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Summary

Part 1 :

B Lanczos algorithm (or Band Lanczos) is able to diagonalize the
Hamiltonian Matrix for a small systems, and calculates the Green
function

Part 11 :
e CPT:
B The lattice 1s tiled by small 1dentical clusters

B Itis able to calculate the Green function of the lattice, by
solving the problem for small clusters

B SFA:
B The grand potential can be written as a functional of the
self-energy X

B F[X]is universal — $%[2] = Q' — Tr In(1 — VG)

® For a set of physical variable, grand potential is the saddle
point in 2-space. Now it is a function of the physical variables.



Part 111

The Variational Cluster
Approximation



Motivation

CPT cannot describe broken symmetry states, because of
the finite cluster size
Idea: add a Weiss field term to the cluster Hamiltonian H,

e.g., for antiferromagnetism:

Hjy; = MZeiQ'ra (Mot — Nay)

This term favors AF order, but does not appear in H, and
must be subtracted from V

SFA is the principle to set the value of M .



VCA : Basic Idea

Set up a superlattice of clusters
Choose a set of variational parameters,
e.g. Weiss fields for broken symmetries

Set up the calculation of the Potthoff functional:

z;\L > ) Indet [1 — V(k)G'(k, w)}
w ok

L[] = —

Use an optimization method to find the stationary points

Adopt the cluster self-energy associated with the stationary

point, and use it for the lattice



Variational Cluster Approximation

» Therefore, QQ[¥] can be written as the direct function of the

physical variables #:

Y =X(h)
Q = Q[X(h)] = Q(h)



Variational Cluster Approximation

Q=Q(h)

® Best values of hopping and Weiss fields determined by

a rigorous principle:

where Q = (E- uN) 1s the grand potential at the physical

solution.



Variational Cluster Approximation

® We add a Weiss field term to the cluster Hamiltonian H’
B This term favors AF order, but does not appear in H, and

must be subtracted from V

Neel order AF = MZ( 1)%eQin ., Q=(m7)
dwave SC H;CZZ(A CTC¢+hC)
Filling H, :—uan
Spiral order H =h{ZeA.Si+ZeB.Si+ZeC.Si}
ieA i€B ieC
X2 . 9)
—=0 , —=0
oM OA



VCA : Néel Antiferromagnetism

The AF Weiss field :

Hjy; = MZeiQ'r“(naT — N )

Q for the halt-filled, square lattice Hubbard model:
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VCA : scaling factor
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VCA : Superconductivity

The Weiss field is a pairing field
Osc = Z AfijCichl + H.c

E S-wave

i

Aij = i

E d-wave

dx2_y2 A,,;j —
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VCA : Superconductivity

B particle number 1s not conserved now
e The Hilbert space is enlarged

e Nambu formalism 1s used

Cq — C@T da, _ Ca,



Structure and Phase Diagram

B High T, superconductors
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VCA : High T, superconductors
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VCA : High T. superconductors

spectral function : 4x4 C2v, U=8, mu=1.5, tx=1, Dx=0.035, (spin up) (27/5/2008)
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Structure and Phase Diagram
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Structure and Phase Diagram
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VCA : Organic compounds
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VCA : Organic compounds

P Sahebsara and 0. Sénéchal FRLG7T 2008



VCA : Organic compounds

Spiral order H120° =h ZeA.Si+ZeB.Si+Z€C.Si

€A i€B ieC




VCA : Organic compounds

Spiral Order

VCA




VCA : Organic compounds

| \
8 jﬂ—J | MM Jk—J\r"—"'ULH *'-m_r—*-'“»JJ Y s \'r}\- ”‘NN | jll‘“"—— )'JU‘IVU'“. J .,'”(l. A

1
| | fL A i | m |||, h
? i 'J -Jl\-“_,.-—f' ,.-'n'--"___ e \d N Y l"'hlll_-n._ S .l".“'!l"' 1 fo ™ ,.-,_.u'l'M\ My -)'1_IL','.'I" L 'l-i«'ll "JI

[ I | I | S S I g | S | S

f‘U\ u.
N P NN TS N VUSURY RPN SN I YO T

L | I |
L | I|| [ I f) bt b oA
5 | . |I |I y '.M"“.,.---—-Iu _-I"-‘I.- ey _,1-.-,.___ M ""'t""". _l'. IR S b A _ 1 p-""l' "._ . __,-‘.‘l__"-'.‘,'."l \ Jy l.d|.| 1|

M
4 A_;M.Malj—ww—vﬂ“a_m%_l e A\_J"L'UL«"‘.'J“ L

i _‘|| .-'lir..J _ SR - b A o __""JH |I-_ _'L|I-|II| I_.\\_I n.l

4")‘ b
FM__J

e
2 T I i—— a-—t—"‘—*-i\'fﬂl-\.r ] — LrﬁquLhM‘_n L (Y |

P. Sahebsara, PR, in press



VCA : Organic compounds
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CDMFT : Basic Idea

E To add variational degrees of freedom in the form of a bath of

uncorrelated sites
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CDMFEFT : The hybridization function

® the cluster Green function takes the form

G l=w—-t—T(Ww) —Z(w)

B ['(w)1s the hybridization function:

Opatya
[ (w) = Z :

w_ga

«



CDMFEFT : The hybridization function

e The bath makes a contribution to the Potthoff functional:

Qbabth — Z Ea

£a<0

B On can 1n principle use the same methods as in VCA



[Initial guess for FJ

No [ converged? Yes




Summary
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... and life is going on/

Thank you



