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Abstract. A crystallographic group is a discrete subgroup of the set of isometries of Euclidean
space where the quotient space is compact. A torsion free crystallographic group, or also known
as a Bieberbach group has the symmetry structure that will reveal its algebraic properties. One
of the algebraic properties is its nonabelian tensor square. The nonabelian tensor square is a
special case of the nonabelian tensor product where the product is defined if the two groups
act on each other in a compatible way and their action is taken to be conjugation. Meanwhile,
Bieberbach group with quaternion point group of order eight is a polycyclic group. In this
paper, by using the polycyclic method, the computation of the nonabelian tensor square of this
group will be shown.

1. Introduction

A crystallographic group is a description on the symmetrical pattern of a crystal. It is a
symmetry group which has configuration in space. When a crystallographic group is torsion
free where all elements are of infinite order except its identity then it is called a Bieberbach
group. It is an extension of a free abelian group of finite rank by a finite point group. Research
on homological invariants has been increasing in number since it is related to the study of the
properties of the crystal using mathematical approach. One of homological invariants is the
nonabelian tensor square of the group. The nonabelian tensor square is requisite in determining
the other properties of the group. The study of the nonabelian tensor square was first introduced
by Brown and Loday [1]. He introduced the nonabelian tensor product, G® H, for two groups G
and H. The nonabelian tensor square is a special case of the nonabelian tensor product in which
GG = H and the action is conjugation. In 1987, the nonabelian tensor squares of all nonabelian
groups of order up to 30 are computed [2]. Kappe et al. [3] determined the nonabelian tensor
squares of 2-generator 2-groups of class 2 in 1999. Rashid et al. [4] computed the nonabelian
tensor square of groups of order 8¢ while Zainal et al. [5] determined the nonabelian tensor
squares of some groups of p-power order. In this research, the crystallographic groups being
considered are taken from Crystallographic, Algorithms and Table (CARAT) package [6]. By
using the technique developed by Blyth and Morse [7], these groups are transformed from matrix
representation to polycyclic presentation before their nonabelian tensor squares are computed.
It is crucial to perform the consistency check for those polycyclic presentations so that we can
proceed to find the homological invariants of the groups. Recently, Tan et al. [8] used this
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method to find the nonabelian tensor square of crystallographic groups with symmetric point
group of order six. Therefore, in this research, the nonabelian tensor square of a crystallographic
group with quaternion point group of order eight will be explicated.

1.1. Some Preliminaries
In this section, some basic definitions and preparatory results that are used in the computations
of the nonabelian tensor square are presented.

Definition 1 [9] The nonabelian tensor square of a group G, denoted as G ® G, is generated by
the symbols g ® h for all g,h € G subject to the relations

99’ @ h = (%' ©9h)(g@h) and g@ hh' = (g @ h)("g @ ")
for all g,g',h, 1 € G, where "g = hgh™!.

Definition 2 [10] Let G be a group with presentation (G|R) and let G¥ be an isomorphic copy
of G via the mapping ¢ : g — g% for all g € G. The group v(G) is defined to be

v(G) = (G.G¥|R, R?,"[g,h¥] = [*g, ("h)¥] = " [g,h¥], ¥z, g, h € G).

Definition 3 [11] Let F,, be a free group on generators gi,...,gn and R be a set of relations of
group F,. The relations of a polycyclic presentation Fn/R have the form:

i Tiidl Tin .
gie —gi+1+ - -Gn foriel,
—1 Yi g1 Yijn S
9; 995 = 9;457" - gn” for j < i,
—1 Zi,5,5+1 Zi,j,n . . .
9i9i9; = 9;517 - gn” forj<iandj gl

for some I C {1,...n}, certain exponents e; € N for i € I and z;j,yijk, 2k € Z for all i,j
and k.

Definition 4 [11] Let G be a group generated by g1, ..., g, and the consistency relations in G
can be evaluated in the polycyclic presentation of G using the collection from the left as in the
following:

9r(959:) = (9195)9i for k> j>i,
(99 =97 (9;91) forj>ijel
95(95") = (999095 forj>iiel,
(9)9: = gi(g") foriel,
95 = (9597 )gi forj>iidI

for some I C {1,...,n}, ¢¢ € N. Then, G is said to be given by a consistent polycyclic
presentation.

Next, some properties of the group v(G) are presented. Besides, the relations of the
homological functors of a group G with the subgroups of v(G) such as [G,G¥] is also shown.

Theorem 1 [7] If G is polycyclic then v(G) is polycyclic.

Theorem 2 [10] Let G be a group. The map o0 : G ® G — [G,G¥] < v(G) defined by
o(g® h) = [g,h?] for all g,h in G is an isomorphism.
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Theorem 3 [7] Let G be a polycyclic group with a polycyclic generating sequence gi,. .., gk.
Then [G,G¥?], a subgroup of v(G), is given by

G, G?) = ((9:, 91, (97 (99)7): gir 97 M5 95D)
for1 <i< j <k, where

o 1 if |gi] < oo
+1 Z’f|gi|:oo

and

s b iflel <o
+1if |gj| = oo.

Theorem 4 [12] Let Q(6) be a Bicberbach group of dimension 6 with quaternion point group
of order eight, then its polycyclic presentations is established as:

Q(6) = (a,b,c,11,1,13,14,15,ls|a* = clg, b* = clzlg ', b = bels 12, * = I5lg
¢t =clslgt =l = =03 5 =11 = s
B=17 s =11 =150 =005 = 15418 =1,
G =1o,15 = 17118 = 16,18 = 15,1 = 15,18 = 15,18 = lg, 15 = I,
; ;! S .
lj.’ =1l =l forj>i, 1<, j < 6).

