissociation (EMD) cross section of close
to one barn by Kobayashi et al [5]. They bombarded the
heavy Pb target with a 11Li beam and observed inclusively
the 9Li fragment [5]. This was interpreted as evidence of
an enhanced electric dipole (E1) response at low excitation

Figure 2. The upper panel shows the vibration of the ‘neutron
fluid’ relative to the ‘saturated core’. The bottom panel shows the
transition probability as a function of excitation energy. The
lower-energy bump corresponds to a ‘new soft-dipole giant
resonance’, whereas the higher-energy bump corresponds to ‘GDR
analogous to the conventional one’. The figure is reprinted with kind
permission from Ikeda [12].

energies, called ‘Soft E1 excitation’ as predicted by Hansen
and Jonson [4]. These three observations, large interaction
cross sections, narrow momentum distribution of the fragment
and the enhanced electric dipole response at low excitation
energies, have been the major signals of any halo system.
The pioneering experiments by Tanihata et al [3], which
led to the discovery of the halo nuclei, constitute the birth
of physics using reactions with radioactive beams. Reaction
experiments with radioactive ion (RI) beams have been
extremely successful over the last two decades; in conjunction
with increased efforts in nuclear theory, they have allowed to
unravel and understand the properties of these exotic nuclear
systems.

In this article, we focus on one observable to investigate
exotic nuclei, that is, the electric dipole (E1) response.
Considering the E1 response of stable nuclei, where the
giant dipole resonance (GDR) around Ex ⇠ 80A

�1/3 MeV
(⇠13–20 MeV) exhausts most of the E1 strength, the
significant E1 strength well below the GDR energy for
neutron halo and neutron-skin nuclei is very unique. Hence,
the E1 response of exotic nuclei, in particular that of
neutron-rich nuclei exhibiting neutron-halo or neutron-skin
structure, has been a major subject of physics of exotic nuclei.
Experimentally, the E1 strength function of exotic nuclei
can be accessed by using heavy-ion-induced electromagnetic
excitation. Most of the experiments discussed here study the
neutron or particle decay after excitation. In this case, the
process is called the Coulomb breakup4.

The mechanism of the enhanced E1 response for halo
nuclei has been a major issue of the physics of halo nuclei.
Hansen and Jonson [4] discussed the possibility of ‘soft
electric dipole mode’ for 11Li, which is considered as having a
non-resonant character, inferred from the analogy of deuteron.
Meanwhile, as shown in figure 2, Ikeda attributed the

4 The term ‘Coulomb breakup’ is equivalent to Coulomb dissociation. The
term EMD implies a possibility of including magnetic excitation, although
otherwise it is equivalent to Coulomb breakup.
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Calculations done with the Hartree-Fock plus 
RPA with SGII Skyrme effective interactions
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They are present in all the nuclei with N>Z 
(due to the neutron excess). 

They are related to the symmetry energy.

The low-lying dipole states (aka Pygmy 
Dipole Resonance) carry only few per cent 
of the EWSR and are located at an energy 

range below the GDR.

Strong isoscalar component (transition 
densities)
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neutron and proton transition 
densities are in phase inside 
the nucleus; at the surface 
only the neutron part survive.

“Theoretical definition” 
of the PDR

    

� 

 =
1
4

()
j p + l p +

1
2

ˆ j p ˆ j h
ˆ  

< jh
1
2 jp 

1
2 | 0 >( + lp + lh,even)

ph


 X ph
 Yph

[ ] Rl p j p
(r) Rlh jh

(r)

Due to their strong isoscalar 
component these states can be 
studied also via an isoscalar 
probe
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Eα=136 MeV

This effect has been examined by microscopic calcula-
tions. The (!, !0) cross sections can be directly compared
to calculated nuclear response to the electromagnetic di-
pole operator r Y1. The calculation of the (", "0) cross
sections involves the Coulomb and nucleon-nucleon terms
of the "-particle interaction with the target nucleus. We
have checked that the former term plays a marginal role
(less than 10%) under conditions of the present experi-
ment. Then, accounting for a small q value of the reaction
which is about 0:33 fm!1, the (", "0) cross section is
proportional with a good accuracy to the response to the
isoscalar dipole operator r3 Y1. The spurious center-of-
mass motion has been removed (see, e.g., [33] for details).

