Properties of highly frustrated magnetic
molecules studied by the finite-temperature
Lanczos method

Jurgen Schnack and Oliver Wendland

Department of Physics — University of Bielefeld — Germany
http://obelix.physik.uni-bielefeld.de/~schnack/

DPG Fruhjahrstagung 2011
MA 21.4, 14. 03. 2011

Deutsche )
Forschungsgemeinschaft
Universitit Bielefeld DFG

The Leverhulme Trust



http://obelix.physik.uni-bielefeld.de/~schnack/

U

Ooo0Ogg? O Collaboration

Many thanks to my collaborators worldwide

T. Englisch, T. Glaser, M. Hock, N.B. Ivanov, S. Leiding, A. Miller, S. Ratnabala,

R. Schnalle, Chr. Schroder, J. Ummethum, O. Wendland (Bielefeld)

K. Barwinkel, H.-J. Schmidt, M. Neumann (Osnabrtck);

M. Luban (Ames Lab, USA); P. Kogerler (Aachen, Julich, Ames); J. Musfeldt (U.
of Tennessee, USA); R.E.P. Winpenny, E.J.L. Mclnnes (Man U, UK); L. Cronin

(Glasgow, UK); H. Nojiri (Sendai, Japan); A. Postnikov (Metz, France)

e J. Richter, J. Schulenburg (Magdeburg); A. Honecker (Gottingen); U. Kortz (Bre-
men); A. Tennant, B. Lake (HMI Berlin); B. Blchner, V. Kataev, H.-H. Klaul}
(Dresden); P. Chaudhuri (Muhlheim); J. Wosnitza (Dresden-Rossendorf); J. van

Slageren (Stuttgart); R. Klingeler (Heidelberg)

Jurgen Schnack, Finite-temperature Lanczos method

1/14



I I I N A I O Model Hamiltonian

Model Hamiltonian (spin only)
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Exchange/Anisotropy Dzyaloshinskii-Moriya Zeeman

Isotropic Hamiltonian
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Heisenberg Zeeman
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In the end Iit's always a big matrix!
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ooooao? O Thank God, we have computers

Thank God, we have computers

€ WS W,

“cell professor”

128 cores, 384 GB RAM

... but that’s not enough!
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I I I N A I O Thermal Lanczos

The idea of thermal Lanczos
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e |n(v)) n-th Lanczos eigenvector starting from | v )
e Partition function replaced by a small sum: R =1...10, Ny ~ 100.

J. Jaklic and P. Prelovsek, Phys. Rev. B 49, 5065 (1994).
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I I I N A I O Thermal Lanczos

Final form of thermal Lanczos

~ Y ami D) S5 S exp e} [(n(T) [ 12T
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e Approximation better if symmetries taken into account.

e [' denotes the used irreducible representations.
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I I I N A I O Thermal Lanczos

How good is thermal Lanczos?

6 > icosahedron, s=3/2"]
- TEre B=0
X 4T
N
O
2 L
0 [ ] ] ] ] ] ]
0 1 2 3 4 ) 6
kgT /10 kgT /1]

e Works very well, see e.g. cuboctahedron and icosahedron.

e N =12,5=3/2: Considered < 100, 000 states instead of 16,777,216.

R. Schnalle and J. Schnack, Int. Rev. Phys. Chem. 29 (2010) 403-452
J. Schnack and O. Wendland, Eur. Phys. J. B 78 (2010) 535-541
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gogood?

e Large degeneracies and small subspaces problematic.
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How good is thermal Lanczos?

icosahedron, s=3/2, kgl/lI=0.1
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e Small subspaces can be included exactly.

J. Schnack and O. Wendland, Eur. Phys. J. B 78 (2010) 535-541
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Thermal Lanczos
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Finite-temperature Lanczos for
The icosidodecahedron s = 1/2
DIMENSION = 1,073,741,824




I I I N A I O Icosidodecahedron

Icosidodecahedron s=1/2

6 icosidodecahedron, s=1/2 jump
kg T/ = 01, 10
2
AT
>
_O P
LA g

plateau and dip (rapidly vanish with T)
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I I I N A I O Icosidodecahedron

Icosidodecahedron s=1/2
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e The true spectrum will be much denser. This is miraculously compensated for by
the weights.

2.8 ~ Y M Z > exp (=fea} [(n(w. 1) )
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I I I N A I O Icosidodecahedron

Icosidodecahedron s=1/2
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exp. data: A. M. Todea, A. Merca, H. Bogge, T. Glaser, L. Engelhardt, R. Prozorov, M. Luban, A. Mller, Chem.
Commun. (2009) 3351.
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gogood? U The End

Thank you very much for your attention.
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I I I N A I O Information

Molecular Magnetism Web

www.molmag.de

Highlights. Tutorials. Who is who. Conferences.
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