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Scope of magnetic materials in this talk

This talk focuses on magnetic insulators with well-

localized spins.

3D examples:

Fe,AlB,
La,CuQO,

2D examples:

Crl;
Hf,VC,0,
Hf 2MnC202
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What magnetic properties can we calculate?

Ground-state magnetization M(0)
Magnetization curve M(T)

Curie temperature T,
Paramagnetic susceptibility x (1)
Magnetic structure factor M,(q)
Spin wave dispersions w(q)
Hysteresis curve M(H)

Coercive field H,

DFT (VASP)
+ Monte Carlo
+ Monte Carlo
+ Monte Carlo
+ Monte Carlo
+ Monte Carlo
+ micromagnetics

+ micromagnetics
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A Multiscale Modeling Approach

First principles Effective spin > Thermodypamic
(DFT) model properties
H = fzee + H:gN Hegr = _Ejijgi - S M(0)
+Hyy + Hgo (i) M(T)
+... .
oV +z Huag(S) +... I,
Energy scales Energy scales
leV-10eV 1 pueV-1eV
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This is a workshop

* One does not learn to play the trumpet
by watching other people play the trumpet

In an ideal world:

[ supply Jupyter notebooks (Python) and C++ code
* You go through examples hands-on
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This is a workshop

* One does not learn to play the trumpet
by watching other people play the trumpet

In an ideal world:
[ supply Jupyter notebooks (Python) and C++ code
* You go through examples hands-on

Unfortunately:

« 3D graphics in Python not well integrated with Jupyter notebook

« Examples not 100% portable due to OS-specific details, software
dependencies, VASP installation, POTCAR files, etc.
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This is a workshop

* One does not learn to play the trumpet
by watching other people play the trumpet

In an ideal world:
[ supply Jupyter notebooks (Python) and C++ code
* You go through examples hands-on

Unfortunately:

« 3D graphics in Python not well integrated with Jupyter notebook

« Examples not 100% portable due to OS-specific details, software
dependencies, VASP installation, POTCAR files, etc.

Theretfore:
* Ishow you Mathematica notebooks and C++ code
* You go through examples later on
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This is a workshop

We focus on Crl; as a case study!
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[Most of this session will be in Mathematica notes]

N1 VERSITY OF

9 UNY NORTH DAKOTA



Summary: Monolayer Crl;,

Attempt 1 (nearest neighbor Ising model): I.=22K
Attempt 2 (second-neighbor Ising model) I.=140K
Attempt 3 (classical Heisenberg model): T.=0K

Attempt 4 (classical Heis + easy-axis aniso): I.=50K
Attempt 5 (quantum Heis + easy-axis aniso):  ???

Experiment: I.=45 K

There is a large number of papers on this material, both experimental and

theoretical, in case you are interested.
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Conclusions (Main Lessons Learned?)

Magnetism in 2D is subtle and complicated!

Ferromagnetic order in 2D can exist,
but it requires two ingredients:

- exchange coupling |

- easy-axis magnetic anisotropy K

To make a room-temperature 2D magnetic material,
we must optimize both of these properties.
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Beyond ferromagnetism

Classical magnetic order

* Antiferromagnetism

* 120-degree (Y) antiferromagnetism

* Non-commensurate states (spin density wave)
* Non-collinear magnetism, e.g., helimagnets

* Classical geometric & disorder frustration

Quantum magnetism

* Valence bond solid

* Resonating valence bonds

* Valence bond liquid; spin liquid

* Quantum geometric & disorder frustration

Itinerant magnetism ...

Multiferr()ics coe UNIVERSITY OF
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