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Fig. 1. Gas-solid interface with a probe field, a signal field
and a coupling field (a) and level diagram of quasi lambda-

type four-level atomic system (b).
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BHMIME S EIPL HATE O = 0, 0.12k,v0,
0.24kyvo, 0.36kyvo B}, 15 5] — R 35 £ S S
wilhe. mREAIMNE S0, Bl o, = 0 i, itk
RERBREMBRIE — R E5 1, 78 I GG i 3
P X B B LRGSR S TR H F BR
TEBARTE B T3 o] DIXT A T Re, 2 ARG
i, SRR ARG AL — 2) (B84 1) BT
BRAE A1) — [2) — [3) — [2) (4% 2) HLFEKE, P
A S A5 AT 11 PR o e R B A e S
HF BT HIEAEE SOt TERT PR
T BRAE o R A B A PR L) = [2) — [3) — [4)
— [3) — |2) (42 3) MYHLFBRAE, XoF I A FL 15
FEWE I/ NI, BT LASE =i 1 BRIE
BRSO TS 5T AL RS S I . A

Bl (2) AT LAE 51 LGS G 0 P M P
S 5 ARV A I A, JURTEE I 1R
T — AN NG Y A S B — B W B AR R
BTG O, BT LA = Fp i FERGE AR AR 6 S
HALPIFp AR SHOER) T 2= /NI X £
A HL T BRATE B AR 7= A 1 5 AR i i e R
AR IHET T80 7= A4 WA S ST A N R 2 4
{4325 B 1 1 LA DI A — e Y R N E SR R 5
FE L AR 02, v Ia]/INJQ G 1) S 4 T 1 K
R HIN G, XE R BRG] B E PR T
Hits%.

SRy e — A5 W 37 W 10 R P ) i SR 7 A Y
JEA, BT AT 051 #0H 041 #0, 031 #0
Hou =0, 031 =0Hoq =0 WELSHIZ, & (3)
FER. 0 =08 #0 (i =3,4,5 = 1) FiR i) Fl|5)
Z IR AR T80 X S AEAE. AT AT LUE Y1)
HN|3) Z [ L (1) T |4) =[] 4 40 250 #AS A7 75 B
PUREL R GE RAFAE AN, FRIS gk RAE — 1
P |1) AN 3) =2 B A AR T RURLAFAE L 1) A |4) =22 [H]
(AR 8N ASAEER, BRIS i TE B P A I S i
— B T, WL %GB B (1) R 3) 2
V] B R TR 7= 2 (1) F13) =2 TAI A AR T (1) AT j4)
Z AR TR AR AR, B ih 2 A i LR &
2 — Y AN B % O, o] AR
SR B 1 Eh (1) 0 |4) =22 [l AR T80 7= A

1.0
F — 013=0, 014=0
08¢ [ — 01370, 014=0
L — 0'13?50, 0’147&0
0.6 | |

0.4}

0.2}

0Fr

—-0.2

Reflection spectrum intensity/arb. units

Ap(kpvo)

Bl 3 o310 Mo k0 =05 A O A B £ 51T
Fig. 3. The quasi lambda-type SR spectroscopy in the

present or absent of 031 and oy41.

BB WUE SO R 5 R e B th
Lmsm. K4 m0THESHHRKIEE
As = —1.6k,vg, —0.8kpvg , —0.4k,v0 , 0.8kpvo , 1.2k,v0
R ISR, B 2 = 0.36k,00, 20 = 1.6k,

