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Semiclassical Semiclassical treatment of core-target relative motion,treatment of core-target relative motion,
BUTBUT full QM treatment of n-target interaction full QM treatment of n-target interaction

AB and DM Brink, PRC38, 1776 (1988), PRC43, 299 (1991),PRC44, 1559 (1991).

A study of semi-classical approximations for heavy ion transfer reactions,
  H. Hasan and D.M. Brink, J Phys G4, 1573 (1978).
Perturbation approach to nucleon transfer in heavy ion reactions,
L. Lo Monaco and D.M. Brink, J.Phys. G, 935 (1985).
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Understanding the transfer and breakup mechanisms 



If both initial and final state have l=0





 The first excited state of 9Li is at E*=2.7 MeV
                    p1/2 state is at 0.595 MeV
                       s-state is virtual

No inelastic channel 
No use of the stripping part
of the transfer cross section



with

Potential correction which originates
from particle-vibration couplings

For n+9Li:

α=-12.5 for the s-state
α=3.33 for the p-state
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Resonance states in 10Li

Potential model for n+9Li continuum

s-state potential p-state potential



Targets and neutron bound initial state parameters:

at 2 A.MeV

13C   p1/2   p1/2

 s1/2
9Be   p3/2

   s1/2

 p1/2

 no spin-flip

 no spin-flip

spin-flip

 spin-flipd     s1/2

 enhancement
 at low energy



9Be target (x 1.4)

13C target (x 73)

d target

13C target   2s-state   as=323fm

13C target 2s-state  as=-17.2fm

9Li(X,X-1) 10Li



9Be+ 9Li (n+9Li)+8Be
Phase shift

Cross sectionCross section

Shape elastic factor

as<0 as>0
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effective range theory (1st order)
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α=-10.915    as =-26.2 fm      ro=4.3 fm

Nakamura ro=5.6 fm



12Be-n relative energy spectrum
(these J.L. Lecouey 2002)

C(14B,12Be+n)X



 resonance states  in n+12 Be

1p1/2 resonance
then 2s is bound

1d5/2 resonance
(α=-2.5)

(α=12.8)
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No dependence 
on the target 



Overview for n+12Be
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Virtual s-state   as=-1.66 fm



εf  (MeV)

 dσ
/d
ε f

 (m
b/

M
eV

)

 as=11.5 



-0.6 -28
-1.2 -51
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-3.8 31
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Conclusions

• transfer to the continuum method is well suited 
  to study unbound systems such as 10Li which are 
  building blocks of borromean nuclei.

• we are able to determine as and the resonance 
  of unbound single particle states


