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Outline

» Fe8 Single Molecule Magnet (SMM).
» Magnetization relaxation in Fe8 SMM:
Quantum Tunneling of Magnetization (QTM).
Magnetic Deflagration.
» Previous work:
Deflagration velocity.
Thermal diffusivity.

» Temperature measurements during magnetization reversal.
» Conclusions.



Fe8 SMM

« 8Fe3*ions (S =5/2): * There are 4 different exchange
« 2ions with spin down: S=5 Interactions.
* 61ons with spin up: S =15 1= =147 K Jo= -173 K Js= -22 K Ja= -50 K

« Total S = 10 below T=20K.
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Fe8 SMM

« We grow the single crystals.

« Crystal dimensions- several mm
long.

- Parallelogram shape.

« Strong Magnetic Anisotropy-
directional dependence of
magnetic properties.

a=1054
bh=14.1 A
c=150A



Fe8 SMM

Fe8 SMM Hamiltonian:
H=S-D-:S
D=D -l(D +D_) =1(D -D_)
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Fe8 SMM
Eigenstates for S=1 and E=0: H = DS’ — Double Potential

Well problem.
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Fe8 SMM
Eigenstates for S=1 and E#0: H = DS’ + E(S: - S?)

Quantum Tunneling
9 2 of Magnetization
‘QTM 7

+ A, =2E Tunnel Splitting




Fe8 SMM
Eigenstates for $=10, magnetic field and small perturbation H'Cl |D|
where [H',S,]#0:

H=DS +gu HS +H'

‘Matching Fields’
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Fe8 SMM .
Eigenvalues vs magnetic field in Z direction: H = DS’ +gu H S +H'

QTM leads to
magnetization
Change of the
crystal.
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W. Wernsdorfer, R. Sessoli, A. Caneschi, D. Gatteschi, A. Cornia, and D. Malilly. Landau zener method to study quantum phase interference of Fe8 molecular nanomagnets



Magnetic Relaxation

‘Blocking temperature’ T ~500 mK, the limit between pure QTM regime and
thermal assisted transitions regime.

Above T, QTM is negligible, over barrier M(t) =M eXp(- i)
transitions: 0 T
t o
Below T, , no temperature dependence: M(t) = M exp((-—)")
T
a €|0,1]



Magnetic Relaxation

Above T the relaxation time e U =
LT = 00 G = .
is according to Arrhenius low: C) 0 p( kBT) Lo 3.4-10 " sec

However, below T, relaxation time is constant in temperature but has field

dependence:
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[1] Roberta Sessoli, Dante Gatteschi and Jacques Villain. Molecular Nanomagnets. [2] C. Sangregorio, T. Ohm, C. Paulsen, R. Sessoli and D. Gatteschi. QTM in an Iron Cluster Nanomagnet




Magnetic Relaxation
Hamiltonian for a linear time dependent magnetic field:

H(t)=DS. +gu,a.St+H' =

According to Landau - Zener theory:
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Magnetic Relaxation
Magnetization measurements at different temperatures and
constant sweep rate:

« Hysteresis loop.
dH/dt=
« Equally separated steps can be 0.14T/s
seen at matching fields — QTM. | a, <0
 No temperature dependence
below 0.4 K (pure QTM).
« For high Temperatures QTM and

hysteresis vanish due to over

barrier transitions.

A Caneschi, D Gatteschi, C Sangregorio, R Sessoli, L Sorace, A Cornia, M.A Novak, C Paulsen, and W Wernsdorfer. The molecular approach to nanoscale magnetism.



Magnetization Reversal
Tunnel splitting in a linear fime dependent magnetic field :

The probability to have tunneling while e 7A
sweeping the field around H ~0T: Ro_10 =1—exp( ’

4019 1z, )

Tunnel splitting can
L B not be sweep rate

B I | dependent - LZ theory

———5.6mTIs T & does not describe the

——11.2mT/s experiment well.
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W. Wernsdorfer, R. Sessoli, A. Caneschi, D. Gatteschi, A. Cornia, D. Malilly, Landau Zener method to study quantum phase interference of Fe8 molecular nanomagnets




Magnetic Relaxation
Magnetization measurements for different sweep rates at constant
temperature 50 mK:

« Hysteresis loop.

Magnetic

« Sweep rate dependence of stairs 1O eflagration

height can be seen. Lo
« We count three steps during QTM.
« For high rates (above 5 mT/s ) there is
a total reversal of magnetization at the Magnetic

first matching field — we call this

phenomena ‘Magnetic Deflagration’. 14 12 10 08 06 -04 -02 00
W H [T]

T. Leviant, E. Zeldov, Y. Myasoedov, and A. Keren. Quantum avalanche in the Fe8 Molecular-Magnet.



Magnetic Relaxation
What is Magnetic Deflagration?

Magnetic Deflagration is the case where the sample magnetization is flipped in

the form of spin reversal front which propagates along the sample in a constant

subsonic velocity.




Magnetic Relaxation
Magnetic Deflagration theory:

U Activation Energy \

AE Zeeman Energy




Magnetic Relaxation
Magnetic Deflagration theory:

Ignition of deflagration:

the heat loss through the sample
boundatries is insufficient to balance the
heat released - the sample temperature
can rise and the ignition of a self-supporting
burning process as deflagration.




Magnetic Relaxation
Magnetic Deflagration theory:

Fronts of deflagration:

« Flat Front propagates in subsonic
velocity.

