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Abstract: Coherent Anti-Stokes Raman Scattering (CARS) is a stimulated Raman process, which
has the non-resonant background (NRB), leading to peak shift and spectral distortion in the
spectrum. In this letter, we use a femtosecond laser as the light source and a grating filter system
generating narrow-band pump light. The femtosecond laser excites photonic crystal fiber, producing
a supercontinuum spectrum as Stokes light. Two beams excite the samples simultaneously after
modulated to circular polarized lights to produce CARS spectrums. We illustrate that circularly
polarized light can effectively remove the non-resonant background in the CARS spectrum of
anisotropic materials by simulation. Thus, the CARS spectrum has a similar spectral line shape to
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that of spontaneous Raman. The experimental results of CARS spectrums of polystyrene and liquid

crystal samples generally agree with the calculations, proving that circularly polarized CARS

spectroscopy is an effective method to remove the NRB of CARS spectrum.

Keywords: circularly polarized light; coherent anti-Stokes Raman scattering; supercontinuum

spectrum; liquid crystal

51

][/

A8 1 5 37 ¥E 52 W H7 = HST ( coherent anti-
Stokes Raman scattering, CARS) i F f& — Ff 3
TR = ARt id Y. CARS 1
BT R SRR IC 2 WA S Ty
%, Tizis T BRGSO EAT
TAnic . R EUE . RV N =T ) AR
A, CARS 43 T KRR . CARS

T A T AR wp, AR —
WA ws BT RSO, 33X PR HOGTE B ) Rl s
[EAAUEE A, PHOGHE S S BELE Y5 R
RIS b, YRR FHRSIIURE T RO
T FE 52 06 B9 0 % 22 wp - ws B, TR AR SRR
Was = 2wy — ws I FIHERIE S . {H7E/ 42 CARS

Fo RN, Wa R AERIE RE S . XLl
FE A B E DU R AT R 7 AR AR LR = 4
W — LI 5 1) CARS {55, [AIBH{# CARS Y6
T A R P2 SRR, s A AR R R
JF HAE f AT A X . PRI, el 4 ] R
Kk CARS BRI 5 2 & — T 45 52 CTE
PRFREREL, BT, AMMTESRl 72k
KA CARS 9 AE JE R 75 5% . Cheng %5 xit
CARS AT S 7o oiik, Jem &M
M AT L. MATEEVSY Zumbusch 519
BRI AT T T R I CARS T
ik, /NIRRT AR SR E 5 2 4k 2 1 i A%
i, LRGSR, BA—EnET
s o MR AR AR AR S S R A A
7 AR TR CARS. 7EIm#E CARS AFEHT
I, SRR A B (] 58 S 1R 2 A R[] 53 BF CARS
e L BRAEIIRTT 5, I Bt o A Hr Ak
W52 A 1] 439 CARS', Evans 2 76 R4 |
I [E] 73 B CARS ZJm AR T T¥botigik, i@
T AR BENS B B AR5, A

TR 5, IHRZE MohE CARS™.
AL AL B CARS 55 J&— Bl A 2y 0
A T ELAT LR MR ) SE A R R AR . e
i, RG-S AAEARG ST I 5, 38
) BRI IR TS 59 H B9 . Konorov 25 "E %
> CARS Hhx ik b 478 LBk T 5, 5.
T WA, Joffre 21 R T HLIM AR e, X
CARS 15 5 #EATHT A AT, R4 L PR AR IR 7Y
5. Tamamitsu 25 I7E SEAF OGO IR iz A g
I CARS B35 5. Xie 28 MM S0 2 s i
23] BEEN T LML PR AR, REE2
77 1 gz ) CARS 615 DL 2= R R 4R 1Y
1 [14]

[53 ffs I Y 18 & #) CARS ( circularly polarized-
CARS, CP-CARS) &0 LIA S BRAE IR T
S A T T RIS

ARSCGE A S TR A S, uE B B R R
ST LA R ] 45 1) PR AR i CARS J6iE Y

AR
1 IHEHE

R FEG MR CARS, Bk CARS 7
FHTF R 45 1 S PERE S, T fR U CARS & T
G5 1o [P A it

M ARG A i — A A S %

3 3
P (wou) = Z Z){ﬁ 0 (Qouts Wa @p, ) X
Jjkl (abc)

Ej(wq) Ex (wp) Ej(w) (1)
Rt (D RS w0 =)=
Wout = 2(/—’pump — Wstokes 5 I

Z b %?JUX#@ (J)out N

Wpump 5 We = ~Wstokes 5
Jyky N1 2, 38x. v,
war wp wRIR

£ CARS pyitad, HEEHEMNA ., y W



55 4 3 Peadn, F T ERIEIR

db 5L

H %

Y B IR e CARS G RIF 5T . 5] .

