RERSE W % Ry 20115 415 57 H: 850 - 854 &
SCIENTIA SINICA Phys, Mech & Astron www.scichina.com  phys.scichina.com </ SCIENCE CHINA PRESS
it

R iR s b i 2 A X g e P

g_kx = @@@*’ ,LS_(‘ #7]‘@) &é‘ R@)@ #%Z ®

O WM EL &R, WERG 232001;
(@R VITPER=57L7 5 E AJFE 230601;
@ RN SRR =R, AR 230039

*E-Mail: zhangwenhaianhui @yahoo.com.cn

WehE H : 2010-10-06; #2252 H JH: 2010-12-20
E K ARFFE RS AHES: 10704001) 22808 s 55241 AR B E A (i 5 : KI2010ZDO08, KJ2010B172 FI KJ2010B204) A7k B Uili s
SR LA AU B % 4 Bh I H

WE A THFETRER, SHRAMETSESHER T F4 M Helsrom F IR, H4E4 o IDP AR R 2|
— & I ﬁ%%ﬁt#ﬂ%%l}éé’azﬁﬂﬁ, % W 3 iF Helstrom R Andk)” IDP IRM —fk 4 E L4k, ¢ F4
HREMANS, HHARNTESE ESAFHNE N LKL EL

KA BF AKX 4, POVM I &, Helstrom A8, IDP & B, #MZE &8 F w ik
PACS:  03.65.-w, 03.67.-a, 03.67.Dd, 03.67.Hk

T ARSI AR EACR TEIAA A T ey R LT (R Tr(P) =1 Lo

= N =2 (1] = K bk “”\ )
AT TR E B, AR IR AT R T A AN T B Tr sk A5 A5, i S (Generalized Measure:

%. i&?ﬁl;fj;ﬁ;i ﬂzg\*¥%u~1€ﬁii}§ﬁfz ments) 58 F 1F & 5. 4511 Il i (Positive-Operator-Val ued
HEs AL AT Measures, POVM)S, A LIZEEE 8 45 MED Hi
ﬁ%?ﬁﬁﬁ%ﬂiﬂ’]ﬁéﬁ%f/\@wxﬁ ‘@T%ZWU\'LR OUD (1A AA.
Mi,%iﬁﬁﬂ%%ﬁ%ﬁ.%—,ﬂ%%ﬁ%, o e
{HL75 B2 (0 HE % $ /)y (Minimum Error Discrimina- KE Y M, =1 G T N RRLAR). &5 M,
tion, MED). 45—, RAVFHAS, WK R CCUASE|yw,) . Bk, FIHE X POVM

iff &% f& 4 (Optimal  Unambiguous Discrimination, i a7 | £-7A MED il 5l L& R N
OUD), {HA Isf ] BEMI A 21 7 2 (1 45 2R ( ) [Zz < . Aﬂ
K18 SLATHMER p, R p, = 1— p, FIAIEIE S
2 ®" 1 & |l//1> i |l//2> z% g A LR IR N p: :Tr[ziz1<pibiMi):|+Tr|:Zi21<pi:biMj>:|:1'
2P = )| R N 0 A fEicA R, 65 TE B HIE 5T 45 MED I

SIAMES: HKOGHE, AR, WRiR, & TR T A e B P ERE P)EisE hsE RICEE, 2011, 41: 850-854
Zhang W H, Dai J L, Cao Z L, et al. Quantum state discrimination theorem based on probabilistic cloning (in Chinese). Sci Sin Phys Mech Astron, 2011,
41: 850-854, doi: 10.1360/132010-955




R P it ORI

20114 414 HTMH

LRI PO =T 37 (p20) | ABLE
B A MED S of H S/ S 00 AE 2 P =
1-PM) 2 4 () Helstrom FEFRIEZS Hy MED 5 4
AR 5/
1 2

PCQWED) :5(1_\/1_4p1p2|<!//1|l//2>| J (1)
%} OUD Jil#, & X POVM 75 0,, 0,10, Hili /&5
SRR 0 =1 (iR T g e Risess). Mk,
OUD i w] LLR 7R Ny

Tr[zl;(pilbiéi ﬂ +Tr [Zijl<piﬁiéj )}
2 B
ol

+Tr|:z pilbiéo>:|:1'
HE T AN SOV R T P 4 L), B 2430 31 O, A A
LA |y, ﬁﬁK}‘BﬁEW{.)(#}'), A B Sk

MR O, I, WA REHI WA, Bk, ouD Wl
B AR HE L S0, ), (H, — FLIE 545 1
(0, 5%.0,), i\ A BE0S Hy WA M40 5. RS IE 4
S O 2 R R Ny
d$”=T{§ZJn@dﬂ,

SIBE R OUD RN SR PO B KA. sk
W% p, = p, =1/2 HINIE, 4410 IDP HR R4 h
OUD il 5 A fH
PO = 1|, [, )|- @

FIF POVM I, 7T LA R, 7
4 POVM JC M, #1 O, i AR, di T M, 1O, 8
SEAETEAS SR, WL POVM JG#H:4k ki 43E (1) Von
Neumann 1A JIIEE02 ) A8 7 s b iseipi® . i
UL, T A5 5 41105 I A 5 B fg iF 1) (16729
(VA5 4 L PR 1 & IEAR e, AR SO TR 5 1 58
Bl #5 th Helstrom L FRITHE IDPAR IR, JE4h it —
Febk 4 E AR e, BT — et R, T A
NS, T DAE A BE S0 Uy b B I E ) AR & 0
A5 .

