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CNS High-spin Study in Neutron-rich Nuclei
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CNS Secondary Fusion Reaction

� HighHighHighHigh----spin study by fusionspin study by fusionspin study by fusionspin study by fusion----evaporation reaction.evaporation reaction.evaporation reaction.evaporation reaction.

� Stable isotope beam and target combinationStable isotope beam and target combinationStable isotope beam and target combinationStable isotope beam and target combination
– Proton-rich side

� Using neutronUsing neutronUsing neutronUsing neutron----rich secondary beamrich secondary beamrich secondary beamrich secondary beam
– High-spin study in neutron-rich nuclei

46Ar(9Be,xn)55-xTi

� For fusion reaction by RI beamFor fusion reaction by RI beamFor fusion reaction by RI beamFor fusion reaction by RI beam
– Production of low-energy RI beam

� RIPS

– High-efficiency and high-resolution gamma-ray detector
� GRAPE
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CNS Experimental Setup

Nuclear reaction : 46Ar(9Be,xn)55-xTi
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CNS Gamma-ray Detector (GRAPE)
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• Consist of 18 planer type Ge, 2 Clover and 1 coaxial Ge.
• One detector of GRAPE have two Ge crystals.
• By using pulse shape analysis, position resolution is 5mm.
• Total efficiency is about 4% for 1MeV γ ray.

Secondary target
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CNS Fusion Event Identification
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CNS Single Gamma-ray Spectrum

46Ar(9Be,xn)55-xTi
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CNS Excitation Function Analysis

Statistical model calculation

Experiment
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CNS Relative γ-ray yield

46Ar beam energy [A MeV]
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As incident beam energy increases, larger angular momentum can brought into the 
system and consequently a relative population of higher spin states will increases.
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CNS γ-γ coincidence analysis (49Ti)
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CNS
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CNS Angular Distribution
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CNS Level Scheme and Shell Model Calculation
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CNS Summary

� We have studied highWe have studied highWe have studied highWe have studied high----spin states in neutronspin states in neutronspin states in neutronspin states in neutron----rich Ti isotopes rich Ti isotopes rich Ti isotopes rich Ti isotopes 
by secondary fusion reaction, by secondary fusion reaction, by secondary fusion reaction, by secondary fusion reaction, 46464646Ar(Ar(Ar(Ar(9999Be,xn)Be,xn)Be,xn)Be,xn)55555555----xxxxTiTiTiTi....

� By By By By γγγγ----γγγγ coincidence analysiscoincidence analysiscoincidence analysiscoincidence analysis and and and and excitation function analysisexcitation function analysisexcitation function analysisexcitation function analysis, , , , 
we observed cascade gamma decay from we observed cascade gamma decay from we observed cascade gamma decay from we observed cascade gamma decay from (23/2), (11+),(23/2), (11+),(23/2), (11+),(23/2), (11+), and and and and 
(17/2)(17/2)(17/2)(17/2) states in states in states in states in 49494949----51515151Ti, respectively.Ti, respectively.Ti, respectively.Ti, respectively.

� To compare with shell model calculation, we observed the To compare with shell model calculation, we observed the To compare with shell model calculation, we observed the To compare with shell model calculation, we observed the 
existence of existence of existence of existence of 1p1h excitation1p1h excitation1p1h excitation1p1h excitation in this region, systematically.in this region, systematically.in this region, systematically.in this region, systematically.
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CNS Collaborators

� CNS, University of TokyoCNS, University of TokyoCNS, University of TokyoCNS, University of Tokyo
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� Dep. Phys., University of TokyoDep. Phys., University of TokyoDep. Phys., University of TokyoDep. Phys., University of Tokyo
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T.FukuchiT.FukuchiT.FukuchiT.Fukuchi

� IMPCAS, ChinaIMPCAS, ChinaIMPCAS, ChinaIMPCAS, China

M.Liu, Y.ZhengM.Liu, Y.ZhengM.Liu, Y.ZhengM.Liu, Y.Zheng
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CNS Excitation function analysis
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CNS Angular momentum

Bass model calculation

～12 ħ

～24 ħ

Maximum angular momentum brought in to 
the reaction products by the fusion reaction.
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CNS γ-ray spectrum
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CNS Statistical Model Calculation (CASCADE)
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CNS 51Ti shell-model calculation
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CNS Multiplicity measurements
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CNS Level Scheme and Shell Model Calculation
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CNS γ-γ coincidence analysis

49Ti (1543+960+780keV gated)
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CNS GRAPEの測定回路
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CNS ガンマ線の検出位置
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