Chinese Physical Society

YIRS Acta Physica Sinica

€D Institute of Physics, CAS

Ik RE BN E & REE T e R R R

Coherent perfect absorption in nonlocal particle composite medium

Chen Zhi-Peng  YuWen-Jing  Gao Lei

5|5 &, Citation: Acta Physica Sinica, 68, 051101 (2019)  DOI: 10.7498/aps.68.20182108
TELER 2 View online: https:/doi.org/10.7498/aps.68.20182108
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

— R RO R GERIAR T 58 el S i
Coherent perfect absorption and transmission of a generalized three—mode cavity optico-mechanical system

PB4, 2017, 66(10): 107101 hitps:/doi.org/10.7498/aps.66.107101

LM TR SRS P i AR R & D B e

Wave coupling theory of nonlocal linear electro—optic effect in a linear absorbent medium

YIBR2AHR. 2017, 66(6): 64202  https://doi.org/10.7498/aps.66.064202

AR R YL A i B9 22 B T
Multi—pole dark solitons in nonlocal and cubic—quintic nonlinear medium

Y24 2018, 67(21): 214207  https://doi.org/10.7498/aps.67.20180786

FET R R O v A DY BES T RIS
Study on atomic localization of A —type quasi—four level atoms based on absorption with quantum coherent control

WIFEAEA. 2015, 64(13): 134204 https://doi.org/10.7498/aps.64.134204

Sa AR SR =R LA LA o b I T A £ e
Propagating properties of spatial solitons in the competing nonlocal cubic—quintic nonlinear media

YIFR£4. 2017, 66(5): 54208 https://doi.org/10.7498/aps.66.054208

[l 5 BE GO O 1 B GE BIAH T4 1 5 58 4Rl T
Coherent control of whispering—gallery—mode optomechanical microresonators and perfect transparency

YIFI£4. 2016, 65(21): 214204 https://doi.org/10.7498/aps.65.214204


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20182108
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.107101
https://doi.org/10.7498/aps.66.064202
https://doi.org/10.7498/aps.67.20180786
https://doi.org/10.7498/aps.64.134204
https://doi.org/10.7498/aps.66.054208
https://doi.org/10.7498/aps.65.214204

) 32 Z 3R Acta Phys. Sin. Vol. 68, No. 5 (2019) 051101

RREAALE & 97 B rYHE T 52 35 IR

ENY R

REXB FFO

1) (MK R A SEARERE, TRMARBHE PRI e, R0 215006)
2) (TR, VLIRS Se 0=, 5 215006)

3) (VLIFH T2 By

B, M 213001)

(2018 4F 11 H 28 HWit&; 2018 4F 12 H 30 HIEI& k)

WESE T PIAUR T LUAR T] B9 A58 #7220 S A 55 1) Au-SiO, 525 SO IN , 76 A8 [8] B 1A 32 2880
TZEGMER R KA TS WA B Y . A SR B e = T = A A B A R R B A
BB 3 e A% B A BOB B SR SR RE bt — 20 i A5 BF WA S 2 S A BRI Y S /15 5 R R Tl T
B A A Jey SR AR D A A2 45 A T AH T 8 S MRS BE G A B> UL R AR D st A Jey 38R 1 5 )
S P EU A A T LR AR 58 SO A A S A BB AR TR AR . A R — 2P A AT SR T E A
JRAR R E L ASEB | )R BRI R OSE 2 RS 3 TR RS B0 T 7 AR AR T 58 SEM B AR, I e oy

BrAR SR BRI T X T 40 T 58 LM R 9 4

KSR AR, A SRS, AL 541 I, AR B

PACS: 11.10.Lm, 78.20.Ci, 88.30.mj, 42.25.Bs

1 5 =

VEAER, YK 4 T UK X LR S S i 1 — L
RVFZHTE TR . R NBOGER I 2, &
A X B 5 A R T 2L A RIS B Y
WG, T ELsX Tl s i 10 WSO T 0K 1 R
NN R XSRS Z R Z
FHT5EFEMIUN (coherent perfect absorption, CPA).
H TAEIR GO AR A A P2 T A IR 2
TETERI, X TAH T 58 RO BIT T C 8Bk Bl
T AR R, O e RS, WL
SEI AT R AH T 58 SE M . A Y CPA IH5A
TN TR, (B SER= h i EE ot
JEIRE LR E i R OGIR, AR RBIED
et 2 0 FH v e Bt T DUURSR B AH T 58 SE M

