
O.O and A.K, J. Phys: Conden. Matter  19, 145270 (2006)
O.O and A.K., cond-mat/0610540 (2007)
O.O and A.K., cond-mat/0804.4781 (2008)
O.O and A.K, in preparations

Oren Oferand Amit Keren



ÁWhat is Geometrically Frustrated Magnet?

ÁTwo lattices: the Kagome (ZnCu3(OH)6Cl2) 

and the Pyrochlore(Y2Mo2O7 /Tb2Ti2O7).

Á3 Possible perturbations.

ÁExperimental results.



ÁThe inability to minimize different energies 
corresponding to multiple interactions.



Á2D: Kagome TopkapiMosque, Instanbul



Á3D: Pyrochlore
Corner Sharing Tetrahedra= Pyrochlore.

A stacked triangular-kagome-triangular lattice.

Has a FCC structure.



ÁClassical n.nAF Heisenberg Hamiltonian,

ÁIn corner sharing systems of q mutually 
interacting spins,
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ÁHeisenberg Hamiltonian predicts,
a macroscopic ground state degeneracy 
with no Long range order. 

ÁBreaking the GS degeneracy - Every 
perturbation will have a huge effect on the GS 
properties.

ÁGFM AREIDEALTOGOBEYONDTHEHEISENBREG

MODEL.

Our aim is to find possible perturbations in 
various geometrically frustrated magnets.



ÁA single quantum 
particle in a non-
symmetric double 
potential well.

At T=0 both sides have the same energy.

At finite T, the particle will likely to be in R.

Villain et al.,Journal de Physique 41, 1263 (1980).



Ȱ/ÒÄÅÒ ÆÒÏÍ ÄÉÓÏÒÄÅÒȱ ÉÓ ÐÏÓÓÉÂÌÅ ÉÎ  kagomelattices 
not in pyrochlores.

The density of excited states is highest near a LRO configuration.
The softer the fluctuations are, the larger phase space 
accessible to our particle. 

Thus it is probable that soft modes can cause the 
system to enter a LRO configuration from a 
thermal-disordered tendency.

T=0

T>0

Villain et al.,Journal de Physique 41, 1263 (1980).



1. DzyaloshinskyMoriya  Interactions
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DMI rules:
1. Center of inversion at C, 

D=0.
2. Mirror planê AB through C, 

D||AB or D̂ AB.

3. Mirror plane in AB, D̂ AB.

4. 2-fold (180̄ ) rotation axis

ÂB through C, D âxis.

5. n-fold (360̄ /n) rotation along 

AB, D||AB.

TôruMoriya, Phys. Rev.  Lett. 4, 228 (1960)



1. DzyaloshinskyMoriya  Interactions
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ÅDMI bi-linear

Elhajalet al., Phys. Rev. B 66, 014422 (2002)
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2. Exchange Anisotropy

ÅJ Anisotropy linear z
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ÅInmean-field this yields a dramatic change in the susceptibility,

1
, ,2

3
(

( ) (
)

1)
B

z z
B

k
T

g S S
a o

k
+
\ \; )

)

J\

zJ

ÅSuprisingly, Could also induce FM with average moment,

ªÅ %. /`lp &
6
Bk h; )M H cos z

z

J

J J
h

\

;
)



2. Exchange Anisotropy

ÅJ Anisotropy
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Tanaka and Myashita, J. Phys.: Condens. Matter 19, 145256 (2007)

ÅAt T<Tca FM order emerges



3. Lattice Deformations
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ÁThe full Hamiltonian,
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Our aim is to find experimental indications 
to Jz andJ^, or Dij, or dJ/dr.



ÁSusceptibility
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The frustration parameter,

Large indicates the
strengthof the frustration

f

A. P. Ramirez,  Annu. ReV. Mater. Sci. 1994, 24, 453

We now turn to look at the simplest example:

2 2 7Tb Ti O



ÁTb3+ ions creates magnetic pyrochlore.
Á$ÏÅÓÎȭÔ ÅØÈÉÂÉÔÓ ÓÐÉÎ ÆÒÅÅÚÉÎÇ ÄÏ×Î ÔÏ 50mK.

20K 400.CW fo <¶+ ª

50mK.NT :
The Hamiltonian is probably pure Heisenberg,
might be considered as a magnetic analogue of He.

We will return to this compound later on.



ÁStructurally perfect quantum S= ½ Kagome :

ZnOH

Cu

Cl

1. Cu+2 atoms carrying S=½ mediated through super-exchange (OH)-.

2. Zn atoms separate kagomelayers (c=14.061Å).

3. XRD reveal perfect kagomestructure, best model achieved when 

100% Cu in the kagome, 100% Zn in the interlayer.
157f <

ÎÏ Ȭ/ÒÄÅÒ ÆÒÏÍ ÄÉÓÏÒÄÅÒȭ ÆÏÒ 4І2K!!!



ÁWemeasurerotation frequency
and relaxation of the muon
spin.

Á Thefrequencyshift isa resultof
the samplemagnetization.

Á The TF relaxation is the result
of static field inhomogeneties.



ÁKµ  calibration:

K andʔexhibit
linear relation, thus
allowingcalibration.



Á K measured (hence ʔ) 
down to 60mK.

Á Saturation of ʔat 
T~200mK.

Á As with the susceptibility,
ʈSRdoes not detect spin
freezing. 0.268KB
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ÁT2
* Interpretation
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Upon cooling
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