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Construction of quantum t-design 
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Quantum t-design can be constructed from 

spherical t-design as follows.

S’ is quantum t-design.

   

2 1 2 1

1

' : ( ) : 1 1

( ) : ( )

d d

v S

d

j j j

j

S x v P x

x v v v i e



 



    

 

: spherical 2t-design

( ) ( )
t t

x v x v
 Matrix component of

is a polynomial with degree 2t.



Unitary t-design
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Set of d x d unitary matrices.( ) :U d

is called unitary t-design when
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Aim of this talk

We discuss a construction of unitary t-

design from spherical 2t-designs as



Construction of unitary t-design
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We have



Construction of unitary t-design

Then,                                    is a unitary t-design.

Conjecture 1:
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This conjecture is converted to the following 

conjecture.
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Assume that the following subsets are 

spherical 2t-designs 



Construction of unitary t-design

We inductively define the function for l=1,..,d
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We choose                       for k=1,2,3,4.

We define d disjoint sets 

for k=1,2,3,4 as
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Construction of unitary t-design

Conjecture 2:
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Function      is a polynomial with degree

Theorem

Conjecture 2⇒Conjecture 1



Conclusion

• We have proposed a conjecture for a 

construction of unitary t-design.

• This application is useful in quantum 

information theory.
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