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Fig. 1. (a) Lattice and spin structure of RFeOj, adjacent
Fe3T ions are antiparallel and ordered along the a axis; (b)
THz excitation of FM mode and qAFM mode.
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Fig. 2. (a), (b) THz time-domain transmission spectrum of gFM mode (red curve) and gAFM mode (blue curve), the insets are en-

Amplitude/arb. units

Amplitude/arb. units

1.0
0.8+ qFM mode
0.6[

0.38 THz

|
1
1
1
1
1
0.4 I
1
1
1
1
1
1

1 1 1
0.6 0.8 1.0

0 0.2 1.2 14
Frequency/THz
1.2 T
(d)
1.0 |
1 qAFM mode
0.8 !
1
1
0.6 1
1
I
0.4 1
1
1
0.2 .
1
0 I
1 1 1 1 1 1 1 1
0 02 04 06 08 1.0 1.2 14
Frequency/THz

(a), (b) M5 AR FM B (Z160) 5 qAFM B3 (U 64) I 19 THz 305 553 , 30 8 0 4% 5 5020 B ECR I8 (c), (d) 2351

larged versions of the oscillating sections; (c), (d) Fourier transform spectra of the oscillating parts.

# 1 RFeO; By qFM Fl gAFM # 1 A e dkRipir
Table 1.  The qFM and qAFM mode resonance fre-

quencies of rare earth orthoferrite.

RFeO4 vqFM/THz vqgAFM/THz  Reference
YFeO4 0.299(300K) 0.527(300K) [13 29]
PrFeO;  0.34(300K) 0.41(300K) [30]
NdFeO;, 0.28(300K) 0.485(290K) [16]
GdFeO;  0.305(300K) 0.606(300K) (31]
TbFeO4 0.322(300K) 0.537(300K) [32]
HoFeO;  0.37(270K) 0.57(270K) [33]
ErFeOq 0.377(300K) 0.673(300K) [14]
TmFeO;  0.402(300K) 0.698(300K) (32]
DyFeO, 0.379(300K) 0.51(300K) [32]
SmFeO;  0.34(200K) 0.62(200K) [34]

40 K BAE AL T 1o AH, ARG 450% 40 B, THz ik
MR T gF MBS 300 K ISR S AL T 1y, W0R
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XFFARRIRG IR, R-Fe Z [A] A EAE

%2 Sm,Dy, FeO, HF7E 40K Y qFM I HY
FURSEHRAIR S Sm ik EEY 5 3 19
Table 2.

the single crystals versus Sm concentration at 40 Kl

Resonance frequencies of qFM mode for
34

RFeO; Vgent/THz
DyFeO; 0.2(40K)
Smy ;Dyy 5FeO; 0.35(40K)
Smy Dy 4FeO; 0.39(40K)
Smy 7Dy 3Fe03 0.45(40K)
SmFeO; 0.55(40K)

RE AL AR, RFeOz B it 2 A AR I X A
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[0 ¥ X, 40 YbFeO3;B, NdFeO; [0, TbFeO; 3,
HoFeOj; *3, ErFeO; 1), TmFeO; %, DyFeO; , SmFeO5 34
. MLk, R 4 A, R £ on R B
B EL 3], A AT LA A5 ) 4 ) 3R X A IR B
S e SR sk R v A R R AR TGO AR
AR (Iy < 1), ZWREE RAERIRR ac TN EAE
WE %, Wl NdFeOs;!'¥l, ErFeOs;[| SmFeO; 34,
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Fig. 3. (a), (b) THz time-domain transmission spectra of ErFeOsz at 40 K and 300 K; (c), (d) Fourier transform spectra of the oscil-

lating signals. Insets: schematic diagram of I> and Iy.

*3
Table 3.
gion of rare earth ferrite.

