SPECIAL REPORTS

Elf# EIT Eifili — KK I\ ADEEIFIE

Electromagnetically Induced Transparency in Solids—Principle of Operation for Devices of Tomorrow
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Electromagnetically induced transparency (EIT) is a phenomenon in which the optical properties of a material, such as absorption and
emission, are dramatically modified as a result of the generation of the superposition states of the material when irradiated by two lights.
Toshiba has realized EIT, which had formerly been observed only in gases, in a solid medium by using rare-earth ions in a crystal

(Pr*:Y,Si0s).

We have also proposed the application of EIT in solids to quantum computers, because the lifetime of the superposition
states in the crystal is extremely long and the superposition states can be controlled by lights.

EIT in solids has recently begun to be

studied by other research institutes, and is growing as a novel technology.
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EIT in absorption spectrum
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Basic scheme of frequency-domain quantum computer concept
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EIT quantum memory

LD, BN TP EIEAZIZINRL WL L NG v,

BFAE)IATY, P28 T2 5K L) R 44
REDMEPED 2 CEERPLE T Ve EE, Pri'Y,.Sio;
ZHWT, BV AEROREEFEOERENITTONIT
WA RV ATBIRZ T TR, BT IREOEEE L2
THImTFAEVELCOEIISHOBETH 5,

BTHEESPETHYS, t2E Ty edrRT OV
Ya—4 T, BThoRTRE (R 263 26871
F—=IPBERHLVIEIUHETH L, ZONET T =M,
PRI IR EILTOEMESE FLL, FEFICKRER
MRS LETH L. ZOKERIEREEEZ, EIT T
FHLEIETERADD 5,

EIT T, WEREMONFFAER L I3 2 H MK
FIIZ BT, WIUIH ST 5 MR E QAT DR
BIZIZ2RTTHTHOBHELA Y —~HT, EMIBEZRE
HFTHBICL>THROE ), HEVITHLBICLEZKERHE
RS 20, IEHILEBORRYF 72 NANAGFD T H 7
WHEZFMTHDOTH S, HIZ, EITHE P ToXoREHE
HIEWICELTHIET, SR L EITHEE L o855 T A4t
PVANERIEML, TANVF—FREE LIPS N5 b IERIE
HWRICHMTH B, 72, EITIC X0 HIEE & BEfIEE %
M AERQTW ) EITHEH 2 RiESE, REBRZ AN F—
TR OVHE/ERRE CEICRE2IERELEZT &1
FHETHIRE DD B,

CONBTA MY, BREIT 2RI TE LW RN D 5o

B EhiE

EIT &, St flEtEIcERRE O LD o2 2
FHLT, WHREOEREEORER KA G o 72K,
RURASTHE o7z, BFFHIHBNEE 2 AT
HHNZHIH 5720008 o LB AR LRERD—DTH %o

BUE, SN SR IFDOIEARN ORI 7%, Hik M
WL o 2B, THT Iy BIIRNR NS TNA A
BN ZDREZLERDODODH Db ZOWNDPT, FEH
TNA ZALICH R R EARICE S EITE, 4% 95920

BElfA EIT il — KK T/ A RDENERIE

HEETEEZOND,

COEAKREIT BF%E1E, gtz W, A& —+L, ERTO
EIT # £ T 5FT, BEICUHO ) Y F N BRIIESE 5720
Z D720 BB ) FATHZES 2 L, EIT BB OKMEZGKRL,
FARTHMZT LD TEL L2 REILD, WHEHERL,
Bl A2 TRLTEIRKFEKRTOEIT Z2EH L7z, 72,
FAREITO®RTFIVE 22— ~OIBHERELED,
FitHEAF R AR IV —FICHEALEIE WD
FRIEPIIE R >TIIFEEL o720

LoL, BUETIREIT 2 FIH L7ckk 4 % 784 A, FR1Z
IR 7N 4 2SR R S, FEFEBRD T, [k
ZRAL-EBRLME SN T WS, FATHE AT V5
EWmEAMAL-RTF IV Ea—yOB%Ed, ROV OH
DR TITON DL hoTEY 10" =k
NZEA Y ELHRANLDDHE 2 7228 T, BMREIT £ 1%,
LHIME L 2SS RIET 572590

LHhiL, bold T BLREOFMEEZONL®ET
2= ~\DOILHAEEIT 5 7-DW5E % ED TV,
ZNERFHC, FREELEFTNTHIRVWHEMITHY, ZOIRH
RENARLE R ZFS 5TV BEIZEZ R WEIREITHAR D,
BRI HEENALEL R LTV,

X

(1) Ichimura, K., et al. Evidence for electromagnetically induced trans-
parency in a solid medium. Phys. Rev. A58, 1998, p.4116 - 4120.

@) WHHIE—, (3. EAICB1T 2 EIT (EREHEEVIL) . KELEa—.
54, 5, 1999, p.67 - 71.

(3) Ichimura, K. A simple frequency-domain quantum computer with ions
in a crystal coupled to a cavity mode. Optics Communications. 196,
2001, p.119 - 125.

() WHE—. FEZEEzHHLz2EEAETET Iy Ea -5, 1L
L¥a—. 57,9, 2002, p.38 - 41.

(5) Fraval, E., et al. Method of Extending Hyperfine Coherence Time in
Pr*"Y,SiOs. Phys. Rev. Lett. 077601, 2004, p.1 - 4.

(6) Fraval, E., et al. Dynamic decoherence control of a solid-state nuclear
quadrupole qubit. quant-ph/0412061, 2004, p.1 - 4. <http:arxiv.org/list/
quant-ph/0412>, (accessed 2005-05-08).

(7)  Fleischhauer, M. ; Lukin, M. D. Quantum memory for photons: Dark-
state polaritons. Phys. Rev. A65, 022314, 2002, p. 1 -12.

(8) Turukhin, A. V., et al. Observation of Ultraslow and Stored Light
Pulses in a Solid. Phys. Rev. Lett. 88, 023602, 2002, p. 1 - 4.

(9)  Lukin, M. D. ; Imamoglu, A. Nonlinear Optics and Quantum Entanglement
of Ultraslow Single Photons. Phys. Rev. Lett. 84 , 2000, p.1419 - 1422.

(00 Crozatier, V. et al. Laser diode stabilization for coherent driving of
rare earth ions. Optics Communications. 241, 2004, p.203 - 313.

() Xiao, Y. -F. et al. Realizing quantum controlled phase flip through cavity
QED. Phys. Rev. A70, 042314, 2004, p.1 - 5.

(12 Longdell, J. J. et al. Demonstration of Conditional Quantum Phase Shift
between Ions in a Solid. Phys. Lev. Lett. 93, 130503, 2004, p.1 - 4.

mf E— ICHIMURA Kouichi, D. Sc.

et rs— 70y 747V —FFKI M) —FE
WFJE R, B, 6% AR L7 T HULEE 5 05 £ 2 D5
PSS\ E g, AARMIISS, B RIS, AR LA A .

Frontier Research Lab.

123

HioHfow— [l l

=
o)

>Z20(r



