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Introducing Jupyter-OOMMF

- provides a user-friendly interface to the
finite difference code OOMMF O O
(http://math.nist.gov/oommf/) M M

Standard problem: find critical size

of magnetic cube [2]
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Problem specification

This problem is to calculate a single domain limit of a cubic magnetic particle. This is the size L of equal energy for the
so-called flower state (which one may also call a splayed state or a modified single-domain state) on the one hand, and
the vortex or curling state on the other hand.

Geometry:

A cube with edge length, L, expressed in units of the intrinsic length scale, lox = 1/A/K\,,, where K, is a magnetostatic
energy density, K, = Tngsz.

Material parameters:

e uniaxial anisotropy K, with K, = 0.1K},,, and with the easy axis directed parallel to a principal axis of the cube
(0,0, 1),
® exchange energy constantis A = {,yOMS 13,‘.
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More details about the standard problem 3 can be found in Ref. 1.

Simulation

Firstly, we import all necessary modules.

. ‘”@sxtzeﬁ?m) import all necessary modules

The following two functions are used for initialising the system's magnetisation [1].

In [4]: dimport numpy as np

create input data run simulation read results postprocessing # Function for initialsing the flower state.
X, Y, Z= pos[O]/lé-9, pos[1]/1e-9, pos[2]/1e-9

mx = 0
. . . Y iE Python functions
] mz = -2%y + 1 Y
Fig. 2: Simulation workflow normsquared - w2 4 my2 ¢ 22 T~ to initialize the
ctser 0 ® tlower and the

return (mx, my, mz) \/OVT@X STaTe
# Function for initialising the vortex state.
def m init vortex(pos):

X, Y, Z = pos[0]/1le-9, pos[1l]/1le-9, pos[2]/1le-9
mx = 0

my = np.sin(np.pi/2 * (x-0.5))

mz = np.cos(np.pi/2 * (x-0.5))

return (mx, my, mz)

In [3]: def minimise system energy(L, m init):
N =16 # discretisation in one dimension
cubesize = 100e-9 # cube edge length (m)
cellsize = cubesize/N # discretisation in all three
lex = cubesize/L # exchange length.

function, That
returns The
relaxed sustem

Km = 1le6 # magnetostatic energy density (J/m**3) ‘

Ms = np.sqrt(2*Km/oc.mu®) # magnetisation saturation (A/m) Objecf, anMmeV\T
A = 0.5 * oc.mu@ * Ms**2 * lex**2 # exchange energy constant : Th b
K=0.1*Km # Uniaxial anisotropy constant L |S € Ccube

u= (0, 0, 1) # Uniaxial anisotropy easy-axis

length in units of
pl = (0, 0, ©) # Minimum sample coordinate.

p2 = (cubesize, cubesize, cubesize) # Maximum sample coordinate. \@X
-\'h " ,\» ] : : -
e S%—S em cell = (cellsize, cellsize, cellsize) # Discretisation.
b- _\, mesh = oc.Mesh(pl=(0, ©, 0), p2=(cubesize, cubesize, cubesize),
ov eC cell=(cellsize, cellsize, cellsize)) # Create a mesh object.

COV]‘\—aiV]S a Se‘\— system = oc.System(name="stdprob3")

system.hamiltonian = oc.Exchange(A) + oc.UniaxialAnisotropy(K, u) + oc.Demag()

O‘F PVOP@V‘heS/ system.m = df.Field(mesh, value=m init, norm=Ms)

Energy crossing

Now, we can plot the energies of both vortex and flower states as a function of cube edge length. This will give us an idea
where the state transition occurrs.

L array = np.linspace(8, 9, 11) # values of L for which the system is relaxed.

S{,(Ch as vortex energies = []
. . md = oc.MinDriver() g \f\ ere ﬂ(‘ e O O F flower_energies = []
"hamilfonian® m-drvetsysten comﬁ/ uvaﬂov}ME]\e (3 mif) | [ tor—loop to step
" " tex = minimi t L, init tex)
and gt et systen 9 olih 5 Floer - mininise systen energy(L, ninit flover) | Through the values for

created for the energy
minimizaTion

Now, we show the magnetisation configurations of two relaxed states.

vortex energies.append(vortex.total energy()) The Cl/(be \e\’]g‘n’\ L aVlOI
flower energies.append(flower.total energy())
_ compule the
# Plot the energy dependences. : .
import matplotlib.pyplot as plt COVV@SPOV\dW\q 6\46&’@68
plt.plot(L array, vortex energies, 'o-', label='vortex')
plt.plot(L array, flower energies, 'o-', label='flower")
plt.xlabel('L (lex)')
plt.ylabel('E")
plt.xlim([8.0, 9.0])

plt.grid()
plt.legend()

Relaxed magnetisation states

Vortex state:

In [4]: =matplotlib inline energy minimizaTion
system = minimise system energy(8, m init vortex) -r— —— iS exe Cu-\» e d

fig = system.m.plot slice('y', 50e-9, xsize=4) :
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Flower state:

We now know that the energy crossing occurrs between 8/.x and 9/.x, so a bisection algorithm can be used to find the

exact crossing. \ Ptﬂ\flOVl'S "SCiPl{,“—MOOlM\e

In [7]:( from scipy.optimize import bisect

energy minimizaTion
In [5]: system = minimise system energy(8, m init flower) < X
fig = system.m.plot slice('x', 50e-9, xsize=4) IS execu“’ed

2017/3/16 14:54: Calling OOMMF (stdprob3/stdprob3.mif) ... [0.8s] sTavag 'FVOYY\ T\ne
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vortex = minimise system energy(L, m init vortex) ‘F -F \ \ ‘\‘ -F
08 : : : : : : ‘ : : : : ‘ : : j : flower = minimise system energy(L, m init flower) 0 Usetu d qoy| hms oy
N (O TR A AR ‘F ‘t» d _‘» \ _‘»
N N : : : R return vortex.total energy() - flower.total energy() Uur hev dla evaluallon
LR B
061y v I I R . . )
T Oo|v v O A I A cross section = bisect(energy difference, 8, 9, xtol=0.1)
N vy b (O T T T S N 8 A N B
04 TH——— o : BN print("The transition between vortex and flower states occurs at {}*lex".format(cross section))
TR R R The transition between vortex and flower states occurs at 8.4375*lex
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