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L ong range Coulomb interactions are screened
(Bohm & Pines)
—> Short Range Hubbard Interactions

I(X)P(YW(Y)W(X)

W 1 u
He _EﬂdSXdSny

He™ = Uijkla d dd

is™js
ijklss

0 U nin +(intersite
W< W g T
Strong Coupling Regime -

H7&O”: Zykq(aq +a—q)wkwk‘q * Z(nq‘ +%)wq]
g T 4

Electron phonon coupling —>
effectively suppressed at large U



CuO, or One Band Model?

AtlargeUlt; <n> <1

OneBandHubbard |~ 3band CuO, model
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Electron & Hole Doping
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2D Hubbard Moddl
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Antiferromagnet

Perturbative RG (Shankar) (Anderson)
low density (Mattis)

“Holesin the quantum antiferromagnet’’



Renormalization Group

_ _ Wilson, Shankar
Integrate out high Fourier components
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Obtain an effective Lagrangian
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Perturbative RG
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P, Is a projector onto a subspace
A known matrix identity is:
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Choose a decomposition of H
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Brillouin Wigner RG
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(Not atrue Hamiltonian, E dependent !)

H —>He" can be iterated by choosing
successive projectors to lower eigenvalues of H,
Explicitly, for two cutoff energies
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ISH(A') simpler than H(A)?

Sometimes, when V effectively shrinks with A



From Hubbard to t-J

HO:UZniTnil V:_tZCIECJ'S-I_H'C

<IJ>s

(1,0n, <2 Gutzwiller projector :
%), [h, =2 Space of no double occupancies

P, =

PO —> 1_P0 —>

HY = %%t Zqicjs _% Clicjs(l_ I%)C?;'Ckg tHe 0 +O(JE’$)
s

<>s <il

[
oU

J=4t°/U X
Sty (e ) SRS -mn 143
SIES

A <IJ>s
'=-5 chtcxsnj ~G0Ges [
<ijk>ss
| ? Heisenberg model
Hole hoppin S — ire Q2 —
PPN S=3 ZQSO-SSQS S =
Hubbard Regime: t>J

(G




Half Filling
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Plaguette singlets?
Negl order RVB?
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Antiferromagnetism in La,CuO, -,
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At large U/t, the effective Hamiltonian in
the singly occupied supspaceis

H ZJZS SZ (SXSJX _I_Sysjy)_Z“ZSz

<I|> |

S =(n-)/2=a"a -
§=cc =a
7 I .

pseudospin
hard core boson
electrons
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K<O: first order: spin flop

K>O0: frustrated lattices. supersolid
mixed phase



The Doped Antiferromagnet
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Auerbach& Larson
t<J, semiclassical effective H:

Spin polaron, hops on one sublattice, coupled to
Ned gauge field. Kinematic Pairing Mechanism

5 Z [a*x T, "0, +(0+NA)f, + Ly g (A)
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same sublattice
hopping
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Single-hole dynamics in the ¢-f model on a square lattice

Michael Brunner, Fakher F. Agsaad, and Alejandro Muramatsn

Quanmtum Monte-Carlo
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Single hole ARPES

A. Damascelli®, D.H. Lu, Z.-X. Shen
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Two Holes in a Cluster
AN = EN _2EN+1 + EN+2 < O

Pair binding on finite clusters LxL
Signature of pairing for L>¢&

Pair binding was found for Hubbard and t-J
clusters close to half filling!
(Hirsch et.al., Fye et.al 89.)

Even for the 2x2 Hubbard Plaquette:
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2 hole pairing
Static and dynamical properties of doped Hubbard clusters

E. Dagotto, A. Moreo, F. Ortolani,* D. Pﬂi]hlﬂl‘rﬂ.f and J. Rierat

Holes in pockets
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Single hole:

ground state momentum (7172, 11/2) (k) \/ @

Two holes::
Pair binding on small clusters (numerical).
Will they bind in large lattices?

Many holes:

Phase separation/stripes?
Superconductivity?

What destroys Neel order?

Conflicting mean field theories.. ‘

t-J Moded: spinsand holesare
strongly entangled on lattice scale.

We need to derive alower effectiveH!



Part |1
Derivation of Effective Hamiltonian
using Contractor Renormalization