The nuclear structure part of these calculations has
been performed within the QPM [34] and the relativistic

quasiparticle time-blocking approximation (RQTBA) [35],
the most representative combination of the microscopic
nuclear structure models beyond quasiparticle random-
phase approximation (QRPA). The QPM wave functions
of nuclear excited states are composed from one-, two-
and three-phonon components. The phonon spectrum is cal-
culated within the QRPA on top of the Woods-Saxon mean
field with single-particle energies corrected to reproduce the
experimentally known single-particle levels in neighboring
odd-mass nuclei. The details of calculations are similar to
the ones in Refs. [3,14,17]. The results are presented in
Fig. 2. Figure 2(d) shows that the electromagnetic strength
is strongly fragmented with two pronounced peaks at about
6.3 and 7.5 MeV, in good agreement with the measured
(!, !0) data. The isoscalar response in Fig. 2(c) reveals the
suppression of the strength in the higher energy part of the
spectrum, in good qualitative agreement with the data.
The RQTBA is based on the covariant energy-density

functional and employs a fully consistent parameter-free
technique (for details seeRef. [35]) to account for nucleonic
configurations beyond the simplest two-quasiparticle
ones. The RQTBA excited states are built of the two-
quasiparticle-phonon (2q " phonon) configurations, so that
themodel space is constructedwith the quasiparticles of the
relativistic mean field and the phonons computed within the
self-consistent relativistic QRPA. Phonons of multipolar-
ities 2þ , 3!, 4þ , 5!, 6þ with energies below 10 MeV are
included in themodel space. The result of these calculations
is shown in Figs. 2(e) and 2(f). Compared to the experi-
mental and to the QPM spectra, the structural features are
shifted by about 600 keV towards higher energies for theE1
electromagnetic strength and even more for the isoscalar
dipole strength. Furthermore, the obtained fragmentation is
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FIG. 3. (a) Differential cross section obtained from the
124Snð";"0!Þ experiment integrated to bins with a width of
100 keV. (b) Energy integrated cross section measured in
124Snð!;!0Þ integrated to bins with a width of 100 keV.
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FIG. 2 (color online). (a) Singles cross section for the excitation of the J# ¼ 1! states in 124Snobtained in the (", "0!) coincidence
experiment. The solid line shows the energy-dependent experimental sensitivity limit. (b) BðE1Þ " strength distribution measured with
the (!, !0) reaction. The middle column shows the QPM transition probabilities in 124Snfor the isoscalar (c) and electromagnetic
(d) dipole operators. The RQTBA strength functions in 124Snfor the isoscalar and electromagnetic dipole operators are shown in
(e) and (f), respectively.
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The use of isoscalar probes has brought  
to light a new feature of this new mode

The 
splitting of 

the PDR

Experimental data 
isoscalar probe



The different response to isoscalar 
and isovector probes is important 
also in the study of the pygmy in 

the deformed nuclei. 
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Figure 12.19.: Sketch of the B(E1) response in heavy deformed nuclei. Showing a double hump,
with about the same energy ratio as the two peaks of the GDR, the PDRmight also
show a deformation splitting where a deformed isospin saturated core oscillates
against a deformed neutron skin.

Figure 12.20.: Di�erent angle cuts obtained from the finite angle measurements, using the 0�
and the 3� setting in combination.

angles, which indicates the pure E1 character. The angular distribution of this peak can be
seen in blue in figure 12.21. Here the cross section drops one order of magnitude over the
complete angular range. Since nuclear contributions become significant for large scattering
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A. Krugmann, Thesis (2014), TU-Darmstadt,

One may wonder whether we can see a separation of the 
pygmy peak as it occurs  in the case of the GDR one.



