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vt 1A =4, Aed, dokdls nlele AlEe] AFE flEA, gEde] e gle B4 sduAE
o] &3} CARS(Coherent anti-Stokes Raman Scattering) &3 2 @v7d 7|&o] thgasiAl MEH AT CARS &
Fe AbGD £ Egolr] wiZel, Tl CARS dnAe Aok mpe] thE F di9] 10 Fax(ps) ©Jst Hx~
dolAE ARgsth. delz, 2019 sz oA = 1de Az oA e 19e] FEX HolAE o] &%

CARS o]m AL 57_4?‘ olmAo] 7}538t7] wjiEo] AolglE ME 2 ZA(protein, lipid droplets, nucleic

acid, endoplasmic reticulum)< AAZreE RUEHEAY, dynamicsES #Zs 4= ). 28y £ 32z
Yol AE AME3lo] 2719 vt REg fEgo = 2719 omAE FAld &7] fEiAE HEEA] 3719 #HolA
Fol dastnz Ax® FAo] Hgeta, I3z oA L HAEZ oAt vig rtolr] it FAAY

sA SWelA ZAZE glsuk, ol tigk sjAeterA & o] kEH A

TFAFeR, B dde wE Fu9 HEA] B2F olvA Ax=EE F(10), FEEV(20), FE2G FAHA
(photonic crystal fiber, PCF, 30), AEA3E3t oM A& (dichroic mirror, 40), FZ23¥(50), 2MIH
(60), 2 AEH(70)E EF3i}.

o714, FA(10)2 dlolAds Aeh: dolAolt. dd=, F4(10)2 1] F=Zx HolAd 4 3.

7200 FLA0)NA AR dolAFS 279 Fom #E3TE. CARS AEE F5317] fai= H3
F(PB)H ~E23(SB)o] Basghd, FEE7](20)oA] HolAFS F=F (PRI ~52%F(SB) o2 Eaglr).
A, HolAFe] FEEV(20)R It FAHR Aol R (half wave plate, HWP)o] ujx|=o, o] 3]
g7y 245, o714 #\agE dolAFo] #FEer]|(20)9] AF W=EEH(polarizing beam splitter,
PBS) = §AtEe], HZF(PB)F 252 (SB)o= 3E & Qlvh. Hg, 2523(SB)] FA R o ve v
343k (half wave plate, HWP)o] #jX]¥] o], A5~ (SB)<] HPo] 24HE F U},

rQL' lu

F7274 @A+ (photonic crystal fiber, PCF, 30)= F227](20)014 £&d 2523 (SB)o] HHHS &
gk, o7 FEA FAFB0)E THYT AEAF(SB)L 2 AAEHS A Ha, A5AFET

O AL (40) & FALHETH

FH, 2523 (SB)o] 2] A E VTS, FZEA AR (3009 25AFEE o] MAL(40) Alo]9] 2
SB) F7A = Jdell, Fu-EHEH (long pass filter, 110)7} wix=2 = v}, olul, FZ2A F4F(30)&
2B~ (SB)o] AoFHIE (110)0] YA, FaA o] A5~ (SB)o] FHEo] AE~PET
S0 2 =AM 5 T,

o}mJ}mro\'
> &
irs&o:i‘

Gl

Eohe A5 S 240 AP

SEXY v‘fj’é o] M7 & (dichroic mirror, 40)& 324 FX-5(30)
whek Al 2% (SBl) 2 A2 2523 (SB2)o= 33},

S, CARS ABE 27)0) A= g2 Enes A7
A & wjo] A=Y, B duo = HZ 4 (PB
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ZF(PB)I 2523 (SB)o] AHE B I o R FA
PB) % A1 A=~ (SB1)Y =%, @ HZF(PB)Y A2

