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Fig. 1. Schematics of quantum logic qubit preparation.
HWP: half wave plate with its axis aligned at 6 =0(0 =
n/4) completes the transformations |H) — |H),|V) — |V)
(|H) = |V),|V) = |H)); SWi(i =1, 2, 3): optical switch
transmits (reflects) photons when it is set to modeT(R);
H1 with its axis aligned at m/8 completes the following
transmissions: |H) — |+),|V) — |—); PBSI and PBS2: po-
larizing beam splitters that transmit (reflect) photons in
state |+) (|—)); PM: a phase modulator which introduces a

phase ¢ =0 or ¢ = x; BS1 : 50:50 beam splitter.
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Fig. 2. Schematics of quantum logic qubit measurement.
BS2: 50:50 beam splitter; SW4: switch transmits photons in
t1 mode and reflects photons in tp mode; PBS3, PBS4,
PBS5 and PBS6: polarizing beam splitters. PBS3 and
[H) (V).
PBSS5 and PBS6 transmit (reflect) photons in state |+) (|—) ).

HWPS: half wave plate transforms the polarization of a

PBS4 transmit (reflect) photons in state

photon passing it as follows:|H) — |V),|V) — —|H),
[+) = |-),|=) = —|+). H2and H3
aligned at m/8complete the following transmissions:
|HY — |4+),|]V) = |-).D; (i =1,---,6): single-photon de-
tectors.
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Table 1. Clicks of detectors for four different
single-photon states.
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. B HOET AL time-bin A i &
TEIRAAEAFILR Tl 5. itl, Bir & AR IR
HHOE T SRR REO T, X6 T E (2
FEBIAEI S N E BRI ) 212 TR BT 110
ARZS, AT MBSO ) B T I B 45 2R Oy 1
I BB84 i FI B9 50t 725264, Ht T DSQC 1Y
Gt IR 2 Fin BB84 TR E et AT
CZ B R R, B T AT LR TS R
(individual attack) FIEEAIH; (collective attack)
507 HOR BT 1 A8, S FoRUE, X
Sy SR S DG B B AN, SRR e
2RV e SUCI = RN = o -3 1 R % N i v
SRR TR, T T DA A AR e S ok
SHTERIET DSQC %41

4 Eve >R I i 8 % 19 75 2085 Wy X5 22 1] 1Y)
5B, Eve 7EX2 BT J5 T LLBAG Y — > LAY
SRS S AEAR [ 32K AR Bob Y HRAEIRAE I X
B3, FHRIER 1 50 A R A AR Y B
SHEAT AL L Bob, X2 T iE il &t 5 A K
. T, TR HT Alice &% DUFP G F AR Eve
Dt B A S AR A S

3 Alice Ak T 80| He ) KOG T, B3k Bob
Ui Ji , AFE PRI 5 14y e 1o, N HERR R AN 5% 2 gL 27
AHWNHE Eve fA7E, TEEBINEDG S, o
PR 5 00 o o7 175 0 ] 5 — A P ERT R X B AE 1
o R R e 7 17 L, Eve AT RESIAF LT
ASREBLANER 3 .

Eve ¥ A C #4161 &% 45 Bob, Bob i ]
A [R) 0 2 AR A T U . 2% Bob By 5 7T
RE R A T L AN 4 g, % Fb 3k 2 Fk 4 00, it
i Eve $ & BN 0.25.

2 Alice ZiktmFAR|VE_ )W+, Bob %
WG T, PRI A5 1 e b Kz HCAE A a5k 5 B 4.
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HHEBIVIE Eve fA78, TEHIVOE TG, Wil
25 1% e SO 155 D 48— ST BB R 3% AR IE .
FRAEHEI 8 i A5 0, Eve 1l REH 4 A6 T4 10
AN 6 frsi.

Eve ¥ H 2 il #& W6 T &% 45 Bob, Bob fii
AR ) B4 0 B Y s R A7 0 . e 2% Bob AYFE I 7% 1T
RE o 1% e an e 7 BT AL XL 5 ORISR 7 ATl
IEHT Eve #  BUAER K 0.25.

2 Alice Kk TR |+to) IGTF, Bob 421
T, GEDNES e R K FOER N3 8 B g, A
BIVTE Eve fE1E, TEBIVCF G, Mo MRAR AR 2%
M) 17 1 Ll & — AN T EBT Rk B AR E . AR
PRI S 5 L, Eve 1] BEMI & HEFAS BB
= 9 fral.

Eve ¥ C il % 196 T &% 45 Bob, Bob i ]
AR T) F 3000 Y e AT . e 2K Bob B4 £ 1T
A Ao 5 B AN 10 B ). XF b 8 FnEE 10 n]
1, R Eve B R BIREAH 0.25.

