) 32 % 3R Acta Phys. Sin. Vol. 72, No. 9 (2023) 094201

B T B 14 R N 3 A R R S 5 E AR sy

x| g Y

x| B R

ENER O

1) (RFFRFYIERRL 2= . Z83R N Y ERRTF SR e, 355
LM FFHF I E AT E, K 300457)
2) (P B G2 ENF AR L, K 030006)

(2022 48 1 HYFl; 2023 4£ 3 A 5 HURENE k)

P T RN 375 ] 2000 S 5 T I A () IR 3 G 2 (W) 4 AR T AN, AT DA A i AR 2 T ik
ARBEAR, BRI T 0, (A I 7 J 4 451 4 B A e B 5 o 2 g B, DR 3 I P T T R R A | Ok
Ak R 7 B R ] 4 25 IR AR SCRE T L RO W AR, J {5 506 MBI M O S R 2 B
e, e 4 f RGO BRI LSBT s PG s R A . AR T 3 ARSI T M A s O A s e i 7
S8, TR RN O WSO ) T 58 G ) A A T A IR AR, O HL R AR TE — M B — AT AT IR R, T
0 AT ST RS T, W2 B Tl BB A S 25 S Ak 3.

KSR e BRI, U REIESE WA, B ek

PACS: 42.30.Va, 33.80.-b, 42.30.Kq, 42.50.Ex

1 3

D PR AR BT R AR B e A Ik
PEAT I3 AT | SRR TAEOAR . B T HL i
ARHAER, AR BT I AT BRSOl PR 2 1] A
FRPEATERAZE , DT SE B S6 27 RR AU ROR] | 358 |
TS R IR (oo A R AR R 4R 0L,
TERC A IR A BEE AR FTBOR ) Z 4K, Ot
PR AL BEARAT ARG A A n] AU, 2R
PG R AL BB AR HA Rl -4 7ia 5 fE
PGS Z, FLRE P 32 ) I it B . Sl
AL B T L2 BT PR | ek J
BRI G W S5 Uk, I B TR s
DU, Bl LN A8 02 4 28 I 45 1) B it 22
—, TE N TR BE S U SR HE I 2. Ot
SPGB (1 B R SRR

-

* EARBERLS (S 12104242, 91750204, 61475077). B4y

Wl 55 2 ¢ B RS
t BIE1EHE. E-mail: gqzhang@nankai.edu.cn

©2023 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.72.20221560

K, MELARTH IS ALARES, PRI 152 3 1 FR
il (HBEE AR TIH AR IR A, St &
b PREG A L AR REFE B Sis AT R RRE
INEIXS HEAL R B BB i, HR P ] DR 5-3T
AR EF B4, A 3 5ECA R AL R
I FFIK. ARG R BR85S AE
AT A TR SR 8 25 TRD A R4 T R o 1A
PR T i S iy ) 4 R o PO FE B RS . T St
DEPTCH, JCHAEAE 7 TR M 4 SRR 1 O
T, T HOE LIRS [ AR TRAE O 255
2 B AL PR AR FHL 16 2% 0 325 B (electromagne-
tically induced transparency, EIT) 2, LA EIT
I BAVE R E i b AT 3 S S IR RS,
A LS B T 5 B ) 8 A0 3 T e A R ) AT 45
IR

EIT JE S BOEIK A R T Bz —, ek
TOUME TR EAER], it — Al &t 55

BRI G BHR (S B23045) Firf s i L AR

http://wulixb.iphy.ac.cn

094201-1


http://doi.org/10.7498/aps.72.20221560
mailto:gqzhang@nankai.edu.cn
mailto:gqzhang@nankai.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