FAFH(50)= CARS Ao7h B ES, HZF(PB), Al 252%(SBD, R A2 2523(SB2)S A4 #
AR AAAA ARF(IB) = AP

sk, CARS Al&9] HAE 8l AFF(IB) AAF d, = FAFHF(50)E 2AMH7] Hol|, H=Z3(PR)S JF=3
) E 3= E (band pass filter, 80)F E3slar, Zﬂl 222 (SBS Al 2523 JIYEHFIE(90)S 34
gt | A2 AE2F(SB2)S A2 252% Y9SHEEH(100)E Sygdozx, HXF(PB), Al 25233(SBl),
D A2 2523(SB2) Z47be] s 24" vk, ol A LY 24 HEF(PB)H Al 252~
%}(SBDQ Fatg 2ol gl HEZF(PB)H A2 Z:%Z:‘al(SBZ)J FI7 Zpol7k ME W B gNE @4 RE9

& T dxd wo] CARS Als7F AR A= TJJr‘r7} 24E AZF(PB)ol whall, Al 2523
(SBl) D A2 252%(SB2)9 FI4E ZHAORE HTFoRN, 27 e I oY s BREE o3t
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278 ole] oluAE FAlOl ¥ F AU

d AANdR, FAFR(B0) = 252G 247)(51), A55FAT o|MAE(52), R AT o]AA=(B)&
FEeste], A¥F(IB) = BAEE + 3

A7, 252 2AEVIGDE A2 2523(SB2)o] B4 = Aol wixso], A2 252%3(SB2)e] Ats =4
FoM, Al 2523 (SBDIH A2 2523 (SB2)S Hom dAANIY. 25253 247](6D= A2 25
’”*(SBZ)J %L 25 9% 0P7%Ur EE dEATE WA oR, A2 252%3(SB2)0 FEEE 2HEste] A2 &

A5G 2A7I6D)E A A2 A5253F(SB2)d, All A52F (B A5A3Ae o MAE(62)= 2442
Pl T5 BelM HAA, F sHor dAHo| AFYAY oMAE(B)E ARG, ., HEZF(P
o

B)E= AeEAYE oIMAE(G3)E A RN, FZF(PB), Al 252 (SBL), R A2 252533(SB2)o] &3t
Hom dA o] AdF(IB)& AETT. ofZ2A AFFAY olMA(B)E AXH AEd 23 (B 24
F(60)= AbET, F, A olAAE(53)E el AME = FEZF(PB)L F=ZF 2EVI(G4)E A

T dn. JEF 241764 FEDV(20) 25 A3dAY o)A (B)E AA= FEZF(PB) FAE ol
I E o], HEZF(PB)O] Ate AAAHeEN, A5G 2HV(GDOAAN AR dAE Al A5

(SB1) B A2 2~52%3(SB2)¥, FZF(PB)S AlFHH o= AXAIZA = vk, o7|4, AZF 247 (64)= IH=
F(PB)O FAEE dFAY, B G577 BHoR, HXF(PB)e] FAPRE 2Este] FZF(PB) Akt
= Y 5

S 2AEEg. o8 E AAYER-(60)E Zulx A7)y (galvano scanner,
61), 2 % dedl=(62)F 23T F At A7|A, A= 2 (61 & A& gk 433 (1B)e] =70
A3 270 AA ety vt 2AY(61)E TS Z2RF(IB)S T dEd=(62)=2 A, 4
A=(62)= W& FTHdA AES &3l AFF(IB)E AEA71a, ol Q8] A 9/8s o= CARS
ur

3 Ao, ¥

1=

, HEF(PB)I A1 25233(SB1)
b, AZFPB) A2 AEA

F(SB2) 8] Zgtel o&f o
BEL MAERRRY JA7E
RS AZ= mAlESAE At
Aol HEE 0] olnd

olFA FAA FARFGB0)E FHe AEAF(SB)S, FY duA] &Aool A9 gle 2709 o] MAL(40, 52)&
o] &3t A1 252F (B A2 2523 (SB2)& st A3ste] FA&e AEodA At 2 38 e=
I A A, fingerprint F (500 ~ 1800cm ) 2 CH stretch 399 (2800 ~ 3200cm 1)% ol-Z+= ZFY CARS
ANEE FAd S-S F .

s Zule 29 (61)E 5338 23 (IB)S 2~ #:Z(scan lens, SL), ¥ HFHAZ(tube lens, TL)E &
Aoz TSt ) EWR(62)2 ZAME 4 ATt

