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The Star graphs  Sn  =  Cay(Symn , t) 

are the Cayley graphs on Symn with the generating set 

t = {(1, i), i    {2, …,n}}. 
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Multiplicities of eigenvalues of the Star graphs  Sn , 

 2 ≤ n ≤ 6, which were calculated by GAP. 
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   Theorem  (The spectrum of Sn ) 
 

   Let n ≥ 2 be an integer. For each integer  ± (n - k)  for all  

1 ≤ k ≤ n-1 are eigenvalues of  Sn with multiplicity at least  

              . If n ≥ 4, then 0 is an eigenvalue of Sn with 

multiplicity at least           . 

 

   Note that ± (n−1) is a simple eigenvalue of Sn since the 

graph is (n−1)-regular, bipartite, and connected. 
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Chapuy – Feray 

combinatorial approach 
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Representation theory of groups 
 

A representation of a group G on a vector space V over a 

field K is a group homomorphism ρ: G      GL(V ), where 

GL(V ) is the general linear group on V, such that 

              ρ(g1g2) = ρ(g1) ρ(g2) , for all g1, g2    G. 
 

A partition of a positive integer n is a way of writing n as a 

sum of positive integers. 

Р(n) - the partition function. 

λ     Р(n) - a partition of n.  

     - the irreducible module associated with the partition λ.  
 

 

G.Chapuy, V.Feray "A note on a Cayley graph of  Symn" (2012)  
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B.E. Sagan "The Symmetric Group: Representations, Combinatorial Algorithms, and 

Symmetric Functions" (2001)  

 

   The regular representation  C[Symn ] of Symn is 

decomposed into irreducible submodules as follows: 

 

The regular representation C[Symn] in the representation 

theory is called group  algebra of Symn.  
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 Standard Young tableau 

 For n = 5.  P(5) = 7. Partitions: 

(5), (4, 1), (3, 2),  (3, 1, 1), (2, 2, 1),  (2, 1, 1, 1),  (1, 1, 1, 1, 1) 

 λ = (3, 2),  dim(      ) = 5   
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   Jucys-Murphy elements      
 

   The Jucys–Murphy elements J2, ..., Jn in the group algebra 

C[Symn] of the symmetric group Symn, are defined as a 

sum of transpositions by the formula:        

                           

                           J1 = 0,     J2 = (1, 2), 

                    Ji = (1, i) + (2, i) + ... + (i-1, i),     

 

                                    i     {2, …,n}.         
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   Transpositions can be represented as matrices, for  

example: 

 

 

 

  

    then J1 represents a zero matrix and  
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  Theorem 

Let  λ     Р(n). Then there exists a basis (v) of the 

irreducible  module      , indexed by standard Young 

tableaux of shape λ, such that for all  i     {2, …,n},          

one has:       

G2C2, September, 23-26, 2014 



G.Chapuy, V.Feray  "A note on a Cayley graph of  Symn" (2012)  

 

Corollary 

The spectrum of  Sn  contains only integers. The 

multiplicity mul(k) of an integer k is given by:  

            is the number of standard Young tableaux of shape, 

satisfying c(n) = k. 
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  Results    

     

 

We present multiplicities of eigenvalues of  Sn  for              

4 ≤ n ≤ 10, which were calculated by using a 
combinatorial approach. 
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Thanks for attention! 

G2C2, September, 23-26, 2014 


