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I * Triangular antiferromagnet:
— possible realization of spin liquid, auesen7
but also ordered phase with magnons as
I elementary excitations e o

Chernyshev et al. ‘09

- Quantum critical: influences of quantum critical
I point duTeAto quantum fluctuations at T>0

ferro-

ordered magnet

hCQCP >h

— First: understand properties of the phases away
from the quantum critical point!
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e direct measurements:

Neutron scattering experiments
 poor resolution at low energies; detection of gap in
excitation spectrum difficult
* Not all informations about properties of phase:
Broadening in dynamical structure factor
Spinons or damped spin waves? Staryih ef al. 07

* Indirect measurements
Specific heat, thermal expansion, ...

Ultrasound technique fm
* High resolution at small energies, momenta
e But: not much information about properties of
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 antiferromagnet on a trlangular lattice CsoCuCly
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. N phonon dispersion
Coldea et al. ‘02 (acoustic)

Veillette et al. ‘05

. spln phonon coupling via expansion of
exchange integrals

Jig = J(Fij) + (Xij -V ) J(O)|p, + ... = J(Fy5) + XA
A\ S MN

bare exchange magnon phonon Chakraborty et al. ‘87
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I  classical groundstate FH
spiral with ordering '

I vector Q

([

linear spin wave theory (magnons)
I H* =Y BB Be=\JA2 — BE + Ci # B
k

h=20
Goldstone mode

(gapless)
small correction

in 1/S

Veillette et al. ‘05 ©00) 05 (010) 05 (011) 05 _ (000)
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I * 1/S expansion of coupling term
H® = H® + H,? L HeRgals
I * Hybridization (coupled magnoelastic waves)

Hib = (P Xk + T Bl + hee.

I  diagonalization: finite renormalization of sound velocity c
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 three partic e process

C>v

k=0 7 \

spin wave velocity

T
Hyp = Z[FE@ Xk BB (
|<|</ ’
1 t 3t \ > --<<
o (T - Xk BLBL + hel) .




* integrate out canonical momentum fields L action

S[Xx, ¥, 0] = gZM(w2 + wg )X _raX KA —ﬁZ(iw — Ex )Y
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* full phonon propagator

1
K)\) =
Gx (KN) Pl O (KN, ’
self-energy




GS(K) = g >
- self-energy o= O T gt
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e carry out integration:

contribution quadratic in momentum Yk = 1 k?
(magnons in the ordered phase)
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I . finite magnetic field h + 0

— linear spin wave theory obtains gapless spectrum
I although a gap is not forbidden by symmetry

— overcome divergencies in spin wave approach
I which have to cancel in physical quantities

- more sophisticated approach
(A. Kreisel, P. Kopietz, in preparation)




» extension of spin wave theory with Spin
phonon interactions

 perturbative calculation of sound velocity and
phonon damping in 1/S expansion

* possible indirect measurement of magnetic
properties with help of phonons:
detect contribution to frequency shift and
attenuation rate in experiments ,




