I0SR Journal of Applied Physics (IOSR-JAP)
e-ISSN: 2278-4861.Volume 11, Issue 3 Ser. I (May. — June. 2019), PP 58-61
www.iosrjournals.org

Unextendible Maximally Entangled Bases In c°®c?®

Hong-Dan Yin, Yuan-Hong Tao
Department of Mathematics, College of science, Yanbian University, Yanji, 133002
First Author: Hong-Dan Yin
Corresponding Author: Yuan-HongTao,
This work is supported by Natural Science Foundation of China under Number 11761073

Abstract: We investigate the unextendible maximally entangled bases in c’®cC? and present a 72-number
UMEB in C® ®C®. Moreover, we show the specific construction of the UMEB construction in C°® ® C® from
thatin C*®C®
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I.  Introduction
In 2009, S. Bravyi and J. A. Smolin [1] generalized the notion of the unextendible product bases(UPB) to

the unextendible maximally entangled basis (UMEB), they showed that there did not exist UMEB in C? ®C2,
and constructed a 6-member UMEB inC* ® C* and 12-numbers UMEB inC* ® C*.

Then, Y. L. Wang and S.M. Fei [2] constructed a 30-member UMEB in c°®cC®, they also showed that
for an given N-number UMEB in C?®C?, there is a N = (qd)*-q(d?-N) - member UMEB in

CY®®C% forany qeN.
In this paper, in order to using higher dimension UMEB more directly in the future, we present
theconstruction of a 72-member UMEB in C® ® C° by using the known 6-member UMEB inC® ® C?.

Il. UMEBs In C°®C’
Aset of states{|g0a> eC?®C"a=12...,n,n<d’}is called an n - member UMEB [1] if and only if

(i) |¢a>,a=l,2,...,n,are all maximally entangled:;
(i) (4|d) =0y .ab=12..n;
(iii) If <¢a|l//>=0 forall a=12,...,n, then |W> cannot be maximally entangled.

Here under computational basis a maximally entangled state |¢a> in C?* ®C“canbe expressed as

4)=(10U,) =Sl eli) W
where | isthe dxd identity matrix, U, is any unitary matrix. According to (1), a set of unitary matrices
U, M, (C]a:L...,n} gives an N - number UMEB in C® ® C? if and only if
(n<d?;
(ii)Tr(Ua*Ub)z do,, ab=12..n;

(iii)Forany U, eM , (C) ifTI’(UJU)zO, a=12,...n,then U cannot be unitary.
In the following we construct a 72-member UMEB in c’®C’. Setﬂ0>,|l>,|2>} be the computational

basisof C?2, and
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2
UnAY ok@m)k|,nm=123
k=0

U, =6,8U,.nm=123, j=1..6, (2)
and
UP=n,@U, i=1..6p=123, (3)
24
wherew=¢€ % k@ mMmdenotes k+mmod 3,and
0 01 0O 0 1 0 01
0,=/1 0 0},6,=|lw O 0,53:a)200
010 0 w* 0 0 w O
010 0 w O 0 w* 0
5,=|0 0 1/,5,=[0 0 & | 6,=|0 0 o
1 00 1 0 O 1 0 O
1 00 1 0 O 1 0 O
7,=/0 1 0|,7,=[0 @w 0 [7,=|0 w* O
0 01 0 0 o 0 0 w
{Ui}?:1 are the following unitary matrices constructed in C®*®C?%in Ref.[1]:
U =1-1-e')wi)w| i=1..6 (4)
where
¥12) =N(0)+f1)) |p5..) = N(1) £]2)). |ws6) = N(2) £ 0)),
with a=(1+\/g), N = ! )
2 1+a?

Then, it is easy to check that {UJ ,n,m=123;j=12,.,6}and{U,i=12,.,6;p=123}

constitute a 72-member UMEB in C°® ® C° . Next, we present the specific expressions of the above 72 states
as follows:

Firstly, we show the 54 states in{U | } in (2)

\¢m> ) \+a?|28)+|30')+a|41) +a’|52') +|63) +a’[85))

[bise) =5 \07> ) +a’|26)+[31) + a|42) + a’[50) +64) + o[ 75') + 2”[83)