AZH(70)= CARS 25 & AZF3sh=d], Mol digh ez, A dEA=(T]), Ao o] AL(72), Al
# Z v & (photomultiplier tube, PMT, 73), 2 A2 FHAZTaE(7H) 0] wixE 5 T},

'rr‘

A7IA, A dEAN=(7D=, A3 (B)o] A& T FEH MES F3] HEEo] ME AWddA A
H A CARS X135 -t} olw), AW CARS A& E A7) A1 CARS Al& 2 A2 CARS Al&s x33it), &
A AW CARS AsE /‘]_Q_—v—ﬂ o) MAL(72) 2 FAFH o], Al CARS 21& 9 A2 CARS As=z e
oy} HZF(PB), Al 2=~F(SBl) @ A2 A2E~F(SB2)E 2 dEAd=(7
ERNR(TDY AT R o]MAL(72) Atele FAHRE o] WulE T E (shot pass
HEZF(PB), A1 2523 (SBl) 2 A2 2523(SB2)S xdabar, A1 CARS Alz<}
o] A}

i
e

to ol

AL(72)2 A F T}, AE R o] AR (72)d 4 FEElH Al CARS 4%

A2 CARS Al J%
HjZH(73) oAl A AEH I, A2 CARS AlTe A2 FHAZTaT(7H)AA HESH, 2719 oA & A

= Al FAF
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[0066]

[0067]

[0068]

[0069]

[0071]

[0073]

[0075]

[0076]

[0077]

SIHS31 10-2023-0099463

f
=
18

T Atk o714, Al CARS A5 9} A2 CARS A5+= 7t Z 32 (band pass filter, BPF)E E3}3] A1
3}

27}
z@%uﬁ%(m), 2 A2 FAZHT(74) ol A zj%% 4 9ot

TR, HAEFO0)=, A3 B)e] AEol HEuo] el A" % CARS AsE 3

=
wH(75)= ¢ Ei%ﬂ T fﬁt‘c} CARS ’di%, 34 (IB) o]

sk A3 Gl
] =

2% dow ug
MEE U9 F5 42 E (band

o] A, & Il w=d, A
3 37He) olmAE sl A=

SHE, HEF(70)+=, T CARS 4139 ~HEHS HAESE EFA(76)E ¢ X388 = o}, 7|4, &%
](76) | AstA3dAA(charge coupled device, CCD)9} 72 AZF7] oldol7l F&dE 4 Ql}. ou, T
CARS A5+ dat=3ZE (shot pass filter, SPF)E E3a] E3A(76)0A4 HAE=E 4 v},

A71M, AFF(B)] FPZE o ue} o)Fakiz T CARS A ol AL (dichroic mirror, DD £
I FARANA "ol £ glar, T OE oML (dichroic mirror, DMl &l o] Z+z A3 Fdsu]
(75) EFA(76)o A HEE F ATt

/\
=)
o8]

=

oS}

=]

=]

o

o
@

~
fljd
>
-
op
ol
-
2
N}
N
==
©
o
lo
©

v ] /\101] *‘/\17& 2 ;%% T At ‘%0}7} g2 HEA 71%&*1 A = AEe] digk WA=
I glol, Al E= AR W vAlETRE dAeh AX aTIvE 4 ov A ¢ vk B9, e o
B RES @%6 E A A7) 9o, ol3A FB7IES AHEske U HEVIE WA e EA o @A ¥

1. Multi-color CARS &w]7

= 2 YA = 3 Ao wE Multi-color CARS WAL FAERAN, = 2 YR & 3& Fuz, B Iy
e Ff v EX B2} oln|A A AES Multi-color CARS 3Am| Aoz F33P L, 2 Wy e Frjed H

EA &2 olnjA Alxdlo] e s A&, oldtel e tasi ATt Ayttt 2004 fs-0PD= HE
Z 38t w/hw 7] (femtosecond optical parametric oscillator), PBSYE H# W AZ2E(polarizing
beam splitter), PCF& 3474 FdH, A/2+= Wbt (half-wave plate), BPFi= tolEZ ¥ (bandpass
filter), SPF= W3S 3ZE (shortpass filter), DM o] A& (dichroic mirror), PNTE FHZa)sd
(photomuliplier tube), CCDE M 3FAF A (charge coupled device), SL-2 2Z0#Z(scan lens), TLS FH
Z(tube lens)E 717} YERIT

