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Table 1
Experimental  and RPA  multipole  states  of 132 Sn. The  main  components  are  those  associated  
with  RPA  amplitudes  X that  are  larger  than  0.3  in absolute  value,  and are  listed  together  with  
the value  of X 2 in parenthesis.  The  B(E/M λ ) values  refer  to the transitions  to the ground  state.
Iπ Energy [MeV] B(E/M λ) [W.u.] Main components

Exp. Theory Exp. Theory Theory

2+1 4.041 3.87 7 4.75 νh− 1
11 /2 f7/2 (0.56), π g− 1

9/2d5/2 (0.19),

π g− 1
9/2g7/2 (0.14)

3−1 4.352 5.02 > 7.1 9.91 νs− 1
1/2 f7/2 (0.40), νd− 1

3/2 f7/2 (0.12),

π p− 1
1/2g7/2 (0.12)

4+1 4.416 4.42 4.42 5.10 νh− 1
11 /2 f7/2 (0.63), π g− 1

9/2g7/2 (0.21)

6+1 4.716 4.73 1.65 νh− 1
11 /2 f7/2 (0.86), π g− 1

9/2g7/2 (0.11)

8+1 4.848 4.80 0.28 νh− 1
11 /2 f7/2 (0.98)

5+1 4.885 4.77 0.20 νh− 1
11 /2 f7/2 (0.99)

7+1 4.942 4.80 0.30 νh− 1
11 /2 f7/2 (0.98)

(9+
1 ) 5.280 4.99 0.04 νh− 1

11 /2 f7/2 (0.99)

1+1 4.97 7.95 π g− 1
9/2g7/2 (0.76), νh− 1

11 /2h9/2 (0.24)

2+2 5.37 < 10− 2 π g− 1
9/2g7/2 (0.72), νh− 1

11 /2 f7/2 (0.18)

2−1 5.44 0.47 νd− 1
3/2 f7/2 (0.79)

3+1 4.79 0.13 νh− 1
11 /2 f7/2 (0.96)

3+2 5.40 1.99 π g− 1
9/2g7/2 (0.96)

4+2 5.25 1.01 π g− 1
9/2d3/2 (0.56), νh− 1

11 /2 f7/2 (0.32)

5+2 5.45 0.61 π g− 1
9/2g7/2 (0.99)

6+2 5.32 2.67 π g− 1
9/2g7/2 (0.74), νh− 1

11 /2 f7/2 (0.13)

7+2 5.42 0.50 π g− 1
9/2g7/2 (0.99)

Fig. 3. (Color  online.)  Time  spectra  used  for  the lifetime  analysis  of the 13/2 + (a)  
and 15/2 + (b)  states  of 133 Sb (235 U fission  data).  Dark  (light)  histograms  are  the 
distributions  of the time  difference  between  the detection  of the feeding  and de-
caying  transitions  (and  vice  versa),  for  the cascades  shown  on the right.  C is  the 
difference  between  the centroids.  The  insets  show  examples  of background  selec-
tions  around  the coincidence  peaks  in the (E γ1 , Eγ2 ) LaBr 3 (Ce)  histograms.

of Hartree–Fock  (HF)  and  Random  Phase  Approximation  (RPA)  cal-
culations  performed  with  the  Skyrme  SkX  interaction  [48] . This  
Hamiltonian  can  be diagonalized  separately  in  different  Hilbert  

subspaces  with  good angular  momentum  j and  parity  π . In  each  
of these  subspaces  we  have  both  one-particle  states  and  so-called  
one particle-one  phonon  states.  However,  some  of the  so-called  
phonons  turn  out  to be pure  1p–1h  states,  as it  can  be expected.  
We  label  all  states  as phonons  just  in  keeping  with  the  fact  that  
they  come  out  of the  RPA  diagonalization,  but the  word  “excita-
tion”  would  indeed  be more  appropriate.  Table 1 shows  the  cal-
culated  excitations  of the  132 Sn core,  in  comparison  with  known  
experimental  data;  we  presently  include  those  up to 5.5  MeV,  to-
gether  with  the  proton  states  of the  50–82  shell.  We  call  our  model  
“Hybrid  Configuration  Mixing”  (HCM)  and  its  details,  as well  as a 
detailed  account  of the  results,  will  be published  elsewhere.  The  
key  point  is  that  the  correction  for  the  non-orthonormality  of the  
basis  is  taken  into  account  [49] by solving  the  generalized  eigen-
value  problem  (H − E λN ) |λ  = 0, where  N is  the  overlap  matrix  
between  the  basis  states.