DOI: 10.7498/aps.68.20182108

G2 P TR L0088 MRS B A B A S5 4 Y v
(A RE AT LS BAH T 58 R Wl Bl g i pF 92 2R 1
TELLAMB BT AT LS B8R A4 3R T 1) 22 5 BEAE 152
FEML, T HLR S B b B B R = T 3 AT
FOE WA B RIS 1T ARSI B AH T 58 32 Rk
ML, HAEB (-2 N HTHREER AR T 1 SR 50IE).

AR 5 A A A 1 58 e MO i i 90 01
% AR SR BN R AEAER, TAE /N RUBE 438 Jkr v,
A SRy Bl AA 0 ()5 M AN RE 2 1Y) ZERFSEAE Je il
17, Ruppinl® 25— Mie 2 PSP 7300 &
Pl BRI T AR R BB TE O B B 1Bk
IR CEPE BT R, ARSI, Fuchs 4578
P T — B AR LAY T DR TR S SR A
Jo e 7 P I SR BRASO AR T 4 T A K R A A%
SEURL ) Z AR EE , T R IR 93 X 6 TR '
220 )V . Leung 55 A HMERR ST 2 2 Mgk g bl 24
W, B T & Bk 55 FAHEAERP DLUGER

* ERAAREIE S (S 11774252) WIS HARME LS (S BK20161210), YT A # 1E TF . “333” T2 (S

BRA2015353) FNLIRA miA 4RI TR0 Bh IR,

t EfEVEE . E-mail: leigao@suda.edu.cn
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

051101-1


http://doi.org/10.7498/aps.68.20182108
mailto:leigao@suda.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 68, No. 5 (2019) 051101

SR A B T VRO C SR A U R A % 1) I R
0L FEBIFSE TR XU SR A e A K R
T 44 55 437 " AR (1) 0 8 R R 2 1 45 B T 1Y
I, 075 P8 T 4 R AR SR BN A . A R 22
oy (FDTD)™ gt th T3 R AR RO R Y
AR ZEAL 1A SR 0 A BROCTDT % (FEM)M I
[F)RE AT LA SEAE R — eI AR B 9K S5 40 1 40 L A
SR &R AL L T R R TN T TR Y
ARJRBONE, BT ABEFSEN LSt T —Fh 4t 51
A BT 191 ELAT LURISRAR S MBI 7 9 K R 9 45
ey P 181, A SRR 45 g v A ey 30 2 1) 52
JE ] 2 Y, (RGN ARIIURE Hh T BORE B R AR
N AN IRy VA A O R W A T S
KIFURL AR /N /N T ASHB I I, ] SR A 2800
R (EMT)!0200 S ik 5 HAR Ry oz, i 5.2
AWFFEAFEN T AR T NN RSB, ok A
WFFE R, B b AR Ry ROV A7 s 2 T A
HWoTHEE AR . R, £ S8R s 1
PRRT LUBR PRI <53 8 K 45 ) (A5 2 Jm i)
AR JRA N A TR 22,

PR, TERITFEANARIIOR A 59 B AH 158 S
Wk R AR R, T R RO A, AR
JRy BN Y MR AN BE RN 1Y) A3 FAT R o
PO e BERBRL R S B SR, AR
JRy A 5 R AR AN 52 SE MO B T4, s B
T AU 7 1%, oA AR SR s m g AR
58 I W™ AR B R R - HLHEAE 58 o™ Az
A LA S IR

2 ARHEER

N T RFEAR SR ORI A 58 Rk
W, FATE BN T — R, Nk 1 R, AE 2y
ST R EE D d RS SO H A o SR T
I BRI, ST O A Ry SR R, R A
B A XA G )R B AR A A LA
RIS F1 0 70 3 N ZE A PGS S 1 5 (k2 L,

