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Abstract. A large family of examples for subgroups normalized by the base group in a
complete monomial group of finite degree over any group H is given. This is then proven to be
a complete characterization of such subgroups in the case of an abelian group H. Centralizer
structure for this kind of subgroups, even in the non abelian case, is completely determined.
Notably, separate study of the case of elementary abelian 2-group H is needed. In the last
part, the results are extended to the case of limit monomial groups.
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1 Introduction

Let H be an arbitrary group and n € N. The complete monomial group
of degree n over H, denoted by X,(H), is the subgroup of the group of linear
automorphisms of the free module [ZH]" consisting of all automorphisms rep-
resented by generalized permutation matrices with entries in H (we also refer
to [5] for more on the topic). An element f of ¥, (H) is called a monomial
substitution and will be represented by

fo 1 T ... Tp
hlwil h2$1'2 e hnmin
where {z1,...,2,} is a set of n variables and f changes each variable z; into

some other variable x;;, multiplied by an element of H. The elements h; € H
will be called factors or multipliers of f.

IThis paper was written while D. Esposito was a visiting Ph.D. student at Middle East
Technical University.
http://siba-ese.unisalento.it/ (C) 2020 Universita del Salento
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If
g = ( 1‘ 2‘ n‘ ) Gzn(H),
alxh CLQ.%']2 N anxj"
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Tl ) e In
fg= B, T Boti. T Bl T
185, Lg;, N2GipTg;, - AnGi, Tj;
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f_1 _ Ty Lig . Ti,,
hflxl h;lxg .. h;lxn
The set of monomial substitutions of the form
I xI9 e I,
= = lhi,ho,.... R h; € H
K < hll‘l th’Q hn:L'n > [ 512 ’ n]’ ' < ’

is called the base group, denoted by B(n,H) and it is a normal subgroup of
Yo (H), which is isomorphic to the direct product H x ... x H of n copies of H.
Elements in the base group are called multiplications.

The complete monomial group ¥, (H) is known to split as a semidirect prod-
uct over the base group by a subgroup isomorphic to S, (see [6]). Hence, every
monomial substitution can be written uniquely as a product of a multiplication
and a permutation. For example, the above element f can be written as

[hh.”?hn](@ J:‘n>
T ... T,

Moreover one may observe that, when we take the conjugate of a multiplication
[h1,...,hy,] by a permutation o € ¥,,({ex}), the coordinates of the multiplica-
tion are permuted according to o—!. Indeed

[hi,..., hyp]7 = [ho.fl(l), cee ho.fl(n)],
hence we have
So(H)=ZBn,H)xS, 2 (Hx...H)yxS,2HS,

where the symbol ! denotes the so-called permutational wreath product.
Multiplications with all factors equal, such as

[h,h, ...}

are called scalars and we will simply denote them by [h].

Any element of H, when thought of as a diagonal element of B(n, H), induces
a scalar of ¥,,(H). It has been shown by Ore in [6] that the center of ¥, (H) is
the subgroup of scalars induced by central elements of H.
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Moreover, if the group H is abelian, the set of all multiplications [h1, ha, ..., hy)
in B(n,H) such that the product hihy...h, = 1 is a normal subgroup of
B(n, H), denoted by By(n, H) and its properties in B(n, H) have been studied
in [1].

Any monomial substitution f that is the product of a multiplication and
a cycle, where all non-trivial factors of f correspond to variables moved by
the cycle, is called a monomial cycle, or simply cycle where ambiguity is not
possible, and it is usually denoted omitting the variables it fixes, i.e.

Ty Ligy PN i

f - (hill'ig hi2x,~3 e himhi1> ’

As stated in [6], in a way similar to symmetric groups, any monomial substitu-
tion can be written as a product of disjoint cycles.

For any monomial substitution f that is a cycle of length m, its power f*
is a multiplication with factors

Ay = hi by b, Do = highiy . hi by ooy Do = hi, i .k

i s i1
Notice A;Llj = Ajyq for any 7 < m so that all of the A;’s are conjugate and
their conjugacy class is called the determinant class of the cycle f.

