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of a
1 hole on ligand

forms a singlet hopping on
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Low energy model
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single band Hubbard model



96 Dipole selection rules

How do we know that the low energy model

is correct usingspectroscopy

In EM field F P fA Pref The light matter

interaction

Mint Hem H En
take the coulomb gauge DA 20 then
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light polarization
cross section for light absorption H He ph
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The dipoleoperators D E x

selection rules The position in 3D can be expanded

by vector operators x ̅ x E xieatxs.es

we choose a different basis rf rCf f 0
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Dipole selection rules
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dipole transition selection rule
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Am 0 I 1

To probe Cu 3d one need p or f

Cu ap 3d
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From another view point

T behaves as Z Arn

las well as y orb yay In
in 04h

2 Pa Azn Azn Aig
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Eu Azn Eg
En En Aig Any If By

For optics nev transitions between

valence states Arf P

dipole



i E n

Kaba Sénéchal PRB 102 214507 20197

use a simplified one band model I BCSequation

H EtcCirCar I ftp.cixctktcyet.cat

electron phonon comploy
AFM fluctuations 1T

It is sometimes possible to form offdiagonal
long range order OLRO or pairing

Ak I Vak C it Cux

Mean fielddecoupling CC Ccs cc coil

H Itk CioCio I VanfixCtk Cta't Cut

I theCircus I kch.pe y IkC ktCkx

cii.cn Ii Ii
want

diagonalized via a Bogoliubov transformation
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We will not discuss more the superconductivity

but the form of Ak In general we

can expand the order parameter as

A k Cifilki
more generally Akimmion I caprfTKIBulm.skSir

for multi orbital case band
stpin

We are oky discussing one band singletpairing

How to expand SC has a coherence length
size of the cooper pair we can consider

expansion on nearest neighbors

fk Ifreiter
The Fourier coefficient fr decays over space

Consider local pairing AF to Aig

consider needs i x ̅ I



The four basis function eikx etkx eiht e
they

Similar to the previous section we can

construct projectors and find eigenstates

Pa 121111
4 1111.17T

The A symmetry is leikxteikyye ihxte i.ly

coskx wsky

logenStates of PB 1 1 1 1 T

B symmetry Icoskx cosky

see mathematica notebookfor details

2nd neighbor eikthy eick he itkxthst.e i.la he

V1 A Be E

A 2 Coskxcosky

Be 2 SinkSinky

E Sinkx thy
Sm Kx key



3rd neighbor the same as 1st

4th neighbor 8 dim rep space

E pairing is odd in space triplet pairing
also Sinkx isinky related by

time reversal

gap measurements
transport
ARPES

Josephson tunneling
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