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Abstract

In this paper, we prove that projective special unitary groups Us(q),
where ¢ is prime number, can be uniquely determined by the largest elements
order and the order of the group.
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1. INTRODUCTION

Let G be a finite group, we denote the set of prime divisors of the order of G and
the set of element orders of G by 7(G) and 7.(G), respectively. Also we define
the largest element order of G by k(G). Morever, we denote a set of primes by
7. Also we denote a sylow p-subgroup of G' by G, and the number of sylow
p-subgroups of G by n,(G). The prime graph I'(G) of group G is a graph whose
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vertex set is (@), and two distinct vertices u and v are adjacent if and only if
uv € m.(G). Moreover, assume that I'(G) has t(G) connected components 7;, for
i=1,2,...,t(G). In the case where G is of even order, we always assume that
2 € m.

One of the important problems in finite groups theory is, group characteriza-
tion by specific property. Properties, such as, elements order, the elements with
the same order, graphs, etc. One of the methods, is group characterization by
using the order of group and the largest element orders. In fact, we say the group
G is characterizable by using the order of group and the largest element order if
there is the group H, so that, k(G) = k(H) and |G| = |H|, then G = H. How-
ever, the authors proved that some of groups by this method be characterized.
For example, the authors in ([2, 3, 4, 6, 9]) proved that the simple Kj3-groups,
the projective special linear group PSLs(q), PSL3(q) and PSUs(q) where q is
some special power of prime, the simple Ky-group of type PSLo(p), where p is a
prime but not 2" — 1, the suzuki groups Sz(q), where ¢ — 1 and g &+ 1/2¢ + 1 are
prime number and the sporadic simple groups are characterizable by using the
largest element orders and order of the group.

In fact, we prove the following main theorem.

Main Theorem. Let G be a group with |G| = |Us(¢)| and k(G) = k(Us(q)),
where ¢ is a prime number. Then G = Us(q).

2. NOTATION AND PRELIMINARIES

In this section we provide several lemmas and definitions that we need further
for the proof of the main theorem.

Lemma 2.1 [8]. Let G be a Frobenius group of even order with kernel K and

complement H. Then

(a) t(G) = 2, n(H) and 7(K) are vertex sets of the connected components of
I(G);

(b) |H| divides |K|—1;

(¢) K is nilpotent.

Definition 2.2. A group G is called a 2-Frobenius group if there is a normal

series 1 9 H < K <G such that G/H and K are Frobenius groups with kernels
K/H and H respectively.

Lemma 2.3 [1]. Let G be a 2-Frobenius group of even order. Then
(a) t(G) =2, n(H)Un(G/K) =m and n(K/H) = ma;
(b) G/K and K/H are cyclic groups satisfying |G /K| divides |Aut(K/H)|.
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Lemma 2.4 [14]. Let G be a finite group with t(G) > 2. Then one of the following
statements holds:

(a) G is a Frobenius group;
(b) G is a 2-Frobenius group. In particular, a 2-Frobenius group is soluble.

(¢) G has a normal series 1 <H 4K IG such that H and G/K are 7 -groups,
K/H is a non-abelian simple group, H is a nilpotent group and |G/ K| divides
|Out(K/H)|.

Lemma 2.5 [15]. Let ¢, k,[ be natural numbers. Then
L (¢*=1,¢ —1) = ¢®b —1.

k.l ; _k_ L
2 (F+1,g +1) = g®h 4+ 1 if both D and &) are odd,
(2,¢g+1) otherwise.

g®b +1 if ﬁ is even and ﬁ is odd,

3. (F-1,¢¢4+1) =
@ E ) {(2, g+1) otherwise.

In particular, for every ¢ > 2 and k > 1, the inequality (¢* —1,¢* + 1) < 2 holds.

3. PROOF OF THE MAIN THEOREM

In this section, we prove that the projective special unitary groups Us(q) are
characterizable by using the order of the group and the largest element orders.
In fact, we prove that if G is a group with |G| = |Us(q)| and k(G) = k(Us(q)),
where ¢ is a prime number, then G = Us(q). We divide the proof to several
lemmas. From now on, we denote the projective special unitary group Us(q) and
also the odd component as ¢* — ¢ + ¢*> — ¢ + 1 by U and p, respectively. Recall
that [5, 10] G is a group with |G| = |U| = ¢'%(¢° + 1)(¢* — 1)(¢®> + 1)(¢* — 1) and
k(G) =k(U) = ¢ +q.