It was proven by Ore in [6] that two monomial cycles are conjugate if and
only if they have the same length the same determinant class and a similar result
extends to all monomial substitutions by looking at their unique decomposition
in cycles. It should also be noted that two monomial cycles are conjugate by
a multiplications if and only if they move the same variables in the same way
and have same determinant classes, and a similar result extends to all monomial
substitutions as above.

This means that for any monomial cycle f there is a conjugate of f by
a multiplication such that all factors are trivial except for one, lying in the
determinant class. This conjugate of f is called a normal form of f.

Let £ = (n1,na,...) be a sequence of natural numbers. ¢ is called a divisible
sequence if ni|n;+1 for each i € N. Let D be the set of all divisible sequences.
Define a relation on D; that is, for two divisible sequences £ = (n1,ng,...) and
& = (m1,ma,...), & ~ & if and only if for each n; € &, n;|m; for some m; € &
and for each m; € &, there exists n, € & such that my;|n,. One immediately
observes that ~ is an equivalence relation on D, partitioning it into equivalence
classes.

For a divisible sequence £ = (n1,ng, . ..) for each i € N define ny = r; and for
1 >1, n;—tl = rit+1. The sequence (r1,72,...,74,...) is called a factor sequence

of &.
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We may refine the divisible sequence £ so that the factors are prime
numbers without changing equivalence class. Hence we will use, as a represen-
tative of each equivalence class, a sequence whose factors are prime numbers.

Let IP be the set of all prime numbers and let rp, k, € NU{0,00}. A Steinitz
number (or supernatural number) is any infinite formal product of the form

1K

peP

Ni+1
ng

The set of Steinitz numbers, denoted by SN, is a semigroup with identity when
endowed with the product

H pr . H pkp — H prp""kp

pelP pEP peP

with the understanding that ¢t + co = 0o + 0o = oo for any t € N. The set
SN contains an isomorphic copy of the semigroup N as the sub-semigroup of
Steinitz numbers such only finitely many exponents {r,},cp are non-zero and
rp # oo for all p € P.

Stenitz numbers in SN\N are called infinite Steinitz numbers. The divisibility
relation | in SN, defined by

ulw <= Jv such that w = ww

makes SN into a complete lattice.
We may associate a Steinitz number to each divisible sequence £, namely

Char(§) = X:= [] »f

piEP

where [; is the number of times that the prime p; appears in the factor sequence
of £. This number is called the characteristic of &.

Observe that & ~ & if and only if Char(&1) = Char(&s).

Let [] be the set of sequences consisting of prime numbers. Let £ € [] and
¢ = (p1,p2,-..) be a sequence consisting of not necessarily distinct primes p;.
From the given sequence £, we may obtain a divisible sequence (ny,ng,...n;,...)
where n1 = p; and n;+1 = piy1n;, then we have n;|n;4; for all i € N.

We define an embedding of a complete monomial group X, (H) diagonally
into ¥, , (H)

i1

AP+ 2%, (H) = S, (H)

i1
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as follows.

T w2 e T ) & X, (H) we define

For any f =
h1$j1 hQ.Z'j2 e hmxjni

dpi+1 (f) € Zm+1 (H)
as the monomial substitution mapping
Tgnitr > MZan, 4., Vg €{0,...,piy1 — 1} and Vr € {1,...,n;}.

One can think of dP+1(f) as a monomial substitution on n;; variables acting
exactly as f on the first set of n; variables, the second set of n; variables and
so on. This embedding corresponds to a strictly diagonal embedding of ¥,,, (H)
into ,,,, (H) as seen in [5].

According to the given sequence of primes, we continue to embed

dPit? N, (H) = Xy, (H).

Then we have the following direct system:

e, mEs,mEs,,ms ...
The direct limit group obtained from the above construction is called limit
monomial group over the group H associated to the prime sequence ¢ and de-
noted by X¢(H). In [5] it is proven that this construction only depends on the
Steinitz number A = Char(§), so that we will make use of the notation Xy (H),
and that

Sy (H) gfj S, (H) 22 S(A) x B\, H)
=1

where B(\, H) is called base group.

