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Fig. 1. (a) ZnCrySe, crystal structure; (b) the evolution of
magnetic structure of ZnCrySe; under external magnetic
field; (c) configuration of THz transmission measurements
under external magnetic field, the THz wave vector (k) is
parallel with external magnetic field (H); (d) the k is ver-
tical with H. In both cases, the THz electric field (Epy,) is
set as p polarization, and therefore the magnetic field com-
ponent of THz waveform (Hpy,) is perpendicular with

steady external magnetic field.

it JLAFEA % ZnCrySey AR REREL I A FI5H /G
Y T W A TEsh 1 i F G 52 k25 560 Tymo-
shenko 45 B FI| HHE #ME 1% 4E ZnCrSe, HEE
#] (0 0 qh) P#K T A9 Goldstone WL A, It
KRBT AR TS A R 0.17 meV K/NW#ETRE
B, Felea 55 1) 3 i R W 7 T 75 sl DU 2 4145 e
THVE (B AR, IR AEAGR A 7—10 T 5% 64
Yu T R A BB R RE A . Gu 55 B R
9% T OREE T I LEAES AT 355 TR 3 =
Y5 R A I AR . FE— o LB B w7 S
T, WS g R | R IR | SOk
FLPR SR AE F AL T AR 2% B 1 T Py 10121, K
2% B [ e ) 2 o = BRAR AL R TR R L
T8 | AR A EAH BLOGHK | HE G AR A IR )

W, TN T RO R B B A Ot
2 13-16] 3FF ZnCrySey T & , F- W B A
Jre e S g4 s T IR E H SR 3 T w3 LA
PIREIEPRAT R U7 5l LA, AT IR T 3 T
A B bR 2% B OGS, ISR T =G T G
LR A G 1) 1 e I AR 2 R HE vk 5 i e 8y 1),
ASCH—H5E T AR AN 719 T 1Y ZnCrySey
B B AR 2% I O SR R R, TEZS IR LR L)
T, TEREG 5 AT TR gL B R B &, Kk
EBEITEAE T 7 T W T TG A 4R
We, HEIPETE 10 T @437 T A3k 0.15 THz. Wi
7 ) B TR 22 R T nl, G 2R B iR
HBE . 3K ol 5 [ S P O 2% AR W i e A 1 1 -
L DX ) R e 2 B0 A I A DX — 3, X b S5
RN AN EEIPAES e LI NTysh | e Ok 15
12h.

ZnCr,Se, HLABFE AR AALE SRS R A K,
Bz 702 CrCly. B efE FEM Tk ol
1) BN K Zn(99.9%), Cr(99.9%) F1 Se(99.9%)
FREEJREE 1:2:4 1945 UL HUIR A 3920 e B 4%
TENHEAE 2 cm, KJEF 10 cm WA A5 Bl
B2 RESTIOA 850 °C By e st — 8 5 b
WS ET £ 1 ZnCr,Sey £ MRS . SRIGHG 2 ik
KA R SR CrCly ¥ AR AR —R % H A%k
R e R LS T RGR DX BERR EE v VR st A
P % IR 43R 850 °C 950 C, =JElJE
Bif A1 v4 22 5 I ) B T P LR RE . X SR AT
FEIEBHIZRE o2l a i ST A, HEAs H 4 o =
1.0498 nm. G5, RS K/N 2 mm x 2 mm,
JERE 1 mm (B ERERSD, (111 S TR o).

AR SRR T KB 2E I 0GR (SR RRZ%
W) REWF T ILKRBEZZ B H . 15 B R 50
& (Spectromag SM4000, Oxford) = Ik i Al F&
AURWL A, IREVEEN 460 K, #EEFA
0—10 T. i HL K R 800 nm, fkFE A 150 fs,
FEREAHA 76 MHz 1 NGRS #%F (Mira F900,
Coherent) i tH CENEOEIK o T3, Bk GaAs Ol
FLAR R 7 A i K gz ik . R R 4 90 1
W R 22 R R AR AR R AR s Y AR L, SRR
JEREEARZY 1.5 mm. iF1bFE i 10 KR 2% ik b 48 i

207501-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 20 (2020) 207501

TN S 5 | T R A F] ZnTe B0
Al b 25 B s ] R ARy 2O A 2% ki
() L 37 0 e A T AR R, SRA R 2% el ik v
. S8 DATGHRE i A0 25 R i AR 35 B KR 2% 15
SAENS AT, I P A B AR A BT L A
RIR IS, AP 1 TR, KGR G 5
g b, AT 2L I % V47 (K 1(c), k/ H) Fl
T HT (B 1(d), kL H) S-G9 FR G
B AT R % 5 S . K%Y (Bry,) MG
Yoy ig (Hyy,) 53300 o F1 y J7 1), 3 H Hpy, B
55 AN 77 1) 3 . A KRB RZ G S0 A A 1)
BHLBE RS PR Sl AW T AR PRI BN
LT 1%.

