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Introduction: Context of the Experiment

Observation of thermally assisted tunneling in Mn,, oriented powders and single
crystals

J. R. Friedman, M. P. Sarachik, J. Tejada and R. Ziolo, PRL 1996

J. M.Hernandez et al. EPL 1996

L. Thomas et al. Nature 1996
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FIG. 1. Magnetization of Mn ; as a function of magnetic field

at six different temperatures, as shown (field sweep rate of
67 mT/min). The inset shows the fields at which steps occur
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UANTUM COHERENCE IN SMM Ni, — MAGNETIC AND MICROWAVE STUDIES
Experimental Highlights of Single Molecule Magnets
Quantum Dynamics of the Magnetization — Microwave Radiation

 Photon Activated Quantum Tunneling in Feg
Wernsdorfer, Barbara et al., Phys. Rev. B, 2003 (Session A6.005)
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» Magnetic Relaxation Enhancement (Cavity) and Superradiance in Mn ,-acetate
Tejada et al., Phys. Rev. B, 2003 and Appl. Phys. Lett. B, 2004 (session

A6.004) Expected theoretically by Chudnovsky

VA VAVAVAVAVAVAVA -
AV AV

Coherent radiation
G=N Gphoton

| >L



UANTUM COHERENCE IN SMM Ni, — MAGNETIC AND MICROWAVE STUDIES

Experimental Highlights of Single Molecule Magnets

Quantum Dynamics of the Magnetization — Microwave Radiation

* Photon induced transition between superposition states — magnetization
measurements
Current work
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Description of Ni,

=-DS?+C(S! +S*)- gmS,H, - gmSH,

[Ni(hmp)(t-BuEtOH)CI],
S=4

() m=0
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Description of Ni,
High frequency EPR characterization Steve Hill, UF - Gainesville
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g,=9,=2.23



QUANTUM COHERENCE IN SMM Ni, — MAGNETIC AND MICROWAVE STUDIES

Description of the experiment
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Description of the experiment

At resonance:
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Experimental setup

Network Analyzer
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Results: Photon Induced Transitions between Superposition States
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Results: Photon Induced Transitions between Superposition States
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Results: Photon Induced Transitions between Superposition States
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Results: Photon Induced Transitions between Superposition States
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Results: Photon Induced Transitions between Superposition States
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Observation of superposition states through magnetization measurements

Evidence of Quantum Coherence
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0,00

Pulsed radiation experiments

Results: Energy longitudinal relaxation rate ({ 1)
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Pulsed radiation experiments

Results: Energy longitudinal relaxation rate (i 1)
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Results: Energy longitudinal relaxation rate ({ 1)

Pulsed radiation experiments
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Results: Transverse relaxation rate (t,) — decoherence (t;)

Different powers — continuous radiation
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We observe variations up to 90% for higher fields and lower frequencies
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Results: Transverse relaxation rate (t,) — decoherence (t;)

Different powers — continuous radiation

eq

n,n, © instantaneous population

N;, N, © equilibrium population

eq

Decay of non-equilibrium population
d(nz - nl)/dt = [(Nz - Nl) - (nz - nl)]/tl
In the presence of radiation

d(nz - nl)/dt = 2G(n2 - nl)

A=(M-M )/M

Golden Fermi rule:

2
=2 FH,. [sIS|Al T

Lorentztial function:

fw)=—r 2

P 1+(W' W0)21‘22

Combining both

H (T)




UANTUM COHERENCE IN SMM Ni, — MAGNETIC AND MICROWAVE STUDIES

Results: Transverse relaxation rate (t,) — decoherence (t;)

Different powers — continuous radiation
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System inhomogeneities would broad the dips

Recovery of the c.w. magnetization change in a pulsed-experiment means
that the width of the dip is mainly due to t,

Therefore t2 ~ tf > 1 ns (decoherence time — lower bound)
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Conclusions

O—— Observation of superposition states with opposite magnetization
 Direct measurement of the magnetization of the superposition

O—— Determination of the longitudinal relaxation time t, ~10-20 s

«  Behavior of t; with longitudinal field and frequency
 Understanding of the coupling system-environment in SMMs

O——— Determination of the transverse relaxation time
« Weak inhomogeneities

O—— Lower bound for the decoherence time t; > 1 ns
e  Similar to that observed in Mn, through EPR measurements
a system with strong exchange interaction
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On-going experiments

On-going

O—— Spin-echo experiments — Quantum oscillations of the magnetization

p/2 tdelay P tdelay p/2

High radiation power is needed for measurable Rabi periods

O—— Complete inversion of the population of the excited state
by using polarized microwave radiation
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