2 Subgroups that are normalized by the base group

We start this section by providing a large family of examples of subgroups
F of the complete monomial group 3, (H) of finite degree n over H that are
normalized by the base group, i.e. such that Ny, (g (F) > B(n, H).
Throughout all of this paper we are going to use the notation
S (H)

™ En(H)%W:Sn

to represent the canonical epimorphism of ¥, (H) onto S, and

p:[kl,...,kn]deEn(H)I—)kl-...~knEH
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to represent the function mapping each monomial substitution to the ordered
product of its factors. In general, p is not a homomorphism, but it is in the case
of an abelian group H.

Lemma 1. Let A < S, and choose H < K < H and ¢ : A — H/K to be
any homomorphism from A to H/K.
Then

Fak,= {[kl,...,kn]a | o€ A, kiky... ky € gp(a)}
is a subgroup of ¥, (H) normalized by the base group.

Proof. First we prove that Fa g, is a subgroup. If fi = [h1,...,h,]7T and
fo = [k1,...,kp|o belong to Fu i, then m = 7*(f1) and o = 7*(f2) belong to
A and p(f1) and p(f2) belong to ¢(7) and p(o) respectively, which are cosets
of K.

Of course
T (fufs ) =7 (f)lr(f2)) =m0l € A
because A is a subgroup and

p(fifs K = p(f)lp(f2)] K

as K > H'.
This means that

p(fifs') € p(m)o(o™") = p(ro™)

hence f1f2_1 lies in Flg i .
Now we will prove that Fy f, is normalized by elements of the base group.
For any f € Fa i, and w = [wy,...,wy] € B(n, H), we have

() = [ (AT =7 (f) € 4,
and again using K > H' we get
p(f)K =p(f)K
so that p(f“) € o(7*(f“)) proving that f* lies in F i, and hence

Ny, (m)(Fakp) =2 B(n, H).

QED
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Corollary 1. For any 1 <i <r let n; € N be positive integers such that

r
E n; =n
i=1

and each 1 < ¢ <1r choose
o any subgroup A; < .S,,
e any subgroup H' < K; < H and

e any homomorphism ¢; : A; — H/K;.

T
Then Dg Fa, ks .00 can be naturally embedded into $,(H) as a subgroup normal-
1=
ized by B(n, H).

Remark 1. Excluding the special case in which H = H’, by restricting
the attention to soluble or abelian groups, for example, the above construction
gives a large family of examples of subgroups of the complete monomial group
of degree n over H that are normalized by the base group. What we are going to
show next is that in the case of an abelian group H, the examples given above
are precisely all of the subgroups normalized by the base group.

Lemma 2. Let H be an abelian group and F < ¥,(H) be any subgroup of
the complete monomial group of degree n over H that is normalized by the base
group. Let A :=7*(F) < S, and K :=p(FNB(n,H)) < H. Then

p:0€ A= p(FNna o) e HK
is a homomorphism from A to H/K and F < Fa g .

Proof. Notice that K is a subgroup because it is the image of the subgroup
FNB(n, H) under the homomorphism p. Since FN7*~! (o) are cosets of ker(7r|*F)
and K = p(ker 7T|*F), we have that

(o) =p(F N7~ (0)) € H/K.

This means that ¢ is a well defined homomorphism from A to H/K. Now, for
any f € F we have that

o TH(f) e (F)=A
o p(f) € p(F Na*~H(w*(f))) = (7 (f))

so that ' < FA k- QED
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The following technical lemma, needed to get a better understanding of the
abelian case, is going to require some definitions regarding partitions of a set
(see also [2]).

We say a partition Fj is a refinement of Fo if every element €2 of F5 can be
written as union of elements of F;. We can also say JF; is finer than Fo.

For any two partitions F; and JF» it is easily proven that there exists a
partition F of which they are both refinements and F is the finest possible
partition with this property. We will denote this by F; A Fs.

