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Simulating Griffiths Phase

Behavior
Aaron Janaszak and Lukas Stuelke

UNI Summer Undergraduate Research Program
Mentor: Dr. Paul Shand




What is the Griffiths Phase?

In a paramagnet, at high temperatures, inverse e At lower temperatures, clusters align and

magnetization follows the Curie-W eiss law magnetization deviates from the Curie-
and is linear. W eiss law.
Inverse Magnetization is linear at higher temperatures In the Griffiths phase, this linearity is interrupted as shown by the exaggerated curve

. 1o “Inverse Magnetization as a Function of Temperature Inverse Magnetization as a Function of Temperature
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Presentation Notes
Does not follow the curie-weiss law at lower temperatures, specifically the curie temperature cut off.
For a PM At high temps, 1/Mag is linear, aka CW Law
At lower temps, mag moments in clusters align with mag field and large cluster alignment causes a dramatic increase in overall magnetization which translates into a downward trend in the inverse graph


Clusters begin to dominate, displaying Griffiths phase behavior at low temperatures
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Some Moments Removed
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Presentation Notes
A system has mag moments at every lattice point (crystal), fully occupied lattice will have well defined T_c
Introducing disorder(circles) creates clusters
Large clusters(red) very rare, but dominate the system’s overall magnetization


Purpose

Can we reproduce the Griffiths Phase behavior using a computer model?
And if so, what variables influence this behavior the most?

Inverse Magnetization as a Function of Temperature

I=]
‘I.E
e ]
o=
&
o
=
#
4
=




Methods & Data

H/M as a Function of Temperature

® Langevin function used to

simulate clusters in MATLAB H = 0.0002
H=0.02
H=02
H=1
H=5

H=10

e Data collection at many values
of the external magnetic field
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=
Comparison Between Experimental Results and Computer Model

Experimental Data

Computational Model

H/M as a Function of Temperature
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There are multiple graphs in the Experimental Data: the inner graph is a measurement of DC magnetization. The main graph is AC data, which has a certain frequency.
The field strengths are higher in the DC data, but when normalized, the plots are similar, as expected.


Any Questions?

The Griffiths Phase is a result of a spontaneous increase in the overall magnetization of
the system primarily influenced by the rare, large clusters transitioning to a
ferromagnetic state at the Curie Temperature. We were able to create a MATLAB
program that exhibits this trend by using the Langevin function to simulate clusters.

Future Work:
-Exploration of variables and distribution types
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Presentation Notes
Add citations and acknowledgements here, as needed.  Include images of you working on your project to fill white space and tell your story.  Ask the audience for questions.

Tips for a good summary:  Avoid jargon – your summary should be easily understood by researchers from other disciplines and the public.  Be prepared to talk in more depth about:
what you did (your specific methods), 
what you learned (results so far), 
what it means (implications for future research and/or application).
You may add additional, optional slides with graphs, tables, images that can be used to illustrate the finer points of what you did, what you learned, and what it means.
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