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Abstract. The electric dipole is an important property of heavy nuclei. Precise information on the electric
dipole response provides information on the electric dipole polarisability which in turn allows to extract im-
portant constraints on neutron-skin thickness in heavy nuclei and parameters of the symmetry energy. The tin
isotope chain is particularly suited for a systematic study of the dependence of the electric dipole response on
neutron excess as it provides a wide mass range of accessible isotopes with little change of the underlying struc-
ture. Recently an inelastic proton scattering experiment under forward angles including 0◦ on 112,116,124Sn was
performed at the Research Centre for Nuclear Physics (RCNP), Japan with a focus on the low-energy dipole
strength and the polarisability. First results are presented here. Using data from an earlier proton scattering
experiment on 120Sn the gamma strength function and level density are determined for this nucleus.

1 Introduction

The electric dipole response in heavy nuclei is dominated
by the giant dipole resonance (GDR), a collective mode
above the particle emission threshold usually described as
an oscillation of protons against neutrons. Around the neu-
tron threshold the electric dipole response shows itself as
an oscillation of a neutron skin against an isospin satu-
rated core. This mode is called pigmy dipole resonance
(PDR). The GDR can be investigated using (γ, xn) experi-
ments, whereas the investigation of the PDR is more com-
plicated. Due to its occurrence around the neutron thresh-
old, it can be accessed by (γ, γ′) experiments below the
neutron threshold and by (γ, xn) experiments above the
neutron threshold. However, inelastic proton scattering ex-
periments under 0◦ allow to investigate the GDR and PDR
in a single experiment.

The electric dipole response provides information on
the electric dipole polarisability which in turn allows to
extract important constraints on the neutron-skin thickness
[1–5] in heavy nuclei and parameters of the symmetry en-
ergy [2, 6–8]. Another important property of nuclei which
can be extracted from the electric dipole response is the
gamma strength function (GSF). GSFs describe the aver-
age gamma decay behaviour of a nucleus as a function of
gamma energy. They serve as input in calculations of cross
sections in astrophysics [9], reactor design [10] and waste
transmutation [11] within statistical models. Using the so
called fluctuation analysis [12] it is also possible to deter-
mine level densities in the GDR region [13].
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Figure 1. (Colour online) Inelastic proton scattering spectra un-
der laboratory scattering angles of 0◦, 2.5◦ and 4.5◦ normalised
on the collected charge for 112,116,118,124Sn.

2 Experiment and preliminary results

The proton scattering experiment was performed at the
Research Centre for Nuclear Physics (RCNP), Japan. In
this experiment unpolorised protons with a beam energy
of 295 MeV and a beam current of up to 6 nA were used.
An energy resolution of about 40 keV could be achieved.
Data was taken at laboratory scattering angles of 0◦, 2.5◦

and 4.5◦. The main targets were 112Sn, 116Sn and 124Sn.
Additionally some data on 118Sn could be taken. Details
on the experimental set-up and data analysis can be found
in [14].

In Fig. 1, inelastic proton scattering data for 0◦,
2.5◦ and 4.5◦ normalised on the collected charge for
112,116,118,124Sn can be seen. With increasing angle the
typical decrease in the cross section due to the dominant
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Figure 2. (Colour online) Comparison of the 112,116,118,120,124Sn
spectra (normalised on 124Sn). The data for 120Sn stems from
[15, 16].

Coulomb interaction under small angles can be observed.
In all isotopes the GDR can be clearly identified around
15 MeV. Around the neutron threshold a bump can be seen.
In 124Sn strong structure is apparent in the low energy re-
gion.

Fig. 2 shows a comparison between the measured iso-
topes and 120Sn from an earlier experiment [15]. For com-
parison all data was normalised on 124Sn. As expected
the centroid energy of the GDR is the lowest for 124Sn. It
is shifted to higher energies for lighter tin isotopes and
is highest for 112Sn. All spectra show a bump around
8 MeV and a structure around 6.5 MeV, most pronounced
for 124Sn.

