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System of interest and MM
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— Rabi spin oscillations generated by ultrasound in solids
Macroscopic quantum effects generated by the
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— Possiblility of experiment in MM
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Systems of Interest
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Quantum spin tunneling and phase interference(hamt2Fe8)
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Previous theoretical work(Rabi spin oscillation)
[Calero and Chudnovsky, PRL, 99, 047201(2007)]

To studyquantum spin-rotation effectim solid, we need to estimate the
magnetic field due to rotation .
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Rabi Spin Oscillation (Cont'd)

For displacement field in a surface acoustic waweg obtains
W ] ~ ~
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In the presence of deformation of the crystaldattiocal anisotropy axes
defined by the crystal field are rotated by thelang
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Rabi Spin Oscillation (Cont'd)

The lattice-frame Hamiltonian

e

G0 = - Saw

W= %(df) = Zﬁquoe' Y sin(kx- wt)2

The Rabi oscillation between the two lowest stafes! ,




Rabi Spin Oscillation (Cont'd)

Project the Hamiltonian on thig: S) states
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Rabi Spin Oscillation (Cont'd)

The expectation value of the projection of the gpio the Z axis
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Rabi Spin Oscillation (Cont’d)

The Rabi oscillations o<fs> have a wave dependence on coordinate
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Macroscopic guantum effect generated
by the acoustic wave in MM (Field Sweep)

How can you obtain the global Rabi oscillationsraged over the whole
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Field sweep(cont'd)
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Field sweep(cont’'d)

The field is changing at a constant rgend a pulse of sound is
introduced shortly before reaching the resonantedss| + S)
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Field sweep (cont'd)

The final magnetization on crossing the step
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Field sweep (cont'd)

Another possible situation corresponds to the systatially saturated in
the |-S> state, after which the acoustic wav@mied to the system and
maintained during the sweep.
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Field sweep (cont'd)
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Field sweep (cont'd)

The optimal condition for pronounced beats
2
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What does the above condition mean for experiment?
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The validity of the continuous elastic theory
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Field sweep(cont’'d)

Since experiments on MM require T~O(K), we showtdcbncerned with
the power of the sound. It should be sufficientiy Ito avoid the unwanted
heating of the sample.

P 1

— == ru;wec,
A 2
2 u q
s 4 - @
@2rc; S /| ~pS
@L00- 200Watt/cm® _ (ex) Fe8
r @g/cm’
c, @L0° cm/s
f =05- 1MHz

c=1kG/s



Field sweep(cont’'d)




Summary

-The size of the magnetization step due to resas@nttunneling in MM
can be strongly affected by sound.

- The acoustic wave can also generate quantum betits magnetization
during a field sweep.

- The required frequency and power of the sound the required sweep
rate are within experimental reach.

f =05-1MHz
P/A=01kW/cm?
c=1kG/s



Happy 60 ™ birthday, Eugene !



Disorder produces randomness in the |ocal field
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The critical strength of disorder at which the Bed#itappear— x ~ 0.005



-The field sweep in MM Is accompanied by #wf-organizatiorof the
dipolar field such that the external field in the crystal maintainery
high degree of uniformity.[Garanin and Chudnovsky, PRL (2009)]

-Regardless of this effect, our prediction thatabgmptotic value of
(S,) exhibits a significant decrease in the presence of the sound, is
not affected by disorder



Field sweep




Field sweep