AT ERRARR . BRI, KRRy
Ny R x s ER Y. B
H5y BN ZEN ¢y, HFEHOtx RS
y SR ARG 250 ¢ o

5 CARS (55— AR

Epy = Epye®, EJ, = E (%) (2a)

3)
X1222

3)
X1121

3)
X211

3)
X1221

3)
Xt

eifpaitp <ei¢s >*
2 px e + x| e (e )* +

Py =3E}E;, (2b)

ei¢P +X(132)lzei¢13 (ei¢s )* +

K€ Preite( ) x5+
B iy (ei¢s)* ©)) (ei¢s)*+

X128 X112
eifp (ei¢s )* + X(231)21 elfp 4+

(3)

ZE*

pxsx

P, =3E (2c)

3)
X2122

3)
X2221€

IR 3 6 5 30T G v H ol O 4 i AR Ot
$p=0; ¢=0. FTLUFES AN

reid + x5 el

_ 3) 3) 3) 3) 3)
Py —3(X1111 X112 TX 2 TX e Y et
3) 3) 3) R
X121 TX 1221 +X1222)prEsx (3a)
_ 3) 3) 3) 3) 3) 3)
Py =3 (Xzzzz TXon11 X012 P12 2121 X0t
3) 3) P
X221 +X2111)prEsx (3b)

7 T B A i PR AN Bl G 7 A ) B 3 5
5, BmIRCM A TR A XA 2b).
(2¢) HYFERT FRICH -

V2

Xc — 2

2
M,

P
2

ny PyC:

4 OG5 W T s o S BT [ i 4R B

bp=1/2; ¢s=-1/2, NN
sx\X1111 1112 1121

3V2
T2 (
@ _0 6 0

1212 ~X1211 “X1221 ~ Wi222

Py E2EL (6 + i, +ix)

3 .
X (1 1)22+1X ) (42)

3V2

3
Py = ¢

21127

(4b)

2 px (: () - (3) 3)
EpEsi\Wao11 — Wa200 ~ X210

3) 3) 3)
2122 ~X2201 +X2111)

2

3)
X2121

+1iy.

+y

MG ST e e R R ) B R PR G .
Gp=1/2; ¢s=m/2, NHALN:

Pre =¥ESXEZX (X(131)11 =i e At
P +x (132)11 ~X\o +ix (132)22) (5a)

Pye :¥E§XE;} (Do +IX5 + X510 = X5+
X5in1 XS = X5 +X (231)11) (Sb)
XTI EMERE S, O mafi s A%
Ay, ¥V, %), BT R LR IR . W

Pl AU ) [ PR B9 2R S 2 i b o
Hodr, YOS BT G o ROt
A« ¢p=035 ¢s=0o AR .

_ 3) 3) 3) 3) 2 =

Py = 3(/\/1111 TX1122 +X1221+X1212>prEsx (62)
_ (3) 3) 3) 3) 2 =

Py =3 (Xzzzz TX011 TXo 12+X2121>prEsx (6b)

AL S WA S R R ARG -

$p=1/25 ¢s=-1/2 0 NRAEN:
3v2 V2 o ) G _ 3 \p2 =
Pre = 2 (X“ll "Xl _X1221_X1212) prEsx (7a)
3V200 0 3 _ 0O Vg2 pr
=T (5 =Xt = X571 Hoio ) EneEde (7D)

HAEMOE S WHE WO A [R] 1a FE ARG -
$p=7/2; ¢s=m/20 NRLEN:

32

_ 3) 3) 3) 3) P
Py = ) (le+X1122_X1221+X1212)prEsx (8a)
3V2. 00 L3 ) ) \ 2
Pye = > 1(X2222+X2211_X2112+X2121)prEsx (8b)
— S TN 16
% i [ AR i S Y
®» _.6 _.3 _1o
X122 X221 X212 = 3X1m (9a)
®» .0 .0 _1o
X211 ¥ X011 TX2121 = 3X 02 (9b)

H(2)~(5) K CARS 5 St B — A
X, AT I R 5 A ) SR
i) o CARS 55 M LR G5 PR AL IR (G5
PNRAG Y, AH I AR A5 A = B TR 2R A b 240 i



52 b=

5 A% 544 5

HIPEES T SUSHEIIE IS T SUsieatiIp
Yo =X+ X o P IHRAE S 50T RS
M, #5 THRbh P IRsifE R miEHER
SEH5ATFIRSILRK, B CARSHESHHE
5, BINARTE SRR PR A5 5 0 i) R A5
JERG S 50 TR To X, B kot
A IRRIR 25 LA 45 i AP RO ARRAE s TR MG SAR
PERA R TR BN FIRL, 43k 45 10 [R) 1
A SIS . XA ][R il DL R RS
sfas, R2)~G) L= (6)~(8).
(7RO FTLAE 1, FERR 6N B 1 5
PRiF, CARSH5AE . (HI&MBA I L Ik
7] ) R IR, CARS A5 SN &, T4 [ 5+
PERE S IR CARS 5%, TCie ¥ & e M AT
TRRIRES, #AAZE,

H TR B R AR L IR IRIRES T
) CARS YGil, B Jci o SEo6 I & 1 4% 1) [A) 14
By 22K 24 (polystyrene, PS) Fll—Fi [a] 51 #H X
Al A-EUE-4- RS (RTFR . 5CB) 1Y =Bk
LRMENR LR . B i iR It = Rt
WAL R AR T, T PS R4 AR
il PR 2GS A = B AR AL R 1 3R 45
B ) HAHR MR A (9) fE,
M TR R B SR TR TG, HLBk S
£ PS ) CARS {5 5 I HMHE B HRES, A
AT 3 S B ES A9 CARS JGiERS PS 1) =Ry
LA R R R /. X T SCB M fb®
s, RIEEC (1), R ASER
PR, T AR B = AR 2 Ve Al %R 4 1 1
A TR CARS,  Hr I A T AR AR A =B
R AR BT, By, Ay,
WA T 45 2 A A M 28 G CARS Dtk Al
PAFRAS X0 = AR e v AL R 43 & . SCB i
AR il 28 D A SR IR S 1 A BARA 24

H 2 30 ) = B AR R AL R Sy i A
(3)~(5) M (6)~(8), S MR AR
L Am A . [ 1 R n] [ 4R O 3 & B CARS
i, R ERAERE 1. E 1(a) TAF S,
AR ARG R, IR DT R ER: 90°%F F45
] [P Y CARS {5 5 3G 520 5 [m) 1) [ s 415 3%
K1 CARS Yeis Ik 5 & fm kot —3k, HE5Hm

JEAT B R B 5 2568 s v I A B DG A I
CARS {55 5e 2k, Ui T R B4R EXT %
TiE ¥ CARS 55 MMl A0 . e 1(b)
H1 T 5CB W45 1] S, 5 2l HR 30 6 A i 4
Jr AT TP, {5 S ISR TR IR T 1
e ST RS, IFE b TR S
BIFETE, BME TR A ARIERIIEAR ; [R] 1A
158 D RO A A5 5 8 BE AR X T e RO A AR
SRR S PS 2L, EIE AR S 1k B iR G
WARAFMT, SCBIRAA VLI CARS {75,
I BAG S HU B TIRSN AR, oAt )
AR 5 REAB AN, WS e R R T 0
PR, R B 1) (B iR A O mT AAT R i 25 1] S5
PEEERD CARS BUARILIRE 5055

2.0

; T Ll
” - & kil
—- A1
— Tl b e

15t |

1200 1650 2100 2550

750 3 000
WH/em™!
(a) PS MG
12
‘ SR
Lol - - 3 AR
: | —- AR
I — [R5
0.8} \
i
% 0.6} I

