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Slow image and fast image in image resonators
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We investigated the propagation of transverse two-dimensional images encoded on op
tical pulses through image resonators. The Fourier method shows that as long as the spatial and temporal F
ourier components of the image were within the bandwidth of the amplitude and phase transfer functions, im
age can propagate through the resonator successfully and the relevant steep dispersion of the cavity can y
ield delayed or advanced images, that is, "slow image" and "fast image". The slow and fast images were exp
erimentally demonstrated in the single stage image resonator on the over- or under-coupling condition, as
well as in an induced transparency frequency window of a coupled-image-resonator.



Na
17m/s
(EIT=Electromagnetically Induced Trans-

parency)

10 pm

EIT

(CRIT=Coupled Resonator Induced

Transparency)

EIT

Fabry-Perot

(M

OTF(Optical Transfer Function)
2)

CRIT



Laser

Fig.1

Fabry-Perot

CRIT

Input Image

Fabry-Perot

EIT

Q /o

Fourier Image

Output Image

Single Resonator

Under Coupling

Critical Coupling

Over Coupling

Coupled Resonator

CW Image

Pulse Image

Fig.2

Fig.1
CCD
R1
R2
R3
Fig.2
Fig2(a) X-Y ,
b4 Fig. 2
(b)

Fig2(c) (d) (¢)

under coupling, critical coupling over coupling

under
coupling
over
coupling
Fig2(f) (2
25 ns,
Fig.3
Fig.3
(a)s(b)s(g)s(h) (C),(d) Over
coupling (e),(f) Under

coupling



Fig.2
Fig4  (g),(h) (a),(b)
(x0.5)
Fig4 (i) ICCD
Fig.4
0 (a)
Under coupling Over coupling
(b)
Under coupling
-6.0 (ns) 6.0
(ns)
Over coupling +8.1 (ns)
+8.1 (ns)
Transmission Reflection
Over Under

Fig.4

—
(=]
L

=
in

Intensity (Normalized)
5 o

0.5
04
-50 0 50
Time (ns)
Fig.4
Fig.5
Fig. 5(a)
Fig. 6  (a),(b)
(CRIT)
Av=0 (aA)R2 =0.90
0.80
R2
(©),(d)
Fano
Fig. 6(a) AB,C.D
A B
C

Fig.5 (a) B,D

Fig6 C

Fig.7  Fig.6

Fig. 5(a) A

100

(b)R2 =

Av/=0



Fig. 5(a) C

=l N
L] bz
i
= 0.
Eo. ®)
By _
‘-L? .. ™ Vv
£0.5 L % £k
= Nl N A H
EIRICEAVA @\ | |
-200 0 200 400 -200 0 200 400
Detuning Frequency, ov (MHz)
Fig.5 CRIT
Fig.6

Intensity (Normalized)
o
w

0.0t ; ; ; i
-10 -50 0 50 100
Delay Time (ns)

Fig.7

16
“Direct observation of a pulse peak using
a peak-removed Gaussianoptical pulse in a
superluminal medium", Makoto Tomita,
Heisuke Amano, Seiji Masegi and Aminul 1.
Talukder,, Physical Review Letters112,
093903 (2014).

”Transition from an optical precursor in
coupled-resonator-induced transparency to
coherent energy exchange in Autler-Townes
splitting”, Tohru Oishi, Ryuta Suzuki, Aminul I.
Talukder, and Makoto Tomita, Physical
Review A88, 023847, (2013)

“Inverted coupled- resonator-
induced transparency”, Tohru Oishi, and
Makoto Tomita, Physical Review A88
13813(2013)

“Propagation of the centroid of Poynting
vector in transversely phase modulated optical
beams in spatially dispersive media”, A.I.
Talukder, Tsuyoshi Matsuo, Takahiro
Matsumoto and Makoto Tomita, Physical
Review A, 88, 063842 (2013).

“Causal propagation of bending
nonanalytical points in fast- and slow-light
media“, Ryuta Suzuki and Makoto Tomita
Physical Review A, 88 ,053822 (2013).

“Perfect blackbody radiation from a
graphene nanostructure with application to
high-temperature spectral emissivity

measurements”, Takahiro Matsumoto, Tomoaki



Koizumi, Yasuyuki Kawakami, Koichi
Okamoto,and Makoto Tomita,, Optics Express,
Vol. 21 Issue 25, pp.30964-30974 (2013).

" "

- 8 516-523
2013
“Optical precursors in coupled-
resonator-induced transparency", Tohru Oishi,
Ryuta Suzuki, Parvin Sultana, and Makoto

Tomita, Opt. Lett.,37, 2964-2966 (2012) .

“Necessary conditions for two-lobe
patterns in field emission microscopy”,
Yoichiro Neo, Takahiro Matsumoto, Makoto_
Tomita, Masahiro Sasaki, and Hidenori
Mimura, Japanese Jour nal of Applied
Physics 51 115601(2012). .

“Fourier analysis of slow and fast image
propagation through single and coupled image
resonators”, Parvin Sultana, Takahiro
Matsumoto, and Makoto Tomita,,
International Journal of OpticsArticle ID
960985 (2012). (9pages) .

“Causal information velocity in fast and
slow pulse propagation in an optical ring
resonator” , Makoto Tomita, Hiroyuki Uesugi,
Parvin Sultana, and Tohru Oishi., Physical
Review A 84, 043843 (2011). .

“Slow optical pulse propagation in an
amplifying ring resonator” , M. Tomita, T.
Ueta, and P. Sultana, Jour nal of Optical
Society of America B. 28, 1627 (2011). .

”Complex-number asymmetry
parameters of the optical Fano effect in ring
resonators” , Makoto Tomita and Hideo
Ebihara, Optics Communications,24,
5513-5516 (2011). .

“Revealing real images of cloverleaf
pattern emission sites by using field ion
microscopy”, Yoichiro Neo, Takahiro

Matsumoto, Makoto Tomita, Masahiro Sasaki,

Toru Aoki, and Hidenori Mimura, Jour nal of
Vacuum Science and Technology, B 28,
C2A1 (2010) .

“Delayed optical images through
coupled-resonator-induced transparency” ,
Parvin Sultana, Akira Takami, Takahiro
Matsumoto, and Makoto Tomita,, Optics
Letters, (2010) .

"Advanced and delayed images through
an image resonator,", Makoto Tomita, Parvin
Sultana, Akira Takami, and Takahiro
Matsumoto, Optics Express 18, 12599-12605
(2010) .

9
”A"dvanced and delayed optical

images through single and coupled
image resonators”, Parvin Sultana;
Takahiro Matsumoto; Makoto Tomita
CLEO: 2011 in Baltimore, Maryland.
JTul34 USA (2011)

(M
TOMITA MAKOTO

2
3)



