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Context

• Vacancy-type defects act as efficient positron traps :
positron lifetime increases

• The correct identification of defects with PAS requires the knowledge
of accurate positron lifetimes for the various kinds of defects.
That can be provided by numerical calculations.
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Positron Annihilation Spectroscopy (PAS) for defects detection
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PAS : principes

Time

Short 

(bulk)

Long 

(defects)

PAS is sensistive to electronique density

 Presence of vacancy-type defects
 Size of defects
 Defect concentration

An average lifetime is measured
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Individual contributions have to be separated

Theory/experiment coupling necessary to analyse measurments
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Two-component Density-Functional Theory

TC-DFT : generalisation of the DFT (80’s)
Chakraborty & Siegel 1983, Lundqvist & March 1983, Boroński & Nieminen 1986

Goal: determine properties of an electrons/positron system

Method: solve the many-body problem : e-, e+ and nuclei

One-component DFT functionals
(electrons or positron)

Electrons/positron
Coulomb interaction

Electrons/positron
correlation energy
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TC-DFT in ABINIT

2005-2006 : TC-DFT limited to NC- pseudopotentials
No self-consistency, no forces, …
Specific pseudopotentials required

2010 : TC-DFT implementation within  PAW
Fully self-consistent, forces, …
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TC-DFT: implementation

• The TC-DFT has been implemented within the PAW (Projector 
Augmented Wave) method in the ABINIT code.

• Electrons and positron densities are optimized self-consistently and 
positron-induced forces are accurately calculated.

• Relaxed geometries of defects that trapped positron
are correctly determined.
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TC-DFT: implementation
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 Fully self-consistent
Two-Component DFT

 PAW applied for both 
electrons and positron

 Various electron-positron 
correlation functionals 
available

 Positron induced forces 
accurately computed

 Optimized density prediction 
and SCF mixing schemes
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TC-DFT and PAW
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This routine manages TC-DFT 
SCF cycle

When electronic density is being 
minimized (in rhor), positronic 
quantities are stored in 
electronpositron datastructure

When positronic density is being 
minimized (in rhor), electronic 
quantities are stored in 
electronpositron datastructure

setup_positron routine switches 
memory at each TC-DFT step

TC-DFT : focus on implementation
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TC-DFT+PAW : difficulties

Several numerical issues (completeness of the basis):

 Is the local basis (atomic orbitals) able to 
reproduce a positronic wave-function ?

 Are the different basis able to reproduce a zero-
density ?

 Are gradients accurately computed for the small
positronic density ?
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Vacancy without relaxation

Relaxed vacancy (effect of e-)

Relaxed vacancy (effect of e- & p+)

Mono-vacancy positron lifetime for Ag and Cu

Influence of semi-core states and self-consistency

Results on bulk systems

TC-DFT: validation

[1] Takenaka et Singh, PRB 77 (2008) 155132
[2] K.O. Jensen, J. Phys.: Condens. Matter 1 (1989) 10595

Results on point defects: silicon mono-vacancy
ps282.exp 

Species FPLAPW1
PAW Exp.2

Li 298 297 291

Al 166 166 163

Fe 100 100 106

Mo 104 106 103

Ag 124 125 133

Lifetime (ps)

ps250

ps213

ps276

%0/ 0  dd

%13/ 0  dd

%7/ 0  dd

Previous calculations
Makhov, Lewis, PRB 71 (2005):

Unrelaxed vacancy :

Full relaxation :

ps250

ps278

Exp.

No semi-core 

states

Semi-core 

states

No semi-core 

states

Semi-core 

states

Ag 259 192 243 220 208

Cu 218 164 204 182 180

   without self-consistency    with self-consistency

107 atoms
in

simulation cell
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UO2 : numerical details

 Computations are done at the experimental 

volume V0=40,92 Å3, at T=0K

 Supercell contains 96 atomes and more 

(needed for defect simulation)

 Exchange-correlation (electrons) is done in the 

GGA formalism.

 LDA and LDA+U computations have been 

performed

Computed bulk positron lifetime:

In agreement with experimental data : 170 ps.

ps166
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Results on UO2 point defects

Various kinds of defects have been investigated:
Oxygen vacancy, Oxygen interstitial, Uranium vacancy,
Three Schottky defects

Calculated positron lifetimes
for various point defects in UO2.

310Schottky defects

270Uranium mono-vacancy

169Oxygen interstitial

177Oxygen mono-vacancy

Lifetime (ps)Point defect type  

Table I. 

310Schottky defects

270Uranium mono-vacancy

169Oxygen interstitial

177Oxygen mono-vacancy

Lifetime (ps)Point defect type  

Table I. 
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Results on UO2 point defects

Calculations validate the assumption that
irradiated UO2 samples contain Shottky defects

[H. Labrim, M.-F. Barthe et al.
PhD thesis, Université d’Orléans]

Bulk

Vacancy
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TC-DFT in ABINIT : HOWTO
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TC-DFT in ABINIT : HOWTO
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TC-DFT in ABINIT : HOWTO
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TC-DFT in ABINIT : HOWTO
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Conclusion

• This is an implementation of a fully self-consistent TC-DFT
code with all-electron accuracy.

• It is easy to use : no specific PAW atomic data,
few additional keywords, …

• Completeness of PAW basis for positronic wave-function
has to be checked

• This work contributes to the interpretation of PAS 
experiments on UO2.
Computational results show that Shottky defects are present 
in irradiated UO2.