9 \
Mg, i "2

K1 AT 5 SRR R B IR

Fig. 1. Schematic diagram of coherent perfect absorption.
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Fig. 2. The model of effective medium. The red part is
metal particles, the blue part is base medium, and the grey

part is effective medium.
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Fig. 3. (al), (b1) and (c1) are the real parts of effective permittivity as function of X, for (al) f= 0.1, (bl) f= 0.01, (c1) f =
0.0012; (a2), (b2), (c2) are the imaginary parts of effective permittivity as function of A, for (a2) f= 0.1, (b2) f= 0.01, (c2) f=
0.0012. d =5 pm, ¢ = 2 nm.
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Fig. 4. lg|r1+t2|? as functions of A\ and f with different metallic nanoparticle radius (a) @ = 2 nm, (b) ¢ = 5 nm, (c)a = 10 nm:

(al), (b1) and (cl) are within the local description and (a2), (b2) and (c2) are within the nonlocal description. The incident angle is
0=45°.

051101-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 68, No. 5 (2019) 051101

0.10 -,

d=2 pm d=>5 pm \ d =10 pm
0.08} 0.08} 0.08} i —3.000
i —3.800
0.06 | 0.06 | 0.06F
- ] —4.600
0.04 | 0.04 | 0.04F —5.400
—6.200
02} 02} i
0.0 \ 0.0 0.02 . 000
(a) / (b) s
0 1 1 0 1 [t ) O -
200 250 300 350 200 250 300 350 200 300 350
A/nm A/nm

B5 (a)d=2pum,(b)d=5 pm, (c).d=10 pm BHEGEIRITE log |1 + t2]> 5 A FIIBRELE R B, B AL f 68 45°
Fig. 5. logo|r1 + t2|? as functions of X and f with thickness of medium plate (a) d = 2 pm, (b) d =5 um, (¢) d = 10 pm. The

incident angle is 6 = 45°.

ARSCHSE T HUR Y CHR X g, o + t2]7, TA
N M logyolr + taf” < —3HF, BEONAYEETR/N, AT LA
BT, AEFIRTR L 11| = [t [Ad] = [dr1 — 12| =
aBsf RVAT 77 A B AR T 58 L. [ 4 il T
3 Jeg SRR 15 1 T FAS ) RUST 1) 4 R 4R 72
AT logyg|r1 + to|* 5 AF f IBRECER.
M 4(al), (b1), (c1) X HAT DARTE MG
), 4 WURL Y RSB, B ARTRAM RO 77 A 58 56
MR MAC P A S DI )9 R gl i, 7 L B A R
(EAL X R s)N, BRS8N, AL 4(al) F (a2),
(b1) Fl (b2) BN LR EE 2 &, 48 kLR IR
SHEUIN, AEAR SR ORI SE I 23 808 28 Mo
A ASDCRAR B E 3G, Y @ = 10 nm B, 3E
SRS R 25 5 L1 X, B4 TR AR S daiak
N RS 5 42 T LA 2 AT Xttt — A i i 4 )
AR SR RN A N RUBE S5 K T S I 2 AN e 22 1)
FEBFFE/INRUBE URL I ST 19 0 43 I AR Jay 4
0.010
0.008
0.006

0.004

0.002

02 220 240 260 280 300 320 30 360 380 400
A/nm
K6 a=2nm,d=>5 pm, logg|rs + t2|> 5 X% FHI PR
Fig. 6. Color map of log;|r1 + t2|* as functions of A and
ffora=2nm,d=5 pm.

N AISEIRET, YR @ = 2 nm, PHSIE RN F A
7] 1) 22 G2 S0 AR AR B 6 A T A T 52 28 TR A
PR, 5, A AN TR d X
T og EM U S . K] 5 2] T SR RS
T, logjolr + t2|25)\$ﬂ f PR R FA.

