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Muti fragmentations  GANIL+LNS 
Fusion  JYVÄSKYLÄ, GSI  
Fission Reaction and Structure GANIL, 
Orsay  
Transfer reactions +  LNL,LNS, Orsay 
Inleastic excitation LNL,LNS 
Incomplete fusion Orsay 
Coulex SJC  
Elastic scattering  SJC 
Astro Orsay,LNL 
 

Selectivity and sensitivity 

A variety of Physics Q’s (suggested by the labs) 

Tools and phenomena 

Tomorrow ? 
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• SHE Synthesis 
• hot fusion: confirmation at LBNL and GSI  
for Z=112, 114, 115, 116, 117 
• first attempt to fix Z via X-ray detection for 288115 

• nuclear structure features of superheavy nuclei 
•new approaches 
• precise masses for nobelium  
and lawrencium from SHIPTRAP  
 Ebind 
• laser spectroscopy beyond  
fermium 
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superheavy nuclei 
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deformed shell-stabilised  
superheavy nuclei 

Kα 

Kβ 
Lα,β 
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D. Rudolph et al.,  
Phys. Rev. Lett. 111, 112502  

D. Ackermann et al. 

F.P. Heßberger et al. 
M. Sandzelius et al., 
Zakopane 2014 



At the high-Z limit of 

     in-beam spectroscopy: 

 


    208Pb(50Ti,2n)256Rf  - 17nbarn 

   Gammapool detectors + RITU-GREAT 

   High rates with digital electronics 

   Strasbourg contribution in beam development 

 

J(1)    no  Z = 104  shell gap 

JYFL - Jyväskylä 

Shell-structure and pairing interaction in superheavy nuclei: 

                                Rotational properties of the Z=104 nucleus 256Rf 



A new vacuum-mode separator – MARA 

        better mass selection in RDT experiments 

QQQ 

ED 

MD 

Focal plane 
+ gas cell 

Beam 

• Solid angle acceptance (central m/q and energy) 10 msr 
• Typical transmission ~12% per charge state 

5 

JYFL – Jyväskylä:    MARA ready soon 



Fission life-times : a link towards the production of SHE 

XK fluorescence of the atom with 120 

protons has been observed. 

 Compound nucleus lifetime of the 

order of the K-vacancy lifetime (~10-18s)

  

M .O. Frégeau et al., Phys. Rev. Lett. 108, 12270 (2012) 

New Collaboration:  
GANIL-IPNO-SPhN?-ANU 
Measure in coincidence with X-rays 
The angular distribution of fragments  

Determination of the fusion components  

on 4p from X-ray fluorescence 

Reconcile the most probable fission times  

inferred from angular distributions with the  

average fission times inferred from direct 

 measurements 

 

First experimental determination of fusion cross-

sections 



Transfer-induced fission in inverse 
kinematics @ GANIL 

Zp

ApP Zt

AtT

Zt '

At 'T '

Zp'

Ap'P'

Zf 1'

Af 1F1

Zf 2

Af 2F2
• 10 actinides produced 
• E* distribution 
• Full resolution in (Z,A) of fragments 
• TKE 

238U +12C @ 6.1 MeV/u 

F. Farget et al., GANIL 

2.7 MeV (FWHM)  

240Pu fission thermal ,239U fast neutron Z,A not known 
 heat, radio toxicity control of reactor chains    

Applications reactor heat, radio toxicity control   



Isotopic distribution of fission fragments : Open 

Questions 

M. Caamaño et al., PRC 88 (2013) 024605 

C. Schmitt et al, NPA430 (1984) A. Bail, PRC84 (2011)  

Z=54: N=82;86-90 

9 MeV 

F. Farget et al., GANIL 



+ 

What happens when  an exotic nuclei undergoes fast rotation 

               Is this the next question we want to address 

AIP Conf. Proc. 1498, 84 (2012) 

p n 

p n 

Look for new “effects”  

 With the next level of sensitivity 



Prompt spectroscopy of M and Z identified fission fragment  

Thus uniquely identify  M and Z 

Doppler correction for the emitted  rays 

    of the fragment &  angle of the segment of  the clover detector 
A. Navin and M. Rejmund 

McGraw-Hill Yearbook of Science & Technology (2014)  pg   

238U+9Be at 6 Mev/U 

Tomorrow AGATA@GANIL 



Fission fragment spectroscopy 

Towards The next frontier of Nuclear Physics:  High Spin and Isospin 

 FF yields as low as ~2.5 .10-5  measured (106Zr) 

