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Measurement Technique for Extracting Jones Matrix of Substances
Based on Longitudinal Component of Converging Terahertz Beam

Liu Yunfei, Wang Xinke', Sun Wenfeng, Zhang Yan
Department of Physics, Capital Normal University, Beijing 100048, China

Abstract Herein, a method for extracting the Jones matrix of a material in the terahertz (THz) wave band is proposed. A
THz focal-plane imaging system was utilized to coherently measure the longitudinal component of a converging THz field and
to determine the THz polarization. Furthermore, the Jones matrix of the material was extracted by measuring the polarization
of a reference THz field and the polarizations of the THz fields transmitted from a sample in its original position and with a 90°
rotation. The proposed method was employed to measure the Jones matrices of a THz polarizer and a wave plate with
different azimuthal angles, and the experimental results were consistent with theoretical calculations. This demonstrated the
feasibility of the proposed method to characterize the anisotropy of materials in the THz frequency range.
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Fig. 1 Schematic of the polarization detection system based on the longitudinal field component of a converging terahertz (THz) field
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Fig. 2 Simulated results for extracting the polarizations of THz beams after passing through a polarizer and wave plate. (a) Simulated

results for extracting the polarization of X-linearly polarized THz beams after passing through a polarizer with a 45° orientation;

(b) simulated results for extracting the polarization of X-linearly polarized THz beams after passing through a 1/4 wave plate

TE KR 25 U B4R 5, 70 135° % A 46 5 I (%) D' o R i) v
O FE A A TR KT R 4 ' TR ) AR N R 22 o, DR A
AL AR AR B B T X R BB A A K X 5 22 AR
B — 2 A R A D IR 4 R kAR R A
PSRN EZ AR o0 A 453 58] T Kbk 2% 63
MR BRI | E |/ E | FM A2 &, — @,
K 2(a) B o Horh S22k Fe R B TR AR, 181 45 35 78 A
E. B G EGE kg 8. VA B TR A
R 0 R N B AR AR A Y, I LR 45T, AT L
E|/|EJME—H 1L ML ED, —d,—H MO,

2 W T R R B 2 G SR B M, AR R Sk [ 29 ], 31X
BHiEEn=2.11.n,=2.16.d=2mm, L & T I I
TEO0.75 THz AW LI X 5 YRR 0 & 2 [ 5] A =/2
BRI 22, [ 2(b) e gh i T U R e Kbl 240
Y1E0.55,0.75,0.95 THz A B E ¥R SR AR 40 A . AT
DLE HHH TAE 0. 75 THz &b Kk 2% 63 0 B IR 25, 76
X.Yora FRAMENRE, Nt ERIEEB T8
W I H B T X Y 5 EAAE /2 M
2 E M5 BT R e A A #5528, #E 0. 55 THz
F10.95 THz &b , E AR A4S 88 5 807 30 40U 108 JE 1) 4 AT

R 2% D iR 15 SR SRR A SR 5 TR R S 2 — B B (HEH TR ES T 0.75 THz, X\ Y 40 & b (Y 5 B
BT HE— B RIE I KRR O IR ek A B0 N EIR IR B T AR A6 A, o

A7, X X 2k O PR A b 22 D3 o 1/4 9% B s i D JR 15
BUEATHRE . 1/4 9 PO 3 R W% o 0. 75 THz,
N R RS X e fa o 457 B R AT LIS Ol

PR 43 0 S K b 25 XORY 1o 0 A T AR i o TR
AP 3 A i 1R B BB 3, A B B B2 4R W A v 4
TR T W IR0 L E, |/ E | ARG 2 €, — @,

. ol 0 A 2 (b) fras o AT LLAE W BEE B R TR,
[q={°¢4i Sm4§} 2n0 X \Ey|/| E| 598 - FF, M 0. 445 B #7251, 729; @, — @,
P) Lsindstcosdd Otﬁw@ CAM) SEA R R 1. 55 % 47, 1 0. 75 THa kb ik 8 A fi, B
. N 70/ 20 K2 M B 15 A 0 R B SR T A S

s P+QWJ1 dﬂ GBI AN BEILGS L 2 W TT ORI EL 9 5 4%

[cos45° }[1} 2
1l o )

—sin45° cos 45  2mvlAn
E Zl - l‘g eXp J

)

e X5 R %% ' 1 0% O i 285 08 17 v RS B B
3.2 HETAEPREIRENMIERIIE R

TEARAT T KM 2206 5 1) i I A5 8L, /30T LA ]

(8) 2 145 Fil ik 0 5 v 458 R 5 B 00T 4 W b B 6 AN T R
Rt = g YT g xR EAEBUBLEU RO 2 2 R AT A H 50 0 X B
(no+m) (no+n) T AT R IR A Rk . TR 3Ca) B L X 2R A 4R

Y i A% o B 2 1 R s A IR nﬁl‘ﬂnzﬁj\ﬂﬂjﬂ
I B XORLY fi i 23 fi B 37 55 R s d R TR, X

R 25 6 TR BRI Ay, B P BB 0. 75 THz 9K
B 2% 1/4 W, He i Gl A O S FRE i JRE E B 5

1811016-4



HEMRILX #6052 18H1/2023 £ 9 B/ B EXBFHEHERE

(a) Step 1 Step 2

30°+90°
X

()
-2
0
E, amplitude o
Max
= -2
E 0
= g
Min ~2
0
2
20 2 2F ) 2 -2 0 2 -2 0 2 -2 0 2 -2 0 2
X /mm
expection e calculation expection e calculation
1.0 1.0
(© %
0.5 hog 2 0.8 12
= R | *, g .=
- P “, )
0.2 = 0.2 )
) B . - + : : 0. s 1 2 2
04 05 06 07 08 09 110 04 05 06 07 08 09 10
Frequency /THz Frequency /THz
1.0 il
0.8 12 0.8 poe 2
0.6 | o 0.6 i:w
~ \\ 10 ‘-—: - 0 f:
0.4 i 0.4 Y
0.2 | i) 02| )
0 L ; : 0! ; -
04 05 06 07 08 09 10 04 05 06 07 08 09 10
Frequency /THz Frequency /THz

13 R A 2% % i Bht 30 66 e A S4B 485 AR o Ca) B 300 aot A 7R L 5 (o) ACSRE IR Yk 50 K 2% 6 4 76 0. 55, 0. 75,0. 95 THz 4t E. AR
WR AR 2 4371 5 (¢ ) 4 A BeUT i B4 70 38 B AT 3 4 Ak 174 il 2

Fig. 3 Simulated results for Jones matrix of a THz wave plate. (a) Schematic of the simulation process; (b) amplitude and phase

distributions of E. at 0.55, 0.75, 0.95 THz for incident and two transmitted THz fields; (c¢) curves of four Jones matrix

elements as functions of the frequency
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