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A FIRST SIMULATION
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GOOGLE COLLABORATORY
• If you do not have access to a machine which has a CUDA enabled 

graphics card, you can still try out the examples for yourselves, by running 
mumax3 in a google  collaboratory session for free

• The only thing you will need to get this working is a gmail account
• https://colab.research.google.com/github/JeroenMulkers/mumax3-

tutorial/blob/master/mumax3.ipynb
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GROUND STATE OF 

IRON-OXIDE  NANOPARTICLE
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N := 64
setgridsize(N,N,N)

Msat = 400e3
Aex = 10e-12
Ku1 = 1e4
anisU = vector(0,0,1)

Dmin := 40e-9
Dmax := 160e-9
Dstep := 5e-9

D := Dmax
setcellsize(D/N,D/N,D/N)

m= vortex(1,1)

tableadd(E_total)
tableaddvar(D,”D”,”nm”)

for D=Dmax; D>=Dmin; D-=Dstep{
setcellsize(D/N,D/N,D/N)
minimize()
tablesave()

}

PARTICLE GROUND STATE



N := 64
setgridsize(N,N,N)

Msat = 400e3
Aex = 10e-12
Ku1 = 1e4
anisU = vector(0,0,1)

Dmin := 40e-9
Dmax := 160e-9
Dstep := 5e-9

D := Dmax
setcellsize(D/N,D/N,D/N)

m= uniform(0,0,1)

tableadd(E_total)
tableaddvar(D,”D”,”nm”)

for D=Dmin; D<=Dmax; D+=Dstep{
setcellsize(D/N,D/N,D/N)
minimize()
tablesave()

}

PARTICLE GROUND STATE

Msat = 400e3
Aex = 10e-12
Ku1 = 1e4
anisU = vector(0,0,1)

Typical material parameters for iron-oxide

Exchange length ~ 10 nm 
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minimize()
tablesave()

}

PARTICLE GROUND STATE

Dmin := 40e-9
Dmax := 160e-9
Dstep := 5e-9

D := Dmax
setcellsize(D/N,D/N,D/N)

Defining the particle diameter range

Our cell size ranges from 0.0625 to 0.25 lex
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setgridsize(N,N,N)
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Ku1 = 1e4
anisU = vector(0,0,1)

Dmin := 40e-9
Dmax := 160e-9
Dstep := 5e-9

D := Dmax
setcellsize(D/N,D/N,D/N)

m= vortex(1,1)

tableadd(E_total)
tableaddvar(D,”D”,”nm”)

for D=Dmax; D>=Dmin; D-=Dstep{
setcellsize(D/N,D/N,D/N)
minimize()
tablesave()

}

PARTICLE GROUND STATE
Initialize with a vortex state

Alternatively, we could have used a 
uniform state

m= uniform(0,0,1)

m= vortex(1,1)



N := 64
setgridsize(N,N,N)
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}

PARTICLE GROUND STATE

tableadd(E_total)
tableaddvar(D,”D”,”nm”)

Scheduling the output
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D := Dmax
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m= vortex(1,1)

tableadd(E_total)
tableaddvar(D,”D”,”nm”)

for D=Dmax; D>=Dmin; D-=Dstep{
setcellsize(D/N,D/N,D/N)
minimize()
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PARTICLE GROUND STATE

for D=Dmax; D>=Dmin; D-=Dstep{
setcellsize(D/N,D/N,D/N)
minimize()
tablesave()

}

sweeping the size



PARTICLE GROUND STATE
# t (s) mx () my () mz () E_total (J) D (m)
0 2,37E-04 9,08E-05 0.99999726 7,88E-12 4,00E-08

0 -0.001503764 0.0004155231 0.99999434 1,12E-11 4.5e-08

0 -0.00025198163 0.00027258066 0.9999936 1,54E-11 5,00E-08

0 -0.00032723788 0.00035623793 0.9999911 2,05E-12 5.5e-08

0 0.0001287238 -0.00036605453 0.99998826 2,66E-11 6,00E-08

0 -1,71E+02 -0.0002854268 0.99998486 3,38E-11 6.5e-08

0 3,32E+01 0.00019878031 0.9999812 4,22E-12 7,00E-08

0 3,22E+01 1,03E+01 0.99997705 5,19E-12 7.5e-08
0 1,94E-03 4,04E-02 0.9999721 6,30E-12 8,00E-08
0 1,51E+02 -3,66E+01 0.9999653 7,56E-12 8.5e-08
0 -3,32E+01 5,31E+00 0.88785946 8,89E-12 9,00E-08

0 -3,84E+02 -0.0008873366 0.7715161 1,01E-12 9.5e-08

0 -0.0017875922 -0.003912248 0.6751741 1,13E-11 1,00E-07

0 -0.000107000684 -0.3572311 0.0006567935 1,16E-10 1.05e-07



PARTICLE GROUND STATE



www.mumax.ugent.be/mumax-view
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HARDWARE
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MUMAX3 BENCHMARKS
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Tomorrow’s micromagnetic simulations, Journal of Applied Physics 125, 180901 (2019)
https://doi.org/10.1063/1.5093730
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Tomorrow’s micromagnetic simulations, Journal of Applied Physics 125, 180901 (2019)
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EXTRA RESOURCES https://mumax.ugent.be
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EXTRA RESOURCES
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Publications: 
• The design and verification of mumax3

https://doi.org/10.1063/1.4899186
• Fast micromagnetic simulations on GPU - recent advances made with mumax3

https://doi.org/10.1088/1361-6463/aaab1c
• Tomorrow’s micromagnetic simulations

https://doi.org/10.1063/1.5093730
• Adaptively time stepping the stochastic Landau-Lifshitz-Gilbert equation at nonzero 

temperature: Implementation and validation in MuMax3
https://doi.org/10.1063/1.5003957

• A numerical approach to incorporate intrinsic material defects in micromagnetic simulations
https://doi.org/10.1063/1.4854956 



Thank you for your interest!
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