General model description of fission 
observables  

Comparsion  with GEF fission model  
calculations based on a semi-empirical 

description  which includes the excitation-
energy dependent influence of nuclear  shell 

effects and pairing correlations in determining 
the fission partition  

General model description of fission   
K.H Schmidt, B. Jurado http://www.oecdnea.org/tools/abstract/detail/nea-1864/ 

Measurements of Yields and Gamma rays 

Limit of Mass distbn from  

The Fission mechanism 

Not acceptance 



Neutron Rich 45Rh 
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 - spectroscopy till 115Rh (Cf  -Sphere ---)  

S.H. Liu et al., PRC 84 014304 (2011) 

 

Isomer  138ns 117Rh (GSI)  

S. Lakovski et al. PRC 88 024302 (2013) 
 

 0.29, 0.82 msecs 120,122Rh 

 D. Kameda et al., Phys. Rev. C 86, 054319 (2012)  
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regular and simple patterns  
that emerge  
in the structure of complex nuclei 

Work in progress 



Lithium Inverse Cinematiques ORsay Neutron source 

Intense focused monoenergetic 
neutron source:  
107 n/s/steradian 

- Isomer tagging of fission partners 
- H2 to replace PP target  
- following experiment at IPN :  
 ORGAM and Miniball (MINORCA) 

n 

n 

n 

n 

γ 

γ 

Sample: thick U8 target 

Polypropylene (PP) 
     target 

100nA 7Li 
13-17 MeV 

Gold beam 
stop 



Isoscalar Component of the PDR for Nuclei with n-excess 



Pygmy Dipole Resonance in 124Sn by inelastic scattering of 17O 
      L. Pellegri Phys. Lett. B (in press) 

Dominant Isoscalar excitation: n and p transition densities are in phase inside the nucleus, 
at the surface only the n-part survives 
Inelastic scattering: Interaction Surface Peaked (17O) 



Isospin character of low-lying pygmy states in 208Pb via inelastic scattering of 17O  
F.C.L. Crespi et al., PRL  113, 012501 (2014) 

208Pb(17O,17O)208Pb* 
E1 at 4.85 MeV and 
5.54 MeV 

Phenomenological  
form factor, isovector 

nuclear contribution 
microscopic form factor 

Nuclei with n-excess 
show low-lying dipole 
strength with strong 
isoscalar component 





2. KRATTA array (triple CsI 
telescopes) at forward direction 
to measure the energy of 
inelastically scatter protons 

1. HECTOR array 
to measure high 
energy gamma-
rays 

A) Study of collective modes excited 
by high-energy protons 

3*. PARIS Demonstrator 
for PDR measurements 
with high-resolution, in 

coincidence with KRATTA 

* - in dedicated campaigns 

Cyclotron Center Bronowice  

Institute of Nuclear Physics Polish Academy of Sciences 

Krakow, Poland 



Hot GDR study in nuclei in the mass region A~120-132 with MEDEA at LNS 

The evolution of the Giant Dipole Resonance properties in nuclei of mass A = 

120-132 has been investigated in an excitation energy range between 150 and 

270 MeV through the study of complete and nearly complete fusion reactions. 

Evidence of a quenching of the GDR gamma yield was found at 270 MeV 

excitation energy. 

A limiting excitation energy for the collective motion of about E*/A ~ 2 

MeV/A  was exctracted. 

 

116Sn+12C   17A MeV 

116Sn+12C   23A MeV 

116Sn+24Mg 17A MeV 

E*       Ares   

 150      124   

 190      123 

 270      132 

a) Solid symbols represent the spectra measured around 90o for the three reactions. Open symbols 
     represent the spectra after bremsstrahlung subtraction. 
b) Statistical gamma spectra compared to CASCADE calculations shown as red lines. 
c) Linearized Spectra compared to Lorentzian function used in the calculation for each reactions.   







Shape evolution in the n-rich Os isotopes: prompt -ray spectroscopy of 196Os 
P.R. John et al. PRC 90 021301 (2014) rapid comm. 

Beyond mean field with generator coordinate method 
Mixing particle num. and ang. Mom. projected states 

84Kr dopp. 

196Os dopp. 



Superdeformation in A~40 nuclei 
E. Ideguchi (RCNP, Osaka Univ.) – January 2013 

 

Search for superdeformed bands in 35,36S, 40Ar via 18O + 26Mg -> 44Ca* 

Shintaro GO (RCNP, Osaka University), ARIS2014 Proceedings 

Investigations of the orbitals responsible for 

superdeformation in the mass region, f7/2, 

nearby are important to infer the existence of 

superdeformed states in 32S. 



