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Boob Laughlin’s “Theory of 
E er thing”Everything” (that matters) 

Should use the many body 
Dirac equation!

And Add Maxwell, 
Boltzman and Gibbs, and 

Newton

The crunch comes when ΣIThe crunch comes when ΣI
with i >= 3 -> 
“thermodynamic limit.”

“Size Matters !”Size Matters !



Cu2+ 3d MultipletCu 3d Multiplet

3d9

Cu2+ IonCu Ion

t Splitting (Cubic)t Splitting (Cubic)

eg
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CubicCubic



Bednorz MuelleBednorz-Muelleer Nobel Lectureer Nobel Lecture

After Chakravarty, (1979) 



HubbardHubbardd Theoryd Theory



Charge TransCharge Trans

Af

sfer Insulatorsfer Insulator

fter  Imada, et al, RMP 70, 1039 (1998) 



Cubic RocksaltCubic Rocksalt 

TMO 3d ConfigTMO 3d Config
MnO 5
FeO 6
CoO 7CoO 7
NiO 8
CuO 9

See Imada, Fujimore, 
Tokura, RPM 70 (1988) 

Divalent TMOsDivalent TMOs

Properties                     Properties
MH-CTI (5.6) 
MH-CTI (5.9) 
MH CTI (6 3)MH-CTI (6.3)
MH-CTI (6.5) 

XX  Doesn't Exist!



Néel Temperature vs.Néel Temperature vs. TMO Atomic NumberTMO Atomic Number
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DFT & (LDFT & (L

Implemented in LMTO by 
3973 (1990) 
− Applied to NiO, MnO, F

Plane Wave PseudopotenPlane-Wave Pseudopoten
Cococcioni and de Gironc
− Applied to FeO and NiOApplied to FeO and NiO
− Download open-source

http://www.pwscf.org

LDA + U)LDA + U)

Anisimov, et al, JPCM 2, 

FeO, CoO and La2CuO4

ntial Implementation byntial Implementation by 
coli, PRB 71, 035105 (2005) 
OO 
e package from 



Experimenta
(Softw

QUANTUM ESPRESSO SQUANTUM-ESPRESSO S
− DFT (LDA+U) plus electron
− Graphics by Tone Kolalj (XC
− www.quantum-espresso.org

“Dial-in” Parameters
− G2 = 40 Ry ρ = 320 R
− Convergence ≤ 10-6 Ry
− “Smearing” = Methfessel-Pa
− Psuedopotentials: Ultrasoft,

Cu: 3d94s2 O: 2s22p4

al Equipment 
ware)
S it f C dSuit of Codes
-phonon
CrysDen)
g

y

axton
, XC = Perdew-Zunger



Experimenta
(Hard

3 Cl t H N t k AM3-Cluster Home Network:  AM
IBM-X41 +…

al Equipment
ware)
D64 d l 3 5 GH 12 GB +D64 dual 3.5 GHz, 12 GB + 
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Proto-TMO A

Cu
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AF Rock Salt 
[111]
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AF Rock Salt 
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AF Type II Pyp

CuCu

O

Primitive Cell



Basic Asymm

CuCu

O

metric AF Cell
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TenoriteTenorite

eV

Z Γ A(X) 

e (U = 0)e (U = 0)

M Y Γ





TenoriteTenorite

eV
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e (U = 5)e (U = 5)

M Y Γ









Cubic Roccksalt CuO



Cubic Rocksalt CuuO (Cu 4s & O2p) 



Fermi Surface of U=0 c-rs-CuO in the AF II Primitive Brillouin Zone…



…Oriented to Displaay Nesting Features.



Tetragon

c/a = 1.36

Measurements
(Wolter Siemons)( o te S e o s)

• 2-4 ML epi on STO

• No Fermi Edge

• No Exchange   Bias 
on ferro-SRO (Tc ~ 
100-150 K) 

3.905

nal CuO

5.320

3.905



Cu2+ 3d MultipleCu2+ 3d Multiple

eg

3d9

t2g

Cu2+ Ion C

et Splitting (Tetra)et Splitting (Tetra)

Cubic Tetragonal
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Rocksalt CuO - a = 3.905 Angstrom
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Rocksalt CuO - a = 3.905 Å, P
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Rocksalt CuO - a = 3.905 Å, PP

N(Ef) vs c/a 

P = Cu.pz-3d9_4s2-rrkjus.UPF

& U(ev)



Spin Composition of Cu 3d pDO

U = 0 d-spin-pdos Cu1

U 5 d i d C 1U = 5 d-spin-pdos Cu1

OS as fn(Hubbard) : c/a = 1.36
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W. Siemons (PhD Thesis, Stanford) 
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Af-CuO: Spi
U =

p

c/
1.0                        1.1                        1.1

U =

n Up Bands
= 0

p

/a
115                        1.2                       1.36

= 6



Af-CuO: F
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S Spin Up
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c/a =c/a = 

U = 0
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U = 6
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Electron-Pho
- Supercon

QE k fQE package for e-p cou
bands still “under const
Since the bands near th
change from U = 0 to U
Just ignore the AF II sy
happens!happens!

non Coupling
nductivity -

li ith i l i dupling with spin-polarized 
truction,” so…
he Fermi level hardly 

U = 6, let’s…
ymmetry and see what 





Electron-Phon
a la Migdal Eliasa la Migdal-Elias

(plus Allen 

Wierzbowska, et al, arXiv:cond-mat/0

non Coupling 
shberg McMillanshberg-McMillan

& Dynes) 

0504077 (2006) (Nb)



Non-Magnetic Cug
-- Electron-Phon
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non Properties --

λ 0 6 0 7λ ~ 0.6 – 0.7
Other sc’s…

8
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ConclusionsConclusions 
ConclusionsConclusions

c-rs-CuO is metallic and thus 
a proxy for HTSC cuprates.
e-p λ ~ 0.6 – 0.7 consistent 
with TC ~ 20 – 50 K.
t-rs-CuO becomes a MH-CTIt rs CuO becomes a MH CTI 
for c/a >~ 1.3.  
c/a < 1.3, t-rs-CuO is “self-
doped” metaldoped  metal.
Exhibits “instabilities” in GSE 
possibly sc related.
DFT (LDA+U) + proxy 
structures a useful 
exploratory tool for nano-
material disco ermaterial discovery.

& Homework& Homework
HomeworkHomework

Compute e-p coupling λ as 
f(c/a,U) for t-rs-CuO.
Determine condensate 
symmetry.
Compute T µ* BCSCompute TN, µ , BCS 
prefactor, then TC .
Compute isotope shift.
Calculate Lindhardt funtion.
Look for anharmicities  a la 
Newns & TsueiNewns & Tsuei
Calculate optical & transport 
properties as f(c/a).



Dank jeje wel !


