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What is scattering resonances?
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Scattered state
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Resonance position: ℇ𝑟
Resonance width: Γ
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is quadratically-integrable

and vanishes at 𝑥 → ∞
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𝛹𝑟𝑒𝑠
looks like standing wave 

near the target but 

behaves like free particle 

at large distances
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Resonance properties

 Resonance eigenfunction: 𝑒𝑖𝑘𝑥 (Siegert function)

 For resonances k is complex and lies in fourth 

coordinate of complex k-plane

 Time-independent solution diverges as 𝑒−𝑐𝑥, where 

c=Im k

 Resonance energy is complex 

 Time-dependent solution decays as 𝑒−𝛤  𝑡 2ℏ

Different kinds of resonances

Shape resonance Feshbach resonance

Electronic structure methods

𝜒2𝑖−1 𝑥 = 𝜓𝑖 𝑟 𝛼 𝜔

𝜒2𝑖 𝑥 = 𝜓𝑖 𝑟 𝛽 𝜔 𝜓𝑖: spatial-orbital

𝜒𝑖: spin-orbital

Hartree-Fock

method

Full CI 

method

MCSCF 

method

Complex absorbing potential method (CAP)
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Appropriate to study molecular resonances under 

Born-Oppenheimer approximation

CAP-MCSCF in action

CAS: 2s, 2p,3s

ℇ𝑟= 0.60 eV

Γ = 0.32 eV

CAS: 5σ, 1π, 2π, 6σ

ℇ𝑟 = 0.31 eV

Γ = 0.35 eV

CAS: 1π, 3σ, 1π*, 3σ

ℇ𝑟 = 1.28 eV

𝑅NN = 2.074 𝑎𝑢

𝑅CO = 2.132 𝑎𝑢

Basis:  [14s,11p]

Basis:  [4s,11p]

Basis:  [4s,9p]

Be− shape resonance

N2
− shape resonance

CO− shape resonance

Γ = 0.29 eV

if 𝑋𝐿 ≤ 𝑥 ≤ 𝑋𝑅
if 𝑥 < 𝑋𝐿
if 𝑥 > 𝑋𝑅

 Accuracy:  Full CI > MCSCF >> Hartree-Fock

• Hartree-Fock: Single Slater determinant (SD) based method, ignores 

large correlation effects

• MCSCF: Accounts for static and some dynamic correlations. SDs are 

generated by distributing electrons among the orbitals in the active space 

At η = η𝑜𝑝𝑡

• A new MCSCF method was developed in which the 

Hamiltonian is perturbed by a CAP 

• Thorough investigations on real systems gave very 

accurate results 

Conclusions

• Computational cost: Full CI >> MCSCF > Hartree-Fock

• Full CI: Multi SD based method, accounts for all correlation effects
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