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TRANSFER OF A GENERALISED GROUPOID ACTION
ALONG A MORITA EQUIVALENCE

GIORGI ARABIDZE

ABSTRACT. Buss and Meyer define fibrations of topological groupoids and interpret a
groupoid fibration L — H with fibre G as a generalised action of H on G by groupoid
equivalences. My result shows that a generalised action of H on G may be transported
along a Morita equivalence G ~ K to a generalised action of H on K, which is given
from a fibration R — H with fibre K. Furthermore, topological groupoids R and L are
Morita equivalent.

1. Introduction

Buss and Meyer explain the classical topological groupoid action by isomorphisms in [1].
A classical action of H on G consists of H-actions on G° and G! such that the source,
range (r,s: G' = G°) and multiplication (m: G' x4 go,G! — G') maps are H-equivariant.
Then they build a transformation groupoid L := G x H for this classical action. Also, they
construct a special kind of continuous functor . — H, which is briefly called groupoid
fibration (Definition 2.1. [1]) such that G is the fibre of this fibration. They interpret any
groupoid fibration L — H with fibre G as an action of H on G by groupoid equivalences.
Examples of groupoid fibrations also appear in [3]. Also, examples without a topological
structure you can find in [4] and [5].

My result answers the following question. Is it possible to transfer a generalised
groupoid action along a Morita equivalence? The answer is yes. If the groupoid that acts
is étale, this result is already done by Buss and Meyer in [2], using inverse semigroup
language. The construction in this paper works for any topological groupoid. If I have
two Morita equivalent topological groupoids G and K and a third topological groupoid H
which acts on G, then I can build an action of H on K. Here I mean generalised action in
the previous sentence. So it must be understood as follows: If I have a groupoid fibration
L — H with fibre G and G and K are Morita equivalent, then I can construct a topological
groupoid R and a groupoid fibration R — H with fibre K such that L and R are Morita
equivalent.
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2. Construction of R

There are some equivalent ways to define Morita equivalence between topological group-
oids. One of them is used in this paper: Two topological groupoids G and K are equivalent
if and only if there exist a left G-action and a right K-action on the same topological space
and these actions are compatible. In more details:

2.1. DEFINITION. Two topological groupoids G and K are Morita equivalent if and only
if there are a topological space X, anchor maps rx: X — G° and sx: X — K° and left
and right action maps mg: G' Xg o, X = X, (g,2) = g- @, and mg: X Xg go, K —
X, (z,k) — x -k, such that the following properties are satisfied:

)

1. 1x(g-z)=1(9), sx(g-x)=sx(z), VreX, Vge G withs(g)=rx(z) and
sx(z-k)=s(k), rx(z-k)=rx(z), VzeX, VkeK' wihr(k)=sx(r);

2. mqg and mg are associative:
g1 (g2 -2)=(91-g2) -z, VzxeX, Vgi,g €G with

5(92) = rx(2),  s(g1) = r(g2);
(v k1) ke=x-(k - ko), Vz€X, Vki, ky €K with
sx(z) =r(kr),  s(kr) = v(ks);
g-(x-k)y=(g-2)-k, VexeX, VgeG! VkeK! wih
s(g9) =rx(z), r(k)=sx();
3. The following two maps are homeomorphisms:
Yo G Xg g0 X = X Xoy K0sx X, (g,7) = (z,9 x);
Y X Xy k0 KN = X Xy g0y X, (x, k) — (xz,z - k),
4. sx and rx are open surjections.

2.2. REMARK. Propositions A.2 and A.5 in [2] say that mg and mk are open surjections
and, also, x - 15(z) = x and = - 1,(x) = z,Vz € X.

