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RKKY interaction: Interaction between localized

magnetic moments mediated by the surrounding
conduction electrons.

}4 $ RKKY Coupling:
D

Ingredients:
- Localized magnetic moments
- Surrounding conduction electrons
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Two localized magnetic moments a distance D apart :

-A. T. Costa et al, Phys. Rev. B 72, 085402 (2005)
- A. T. Costa et al, Phys. Rev. B 76, 085401 (2007)
- D. F. Kirwan et al, Phys. Rev. B 77, 085432 (2008)
- D. F. Kirwan et al, Carbon 47, 2533 (2009)

- P. Venezuela et al, Phys. Rev. B 80, 241413(R) (2009)
- V. Krsti¢ et al, ACS Nano 4, 5081 (2010)

cos(2kp D)
1Dl

where o = 1

J(D) ~

Long ranged interaction in nanotubes

Monday 23 April 12



Two localized magnetic moments a distance D apart :

- M. A. H. Vozmediano et al, Phys. Rev. B 72, 155121 (2005)
- V. K. Dugaeyv et al, Phys. Rev. B 74, 224438 (2006)

- S. Saremi, Phys. Rev. B 76, 184430 (2007)

- L. Brey et al, PRL 99 116802 (2007)

- E. Hwang et al, Phys. Rev. Lett. 101, 156802 (2008)

- J. E. Bunder et al, Phys. Rev. B 80, 153414 (2009)

- P. Venezuela et al, Phys. Rev. B 80, 241413(R) (2009)
- A. M. Black-Schaffer, Phys. Rev. B 81, 205416 (2010)
- M. Sherafati et al, Phys. Rev. B 83, 165425 (2011)

- S. R. Power et al, Phys. Rev. B 83, 155432 (2011)

- B. Uchoa et al, Phys. Rev. Lett. 106, 016801 (2011)

- H. Lee et al, Phys. Rev. B 85, 075420 (2012)

doped centre-adsorbed

\ —
cos(2kr D) where o =2,3or7
Da —

J(D) ~

substitutional or top-adsorbed

Not as long ranged an interaction
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Static spin susceptibility x(D) ~1/D%* (o= 2,30r7)

What if the moments are set in motion?

Dynamic spin susceptibility X(w, D) ~ 1/D5 (6 :7)

Monday 23 April 12



THEORY - DYNAMIC SPIN SUSCEPTIBILITY

¢ \We consider a small time-dependent transverse magnetic field that drives the
precession with a frequency W

__________
-" ~ o~

¢ \We use Iip,eaZsponse theory to calculate the spin disturbance generated by

the precessiggl of the magnetization ) )
h, (t) = hg|cos(wt)Xx — sin(wt)y

e The unperturbed system is described by

H= Z tijel Cio + % Z Uiniohiz + gupHo Z 57

1]0
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THEORY

e \Within the Random Phase Approximation (RPA)

X(w) = [1+x"(w) U7 x"(w)

/Fermi function

vh oo * * *
Xg,j(w)_—/ dE’f(E’){[GT( " — G}j E’ Gl (B + hw) + Gg] ) — GYL(E G}] E’—Hiw)}

o / //

= I + I Slngle particle Green functions: PRB 83, 155432 (2011)

where

14 14
[1 — 1 [QQ(E V+ Q' (Er)hw]|D Z ) _I_lB (EF,O) 1

27T QZQ’(EF)]E‘H D€+2

2 2
" w +ih% D

I, —
2 T T 4Dy EC

As a function of D, x(D) should
initially decay with the same rate
as in the static RKKY but should
asymptotically change to 1/D
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Which magnetic objects?
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How come 7
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in current

Sp

Explanation

(a)

002

0.01

hw (a.u.)

Spin current (with no charge current) is responsible for the

dynamic coupling that arises between precessing moments
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Experimental feasibility

week ending

PRL 106, 037205 (2011) PHYSICAL REVIEW LETTERS 21 JANUARY 2011

Itinerant Nature of Atom-Magnetization Excitation by Tunneling Electrons

A.A. Khajetoorians,l’>X< S. Lounis,z’T B. Chilian,! A. T. Costa,z’3 L. Zhou,' D.L. Mills,2 J. Wiebe,* and R. Wiesendanger1

Unstitute of Applied Physics, Hamburg University, Jungiusstrasse 11, D-20355 Hamburg, Germany
’Department of Physics and Astronomy, University of California Irvine, Irvine, California, 92697 USA
3Instituto de Fisica, Universidade Federal Fluminense, 24210-340 Niteréi, RJ, Brazil
(Received 6 October 2010; published 20 January 2011)

We have performed single-atom magnetization curve (SAMC) measurements and inelastic scanning
tunneling spectroscopy (ISTS) on individual Fe atoms on a Cu(111) surface. The SAMCs show a broad
distribution of magnetic moments with 3.5 wp being the mean value. ISTS reveals a magnetization
excitation with a lifetime of 200 fsec which decreases by a factor of 2 upon application of a magnetic field

of 12 T. The experimental observations are quantitatively explained by the decay of the magnetization
excitation into Stoner modes of the itinerant electron system as shown by newly developed theoretical
modeling.
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Experimental feasibility
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Nature 448, 571 (2007)
PRB 83, 115410 (2011)
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TAKE-HOME MESSAGE

e The RKKY interaction in graphene becomes far more long
ranged when the magnetic moments are set in motion

e This Iinteraction can be probed with currently available
experimental methods.

in collaboration with
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