2 Alice KX TN |—t1) 6T, Bob ££1L
FDEF G, BRI A A N K HAMER % 11 g,
FHAGIVTE Eve /E4E, FEGIVTET G, M SR YRR
D25 1 i o7 155 Dl 26 — N6 BT R % AR E .
MR YRR Z8 A BB B, Eve A] BEHI & MG TFERY
AN 12 3],

Eve # A C #4106 T & %4 Bob, Bob ffi ]
AH [R) 0 2 2 AT U . B 2% Bob B4 5 T
BEm N LN 13 Frgll. adad X e 11 fngk 13
AIHL, T Eve B & BIMEREH 0.25.

%3 Eve fl&ICTE MR

# 2 Bob HRIARN )] BETE B Table 3.  State and probability of photons pre-
Table 2. Click probability of Bob’s detectors. pared by Eve.
AR Dy (to) Dy (t1) Ds (t1) Dg (t1) TS [Hty) [+to0) |—t1)
P 1/4 1/4 1/4 1/4 {2 1/2 1/4 1/4
F 4 Eve HlEHGT7 |6 AOHR 2508 LR AT AR 50
Table 4.  Click and probability of detectors triggered by Eve’s photon.

PRI A1 Di (to) D1 (t1) D3 (t1) De (t1) D (to) Dy (t1) Dy (t1) Ds (t1)

% 3/16 3/16 3/16 3/16 1/16 1/16 1/16 1/16

#* 6  Eve fil & HOL TR

# 5  Bob HRIARIL AT BETE B Table 6. State and probability of photons pre-
Table 5. Click probability of Bob’s detectors. pared by Eve.
M b Do (to) Do (tl) Dy (tl) Ds (tl) HFE |Vt,> |+t0> |—t1>
HER 1/4 1/4 1/4 1/4 HE2 1/2 1/4 1/4
F 7 Eve HlE 0T 5 | AHRIM 2508 LR AT REA 50
Table 7. Click and probability of detectors triggered by Eve’s photon.
PRI ] D2 (to) D3 (t1) Dy (t1) Ds (t1) D1 (to) D1 (t1) D3 (t1) De (t1)
xR 3/16 3/16 3/16 3/16 1/16 1/16 1/16 1/16

%9 Bve MAHDLTE LB

# 8 Bob BRI L 1) 7] BETE B Table 9. State and probability of photons pre-
Table 8.  Click probability of Bob’s detectors. pared by Eve.
WKL Dy (to) D> (to) Ds (t1) Dg (t1) HTE [+to) [Ht4) Vt_)
MR 1/4 1/4 1/4 1/4 MR 1/2 1/4 1/4
10 Bve HlHGT 5 I mR I i S T RETE 5L
Table 10.  Click and probability of detectors triggered by Eve’s photon.
IR i D1 (to) D2 (to) Ds (t1) Ds (t1) D1 (t1) Da (t1) D3 (t1) Dy (1)
R 3/16 3/16 3/16 3/16 1/16 1/16 1/16 1/16
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F 11 Bob HRIAS RN YT RETS 5L
Table 11.  Click probability of Bob’s detectors.

”l’ﬂﬂﬁ D1 (tl) Do (tl) D3 (tl) Dy (tl)
i 1/4 1/4 1/4 1/4

# 12 Bve fl# 1T S R4
Table 12.  State and probability of photons pre-
pared by Eve.

T |—t1) |Ht4) Vi)
% 1/2 1/4 1/4

F 13 Eve A AOLT5 AT &m0 ) AT e 5
Table 13.  Click and probability of detectors triggered by Eve’s photon.

TN 3 Dy (t1) D3 (t1) D3 (t1)

Dy (t1) D1 (to) D> (to) Ds (t1) Dg (t1)

e 3/16 3/16 3/16

3/16 1/16 1/16 1/16 1/16

i b, AT, M TEE— LTS,
Eve I 4 5 & J5 51 A9 0= 05 A< 44 0 0.25. 1M1 24
Eve M EH A n AMCTIE, fbp i H L AT
Pt Bob M ELRAMERN N 1 — (3/4)", X—45 R
5P HHE T HOL T PO R IE S L f i 5 SR 9,
HAAHAE TRATAAAREF LR SO, B— R
T2 A A B TR ] AR i— 8, X%
WA T T S BAT B E VA

