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Howto calculate resonances in N-body systems
using real wav e-functions

and bound-state boundary conditions.

L2(R3N)



In nuclear physics most states are resonances, e.g. A=6 nuclei:



Discovery of the J-particle inp + Be→ e+e− + X reaction at BNL



Discovery of theψ -particle ine+e− → hadrons reaction at SLAC



Resonanceis a (relatively) sharp maximum in the cross-section in every (appro-
priate) channel.

E.g. in this channel:

dσ (E) ≈
2π
h̃ 〈ψ (E)Wψ initial〉

2dν(E)



A typical quantum problem with a continuum spectrum and a resonance:
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The same problem in a box with quasi-continuum spectrum:
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Example: dipole reduced matrix elementB(E1) for 6He = α + n + n.
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(Observable) dipole strength function for6He = α + n + n.
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Conclusion: calculate the quasi-continuum spectrum, than calculate
dB

dE
: not so

narrow resonances should be seen.

However, the width of narrow resonances,

Γ <
h̃2

mR2

cannot be resolved by this method.



Energy levels as function of the box sizeR with an infinitely narrow resonance
(a discrete state behind an infinite barrier).
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Energy levels as function ofR with finite barrier: avoided crossings (Zeldovich
rearrangement):
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Energy level splitting in a double well:∆E =
h̃

π T
e−S
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Quasi-continuum spectrum in a box with sharp cut-off at R (and no Coulomb):
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Free wav e:

sin(kR) = 0 => knR = π n

Distorted wav e:

sin(kR+ δ (k)) = 0 => knR = π n − δ (kn)
1)

1)we’ve got the scattering phase from the spectrum:δ (kn) = π n − knR



Phase-shift with narrow resonance:δ = δ (0) − arctan
Γ
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Quasi-continuum spectrum with a narrow resonance:

knR = π n − δ (kn) => kn≈
π n

R
− δ (

π n

R
)
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Conclusion: calculate the quasi-continuum spectrum as function of the box
radius and plot it: the sequence of avoided crossings gives the resonance energy;
the level splitting gives (basically) the width.