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 9 (2023) 094201

T REGAHTAEH, T2 i Be g A & 53 A, il
PR T R LA TGRS, DI XF 78 R b
I HGF ISR AR, R E T v,
PEFRAE RGN IOV R T IR SR ) e £ A%
Ak, AR, 7RSI T 63 B 25 %
IS, ARG . IR AR R, da ke
HuSCPATARE G, AT LUK 2P 115 S OGP e I
TR L. [ 1990 4F 3¢ F B35 48 K 2% 1Y Harris
S MR EIT SO0 LISk, WFFE N B8 B FE A [R) i A
FHEELT EIT 800, i1k R B9 $s -+
PR DOUT R+ B B AR 020 48 M L RS
I, T L8 F B E S F AR,
BA AR RS TR s sl k(s BRI )
TRBENSE, EwiE G TRIGE AR, B,
EIT %00 & 80 H TO6 715 B RMR A6 14 i Jig
St g U1 ARG BT 2 MO AU Y 1 T
EIT & A9z W Tt A 1) St 132
BT O 25T ) I BT R A ) IS FH 2555 20) DA
B LTt s AR R SR EIT 200 158 XA
LRI A BRI ZE T 2%, Sl T At BIUR
ISERAER T ZE, R T EITRUNAE 46 Mo
TA5 B AL B GUS WEAE AE. AR T3,
M T2 3T EIT 8O0 A Gk i, H A 900
iy AR A 5155005 G OE RO
LN VTS s w S B M i1 s S N b 7 0K
K, PRI AT LA Job #5428 44Dl Y 23 TR A 38 Lo
SEBXOG A R AR E R . AR SO FE TAEZ

(a) " (b)

+5/2(e)
D, la 2EMHZ 1 3/5(c
D, |a) A 1.6 Mz ¢1§2Ee;
1
\ Qs [ 1 0c
605.78 nm Y4 Ec
Qg 2r c
J 1®) / 10.2 MHz £1/2(8) s
3[4 IC)-o-!-o-o-o-o-'o—o— +3/2(g) B
17.3 MHz
+5/2(g) b

SETBEERERRSZ (Pr: Y2Si0s, Pr:YSO) ffARy EIT
RN S TG 5 i o] A 0 T 908 R B A ) D'
ESEESTIEOII %A

2 IR

i EIT RO LB Gk A7 g A an T 2
1 el OGS B FLHORTE Pr:YSO S A 52 i A
= REH ARG 4, WA 1(a) s, F—H
SRR G OE Ec ASE] Pr:YSO FhiAcr, FOAF Xt
RESIRAT [a) < |b), (4G T R ERAL THEZS, X i)
FEIARBTINR [a) < |o) BEE, fIRXT T 55— 3R
Tt Es I WA 2 FAARR ) A e i 2 o 2 )
B, SEURSOLRREE B RRT. SR, 4 A oG k]
MG, f59 CREE r] IR 0, JFDURFAH 16
WHEXAEGELE ProYSO dnfdrh. Zid—s& iFFfif
I E], T A—ARFIRE S G R A 1] A3 O By, AT
PIAEARSoE5e e Bk, T SEBC ik il i) 176
FISZIL. S T kSR e OB IO TR, — R
b EBOE S E SOt Z I F 2 —E kA, H
A B EAR 1°—3° Z JH].

HHAZSE FREAFSRIM, T EIT 2%
JO7 B D' K v A R s B e e R A A 62 C PiE 4%
T R 220 ) P R 5 R R T AR X ik
I AF A FISE I T R AT, e B 2 AP A2
WG AR SR R B Ey 2 BT IR T e 20675 1)
FARSYTRIART BN, TR N

1,e0°

1 (a) Pr:YSO #hikh Pr B F 25 EIT 300 M RER S W B, Ho, g, 00, O, Qs BIRES 0BG SR BOE . & 3Obxt
R B R HEATCR  (b) 36T EIT 8500 52 88 EZ IS R4 7 S22 B oR B, Hidr, BS o4 50:50 43 4%, Lens A ££HE 300 mm (™ 5%
5, iCCD M4 B CCD; MERE R My F7 b BE A &, FEREAR O Jy X4 ; PrYSO f A& F 3.4 K AYARIE I

Fig. 1. (a) Energy level structure of Pr ions involved in the EIT process in Pr:YSO crystal. Here, {2, 2, 2y, {25 are the Rabi fre-

quencies of the signal, coupling, readout, and retrieval fields, respectively. (b) Schematic diagram of the experimental setup for im-

age addition and subtraction based on the EIT effect. Here, BS, 50:50 beam splitter; Lens, convex lens with a 300-mm focal length;
iCCD, intensified CCD. The mask M is the image to be processed, and the mask O is a double-slit mask. The Pr:YSO crystal is

placed in a cryogenic vacuum chamber at 3.4 K.