This presentation is proven to be consistent.

2. Main Results
In this section, the main result of this research which is the nonabelian tensor square of a
crystallographic group with quaternion point group of order eight is presented as follows:

Theorem 5 Let Q(6) be a Bieberbach group of dimension 6 with quaternion point group of
order eight, then its nonabelian tensor square is established as:

QRB)RQ6)=(a®Ra,bRb,l1 ®11,a@b,a®c,a®Il1,a 12,0 R11,bR lo,
(a®b)(b®a),(a®c)(c®a),(a®l1)(li1 ®a),(a®l)(la®a),
(a®ls)(lg®a),(bR1)(l1 ®@b), (bRI2)(la @D)).

Proof : By Theorem 2, G ® G = [G, G¥], therefore we can find G ® G by finding [G, G¥]. By

Theorem 3, [G7 ch] = <[gi7gf:'0]7 [gz(‘sv (g;‘p)g]a [givg}p] [gj7 g;p]>
First, we have,

<[givg;p]> = {[av aﬂ? [bv b@], [Cv CSD]? [lh lf]v [l27 lg]? [l3’ lgﬂv [l47 lf]? [l57 l?]v [167 lg]}

Next, we have,

(o, (g9)°1) = {la™, ()1, [l ()], (™, ()=, [, (1) F1, [l (1)1,
[l @)= o, (@)F1, o, @)=, [0, ()], [0, ()=,
[, @) I, )= [, )= [, )=, [, )],
[, @1, G [, )=, [, )=, 11 @)™,
[, @=L I @), (0 @)=, 15, G, [, )],
(3 G, 0 @), 02 )™ [, )= [, )=,
(5, S (057 )0, (s, 0=, [0, )=, [0 ()=,
(15, )11}
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Lastly, we have,

(l9:>97)lgi> 971) = {la, b7][b, a%]; [a, ¢*]le, a”], [a, If][1, @%], [a, 5] [l2, @”], [a, 5] 15, @]
[a? 5@][[ ]7[ l ][lﬁvaﬂ [b’ CSOHC, b‘p],[b, lf][llvbwL[b lw][l%b(p]?
[b, 15][l3, 0], [b, 1] {14, b7, [b, 15 (L5, 0], [b, 1] 1L, %], [e, I ] (L1, €],
e, i5][l2, €7, [e, 1§] 113, €], [e, Uf] [la, €], [e, 1E][1s, %], [c, I [l 7],
[llvlg][l27l(f]7[l17l§][l3vlf]ﬂ[l17ljf”l47 ][llv Hl57 f]?
01, 1616, 171, (12, 15 (15, 137, (12, U7 )[04, 15, (12, 2] (25, E5),
[l2, ig]lle, 151, (1, 151 [0a, 150, 13, 15 ](0s, 15, [1s, €] (L6, I£]),
(L, 121105, U5, 14, ) [l 151, (15, 16 (06, 051}

Thus, there are 189 elements of [G, G¥] based on Theorem 3, but they are not independent.
Some of these elements are identities and some of those are products of power of the other
elements. Hence, some of them can be eliminated. Some calculations of the elimination are
shown in the following:

i.[l3, 18] = 13, 15"
= [l1,1{] by relations of Q(6).
i.[lg, I] = [l4,l”]
= [I1,1;'%] by relations of Q(6)
[ll>l4] g
Therefore, [I1,13
i b, 19][L4, b?] = ( S"] 14, 6%))"
l47 b(p]b
lfi, (b")¢]
¥] by relations of Q(6).

0‘.—.

= [ (I 15)”]
— e e L e 0, s )
= [a,c?]™1 since ¢ commute with I5 and lg.
v.[a,l§] = [a,c"1a?] by relations of Q(6)
= [G’?a@] [CL, (Cila)(p][[aﬂcila]v a‘P]
— la,0%]fa,0%lla, (¢l (™)) a#). 15 .o
= [CL?acp]Q[av (c” ) Hlillfwa(p][li l5, a¥]
~ a0 Pla, ()70 0l s ol €, o)
(1515, %]
= lasa#Plo, ()91 0?1l ¢ o, 0
1515, a%)
= [0 Pla, (V)15 ]l [l b 5 )
" 1, i Us,09] = [asa# e, (e I 1, )
[I5, lw][lﬁ ,l“’][zG,a@][lg I5,a%]
= [a,a#)?[a, (¢ 1)?)[I5 ", 15)
15,1815 5, a%] Dby relations of Q(6)
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Until at the end the elements can be reduced to 16. Thus,

[Q(6), Q(6)7] =([a,a”], [b, 7], [l1,11¥], [a, b7], [a, ¢?], [a, 17], [a, 12%], [b, 11 7],
[b? l2@]7 [a’ bﬁﬂ] [bv aﬁﬂ]’ [av CW] [Ca aﬂ» [a7 ll@] [ll? aw]’
[a7 l2¢] [l27 a%’]’ [av 1690] [167 aSOL [b, lfﬂ] [117 b@]) [b7 l2<p] [127 b¢]>

Therefore, by Theorem 2,
Q(6) ®Q(6) =[Q(6), (Q(6)%].

Hence,

Q(G) ®Q(6) = <a®avb®b7ll ®l17a’®b7a®c7a®llya®12ab®llab®127
(a®b)(b®a>v (CL®C)(C®CL), (a® ll)(ll ®a)7 (a®l2)(l2 ® CL),
(a®l6)(ls ®a), (b®l)(lh @), (b 12)(l2 @ b)). O

3. Conclusion
In this research, the nonabelian tensor square of a crystallographic group with quaternion point
group of order eight, Q(6) ® Q(6) is computed.
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