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Giant spin approximation (Fe8)
FeIII

S = 10

O
N
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Giant spin model
Spin Hamiltonian: 

(2S + 1) energy states: M = -S, -S+1, …, S

Energy levels: Zeeman diagram
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Tunneling probability at an avoided level crossing
Landau-Zener model (1932)

en
er

gy

magnetic field

Δ

| S, m >

| S, m' >

1

| S, m >

| S, m' >

P

1 - P

L. Landau, Phys. Z. Sowjetunion 2, 46 (1932); C. Zener, Proc. R. Soc. London, Ser. A 137, 696, (1932);
E.C.G. Stückelberg, Helv. Phys. Acta 5, 369 (1932); S. Miyashita, J. Phys. Soc. Jpn. 64, 3207 (1995); …



  9 Sept. 2011    Modern Trends in Magnetism    wolfgang.wernsdorfer@grenoble.cnrs.fr         Institut Néel

-1

-0.5

0

0.5

1

-1 -0.5 0 0.5 1

v=140 mT/s
v=70 mT/s
v=14 mT/s
v=2.8 mT/s

M
/
M

S

µ 0H(T)

40 mK

-1 -0.5 0 0.5 1
-40

-30

-20

-10

0

E
n
e
rg

y
 
(K

)

µ0Hz (T)

-10

-9

-8

-7

10

9

8

7

Application of
Landau-Zener

tunneling
Fe8

with S = 10, D = 0.27 K, E = 0.046K
A.-L. Barra et al. EPL (1996)

S = 10
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Giant spin Hamiltonian of Fe8

SxHx + SyHy + SzHz

easy axis

hard axis easy plan YZ
A. Garg, Europhys. Lett. 22, 205 (1993)

destructive interference occures whenever
the shaded area is kπ/S, for odd k.

Path integrals
(Feynman)
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Quantum phase interference
in single-molecule magnets (Berry phase)

W. Wernsdorfer and R. Sessoli, Science 284, 133 (1999)

easy axis

hard axis
easy plan YZ
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Quantum phase interference and spin parity in Mn12
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"Mn12-mda wheel"

D. Foguet-Albiol et al., Angew.
Chem., Int. Ed. Engl. 44, 897 (2005)

[Mn12(O2CMe)14(Me-mda)8]

triclinic space group P1

alternating Mn2+ and Mn3+ ions

S = 7

possibility of DM interactions
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Hysteresis loops of Mn12 wheels
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Tunneling probability at an avoided level crossing
Landau-Zener model (1932)
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Transverse field dependence of the tunnel splitting
H = 0 transition (k = 0)
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S=7, D=-0.462K, E=0.082K

the giant spin model S=7
or the dimer model gives same plot

PRL 101, 237204 (2008)
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Transverse field dependence of the tunnel splitting
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Dimer model of two coupled S = 7/2

Dzyaloshinskii-Moriya vector

PRL 101, 237204 (2008)
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Tunnel splitting for k = 1A as a function of transverse
field Hx and the angle of the DM vector

0

1

2

0°
30°

120°

150°
180°

210°

240°

270°

300°

330°

µ
oH

x
 (

T)

Δ1A (K)
10-8 10-6 10-4

PRL 101, 237204 (2008)



  9 Sept. 2011    Modern Trends in Magnetism    wolfgang.wernsdorfer@grenoble.cnrs.fr         Institut Néel

1A 1E

2E 1S



  9 Sept. 2011    Modern Trends in Magnetism    wolfgang.wernsdorfer@grenoble.cnrs.fr         Institut Néel

Transverse field dependence of the tunnel splitting

PRL 101, 237204 (2008)
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"Mn12-mda wheel"
[Mn12(O2CMe)14(Me-mda)8]
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Conclusion
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Influence of the Dzyaloshinskii-
Moriya exchange interaction on

quantum phase interference of spins
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