2 Aydo F Rxe g golA 2s0d A CARS o] Al2EE AREshe] AolglE Al WAlEE v
ME2F2~El(PS microbeads) ¥ AlXE A7]#(cytoplasmic organelles, LDs)& sAlol] HIEXA] HF o]n]Asl=t|
Utk ZE @A CARS AR gpvt AxZ P 2523 5 209 Sxdn folA FE ARESkE ] vk, &2
Aoz #vt AZF(0,), Al 252F(og) B A2 252F(0s) & 339 A= & Jzix
(picosecond, ps) F< Ag3ITh. 2719 AE=AFo wA& 9 E3LE (band-pass filters, BPFs)E o] &3)
Z3"9 ¢ ded, Al 25230 3 815 ~ 940mm HolA, A2 AE5Fe] 3 993 ~ 1043nm ®H el
A 2AEY, BAEago] e 783m=z DA HECH. CARS XS+ AEFY AEAFo Fug zjoly) gl gt
gd R E(target Raman-active mode)®] X5 F349} AXE oo AT, 2 5‘301] NME Ay F=FH
Foppol e, 2718 SHH R x4 7};3} sExGe FaeE AAsA 2ATOEN, 2/ e 1 oA
s BEE FA o] &5k, A& t& mAEgtEY YAt AlE ] &7 gk on| A& SAld D&

Nm

Lo
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[0078]

[0079]

[0080]

[0082]

[0083]

[0085]

[0086]

ZINE 3 10-2023-0099463

T At Aol A PS vl=9} LDse] 24 CARS oW @S 253t7] flef All A52ge] wpFe] 850m=, A
2 mEAge] vl 1008z 7H2t 2AEA. o7, FEZFt Al A5G0 Fo Aol(A e = o -~

)= PS H=9] ring breathing R= Z95(A 0, = op = 1000cn ) o WHE 3, AZF A2 2=

255 201 (A wy = wp - 0)= LD CH stretch BE F35(A w0, = o= 2850cn o] wjAQcH, 3749 2
(F=ZF, Al 2 A2 25234)2 A= ZgE] dEA=E 33 HEE JESHo=2A 3T CARS AlsEs AA
gk}, o714, CARS 12 Acmst = 726mm( wespsr = opt+ ops) oA BEFI A1 252339 F3to] 93] AL
CARS 2= Nowse = 640mm( womse = wp + o) oA FEZZF} A2 Am2Fo) Zgte] ofs] Y= AomM, 747}
PS W=} LDse] CARS AlZel ofg-¥rh. 2702] CARS Alz= o] A=l ofsf el
o o3 ~HER HdeHE v, 2719 FdSu]F(photomultiplier tubes, PMTs)ollA 7—}
2 AFdo] wE Multi-color CARS #m AL 1719 AEZ #Ho|A FA7x F2A BAH(photonic crystal
fiber, PCF)EH, 2000cm | WolA fingerprinte} CH stretch T REZ o]&3sle] 27 ©]A+e] CARS o|w| A&
< F Ak, V€9 H3Zx Ho|AFE AFESte] 27 o]e] ouA & FAld EE5EY] 3= WEEA] 370 o
14 Fo] HastAwt, B Ao wE Multi-color CARS @V 4 Hxsla 17bel vh=e] ol A %

