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Abstract: The influence of the nonlinear interaction between femtosecond plasmas on the ultra-high frequency
electromagnetic wave—terahertz (THz) wave was mainly studied in this paper. Many research institutions had
confirmed that in the process of generating THz wave, the interaction between plasmas would affect THz wave.
Combined theoretical analysis, a test system for generating THz wave due to the coincidence of two-beam
plasmas was designed by the author. The study found that the nonlinear interaction between plasmas will produce
a third-order nonlinear optical effect. The refractive index and phase of the plasma changed to form a non-uniform
field, which led to a decrease in the radiant energy of the THz wave. In the experimental measurement research, it
was found that with the increase of the plasma wavelength of the double beam plasma wavelength, the plasma
density increased, resulting in a more obvious decrease in the radiation energy of the THz wave. In addition, the

greater the plasma power, the greater the absorption of THz wave. At the same time, it was found that the mass of
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inert gas molecules around the plasma affected terahertz reduction degree. The mass of gas molecules determined

the intensity of the electric field formed by the plasma ionized by the femtosecond laser focusing on the air. The

higher the molecular mass, the stronger the intensity of the electric field formed, and the greater the magnitude of

the THz wave reduced when the two-beam plasma overlapped. The study provides more comprehensive

theoretical support for influence of the nonlinear interaction between plasmas on the THz wave, which helps to

promote the rapid development of THz wave technology in the military and civilian fields.

Key words: terahertz; plasma;

0 35

[l

R 25 4 S A P RS PP A T LD AN Rl 22 1,
MeH I Se PR . RO 2% TR e R ) 1 AR
TERICTT T o AR 250 7T LAXT B2 R R | 22
Yo, AR ARG BEAT LN AN M. AR A,
HT T R 22 AT LA 2o 08 A AR Y R,
LR T KBk 2% e i) 33 58 B2 T LIS #) 10 THz B L,
AR TG T Y R ZH IR R AE SO , R 2% e T
DAV S0 H R R0 AR A o i 4 18 i S T
TR ARG P FE AR K R AT, TR RINR  maek
P19 A 2 D52 A DX R 2% 0 9 1O A 3 A L2
A E e KR 2% B ™ A T ik A AR Z2 ol
ST HE R 2 E O Ok B B T HLR AR R
9 7 1y U510 s A 1 A A R 2 D v 7R
H H e i PO ok b R AR B MR R 7 B R IR R
9 S5 8 - PR BT LA 5 80 1 B TR 1o MR S R
ZE Rkt Al R AEAR R SR 1 L 5 R T 2 B Y
RLME S A B . m T A R TR ER
Bt 25, XA I E NI IT, I #4753l 7 3K
207 ) P I 2 37 S R R D, T3 A Y 4 A
SUAR T BE 22 0 KR 2550 5 7 HE AR B 8 RO
7 HE B A B U i 2 s R, e P R A A R 2%
W, Horh, S AR KBRS R, th T4%
TR S 2R AR ZRAE AR, 25 1 R R A AR AR
X R 25 W A 2 77 AR AR KR W o W9 45 1 1R Il
AELAE A IS K 2% A9 5200, A Bl T30 A 2% IR A 7
A AT BIE ST HE

SCrR M TR BOC R A A T — R XOR S5 B T 1A
AT A KR 2% I R e, W B R A R
)R AR LA TN, 2577 A = Br AR etk ol 22 300,
o5 S5 8 1~ VR ) T S5 SRR 57 4 A=A Ak, DA T ok A

nonlinear effect

25 I RE R R AR, AR SC IR I I 9T A AR S T
PRI AL AR AR T S LS PR IR B  ROR A5
TR AR, T R R 4% I W SR R Y =
PRLZR, ok e S fF 5 A5 1 - DA )l e R A X R 2% D
(M SR 1 4 i ) BRI ST HE

1 IREFFEFTEXHEZBNER L

N T IR A R ) AR 2 M VR X A 2% 11
Wi, SR BT T — WU A 8 A ™ A R 2% )
R, WE 1R, FIHEREE = A R EOR SR Spi-
tfire-pro (Spectra-Physics Hurricane) /= 4= Hf .0 1 K iy
800 nm. T &M% K 1000 Hz., k55K 50 fs (49 A%
G, WOGRI A 435 i i o A o ASHEOGE S —A4
50/50 1943 6B 43 W A, — HROGE i — A I AE
B ER TR G L RGBT R AT, Ba TR G
AT LR S B B 43 e B 0 BE R, AR i E ad A E
400 mm (1437 57 B B AE = PR INSF B TR0t , %
TEEEFR R HICRE (L); 73— HOGIE S — A B 1
S G, i AR BRI RE A 400 mm 935 5 R R AR S

Golay detector

“a ®
1 RS B TR = A R 2% I i R B¢

Fig.l THz wave measurement system generated by double beam plasma
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Fig.2 (a) Schematic diagram of the relative position of the two plasma
filaments; (b) Two plasma filaments during the experiment

(graphics obtained by CCD camera)
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Fig.4 (a) THz wave absorption varies with the plasma power at 800 nm
for different plasma wavelengths; (b) THz wave absorption varies

with the plasma wavelength
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Fig.5 (a) Calculated terahertz absorption intensity as a function of the
800 nm plasma power; (b) Comparison between the simulated and
experimental results of the terahertz absorption intensity as a

function of plasma wavelength
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Fig.6 THz wave radiation intensity changes obtained in different gas
environments (the black solid line is the result obtained in an
argon atmosphere, and the red solid line is the experimental result

obtained in a nitrogen environment)
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