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Orbital degrees of freedom

JT distortion
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cubic tetragonal

= Cu’* > 1 hole in g,
= Orbital degeneracy




Orbital ordering in Ba;CuSb,0,

m Off-stoichiometric sample Ba,;Cu,_Sb,..Oq
- orthorhombic distortion for x=10%
- Cooperative Jahn-Teller distortion
- ferro-orbital ordering
» Stoichiometric sample Ba;CuSb,0,
- no static JT, no orbital ordering
- honeycomb lattice of CuSb dumbbells



Stoichiometric Ba;CuSb,Oq

= No orbital ordering
= NMR: Spin gap Quilliam et al, PRL 2012
s ESR: Orphan spins, between 5% and 16%

Can we understand this?



Kugel-Khomskii model

Two degrees of freedom per site

Spin Pseudo-spin (orbital)

H =" Jij (8.5 K1(7, 7)) + K2(7i, 7))

1,J
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Honeycomb Decorated honeycomb

(b) Spin-orbital decoupling

Strong tendency toward orbital order!




Disorder in Ba;CuSb,0,

§ ~94% {0300 K |
Ortho. {e 20 K|

= Orphan spins
= Short correlation length
= No orbital order
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Which kind of disorder?



Dipolar Ising model
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AF Ising model on triangular lattice

= Infinite degeneracy
- 2 up — 1 down or 2 down — 1 up / triangle
Entropy/site: 0.3230...
Wannier, 1950
= Algebraic ground state correlations
<00;> a 1/r;Y/?
Stephenson, 1964



J;-J, Ising model on triangular lattice

Honeycomb Stripe



Possible phase transitions

1st order, T

Ising, T,

Sergey Korshunov, PRB 2005



One or two phase transitions?

m J;-1,: T5<T, > only 1st order transition
» J. large enough, J, small: T,<T;
—> 2 phase transitions Korshunov 2005
= Dipolar model
—> stripe order at zero temperature
- 1st order transition (Monte Carlo)
A. Smerald, FM, unpublished




High temperature phase

‘branch’ lattice




Structure factor
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Properties of branch lattice

= Very few hexagons

= Fractal dimension: d=1.9
= Orphan spins: 6%

= Resonating dimers
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Dynamic Jahn-Teller effect
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Conclusion

Structure of Ba;AB,Oq family: quite subtle!
Ba;CuSb,0q4

- CuSb dumbbells: dipolar Ising model

- Low-temperature: stripe structure

- High-temperature: branch lattice
Kugel-Khomskii model on branch lattice

- Resonating dimers + orphan spins
Implications for other members of the family?