Kl 5 A5 SRR, AR B R A1 DL T
82 SO AR s T L TR 5 S W A A BB Y
Pk v R A

h T A BN A T R SRR I ) f RN,
FATFERERELT L 53, e 58 LMo
SRR b, E SR s R R . [ 6 2
Hl T logyolr + tof> 5 AT fHYRRELSE R IE], ORIk
B f TR A 0—0.01.

% &S Y WU R BE X H log, o + t2]” < —3HF
A LU= A SE SRR, AT DAFE B R R B — N A% Ak
PER A, WE 6 R B TR . S B AR fR
0.0012 2247, XK 310 nm Z2 47 . BT R RATEH
S f=0.0012, A = 310 nm I BEF 7R AT
ST T T L 2%

HHEHIE f= 0.0012 1 ||, |t2] 5 A\ |Ag| /n
5 ALL K logyolr + o> 5 A BB R, WK 7
IR

FEE 7(a) WSk TR E AR A R
Hpif AT 78 SEMRIBCER A 9 A, 7T AT A 1 313
R SR AS7E A 310 nm &b, T I IR FH Y
fAEHM 0.0012.

ROk % B AN 310 nm B |ry], [ta]5 f
|A¢| /n g fFUL R logolr1 + to* 5 FRUBREOC R,
&l 8 iR,

WAl 8(a) Hi sk Az, W6 & AH T 58 WA 1
B F7E 0.0012 4b. & 7 FIIK 8 IS5 SRS 0 E T

051101-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 68, No. 5 (2019) 051101
sk (2)
< g 0.5
z = d
ot . . . . .
280 300 )\/:;212 340 360 0 0.002 0.004 ; 0.006 0.008 0.010

B
>~
SS
4
1 1 1
270 300 330 360
A/nm
0
—-1.0
<20
i
=
= -3.0 I
—4.0
L ()
5.0 1 n 1 n 1 n 1 n 1
280 300 320 340 360
A/nm

Bl 7 f=0.0012, 0 = 45°H}, (a) |r1| (85 ). |to|(£L
)5 AR R, (b) |Agl/n 5 MY R EC R,
(c) logyglr1 + t2* 5 XM BR B R
Fig. 7. For f = 0.0012, 0 = 45° (a) |r1| (blue), |t2| (red)
as function of A, (b) |A¢|/n as function of X,
(c) logy|r1 + t2|?as function of X.

6 WA e B S AE £ 0.0012, A 310 nm, AT
T JEAH T 58 FE MO T B 25 4, T FLZ B AR IE
R 4 R £ 0.0012 B & A A 309
LB SR (R, — K S AR

4 % b

ARSCEEGIE T ARG B A E &
I BT 58 SR, BF5E 1 4 Ja A Ry Bz
XA B 58 58 AR R LA L. iz
A BE ST T el AR SR R 2 B
BAEMAR R (RO B, TR T R R
i ORI R A AT R0 L H RA .

A 0] J AR JR R 52 A A 58 S
WCIBIFTE R L, FAT 1 A B T8 AR R i i
FEAE, XT ROT AR R /N G B B0RE, 7T L 25 4R
A BT 58 RMIG™ A AR, i/ 42

2
>~
©
a
O n 1 n 1 n 1 n 1 n
0 0.002  0.004 0.006 0.008 0.010
f
0
: ()
710_
= —20F
-~
i I
< —3.0F
e
740_
75_0- N 1 N 1 N 1 N 1 N
0 0.002  0.004 0.006 0.008 0.010

f

Bl 8 A =310 nm, §=45°1], (a) |r1| (F ), |ta| (LT
@) 5 [ EB K F; (b) |Agl /a5 fHY BB KR,
(c) logyglry + t2|* 15 f A BRER AR
Fig. 8. For A = 310 nm, 0 =45°, (a) |r1| (blue), |t2|
(red) as function of f (b) |A¢|/n as function of f
(c) logyg|r1 + t2|? as function of f.

