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Abstract We characterize the automorphism groups of quasiprimitive 2-arc-transiti-
ve graphs of twisted wreath product type. This is a partial solution for a problem
of Praeger regarding quasiprimitive 2-arc transitive graphs. The solution stimulates
several further research problems regarding automorphism groups of edge-transitive
Cayley graphs and digraphs.
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1 Introduction

In a graph I, an ordered pair of adjacent vertices is called an arc, and a sequence of
distinct vertices (u, v, w) is called a 2-arc if v is adjacent to both # and w. A graph
I is called (X, 2)-arc transitive, where X < Autl', if X acts transitively on the set of
2-arcs of T'.

The class of 2-arc transitive graphs is one of the central objects in algebraic graph
theory, which have been intensively studied in the literature, see for example [1, 7,
12, 13, 17] and references therein. In particular, Praeger [13] gave a reduction for
the study of finite non-bipartite 2-arc transitive graphs, which leads to the study of
quasiprimitive 2-arc transitive graphs, defined later. The main purpose of this paper is
to characterize the automorphism group for one type of quasiprimitive 2-arc transitive
graph.
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Theorem 1.1 Let T' be a finite (X, 2)-arc-transitive graph. Assume that X has a
unique minimal normal subgroup G, which is non-Abelian and regular on the vertex
set of I'. Then I" is not 3-arc transitive, and either

(i) T hasvalency 8, and Autl’ = (G x Zg) x GL(3,2), or
(1) G is the unique minimal normal subgroup of Autl.

A permutation group G on a set €2 is said to be quasiprimitive if every non-trivial
normal subgroup of G is transitive. Praeger [13] showed that only four of the eight
types of quasiprimitive permutation groups can occur as automorphism groups of
2-arc transitive graphs, which are described below. Let X be a quasiprimitive per-
mutation group on €2, and let soc(X) be the socle of X, that is the product of all
minimal normal subgroups of X. The four types involved in the study of 2-arc tran-
sitive graphs are

HA Holomorph Affine type: soc(X) is elementary Abelian, regular on €.
AS Almost Simple type: soc(X) is a non-Abelian simple group.
PA Product Action type: soc(X) is a non-Abelian non-simple minimal normal sub-
group of X, and soc(X) has no normal subgroup which is regular on 2.
TW Twisted Wreath product type: soc(X) is a non-Abelian non-simple minimal nor-
mal subgroup of X, and soc(X) acts regularly on 2.

A graph I' is called quasiprimitive (X, 2)-arc transitive if X is quasiprimitive on
VT and 2-arc transitive on I'. A classification of quasiprimitive (X, 2)-arc transitive
graphs of type HA is given in [7]; a description of those of type TW is given in [1];
examples of type PA are given in [12]. In the study of such graphs, the problem of
determining their automorphism groups naturally occurs, refer to [15] and [5, 7, 8].
Theorem 1.1 determines the automorphism groups for quasiprimitive 2-arc transitive
graphs of twisted wreath product type.

2 Preliminary results

In this section we collect notation and preliminary results which will be used in the
ensuing sections. For a group X and a subgroup H < X, denote by Nx(H) and
Cx (H) the normalizer and the centralizer of H in X, respectively. Let Z(X) be
the center of X. We need some properties regarding 2-transitive permutation groups,
see [3].

Lemma 2.1 Let H be a 2-transitive permutation group on 2. Assume that N <| H is
imprimitive on Q2. Then H is affine with soc(H) = Z;, where p is a prime and e > 1,
and further, the following hold:

