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Abstract
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Terahertz time-domain spectroscopy (THz-TDS) uses coherent detection method for spectrum analysis
I'Hz radiation. In this paper
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The THz-TDS system integrates terahertz emitter and detector, which can simultaneously acquire the field intensity
and phase information of terahertz pulses and be widely used in biology, materials, security
THz-TDS system based on laser filamentation are described
terahertz regulation

and other fields
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s. The

THz pulse induced by the ultrafast laser filament is an important way to generate wide-spectrum and high-intensity
=

i
the physical mechanisms of ultrafast laser filament radiated THz waves and the
as laser filament

Kbk 2% (THz) I 8

methods of enhancing and regulating THz waves are introduced in detail. The detection principle and methods of the

terahertz time-domain spectroscopy
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(a) Experimental setup of femtosecond laser filament radiated
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Fig. 18 Effect of laser chirp on the intensity of terahertz radiation® . (a) THz pulse amplitude as a function of the chirped

laser amplitude for two different chirping parameters, where the electron density is 2.5X 10 °n.(n. is the critical

density); (b) spatial distribution of THz pulses simulated by 2D PIC, where the electron density is 4 X 10 *n. and

a chirped laser pulse with a,=0.1, transverse radius of 84,

o

SHG
efficiency /%

N~
S N - ©O R NON KBRS
1

- = meas.
fit

THz amplitude
(kV-cm™)

from plasma /

I f\’w v ﬁtfﬂk‘
W

- 37° 55°

THz amplitude
from BBO /
(kV-cm™)

&
[\
P,

L
22 ¢
o
T
o

-60 0 60 120 180 240
a/()

5 051 %5 26 L ROk %% 5 B 5 A BE B AR I G

F ()RR RAKTER AR (b %

BT R B OR OB %% 5 A R OB B R OE R

() BBOM ™ Az 1) K b 2% I8 R AR BE 55 £ D6 &R

Frequency doubling efficiency and terahertz

19

Fig. 19

intensity versus crystal rotation angle™" .
(a) Relationship between frequency doubling
rotation  angle;

efficiency and  crystal

(b) relationship between plasma radiated
terahertz intensity and crystal rotation angle;
(c) relationship between terahertz intensity

from BBO and crystal rotation angle
IF AR 5 ) R 22 BB IR B 2.6 p] . WS/ 45
A BN T < 24 O B B 18 I i R4 A 45 B IR
R R AEARPRARL R, e 22 AR K R B R T AR R
AR BRI 1 4 AN I LA LA™ A= B 5 1% DRk 2%
B4, 2012 4R, Bai S5 57 R 20 A 2% AH AL

and C=—0.024 is used

(CEP) 2 B30 W ok o i 22 % 5 DR 2% 0 10 7 i At
i A 0 W 4 800 nm, BE i 3 m) . T & MR
1 kHzB OGS AR 15 em 1Y 3% 455 A1 A] 225
BIE R 12 mm K62, qnigl 21 BoR A58 R 01y
22 A B e A WO B i S R A 2% I8 1) i i R AR PR
Wbz A8 M, B 21 (a) v 52 2 TR £k 43 ) ol ol 42
K3 mmAl 10 mm I B9 Rk 2% 8 I e L vl LUE
5 3 mm KOG 22 58 5 I KR 2% B AH B, 10 mm
FO 22 % 555 04 A 4% 1 e s A58 R LA 1 2R R
XUR H OG22 Th O 7 B A

2.7 ‘

Do

—

THz energy /uJ

200 300 400 500 600 700 800 900 1000
Focal length /mm

P 20 KOMF 2% A Tok I 37 5 46 B FIROG R A 1 28 At
Fig. 20 Variation in terahertz energy with lens

focal length and laser energy™®"

37 RBEBHFAHZERROERE

2007 4£,D' Amico &5 ful K 800 nm . ik
F& 150 fs BEd 4 m] MBHOCTE S b 22 7 A 42 1n)
AW IR 0 KRR 2% U . (0 A B ST 4R 22 5 5 1) K
250 FE AN R TR 1 R A R ' T 2 R [ AR 0
2009 4, Dai 8510 DB 38 1S5 56 9 A 5 HTBF5E T 8L
0,37 1 22 58 S 1 DR 2% D62 1) s A AR 2 . 3L R S
58 L IA 3R W] 20 B R0 O 2 2 M i G I 7

