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Ligth, main carrier in the present information technology, is electromagnetic wave, and
also an ensemble of energy quanta, photon as well. At present only the fact is used that light
propagagtes as an energy flux, and the wave nature of light is never used any more so far.
Conventionsl information theory is readily capable of designing communication system
based on the wave nature of light, and providing its performance limit. However the ulitimate
performace limit of optical communication is eventually given by the law of quantum
mechanics that governs photon dynamics.

Quantum channel capacity is then determined by the distinguishability of optical quan-
tum states. In this article we consider one of the most basic quantum signal system, sym-
metric states of a single photon polarization, which is often used for quantum key distribu-
tiontion. It is clarified what is the maximum amount of information that can be extracted
from that source and how one can implement the optimal detector for attaing it.
Conventionally detection of polarization modulation signals is made by using a polarizer. For
a single photon state, the binary output detection based on a polarizer is the standerd
mesurement, which is called the von Neumann measurement. On the other hand the optimal
solution in quantum information theory is given by the detector with three outputs at most
regardless of the munber of the signal components. This type of detector can be implement-
ed by the polarization interferometer. We developed such a detector and could demondtrate
the 96% of the predected limit which is superior to the conventional von Neumann limit.
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RIF-TUREL L, THROZLT — AP
TEEMHWPI & HWP1 " A S hTw 3,
HWPLIZ R o2 y /2720 Mz & ¢ 5%,
HWPY 3Btk 22072 DI A L2 H D T,
FHDORWHREZ RV ZODREIPSLDE —2L
IEPBS2 TEWEL., DD =25 T—D
BB DO R—FONAL, K aDKIX
HWP2 Tt % /8 7213 iz L T4 & PBS3 N[
VW, RRRIICR=TF1E 2 TSNS,

shutter
mode matching

PBSO ywro ATNZ
(motor-driven)

B S gE:EA

EEIFRH4 EFU, R—K0O. 1. &2I(C
(& APD & a silicon photodiode &%
NS v v T o T TTNHONDHEE
DUDOEBEZIRBEIND, IXTDPBS (&
SEHXLEDRAEEDLDAITEENHET
FOULTTIA AV NEESDTHD(=
0.02rad),

fiJt Mach-Zehnder T#R DT K IZPZT 7
7 F 2= THEYZEBERIIT Yy 735,
Oy 7o 2Bm T BrRICALY, &
DBFORAFRE I HIFE X 20 — 308 TH %5, St
2 & L Cldsilicon photodiode & APD (avalanche
photodiode, EG & G, SPCM-AQ-141-FC) ® 2 i
VHHVBHMBEIWNEICLETI4 v A2 PHIC
Mo, BEPEETFRBHATHY ., v VFE
—FHT7 7 ANNENRSINAPDANENN D,
APDOWHIEH v v % — (EG& G ORTEC,
model 995) TEHEI N D, Z DD~ DN
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HAENT MVEESRT MUVORICH
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T A TRAREEN SBEP RN LV, TOF
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PBS TOAEELI LD S 2h (PBS
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NV OFFEMRBIM S . B AFEE.
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FDR— T TKIE1000 count/sec TH b, (Fl~
4B B E NP BERER—-TOH T ¥ MY
13105 count/sec F£EETdH Y APD OFIEHIR O
PRICINE S X9 o TWwb, EBIHEON
T EE X
%:—: 2= .98, (23)
BETH S,
et ] s DYERE & T3 2 720, AHEAE R
DIRKEDO AR 5T, FFIRELE {vol LEN
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5 &R

M 71%3E5DE D =20 APD TOH X
WIIBRETH 5o HXHHIIREE DS AG B
WX LCTHER— MBI SN A HERICHIET %,

WIEfAs |—n/6, n/6, m/2! DEFIZIE, Y
e/ MEDTE TR Ly WEM2s {—n /3, 0,

relative power

-1/6 0 6 /3 /2
polarization angle (radian)
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SDES
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z Clarke &
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T 045¢F
£
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= i
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A *
0.3 : : -
-n/2 -/3 -n/6 0 w6

initial offset angle (radian)

