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RESULTSINTRODUCTION OBJECTIVE RESULTSINTRODUCTION OBJECTIVE
Q t t li f dHigh spin single molecule magnets • To determine the origin of absolute spin reversals in single • Quantum tunneling found: High spin single molecule magnets • To determine the origin of absolute  spin reversals in single 
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• Rapid change in magnetization with zero magnetic field• Applications: molecular magnets in a two-level spin system of Cu2+ ions doped in Rapid change in magnetization with zero magnetic field• Applications:
N l ti

o ecu a ag ets a t o e e sp syste o Cu o s doped
a Ca(PO ) glass• Nanoscale magnetic memory a Ca(PO3)2 glassg y

• Quantum computing • Use steady magnetic field and Magnetization vs. magnetic fieldQuantum computing • Use steady magnetic field and
pulse field combination to find

Magnetization vs. magnetic field
• Features pulse field combination to find Features

• Distinct magnetization states absolute reversal rate• Distinct magnetization states   
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absolute reversal rate
• Store memory in “spin up” or “spin down” states • Variables:y p p p Variables:

Temperature (0 4 K 1 5 K)• Temperature (0.4 K -1.5 K)
What is Quantum Tunneling of Magnetization (QTM)? • Sweep rate (2000 T/s - 6000 T/s)What is Quantum Tunneling of Magnetization (QTM)? Sweep rate (2000 T/s 6000 T/s)

D it f i (1% 4%)• Density of ions (1% - 4%)y ( )

Pulse magnetPulse magnet + 
METHOD

Pulse magnetPulse magnet  
Superconductive magnetMETHOD Superconductive magnetO

M ti ti t d l d ti fi ld Absolute reversal rateMagnetization measurements under pulsed magnetic fields Absolute reversal rateg p g
• Quenched relaxation:• Quenched relaxation: 

• Little hysteresis(b) Thermally assisted Little hysteresis
Littl d d(a) Thermal relaxation (b) Thermally assisted (c) Quantum tunneling • Little dependency on (a) Thermal relaxation tunneling (c) Quantum tunneling

• Configurations of particles described by quantum numbers
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temperature change
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• Configurations of particles described by quantum numbers. 
S i t b d fi l d i t ti f i

temperature change
Spin quantum number defines value and orientation of spin. • Tunneling gap is 25 mkp q p

• Zeeman energy level is degenerate at zero magnetic field
Tunneling gap is 25 mk

M ti  fi ld d  tG t  f l  fi ldZeeman energy level is degenerate at zero magnetic field.
Applied magnetic field alters energy and breaks degeneration • Large reversal rateMagnetic field and sweep rateGenerator of pulse fields• Applied magnetic field alters energy and breaks degeneration. Large reversal rate 

(close to 1) occurs
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(close to 1) occurs Schematic of magnetization measurements under at 400 mKSchematic of magnetization measurements under 
l d ti  fi ld  at 400 mKpulsed magnetic fields p g

CONCLUSIONSCONCLUSIONS
In q ant m t nneling region q ant m t nneling occ rs• In quantum tunneling-region, quantum tunneling occurs q g g q g
even though temperature is larger than ten times theeven though temperature is larger than ten times the 
tunneling gapQ t  t li  i  

Initial State tunneling gapQuantum tunneling in 
• Quantum tunneling produced by fast sweeping fields may

g
two-level system under • Quantum tunneling produced by fast-sweeping fields may 

b ibl t hi h t t
two level system under 
pulse and steady fields

• Steps: be possible at higher temperatures  Zeeman graph shows the splitting of an energy level as a magnetic field pulse and steady fields
• Steps: p g pg p p g gy g

is applied • Sample concentration preparationis applied.
•Classic physics: An electron’s different orientations are

Sample concentration preparation
C li t (t t i blClassic physics: An electron s different orientations are
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• Cooling system (temperature variable 

permanently separated and are assumed to remain in the
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cryostat with He system)
same orientation.

cryostat with He system)
Si l d t ti ( t d d i d tisame orientation. • Signal detection (standard induction 

•Quantum physics: In a region, occurring around a zero
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method with pick-up coils)Quantum physics: In a region, occurring around a zero
magnetic field electron may switch orientations

method with pick up coils) 
P l d fi ld t d fi ld (t t l thmagnetic field, electron may switch orientations

d t l th h th b i i t diff t
• Pulsed field + steady field (to control the 

and tunnel through the energy barrier into a different
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initial spin state) measurements R l t    t R l t   t t  ff t  
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energy state This transition is called quantum tunneling
initial spin state) measurements Reversal rate vs. sweep rates Reversal rate vs. temperature effects energy state. This transition is called quantum tunneling. p p
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