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Abstract: 7he construction of an UMEB in [ ® @0 “ from an UMEB in [ ¢ ®[ “is discussedthis paper.
Three kinds of 132-member UMEBs in[] > ® ] ** are established from the UMEBs of 1 *®[°, 0 ®0*
and [J ® ®[J © respectively.
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I. Introduction
In2009, Sergei Bravyi and John A.Smolin[1] generalized the notion of the UPB to the Unextendible

maximally entangled bases, they proved that UMEBs do not exist in [] 2@ 2 ,and theypresented a 6-member

UMEB in [ *®0° and a 12-member UMEB in[] * ®0*.
Since then,more and more people start to study UMEBs.in Chen and Shao-Ming Fei[2] gave d’-member

d ,
UMEB in 0 ®[ ° (E <d <d); Hua Nan,Yuan-Hong Tao,Lin-Song Li and Jun Zhang[3] showed that

there are qd? -member UMEBs in 0° ®0 d (d =qd+r,q,rel*,r<d) .Mao-Sheng Li,Yan-Ling
Wang and Zhu-Jun Zheng[4] concluded that there always exist a UMEB in 0 ¢ ®[J d (d #d") .Yan-Ling

Wang, Mao-Sheng Liand Shao-Ming Fei[5] have presented the construction of an UMEB in [ ¥ @ % from
an UMEB in 0 ¢ ®[ ¢ ;they showed that for an given N-number UMEB in [ @0 there is a N -number
UMEBS in 0% ®0 “where N =q?d® —qd?+qN , but they did not show the difference among different

UMEBS in 0 % @0 *.
12
In this paper,we show that there are three kinds of 132-member UMEBs in [] ~ ®[1"* which are constructed

from 6-member UMEB in[]1*®[13 12-member UMEB in[] * ®[1* and 30-member UMEB in[] ® ®[]®
separately.

II. UMEB IN 0 ®0°
A set of states {l woyel?®0%a=1--nn< dz} is called an UMEB[1] in [ * ® *if and only if:

1) All states |l,ua> are maximally entangled;
(2) <l//a|l//b>:é‘a‘b1 alb:lvzy"'ln;
(3) If (w, |w)=0 forall a=1,2,---,n, then | ) cannot be maximally entangled.
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Three Lhextendible Maximally Entangled Bases In [] > ®[1*

Let {[1)/2),--,| d)} be the computational basis in [1 ¢, then any maximally entangled states |, can be
expressed as

) =(1 @ua)%ﬂ h® i),

Wherel is the dxd identity matrix, U, is any dxd unitary matrix .A set of unitary matrices
{Ua eM,(0)la=12,---, n} gives an n-member UMEB in [J ¢ ®[1 ¢ [1] ifand only if

(1) n<d?

) TrU/u,)=ds,,a,b=12,---,n;

(3) fTr(UJU)=0, for any U e M, (0),a=12,---,n, then U cannot be unitary.

I1I.UMEBS IN [ *“ ®0 * (qd > 2)

Yan-Ling Wang, Mao-Sheng Liand Shao-Ming Fei[5],have established the construction of an N —member
UMEB in 0 % ®0 % from an N —member UMEB in 1 * ®1°, where N =q?d?—qd®+gN,qel .
The detailed process is as follows:

Denote
d-1 2nL
Unm:Z:e ‘ |k®m)(k|,m,n:0,1,---,d—1,
k=
and
010 1 1 1 1
0 1 ... 1 ¢, ng g(;“l
S L 2 T T
00 -~ 1 Do -
1 00 ---0 R g B g(q—nz
a a a

20
where §, =¢e *
Let {Un,n =12,---,N< dz}be the set of unitary matrices that give rise to the UMEB in [19 ®[] ¢ .Set
Ul =w's’y®u, ,where i=0,---,q-1 j=1---,g-Lm,n=0,---,d =1 and
U =w'®u,,i=01--,q-,n=12---,N <d?.

then {U H Ur:} give a N —member uMEB in [1% @1 %,

nm?

nm?