1 EFHEREEENE TS XS e

BT AR B kW E R £ R R DL
R T A PR A, T DU o T R i T
R B 7 e B, 1T LUK B N 25 047 52 1 31 6 [
A, BT HC U T LU R AR T A R
FAE IR, W T A X R . XA
W H p A1 p, =1- p, AR IEAS R 725 |y, )
|!//2>’ Z:yi#t&‘l‘iv &<V/1|l//2>=sei¢$ﬂ |<l//1|l//2>|=S
(Hrh se(0,1) Ml pel0,2n)). & XM 1>M =T
eI £ IE AR BNy
i) = lw)™ 0, = vn) ™ [2),
|V/2>_’em<\/z|‘/’2>w 2>a+\/1_72|'//1>®M 1>a)’
e 7, € (0,1) 20 SRS | ) Ay, ) 1R R AL
1) F1|2) J AT LLEEAT Von Neumann iE A2 Il i 4
BhFRGE. AW R, 3 AR UE WA 2 v e (3) 3k 11
S, TR A TH P 45 Ve i T LA . 0 W v
S, ORI IEAS I, 2 2 B 2 [y, )™ B
v, )™ XS AT R, 4 M SRR, Rt
DURE A I T I A 4. 24 DUBER (1- 7)) SRR G & 0F
o |y, ) M 2 Lk R A RN |y,
B |y, R p (1-y,) . [EE, 24 UM %
(1=7,) AR |y, ) 15, URE [y, ) (0t o
A p, (1=y,). BrLh, MED Wl 11 H RS AR

2
P =2 p,(1-7) )
i=1

I3k (@)X AME. M hJag5 K, R
WA

3

s:\/71(1_72)+\/72(1_71)' 5
FEL ARG (B) N F K (4N e /ME, TR 545 21

1Jr 1-2p,s*
Nh=ot+t————
2 21-4pp,s’
: )
1+ 1-2ps

Vy = o ——.
T2 2fi—4pp,s

A (@A RIA] 45 2] Helstrom 5 FR (1) 3.

851



ICHES: T MR S T 51K 4y s

X OUD I, 52 XMEHR 1 — M &1 il £ IEAR
ey

) >N w)™ 1), 4=z )7 ]3),.

lva) = e (Vi w2)™ 2, +41= (1) [3), ).
B S B AR I 1) A [2) AR, T LLm
MR AT |y, )™ Ay, )™ TR S 6L
MMy TGS RIN, TT LLRE B T R A (R
M |3) BB, 58 AR AR S R 4528
OUD It 1 e DI R g

()

PO = pog+ oty (8)
MM NTEEKE, (TR

s=\(1-2)(1-2). ©)
TEATRGAE Q)X T R (8) A5 K AEH, 1T LA 2 15 3

11:1—\/£s, ;(2:1—\/£s. (10)
p1 pz

BT IR 4, 2, €(0,1), PIILEK

D e(sz/(1+s2>,1/<l+s2)>,
S NDRIL ]

R<OUD> 1-24p,p,s. (11)
MR p, = p, = /2 AN, (1) IDP R (2).

T e e 7RG AV B A sz o, iX
HAAH 2 e £ EAR . AR SAE(B)20, TR
25 H MED Wl & 10— PE L IE AR h

), = nD), +y1-712),,.

va), = e (Vrl2), 7, )
ML SAEQ) R, 7T LA H OUD i — M L 1F
ey
a0, = V), 1), +V1=2 [, [2), -
) 1), = e (V22 [2), 1), #4127 [1),]2), ).
(I3) e B (B 1), [1) )REAT 5 U, a1
Wt | 2) A Bl A N A TS T A
O R R, v RLE I 12)F(13) 45
HARI) £ E AR 4.

(12)

(13)

852

2 FEBREONZSE A IEAE

g T IAE Helstrom FEFRAIHE) ™ IDP AR PR 1) 5256
SEHIR) — MR, Y 2 RE i N 2 S5 ) A% 1) T 4 v A
HAR 2 1F A8 P s 06 S P ) BB S T AT . WA

A

i) =1,

[v2),, = e 1), +1-57[2),.
Hrse (0,1) Hoe [0,27':). XM 2 AN 7 T A
FESC: b 50 T AR, R, JEFEAE 1 s Mo

] LLISHIE Helstrom FFRATHE) ™ IDP # B f— k.
¥ (14) L AR 5 NS, MED il 2 11 £ 1 E A8 4k

1, =R+ T2
R el (LA DA
(=517 )P2),

by, f oy, H6)A 4 . (15)X1EHE A (14)

