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The Conjugacy Growth of the Soluble
Baumslag-Solitar Groups

Laura Ciobanu, Alex Evetts
and Meng-Che “Turbo” Ho

ABSTRACT. In this paper we give asymptotics for the conjugacy growth
of the soluble Baumslag-Solitar groups BS(1,k), k > 2, with respect to
the standard generating set, by providing a complete description of ge-
odesic conjugacy representatives. We show that the conjugacy growth
series for these groups are transcendental, and give formulas for the
series. As a result of our computation we also establish that in each
BS(1,k) the conjugacy and standard growth rates are equal.
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1. Introduction

For any n > 0, the conjugacy growth function cg s(n) of a finitely gen-
erated group G, with respect to some finite generating set S, counts the
number of conjugacy classes intersecting the ball of radius n in the Cayley
graph of G with respect to S. The conjugacy growth series of G with re-
spect to S is then the generating function for the sequence cg g(n). There
are numerous results in the literature about the asymptotics of conjugacy
growth [9, 10, 16, 18], as well as about the behaviour of conjugacy growth
series [1, 5, 6, 11, 19, 20], for important classes of groups. Of particular rele-
vance here is the work [2] of Breuillard and Cornulier, who showed that the
function cg g(n) grows exponentially for finitely generated soluble groups
that are not virtually nilpotent, such as the soluble Baumslag-Solitar groups
BS(1,k) = {a,t | tat™! = a*), k> 2.

In this paper we give finer asymptotics for cpg(1 1) {a,13 (1), compute ex-
plicitly the conjugacy growth series of BS(1, k) with respect to the standard
generating set {a,t}, and show that this series is transcendental. We estab-
lish the transcendental behaviour from the fact that, up to multiplicative
constants, cg g(n) is asymptotically of the form % for a constant a > 1,
which is interestingly similar to hyperbolic groups [1] and several classes of
acylindrically hyperbolic groups [15], despite BS(1, k) being among the first
examples of groups that are not acylindrically hyperbolic.

Date: March 13, 2020.
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This paper provides further confirmation for the conjecture (see [11])
that the only groups with rational conjugacy growth series are the virtu-
ally abelian ones. It also provides further confirmation for the conjecture
that the conjugacy and standard growth rates in finitely presented groups
are equal; this was already observed for hyperbolic [1], relatively hyperbolic
[15], most graph products [7] and lamplighter groups [19].

The structure of the paper is as follows. We give the background on
conjugacy growth functions and series in Section 2, where we also provide
descriptions of normal forms in the Baumslag-Solitar groups that will be
used to describe the conjugacy representatives later in the paper. In Sec-
tion 3 we completely describe the conjugacy representatives and give the
conjugacy growth series for those elements in the maximal abelian normal
subgroup of BS(1,k), and then in Section 4 we describe geodesic conjugacy
representatives for the remaining conjugacy classes of BS(1,k).

The main result appears in Section 5, where we show (Corollary 23) that
the conjugacy growth series of BS(1,k), with respect to the standard gen-
erating set, is transcendental. In Section 5 we also show that the conjugacy
and standard growth rates are equal, in Corollary 24. Finally, in Section 6
we give the formulas for the conjugacy growth series of BS(1,k).

2. Preliminaries

2.1. Conjugacy growth and series. Throughout this subsection, fix a
group G and a finite generating set S of G. The (word) length of an element
g € G, denoted by |g|, is the length of a shortest word in S that represents
g, i.e. |g| = min{|w| | w € S*,w =¢ ¢g}. In this case, we say w is a geodesic
word, or simply a geodesic.

We will often write g ~ h to denote that g and h are conjugate, and write
[g] for the conjugacy class of g. The length of [g], denoted by |[g]|, is the
shortest length among all elements in [g¢], i.e. |[g]| = min{|h| | h ~ g}. We
say that a word w is a conjugacy geodesic for [g] if it is a geodesic, and if it
moreover represents an element of shortest length in [g].

We define the cumulative conjugacy growth function of G with respect
to S to be the number of conjugacy classes whose length is at most n, and
the strict conjugacy growth function, denoted as c¢(n) = cg g(n), to be the
number of conjugacy classes whose length is equal to n, i.e.

c(n) = #{lg] | 1lg]l = n}.

For ease of computation we shall work only with the strict version, and call
that the conjugacy growth function. The conjugacy growth series C(z) =
Ceq,s(z) is defined to be the (ordinary) generating function of ¢(n), so
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All results in this paper can be easily extended to the cumulative version of
the conjugacy growth function and series (see [1]).

We call a formal power series f(z) rational if it can be expressed (for-
mally) as the ratio of two polynomials with integral coefficients, or equiv-
alently, the coefficients of f(z) satisfy a finite linear recursion. In the lan-
guage of polynomial rings, this is to say f(z) € Q(z). Furthermore, f(z) is
irrational if it is not rational.

A formal power series is algebraic if it is in the algebraic closure of Q(z),
i.e. it is the solution to an polynomial equation with coefficients from Q(z).
It is called transcendental if it is not algebraic.

2.2. Baumslag-Solitar groups. Throughout the rest of the article, we
will write
G =BS(1,k) = (a,t | tat™" = a")

where k > 2 is a natural number, and will write the conjugation as a’ = tat™!.
Let Zyx = {z € Q| k"x € Z for some n € Z} and consider the semidirect
product Zy x Z, where the action of Z on Zj is multiplication by k. Then
BS(1,k) = Zj, x Z, with the isomorphism given by a — (1,0) € Z; and
t — (0,1) € Z where we write an element of G in the semidirect normal form

(z,m).
Suppose that m > 0. Since
(1) (™) =at™a " =a-a”FE = (1 - K™, m)
and a = a¥, we get that conjugation by generators amounts to:

(2) (z,m)* = (z+(1-k™),m) and (x,m)" = (kzx,m).

The form of geodesics in the soluble Baumslag-Solitar groups has been
studied in several articles, and we summarise here the results in a form
convenient for further use. The following propositions are derived from
section 4 of [8]. We restrict for now to only those elements with zero ¢-
exponent sum.

Proposition 1. Let k = 2r + 1 for some positive integer r. The set &, of
words in the following forms comprises a set of unique geodesic representa-
tives for the elements of the subgroup Zy.

Oa. {e,a*',...a*("*1}

Ob. {a®ta®ta®it™4|d>1,24%0,A}

Oc. {tba®ta® --ta®t=¢ | b,c,d > 1,d=b+c, 29 % 0,24 # 0, A}

Od. {t4a™ta™ ta™ |d>1,29%0,A}
Here A signifies the conditions |xg| <7 +1, |xs| <7 fori<d, and if xqg-q = +r
then xgq + ¥1.