Moreover, for every partition F on {1,...,n} we define

Br(n,H) = {[kl,‘..,kn] | VQ e F, Hkl - 1}.
1€Q
Lemma 3. Let Fi and Fy be two partitions of {1,...,n}. Then

<B]:1 (n7 H)v Br, (n7 H)> > Briar, (n7 H)

Proof. Choose any element [a1,...,an] € BFar,-

To be able to express it as a product of elements [hq,...,h,] € Br, (n, H)
and [k1,...,k,) € Br,(n,H) is equivalent to solving the following system of
equation

H hi =1 VQ e Fi
1€Q
H k=1 VI € Fo.
el

which leads to the system

[Thi=1 vVQe R
th‘:Hai VI € Fo.
el el

This system of equations can be split into completely independent subsystems,
one for each block in the partition /7 A Fo. For this reason, without loss of
generality we can assume that

FinFa={{1,...,n}} and Haizl.
i=1

This means (2.1) is a system of s+t linear equations in n variables in an abelian
group, where s = |Fj| and ¢t = |F2|. The matter of consistency of this system
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can be approached by looking at the augmented matrix (A|b) associated to the
system (of course one should think of the system in additive notation to do
s0). A is going to have only 1’s and 0’s as entries and every column is going
to contain exactly two non-zero entries. In particular, A can be divided into
an upper block of the first s equations and a lower block of the last ¢ such
that in each block there is only 1 non-zero entry for each column. These blocks
correspond to the two different type of equations in system (2.1).

To show that the system is consistent we are going to show that for any
linear combination of the rows of A giving the null vector, the corresponding
linear combination of elements of the column b is 0.

Let v1, ..., v, be the first s rows of A and wyq, ..., w; be the other ¢t rows and
consider a vanishing linear combination of those, i.e.

s t
Z ;v + Z Bjw; = 0.
j=1 j=1

This means
s t
V= g v = — E Bjw; =: w.
j=1 j=1

However, since v is a linear combination of the rows of the upper block, two
of its components are going to be equal whenever they correspond to indices
in the same element of F; and something similar can be said for w and F». In
symbols:

VQ e F,Vi,jeQ, o= (2.2)

and ' '
vI'e Fo, Vi,jel, o' =1’ (2.3)

where v7 denotes the j-th component of the vector v.
We claim, then, v is necessarily a multiple of the vector (1,1,...,1). As a
matter of fact, by contradiction, assume the set:

U={j<n| =0}

is a proper subset of {1,...,n}. Then by (2.2) and (2.3), any Q2 € F; and
I' € F, is either contained in ¥ or its complement. This is a contradiction
because it shows that F; and F; are refinements of {\Il, {1,...,n}\ \Il} which
contradicts the assumption that F; A Fo = {{1,...,n}}. For this reason, v =
—w=oal,...,1).

This means the only way of combining rows of A to make them vanish is to
take aj = oo = —f3; for some « and for all j.



120 S. Bostan, D. Esposito

Combining the elements of the column b with the same scalars gives

0 (Z) ~o

Hence the system is consistent and the lemma is proved. QED

Lemma 4. Let H be an abelian group and F < 3, (H) be a subgroup of the
monomial group of degree n over H that is normalized by the base group and
such that 7*(F') has transitive action on {1,...,n}.

Then FNB(n,H) contains the subgroup By(n, H) consisting of all multipli-
cations the product of whose factors is 1.

Proof. If n =1 the result is immediately seen to be true, so assume n > 1.

Choose any non-identical permutation 7 € 7*(F) and f = [h1,...,hy|T € F
such that 7*(f) = 7 and take a multiplication w = [wy,...,wy] € B(n, H). Since
F is a subgroup normalized by the base group, then also f¥f~! should be an
element of F. In particular, since B(n, H) is normal in X, (H), it should be an
element of F'N B(n, H), in other words a multiplication inside F.

Computing the i-th of f¥f~! one get

wi_lhiww(i)hi_l = wz-_lwﬂ(i).
Let {a;}i<n with a; € H be a sequence of elements of H. We will now understand
a necessary and sufficient condition to be able to solve the system of equations
a; = w;lwﬂ(i), Le. Wr(;) = WiGi.

Now, 7 will have a unique decomposition as product of disjoint cycles, in-
ducing a partition F of {1,...,n}.

Let © € Fr and consider equations wr(;) = wja; for all 7 € Q. By trying to
solve them by substitution, it is easily seen that they have at least one solution
if and only if [[,.q a; = 1.

