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« Pathways to ultrafast switching of antiferromagnets
» Optically-driven spin excitations in antiferromagnets
« Switching of antiferromagnetic metals

» Switching of antiferromagnetic insulators
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* Phononic control of antiferromagnets

» THz excitations in heterostructures and complex spin textures
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How fast can we make “useless” antiferromagnet

“useful”?
exchange
interaction
EeX:-‘JSiSj
M= 0 M= —y Z;i
Antiferromagnet (J<O) Ferromagnet (J>0)
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Magneto-structural phase transition
and chicken-or-egg causality dilemma in FeRh
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Magneto-structural phase transition
and chicken-or-egg causality dilemma in FeRh
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Model of exchange inversion
C. Kittel, Phys. Rev B, 120,
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Phonon spectrum
M. P. Belov et al,

Phys. Rev. B 101, 13430 (2020).
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Discovery Entropy analysis Bi-quadratic exchange
M. Fallot, Ann. Phys., Paris, 10, J. C. Kouvel, J. Appl. Phys., 137, O.N. Mryasov, Phase transitions 78,
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Simple idea to resolve chicken-or-egg problem
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E. Beaurepaire et al,
APL 84, 3465 (2004).
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Dynamics of spins and lattice
in low magnetic fields
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Dynamics of spins as seen in THz spectroscopy
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THz emission from FeRh/Pt

as a result of ultrafast demagnetization
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THz emission from FeRh/Pt

as a result of ultrafast demagnetization
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THz emission from FeRh/Pt
as a result of ultrafast demagnetization
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THz emission from FeRh/Pt

as a result of ultrafast demagnetlzatlon
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Single Pump

Studied FeRh/Pt bilayer @ T T
' e 14 I o
b i
Mmission Xﬁ'} J”y’%ﬂ? i WA X .
—~-0.1 o 'i: —— ?:OO K‘-
MgO (001) = 0'1f 4! ¥ oneiid N
substrate & nt [‘ L N R i
s S ol | AW
(5Pt ) ©-0.1} O 340 K
nm FeRh Q ] | | ] | | ! | i i
A va— LI T T T T T f —
(40 nm) . . '{\
(&) i :
— - 5 2 ? 370 K
10+ ° 1 () 0 : \
o * m .l | 1 " l—.\ l.".ﬂ.lwr—l L l M 1
< 8 10_1_ T | A ERN D [ T LR v ¥ F
£ i
3 = % 5 B EPeak lll B
m§4- P X }'kl 420 K
2t Y: ku“f’-
s : ; : 1 1 . 01 2 3 45 6 7 8 9
300 320 340 360 380 400 420 time (ps)

Temperature (K)
G. Lietal, arXiv:2001.06799v3.

change perspective Radboud University {§5¢



Origin of hysteresis

Heating Cooling
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Disappearance of the hysteresis

as a result of uncontrolled relaxation
Heating Cooling
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Disappearance of the hysteresis
as a result of uncontrolled relaxation

Heating Cooling
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Disappearance of the hysteresis

as a result of uncontrolled relaxation
Heating Cooling
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Disappearance of the hysteresis

as a result of uncontrolled relaxation
Heating Cooling
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Hysteresis in stroboscopic measurements
of kinetics of first order phase transition
is rather anomaly than law.
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How can we see the formation
and growth of ferromagnetic domains?

o ) e

X,

domain formation
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How can we see the formation
and growth of ferromagnetic domains?

ONoIHE & (+) (&) E
) o) I . 2pulse

X,

T ———————
domain formation
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How can we see the formation
and growth of ferromagnetic domains?

%’ Elpulse
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domain formation

E,puiseE1puise CONtains information about
domains formed between the pump pulses.
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Single vs Double pump THz emission spectroscopy

Single Pump Double Pump
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THz emissivity of ferromagnetic domains
in FeRh/Pt
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Mean field theory

M, M, Iron sublattice magnetizations, M, M, ~ 3up at transition temperature (~ 350 K)

1
F = f(M?)+ f(Mz)? = JEH (M1 - M2)® = (T + pyu)My - Mz — Ho - (M + Ma) — A" In2cosh(BA) + S eu®

| ] l ] | ] | |
Non-equilibrium 4-spin exchange Lattice expansion (u) Ising-like Elastic
exchange energy (bi-quadratic dependent Zeeman energy ~ paramagnetic stiffness
density exchange) Heisenberg exchange rhodium ion (Hooke's law)
A= M M H ~
trnl/rrR(M1 + M3) + Hy| Urn ~ 1 g in equilibrium
p; = 0Jpp/0u (u)y = p;My - My /e
2 , P 2 (1) 1 (M -z)* (M3 -z)*
Fog=—\Jpp+ 2— (M -My)® —Jp oM -Ms —Hg - (M +My) — 87" In2cosh(BA) + K N + N2
€ 1 2
J | ]
1
_EMLZ = AsoHi 2 + pAez(Hi o —Ho ) + Mo xHyj . H; = — 5‘;‘1 Added uniaxial
y anisotropy

y — gyromagnetic ratio
dex — €Xchange mediated angular momentum transfer between the Fe-sublattices.
A¢o, — angular momentum transfer to the lattice.
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Picosecond dynamics

Assumption: Laser-induced heating causes ultrafast expansion of the lattice u(T)
and thus changes the exchange interaction.
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Emergence of magnetization in FeRh
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Emergence of magnetization in FeRh
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Time-resolved measurements in 38 Tesla
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J. B. McKinnon et al,

PhD thesis of J. Becker (Nijmegen). J. Phys. C: Solid State Phys. 3, S46 (1970).
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Magnetism of FeRh in high magnetic fields
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Ultrafast magnetism of FeRh in high magnetic fields
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Ultrafast magnetism of FeRh in high magnetic fields

O Type 1 @ Type 3
@ Type 2 M Undefined
30 O O O ® J— — L
[ [18] [9] [S5] SQUID Hy(I«(T/Ty*) Hg 25 @ o 00 @ B
25
' 2090 @ O
220t - . 82 $$
2 ‘M’ = ¢
2 Ss5p © e ee® o e
15t “a2” : .
é . §010 e @
&N | s B
§ 10 | » .
5+ ® 5H O m mO (o) (o)
¢¢ Route 1 ¢é
' o
O R ] i ] X | A 0 L 1 L 1 . 1 1 1 A : 1 i
0 100 200 300 40 0 50 100 150 200 250 300 350 400

T K
Temperature (K) emperature (K)

change perspective




Rotation 6 (deg)

Ultrafast magnetism of FeRh in high magnetic fields
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Ultrafast magnetism of FeRh in high magnetic fields
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Ultrafast magnetism of FeRh in high magnetic fields
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Ferromagnetlsm IS iInduced as fast as
the structural changes,
but never faster than the latter.
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Conclusions

* Femtosecond laser pulses trigger magneto-structural phase transition from
antiferromagnetic to ferromagnetic phase in FeRh

* Excitation of FeRh with femtosecond laser pulses generates nuclei's of ferromagnetic
phase. The ferromagnetic order in the nuclei’s is established only in 10-20 ps after the
excitation.

e Structural changes estimated from reflectivity also occur on a time-scale of 10 ps
(characteristic time of 3 ps).

At 5T the characteristic time of the phase transition reaches the limit of 3 ps (i.e. the
characteristic time of the structural changes). Further increase of the field does not
accelerate the phase transition any further.

Chicken and egg evolve together!
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