TR Tt 2 3 IO 5 S8 WA B 5 ) R T
A=A, E— P R G B R | 6 Jm kL
PR R B35 R G SO0 S 5 A TR 5 Sl
RN, Al T/ MR ROR A AR 58 R
W £ <52 Ja AUREAR R KA B AP

AR SR T R A AR 35 AR SR el
TURLAY AR LUK 5 A AR Y R JE 25 R LS 5
AL, S A AR RSN R A A B 58 SE Y
SN, BN R s 52 B A S5 AR AR 58 SR M
AR AR SO A IR AR S S AR EA I
WA —E 1 B,

S 3k

[1] Dutta-Gupta S, Martin O J F, Gupta S D, Agarwal G S 2012
Opt. Express 20 001330

[2] Sanjeeb D 2015 Opt. Commun. 356 515

B] FuYY,XuY D, Chen HY, Cummer S 2017 New J. Phys.
20 013015

051101-7


http://dx.doi.org/10.1364/OE.20.001330
http://dx.doi.org/10.1364/OE.20.001330
http://dx.doi.org/10.1364/OE.20.001330
http://dx.doi.org/10.1364/OE.20.001330
http://dx.doi.org/10.1016/j.optcom.2015.08.012
http://dx.doi.org/10.1016/j.optcom.2015.08.012
http://dx.doi.org/10.1016/j.optcom.2015.08.012
http://dx.doi.org/10.1016/j.optcom.2015.08.012
http://dx.doi.org/10.1016/j.optcom.2015.08.012
http://dx.doi.org/10.1088/1367-2630/aa9cbd/meta
http://dx.doi.org/10.1088/1367-2630/aa9cbd/meta
http://dx.doi.org/10.1088/1367-2630/aa9cbd/meta
http://dx.doi.org/10.1088/1367-2630/aa9cbd/meta
http://dx.doi.org/10.1364/OE.20.001330
http://dx.doi.org/10.1364/OE.20.001330
http://dx.doi.org/10.1364/OE.20.001330
http://dx.doi.org/10.1364/OE.20.001330
http://dx.doi.org/10.1016/j.optcom.2015.08.012
http://dx.doi.org/10.1016/j.optcom.2015.08.012
http://dx.doi.org/10.1016/j.optcom.2015.08.012
http://dx.doi.org/10.1016/j.optcom.2015.08.012
http://dx.doi.org/10.1016/j.optcom.2015.08.012
http://dx.doi.org/10.1088/1367-2630/aa9cbd/meta
http://dx.doi.org/10.1088/1367-2630/aa9cbd/meta
http://dx.doi.org/10.1088/1367-2630/aa9cbd/meta
http://dx.doi.org/10.1088/1367-2630/aa9cbd/meta
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol.

68, No. 5 (2019) 051101

(4]

Huang S, Xie Z W, Chen W D, Lei J Q, Wang F L, Liu K, Li
L 2018 Opt. Express 26 7066

Miillers A, Santra B, Baals C, Jiang J, Benary J, Labouvie R,
Zezyulin D A, Konotop V V, Ott H 2018 Sci. Adv. 4 eaat6539
Ruppin R 1973 Phys. Rev. Lett. 31 1434

Fuchs R, Claro F 1987 Phys. Rev. B 35 3722

Rojas R, Claro F, Fuchs R 1988 Phys. Rev. B 37 6799

Chang R, Leung P T 2006 Phys. Rev. B 73 125438

Xie HY, Chung H'Y, Leung P T, Tsai D P 2009 Phys. Rev.
B 80 155448

Huang Y, Gao L 2013 Prog. Electromagn. Res. 133 591
Huang Y, Bian X, Ni Y X, Miroshnichenko A E, Gao L 2014
Phys. Rev. A 89 053824

McMahon J M, Gray S K, Schatz G C 2010 Nano Lett. 10
3473

Toscano G, Raza S, Jauho A P, Mortensen N A, Wubs M
2012 Opt. Express 20 4176

Zuloaga J, Prodan E, Nordlander P 2009 Nano Lett. 9 837

(16]
(17]
(18]
(19]
(20]

21]
22]

(23]
(24]

25]

