MK TEREIMHBTFRESEEHSTE
KRR KEW KEw FEE AFE TEE'
(RlE TR, JelEE5HEN TSR, EiE 200093)
W E
Yt U & SR ARG AG S W) B E PR R T O R A R R T TR GE 2 AR )
PR E AR, (O BUR G B % HAZ B A ST, AERL A S ).
ARSCHE H — Pl i UK - FE R A R AR R & 450, SEBLB T e
TN, —J7 T, MERE &8 AL RS (O AR A IR B, &R AT
¥ TR A TR SHE g o & MR R B RS S, B, AEET S
TERE i N BAG AN [F A 2B 36 R, PR CER IR B T AR 3R 3T Re & k. X
XUER G AL A RG] ST S, IR E TR A ) RTHEA R BT, R
e 2 HER IR AT S Z 84 EEG N E, WEBIFARHEER G ESE A,
HLLH S AN RS E R ERE R Z4iH(67.1£5.5 meV 5 87.6£5.8 meV);
SEEERA E R RTINS DR T, B AMNA AR, X
M AR B AR TP 2 5 22 R IReh B TP B HIWr. 2075 AR
RERE S 25 PF R S ASAH DG R G I AT AT e S ik I SR AR At T SE R i 2 TR
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1 5 &

YRR 4 J@ B AL & W) (transition metal dichalcogenides, i A TMDs)H.
JEMRY R 58 B O R AN B R BE T SO I SRR T B T A 1.
TMD F BT B AHE ARG =0T W RS 55 74
B4 2B 3 5 AT R 1 B R a5 A 5 B )RR, S BEAR A - A G
BT - A EAE DL 2 AR RN R i 1 BAR A R -6 Ak, —4Efk Rbon
M EAE AR LA, WP RSESERES RN RRS SH S, %
HEZ) 7 BRI RS 4068 08T 2L B AR IR AN T 75 5K -8,

SR, YeBUE K (photoluminescence, & 1C A PL)SEE6 AR5 & A AR K AT 58
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S G BB B, o, BRSO RS L 1L TR RN AR 5 R A SR B R
A ARG KOG TR R, SEUEAMPOIM RS AMER T E 6 0E S, K,
R E A RIS T BB AR A meV, LI 348 o A 218515 o0 T 7 A8 4k T 72
B, (AR T B8 ORISR 2 TR A B 7 AR B R & T
SEFE S AR W, OF LIERM MBI, izt NAs 5 g0 1y
SRR IT 37 PR DN 5 SR s 100, (L3R 288 7 vk A e St A e o R 5 45 ) 2 R SR B e,
S AR 73 [7 B L 4% 15 16 LU 5 ] B ST PR IR 0 0 48

AT — P T 0 R ¥) PL e AR 52 tH 7 8 W ASURE BE T AR ORIk
BRI R O v FOUS S iy, SIS - R YA P AL 2. i) B
Pl R e M A TS IR &, 056 R B T AR A R R T od 38 TR LA
PSS S, AN 965 5. R RMENG 2. AHERRBREE KOG ORI
DRSS, BAVEARFILIRFA K2 A EEZNE, K RHE
W AE T BT B e ZE AR R B, B0 T R ARG M, R b, dEd
AT L BRAT GE A RIS LU, BE— B4R s P A i £ S TR 5 e R 5 e B
M2 SRR R 2 5, X b i £ Bl oy 1 AT e ER A YR 25 HH 025 4 .
2 BRERS

