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SESSI0N 13: Paraelectric and paraplasiic reloxation

SPIN-PHONON INTERACTIONS
IN PARAMAGNETIC 10N CRYSTALS

5 A, AL'TSHULER
Kazan Stade Usdversiry, Kazae, USSR

The svstematic siudy of spin-phonon interaction was started some
30 vears ago by Gorter ') and his co-workers. Thanks to the well-known
works by Waller *), Casimir and Du Pré *), Kronig*) and, particularly,
Van Vieck *) the fundamentals of the spin-lattice paramagnetic relaxation
theary were lald down.

Later, Zavoiskiv's discovery of paramagnetic resonance was of major
importance for the development of this field of knowledpe *1

In this reporm we mean, first of all, to outline the development of the
Van Vleck theory in recent vears, then, to analvse the difficulties which the
spin-lattice relaxation had 1o face and dwell on some of the possible ways
of evercoming them, and, fimally, to consider various phenomena, caused
by spin=-phonon mieractions. Naturally, our repori will concentrate an the
work done at the Kazan University,

Later, Zavoiskiy‘s discovery of paramagnetic resonance was of major
importance for the development of this field of knowledge ©).

6) E. K. Zavoiskiy, Doctoral thesis , Moscow (1944); J. Phys. USSR 9, 245 (1945).
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1. Local moment EPR in superconductors
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ABSERVATION OF ELECTRON SPIN RESONANCE
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T.5 Al'tshuler, 1. A. Garifullin,

and E. G. Kharakhash'yan

Karan! Phyeicotechnical inntitule, Acadaimy of Solences of the [T
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Solid State Communications 12, 977 (1973)

LOCAL MOMENT 5P RESONAMNCE IN A SUPERCONIMMIC TR
L. Engel, K. Babsmahkoe, & Keoapmann and . Hufngr
BV, Phymicaliaches Instifur. Fréie Universila?, Berlin, Germany
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CONTRIBUTIGN TO THE THEORY OF SUPERCONDUCTING ALLOYS WITH
FPARAMAGNED IMPIRITIER

A A ABRIKCEOV apd [L P HORTKOV

[omtetuts for Phygics Probleme, Academy of Soiences, 10,25 R,
Submitied to JET T aditnr July 25, 1360

I, Exptl, Theorei, Phya. (I1.8.5.F.) 38, 1T1-1785 (Decembar, 18i0)
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EPR in superconducting materials
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EPR with ac-Josephson effect
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microwave generator and
tunneling current as a detector.
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2. Kondo effect in the ESR
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3. FMR in ferromagnetic nanostructure
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For thin films the Curie temperature can be manipulated
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Determination of MAE K. and g-tensor
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Growth of artificial nanostructures
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Ferromagnetic resonance on Fe /V_(001) superlattices
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Fe /V_(001) superlattices

PHYSICAL REVIEW B 66, 020303(R) 12002 RAPID COMMUNICATIONS

Re-entrant superconductivity in the superconductor/ferromagnet ViFe layvered system

| A, Garifullin,! D, A Tikhonov,'2 N. N, Ganif*vanov,! L. Lazar? Yu. V. Gorvunov,! §. Ya. Khlchnikov,! L. R, Tagirov?
K. Westerholt,® and 11, Zabel®
| Favoisky Physical-Technical Tnstitite, Russian Acodemy of Sciences, 420020 Kazan, Russian Federation
Institut fir Experimentalphvsik/Festkorperphysik, Rube-Universitat Bochuns, 44780 Bochum, Germany
"Kuzan Siate niversity, $20008 Kuzon, Kuxsion Federation
(Receival 24 April 2002 published 2 July 20402
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Coupled films, magnetic trilayers in the FMR
Landau-Lifshitz-Gilbert- Equatlon

LM o (MxH )+ (M c{“‘é OL“\O 7? 7]‘\3
y ot y’M2
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acousUc
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‘J inter / theOI'y A/ Jlnter / 0 5 1 0
: y 7 i // v v
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— . FMR - —
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e UHV-experiment
cu,NiCUNigcuoo (¥ f | A e
— Ni;Cu gCOZ/CU(OO:L)
— Fit
5 4 Hy, (kOe) 0 1 2 Hy(kOe)