014206-4


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

) 3B 3R Acta Phys. Sin. Vol. 69, No. 1 (2020) 014206

HAZHEE 2 M. RERTE, A EEMH R
WF, BB R A, BIIR, BEAE 1 AR DGR
12 2 FREHET I T A AN B S IS AS Py
AR5 = R R AR R ST I A g i rh ] AR
W E Ay = —0.4kyvo 5 A = 0.4kyvg I/
W23 S I £ 2RV R RV 14 T I B 2y i e el s
Fo5% 0 WRIEEN, /NRIESELSL, P
B DM, PIA S EEA (R A
A | A] = 2 = 0.8kyvo , ZFEEFE TR/
RIEHL BB AR 1 FEEAE 2 TR AN R
SR JF H i AQUEE T M. AR HE
B AR b fifk AN 17 e B BT R PR R S A2 4k,
Y BE AR AR T RE K 2) B S A AR S
RS |+) M=), i 5 TR, J’FIE ) <
[4+) > [A)FL) < |=) < [4) BIFAS A B =RER R
Gi. QNSRS AT = BB R G B AAE T,
& HPEE—ABRAE B R, 2 A = 08, XA
A = BB R G RO T BRAE LA A S A ek
W, EATZ MY T, (SR S e
SPREME R AR AR, AR S ) SR A 7 Y U
WG SN (IR SR BTR). 2 A = 0.8kpv0 =
Q)2 BF, (1) & |+) < [4) B A BI=RER ARG LRI
PRERIT, A O Y Sz S0 A8 Sy LR 75 a2 B (181 v
AR TR). [RIHL A = —0.8kyvo I 250 Y 52
SRR A LGS S B W] (B 2L i Sk ). Y
AHHAAERE BT, 78 A, = A BUSURAL BT
H— A T LG F0% IR R S O 2
B S (KR 0 SO 3 57K FTR),
TR A =R RSO T ERE A
FA R AR S0 B BRAT PR AR FI(1) < |+) > |4) BX
1) <> |—) ¢ |4) AR PR AT [R]IHEAE T, (i
BRSPS IR Ol SOk R
SRV ] LSS SRR 22 ] ) e 4.

6 45t T AR RIS 0 3 0 i B 1 BRI
WA R O i A= —0.2ky, 0,
0.2kyvo, 25 = 0.18kyvo, HASHE K 2 t[H. 7T
DI, Ac = —0.2kyvo I, AHELT Ay = 0 =1
S ) 2T TS R T RS, 35 I 1 1 e [ 21 R 1Y
T wES; Ac = 0.2kyvo I =4~ B S 1] 5 2R T 1Y)
Jr A%, 2 B B 0 ) S R O e RS i —
W IR, FE—E TU F NI Sl B G I i
A, B O SESRE), A RFESES
A S BB IR ZARFE . TR RIS

BRI TS

Reflection spectrum intensity/arb. units

Ap(kpvo)

Kl 4 ({55 KIERN —0.8kwvo, 0, 0.8kyvo MHE A
BB S O

Fig. 4. The quasi lambda-type SR spectroscopy when the
frequency detuning of signal field is —0.8kyvo, 0, 0.8kpvo .

[+)

14)

K5 i AR URE SR+ R G S A RE LK
Fig. 5. Dressed state picture in a quasi lambda-type four-

level atomic system.

0.6

0.4

r 06 0 06
0.2t

Reflection spectrum intensity/arb. units

Ap(kpuo)

B 6 ANRIFE G ARSI B B A B S S O
Fig. 6. The quasi lambda-type SR spectroscopy under dif-

ferent frequency detuning of coupling field.

4 %

AR SCHS AT ST T IS F T ifE A DY BB R 5E

014206-5


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

) 32 % 3R Acta Phys. Sin. Vol. 69, No. 1 (2020) 014206

AIARZR P S AL, BE b TN 51
FLHOIAR | A B AR 5 37 AR G B X 12
PRI RSN . 8 i MO S S SR R, Al
819 B 3 S O 3 v 11 328 496 S S e A v 1) 4 A 15
W YR E; 55 IR il i i) A A T SE B
W5 T R R 7 S B B A s RS R
TR AL, AT SRR N I g AR 5%
ZElAE. N TR SRR ] = T IR
T MBS PIEHEAT T PR AT, WEFEE R Tt
SN S B ST R ZE R i HEROHE | BETA
AR (il P 7 e SR A ) N P E S BAT L

