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On graphs with distance Laplacian spectral radius
of multiplicity n − 3 ∗

Lu Lu, Qiongxiang Huang†, Xueyi Huang

College of Mathematics and Systems Science, Xinjiang University, Urumqi, Xinjiang 830046, P.R. China

Abstract Let ∂L
1 ≥ ∂L

2 ≥ · · · ≥ ∂L
n be the distance Laplacian eigenvalues of a connected

graph G and m(∂L
i ) the multiplicity of ∂L

i . It is well known that the graphs with m(∂L
1) =

n−1 are complete graphs. Recently, the graphs with m(∂L
1) = n−2 have been characterized

by Celso et al. In this paper, we completely determine the graphs with m(∂L
1) = n − 3.
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1 Introduction
In this paper we only consider simple connected graphs. Let G = (V, E) be a connected

graph with vertex set V = {v1, v2, . . . , vn} and edge set E = {e1, e2, . . . , em}. The distance

between vi and v j, denoted by dG(vi, v j), is defined as the length of a shortest path between
them. The diameter of G, denoted by d(G), is the maximum distance between any two
vertices of G. The distance matrix of G, denoted by D(G), is the n × n matrix whose
(i, j)-entry is equal to dG(vi, v j), i, j = 1, 2, . . . , n. The transmission Tr(vi) of a vertex
vi is defined as the sum of the distances between vi and all other vertices in G, that is,
Tr(vi) =

∑n
j=1 dG(vi, v j). For more details about the distance matrix we refer the readers

to [1]. Aouchiche and Hansen [2] introduced the Laplacian for the distance matrix of G as
DL(G) = Tr(G) − D(G), where Tr(G) = diag(Tr(v1), Tr(v2), . . . ,Tr(vn)) is the diagonal
matrix of the vertex transmissions in G. The eigenvalues of DL(G), listed by ∂L

1 ≥ ∂L
2 ≥· · · ≥ ∂L

n = 0, are called the distance Laplacian eigenvalues of G. The multiplicity of ∂L
i

is denoted by m(∂L
i ). The distance eigenvalues together with their multiplicities is called

the distance Laplacian spectrum of G, denoted by SpecL(G).
The distance Laplacian matrix aroused many active studies, such as [1, 6, 10, 11].

Graphs with few distinct eigenvalues form an interesting class of graphs and possess nice
combinatorial properties. With respect to distance Laplacian eigenvalues, we focus on
the graphs with m(∂L

1) being large. Denote by G(n) the set of connected graphs of order
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