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# 1 Alice, Bob, Cindy il & 45 R
Table 1. The outcome of the measurements preformed
by Alice, Bob and Cindy.

Alice Ml & 45 R Bob &4 R Cindy Wl &5 %
|Boo) 23 [Boo) 15 [0)4
|Bo1)as [Bo1)15 [1)4
|Bll>23 |Bll>15 |1>4
|B10)23 [B10)15 [0)4
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218Uy = I = |0)(0| + |){(1|, Uy = 0, =
0)(1] 4+ [1){0], Uz = 0. = [0){0] — [1)(1], Us =
io, = |0)(1] — |1)(0] %F B F £ #1245 K 00, 01, 10,
11.
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F i 1S KL T 5 AT L OOF 5 AF gm0k B A%
#12 bit A S B R R — e, BE EAL
1% 1) £ A5 BN “10-11-00-11-01-107, T Alice X}

F 1 S KT T A 1 AR [P(2), Pi(3), - - -,
Py(2), Py(3)| 4K J7 i3t 47 {Ua, Us; Uy, Uy; Uy, Us;
U, U}y X IEHAE, Horp Xt T LU Z 2690 & 1 [7) 41
KL 2 ANREATBRAE, [FIRERL Uy 305,

NARIE M AS 22 45, Alice 78 K 3% 45 B[R] AT
DU 7 A s A5 8 10 77 2K BA K35 B ot 1 16 7 %
BEAT B8 ez e veRn i, B anss b, )\ fE B 11
NRKLAE B, AR A3 — k22 AR i vh — R BE A LA
NEEMEATFTEIERBRET. BEES G
SEORLF 7 81 K 1k 245 B 52 3 Bob, I IEI £ HUEE
1 1 Bob KA B LA S 5 9 0t 1 AL B

# 2 Bob, Cindy HJIlI&E 455 LR fES(E B %
Table 2. The outcome of the measurements preformed
by Bob and Cindy, and the corresponding decoding

information.

Alice JIXMAH(ER  Bob KIESIRIT  Cindy 1

B N £ B4R AE mn € {1,2;3,5} 25 3
(00) UO |B00>mn
(01) Uy [Bo1)mn
[+)

(10) U2 |B10)mn
(11) U3 |B11>'mn
(00) Uo |B1o)mn
(01) Uy |B11)mn o)
(10) U2 | Boo)mn
(11) Us | Bo1)mn
(00) Uo |Bo1)13
01) U B
(01) Uy |Boo)13 \Bot)as
(10) U2 |B11)13
(11) Us |B10)13 )
(00) Up |B11)13
01) U B -
(01) Ux |B1o)13 Bi)os
(10) U- |Bo1)13
(11) Us |Boo)13
(00) Uo |Boo)13
01) U B
(01) U1 |Bo1)13 Boo)as
(10) Uz |B10)13
anyu |B11)

3 11)13 0)
(00) Up |B1o)13
01) U B
(01) Ux |B11)13 \Bio)as
(10) U- |Boo)13
(11) U3 |Bo1)13
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WKL 3L, 1AL T 5 FIXT N F- 2 L XS, 7R
ZAH, Bob SeXt S A1 SE H A = A R 1 RTRL
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BA T RBELRENE L REUR, Kb [ RE
Z 3N, { )RR X HRE, AT R e R
7~ Bell Bl &, L IE#RAE bS5 Bk Fn 7 i
o} DA EE 7

Cindy: Cindy:
Sce @DEELDHO D

Alice: step 1 Alice: step 2 Alice: step 3
Sy @323 @3 OB S5x D23 2B O St @O@® 23 @B
Bob: Bob: Bob:

Sz DOOERLEDERDD Sy DODO 13 DG QD [ 56 DO DS 13 DB

5S¢ @ @ @ @ (@

Cindy:

s (@) @) (+) (@}

<: Bob:
S (DO O 15 DG

L

Alice: step 4

Si: @O 23

Cindy:
sc{@}(@) (4] (@}

1 TFEEEERE

Fig. 1. The process of protocol.
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HEE 2y-2v-w [ Schmidt 7 fi# T2 3X, k I— &85 2
gEEEE R Tt =772 5 N QSDC. BARIE L
nk 3 pisil.

AT UAE H, fE3R 3 AT i s 11 6 Pl 4 45 4544 1)
AR, MR R cluster 2% Schmidt 7 i 2 2
TR AP Bell 25 LA K B 125 (1 AN [\ 2] 2 7 5K
HH T AR U FT LA A, BPIZE. RSOkl
FIBEAEEN CQSDC X, #2455 T A, B
PR G ) A RE . TR AERI S i n 2
cluster & &, 78 M A T Tk ¥ cluster 2 AN [E R T
AT N PSSR, A RO TS, BEALEE
1% ¢ ZHRE T 34T Bell 280 5 BRI AT 58 B2 — k2 a1
Rl XA TT R — MR L 452577 Cindy @it
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B &, 2432 Cindy B E(E 25 A4 B AN F Y &L
IEHRAE G bD DL R I e, Tl i 45 2R gt 45 it
SIE A, (HA G A SR EAIE RS .
MATTF&—MEEAEERN CQSDC %, X