Microscopic description of deformed nuclei 
with particular attention to the  

pygmy dipole resonances

* D. Peña Arteaga, E. Khan and P. Ring, PRC 79, 034311 (2009).
ISOVECTOR DIPOLE STRENGTH IN NUCLEI WITH . . . PHYSICAL REVIEW C 79, 034311 (2009)
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FIG. 4. (Color online) Total pygmy strength versus the mass
number. (Blue) Circles and (red) squares denote spherical and
deformed nuclei, respectively. The dashed (orange) vertical lines
indicate the share of the total strength provided by the Kπ = 0−

mode, while the solid (light blue) are the same but for the Kπ = 1−

mode.

N = 82. Between 126Sn and 132Sn one finds a decrease of the
PDR strength (see [2] and references therein).

However, Fig. 4 also shows that the linear link between the
addition of neutrons and an increase in total low-lying strength
is no longer kept for deformed nuclei, where the growth is
less pronounced. Furthermore, for nuclei where deformation
most dramatically increases, from 148Sn to 150Sn, and to the
most deformed 152Sn, the summed low-lying strength even
decreases with the addition of two neutrons. As stated before,
it has been checked that this is not due to the particular energy
threshold chosen, and therefore, it has to be concluded that
deformation quenches the dipole response in the low-lying
energy region.

The origin of this quenching can be further analyzed
looking at the vertical lines that mark each data point in
Fig. 4, which show the decomposition of the strength into
contributions coming from Kπ = 0− and Kπ = 1− modes.
For spherical nuclei the Kπ = 1− mode carries two thirds
of the total response, while the Kπ = 0− mode provides the
rest. However, for deformed nuclei in the isotopic chain the
contribution from the Kπ = 0− mode increases (in the case
of the most deformed nucleus 152Sn it reaches almost 60%
of the total), while that from the Kπ = 1− mode significantly
decreases. Thus, there is a quenching of the Kπ = 1− mode
and a smaller enhancement of the Kπ = 0− mode, that leads
to an overall quenching of the dipole strength in the low-lying
region.

Since this reduction comes mainly from the Kπ = 1−

mode, it is likely that there is a geometrical interpretation.
It is important to realize, however, that the validity of such a
geometrical picture depends very much on the collectivity and
excitation structure of the RPA peaks. In other studies within
spherical RQRPA [2] it has been found that the dominant
low-lying peaks in this region of the nuclear chart show a rather
collective structure, with a very characteristic pattern for the
transition densities which support the common interpretation
of the low-lying strength as the pygmy dipole resonance, a
collective vibration of the skin of excess neutron against a

T = 0 core. Furthermore, a study using deformed RQRPA
in 100Mo (β ≈ 0.3) [50] shows that, at least for stable nuclei,
deformation does not either destroy the excitation pattern or
the collectivity of the PDR, but merely splits the response into
different peaks for the different Kπ modes.

To gain insight on the geometrical nature of the low-lying
excitations one has to look at the transition densities (17),
which are in the case of axially deformed nuclei functions
depending on the two coordinates along (z) and perpendicular
(r) to the symmetry axis. It has been found that along the full
chain of tin isotopes under study, a pygmy-like structure was
present in the most dominant peaks in the low-lying energy
region. As an example, Figs. 5 and 6 show, in the upper panel,
the 2D transition densities of the Kπ = 0− (at 7.2 MeV) and
Kπ = 1− (at 7.3 MeV) peaks in 152Sn. The upper panel of
Fig. 5 shows the typical pygmy excitation pattern: inside the
dotted line, the nuclear interior, the transition densities for
neutrons (left) and protons (right) are in phase (same sign, i.e.,
same kind of contour lines and same color shading), while in
the surface region, outside the dotted (red) line, they are out of
phase in the case of neutrons, and non-existent for protons. In
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They study the electric dipole 
response in the GDR and PDR 
energy regions for several tin 
isotopes performing a relativistic 
Hartree-Bogoliubov (RHB) mean 
field plus a relativistic QRPA 
microscopic calculations.  