,d
1o e
)
(o}

Tk, 2 Ao & CARS dWA2 1H oA ~d WRHoEM, MxoA FZ o= &7]#(LDs) R W
AgtE vAEEAE YAE AAFeR olu AT = Qiry. B AFdo] wE CARS dAvAEe HeAdAA
(charge coupled device, CCD)9} & HZE7] odlol7) #ztwl EFAe} s ALgE 4= ). o & 2837 o]
g @nd 3 fAEA ME 2HolAE ~AskE Fotel BE CARS ~HER dlojE= Z47be] ofu|x| Al
71555, 21 ~HER] dloJEFH (data cube)ol Al 271 o]/de] CARS ow|A|7} AlFA Rt F& ths CARS W2

sfetdor N2 e 529 MA ~2F9EY ARG FEH3=v g4 Aol O‘O‘/P ME 27 9 CCD A
o o ojud HE7F vk 9ol gtk 2 Ao CARS &A™ 7d2 278 o]e] CARS o]w| 7
&) ZAvle 270 (Galvano-scanner) & AE-3te] JAFS xATTE. o] S E3 tﬂnﬂa = &2uE2 At
Ao ZH v ZFet~E Yol digh Az B]3xx] A o|vAS 7HsstA gt

ii a1
rlm

o\ o ﬂHN‘ rlo

tolzb, E Addo wlE CARS v A T tlE FAFujT(PND) S AFESto =4, ZHF CARS Als (&= 19
CARS3) =+ 23%=x} &34 (two-photon fluorescence, TPF)S =43}o], 3709 CARS T+ CARS-TPF o|m|x]|& &
T . Ee, B3AE B 7158 $ CARS ~HEFHLS epi-CARS @n|AdA 5 7hse ARE Al
T Atk o]y s FIHARI olwH Sk Aolgle M e AA U FEHoR b2 YAt oigk ojnA
Toll 71e43k = 9t}

2. AEsHH A =

A& 7 0P509] A% (lawn of E.coli)& ¥3}3} A7) A (nematode growth medium, NGM) =] o]
EoA C. elegans(oFAE N2 #5)5 wigsgict. 23 ol 1m Eo ¥ 2um PS W= (78452-5ML-F,
Sigma-Aldrich)E& NGM Z@ o] Eol| HF3slo], 2A1ZF &9 1 A5 (C. elegans)¥ A g o=Z4 C. elegans
7} PS HIEE AASES frskaivh. 28 v 4% XFLUE = §Ho R v HFS A4k, gk 2
2 AR FRHY. ST BHE 100m ol3t FAe] detEE 2d|olA (parafilm spacer)® AR oA ES
AAR 2709 AW FEa2 AT Multi-color CARS FAHE oln| gL 98, wigo] AE ¥-2-& 0.1mg/ml
poly-D-lysineo] Z¥ ¥ 35mm confocal dishollA U20S AMEZE wjkstdct. A% ®=A(10% FBS)7F HA7keA
RPMI i A]ell A 1 &<k Aule] At 9 2um PS H]=(0.002 wt.%)E AZ Al (sample dish)ol E3ate] Al
EAHAE FESIT. L A, 4ATE ojule] AAE Gl od] W2 Y] PS HIE=7F U20S Al U] 3}
Ak, viAE wEste] FHF PS HIEE AASIL, HEA ZHo|A FatE vy 1ol ME HAE A
X3}aL Multi-color CARS o|m] A& F&skct. oju], 2% 37T, (0 5% S22 FA8% .

fUl

= A3
=

e O{N

3. W3 272 (Lily Pollen)$t C. elegans®] Multi-color CARS o]m|#

BRGH ABA EHon tE QA A oMol sy

o
o,

ASsk7] 9aiAl, PS whol A= H = (PS
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[0087]

[0089]

[0091]

[0092]

[0093]

ZIHSd 10-2023-0099463

microbeads)E ARg&3lo] Wg Z7FZ(Lily Pollen)®t C. elegansoll ™3F Multi-color CARS w74 HALS <=3
3laL, o1 AYE = 49 T=AEGY. = 49 (a) ~ (D) Addo] wE 8.7um PS v]=¢ T3 W Zy}Fo
Multi-color CARS-TPE oJm|x]o]al, = 42] (e) ~ (1)L Ao w}E 2um PS HE=Z AFH3 C. elegans?