Proposition 2. Let k = 2r for some r > 2. The set & of words in the
following forms comprise a set of unique geodesic representatives for the
elements in 7.

Ea. {e,aﬂ,...,ai(rﬂ)}
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Eb. {a*0ta®-ta®t™ % |d>1,24#0,A, B}

Ec. {tba®™ta® -ta®t=¢|b,c,d>1,d=b+c,xo9 % 0,24 %0, A, B}

Ed. {t"%a®ta® -ta™ |d>1,z0#0, A}
Here, A signifies the conditions |xq| <7+ 1, and for each 0 < i< d, |z;| <,
if tioy =7 then 0 < x; <r fori<d, and if xi.1 = —r then —-r < x; <0. And
B signifies that the following subwords are forbidden: a*"ta*("ta¥'¢71,
ai(T_l)ta:Flt_l.

Proposition 3. Let k =2, i.e. G =BS(1,2). The set & of words in the
following forms comprise a set of unique geodesic representatives for the
elements in Zy,.

2a. {e,a*!,a*? a*?}

2b. {a®ta®1t--ta®t™ | d > 1,|zq| € {2,3}, A}

2¢c. {tta®ta® ta®t™¢ | b,c,d > 1,d =b+c,xg % 0,|zg| € {2,3}, A}

2d. {t~%a®t--ta® |d 21,29 %0, A}
Here, A signifies the conditions |x;| < 1 for i <d, if x;-1 # 0 then z; =0 for
1<d, if xtg>0 then xq_1 20, and if x4 <0 then x41 <0.

2.3. Context-free languages. We will need some formal language theory
(see for example [17]) in order to calculate the growth series of Zj in Section
3.

Definition 4. Let V be a set of variables (usually denoted by upper case
letters), and T a set of terminals (usually denoted by lower case letters). A
context-free grammar consists of a finite set of production rules of the form

V = wy |wy || wy

where V eV, each w; € (VU T)*, and the | symbol stands for exclusive ‘or’.
We nominate one variable to be the starting variable.

A context-free grammar produces a language in the following way. Start
at the nominated starting variable, and perform substitutions according
to the production rules, until the word consists only of terminals. The
language L ¢ T* of all words that can be produced from the grammar is
called a context-free language. If each word is only produced in one way
(i.e. via a unique sequence of production rules) then the language is called
unambiguous context-free.

Theorem 5 (Chomsky-Schiitzenberger [4]). If L is an unambiguous context-
free language, its growth series is algebraic.

There is a method for explicitly calculating the series, known as the DSV
method, which is as follows. Convert the grammar into a system of equations
by replacing:

e the empty word € with the integer 1,
e cach terminal with the formal variable z,
e cach variable V' with a function V'(z),
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e the or | with addition +,
e concatenation with multiplication,
e the production arrow with =.

Solving the system of equations for the initial variable then gives the growth
series, an algebraic function of z.

3. The conjugacy classes [(x,0)] in BS(1,k)

In this section we show that the conjugacy growth series of the subgroup
Zy, relative to G = BS(1,k), is rational with respect to the generating set
{a,t}. We explicitly calculate the series via context-free grammars, and
extract the growth rate. We note that Freden, Knudson, and Schofield
[14] also use context-free grammars to calculate growth series, but they
are concerned primarily with the so-called horocyclic subgroup, (a) in our
notation, which is a proper subgroup of Zg. In fact, Z, is the normal closure
of (a).

We treat the cases of odd and even k separately.

3.1. Odd case. Let k =2r +1 for some integer r > 1.
Proposition 6. In BS(1,2r + 1) the set of words
Co={e,a*!,.. . a* "YU {a™ta™ t-ta®t™ | d 2 1,20 £ 0,34 # 0, A},

where A signifies the conditions |z4| < r+1, |x;| <r fori<d, and if xg_q = £r
then x4 # F1, comprises a set of unique geodesic representatives for the
conjugacy classes of G that lie in Zy.

Proof. Let £, be as in Proposition 1 and note that C, ¢ £,. We use the
following key observation: if an element is represented by a word in &, \ C,,
then it cannot be represented by a word in C,, by the uniqueness condition
on &,. We will first prove that no pair of words in C, represent the same
conjugacy class, and then prove that every word in &, is conjugate to a
word in C, with at most the same length. Then since every group element
is represented in &,, every conjugacy class is represented (uniquely) in C,.
Furthermore, this unique representative has length at most that of each of
the corresponding (element-minimal) representatives in &£,. This proves the
proposition.

Proposition 1 implies that no two words in C, represent equal elements.
We show that no two words represent conjugate group elements either. Sup-
pose, on the contrary, that w,v € C, represent conjugate elements. So there
exists a non-zero integer m such that t™wt™™ =g v (since a commutes with
every element of Zj, and hence with every element of C,). First suppose
that w = a" for |n| < r+ 1. Then t™a™t™ ! is a word in either (Ob.) (with
xo = 0) or (Oc.), depending on the sign of m, and thus by the above ob-
servation the word v ¢ C,, which is a contradiction. Now suppose that
w = a®™ta®t--a®t™? for d > 1, g # 0, with conditions A and B. So
v = tMwt™T™ = tMa®0ta®1 a4, If m > 0, v is a word in (Ob.) (and
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not in C,). If m <0, v is a word in either (Oc.) or (Od.). In both cases
v ¢ C,, which is again a contradiction.

Now let w € £,. We show that there exists v € C, such that w and v
represent conjugate group elements, and moreover |w| > |v| (as words). We
assume that w ¢ C, (otherwise the claim is trivial). First, suppose that w
is in form (Ob.), and let @ > 0 be such that z; is the left-most non-zero
power of a. Then the word v = a®ta®+t---ta®t~%*" is in C, and represents
a conjugate of w. Further, the number of a*'s in v is the same as that in
w, and the number of #*s in v is (d-14) + (d - i) < 2d and therefore |v] < |w|.
Now suppose w is of the form Oc. (resp. Od.). Let v = a™ta™'t... a®ate,
Since v is a leftward cyclic permutation of w by b (resp. d) places, the words
represent conjugate elements and are of equal length. O

Proposition 7. Let k=2r +1, where r > 1.

(1) In BS(1,k) the set C, is unambiguous context-free.
(2) The subgroup Zy has rational relative conjugacy growth.

Proof. (1) First note that C, is not regular since the exponent-sum of ¢ has
to be 0, and this cannot be achieved by a finite state automaton.

