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Problem:

Let W=A,+wWA +---+w,A, €

Find W such that WWw' =|X]|1.

Wy l= =y [F L




Examples (symmetric) Examples (nonsymmetric)

Complex Hadamard matrices

d =3 | contained in a Bose-Mesner algebra,
Spec.Matrices.,3 (2015), 91-110.
Complex Hadamard matrices

d =4 | attached to even orthogonal scheme

of class 4, (2016), submitted.

not Butson-type complex Hadamard matrix

nonsymmetric



2 6-class nonsymmetric association
scheme on the Galois ring
of characteristic 4



e > 3 . an odd positive integer

GF(2°) = GF(Z)[X], @(x): a primitive polynomial
(p(x)) of degree e over GF(2)

GF(2)*=({)

Z,=7/47

Jdd(x) : a monic polynomial of degree € over Z, st
O(x)=@(x) mod 2Z,[x],
{ d(x)I1x* " =1 in Z,[x].

R= Z,1x] . Galois ring o =2N.

((D(X)) radical
9 = 4° ] =2




¢:the image of X in %= 2«1

R =17,[E], (@)
T =(£) |F]=2-1.




9,{*

S, =(T\{1DA+0,),

S, =@ \{IPA+p,), S, =-1+80,).

S;=1+¢,,

§

R=S,US U---US,, S.NS, =.
A (A= x(0f) (xeR, AcR)

BeA

x(0)=i"Y

trace from i to Z,

Theorem1 (Munemasa-|)
1,(S,) is constant for Va €S, (i=0,1,...,6).

Put p,;=A,(S)for €S, (i,j=0,1,...,6). Then
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Sy S,
2b(b—-1) 2b(b-1)
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—bi bi
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0 0
—2b —2b
0 0
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S, S, S, S,
b b b-1 b
0 0 1

0O 0 -1 0

bi -bi |b-1 -b
-bi  bi |b-1 -b
b b b-1 b
-b —-b b-1 b

b=2" j*=-1.




R o

- ),

R ={((x,,8)69{><9? | oc—,BeSj} (j=0.1.....6)
X = (SK,{R,- };)) . 6-class nonsymmetric association scheme

AjHR].

adjacency
matrix

AT=A, AT=A,, A, A,

symmetric



3 hermitian complex Hadamard
matrices attached to a 6-class
nonsymmetric association scheme
on the Galois ring of characteristic 4
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AT =A, AT=A,, A,, A,

symmetric

A=(A,,A,,...,A,) : Bose—Mesner algebra

Assume that
® W=A+wA +--+wA e,

Wy ==, =1

® W: hermitian
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Theorem?2 (Munemasa-Ilkuta)
Let W=A +w A +---+w A €2,
hermitian |w,[=---=w, |=1.

W: a complex Hadamard matrix
ifandonly it W=A,+€i(A —A,)+&i(A,—A)+A+A,, o
W=A+€i(A —A)+& (A +A)+A - A,

for some €,, €, € {£l}.
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How to prove?
A=(Ay,A ... A,)

(Ey,E,,....E,)

adjacency primitive
matrices idempotents
d d d
W ZZW]AJ :ij ZPIJEJ
j=0 Jj=0 i=0

W : hermitian

- WW =wi=)y

d
| -

J 2
2wk | E,
j=0

nI:n(EO+E1+---+Ed)\




Thank you very much for listening to my talk.
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