2.3. DEFINITION. Let L and H be topological groupoids. A groupoid fibration is a con-
tinuous functor F: L — H (continuous maps F*: L' — H* for i = 0,1 that intertwine r, s
and the multiplication maps), such that the map

(F')s): L' = H' X pgopo LY := {(h,x) € H' x L | s(h) = F°(2)} (1)
is an open surjection. Its fibre is the subgroupoid G of L defined by G° = L° and
G'= {g € L! | Fl(g) - 1Fo(s(g))}a

equipped with the subspace topology on G' C L!. A generalised groupoid action of H on
G means a groupoid fibration ¥: L. — H with fibre G.
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2.4. REMARK. Lemma 2.5 in [1] says that the fibre of a groupoid fibration is a topological
groupoid.

2.5. EXAMPLE. Let H be any topological groupoid and let X be any topological space
equipped with a right H-action. Lemma 2.12 in [1] says that there is a groupoid fibration
from a transformation groupoid of this action X x H to H with fibre X,

X—XxH— H.

The object space of this transformation groupoid is X and for all z; and x5 belongs to
X we have Homyxup(7,72) = {h € H' | 21 - h = z5}. The composition in X x H is the
composition in H. The functor from a transformation groupoid to H is defined obviously,
and it is shown that this functor is a groupoid fibration between topological groupoids
and its fibre is a topological groupoid X without arrows.

2.6. EXAMPLE. Let L be a topological groupoid and let a:: L' 10, X — H be an open
and star surjective cocycle with values in the topological group H. Let us call such cocycle
an ezact. The star surjective morphism between groupoids is defined in [4]. It is easy to
check that the exact cocycle is a groupoid fibration from the transformation groupoid to
the group of values. So we have a generalised groupoid action of the topological group on
the kernel of the exact cocycle.

Now we have all information that is needed to construct a topological groupoid R and
a groupoid fibration E: R — H with fibre K such that R and L are Morita equivalent.
Suppose that we have all data from Definitions 2.1 and 2.3.

We already know that the object space of the fibre and of the source of the fibration
are equal. So R? = K.

For finding an arrow space R! we take the quotient of the topological space

X ><rX,LO,s Ll ><r,LO,rX X = {($a ly?/)|TX(I) = S(l)7rX(y) = I'(l)}

11 ”

by the following equivalence relation “~”: The elements (z1,l1,y1) and (x9,ls,ys) of
X Xpye10s L' X, 10, X are equivalent if and only if there exist gi,g» € G' such that
Ty = g1-T1,Y2 = go-yp and Iy = go-11-g; - In this case I write: (21,11, 1) ~arge (T2, 12, Y2).

2.7. PROPOSITION. The relation “~ "defined above is an equivalence relation.

PROOF. Reflexivity holds: (z,1,y) ~1 1,y (7,1,y) because x = 15gy-x,y = 1,q)-y and | =
Ly -l-ls_(ll). It is symmetric because if (21, l1,Y1) ~g1.00 (T2,l2,y2) then (x2, 2, y2) Nl gt
(z1,11,91), and it is transitive because if (1,11, y1) ~g, g0 (T2, 2, y2) and (za,l2,Y2) ~gr o1

(3,13, y3) then (21,1, 91) ~g1-91,95-92 (23,13, y3). u
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Because of this lemma, I can consider the quotient of X X, 10 L! Xy 10y X by “~7
The quotient space with the quotient topology will be the arrow space for the topological
groupoid R:

R' = (X Xy 105 L' Xy 000 X) /.

Firstly, I have to define a groupoid structure on R'. Let us start by defining source
and range maps.

The source map: s: R' — RO, [z, 1,y] — sx(z).

The range map: r: R! — RY, [z, 1, y] — sx(y).

These maps are well-defined because if (21,11, Y1) ~g, .4 (T2, 12, Yy2) then xo = g;-2; and
therefore sx(z1) = sx(x2) because of Definition 2.1. So the source map and analogously
the range map are well-defined.