Let N denote the number of all the above matrices in{U” }and {U!}, then
N =q(q-1)d?+gN =g°d*—qd®+qgN < qd?.

IV. UMEBS in [ ®1"

Yan-Ling Wang, Mao-Sheng Liand Shao-Ming Fei[5] have presented a 30 member UMEB in [ *®0°
from that in [ ® @012 In this chapter, we will establish three kinds of 132-member UMEB in [J 2 ®0" Note
that 12=3x4 and 12=2x6, and UMEBS do not exist in [] > ®*™ we can construct UMEBs in
02 ®0" from the UMEBs of 0°®0°,0*®* and [J° ®[1° separately. Each way shows 132-
member UMEBs in [ * ®[] .
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4.1. UMEB in 0 ®[* fromthatin [1°®[]°
Let {J0)|1),--+,|1D)} be the computational basis in > .We first present thecorresponding matrices

{Unm,l =0,1,2,3,j=12,3,m,n=0,1,2} to give 108 maximally entangled states in [/ 2RO as
follows:

2nf1 2n—1 2 ZTL\/an
Nowl=e * ,w=e ® U, =>e* |k@&myk|,mn=012.
k=0
11 1 1 0100
1 2 g3 0010
W= 424 CZ 5= |
1¢2 1 ¢ 0001
1 ¢ ¢ ¢ 1000

Denote S’ the j power of S, j=1,2,3 andW* =diag (W11, Wieq 20 Wesg 30 Weir 4), K =0,1,2,3, we
have

=diag(1,1,1,1), W' =diag(L,¢,¢?,¢?), W2 =diag(l,¢%,1,¢?), Wé =diag(L,£3,¢2,4) .Th

en we have 108 orthonormal maximally entangled states in [ > ® ] as follows:
Define

) =TI BULIN == SN BW'S @U, ) W
Now we illustrate the above 108 states. The first 36 states are as follows:

$,=2103)+a,|14)+a,|25)+a, |36 )+a,|47)+a,|58) +a,|69) +2,|7.10 ) +2,[811)+a,|90) +&,|101) +a, [11.2)
¢, =a,|04)+a,|15) +a,|23)+a,|37)+a,|48) +2,|56 ) +a,|6:10 )+, | 7:11) +a,|89) +a,, |91 ) +a, |10.2) +a,, |11.0)
$.=205)+a,|13)+a,24) +a,|38) +a,|46) +a, |57 ) +a, |611)+2a,| 79) +2,|810) +a, |92 ) +a, |10.0) +a, |111)
where the coefficients (&, 8,, 8,, 8,, 85, 85, 8,, 8, 8y, 8,4, &, 8;,) take the following 12 group values:

ol o’ ln o’ lo oo o)

ol 0wl o ol o, ol o o)

(1,1,1,1,1,1,1,1,,1,1,1)

o({.lw 0 (P w0’ L e, 0 1, 0,07)

(S NS NNl RN N AN RNl ON WO ND)

(.8, 83,85 0%,85,0°,8%,141))

(%0, %0 Lwo (P o, 0 L o,00)

.(é’z’4/2@2’4’260’1’602’@’;2’é»ZwZ,é/Za)’l,a)Z,a))

Y (N N N Wl W W

.(§3'§3w14/36021é’z!gzwlgzwzlé’lgw!(a)zlly a)l a)z)

(¢ S, P o, E S’ S, 0, w)

o(£3,8°%,8%, 87,8500 ¢,4.¢6,110)

The second 36 states are as follows:
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¢y =D, |06) +b, |17 +b, | 28) +b,[39) +b, |4,10) +b, |5,11) +b, | 60) +1b, | 71) +b, |82) +b,,|93) +b;, |10,4) +b,, |115)
&, =0107)+b,|18)+b, |26y +b,|3,10) +b, | 4,11) +b, |59 +b, | 61) +b, | 72’y +b, | 80) + b, |94 +b, |10,5) +b,, |11,3)
tho=D108)+b, |16+, | 27)+b, |3,11) +b, | 49) +b, |510) +b, |62 +hb, | 70 +b, |81) +b, | 95) +b,, [10,3 )+ Dby, | 11,4)
where the coefficients (b, b,,b,,b,,b;,b,, b, , by, by, by, by, b)) take the following 12 group values:

ol 0’0 0l 0"l 0 o)

o(l0* 0l 0 0l o, 0l o’ o)
*(1,1,1,1,11,,2,1,)