We show the language is context-free by exhibiting an explicit grammar.
We use capital letters for variables and lower case for terminals. Write
a*" as shorthand for the concatenation of n copies of the terminal a*'. Tt is
straightforward to see that the following context-free grammar, starting from
S, produces the set in question unambiguously. Each production rule either
replaces a variable with an appropriate power of a, or adds corresponding
instances of t and ¢!, together with appropriate powers of a (including ao).
If a" or a™" are produced, restrictions apply via V and W.

S—e|A|T, Ana | ]at]al|a™*!

Boa ™ atal|-|at T-BtU | a"tVE™ | a " tWit
U-A|tUt | T, V->tUut | T|a" | |a?]al|]a"
WtUt™ [T a" | ]at | a® ]| a™

(2) By Theorem 5 the growth series of the language C,, and hence the
relative conjugacy growth series of the subgroup Zy, is algebraic. However, a
stronger result holds here. Applying the DSV method to the grammar above
gives the growth series of the language C,. The production rules become the
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equations:
r+l 5 — yTt2
S(2)=1+A(z) +T(z), A(z)=2) 2"'=2 1 ,
i=1 -z

z—2"

1-z

r=1
B(z)=2 Z; 2'=2 . T(2) =B(2)U(2)22 +V(2)2"2 + W (2)2"",

r+1

U(z) = A(z) +U(2)22 +T(2), V(2)=U(2)z2+T(2)+2 ; 2t -z,

r+l1
Wi(z) =U(z)22+T(z)+2;zz—z.

Solving these equations for S(z) we find that
22746 _ 2275 4yt 4 272 1328 422 -2 -1

28 -22"3 4224+ 2-1

3)  So(2) =5(2) =
O

Example 8. For illustrative purposes, we derive an element of C, using the
grammar described above. The table below lists, on the left, the production
rules used to produce the word at?a"ta?t=3, and the result of applying each
rule on the right.

production rule result
S—->T T

T - BtUt™! BtUt™!
B—a atUt™!
U—tUt™! at?Ut™2
U-T at*Tt2
T —»a"tVt? at?a”tVi 3
V >a? at’a"ta”?t™3

Corollary 9. The conjugacy classes in Zy, for k =2r + 1, have growth rate
in the range (%,2).

Proof. Denote by d, the denominator of S(z) in (3), that is, d,(z) = 23 -
2 4 224 2 -1=23(1-2") + 2(1 - 2"*2) + (2% - 1), which implies that for
z € (-1,0), do(2) < 0. Also, do(%) = —é—ﬁ <0 and do(%) = %—%(%)T >0,
so there is a smallest root p, € (%, %) of do. Furthermore, d,(0) = -1 and

dl,(z) >0 for z € [0,3], so p, is the real root with smallest absolute value.
Write a = pg for ease of notation. The fact that a is a root of the de-
nominator gives 2a"*3 = a® + a® + a — 1. Using this identity we can substi-
tute each a>" by the appropriate expression into the numerator and obtain
2070 = 20" — 40" +2a"? +3a +a? -a-1=a" - 2a° - a* + a® + 2a% - 1.
Furthermore, a’ - 2a® —a* + a® + 2a® = 1 = 0 only for a = +1, which is not the
case, as a € (%, %) Thus p, is not a root of the numerator of S(z) in (3), so

the growth rate, which is the reciprocal of p,, lies in the given range. (]
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3.2. Even case. Let k =2r, for some integer r > 2.

Proposition 10. In G = BS(1,2r), r > 2, the set of words
Co={e,a*',. ., a0 DY U {a™ta® -a®t"?|d>1, A, B,z + 0}

comprises a set of unique geodesic representatives for the conjugacy classes
of G that lie in Zy. Here, A signifies the conditions |rq| < v+ 1, and for
each 0 <i<d, |x;| <r, if xi-1 =7 then 0 < x; <71 fori<d, and if v;-1 = —r
then —r < x; < 0. And B signifies that the following subwords are forbidden:
airtai(r—2)ta4=1t—17 ai(T_l)ta:Flt_l.

Proof. Let £ be as in Proposition 2 and note that C. ¢ £&. We use the
following key observation: if an element is represented by a word in &, \ Ce,
then it cannot be represented by a word in C., by the uniqueness condition
on &. We will first prove that no pair of words in C. represent the same
conjugacy class, and then prove that every word in &, is conjugate to a
word in C, with at most the same length. Then since every group element
is represented in &, every conjugacy class is represented (uniquely) in Ce.
Furthermore, this unique representative has length at most that of each of
the corresponding (element-minimal) representatives in .. This proves the
proposition.

Proposition 2 implies that no two words in C. represent equal elements.
We show that no two words represent conjugate group elements either. Sup-
pose, on the contrary, that w,v € C, represent conjugate elements. So there
exists a non-zero integer m such that t"wt™™ =g v. First suppose that
w = a” for |n| < 7+ 1. Then t™a™t™ ! is a word in either (Eb.) (with
xo = 0) or (Ec.), depending on the sign of m, and thus by the above ob-
servation the word v ¢ C., which is a contradiction. Now suppose that
w = a®ta®t--a®t™? for d > 1, g # 0, with conditions A and B. So
v = tMwt™™ = tMa®ta® t--a® "™, If m > 0, v is a word in (Eb.) (and
not in C.). If m <0, v is a word in either (Ec.) or (Ed.). In both cases, we
have v ¢ C., which is again a contradiction.

Now let w € £&. We claim that there exists v € C, such that w and v
represent conjugate group elements, and moreover |w| > |v| (as words). We
assume that w ¢ C. (otherwise the claim is trivial).

There are two exceptional cases. First, suppose

w = %0 ta" g 24 (D g T

with d > 1 and conditions A (so in particular w is in the form (Ed.)). Then
W is conjugate to the element represented by a*0ta®---a%d-1ta*(""Dq ™4,
This word contains a forbidden subword and therefore does not satisfy con-
dition B, so is not in C.. However, it represents the same element as v :=
a®ta® - 1taT 4 € €, We also have |w| = Y52z + (r-1) +1+2d >
Y2z + (r+1)+2(d-1) = |v].
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For the second exceptional case, suppose
w =t"%"ta™ a3 ta* ta* "D ta™
Then w is conjugate to the element represented by
BB T

which contains a forbidden subword, but represents the same element as
v = a®0ta®tq®d-3tq T taT T4 € ¢ Tn this case we have

d-3 d-3
lwl=> @i+r+(r-2)+1+2d=> zi+r+(r+1)+2(d-1) = |v].
i=0 =0

For the general case, where w is in the form (Eb.), (Ec.), or (Ed.) (ex-
cluding the exceptional cases) and is not already an element of Ce, it is clear
that conjugation by t*' an appropriate number of times takes w to a word
in C, which has at most the same length as w. O
Proposition 11. Let k=2r, r > 2.

