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. . . e In-plane potential: £, = Ey + Kysin®¢,, — tilt of ¢, to easy-axis z.
1. Introduction and Motivation e Out-of-plane potential: E,, = Ey + Kj3sin®6,, — tilt of 6,, to hard-axis, =

. . . L . stronger potential; see also hysteresis loops below).
— Disordered and frustrated magnetic states like those studied in artificial ( gerp y P )

spin ices [1] have deserved a great deal of efforts, mainly by virtue of o Contrary 1o Ising anisotropy, potentials above are smooth —- smooth tran-
their competing ground states, magnetic monopole and string-like excita- sitions between island allowed states.
tions [2, 3, 4], and the difficulty to achieve thermal equilibrium. —> More realistic simulations of artificial spin ice dynamics!

= Such systems are typically composed from elongated thin ferromagnetic
ellipsoidal nano-islands grown or etched lithographically to a small height L., e Hysteresis loops: Another way to account for K;, K3, and related
on a substrate, whose geometric demagnetization effects lead to a strong anisotropies.

magnetic anisotropy along the major diameter. This justify the general as-
sumption that each island effectively behaves like a monodomain (Ising-like R

T

anisotropy), eventually yielding ice-rules, like “2-in/ 2-out” in square arrange- 03 1 X
ments. However, such ice-rules are energetic preferences, not absolute oal
statements about the allowed states. > 2f
= Our intention here is investigate how fluctuations energetics take place %ﬁzg-iﬁ:
away from this Ising anisotropic framework, trying to capture what is hap- o6k U
pening in the transition between these states. For that we focus on an indi- oL ] L _
vidual ellipsoidal island from the spin ice system. 45050403 02 01 00170303 04 05 6 T98 05 44 02 0 47 14 05 0

[,

. _ _ Typical hysteresis loops for an ellipsoidal island with an applied field along zy (in-plane)
2. The ISIand mOdeI and |tS GI’IGI'QEUCS at different angles, ¢y ; similar results for a field applied along xz (out-of-plane), at distinct
angles 64 (on the right).

e Consider a thin elliptical particle with dimensions L, x L, x L., partitioned

into cells of sizes a x a x L. on a square grid with a saturation magnetiza- « How anisotropic constants, K7 and K3, vary with island dimensions
tion, M, within each cell. [Typically, L ~ 2 — 4 x 10> nm, L, ~ 60 — 80 nm,

and height L, ~ 15 — 25 nm]. A given cell has a magnetic moment given by
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e Internal energy of the island is given by evaluating exchange and dipole- N — B ] omc ™ ]
dipole terms. Using the approach of Ref.[5], based upon Green functions, ; P R o ; :
one obtains (hy;; = H,; /M, is the demagnetization field): S - ; > oot ;
’ Mo 01l & . — s A N ]
2 \ - K/V (solid) Az ~. . ] 1
N N a 2 . 2 1= N 0.0053_:____-————_:&:3 - 0'005:
Hine = =T Q Qi+ (53— ) Y |wlmi - 0)7+ Shagg | ¢ (1)
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Aox = \/QA/MOMg — ferromagnetic exchange Iength; [Left] Aspect ratio, g3 = L,./L. = 20 is fixed and K; increases while K3 decreases with
g1 = L,/L,; they equal each other at high ¢, (needle-like limit). [Right] Their behavior with
k= K/u M32 — scaled dimensionless uniaxial anisotropy along 1. island volume (fixed L, = 240 nm): Thicker island — weaker out-of-plane anisotropy, Ks;

in contrast, K increases due to thicker lateral edges effects.

e Permalloy parameters: M, ~ 860 KA/m, A ~ 13 pd/m, K =~ 100 J/ms3, giving
dex & 5.3nmand k ~ 1.1 x 1074 e Lower aspect ratio islands, g; < 2 — smaller K7;
—>0Once « is very small = intrinsic uniaxial anisotropy energy << other As g1 — 1 — disk-shaped magnets — K vanishes, as expected.
energies of the system.

e Most simulations: a = 2.0 nm (e« = 0.5 nm for the smallest high aspect ratio | 4. Conclusions and Prospects |

particles). N _ . e . e .
— ¢ sufficiently less than \.x = reliable description of the internal mag- Magnetization properties of typical ellipsoidal islands composing artificial spin
netic structure. iIce arrangements have been studied, and we have realized that:

e Local spin relaxation algorithm [6] = moves system towards the nearest e The effective island igternal energy may be described by smooth potentials
local equilibrium, by pointing each 7, along its local effective magnetic field like it = Ejy + K sin” .
B;, as produced by the whole island. —>This may be used for a more realistic investigation of transitions and

dynamics observed in artificial spin ices systems[7].

‘ 3. Results and Discussion | e Anisotropic parameters, in-plane K; and out-of-plane K3, may be
' tunned by choosing island dimensions. =— Control of island geometric
anisotropies— Possible on demand transitions between allowed states.

o e —> Towards new protocols to achieve ground-state and to investigate ele-
[ e b | O0F N [+ 20t am w1035 ; mentary excitations properties in artificial spin ice systems .
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