Correlated electron-phonon systems
- exact diagonalization method

Hubbard model
Electron-phonon coupling

Lanczos method
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Spectral properties
a) Phonon renormalization and
scattering cross sections
b) Charge dynamics
c) Spin dynamics

d) Optical conductivity



Hubbard model
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Quantum Field Theory Kindergarten
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Pauli exclusion principle
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Electron-phonon interaction
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Quantization: creation and annihilation
operators
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Electron-phonon Hamiltonian
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Hilbert space
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M=0 =1 M=2 M=3

Dim = Dim_*Dim_ Dim =10-20
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Exact diagonalization - Llanczos method

|} - initial random vector

|61} = H|dg) — ay|do)
|2} = H|¢1) — a1|dn) — 8| o)

|Gmi1} = H|bm) = | ) — BZ)| 1)

_ (m|H|¢m) B2 {Bon| Do)
(P | B ™ 1| Omo1)

L

ny =D lém} L~ 100

m=1

a, b, 0 0 0 ..
b, a b0 0 ..
0 b,a b 0 ..
0 0 b a b, ..




E——

6.20

6.18 |

6.16 -

6.06



aavas.

v
/1]

\

——

00 01 02 03 04 05 06 0.7 0.8

0.4

03}
02F
0.1}

(A®) 3

0.0