0.4

02

0 !
750 1100 1450 1800 2150 2500 2850 3200

BAUem ™
(b) 5CB TGS
B 1 PS A 5CB &R, & EERR.
[ @) Bl ik T Bt B Stk
Fig. 1 Calculated spectra of PS and 5CB at linear polarized,

homodromous circular polarized and
reversed circular polarized cases



5% 4 BB,

5 T EBRARIHRTE SRR IR 90 CARSEE BT © 53

2 XW5iHe

[ 2 J& CP-CARS ML E YGRSl . A SCRI
AL, CARS 75 22, i Y 0O 28 42 80 MHz
Al JH KR O 2% ( Spectra-Physics InSight X3) ,
UK 800 nm. — > A/2 Uk F AR AR 43 etk i
(PBS)AHENMIERSG, L —HIEs MR
O, AT LAY EOLRETR . Hdh—FOGH
— > 40x4 5% ( Olympus ) 3 £ L 3 A Femto-
White CARS YT i &G £F (NKT Photonics ) HY
P BB SR CTE 5 — A R RE ) 40x ) Bl
YE MWLt . T AR Z A K
775 nm F1 945 nm. 5 FH B K 2 [RIDE R #R
SRAINT SR M E RS B R TE, B
% 77 42 N 650 nm £ 1 100 nm 31 [ A4 48 % 251
Y fH T 800 nm KIEEOL K, i uEHAE I
Jr TR BT FE e S . 55— 800 nm Y K

% Len slit Len
/

-M2 M

fslaser A2 PBS

oB2 LWP dealy P DW M4 o3

S

TP LI WA DN AR AT R e 4 B i i g
i, AR RDCIRME G, RO
FEAECREZE RN E] 22, e eR s G s ik
BN = A I S A T 25 R SR B R A
AfTE) S A2, LAARTIE 19 % Y6 7 et [ R 25 ] i =2
G W HRAH— D aEES N —H0t,
i 100x et A R ERERIRE S b, F
SV RIFE R 40%, 750 nmAY B G
FH T2 B8 OGRS A9 S H: 750 nmbA G490k
5 J5 8 OGSO B CARS 155 7618 1 [ 4
Pk CARS W35, 7ELL BGEE R ERE -, 7E
B ET, PIROER G AR T — M
PRA . TE MO GRZIEHE T — 5 B
M4 PR, RET LSBT RO I 4 TR S Y
o FECFETTE e B R L AR R, I HLAW
WA AT, 2t v B R E, AR R
F BRI MR, S ENm IR i B 2
3 A4 W AR Sk R ) R IR )

Time
OB4 SWP

. N A

\
P Sample

Spectrometer

I‘/
M4

1 fs laser: WRMHOGHY ;. M: 9945 PBS: iR /GH 5 ; OB: W)%i; PCF:OGFiAOLEr; G: INIEDGHE; LWP: Kkt
Time dealy: HF[E]ZEIR ; Len: #&45%; Slit: 24%; Sample: #£5h; P: fwdiRF; SWP: @ IECH; DW: Al fa45i; Spectrometer: Yi ¥

B 2 CP-CARS HIFEEE
Fig.2 CP-CARS experiment setup

Kl 3 /R T PS OERTEL MR, B il 15 fi
P . Al B R R T A CARS Stk . af LA #,
X LA CARS JEIEHYAHXS R 5 K 1(a) 2R
AR R, —F R IRA 22 57 nT REE
T PS WERXDEATLRIEN, X — s e

WAREA TR R AR I, & BAT A
AU S PEFT R R B PP, ARG A 45 1) S A
A EE. SCB WU A — I AH——RO A, BE
MEPE A AL T A . Ik, HEH SCBI
VESREA o il a6 W 23— I TR AR A, 23501
e AT TSR KM BT O R B 7
i o SPATRASTR SRR RO 400 2R SR i A
IR BRI AE PSR L — 2, RIe
BRAGHET, R R A4l — e 0y B, A
—JZPUA)Z, RIGAER M H—Z 5 pm R

10 000
8000 -
6000 -
£
D—Eﬁ»
4000
2000
0 -
750 1100 1450 1800 2150 2500 2850 3200
PeA/em™!
E 3 PS FELRIR. & EERIR.
[EE BRIk TR RIS R