FEA T R AR R SEBR b, 7R R LAl
b, Rz 75 Cindy HORH X B, 841275
SR AT DL R A 58 B R IE P AR T AR 15 4
22 bit (A5 S 1M H, 7 Alice K ZALE 15 B A
P L AL 3R 2 5 1) 7 A % 2R 1 2 |, Bob #g #2
Ik 5 B miS BT 5 b, IRI S td 5 R 114
BRI MIOTIERL T A, 5% B RN R
Bell Bl &, {5 ) DA R 77 K I 2 bit 1148 8E
B, IXFESEEL T R R R T 2 A HRGETE.

£ 3 TRLF cluster &% E| zy-zv-w 1 Schmidt 43

Table 3. The Schmidt decomposition of five-particle cluster state according to cut zy-zv-w.

g1 DL

Xt Schmidt 43 AT 2\

A S[(L 2)§ (37 5)3 4} S[(37 5)? (17 2)§ 4] |¢'cluster> =

B S[(lz 3); (27 5); 4} S[(27 5)? (17 3)§ 4]

‘q)clustcr> =

B S[(L 5); (27 3)3 4} S[(27 3)§ (17 5); 4]

?(|BOO>12 |BOO>35 |+>4 + ‘BIO>12 ‘BIO>35 ‘_>4)

1

[Peluster) = §(|Boo>13 [Boo) a5 10)a + [Bo1) 13 [ Bo1)as [1)4

+ |Bll>13 |Bll>25 |1>4 + |BlO>13 |BlO>25 |0>4)
1
§(|BOO>15 |BOO>23 |0>4 + ‘BOl>15 ‘BOl>23 |1>4

+ |Bll>15 |Bll>23 |1>4 + |BlO>15 |BlO>23 |0>4)

3.2 ZEMSR

ATT R KM ET P QSDC 7 R 143 0 & i
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O3 ML Z FE BRI B AN Bell £ &, (8 0] 58 S
T8 22 A ek . AR b AR R cluster 215 18
1) CQSDC 77 &, %77 F e w3 WRr 2 1B A5 1511
77 Cindy 7] LI R 57 41 3% F AN [R] (0 35 (2 %
B XA N EoR e B IE A . ST RE
Cindy 2> A7 F & 45 S 4% 18— s FI U 2E AT 9 B AR A
fidh, SRS E nT 2 1) CQSDC.

YT BRI E R R R, #Hie Ba]
1E— 7€ g 75 PR R 58 A CQSDC. T H., i A8 4k
D 2 () U R FE T R R 1, AT LUK A T S HE
J7RCRT A A ' 7 HAREAR. T B TR
FHE T R P Rt i LI Bell JEI0 6 | Bk~ 340
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Abstract

Controllable quantum secure direct communication is an important branch of quantum communication. In this
paper, we propose a controlled quantum secure direct communication protocol with channel capacity controllable based
on a five-particle cluster state. To start with, the sender Alice prepares the five-particle cluster state sequence and inserts
decoy photon randomly, and then sends two parts of the particle sequence to the receiver Bob and the controller Cindy,
and meanwhile keeps one part of the particle sequence himself. After Bob and Cindy receive the particle sequence, Alice
performs a Z-based single-particle measurement and publishes the measurement results and the position information
of the decoy photon through the classical channel. According to the information published by Alice, Bob and Cindy
remove the decoy photon and perform a Bell-state measurement to their own part particle sequence. Three sides of
communication complete the first safety examination of the channel by checking the bit error rate of the measurement
results. After that, the controller Cindy determines the channel capacity by selecting the measurement base (Z basis
or X basis) to measure its own particle sequence, and then announces the measured results with classical channel.
The sender Alice inserts decoy photon and codes the information by doing a unitary transformation to its own particle
sequence and then sends the receiver Bob and tells him the position information of the decoy photon with classical
channel. Combining the information published by Cindy with the information transmitted by Alice, Bob can complete
the second safety examination of the channel and decode the information Alice has sent by removing decoy photon and
performing a Bell-state measurement of his own two groups of particle with appropriate rules. Through an analysis of
the entangled structural properties of the five-particle cluster state, it has been confirmed that this protocol is designed
to make full use of the entanglement properties of the five-particle cluster in different entangled structures. Therefore
the protocol can obviously be generalized into the two-way controlled quantum secure direct communication by simply
changing the rules of the measurement and the particles used for unitary coding. Through analyzing the security of this
protocol, it reveals that this protocol can effectively both prevent eavesdroppers from eavesdropping useful information
and monitor this kind of act, and therefore the controlled quantum secure direct communication can theoretically be

established in a certain noise environment.

Keywords: Bell-state measurement, five-particle cluster state, unitary transformation, controlled

quantum secure direct communication
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