Lemma 3.1. p is an isolated vertex of I'(G), whenever p is prime.

Proof. We prove that p is an isolated vertex of I'(G). Assume the contrary. Then
there is t € 7(G)—{p} such that tp € 7.(G). Sotp > 2p = 2(¢* —¢*+¢*—q+1) >
q* + q. As aresult k(G) > ¢* + ¢, which is a contradiction. So t(G) > 2. [ |

Lemma 3.2. The group G is not a Frobenius group.

Proof. Let G be a Frobenius group with kernel K and complement H. Then
by Lemma 2.1, t(G) = 2 and n(H) and 7(K) are vertex sets of the connected
components of I'(G) and |H| divides |K|—1. Now by Lemma 3.1, p is an isolated
vertex of I'(G). Thus we deduce that (i) |[H| = p and |K| = |G|/p or (ii) |H| =
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|G|/p and |K| = p. Since |H| divides |K| — 1, we conclude that the last case

can not occur. So |H| = p and |K| = |G|/p, hence ¢* — ¢> +¢*> —q+ 1 |
1 4

g 0(q5+q14)£‘2311q)2(32111)(q2_1) —1. So we conclude that ¢* — g3 +¢*—q+1| (¢* — >+

@ —q+1)(q"% +2¢"° — ¢'3 — 3¢" — 4¢'° + 5¢5 + 5¢° — 5q — 5) + 4 it follows that

q* —¢*+¢*—q+1| 4 which is impossible. Hence, G is not a Frobenius group. m

Lemma 3.3. The group G is not a 2-Frobenius group.

Proof. We prove that that G is not a 2-Frobenius group.Opposite, assume G be
a 2-Frobenius group.Thus by Lemma2.3 we have t(G) =2, n(H)Un(G/K) = m
and m(K/H) = m and also G/K and K/H are cyclic groups satisfying |G/K|
divides |Aut(K/H)|. Now, since that p is an isolated vertex in I'(G). It follows
that mo = p, so |K/H| = p. On the other hand |G/K]| divides |Aut(K/H)|. So
G/K| | p—1, thus |G/K] | ¢* = ¢° + ¢* — q. Tt follows that |H| | 7tz
As a result [H| | ¢%5(g — 1)(3¢* + 3¢"3 + 2¢'2 + 3¢ + 3¢'° + ¢°). Since that
H is nilpotent so H = H; x H,, x H,, where I, m, n divisors of ¢'°, ¢ — 1
3¢ + 3¢" + 2¢" + 3¢ 4+ 3¢'° 4+ ¢°. So G must be have the element of order
q%(q—1)(3¢* +3¢" +2¢'2 + 3¢ + 3¢'° + ¢%), where this is impossible, because
k(G) =k(U) =q¢* +q. n

Lemma 3.4. The group G is isomorphic to the group U.

Proof. By Lemma 3.2, and Lemma 3.3, we have that third case of Lemma 2.4
is satisfies, as G has a normal series 1 < H < K < G such that H and G/K
are m1-groups and also K/H is a non-abelian simple group. On the other hand
every odd order components of G are the odd order components of K/H. Since
p | K/H so t(K/H) > 2. So according to the classification of the finite simple
groups we know that the possibilites for K/H are alternating group A,,, m > 5,
26 sporadic groups, simple groups Lie types. First, we consider the following
isomorphic.

Step 1. Let K/H = A,,, where m > 5 and m = r, r + 1, r + 2. Then by [14]
m(Ay) =7, 7 —2and |A,| | |G|. So we consider ¢* —¢® +¢* —q+1=7r,r—2.
Now, if ¢* —¢®*+¢> —q+1=r, then ¢* —¢® +¢> — ¢+ 2 = r + 1. Since that
7+ 11 |A,]||G|, hence ¢* — ¢ + ¢*> — ¢ + 2 | |G|, which is a contradiction. The
another case, we consider ¢* —¢®+¢*>—qg+1=r—2, then ¢* —¢®+¢*—q¢+3 =r.
Since that 7 | |A,|||G], hence ¢* — ¢® + ¢*> — ¢+ 3 | |G|, which is a contradiction.