HEEERED 6. kEH. 3TESOEE
+ORERIE. RROERE. SSHIRER
von NeumannBIEICLDEEIERE. =FA
E& Clarke BIC &k o> TITHNIcEERE 39
(Bo=0&—m/61(THHY),

n /31 DYEIIEEE R IHE SIS L. Ref.(39]
TO trine & W anti-trine PWE L V> TWB H DI
I %o Clarke Sl £ 1 DB S D rms
e LT38%DZ WL TWAEY, TAD
FEERTIZ1L1%E . XV EWfEE 25> TwD, &
NEFIREEE =2 AT v & OFREINB - T
Wb Thb, RTOF— ot Sha M
HAEHEZ X BITRT . B TOMEEHREIT
B & 22 HAEY von Neumann %12 X % Bt
XV REL B TEY., BETHRENEDERE
PHER I Nz T 72, A DRz KA S H
X Clarke et alBIDHD L N HIZKEL 5T
wéo:niﬁL®3k<ﬁ%E—Axiuv

DBENFW > TV D7D T, BfEH» S O
Qﬁi\ikﬁﬁk—AXTUvﬁ®%ﬁﬁi

1
Port2 ——
o, Port 1 - - e
0.8 _\"‘ PortQ - ?_}, |
§ \ £ N
8 \
2
B
R}
e

-2n/5 -n/S 0 5 2n/5 3n/5
polarization angle (radian)

5TTESDBEED =D APD TOEx

78R
0.48 ;
ideal
0.47 [ Neumann ===/
experiment i

045 | o [ b\
044 f

0.43

042 |

mutual information 1(X:Y) [bit]

H H +
0.41 Frdse . *1s,e
i .

0.4 : * * *
-3n/10 -n/5 -n/10 0 /10

initial offset angle (radian)
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0.48

0.47 1 Neurriada%?': ---------
an] - oot

0.45 :
0.44 K
0.43

0.42 7«

mutual information I(X:Y) [bit]

0.41

4 H i i i i
-3n/14 -n/7 /14 0 /14
initial offset angle (radian)

7 TiEEDEEDHEBRERED 6, K74,
xlgm=2. +lEdm=3DEIHIHT Do
HDEEEDEZEIFR 8 £F L.

F101%EHT2HDOTH 5,

91X5 T35 DY ED=>0 APD TOHMx
WIIsaEE, M101E2hd HEHE S - ISR
BHTHb. ZOYHEOHMEN von Neumann il &
WL 2B S DR FE DTN DDTH S,
5KfE 5 TR, 3B TD%E XV E T oM
BHFELLHILLTEY, HENEEZO DD
AN E L BB, Rk L7z & B0 M EEHEZ
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N —DZfEIIHEBRTE 5 &L RS, 34Ty
OB THRTR2ESORIIR SN D720, 7
FOILDRAHE Z B & IR I KA LA o
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Neumann %€ DG & DFEDPNS o TL
9o 7272RE Lo KM HE D > DFEE
OWPOMIEA BF 3T, 5T L b=
002TH 5,

B 1113 75815 5 D% a0 D Oif# (x idm
=2, +3m=3Dff) 13T HMHENEHEDOLEAL
Thb, TOWH. EBORKIKMEMEHRETD
13%° von Neumann Jll & DB Z L5 2 &1
TERL o TWh, m=3 DL DEEBRMH K
HHREEm=203b0L N ETRELRoTW
%o BBIICIZ NS IEN CHEN#EZ 5 2
23 FTDOLDTH LA, FEEEOBIMIPIETIX, m
=2, m=3TTHT 2HOM3FEAE) 720D,
ZFIWARELRTHI Y FF A PSS L IR
MEAHTLE > TWwb,
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% [40] [41],
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accessible information #9239 % 72 Ot
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