ARSI R P AL SAH DU 46 B 2 WSeo £ A2 11, SR 50K WSer RIS B R
TR S B (PDMS) MR I, Bl S R B G AR B S 40K R 2 WSes KT,
B 2N S T A M A% 2 A R 50 B R ) . U, 5 25 1) T L AR
216 wm HIE BiCA SEER A A, TRIEEZ) 10-20 pwmt'2 B F¢ 5 B THRIEER A, 3
JEIREEEHIE 7.1 K, WAL T £0.1 K2 UMK 2 45 30RO IR K 633
nm 3% 8295 6 (MDL-E-633-20 mW), 8 i f#EK (microsphere, fiiic Ay MS)H 0>
(FOBOR) B B AER TG 2.5 um(A 0K, B 1a Hh MST); 1 W8 s A FH sk
o] & B 51 X (whispering gallery mode, fijic vy WGM) #& 4 £ 37 (K 1(a)
MS2)12 131 5T 50 £ AR (NA = 0.55) 4 2 %I & £ 48 (Horiba iHR550).
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K1 (a) BMERTEREES KRG EEIMSL: Bk, MS2: Wkim); 1Kl RAELHOLFER
MY, HERARRES WSe ZZHt; (b) WOR-ICRM A LR IR TR LGNS
(%) SHONSCh), UK R A R BOT L ILE R G, RO (S, MS2 [FIRHE ik
H i W) () ISR R n] 5 BERL S 70 AT EP); (d) PL GRS EE: e
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Fig. 1 (a) Schematic of the dual-microsphere remote-coupling system (MS1: excitation
microsphere, MS2: detection microsphere). Insert: optical micrograph of the system structure,
where the white dashed line indicates the Au-WSe, boundary; (b) Schematic of the
excitation-collection coupling mechanism: remote excitation with edge incidence (purple) and
center incidence (pink), where remote coupling is achieved via surface plasmon polaritons
excitation, and local coupling (green, with MS2 serving as both excitation and detection
microsphere); (c) Simulated electric field intensity distribution (JE?) of the whispering-gallery
mode under edge excitation; (d) Comparison of PL spectra for remote excitation with center
incidence (pink) and edge incidence (purple), and local coupling (green), showing that the
emission intensity under edge incidence is enhanced by approximately 2.35-fold relative to center

incidence.

3.1 TREEHE5ERMEH

e 1(d) b s, £ MS2 FAEUR- RIS, KM PL Gk d
AL A 22 M St A A N T ) e, DA R AOSR BT SRR — R BIAE G 2 R
FEZS(1.719 eV 1.672 eV F1 1.625 eV). BbAbh, itk rpid il 2 1) 2 Rl I T A R A
SR 2 A8 TE, AT ROGIE(1.746 eV) DL TR BE & A = 38/ 3R
ARSI RSN, UL 1.654 eV LR R GIEAREE 1(d)H &k D
M ARER 16.08 pm R AR 23 S0l VB D 0K i AW i B (P81 1(d) 46 s T 28),
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1 -5 8T AH C FRRFAE K G TE AR B B0 52 0 HH 8 oy RO AR G KT b 5 8 3 T ) il 28
APHHREE (BN 1.675 eV ML, B 1(d) ik 2).

XA 18 A T B D9 VT A R RURE T e R R S BT A 4 R
A BSR4 03 15160 — 7T, e AR 9% R JR A A ' O SR IR TR X S A A,
FLA7E B UK A B RT DL S B B B RO DR 1417 MR T, R g R A
THIA RALRE R A, AR iR LA T 58 AT B8 ) B AT R SO AR R 5 ikl s 16
B —J5 i, 1EN AR AR A 5 U I B O B — E AR S I L,
4> 3% THI S F5 10 328 TH 2% 25 3% G (surface plasmon polaritons, f#jic 4 SPPs) 5 iEk
J% ) SPP-WGM Z AL B3 19:201 1 B 25 Bl 10 5 HAE & S5 A AH UL IC i B A T MR
FRIAR S 2 B (N B e BREh B WE I7) Fe A TSRS 5, T4 B A T PN A PR 4
S RS BREEASEE) S 1320 KT Ti0E, ST ) e RS R

o AT B8 i FR) A% 4 RUPE O a6 4, e Rt PL 6% A5 e bUad 5 380K 07 N V)
FHOG. FEMDE RS PR s AR, O sk O NS, IScBE il o
ARG 1.688 eV 5 1.675 eV FAMEHIEIE(E] 1(d)Hf i 2k). kot
MIERIA NG, ROGHR AR DU B T2 2.35 %, Him {5 e LT+
KRG AL AR LGNS 26 AF T R g AT (L 1(d) 5 i 28). SR ROk A7 B AU
PERE 7R TR AR G L P BEAAAE 5 N ST A 5% 1R R 1) 5 Rz 13- 190,
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2
ijw 5
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‘«'\MW 1 11} 167 L
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b |
: 165 I 1 1 1
i 1.64 1.65 1.66 1.67
| i Energy/eV
, B /A © 9
WA itV A
1.62 1.65 1.68 1.71 r
: 6 B
iii ! = | B
| > N
| Q \
I (&)
~! |8 3+
: -
n ; i |':f 1 N L 0 / 1
1.62 1.65 1.68 1.71 50 90
Energy/eV E, — E/meV

K2 (a) AFERA G AR PL OGIE IS s BEERR 2 Tk, R aEE R YE Y]
B AL B AT 1R, B b R R 2 AR SR S BR A A AR AL B, R R A SR
A B, HEr A5 B FRFIERE R AL & IRFFAEE; (b) M A 5 B HIRER BEI AR I R A
AERE R AR, R TER WGM BIREEBUEAT; (o) LU T BE B (B L B OV HER BE B
ZGE AL, oy A5 B IPFRERZE /1IN 67.1+5.5 meV 55 87.6+5.8 meV.