3 ZXR5it%®

Bl 2(a) MK 4 K &0, 7ERF S50
BN IR 1Y ZnCrySey FE bl A 25 375 1 5 8 1 2
Hr R R b/ H. 2R F R 2 R
S KRG I0E, I T E A, RSN T
1/5. FREISRIEIGE R, 5 565 AR 2% I R B s/ s, B
B G FAE 16—30 ps X [ B IR, G & &
HARW B F1284T M. FE— 2 AR IR T i3 St
T 2L I A TR AR Ak JHAR S B4 A 4% 43 i
mE 2(b) frzs. MXFTF 0 #ids, 5 T UL ERESm 0T L
B H IO 2% A5 B0 B AR I Ay, ) R
8 T LA #éds, HARGE K W i BF 5.

St BRSO 35 S . R AT
PAZ RS T 5 3 0 OB 2% T A 1 FL AR 46 B (w)
WBHEES, RBUEAE (T = 4 K) RFE#ES
Tﬁﬁﬁ%%ﬁﬁmwzgﬁg.@3%ﬁﬁw
X ZE G5 T B A — b R 2% 37 S WA B2 |y (w). a0
K 3(a) FT/R, 16 k/ HECESW T, 44N T
4 T WHg, 78 0.18 THz M IF A BRI IR I, 5F:
BERE R B P R AR, MR e T
7 T i, AT LOURER WA~ 1K BE AN s BE Ik
A HBERE 38 ) = e B 2, (FH: B 8] B B R
UK. AR AT, AT kL HECE Fl&E T
Khaz B 5%, 7T LAE 1, R H IR 14 bt i 17344
S 1= RE T A% B, (TR I Y SN 7 IX (],
T 25 AR 2R B — PRI SR AR X R 37
(10355 AR AR Ak, T2 G B AS AN, FT AR s SR
WSOV T 5 M 7 SR Sl R Rl T %

THz electric field amplitude/arb. units
FFT amplitude/arb. units

E(b) 10T
_ 8T
K//t?\
N/J??\
y/J??\

0 5 10 15 20 25 30 0.2 0.4 0.6 0.8 1.0 1.2

Time/ps Frequency/THz

2 (a) k/ HEE T, RSN T i#E L ZnCrySey B i
FE it 19 THz B 5088 1B, 206 0 AS IR & 0 i 5045 5,
WE B 47 /I 5 A% 5 (b) 33X S8 e dul gl JE 1 e 7 14 ple 2 08 L - A
#e (FFT), M4 RAE WA B AR A 1 5| 54k

Fig. 2. (a) In the configuration of k//H, THz waveforms
transmitted through ZnCr,Se, single crystal measured un-
der different magnetic fields at 4 K temperature. The red
trace with the 0.2 scale factor is the reference waveform
trough empty sample holder; (b) corresponding FFT amp-
litude spectra in frequency domain. The y axis is logarithmic

scale. The dotted lines are guides for the eye.
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Fig. 3. Normalized THz transmission spectra with respect
to the spectrum without the application of external magnetic
field: (a) THz wave vector is parallel with the external magnetic
field; (b) THz wave vector is vertical with the external

magnetic field. The measurement temperature is 4 K.
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Fig. 4. The THz absorption spectra obtained under different
external magnetic fields at temperatures: (a) 4 K; (b) 20 K;
(¢) 45 K; (d) 60 K.
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Fig. 5. The frequencies at the maxima of the absorption
spectra as a function of applied magnetic field at tempera-
tures of 4 K (a), and 20, 45 and 60 K (b). In Fig.5 (a), the
red solid line represents the fitting according to the equa-
tion hw = gugH . The grey dash line denotes the linear ex-
trapolation for the low-frequency absorption. In Fig. 5 (b),
the red solid line is obtained from the fitting to the data
taken at 7' = 45 K using the equation, hw = gugH .
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SPECIAL TOPIC—Terahertz spintronic optoelectronics

Anisotropic resonance absorptions induced
by high magnetic field in ZnCr,Se,"
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Abstract

As a typical helimagnet, ZnCrySe, possesses fascinating effects including magnetoelectric coupling,
magnetostriction, negative thermal expansion, as well as possible diversity in quantum ground states. Here in
this work, we investigate magnetic excitation arising from spiral spin structure in ZnCrsySe, single crystal by
using terahertz (THz) time domain spectroscopy (THz-TDS) under magnetic fields up to 10 T and at low
temperatures. The magnetic resonance absorption is observed in a sub-THz region as the applied magnetic field
is above 4 T, featuring the blue shift with magnetic field increasing. As the THz wave vector (k) is vertical to
the external magnetic field (H), the single resonance frequency conforms well with the linear Larmor relation,
corresponding to a spin structure transformation from helical to ferromagnetic state with magnetic field
increasing in ZnCrySe,. However, in the geometry in which both k and H are along the (111) direction of
crystal, a well-defined resonance splitting emerges when H > 7 T. Especially, the high-frequency absorption
shows pronouncedly nonlinear magnetic field dependence. It is suggested that such anisotropic spin dynamics

below Néel temperature be linked with the field-driven quantum criticality unveiled in recent work.

Keywords: ZnCrySe,, spin dynamics, high magnetic field, terahertz
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