They conclude that the 
deformation quenches the 
isovector dipole response in the 
low-lying energy region. 

Very neutron rich deformed 
nuclei may not be as good 
candidates as spherical nuclei 
for the study of PDR states 



* K. Yoshida and T. Nakatsukasa, PRC 83, 021304(R) (2011).

On the contrary, calculations performed within an HFB plus QRPA 
with Skyrme interactions for Nd and Sm isotopes, show an 
enhancement of the summed low lying dipole strength of about 
five times larger than those corresponding to spherical nuclei. 

The treatment of continuum 
and weakly bound orbitals are 
also different.  

The calculations of Peña et al. 
are fully self-consistent, and 
they do not have the 
contamination of the spurious 
center-of-mass motion.  
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The two calculations use different treatments for the pairing. 
Yoshida et al. adopts the Bogoliubov method and  the other 
the BCS approximation. 



experimental work for 
pygmy dipole resonances in deformed nuclei

* P. M. Goddard et al., PRC 88, 064308 (2013).

Polarised (γ, γ’) on 76Se (relatively small neutron excess) 

It is known that the  GDR is split into two peaks 
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This resonance-like structure is assigned as the Pygmy Dipole Resonance (PDR) in the deformed
nucleus 154Sm.

Figure 12.17.: Photoabsorption cross section �abs deduced from this experiment in the lower
energy region. For a better visibility, the GDR fitted GDR-Lorentzians (the K=0
and the K=1 component) have been subtracted in order to obtain this data set.

12.4.2 B(E1) strength distribution

Using equations (10.22) and (10.28) from section 10.6, the photoabsorption cross section can
be converted into the B(E1) strength distribution which is depicted in figure 12.18. For the
first time, the B(E1) strength distribution is obtained for the heavy deformed nucleus 154Sm
at energies below the neutron emission threshold Sn. Obviously some strength which does
not belong to the GDR can be found here. The two bumps at 5.9 MeV and 7.8 MeV, that
have already been discussed in the previous section are assigned as the PDR. An integration
of the B(E1) strength between 4 and 22 MeV shows that the Thomas Reiche Kuhn sum rule is
overexhausted by 15%. The integrated PDR strength is about 0.9% of the total B(E1) strength.
In terms of the fraction of the energy-weighted sum rule the PDR shows in combination of the
two peaks only 0.5%, because it resides at lower energies.

12.4.3 Deformation splitting

Since the energy ratio of the two bumps in the PDR (equation (12.32), with E(1�low)=5.9 MeV
and E(1�high)=7.8 MeV) is about the same as in the GDR (equation (12.33), with

114

Experiment done at RNCP, 
Osaka, with polarized 
proton on a deformed 
nucleus 154Sm at very 

forward angles

A. Krugmann, Thesis (2014), TU-Darmstadt



Assume  N=Nc+Nv    

Assume Nc=Z     then  ⇢cn(r, ✓) = ⇢p(r, ✓)

Pygmy for deformed nuclei

⇢(r, ✓) = ⇢p(r, ✓) + ⇢cn(r, ✓) + ⇢vn(r, ✓)

⇢p(r, ✓) =
⇢0p

1 + exp{[r �R0p(1 + �pY20(✓)]/ap}

⇢n(r, ✓) =
⇢0n

1 + exp{[r �R0n(1 + �nY20(✓)]/an}

Fermi distribution with axially symmetric 
deformed surface with different geometries 



Kπ=0- Kπ=1-

Pygmy for deformed nuclei

The ”intrinsic” isovector 
transition densities to 
the intrinsic Kπ=0− and 

Kπ=1− states will be 
given within the 

Goldhaber-Teller model 
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K=0- protonneutron

D.Peña Arteaga, E.Khan, 
P.Ring, PRC 79 (2009) 

034311

150Sn 
Kπ=0-

Calculation done 
within the 
relativistic QRPA 
based on a 
relativistic HFB 
basis.