Fig. 2 (a) Remote-detection PL spectra under different microsphere combinations (energy shifts
based on the bright exciton position are applied along the energy axis to clearly demonstrate energy
stability); the black dashed lines represent the intrinsic mode positions of the collection
microsphere, despite variations in the microsphere resonance positions, the characteristic energies
of components A and B remain stable; (b) energies of components A and B versus the intrinsic
mode energy of the collection microsphere, exhibiting energy-locking behavior independent of the
WGM; (c) statistical distribution of energy differences relative to the bright exciton energy (Eg),
with mean energy differences of 67.1+5.5 meV and 87.6+5.8 meV for components A and B,

respectively.
3.2 RREBIESSHRE

MUMBRIERE 2R G RIS 2 —FE T RV I H B F AN T A o B
A5 i SR 5 A 00 0 A LR A AR AR 8. DR IRIEIX — R, FRATTHEZ] 1.653-1.689
eV [ AIEAR Vi il A BE AN R Sl BRk 2 & 20 A D dilohe o 5 WAL SR o, 6 AR IR0
R N EERPUC R, B A, A [F AR AN R A AR N
AR A RIS A AT S A 2 R, (A T I AR e A B T RE R AR
TR 8. 23.241 gyl BRI SRR i (AN AS 0 G v LU B S, AT T DAARE— ) & v 42
BRI T RER B (FAS— WARS %, X0l R A HEAT XI55, Al 2(a)fr
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R EEREOR, RN MERT WM BN BEA R A G R LR, AW
oY E——fn 4 T AGE) 5 BORE)—— BRI BE R AL B R FF RS, AROUE
FIBE WGM S8 7 A B P o Al . XA RS e PEWI D HERR 1 R R IR T floek A
LA AR PR 58 1) 7] fE.

FESEIERS B, BRATEE 2P 5% 2 IR & KASFIRRHX S R AR, wnlE
2(b)Fn. AR B, 0> AGK) 5 BORD) BYBERAL B il FasE SX A E 1.691 eV
5 1.668 eV i, HEEUZHEDN. EFESHERA G . BEFEdh i) — SRR B XU R
TR G RGAA RO E G, HAFAE I A A8 5 A B X R B S A AN B

A PRl A 5 B MRERS— FHONAXT B T NRERZ(AE = Eb
— Eap). ZET U WARXFF IG5k, A RIS 5805 261 H
X PRV BEAT P SE LUACBON P BE. W& 2(c)f, o> ACK) 5 B(H) HIRER
Z o AT R IR &S o0 A R AP IE, HP3ME 730008 67.1 5.5 meV 5 87.6£5.8

meV.

(a) (b) 1.62 1.65 1.68 1.71
Au —— Path 1
—2

Intensity/arb. units

Defect Areé

1.63 1.I66 1.‘69 ”1‘.72
Energy/eV

K3 (a) =FBCR-IUE AR R B/ AR 1GRRIEER-AORHSER ) BR A 2(M BRI -6 35
) B4R 3(E M BHIR); (b) =Mk cdeim PL OGIE XS bL; B84 3 OLIE L T ARRE
B, % L.

Fig. 3 (a) Schematic of three excitation-collection paths: Path 1 (gold surface excitation, material
collection), Path 2 (material excitation, gold surface collection), and Path 3 (with material damage);
(b) comparison of PL spectra at the collection side for the three paths; the spectrum of Path 3 is

energy-aligned based on the bright exciton energy, see upper axis.