Time Dependent Recoil In Vacuum  on H-like ions: 
24Mg - revisited G. Georgiev (CSNSM), A.E. Stuchbery (ANU), Dec. 2012 

8-fold segmented  

annular detector 

OUPS  
(Orsay Universal  
Plunger System) 

• Experiment: High accuracy (< 2%) model independent  
(B from first principles) g-factor value for  
short-lived (ps) excited states 

• Theory: g-factors of the 2+ states in N=Z 
nuclei should be slightly higher than 0.5 

A. Kusoglu, A. Stuchbery, G. Georgiev et al. 

Our result: first experimental evidence of deviation from g=0.5  
     stringent test of the nuclear theories 

24Mg+93Nb coulex   



Nuclear spin orientation in incomplete fusion reactions 
G. Georgiev (CSNSM) Dec. 2013 

Results:  
• considerable spin alignment in 7Li induced reactions; 
• dependence on the number of transferred nucleons? 

Amplitude = 4.8 (8) % 
Spin alignment = 12.5 (20) % 

Amplitude = 8 (1) % 
Spin alignment = 23 (3) % 

66Cu 65Ni 

Nuclear spin orientation – a must for nuclear moments studies 
• Fusion-evaporation reactions – 25 % - 75 % alignment 
• Projectile-fragmentation - 8 % - 13 % 
• Direct reactions (single-nucleon transfer) ~ 13 % 
• Incomplete fusion (multi-nucleon transfer?) – ??? 

7Li+64Ni 
Triton 1n , 
triton1pn  



Spontaneous chiral symmetry breaking in 124Cs 

• Experiment - EAGLE [1] array. 
• DSA method measurement leading to B(M1)  
and B(E2) determination. 
• Spontaneous chiral symmetry breaking [2] is 
proven if one can see two rotational bands (chiral  
partner bands) with similar reduced 
transition probabilities, (B(M1) and  
B(E2)). 
 
 Preliminary results for 124Cs 
 - B(M1) in partner bands. 

 
 

 

 

 

[1] J. Mierzejewski et al., NIM A 659, 84 (2011).  

[2] E. Grodner et al., Eur. Phys. J A27, 325 (2006).  

The central European Array for Gamma Levels Evaluation 

Presented data are preliminary results of 
analysis. Experiment was focused 
on lifetime measurements made by 
Doppler Shift Attenuation (DSA) method. 
We use lifetimes to calculate B(M1) and 
B(E2) values, which are crucial in 
our studies on spontaneous chiral 
symmetry breaking. We produced 124Cs 
in 
114Cd(14N,4n)124Cs reaction at 73 MeV 
total beam energy. 



Neutron pair transfer in 60Ni+116Sn far below the Coulomb barrier    Neutron pair transfer in 60Ni+116Sn far below the Coulomb barrier    

D.Montanari et al., PRL113(2014)052501   

The experimental transfer 

probabilities are well reproduced, for 

the first time with heavy ion 

reactions, in absolute values and in 

slope by microscopic calculations 

which incorporate nucleon-nucleon 

pairing correlations  

Transfer strength very close to the g.s. 
to g.s. transitions 



Pairing correlations with MAGNEX Pairing correlations with MAGNEX 

A 

14 15 16 17 18 19 20 

inelastic 

stripping pick-up 

7° < θlab< 13° 

16O 17O 

18O 

19O 15O 

18O+13C at 84 MeV 

13C(18O,16O)15C 

7° < θlab < 17° 

F.Cappuzzello, et al., PLB 711 (2012) 347-352 

M.Cavallaro, et al., PRC 88 (2013) 054601 

18O+12C at 84 MeV 
 
 Major physics output, observation of GPV 

(?) correlated two-neutron transfer, 
determination of pair spectroscopic 
amplitude 

GPV ? 

D.Carbone  Thesis (2013) 

 and manuscript submitted 



 Barrier distributions for fusion 

 

Recent papers: E. Piasecki et al. PRC 85 (2012) 054604 and 054608  



NAP 





C. Michelangelo (pvt Comm) 



THM is an indirect method that allow to extract  
nuclear information of a two-body reaction, even  
at astrophysical energies, by means of the quasi-free 
contribution in an appropriate three-body reaction. 
 
