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Antiferromagnets have promising functions that will lead to
advances in information technology. The magnetic order of anti-
ferromagnets has spin resonance in the terahertz region, sug-
gesting the possibility of coherently controlling antiferromag-
netic devices much faster than conventional electronics. How-
ever, to study antiferromagnetic spin dynamics, there are seri-
ous problems to overcome, such as the required time resolution,
complicated sublattice interaction, and optical inaccessibility. In
this review, the dynamics of antiferromagnetic vectors will be
clarified directly in the time domain. The antiferromagnetic vec-
tor of hexagonal YMnOgs was modulated by coherent spin pre-
cession, and the accompanying motion of the vector was tracked
by time-resolved magnetic second-harmonic generation and the
magnetic-optical Faraday effect. The reduction in dynamic sym-
metry due to the movement of the antiferromagnetic vector al-
lows the thermal dynamics and non-thermal spin dynamics to
be separated. Since the reduction in transient symmetry is com-
mon to coherent excitation, it can be concluded that we have a
general tool for tracking the ultrafast dynamics of antiferromag-
netic vectors.
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Fig.1 Antiferromagnetic YMnOg. (a) antiferromagnetic three-
sublattice ordering of the magnetic Mn3* moments. (b) Z mode
spin precession. The figures are reused from ref. 27 under
Nature Portfolio author licence policy.
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Fig.2 Coupling of y; ;, with antiferromagnetic vector. (a) Tem-
perature dependence of magnon frequency and SHG intensity.
Solid squares and open circles correspond to SHG intensity and
magnon frequency, respectively. Both measurements show ris-
ing behavior below 56 K (Néel temperature). (b) SHG spectra
measured at 7K showing good agreement with literature3?.
Electronic transition from 5Ty ground state to 5T state at 2w
causes resonance enhancement of SHG intensity. High trans-
mission at fundamental probe photon energy allows all measure-
ments to be made in transmission configuration. Probe photon
energy was set to 2w = 2.44 eV for all measurements. (c) Reflect-
ing P6é cm' symmetry in magnetic ground state, SHG anisotropy
has six-fold symmetry. The figures are reused from ref. 25 under
Nature Portfolio author licence policy.
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Probe: 1.22 eV

Fig.3 Pump and probe measurement system. Circularly polar-
ized 130-fs pump light pulse of 0.97 eV induces spin rotation in
YMnOj3 (0001) via inverse Faraday field Hypg. Subsequent spin
precession is detected on basis of Faraday rotation [using Wol-
laston prism (WP) and balanced photodiode (BPD)] and MSHG
signal [photomultiplier tube (PMT)] with probe light pulse of
1.22 eV. DCM: dichroic mirror. The figure is reused from ref. 25
under Nature Portfolio author licence policy.
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Fig. 4 Experimental observation of coherent magnetization
dynamics by Faraday rotation and MSHG. (a) Magnetization dy-
namics excited by o*(circles) and o~ (squares) circularly polar-
ized pump light pulses. Open and solid indicate Faraday rota-
tion and relative change in SHG intensity, respectively. Solid
lines: attenuated sine (Faraday rotation) and cosine (MSHG)
fits. (b) Difference (solid squares) and average (open squares)
of time-resolved MSHG changes indicate helicity-dependent and
helicity-independent contributions, respectively. Solid lines rep-
resent fitting with decaying sine wave and single exponential de-
cay. The figures are reused from ref. 25 under Nature Portfolio
author licence policy.
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Fig. 5 Time-resolved modulation of MSHG anisotrop. (a)
Measured ground-state MSHG anisotropy. (b) Time-dependent
normalized MSHG intensity at various points of anisotropy.
(c) Time dependence of relative amplitude change. (d) Time-
dependent rotation angle of MSHG anisotropy after excitation.
(e) Left panel: MSHG anisotropy calculated assuming S || £ and
S || 9. Spins tilted at angle a lead to superposition of S- and S -
related MSHG contributions. Their interference leads to rota-
tions and amplitude changes in MSHG anisotropy (right panel).
The figures are reused from ref. 25 under Nature Portfolio au-
thor licence policy.
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Fig. 6 Spin precession (Z mode). Magnetization dynamics in
yz plane obtained by combining MSHG and Faraday rotation
measurements. Solid line shows spin precession of damped el-
lipsoid. The figure is reused from ref. 25 under Nature Portfolio
author licence policy.
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