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Linear response theory
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Non-interacting spin system: H(i) = HCF − (~h0 + δ~h ) · ~J, ~h ≡ gµB ~H
Thermal average: hÂi = 1
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Linear response to a time-independent field: δh ~Ji = χ( ~H0, T, ) · δ~h

Non-interacting spin system: H(i) = HCF − (~h0 + δ~h e−iωt) · ~J, ~h ≡ gµB ~H
Thermal average: hÂi = 1
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Interacting spin system
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Random-phase approximation (RPA)
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Magnetic excitations (simple example)

∆
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RPA - Summary

•The RPA-susceptibilty may be calculated numerically for any kind of crystal 
with atomic (localized) moments - itinerant spin systems require other methods.

•The only exception is that of a ”truely” incommensurate ordered magnetic 
system, but even in that case useful results may be obtained by assuming a 
commensurate ordering with a wave vector close to the incommensurate one .

•The RPA, like the MF approximation, is most trustworthy for 3D-systems with 
long range interactions.  

•Unlike the MF approximation, the RPA does not apply at high temperatures, 
where the lifetimes of the magnetic excitations become short due to uncorrelated 
thermal fluctuations  [the linewidths of quasielastic paramagnetic excitations at 
high temperatures may be determined by the use of certain ”sum rules”].   

•Special care should be shown in cases, where one interaction between a few 
neighbors is the dominating one, as in the case of dimer, trimer, tetramer, or 
weakly coupled chain systems. 

RPA-susceptibility: χ(ij,ω) = χ 0i (ω)
n
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X=Cl

Chiral spin-wave excitations of the spin-5/2 trimers
in the langasite compound Ba3NbFe3Si2O14

Different super-superexchange paths for J5 and J3.

Hund’s rules applied on Fe3+ ion with five 3d electrons ⇒ S =
5

2
, L = 0

Trigonal space group (P321). Structural chirality ²T = ±1

tanφ = R sin γ, R =
2(J5 − J3)
2J4 − J3 − J5 ⇒ ²H = sign(R) ²γ

T < TN = 27 K: Helix with wave vector ~τ ' 1
7~c
∗, i.e. φ = ²H

2π
7 ∼ helicity ²H = ±1

The angle between h~S1i and h~S2i is γ = ²γ
2π
3 ∼ spin triangle orientation: ²γ = ±1
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Cluster MF/RPA model

TN = 70 K

TN = 36.7 K

for a crystal with the structural chirality ²T = −1

Technicalities:
~S1 ⊗ ~S2 ⊗ ~S3 ⇒ 63 = 216 states/trimer

MF-susceptibility (9× 9 matrices):
¡
χ 0
¢ξη
(ω)

7 trimer sublattices.
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J1 = 1.25, J2 = 0.2, J3 = 0.1, J4 = 0.064, J5 = 0.29

Dc = 0.0038 (in units of meV)
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Unpolarized neutron scattering

Experiments at 2.5 K performed by
C. Stock, L. C. Chapon, A. Schneidewind, Y. Su,
P.G. Radaelli, D. F. McMorrow, A. Bombardi,
N. Lee, and S.-W. Cheong,
Phys. Rev. B 83, 104426 (2011).
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Polarized neutron scattering
Experiments at 1.5 K performed by
M. Loire, V. Simonet, S. Petit, K. Marty, P. Bordet, P. Lejay, J. Ollivier,
M. Enderle, P. Steffens, E. Ressouche, A. Zorko, and R. Ballou, arXiv:1010.2008.

R. M. Moon, T. Riste, and W. C. Koehler, Phys. Rev. 181, 920 (1969)
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2
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sign(R) = −1
or ²H = −²γ

Dc > 0

²H = +1 for a crystal with ²T = −1