(1) In G = BS(1,k), the set C. is an unambiguous context-free language.
(2) The subgroup Zj has rational conjugacy growth.

Proof. (1) We claim that the following grammar, with S as the starting
point, generates C, unambiguously.

Soe|A|T, A»a "D a7 | |a al|]|a™

T - BtUt™ | a"tVi™t | a "Wt | o Xt | oDyt

Boa 203 et a| a2 U-stUt™|T

Voald | |a ™ [tUT |atUt™ | o™ 3tU a2 X o X!

Woata?||a OVt o Ut -

e @ @Dy o Dy !

X o gD la™ | a2 a|a®|~|a U

Y - g (D) la | a2 |ata® ] |a™ U
Starting from S, this grammar produces words in C. by choosing the values
of the powers x; from left to right, while keeping track of the number d of

such powers. If z; is chosen to be +r or +(r — 1), restrictions apply to the
following power.



10 LAURA CIOBANU, ALEX EVETTS AND MENG-CHE “TURBO” HO

(2) We use the grammar above to explicitly calculate the growth function.
The grammar yields the following system of equations.

r+1 (Z_Zr+2)
S(z) =1+ A(2) +T(2), 222 1,
T(2) = t?B(2)U(z) + 22”2V (2) + 2zr+1X(z),
r—2 P
=2 Z 2= %, U(z) = zzU(z) +T(z2),
r=1 r=3
V(z)=W(z) = ; 21+ 22U (2) ;) 222X (2)(Z 2+ 2
= 21__2: +22U(2) ! 1__2:2 +22X(2)(27 72+ 27,
r+1 ; 2(2 _ Zr+2)
X(z)=Y(z)=2;z—z+U(z)= T -U(z)

Solving these for S(z) yields the following rational expression:

n(z)  —1-22""2+22% + 2% + 227 - 42770 1+ 42°74% 222778 4 42074 470
d(z) (222744 — 22744 — 23 + 22742 - 22 — 2+ 1)(2 - 1)
4ZG+2r _ 222r+7 + 2Z2r+2 + 2zr+5 _ 622r+4 _ 62r+3 + 62r+4
(222744 = 227+4 — 23 + 22742 - 22 — 2+ 1)(2 - 1)

(4) Se(2) =

+

That is, the denominator of S(z) is d(z) = (22274 =227+ = 23 42272 - ;2
z+1)(z-1) and the numerator n(z) = =1 + 222 + 223 + 24 = 2272 — 6273 +
6ZT+4 +22T+5 _4ZT+6 +2Z2'r’+2 _622T+4 +426+2T _222T+7 _222T+8 +4Z3T’+4 _4Z3r+6 +

[l

4Z3T+8

Corollary 12. The conjugacy classes in Zy, have growth rate in the range

(3,2)-

Proof. For z € [-3,0], d(z) = 222" — 227+ - 23

20+ 22"7 - 2% -2+ 1 =
(1 _ Z) _ z2(1 _ Z2r+2) 23(1 _ 2r+1) + 22r+2(1 _ 22) >
]

1—%‘—1—16>0, SO
e

there is no root in [-3,0]. Similarly, for z € [-2,-1], we have that d(z) =
(1-2)-2%(1- 21”+2) B2 +222(1-22) 2 3 -2 -2(3)* > 0, s0
there is no root in [ 3 —%]

We also have d( ) =<3 + 22,1+3 - 2,1+3 + 27% >0 and d(%) < 0. So there is a
root € (2, 4) of d. Furthermore d(0) =1 and d’(z) <0 for z € [0,%], so the
real root with smallest absolute value lies in (; 3)

Write a to be the real root with smallest absolute value of d(z). The fact
that a is a root of the denominator gives 2a?+*-2a"**+2a"*?-a3-a?-a+1 = 0.
In particular, 2a*** = 2a""* - 2a"? +a®* +a’>+a-1=0and a® +a’ +a-1=
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2624 — 2a"** + 2a"*2. Using these identities we get that

2 3 4 +2 +3 +4 +5 +6+2a27+2
n(a)=-1+2a"+2a"+a" —2a""" —6a""" +6a"" +2a""" —4a""""

2r+4 6+2 2r+7 2r+8 3r+4 3r+6 3r+8
—6a”" + 40> = 2a" =20 + 407" — 407" + 40"

3. 2 +2 +3 +4 +5 +6 2r+2
=(a+1)(a"+a”"+a-1)-2a"""-6a"""+6a""" +2a""" —4a""" +2a”"

2r+4 6+2 2r+7 27+8 2r+4 +2 +4
—6a""" +4a” " =207 = 20" + 2a7 (2a" - 24" + 24"

244 4 2 2 3 4 5

=(a+1)(2¢"""* = 20" +2a""?) - 24" - 64" + 60" + 24"
2r42 244

—4a"% + 24”64 + 4a

4 2 3 2 2 4

+(20" -2a"" +a’ +a’ +a-1)(2a" —2a"" +24"*)

=2a"(a+1)(a-1)*((a® —a-1)a"? +a* +a® - 1)

6+2 2r+7 2r+8
=20 - 2a""

However, a € (%, %) implies a® —a-1<0 and a* +a? -1<0, so ((a® —a -
1)a™ 2 +a*+a%-1) <0. Also a # -1,0,1, so a is not a root of the numerator
of S(z) in (4), and thus the growth rate, which is the reciprocal of a, lies in

the given range.
O

3.3. The case k=2. Let G = BS(1,2).
Proposition 13. In BS(1,2) the set of words
Co = {e,a*!,a®} U{a®™ta® t--ta®t™% | d > 1,|xq| € {2,3}, 20 £ 0, A}

comprises a set of unique geodesic representatives for the conjugacy classes
of G that lie in the subgroup Zy. Here, A signifies the conditions |z;| <1 for
1<d, if xio1 #0 then x; =0 fori<d, if xg >0 then x4-1 >0, and if x4 <0
then x4-1 <0.

Proof. Let & be as in Proposition 3 and note that C c &. As above, we
use the following key observation: if an element is represented by a word in
&2 \ Co, then it cannot be represented by a word in Co, by the uniqueness
condition on &. We will first prove that no pair of words in C can represent
the same conjugacy class, and then prove that every word in & is conjugate
to a word in Cy of at most the same length, proving the proposition.

