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Degenerate ground states in frustrated antiferromagnets

Triangular Kagomè

Pyrochlore

AF Frustration

Two 120º degenerate chiral states

Different properties from normal antiferromagnets 
because of  degenerate ground states



Properties and magnetic process of Ba3CoSb2O9

Properties of Ba3CoSb2O9
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Magnetic ions Co2+ with 

effective 1/2 spin;
Quasi-2D crystal because of 

Jc /Jab ≈ 0.027;
Easy-plane anisotropy.
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Hx dependence of magnetization
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Magnetoelastic coupling and bi-quadratic exchange

Magnetoelastic coupling is accounted for  the variation of exchange 
constant (δJ = Ke, where e is strain). With elastic energy, we conclude
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2L, L being the sample length. In the transmission configuration, two transducers glued to

parallel surfaces of the sample serve as the acoustic generator and the detector, respectively.

The sound velocity can be obtained using v = L

t

when the first echo is measured.

Figure 2.1: Sound velocity measurements in Left: Reflection configuration and Right:

Transmission configuration

2.1.1 Acoustic Interferometer

In order to obtain a higher resolution, an acoustic interferometer, shown in Fig.2.2, is used.

This method measures the relative change in velocity, �v

v

, instead of the absolute velocity

v. The main principle of this approach is to detect the phase di↵erence between a reference

signal and an echo using a phase detector, which is done as follows. The power splitter

divides the signal generated by the radio frequency synthesizer into two parts. The first part

is used as the reference signal. The other part is cut into short pulses of one µs at a repetition

rate of 1000 pulse per second by the first gate. The signal amplified by a broadband amplifier

reaches the transducer via the circulator which prevents the reflected signal from going back

to the RF synthesizer. The acoustic wave produced by the transducer travels in the sample

and gets reflected from the parallel surface. The reflected wave (echo) is converted into an

9

Ultrasonic measurement

Reflection and Transmission configuration
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Angular dependence of ΔV/V
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The total free energy includes elastic coupling (F(e)), linear-quadratic 
magnetoelastic coupling (F(m, e)) and the magnetization contribution (F(m)):

Linear-quadratic magnetoelastic coupling

where (using the Voigt notation)

Cαβ (elastic tensor) and Kαβ (l-q tensor) remain invariant under the symmetry 
operations I2, Cy2, Cz2, Cz3.

F = F (e) + F (m, e) + F (m),
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ΔC’11/2C11 and distortion 
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where
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Experimental results: angular dependence of ΔV/V at T=10K
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Experimental results: Angular dependence of ΔV/V at T=2.5K
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Conclusion and future work

1. Significant lattice distortions are included in paramagnetic state and 
ordered states as a function of the field;

2. The distortion is much larger in the ordered states than in paramagnetic 
state, especially in up-up-down state (magnetization plateau);

3. The direction of distortion might change from Y state to uud state;
4. Maintaining the magnetization plateau, lattice distortion works together 

with fluctuations, and some energy might be transferred from exchange 
coupling to elastic energy of lattice via spin-strain coupling;

5. A model is needed to analyze the spin-strain coupling in ordered states 
to explain the magnetization plateau;

6. Measurement of the distortions of Ba3CoSb2O9 in paramagnetic state 
and ordered states as function of field is needed to confirm our 
conclusion.


