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A whole variety of experiments on nanoscale magnets are available nowadays.
Unfortunately many of the data are analyzed using theoretical static mean field (MF) model,
e. g. by assuming only magnetostatic interactions of multilayers, static exchange interaction,
or static interlayer exchange coupling (IEC), etc. We will show that such a mean field
ansatz is insufficient for nanoscale maanetism, 3 cases will be discussed to demonstrate the
importance of higher order spin-spin correlations in low dimensional magnets.

Spin-Spin correlation function <<S S —>
Si Sj ~ <S| >SJ _ <S|_S| >SJ _ <Si_Sj+>Si++ “ = H

«<— RPA —

The damping of spin motions in ultrathin films: Is the
Landau—Lifschitz—Gilbert phenomenology applicable? ™ Physica B 384, 147 (2006)
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1. Element specific magnetizations and T.’s in trilayers.

~
= Ni L i
8 400} Co L 3,2 0 l
- 3,2 S oL : ) 336K
@) = 20 3,2 [ X
.g E U* 336K - Mco 2.0ML Co
L | () 2.8ML Cu
8 200+ I % -40 Mni  4.3ML Ni |
_% | > uf 290K Cu (001)
E' | —T T 760 780 800 820 840 860 880 900
I Photon ener eV
5 0 L X 1.72 t STy ()
- - .
’ | osf  °°
—~ 20 /' ’
.E O sttt/ ", . \“t(‘\ d‘\,rv‘"“f"v""“\'”ﬂ“ —
g I ” Loa o
. -20 , =
Q 2.2ML Co —~ \ S = com angk T
KL -40- 3.4 ML Cu gy o o=
i 3.6 ML Ni |~ < ®
0 -60- Cu(001) = S &,
LE) 80 =04 ¢
> - — T* Ni=308 K
_100- T = 140K y -
760 800h (e\%m 880 U. Bovensiepen et al., 290 300 310 320 330
V PRL 81, 2368 (1998) T (K)

Freie Universitat Berlin

SFB 491, Bochum 13.3.2008



M (arb. units)

200 ' \ ‘ ' ‘ ! 1600~ = -m-—. L. ‘ : =
I * . ] I T —_.
1.75 \ .
- 2 12002 = 20MLCo| -
0.75 - 2.8 ML Co| - — 3.0 ML Cu
2.8MLCu | £ 300 el
® 4.8 ML Ni 5 N '
050 S B >
o | f 30 ML Cu v T
T A C,N
0.25- 28 ML cu / N4 100 | 28MLNi| — A | ]
|04.8 ML Ni| Ni_ = , | coqony] O ATewi
0 Cu(001) TC 275K\~ ® . ‘m 3
' : ‘ : : . O O—@—e— ‘ \ ‘ \ ‘ | L S A | ‘ \ ‘
150 200 250 300 350 0 30 60 90 120 150 180 210 240
T (K) T (K)
P. Poulopoulos, K. B., Lecture Notes in . | V0 (G
Physics 580, 283 (2001) A. Scherz etal. PRB 65, (2005)

The large shift of T-N' can NOT be explained
by the static exchange field of Co.
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Enhanced spin fluctuations in 2D (theory)

P. Jensen et aI PRB 60 R14994 (1999)
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(S7) S}, mean field ansatz (Stoner model) is insufficient
to describe spin dynamics at interfaces of nanostructures
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Single band Hubbard model:
Simple Hartree-Fock (Stoner) ansatz is insufficient
Higher order correlations are needed to explain T-shift
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My / My (T = 0)

Evidence for giant spin fluctuations (A. scherz, C. Sorg et al. PRB 72, 54447 (2005))
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Two order parameter of T N'and T.©°
A further reduction in symmetry happens at T low

A. Scherz et al. J. Synchrotron Rad. 8, 472 (2001)

L. Bergqvist, O. Eriksson J. Phys. Conds. Matter 18 ,1 (2006)
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2. IEC in coupled films measured withUHV-FMR
In situ UHV-ESR/FMR set up 1, 4, 9 GHz
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For thin films the Curie temperature can be manipulated
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In-situ FMR in coupled films
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a) J. Lindner, K. B., J. Phys. Condens. Matter 15, S465 (2003)
b) A. Ney etal., Phys. Rev. B 59, R3938 (1999)

c) J. Lindner et al., Phys. Rev. B 63, 094413 (2001)

d) P. Bruno, Phys. Rev. B 52, 441 (1995)
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Interlayer exchange coupling and its T-dependence.