We show that no pair of words in Cy represent conjugate elements. Let
w € Co and suppose on the contrary that it represents the same conjugacy
class as some v € Co. Since no pair of words in & represent the same
element, there exists m # 0 with t™wt™"™ =g v. First consider the case where
w e {a®ta" t--ta®t™ | d > 1,|xq| € {2,3},20 # 0,A}. Then t™wt™™ has
the form (2b.) with zy # 0, or (2c.), or (2d.), which contradicts the key
observation. Now consider the case w = a*', with m = 1. Then twt™! =
ta*'t™! =5 a*2, and hence the word twt™! cannot be in C by the uniqueness
condition on &. In the case w = a*', with m = -1, we have t"'wt in the
form (2d.), again a contradiction. Next, consider w = a*' with |m| > 2. We
have t™a*'t™™ =g t" 'a**t~ (™1 which is a word in the form (2b.) with
xo # 0, or (2c.), or (2d.), again contradicting the key observation. Finally
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consider the case w = a®3. Then t™a*3t™™ is in the form (2b.) with xq # 0,
or (2c.), or (2d.), again contradicting the key observation.

Now let w € &. We show that there exists v € Cy such that w and
v represent conjugate elements, and that |w| > |v]. We assume w ¢ Cs.
Firstly, a*? is conjugate to a*! € Cy, which has strictly shorter length. Now
suppose w = t~4a*0t--a%1ta € (2d.), where z4; € {0,1}. Then w is con-
jugate, via t%, to a®0t---ta®1tat?, which has the same length. This word
represents the same element as a®t---ta®1*2t%"! ¢ Cy which has strictly
smaller length. Similarly, if w = t~%a®t---a®1ta~! € (2d.), we must have
xq-1 € {-1,0}, and w represents the same conjugacy class as the shorter
word a®0t--ta®172¢t9"1 € Cy. In all other cases, w is clearly conjugate, via
an appropriate number of t*!s, to a word in Cy of equal or shorter length. [

Proposition 14. The subgroup Zo < BS(1,2) has rational conjugacy growth.

Proof. It is straightforward to see that the following grammar, starting
from S, produces Co unambiguously.

S—e|lA|T, A»a|a"|ald?
T - at?Ut™? | o '2Ut? | ata®t™ | ata®t™ | a Mot | a a7,
U-tUt™t|T|a?|a?|ad®|a®
The grammar becomes the following system of equations.
S(2) =1+ A(2) +T(2), A(z)=2(z+2%),
T(z) = 225U (2) +22° + 225, U(2) = 22U(2) + T(2) + 2(2* + 2%).
Solving these yields the following rational expression:

_ 1+22-22-22°-2,642,7_9,8
- 1-22-225 '

(5) S5(2)
O

Corollary 15. The conjugacy classes in Zs < BS(1,2) have growth rate
approrimately 1.348.

Proof. The only real root of the polynomial 1-2?-22°, the denominator of
(5), is approximately 0.742. Denote this root by a, so that 1 —a? —2a% = 0.
Using this identity, we find that the numerator of (5) is equal to a+a?-a*+a®
when z = a. Since a? < a?, we see that a is not a root of the numerator.

Therefore the growth rate is the reciprocal of a, approximately 1.348. O

4. The conjugacy classes [(x,m)], m #0, in BS(1,k)

In this section we find and describe a set of minimal representatives for
the conjugacy classes of the form (x,m) with m # 0.
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4.1. The conjugacy geodesics. We first need the following result by
Collins-Edjvet-Gill, which although stated for k even, also holds for k£ odd.

Lemma 16. [8, Lemma 2.2] Let w be a geodesic word. Then:

(1) If w has a subword of the form t™"a™ta'tt--ta’t=°, where ig,i, # 0,
r,s,n>1, thenr+s<n.

(2) If w has a subword of the form t"at " ai =1 t=1ait5 | where ig, i, #
0, r,s,n>1, thenr+s<n.

(8) w has at most one subword of the form t‘a't where i # 0, and at
most one subword of the form ta't™' where i % 0.

The following proposition shows that a conjugacy geodesic w has no
‘pinches’, that is, no subwords of the form ¢ 'a’t or ta’t™' where i # 0.

Proposition 17. Every conjugacy geodesic w for [(xz,m)] with m > 0
must be, up to a cyclic permutation, of the form a*0ta®'t---a®™ 't for some
Lo,y Tm-1 € L.

Proof. Let w be a conjugacy geodesic for [(xz,m)].
Suppose that w contains ¢t~ non-trivially. By Lemma 16 (3), after cycli-
cally permuting w if necessary, we may assume that

w = a®ta" t-a* gVt La¥n 1t L qYmrg ]

with zg, y, £ 0, and n > m. Since a commutes with any word with ¢-exponent
sum equal to zero, we can rewrite w as follows, without increasing its length:

w = axotaxlt---tax”‘l (taynt—l)ayn—1t—layn—z,,,aymut—l

- O/IOta/xl t,,,awn—Q (tzaynt_laln—l"'yn—l t_]- )ayn—2___ay7rL+l t_]-

= a®0tq®lt...qm tn—maynt—laxnfﬁynq t—l___axm+1+ym+1t—1'

For ease of notation we will rename exponents so that
w = a®0ta® te--a®m MYt LYt g
and note that its cyclic permutation

— -1 _14-1 -1
aﬂflt___al‘mtn maynt ayn 1t ___aym+1t axot

has a subword t" ¥t La¥n-1¢71..q¥m+1t71g%0¢ which contradicts Lemma
16 (2). So, w cannot contain any ¢!

Thus, w must have the form a®°ta®'t---a*™1t, up to a cyclic permutation.
O

Now by checking through the list of geodesics in [8, Section 4], we see
a conjugacy geodesic must be of the form (MWela). Translating this to
our language and using the fact that a cyclic permutation of a conjugacy
geodesic is still a geodesic, we obtain the following proposition:
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Proposition 18. In BS(1,k), every conjugacy geodesic w for [(x,m)] with
m >0 must be, up to a cyclic permutation, of the form a*°ta®'t---a*™'t for
some xq,*, Tm_1 € Z such that:
o Ifk=2r+1 is odd, then |z;| <r for every i.
o If k = 2r is even, then |x;| < r, and for each i, if xi-1 = r then
0<x;<r, and if xji—y = —r then —r < x; <0. (Here and henceforth in
this section, we use the convention that x_1 = Tpy_1.)

4.2. The conjugacy representatives. We now give conjugacy represen-
tatives for a fixed m > 0. Recall that by (2) two elements (z,m) and (y,n)
are conjugate only if m =n, so it suffices to restrict the analysis to elements
of the form (z,m), with m fixed, in the following arguments.

Lemma 19. Suppose k=2r+1 and m > 0. Let
A, = {a®ta™ t-a" 1t | |z < v}~ {(a7") ™}

Then two words in Ay, are conjugate if and only if they are cyclic permuta-
tions of each other, and every word in A, is a conjugacy geodesic.