(1) An imprimitive normal subgroup of H is of the form Z;.Zb, where blpe/ —1and
¢’ is a proper divisor of e.
(i) If N is a subnormal subgroup of H, then either N is transitive on 2, or N <
soc(H).
(iii) H,, has no non-trivial normal subgroup of p-power order, for € Q.
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Let I be an (X, 2)-arc-transitive graph with vertex set V. For v € V, let I'(v) =
{w e V| (v, w) is an arc}, the neighborhood of v. As usual, let Xl[,l] be the kernel of
X, acting on I'(v), and let X ,l; @) be the permutation group induced by X, on I'(v).
Then X1 = X,/ X! For w € T'(v), let Xy = Xy N Xy, and X1 = x5 1 x1H,
the kernel of X, acting on I'(v) U I'(w). We observe that X, = Xl[,l].XE(U), and
(xIr@) = (M x Iy xl oy I 5D g x I x U (x| and so

X, = x xT@) ~ (X[I] (X[U)F(w)) xr@ 1)
v o v - vw v ° v °
In particular, if x!! Uw =1, then

1] ~ 1
Xy = e,

@)

X, = (xihHrw x e,

Here we have a fundamental theorem for studying 2-arc transitive graphs, which
can be found in [17].

Theorem 2.2 Let ' be an (X, 2)-arc transitive graph, and let {v, w} be an edge of
[". Then either XLIU]) =1,or XLIU]) is a p-group with p prime and PSL(d, q) < Xr(v)
with [T (v)| = 1

3 Proof of the main theorem

Let I" be an (X, 2)-arc transitive graph with vertex set V. Assume that X is quasi-
primitive on V of type TW. Let G = soc(X), the unique minimal normal subgroup
of X, which is regularon V. Letn = |V| =|G]|.

We first treat the case where the centralizer Cayr (G) is non-trivial.

Lemma 3.1 Assume that Caur (G) # 1. Then T has valency 8, and Autl’ = (G x
Zg) x GL(3,2) =G x AGL(3, 2).

Proof Let C = Caur(G), E=CG, and F = CX. Since G is regular, we have that
EFE=CxG,andG,E<F.Thus XNE=G,andso X,NE,=1and F, = E, X X,.
Since I' is connected, F,, acts faithfully on I"'(v), and hence X, = X, L) <F, r(”)
F,, and X, and F, are both 2-transitive permutation groups on I' (v). Inspectmg the 2-
transitive permutation groups, see [3], it is easily concluded that E, = Z and X, =
GL(3, 2) ZPSL(2, 7), which is of degree 8. Thus F), = Z% x GL@3,2) = AGL(3, 2),
and I" has valency 8. Finally, CZ E/G ZE, = Zg, and C x X, Z((C x G) x
X)/G=F/G=F, =AGL(3,2). Since AGL(3, 2) acts irreducibly on its natural
module Zg, it follows that C is a minimal normal subgroup of F.

Let Y = Naur(G). Then F, <Y,, and Y, is a 2-transitive permutation group
on I'(v). Suppose that F, < Y,. It follows since F, = AGL(3,2) that Y, = Ag
or Sg. However, since G <1 Y and G is non-Abelian and characteristically simple,
C=Cy(G)=CG/G 1Y/G =Y, which is a contradiction. Therefore, F, =Y,
and so F =Y = Naur(G).
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Suppose that F' < Autl". Let Z be a group such that F < Z < Autl', and F is a
maximal subgroup of Z. Then AGL(3,2) = F(v) < ZF(U) < Sym(IT(v)) = Sg. It
follows that Z)'® = AGL(3, 2), Ag or Sg, and Zr(w) = GL(3,2), A7 or S7, respec-
tively. Since (Z[I])F(w) < Zr(w) we have that (Z )F(w) 1, GL(3,2), A7 or S7.
By Theorem 2.2, we conclude that va =1, and hence Z, = (Z[l yraw), Zr(v) It
then follows that either Z, = ZF @ or 7z, =zl « zI'® Since 7z, > F, and
F, = AGL(3,2), Ag or Sg, it is easily shown that Z,, is one of the following:

Ag, Sg, GL(3,2) x AGL(3,2), A7 xAg, A7xSg, S7xSg.