Step 2. If K/H be isomorphic sporadic groups, then by [10], k(S) = {11, 15, 19,
20, 23, 24, 28, 29, 30, 31, 39, 40, 60, 66,67, 70,119}, where S be a sporadic groups.
Now for example if ¢* + ¢ = 11, then ¢* + ¢ — 11 = 0, which this is impossible. If
q* + ¢ = 19, then we can see easily a contradiction. For other groups we have a
contradiction, similarily.
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Step 3. Here, we consider K/H is isomorphic to a the group of Lie-type.

3.1. Suppose that K/H =2 G5(3?*™*1), where m >1. Now, by [10], k(2G(32™+1))
=32+ 3 41, also ¢°(¢° + 1)(d — 1) [ ¢'%(¢° + 1)(¢* — D(@® + 1)(¢* - 1).
Next, we consider ¢* + ¢ = 32m+1 4 3m+1 11 g0 ¢ + ¢ —2 =32+ L 3m+l 1,
Hence (¢ — 1)(¢® + ¢® + ¢ + 2) = 3?7+l 1 3m+1 _ 1. Now, assume 3" = z, so
we deduce (¢ — 1)(¢®* + ¢®> +q+2) = (v — 73+6\/ﬁ)(3: + 73%\/5). It follows that
q—1 :x—_?’J“T‘/ﬁ and ® + ¢ +q+2=x+ —3+¢2T’ in other words we have

qg—1=3"— *?"LTM and ¢>+¢>+q+2=3"+ 3+‘/_ , then we can see easily this
equation has not any solution in natural number N so which is contradiction.

3.2. If K/H =2 Fy(q¢'), where ¢ = 221 > 2 then by [10], k(?Fy(¢')) =
24m+2 + 23m+2 + 22m+1 + 2m+1 +1. SO, we consider q4 +q= 24m+2 + 23m+2 +
22m+1 4 om41 11 Tt follows that ¢* 4+ ¢ — 2 = 24m+2 1 23m+2 4 92m41 4 om+l 1
Thus (¢—1)(¢3+¢?+q+2) = 24m+24.23m+2 4 92m+1 4 om+1_ 1 which is impossible,
because, (¢ —1)(¢® +¢* + ¢ +2) be even, and 24m+2 4 23m+2 4 92m+1 4 om+l 1
be odd.

3.3. Suppose that K/H =22 By(22™+1) where m >1. Now, by [10], k(2 By(22™*1))
— 92m+1 + om+1 +1, also ‘232(22m+1)’ — q/2(q/2 4 1)((]’ _ 1) ’ qlo(q5 + 1)((]4 _
1)(¢® + 1)(¢> — 1). For this purpose, we consider ¢* + ¢ = 2?m+! 4 2m+l 4 1,
As a result ¢* + ¢ —2 = 227+ L 2m+l 1 Hence, (¢ — 1)(¢® +¢*> +q+2) =
22mtl 4 omH+l 1. Now assume 2™ =z, 50 (¢—1)(¢* + ¢> +q+2) = 222+ 2x — 1.
It follows that (¢—1)(¢* +¢*+q+2) = (z— _2J§1m)(x—i— _2Zm), it follows that
(g—1)=(z— 72+T\/ﬁ) and also (¢*+¢*+q+2) = (z+ 72+T‘/ﬁ), we can see easily
this equation has not any solution in natural number N, which is a contradiction.

3.4. Suppose that K/H = G3(q'), now by [10], k(G2(¢")) = ¢*> + ¢’ + 1 and also
|Ga2(q)| = ¢°(¢° = 1)(¢” ~1) | ¢°(¢+1)(¢" —1)(¢°+1)(¢* —1). For this purpose,
we consider ¢* + ¢ = ¢? + ¢ + 1. AS aresult ¢* +¢—2 = ¢?+ ¢ — 1. Hence
(=@ 4+ +q+2) =q¢”+¢ —1, it follows that (¢ — 1)(¢*> +¢* + ¢ +2) =
(¢ — 1J”/_)(alc—i- le‘/_) So that (¢—1) = (¢’ M) and (*+¢*+q+2) =
(x+ 1+\/_) where we can see easily this equation has not any solution in natural
number N, which is a contradiction.