The proof of the odd case is the same as the proof for even case, but
simpler. Thus, we shall only prove the even case.

Lemma 20. Suppose k = 2r and m > 0. Let A,, be the set of words
a®ta®'t---a*™ 1t satisfying
(1) |wi| <,
(2) for eachi, if iy =r then0 < x; <r, and if x;j—1 = —r then —r < x; <0,
(3) if m is even, (o~ Dta )2 and (a"ta~ V)2 are excluded from
Ap, .
Then two words in A, are conjugate if and only if they are cyclic permuta-
tions of each other, and every word in A, is a conjugacy geodesic.

Proof. We first show that two distinct words, a*°ta® t---a*™ 't and
a¥ota¥' t--a¥™1¢, in A,, cannot be conjugate by a’, £ = 0. Suppose we have
such a pair, and suppose these two words represent the elements (x,m) and
m—1 .
(y,m). Since z = g%) z;k', (1) implies that |z| < (km_1)2(k—k—1)7 and similarly
ly| < (K™ - l)ﬁ The conjugation by a’ translates into z = y + £(k™ - 1),
which together with the above inequalities forces |¢| = 1. Without loss of
generality, we will assume that ¢ = 1.
m—1 .
Nowasl=1,2—y= ¥ (z;—y;)k' = k™1 = (k—=1)+(k—1)k+-+(k-1)k™L.
i=0
Suppose x; —y; # k—1 for some i, and let i1 be the smallest such index. By
taking
m—1 )
(6) (i —yi)k' = (k=1)+ (k= 1)k +-+ (k- 1)k™"
i=0
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modulo k%1 we must have z;, —y;, = —1 since all higher terms are 0
(mod k*1), all lower terms on both sides cancel, and so (z;;, —y;i, )% = (k—
1)k% (mod k“*1) (and |z;, -y, | < k). By taking equation (6) modulo k¥1+2
similar computations show that ;,+1 —y;,+1 =0 (mod k). If x;, 41—y 41 = 0,
then the same argument implies z;,+2 — yi;+2 = 0 (mod k), etc. Suppose io
is the first index such that x;, —y;, # 0.

o If z;, —y;, = k, this forces z;, = and y;, = -r. By (2), this means 0 <
Tige1 <7 and 0 2 Yip41 > -7, 50 0 < T4p41 — Yin+1 < k — 2. But equation
(6) modulo k%22 implies 4,41 —¥i,+1 = —1 (mod k), a contradiction.

o If z;, —yi, = —k, this forces x;, = -r and y;, = r. By (2), this
means 0 > x,4+1 > -7 and 0 € Y41 <7, 50 0 2 Tjyu1 — Yige1 2 -k + 2.
But equation (6) modulo k"2 implies j,41 — ¥iy+1 = 1 (mod k), a
contradiction.

This means that we actually have z; —y; = k—1 = 2r — 1 for all <. Thus,
(ziyy;) = (r,-r+1) or (r-1,-r) for every i. But by (2), m must be
even since the r and r — 1 need to alternate in w as a cyclic word, and
a¥ota¥ t--a¥m1t = (a”"ta”"*'t)2 or (a”"*'ta"t)z. This violates (3), and
thus any two distinct words in A,, cannot be conjugate by a’.

Now let w = a*°ta®'t---a*"'t € A,, and suppose some word u in A,
is conjugate to w, that is, w = u(®", where (z,1) € BS(1,k). Consider
the cyclic permutation w’ of w ending in ¢ given by w’ = w’, where v =
a®ta®t--a”-1t and Tp = Tp mod m, for any p € N. Clearly w’ is also in Ay,
and v has the form (y,l). Then w@D WD = ' 50 u is conjugate to w’
by a power of a since (z,1)7'(y,1) = (2,0) for some z € Zj, which gives a
contradiction to our previous claim. Thus u must be a cyclic permutation
of w, proving the first assertion of the lemma.

Suppose w = a*°ta® t---a”™ 't € A,,, and take a conjugacy geodesic u of
[w]. By Proposition 18, u is a word in A,, if it is not excluded by (3) and
by the first assertion of this lemma, w is a cyclic permutation of u, thus also
a conjugacy geodesic. If u is of the form described in (3), then by the proof
above, w = (a""'ta"t) % or (a’"ta""'t)% and has the same length as u, so is
also a conjugacy geodesic. O

The above discussion concerns the case when m > 0. The antiautomor-
phism (x,m) = (x,m)™" = (7%, -m) provides a bijection between elements
of the form (z,m) and those of the form (y,-m). Since g~ has the same
length as g, and taking inverses preserves conjugacy, the results above trans-

late to the case when m < 0. Thus, writing A, = U A,, and A_ = A7, we
m>0
have the following description of conjugacy representatives:

Corollary 21. The set A, modulo cyclic permutations, gives a set of min-
imal length conjugacy representatives for the conjugacy classes of the group
BS(1,k) that are not in the base group Zj.
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(1) Let k=2r+1, r>1. Then A=A, U A_, where
A, ={a*ta™ t--a"™ 1t | m 21, |z | <r for0<i<m =1}~ {(a™"t)" | m > 1},
A_={tt et et e [ mo 1| < e s {(ETa )™ [ mox 1)
(2) Let k=2r, r>1. Then A=A, UA_, where
Ay ={a™ta™ t--a"  m 2 1, o] < vy Vi(oisg =21 = 0< 22, <71)}
(@ a2 (a7t 2 [ m 2 2,m =0 (mod 2)},
A_={t7ta™t et e  mo2 1 || < Vi = 21 = 0< a1 <7)}
@t e E (e W) [ m > 2,m =0 (mod 2)}.

Proof. We have shown that the elements of A are conjugacy geodesics,
unique up to cyclic permutation. It remains to show that every conjugacy
class of BS(1,k) not contained in Zj has a representative in \A.

By the observation above, we only need to show that for m > 0, every
element of the form (x,m) is conjugate to an element represented by a word
in A,. Again, we will only prove this for the more complicated case of k = 2r.

First, we show that any element of the form (z,m) is conjugate to an
element represented by a word of the form a™ta® ¢---a*™ta™™ (where x; €
Z). From [8], the element (x,m) has a (geodesic) representative in one of
the following forms:

o MWela: a™ta™t--ta™

o MWe2a: t™"a™ta™'t---ta”+", some 1 <n<m

o MWe3a: a®™ta™t---ta®*"t™", some 1 <n<m

o MWeda: t~'a®0ta® t---ta®+n+1t™™ some n,l>1, n+1<m.