As F and Z are transitive on V/, % = ||Z“|| is one of the following numbers:

2337, 233257, 2%3257, 3.5, 23.5, 2333527, 2%33527 or 2733577

Since G is a characteristic subgroup of F' and G is not normal in Z, it follows that
F is not normal in Z. Let Q = [Z : F], the set of right cosets of F' in Z. Since F is
a maximal subgroup of Z, the action of Z on 2 is primitive. As G is not normal
in Z, and as G, C are the only minimal normal subgroups of F, it follows that the
kernel of this Z-action on €2 is trivial or equals C = Zg. If the kernel equals C, then it
follows that Z centralizes C. However, X does not centralizes C and Z > X, which
is a contradiction. Therefore, Z is a primitive permutation group on 2. Then since
|Q2| = |Z : F| is not a proper power of an integer, it follows from the O’Nan-Scott
theorem that Z is an almost simple group. Since Z = GZ,, by [2, Theorem 1.4],
soc(Z) = A, where n = |G|, and so I" is a complete graph, which is a contradiction.

Therefore, Autl’ = F = G x AGL(3, 2). O

From now on, we assume that
Caur(G) = 1.

Suppose that G is not normal in Autl". Then X # Autl", and there exists Z < Autl’
such that X is a maximal subgroup of Z. Let N be a minimal normal subgroup of
Z. Then N £ X. Write N =T x ... x Tj, where [ > 1 and T1 = ... = T; are simple
groups. We use a series of steps to derive a contradiction.

Step 1. N is non-Abelian.

Suppose that N is Abelian, say N = le with p prime. Let E = NG =N x G,
andlet F = NX =N x X. Since G is regular on V, we have that |E,| = |N| =
and E, is a p-group. It follows that E,, ') is a non-trivial p-group. Since E < F,
we have 1 # E) YW g F F(v), and since F, " is a 2-transitive permutation group,
FI'® is affine. It then follows that £, = EJ' Y, and soc(FI ) = EI'® = le. By
Theorem 2.2, Fvw = 1, and hence by Formula (2),

r
l IF| _|Fy _|IF, ")

=|N|=— =
IXI Xl xT@p

J(EIHF@Y
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Now X E @ and er @) are affine 2-transitive permutation groups of degree p' such
that X,l;(v) is a subgroup of FIF(U) of index dividing p', and (FJ,”)F(“’) is a normal
subgroup of F,E,Sw) of order dividing p’. Inspecting the classification of 2-transitive
permutation groups of degree p' (see [3]), we conclude that F{ © = X,l: @) and
(FI'MYT® — 1 which is a contradiction. Thus N is non-Abelian.

Step 2. N is transitive on V, and either G < N, or each prime divisor r of |T| is
such that r! *| V.

If G < N, then N is transitive on V. Suppose that G £ N. Since G is a minimal
normal subgroup of X and G N N is normalized by X, it follows that G N N =
1. Since Caur(G) =1 and G is insoluble, G and so X permutes by conjugation

{T1, ..., T;} non-trivially. As G is a minimal normal subgroup of X, it follows that G
permutes by conjugation the collection {71, ..., T;}, and so G < Sym(l). In particular,
|G| divides /!.

Suppose that there exists a prime r dividing |T'| such that 7! divides |V|. Then 7!
divides |G|, and so r! divides 1!. However, it is known that the highest power of r
dividing /! is at most r%. Hence r! < r%, and so [ < % <[ — 1, which is not
possible. Thus, if a prime r ‘ |T|, then ! )( |V|. In particular, N is not semiregular

on V. Since I' is not bipartite, it follows that N is transitive on V.

Step 3. Z is quasiprimitive on V of type PA, and G < N.

