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Figure 1 Illustration of (3,5)-threshold quantum operation sharing with 8-qubit graph state (EQGS). The solid ellipse,
the spring line, solid rectangles, the solid square, solid triangles, the solid circle, the dashed triangle, and arrows
represent in turn the operation of 2-qubit controlled-NOT gate, the entanglement between qubits 8 and a, the
Bell-state measurements, the single-qubit (SQ) measurement, SQ Pauli operations, the quantum operation U to be
shared, the joint Hadmard and Pauli operation, and the classical message transfer. Cbits mean classical bits. (a) the
EQGS preparation. (b) Ogintroduces an auxiliary qubit a and implements a quantum controlled-NOT gate. (¢) Oy
distributes the qubits from the Dealer region to five sharers in the Players region. (d) S3 measures qubits a and t with
Bell-state bases, and tells Og the result. (¢) Og carries out Pauli operations on her qubits 6, 8, and measures qubit
7 with computational bases. (f) U is applied to qubit 8. (g) O measures qubits 6 and 8 with Bell-state bases and
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broadcasts the result. (h) After determining the sharer whose qubit ultimately inhabits the target state, a Bell-state
measurement is performed on the qubit pair held by his cooperation partners (Ssz and S4). See text for more details.
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Table 2 Two partners’ performance and the corresponding Pauli operations applied by the sharer to finally obtain the target state on his qubit
from step 7 to step 9. "|B,,,)" corresponds to 2 bits classical message sent by partners and "ij" are classical bit message published by Oy.
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Rl Jovkad i RO & 1 L2, 4)[B(3, 5)]HET
Bell A& fdi 53 7 EL AR 1 348 0 — AN Bk T4l 45
SEbr b, fEMIES, =T LeEE 3, 5[Ek 2, 4] 5 & T
Phkl 1 2 gify. Rk, |7 Er 1 sSeidFE TR
. L, AT R A RS SR &
SAREH bRZS, X2 M R R

(IV) BCIIMEZ. ETTEFRAT 7 R RN
BHEW, AR TT(3,5) B i E M,
Wk A FAE T, B LAY H 4 E I3t
ZHARETHEAE.

(V) L ATATPE. AR ST R BT A & 7 4 AE AT

REJRI, FrP ) KRR AR A T LU Pauli #2
B BORR 2 Sl AR AL T D3R A A P 1 e R 2 R
TR, AR KRR RGP & 1 LLAF Bell 25T &= A1
R T HR TR SR . SRR T LU Pauli #RAEAN T
S RAE XA ER OS54k — L0k
WA TE 1 T RS A AR ] R AR AP R LR AR
il 4E 1R A LU &7 EORE Bell 25 I &2 2 1 [
TG MR R T S MY RS
FFLLSEILEO-88] 2% P ik, BEE SEIRBOR I — Kk
J&, PR S8 SEBLR SR AT .

5 NG

AT NE TR RS, 2l 7 —F877(3,5)
B TR ARSI SO i g T —
SePERT, WA tE, S EENARIE ERRIE. K
LR . HRTSRI BOR PIAT PSR SE, IFitie 1T 1k
SR B BT 5 AL 2 SRR, % B A
32 B WAL E S AR, TR E MR 3R 1T
HbrsE 74, B 7 HRE TR ARGE ST
EI AT EARRE ST, AR A5 SRR HOR, RKA
IS SE IR SR BN AT Y
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Six-party (3,5)-threshold quantum operation sharing
with 8-qubit graph state
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Quantum operation sharing (QOS) is an important quantum remote control technique, which can be used for
remotely encrypting or decrypting quantum information. To date, all the sharers should collaborate together to
conclusively share the remote quantum operation in all the existing QOS schemes, which are the so-called
(n,n)-threshold ones. In this paper, a six-party (3,5)-threshold QOS scheme is put forward by utilizing a 8-qubit graph
state, where 3 sharers among the 5 ones are able to achieve the sharing of the remote initial owner’s arbitrary
operation. We investigated the symmetry and the limitation of the sharers who can reach the achievement, success
probability and its underlying physics, scheme security, and scheme feasibility. The scheme is observed to be secure,
including that the quantum remote operation can be safely shared successfully by any sharer with whose two
neighboring partners or two non-neighboring partners; moreover, the scheme is feasible in terms of the current
technologies.

Keywords:(3,5)-threshold, quantum operation sharing, six-party, 8-qubit graph state
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