094201-2


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. 72, No. 9 (2023)

094201

Eg (r,t) o e “oel f(t) Es E&Er
X/,,,’(T)e—i(—ks-‘rk(j—k](-‘rksl)~1‘d3,’,,, (1)

Hodp e AR RS OB AR ¢ O] wae
HRED |a) Bl |c) Z 0] () FE 4R BRIE A A0 f(t) Rt
ok i i s ] 22 A 12 A8 6028 R Es, Ec, Er O3
SAAE S M A BB IRIR /A bR <
SR Y () AALE r R EOR R ks,
kc, ke, ks o3 5500 FEGOG  BEBOBRE B
SRR . FEARNVEECAEIE T, DU 2 )
EPEHIR, Bl —ks + ke — kr + ks = 0. FHTARE
B, AHEAE PR B A, 18 AR 4 pR AR AR
PR, AT RO R B S Bl A S AR
ik
By (z,y) x Es(z,y)E¢(z,y)Er(z,y),  (2)
Hrp, Bj(x,y) (j = S, C,R, 8") 735 % B AR 55637
WAy R BOL R BLEI 1) 25 18] 3R 18 5 A5
FIHIX —FF i, 7T LLE T EIT 800 16k i A7
RN AR RN O A A T . i L na
GEIH H BRI T EIT 800 GIK i At o6 20 5F
IR B TR (5 B, oG
PG IR B SR A S SR g2k
A, R (2) #W, HHGO6E . B0 A B0
HA R RO s At ¥ ox 2 e =4 %
Wi, AT SE BB B A T4 . Wi
HWLE M s, 7R3 EIT 00 15 5 6
Afith A G A A AR DG 0% 40 4 M ar Blons 2
SPIH. T X M s E 2R, AT E SO0
Y G MO Z MM 56 7% | SO
FUIRAERAE, TR S 2 BOC R FMT 2L, I
A ] RE il A A IR M S O A B A
T B0 & B3 P4 R bk el 8 A7 fid A s
T A L A AR DC e 2% 1, a5 el e )
=, LM 2 BG5S 06358 st ] s
W, SEEARTRT AR I 2, AT LW T T
RIS LA, FETF BIT 800 Bk w7 i s B
IR, ] DLSEID I — B T PO s
PR 127) ZE45 A
SRS EOR BRI 1(b) FiR, Pr:YSO ik
CEAE Af R FLEME T L, AR HOCRES
S B R Py A A ECE R R A M AT O,
iCCD 7E 4f RG MR EFFATHRIN. 7ESLg0h, #E

JRERRE M oA i Ak B PSR, SRS O Jhy XLEE, g 5
LGNS, 75 ZE AR UE AU AP SRR M [P
A S Z A ] AR 7).

B, KA DR SO S 2id g
R O I S OLFIFT A Pr:YSO fh{kH, F
FHOCHK th A7 B A 21, AT LIRS X4 P 15 i e L
WIEAFRETE Pr:YSO ffRrh. 168 T, X 1
FIE— B L, ELF AT L, 4f ARG
S eEsR oA al IR

Es (k) o sinc (kya/2) cos (k;d/2), (3)

Hor, by = 2ma /(A f) HBETHBR o3, A
T F A ARER, d 9 XUEETRIRE, o 9 WAERIEESE, A h
Wi, fouBBEfEN, sine (kya/2) 9 HREERTHIN T,
cos (kpd/2) AAEET I AT

TERB G YOLREBOR S OL T, BT b Ec(k.)
f oA ] AR R R, IXARRE T EIT &40, 4 Hu
KHIFE G Ec(ke), WL AT LORE A5 5 0 /Y 2 [1) 45
TEAFAHTE ProYSO fir, Hoar A n] LUH 52 (3)
fiiik. 2 —EAARI RS, JHEEBOE Br (k) ASY
AR, TR S IO Es (k). X HL, 32
0t Er (ko) S MEIRRR M, b AR M P
Y, Ze B A (BUEIHR C), A IEE B
(& D), ZeiE& A/C 54 E1R B/D Z I
(I BE S AR O b i 34 () BEAR ), B A5
WA N Er (k). FERET EIT R0 06 IK w7 it
HEBSRET, T b2 O Ry A a5
By (kz) G565 ARG L O Y 25 5]
WG HFEAR, PRI 52 D6 1 2 (B AT LA A 2
RO 1 28 [ A 28 1 AP AT b A o A B s
AR (B SR SROR B T 5 P12 ) ol i 2 A9 A7
SBETE Pr:YSO A o (8 AT 5 1 S0 25 T — 3k
ARIZICHE, W2 B85 1 23 (G Es (k) 7T LASA