Multi-color CARS-TPE o]m|xJo]t}, = 49] (a) WA ()EF H1Z, o, = 16O5cm71(green), ©, = 3050cm

1(red), 9 g, = 1524cm71(b1ue)°ﬂ/‘1 8.7um PS W]=9} &3ty uwigk 4ty

f
it
2
=

gk 37HA] AR OgE s BE

Lo

CARS ]UV\]E AAct. Mgt 271 A78o](lily pollen grains)F ¥4 3F 227} (sticky pollenkitts)+ 2Hz}

- -1 - -
oy = 1605em 2 o, = 1524cn oA EHAF] g9t A2 E JHA =, ol A7 W3 2U1Fe] (=C-C WIF=F
ring stretching 2= % (C=C stretching B=9} ##o] v}, AZXHy Z3E 0 ~FAEHo] Yo Al 25X~

FO 1605 2 1524em FIFE WF LrbEe] ghvt B4 BEZ oIAITHE 49] (a) 2 (¢) FE).

A EY IEE AREske], AW B Sl wixE S E(PND S S CARS A58 HEz SAsY. =

4] (b)2] CARS o]H]A]:= PS B]=9] CH stretch A% RZ (o, = 3050cm )9} HHEE AoRA, BEZFI A2

bt

2magel oa] AL, oE FASMAPND S S AAE. PS Hl=, g 7R dAo], &
ghnt v Apele] AHER FHoR Qe CARS ovAI7} s o A dehd 5 ok dE ¥, o, =

1605cm - o1 412] CARS ©o]m A (% 49] (a)):= PS M=o} 2715 obrjo]2 w= el o, = 3050cm 2 CARS

ol =] (&= 42] (b))+= PS H| =9} 27} F(pollenkitts)? &7 E¥ HAHE AFsct. wid ) o, = 1524cm o

el CARS ol w1 (= 48] (0))ol A 7h(pol lenkitts)7h S8k vehdeh, Wb, = 4¢] (d)e] Wake
GRS olm Aol M2 ke fAh 4] EqtelA S W= (orange), E7HE 3l (green), 7T (purple)?)
W3 CARS TlHlE vhehdth, E9, vielamule vine] slEdA 27 Welz Eeisel EbRe v
27 44D 5 A

@, 2 4y

of wW& Multi-color CARS &m| AL AL&3td 2ume] PS HI=E AFH3 T 2A17to] A C.
elegansS ¥ESIATE. = 49 (e) WA (1) 24 CARS ©|W]A]¢} auto-TPF o|mA]E uEpdity. PS So]3
CARS o™ A (%= 49] (f) B (j), red)et A& (lipid) Fol# CARS oW A (%= 49] (e) R (i), green)olX], 850
- el Al 25233 1008m 2o A2 AEAgo] AREHE AT, 270¢] CARS olm A= Zhzb PS M=
ring breathing ®=(o, = 1000cm ) A1 4e] Cll stretch ¥=(w, = 2850cm )9} #AHT}, C. elegans ol

A Bt ow A thE pS Hl=el A, W o]5e] F7HE BEE PS Eo]3 CARS on|A], XA Eo]F CARS
olml =] = W3}t CARS oln|x|oA & yEldtt. = 49 (g) 2 (k)9 auto-TPF ©]v]#](blue):= 550 ~ 600nm<]
g dgol M A7t Fe AES] 42 Aoz, C. elegansd AA 218 2 AH(intestine) TFE HoFt}.
1714, PS mlo]ABHMEEL C. elegans® &S wet YA st=d], AT A 02 T3 T4 o] ‘4715]7(] o
=t o8t 2, AE bE A7|¢ FuE 7HAE BS AF 54 (lipid storage)o] & 9JF xHol| g #x
Hol AdSE EAT F 9

[e]
}\)]\ = = T

4. PS M= B AE 7)o WiAlE B A YAHE o]m A

ddeel wE CARS drde ol &all, AL Aeshd AU 270 % C. elegans)ol A getH oz A
e dAkE SAldl oA = ee flolA ARtk olstell M= PS HESE A &7]de] Al
St& ZAFsk7] Sl U20S Alzell thall 2A1ZF CARS olv & Fdskglar, 12 A3E & 5o A3, &= 5