Z=Nc=50,   N=100,  R0p=4.89 fm,  R0n=5.52 fm,  a0p=a0n=0.6 fm,  

βp=βn=0.31  
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The radial transition densities are 
obtained by expanding the intrinsic 

transition densities in spherical 
harmonics
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isovector

isoscalar

Like in the spherical case, for the 
PDR there is a strong contribution of 
the isoscalar transition density at 

the nuclear surface 
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FIG. 4. (Color online) Total pygmy strength versus the mass
number. (Blue) Circles and (red) squares denote spherical and
deformed nuclei, respectively. The dashed (orange) vertical lines
indicate the share of the total strength provided by the Kπ = 0−

mode, while the solid (light blue) are the same but for the Kπ = 1−

mode.

N = 82. Between 126Sn and 132Sn one finds a decrease of the
PDR strength (see [2] and references therein).

However, Fig. 4 also shows that the linear link between the
addition of neutrons and an increase in total low-lying strength
is no longer kept for deformed nuclei, where the growth is
less pronounced. Furthermore, for nuclei where deformation
most dramatically increases, from 148Sn to 150Sn, and to the
most deformed 152Sn, the summed low-lying strength even
decreases with the addition of two neutrons. As stated before,
it has been checked that this is not due to the particular energy
threshold chosen, and therefore, it has to be concluded that
deformation quenches the dipole response in the low-lying
energy region.

The origin of this quenching can be further analyzed
looking at the vertical lines that mark each data point in
Fig. 4, which show the decomposition of the strength into
contributions coming from Kπ = 0− and Kπ = 1− modes.
For spherical nuclei the Kπ = 1− mode carries two thirds
of the total response, while the Kπ = 0− mode provides the
rest. However, for deformed nuclei in the isotopic chain the
contribution from the Kπ = 0− mode increases (in the case
of the most deformed nucleus 152Sn it reaches almost 60%
of the total), while that from the Kπ = 1− mode significantly
decreases. Thus, there is a quenching of the Kπ = 1− mode
and a smaller enhancement of the Kπ = 0− mode, that leads
to an overall quenching of the dipole strength in the low-lying
region.

Since this reduction comes mainly from the Kπ = 1−

mode, it is likely that there is a geometrical interpretation.
It is important to realize, however, that the validity of such a
geometrical picture depends very much on the collectivity and
excitation structure of the RPA peaks. In other studies within
spherical RQRPA [2] it has been found that the dominant
low-lying peaks in this region of the nuclear chart show a rather
collective structure, with a very characteristic pattern for the
transition densities which support the common interpretation
of the low-lying strength as the pygmy dipole resonance, a
collective vibration of the skin of excess neutron against a

T = 0 core. Furthermore, a study using deformed RQRPA
in 100Mo (β ≈ 0.3) [50] shows that, at least for stable nuclei,
deformation does not either destroy the excitation pattern or
the collectivity of the PDR, but merely splits the response into
different peaks for the different Kπ modes.

To gain insight on the geometrical nature of the low-lying
excitations one has to look at the transition densities (17),
which are in the case of axially deformed nuclei functions
depending on the two coordinates along (z) and perpendicular
(r) to the symmetry axis. It has been found that along the full
chain of tin isotopes under study, a pygmy-like structure was
present in the most dominant peaks in the low-lying energy
region. As an example, Figs. 5 and 6 show, in the upper panel,
the 2D transition densities of the Kπ = 0− (at 7.2 MeV) and
Kπ = 1− (at 7.3 MeV) peaks in 152Sn. The upper panel of
Fig. 5 shows the typical pygmy excitation pattern: inside the
dotted line, the nuclear interior, the transition densities for
neutrons (left) and protons (right) are in phase (same sign, i.e.,
same kind of contour lines and same color shading), while in
the surface region, outside the dotted (red) line, they are out of
phase in the case of neutrons, and non-existent for protons. In
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FIG. 5. (Color online) Transition densities in the intrinsic frame
and in the laboratory for the 0−-peak in 150Sn at 7.2 MeV. See text
for details.
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FIG. 6. (Color online) Same as Fig. 5 for the Kπ = 1− mode at
7.3 MeV in 150Sn.

