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Introduc)on	What	are	giant	resonances	?		



Mo)va)ons	Nuclear	ma8er	incompressibility	and	ISGMR		

K∞=180	MeV	
K∞=220	MeV	
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of  continuum 
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FIG. 1. Skyrme-RPA isoscalar monopole strength functions
in 68Ni, calculated with the SLy4 (left) and SGII(right) func-
tionnals

sition density:

δρν(r) ≡ ⟨ν|
∑

i

δ(r − ri)|0̃⟩ , (1)

with a corresponding definition of the neutron (proton)
transition density δρνn (δρνp) when the summation in
Eq. (1) is restricted to neutrons (protons). A smooth-
ing factor of 600 keV is used in plots of the strength
distribution.
The monopole response of Ni isotopes is also ana-

lyzed using the fully self-consistent relativistic quasiparti-
cle random phase approximation (RQRPA) based on the
Relativistic Hartree-Bogoliubov model (RHB) [18]. De-
tails of the formalism can be found in Refs. [6, 18]. In the
RHB+RQRPA model the effective interactions are im-
plemented in a fully consistent way. In the particle-hole
channel effective Lagrangians with density-dependent
meson-nucleon couplings are employed [19], and pairing
correlations are described by the pairing part of the finite-
range Gogny interaction. Both in the ph and pp channels,
the same interactions are used in the RHB equations that
determine the canonical quasiparticle basis, and in the
matrix equations of the RQRPA.
In Fig. 1 we display the isoscalar monopole strength

in 68Ni, calculated with the SLy4 (left) and SGII (right)
non-relativistic functionals. The giant monopole reso-
nance (GMR) is calculated at about 20 MeV, and both
functionals predict a pronounced low-lying structure lo-
cated between 13 and 16 MeV excitation energy. For the
response calculated with SLy4, the proton and neutron
transition densities of the three states that compose the
low-energy monopole structure are plotted Fig. 2. These
states are not purely isoscalar: the transition densities
exhibit neutron dominated modes, and the proton and
neutron densities are not in phase in the interior of the
nucleus. The configuration analysis of these modes shows
that they correspond to almost pure single hole-particle
excitations. A single configuration contributes with more
than 98% to the total strength: neutron (2p3/2,3p3/2),
(2p1/2,3p1/2), (1f5/2,2f5/2) for the states located at about
13 MeV, 14 MeV and 15 MeV, respectively. These 2h̄ω
unperturbed configurations should be at high energy, and
yet they are found below the GMR. The reason is that,
because of the neutron excess in 68Ni, these states are
located close to the Fermi level.
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FIG. 2. Skyrme-RPA transition densities for the three low-
lying isoscalar monopole peaks in 68Ni, calculated with the
SLy4 functional.
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FIG. 3. Monopole response of 68Ni calculated using the
RHB+RQRPA model with the DD-ME2 [20] functional. In
addition to the RQRPA discrete spectrum and the corre-
sponding Lorentzian averaged curve, the unperturbed spec-
trum is also displayed.

Fig. 3 shows the RQPRA prediction for the isoscalar
monopole response in 68Ni, calculated with the relativis-
tic functional DD-ME2 [20]. The result is very simi-
lar to those obtained with the Skyrme functionals, and
the configuration analysis leads to the same conclusion
about the non-collective character of these low-lying ex-
citations. The comparison of the RQRPA spectrum with
the unperturbed states shows that the residual interac-
tions affects the strength, but not the location of the
low-lying states. They are well separated from the GMR
which, in this relatively light nucleus, is found at high en-
ergy. The corresponding proton and neutron transition
densities are displayed on Fig. 4. The transition densi-
ties for the low-lying states at 12.16 MeV, 13.38 MeV,
and 15.42 MeV (these states have the same particle-hole
structure as the corresponding ones in the Skyrme-RPA
calculation) correspond to almost pure neutron modes,
and the radial dependence is very different form the typ-
ical isoscalar GMR transition densities exhibited by the
collective state at 18.94 MeV.

Similar results are also obtained for 78Ni, for which
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Monopole strength calculation in Ni isotopic    
 Prediction of  a low	energy	mode	“SoG	monopole	mode” RPA 

Mo)va)ons	Predic)on	of	a	soG	monopole	mode		



Mo)va)ons	Status	of	the	GR	measurement	in	unstable	nuclei	



Setup:	the	ac)ve	target	MAYA	why?	



Setup:	the	ac)ve	target	MAYA	Principle	
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Setup:	the	ac)ve	target	MAYA	MAYA@LISE	



Production of  68Ni beam 
from fragmentation of  70Zn 
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Setup:	the	ac)ve	target	MAYA	Produc)on	of	the	68Ni	@GANIL	



Results	Tracking	reconstruc)on	
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ACTAR TPC: Conceptual Design Report, D28 26/03/2012
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Figure 13: Configuration of ACTAR TPC for the measurement of inelastic scattering on a particles
and detection of charged particles emitted in the in-flight decay of the ISGDR. The beam can be either
stopped before the telescope (as shown), or leave the gas detector through a central hole in the telescope.

could be reconstructed using the position on the Si detector and the position of the vertex of
the inelastic scattering (a “delayed” correlation with the recoil a-particle can be restored using
the proton signals as trigger). The efficiency of such a setup would depend upon the size of the
telescope: a MUST2 module [36] could reach about 20% efficiency. Such an arrangement is
shown in Fig. 13.