M - IE SRR A RET IR IR B2

The spin reorientation temperature re-

the spin reorientation

REFeO; temperature region Reference
YbFeO, 6.85 8.15K [37)
NdFeO, 110-170K [16]
ThFeO, 4.2-6.5K [38]
HoFeO, 37.5(42.5) T0(+5)K 33]
ErFeO, 87-96K [14]
TmFeO, 80-91K (3]
DyFeOgy 48-50K

SmFeO, 450-480K [34]

TmFeO3 ), YbFeO; [0 &5 {H157F B A&, DyFeOs
R R AR —AZE (T » TP, 17T RFeOy Hh4R
W WX THz %) 3 43 5 10 = 7 ) sk, 4n 2R
R JAEwEvEa T, a0 Y sips+, A A B, W R-
Fe Z [A] AR B AE H O] LA 2, JLF A=A
PR Fe B 110 A e d B ad B2 SR, A

fANIRASAE, AnA g T LS YFeOs H b Y F
i€ MR 1) o A 142, THz iSOG F 5 i 7 1 42
9 NdFeO5 1 Jie 52 3 ) 1 AH 728 3l ) 2 4 14 T 52
Jrig .

%4 Sm,Dy, FeO; i H BRI IRE 5 Sm
FERIRF
Table 4. SRT temperatures for the SDFO single

crystal family versus Sm concentration.

RFeOgy the spin reorientation temperature region
Smy 3Dy, 7FeOy 75-105K
Smy ;Dyg 5FeOz 175-220K
Smy Dy 4FeOy 235-275K

3 H R AT

AP 2 A ik Ae, — R ZHRAR
WA HBA — € AR 2R RO [R) sV HIAE )
b, I E T, LI R G AR X
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Fig. 7. Experimental evidence for cooperative coupling between paramagnetic Er3t+ spins and Fe’t vacuum magnons: (a)—(k) Ab-

sorption spectra measured at various temperatures and Y3+ doping levels, dashed black lines are guides to the eye for identifying

the hybridized modes; (1) the coupling rate A is proportionality with /Tgpinwrm , the inset shows two types of mechanisms that de-

termine 7, in the measurements’®?. Reproduced with permission from Ref.[22].
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. M w, = 0.86THz, d = 1.5 mm, HfhZ%%
N Aw=86GHz, Ap=10"3, ¢ =22 —0.26i, I
A9 THz ik b 9 56 35 B3 e L i A8 40 AR A
(9) 2, TR EE A L ) THz Jikop i) i S
WY, SEER2E AR I Fe B 5 S 45 R &
TR

B TR AT 723 R AL RE 500, A L EERFSR
FEMAT 5 F AR R JE B OB OC &R . SRR 25 SR 3R T
M R SRR R, RS S AR T R . X T
THz B 56, YR MIEE /N T 1 mm, b+
ROFAE AT THz ik #h %) Fabry-Perot [Bl 737 & 4+
P, RCRBEAS ILZE 3 B I 55

TR &

i THz YGi% i R AW &, 3T RFeO;
R B A A AR FH R PO G2 PR | X ) 5
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Research progress of coherent control of terahertz spin waves
and strong coupling in rare-earth orthoferrites”
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Abstract

Antiferromagnets (AFM) are promising for future spintronic applications due to their advantageous
properties. Antiferromagnets produce no stray fields and are insensitive to external magnetic field perturbations.
Furthermore, antiferromagnets show intrinsic high terahertz (THz) frequency dynamics. The THz pulses are a
direct and general probe of ultrafast spin dynamics in insulating antiferromagnets. In this review article, we
discuss the excitation and control of the antiferromagnetic spin resonances in rare-earth orthoferrites (RFeO;, R
indicates Y and rare-earth element) with the THz electromagnetic pulsetime-domain spectroscopy. We believe
that this approach is general and can be applied to a broad range of materials with different AFM spin
alignments, giving a novel non-contact approach to probing AFM order with ps temporal resolution. We
summarize different quasi-ferromagnetic modes (qFM) and quasi-antiferromagnetic modes (qAFM), as well as
the spin reorientation transition temperatures of RFeOj;. Coherent control of spin waves at THz frequency
promises fruitful applications in ultrafast magnetization control and has received increasing attention. It is
demonstrated that not only the delay time between the excitation and control THz pulses arriving DyFeOs, but
also the intrinsic dielectric anisotropy of YFeOj; in the THz range allow the coherent control of both the
amplitude and the phase of the excited spin waves. Moreover, we outline the current observation of Dicke
cooperativity in magnetic interaction of Er,Y;_ FeOs, which presents a route to understanding, controlling, and
predicting novel phases of condensed matter by using the concepts and tools available in quantum optics.

Finally, magnon-polaritonsare demonstrated to play a key role in preparing the THz waves through TmFeOs.
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