Fig. 4 shows,  in  the  bottom  panel,  the  calculated  yrast  and  near  
yrast  states  of 133 Sb, arising  from  the  coupling  between  the  va-
lence  proton  and  core-excitations.  A number  of features  is  evident.  
The  model  does  reproduce  well  the  energy  sequence  of the  high-
spin  states  observed  experimentally.  Also,  a fast  evolution  of the  
wave  function  composition  is  seen,  from  complex  to non-collective  
character,  with  increasing  spin.  As shown  in  the  top panels,  the  
low  spin  states  are  dominated  by the  g7/2 proton  coupled  to the  
2+ phonon,  while  the  highest  spin  excitations  arise  mostly  from  
this  valence  proton  coupled  to the  neutron  h− 1

11 /2 f7/2 non-collective  
core  excitation.  The  states  in  between,  at spin  13/2 + and  15/2 + , 
show  instead  a fragmented  wave  function  involving  the  coupling  
of the  valence  proton  to both  the  4+ phonon  and  non-collective  
particle-hole  excitations.

The  states  located  in  the  present  work  above  the  21/2 + iso-
mer,  at 4.844 + x and  5.087 + x MeV  (being  x < 30 keV),  clearly  
correspond  to the  excitations  calculated  at 4.83  and  5.11  MeV.  
As seen  in  Fig. 4 , they  arise  from  almost  pure  (> 95%) configu-
rations  of π g7/2 νf7/2h− 1

11 /2 character.  One has  to note  that  the  
existence  of two  yrast  states  above  the  21/2 + isomer  with  spin-
parity  assignments  of 23/2 + and  25/2 + were  suggested  on the  
basis  of the  shell-model  calculations  with  adjusted  empirical  in-
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Observation of the lightest nucleus with a shape isomer: 66Ni
(unique example apart from the heavy actinide systems)

18O + 64Ni à 16O + 66Ni
E(18O beam) =  39 MeV 

Shape coexistence and particle/hole – core couplings 
in atomic nuclei

S. Bottoni - on behalf of the Gamma Milano collaboration* 

Atomic nuclei: 
laboratories for fundamental physics 𝛾-ray and particle spectroscopy is the most powerful tool to access the

multifaceted nature of atomic nuclei. Experiments are performed at
national and international facilities, employing stable and radioactive
ion beams (up to relativistic energies) and intense neutron beams.
Detection setups consist of state-of-the-art composite detector systems
based on large-volume high-purity germanium crystals and novel
scintillator materials, often coupled to magnetic spectrometers or
particle detectors.

Advanced 𝛾-ray detectors with
excellent energy resolution.
Highly-segmented crystals
(e.g. AGATA) achieve the best
performances through 𝛾-ray
tracking.

Segmented charged-particle
detectors (packed geometry)
with high efficiency and
possibility of detection low-
energy particles through Pulse
Shape Analysis.

High-efficiency scintillator crystals
(e.g. LaBr3:Ce) for the detection of
medium- and high-energy 𝛾 rays,
characterized by good energy
resolution and excellent timing.

Large-acceptance
spectrometers for the
detection of heavy
ions produced in
multi-nucleon
transfer reactions.

Laboratories: LNL (Italy), GANIL and ILL (France), GSI (Germany),  
ISOLDE (CERN), IFIN-HH (Romania), RIKEN (Japan),  IFJ PAN (Poland), ANL (U.S.A.), … 

TRACE

PRISMA@LNL-INFN

The shape is one of the most intriguing properties of the nucleus.
Spherical shapes are most natural in the vicinity of double shell closures.
Away from doubly-magic nuclei, different nuclear shapes may compete
and coexist in the same nucleus, at low excitation energy, reflecting the
microscopic configuration of the different intrinsic states. Well-defined
minima may appear in the deformed regions of the Potential Energy
Surface (PES) and a hindered transition between two configurations
with different deformation may occur through metastable states (i.e.
shape isomers), if the barrier between the two minima is high enough.