4.4 Two-proton decay measurements
The decays of 45Fe [21] and 54Zn have been studied at GANIL/LISE3 with the Bordeaux TPC
[19]. These measurements allowed to observe for the first time directly the two protons emitted.
In addition, the energy sharing between the two protons and their relative angle are observables
that are extracted from the data. Although the full analysis is not yet finished, it is clear that other
nuclei cannot be studied at GANIL, simply because the production rates for other candidates
like 59Ge, 63Se, and 67Kr are too small in order to perform experiments on these nuclei.

However, in the future experiments with these nuclei can be performed at the BigRIPS
separator at RIKEN. A proposal to search for these nuclei, to study their decay and to determine
whether they are two-proton emitters is accepted at RIKEN and waits scheduling. In this first
experiment, a silicon detector array will be used because of its simplicity and in particular
because it allows to determine the total decay energy with high precision (typically with an
uncertainty of 20 keV), whereas gas detectors only reach uncertainties of the order of 150 keV.
Once one of these nuclei is discovered to be a two-proton emitter, it will be studied by means of
a time-projection chamber in order to determine the individual proton energies and the proton-

29

ACTAR	�  Each simulated event is reconstructed with the code for physical 
events 

 
            	Geometric and reconstruction efficiency 

�   Geometric efficiency using ACTARSim code (based on Geant4 and ROOT)  
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M.	Vandebrouck	et	al.,	Phys.	Rev.	Le_.	113,	032504	(2014)	

Results	68Ni(α,α’)68Ni*	Excita)on	energy	spectra	



Results	68Ni(α,α’)68Ni*	Excita)on	energy	spectra	
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Results	68Ni(α,α’)68Ni*	Angular	distribu)on	
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Results	68Ni(α,α’)68Ni*	Mul)pole	Decomposi)on	Analysis	

M.	Vandebrouck	et	al.,	Phys.	Rev.	C.	92,	024316	(2015)	
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Résultats 
 

�  L = 0 :  - fragmentation of  the ISGMR with a shoulder at 21 MeV 
  - increase of  the strenght at 13 MeV 

 
�  L = 1 :  - increase of  the strenght at 21MeV and below 15MeV 
 
�  L = 2 :  - concentration of  the strenght around 16 MeV 
 
�  From 23 MeV other multipolarities… 
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Results	68Ni(α,α’)68Ni*	Mul)pole	Decomposi)on	Analysis	

M.	Vandebrouck	et	al.,	Phys.	Rev.	C.	92,	024316	(2015)	
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 Soft ISGMR  
 

Mixed with ISGDR 
12.9 ± 1.0 MeV in (α,α’) 
12.7 ± 0.3 MeV in (d,d’) 

Results	Synthesis	
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 n First  measurement of  the isoscalar giant resonances in neutron-rich nucleus (68Ni) 
    68Ni(α,α’)68Ni* and 68Ni(d,d’)68Ni 
   è  Indication new modes 
   è  Active targets suited for ISGR studies 

 n Some difficulties… 
   è Limited Resolution 
   è Measurement along isotopic chains are needed 	

Conclusion	

�	
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Study	of	giant	and	pygmy	resonances		
in	exo)c	nuclei	at	LISE	(LOI)	

	
Submi_ed	to	GANIL	PAC	(June	9th/10th	2016)	

Outlook	Probing	giant	resonances	along	isotopic	chains	



Isoscalar-Isovector	nature	of	the	Pygmy	
Dipole	Resonance	

(S. Calinescu/I. Matea et al.)	
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 n Measurements	along Ni isotopic chain from 56Ni to 70Ni 



	J.	Gibelin2,	E.	Khan1,	N.L.	Achouri2,	H.	Baba3,	D.	Beaumel1,	Y.	Blumenfeld1,	M.	Caamaño4,	L.	Càceres5,	G.	
Colò6,			F.	Delaunay2,	B.	Fernandez-Dominguez4,	U.	Garg7,	G.F.	Grinyer5,		M.N.	Harakeh8,	N.	Kalantar-

Nayestanaki8,	N.	Keeley9,	W.	Mitg10,	J.	Pancin5,	R.	Raabe11,	T.	Roger11,5,	P.	Roussel-Chomaz12,	H.	Savajols5,	
O.	Sorlin5,	C.	Stodel5,	D.	Suzuki10,1,	J.C.	Thomas5.	

		
	
	
1	IPN	Orsay,	Université	Paris-Sud,	IN2P3-CNRS,	F-91406	Orsay	Cedex,	France	
2	LPC	Caen,	ENSICAEN,	Université	de	Caen,	CNRS/IN2P3,	F-14050	CAEN	Cedex,	France	
3	RIKEN	Nishina	Center,	2-1	Hirosawa,	Wako,	Saitama	351-0198,	Japan	
4	Universidade	de	San)ago	de	Compostela,	E-15782	SanRago	de	Compostela,	Spain	
5	GANIL,	CEA/DSM-CNRS/IN2P3,	14076	Caen,	France	
6	Dipar)mento	de	Fisica	Università	degli	Studi	di	Milano	and	INFN,	Sezione	di	Milano,	20133	Milano,	Italy	
7	Physics	Department,	University	of	Notre-Dame,	Notre	Dame,	Indiana	46556,	USA	
8	KVI-CART,	University	of	Groningen,	NL-9747	AA	Groningen,	The	Netherlands	
9	Na)onal	Centre	for	Nuclear	Research	ul.	Andrzeja	Soltana	7,	05-400	Otwock,	Poland	
10	NSCL,	Michigan	State	University,	East	Lansing,	Michigan	48824-1321,	USA	
11	IKS,	K.U.	Leuven,	B-3001	Leuven,	Belgium	
12	CEA-Saclay,	DSM,	F-91191	Gif	sur	Yve_e	Cedex,	France	

Collabora)on	


