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T - dependence of charge response of strongly correlated
systems
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H, molecule, Hiickel MO approach
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Changes in charge response are expected at T ~ 2t
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H, molecule, H-L approach
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Changes in charge response are expected at T ~ J
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Mott insulator
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1D Hubbard model
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Resonant Inelastic X-ray Scattering (RIXS)
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Resonant Inelastic X-ray Scattering (RIXS)
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Scattering cross section

wrt the solid angle €, and energy w
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RIXS spectrum
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O K-edge RIXS spectrum
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" Alchemical” approximation

hdR = Hpa + Uc Z PITaaaPRow

o,

U(_‘ ~ E()sz — 5]:,2,3 ~3-5 eV,

2
(Quwed) = > |D aaME ()] 0(E+9Q—E —w),

f |R,u,v

1
fg _ T

MR/,W(Q) = Z <f’ PRWZ _ f://d . ESPRW |g> )
o p b
z = Eg+Q—al.

R.O. Kuzian T-dependence of RIXS spectra



" Cu-O-Cu" cluster
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Singlet sector, S =0
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Triplet sector, S =1,5 =1
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Low-enegry spectrum. "Magnetic” states

In the subspace of the states |sy) and |tg) ~,

p
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the system has only spin degrees of freedom, which are described
by an effective Heisenberg Hamiltonian

J = J§1 . §2 + 2ey,
J Eio— Eo = 4t* /A3 < t,A,
ey = —2t°/A.
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Intermediate state

The eigenenergies of even states are

E. — =148t/ (A + U,

A+ Uc
2
An odd state

0, 8) = —= <le w0 = ) Ivac)

g

has the energy
E,=0.

R.O. Kuzian T-dependence of RIXS spectra



O K RIXS spectrum for finite temperature
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|sq) starting state
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XAS spectrum
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T-dependence of RIXS spectra
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T-dependence of RIXS spectra
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T-dependence of XAS spectrum
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Edge-shared CuO, chains

Orbitals and exchange
in edge—shared CuQ, chains

Ge,S i,La
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Different embeddings ( Interchain coupling,crystal field ) Cu-O-Cu bond angles, spin anisotropies

inchain-spiral off-chain spiral

1. 1. fm in-chain & afm off-
chain ordering: Li,Cu0O,,
Cazla,Cu,,0,, Ca,Y,Cu,0,,
No spiral ordering, but
frustrated : Li,ZrCuo, AFM/IFM

Rb(Cs),Cu,Mo0,0,, 1D-spiral J,<0, J,>0

- a .

chain ordering :in-chain _Cx—l‘-'ZI‘.lll2 /4 , COS ¢ = 31/4\]2

helix: Li(Na)Cu,0, , if ,/|3,[>> 1, ¢ = m/2

LivCuo, , Cusio, 3D: FM maybe stabilized by specific AFM interchain
coupling and easy-axis spin anisotropy

Incommensurable (IC) in-
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O K-edge, C. Monney et al., PRL 110,087403 (2013)
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T-dependence of ZRS peak
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Conclusions

@ In strongly correlated systems, the probability of
charge-transfer excitations depends on the magnetic state of
the system.

@ RIXS spectra of antiferromagnetic CTI strongly change in the
temperature interval between zero and several J
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