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Abstract Chirped pulse spectral interferometry is a commonly used continuous and high time-resolved diagnostic
instrument, however, its applications in the fields of ultrafast and large timescales physics are constrained by the
relationship between time resolution and test range. Utilizing linearly—chirped pulse series and a recording system
of a spectrometer coupled streak camera, a scanning spectrum laser interferometer is designed. To demonstrate
the feasibility, principle of the interferometer is studied theoretically and numerically. It is concluded that the
scanning spectrum laser interferometer could measure phase perturbation signal accurately, and possesses the same
time resolution and several times test range compared to chirped pulse spectral interferometry. Additionally, in the
recording system, the influence of sampling intervals on the measurement results of the scanning spectrum laser
interferometer is numerically analyzed. The results show that the influence could be ignored while raw data are
clean, but if noise is contained, the measurement errors would increase gradually with the sampling intervals
decreasing.

Key words ultrafast optics; interferometer; chirped pulse; spectral interference; time-resolved

OCIS codes 120.3180; 120.5050; 320.1590; 320.2250; 320.7100; 320.7150

1 5 5
Wit SO R 1Y A R P SR O 5 W SR B TR ST S 1R T TR B 22 19 G IEE , Chien 55T
2000 4F- 15 T [ W8 WK DK i 451 33 95 A (CPST) A AH 5G4 B oo 7 1 S 36 R o #4317 — Fh i B S 0AA% . H Al
W% B H#A: 2016-5-4; Y BME 2 7& B #5: 2015-9-13
EeWB: HEKAAFE4(10902101)
EE B8 Hi(1986—), 55 1+ WA 5T I, E NGB POE =M B 7 1 A58 . E—mail : fanwei_2009@163.com
HBEBK A AN, E-mail: yqgu@caep.ac.cn

0212001-1



Dl R R

CPSI A HAT 8 PR 5] 73 9 0 3 2 01 RE 00 & 98 32 00 7 8 DRG0 AR B A JH S 36 25 v o et ok w38
JEIRK Sl i B REMOLAF B TR REM O HL B 3 g 2 LRI O R 5 45 SRR Y SR, CPSIl
F7AE— 58 19 Jg FRAE: B i3 BT 5] 23 0 (o v 280 OB o 7 ) 00 3 6 Rt (B P ) Al AT BRO S i 7 s T
PR A RIS [) IR Wy B B G I, PSR AN REAE B K 52 36 PN 5 JAT R0, DA T 2k 25 2 [ A7 AL 4 o

TE CPSLH, 95 6 R — X 2 P WA Rk Bk o, 310 53¢ 28 98 SR JH 253 19 0 3% A8, CPSTAR £k 1 W WK Bk oo ) 17
W A A RO A B (L BCRE T S B T () B . BT O R DA — i B R R A B, [ O AT R
G0 — THUE (] 44 D BE , )R] LSS BE CPSTIM A A2 10 7 o AR SCRIVTF I 17X B iy 7 R B TR, T3
DGR Re FH — X Jo 0 P 118 P T Ok ok o e 971 9 S AR 8 SR R 5 D6 % A0 10 2% SRR L, 35k B 2R ) 1 8 T A
o BOPR R G OG- WA 8 i BRI o B A ECE R 5T T S OL T AR AR U B E T
FCRTAT PR I WA 5 Gk 8] 53 B A8 7 A s B BRI ST 1A R AR G SR R I )X T A e A
(R REEEREESE :iE A

2 HRHE RO T AL
SRR TR I o 388 5o M 6 O K R 5 22 PR W o Bk o 6 T 2 1
sl ), A B B H 434

E(t) = E, exp(=at’)exp[i(w, + bt)t]. (1)
K a=21n2/72, 7 Ry WA BKIK WK 58, o, SR Bk b 250, b S W WK R B0 — 2 o YRR — A WA B Bk o 2E AR A
JCHEAL Y 25 SOMBLIC % R GEIT B 77 A A 1 1 s i R . TE B8 JEH w A0, R U I [B] 40 07 1) B — & 1Y
AT GEE AgA,=A A =T, 3 S OGSO 8 J ok o 1 B () Ji 9 0 2% SORE ML B T 5 4 7= A2 19, T = NmAde
SR T ASORT Dk A () R SE A, NV A T AN T e R A YA 2 X B, m R el A AT SRR, A S AR
Pk e ok,

t

v '

A

. . a spectrometer
linearly chirped pulse coupled streak .
VS camera ¢ A A
TO
w=0 +2bt
AO
w
Aw=2bt, v