I have to define the multiplication map from composable pairs of arrows to the arrow
space. If the arrows [xy,l1,y1] and [z9,[s,ys] are composable, then sx(y2) = sx(x1).
This means that (y2;21) € X Xy ks X, so there is exactly one g € G' such that
Yal(g,y2) = (y2; 1), where 1 is the homeomorphism from Definition 2.1. Therefore, I
can define the composition of arrows in R! in the following way:

m: Rl ><S,RO,r Rl — R17 ([xbll?yl]; [x2>l27y2]) = [332, ll g l2>y1]'

I have to show that this map is well-defined. Let us consider two composable pair of arrows
([il,ll,yﬂ; [$2752792D and ([ab /1751]; [a2> 5752]) in R! X, RO R! and let (951751,?/1) ~ 1,92
(a1,03,01) and (29,12, y2) ~g g (a2,13,b9). Then it is easy to check that (zg,l; - g -
la, y1) ~gl 9o (ag, 05 - g - 15,b1), where 1 = g - yo and a; = ¢’ - by. This means that
the multiplication map is well-defined.

The unit map is the following: u: R® - R!, K [z, Lix(z), %], where z is any element
in X which goes to K by sx. If (2;y) € X X ko5 X then (2, Ly (@), ) ~g -1 (¥, Lix) ¥)
where y = ¢ - x. So the unit map is well-defined.

The inverse map: i: R' — R, [z, y] — [y, 17}, 2].

If (21,01,91) ~gi.go (T2,l2,92) then (yi, 11" 21) Nt gt (y2,15",w2). So the inverse
map is well-defined.

It is easy to check that R with the maps (s,r,m,u,1i) is a groupoid.

2.8. PROPOSITION. The groupoid R with the maps (s,r, m,u,i) is a topological groupoid.

PRroOOF. I have to check that the source and range maps are open surjections and that
the multiplication, unit and inverse maps are continuous.

I use the following well known fact: In a fibre product, a projection which is parallel
to an open surjection is an open surjection too. In our case, for example, the following
projection is an open surjection: pry: L' X, 10, X — X because it is parallel to the range
map of the topological groupoid L. Therefore, the following projection pry: (X X,y 105
LYY Xpr, 11 pr, (LY X100y X) = L X, 10 X is an open surjection too. Also there is the
standard homeomorphism:

1 ~ 1 1
X XrX7Lozs L erLoer X = (X XrX7Lozs L ) Xpr2’L1»prl (L szLoer X)'
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The composition of this homeomorphism, the two projections above and the anchor
map [(z,l,y) — (z,l,1,y) — (I,y) — y — sx(y)] is an open surjection, and it induces the
range map of the groupoid R after factorization by “~” . Of course, an open surjection
induces an open surjection after factorization. Therefore, the range map is an open
surjection. Analogously, the source map is an open surjection.

Also, the map ((z1,l1,v1); (22,12, y2)) = (z2,l1 - g - la,y1), where x; = ¢ - yo, which
induces the multiplication map in the groupoid R after double fuctorization by “~7 |
is continuous because it is induced by projection maps for some fibre product. So the
multiplication map is continuous too.

Because of almost the same reason the inverse map is continuous. Also, i-i = idg:.
Therefore, it is an automorphism.

Now I need to show that the unit map is continuous. Let “~"be the relation on X such
that x ~ y if and only if there is g € G! such that y = g - z. It is easy to check that this
is an equivalence relation. So we can consider the qoutient of X by “~”. Let us show that
X/~ and R? are homeomorphic by the map sx: [z] — sx(x). It is well-defined because
if >~ y then y = ¢ -z and sx(z) = sx(y) by Definition 2.1. sx is injective because if
sx([z]) = sx([y]) then sx(x) = sx(y), therefore (z,y) € X X4 ko X, and this means that
there is a ¢ € G! such that y = g - x because of the homeomorphism g from Definition
2.1. sx is an open surjection because it is induced by sx, which is an open surjection
by Definition 2.1. So sx is a homeomorphism. Therefore, the unit map is continuous if
the map [z] — [z, 1, (s), ®] is continuous, and this is so because this map is induced by
the composition z — (2,1, (2), %) — [2, Ly (2), @], and it is clear that this composition
is continuous. So I proved that the source and range maps are open surjections and the
multiplication, inverse and unit maps are continuous. So the groupoid R is a topological
groupoid. ]

3. Morita equivalence between R and L

So far, we have a topological groupoid R. Now I need to show that the topological
groupoids R and L are Morita equivalent.