051101-8

Esteban R, Borisov A G, Nordlander P, Aizpurua J 2012 Nat.
Commun. 3 825

Dong T Y, Ma X K, Mittra R 2012 Appl. Phys. Lett. 101
233111

Stell L, Zhang P, Garcia-Vidal F J, Rubio A, Garcia-
Gonzalez P 2013 J. Phys. Chem. C 117 8941

Maxwell G J C 1906 Philos. Trans. Roy. Soc. London 205
237

Bruggeman D A G 1935 Ann. Phys. (Leipzig) 24 636

Huang Y, Gao L 2013 J. Phys. Chem. C 117 19203

Dias E J C, Iranzo D A, Gongalves P A D, Hajati Y, Bludov
Y V, Jauho A P, Mortensen N A, Koppens F H L, Peres N M
R 2018 Phys. Rev. B 97 245405

Agarwal G S, O'Neil S 'V 1983 Phys. Rev. B 28 487

Mcmahon J, Gray S, Schatz G 2009 Phys. Rev. Lett. 103
097403

Dasgupta B B, Fuchs R 1981 Phys. Rev. B 24 554


http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1364/OE.26.007066
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1126/sciadv.aat6539
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevLett.31.1434
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.35.3722
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.37.6799
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.73.125438
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.1103/PhysRevB.80.155448
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.2528/PIER12091217
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1103/PhysRevA.89.053824
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1021/nl101606j
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1364/OE.20.004176
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1021/nl803811g
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1038/ncomms1806
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1063/1.4769348
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1021/jp401887y
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1098/rsta.1906.0007
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1002/andp.19354160705 
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1021/jp404490m
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.97.245405
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevB.28.487
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevLett.103.097403
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://dx.doi.org/10.1103/PhysRevB.24.554
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 68, No. 5 (2019) 051101

Coherent perfect absorption in nonlocal
particle composite medium”

Chen Zhi-Pengh?  Yu Wen-Jing"?  Gao Leit?t

1) (School of Physical Science and Technology, Soochow University, Collaborative Innovation Center of Suzhou Nano Science and
Technology, Soochow University, Suzhou 215006, China)
2) (Jiangsu Key Laboratory of Thin Films, Soochow University, Suzhou 215006, China)

3) (School of Mathematics and Physics, Jiangsu University of Technology, Changzhou 213001, China)
( Received 28 November 2018; revised manuscript received 30 December 2018 )

Abstract

We explore the coherent perfect absorption of light in a nonlocal metal-dielectric composite film in which
metallic nanoparticles (gold) are randomly embedded in the dielectric host medium (silica). The two coherent
light beams illuminate the gold-silica composite slab respectively from the left and right sides at the same angle
of incidence and the conditions required for coherent perfect absorption are investigated each as a function of
different system parameters. Under different system parameters, we study the coherent perfect absorption of a
nonlocal particle composite medium. A nonlocal effective medium theory is proposed to approximately describe
the metal-dielectric composite film. The effective permittivity and effective permeability of the composite
medium are approximated by using the effective medium theory under the model of coated sphere with core and
shell. According to the effective dielectric parameters of the composite medium, we can obtain the transmission
coefficient and reflection coefficient of the plane wave incident on the slab. By comparing and analyzing the
coherent perfect absorptions of the composite medium under nonlocal and local conditions, we find that under
the influence of nonlocal effect when the size of particle is very small, the frequency range of incident light that
produces the coherent perfect absorption of the composite medium increases and the small size can also cause
the coherent perfect absorption to occur in wider frequency range. Especially, we pay attention to the choosing
of physical parameters in the design of coherent perfect absorption with macroscopic composite slab when we
take the nonlocal effect (or spatial dispersion) into account. In the further calculation, the coherent perfect
absorption of the composite medium can be realized by changing the system parameters such as the thickness of
composite slab, the wavelength of incident light, the volume fraction of metal particles, etc. We also bring about
the coherent perfect absorption at a small volume fraction which satisfies all the conditions. Finally, according
to these results, we can realize the control of the coherent perfect absorption with nonlocal effect. Our study

may be helpful in designing the optical nanoabsorbers.
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