the specific case of Fig. 5, since it is the transition density for a
Kπ = 0− mode, the vibration takes place along the symmetry
axis, i.e., the skin of neutrons (left panel, −7 fm < −z < −7
fm) is concentrated at the caps of the prolate nuclear shape,
along the symmetry axis. On the other hand, on the upper panel
of Fig. 6 is plotted a Kπ = 1− mode, and thus the excitation is
along a perpendicular of the symmetry axis, i.e., the neutron
skin (r > 5 fm) is concentrated around the equator.

The 2D transition densities are referred to the intrinsic
frame of reference, where only the total angular momentum
projection K is a good quantum number, i.e., they are expected
to contain admixtures from all possible angular momenta.
Since the E1 transition operator is a one-rank tensor, it
is expected that the major contributions of the transition
densities to the total response come from the I = 1 angular
momentum. It is therefore interesting to obtain the actual
transition density that would be observed in the laboratory
frame of reference, after projection to I = 1. The lower panels
of Figs. 5 and 6 show the radial part of the transition densities
after such a projection procedure. The pygmy pattern is easily
recognizable, and is very similar to those obtained in spherical
systems: in the nuclear interior both neutrons and protons
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FIG. 7. (Color online) Comparison of the pygmy mode’s transi-
tion densities for the two K-modes between spherical and deformed
nuclei.

oscillate in-phase, out-of-phase with the skin where only
neutrons contribute.

This pattern is observed for both K-modes for the non-
negligible excitation peaks in the low-lying region across the
isotopic chain. Figure 7 shows, as an example, a comparison of
the projected transition densities for some selected spherical
and deformed cases. Obviously there is a direct correlation
between the share of strength coming from the different Kπ -
modes and their transition density amplitudes. For example,
for 152Sn, where the contribution to the strength from the
Kπ = 0− mode is slightly larger than that of the Kπ = 1−

mode, the transition densities show a similar magnitude.
This is in contrast to spherical nuclei where it is trivial that
the one-third/two-thirds ratio is exactly preserved for both
total response strength and transition density amplitude. In
addition, and even though the total response decreases, the
share of strength from the Kπ = 0− response increases with
deformation (e.g., in Fig. 4 from 140Sn to 142Sn).

The analysis of the single-particle structure of the peaks
reveal that their overall collectivity, measured as the number
of contributing qp-pairs, is comparable with those peaks in
the GDR energy region. In all the cases except of 132Sn, the
collectivity of the low-energy states is further enhanced due
to the opening of the neutron shell and the increased number
of two-quasiparticle configurations which contribute to the
low-lying states. In particular, the proton contribution does
not exceed 10% of the total in any of the cases, and is usually
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As far as the deformation 
increases the sharing between 
the two component is more 
favourable to the oscillation 

along the longer axis
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The variation of the ratio for 
the isoscalar case is stronger
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An experiment to measure the PDR in deformed 
nucleus with isoscalar probes has been performed 

at the iThemba LABS, South Africa 

Project PR251, Research Proposal to the PAC of 
iThemba LABS, South Africa. 

Spokeperson: Luna Pellegri 

Study of the low-lying 1− states in the 
deformed 154Sm nucleus via inelastic scattering 

of α particles at 120 MeV.



It is well established that the low-lying 
dipole states (the Pygmy Dipole Resonance) 

have a strong isoscalar component. 

The use of an isoscalar probe is important 
for both spherical and deformed nuclei. 

It seems that the low-lying dipole states can 
be a good laboratory to study the interplay 

between isoscalar and isovector modes

Summary
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