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Quantum Discord of two-qubit states
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Abstract- In this paper, we provide a simple relation for the conditional entropy as the difference of two Shannon
entropies. This relation leads to an analytical formula for discord of some special two-qubit states and also it presents a
tight upper bound for quantum discord of a general two-qubit state. We also present an analytical procedure of
optimization and obtain conditions under which the quantum conditional entropy of a general two-qubit state is

stationary.

Keywords: Quantum correlation, Quantum discord, Shannon entropy, Tight upper bound.

AAD


http://opsi.ir/article-1-357-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

5 laiws Al g0 a5 locussS—gs JA-F] o5
s D] 284 sbabls 3l 9o as e slacdl>
Sl Syga N atisy it b (gl slacdl>
ol o] s

slocdls bos gl gl oole glabul, @lie ol o
Sl osls (9955T 99 Jol g wolsds S 50
L ol 5l (B n Slaeal ol 5l eslinal b 5 oS o
bl il e 0 oo il (iloaieS 4 5L e
wslse Sy |y byt (55T 05 eS|

Sl (o0giilgS Slgenls 5 (b w9 55T-¥
CagaS'99

2 Sess—es able Sy S G ple L5 S5
] ) O gy ool s ioled
p*8 =~ (11 + £.0QI + I®F.0 + X}, t;;0:®0))
()2 (I slogmsb {o}y (S See [ a5
ol T=t; 3 (B) A sbabls jugdes slajlsy
AL (Sio
asie {£,9,T} ob aw lwyg p?f cll> 2 ol
Cot oogilsS la Smpe aSl s 4 09d o
omile Olgise e ol e SO slo o
Sz Eadee ol 285 S s gkl ) (Ko
e ) A 3 IS ulple S o alie oS

2,5 o by py g

P11 V1 =iy, x—ix, Ui~
pAB _ Y1+ l'YZ P22 ty+t, X1 — l:xz
X1 +ixy  t+ it P33 Yi—iy2 |

th—tz xtix; yi1tiy: Paa
Pr2=1+x3—y3—t3 5 pu=1+x3+y;+t; a5

el Pra=1—x3—y3+1t3 g psz=1—x34+y;—t3
IS 9y Olesiosd sl pSoill myp 4 5]
srSoill ul S S LS milonse (B) baaslol

aslan
17,? = Ulk)k|U? 49
sloal o caSily sloSlee {[kNK[}zoaS <ol
Obg b adloe olgtds SIS Sles So U g 5l
SrSoslal 5l e b () S8l (6 Sl

ANF

et grieo oKadls AVAY oo Ve BA

doddo—)

ol oogilsS sloailels la Shg 5l (o (SaSpe)o
S laciond SIS 5l JolS el T sgzs b aS
sbable Shs s Shs ol W D sgs oo
3 Comnd S 8, Gl (Jlie laiedy tians cagislgS
S50l 5l an ouiSen ;0 e (Si2es (egilyS albels
WpSiee 3 ) Shy ol & FeeS el (oegiilyS
SlsFeal s @b o)l pl «agiilsS Sls>pal
Oledbl S len Oyl g0 WS segiileS
ey S eal o2l by o 1Ll e blice
e 5l (SedS glo Siason ded (10505 350
Cowdy g8 0 (S0l blate Gledbl lawgs aS” S
-oyte Jlasl Lug SIS sl Siwsed Bi> 0
a)..fu_n gy ailoles )‘ Comnd SO S99y ‘_g).afo)‘.\:‘ Ry
(O ygo 4 Sremd 0 alole SO bldie Ol
1(p*?) = S(p™) + S(p®) — S(p*P), M)
sl coipa pP oy phleul jo seb e iy
S8 il pB B g A slaaille aily tals JK>
Olesinsd 95l S(p) =—Tr(plogp) 5 J5 alels
O S alols Ceond 90 o (ST Siwspd i
g g0 ADgl 215 D90
C(p"®) = supy;py{S(p™) — S {IIE}, 49)
‘_gLa:‘_gﬁfo)‘L.ﬁ‘ u_aLo.':' &9y o_,bw J.o.c L>u.1‘ 5
Som A abloyy bys gl SOAITEY al,
> pit = TrB[i (IRME)pBARIIE) s 5ol
5 & S o3l 3 dx A alolw 5
Jya>  Jlem! Px =Trpp (H®HI?)PAB (H®HI€)
il 3l steal ol (ol 5 asilise ol s
1l g0 Sy
Dp(p?®) = 1(p*®) — Cx(p*?). )
S SzsS A lp kS egtlsS Slozeal (ST
~90 X slacdl> [0,F] o s | slacdl> ol lacl>


http://opsi.ir/article-1-357-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

