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Outline

What is Geometrically Frustrated Magnet?
Two lattices: the Kagome (ZnQ®H).CL)
and thePyrochlore (Y2Mo207/Tb2T1207).

3 Possible perturbations.

Experimental results.



Geometric Frustration: unitcell

The Inability to minimize different energies
corresponding to multiple interactions.
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Extended Systems II: Pyrochlore

3D: Pyrochlore

Corner Sharingetrahedra=Pyrochlore

e
A stacked triangulakagome-triangular lattice.

Has a FCC structure.




Ground State Degeneracy

Classicah.nAF Heisenberg Hamiltonian,
= JUSHK

. (i)
In corner sharing systems qimutually

Interacting spins, q=3
Ja %

-+ poliosg o

where L ; U? Sa S /




Ground State Degeneracy

Heisenberg Hamiltonian predicts,
a macroscopic ground state degeneracy

with no Long range order.
Breaking the GS degeneraeyvery
perturbation will have a huge effect on the GS

GFMAREIDEALTO GOBEYONDIHEHEISENBREG
MODEL

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



Order from disorder

A single quantum v | | /
particle in a non ~ i
symmetric double \é/ h /
potential well. \~ =

At T=0 both sides have
At finite T, the particle will likely to be in R.

Villainet al.,Journal de Physiquél, 1263(1980.



Order from disorder in frustrated

lattices

V() \ / ground states
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not in pyrochlores K phase space T=0
The density of excited states is highest near a LRO configuration.

The softer the fluctuations are, the larger phase space T>0

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.

ordered state

Villainet al.,Journal de Physiquél, 1263(1980.




Breaking the GS degeneracy

DzyaloshinskyMoriya Interactions

ADMI bilinear
3 T , o,
=om 5 U D, & =
Dy <
DMI rules:
1. Center of inversion at C,
D=0.
2. Mirror plane® AB through C,
D||AB or D" AB.

3. Mirror plane in AB, D' AB.

4. 2-fold (180) rotation axis
~ AB through C D" axis.

5. n-fold (360 /n) rotation along
AB, DJ|AB.

ToruMoriya, Phys. RewLett. 4, 228(1960



Breaking the GS degeneracy

DzyaloshinskyMoriya Interactions
ADMI bilinear

~DM U D, & ~$'
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J Weak ferromagnetism

A kagomeplane
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Coplanar structure D,

Elhajalet al, Phys. Rev. B6, Ol4422€2002)



Breaking the GS degeneracy

Exchange Anisotropy

~~q

AJ Anisotropy linearJ @ J; J, ) J,
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Aln meantfield this yields a dramatic change in the susceptibility,
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Breaking the GS degeneracy

Exchange Anisotropy

AJ Anisotropy= ; ] J,5(S7) 3 $SJ\ orel

D) <

AAt T<T_a FM order emerges
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Tanaka andMyashita J. Phys.Condens Matter 19, 1452562007



Breaking the GS degeneracy

Lattice Deformations

AMagneto-elasticbi-quadratic coupling = ;
The termsﬁ,&? favors

coplanarityh ; 180
A difference inJ
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Breaking the GS degeneracy

The full Hamiltonian,

- 2
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Our aim is to find experimental indications

to J,and J. , or Dy, or dJ/dr.



Experimental Fingerprint

Susceptibility
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L The frustration parameter,
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We now turn to look at the simplest example,g;aion
Th,T1O -
)
S
//
-0 7
CW -T
Te 0

CW A. P. RamirezAnnu ReV Mater.Sci 1994, 24, 453



Cooperative Paramagnet Tb2Ti207

X

Tb3 ions creates magnetic pyrochlore.
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The Hamiltonian Is probably pure Heisenberg,
T might be considered as a magnetic analogue of He

o 2T e .
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Temperature [K]

We will return to this compound later on.



Herbertsmithite

. Zn atoms sef

. XRD reveal foiicurmgerivon woim oy moos o mer seorie v o va o
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Structurally perfect quantum S= 12 Kagome :

Cu2atoms carrying S% mediated through supesxchange (OH)
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100% Cu in th&kagome 100% Zn in the interlayer.
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Herbertsmithite:

Magnetic Characterization - pSR

We measurerotation frequency
and relaxation of the muon
spin.

Thefrequencyshiftisaresultof .
the samplemagnetization z 03

-0.6
The TF relaxation is the result s}
of static field inhomogeneties 0

Time [usec]



Herbertsmithite:

Magnetic Characterization - pSR

K, calibration: 020}
K and? exhibit _
linear relation, thus = ;|

allowingcalibration

% [10”° em’/mol Cu]



Herbertsmithite:

Magnetic Characterization - pSR

Kmeasured (hence) 6f | s i
down to60mK. e -
8510l_0.3— %
i £ s | u
Saturation of? at A
T~200mK. 2,0 |
= 2:_ 01 !!-ﬂ.‘.-
As with the susceptibility, B SO SV
] 0.1 1 10 100
[ SRdoes not detect spin / Temperature [K]
i k. H




Herbertsmithite:

Magnetic Characterization - pSR

, Interpretation

Upon cooling _
No Lattice
deformation deformation
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Additional relaxation mechanism.






