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Abstract

In 1973, Lemmens and Seidel asked to determine Nα(r), the maximum number of equiangular lines
in Rr with common angle arccos(α). Recently, this problem has been almost completely settled when r
is exponentially large relative to 1/α, with the approach both relying on Ramsey’s theorem, as well as
being limited by it. In this talk, we will show how orthogonal projections of matrices with respect to the
Frobenius inner product can be used to overcome this limitation, thereby obtaining significantly improved
upper bounds on Nα(r) when r is polynomial in 1/α. In particular, our results imply that Nα(r) = Θ(r)
for α ≥ Ω(1/r1/5).

Our projection method generalizes to complex equiangular lines in Cr, which may be of independent
interest in quantum information theory. Applying this method also allows us to obtain

• the first universal bound on the maximum number of complex equiangular lines in Cr with common
Hermitian angle arccos(α),

• an extension of the Alon-Boppana theorem to dense regular graphs, which is tight for strongly
regular graphs corresponding to

(
r+1
2

)
equiangular lines in Rr,

• an improvement to Welch’s bound in coding theory.
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