hEREF: YHEF hFE RXF 2022 & £ 52% 3 3 #A: 230311
SCIENTIA SINICA Physica, Mechanica & Astronomica

it X

(b EREE ) Atk
SCIENCE CHINAPRESS

CrossMark
& click for updates

physcn.scichina.com

AT B UBEENSE ST SRS
RS

it rhdant, EE

ITHRER¥FE T EESETOLFE SR E, BT 530006
*Ik R A, E-mail: zhouping@gxun.edu.cn

WA H3: 2021-07-27; 4332 H#: 2021-09-03; R4 H iR H #: 2021-10-22
F R HARBFAIE S (GRS 61501129, 11564004) 1) 74 H AR FHFEIE 4 (i 5 20181TA110112)% B H

HE ETRUCSZETEGRANETEAAE A R, ETHECEN, FRETTERBELTIR
JRRE. AXRET UEA TS IR FClusterSF A Z M THES A BFHENEE TS FRTERY
BAF R FRMLMEEE Tml TquditA(dEE TR0 FRATERMEAT R RETTXF F2m M FHAT
I XBellZME. HRREAMETSNER, @FRANBRAFRFTRELMEF T FE—ERTHNELR,
6 BUAAT AR BB 3 2 IE 8 1, K S Bk o7 U K38 A R 18 0 7 e 8 45 R B B AT AR B B 3k L IR 1E. Bk oy
BHINMPETFIPTHRE L LEUREERRADETS. T RAREL P UES AU ECE T A%
RETNERMVES, FRAFFEZER. TTEERNL L.

KgiE LFERETIERVES, EME, WET, e 2 BEL

PACS: 03.67.-a, 03.67.HK, 03.67.mn

H M Bennett2s AU Hi 3 — M R BB AL Ty
FUK, B TRIBALS S| 2. I, DR

il

1 35l

D TENEREANE TGN gl
BT (15 AL 7, A TR 4 R
BErzsedgast Brsoeag T, BT
A, B A EE g I LR
FRAEST ST BRI S BT A AR

MRS NETFUPEE, HHMEERNE TS, 592
LRTA, BT ETRBAAS TR H—Jrm,
BT AP E 1 L T, A58 T &1 RRTE
LA FIRIATE ™, IR m M R BRI S 2 A,
19984F., Karlssonf1Bourennane! ™ 4% Hi 7 & F A #aTy

RN, BETREAESTUREBERRME TSRE RSTR AR T EERIEASS, 207 A8 55|
ik, JretE, RS T A e e R AR M B TSR
BIFIAER: b, BRI, JIE. 36 T M0 (0 A A 2 LT A 5 BT SR f 5, eh IR T J%% 0¥, 2022, 52: 230311

Feng K H, Lu X Q, Zhou P. Probabilistic hierarchically controlled teleportation of an arbitrary m-qudit state with a pure entangled quantum channel (in
Chinese). Sci Sin-Phys Mech Astron, 2022, 52: 230311, doi: 10.1360/SSPMA-2021-0211

©2021 (FEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSPMA-2021-0211
http://www.scichina.com
http://physcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2021-0211&amp;domain=pdf&amp;date_stamp=2021-09-23

I R EEE YEL )0 R0 2022 4F B2 % 3 M

& E, AMIRH 7 2R F ) E T 3R IEAA ST
W E A B T TR RA T S T R RE R BRI
IR RRIAEZS I, BRIV SOH BT B2 SO I B AL 2~
SR, BB ST RIE . A ER
SRR R A EE. 20104F, Wangs AP T4
B E T ERISAASTNY, ESgdE T EikRIr
s, mEE BT R R PR A A ) 5 2 AT
— 511 77 N A SR R AT e AR R N R A 1 E
TR S P2 S W) 75 B A BTG 45 1 7 BB A e 58 ik
JFEFSEE SERE T ERIGAAS ] T3
FRR M BT BEES R, WHRATHKIE 75 EXE(E S
5#0%, HhaEns55 1G58 s 5%
EAERI AT SREUK LA B, MREHS5FE TS
i HAh S 5F5 A6 ReRIUK PALEE R, E0 )2
KT R ST, RO v E R R R R T
BRENIH, =PRI T ORI HoAth s ) 77
W& 45 RN AT e R R A T A E A, MRS
77 W 75 5 HAR B A 2 1 7 G AR A R 78 R R TS
MEZE B TEE TENMNE R EENH, 25 TR
TAFEY S E TR RF R E T RS 0 g T
BT A7 RIGTFSE. 20104F, Wang2s AP 7
BT 4R Ty S Mok T Cluster 7 Y A Jn B4 & 7 Lk o
L PRI T R, 201 14, AT T3 T LA KL+
Graph#S N 2 2845 18 1 B & 1 LUARE 20 S5 R mT 5 B A%
AP 20134, ShuklafiiPathak" #5273 F-4k:
T Qs FIAHE T Clusterds (11 52 2 9 i T RIB A 45 Wi
20194F, BichfIAn Y2t T 5T £ 0721 48 (5 18 13
MRFN BT RS SR IERIEAASHIL. Zha
FMiaol 2 H T JE T8 hL T 2 48 25 AT 75 A S U T
PR S D SR RIS T &
ETmRAeERETRAN SR FHERARERS.
AR A, SR TR E T2 0GE. 20004,
Zeilingerif 41 OHIE B T Nk B R4 g AS 0 T R s
TEVERIE T R T 4k e KA 90 T JR 8 S e 14 1 3ds
B, T R R S A P 1 T I A RV () 1 T 3
20024F, GisinifARZH L6t BB 2 BSUHE T B
Y, $ U T adft BT RGN 2 R L LiuZg A\
RETETELAETSNE T2 BE RS
20054F, Wang5 Nl T 2 T B 7S g i & T
224 FPERIE 7 4. 20084, TianZ AR TR T4E
B K2 Y Cluster 25 AT 72 i 45 XURL TS B RAL S 07

