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1.1. Conventional Conventional ““didi--neutron (2n)neutron (2n)”” modelmodel for for 66He He 

•• Something wrong!Something wrong!
•• WhatWhat’’s wrong?s wrong?

2.2. ““ImprovedImproved didi--neturonneturon modelmodel for for 66HeHe
•• A constraint upon A constraint upon ““2n2n””--αα wave functionwave function

3.3. AdiabaticAdiabatic--Recoil approximation (ARA) Recoil approximation (ARA) 
•• ““2n2n”” sizesize--effects on the elastic scatteringeffects on the elastic scattering
→→ via   breakvia   break--up effect / folding potentialup effect / folding potential

4.4. Effect of Effect of ““2n2n””--p interaction ignored in ARAp interaction ignored in ARA



Problems of previous analyses

• Folding model : no breakno break--up effectup effect is included:
– how important the breakup effect is?
→ estimate it within the framework of didi--neutronneutron model
– BUT!

•• ““standardstandard”” didi--neutron modelneutron model on the market, which 
many authors have been using, may may not be realisticnot be realistic
– Size of the whole nucleus (6He) inevitably exceed the 

measured size.
→ Need modification/improvement to the “di-neutron” model



α-2n mean distance given by 
the S.E.M. so as to reproduce 
observed B.E.(6He)=0.976 MeV
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Conventional “di-neutron” model for 6He
α+(2n) relative wave function is assumed to be 2s state and is given by the 
separation energy method (SEM) with the use of a single attractive Woods-
Saxon potentail with a standard geometry  (e.g. R=1.2×A1/3 fm,  a=0.5 fm )

very small B.E. (0.976 MeV)

→ w.f. has a very long-range tail

→ Rα-2n ≥ 4.7 fm ～5.1 fm

→ leads to an unrealistic size of 

the whole nucleus 6He

Rr.m.s.(6He) and B.E.α-2n cannot be reproduced
simultaneously by the standard di-neutron model,
as long as one uses a single attractive potentail.
→ need α+n+n three-body treatment?

Rα-2n

α-core “2n”

2s state
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Rα-2n

Surface-barrier simulates three-body effect 
(e.g. effects of non-zero angular momentum 
components):

Proposed by Sakuragi, Hirabayashi, Funada

in di-neutron model for 11Li 

(Niigata Symposium on Unstable nuclei, 1991)
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Total size of 6He should 

be fixed to exp. value!
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How “2n” size in 6He can be probed

by scattering with proton? 

Size of “2n” correlates with 

α-2n  relative wave function
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6He→α+ “2n” break-up effect

We compare ;

a) Adiabatic-Recoil approx.(ARA) cal.

→ with break-up effect

b) Folding-model calculation

(without Vp-2n)

→ no  break-up effect
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6He→2n‐α

Break-up effect
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Effect of  p-“2n” interaction

→ folding-model (no break-up effect)

v.s.
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Effect of p‐“2n” interaction : Vp‐2n
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breakup effect effect of p-2n int.



Summary
• We have proposed a realistic “di-neutron” model for 6He, 

– which well simulates the three-body nature of 6He and  
– reproduces both 6He size and binding energy simultaneously 

by introducing a surface barrier to 2n-α potential. 

• 6He→α+ “2n” break-up effect is estimated by the use 
of adiabatic-recoil approximation (ARA)
– the break-up effect is important at middle and backward angles 

of the elastic scattering by proton
– ARA calculation gives vector analyzing power consistent to 

the observed ones within error bars.

• The “2n”-proton interaction, Vp‐2n, neglected in the ARA 
calculation, has non-negligible effect
– mainly due to small mass of the α-particle core
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