3.3 mREE RN S ek R

FEBLIEA B, BATBT T =R AR (8 3(a)), DALLESMFhAL £ 5
RS & S Al h IR IZE S . v HERR S IR UM RS SEae IR K520, FATT
FEAI G P EI & 633 nm UK T I¥) SPPs AL IR, SLIHLA 15 B AL IR K AL L)
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N 14.17 pm, 55T SAEZEBOLFH AU H IS M 12.92 pm Hak—3. %45
SR B AR SO F 4 IR R B R 8 SCRF R O Avpm 1 FREME RS, R B2 1)
BRIk, AT A i 82 1) B A0 L SRR 438 T T 19 S A 1 4
ﬁ:[ll 191

5, EERMAERER . MR ERERECRI ALK 3(a) B1E 1) o, T8
S B 2 T AL H— AT 1.661 eV IR 2> B HIEIE, %A T &
VXS, 84N 2.8 meV; H UM T 1.69 eV IR A, {H AR 55 AL
NG B ) 58.4%, HLRBEHAZE 5.4 meV(K 3(b), BElhLR). MLLZ T, U5 H
WoR SICERE, EEARL EMERECR . &R MERICEE 3(a) B1E 2) B, L
oy BAE S LTI R, s A 75 B I 55 I 2 IR HH B G2 0 J (LR 4 14.9
meV)( 3(b), #fihLR). 76 F— 6 sk s Bk i 5 YRR i I 26 1R R, B %%
W2k SR A R R R ) I, ViU A 5 B PR W R B I S S R
FEEREER. TFEMRHML: ER—HMEREUK. B —HEREEN RS T, R
53 B [FIRE AT 7 U000, DRI R AR 2 W ) SR 0 B T e R W HE DA AR A N
AR HIEIE (A, 4R SPPs)! 19,

BE—25 4, PRIk I A7AE 5 2 1.76 um FIFTRIBEAR (K 3(a) 842 3) I,
FEZ GG AT AU £ 1.680 eV BT (IR A AH SIS T2 AT RESRIE T =)
IR A AN, ARLEXT . B 2 B AR S B s B I H (B 3(b), SR k). %
LEIRR, B A TEAEAE R R AR S AT AT B AR S, T s B X SR 3k
SEONBURD 14T AR 13 IISRIR A AT R BAr A SRILH 1 1w R AL R
EFETE, TR B RIS BR S B SR BURYE. LR E R NIRRT
DX o 2 R A LA S A BRI & (e Bt T S Ak .

b
(@) ®) g
2 2
= c
5 =]
g g .
g 3 I
£ = -
< IS ;
O Background s
oA
30 100 1000 3000 10 20 100 200
Input/nW Input/nW

K4 (a) THEESCE, a=0.605) 587 AGE, a=1.104) BITHREHIOTE L (b) &
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55 B, a=0.826) MIThZRAMM 28,

Fig. 4 (a) Double-logarithmic plots of power dependence for background defect states (black, o =
0.605) and component A (blue, oo = 1.104); (b) power dependence curve for component B (orange,
a=0.826).

3.4 DhERMKIE

N3t DX I3 PR 3 VA5 R T S KT RRA BILAR, AT IO e 17 A S 3 A g )
PL &, FHFRMBHEIRR T PRI SRIE [ 5HERINR PRI AETHE, 1l
G aln® 4 fron. SIS EE KRR, T HOCHE > 2 PR 2 W20 N (a =
0.605). iZ5m WL VEAT il & 5 RS L 3 SR AT — 20 S48 8 IE th
RECE IR E & O BOR S 30, DRI SR A S T, M
A G 5 B )t — 2D G- 14231,

MR, B A RS e = 1.104, B 2L, KU ROLEEAR
5 EIRSEAATHLE 2, IR BRI Tt AR ORI T £ 1 fr g g 1 25 261, Al
LRk AT RES DR Tt Ry JE B TR IR, B B AR AL . TS B A AR A A
AR L B R EIEE N = 0.826, BARIRILHE — @ FEEMI LM, (2]
2 T EREE T 5 Mo = 0.605, R UIIHLARS AL FIAE AR T 5m AN (1) JR sk 7 Sl e,
FE R HE SR T AR S R AR B AR S N S B . B AT B S R
1M S DR A AT H 3. 25,27,

gi b, DR R0 3R A 5 B ARG T SRR, [
I B RGN IAAAEE . DR R I Ry HERR SR 18 FOF R AESh 15 22 57
R RS, B HJERAESE 4 WA GRS L S Re b e g — it