So, what we have proven is that

FnB(n,H)>Br.(n,H), VYmern"(F).
Now, using Lemma 3 and transitivity of 7*(F') we conclude that
(Br,.(n, H)|m € *(F)) = Bo(n, H)

hence the thesis of the theorem. QED
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Theorem 1. Let H be an abelian group and F < X, (H) be a subgroup of
the monomial group of degree n over H that is normalized by the base group
and such that 7 (F') has transitive action on {1,...,n}.

Let A:==7"(F) < S,, K :=p(FNB(n,H)) <H and

p:0e€ A p(FNr o) e H/K.

Then F = Fp .

Proof. Lemma 2 shows that ' < Fj g . What is left to show is that for any
choice of m € A, F contains the set of all monomial substitutions f such that
7*(f) = 7 and p(f) € p(m).

For any k € K, there exists f € F'N B(n, H) such that p(f) = k. By Lemma
4, we know F' contains By(n, H), hence it also contains the coset fBy(n,H),
which is the set of all multiplications g such that p(g) = k. This means that:

FOB(n,H) ={[h1,....hy] € B(n,H) | hy...h, € K.

For any m € A, there exists f € F such that 7*(f) = 7 and p(f) € ().
Since it also contains the coset f[F'N B(n, H)], which is the set of all monomial
substitutions g such that 7*(g) = 7*(f) = 7 and p(¢9)K = p(f)K, the proof is
concluded. QED

3 Centralizers of subgroups that are normalized by
the base group

In this section we will describe the structure of centralizers of subgroups F
normalized by the base group of the monomial group ¥, (H) of degree n over
an arbitrary group H. In the next section, this will then be used to understand
the structure of centralizers of subgroups in limit monomial groups.

The structure of the centralizer of an element in a monomial group of finite
degree was studied by Ore in [6]. This was then used to understand the structure
of the centralizer of a monomial substitution in a limit monomial group of type
YA(H) by Kuzucuoglu, Oliynyk and Sushchanskyy in [5].

However, the structure of centralizers of subgroups has only been studied in
the context of symmetric groups and not in monomial groups both in the finite
degree case and in the limit case.

We are going to start studying the centralizers of subgroups of monomial
degrees starting with the additional assumption of transitive action of 7*(F).
Before that, we give an example to show that it is necessary to deal with the
elementary abelian 2-group case separately.
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Remark 2. Assume H is an elementary abelian 2-group, n = 2 and choose
A =S5y, K ={1} and ¢ to be the constant homomorphism from A to H/K.

Take then F' to be Fa i, = {[k1, k2|0 | 0 € S2, k1 = ko}. F is abelian and it
is an extension of degree two of H which means that for any choice of H having
finite 2-rank, C'y,, ) (F') cannot be be embedded into H.

The following lemma, though, proves in particular that if H is not an ele-
mentary abelian 2-group and 7*(F') is transitive, with any choice of a natural
number n, Cx, ( H)(F) can, in fact, be embedded into H, proving that the exam-
ple given above is a needed exception in the statement of the following lemma.

Lemma 5. Let H be a non-trivial group and n be any natural number. Let
F < ¥,(H) be a subgroup of the complete monomial group ¥,(H) such that

If 7 (F) acts transitively on {1,...,n} then:

e I[fn=1, then
Cs,m)(F) = Cu(F).

e Ifn>2 and H is not an elementary abelian 2-group then

an(H)(F) >~ 7Z(H).

Proof. Take any v = no = [k1,...,kn]o € Cx, (r)(H).

Since 7* is a homomorphism, 7*(f7) = 7*(f)™ ) hence for v to be in
Cs., () (F) it has to satisfy o = 7*(v) € Cs, (7*(F)).

Now, we know that f7 must be equal to f for any element f = ur =
[h1,...,hy]m of F. This means that

—1

(nun™ )7m = pw

since ¢ and m commute. From that we get the following necessary condition on
factors:

-1
ki hzkﬂ.(l) = hg(i). (*)

We also remark that for any f € F', the normal form of f is also in F' as it can
be obtained by conjugating f with a multiplication.