J. Lindner, K. B. Topical Rev., J. Phys. Condens. Matter 15, R193-R232 (2003)
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Ferromagnetically coupled system
0,=90° oH ‘ ’ eH:O

@ °
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Antiferromagnetically coupled system
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115 :
5| 77
7 ©) :
0 ) A > : % do - " eimeimean .6 = :
2H., H, (kOe) < AntM+2H_, JH0 (kOe)

in-situ UHV-FMR measures FM and AFM
and determines K, and J. ;.. in absolute units, e.g. pe V/atom

NanoRes 2004 Kazan/ 15-19 August .

Freie Universitat Berlin



Interlayer exchange coupling
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Temperature dependence of J, .., < A free energy

P. Bruno, PRB 52, 411 (1995) N.S. Almeida et al. PRL 75, 733 (1995)
— T/T _ : =J. - B2
‘Jinter _‘]inter,O [ sinh('I?/TO) ] To_ hVF /ZTCde ‘Jlnter ‘]mter,O [1 (T/TC) ]
Ni,Cu,Co,/Cu(001) . Lindner et al (Fe, Vs)s
PRL 88, 167206 (2002)
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Origin of the temper ature dependence of interlayer exchange coupling in metallic trilayers
S. Schwieger and W. Nolting, PRB 69, 224413 (2004)
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FMR Linewidth - Damping

Landau-Lifshitz-Gilbert-Equation 2-magnon-scattering

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

laﬂ = (M xH_ )+ G M Xaﬂ D.L. Mills and S.M. Rezende in

y ot M ot ‘Spin Dynamicsin Confined Magnetic
Sructures’, edt. by B. Hillebrands and
K. Ounadjela, Springer Verlag 2003

o(ky)
P > Pe
Qg < P
OemR
Gilbert-damping ~®

G kll
AH® (@) = ——— ® Mg, _ [@*+(®,/2)°]"*- w,/2
2\ AH""(w) = T"arcsin [0+ (@,/2) ] 0.2

= Y(z K- 4TCMS)1 YZ(MB/h)g
K, - uniaxial anisotropy constant
M - saturation magnetization
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‘Non-Gilbert-Type’ spin-wave damplng
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Non-viscosity (velocity) like damping (spin-scattering)
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J. Lindner et al. Phys. Rev. B 68, 060102(R) (2003)

will be equally important at Nanoscale magnets.
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Landau-Lifshitz equation & spin-pump effect

Landau-Lifshitz equation + extension

precession Gilbert-damping  spin-pump current
p°
M MxH, +—2 MM s
dt yMg dt MV
h dM dM
2 =——| AMx —A—
Y (A dt A dt j

* sd-exchange between spin wave and S-electron
R.H. Slsbee, A. Janossy, P. Monod, PRB 19, 4382 (1979)

* precession drives spin current into NM hv X\ T T f m ’\
Y. Tserkovnyak, A. Brataas, G.E.W. Bauer, PRB 66, 224403 (2002) "‘ it
* NM-substrate acts as spin-sink = Is,_, =0 |
™ torque is carried away EFM NM

® Gilbert damping enhanced by spin-pump effect!
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Evidence of spin-pumping effect in the FMR of coupled trilayers
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compensation, if both films precess simultaneously (Heg=H;es2)
= only Gilbert contribution remains!
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Summary

31I1IP is mature

It is applied at large variety of different fields: e.g. Millikelvin, in UHV, etc.

» Resonance field, line width, and intensity give many detailed information.

» For Nanoscale magnetism it is very powerful,
it measures to para- and ferromagnetism in absolute energy units (eV/particle),
which some other technique (e.g. Kerr effect, SPE) can hardly do.

|

Later, Zavoiskiy‘s discovery of paramagnetic resonance was of major
importance for the development of this field of knowledge ©).

The International Zavoisky Award 2004
Prof. Dr. Dietmar Stehlik, FU Berlin
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