4 R4 A. BHRETH
4.1 ERIENRESE SIS

BT 3.3 WA S R AR X, BTN B AL RSOk - JR 81
LA T AT RE T LI, DRI AR B AT 2 A i 3 S g T AR YR T VA O OR
FEAEY, 1M B A 52 R T A A 15 Y B CAT - A - L - SR R A )
90280 Bk, A 5 B B AR B E RS W E R R AL A S S
REALIR UL TRk h 1 2 5 R %= 57

RO A FEFSAE 1 ATERAS 2 PR DLV BB T RE S 5. 4575 HOnS B S
AL oy &, RS 5 a R SR SPP BN SR M Al AL 3R AR &, AT SE Iz
PR H 1319290 AT 250 I 73 46 3R T 633 nm ZZ XS B 1) SPP A& K E 2 14.17
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um, 5 A 72 16.08 um EE B F A AT A R0k LR AE B EARE. AHEEZ R,
84> B AEHAR | bl am AR K, EW B [RIRE Al g R s sl ik, (4% 2 v
[ 5 3 SRR W] HLAE ST R 6 5 4R SPPs RS A RCR AR, T4 Rl Ar i g 44 F
™, B AT R, BrLL RS SRR, B IRAR AR, A M LA Rk it
NI AR H I TE () I AR <2 3R A% 4R 1) SPPs) 3. 19291,

BB, 3.3 T BB AN Ly R A R A T AN R FEAFAELY 1.76 pm AR
WA SO, A BEBOE AR, MRy B LT 58 Tl k. 206t LR W B St R
R RN it b T B 5 SR IR v B R, AT e BI N RSB S . T S A
A R S G oy, AT B 5 Z b A ) 220 R S AR 141730 e, A R
DL ) S, FOm AR 52 S AL RO & (SPPs) 43, X RARL R E
TE A TSR 52 1.

i b, BATIN A B e S 54 v] B B 58 i (1) SPPs ARG TG, f i gL A

EEIENS Ty U JEXS AR e RN R A B B R, AT RE YR T RS T A
PO RIS AS . B RIS R AR R A AR 43234,

4.2 EKH. EEREN RS HBHILIR

ThEARHEE RNy HEAR AL T3 172, i A R B i) fEHady B2 X
AT RIS R REY: A 5 B IWAOGE RS AR RS EM TS, ERAFGE
TR S B AE A [\ 25 3 7 2 B (R RERRAEE 25270 sy AT, kit
M 7 5 B JFC 5 D6 58 FEE A 4 115 T 63 Bl P 2 B2 S2 3 7 AR s, ROk 2R 1 T g
5 D)3 T m i B T POE BT 2 A, X B S, AR AR B R
U RO BE T T E R IR AE A, AT Re S 1R A B A IR T A R A
BT A ELAE FH AR5 S - 4 33-331,

e FE bR € 5 2k TE R AP Al R R @ S it 1k — B . DA A A
bR, B AR BT BB 220 67.145.5 meV, B7> B AR BB 14042 87.6+5.8
meV; Kt B M4 T A #5454 20.6£0.3 meV. ZAtRE%E 5H)Z WSe, 1 E”
PR (2 21.8 me V)3 43344 B 2 Eacilr, REA B T REIRT- XA A 2
I FREEAOG. SN, PR R 2E R, By B M4 2.8 meV,
J5r A2 5.4 meV) A JATIAA, A BORIIZ 5 T2 ek 1 5 % 2 ARSI S e
%, 0 TARHR T #E WSe (¥ PL BT F, RSERATER . RRBAGENER T
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BRI RIS LUK Aw/WSe, 28 S IHE A B R 25 5%, #B{f [F)2%
TR SEHE ST PR AN 7 23 () B B A W R R O B, T 5 Bk .
SEE LN b A TEBSR TR R B AR R A T R R R R T B X — LR,
A LUHENT A BT S T AL RN SRk B 2 SRR . SIS X DU 2 Rk e 5
BRI 3R by T 330 XS 0F S £) R YGRS 54— B, (B AE R4 R R B
HEIA LT, B, HORREHERS A BTTER A B BV & 2 R B IR
AN, X FIRE AT A SECHAETER. M2 R, #0% B MY A MG
THIBER T SR, ML A B2 TP L T TR AR RS R AT R
R R A K TS B0 2 B A5 TR, T FL At £ 8 B R AR B P T LA P L SRS
L4y B TEBR RS BRI R BB A T B RIS LS, T LAV SR I T A0 i i
TR X B FI AR F R b 227 T S0 T R A, T AR 5 A W L
P, 528 BE05 TR B A5 5 10 SR SRR BE S 2 50 . e O e 0 L A 7 T
RS A PRI X ISR, 08 L) R AG S 20 A S A, R T 22 UL Hh /N ) 2 38,