By Step 2, any minimal normal subgroup of Z is transitive on V, and so Z is
quasiprimitive on V, which has an irregular minimal normal subgroup N. By [13],
Z is of type HA, AS, TW or PA. Since N is not regular, Z is neither of type HA nor
of type TW. If Z = GZ, is almost simple, then by [2, Theorem 1.4], soc(Z) > A,
where n = |V| and Z is 2-transitive on V. Thus T is a complete graph, and so X is
2-transitive on V, which is not possible. Thus Z is of type PA, and so there exists
a prime r | |T| such that rt | |V|.By Step2, G < N.

Step 4. The socle soc(X,) < Ny.

Suppose soc(Xy,) £Ny. Let Y = NX. Then NN X, =1, and N < Y. Hence
Ny <Y,,and Y, /N, =Y /N = X,. So Y, = Ny x X,; in particular, |F(v)|2 divides
|Yy|. Suppose that YHU] = 1. Then by Formula (2), Y, = (YlEl])F(w).YJ(U). Noting that
(rIMT@ 4 6™ it is easily shown that Y, does not have the form N, x X, such
that both N, and X, are transitive on I'(v), which is not possible. Thus YU[L,] #1,
and by Theorem 2.2, soc(¥! ) = PSL(d, q) with |['(v)| = % Since YI! is a

p-group and (Y&”)F(W < GES}“), it follows that |I"(v)|? does not divide |Y,|, which

is a contradiction. Thus, soc(X,) < N,.
Let G =581 x ... x S, where k > 2 and S; = ... = §; are non-Abelian simple

groups. Then X, acts by conjugation transitively on {Si, ..., S}, and soc(X,) is
half-transitive on {S1, ..., Sk}, that s, all orbits of soc(X,) on {S, ..., Sk} have equal
size.
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Step 5. k =/, and for eachi € {1,2,...,1}, T, NG = S; for some 1 < j <k.

Let H=T) x ... x Ty_1. Since Z is of type PA, the proper normal subgroup H
is intransitive on V. Let B be the set of H-orbits on V, and let B € BB contain v.
Then NB = N/H =T, and GB = G/(G N H) = S where m > 1. In particular, |S]|
divides |T|. For convenience, write T = N8 = T. Now G5 is a transitive subgroup
of NB, soT =T = GBTB = ST p.

Suppose that m > 1. By [2, Theorem 1.4], T=A,and Ty = A,_; with n > 10.
Let r be the largest prime which is less than n. Then r exactly divides |T'| and |T p|.
So r does not divide |S|. Further, ' exactly divides |N|, and so r! divides |N,|.
If N, is primitive on I'(v), then H is semiregular on V, and N, = T 5, which is
a contradiction. Hence N, is imprimitive on I"(v). By Lemma 2.1, N, is soluble, and
soTp =N, / Hy is soluble, which is again a contradiction.

Thus m = 1, and so S¥~1 < 7'~ Since GN H <1 G, we may assume that S; x
X Sk_1 <H.If S £T;,thenas ;NG <G wehave ;NG = 1. Thus ¥ =G <
N/T = T'=1, which is not possible. Hence Sy < 77, and T; N G = Sk. It follows that
foreachi, T; NG = S for some j, and k =1.

Step 6. It is not possible for G not to be normal in Autl'".

It follows from Step 5 that |[Ny| = |T : SI¥. Since soc(X,) < N,, it follows that
soc(Xy) acts trivially on {87, ..., St}, and so soc(X,) normalizes each §;. Since
Cx(G) =1, we conclude that soc(X,) < Out(S;). In particular, soc(X,) is soluble,
by ‘Schreier’s Conjecture’, and so X, is an affine 2-transitive permutation group on
I'(v), say degree |I"(v)| = p¢ with p prime. Inspecting outer-automorphism groups

of simple groups, we conclude that either p¢ = 23 or e < 2. It follows that N{ @) >

