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o Introduction: 
•  Why cluster transfer reactions with RIBs? 
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o Reaction mechanism: 
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Why cluster-transfer reactions with RIBs? 

Elastic break-up 

Cluster transfer 
Weakly bound  

     nucleus (e.g. 7Li)  

o  Cluster-transfer reactions: 

o Possible advantages:  

•  Study of new mass regions 

•  Probe of different nuclear structures 

•  Population of Yrast and off-Yrast states 

•  Medium high spin-energy states 

o  Particularly suitable to study n-rich nuclei  

o  Never tested so far with RIBs 
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Z=50 
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Elastic break-up 

Cluster transfer 
Weakly bound  

     nucleus (e.g. 7Li)  

o  Cluster-transfer reactions: 

TEST CASE: 98Rb+7Li @ 2.85 MeV/A 

o  Near magic nuclei 208Pb and 132Sn: 

o Possible advantages:  
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The experiment 
o The reaction 

o The experimental setup 

98Rb/98Sr + 7Li @ 2.85 MeV/A 

o Details of the experiment 

•  Beam composition: ≈ 60 %98Rb & 40 %98Sr 
•  Beam intensity: 2.4-104 pps 
•  Target: 1.5 mg/cm2 LiF  

o Miniball  

o  7 triple clusters (113 segments) 

o  ε = 5 % @ 1 MeV 

o FCD from T-REX :  
•  Distance: 22 mm  
•   24° < ϑlab < 65°  
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The experiment 
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o The reaction 

o The experimental setup 

98Rb/98Sr + 7Li @ 2.85 MeV/A 

o Aim of the experiment:  

•  Cluster-transfer mechanism 

•  Population of A =100 region by transfer 

o Details of the experiment 

•  Beam composition: ≈ 60 %98Rb & 40 %98Sr 
•  Beam intensity: 2.4-104 pps 
•  Target: 1.5 mg/cm2 LiF  

o Technique: 

•  Cluster (α or t) transfer in 98Rb/98Sr  

•  Detection of emitted particle (t or α) 

•  Neutron evaporation  

•  Detection of γ-rays in coincidence  

REACTIONS TOOK PLACE BOTH ON 98Rb AND 98Sr 

o Miniball  

o  7 triple clusters (113 segments) 

o  ε = 5 % @ 1 MeV 

o FCD from T-REX :  
•  Distance: 22 mm  
•   24° < ϑlab < 65°  
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Particle detection 

t (α-transfer + 7Li b.u.) 

α (t-transfer + 7Li b.u.) 

7Li elastic scattering 

Break-up ≤ 20% 

Channels observed	
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γ spectroscopy 
t - transfer α- transfer 
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γ spectroscopy 

98Sr 99Sr 99Y 

t - transfer α- transfer 

100Zr

0+ 0

2+ 212.5

H4L+ 564.5

212.5

352

99Y 100Y 100Zr 

100Y

1+ 10.7

H2L+ 76.2

H3L+ 172

65.5

95.8

99Y

H5 ê 2L+ 0

H7 ê 2L+ 125.1

H9 ê 2L+ 283.7

125.1

158.6

99Y

H5 ê 2L+ 0

H7 ê 2L+ 125.1

H9 ê 2L+ 283.7

H11 ê 2L+ 482.2

H13 ê 2L+ 706.1

125.1

158.6

198.5

223.9

99Sr

3 ê 2+ 0

5 ê 2+ 90.8

90.8

98Sr

0+ 0

2+ 144.2

4+ 433.5

H6L+ 866.7

144.2

289.3

433.2
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E*=19 MeV 

E*=16 MeV 

E*=22 MeV 
E*=17 MeV 

E*=15 MeV 

E*=19 MeV 

t - transfer α- transfer 
Cross Section  

E*opt ≈ 20 MeV* > B.E. à Unbound states E*opt ≈ 19 MeV* > B.E. à Unbound states 

* e.g. 98Rb+7Li 
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Cross Section  

o Transfer reaction: 
o Total wave function: 

o Cross section: 
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Cross Section  

Cluster model (e.g. 7Li=α_core+t): 

Continuum 

o Transfer reaction: 
o Total wave function: 

o Cross section: 

1-step DWBA transfer from  
cluster states to continuum  

π ν

α-core

1p1/2

1p3/2

1s

Shell Model

triton

Cluster Model

2P3/2

dσ/dE , dσ/dΩ   FRESCO 

Optical parameters from elastic scattering 

o  Internal states: 
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Cross Section  

98Rb 

98Sr 

t - transfer α- transfer 
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Cross Section  

Transfer Elastic 

Courtesy of J. Bouma 

Excitation energy distributions and angular distributions 

 are qualitatively reproduced by the model 



Simone Bottoni – UNIMI & KU Leuven 

Conclusions 

o  98Rb/98Sr + 7Li @ 2.85 MeV/A at REX – ISOLDE using the MINIBALL – T-REX setup 

o Analysis of particle – γ coincidence for cluster-transfer channels 

o Difference in neutron evaporation due to different structure 

o Spin un to 6 ħ	
  observed.  

o Comparison of cross sections with DWBA cluster transfer to continuum  

o Qualitative agreement with theory 

 

o Use of the same mechanism in future experiments to populate neutron-rich nuclei at medium-

high spin with a new generation of radioactive beams (HIE-ISOLDE, SPIRLAL2, SPES etc.) 

•  S. Leoni et. al, “Interplay of single-particle and collective structures in  46Ca” -  45K + 7Li – LoI AGATA@GANIL 

•  R. Orlandi, F. Flavigny et. al,  “Study of 0+ states and deformed structures in 48Ca” – 44Ar + 6Li – LoI AGATA@GANIL 

•  … 
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Collaboration 



Thank you! 

Cluster-transfer reactions with radioactive  
98Rb and 98Sr beams on a 7Li target 
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