Electron Spin Resonance (ESR) with
Terahertz Waves and Pulses
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Past: ESR at 9.5GHz, cavity resonance, field sweep

Present:
Pulsed ESR at fixed frequency (90GHz)
High field ESR, Gunn diode/IR laser, field sweep

ESR with white THz radiation; complete map in terms of
frequency (4cm-1 - 40cm1) and field (OT-16T)

Future:

“Non resonant” ESR with short pulses, H; comparable to H,
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Why do ESR on LaMnO,?

The detailed knowledge of canting mechanism in LaMnO, helps
understand the frustrated spin structure found in heavy rare-earth
manganites, for example, ToMnO,

Magnetization measurements performed to investigate the canting do
not distinguish between the two mechanisms: the staggering
anisotropy and the Dzyaloshinski-Moriya interaction

Measurement of AFMR modes allows to separate the two effects?!:
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Previous works include low field ESR on doped compounds, high field
ESR by Mitsudo et al., Pimenov et al.

1. G.F. Herrmann, J. Phys. Chem. Solids, 24 597 (1963)



What is ESR?

Paramagnetic resonance: Larmor frequency o=yH
Antiferromagnetic resonance (AFMR), uniaxial antiferromagnet.

Exchange energy  H,; anisotropy energy  H,:

: R A A
w, .=y [H, (2H,+H,)]“+yH,, H,|| b
. v
;=7 [Ha (2HE+HQ) +H02]j:2; Y
W=7y [Hy (2H,+Hy)] ? H,Lb v v
2 77 077 700D 00—— 47—
] 8 T T TT T T T
5 [ b:direction of easy magnetization 7 _
6 T=20K _
215 ¢ ) E
= Holb E S ° ° ]
= z 4 . 4
A A
- : 3 \ .
. Halo z \ / [ E
0.5 = . spin flop == 2 -:
0 D ||||||||||||||||||||||||||||:
0 0.5 1 1.5 2 0.5 1 15 2 25 3
Magnetic field [QH GH -1]

F. Keffer and C. Kittel, Phys Rev, 85 329 (1952) F. Moussa et al., Phys Rev B, 54 15149 (1996)
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L. Mihaly et al., Phys Rev B, 69 024414 (2004)
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The calculated frequencies are shown by:
Black squares — uniaxial antiferromagnet

White diamonds — canted antiferromagnet



Black squares — uniaxial antiferromagnet

White diamonds — canted antiferromagnet D. Talbayev, L. Mihaly, J. Zhou, submitted to Phys Rev Lett

We calculate: D=1.36 T, A, ,=2.57 T, A,;=1.85T, A,=-0.01 T

1. Mitsudo et al., IMMM 177-181 877(1998)



tan 2 =A, /(A-A,),  =18°

Equilibrium orientation of spins at H_=0:
Tan 2 =(A, D)/ (H A -AL)
0=2.5 0.18 ;/Mn



Spin excitation with short THz pulses

Half cycle THz pulse: Assume
— 1mm? cross section

— 1 mJ total energy

— 0.5ps pulse length

— ~1Tesla magnetic field

NMR: pulsed methods making it tremendously powerful

ESR: short lifetime (T,) is a problem. Excitation field of about
H,=1Gauss, atf=95GHz is state of art.

Yields t=10ns pulse length

(Short course in pulsed resonance) H;t=const.

Even a half cycle pulse can excite spins - NO RESONANCE
Sample close to metal surface: H'=2H, E=0, reduced heating






100mJ, 10T, 0.3ps, 0.57rad was achieved in Brookhaven (Carr)

Auston: e.g. Weinacht (Stony Brook)

LINAC: Jefferson Lab (Carr, Martin, ... Williams et al., Nature
2002)

CIRCE, stacked CIRCE: LBL (Martin proposal)

FEL: Santa Barbara (Sherwin)



Spin response to half cycle pulse



Free induction decay after half cycle

pulse
H,=1T, Gaussian line of width s



Spin echo with half cycle pulses

H,=1T, Gaussian line of width s=0.05



Applications

Nanoparticles (inhomogeneous broadening)
— on metal surface
— inside semiconductors
Systems with strong spin-spin interaction (homogeneous
broadenening)
— antiferromagnets
— frustrated magnetic strucures
— separation of spin and charge excitations
Systems with strong spin lattice interaction (lifetime broadening)
— spin orbit interaction
— anisotropy (soft/hard magnets)
— non-conventional metals