3.1. PROPOSITION. The topological groupoids R and L are Morita equivalent.

PROOF. For proving this proposition we need a topological space Y equipped with a left
L-action and a right R-action. Firstly, let us construct the topological space Y. Consider
the topological space L' X, 10, X with the following relation “~<” on it: (I,z) and (l1,y)
are equivalent if and only if there is ¢ € G! such that { = ;- g7 and y = ¢g- 2. It is
easy to check that “<” 1is an equivalence relation. So we can consider the quotient of
L' X 1oy X by “<” and let Y = (L' x 10, X)/~ equipped with the quotient topology.

For defining the left L-action on Y we need an anchor map ry: Y — LY. Let ry ([, x]) =
r(l). This anchor map is well-defined because if (I,x) = (I1,y) then for some g € G' we

have [ = [, - g~ ! for some g € G! and by the multiplication rule in the groupoid we have
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that r(l;) =r(ly - g) =r(l). So ry is well-defined. Now, we need an action map:
my: L' X0, Y=Y (I, [ a]) w1 - 1 2]
It is well-defined because if (I,z) = (lp,y) by g then g-x = y and Iy - ¢ = [, therefore

l1-lp-g = Iy -1 and this means that (I, -1, x) = (I1-lp, y) by g. Also, my, must be associative
and it is so because

lg(ll[l,l’]) = lg'[ll'l,l’]
[lo -1y -1, ]
= (lg . ll) . [Z,I]

We have to check one more property wich is required in the definition of groupoid action.
This is

ry(ly - [lx]) = rylly -1, 2]
= T(ll . l)
= I'(ll).
The last step for showing that we have a topological groupoid action is making sure that
the action map is continuous. It is clear that this action map m;p, is continuous because
it is the composition of some quotient maps and maps which are induced by projections
or multiplication maps in some fibre products.

For defining the right R-action on Y we need an anchor map sy: Y — R’. Let
sy([l, z]) = sx(x). This anchor map is well-defined because if (I, z) = (I1,y) then for some
g € G! we have: y = g-x and by Definition 2.1 we have that sx(y) = sx(g - ) = sx().
So sx is well-defined. Now, we need an action map:

mgr: Y Xe,po, R' =Y ([l 2], [, L,y]) = [l - g 1, 7],
where g is an element from G! such that z; = g -y, such element exists because for
any element ({1, z1], [,1,y]) in Y X, ro, R we have sx(z1) = sx(y), therefore (y,z;) €
X Xgy K0sx X and because of the homeomorphism 9g in Definition 2.1 we have such
g € G'. T have to show that this action map is well-defined. Let (z,,y) ~g 4 (&, l, 7)
and (I, 21) ~ (I1,41) by gs, then

T=gq-v, =92y, %1 =937, lA:gQ'l'gl_la 51251'93_1-

The associativity of mg implies

(g3-9-92")-0 = (g3-9)- (927" -0)
= (93-9)y
= 93-(9-9)
= g3 T
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This means that [Iy, 2] [&,L,9] = [[1-95-9-g2 - 1,2]. Also, [y-g3-g-go - l-qr =11 -g-1.
Therefore, (Iy - g-Lx) ~ (I - g3-g- g2~ " - 1, &) by g1, so [ly, x1] - [z, L, y] = [, 1] - [2,1,§).
The action map mg is well-defined. As in case of mp, we can say the same. This action
map mg is continuous because it is a composition of some quotient maps and maps which
are induced by projections or multiplication maps in some fibre products.

