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1st Materials Specification — Triangle Subunit
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Geometrical Frustration is spectral weight downshift
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A. Ramirez, in Handbook of Magnetic Materias, 2001
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Geometrical Frustration - Materials Considerations

AF AF

Frustration

Antiferromagnetism

Ferromagnetism Geometrical
) M etamagnetism Frustration
2 |Feri magnetism
o
a AF
percolation, _
random fields Spin glass

SCE: NSLSII - BNL/Aug 29, 2003



2nd Materials Criterion — Marginal Constraint




For vector spins

e.g., in 2 Dimensions
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Triangular lattice Kagome Triangle
Dy/N =-2 Dy/N=0 Du/N=1

\ Need a marginally-constrained system in general
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3 Dimensions
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The Major Frustrating Lattices
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3'd M aterials Specification — | sotr opic Spin




Frustration Point Achieved only with Most

Isotropic Interactions

Liebmann, 1980
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What are the Most

* i

Isotropic Spins*
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Why Focus on Rare-Earth Spins?

Accessible phase diagrams —

H 2 ceman (BChievable) ~J.

3d-spins — superexchange dominates— 10K < J, < 1000K

4f-spins — sup. exch. Or dipole-dipole—0.1K < J,,,, < 10K
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Table 1  Strongly Geometrically Frustratad Compounds

Campound magnelic - By T, ¥ Order Fleel. Releremce

lattice (K] (9] Type  Confip.
2D MAGHNETS
Vil triangular 437 i 12 AF 32 iHirakana  and  al.
|":':':3-|
MaTidh, trinngular 1000 =2 =S — 34l (Hirakana, Kadowaki
ot al. 1985)
LiCrid, triangular 490 15 Kk AF Ll i Tauber, Moller ot al.
1972
Gl Ly, ,Culd, driangular 115 0.7 14 L8 47 i Ramirez, Jager-
Wald ot al. 19215
Srlr e b, lagome g1= is 1500 LR L {Ramurez, Espmos g
al. 190}
KCr (OH) (50 1, kagome 70 L& 30 AF 33 (T o,
Longacrth ot al. 1985)
D MAGHNETS
Fnlr 0 B-spinel 390 16 4 AF L (Floram, Vitcoh et
al. 1983; Fioram 1984; Fiomm, YVincali et al. 1984; Pioram, Donmann et al. 1985)
K, Irl7l, FCC 3.1 il 1o AF s (Cooke, Lazenby el
al. 19549)
FeF, pyrochlore 240 15 I AF L iDePape and  Ferey
1986 Feroy, DePape ot al. 15865
CaNileF pyrochlore 210 44 48 TH 38345 (Alba, Hammanmn el
al. 1983)
¥inln Te, zinec-hlende 100 4 25 S 35 ioll, Anghel =t al.
LR} §]
Gd, Gn, O garnek 2 il 20 S 47 iHowv, Braisherg <t al.
1920; Schiffer, Ramiree ot al. 1994)
s, NhFell, perovskiie R0 28 a0 S g (Rodriguer and  al.
1985)
G, Tigih pyrochlore 10 L i AF 4F {Caghiom, Cooke  w

al. 1968)
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Hallmark of geometrical frustration - Spectral
Weight Downshift
Entropy :
- Common magnet
P .
GFM — =
ngf

/

Density of states

\

/

SCE: NSLSII - BNL/Aug 29, 2003



New Condensed M atter Physics From Frustrated
Magnets




Spectral weight downshift in a kagome magnet -
SrCry,Ga,0 4
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A. P. Ramirez et al, Phys. Rev. Lett., (1990)
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Spectral weight downshift in a kagome magnet -
SrCryGa,0 4
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Gd;Ga:0,, (GGG) — The Hyperkagome Structure




GGG - Two interpenetrating lattices of corner-

sharing triangles of Gd
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Specific Heat - GGG
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P. Schiffer et al., Phys. Rev. Lett. 1994
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Resulting Phase Diagram - GGG
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Loss of shear mode in GGG - Evidence of Spin

Liquid
Gd,Ga.0,, Helium-4
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Possible spin liquid?

P. Schiffer et al., Phys. Rev. Lett., 1994, 1999
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Gd,Ti,O, — A Dipolar Heisenberg Pyrochlore




Magnetic Field/GF Competition in a Dipolar

Pyrochlore Magnet Gd,Ti,O,
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A. Ramirez et al., Phys. Rev. Lett., 2002



Gd,Ti,O,

Specific Heat Magnetic Susceptibility

c (arb)

C090870_dat _3

A. Ramirez et al., Phys. Rev. Lett., 2002
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T (K)

Phase Diagram - polycrystalline Gd,Ti,O,
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Dy,Ti,0,—An Ising Pyrochlore




Geometrical Frustration
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for 2D 1Ising spins
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Example of Geometrical Frustration - Ice & Spin

Ice

Pauling, The Nature of the Chemical Bond
S, = RIn3/2 B-spinel, or pyrochlore

M. Harris, S. Bramwell, et al. PRL, 1997
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Specific heat - Ising s = 1/2 pyrochlore with FM

interactions
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Observation of Zero Point disorder in Spin lIce
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A. Ramirez et al., Nature, 1999



Crystal Structures

of H,O
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High-field behavior of specific heat
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Conclusions

« Completely new and poorly understood phases of
strongly correlated matter exist in GFM s:
spin-liquid
spin-nematic
spin-ice
 These states, and field-probes dictate study of
Gd, Dy compounds.

 Neutrons are inadequate — need to measur e same
samples used in bulk measurements.

\ Need to look at other techniques — magnetic x-
rays?







