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Background

Kim Lefmann’s “Magnetisme basisgruppe”: 

9. januar 2009: 

Henrik Smith om “Bose-Einstein kondensation i magnetiske systemer”
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Crystal structure and “dimers” in TlCuCl3
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Magnetic field and the excitations
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Magnetic excitations

The fluctuation-dissipation theorem:
Response function ⇒ Correlation function
Bose-like populations of the collective normal modes

Random Phase Approximation (RPA):

Longitudinal mode: Ez~q =
p
∆2 − 2∆n02J(~q )

Transverse modes (left and right handed circular polarization):

E±~q =
q
∆2 −∆(n01 + n03)J(~q ) + ( 12n13J(~q ))2 ±

£
h− 1

2n13J(~q )
¤

Self-consistent RPA (including higher-order Green functions):
The dynamic parameters become renormalized

J(~q) → Jα(~q) = J(~q)− aα
∆ → ∆α = ∆+

1
2

P
γ 6=α aγ

In RPA 1
N

P
~qhb+~q b+−~qi = hb+i b+i i = h(|1, 0ih0, 0||1, 0ih0, 0|)ii is non-zero.

where az is determined so that hb+i b+i i = 0
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Magnetic excitations (II)

Longitudinal mode: Ez~q =
p
∆2z − 2∆zn02Jz(~q )

Transverse modes (n13 ≈ 0): E±~q =
q
∆2± − 2∆±n01J±(~q )± h

TlCuCl3 at H = 0 and T = 1.5 K

C. Rüegg et al., Appl. Phys. A 74, S840 (2002).

A. Oosawa et al., Phys. Rev. B 65, 094426 (2002).
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Field-induced antiferromagnetic order

X=Cl

~H

Order parameter:
mxy =

1
2gµBhSxi

Induced bulk moment:
mz =

1
2gµBhSziA. Oosawa et al., Phys. Rev. B 63, 134416 (2001).

Y. Shindo and H. Tanaka, J. Phys. Soc. Jpn 73, 2642 (2004).
Ch. Rüegg et al., Phys. Rev. Lett. 95, 267201 (2005).



Dias 8

Magnetization curves

H. Tanaka et al., J. Phys. Soc. Jpn. 70, 939 (2001).
K. Tatani et al. published in Phys. Rev. B 69, 054423 (2004).

A. Oosawa et al., J. Phys.: Condens. Matter 11, 265 (1999).
T. Nikuni et al., Phys. Rev. Lett. 84, 5868 (2000).
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Effective Bose-particle model
T. Nikuni et al., Phys. Rev. Lett. 84, 5868 (2000).
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where
E(~k) ⇒ m
−µ = E(001)− h
v0 is a free fitting parameter.

Magnetic soft-mode 
phase transition

Bose-Einstein 
Condensation
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CONCLUSION
• The self-consistently renormalized RPA offers a coherent theory 

for the low-temperature properties of the TlCuCl3 dimer system. 

• The account of the paramagnetic properties is reasonable, whereas 
the description of the ordered phase is less satisfactory.

• The application of the more stringent diagrammatic 1/z-expansion 
theory is expected to improve on this circumstance, and it would
allow an extension of the theory to higher temperatures, where 
damping effects become important.

• The magnetic ordering of a “singlet-ground state” system shows 
analogies with a “Bose-Einstein condensate”, however, the 
mapping of the magnetic Hamiltonian on the Bose-particle model 
is not well-defined (no prescription for how v0 is determined).   

“Bose-Einstein condensation ―
in the spin-dimer system TlCuCl3” 
is a questionable classification.
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Conclusion (digression)
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