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theory opportunities with FRIB  

FRIB-CDR, 2010



Benchmarking few-body methods for scattering 

Lazauskas et al., Phys. Rev. C 71, 034004 (2005) 

4N bound state 

H. Kamada, et al, PRC 64, 044001 (2001) 



Ab-initio reactions with 3N forces 

•  he4+n elastic scattering 

PRC 88, 054622 (2013) 



Ab-initio reactions for heavier nuclei 

•  ab-initio coupled cluster calculations 
•  single nucleon correlations insufficient 

PRC 86, 021602R (2012) 



reducing the many body to a few body problem 

q  isolating the important degrees of freedom in a reaction 
q  keeping track of all relevant channels 
q  connecting back to the many-body problem 

q  effective nucleon-nucleus interactions (or nucleus-nucleus) 
 (energy dependence/non-local) 

q  many body input 



picture for scattering 
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Scattering theory: single channel



classification of reactions 

Resonance reactions 
reactions that go through a resonance (peak in the cross section) 
intermediate step in the reaction 
longer time scale 

Direct reactions 
transfer momentum is small compared to initial momentum 
typically peripheral 
short timescale (10-22 s)  
E>10 MeV 
mostly one step 
final states keep memory of initial states 

Compound reactions 
longer timescale 
many steps in the reaction 
all nucleons share the beam energy 
loss of memory from the initial state 
low energy reactions 
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direct reactions 
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direct reactions 
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why do reactions? elastic 

traditionally used to 
extract optical potentials, 

rms radii, density 
distributions. 

[Lapoux et al, PRC 66 (02) 034608] 
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why do reactions? inelastic 

[Summers et al, PLB 650 (2007) 124] 

traditionally used to 
extract electromagnetic 

transitions or nuclear 
deformations 
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why do reactions? transfer 

traditionally used to 
extract spin,parity and 
spectroscopic factors 
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d(132Sn,133Sn)p@5 MeV/u 

[K. Jones et al, Nature 465 (2010) 454] 



11Li(p,t)9Li@ 3 A MeV 

why do reactions? transfer 

measured both ground state and excited state 9Li 
[Tanihata et al, PRL 100, 192502 (2008)] 

traditionally used to study 
two nucleon correlations 

and pairing 
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why do reactions? breakup 

23O(Pb,Pb)22O+n+γ 
[Nociforo et al, PLB 605 (2005) 79] 

n 
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two 
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14Be g n+n+12Be 

[Marques et al, PRC 64 (2001) 061301] 
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why do reactions? knockout 

traditionally used to 
extract spin and parity as 

well as shell occupancy 
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Includes elastic and inelastic 
breakup as well as transfer 

Maddalena et al., PRC63(01)024613 



why do reactions? Charge exchange 

traditionally used to 
extract GT and F strengths 
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Cole et al., Phys. Rev. C 74, 034333 



why do reactions? fusion 

Superheavies 
Halos 

Applications: energy 
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why reactions? 

need accurate  
reaction models!

o  shell structure 
o  correlations 
o  pairing 
o  weakly bound systems 
o  role of continuum 
o  … 

[Jenny Lee et al, PRL 2009] 

[Gade et al, Phys. Rev. Lett. 93, 042501]  

transfer versus knockout



why do reactions? astrophysics 

•  direct measurement 14C(n,γ)15C 

•  Coulomb dissociation 

n 

208Pb 

14

C 
γ

low relative energy 

15C 

•  transfer reaction 

14C(d,p)15C 
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