S7% 30k

[1] Schuurmans M F H 1976 J. Phys. (Paris) 37 469

[2] Thomas R, Kupchak C, Agarwal G S, Lvovsky A I 2013 Opt.
Express 21 6880

[3] Du C, Jing Q, Hu Z 2015 Phys. Rev. A 91 013817

[4] Khachatryana D N, Grigoryan G G 2019 J. Contemp. Phys.
(Armenian Ac. Sci.) 54 185

[5] Sautenkov V A, Rostovtsev Y V, Eliel E R 2008 Phys. Rev. A
78 013802

[6] Zhao Y T, Zhao J M, Huang T, Xiao L T, Jia S T 2005 Chin.
Phys. Lett. 22 1668

[7] Lorenz V O, Cundiff S T 2005 Phys. Rev. Lett. 95 163601

[8] Thomas R J 2012 Ph. D. Dissertation (Calgary: University of
Calgary

[9] Keaveney J, Hughes I G, Sargsyan A, Sarkisyan D, Adams C
S 2012 Phys. Rev. Lett. 109 233001

(10] Stern L, Grajower M, Levy U 2014 Nat. Commun. 5 4865

(1]
(12]
(13]

(14]

(26]
27]

(28]
(29]
30]

(31]
(32]

014206-6

Sautenkov V A, van Kampen H, Eliel E R, Woerdman J P
1996 Phys. Rev. Lett. T7 3327

Li H, Varzhapetyan T S, Sautenkov V A, Rostovtsev Y V,
Chen H, Sarkisyan D, Scully M O 2008 Appl. Phys. B 91 229
Sargsyan A, Klinger E, Hakhumyan G, Tonoyan A, Papoyan
A, Leroy C, Sarkisyan D 2017 J. Opt. Soc. Am. B 34 776
Klinger E, Sargsyan A, Tonoyan A, Hakhumyan G, Papoyan
A Leroy C, Sarkisyan D 2017 Eur. Phys. J. D 71 216
Nienhuis G, Schuller F, Ducloy M 1988 Phys. Rev. A 38 5197
Guo J, Cooper J, Gallagher A 1996 Phys. Rev. A 53 1130
Khachatryan D N 2019 Opt. Commun. 436 76

Nienhuis G, Schuller F 1994 Phys. Rev. A 50 1586

LiY Y, Li L LuY X, Zhao X X, Xu K W, Zhang Y Q,
Zhang Y P 2013 Opt. Ezpress 21 8311

Meng T F, Ji Z H, SuD Q, Zhao Y T, Xiao L T, Jia S T
2016 Ann. Phys. (Berlin) 528 512

Schuller F; Amy-Klein A, Saltiel S 1996 Phys. Rev. A 53 3647
Gorris-Neveux M, Monnot P, Saltiel S, Barbé¢ R, Keller J C,
Ducloy M 1996 Phys. Rev. A 54 3386

Sargsyan A, Papoyan A, Hughes I G, Adams C S, Sarkisyan
D 2017 Opt. Lett. 42 1476

Yan J L, Ota F, San Jose B A, Akagi K 2016 Adv. Funct.
Mater. 27 1604529

Huang W, Liang Z T, Du Y X, Yan H, Zhu S L 2015 Acta
Phys. Sin. 64 160702 (in Chinese) [##1, 4R, F- &M, B
#, RVFE 2015 PIBE2EA 64 160702)

Alotaibi H M M, Sanders B C 2016 Phys. Rev. A 94 053832
Rebi¢ S, Vitali D, Ottaviani C, Tombesi P, Artoni M,
Cataliotti F, Corbaldn R 2004 Phys. Rev. A 70 032317

Niu Y P, Gong S Q, Li R X, Xu Z Z, Liang X Y 2005 Opt.
Lett. 30 3371

Mahmoudi M, Fleischhaker R, Sahrai M, Evers J 2008 .J.
Phys. B: At. Mol. Opt. Phys. 41 025504