d
soc(YF Wy = Z%,, Ape, or PSL(d, q) with either e = 1 and qu—ll = p or p¢ =23 For
the former two cases, Nl[)ﬂ < YH;;] =1, and hence N, = (Nl[,l])r(w).Nll;(v). It is now
easily shown that |N,| is not a proper power of an integer, which is a contradiction.
Thus NI > soc(Yy ) = PSL(d, ¢) or PSL(2,7); in particular, I" is (N, 2)-arc
d

transitive. If soc(Yg(v)) =PSL(d, q), then p = qu—ll divides | N, |, but p? does not, so
| Ny| is not a proper power of an integer, which is a contradiction. Thus soc(Y, { (v)) =
PSL(2, 7). It follows that |N,]| is not a proper power of an integer, which is again
a contradiction.

Now we summarize the argument for proving Theorem 1.1 as follows.
Proof of Theorem 1.1: By Steps 1-6, we have that G is normal in Autl". If Caur (G) #
1, then by Lemma 3.1, part (i) of Theorem 1.1 holds. If Caur(G) = 1, then G is the
unique minimal normal subgroup of Autl", as in part (ii) of Theorem 1.1. Finally, by
[9, Proposition 2.3], T is not 3-arc transitive. O

4 Some related problems

Let I" be an X-arc transitive graph with vertex set VI'. Let N < X have at least three
orbits on VT, and let 3 be the set of N-orbits in VI'. We define a graph 'y to have
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vertex set I3 such that B, C € B are adjacent if and only if some « € B is adjacent in
" to some v € C, called the normal quotient of " induced by N. If " and "'y have
equal valency, then I' is a normal cover of I'y. An (X, 2)-arc transitive graph I" is
always a normal cover of 'y, and choosing N to be maximal, each non-trivial normal
subgroup of X /N is transitive on VI'y, thatis, X /N is quasiprimitive on VI'y. This
is the reduction for the study of 2-arc transitive graphs to the quasiprimitive case,
given by Praeger [13].

A graph I' with vertex set V is called a Cayley graph if there exist a group G and
asubset S C G with S =S~ ={s~! | s € S} such that V is identified with G and
x,y € G are adjacent if and only if yx~! € S. The Cayley graph T" is denoted by
Cay(G, S).

A Cayley graph I' = Cay(G, S) has an automorphism group

G={¢: x> xgforallx eG|geG},

consisting of right multiplications of elements of G. The subgroup G acts regularly
on the vertex set of I'; in particular, I" is vertex-transitive. Let

Aut(G, S) = {o € Aut(G) | S° = S},

the subgroup of automorphisms of G and fix S setwise. It is easily shown that all
elements of Aut(G, S) are automorphisms of I' fixing the vertex of I" corresponding
to the identity of G. If " is connected, or equivalently (S) = G, then Aut(G, S) acts
faithfully on S. Further, Aut(G, S) normalizes é and

Naur (G) = G % Aut(G, S) < Autr’.

Thus, if Aut(G, S) is 2-transitive on S then I is (NAutr(G), 2)-arc-transitive.

Much structural information of T" is contained in the full automorphism group
Autl", such as the degree of symmetry of I', and the isomorphism class of I" among
Cayley graphs of G (refer to [10]). Generally, Autl" is larger than G x Aut(G, S), see
for example [4, 6, 11, 16]. Theorem 1.1 can be restated in the Cayley graph version.

Theorem 4.1 Let G be a non-Abelian characteristically simple group, and let ' =
Cay(G, S) be a connected Cayley graph. Assume that there exists a subgroup X <
AUt such that G is a unique minimal normal subgroup of X, and assume further
that T is (X, 2)-arc-transitive. Then Autl’ = G x Aut(G, S), I' is not 3-arc transitive,
and further either

(i) T hasvalency 8, and Autl’ = (G X Z;) x GL(3,2); or
(i) G is the unique minimal normal subgroup of Autl".

A natural question is whether the conclusion of Theorem 4.1 is always true for
arbitrary groups G. Here is a counter-example.