(SN AN NS N NONO N NN
o(¢* ¢ 0" Sf0,00 P’ oL 0,¢, {0’ o)
o(¢%¢%¢% ¢ ¢ LLLE ¢ Q)

Lo’ (% wlo oo, (2 ol o)
(Lo, 0,¢% %0 P00 0,l%, o’ S w)
*(L11¢%¢%¢% L1187, 6% ¢7)

(SN ONG ONNAON R NN ON SO
(S N S NN AN AN OO NN N0
o(¢%¢%¢% ¢, ¢ ¢ LS ¢ E)

The third 36 states are as follows:
$a=C,|09)+C, |10 +C, | 211) +C, [30) +Cq [ 41) +C; |52) +C, |63) +Cy | 74) +Cq |85 ) +Cyo |96+, [10.7 ) +C,, | 118)
$,,=C1010)+cC, |L11) +c, | 29)+C, |3L)+C|42) +C4 |50 ) +C, | 64) +Cy | 7T5) +Cy |83+, | 97)+C,; [10.8) +Cy, |116')
s =C |OAL) +C, [19) +C [ 210 +¢, [32)+C; |40) +Cy | 5L) +C, |65 )+, | 73)+C, [84) +C [98) +C,, 10,6 ) +C,, 11,7
where the coefficients (C,, C,, C,, C,, Cs, Cs, C,, Cq, Cg, Cy, Cyq, Cpp ) take the following 12 group values:
o(lw o’ 10 0l 010 o)
(1o’ w0 0l o, 0l o, o)
*(1,1,1,1,1,1,1,1,,1,1,7)
(N N N WON NN NSNS NS
(A N N NN NN N NSNS N0
«(¢%¢% ¢ 114,466,675
(&% 2w, N w, 02, E o, 20 L, @, )
({0 Pl 00,87 00" (ol 0, w)
(% ¢% ¢ L1 ¢%, 6% ¢P L)
(AN NN NSNS NN SN S NSO
(¢, g0 ¢l 0" 0,8 0w, ¢t o’ (o)
'(41574,171,1,43143153_,52,52,52)
Next,we present the corresponding matrices {U,i=0,1,2,3,n=1,2,3,4,5,6} to give 24 maximally

entangled statesin [ > ®[1 -
Let {U, =1-1-¢€")|w, Xy, |\n=12,---,6}be the set of unitary matrices that give rise to the 6-

member UMEB in [1° ®[13, where
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|%ﬁ=%ﬂ®iﬂb)
|wm>=%ﬂbi¢ﬁn

Vsa) =< (12£410)
1+\/§

2
Denote U} =W'®U through directly calculation, we have

Urll = IlIZ - (1_ eiﬁ)(l l//n><lzyn | + | l//n+6><l//n+6 | + | V2 ><!//n+12 | + | Wn+18><l//n+18 |) )

with ¢ = N = 1+¢2,c039:—g.

1=0,,2,3n=12,---,6and
R R . N S, . R B .
= —( 0 xa L), |ywo=—(Lxa|2)), |ys.i=—(2xa|0;
UZEY N(| yEe (L), [yh, N(| JEO12)) (s N(| yEe0))
[s) =3 £01), 1) == £I5). [Y) =1 5:£013)
Wag PR AR a0/ o L EO, LSTRLY, o O

R o1 . . R S .
gt =—(| 03| 7). | W o=—(Trx@|8)), |Yq=—(8 x| 6
|§!’13,14, N(| yEe| 7)) |U15,15. N(| yEe|8)) |U1?,13, N(l st 6))