2. 20164F, ChenfILu' ™t T 3 T & 4 A JE A E
P m R B W E T TR, 20174, T 6T Hie
FEE BN E E B gD, Karimilf @41 5w 7 4
R BE B HEIE300 mif) m 4E R TR /R SRS, 20184,
Morandottiif B4 L T T E) . S B B, 5
% 7 EdECluster A H1%. Guoi N5 i T4 Tl
FARAL S PR E 4R R T A GRS ) A S
PLR S T U4 ) S & Tl 5 g st t. 20194F,
Fonseca "\ JT & 7l 5 3138 R 1 i 4k B T Ra AL 50T
7. Ling \VHRE TR TR - PR E T RS0
EEBell S AT M. 20204F, HuZe A seil 7324 %
BUGERH %, HZ TR ARTER T 9 K
11 kmf e e B T g5 k7Y Linif AU T
HTFHAEEHBETER T MR T SRIEASLR.
Wang 5 NPT J& 7 56T i 4 = K0 7 GHZ A 1 e 4 7]
P [RIRAL 2577 S v ¥ il 7y il 68 1 B9 7. 202148, i
FABFMARF R B T HET SAETRAENE T %
22 T RAPHL.

BANCAH — R PSR BRI ES TSR, |
RRZHITREEHT 2R T RRMUESH R AR
TR S TR ST R ARSI T
T 2 4 A S AT B b T quditdS (d4E = T ) 055
I ERRIALS TR, RIETTRF A 2m AR 7 HATT
N BellZEM &, 5O R s oAb ) o7
R T IS R, AT A N R A IE
AR, RSO W 75 A8 BT $a 1 07 il = 45 2R
IRPEHAT AN 88 4 I8 AE. BUlOoy 51 N ok 7 9F
X TR AT BB K IE V5 A0 R o] R 56 B gt S R e i
T, BTSSR TS ESLI
EREAEZR TS ERTERIVAS, TEREAR
B AT RO A

2 ETHoUESHEERNFquditsy
ZEMAIER RS
I~ X BellE ] 2275 K4
1 <& o2miy
|¢r‘s> = E jz::oedj I]’] @r>’ (1)

Hr, rs=0,-,d— 1?%/7?5[2/[\};}(36115@,9, JPr&
R+ rd. | U R AT

230311-2



IS ER P T RO

2022 F F S22 3

1 & i

I =7 2 @), @

J

HH, 120, d— 1FRaMHILIERZ T,
1T 75 BB T-quditds 1] e

IX>11 :0‘0|0>+0‘1|1>+"‘+0‘d—1|d_ 1), 3)

Horb, oo + o+ + oy [F = TR0 EREE. S

%ﬁﬁﬁ%ﬁ*ﬁ?quditﬁh% RS, KIEH
‘1

Alicefl1Bob, Charlie, David$t =2 JUR 720 225, R0

W7 L B VR 2 2SR o e s

d—1
|W> = .Zoﬂjlljl’jl @j2’j2’j2>ABCD’ (4)
Iy =
Hobt, o+ g g [ = R AR TRy

Alice, ¥i¥B, C, D7 %lJ& T Bob, Charlie, David.