Example 4.2 Let G = N % (2)=Z{, X Zy with p odd prime and e > 1 such that

x=xlforallx e N.Let S =G \ N, and let ' = Cay(G, §). Then S consists
of all involutions of G which are conjugate, and I' = K¢ pe, a complete bipartite

@ Springer



268 J Algebr Comb (2008) 28: 261-270

graph. It is easily shown that Aut(G, S) = Aut(G) = AGL(e, p) = Z; x GL(e, p)
and Aut(G, S) acts 2-transitively on S. However, Autl’ = S ¢ ¢ S is much bigger than
Naur (G) = G x AGL(e, p).

However, K¢ pe and their normal covers are the only known examples such that

Aut(G, S) is 2-transitive and G is not normal in Autl". This motivates the following
conjecture:

Conjecture 4.3 For a connected Cayley graph I' = Cay(G, S), if Aut(G, S) is
2-transitive on S, then either I' is a normal cover of K ,c with p odd prime, or
Autl’ = G x Aut(G, S).

For a group G, a Cayley graph I' = Cay(G, S) is called normal if G is normal in
Autl', see [18]. Then Conjecture 4.3 means that most Cayley graphs Cay(G, S) are
normal provided that Aut(G, S) is 2-transitive on S.

More generally, we would like to propose several further problems regarding au-
tomorphism groups of Cayley graphs. We believe their solutions would be interesting
for a better understanding of Cayley graphs.

Naturally, one would ask whether the condition in Conjecture 4.3 that Aut(G, S)
is 2-transitive on S can be weakened to the condition that Aut(G, S) is only transitive
on S, referto [4, 11, 16, 18].

Problem 4.4 Characterize connected Cayley graphs I' = Cay(G, S) such that
Aut(G, S) is transitive on S and Autl” # G x Aut(G, S). Especially, do this for the
case Aut(G, S) is primitive on S.

By [16, Theorem 1], Problem 4.4 was solved for the case where G is non-Abelian
simple and I is cubic, that is, it was shown that if G is a non-Abelian simple group
and Aut(G, S) is transitive on S with |S| = 3 then Autl’ = G x Aut(G, S).

Example 4.5 For a Fermat prime p =2¢ — 1, the complete graph I' = Ky of 24
vertices is a Cayley graph Cay(G, S) of G = Zg such that Aut(G, S) = GL(d, 2),
which is primitive on S, and Autl’ = Sym(Zd). In particular, for d > 3, G is not
normal in Autl".

Cayley graphs Cay(G, S) with the property that Aut(G, S) is transitive on S are
called normal arc-transitive Cayley graphs. A study of such Cayley graphs was ini-
tiated in [16]. We wonder for a 2-arc-transitive Cayley graph Cay(G, S) whether the
transitivity of Aut(G, S) on S implies the 2-transitivity:

Question 4.6 Does there exist a 2-arc-transitive Cayley graph Cay(G, S) such that
Aut(G, S) is transitive but not 2-transitive on S?

Cayley graphs defined above are undirected. Of course one may define directed

Cayley graphs and ask similar questions regarding their automorphism groups to
the undirected case. We are inclined to conjecture for a directed Cayley graph
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I' = Cay(G, S), if Aut(G, S) is 2-transitive on S, then Aut(G, S) is also very close
to (Autl"), where v is the vertex of I' corresponding to the identity of the group G.

Question 4.7 Let I' = Cay(G, S) be a connected directed Cayley graph, and assume
further that Aut(G, §) is 2-transitive on S. Does Autl” equal G x Aut(G, S)?