1 . . o1 . . N | . .
1, b= — (9@ | 10%), |ys = — (102 @ 113, |y y=— (11t a| 9
|§i’19,2a. N(| )10 |10}) |9'21,22, N(| yto|11)) |9'23,24. N(| yEal9)

l; 0; 0; O I, 0O 0, 0,
0 _ 0, I, 0, O 1 _ 0, ¢l 0 0,
1, = RS 2

0, 0; I3 O 0, 0, £°l; 0
0, 0; 0, Iy 0, 0 0, ¢ : l5

l, 0, 0, O I, 0, 0, 0,

12 = 0; 412'3 0, 0, 13 = 0, é,sls 0; 0;
. 0, 0, l; 0 e 0, 0 Cz l; 0,
0, 0, 0 4,2 l5 0, 0 0, <l

Define
. . 1 11 .
n=01®U))— a®|a), 1=0,1,2,3;n=12,---,6 2
Ly =( )2\/§a§=0| |

then the above24 states {| l//ri]>} are all orthonormal maximally entangled states in [ 0% Itis easy to

verified that all the above 132 states in (1) and (2) construct a UMEB in [ Z®0",
4.2. UMEB in[]** ®[1* fromthatin [1* ®[]*
We first present the corresponding matrices {U" |i=0,1,2,j=1,2,m,n=0,1,2,3} to give 96

nm?
. 12 o 12
maximally entangled statesin [] * ®[]™:

2n\1 2n 1 3 2mf1
Now(=e 3 ,w=e * U, =>e"
k=0

! [k ®@m)Kk|,m,n=0,1,2,3 and
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11 1 010
W=[1 ¢ ¢%|,s=|0 0 1
1 ¢ ¢ 100

Denote S! the j power of S, | j=12,3 and W* = diag (W1 1, W1 ) Wii13), K =0,1,2 we have
=diag(1,1,1), W =diag(1,¢£,¢?), W? =diag(1,£?%,&) . Then we have the following 96

orthonormal maximally entangled states in [] > ®[1**:
Define

e J—Z|I>®(u i) = f2| HO(W*S'®U, i) ©
Now we illustrate the above 96 states.The first 48 states are as follows:
¢,=2,04)+a,|15)+a,|26)+a, |37 )+a,|48)+a,|59) +a,|6:10) +a,| 711) +a,[80) +a, |91) +a,,|10.2) +a,, |11.3)
¢.,=2,05)+a,|16)+a,|27)+a,|34) +a,|49) +a, |510) +a, |6:11) +a, | 78) +a, |81) +a, |92) +a,, |10.3) +a,, |11.0)
¢,=2,106)+a,|17)+a,|24)+a,|35)+a, |410) +a, |511) +a, |68) +a,| 79) +a,|82) +a, | 93) +a, |10.0) +a, |111)
¢..=2,|07)+a,|14)+a,|25) +a,|36) +a, |411)+a, |58) +a, |69) +a,|710) +a, |83)+a, |90) +a, |101) +a,, |11.2)
where the coefficients (&, a,, 8, 8,, 85, 8, 8,, 85, 8y, 8y, &,,, 8,,) take the following 12 group values:
*(1,1,1,1,1,1111111)
o(lw a? ol o 0, a0l o)
(10’1 0% 1 0% 1 0?1 0l 0°)
o1, @, 0%, 0,1,0°, 0%, 0,1, 0)3,a)2,a))
(NGNS WK
.(é/’é/ah §w2,§w31é’21é’2w’é’2a)2,é’za)s,l’w,a)21w3)
.(é/’é’a)z’4’14/0)2,4’2,4’2@21;214’20)2’1’ a)zaly a)z)
.(é/’é/a)sié/a)z’§w1§21§2w31§2a)2’§2wal$ a)31a)2aa))
.(4214/214/214/214/1é/’é/aé/1111a111)
({0, et (P’ L o, Lot (o L 0,07, @°)
(¢ (PP (o Lo 1,0 1, 00°)
.(4/21412603’é/Za)Z,é/Za)’é/,é/a)?:’é/a)Z,é/a)’l’a)S’a)Z’a))
The second 48 states are as follows:
¢, =b, |08)+b, |19)+b,|210)+b, |311)+b, | 40') +hb, |51) +b, | 62) +h, | 73) +b, |84) +hy, [95) +b;, [10.6 ) + b, |11,7)
¢, =b,[09)+b, |110) +b, | 211y +hb, | 38) +b, | 41) +h, |52) +b, [63)+b, | 70) +h, |85)+b,, |96 )+, |10,7 ) +b,, [11.4)
¢ =0 1010+, [111) +b, | 28) +b, [39) +b, |42y +b, |53) +b, | 60) +b, | 71) +b, |86 +by, |97 +b, |10.4) +b,, |115)
¢, =b [011) +b, [18) +b, | 29) +b, | 310y +b, | 43) +b, |50 +b, |61) +b, | 72) +b, |87 ) +b, |94) +b,, |105) +hb, [11.6)
where the coefficients (b, b,, b,,b,, b, by, b, by, by, by, by, b)) take the following 12 group values:
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*(1,1,1,1,1,1,1,1,1,1,7)
o(lw a? ol o 0, 0l o)
(10’1 0% 1 0% 1 0?1 0l 0°)
(10 0* 0wl o’ o 0l o0, o)
(% ¢% ¢ ¢%1LLL¢, ¢4, )
.(4121412@,;2602,é«Za)B,l’a),w21a)37é/,§a)’éfa)2’é/w3)
(SN NSNS N NS WO NN NN
(%0 P P, 0, 0%, 0,8, (o’ Lot L)
°(¢,¢.¢, ¢ LLLL ¢, ¢ 6% E7)
(¢, lw, (o (ot o0 0, (P, Po’ (P wd)
(NN RO NN SN S NSNS0
o((, (0 (0 (w0, 0 0, 7 P’ ot S o)
Next,we present the corresponding matrices {Un, i=0,1,2 n=12,---11,12} to give 36 maximally
entangled statesin [ > ®[1 -

