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European Research Council

ERC Consolidator Grant 2013
Research proposal [Part B1]1

Spectroscopy of exotic nuclei
in a Magnetic Active Target

SpecMAT

- Principal investigator (PI): Riccardo Raabe
- Host institution for the project: KU Leuven
- Title: Spectroscopy of exotic nuclei in a Magnetic Active Target
- Acronym: SpecMAT
- Proposal duration: 60 months

Proposal summary

SpecMAT aims at providing crucial experimental information to answer key questions about the structure
of atomic nuclei:

• What are the forces driving the shell structure in nuclei and how do they change in nuclei far from
stability?

• What remains of the Z = 28 and N = 50 “magic numbers” in 78Ni?
• Do we understand shape coexistence in nuclei, and what are the mechanisms controlling its appearance?

The position of natural and “intruder” shells will be mapped in two critical regions, the neutron-rich nuclei
around Z = 28 and the neutron-deficient nuclei around Z = 82. The centroids of the shell strength are derived
from the complete spectroscopy of those systems in nucleon-transfer measurements. This method will be
applied for the first time in the region of neutron-deficient Pb nuclei.

In SpecMAT (Spectroscopy of exotic nuclei in a Magnetic Active Target) a novel instrument will overcome
the present challenges in performing such measurements with very weak beams of unstable nuclei. It com-
bines high luminosity, high efficiency and a very large dynamic range and allows detection of both charged-
particle and g-ray radiation. The instrument owns its remarkable performances to a number of advanced tech-
nologies concerning the use of electronics, gaseous detectors and g-ray detectors in a magnetic field.

The SpecMAT detector will be coupled to the HIE-ISOLDE facility for the production and post-acceleration
of radioactive ion beams in construction at CERN in Geneva. HIE-ISOLDE will provide world-unique beams
thanks to the use of the proton injector of the CERN complex.

If successful, SpecMAT at HIE-ISOLDE will produce specific results in nuclear structure which cannot be
reached by other programmes elsewhere. Such results will have a significant impact on the present theories and
models of the atomic nucleus.

1Instructions for completing Part B1 can be found in the Guide for Applicants for the Consolidator Grant 2013 Call.
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Type-II	shell	evolution

3.2. Shell evolution due to tensor force

The tensor force has been known for a long time, and its effects were studied from many
angles. Those studies include an extraction of the tensor-force component in the empirical
nucleon–nucleon interaction by Schiffer and True [15], a derivation of microscopic effective
NN interaction (i.e., the so-called ‘G-matrix interaction’) including second-order effects of the
tensor force by Kuo and Brown [16], calculations of magnetic moments also including
second-order tensor-force contributions by Arima and his collaborators [17] and by Towner
[18], and so-called TOSM calculations of halo nuclei [19].

The robust, systematic and first-order effects of the tensor force on the shell structure
have, however, been discussed since 2005 [7]. We present the basic properties of the
monopole interaction of the tensor force, by using an illustrative example. Figure 1(a) shows
proton orbits and a neutron orbit. The proton orbits are spin-orbit partners

j l j l1 2, 1 2 5( )= + = -> <

where l denotes the orbital angular momentum, and 1/2 represents the spin. As shown in [7]
with an intuitive picture, the coupling between j< and j ¢> orbits is attractive for the tensor
force. On the other hand, the coupling between j> and j ¢> is repulsive as well as the coupling
between j< and j ¢<. (For a more elaborate intuitive explanation, see [20].) In figure 1(a), a
neutron j ¢> orbit is shown on top of the core. Figure 1(b) illustrates how the tensor force works
if two neutrons occupy this j ¢> orbit. Due to the repulsive monopole interaction (red wavy
line), the single-particle energy of the proton j> orbit is raised. On the other hand, owing to
the attractive monopole interaction (blue wavy line), the single-particle energy of the proton
j< orbit is lowered. These changes combined produce the reduction of spin-orbit splitting.

Since the monopole effect is linear, four neutrons in the j ¢> orbit as shown in figure 1(c)
double the effect exhibited in figure 1(b). Thus, the proton spin-orbit splitting becomes
smaller and smaller, as more neutrons occupy the j ¢> orbit.

Figure 1. Illustration of the type I and II shell evolutions. Wavy lines indicate tensor
force. Closed (open) circles denote neutron particles (holes).

J. Phys. G: Nucl. Part. Phys. 43 (2016) 024009 T Otsuka and Y Tsunoda
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Shape	coexistence

● States	characterised	by	different	shapes	
appear	at	low	excitation	energy

● Example:	n-deficient	Pb region
186Pb	triple-shape	coexistence
Hg	nuclei:	“parabolic	intrusion”	at	mid-shell

A.	Andreyev	et	al.,	Nature	405	(2000)	430

186Pb

Data:	NNDC,	figure	courtesy	of	L.	Gaffney
Original	figure	in	R.	Julin et	al.,	J.	Phys.	G	27	(2001)	R109
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Letter of Intent to the ISOLDE and Neutron Time-of-Flight Committee

Study of the Pygmy Dipole Resonance using an Active Target

May 31, 2017

S. Ceruti1, R. Raabe1, M. Babo1, H. De Witte1, T. Marchi1, O. Poleshchuk1, A.A. Raj1,
M. Renaud1, J. Yang1, A. Bracco2, F. Camera2, F. C. L. Crespi2, O. Wieland2, J.