Fig. 3 CP-CARS experiment spectra of PS at linear polarized,
homodromous circular polarized and
reversed circular polarized cases



© 54 . ot

1% 4% 5644 %

ROMGHER TR, Ern—Z 3307
IR &, B, R, T
FUIRAS TR FHC B4 A 7Sk = AL
B s S, BPR BRI AR RO
RIFBUR IR LT, PR T I 5
A, I BANARE ARSI R E . BRIkt
e RIS R BT K i B HE I, SCB iR b
PR B HES Ak e i 2 [A], DT BB T ik
N I CY I NI € R 1 1 o i =
FrIE) CARS Gl FTLIE S, MHEHEE L
ikt CARS {55 K 1 Ak BB 50, [F]
li] [ R G I 5 SR EA WL TR 7 1)
FfmIROCHA T, ARRE R AR LR S
SRS SOREA G —2. [ 4(b) s T2
YRR 3 5 BT 3 T B A T B9 CARS Ot
e ATLAER], WA T H) CARS {55 HLHE)

8000

7000
6000 |
5000 |

%4000-
3000 |
2000 |
1000 | F

0
750 1100 1450 1800 2150 2500 2850 3200

W E/em™
(a) K 5CB Wi

10 000 |- §
|

I
I
EHER

e

i

- -

|
8000 1]
|
|
|

#6000
il

—_

4000 -

2000

750 1100 1450 1800 2150 2500 2850 3200

PE/em™!
(b) T 5CB i
4 KEFEE SCB ELRIR. & E ERR. B @ E R
RTHISKEE R

Fig. 4 CP-CARS experiment spectra of horizontal and vertical
5CB at linear polarized, homodromous circular polarized and
reversed circular polarized cases

AT T HEER ISR Z , i AR S A [ e
REF, SRR E] CARSTE S0 S ZFE K
AU AT TR T 1, 7EEET
PR U BA A TR, DRk S 1o 159 i
f] CARS {55 il .

K5 s T A4 B AR OE R H 7 SE
Bo ATE RO AERTEAFBRAFAEZE S, X
AZ2E 5T AT AT s O R R Pk FT R 2
AR

PEYem™

2000 3000 4000 5000

— CBRIER
—  FEIER

0 1000
0.50 T

045}
0.40 |
035}

g 030}

05 =—=—==

g'ff 020}
015}
0.10 |

0.05 |

1 0.00 1 £00 1200
K /mm
B 5 24 BAMERKERERLHERE

Fig. 5 Retardance of the quarter-wave plate case

HT T AR AE IR 22 55 % [ i ik CARS 1)
SR, FRATARYE A A AR B, T 5CB
1r] [l f i (1) CARSOG I (£14k), I 5 BRAR A S w)
B fi ik CARSIETE (k) HEAT TXFEE, 4R ER

TEE 6 o ATRIER], T 4 PO T AR B

0 1
800 900

10} - I

1100 1500 1900 2300 2700 3100
W B/em™!

E 6 S5CB REERmIRMIKLESITHEERMILE

Fig. 6 Comparison of experimental and calculated results of

700

5CB at reversed circular polarized



55 4 3 Peadn, F T ERIEIR

B B 3R ey CARS G5

e 55

AR 1 22 IR A K, P4~ CARS )t
T 25 AR/ (<<0.4%) . IX I /4 3 AR
HER 2 T 0 T FRATHY B i Pk CARS 615 Y 52 1
AT L ZABEATT

A

& it

=A

3

X 153 i 9% S5 47 CARS il iy ik IF T
RAFEARSY, 8 Ee TR SR 14 Jr =X
WE BH 2 77 1% BB A% 11 9% T A7 4% 1) W) 14 19 CARSAH
5, BT DA F R4 1) SR S CARSTE
AR LR &, 425 CARS JGiE At R A
B, FTFAEE R T . V4 U R e Lroh ik
By EEEN, FESLEE TR XT CARS JGIE Y 52
AR, FrLh CP-CARS & —FP ] 17T B IEH AR .
CP-CARSHEMEAE Ay —Fl PR X 3 45 1] [R] 4 R0 45
mSEERIR A i, 18 T4 TA5 el .