Also, it must be associative:

[l‘,l] ' [va ll “g1- l2’y1]
= [l-g-1i-g1-1y, 2
[l “g- llaxl] ’ [$2al2ay2]

= (L] [w1, by o) - (22, 1, w2,

[z, 0] - ([#1, 11, 91] - [22, L2, y2])

where 1 = g1 - yo and z = g - y;. Also we have one more required property:

Sy([l,l‘] : [xl’llaylb - SY(Z “g- ll’xl)
= sx(z)

= s([z1, L, m])-

So we have a left L-action and a right R-action on the topological space Y. For making
sure that the topological groupoids R and L are Morita equivalent we have to show that
three more required properties are satisfied:

First: The anchor maps sy and ry must be open surjections. From the fibre product
L' x4 10, X both projections are open surjections because they are parallel to the source
map s and the anchor map rx, which are open surjections by definition. Also, the range
map in the topological groupoid L and the anchor map sx are open surjections by defi-
nition. Therefore, sy and ry are both open surjections because they are induced by the
following compositions of open surjections: sx o pr, and r o pry, respectively.

Second: The anchor map sy must be L-equivariant, the anchor map ry must be
R-equivariant and we need mixed associativity of the action maps. We have

sy(lo- [l 2]) = sy([l -1 2])
Sx<l’>
= sy([l,z])

and

ry([l 2] - [z, ly]) = rv([l-g- b))
= r(l-g-ll)
= 1(])
= ry([l,z]),
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where z = ¢ - y;. Also,
L ([l 2] - 21, 1, 0))
+g -l @]
: ,x] SESNSN T
= (- [Lal) - 21, 1, o).
Third: We need to show that the following two maps are homeomorphisms:

Y L X0y Y = Y X pog, Y, (I, [l x]) = ([L, x], 1y - [I, z]).
wR: Y ><sY,RO,r Rl — Y Xry,LOJ‘Y Ya ([l,l‘], [xla l17y1]> — ([l,[[’], [l,l’] : [xla llayl])-

First of all we, 1, and ¥r are continuous because of the same reasons as in many cases
above, they are induced by various continuous maps. Also, we can directly name inverses
of both maps, which are continuous for the same reasons.

walz Y Xsy,RO sy Y — Ll Xs,L0,ry Y7 ([la [B], [lla xl]) = (Zl g l_17 [la l‘]),
where 1 = g - x. Also we have inverse of ¥g
walz Y Xy, LOry Y—>Y Xsy, RO Rl, ([l, il?], [ll, .7?’1]) — ([l, iL‘], [.Tl, lil : ll, l’])
Let us consider the compositions:
wL(QﬂLil([Zax]a[Zlaxl])) = wL(ll 'g'l717[lax])
= ([l,l’],llgl_l[l,f])
- ([lax]a[llgl_ll7x])
= ([l,l’],[llg,iﬂ])

It is clear that (Iy,21) = (I - g,x) by g. Thus ¢, ot~ " = id ey«
Also,

ry,LO,rYY) :

oL (s [La)) = T ([l - [ )
= (L) [ L))
(-1 Ly - 17 1, 2)
(11, [L, x]).
So ¢L_1 oy, = id(Lle,LO,er) and we have that 1, is a homeomorphism.
Now, let us check the same in the case of ¥R.