AU ETMEGEE, RIETNFRRF AT
N BellFEMfE. #5175 1 % U 7 Bob H 4 J R A i
T2, W H 477 Charlie M David AT X ZFE30 &,
Bob & #5 &1k 77 LA K P AN H2 il 77 Charlie M David 2 H
AT — 2 1) 77 1R 0 8 25 SR 36 EUAAT A N 1) S 48 & I
1, BRw]5E R B A8 A, Ak BUR S Sy
Charlie (David)E &7 KA ET A, WHEH] 7 BobAT
I X ZFE &, David (Charlie) AT/ X XIEM &, Char-
lie (David)fkK#f k1% 77 LA B A 51 07 il s 25 58, 4

@)

RIETS L
Alice BSM

BN

IK75 Bob

g5 &
Charlie

betiiilyal
David

REAE ERUBIAT AH I (1) Jey 3ok 2 IE 44, S8 il B A EL A

AR BB 40 8 PR 4R R AL 25 J5 33 1 G T 1
~, Ky, A, B, C, D77lJ& T Alice, Bob, Charlief/l
David. MSELEFRIR KL %07 SEMOT Z [N 4
HUEAE. BTy, A, B, C, DAMME & RGUIRE R F
) =1), ®lw)

ABCD

d-1 d-1
Z%ID] ®[,Z B |inis @iz ia)
0 y 2 - ABCD

d-1

= ) Oajﬂjlli,j1aj1@j2’j2’j2>xlABCD' (%)

Jdyay =

ﬁa%ﬁi&%ﬁﬁ*ﬁ¥qudit%§x>xﬂiﬁéﬁ%%%%ﬁ, K
1
£ T7 Alice Xt F- ok o FABAT T X Bell &M 2. i
Ty, A, B, C, DA E & RGURE TSN

d—1

)= 2

2mi

—2M o
- e d ajlgj@r|¢rs>XA
7,84,/ ,=0 1

X|j@r@j2,j2,j2>BCD- (6)

# Alice] ™ X Bell il & 45 5N
), #MAEKFB, C, DIREHEM N

=0. . d—
¢r5>X1A(r; § ] s

d-l  onj.
@)= X Oe ERITIEY

Joa=

JDrDjaniaria) (7

BCD’

(b)
RIES x

Alice

=

BSM

lilya) t
Bob

oe]
N

flve=are s
75 Charlie

o
IS

taliiilya) k
David

@)
x

B 1 AEE RN T quditds SRR T A RIPAE SR E R, L, Ky MAJE T Alice, $i7BJ& T Bob, ¥i7"CJ& T Charlie, $i
FDJE T David. MRELIRKIETT . FEHITT 5T 2 BEHIEE. (a) Bob NI N /5 & T RS R R AL
U5 1% 75 LR 75 D0 B 45 FAH RL IR Jey 3 4 IE#RAE. (b) Charlie 4175 I 43 458 9 81w A S /s 2

Figure 1 Quantum circuit for hierarchically controlled teleportation of an arbitrary single-qudit state. Particles x; and A belong to Alice, particle B
belongs to Bob, particle C belongs to Charlie and particle D belongs to David. Classical communication between the sender, controller and the receiver
is represented by double lines. (a) Quantum circuit for the situation that the partners agree to let Bob reconstruct the original state. U, denotes the
unitary operation according to the sender and the controller’s measurement result. (b) Quantum circuit for the situation that the partners agree to let

Charlie reconstruct the original state.
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Probabilistic hierarchically controlled teleportation of an
arbitrary m-qudit state with a pure entangled
quantum channel

FENG KunHong, LU XiangQi & ZHOU Ping’

Key Laboratory of Quantum Information and Quantum Optics, Guangxi University for Nationalities, Nanning 530006, China

Quantum teleportation is a unique quantum information processing method in quantum communication. Researchers
have shown considerable interest in hierarchically controlled teleportation by using quantum entangled states as the
quantum channel. Protocols for the hierarchically controlled teleportation of an arbitrary single-qubit via a four-qubit y
state and a four-qubit cluster state have been proposed. We present a protocol for the hierarchically controlled
teleportation of an arbitrary m-qudit (d-dimensional quantum system) state by using a partially entangled quantum state
as the quantum channel. The sender performs m generalized Bell-state measurements on her 2m particles. To reconstruct
the original state, the upper-grade receiver only needs to apply a unitary operation in accordance with one of the
receivers’ measurement results, and the lower-grade receivers need to perform a unitary operation according to all the
other receivers’ measurement results. The receivers can reconstruct the original state probabilistically by introducing an
auxiliary qubit and performing a collective unitary transformation. The protocol has the advantage of having high
channel capacity by using a high-dimensional entangled state as the quantum channel.

hierarchically controlled teleportation, high-dimensional quantum entanglement, auxiliary qubit, collective
unitary transformation
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