P L W Dk o £ R 5 DI 1 A A SRR BIL 77 A B TR . Ao SR W WK UK 1 D16 35 114 21 1 42 58 (FW HIM)
Fig.1 Image of linearly chirped pulse is produced by the spectrometer—streak camera system.
Aw is full width at half maximum of spectral distribution of the chirped pulse(FWHM)
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Fig.2 Spectral interference fringe of two linearly chirped pulses. (a) Recorded by an imaging spectrometer;

(b) recorded by the spectrometer—streak camera system
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Table 1 Simulation parameters of the spectrometer—streak camera system for recording spectral interference fringe of linearly chirped pulses

Linearly chirped pulse Streak camera Spectrometer
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A, /mm AX /nm T, /ps T/ps o, Ips resolution 6, /nm  surface size  stretching Tv/ps
ixelx
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100 pixel

A PN Ik b 32 2 40 PR 3 (a) H €0 S 2R BT 7S ) I SO 2 8 80, FE DB I A - AR BOMDLIE R RGN, B 5 —
WRZ B 27 ik w2 (A1 B A A3 3 2 S0 181 3(b) BT 7, B R 8l 250303 4% 80 6 107 3, 181 2.(b)J2: 4 I Jbk
IR N AR 5 I Bl I B8 T 9 A 80, RO R S U SR B, B AS SR BUMN T RS AR SUR A T B E X 2t R
Jok £ A A28 A SRS, T TR A iR D 2l S 0 A Sorh B X M AL AL ., T A% SO N A 5
[ AT Loy 45 B — HE 2R B0 A, W 3(e) BT s AR T S0 A5 80, sh B AR 80k A T A 3. LI, R
SRR BRI A 0 it 3 D7 1 0 — 2 2% SR AT Ak B AT A5 B R I K b i) I SR B 45 SR R 3(a) B9 216
2o T EL 2(a) M 2(b) B9 0L 35 8 HE A [R] i L BT 45 F A {5 5 A9 IRF 18] 23 9% A1 9 FE AR RE 55 A0 R A CPST Y i 45
R0, 500 Jror, For () S WA KR K b Jk B, 7, Sy ek IO A AR L e A A A B bk ) R 3(d) 2 T
ARG 5 B LR 22 , BR Wi b , 515 5 15 20 7 fELAT & O AR B, 70 794 S Ak ) B 050 O 3R 22 4 D IR 2 i e A S 8
P 2(b) 2 AL A A T 95 25 SO 9K FT LA T 155 4% 5 09 A 280 A, R X T 1] 2(a) BT 78 B 03095 25 0, B AU k20
T Y= ] 7 HRRETT o

# —given value
E ® reconstruction value (b)
s
22
g A
2 1 H|||||||||||||||||||||||||||||
£
0

300 350 400 450 500 550 2.299 2321 2344 2368 2392 2417

t/ps o / (rad/fs)
al dynamic fringe 0.10
2.5 static fringe
:‘E (C) ,,,,,,,, (d)
g20 e e T 0.05
£15 A - P
g TR (EERXREYRER =
£ Lo iHRl bl | =0
0.5 AR AN \““‘”\HW
oLLARRARMOINHINI | -o.0sp -
23 232 234 236 238 24 242 300 350 400 450 500 550
o / (rad/fs) t /ps

P 3 ARl O T 95 AN B 2 K o I AR 57 3 3l B BB A . (o) AHBLER S5 55 (b) ShASHHE T3 480
(c) —HEMUE AR AL (d) BRI
Fig.3 Simulation of scanning spectrum laser interferometer measured the time—domain phase of the probe pulse. (a) Phase perturbation signal;

(b) two—dimensional dynamic spectral interference fringe; (c) one—dimensional spectral interference fringe; (d) reconstruction error
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Fig. 4 Schematic of the scanning spectrum laser interferometer for measuring Doppler phase shift
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Fig.5 Numerical simulation of scanning spectrum laser interferometer measured Doppler phase shift of the probe pulse.
(a) Doppler phase shift signal; (b) dynamic spectral interference fringe; (d) reconstruction errors
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Fig.6 Spectral interference fringe is recorded by the spectrometer—streak camera system without noise. (a) Sampling interval of 10 ps;
(b) sampling interval of 50 ps; (c) sampling interval of 100 ps; (d) sampling interval of 500 ps
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Fig.7 Numerical simulation of the scanning spectrum laser interferometer measures phase perturbations without adding noise.

(a) Phase perturbation signal; (b) reconstruction errors
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Fig.8 Numerical simulation of the scanning spectrum laser interferometer measures phase perturbations while 7, = 0.06.
(a) Phase perturbation signal; (b) reconstruction errors
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