 
 

19F(p,a)16O (two-body reaction) studied at LNS via  
19F(d,an)16 O (three-body reaction) 
At 50 MeV @Tandem  
   

Red line Rmatrix based on THM data 
Points, direct measurements 
 
First time in Gamow window  (<500 keV) 

Reaction rate is calculated in the AGB star 
temperature window for the first time.  
The ratio to the NACRE evaluation is reported 
in panel b 

Nuclear astrophysics @ LNS – Trojan Horse Method Applications 

 A. Tumino et al . Acta Phys.Pol. B45, 181 (2014) 



Primordial nucleosynthesis (BBN) is one 

of the three evidences for the Big-Bang 

model 

When T < 109 K → BBN starts 

 Production of D, 3He, 4He, 7Li 

 Abundances depend on baryonic density  

D, 3He, 4He, observations agree with predictions (BBN + CMB)  
Metal poor halo dwarf stars 

7Li problem: (7Li/H)
BBN

 / (7Li/H)
obs

 = 4 

Possible explanations: 
 Physics beyond standard model: super-symmetry, constant variation, …. 

 Observations: can 7Li be uniformly destroyed in the Splite plateau region?  

 Nuclear physics: 7Li produced by 7Be EC & 3He(4He,g)7Be known better than 15% 

Last proposed solution studied with SPLITPOLE @ IPN Orsay  

F. Hammache, N. de Sereville, I. Stefan 



69Cu (gs) 

27Al (gs) 

15N (gs) 11B (gs) 

12C(d,t) 11C 

F 

G 
H A E 

D 

B 
C 

Direct kinematics 70Zn(d,3He)69Cu with 27 MeV deuteron beam and SPLITPOLE spectrometer 

 

Part of the program: Systematic of the evolution for f7/2 proton-hole strength from stability to 78Ni ? 

New part of the f7/2 strength: ∑ f7/2 = 5.40 or 67% 

E(69Cu) = 3.35 MeV 

L = 3 (f7/2) 

F 

Excitation energy of 69Cu measured with splitpole.  

Letters correspond to states in 69Cu 

Angular distribution for the f state 



JYFL - Jyväskylä 

Spectroscopy of proton-rich 66Se up to Jπ = 6+:  

                                        Isospin-breaking effect in the A = 66 isobaric triplet 

Recoil-beta tagging study: 

 


    40Ca(28Si,2n) 66Se  ~ 200nb  

 

       
 


    66As isomer veto-tagging 

UoY          Charged-particle veto 

T = 1 band 

2+ 4+ 
6+ 

66Se 

TED=Triple Energy Differences 

for the A = 66   T=1 triplet 

Isospin non-conserving  

                  contribution is needed !  



Timescale of the multifragmentation is directly reflected in the shape 
of the largest fragment charge/mass distribution 
 



(****)  CHIMERA + FARCOS correlator  

∆E 

time 

Studies of heavy ions reactions with the CHIMERA@LNS   

  Reaction Dynamics at Fermi energy (*) 
  EOS - density dependence of the symmetry term  (**)  
  Reactions and Structure with  
      Radioactive Fragmentation Beam (***) 
  Correlation and interferometry : FARCOS (****) 
DSSD(300+1500+CsI) 

  Reaction Dynamics at Fermi energy (*) 
  EOS - density dependence of the symmetry term  (**)  
  Reactions and Structure with  
      Radioactive Fragmentation Beam (***) 
  Correlation and interferometry : FARCOS (****) 
DSSD(300+1500+CsI) 

 )/( 0symE

E.De Filippo et al,  PRC86 014610 2012 

(**)Comparison of IMF data with 
Stochastic Mean Field (SMF) +GEMINI 

P. Russotto et al. , submitted,  PRC  (2014) 

(*) Dyn/Stat Fission:  
Size or Isospin effects? 

Sn + Ni(35 AMeV): n-poor vs n-rich  

(***) In-Flight RIB production 

IT NEEDS HIGH INTENSITY BEAMS 
BEAMS  

 

10Be 

16C 

13B 
12Be 

9Li 

6He 

17C 

7Li 



230 MeV proton cyclotron (IBA) 

Energy selector (70-230 MeV, Dp/p<0.7%) 

Eye-therapy room 

2 gantries for whole 
body theraphy 

Experimental hall 



B) Study of the dynamics of few-body systems 

1. Detector BINA (moved 
from KVI Groningen) for 
light nuclei reactions 
studies  

CCB Krakow and HIL Warsaw are in the 
ENSAR2 H2020 project as TNA facility  



Evolution to revolution 

ECOS: a Path to … 

What can we different that we cannot do today? 

What are the physics questions that  we 

specifically that we want to address for which 

we need very intense stable beams ? 

 

What are the things we need to think and 

develop  (other than the machine) 

(Other speaker are going to answer this) 



 


