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The hyperspherical (HS) approach has been applied to solve bound states
and scattering problems in many different fields of physics and chemistry

My talk is on the HS calculations in atomic physics, particularly for
three-body Coulomb systems.

The HS approach was applied to the study of doubly excited (resonance)
states of helium and H in 1968. Then, for about two decades, HS approach
had been used for conceptual and qualitative purposes.

Around 1990, computational techniques were developed to perform
accurate calculations in HS coordinates. HS approach was extended to
general three-body systems, and many studies have been made to obtain
accurate quantitative results.

| will introduce the advantages of HS approach by explaining the theory
and by showing numerical results.
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Theory

- Atomic orbital (AO) expansion for H-
Hyperspheical coupled-channel (HSCC) method
for H , and for general three-body Coulomb systems

Application
H™, e*+He', He?*+(p u), HD*



Atomic-orbital (AO) expansion for H™ system
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Hyperspheical coordinates for two-electro systems
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Adiabatic states
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Hyperspherical coupled-channel equation
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Asymptotic solutions and matching at a large p
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Hyperspherical coordinates for general three-body Coulomb systems
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Uu(p) (a.u.)

Adiabatic potential curves for 1S € symmetry of H-

0.0

&ge s

f

20 40 60
p (a.u)

|
30

¢ +HZ)
o
=
O
Il
e +H(1ls) §
100

8 8
7 -7
6 6
5 = 5
i
]|\
i |
1 1
% 10 20

p”2 (a.u.)



Bound state calculation for H™
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1S¢ phaseshift in e~ 4+ H(1s) scattering

Uu(p) (a.u.)

Potential curves for
1S¢ symmetry of H™
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Uu(p) (a.u.)

Resonance calculation

Breit-Wigner formula
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Potential curves for
1§¢ symmetry of H™
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Total cross section (Mb)

Photoionization spectrum of He(11S)

for He*(n=4) and He*(n=6) thresholds.
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Good points

*Correlation among particles is considered in the adiabatic basis

“ Potential curves give visual information on resonances

*Non-local potentials do not appear in the coupled radial equation.
- Convergence with respect to basis size is faster
for a system where correlation among particles is strong
=> HS approach is strong for resonance calculations

Circumvented weak points

Sharp change of non-adiabatic couplings near avoided crossing point
=> diabatic-by-sector method

- Adiabatic basis are not most suitable representation at large p
=> matching to atomic basis representation



HS treatment works irrespectively of mass combination

Systems including
two identical particles

b
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S-wave adiabatic potential curves of gerade
symmetry for aba Coulomb three-body systems.
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S-wave adiabatic potential curves
of eTHe™ system
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S-wave adiabatic potential curves
of eTHe™ system
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S-wave adiabatic potential curves

of 3He*™ + pu system
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S-wave adiabatic potential curves
of D™ + H(1s) system
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Summary

* HS approach for 3-body Coulomb systems are explained.
* In HS coordinates, the whole system Is described by (p, Q),
allowing the collective description of particles in the system.

* The whole wavefunction is expanded with the adiabatic channel function, in
which the correlation among particles is considered.

* Inspection of potential curves is helpful to understand the dynamics of
bound and resonance states.

* The single-channel approximation is already a fairly good approximation in
many cases.

*When HS channels are coupled, the convergence is generally rapid due to

the suitability for strongly correlated quantal systems.

*There are four-body treatment for three-electron atomic system (Li etc).
The extension to general four-body Coulomb systems is desired.