B 3CHk -

[1] CHENGJ X, VOLKMER A, XIE X S. Theoretical and
experimental characterization of coherent anti-Stokes
Raman scattering microscopy[J]. Journal of the Optical
Society of America B, 2002, 19(6): 1363 — 1375.
LISW,LIY P, YIR X, et al. Coherent anti-stokes Ra-
man scattering microscopy and its applications[J].
Frontiers in Physics, 2020, 8: 598420.

CHENG J X, VOLKMER A, BOOK L D, et al. An

Epi-detected coherent anti-stokes Raman Scattering (E-

(2]

(3]

CARS) microscope with high spectral resolution and
high sensitivity[J]. The Journal of Physical Chemistry
B, 2001, 105(7): 1277 — 1280.

CHENG J X, BOOK L D, XIE X S. Polarization coher-
ent anti-Stokes Raman scattering microscopy[J]. Op-
tics Letters, 2001, 26(17): 1341 — 1343.

VOLKMER A, BOOK L D, XIE X S. Time-resolved

coherent anti-Stokes Raman scattering microscopy:

[4]

(5]

imaging based on Raman free induction decay[J]. Ap-
plied Physics Letters, 2002, 80(9): 1505 — 1507.
UPPUTURI P K, GONG L, WANG H F. Chirped time-
resolved CARS microscopy with square-pulse excita-
tion[J]. Optics Express, 2014, 22(8): 9611 — 9626.
EVANS C L, POTMA E O, XIE X S. Coherent anti-

Stokes Raman scattering spectral interferometry: de-

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

termination of the real and imaginary components of

(3)
X

microscopy[J]. Optics Letters, 2004, 29(24): 2923 -
2925.

POTMA E O, EVANS C L, XIE X S. Heterodyne co-
herent (CARYS)
imaging[J]. Optics Letters, 2006, 31(2): 241 — 243.
GANIKHANOV F, EVANS C L, SAAR B G, et al.

High-sensitivity vibrational imaging with frequency

nonlinear  susceptibility for  vibrational

anti-Stokes Raman  scattering

modulation coherent anti-Stokes Raman scattering (FM
CARS) microscopy[J]. Optics Letters, 2006, 31(2):
1872 — 1874.

KONOROV S O, BLADES M W, TURNER R F B.
Lorentzian amplitude and phase pulse shaping for non-
resonant background suppression and enhanced spec-
tral resolution in coherent anti-stokes Raman scattering
spectroscopy and microscopy[J]. Applied Spectro-
scopy, 2010, 64(7): 767 — 774.

OGILVIE J P, BEAUREPAIRE E, ALEXANDROU A,
et al. Fourier-transform coherent anti-Stokes Raman
scattering microscopy[J]. Optics Letters, 2006, 31(4):
480 — 482.

TAMAMITSU M, SAKAKI Y, NAKAMURA T, et al.
Ultrafast broadband Fourier-transform CARS spectro-
scopy operating at 50, 000 spectra/second[C]//Proceed-
ings of SPIE 10076, High-Speed Biomedical Imaging
and Spectroscopy: Toward Big Data Instrumentation
and Management II. San Francisco: SPIE, 2017: 10076.
CHENG J X, XIE X S. Coherent Raman scattering mi-
croscopy[M]. Boca Raton: CRC Press, 2016: 237-251.
VALENSISE C M, GIUSEPPI A, VERNUCCIO F, et
al. Removing non-resonant background from CARS
spectra via deep learning[J]. APL Photonics, 2020,
5(6): 061305.

UPPUTURI P K, LIN J, GONG L, et al. Circularly po-
larized coherent anti-Stokes Raman scattering micro-
scopy[J]. Optics Letters, 2013, 38(8): 1262 — 1264.
ZHANG C, WANG J, DING B, et al. Quantitative
spectral analysis of coherent anti-stokes Raman scatter-
ing signals: C-H stretching modes of the methyl
group[J]. The Journal of Physical Chemistry B, 2014,
118(27): 7647 — 7656.