\qﬁm) +0[16')+a%| 27')+32') + 0| 40) + a*[51) +|65) + | 73) + & [84)
\¢mm> ) )+ 28)+[30') + 0a| 41) + wa|52') + °|63) ') +0'a’|85")
\qﬁlmﬁ) (107')+a[18)+a’|26') + 031 ')+ 00|50+ 0’ |64) ) +0'a’83))
\qﬁmg) (08)+a16')+a’|27') + 0|32 ')+ wa’|51)+0’|65) + 0°a|73)+ w’a’(84))
hamar)= ;( Voalt)+o28)+07[30) + 0Pl A1)+ 07052+ )63 + 0] 74) + |85
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|¢22,23,24>=;(|07'>+a|1s'>+a2|ze'>+w2|31'>+w2a|4z'>+w2a2|5o'>+w|e4'>+wa|75'>+wa2|ssf>)
|¢M,ﬂ>:g(|os'>+a|1e'>+a2|zr)+w2|3z'>+w2a|4o'>+w2a2|51'>+w|65'>+wa|73f>+wa2|s4'>)
|¢28,29,30>:;(|os'>+a|14'>+a2|25'>+|36'>+a|47'>+a2|5s'>+|eo'>+a|71'>+a2|sz'>)
|¢31,32,33>:;qom)+a|15'>+a2|23'>+|37'>+a|48'>+a2|56'>+|61'>+a|7z'>+a2|8o'>)
|¢34,35,36>:;(|osf>+a|13'>+a2|z4'>+|3s'>+a|46'>+a2|57'>+|ez'>+a| 70 +4[81)
[ =:1)’(co|03’>+a)a|14'>+a)a2|25'>+a)2|36'>+a)za|47'>+a)2a2|58'>+|60'>+a| 71)+a’[82')
| fuasi) = ; (]04) + 0a|15)+ 0a’| 23) + &°[37)+ &’ a|48) + &°a’|56') +|61) + o] 72') + &[80'))
| figaas) = ; (]05)+ wal13) + 0o’ 24)+ |38 + '] 46') + &°a’|5T') +|62) + o] 70') +0[81))
‘¢46’47‘48>::1%(a)2|03’>+w2a|14’>+a)2a2|25’>,a)|36’>+a)a|47'>+wa2|58'>+|60’>+a|71’>+a2|82’>)
e ; (°|04)+ &’ a|15) + w’a’|23) + 6[3T)+ wa| 48) + wa’|[56') +]61) + | 72) + | 80'))

|hsoss) = ;(a)2| 05)+w’al13)+’a’| 24')+ 0|38+ wa|46') + wa’|57') +|62') + | T0') + o’ [81)

where 2 =1, 0, 0.

0 1 21 3
2
1
31
218 (1

Next, we will show the constructions of 18 states in{Uip} in (3), before that we first present all the

specific matrix forms of U, in (4) from different |l,//i>,i =12,...6. As follows:

1-(-e")N*  ~(1-¢")N’z O 1-(@-€)N?  (1-¢“)N%a O
U ,=|-(1-e“)N% 1-(1-e“)N%’ 0|U,=| 1-e“)N?%a 1-(1-e“)N%a® O

0 0 1 0 0 1
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1 0 0 1 0 0

U,=|0 1-(1-e“)N* —(1-e“)N’a [U,=|0 1-(1-€“)N* (1-e“)N%«x
0 —(1-e“)N%a 1-(1-€“’)N%’ 0 (1-e“)N’a 1-(1-e“)N’a?
1-(1-€“)N%a®> 0 —(1-e"“)N’« 1-(1-e“)N%? 0 (1-€“)N%a

U, = 0 1 0 U, = 0 1 0
~(1-e¢“)N’a 0 1-(1-e"“)N? (1-e“)N°a 0 1-(1-e")N?

Then, according to (1) in Ref[1], we can get a mz;1trix with a dimension of 81.Therefore, we can get 18
states from them. Take ¢, ¢,,@, for example. Then we can get the rest of the other states.
|¢1> = (§0111 (273 (Dls)T
Oy = (AB1AB1AB1AB1LABLABLABLABLABI'
O, = (AB1AB1AB1AB1AB1AB1AB1AB1ABI)’
O3 = (AB1AB1AB1AB1AB1AB1AB1AB1ABI)’
|¢2> = (@1, P ¢723)T
0, = (AB1AB1AB1AB1AB1AB1AB1AB1ABI)’
Oy = o(ABL1LABI1AB1AB1AB1LABLABI1ABLABD"
Qp3 = »°(AB1AB1AB1AB1AB1AB1AB1AB1LABL"
|¢2> = (@1, P ¢723)T
o, =(ABLABLAB1AB1AB1AB1AB1ABLABL"
¥y = »°(AB1AB1AB1AB1AB1AB1LABI1ABLABI)’
P33 = »(AB1AB1AB1AB1AB1LAB1AB1AB1ABI)’
where A=[1—(1—€'")N?]+[-(1—-€e"?)N?a] B=[-(1-e'")N’a]+[1-(1-e"")N°a?]

Then we can get the rest of the other states.

I11. Conclusion

We present a 72-member UMEB in C® ® C? from construction of an UMEB in C* ® C*in detail. Thus
give a example for the construction of an UMEB in high dimension bipartite space and illustrate the main idea
of paper[2].
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