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Direct Measurement of Concurrence for Two-Qubit Pure States
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Abstract How to directly measure the concurrence of two—qubit pure states without quantum state tomography
is studied. A quantum circuit is designed which can encode the concurrence of a general two—qubit pure state into
the probability of obtaining some specific states at the detection stage. Here, two copies of the initial state are needed
in each measurement round and several operations, such as o. operation, simple qubit rotation R and parity—check
measurement (PCM), are carried out on them. An optical implementation scheme for the direct measurement of
the concurrence for polarization entangled pure state is proposed. Only one PCM for coupling two qubits is needed,
which greatly reduces the complexity of the scheme. In addition, this scheme can directly measure the concurrence
of remote entanglement.

Key words quantum optics; entangled pure states; parity—check measurement

OCIS codes 270.5585; 270.5565; 270.5570

T

g RE 2 PO (b RB IR =L a g = N S SV il B TR R (SRR R 2 B B Dl S P 2R ED.O T S
CE N TSI AR B 0 fe KM 2 A BT RN M R Y B 40 ] AR BT LA AR AT A — A
FE NGRS W ] 98 /X TR UL T . HETAMTC S48 T 2R g1 i &y U7, BRI
Z AR F g o g B ik Ty 200 WA R A AT R e g A 2 R e e O AR R R X TR RGN
F L JE A 9 FE (EOF) 2 H i 3 2R JH i1 2 4052 8 75 5™ TR T EOF Xof W 7 25 21 28 A 28 7 2k (19 52 Wi B A7
THRAWGE At TS R G R 2 98 50 ) 247 8

ARV LCRF N GEAT T b R i 2 28 1 4 7 2, (B TR 23R 26— A R B P LG R 1 25 1 2 28U AT 2
g8 B 17 7 2O R NS 1, 0 A4 BEE X B R G AT AR RGUIRES M BARE A B A2

e B H#A: 2015-08-24; W B 15 2078 B #3: 2015-09-24

EETB: HEH AP FREA (11274010) ZCH & i 55 27 B 27 B L BURHIFAE 42 (20113401110002)

EER N BRE(1992—), &, WL A5 A, EENF RO T A5 . E-mail: 1648765049@qq.com

SIE N 4(01979—), 5 Wt R, FENF TR R B 5 I
E-mail: mingyang@ahu.edu.cnGl {5 B & \)

0327002-1



DI S S

FARMM, SR, i F AR AT R ZER, Wb 200 R A i A 2485 DR AT 2240 B A ) et DA 5 AR
hEAMA RS T, EE TSWEME AT LER T Bk pg 2] 21 5 & )7 A0H 5 iz 7SR 2 98 K.
X TG B 25 AR A T AR A 90 B ok TAR SRR AR . O TSNP AR 2% B L ONATTAR AR T A R Y R
5 BN A B A AR A TR 8 RS O BT A5 AT I s 25 R v A AN 2 g
2006 4%, Bk 2 1 PO - 40 A5 21 28 1% B2 i © 419 B SE I A B UE", 2007 4F, Romero 55 Y T A48 1 1%
PRI 75 Ji - 2l 25 A G W) PR 05 58 o SR AR AR T TR X WA 7 R A% D3R X O & T O B R
FEo b TR e AR AR B TE SO0+ SIRWAR T AR Lt A BAE T 0T T — A B
LB A BN 40— PO Al AR A g B B 20 IR O 2 AR Y R I e O SR AR R IR Y, R
W 56T 7o H, T Bk e AR 2o M AR A AR AL AR T — A B A B 0 O
T A0 A G AR O I B =

BEOR SCHER TR Y W B Rt T A AR I AR R AR T TERAE L (H RO B ST B T AR L Kerr 4 5T Y
6T 2 A TR I AG T (PCM) , X B W1 Z 7 28 1 52 2% BE AR 72 LU By o 1 TR 9 B4 D b R B R E AR
A shE G, Al S AT BE D X AR SRR R E T B RAERE . AL AR 41—k
FA A S 98 0 B D S W 5RO S PO A A SRR T A W R BSORE N B /M 1, X T
SRR R T A 21 9 B HE 0 6 5 R R AR BE . BOARIZ TS AN RBAR SCHER™ R 1Y J7 SRR A O B XSO T
114 4 S R0 R W AT kg AR e A BT 28 AR AR R T A R (B AR Y o X R F W MBI B R WA AT o,
Fb R R OBEFE 3 4E DL K A I FARAS SR A I . 55 O 1Y B8 D 21 28 1) 7 W AH Bl % O B R s TR
LR RS WSS T | NS ¥ i e % 1 80 WA < R v 2 N 4T T 20 = € 8 I (=R (8 8 7y e s 3 £

2 P LOARR A S 2 g Y H A A
HHT, EOF J2& d5c 5 R FH 0 — w24 48 15 1 5 =00 AT BT LRSS p 19 EOF 1T 352 UK concurrence(C)
R R, T3 — 2 C T UK C(p) = max{0, X, = JA, = (A, - JA, | HA i A (= 1,2, 3, 4) S pp
WP HES M ARMEE . p=0, Qo po, o, , o RMWHHER, pJ& p ME L . W HFFAE
@) =¢,00) +¢[01) +¢,[10) + ¢ |11) ) concurrence 1] fiif f£ Sy
C(\go>)=‘<go\a'}®a),¢*>‘=2|coc3—clc2|, (1)
AP BRI AL S oo +]e [ + e[ +]e.[ = 1, HIE 2 i BE EOF M 375
_ 1+J1-¢* 1+d1-¢ 1-J1-¢ 1-J1-¢*
(o)) = -1 0= Ctog L= C L0 1o 2

E(l¢ (2)

TP LR A 25 1Y concurrence B B2 I 4 5 5878 BRI 17 o 3o HL 7 S [] ARF X 79 % 4 [ b2 1 1, 2
T3, 4 245 VE AN B R PR T (Y GBS B AT R8N ) = ¢,|00) +¢[01) +¢,|10) + ¢ [11) , K iy & =
BOH A —ESAE o[ + e[+ +|esf =1, ZMRTRE R ) =|d) ®[d) iLKT 1,2, 3, 4353 4
VR B TR, HEh T 1L 28 AL EMRERE, kT3, 4 23 WHNERT o 821,

o =[0)(0] = [1)(1] o b X6F A7 F) AR 25 2 ik
‘d)>12:C”‘OO>+C"01>+C2‘10>+63‘11>’ (3)
‘<5>34=(02® o )|d), =cf00) = |01) = c[10) +c[11). )

Hi (3) 20 A1 (4) 2 ] A5 1 s O A R A
@) =[d), ®|6) =¢,0000)-c,c[0001) - c,c.0010) +
) 34
¢,J0011) +¢,¢,[0100) = ¢ 7]0101) = ¢,¢,|0110) +¢,c[0111) +
¢,¢]1000) - ¢,¢,[1001) - ¢,71010) + ¢,¢|1011) +¢,¢,[1100) -
;¢ [1101) = e,c|1110) +¢/[1111)

)

0327002-2



le@ R} >
1 = -
o 0, i -
3 [z

. Bl
® R >

PCM =
¢ [0} R] >

4 [Z= ] =]

[ 1 SEELM L AR A concurrence T3 4 A9 o 26 %
Fig.1 Quantum circuit for direct measurement of concurrence for two—qubit pure states
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