KAN Y, LENSU L, HEHL G, et al. Wavelet prism de-
composition analysis applied to CARS spectroscopy: a
tool for accurate and quantitative extraction of resonant
vibrational responses[J]. Optics Express, 2016, 24(11):
11905 —11916.


http://dx.doi.org/10.1364/JOSAB.19.001363
http://dx.doi.org/10.1364/JOSAB.19.001363
http://dx.doi.org/10.3389/fphy.2020.598420
http://dx.doi.org/10.1021/jp003774a
http://dx.doi.org/10.1021/jp003774a
http://dx.doi.org/10.1364/OL.26.001341
http://dx.doi.org/10.1364/OL.26.001341
http://dx.doi.org/10.1063/1.1456262
http://dx.doi.org/10.1063/1.1456262
http://dx.doi.org/10.1364/OE.22.009611
http://dx.doi.org/10.1364/OL.29.002923
http://dx.doi.org/10.1364/OL.31.000241
http://dx.doi.org/10.1366/000370210791666228
http://dx.doi.org/10.1366/000370210791666228
http://dx.doi.org/10.1366/000370210791666228
http://dx.doi.org/10.1364/OL.31.000480
http://dx.doi.org/10.1063/5.0007821
http://dx.doi.org/10.1364/OL.38.001262
http://dx.doi.org/10.1021/jp5035807
http://dx.doi.org/10.1364/OE.24.011905
http://dx.doi.org/10.1364/JOSAB.19.001363
http://dx.doi.org/10.1364/JOSAB.19.001363
http://dx.doi.org/10.3389/fphy.2020.598420
http://dx.doi.org/10.1021/jp003774a
http://dx.doi.org/10.1021/jp003774a
http://dx.doi.org/10.1364/OL.26.001341
http://dx.doi.org/10.1364/OL.26.001341
http://dx.doi.org/10.1063/1.1456262
http://dx.doi.org/10.1063/1.1456262
http://dx.doi.org/10.1364/OE.22.009611
http://dx.doi.org/10.1364/OL.29.002923
http://dx.doi.org/10.1364/OL.31.000241
http://dx.doi.org/10.1366/000370210791666228
http://dx.doi.org/10.1366/000370210791666228
http://dx.doi.org/10.1366/000370210791666228
http://dx.doi.org/10.1364/OL.31.000480
http://dx.doi.org/10.1063/5.0007821
http://dx.doi.org/10.1364/OL.38.001262
http://dx.doi.org/10.1021/jp5035807
http://dx.doi.org/10.1364/OE.24.011905

e 56

EVE

[18]

[19]

[20]

HEUKE S, RIGNEAULT H. Laser scanning dark-field
coherent anti-Stokes Raman scattering (DF-CARS):
a numerical study[J]. Optics Express, 2021, 29(3):
3985 —3995.

MUNHOZ F, BRUSTLEIN S, BRASSELET S, et al.
Polarization-resolved coherent anti-Stokes Raman scat-
tering microscopy[C]//Proceedings of SPIE 7569, Mul-
tiphoton Microscopy in the Biomedical Sciences X. San
Francisco: SPIE, 2010: 75690P.

FALCONIERI M, MARROCCO M, MERLA C, et al.

[21]

Characterization of supercontinuum generation in a
photonic crystal fiber for uses in multiplex CARS mi-
crospectroscopy[J]. Journal of Raman Spectroscopy,
2019, 50(9): 1287 — 1295.

PORQUEZ J G, KORFANTY E P, SLEPKOV A D.
Ultra-broadband coherent anti-Stokes Raman scatter-
ing microscopy with a dynamically power-tuned Stokes
supercontinuum[C]//Proceedings of SPIE 10069, Multi-
photon Microscopy in the Biomedical Sciences XVII.
San Francisco: SPIE, 2017: 10069.

(Zhif: ZEIEFT)


http://dx.doi.org/10.1364/OE.414972
http://dx.doi.org/10.1002/jrs.5599
http://dx.doi.org/10.1364/OE.414972
http://dx.doi.org/10.1002/jrs.5599
http://dx.doi.org/10.1364/OE.414972
http://dx.doi.org/10.1364/OE.414972
http://dx.doi.org/10.1002/jrs.5599
http://dx.doi.org/10.1002/jrs.5599

	引　言
	1 计算仿真
	2 实验与讨论
	3 结　论
	参考文献

