) 32 2 3R Acta Phys. Sin. Vol. 72, No. 18 (2023) 184205

AN R T 1EX 3755 B A 77 & B 2 0 L
KA 7 H E B EE RS R

B AR

KEYD wEHY ERY

# % 4 V2

1) ("PEFRLEBE S FG, WA RS ¥ E A, dbst 100190)
2) ("PEFBEERE R TRREZEE, L5 100049)
3) (IBHERFERES NN TRR, BHRGES LRI S0 LE R E S0 E, 65T 100084)

(2023 4 3 A 24 HIF]; 2023 4 7 A 15 HUEEIEHHR)

TR AL ORI 5 5 09 J g G DG 2 B, WP 1 TR A O AT BRAR T X T A 15 i AR 5 5 7 7 52
M. 332 A B A BRAR 1R S 30T R G R R S kb B BERILYE . BEALE T2 SR AR P D7 T — R AT
TR IB/IN, B K b B BE AL (B30 PR . R TE A CRY AR TP AL 22 RE-A Bk i el 9 E T BIL 38 1 A
Jik e A Sy i 2 2 ok e, R A T I A A A 5 A R AR T8 T R B R T R B R 22 2 0 B A Y O R O
KM ASCI , F0E BE A B AR 2 7 — 3 15 2 i v 5 TR A 1k — YRR A DG I R Ik 535 <1, A ol S X
TR AR B R B HEAT AU I oAb, AR SCHR G 1 — ol RIS [ B 18] 1] o ) 56 82 R 23 ke A 535 I [R] g 2L
WOk, FRHEATHICH SE R YAIE. SCIR A AR, 5 GG TR 21 10 5235 I (R AH L, 58 2 BR 2312 68 0 F A X

RERD.

KR R, ST, =GN E], SRR

PACS: 42.62.Fi, 33.20.Ea, 42.55.Px

il

1 g

Bl A OGO R 1Y K R R HE D 8 061G
(cavity ring-down spectroscopy, CRDS) & ¥ & Ji&
A - AR IR O 15 R 1 SR A R R N
NG B e i 0 7 1k 0120, s 2 T AR S A2 SR
BB A% A4 L R ORI ARR 1 A S 1 Ay )R
SR AR, X S A SOREOE R AT
B RETE A B 3 %% B (ring-down cavity, RDC)
Hr 515210 I A IG5 IR B — g KPR, TEAD
PR RGO BEJS , FIHTE HoGFi Fi i, AT LA
VR E AR A5 2k ZR 40, JETTHES 25 8 i I T
PR SRR RIS R B ) Q EBR R, A< B B

t BIEYE#E. E-mail: qgsyang@imech.ac.cn
©2023 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.72.20230448

K, MHEEAT A0 23 i 10 O 2R BOptB i, A
F8 00 7 L AU A

7 CRDS H, HUA S IE LR IR 5 Hoh—
AR BRI, BEOCA G RE
REARGEA . @, H—A Rk % (PZT)
FEER 18 S S 0 o s A A, T A S ]
SER IR — DB YRAHE G o510 55
— P BB TT IR TR AE— A B 2 B R A
SRR A G R 6120 55h, SOt iR Ji
MR PR G 76 IR A A T O
RIDCREZEH AL M IE N B, X A5
BB SCPAITE ACH A B I, 308 3 {5 7 98 )
i (AOM) HVHCRETE ASLRIT. B, T By
B M AT SRR RE LA R TT RE B A A B AR R AL

http://wulixb.iphy.ac.cn

184205-1



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 18 (2023) 184205

Jis P %) Y 5 i o s () 1) 4 R 328 T s ek o . X
I REFR N G SO 7 FH 4 (ring-down Event,
RDE).

BHIHAE ML EE KR, F AR A BRAE T
PSR A K 7 2 | R AT R R i i —
FEFERE B REAILYE 22261 peAb, Bl 3 A EAE T HER
BEAR, XA BEALME S 80 T A RRR L AEAH T
HEANIE . AR R CRDS %¢ 8 1Y 5L 5 45 1
FW: 76 RPN AR Bl A O R Y
i, St Ak EAT B b AL AR 5 Tk v 53 B 8
R AL, XL G AL 2 R B — R
Gt I Z > RDE. A SCH s N 637171k
BUEA AL FNSZBRAY CRDS 5256, M8 F 5256 W5
Ty EBFSE T ARG K ) BE AL 5 9 ) S IR
IOCER. AN, A T BRSBTS 5= A
BAR XM % B (ring-down time, RDT)
Y52, FER P H RN S5 0k T — T 1Y OC T
. RDT BEUEA I 51, %05k L AR AN [ B [a]
DX PN SR A 221 I SN A5 55 R A