0614010-11



Amplitude /arb. units

S DN

|
[\V]

0 5 10
Length /mm

Length /mm

Delay /ps

Bl 21 22K 5 RBFEIRIE R AE R CRDY . (KN 3 mm(EL) M 10 mm Ol R B Rk 2% I B B TE 5 () R[]
281 08 IO A9 A 2 W BT 5 (o) AN T 22 0F 7 1) DR 7 2 D2 41 W AN [ 9 €00 30 382 7 A [ B P 40 80 8 v AR 2 7 5 BE Y /D)

Fig. 21

the filament lengths of 3 mm (solid line) and 10 mm (dotted line);

Relationship among filament length, terahertz amplitude, and polarity

8 (a) THz time-domain waveforms with

(b) THz time-domain waveforms

corresponding to different filament lengths; (c¢) THz amplitudes corresponding to different filament lengths

(different tones represent different polarities, and the degree of saturation shows the intensity)
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Fig. 22 Polarization state of terahertz wave under different electric field intensity™™ . (a) Unbiased; (b)-(d) polarization of terahertz

waves obtained at bias voltages of 0.25, 1, 5 kV/cm, respectively; (e)-(g) result by subtracting (a) from (b)-(d), respectively

0614010-12



H # ot

23 mmK Y622, 3 B R 3 2 mm 48 Ot 23Cc) M 23 (e) MR LE SR, K 23 (D) Fl 23(2) MK
WG 22K B &/ 23(b) F 23() ARG L22K BT ok 23 mm B9G22 55 B B R 2% I s S8 T A N G

ARFEROE A B ARG 22 o4 F3BI R SERG R L 18 B .

@
P — . HWP
=0) K }elay parabol‘rt - V*

in-line phase Si  ZnTe QWP

balance
detector

/  compensator prism
R S SR S -~ |
pa— g— £ : l THz
; . lasma plasma iris ;
lens B-BBGa-BBO . | /DWP’ QWP plas parabola e A '
- wedges
short filament long filament "
(©) (e) =
g
=
8 2 a a &
E 5 E E &
o el 8 g G
E E & 8 .2
qu Eﬂk qu Cﬂk Qg
02ts Eo. ) : 5%
-1 0 1 -1 0 1 -1 0 1 -1 0 1 0 o A 6 & 10

E, /arb. units E, /arb. units E, /arb. units E, /arb. units Frequency /THz

B 23 TR E AR . () TR E  (b) , (d) BUAE BE A R A5 0 AR 7 25 78 R W) O 22 K B R A5 51 Y 52 56 4L
35 (o) s Ce) X R AL A5 2R 5 (D), (@) 23 mum K 1901 22 45 S5 19 K 22 98 I S8 I8 0B FIXS AR . E x R Ey 43 3 808 X
MY J7 1 B I R AR s a SR 6 A B R 09 A B DWP L BUE B IR s QWP DU 43 22— 1 s HWP, 28 3

Fig. 23 Experimental setup and result analysis/™ . (a) Experimental setup; (b), (d) experimental data by varying the

phase difference between the fundamental and the frequency doubling light at different filament lengths; (c¢),

(e) corresponding simulation results; (f) terahertz time-domain waveforms and (g) corresponding spectra of

23 mm long filament radiation. Eyx and Ey represent the polarization of X- and Y-component of electric field; a is

the angle at which the probe light is incident on Si; DWP, dual-band wave plate; QWP, quarter-wave plate;
HWP, half-wave plate
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Fig. 24 Remote terahertz generation and detection device

remote fluorescence detection from a two-color femtosecond laser-induced filament in air. KDP, potassium

dihydrogen phosphate crystal; W, wedge; M3, lidar mirror; DWP, dual wavelength half-wave plate; PMT,
photomultiplier tube; filters consist of an 800 nm high reflectivity mirror and a 337 nm interference filter; PM,

parabolic mirror; PD, pyroelectric detector
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