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Motivation
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Consider Highly charged ion

Can be      produced for any Z

 measured with a high presicion

 stored for a long time

Hydrogen-like problem was solved in 1925 by 
Schödinger

Several years after many-body quantum problem 
was studied

In 70’s - 90’s HCI studied experimentally (GSI,

  described theoretically
test QED in the stronges fields

Reasons

measure more precise than calculate

What is the main error in theoretical approach?

Darmstadt)
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Breit Approximation
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one photon exchange 
from point of QED describes

expand propagator in powers of ω and take limit     one can derive a simplfied 
                        form of interaction
  and write it down as frequency independent Breit operator 

it accounts retardation effects to the first order in

Contribution to the E from
diagrams can be calculated
up to the second order rigorously
but after no one still haven’t 
managed how to calculate the
diagrams



Dirac-Coulomb-Breit Hamiltonian
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Many-body wave function
Wave function must be antisymmetric
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We can solve problem for hydrogen atom (single electron)

Z

e

e

e

e

obtain one particle wave functions

construct many-body wave function as Slater determinant

but electrons in this approximation are not correlated

and we need to take into account a collective behaviour of electrons 

We need to go beyond one-particle approximation



Configuration interaction(CI)

Relativistic Calculations of Higher-Order Electron-Correlation Mikhail Kaygorodov5/8

single excitations(CIS) double excitations(CISD)

Let     be a set of virtual orbitals, where 

i-th i-th j-th

Applying variational principle we obtain a following matrix problem for coefficients

where

,

Hamiltonian matrix has incredible size even in CI, but we cheated and built
with special properties which leads to sparce form of matrix H

But we do not need   ! The problem was with higher-order corrections! 
                       How to extract them? 



Perturbation theory by interelectronic-interaction

Imbed parameter λ into     to separate terms of different orders in 1/Z 

For small λ the total E can be expanded in powers of λ 

Then the higher-order contribution is calculated as 
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1s22p1/2 — 1s22s1/2 Transition energy for Z=30
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-0.0296(3)(1)
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0.000374

*3rd-order only

*include 1ph & 2ph QED



Thank you!