Es (k) < Er(ky)sinc (kya/2)cos (kzd/2).  (4)
HURCRAS, AU TR (4) BO5 A TR

1 wa\ ked
Es/ (ky) < = Er(ky)sinc <ka> e 2
2 2
1 b0\ jked
+ iER(kx)sinc (k;) e 2. (5)

MITRE (5) ATRAA H, B2 2 g 22
HIFFARTE Pr:YSO &R b i XU AT 5 121 S8 i/
EBDCHY B PR BPIAEr, X A

094201-3


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. 72, No. 9 (2023) 094201

HR BRI AL A B, HOBS 22 Af RGER G 35
PEAT R HLM AR S ) DLZE(R A5 2 R A
KPR th PTRR A B, BT RAT AR R 56 5
A, AHAOZAH B, AT A
Ui (2') o< Er(2") @ rect (22 /a) , (6)
U_(z") x —Er(z') @ rect (22" /a) , (7)
Hop, UL (o) UK +1 908, U-()IUR-1908
Y, @ IERUEHAT, o R LR, rect (22'/a)
N —YEHETE AL, B NIRRTk, T E
AR AR5 6 R/ NI BR ], PRIAG) ves As
e e oA R ST Suke T i NS TR u S
R EL AR R, +1 -1 RIER LY B
d, SREEREEAR . X REAE R, Al LEEEROL
S AR R MOBA RS B S OF HLIE
FIEE d, XA S B2 (a0, 7r 25 B as
il 1) S XU AT SR i, 38 27 A2 +1 A
LM LY. M ERN+1 g0t S
+1 90T E M, -1 4069 51 90650 S
i, AT LS SRS N . S8 WA R 1 20t
Y51 90tEN, 31 20695 +1 40t
B, T LLSE B EAR. AS [R] Y E 58 i =CnT
DL 1P A% 1 L b AR AT P S S, AR
FHLIMSE rR O RS AR E P, AT AT 5
WL RS 22 FBORIRR AT S O AHAS , AR RS &
Ap Hits s AufE
A¢p = —ksind - Au, (8)

Ho, kAU 0 AT M. F1 AT S -1
RATH SRR B I A L, A i A U A
SRS, T LLSEBUASRIAT S0 i 8, I 5K
BREZ s

3 ERREFERMELR

WPEHBIUIE N 0.05% 1Y Pr:YSO SbAEADE
ik P BT, AR S 10 mm x 10 mm x 3 mm
HWEHT W 3 mm Jrml. YSO fikE FHANG R,
B RB/INWARRESE, 38w AVE R E AR, Pt
BRI B, BT LT RINZR T
TSRS IZ Y, AT LA RO B SN PR X N 2
L REZBRAT A5 ), PRI )32 M T i1 FF
B4, Pt B T-HE YSO @ik b WA 547, 43
HIFRH site 1 Fl site 2, PAFRAS R 5 00 5 XX 0y 2

AR BEGRAE M R . A SCHEHE site 1 AT ES 1
RFFEXS G, HREHERIT *Hy < "D X G
M 605.78 nm. H T Pr:YSO fh {4 1 B RGN 75 1]
% H/hT 1 MHz, ZECHUCHKop e, 75 230t
FLA 78 W2 5 R e LR Pk, 1 ot
oL EYIEYHLA F] (Spectra-Physics) B Mati-
sse 2 DX JEZOCYLRHEOEAY, LI FH B(R610)
JUBHE 3G 2505, 408 532 nm DGR,
AT LAAS 3] 590—640 nm 1Y 3% 22 A WO 7E
606 nm Ab P ZEHOL T AR e Al Ik 1.3 W, 298/
T 100 kHz. 1 THOCHEART LR 5 VT A T AES
BRAT A REARATH o A AAS3E, S hdsdi ol 7500
Pl %% (acoustic optical modulator, AOM) X 4
T TR AN PO AR A T IR ] % IR R AL
A AA Opto Electronic 2% A A MT110-A1.5-VIS,
PEHIURIEE A 110 MHz £+ 25 MHz, #5145
4 0.01 MHz. f# H AOM [¥) Double-Pass 3 i fic
B, BB ) A OB R PR UGE o 7 6T A,
T ARAEZE L P8 5 A G G AN AE . SEd
BT Pr:YSO SaiACE #E i Montana 23 7] 4 7™
P TCIR AR 27 1 R 25 AR v, S AL T
PAREZE 3.4 K, MR EEREVEIL T 10 mK, M1 il
HH P 3 B A S R AR 1 R Y S e B AR
SMHIFEE T — A 4f R EGE, PrYSO Sy E T
Af RGN LTS T [, YL B e R 1R
TR . FERE L, X TR IGO0, A
Andor 22 H Y iCCD (DH734) #47#:0. iCCD
HL DK P 5 A Tk, RAESR IG5 6 808 r i
T8 TAE.

