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Surface current properties of ZrTe;excited by ultrafast laser
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Abstract: The transient photocurrent generated by femtosecond laser excitation on the surface of Dirac semimetal ZrTe,
were measured through the reflected terahertz time-domain spectroscopy. Experimental results reveal several physical
mechanisms of terahertz radiation generated from ZrTe,. The results show that the polarization-independent photocur-
rent is the main component of the surface current, and the terahertz amplitude is related to polarization of the pump laser
pulse, which indicates that part of the current is caused by nonlinear optical rectification effect. Under circularly polar-
ized laser pumping, the terahertz amplitude changes four times periodically with the pump laser pulse, which confirms
that circular photogalvanic effect of ZrTe,. Besides, we have analyzed the terahertz time-domain electric field excited
by ultrashort laser pulses. The ZrTe, inversion symmetry is broken under the excitation of the femtosecond laser pulse,
which produces B,, phonons, forming a transient Weyl point, and undergoing a phase transition from the Dirac state to
the Weyl state. This is of great significance to the study of topological phase transitions and other topological states.
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splitter; HWP: half-wave plate; QWP: quarter-wave plate;

Diagram of experimental setup Note: BS: beam

Lensl and Lens2: convex lens; Teflon: PTFE (Poly tetra fluo-
roethylene, blocking laser and transmitting THz) ; PM1 and
PM2: off-axis parabolic mirror; WGP: wire-grid polarizer;

PCA: photoconductive antenna; Time delay: optical delay line



736 LT 5N 5 B K k2 e

3 GRS

FH 532X THz 800 22 Ge b #F 5 A7 005, i
ZrTe, ShARKEE FERE AL, 75 S0 3E T 400 () THz 58 55
S ZiTe 76 o MG HOEIK MR AERE A b AR
| THz koo, g5 R an i 4 46 1 h i BB . %
ZTe M FERE R 1, J630& T RT3 THzZ ik b (5
5 N AR E AR TR . AT UESS, SEERER
W) THz 58 59 2t ZoTe, 7= A ik B X THz 58 3 9 53
BRI Z B AN R4 AT T %R 50 mW
B RED IR & T, ZeTe, 77 A THz 5 565 B 30, 55
2978 2 ps, fii M LA = A RS SE Rl R 0. 05~1. 2 THz,
0. 5 THz B3 45 1% 2h 2538 FE1 29 4 55 dB.

06 E
8
i)
o |
2 E
£ oaf )
el
= < gl ; i A "
8 5T 5 a0 9 4
3 Time/ps
£ o2}
£
<
00
0 | 2 3

Frequency/THz
P4 R 2% e S P AR i 1]
Fig. 4 Time and frequency domain spectrum of THz radia-

tion

JCHKT 7L TH2 AR ST LU JLAILE] , 21
FEIR Y e 51U DB HARRUN AR
TR ff 9 0 FL R AN, . IR L5 [ ) TH
B i IR S B 2 SRR R . T ZiTe,
0 B /DN | 3 1 FE S 37 1 ath 40 ] R, R ) HE
T STHR L R LA AN T o e 51 R0 B A
e 5 F AR DR 2, AN 32 8RR X R P Y FR
il o AERZHb R eAE 5] B Y sTERERAR 2D .
JCEHA R 7 9 R H HL 1 A 4% 6 B L s
TBI AR B TR GRS . [RI E B HA K B F 3
T AU BERE B A L o ZR DK UK ZoTe R A
W, TR T2 RAAES, B ZrTe, A A BT
TR R, EADCEPHAR B BE— LR LR
FPHA R ] PR ST, HSt BRI A, 7%
Bt SRR R B A R DG ALY A
FRLE PR E R AN —RARZAE RN, LT Ik
IR G R S AR e A sk A G .

