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Abstract: We investigate the unextendible maximally entangled bases in 
dd CC   and present a 72-number 

UMEB in 
99 CC  . Moreover, we show the specific construction of the UMEB construction in 

99 CC  from 

that in 
33 CC  . 
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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
22 CC  , 

and constructed a 6-member UMEB in
33 CC   and 12-numbers UMEB in

44 CC  . 

Then , Y. L. Wang and S.M. Fei [2] constructed a 30-member UMEB in 
66 CC  , they also showed that 

for an given -N number UMEB in 
dd CC  , there is a -

~ 22 -N)-q(d(qd)N  member UMEB in 

qdqd CC   for any Nq . 

In this paper, in order to using higher dimension UMEB more directly in the future, we present 

theconstruction of a 72-member UMEB in 
99 CC  by using the known 6-member UMEB in

33 CC  .  

 

II. UMEBs In 
99 CC   

A set of states }d...,n,n,:aCCφ{ dd

a

221  is called an -n member UMEB [1] if and only if  

(i) ,,...,2,1, naa  are all maximally entangled;  

(ii) abba   , nba ,...,2,1,  ;  

(iii) If 0a  for all na ,...,2,1 , then   cannot be maximally entangled. 

Here under computational basis a maximally entangled state a in 
dd CC  can be expressed as 

  



1-

0

1 d

i

aa ii
d

UI  

where I  is the dd   identity matrix, aU  is any unitary matrix. According to (1), a set of unitary matrices 

  },...,1{ naCMU da   gives an -n number UMEB in 
ddC C  if and only if 

(i)
2dn  ; 

(ii)   abba dUUTr 


,  nba ,...,2,1,  ; 

(iii)For any  CMU da  , if   0

UUTr a ,  na ,...,2,1 , then U cannot be unitary. 

In the following we construct a 72-member UMEB in 
99 CC . Set 2,1,0  be the computational 

basis of 
3C , and  

(1) 
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nm UU  , 3,2,1, mn , 6,...,1j , 

and 

ip

p

i UU  , 6,...,1i , 3,2,1p , 

where 3

2 i
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1}{ iiU are the following unitary matrices constructed in
33 CC in Ref.[1]: 

ii

i

i eIU  )1(  ,  6,...,1i  

where 

)10(21   N， , )21(43   N， , )02(65   N， , 

with ,
2

)51( 


21

1


N . 

Then, it is easy to check that }6,..,2,1;3,2,1,,{  jmnU j

nm and }3,2,1;6,...,2,1,{  piU p

i

constitute a 72-member UMEB in 
99 CC . Next, we present the specific expressions of the above 72 states 

as follows: 

Firstly, we show the 54 states in }{ j

nmU  in (2) 

)584736251403827160(
3

1 222

321
  ，，

)385746052413628170(
3

1 222

654
  ，，

)483756150423726180(
3

1 222

987
  ，，

)584736251403827160(
3

1 222222

121110
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1 222222
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1 222222
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  ，，

(2) 

(3) 

(4) 
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where .,,1 2 
 

 

Next, we will show the constructions of 18 states in }{ p

iU  in (3), before that we first present all the 

specific matrix forms of iU in (4) from different 6,...,2,1, ii . As follows:  
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Then, according to (1) in Ref[1], we can get a matrix with a dimension of 81.Therefore, we can get 18 

states from them. Take 321 ,,   for example. Then we can get the rest of the other states. 
 

T),,( 1312111  
 T,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,A,B, )111111111(11 

 T,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,A,B, )111111111(12 
 T,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,A,B, )111111111(13 
 T),,( 2322212  

 T,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,A,B, )111111111(21 
 T,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,A,B, )111111111(22  

 T,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,A,B, )111111111(2

23  
 T),,( 2322212  

 T,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,A,B, )111111111(31 
 T,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,A,B, )111111111(2

32  
 T,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,,A,B,A,B, )111111111(33  
 

where ])1([])1(1[ 22  NeNeA ii  ])1(1[])1([ 222   NeNeB ii 
 Then we can get the rest of the other states. 

  

III. Conclusion 

We present a 72-member UMEB in
99 CC  from construction of an UMEB in 

33 CC  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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