 Flame area — up and down spins.

« The flame area is accompanied by a
magnetic field in the xy plane.

* Flame temperature: AE
flec——

C.




Magnetic Relaxation

Magnetic Deflagration equations:

Heat equation: d_T = Vx(T)VT-T, d_n
dt dt
: dn 1 eq
Metastable state population: - - -;(n -n)

. K U(H)
Front velocity: V= [—exp(-——=
0 2k T,




Previous Work
Velocity measurements:

The magnetic field lines as spins reverse
direction during avalanche traveling
along the sample.

When the front pass a given Hall sensor
there is a Hall voltage peak.

From the time difference between the
sensors peaks we can find the fronts
velocity.

Jonathan R. Friedman, Myriam P. Sarachik. Single-Molecule Nanomagnets




Previous Work
Velocity measurements:

Hall voltages vs time:

VAl 0.6m
S

Hall Voltage

Time (msec)

T. Leviant, E. Zeldov, Y. Myasoedov, and A. Keren. Quantum avalanche in the Fe8 Molecular-Magnet.



Previous Work
Velocity measurements:

* Velocity increases with

sweep rate. m
« Velocity of the order of VL 1—
- It looks like the velocity S

saturates for high sweep

rates.

T. Leviant, E. Zeldov, Y. Myasoedov, and A. Keren. Quantum avalanche in the Fe8 Molecular-Magnet.
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Previous Work

Thermal diffusivity measurements:

Cold Finger
>
Heater
>
RuO: Hot  ———
e ——
Fe8 Crystal > 320 mK

-
RuO: Cold —
Teflon Holder I

Recording the thermistors voltages after applying a voltage pulse
In the heater resistor.




Previous Work
Thermal diffusivity measurements:

Heat equation: ~
OT(x,t)  &°T(x,t) =
— K > =0 S
ot OX :
 emperature (K)
Solution:
2
—X
. XCal dr(t— S))
AT (V)= cj T 3 AT, (S)ds . :
’ (4727()2 (t - 5)2 | Tim_e (Sec)

T. Leviant, E. Zeldov, Y. Myasoedov, and A. Keren. Quantum avalanche in the Fe8 Molecular-Magnet.



Previous Work

Flame temperature estimation according to previous work:

i U(le
K. In
B (sz_o)
)
U(H. )=24.5K K‘=2-106m? v:O.S? 7, =3.4-10"s




Temperature Measurements

Experimental setup:

<+— (Cold Finger

Beryllium Copper == H

RuO: Cold — z

Fe8 Crystal > 2 320 mK
—

RuO:2 Hot

Beryllium Copper =

Recording the thermistors voltages while sweeping the magnetic
Field from +1to -1T.



Temperature Measurements
Calibration:

« Cool down the system form | Calibration
9 to 0.3 K for over an hour.

« Temperature measurement
according to the system
thermometer near the sample
location.

« Voltage increases for low

temperatures.
16

Voltage [mV]

T=T,+T,(1- CXP(%» +T,(1- exp(_vl))

1 2



Temperature Measurements
Background measurements-

without sample:

Temperature rise at both sides for zero
field due to super-conductivity phase of
solders in the experimental setup.

Cold side warming during the sweep as a
result of Eddy currents in the copper cold
finger attached to the thermistor.

Both sides have the same temperature at
the beginning of the sweep - calibration is

working.
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Temperature Measurements
Results:

Sample 1:

« Two main heat burst can be seen. (and
almost unseen small bump between
them). Not a magnetic deflagration.

« The temperature rises occur at matching
fields.

 No sweep rate dependence.

Maximal temperature is ~1.7 K.

Temperature [K]

Sample 1
sweeping direction from positive to negative (2 probes measurements)
(a)
o =8.33mT/s

(b)
o =6.66mT/s
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Temperature Measurements
Results:

Sample 2:

* Oneheatburstat~-0.6T
simultaneously in both sides of the
sample- All the spins flip together. Not
a magnetic deflagration

 No sweep rate dependence.

Maximal temperature is ~2.2 K.

Temperature [K]

Sample 2
sweeping direction from positive to negative (2 probes measurements)
(a)

a=8233mT/s

(b)
o= 6.66mTis
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Temperature Measurements
Results:

Sample 3:

« Sweep rate dependence: For panels a. and
b. only the hot side shows heat burst. The
cold side is too hot to allow quantum
behavior. For panels c. and d. one heat
burst can be seen in both sides. Time delay
due to long time response of the thermistors.

« This sample is a candidate for magnetic

deflagration.

Maximal temperature is ~1.8 K.

Temperature [K]
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Conclusions:

1<2.2K. This is lower than estimates from deflagration.
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However in previous work we have never seen more
than three steps in magnetization measurements.

Therefore, we suggest that the effective barrier height for
tunneling is somewhere between the 7th and 6th levels, namely,
U~10 K for the first resonant filed. Using this effective height the

flame temperature is:
T, 02.5K

In agreement with direct measurements.




Conclusions:

« T<2.2K, and is lower than level spacing.

 Because T< than level spacing only the b
ground state should be included. T 5K-[ P

=-10

z

« Up until now the magnetic steps were
analyzed by LZ theory which doesn’t take
into account the decay to the ground e Hom s
state. We hope to develop a three states LZ 5
formula to analyze magnetization jJumps in
molecular magnets.

Ground 1
state