TEHATCIK AT, 75 e M SRS 2 1YY
SR TE Pl £ th—2H BA 5 A SO AR X
HI BRI I B T R 2%, 5Bt e fLADE R H
A, AT DATE Pt (19 2Hy < 1D, BRI HAE A RE D |
i — A B = RER R G, Hil st fR ] 2
P, T Sei e — RO 2 +£1/2(g) F1£3/2(g)
MY RE AT &, W4 25 80 J5 3] +5/2(g) BB e
b, A 2(b) B, SR (8 FH— A0 3% N +3/2
(e) «» £5/2(g) M S OGAE I B AR I, (75 2
T A AR 17 3] +1/2(g) F £3/2(g) HEARE
b, E 2(c) BR. BT A — AR N +£3/2
(e) +» +1/2(g) WITHERG, FHA FE1E £1/2(g) HLASHE
RVE IS, M5 0rA B A6 a5 £3/2(g) B2
I, niEl 2(d) Fis.

094201-4



) 32 % 3R Acta Phys. Sin. Vol. 72, No. 9 (2023) 094201
(a) my (b) my (c) my (d) my
+5/2(e) e s 5 /2 () +5/2(e) +5/2(e)
D, LEMEZ 1 5/5(c)  mmfrmm £:3/2(c) +3/2(c) |a) +3/2(e)
A 4.6 MHz +1/2(e) = +1/2(e) +1/2(e) +1/2(e)
605.78 nm
+1/2(g) 1 +1/2(g) +1/2(g) |b) +1/2(g)

G W W—
\/ 10.2 MHz
H, m—(e @ -3 /2(g)
17.3 MHz
—O—O— i5/2(g)

A 2

[ |
e £3/2(g)

=Q0-0=-0=-0~0=0= +5/2(g)

£3/2(8)  |c) =O=O=O=0=0=0= +3/2(g)

+5/2(g) +5/2(g)

Pr:YSO A v v, 80T a7 B AN A B = BB 2R e 25 i 44 i AR 2

Fig. 2. Flow diagram to prepare the initial state for the EIT effect with a A-type three-level scheme of Pr3+ ions in Pr:YSO crystal.
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Fig. 3. Masks on the object planes: (a) Mask with the images to be processed for image addition; (b) mask with the images to

be processed for image subtraction; (c) double-slit mask used to prepare the diffraction grating filter on the Fourier spectral plane.

SER A B = REH R RIS G, b
FEIGAINSEA T T S8R 50 E, SerEEInE 1 s, &
SElFBHT A—H 85 1915 508 Es fl—RFR 5t Ec,
9L —BRTE Af RGN LR O, H
gl 3(c) Bz, AEESE T8 A 0.5 mm, 4% A
B 2 mm, 4f KGR E SRS N 300 mm.
FEOOLHA 1 mW, #IEOLHEA 50 mW. T
WA EcPER, i+ REA THREE, X558
Es W e o W BEA, JTAERESRZAY L, AH R
M, 55 AR 2 I W RRAIG. SRS e At
KRG Ec, W LRSS G B EEREAIK R 0,
L B UL 4% 4 S L O 1 301 3 17 80K B AE A A P
YSO ffArr. Z8id K210 s ARG ], FTA—
WEHA O Ec [ [F] a] S B0OG Bk, S280OG Er
2RI MR R MO SR 30 R v S B ok ) 52 B
BEPOLEIES 5 mW. i T R W, it 17
[ 3(a) Ui BFER AR M, HA 2=y HFrE R A,
S LR ARResE, A HEREIZE B, S —45pksE,
PRAESETEN 1 mm, #5400 2 mm, AFI B AYES
AKCERIEE R 2 mm. F5 2R, MR O iy
WEELEE] I SR M IR A fEZE B ZH

AT ZTTAR ).

