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Numerical Integration reveals a linear dependence of Sion A,
iIn agreement with the even quench spacing.



Phonon-Bottleneck-Driven
Relaxation and Tunneling in Single-
Molecule Magnets

Jonathan Friedman

Mustafa Bal (now Dartmouth)
Eduardo H. da Silva Neto
Amherst College

Wei Chen — Stony Brook David Hendrickson
Evan Rumberger
Chris Beedle
UCSD — Chemistry

Mark Tuominen — U. Mass —
Amherst

Thanks to: Myriam Sarachik, Eugene Chudnovsky, Dmitri Garanin

Funding: NSF, Alfred P. Sloan Foundation and Amherst College Dean of Faculty



Single-Molecule Magnets: An
Overview

Single-Molecule Magnets are Single-
Molecule Magnets.

Each individual molecule is bistable (has its
own hysteresis) due to anisotropy effects.

Exchange coupling within a molecule is
strong, and therefore usually ignorable at low
temperatures — a rigid high-spin object.

The molecules grow into crystals, yet interact
with each other weakly.
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Double-well Potential Model for
Anisotropic Nanomagnet




Hysteresis loops for Mn
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Uniform spacing between
steps

: Step spacing: ~4.5 kOe

step number n



Hysteresis loops for Mn.,




Enhanced Relaxation at Step Fields

Higher energy barrier

- Yet faster relaxation!
0 2000 4000 6000
t (s)




Enhanced Relaxation at Step Fields
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Thermally Assisted Resonant
Tunneling




Spin Hamiltonian for Mn.,
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The field at which |m) (in the left well) crosses |-m+n) (in the right
well):
~ —Dn
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Step occurs every 4.5 kOe —

Compare with ESR data (e.g. Barra et al., PRB, 1997) :
D=056K,g=1.93 D/g=0.29 K



|[FegO,(OH),,(tacn)g]Brg.9H,0




Fe; Hamiltonian
H =-DSZ +E(Sx—S§)+C(S¥+S*) —gupS-H

D =0.292K
E=0.046K

C=-29x10"K
g=2




Low Temperature Millimeter Wave Probe
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Experimental Cavity and its Resonances

Hall Bar Detector

Feg Crystal

Pawer

cted/Incident Microw ave

Refle

0.1 5

0.01 4

90



Equilibrium Magnetization of Feg
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Equilibrium Magnetization of Feg with and without
High Power Radiation
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Radiation Induced Effects: Heating

Basitivaeedback

e Spin System Heats
 Population of 9 increases

* Photon Absorbed
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Pulsed Radiation Experiments

Photon Induced Tunneling
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* M. Bal et al., Europhys. Lett 71, 110 (2005) and J. Appl. Phys., 99, 08D102 (2006).
 See also K. Petukhov et al., Cond-mat/0502175 (2005).




Measuring Fast and Small Magnetic Signals

o Hall bar detectors used in our previous studies are slow.

* Inductive Pick-up Loop coupled to SQUID voltmeter as a fast
detector.

« High-Q Cylindrical cavity (Q ~ 6500) G




Radiation Induced Magnetization
Changes at Short Time Scales
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Short (2 us) Pulses
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Magnetization Dynamics in “Real Time”
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Photon/Phonon Assisted Tunneling
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» Tunneling begins during radiation pulse and continues after pulse is turned off.




Simulations

Phonon transition rates ~ * WOrK in energy eigenbasis
(not spin eigenbasis)

21
W ;)R +JZ;4(7JJ 75 WP o Tunneling included automatically
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Simulation Results
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Parameters: Anisotropy D = 0.290 K speed of sound ¢, = 670 m/s
Line width ¢ = 650 Oe [800 m/s in Evangelisti, et al., PRL 2005]

rf field H, = 1.0 Oe inhomogeneous broadening: 200 Oe



Simulation Results
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Simulation Results
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Simulation Results

Line shift also

| observed in ESR:

Park, et al., PRB
(2002).
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Conclusions

e Resonant radiation drives the spins and phonons
out of thermal equilibrium — Heating.

* Phonon bottleneck in Feg with decay time ~5 ps.

* Phonon bottleneck and thermally assisted
tunneling from excited state induced by resonant
radiation.
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