)= Ao wE 2um PS H|= g =% U20S AE9 wide-illuminated PC o]w]A]o]al, = 59
)= A7) PS Hl= flo] w=Z% U20S Al¥2] Multi-color CARS olm]X|oln] &= 59] (¢)~ (f)&= U20S Al¥E

S U= R AT 2718WDs)E WA FH R olF B Azelnt,

2 5 L 2 ok

o)
)

59] (a) ¥ (b)&= PS H|=o] w=&% U20S AM¥2 F2 wide-illuminated PC o]u]x], = 24 CARS ©o|v]A =
Ebdith. = 59 (a)9] PC olm[X|ellA], U20S AE ol ¥ 3 A7} E]r—/F HAEAC. HE 2fF Yz}
4Z gAY diF(convection)el oJa o] =A b= HWA ®FSh= PS HI=E YEdY. &= 59
o] sletel EojEl PC olm|XJollA & 4= 9lxo], PS H|=9} AXE A7]F ‘X}ﬂ 2 AR R et o]& PC

£

=

_13_



[0094]

[0096]

[0097]

[0098]

[0099]

[0100]

SIHS31 10-2023-0099463

(]

L ox (1B
4o oo =

32

#] ] (image contrast)7} F# e 3}8h2 /ol vig- £4slr] WEom dhdn. A, A ol
e 2718 B 7 AR AT EAR 8, A7), B B olvA dxE $F dAe] 5
=7 }%’5‘}5}. 3k, wide-illuminated PC oW X% AlgtH F G2 Q3 A 9F-9o PS H|=o} A2
PS Hl=5 st &8k &t o9 Eﬂzxqoi, Multi-color CARS °o]"#] (%= 5¢] (b)) AIE
AstE PS HI= 91r AE &718 (D)o Bk 318H4 tixE KojF=dl, o7]4 PS 5o]4 ring breathing

Z(w, = 1000cm h orange)d} Z27]F(LD) Eo]# (H stretching A% (w, = 2850cm g green)®| EAlo] &A

|
ES
st7}

2 R

M

ATk, AAZ, CH stretch & 2=} wdd PSe| Fdjrez gk ebt &4 A= $U% s T35 o,
= 28500m71°ﬂ/‘1 A4 o] 78 2713 (AD)2 CH stretch &% @7 339 REHoz AAJAL, o, = 2850cm
‘ol e PS f2l CARS A1E9] 2 7o (small contribution)® AASIA, ., = 2850em oA HAsA A%
HEE CARS AEelA, o, = 1000cn oA S14EaE CARS A5 A7arsth. o]2A o, = 2850cn oA PS

71edm=7t AAD CARS o] A= o, = 1000cm oA ¢] PS Eo]& CARS o]w]x|o] WA, o] Txa= pS

H| = (orange) 9 471 (green)d] 3382 FHAL E2 ojn|x] FAL FAAZ 4 v}, U205 AlEL CARS ©]
oAl o] FE QA YERUA|TE, PCoolu X9t trE2A], WRtE CARS oAM= 2ume] PS H|E=
(orange)®t A7]¥(green)o] &olstA FHHT],

PS Hl=o} 273 MEHOR FAld FHsE 14 oA 2709 24 CARS oln|A S T3 AArzte= PS H]
=} A7 A O #4As 4T 5 vk, 6% w9t 30xmith #G e BFQl A~ (time-lapse) o] WX A
5270¢] PS M= #AA S A, I HEEE7F 14.0 + 6.4 m/sPUS SASUT. 1 F EA WFow 27 o
v AAC] PS HES gxAd AAS E 59 (Dol E=AEGIT. A, PS vE T dFE i 2% 9 A
ek A 3kS VX E Bk A} A5 (Brownian-like behavior)S YERWTE. TS AE A A0 AR <
ek o] PS Hl=7F MEA (cell body)E 3l 22 Wgoz 37 gAole Ax BAHJCE. ol#ek At
Aol AL ddAY gulo] FRHow EE PS Bt AE EolA dutrow pAHE AFAY F
ol wE FEHer SAoe Ao gadn. T3, & 59 (0)F FuE 278 gE AFE i & 5
Aol Al U] &7 FS Al FHE = vk 21709 AV|He] HESEE 18.9 £ 11.3 m/s2
WAske PS Hl=rwh oF 35% wWE Ao R FlElnh

