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Abstract
We classify all the cocyclic Butson Hadamard matrices

BH(n, p) of order n over the pth roots of unity for an

odd prime p and np ≤ 100. That is, we compile a list of

matrices such that any cocyclic BH(n, p) for these n, p is

equivalent to exactly one element in the list. Our approach

encompasses non-existence results and computational ma-

chinery for Butson and generalized Hadamard matrices that

are of independent interest.

1. Introduction
An n × n matrix H with entries in 〈ζk〉, the kth roots

of unity, is Butson Hadamard if and only if HH∗ = nIn,

where H∗ denotes the Hermitian transpose of H. For a

group G of order n, ψ : G × G → 〈ζk〉 is a cocycle

if and only if ψ(g, h)ψ(gh, k) = ψ(g, hk)ψ(h, k) for all

g, h, k ∈ G. A matrix H is cocyclic with indexing group

G if H ≈ H ′ = [ψ(g, h)]g,h∈G where ≈ denotes equiva-

lence, i.e., H and H ′ are equivalent if H ′ = PHQ∗ for

(P,Q) ∈ Mon(n, 〈ζk〉)2. In [2] we classify up to equiva-

lence all the cocyclic Butson Hadamard matrices BH(n, p)

of order n over the pth roots of unity for an odd prime p

and np ≤ 100.

Butson Hadamard matrices have applications in dis-

parate areas such as quantum physics and error-correcting

codes. So lists of these objects have value beyond design

theory. We were motivated to undertake the classi�cation in

this paper as a �rst step towards augmenting the available

data on complex Hadamard matrices and we found several

matrices not equivalent to any of those in the catalog [1].

2. Equivalence of BH(n, p)s
We propose an algorithm to decide equivalence of But-

son Hadamard matrices. The problem is reduced to deciding

graph isomorphism, which we carry out using Nauty [6]; and

subgroup conjugacy and intersection problems, routines for

which are available in Magma.

3. Cocyclic Development
For a group G of order n, and abelian group U of order

k, the set of all cocycles ψ : G × G → U form a group

denoted Z2(G,U). Let H be a BH(n, k). We say that

H ≈ [ψ(g, h)]g,h∈G is cocyclic with cocycle ψ and indexing

group G. A cocycle of H is called orthogonal. Orthogonal-

ity in cocycles is preserved by an action of G on Z2(G,U)

known as the shift action, discovered by Horadam [5]. This

idea is extended to shift representations in [4], i.e., matrix

group representations of the action, and we use the com-

putational machinery therein to calculate cocycles, and test

for orthogonality. We also calculate orthogonal cocycles via

central relative di�erence sets, by generalizing the methods

in [7].

4. Results of the Classi�cation
The classi�cation is complete for all orders such that

np ≤ 100, and several matrices were found that were previ-

ously unknown. Full details of the classi�cation results are

available in [2] and online at [3].
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