1) ZeTe ARG T B T HLIA L S5 5906 I H2 75 AN [7] fig
PCHW T 77 A2 09 THz 58 551, AL 5 (a) FEL 5 (b) Th
AL, Al JC OGO FL R AE ZeTe 7™ A6 THz B 5 v
FFHAL(LIN90%) o iARAHIC ) TH FR S 22
AR TICH ZeTe 7 A AR LA H Ui A1 18] i
JEHLR . S R BKMOGEUK T ZeTe, 77 AR K
i $i THz P, 377 % i W4 06 £ 15 2 3 D' i 9 285 1) OC
Fo PR IR R KT PR THz 56 5 I 04 5 5 45 1Y
2l W5, oz — W R e i o 0,
RAIE KR IRES 5 b 450, ZZ3H 6 0 %8 E A
PR HIRMDC R IR AR A, KA Ak TH2 48
5P U U {38 3] i (L s 2 2R W O O 8 LD IR S
KPR AL THz 58 S I WA Sy fie /MEL. KPR AL THz
e S AR BE — 0 2 — R TR f 1 R PR AL
PRMEAZ AR 290 10% . BIRIKFA5 AL THz 4 S e
WA i 8 TR M A A2 AR R/, (E T o B o %
o] S, 2 AR MO A . S (b) gy
Z— I RTERE fi & R O I, DG R R IR 25 s b
45° I, DN AR IR S . i B S (h) AE 5(d), K
SRR THz J15 Mg W U (1 Bt D 53 22— 1 T 1 100722
A 52 30 Y %) DA% e 2 o PR, S B Sy M e A O
JEHLI , HOU THz 77 A6 I STk R 2

E,, & Csin2¢ + L,sin4dp + L,sindd + D, (1)
Horp B KA THz L35, & IR e /i 2
C W MR8 FH DG 1Y 6 L It BTRIR , L, A1 L, BBk T2 1
Pl P% I HL5 R AR ROM ARG, D IR T 5 R =TT
KBCBIHARE . K 5(b)F(d)fF7 THz .35
S O Ik 64 A PR AR A G R BB AR AT, UESE
I8 i e D6 F W 9 7 A, 3R B ZnTe AT 5 N HAT B
i H% D' L IAE B0 o[BI D' HRL I S0 R A R A
AR FMERT . L, ZeTe 210 & A4 T WK 72
BN RERIFHFMAAE

k25 0 By 158 i 41 2 1 JDk o i & ZoTe, 77 A2
THz B 37 B I IR AR o &1 6 (a) S A [) i 91 0 82 1)
THz i 5 H 37 P, 2000, 28 26 s 55 1 i 41 20 (S
P2, AR R o i (P dR) o 6, 9
AR RF IR THz I 5l 3750 32 5 188 A AR 3RS Ik ) il , 472
{H} THz Jik iy, IE (B TH ko5 45 . sl 6
(a) it 7, THz i i EiT 7 S i 4 73 12 F0 P i 41 23 BTG
B S AHLRE IR , THz K 2R 30 28 O H 25 s 2 (0L 631 el
Fric b i THz ko5 v, S T4 5352 F0 P A IR 70 i 47
TEW] S A AR SE 3R o iz (8 Pl A i b Y THz Fa 3
S P fi 4 7 i, Fi 2 HEAUE G i % 25 4 30 I v A1



43 VIR A« T AR A RO R T R AR AT S

737

¢ Experimental data
Fitting curve

THz peak-to-peak amp./arb.units

90 135 180 225 270 315 360
HWP angle/(°)
(a)

« Experimental data

3.0 340 © 5~ Fitting curve

8.5
801 300
7.5
7.0£280
6.5
7.0{260
7.5
8.0 240
8.5}
9.0l

THz peak-to-peak amp./arb.units

200 Tgo 160
HWP angle/(°)
(©)

THz peak-to-peak amp./arb.units

» Experimental data
——Fitting curve

0 45 90 135 180 225 270 315 360

QWP angle/(°)
(b)
e Experimental data
0 T
35, 340 20 Fitting curve

THz peak-to-peak amp./arb.units

aak 200 75 160
HWP angle/(°)
(d

5 K18 Ak THz Ji M A DA R 1 e 7 DG 3R 18T () (o) DG W ER AR, () 1 (d) ZE3HG Ay 4o B8 i 41 25

Fig. 5 The horizontal polarized THz peak-to-peak amplitude as a function of wave plate rotation angle (a) and (c) are from linear-

polarized pump pulse, (b) and (d) are from circular-polarized pump pulse
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