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Nanomagnets and research in molecular magnets serve as the foundation for numerous
efficacious applications such as supercomputing and novel data storage methods. The
purpose of this experiment is to study the properties of nanomagnents by investigating
techniques used to control the spin coupling of electrons. A two-level spin system of Cu**
ions doped in Ca(POs), glass was examined. The use of a glass substrate reduces the
propagation of phonons and thus helps to decouple the electrons. Magnetization
experiments were conducted at low temperatures such as 4.2 K, 1.7 K, and 0.4 K. The
fast sweeping rate (10° T/s) of the magnetic field suppresses electron de-coherence. This
allows for quantum tunneling to be observed at the zero field. In this experiment, a 3.0%
and 7.5% concentration of Cu®* ions were studied using pulsed magnetization
measurements for various fields, ranging from 1 T to 10 T, in order to determine the
relaxation rate of the material and the energy gap between the excited and ground states.
Also, Electron Spin Resonance (ESR) was conducted for the 7.5% Cu?* sample to
determine the Landé g-factor, which was calculated to be approximately 2.325. The
Bloch equation was used to derive the relaxation rate from the experimental data that
showed the expected hysteresis in the magnetization curves. Further tests involving a
pulsed field generation of two full cycles will be conducted and analyzed.
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INTRODUCTION DATA ANALYSIS

Nanomagnets and research in molecular magnets serve as Variables 1) Cu*" ion concentrations: 3.0 % and 7.5 % 3.0% Cu?* : as magnetic field increases to 10 T,
the foundation for numerous efficacious applications such 2) Time 1nterval between cycles the energy gap is relatively constant for all
as supercomputing and novel data storage methods. temperatures.
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the properties of nanomagnets, minimal spin de-coherence

1s achieved via: > | % | I‘ 7.5% Cu?": as temperature reduces to 1.7 K and

0.4 K, the energy gap becomes more constant
among the various magnetic fields from 1 T to

10T.

Quenched cooling - 04K, 1.7K,4.2 K
Fast sweeping of magnetic field - 10° T/s

OBJECTIVE

Investigating techniques used to control the coupling of
electrons in a two-level spin system of Cu?* ions doped in
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The difference 1n energy gaps as temperature
decreases 1s larger for the 7.5% sample than for the
3.0% sample.

Relaxation “heating”: as time interval increases,
the sharp initial jump of magnetization disappears.
—— : This indicates that the spin polarization of
SR e g electrons has returned to the equilibrium state.
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ESR: peak occurs around 4.148 T independent of
temperature. Confirmed the g-value of the sample
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