Olrl Ss398 (659l g (g el ST et ol o 4y (ol Sesgi9d 9 Sl w2 (et

2olie ohg Wty g gy = max{|ty], [ta], [ta]} Lxsl 5o
s pAB

pip=;(1 £ty 2t —t3), uza =311t Fty+13).

o X1 =Xy =1t3 = OLQU] &‘f aS oYl )‘ G‘MJ (Y
sladls 5l el )l dw dcgomme py WYl 3l At oyl

2 x2
D(p*B) = 1 — hy(py, tz, iz, ta) + by (“JT ) )

Uiz = %(1 Tt + )%+ x32)- HU3a = %(1 Tt —t)? + x32-
ity =ty = £ = 0 la,] (gl a5 N> 51 (glaans (7

slacdle 5l bl aw degezmen; So V> ()l
i (Gho (Jlg>eal) gogiilyS—(SawdlS
Canlty =ty =tz = Olag)] 5l a5 Y 5l slaws (F
sl gyl aw dsgazmon) Sy SV ()
St (Gioo (Slg30l) o915~ (S5

o155 SlsAanls YU ol ,5-F

ly oS 5V oS s oyt 55T sl @) Jyosp
Q‘)S O’l‘ AR oo Al 6’;.».;5_5 99 o|5.§;]é sladl> 6‘)‘3
OIS (rl 992 el Sissd ond (Byme slapS Kus

) 0gboo L TR g Ylawg a5 R? 5l Slad s iy yo5

abse RY 1) (] 5 oges sladn; o R

doolS YL 5l g Al by (bpd gl anad

Caw!

1+ [x2+t2
minS (ALY < hy | —L 0

2

- S e cpl b t§ = max, cpr €5 T'T &g oS
O Y g omb 5l e a4 seellsS 5 (S sla

S R )

1+ [x2+t3
C(p*) 2 S(p") — hy | On)

2

1+ [x2+t3
Qp*®) < S(p") = S(P*®) + hy | —5— | ()

ANY

9] lalre (Sail glnil 5 2L Gles 5o ()
wlee 0 py ool Ko a0 SAIIEY by
ST = ha(W) — hy(po), ()
ot 298l (G s Gm) = =2 qilog q; &5
ho(x) = 4 {qu, - am} sl b
955l @b By —xlogy x — (1 —x) log,(1 —x)

il oo

oy o Ay a5yl e Cewsy P = 5 (1 + F4)
o ola 1) a RS oslal liwly 5 Cul T 5 s
fig = —A; = A = (sinB cos ¢, sinf sin ¢, cos 0)E. :oas
e R

2p1t|X-TA|
— e ®

_ 2po|R+TA|

Wi = 2 ) W34 =

el ol wy oY

sbrd 98l sl B s 0 5 laty Jgey
Y5l pls slaiws gl as sjle oo 0B 1) Lol &)

s Gl sln sl Sy oostllsS Slseal sl

|¥ + TA| = |¥ — TA| = Vx2 + AlTtTA oyl
1 S ~ 1
W1,2=W3,4:Z(1i|xiTn|) 9 Po=P1=3 as

os b ,Blie A ljl 4 &le ol aimaS el plty
ol e oo ) TIT Jade oy (08,5 4 bgipe Jloy
ool 25 e Sl ez Lol 055 SVl ) 4t

G E=7=0 beds ol gl kil slacdls ()
ol plplo g Cwl T = diag{ty, ty, t3}

S, wip=wy =-(A|TA) W)

Po=P1 =73
1l oo Sy Sl by 550

SAlAY = hy (F2) A)
max |TA | = maxVAITITA $lp YU & le ansS
b blie oy ofg aub Al a5 sl gody bl o 3lisl
Slozeal oplply il TIT ke ohy (055,53
ooy ) dns Jgo 8 51 (g k- oY (gl (ogleS
ol oo
Q)]

1+|tmax|)

D(p) =1 — hy(uy, iz, i3, a) + hy ( 2


http://opsi.ir/article-1-357-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