HET RIS SRR IR AR B R R AE I S A T,
FAT U T4 A VA9 55 S TR A S o b SR e e o P A AR 5 ROk
FR (0 96 A I 1A 55 52 P B Lt T s )11 13,3190 g B I 7 1
2 55 08 R o HEL AT A MR A SR L 4 2 IR 10 2 16 PR (10346 R G 5 4 6 7 7
il 3 S R W ) 3. 4. 3235400 WY P PR 40 U IR A AR PE JG 4R T AR o, S B LA 1
SEUG R FR, A BRI S HHILAA VR . AT H A R ] L B 16 4 e 4 A L
SR 7, MM RPN A RS bR Bl 2 A S 7 T o e A S0
FIHE, AUIHIRSS A BB (V71 52 (4 5 B T 4
5% ®

A XA H R R ) PL IR 7 2, TG R -1 PR 4 7
T, SEHL T TR RO S SO0 S TR G M BRI, e o e ek
WASIRHEAT 2 380 it LB WE R A0 R ILRE BT, I DT R bR
TREMRERZENN. SO RRBEMT . B SUSE L mrE, R0 A
5 B Y A AR RGPS & 5 BRI SARE: Bsr A DL BB A 1
PRtk IE T R VETH SRR, T S B IR B B S 30t 7 23 Ty
IR, %79 AR PGS B M 6 S A P i R R o 5 0 S g T —
T ) 24 2 TR,
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Dual-Microsphere Remote Coupling Enabling
Separation of Exciton and Complexes States’

;
ZHANG Junyuan ZHANG Xinyu ZHANG Jingru FENG Xialian GU Fuxing YU Jiaxin

(School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and
Technology, Shanghai 200093, China)

Abstract

Monolayer transition metal dichalcogenides host rich excitonic states,
including bright excitons, dark excitons, charged complexes, and
phonon-assisted sidebands, and therefore provide an important platform
for studying low-dimensional excitonic many-body physics. However, in
low-temperature photoluminescence measurements, weak excitonic
features are often buried under broad defect-related emission, making
reliable spectral separation and identification difficult. In this work, a
low-temperature photoluminescence scheme based on
dual-dielectric-microsphere remote coupling is developed to realize edge
excitation and remote detection of excitonic emission in monolayer WSe:.
Two fused-silica microspheres with diameters of about 6 yum and a
separation of 10-20 um are used as the excitation and detection terminals,
respectively. By taking advantage of the difference in effective
propagation length between localized defect emission and propagating
excitonic channels, together with mode-selective near-field coupling at the
interface, the proposed geometry suppresses broad background emission
and enhances weak exciton-related spectral features without applying
external-field modulation. Experimental results show that, compared with
center excitation, edge excitation increases the photoluminescence
intensity by about 2.35 times and enables more stable observation of
characteristic narrow peaks under remote detection. Systematic
measurements performed wunder different microsphere resonance
conditions and on different device regions reveal two robust spectral
components, denoted as A (~1.691 eV) and B (~1.668 eV), whose

energies remain locked relative to the bright exciton. Statistical analysis
15



gives stable energy offsets of 67.1+£5.5 meV and 87.6+5.8 meV for A and
B, respectively. Further evidence from path-interchange measurements,
local-damage perturbation, and power-dependent photoluminescence
shows that the two components exhibit clearly different behaviors in the
remote detection process: component A is more robust in long-range
readout and shows an approximately linear power dependence (o = 1.104),
whereas component B is more sensitive to path variation and local
damage and exhibits a sublinear power dependence (o = 0.826). These
results indicate that component A is more likely associated with a
dark-state-related excitonic complex with stronger interfacial coupling,
while component B is more likely related to a phonon-assisted branch or
replica of a dark-state-related excitation. The present method provides an
effective optical approach for suppressing defect background, enhancing
weak excitonic channels, and performing preliminary spectroscopic
identification of dark-state-related emission and exciton complexes in

nonideal two-dimensional semiconductors.

Keywords: two-dimensional semiconductor, exciton complexes, long-range coupling,
spectral detection
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