¢R(wR_1<[Z7 x]? [llﬂ 1‘1])) = wR([lv I]v [Ilﬂ It ly, SL’])
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So tr o R~ = id(vx

ry,LO,rYY)'
Also,
Y~ (Wr ([l 2], [e1, 1, ) Yr ([ 2], [ 2] - [, b )
= ¢ ([Lal,[l-g- b))
= ([l,2], [z, 07 -1 g1y, 7))
= ([Z,ZE], [xhg ’ llvm])

It is cleare that (z1,(1,y1) My a1 (z1,9 - Iy, z). Therefore UL oy, = id(YXsY,RO,rRl)'
So 11, and ¥r are homeomorphisms. We proved all required properties and, therefore,
the topological groupoids R and L are Morita equivalent. [

4. Construction of fibration from R to H

Our main goal is to transfer a generalised action of H on G to a generalised action of H on
K. We already have the topological groupoid R. The last step is to construct a fibration
E from R to H with fibre K.

We need a continuous map E! from R! to H!. Suppose that we have all data from
Definition 2.3. Define E! by:

ELNRY— HY 2,0, y] = FY().
E! is well-defined because if (21,11, 41) ~g,.4, (72,12, 72) then

(l2)
(g2-li-g7")
Fl(gs) - F'(lh) - F'(gr ")
()
= E'([z1,l, 1))

E'([w2, 2, o)) !

iES eS|

1

=

Here I use that the elements g, and g» belongs to G!, the arrow space of fibre of fibration F.
Therefore, they go to the identity elements in H!.

E! is continuous because it is a composition of the continuous map F! and a map
which is induced by a projection map.

The map E°: R? — HO is defined by the following way: E° = s o E! ou, where u is the
unit map in R and s is the source map in H. This automatically means that E! and E°
intertwine the sorce maps of the groupoids R and H. Also, we have to check that they
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intertwine the multiplication maps.

B ([x1, b, 1] - [22,12,00)) = B[zl g - l2, 1))
= F'(ly-g-1y)
= Fl(lh)-F'(g) - F'(l)
Hl) - FH(l2)
([#1, 1, 1]) - EY([w2, 12, v2)),

Il
S|

= E!
where g is an element from the fibre of F such that x1 = g - y».
So we have a continuous functor E: R — H.

4.1. PROPOSITION. The continuous functor E.: R — H defined above is a fibration be-
tween topological groupoids.

PROOF. For proving this lemma we have to show that the map
(E',8): RY = H! xgpopo R? := {(h,z) € H' x R® | s(h) = E%(z)} (2)

is an open surjection.
Firstly, let us show that the map

(F' idx): L' Xgpo e X = H' X 0 poor, X, (I, x) = (F(I), z),

Is an open surjection.
It is easy to check that there is a fibre product diagram:

(Fl ’idX)

1 1
L XS7L071.X X H XS,HO,FOOrX X

pry (idg1,rx)

I (Fls)

H! x s,HO FO L°

Therefore (F!,idx) is an open surjection because it is a pull-back of (F!,s) which is an
open surjection because of Definition 2.3.
Also, we have one more fibre product diagram:

1 Pro
H XS,HO,FOOI‘X X X
(idg1,8x) SX

RO

Hl X s,HO EO RO

So (idy1, sx) is an open surjection because it is a pull-back of sx which is an open surjection
because of Definition 2.1.
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Also, the projection pry: X X, 10 L! Xp10py X = X X 10 L! is an open surjection
because it is a pull-back of rx, which is an open surjection. There is an obvious homeo-
morphism ¢: X X, pog L' = L' x 10, X, (2,1) = (I,2), which is an open surjection,
of course. So the composition

a = (idy1,sx) o (Fidx) o copry: X Xy pos L' Xy 10 X — H' X0 go R°
(@, 0,y) = (2,1) = (Lx) = (FL(1),2) = (F'(1),sx(2)),

is an open surjection. It is easy to see that the map (E',s): R* — H' X, o go R? is induced
by a. So (E';s): R* — H' X oo R® is an open surjection. Therefore, the continuous
functor E: R — H is a fibration between topological groupoids. [

Now, we need to show that the fibre of the groupoid fibration E: R — H is isomorphic
to the topological groupoid K. The element [z,l,y] of R' goes to F!(I) in H' by the
fibration E'. This means that the element [z,l,y] of R! goes to an identity element in
H! by the fibration E! if and only if I goes to an identity element in H' by F!. But the
fibre of F! is the topological groupoid G. Therefore, the element [z, [, y] of R! goes to an
identity element in H' by the fibration E! if and only if [ belongs to G!. So the fibre of
the groupoid fibration E: R — H is the subgroupoid of R with the following arrow space:

(X XrX,L07S Gl Xr,LO,rX X)/N,

7

where the equivalence relation “~” is the same as in Proposition 2.7. We already know
that this fibre is a topological groupoid.