4 TATHEAAT 5 A

AL 138 7 5 SRR, BT IR LR
FIF G PERE SRR 0 7 R S PR iy L 7 A —
AR S B B P e A8 B0 5 PR EmT A
Gy R =L BT 1) HiE BT (deterministic sin-
gle-photon source); 2) FHR A FIEF I (heralded
single-photon source); 3) HOG T I Y HEFLOGF I
(weak coherent pulse). B % A9 5L F I 38 1 B4~
TR T EERIE T ARG E AT, T
AT B I B R AR P B, LA B T IRIB AT Y
SRS B T A YL il
HFIREET H &S i T SR At B A O
TR, SRR 0 SO IRZ HT R
i PERE QKD. 28 BT IR A T R P i A AT
DLESEH TR LT DSQC Jrgh. &k, #
ME B, ZZERE T IR RES 2] 1 KR 42
T, AT LA A i s PR A TR SO B, X
A AT HAE T AE b py R . OB HERG
TR HE v AR A U2 S AT QKD Iy F2 %
DGR, I B A5 B AR T LRI O 5808 2400t
13 B ERCR AR LE R BTl 5 AR, JF
8P B BT IR R T LR X SO GRS B,
SE RN LA BB E AL

FE2 B AR g A O R FRATE SRl T 9
() HWP 45 il B I A AR 285 00 S BUAS (] 32
PR U4, 7R S PRI 2 4R LU R i R v, AEAE
o 2 R PERE A OGAE T 5C, FR AT Ok 1Y) 2 38
N A ABESRREE I TR S HACE. 2011 4F, Hall
A 1O SRS T R EOGA I G, IR TR
WG 22 ] By 21 gidiidss . X OG4TSRt i)
7 10 ps S AP ALY Y AU, Fom A
FENT I EZE 3 0.05 dB, JE TR AR B B
Fik 99% LA b A, IRATZRE T LG5I A
Y52 . HL 45 58 R & (pockels cell) [RJAE AT DL 5K
BT B R ACIRES A 2R, S A Fifk
ARZ, FEM 2 LG RE B BT, X2 SR
ECHT QKD T3k (U 45 15 5 40T 1142,

FERATH LT DSQC %, e+
AR AL AN time-bin PG F Fh R4 AR %) 19 2 0 3k 2k
HORIG— N HLE R HURE. 5 AT A3 TR
T 18 B R 1 R A A RO TR 202810 AT il
FH— A~ B B 1530 A — > 20 L1 T8 il BE S PR
TEE B K. AR BT I 2RI 25 13
RN, AT 77 B AT XOE 72 405 DSQC
i BB TREAGHTIN; A E LT R R FE
FHERARERIN SR GO0 T, AT 20T DL BT
AR AR B, FINTE% e ma i, B Y
QSDCIT=111 A [7] 1) 5 Wi Ja R0 T AN itk 53 R 28 1 B 1Y)
R AT A TP F ] i,
AL TR R B A A QSDC —2F, A
T HAT E 5 A P, TR H e g 45 P i
s 5y S8

ZREPETHZA A B EE W DL time-bin 4%
I FH B %) oo A 9 SR 1 X BT ) 2 T G
WE & T RIERF I T BT EEERE
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L0051 SHE A TP I (5 % 4
P ERS 3K E, X T 2 T, A7
ST 6T 2 1 EERTIAERE ) DSQC, B
R/ BT (3230 56 9L T
SEPEIRZ L.

5 % #®

AP T — D HETHGT 1 DSQC T E.
T AE MR B K R IR il I B
TR AL time-bin P I i1 BE7F47 2 %5 g A5 A1
i, A DR —A T A 2 U T S0
22 B B A A DA Ak 5 B WA 3R
MT07 ZE A R A i e v o LA AN 7 B R T A7
(TS OL T, ] LLSEE QSDC FH i 1518 F %
fef 2z s B IhaE. ik, FATAY LT DSQC
TRLGA T Z M EA AR % EZ AN
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Deterministic secure quantum communication with
double-encoded single photons®
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Abstract

Quantum communication is an important branch of quantum technology. It can safely transmit private
information between legitimate parties and its unconditional security is guaranteed by quantum physics. So far,
deterministic secure quantum communication without entanglement usually transmits single photons in two-
way quantum channels. We propose a deterministic secure quantum communication proposal, and it requires a
one-way quantum channel and a classical channel. In our protocol, a sender encodes logical bits by using two
conjugate bases consisting of the polarization and time-bin degrees of freedom of a photon and transmits it to a
receiver over a quantum channel. Upon receiving this photon, the receiver measures it randomly in two bases
and can decode the bit deterministically with the help of the sender. Any attack from eavesdroppers will be
detected by the legitimate parties. Furthermore, this protocol can be implemented with linear-optic elements
and single-photon detectors.
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