*Collaboration: S. Leoni, G. Bocchi, G. Benzoni, N. Blasi, A. Bracco, F. Camera, F. C. L. Crespi, B. Million, O. Wieland, P. F. Bortigonon, G. Colò (Università degli Studi di Milano and INFN, Milano, Italy), B. Fornal, M. Ciemała, N. Cieplicka-Orynńzak, Ł.W. Iskra,                    
M. Kmiecik, A. Maj   (Institute of Nuclear Physics IFJ-PAN, Krakow, Poland),  N. Marginean, D. Bucurescu,  C. Costache, D. G. Ghita,  R. Marginean, C. Mihai, A. Negret, C. R. Nita, C. Sotty (IFIN-HH, Bucharest, Romania), C. A. Ur (ELI-NP, Bucharest, Romania), 
M. Sferrazza (Université libre de Brussels, Buxelles, Belgium), D. Bazzacco, A. Goasduff, D, Mengoni, F. Recchia (University of Padova, Padova, Italy), D. Napoli, J. J. Valiente-Dobon ( Laboratori Nazionali di Legnaro, Legnaro, Italy), A. Blanc, M. Jentschel, U. Köster, 
C. Michelagnoli, P. Mutti, T. Soldner (Institut Laue-Langevin, Grenoble, France), T. Otsuka, Y. Tsunoda (University of Tokyo, Tokyo, Japan).
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multi-nucleon transfer reactions at
sub-barrier energies

(IFIN-HH – Bucharest)

High-resolution 𝛾-ray spectroscopy
with the ROSPHERE Ge array 

Lifetime measurements in the 
picosecond region (PLUNGER technique)

Large-scale Shell-Model calculations, performed with 106-core supercomputers
(University of Tokyo), in the full pfg9/2d5/2 valence space 

The interplay between single-particle/hole excitations and collective
responses of the nucleus generates very complex nuclear excitations.
They can be studied in systems made of one valence particle/hole and a
doubly magic core. At low excitation energies, single-particle/hole
states coexist with coupled states between the latter and collective
(phonons) and non collective core excitations. This phenomenon is the
key ingredient in explaining the damping of giant resonances, the
anharmonicity of vibrational spectra and the quenching of spectroscopic
factors. Due to the divergent number of configurations involved, shell-
model approaches can not be applied and alternative models must be
developed.

Particle-core couplings in exotic, neutron rich nuclei

Lifetime measurement

Reduced transition 
probability

𝛾 spectroscopy of neutron-
rich nuclei, produced in
neutron- induced fission of
235U and 241Pu, performed
with Ge detectors and
LaBr3 detectors for
measuring lifetimes with
fast-timing techniques

Interdisciplinary with
astrophysics

The atomic nucleus is a many-body quantum system made of interacting
fermions. Its complex structure and dynamics is governed by the nuclear
force, which is responsible for the variety of phenomena occurring along 
the nuclide chart. A major goal of modern nuclear physics
is to understand the evolution of the structure 
of the nucleus, as a function of N/Z, 
towards the limit of nuclear 
existence and in connection 
with its microscopic 
properties.

S. Leoni et al., Phys. Rev. Lett. 118, 162502 (2017) 

Recently-developed Hybrid Configuration Mixing Model – 49Ca and 133Sb
(Hartree-Fock + Random Phase Aprrox. with Skyrme effective interaction)

Exp

Theroy

With Pigmy
resonance

∆E𝛾 ~ 2.3 keV @ 1.33 MeV
ε𝛾 ~ 40% (4π configuration)

(192 Ge x 36 segments each: 6780 segments)

∆Ω ~ 80 msr
∆A/A ~ 1/190

ε𝛾 ~ 10% @ 2 MeV
(8 clusters at 23 cm)

(LaBr3 – NaI phoswiches) 
∆E𝛾 ~ 40 keV @ 1 MeV 
∆t ~ 300 - 400 ps

60 square pads
∆E ~ 50 keV