Case 1: n =1 As ¥ (H) is trivially isomorphic to H, F' can be embedded
into H and the thesis is trivial.

Case 2: n =2 and H is not an elementary abelian 2-group Consider
any v = no = [k1, ka]o € Cs, gy (F). Now, we will prove by contradiction that
o is the identity.
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If 0 = (12), take any f € F such that 7 = 7*(f) = (12). By substituting f
with one of its conjugates we can assume f is in normal form, say:

S T2
f o <.1‘2 hx1> )

Then, by imposing equality of factors in the equation ¥ = f, by (x) we get:

kT'ke = h
{kl_lhk —1 ()
2 1=

As v is in Oy, g)(F) it also has to commute with f I for any w € H, and from
that and (%) we get:
{kllkg =

ky th9ky = 1.

This, of course, only has solution compatible with (xx) if h“ = h for any w € H.
Since w must be arbitrary then A must be central.

Again, as v is in Cy, ) (F) it also has to commute with fal for any a € H
and from that, with (x), we get:

ki taks = a'h
kyla='hk; = a
Substituting ks = kih (which comes from (xx)) in the first one, we get a*1 = a1
for all @ € H. This can only happen in an elementary abelian 2-group, so it
contradict our hypotheses.
Now we know o has to be the identity. Then (x) will give:

ki ke =1
ky'hky = h.
This implies that ~ is a scalar. Imposing also that v commutes with £l proves
that the scalar has to commute with all elements a of H and so it is scalar
induced by an element in Z(H).
Viceversa, of course, any scalar induced by an element in Z(H ) isin Z(X,,(H)).
Case 3: n > 3 and H is not an elementary abelian 2-group. Let
v =mno = [ki,...,kn]o € Cs, (m)(F). We are going to prove by contradiction
that ¢ has to be the identity map.
Assume that o moves at least an element, say o(i) = j # i. Since n > 3, we

choose [ # i,j and since 7*(F) is transitive, there exists f € F with 7 = 7*(f)
mapping ¢ to [.
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f7_1 = f gives a condition on the i-th factor, namely:
kihik; b = hj. (3.1)

Now, m moves i to [ and it must also move j, because

because o is one-to-one.

This means that by considering a normal form of f we can assume h; =
hj =1 because ¢ and j are moved by 7 and are not moved one to the other.

This means k; = k; for any [ # i, 0(i), but this can be done for any i proving
that 7 is a scalar. Now that we know 7 is a scalar, by using transitivity of the
action of 7*(F') there exists f € F' such that 7 = 7*(f) moves i to j and without
loss of generality we assume f in normal form.

In this case one can easily see that the cycle involving ¢ and j is the same in
the cycle decomposition of 7 and ¢. Then for any index r in the cycle involving
1 and j we have:

k™ ok = hy.

This would mean that all factors pertaining to the indices in the cycle involving
i and j in f must be conjugate. This is only possible if it has determinant class
equal to {1}.

If this cycle is a 2-cycle then by conjugating it with multiplications we can

make it of the form
- ZT; c. Zj “e
fa= < arj ... alm )

for any a € H, and for v = [k]o to commute with all of those, k& would have
to be an element of H which acts by conjugation on all elements of the group
H by inverting them. This is impossible since H is not an elementary abelian
2-group.

This implies the cycle of ¢ involving ¢ and j is an m-cycle for m > 2.

This means that there is a conjugate of f in F' with h; = 1 and h; = h for
any choice of h € H. Since v = [k]o commutes with it, h* = 1 for any choice of
h € H, which contradicts the hypothesis that H is non-trivial and so ¢ is the
identity.

Following similar steps to the case n = 2, we get that n has to be a scalar
in the center.

Again, any scalar induced by an element of Z(H) centralizes F' as it is an
element of Z(X%,,(H)), which concludes the proof. QED
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To approach the non transitive case, we first have to give a definition of
equivalent orbits for a subgroup of a monomial group. If the action of 7*(F') on
{1,...,n} is not transitive then it induces a partition of it into orbits.

Consider any two orbits {2 and I'. For any monomial substitution f € F, the
restriction of f to QU is well defined.

