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Σ Self-energy
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Exp band gap: 4.3 eV

L. Hedin, Phys. Rev. 139, A796 (1965)



Outline

Vertex corrections beyond GW  

Multiple solutions 

Self-energyless approach:  

   many-body effective energy theory (MEET) 

Conclusions & Outlooks



Outline

Vertex corrections beyond GW  

Multiple solutions 

Self-energyless approach:  

   many-body effective energy theory (MEET) 

Conclusions & Outlooks

t
Hubbard model 

U
✏0



   P. R., S. Guyot, and L. Reining, J. Chem. Phys., 131, 154111 (2009) 

Atomic limit

H
+
2

1e
−

Vertex corrections: correcting the atomic limit



   P. R., S. Guyot, and L. Reining, J. Chem. Phys., 131, 154111 (2009) 

Atomic limit

H
+
2

1e
−

Vertex corrections: correcting the atomic limit



   P. R., S. Guyot, and L. Reining, J. Chem. Phys., 131, 154111 (2009) 

Atomic limit

H
+
2

1e
− two types of 

addition energy
3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0
6420-2

ω (eV)

ε
0 ε

0 
+ U

exact

ad
di

tio
n 

en
er

gi
es

Vertex corrections: correcting the atomic limit



1

2
e
−H

+
2

1

2
e
− one type of 

addition energy

Atomic limit (bad treatment of correlation)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0
6420-2

ω (eV)

ε
0 ε

0 
+ U

exact

GW

ad
di

tio
n 

en
er

gi
es

ε
0 
+ U/2

Vertex corrections: correcting the atomic limit

   P. R., S. Guyot, and L. Reining, J. Chem. Phys., 131, 154111 (2009) 



1

2
e
−H

+
2

1

2
e
− one type of 

addition energy

Atomic limit (bad treatment of correlation)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0
6420-2

ω (eV)

ε
0 ε

0 
+ U

exact

GW

ad
di

tio
n 

en
er

gi
es

ε
0 
+ U/2

GW treats the system and its response classically

Vertex corrections: correcting the atomic limit

   P. R., S. Guyot, and L. Reining, J. Chem. Phys., 131, 154111 (2009) 



1

2
e
−H

+
2

1

2
e
− one type of 

addition energy

Atomic limit (bad treatment of correlation)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0
6420-2

ω (eV)

ε
0 ε

0 
+ U

exact

GW

ad
di

tio
n 

en
er

gi
es

ε
0 
+ U/2

We need 2 particles speaking to each other!

GW treats the system and its response classically

Vertex corrections: correcting the atomic limit

   P. R., S. Guyot, and L. Reining, J. Chem. Phys., 131, 154111 (2009) 



Σ

⌇⌇
⌇

Hedin’s eqs

Σ = vH + iGW

⌇
Σ = GT

T

T-matrix 

L. P. Kadanoff and G. Baym, Quantum Statistical Mechanics, (W.A. Benjamin Inc., New York), 1964 

T = T1 + T2

Ti = vc + vcGGTi

Vertex corrections: correcting the atomic limit



Σ

⌇⌇
⌇

Hedin’s eqs

Σ = vH + iGW

⌇
Σ = GT

T

T-matrix 

L. P. Kadanoff and G. Baym, Quantum Statistical Mechanics, (W.A. Benjamin Inc., New York), 1964 

＝       ＋              ＋                   ＋                          ＋...

 － exchange terms 

T = T1 + T2

Ti = vc + vcGGTi

T

Vertex corrections: correcting the atomic limit



Σ

⌇⌇
⌇

Hedin’s eqs

Σ = vH + iGW

⌇
Σ = GT

T

T-matrix 

L. P. Kadanoff and G. Baym, Quantum Statistical Mechanics, (W.A. Benjamin Inc., New York), 1964 

＝       ＋              ＋                   ＋                          ＋...

 － exchange terms 

T = T1 + T2

Ti = vc + vcGGTi

T

Vertex corrections: correcting the atomic limit

⌃ = vH + ⌃x + ivcG
�⌃

�G|{z}
⌅

�G

�Uext

����
U

ext

=0| {z }
L



T-matrix approximation: 1 electron
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T-matrix approximation: 2 electrons
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Is there any alternative approach?
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h 0|ĉ†i | 
N�1
k ih N�1
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Conclusions & Outlooks 

GW fails in the atomic limit 

Inclusion of vertex corrections too complicated 

Problem of multiple solutions worsen with vertex corrections 

Spectral function from a many-body effective energy theory promising 

Simple approximations give accurate spectra in model systems at 
weak and strong correlation (without symmetry breaking) 

       (1- and 2-body reduced density matrices) produces a qualitative 
correct spectra for the AF and PM phases 

How to go beyond         ? 
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