Praeger [14] gave a description of the bipartite 2-arc-transitive graphs. Let I" be
an (X, 2)-arc-transitive bipartite graph with parts A and A’, where X < Autl". Let
X+ = XA = Xur. The graph I is said to be X-bi-quasiprimitive if each non-trivial
normal subgroup has at most two orbits and at least one has two orbits. It is shown in
[14] that the bi-quasiprimitive case is an important case for understanding bipartite
2-arc-transitive graphs, and if X is bi-quasiprimitive then X is of type HA, AS,
TW or PA. Motivated by Theorem 4.1, we propose

Conjecture 4.8 Let I" be a connected (X, 2)-arc-transitive bipartite graph with parts
A and A’, where X < Autl". Assume further that X7 is quasiprimitive on A of
type HA or type TW. Then either I' = K¢ ,¢ with p prime, or soc(X ™) is normal
in (Autl)*.

References

1. Baddeley, R.W.: Two-arc transitive graphs and twisted wreath products. J. Algebr. Comb. 2, 215-237
(1993)
2. Baddeley, R.W., Praeger, C.E.: On primitive overgroups of quasiprimitive permutation groups. J. Al-
gebra 263, 291-361 (2003)
3. Cameron, P.: Permutation Groups. London Mathematical Society Student Texts, vol. 45, Cambridge
University Press, Cambridge (1999)
4. Fang, X.G., Li, C.H., Wang, J., Xu, M.Y.: On cubic Cayley graphs of finite simple groups. Discrete
Math. 244, 67-75 (2002)
5. Fang, X.G., Havas, G., Wang, J.: A family of non-quasiprimitive graphs admitting a quasiprimitive
2-arc transitive group action. Eur. J. Comb. 20, 551-557 (1999)
6. Godsil, C.D.: On the full automorphism group of a graph. Combinatorica 1, 243-256 (1981)
7. Ivanov, A.A., Praeger, C.E.: On finite affine 2-arc transitive graphs. Eur. J. Comb. 14, 421-444 (1993)
8. Li, C.H.: A family quasiprimitive 2-arc-transitive graphs which have non-quasiprimitive full automor-
phism groups. Eur. J. Comb. 19, 499-502 (1998)
9. Li, C.H.: Finite s-arc transitive graphs of prime-power order. Bull. Lond. Math. Soc. 33, 129-137
(2001)
10. Li, C.H.: On isomorphisms of finite Cayley graphs—a survey. Discrete Math. 256, 301-334 (2002)
11. Li, C.H.: On finite edge-transitive Cayley graphs and rotary Cayley maps. Trans. Am. Math. Soc. 358,
4605-4635 (2006)
12. Li, C.H., Seress, A.: Constructions of quasiprimitive two-arc transitive graphs of product action type.
In: Finite Geometries, Groups and Computation, pp. 115-124 (2006)
13. Praeger, C.E.: An O’Nan-Scott theorem for finite quasiprimitive permutation groups and an applica-
tion to 2-arc transitive graphs. J. Lond. Math. Soc. 47, 227-239 (1992)
14. Praeger, C.E.: On a reduction theorem for finite, bipartite 2-arc-transitive graphs. Australas. J. Comb.
7,21-36 (1993)
15. Praeger, C.E.: Finite quasiprimitive graphs. In: Surveys in Combinatorics 1997, London. London
Mathematical Society Lecture Notes series, vol. 241, pp. 65-85. Cambridge University Press, Cam-
bridge (1997)

@ Springer



270 J Algebr Comb (2008) 28: 261-270

16. Praeger, C.E.: Finite normal edge-transitive Cayley graphs. Bull. Austral. Math. Soc. 60, 207-220
(1999)

17. Weiss, R.: s-transitive graphs. In: Algebraic methods in graph theory, vols. I, II, Szeged, 1978. Collo-
quia Mathematica Societatis Jnos Bolyai, vol. 25, pp. 827-847. North-Holland, Amsterdam (1981)

18. Xu, M.Y.: Automorphism groups and isomorphisms of Cayley digraphs. Discrete Math. 182, 309-320
(1998)

@ Springer



	On automorphism groups of quasiprimitive 2-arc transitive graphs
	Abstract
	Introduction
	Preliminary results
	Proof of the main theorem
	Some related problems
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