Words in MWela are already of the required form. Cyclic permutation
ensures that words in MWe2a or MWed4a are conjugate to words in MWe3a.
Such a word can be expressed as follows:

- n fed
axotamlt...ta$m+nt n — amotaxlt“‘tazj:omerJk

by expressing the suffix a*mta®"*1t---a*+"¢™" in terms of ¢ only. This is in
the required form.

Next, we show that any element of the form a®°ta*'t---a®™'ta*™ is con-
jugate to an element of the form a¥ta¥'t---a¥m't, where |y;| < r for all i. To
see this, consider the following procedure:

(1) Choose i < m such that |z;| > r. Modify the word using the rewrite
a* Dt ¥ Dig*! (which doesn’t change the group element).
Repeat this step until there is no such <.

(2) Cyclically permute the (now possibly altered) a®™ to the front of
the word (which doesn’t change the conjugacy class). If there is now
some i < m with |z;| > 7, return to step 1. Otherwise the procedure
terminates.
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Clearly if this process terminates we will have a word in the desired form. To
see that it does indeed terminate, consider the quantity h := ¥1% |z;|. The
rewrite in step 1, applied to a® say, reduces |z;| by 2, and modifies |z;4+1| by
+1, depending on signs, thus step 1 always reduces h. Step 2 cannot increase
h, it either keeps it constant or reduces it, depending on the signs of xy and
Tm. Since h can never be negative, the process must terminate.

Finally, we show that any element of the form a“°ta¥'t---a¥m't, where
lys] < r for all 4, is conjugate to an element of A,. Consider the following
procedure:

(1) If there are any is with x;_1 = +r and +z; < 0, rewrite the left-most
occurrence according to the rule a*"ta%it » a7 ta®*t. Repeat this
step until there are no such 3.

(2) If there are any subwords of the form a*"ta*"t, rewrite the left-most
such subword to a¥ta¥(""Dta*!. Repeat this step until there are no
such subwords.

(3) If the previous steps have resulted in a new a*! appearing at the end
of the word, cyclically permute it to the front. Return to step 1.

It is clear that if this process terminates, the new word will either be an
clement of A,, or will be in the set {(a*'ta™"t)%, (a"ta " t)Z | m >
2,m =0 (mod 2)}. In the latter case, the word is conjugate to an element
of A,. This finishes the proof.

To see that the process terminates, note that since we work from left to
right, each step will only be repeated a finite number of times before moving
onto the next step. Furthermore, working left to right in step 1 also ensures
that no additional candidates for step 2 are created. Repeating step 2 any
number of times will result in at most one a*!' appearing at the right hand
end of the word. After cyclically permuting, and returning to step 1, there
may be a subword of the form a*"ta*"t at the start of the word. However,
after repeating step 2 as many times as necessary, any letter appearing at
the right hand end of the word will have the same sign at the previous time,
and thus when cyclically permuted cannot result in another subword of the
form a*"ta*"t. Thus the process will terminate. O

5. The conjugacy growth series of BS(1,k)

In this section we show, in Corollary 23, that the conjugacy growth se-
ries of BS(1, k) with respect to its standard generating set is transcenden-
tal. This follows from determining the asymptotics (and transcendental
behaviour) of conjugacy growth outside Zj in the following proposition.

Proposition 22. The generating function for the number of conjugacy
classes in BS(1,k) of the form [(xz,m)], with m #0, is transcendental.

Proof. We compute the asymptotics for the number of conjugacy classes of
length n in BS(1, k) by finding the growth of the set A in Corollary 21.
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We start with the odd case k = 2r + 1 and apply Corollary 21 (1).
Since there is a length-preserving bijection between A, and A_, it suf-
fices to consider the asymptotics for A,. Moreover, since the set N, =
{(a™t)™ | m > 1} being removed has negligible size (there is at most
one word in N, of length n for fixed r and n), it is sufficient to com-
pute the growth of A, := {a®ta®'t---a® 't | m > 1,|z;| < r}. Let S, =
{t,at,a™'t,a*t,a™?t,...,a"t,a”"t}. Then A, is equal to S*, so the generat-
ing function for A, is A,(z) = T{)(z)’ where

1 _ T
(7) So(z)=z+2z2+---+2zr+1=z+2z21 -
-z
is the generating function of S, (see Flajolet, Theorem I.1, p. 27). We get
1 1-=2
(8) Ao(z) = =

1—z—222% 1-2z—22+2zm2°

r+2
)

The denominator of A,(z), that is, the polynomial p(2) = 1 -2z - 2%+ 22
satisfies p(0) = 1> 0 and p(3) < 0 (and p(3) =0 for r = 1), so it has aToot p, €
(0,%) (and p, = % for 7 = 1). Moreover, p’(a) = -2 -2a+2(r +2)a™ < 0 for
0<ax %, S0 p, is a simple root. Also, 1-2z-22+22"*? = (1-2%)-22(1-2"*1),
so it has no root in (-1,0). Thus the growth rate of the set A, is p—lo > 2,
which implies that the number of words of length n in A,, and therefore
also A, is asymptotically ¢,(r)p,", where ¢,(r) is a constant depending on
r.

Now let k be even, k = 2r. The counting is similar, except that we impose
on the set A, = {a"°ta” t--a” 't | m > 1,|z;| < r} considered above the con-
ditions from Corollary 21(2), that is, a"t and ™"t can each be followed only
by r words out of the total 2r+1in §. Call the set with these restrictions A,
and let S, = {t,at,a™t,...,a" ", a”"* 't a*"tt, a*"ta*'t, . . . a*"ta* "V}
(and S, = {t,a*'tt} for r = 1). Note that S does not include any words
that end in a”t or a™"t, but since we need to consider the set A, up to cyclic
permutations, the set S will in fact suffice to give the asymptotics for A,
up to cyclic permutations, since it ensures only ‘legal’ occurrences of a”t or
a” "t appear when cyclically permuting the words.