Gea-Banacloche J, 1i Y Q, Jin S Z, Xiao M 1995 Phys. Rev.
A 51 576

Wielandy S, Gaeta A L 1998 Phys. Rev. A 58 2500

Schuller F, Gorceix O, Ducloy M 1993 Phys. Rev. A 47 519


http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1051/jphys:01976003705046900
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1364/OE.21.006880
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.1103/PhysRevA.91.013817
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.3103/S1068337219020105
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1103/PhysRevA.78.013802
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1088/0256-307X/22/7/030
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.95.163601
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1103/PhysRevLett.109.233001
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1038/ncomms5865
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
http://dx.doi.org/10.1103/PhysRevLett.77.3327
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
https://link_springer.xilesou.top/article/10.1007/s00340-008-3006-6
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1364/JOSAB.34.000776
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1140/epjd/e2017-80291-6
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.38.5197
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1103/PhysRevA.53.1130
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1016/j.optcom.2018.11.078
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1103/PhysRevA.50.1586
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1364/OE.21.008311
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1002/andp.201500357
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.53.3647
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1103/PhysRevA.54.3386
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
http://dx.doi.org/10.1364/OL.42.001476
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
https://onlinelibrary_wiley.xilesou.top/doi/abs/10.1002/adfm.201604529
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.7498/aps.64.160702
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.94.053832
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1103/PhysRevA.70.032317
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1364/OL.30.003371
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1088/0953-4075/41/2/025504
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.51.576
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.58.2500
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
http://dx.doi.org/10.1103/PhysRevA.47.519
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

) 3B 3R Acta Phys. Sin. Vol. 69, No. 1 (2020) 014206

Selective reflection spectrum in a quasi-lambda
four-level atomic system”
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Abstract

Selective reflection (SR) from the interface between transparent medium and dilute vapour is caused by the
atomic vapor near the interface. The sub-Doppler structure in SR is due to the deexcitation caused by the
collision between atomic vapor and the wall. Beacuse the interaction region between atomic vapor and incident
light is on the order of a few hundred nanometers, SR has low optical loss and high spatial resolution. The
experimental device of SR is simple. Because of the above characteristics, the SR has been widely studied and
applied. The nonlinear SR spectrum of quasi lambda-type four-level system at gas-solid interface is studied
theoretically in this paper. By sloving the density matrix equations, the approximate analytic solution of the
matrix element associated with the probe field is obtained at normal incidence when the intensity of the probe
field is very weak. The effect of the Rabi frequency, the detuning of the signal field and the detuning of the
coupling field on the lineshape are analyzed by numerical simulation, respectively. Three peaks and two
transparent windows appear in SR spectrum when the detuning of coupling field and signal field are both zero.
The middle peak is generated due to the participation of signal field, and the other two peaks are caused by the
other two fields. The linewidth and the amplitude of the middle peak can be changed by varying the Rabi
frequency of signal field, and the other two peaks have little effect on the Rabi frequency of signal field. The
signal generated due to the participation of signal field can be transformed from peak to transparent window
when the detuning value of the signal field is equal to the Rabi frequency of coupling field. When the detuning
value of the signal field is not equal to the Rabi frequency of coupling field, a dispersion-like signal between
reflection peak and transparent window is generated due to the participation of signal field. The position of
peak and transparent window can be manipulated by controlling the detuning value of the coupling field. When
the detuning value of coupling field decreases from zero, three peaks all shift to red detuning direction. When
the detuning value of coupling field is blue-detuned and increases, three peaks all shift to blue detuning
direction. The numerical results can be explained by using the various electric transition pathways and dressed
state theory. This study is helpful in investigating quantum coherence and dynamic process of atoms at gas-

solid interface.

Keywords: selective reflection spectroscopy, electron transition, dressed state, quasi lambda-type four-level

system
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