PO B 1 23 (B30 15 B 2 2 45 2 B
Es, 3t HBAFAETE ProYSO fh R ) XU &% 717 5 18
SR IR R R O MfE, Al LASEEL
PG RIAIN, S BDE 8658 A7 B BIE AR
WK 4(a) B, SSERASRINE 4(b) Frzs. Al LA 2
HFrEIS A FBEPRES B S0 B M 1T A, X —
WL G EATR IR T —BC FERUGR o AE, H
PREZE A — P RTSTRS AR B B— T
SYESEEL T EUSR AR . D T sl S s OB XHR
F T B, RS E O Er 51550t Bs
Z I AL N 3°, NI EEBOE Er 2R A 2 i
PRy, SO SR RTH AR A AR, AT
SYRCRMAN), PR AR A A, O
HAEA I GoR AT ARI R, T3 —A~ 5 P 2 i iy 3R
BRSO, 7R3 T EIT R0 S5 6K b A ik
R, A A A S 25 R
Prip AR 2 (AN 2 3, IR S B BO 2 A7
DRI, BEBOER 22 IR IR ST R 2 AR 2
orAi, SECRAE B ECE RIT IS TR RS
PR SRV 2R A IR O AT T BAR A, L%

094201-5



) 32 % 3R Acta Phys. Sin. Vol. 72, No. 9 (2023) 094201

JERI A BERUY. (electromagnetically induced
focusing or defocusing) [AJ#23 MK fin X 35k H ¥r
EUR RSO 5 2245 02, 7R BB 25 & 1Y
JE St AL, BMBE G Z [AARTAAE I A,
It H A B 5 D AR RN A &

Bl 4 Se2EEGA NS B A (a) FISCs 2 R E (b). A&
A Py 95 A St R L 52 0 A ) 1%y B A S T T S AE AR T v
SEET A

Fig. 4. Theoretical simulation result (a) and the experi-

mental result (b) for optical image addition. The two short
rectangles on the left and the single short rectangle on the

right are added at the center of the image plane.
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Fig. 5. Theoretical simulation result (a) and the experi-
mental result (b) for optical image subtraction. The long
rectangle on the left and the short rectangle on the right
are subtracted at the center of the image plane, producing

two separated short rectangles.
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Abstract

The electromagnetically induced transparency (EIT) effect is a quantum coherence effect between different
atomic transition channels. The absorption of the atomic ensemble is significantly reduced or even close to zero,
and at the same time, this effect is accompanied by strong spectral dispersion near the resonant frequency of
atoms, which is widely used in group velocity control, light pulse storage, and coherent manipulation on the
light field. In the light pulse storage based on the EIT effect, the retrieval field is determined by the signal,
coupling, and readout fields, enabling the retrieval field to be dynamically controlled by manipulating the
spatial frequency components of the interacting light fields. In this paper, according to the EIT effect, we
achieve experimentally the optical image addition and subtraction in the imaging plane of a 4 f system through
the coherent manipulation of the retrieval field via the interacting signal, coupling, and readout fields.
Specifically, we first store the spatial frequency spectrum of a double-slit mask in the praseodymium-doped
yttrium silicate crystal located in the confocal plane of the 4 f system based on the EIT effect. Then, we utilize
a specially designed mask containing the target objects and perform spatial filtering by using the spatial
frequency spectrum of the double-slit mask through the retrieval of stored light pulse. By moving the double-slit
mask, the addition and subtraction between the images of target objects can be achieved in the imaging plane
of the 4 f system. We present a theoretical model to describe the addition and subtraction between the target
images through the EIT-based light pulse storage technique. The experimental results accord well with the
theoretical prediction. Compared with the traditional scheme with a cosine grating filtering the spatial
frequency spectrum, our method does not require the preparation of a spatial frequency filter, and only produces
the first-order positive and negative diffraction images without the influence of the zeroth-order diffraction
image. The optical image addition and subtraction based on the EIT effect provide a new approach to optical
image processing. This approach is not limited to image addition or subtraction, and it can be extended to
achieve more complex operations such as differentiation, enhancement, encryption, and decryption with rational
design. Therefore, it can be widely used in areas such as coherent manipulation of light fields and dynamic

optical image processing.

Keywords: optical image processing, electromagnetically induced transparency, optical image addition and

subtraction
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