AES vdd SdEI FAC vt AR 9o el o8 wr] WstE wisgske PC @wld % DIC AnA
I 9 ol e mAEekaEol UAstE AAlxel @2 R Qe AEs Ak 2l
ARG skeh. ZEd o]HE =AE VI ofv]d A AL dEA=e] gehH A #d AR Aw
E Aled 5 gla, st er Mz gE mAdas EE 5 gln

&= 59 (a)& Fa=, AAE PC ojvAelA & 4= gl5ke], PS H]‘:ﬂ WAStE Az A PS W= FEj= PS
=] we3d 4 gle AEe] 7 27193 AR ojvA] tiERE ®elv. 5, PS HE=eh A &7 dat ol
st o2 v uAYAES PC ouAdA TEE 4 gle H"LZ}—E“ 7}1‘4- wEbA, PC oofmAIRto R =
gk A Aol v offrk. ool wEel, Multi-color CARS o] e] A=, A Sol4 & Aos
AR AAEe], gstHor gEAN o] e JEE A= PS HlESt AVEE oAk E o]vA]
Pl A b4 g S or Zad ¢ vk, T 2kt dvjidelyt multiplex CARS &v7Zd &2 HIS 7]ut
e oA 71ae oe mAdAE sl Al Aol AgstA 545 & JA, AE Y
2] o]Esty] wiitol] A% ol FSH](signal-to-noise ratio, SNR)7F SaL, AdjH o & oju]y HE7t UnkA
oz zydd FA ol ol AxE =duz, wmEA A oS T 5 glu. £, =1 AE g
AT stz Qlal] G AR ARl Aoz AEdtd AL FEAs 2 = Qv

W, 2 Aol whe CARS dWAe 1 #lolA 270d CARS AW Ao RA Zedd FA Z vwo R ow]
d HEE FEANA AN eE BAE o AE ThestAl F.

Multi-color CARS &AM 7|22 oz &3 vuido] Fa gl ASWHolANE, S CARS An Aol vlstst
A ol A v E A= s HlF X (non-resonant, NR) W1k E MG 7F FAFCE, ofo] ¥, i HF
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[0101]

[0103]

[0104]

[0106]

of w& Multi-color CARS &Aun|HdL& 7 H
olE HAFgo=EM AX &= NR UjHlE &IAH O

ZIHSd 10-2023-0099463

o}x]= 27H2] CARS olw]#] 9] =}

o= AATE ¢
3+, SRS(Stimulated Raman scattering) v 4L 274 nA =g} A o7 EAslelE=H &
23 Aoz d#A U}, SRS s NR HagL=rt 1S ol sxel APAo= nFHsRE, HA]
ARt Aghet ~AER 4 9 glg S4 A o] Jhesttk. ey SRS m-g- gk IAF gl A oFsh
SRS °15 T &4 NFE ?WOW] AalA dolA F Hxy] @ FoIWE (Jock-in amplifier) 53 & 37}
Al FetAx7F 2 tduh, ®=3, fingerprint 2 CH stretch X% AEE FAlo| ojux&sl7] A, 42H

o shiel WYt 27 o] AESFE 2AG
IR SRS ol AT DA Ao el Az

o B owwe FAAL AAd °
7] S8 Ao, B ouge oo @4
2 Al els) 1wl

e iz
J

_O‘lt‘

ox!

-4

oL

o

2

Lo

ol

Feol Hd
10: 3¢ 20: Fws7]

300 FAA BAHR 400 2EAGES
50: FAg

1=}
it
52: AEAFAT oML
=

54: HZ Y ZHY 60: =7NdH-
61: Znfx A0 62: HF EAN=
700 AEH 710 A gEA=

53: AP ol WAE

72: AZEY olMALE 73 Al FHZHT

74: A2 FASHE 75 A3 FASH

76: E37 80: HY 9 ZILE

90: A1 2523 HASHdH 1000 A2 52533 o9 5a2

110: #AuE312E PB: L)

SL: 2=70d= TL: FE#A=
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