2 MR AT W BER

2 RAARBOE S K AR L 5 I N R T
P RAE LY, PRI EIK Bl E 3 ) 2 e D ) P DA e
A TAEP A o131 PR b, 7 9 ol i A A S BB
Z, BOEHRS RDC WA YR T #E A X+
— N HAHAY CRDS 2 &1 5 , MiE At m T A
B IR A A BE RS, TR 2, # A ko )
W LB 5, IOk o B B R . 55 — T T, B AL
SIS R, T AOEH A A FRAH T 7= A 1
FRA Wk e I a) s 1k B B — e W REHLYE . 7ESC
ik [26] H, HISABUERIR I, FE kiR
U RN AR A

J T HBRAT X RO, RS 2 A AR
F, SEAT AN MO BUEAR L. 1 F 835 s () e K
Le 2N 300 mm, #5480 A IFE]) 25 K S At 4 0.01 ns,
PR OGRS 34 Ry = Ry = 0.9999 . i
BB AR SR AB AR AFE R, XA 25 Js 11 5 g 1 [
o,0 A 10.0 ps . BEFE G 584030 5.0, 1.0,
0.2 MHz, X3 1 AH-THF [E] 73514 0.2, 1.0, 5.0 ps.
R AR T DU T 5 A ORI IA:

Pa(t) = ¢a(0) + Kut, (1)
AP g (1) & ¢ I ZEAOEAENE NTEIR— i ka5

HETANI AR L. AN AR T AR
T 5 R I A (A SRR B 2R ¢, (¢) = 2m,
PSRRI EAR S, e s AL — ], TEA
I U e K B ) B 4 ol s ARSI RE . R T K,
TR A H X R A B Tegr M
21/ Ky AR — etk TEEEAA T, 4148 5 10
100, 200, 500 ps. DCFEBUE T ARG O 4 1 N6
FIOCWE AR BERT, 6 fh & AEEWE, s
PG00 B AR T B 5 — 5 I, A LR
FRE], AR U B VR Rt mT DA S B AR RN R A
R AR RE BT AL

1A TEANHTRERNFRBELT,
6 A [7] 451 4l 13 1 1 4 R0 5 | 1 Y i o [
k. FTLAE W, EHGEREAIR, SEom g i, A
SRR T BERR A, R Tk b i (1 ) BE L 3 A1 3
K.

w

2

£ 0.0010 F(a) — 0.2 ps

: 0.0005 | k
E O_JL. J\. R — . L
> 0.0010 F — 1.0 s r\

‘§ 0.0005 | ’\ h
g S S N N N

.E 0.0010 | — 5.0 s

£ 0.0005 |

g ; ; ; ; ;

o 0 100 200 300 400 500 600

Time/ps

n

2

g 0.002Fb) —o.2 psk

. 0.001}

5 oK IN | N
3 : : : : :
S e

12} . o

2R N G \ Y
: 0.002 — 5.0 ps

5 0.001f

ERY A N O R G
g : : : : :

o 0 200 400 600 800 1000 1200

Time/ps

n

2

‘E 0.006 F —

5 0004 [©) 0.2 psl

Qo L

] S S S .
E 0.006 — 1.0 s

£ 0.004 f

Z 0.002F \ \ \
%0008 n — n n
£ 0004F —50ps

0.002 | l

& 0% S U G N
o 0 500 1000 1500 2000 2500 3000

Time/ps

Pl1 o FEAS [ 459 050 3 % R G i A o i O R Y AL
CH =00 R 0 5 O RDC — A~ F ER A0 33 i 181 1 41 0 it
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Fig. 1. Evolution of output intensity during coupling at dif-
ferent sweep rates, where the sweep period is defined as the
sweep time of a free spectrum range of the decay cavity:

(a) Tpsg = 100 ps; (b) Tpsg = 200 ps; (¢) Tpsg = 500 ps.
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Fig. 2. Evolution of the output intensity of the coupled
pulse at different sweep rates at a cavity length of 600 mm:
(a) Tpsg = 50 ps; (b) Tpgp = 100 ps; (c) Tpsp = 250 ps.
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Fig. 3. Measurement device for the fading cavity spectrum with two types of frequency sweep performance.
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Abstract

Using numerical simulation and a constructed cavity ring-down spectroscopy device, the influence of the
finite coherence of the injected laser on the coupling process between the injected light and the cavity
longitudinal mode is studied. The finite coherence of the injected light leads to the randomness of the coupling
pulse during frequency scanning. The randomness is mainly reflected in two aspects. One is that as the
coherence length decreases, the random amplitude range of the coupling pulse increases, and the other is that as
the coherence of the injected light deteriorates, the coupling pulse changes from a single pulse with intensity
evolution into continuous multiple pulses, and the overall width gradually increases with the decrease of the
scanning rate. Moreover, with the deterioration of the coherence, when the light intensity of the cavity is used
to turn off the injected light, the decrease in the scanning rate can cause more than one injection shut-off and
ring-down event in a frequency coupling process, especially when scanning with the length of the cavity. In
addition, a theoretical method is proposed to estimate the ring-down time by using the strength integral of
different time intervals, and the relevant experimental verification is carried out. The experimental results show
that the relative error of the ring-down time obtained by the intensity integration method is smaller than that
obtained by the traditional fitting method.

Keywords: cavity ring-down spectroscopy, light coherence, ring-down time, intensity integration
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