Let U,,n=12,---,11,12 be the set of unitary matrices that give rise to the 12 member UMEB in

04 ®0*, where

U, =iax ®(o,-0,)

2
1 (o
\/E X
1
U3 =—7=0; ®(Gz —Gy),

N

u, =i(az—ay)®ax,

2

U, :%(ax+ay +0,)®(o,+to,+0,),

U, = -0,)®0,,

YU, UL ={I®],1®0,,I ®o,1®0,0,01,0 ®l,0,® 1)
Denote U! =W'®U , i=0,1,2; n=1,2,---,6, through directly calculation, we have:

Un 03 03 Un 03 03 Un 03 03
u’=lo, U, 0| Ul=l0, ¢U, 0, |, U’=|0, ¢U, O,
0, 0, U, 0, 0, ¢, 0, 0, <¢U,

lw!y=(1®U}) \/_Z|a>®|a> i=0,1,2; n=12,---,12 (4)

then the following 36 states {| l//n Y} are all orthonormal maximally entangled states in [ 0% Itis easy to

verified that all the above 132 states in (3) and (4) construct a UMEB in [ > ®[1 %
4.3. UMEB in[(1 2 ®1* from thatin 0 ®[ °
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We first present the corresponding matrices {U" |i=0,1, j=1,m,n=0,1,2,---,5}to give 72 maximally

nm?

entangled statesin [1 > ®[1 %
21 5 2nL
Noww=e ¢ U, =>e ¢ |k@&mxk| mn=012345 and

k=0
1 1 01
W= ’S: .
o)l

Denote W* = diag (W11, W,1,), K=0,1, we have W° =diag(1,1), W' =diag(1,—1) , then we