4.2. THEOREM. The groupoid fibration E: R — H constructed above gives a generalised
groupoid action of H on K. Farthermore, R and L. are Morita equivalent.

PROOF. we need to show the following lemma:

4.3. LEMMA. The fibre of the topological groupoid fibration E: R — H is homeomorphic
to the topological groupoid K.

PROOF. Let us consider any element [x, ¢, y] in the arrow space of the fibre of the groupoid
fibration E: R — H. We know that rx(z) = s(g) and rx(y) = r(g). Therefore rx(g-z) =
rx(y). Thus (g - x,y) belongs to X X,y qor X. Let g~ (g 2,y) = (g9 z,k), where 1 is
the homeomorphism from Definition 2.1. It is useful to see that ¥k '(g-z,y) = (g -z, k)
if and only if y = g-2-k. We need this element k to construct a homeomorphism between
the arrow space of the fibre of the groupoid fibration E: R — H and the arrow space of
the topological groupoid K. So we have the following composition:

pry 0 ¢K_1 o (mg o (pry, pry), Prs): X Xy 10s Gt Xy L0y X — K!,

(xagay) = (g $7y) = (gx,k‘) = k?
we need to show that this composition is an open surjection. k' is open surjection

because it is a homeomorphism. pry: X X o, K! — K! is an open surjection because it
is a pull-back of sx: X — K° which is an open surjection by Definition 2.1.
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For proving that the following map

(mG o (pr27 prl)v pI'3)Z X ><rX,LO,s Gl Xr,LO,rX X — X XrX,GO,rX X7 (1‘7 g, y) = (g - X, y)
is an open surjection we need to check that the following diagram is a fibre product:

(mgo(pry,pry ),pr3)

1
X XrX,LO,S G xr,LO,rX X X XrX,KO,rX X

(pra,pry) pry

mg

X

Gl Xs,G0 rx X

and we will make sure that (mg o (pry,pr;),prs) is an open surjection because it is a
pull-back of mg: G' x4 qo, X — X, which is an open surjection because of Remark 2.2.
So the composition pr, o 1k ' o (mg o (pry, pry), prs) is an open surjection.

This composition induces the map w between the arrow space of the fibre of the
groupoid fibration E: R — H and the arrow space of the groupoid K. So we have

W (X X108 Gt Xy o X)/~ — K! [z, 9,y] — k.

We have to show that w is a homeomorphism. Firstly, let us show that w is well-defined.
Let (z,9,Y) ~g g, (£,7,79) and w([z, g,y]) = k, therefore, we have the following equalities:

r=g % gy=10 G-9g-0 =89 g-r=y-kn

Thus

gkt = (g2-y)- k'

So §-k=' = §- %, and this means that w([#, §,9]) = k. So w is well-defined. w is an open
surjection because it is induced by an open surjection. If we prove that it is an injection,
then it will be a homeomorphism automaticaly.