We say 2 and I' are equivalent if there exists a bijection 7 :  — I' inducing

a permutation
- 7(7) i€
T
Y46 el
on QUTI and a monomial substitution p with 7*(p) = 7 such that
fo=pf, VfEF
Example 1. Choose a group H, elements hi, ho,x € H and define:
F= <[17 hla 17 17 h?? 1}(12)(45)7 [17 17 h27 17 17 h%](23)(56)>
7 (F) has {1,2,3} and {4,5,6} as orbits and, if we take
riie{1,2,3} »i+3e{4,56),
then 7 = (14)(25)(36) and the monomial substitution
p=lz,z,z,zt z71 271 (14)(25)(36)

commutes with the generators of F, so the orbits {1,2,3} and {4,5,6} are
equivalent.

Theorem 2. Let H be a non-trivial group and n be any natural number.
Let F < X,,(H) be a subgroup of the complete monomial group ¥,(H) that is
normalized by the base group.

Let {T'; }i<y be the set of equivalence classes of orbits of m*(F') and define s;
to be the order of I'; and t; to be the order of any orbit in I';.

Then

Cs, ) (F) = Dr &1 5,

where
¢; = Cu(Flo,)

if t; = 1 and ); is any representative of I'; and
¢, =2Z(H)

ift; > 1.
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Proof. The result easily follows from lemma 5 together with the definition of
equivalent orbit. We only need to show that the choice of a representative in
equivalence classes of orbits of size 1 is irrelevant. Assume, for simplicity of
notation, Q; = {z1} and Qo = {x2} with ©Q; and 3 being equivalent. This
means there is a monomial substitution p = [k1, k2](12) in ¥9(H) commuting
with any element of F' restricted to €21 U€s. Now, of course for any element hy €
Fl, (which we think of as embedded into H), by definition, we will have some
[ € F such that fiq uq, = [h1, h2], where ha € Fjg,. Doing the calculations to

impose fio,u0,P = pfin,un, shows Fg, < F‘%’Q and k1ky € Cy(Fiq,). Similarly

k1 . ko kike _

one sh(‘)ws Fo, < F\QN which allows t'o concl.ude F|Q2 < F\Q1 = F,. o
This means Fjg, and F|g, are conjugate in H and hence their centralizer in

H is isomorphic and the choice of a representative in their equivalence class is

not important. QED

4 Centralizer of subgroups in limit monomial groups

In this section, we give a description of the structure of the centralizer of a
subgroup F of ¥, (H) that is normalized by the base group and such that 7*(F')
is finite.

As the group X\ (H) can be seen as the union of an infinite increasing se-
quence of monomial groups of degree n;, each isomorphic to some %, (H), our
subgroup F' can be thought of as subgroup of ¥,, (H) for some k and 7*(F)
as a subgroup of Sy, . When thinking of F' as a subgroup of ¥, (H), it is also
trivial that it is normalized by the group.

In everything that follows, for any ¢ < r, I'; is going to denote an equivalence
class of orbits of 7*(F') when thought of as a subgroup of S, for some k£ € N.

Theorem 3. Let A\ be a Steinitz number, H an arbitrary group and X (H)
be the limit monomial group over H associated to X. Let F be a subgroup of
YA(H) normalized by the base group and such that 7*(F) is finite.

Let {T';}i<, be the equivalence classes of orbits associated to F and let s;
denote the order of I'; and t; denote the order of any orbit in I';. Then

Oy () (F) = Dr2,,(&)

where \; = sin—/\k and €; is as in Theorem 2.

Proof. Using Theorem 2 we can find the structure of the centralizer of F' as a
subgroup of ¥,, (H) as
,

Cy,, (1 (F) = Dre;1 8, = Dr 3, (€).

i
=1 1=



Subgroups normalized by the base group in monomial groups. 127

For any j > k we can embed CEnj () (F) into anjH () (F), inspired by the way
it was done in ([4], Lemma 4.4) and ([3]), with strictly diagonal embedding.

To compute the centralizer in the direct limit, we take the limit of the direct
system of centralizers of F' in X, (H) with j > k, concluding

U, () (F) = Dr3y, (&)

A

where \; = s;°- and the ; are as in Theorem 2. QED
J
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