P. Bruno, PRB 52, 411 (1995); V. Drchal et al. PRB 60 , 9588 (1999) N.S. Almeida et al. PRL 75, 733 (1995)
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S. Schwieger, W. Nolting, PRB 69, 224413 (2004)

T dependence of IEC

All contributions due to the spacer. interface and mag-
netic layvers. nevertheless give an effective power law de-
pendence on the temmperature:

S. Schwieger et al., PRL 98, 57205 (2007)
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The dominant role of thermal magnon excitation in the temperature dependence of
the interlayver exchange coupling: experimental verification
S. 8. Kalarickal.* X. Y. Xu.' K. Lenz. W. Kuch, and K. Baherschke!
Inatitul Fir Experimentialphysik, Freie Universitit Berlin, Arnimalles 14, D-14105 Berlin, Germany

{ Dated: March 20, 2007

PRB 75, 224429 (2007)
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3. Gilbert damping versus magnon-magnon scattering.

1834 IEEE TRANSACTIONS ON MAGNETICS. VOL. 34, NO. 4, JULY 1998

THEORY OF THE MAGNETIC DAMPING CONSTANT

Harry Suhl
Department of Physics, and Center for Magnetic Recording Research, Mail Code 0319,
University of California-San Diego, La Jolla, CA 92093-0319.

uniform motion dissipation to lattice

Mostly an effective
damping (path 1)

N was modeled/fitted.
In nanoscale
magnetism path 2 has
been discussed very =
very little. LS
g “‘ k=0 /17
spln waves
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Landau-Lifshitz-Gilbert equation(1935)
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dt

Bloch-Bloembergen Equation (1956)
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FMR Linewidth - Damping

Landau-Lifshitz-Gilbert-Equation

t ot

viscous damping,
energy dissipation
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2-magnon-scattering

R. Arias, and D.L. Mills, Phys. Rev. B 60, 7395 (1999);

D.L. Millsand S.M. Rezende in
‘SpinDynamicsin Confined Magnetic Structures *,

edt. by B. Hillebrands and K. Ounadjela, Springer \erlag
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» Gilbert damping contribution:

linear in frequency

® two-magnon excitations (thin films):
non-linear frequency dependence
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@° + (0] 2)° — @4y [ 2

@ + (w1 2)° + @y [ 2

with @y = yM ¢

R. Arias et al., PRB 60, 7395 (1999)

200 A ]
AH
_ ©
- 10
g =
~— 100 - |3
= <
< AHE- |
1 AI_IGiIbert-*-AHinhom _
H; hom [ 1 -
in . % inhomogeneous broadening
0 20 40 60 R
® /271 (GHZz)

400

200+

K. Lenz et al., PRB 73, 144424 (2006)

f (GHz)

SD!

B 4Di - : 7
. @
0 5 |
L < o . - _.-'1'_'|-:
&7 ~=— Fe,V; HII100]
- —e— FeyV, H|[100] |
i O -o- FegVp H|[[110)
Aa £ - FE4"'H"'4 H”['Hﬂl '

7 =5 100 150 200

Freie Universitat Berlin

SFB 491, Bochum 13.3.2008

19



400

200

A+p(Oe)

-
-
-
-
-
-
-

HF FMR K. Lenz s

———
=

PRB 73, 144424 (2006)

t al.

0 50 100 150 200
f (GHz)

I v-I' G o AH,

koe) (10°s™h |@®s™)  @o? | (oe)
Fe,V, ; HII[100] [0.270 50.0 |0.26 1.26 O
Fe,V, ; H|I[100] [0.139 261 |0.45 259 0O
Fe,V,; H|[[110] [0.150 27.9 [0.22 1.06 0
Fe4V4;H||[110] 0.045 8.4 0.77 4.44 0
Fe,V, ; HII[001] |0 0 0.76 438 58

* two-magnon scattering observed in
Fe/V superlattices -

 J.Lindner et al., PRB 68, 060102(R) (2003)

real relaxation — no inhomogeneous broadening
two-magnon damping dominates Gilbert damping
by two orders of magnitude:
1/T,~10°s? vs. 1/T,~107s?

recent publications with similar results:
— Pd/Fe on GaAs(001) — network of misfit
dislocations
G. Woltersdorf et al. PRB 69, 184417 (2004)
— NiMnSb films on InGaAs/InP
B. Heinrich et al. JAP 95, 7462 (2004)
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Conclusion

Higher order spin-spin correlations are important to explain the
magnetism of nanostructures.

In most cases a mean field model is insufficient.

A phenomenological effective Gilbert damping parameter

gives very little insight into the microscopic relaxation mechanism.

It seems to be more instructive to separate scattering mechanisms
within the magnetic subsystem from the dissipative damping into the

thermal bath:

Todays advanced experiments and analysis result in:

G =~ Isotropic dissipation
and
I" ~ anisotropic spin wave scattering
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