have the following 72 orthonormal maximally entangled states in L] 2@
Define

|4 J—Z|u>®(u i) = IZm@«w SIeU, i) 6
Now we illustrate the above 72 states. The 72 states are as follows:
#=2106)+a,|17)+a,|28)+a,|39) +a,|410) +a,|511) +4a,|60) +a, | 71) +a,|82) +a,,|93) +a, |10.4) +a,, |115)
=a,|07)+a,|18)+a,|29) +a,|310) +a, |411) +a, |56 ) +a, |61) +a, | 72)+a,|83) +a,|94) +a, |10.5) +a, |110)
¢,=a,08)+a,[19)+a,|210) +a, |311)+a, |46 ) +a, |57 ) +a, |62) +a, | 73) +a, |84 +a, |95) +a, [10,0) +a, |111)
#,=2,]09)+a,|110)+a,|211) +a,|36)+a, |47 ) +a,|58) +a, |63)+a, | 74) +a, |85 ) +ay, |90 +a, [101) +a, [11.2)
¢ =a 010 +a,|111)+a,|26)+a, |37 ) +a,|48)+a, |59) +a, |64)+a, | 75)+a, |80 ) +a, |91} +a, [10.2) +a,, |113)
¢ =8, |011)+a,|16)+a,|27)+a,|38) +a,|49) +a,|510) +a,|65) +a,| 70 +a, |81) +a,,|92) +a, |10,3) +4a,, |11.4)
where the coefficient (8, 8,,8;,8,, 8,84, 8,,85,85, 8,4, 8,;,8,,) take the following 12 group values:
(1,1,1,,1,1,,1,1,1,1,1)
(Lo o o o'l oo, o ot 0’)
ol 010 0l 00"l 0, o)
(1010’ 1010’10l a0
(Lo 0’10 010010, o)
(Lo’ 00 0’ 0l 0,0, 0,0, )
o(-1,-1,-1,-1,-1,-11,11111)
o1, -w,-0* -0, -0, -0 1, 0,0, 0°, 0", ®°)
o(-1,-0°, -0 -1, -0* -0' 1, 0* 0*1,0°, 0*)
o(-1,-0’,-1,-0°,-1,-0°,1,0*1, 0*,1, &°)
o(-1,-0", -0’ -1, -0 -0° 1 0, 0*1, 0", 0*)
o(-1-w’, -0 -0, -0°,-0,1,0°, 0", 0°, 0*, ®)
Next, we present the corresponding matrices {U!,i=0,1,n=1,2,---29,30} to give 60 maximally
entangled statesin [] > ®[1 -
Let{U,,n=12,---,29,30} be the set of unitary matrices that give rise to the 30-member UMEB in

ne®n® .DenoteUri] =w' ®U,, 1=01 n=12,---29,30, then we have the following 60 orthonormal

maximally entangled states in [ > ®[ -

The first 36 states are as follows:
#=2a03)+a,|14)+a,|25)+a,|30) +a, |41)+a, |52 ) +a, |69) +a,|7,10) +4a,|8,11) +a,, |96 ) +4a, |10,7) +a, |11,8)
#,=2|04)+a,|15)+a,|23)+a,|3L)+a,|42)+a, |50 ) +a, |6,10) +a, | 7,11) +a, |89 ) +a,,| 97 ) +a, |10,8) +a,, | 116
#,=2,105)+a,|13)+a,|24)+a, |32) +a,|40) +a,|51) +a, |6,11) +a, | 79) +a, |8,10) +a,, | 98) +a,,|10,6 ) +a, |11,7)
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where the coefficients (&, a,, 85, 8,, 85, 8, a;, 8, 8y, 8y, &y, 8;,) take the following 12 group values:
¢(1,1,1,1,1,1,1,,1,1,1,2)
(1o’ ol 0 0l o’ 0l o o)
ol w0l w0l 0l e o)
o(-1,-1,-1,111-1,-1,-1111)
o(-1,-0*, -0l 0% 0,-1,-0°, -0l 0", 0)
o(-1,-w,-0* 100", -1,-0,-0"1,0, %)
o(1L1,1111-1,-1,-1,-1,-1,-1)
(Lo’ w0 0-1-0",-0-1,-0,-0)
o(lw o’ oo, -1-0-0",-1,-0,-0%)
o(-1,-1,-1,111111,-1,-1,-1)
o(-1,-0*, —w1 0 0l 0", 0-1,-0, o)

o(-1,-0w,-0* 100" 1,0 0°,-1,-0,-0%)
The second 24 states are as follows:
Through directly calculation, we have:

Uri1 = |1i2 —(1-€")( wiXy; |+|‘//j+6><‘//j+6 |+|l//j+12><l//j+12 |+] Wi Vs )
1=0,123,j=12,34,56,and

920 = 001D Y0 = — (U261 D) ysg) = -1 22 6]0)
0ng) = — (30O Worp) = — (0] U Yyp) = — (1 5)£0]3))
W) = — (1681 T Whsse) = — (1 LB M thr) = —(18)+6] 6))

1 1 1
oot = — (|95 @ | 100N Yy o0 v = — (|10 2@ | 110),| 4y o v = — (|11 2 2| 9
| Wha 20 N(l JE@|L00),| sy 5. N(| JEOILL) Y o) N(l yEe|9))

I, 0, 0, O, , 0, 0, O,

|o _ 03 |3 03 03 |1 _ 03 _Is 03 03

2710, 0, 1, 0, ® |0, 0, I, O

3 3 3 3 3 3 3 3

03 03 03 |3 03 03 03 _Is

l, 0, 0, O, , 0, 0, O,

|2 _ 03 |3 03 03 |3 _ 03 _Is 03 03

210, 0, -1, 0, ® |0, 0, -1, O

3 3 3 3 3 3 3 3

03 03 03 _Is 03 03 03 |3

Define
. . 1 11

N=(1®U')— a)®|a), 1=0,1,2,3;n=12,---5,6 6
[y = ( ”)2J§;| ®|a) (6)
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then the above 24 states {| l//f,)} are all orthonormal maximally entangled states in [ Q0% 1tis easy to

verified that all the above 132 states in (5) and (6) construct a UMEB in [ > @[],
There are three ways to construct UMEBs from the UMEBs of [1° ® 3,1 * ®[1* and [1® ®[1 ° .Each

way shows 132-member UMEB in [] 2 @0 1f the 132 unitary matrices of the two methods are similar to
each other, we say that the two methods are the same.Because it is too complicated to judge whether the unitary
matrices of each method are similar one by one, we give the eigenvalues of some special unitary matrices of the
three construction methods as follows:

Table 1:0rder of eigenvalues of UMEBs in [1 ®[1*

Opin (U,) Opax (U,) Opin Uy ) Opex Uny)
0 3 [ 3 1 o0 1 12
0 4 R 4 1 12 1 12
0 6 R 6 1 00 1 12

From the reference[5], we can know that at least two of the three UMEBSs obtained in this way are not
equivalent. From Table 1, we can know that the ways from dimension 3,4 are different and the ways from 4,6

are different. Since the 30-member UMEBs of [ ® ®[ ® are constructed from [ > ® ] *, there is a certain
similarity from dimension 3,6. If we want to judge whether the two constructions are completely consistent, we
need to further determine whether each pair of unitary matrices is completely similar. If there are one or more
pairs of unitary matrices are not similar, then we can conclude that the ways from dimension 3,6 are different.

References
[1]. S.Bravyi.andJ.A.Smolin,Unextendible maximally entangled bases. Phys.Rev.A 84,042306(2011).
[2]. B. Chen and S. M. Fei, Unextendible maximally entangled bases and mutually unbiased bases. Phys. Rev. A 88, 034301 (2013).
[3]. Hua Nan, Yuan-Hong Tao, Lin-Song Li, et al. Unextendible Maximally Entangled Bases and Mutually Unbiased Bases in
79 @019 . Journal of Yanbian University, 2014, 54(3):927-932.

[4]. Mao-Sheng Li, Yan-Ling Wang, Zhu-Jun Zheng, Unextendible maximally entangled bases inci®ce . Phys. Rev. A 89, 062313
(2014).

[5]. Yan-Ling Wang, Mao-Sheng Li, Shao-Ming Fei, Unextendible maximally entangled bases in (19 ®[¢ . Phys.Rev.A90,
034301(2014).

Yuan-Hong Tao. "Three Unextendible Maximally Entangled Bases In[J ** ®] **." IOSR Journal
of Mathematics (IOSR-JM) 15.3 (2019): 45-54.

DOI: 10.9790/5728-1503014554 www.iosrjournals.org 54 | Page



