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1. UHV – EPR/FMR in magnetic monolayers
Landau-Lifshitz equation of motion

2. ESR from 1 – 200 GHz; Gilbert-damping  ?? 

3. “Spin pump” effects, spintronics 

Damping and spin pumping in Damping and spin pumping in 
ferromagnetic nanostructuresferromagnetic nanostructures

⇒ http://www.physik.fu-berlin.de/~ag-baberschke
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ESR                                                FMR

Linewidth in magnetic resonance

T1 = long. relaxation, spin-phonon
T2 = transv. Relaxation, spin-spin

Landau-Lifshitz-Gilbert equation
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In situ UHV-FMR set up 1,4,9 GHz

pressure: 10-11mbar
temperature: 20K - 500K

quartzfinger

thermocouple

lHe cryostat

sample

electromagnet

UHV

cavity

EPR / FMR in UHV

M. Zomak et al.,
Surf. Sci. 178, 618 (1986)

ESR of 
0.01L NO2/10L Kr/Ag(110); 
T=20K
1/100 ML ∼ 1012 particles

M. Farle, K.B. PRL 58, 511 (1987)

318 K

1.6 ML Gd/W(110)

295 K
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Yi Li, K. B.,  PRL 68, 1208 (1992)

For thin films the Curie temperature can be manipulated

P. Poulopoulos and K. B.
J. Phys.: Condens. Matter 11, 9495 (1999)

Th.v. Waldkirch, K.A. Müller, W. Berlinger,  PRB (1973)

Fe3+-VO/
SrTiO3
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Determination of g-Tensor and Magn. Anisotropy Energy K
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in-situ FMR in coupled films

J. Lindner, K. B. Topical Rev., J. Phys. Condens. Matter 15, R193-R232 (2003)

in-situ
UHV-experiment

theory

FMR

substrate

Cun
Ni9

Ni8
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• Gilbert damping contribution:
linear in frequency
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1. UHV – EPR/FMR in magnetic monolayers
Landau-Lifshitz equation of motion

2. ESR from 1 – 200 GHz; Gilbert-damping  ?? 

3. “Spin pump” effects, spintronics 

Landau-Lifshitz-Gilbert equation
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viscous damping, energy disipation

• Two-magnon scattering:
degenerate states created by dipole-dipole    
interaction due to surface defects 

non-linear frequency dependence 
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R. Arias et al., PRB 60, 7395 (1999) ω0=γMeff
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Γ γ⋅Γ G            α    ∆H0

(kOe)       (10
8

s
-1

) (10
8

s
-1

) (10
-3

) (Oe)
Fe4V2 ; H||[100]   0.270    50.0       0.26   1.26      0

Fe4V4 ; H||[100]   0.139    26.1       0.45   2.59      0
Fe4V2 ; H||[110]   0.150    27.9       0.22   1.06      0
Fe4V4 ; H||[110]   0.045      8.4       0.77   4.44      0
Fe4V4 ; H||[001]   0             0          0.76   4.38      5.8

• 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)

• two-magnon scattering observed 
in Fe/V superlattices – interface 
defects
J. Lindner et al., PRB 68, 060102(R) (2003)

HF FMR  A. Janossy et al. 
Budapest Univ. of Technology and Econ.
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s-d-exchange between spin wave and s-electron

R.H. Silsbee, A. Janossy, P. Monod, PRB 19, 4382 (1979)

Precession drives spin current into NM 

NM-substrate acts as spin-sink  ⇒ IS
back = 0

⇒ torque is carried away

⇒ Gilbert damping enhanced by spin-pump effect!
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Landau-Lifshitz equation + extension

precession Gilbert-damping spin-pump current

pump

(5)

Y. Tserkovnyak, A. Brataas, G.E.W. Bauer, PRB 66, 224403 (2002)

1. UHV – EPR/FMR in magnetic monolayers
Landau-Lifshitz equation of motion

2. ESR from 1 – 200 GHz; Gilbert-damping  ??

3. “Spin pump” effects, spintronics 
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B. Heinrich et al., PRL 90, 187601 (2003)

K. Lenz et al.,
Phys. Rev. B 69, 144422 (2004)

    d   no spin-accumulation   I  = 0 
              Gilbert-damping enhanced by spin-pump effect

NM SF≥λ ⇒ ⇒
⇒

s     
back

   compensation, if both films precess simultaneously (H =H ) 
               only Gilbert contribution remains!

res1 res2

⇒

M M MM

aco ustical
mode

optical
mode

at „point of contact“ compensation of pumped 
currents decrease the linewidth
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K. Lenz et al. SCM 2004,
Physica Status Solidi (c) 1, 3260 (2004)

Trilayers with non-collinear easy axes

strong decrease in ∆H when Hac =Hop

∆Hop = ∆Hac < ∆Huni

Cu5

Cu5

substrate

Ni9

Ni6
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Conclusion

• High sensitivity of ESR/FMR to investigate submonolayers

• in-situ UHV-ESR/FMR

• large frequency range of 1 to >200GHz is needed to study relaxation, dynamics