L sl 5l can g X glocdl aus 5l gyl an
Silwdinge (g s cpl Gl 0gb 0 Gho Sly>eal
29995 Opld (998l W (b ol mols plas
4o ol s alayly puols Hlas cpizes b oo ialS
IS Olgie 4 Wlg e o(byb g5l 6lp atws ol
029y GO L g 090 oolitul Slgeal gl VUL
Sty 1y (b e8] eyl blE gjluange

'f"'lo)j—‘
&l Sl

Olprsl oRiily LSS Seass 8o 5l oBassgs
anled s (g5l

&=l o

[1] A. Einstein, B. Podolsky and N. Rosen, “Can Quantum-
Mechanical Description of Physical Reality Be Considered
Complete?” Phys. Rev. 47, 777 (1935)

[2] H. Ollivier and W. H. Zurek, “Quantum Discord:A
Measure of the Quantumness of Correlations,” Phys. Rev.
Lett. 88, 017901 (2001).

[3] L. Henderson, and V. Vedral, “Information, Relative
Entropy of Entanglement, and ITrreversibility,” J. Phys. A
34, 6899 (2001).

[4] S. Luo, “Quantum discord for two-qubit systems,”
Phys. Rev. A 77, 042303 (2008).

[5] M. D. Lang, and C. M. Caves, “Quantum Discord and
the Geometry of Bell-Diagonal States” Phys. Rev. Lett.
105, 150501 (2010).

[6] M. Ali, A. R. P. Rau, and G. Alber, “Quantum discord
for two-qubit X states,” Phys. Rev. A 81, 042105 (2010).
[7] Q. Chen, C. Zhang, S. Yu, X. X. Yi, and C. H. Oh,
“Quantum discord of two-qubit X states,” Phys. Rev. A
84, 042313 (2011).

[8] G. Adesso and A. Datta, “Quantum versus Classical
Correlations in Gaussian States” Phys. Rev. Lett. 105,
030501 (2010).

[9] M. Shi, W. Yang, F. Jiang, and J. Du, “Quantum
discord of two-qubit rank-2 states” J. Phys. A: Math.
Theor. 44, 415304 (2011).

[10] L. X. Cen, X. Q. Li, J. Shao, and Y. J. Yan,
“Quantifying quantum discord and entanglement of
formation via unified purifications Phys. Rev. A 83,
054101 (2011).

[11] D. Girolami, and G. Adesso, “Quantum discord for
general two-qubit states: Analytical progress” Phys. Rev. A
83, 052108 (2011).

[12] S. J. Akhtarsenas, H. Mohammadi, F. Mosavi, V.
Nasajpour, “Quantum Discord of an Arbitrary State of Two
Qubits,” arXiv:1304.3914 (2013).

AAA

et grieo oKadls AVAY oo Ve BA

ol 0l VY] 2 1o 50 s ol L) el
Sy oy .mlsa éL&S] Yo o ,5She ol glacdl>
L5._‘> as MQLSA uLA-A.A—' ).....M.».‘ R | tO —tmax
sl & (bys g9,58] Blae 4 &ygo ol yo ]
Bl el RECER? @ late a5 > 0 (5050l

R
Silw adage-0

29551 SiloainaS 6l Ll LBy, Su cnl 5

oS oo A olgSs (SgS g Slaldl 3 90 5o (b b
Sty ) Slirpel ol sladle (S Gl Griares
90wy b ,Sojlal S o aulre gileaig
SW) Slegiine el b taigdh g0 oy @ 50 )y
254kl sz Sliles (Sl Gy Py O 5 )
pslisr Sk abge pSoilul e Glp
Af, =0 s

I UM RN I

A= [l Jpiiclinn ]y—i— log‘”l]T‘Z’r [log‘”3]T'fZ )

w3Ww4Do

> 027 =12, Zt=

TA+X “
|T‘ﬁ+5€'| L?L».a‘ )O w‘

n&%MQW‘nwxoyAJ@JJ:Jo@GIS
G Slp i Joe Jb e a4 el e ¢

S oS Azxii—§

53l ooyl Slstenl e o Lol S

S9y L Solal ples a4 Cod o byd og,08] anwS
ool US55y 281 L Lo allie ol o il e Baslabus
9l g0 Jolis 5l eyl o5 ((byd 95T Gl
Glbal, TE=0,5=0 L bl sy wopls
Slocdls (o kb Jr sl Jels TEE=0,7 =0


http://opsi.ir/article-1-357-en.html
http://www.tcpdf.org

