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Spin flip laser
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Why magnetic lasers?
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What can you do with THz?
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Zeeman split transition

Zeeman effect
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Devices, Majority F

If coercive field of F is (much) bigger than applied field

(' SmCos, AINiCo, NdyFersB )
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FIG. 2. Magnetic hysteresis of a SmCos film measured along the

easy magnetization axis (IMgO[001]) and along the in-plane hard
axis (IMgO[1-10]).

PRB 77 104443



(Inverse) GMR
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AF F FIG. 3 Magnetoresistance of three Fe/Cr superlattices at 4.2 K. The current and the applied field are along the same [110] axis
in the plane of the layers.

M1 | NM M2 NM M2

<

—_—
GMR-cpp (%)
=

|
15t
/\\/\/ ,,,.f‘/\...r ’ - . | -
-6000 4000 -2000 0 2000 4000 6000
o1 <] oz>1 o< oz >1 H (Og)

caw. 16, Inverse GMR curve of a [FeCr 30%(5 nm)/
Cr(l.1 nm)/Py(8 nm)/Cr(1.1 nm)]>X20 multilayer.

PRL 61 2472, PRL 72 408



Devices, Minority

Make use of minority spin carriers, so the states opposite to the
field should be populate.

( Feo.rCros Cu/Cr)




Devices, Negative g

Majority F and negative g
(InSb, InAs,...)
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F16. 1. Comparison of experimentalPggvalues for conduction
electrons in InSh with theory. The electron concentrations were
measured at 77°K. The small deviation between the two at high
concentrations is unexplained.

Osipov, Viglin Phys rev 169 312



Negative g materials

Spin orbit splitting energy ~0.9 eV
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Bandgap
0.18 eV

Reduced mass ~m/70

arXiv:quant-ph/0102056v2, phys rev 114, 90
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Experimental Zeeman lasing
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Expected spectroscop
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First results (ILTPE)
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Exchange split transition
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Devices

 Majority F
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CrQOs nanorods

Tjerk Oosterkamp

Materials

)

>

E (meV

Pdy_,Ni,, Pdy_,Fe,, Cu;_,Ni,

50

40

30

T T T T T T T T T v T A
' v
Pd, Ni .
1% x
Kontos et al, PRI 2001 " 1
Kontos et al., PRL 2002 -
Cinllo et al., PRB 2005 2

Khaire et al., PRB 2009
Cirillo ¢t al., PRB 2007 m
Rusanov (PhD Thesis)
Kontos (PhD Thesis)

Bauer et al., PRL 204

Della Rocca et al., PRL 2005
Matsuda et al., JAP 2008

OXdamnc*xt>oO

Review, Aarts et al



Experimental Exchange lasing
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ABmm | 1-1000GHz

Harmonic generator as source (HG) and a harmonix mixer as detector (D)
HG is fed by centimeter source S1 and supplies the Nth harmonic

D is connected to the centimeter source S2 and supplies a beat frequency Fif
The receiver selects a given harmonic

PHASE CONTROL
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ABmm power

Emitted power
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Fourier Transform Spectrometer
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Zmuidzinas, International Journal of Infrared and Millimeter Waves, Volume 20, Number 3 / March, 1999



Moveable mirror-frequency

o0

1(0) = / | I(v) cos(2mvd)dy I(v) = / 1(6) cos(2mrd)do

—oo

Inner srr resonance
LC resonance | _Electric dipole resonance

1.0 For=
0.8}
06}

0.4

0.2F

Amplitude Transmission

[ T
0ol : :
00 03 06 09 12 15 18

Frequency (THz)

Fig. 1. Frequency-dependent amplitude transmission of a double SRR metamaterial without
(solid curves) and with (dotted curves) a 16 pm thick photoresist overlayer.
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Current work [ ¥
polarisation measurementsSile

T =1.5K, gap = 1.5meV
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Polarisation set up




Learn how to measure PCS
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Outlook / To Do

e Study possible materials using PCS
e Build setup to irradiate PC
 Measure PCS with radiation
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