3.5. If K/H = D, ('), Cn(q'), where n > 4, n > 3, respectively. Then, we have
a contradiction, similarily.

3.6. Suppose that K/H =23 Dy(q'). Now, by [10], k(®D4(¢)) = (¢ — 1)(¢’ + 1).
On the other hand that [3D4(¢")| | |G|, so ¢"?(¢"® + ¢'* + 1)(¢/5 — 1)(¢*> — 1) |
a(¢® + 1)(¢* — 1)(¢® + 1)(¢*> — 1). Now we consider (¢’ —1)(¢' +1) = ¢* +¢.
Soq(g®>+1)=¢2—-1)(¢ +1). Asaresult ¢=¢ +1and ¢ +1 = ¢ — 1. First
if g =¢ + 1, then ¢ = ¢ — 1. Since [*D4(¢)| 1 |G|, which is impossible. Now if
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@ +1=¢"—1, then we deduce ¢"> = ¢® + 2, as a result ¢''2 = (¢> + 2)*. Since
¢"'? | |G|, but we have (¢® + 2)* { |G|, which is impossible.

3.7. Suppose that K/H = Fs(q'), E7(q'), Es(¢'), Fi(¢'). For example if K/H =
Es(q'), then by[10] k(Es(¢")) = (¢ + 1)(¢*> + ¢ + 1)(¢> — 1). On the other
hand, |Es(q')] = ¢""*°(¢*° = 1)(¢** = 1)(¢** = 1)(¢""* = 1)(¢"* = 1)(¢"* = 1)(¢"* -
D(g? - 1) | ¢'°%¢° + 1)(¢* — 1)(¢® + 1)(¢> — 1). Hence, we consider ¢* + ¢ =
(@ + 1%+ 4 +1)(¢° —1). As aresult q(¢° +1) = (¢ = 1)(¢" + 3¢° +
5¢° + 6¢"* +6¢2 +6¢° +2¢ —q¢*> —¢ —1). Thenq=¢q¢ — 1,50 ¢ +1 =
¢ +3¢"° +5¢° + 64 + 6¢° + 64" +2¢' — ¢* — ¢’ — 1, since that |Es(q')| 1 |G,
which is a contradiction.
For K/H % Es(q') ,E7(¢'), Fu(q'), we have a contradiction, similarily.

3.8. If K/H =22 E4(q'), then by [10] k(?Es(q')) = (@@ DG - Oy the other

(3,¢'+1)
136 (12 _ /5 16 __
hand, we know that [?Eg(q')| = 2 g (13)’(qq,+—51)(q ). | ¢"(¢° + 1)(¢* — 1)(¢* +
1)(¢?> — 1). Now, we consider ¢* + ¢ = (ql+1)gztrli§ql3_l)- First if 3,¢'+1) =1,

then ¢* +¢ = (¢ +1)(¢?+1)(¢® —1). As aresult, ¢(¢®+1) = (¢ —1)(¢"° +2¢* +
3¢ 4+3¢*4+2¢' +1),hence ¢ = ¢ — 1 and ¢> +1 = ¢"® +2¢/* +3¢3 +3¢* +2¢' +1,
which is impossible. Another case is impossible.

3.9. Suppose that K/H = L,,.1(q'), where n > 1. First if n = 1, then K/H =
Ly(q"). Now by [10], k(L2(¢')) = ¢’ + 1,4, where ¢’ be even, odd respectively.
Thus we consider ¢* +q = ¢’ and ¢* + ¢ = ¢’ + 1. As aresult, |La(¢')| 1 |G|, which
is impossible. For n > 1, K/H % L,+1(q’), similarily.

Hence, K/H = U. Tt follows that |K/H| = |U| and also, we know that
H <K 4G, where p is an isolated vertex of I'(G). It follows that k(K/H) | k(G).
Hence ¢* + ¢ = ¢"* + ¢’. As a result ¢ = ¢/. Now, since that |[K/H| = |U| and
1< H<QK <G, we deduce that H=1and G =K = U. [ ]
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