A JE, BT LA 2] MED & (12)=8. R (5), (15)=X
(1) £ TFE A mT DU AT 321 9 AR

(14)

€

ﬂ{[ n(i=r)=on]
+[ 7’2(1_71)_5(1_71)]}
_%[\/% (1—7/2)+\/}/2 (1—71)—5J

=0 (16)
AL = —1k

RN =AY
+[7 —ZsWHQ (-7, )}}
1o b 25[Jn (1 76)+Jn(1—m)]+ﬁ}

=1, (17)
FH#AIE. OUD i 1) £ E AR e Ay

P10+ . ).
2,10, > =Wzl - 8, a9
+<M—sﬂ>|l>m|z>a],




HRE R s i ORI 2011 4F

T4 FT1H

Hor g Az, th(L0) B4 . (18) 48 Jil 7 A\ 2 (24), _ 1 [1—2s (1—;5)(1—;5)“2}:1 (20)
AT BLEF] OUD Wi (13)5t. FIFI(9), (18R ML IE 1-s° 1 ’

PERTBLAIATIL I A AR

*igp

€

=t )02 -5 0-2)]) TE A5 A B 530 LS.
:i 1- 1-7)=s|=0, (19)

Nl RO AR 3 4

BT ARAE. X1 (15)Ff1(18) =, #t H iy B sz gh H R, 2
o 2% (] 2 R0 F A BAE 2 LR BRI B, A 4

RIS A — 1k AR 2 17 52 73 1 Helstrom PR T4
A+ I IDP B, ARAELACAAE, 4 S LB AR
s bk K IEAE . X BRI, 4t 8T 292
#[(1=2) 2512 ) (1= ) +57 (1= ) B MED IR OUD I RE ) £ 128 4t

£ 30k

1

14

15
16
17
18
19
20

Wootters W K, Zurek W H. A single quantum cannot be cloned. Nature (London), 1982, 299: 802—803; Scarani V, Iblisdir S, Gisin N, et al.

Quantum cloning. Rev Mod Phys, 2005, 77: 1225-1256

Gisin N, Ribordy G, Tittel W, et al. Quantum cryptography. Rev Mod Phys, 2002, 4: 145-195; Scarani V, Pasquinucci H B, Cerf N J, et al.

The security of practical quantum key distribution. Rev Mod Phys, 2009, 81: 1301-1350

Chefles A. Quantum state discrimination. Contemp Phys, 2000, 41: 401-424

Barnett S M, Croke S. Quantum state discrimination. Adv Opt Photon, 2009, 1: 238-278

Kraus K. States, effects and operations. Lecture Notes in Physics. Berlin: Springer, 1983

Peres P. Quantum Theory: Concepts and Methods. Amsterdam: Kluwer, 1993

Busch P, Grabowski M, Lahti P. Operational Quantum Physics. Berlin: Springer, 1995

Helstrom C W. Quantum Detection and Estimation Theory. New York: Academic, 1976

Ivanovic I D. How to differentiate between non-orthogonal states. Phys Lett A, 1987, 123: 257-259
Dieks D. Overlap and distinguishability of quantum states. Phys Lett A, 1988, 126: 303-306

Peres P. How to differentiate between non-orthogonal states. Phys Lett A, 1988, 128: 19

Von Neumann J. Mathematical Foundations of Quantum Mechanics. Princeton: Princeton University Press, 1983

Sun Y, Hillery M, Bergou A J. Optimum unambiguous discrimination between linearly independent nonorthogonal quantum states and its

optical realization. Phys Rev A, 2001, 64: 022311

Wu X, Yu S, Zhou T. One-photon interferometer for realizing optimal unambiguous discrimination among quantum subsets. Phys Rev A, 2009,

79: 052302

Simon C, Buzek V, Gisin N. The no-signaling condition and quantum dynamics. Phys Rev Lett, 2001, 87: 170405
Barnett S M, Andersson E. Bound on measurement based on the no-signaling condition. Phys Rev A, 2002, 65: 044307

Croke S, Andersson E, Barnett S M. No-signaling bound on quantum state discrimination. Phys Rev A, 2008, 77: 012113

Hwang W Y. Helstrom theorem from the no-signaling condition. Phys Rev A, 2005, 71: 062315

Bae J, Lee ] W, Kim J, et al. Optimality of minimum-error discrimination by the no-signaling condition. Phys Rev A, 2008, 78: 022335

Duan L M, Guo G C. Probabilistic cloning and identification of linearly independent quantum states. Phys Rev Lett, 1998, 80: 4999-5002

853



FROCHESEE: FE T MR s B (R 1 A X 7 B

854

Quantum state discrimination theorem based on
probabilistic cloning
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Based on the probabilistic quantum cloning, the well-known Helstrom bound is derived and the IDP limit is
generalized in quantum state discrimination theory. By exploring the unitary transformation of the optimal
probabilistic quantum cloning, the general unitary transformations of the Helstrom bound and the general IDP limit
are presented. For the explicit input states, the explicit unitary transformations enabling to realize two measures in
experiment are provided.
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