3 Gamma strength function and level
density of 120Sn

The double differential cross section for 120Sn is available
from an earlier proton scattering experiment [15, 16]. Us-
ing the so called virtual photon method the double differ-
ential cross section can be converted to photoabsorption
cross section which allows to determine the E1 part of the
GSF [17]. The M1 part of the GSF was extracted from
M1 cross sections [15]. In Fig. 3 the total gamma strength
function for 120Sn is shown. In the GDR region the GSF
from proton scattering is compared to GSFs from (γ, xn)
experiments [19–21]. The agreement in this region is very
good. In the low energy region gamma strength functions
from (3He,3 He′γ) and (3He, αγ) for 116,118,122Sn are shown
[22, 23]. Unfortunately no GSF for 120Sn from this type of
experiments is available. In comparison to 120Sn from pro-
ton scattering the agreement is quite well in the low energy
region. However, two bumps can be seen in the GSF from
proton scattering around 6.5 MeV and 8.3 MeV. Around
8.3 MeV no direct comparison can be made since exper-
imental data from gamma decay experiments are limited
to lower energies. The bump around 6.5 MeV seems to be
enhanced compared to (3He,3 He′γ) and (3He, αγ) exper-
iments (note the logarithmic scale of Fig. 3). This could
be an indication of a violation of the Brink-Axel hypothe-
sis (in contrast to a recent analysis in 96Mo with the same

2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Energy (MeV)

10−9

10−8

10−7

10−6

To
ta

lG
SF

(M
eV

−
3 )

120Sn (Krumbholz et al.)
116Sn (Agvaanluvsan et al.)
118Sn (Toft et al.)
122Sn (Toft et al.)
120Sn (Fultz et al.)
120Sn (Leprêtre et al.)
120Sn (Utsunomiya et al.)

Figure 3. (Colour online) Total gamma strength function of
120Sn in comparison to gamma strength functions from (γ, xn),
(3He,3 He′γ) and (3He, αγ) experiments [19–23].
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Figure 4. (Colour online) Level density of 120Sn for 1− states.

technique [24]), which states that the GSF depends only
on the gamma energy and is independent of the structure
of the initial and final state [25, 26].

Using a fluctuation analysis [12] it was possible to
extract level densities in the GDR region for 1− states
as shown in Fig 4. The results are compared to Back-
shifted Fermi Gas Model (BSFG) calculations with dif-
ferent parametrisations and a Hartree-Fock-Bogoliubov
Model (HBF) results [27–30]. From (3He,3 He′γ) and
(3He, αγ) experiments only total level densities can be ex-
tracted. Therefore the level densities from proton scatter-
ing for 1− states must be converted to total level densities
for a comparison. The procedure for this conversion is de-
scribed in [31]. In Fig. 5 the total level density in 120Sn
from proton scattering is compared to the level densities
from (3He,3 He′γ) and (3He, αγ) experiments in neigh-
bouring tin isotopes. In the low energy region the BSFG
models reproduce the level densities quite well, whereas at
higher energies the HFB model seems to describe the level
densities more accurately.
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Figure 5. (Colour online) Total level density from proton scat-
tering compared to the level densities from (3He,3 He′γ) and
(3He, αγ) experiments.

4 Summary and conclusions

First results from a recent inelastic proton scattering ex-
periment on 112,116,118,124Sn are presented. In all isotopes
the GDR can be clearly identified. Around the neutron
threshold a bump can be seen. Particularly in 124Sn strong
structure is visible at about 6.5 MeV. The expected shift of
the centroid energy of the GDR can be observed in the tin
isotope chain.

The gamma strength function and level density for
120Sn was determined from the data of Refs. [15, 16].
The GSF agrees well in the GDR region with other ex-
periments. In the low energy region an increase around
6.5 MeV can be seen in the GSF from proton scattering.
This is in disagreement with the GSFs from (3He,3 He′γ)
and (3He, αγ) experiments (albeit not for 120Sn but for
neighbouring tin isotopes), which could be an indication
of a Brink-Axel hypothesis violation.

The level densities agree well with the HFB model at
higher energies. At lower energies however, a better agree-
ment with the BSFG model is observed.
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