Then since

(9)  Se(2)=z+22%+ 4227 #2272 4 4 2%
r_ 1 -z - Z2 + 2ZT+1 - 2ZT+2 + 222T+2
2 r+1
-2 =

z-1 z-1

=2+ 227

we have
" 1-2
(10) Sc = 1—22— 22+ 2271 — 25742 4 220427
For r > 1, the denominator p(z) of (10) satisfies p(0) =1 > 0 and p(%) <0,
so it has a root p. € (0,1). Moreover, p'(a) = -2 - 2a +2(r + 1)a” - 2(r +

2)a" 1 4+2(2r+2)a? ™ <0 for 0 < a < %, SO pe is a simple root, and the growth
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of the languages S, and consequently A, is p—le >0. (For r =1, pe ~0.590.)
Also, 1 -2z - 224221 =272 4 22272 = (1= 22) = 22(1 + 2" 1) (1 - 2"), so it
has no root in (=1,0). This implies that the number of words of length n in
A, is asymptotically c.(r)p.", where c.(r) is a constant depending on 7.
Now in order to find the growth of the conjugacy classes for m # 0, we
need to count the number of representatives of length n in A, or A., up to
the cyclic permutation of the subwords in S, or S.. For each word in A, or
A. there are m possible distinct cyclic permutations unless that word is a
non-trivial power. Given that the number of powers is negligible compared
to the total number of words (to see this, suppose that an alphabet X
consists of x > 1 letters; while the number of words of length n over X is 2",
the number of proper powers of length n is ¥4, z? < Z:L:/f i <z™?+1, and

”";T/f — 0 as n —» o), for fixed n and m the number of cyclic representatives

of words in A, and A, is approximately c,(r)~ En" and ce(r)2 fnn, respectively.
Since each word of length n in A4, or A, consists of m ‘syllables’ of bounded

length we get 5 <'m <n in the odd case and HL; <m <n in the even case,

so the number af of cyclic representatives in the odd case satisfies

T +1)p "

(11) co(r)% <ap < co(r)%

and in the even case the number af, of cyclic representatives satisfies
on T+ 3)p"

(12) ce(r)% <ay < ce(r)%

Finally, by [12, Theorem D] the generating function for any sequence with
asymptotics of the form (11) or (12), that is, bounded on both sides by terms
%(up to multiplicative constants), is transcendendal. O
Corollary 23. The conjugacy growth series for BS(1,k), with respect to

the generating set {a,t}, is transcendental.

Proof. By Propositions 7, 11, 14, the conjugacy growth series for Zj (when
m = 0) is rational, and by Proposition 22 the generating function for con-
jugacy classes of the form [(x,m)] with m # 0 is transcendental. Since the
sum of a transcendental function and a rational function is transcendental,
we obtain the result. O

Corollary 24. The conjugacy and standard growth rates of BS(1,k), with
respect to the generating set {a,t}, are equal.

Proof. We start with the odd case. By [8, Theorem (iii)] (see also [3,
Lemma 11(b)]) the standard growth rate is the inverse of the smallest abso-
lute value of the real roots of the polynomial 1 —2t—t%+2¢"*? which appears
in the denominator of the standard growth series. But the same polynomial
appears in the denominator of (8), and since the smallest absolute value of
real roots is p, < %, this will dominate the growth rate of the conjugacy
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classes in Zjy, which is smaller than 2 by Corollary 9. Thus the standard
and the conjugacy growth rates are equal.

In the even case with k£ > 2, note that the second factor in the denom-
inator in [8, Theorem (i)] is identical to that in formula (10), and both
denominators have the same smallest absolute value of real roots p, < %
which dominates the growth rate of the conjugacy classes in Zj, which is
smaller than 2 by Corollary 12, so the two rates are equal.

In the case when k = 2, note that the second factor in the denominator
in [8, Theorem (ii)] is also a factor to that in formula (10), and both de-
nominators have the same smallest absolute value of real roots p. ~ 0.590
which dominates the growth rate of the conjugacy classes in Zj, which is
approximately ﬁ ~ 1.348 by Corollaries 15, so the two rates are equal. [

We note that it follows from work of Valiunas [21] that the relative stan-
dard growth of the subgroup Z; is bounded above by the standard growth
of BS(1,k) \ Zj. Since conjugacy growth is bounded above by standard
growth, this is sufficient to prove Corollary 24, without using the specific
bounds for Z; we computed in Corollaries 9 and 12. However, the computa-
tion of those bounds adds to the quantitative understanding of the conjugacy
growth asymptotics and the formulas for the conjugacy growth series of Zj
are necessary for the computations in the next section.

6. Conjugacy growth series formulas

In this section we give formulas for the growth series of the conjugacy
classes of BS(1,k) outside the normal abelian subgroup Zj. That is, we
compute the generating function for the set A, up to cyclic permutation,
given in Corollary 21.

In the description of A in Corollary 21 there is a length-preserving bijec-
tion between A, and A_, so it suffices to consider the generating function
for the set A, up to cyclic permutations.

In the odd k = 2r+1 case, as the set N, = {(a™"t)™ | m > 1} has generating
function No(2) = Tpms1 27 D™, it is sufficient to compute the generating
function of A4, := {a™ta™ t---a®™ 1t | m > 1,|z;| < r} up to cyclic permutation.

In the k = 2r case as the set N, = {(a" ta™"t) %, (a"ta™"" )2 | m >
2,m =0 (mod 2)} has generating function No(z) = ¥nsq 22 FD™, it is suf-
ficient to compute the generating function of A, = {a*°ta™'t---a® 't | m 2
1,|xs| € v, Vi(xi—g = +r = 0< zx; <7)} up to cyclic permutation.

This is exactly the cycle construction (see page 26 in [13]) applied to the
sets

S, ={t,at,a”'t,a*t,a™?t,...,a"t,a” "t}

and

S ={t,at,a”'t,....a" ", a7, 0ttt tat L ot ta* T,
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respectively, defined in the proof of Proposition 22. Thus by applying the
formula in [13, Theorem 1.1], we get that

(13) Cyel A=) = 5 W iog(1 - 5,1,

k=1
where S,(z) is given in (7), and in the odd case we get

(14 Cue(A) (=) = 3“2 tog(1 - 5.(:1))
k=1

where S, (z) is given in (9). We thus obtain (note S, and S, etc are different):

Proposition 25. The conjugacy growth series for BS(1,2r+1) is the series
So(z) + CyC(Ao) —NO(Z),

where S,(2) is given by (3), and the conjugacy growth series for BS(1,2r)
18

Se(2) + Cyc(Ae) - Ne(2),
where Se(z) is given by (4).

7. Conjectures and open questions

While this paper establishes qualitative and quantitative results for con-
jugacy growth in BS(1,k) with respect to the standard generating set, we
conjecture that the same characterisations of conjugacy growth should hold
for all generating sets. More generally, we expect the following to be true.
Clearly the second conjecture implies the first.

Conjecture 26. The conjugacy growth series of the groups BS(1,k) with
respect to any generating set are transcendental.

Conjecture 27 (see also [11]). The conjugacy growth series of any finitely
presented group that is not virtually abelian is transcendental.

Regarding growth rates, we ask the following question.

Question 28. If the conjugacy and standard growth rates of a group are
equal for some generating set, are they equal for all generating sets?

The question is related to the conjecture below, which, as we pointed out
in the introduction, holds in many important classes of groups.

Conjecture 29. For any choice of generating set, the conjugacy and stan-
dard growth rates of a finitely presented group are equal.
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