Gibelin3, M.Vandebrouck4, Y. Blumenfeld5, E. Khan5

1KU Leuven, Instituut voor Kern- en Stralingsfysica, Celestijnenlaan 200D, 3001 Leuven,
Belgium
2Universita degli Studi di Milano and Istituto Nazionale di Fisica nucleare sez. Milano, Milano,
Italy
3LPC Caen, ENSICAEN, Universite de Caen, CNRS/IN2P3, F-14050 CAEN Cedex, France
4GANIL, CEA/DSM-CNRS/IN2P3, Bvd Henri Becquerel, 14076 Caen, France
5IPN Orsay, Universite Paris-Saclay, IN2P3-CNRS, F-91406 Orsay Cedex, France

Spokesperson: Simone Ceruti, Riccardo Raabe (simone.ceruti@kuleuven.be,
riccardo.raabe@kuleuven.be)

Contact person: L. Ga↵ney (liam.ga↵ney@cern.ch)

Abstract: In this letter of intent we propose to study the low-lying electric dipole
strength in nuclei with neutron excess. The origin of this strength has been recently

investigated in several theoretical and experimental works. Its presence can be explained
with the existence of a collective excited state called pygmy dipole resonance. The study

of this strength can be experimentally performed using hadronic or electromagnetic
probes. Our proposal is to study the isoscalar electric dipole strength in long-lived

nuclei using (↵,↵0) inelastic scattering reaction in inverse kinematics. For the
experiment the use of an Active Target as SpecMAT is fundamental. The proposed

physics case may open the way for new experiments in the near future, when radioactive
ion beams with N/Z�1 will be available.
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Estimated beam time: about 4 days, split into 1 day for 194Hg and 3 days for 109-113Cd  
Beamline: XT02 (ISS/SpecMAT) or XT03 (ACTAR TPC) 
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Time-­‐ProjecLon	
  Chamber	
  (TPC)	
  
+	
  gas	
  is	
  the	
  target	
  
●  Full	
  3D	
  track	
  reconstruc4on	
  
●  High	
  luminosity,	
  

keeping	
  energy	
  resolu4on	
  
●  Energy	
  of	
  stopped	
  par4cles	
  

Par4cle	
  iden4fica4on	
  
●  Versa4le:	
  

different	
  gases,	
  pressures,	
  configura4ons	
  
ancillary	
  detectors	
  

gas volume

Incoming
beam

electric
field

segmented
plane

range

amplification
zone

SpecMAT:	
  
●  Magne4c	
  field	
  parallel	
  to	
  the	
  beam	
  direc4on	
  
●  Drir	
  field	
  parallel	
  to	
  magne4c	
  field	
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The	
  acLve-­‐target	
  method	
  

J.	
  Diriken	
  et	
  al.,	
  PLB	
  736,	
  533	
  (2014)	
  
J.	
  Diriken	
  et	
  al.,	
  PRC	
  91,	
  054321	
  (2015)	
  

`	
  

𝛾-­‐ray	
  detecLon	
  
●  CeBr3	
  scin4llators:	
  

good	
  efficiency	
  and	
  resolu4on	
  
●  Si	
  photomul4pliers	
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  and	
  commissioned	
  

●  Pad	
  plane	
  and	
  field	
  cage	
  
designed	
  in	
  CERN	
  (EP-­‐DT-­‐DD	
  MPT)	
  
to	
  be	
  ordered	
  shortly	
  

●  Chamber	
  finalized	
  
and	
  ordered	
  

●  Scin4llators	
  +	
  SiPMs	
  purchased,	
  
commissioning	
  ongoing	
  
48x48x48	
  mm3	
  
Photopeak	
  efficiency	
  8%	
  at	
  1	
  MeV	
  
Nominal	
  resolu4on	
  3.9%	
  at	
  661	
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No	
  degrada4on	
  in	
  3-­‐T	
  magne4c	
  field	
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InstallaLon	
  

●  Installa4on	
  through	
  a	
  plaworm	
  
and	
  rails	
  from	
  the	
  back	
  of	
  the	
  ISS	
  

●  Cables	
  (8m)	
  running	
  to	
  the	
  
electronics	
  racks	
  
outside	
  the	
  cage	
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Planning	
  

Spring	
  2019:	
  
characterisaLon	
  of	
  the	
  full	
  system	
  
●  Characterisa4on	
  of	
  the	
  𝛾-­‐ray	
  array	
  
●  Leak	
  tests	
  of	
  the	
  detector	
  chamber	
  
●  Commissioning	
  of	
  the	
  gas	
  control	
  system	
  
●  Tests	
  of	
  the	
  electric	
  field	
  cage	
  
●  Characterisa4on	
  of	
  par4cle	
  tracks	
  

2019	
  Move	
  to	
  CERN	
  
●  Safety	
  clearance	
  
●  Installa4on	
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Rare	
  gases	
  
●  Main	
  interest:	
  3He	
  

spectroscopy	
  of	
  n-­‐deficient	
  nuclei	
  	
  

●  (3He,d)	
  nega4ve	
  Q-­‐value,	
  backward	
  angles	
  
●  (3He,4He)	
  posi4ve	
  Q-­‐value,	
  forward	
  angles	
  
●  Light	
  recoils	
  have	
  very	
  low	
  energies!!	
  

●  Separated	
  cylinder	
  with	
  rare	
  gas	
  
●  Suppor4ng	
  structure,	
  thin*	
  foils??	
  
●  Equalized	
  pressure	
  

*	
  3.6	
  μm	
  mylar	
  stops	
  350	
  keV	
  deuterons	
  
and	
  900	
  keV	
  alphas!	
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