Let w([z,g9,y]) = w([£,§,9]) =k. Soy=g-x-kand §=§-& k. Thus

sx(z) = r(k)

= Sx<if>
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and (z,2) € X X4, ko5, X. Because of the homeomorphism 1k there is exactly one element
g1 € G! such that £ = ¢, - x. Also,

sx(y) = s(k)
= sx(9),

hence (y,7) € X Xg kosx X. Because of the homeomorphism )k there is exactly one
element g, € G! such that § = g5 - . So we have

gik =9
= 92y
= g2 (9 -z k)
= (92-9) (z-k)

I
/N N TN
Q
no
5
. N—
—
—
Q
=
>

(.@7'%) = Q/JG_I(JA:’.@ ' *%)
= Y (2 (929 917 ") )
= (g2-9-9 1 2).
So §=g2-9g-g1 " and therefore (x,g,vy) ~g 4 (Z,§,9), thus [z,9,y] = [2,9,9]. So w is
an injection and, therefore, it is a homeomorphism.

So we have the homeomorphism w between the arrow space of the fibre of the groupoid
fibration E: R — H and the arrow space of the groupoid K. We need a homeomorphism
which is compatible with the groupoid structures in both groupoids. Such a homeomor-
phism is the composition W = iow where i is the inverse map in the groupoid K. It is
clear that this composition is a homeomorphism too. Let us show that it intertwines the
range, source and multiplication maps.

Let W ([z, g,y]) = k. This means that y = g - z - k~!. Therefore,

s(k) = (k™)
= sx(z)
= S([.ﬁ(f,g’y])
So W intertwines the source map. Analogously,
r(k) = s(k™)
= sx(¥)
= 1([z,9,9])

and the range map is intertwined too.
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Let us check the same for the multiplication map. Let ([x,g,y], [z1,91,y1]) be any
composable pair of arrows in R and [z, g, y]o[x1, g1, y1] = [*1, 9092001, y] where x = go-y1.
Let W([z,g,y]) = k and W ([z1, g1,y1]) = k1. So we have the following: y -k = ¢g - x and
y1 - Kt = g1 - 1. Therefore,

y-(k-k) = (y-k) k
= (g-x)-kl
= (9’(92'91))‘k1

= g-92- (y1- k)

9-92- (g1~

= (9-92-91) 1.

N

l’l)

So we have y- (k- k1) = (¢ g2+ g1) - 1 and this means that W ([z1,90g20¢1,y]) = k- k1.
So the multiplication map is intertwined.

Finally, we have a natural homeomorphism between the arrow space of the fibre of the
groupoid fibration E: R — H and the arrow space of the groupoid K and therefore, these
topological groupoids are homeomorphic.

u

So because of this lemma we can say that we have a generalised groupoid action of a
topological groupoid H on a topological groupoid K.

The second part of this theorem is proved in Proposition 3.1, which finishes the main
theorem. ]

5. Examples

There are some interesting examples which show us how we can construct a generalised
groupoid action through a groupoid fibration in some special cases.

5.1. EXAMPLE. Let H be any topological groupoid and let p: X — Y be an open surjec-
tion onto a topological space Y equipped with a right H-action. Then we can construct a
generalised groupoid action of H on the Cech groupoid of p in the following way. Example
2.5 shows a groupoid fibration from the transformation groupoid of this action to H with
fibre Y. Also, we know that the topological groupoid Y and the Cech groupoid of p are
Morita equivalent by the topological space X. The main construction in this paper gives
a topological groupoid R which is Morita equivalent to the tranformation groupoid and
a fibration from R to H such that the Cech groupoid of p is the fibre of this fibration. By
construction the object space of R is X and for all z; and x5 in X we have

Homg (21, 22) = {h € H' | h- p(x1) = p(x2)}.

5.2. EXAMPLE. Let H be any topological group and X be any topological space. Then
we can construct a generalised groupoid action of H on the pair groupoid of X. It is
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easy to check that the identity map id: H — H is a groupoid fibration with fibre {1}.
We know that the pair groupoid of X is Morita equivalent to {1} by the space X. The
main construction in this paper gives a topological groupoid R Morita equivalent to H
with a functor from R to H which is a fibration between topological groupoids with fibre
the pair groupoid of X. The object space of R is X and for all z; and x5 in X we have
Homg (1, x2) = H.
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