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Abstract

In this paper we compute explicit formulas for the holonomy map for a gerbe with connection over an
orbifold. We show that the holonomy descends to a transgression map in Deligne cohomology. We prove that
this recovers both the inner local systems in Ruan’s theory of twisted orbifold cohomology [1] and the local
system of Freed—Hopkins—Teleman in their work in twisted K-theory [2]. In the case in which the orbifold
is simply a manifold we recover previous results of Gawedzki [3] and Brylinski[4].
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

A gerbe £ over a manifold M (or a scheme, if you prefer) has much in common with a complex
line bundle L.

A complex line bundle L is classified up to isomorphism class by a cohomology class c1(L) €
H?(M;Z), its Chern class. By using the exponential sequence of sheaves

0—>Z—>Q§EQX—>1

we can immediately interpret the Chern class of L as an element [g] of the cohomology group
H'(M;C*). Infacta Cech cocycle for this class is given by the gluing maps gii:Uij=UNU; —
C* of the line bundle for a Leray atlas (U;);c; of the manifold M, namely one in which all open
sets and their finite intersections are empty or contractible.
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Moreover, if we put a connection V on the line bundle given locally by 1-form A; € 2'(U;) ® C
then the curvature F(L, V) = dA € 2%(M) ® C satisfies the Bianchi identity

dF =0

and therefore it defines a cohomology class [F] € H2(M ; ©). Weil [5] showed that [zim} is the
image of —c{(L) under the map H*(M;Z) — H*(M;C).

Inany case c1 (L) completely determines the isomorphism class [ L] of L—we say that H 2(M;7)
is isomorphic to the group of isomorphism classes of line bundles over M. Later in this paper we
will define a cohomology group H?(M; Z(2)}) due to Deligne and Brylinski (and also Cheeger-
Simons) that has the following properties:

e There is a surjective homomorphism H2(M; ZQ2Q)y) — H2(M;7)
o H2(M; Z(2)}) classifies isomorphism classes [L, V] of line bundles with connection and the
map above is realized by [L, V] — [L]

Let us denote by £LM the space of smooth maps from the circle S to M (with no base point
condition—/LM is known as the free loop space of M). There is a tautological map

S'x LM — M

called the evaluation map sending (z, y) — y(z). We can use this map together with the Kiinneth
theorem and the fact that H(S';Z) = Z to get

H>(M;7) — H*(S' x LM;7) = H*(LM:7) ® (H (LM;Z) ® H'(S'; 7))
S HXCM:;Z)® H (LM Z) — H\(LM:Z) = HO(LM; CX)

(where the next to last map is projection into the second component, and the last is induced by
the exponential sequence). We call the resulting map H>(M; Z) — H'(LM; Z) the transgression
map.
The previous discussion can be refined to get a map
HA(M; ZQ)F) — H(LM:C)

that has a classical interpretation in terms of the holonomy of (L, V) along a closed path y € LM.
To wit, a connection V on L produces a parallel transport, that is a linear map P/, v)(y) for every
path y : [a, b] = M of the form

P, wvy(¥) : Ly@ — Lyw)

from the initial fiber to the final fiber.

Let us define the category S°(M) that we call the O-th Segal category of M. Its objects are the
points of M and its morphisms are paths y : [0, 2] — M. We think of y as an arrow from y(0) to
y(27). Then given a line bundle with connection (L, V) the parallel transport gives us a functor

Py : (M) — Vector Spaces

that assigns to the object x € M the one-dimensional vector space L, and to the arrow y the linear
map Pz v)(y).

In particular, should y be a closed path y : S' — M then the linear isomorphism P v)(y)
can be canonically identified with an element of C*, producing then a map

LM — C*
and hence and element in HO(LM; C>).
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Let us consider now a gerbe £ over M. We will define gerbes later in the paper, but for now
we list some of their properties.

The group of isomorphism classes of gerbes Gb(M) on M is isomorphic to H>(M; 7).

The isomorphism Gb(M) — H 3(M; Z) is realized by the Dixmier—Douady characteristic class

dd(L) € H3(M;Z) of the gerbe L.

We can place connections E (also known as connective structures) on gerbes.

The curvature of a connection over a gerbe £ on M is a closed 3-form G € 23(M) ® C.

The de Rham cohomology class [%} € H3(M;R) is the real image of dd(L).

The group of isomorphism classes of gerbes with connections over M is isomorphic to a Deligne

cohomology group H3(M; Z(3)D).

e The holonomy of a gerbe £ with connection E is a complex line bundle L with connection V
on the free loop space LM.

® The holonomy (£, E) — (L, V) realizes a transgression map

H3 (M Z(3)%) — HA(LM; Z(2)Y)

e A pair (£, E) induces a parallel transport functor
P,z : S'(M) —> Vector Spaces

from the first Segal category of M whose objects are maps from compact closed one-dimensional
oriented manifolds to M, and whose morphisms are maps from compact two-dimensional man-
ifolds to M forming cobordisms between two objects [6—8]. For instance, in the picture below
we have two maps ¥; : S' — M (i =1,2) and amap ¥ : F — M from a two-dimensional
manifold F into M. Such a configuration would produce a linear isomorphism

P([/-E)(E): L’h - va

Y ¥y

Such a functor is closely related to a String Connection in the terminology of Segal [8],
Stolz, and Teichner [9]. More specifically if y : S! — M is an object of S'(M), then we have
P =)(y) = Ly, where L is the line bundle over £M mentioned in the last paragraph.

The purpose of this paper is to generalize the previous picture to the case in which instead
of considering a manifold M we consider a smooth orbifold or Deligne—Mumford stack X. This
new case involves many new features and links together several interesting structures that have
appeared in geometry and topology recently. We will briefly describe now the contents of this
paper.

In Section 2 we set our notations and terminology for the theory of groupoids. We will use
groupoids as models for our orbifolds —they will be our basic tool. We recall that a groupoid G is
a category in which all morphisms have inverses and by an orbifold groupoid we mean a proper,
smooth, étale groupoid. In this paper whenever we write groupoid a smooth, étale groupoid is to
be understood.
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In Section 2.1 we deal with the issue of defining the “free loop space" of an orbifold. Since
an orbifold is already more than a space, the answer is itself an infinite dimensional orbifold that
we call the loop orbifold. Our model for the loop orbifold will be a groupoid—the loop groupoid
LG. In particular when the orbifold happens to be a manifold then the loop orbifold is simply the
free loop space of the manifold.

In Section 2.2 we explain sheaf cohomology theory for groupoids. Then in Section 2.3 we use
this theory to define Deligne cohomology for groupoids and explain its relation to the theory of
n-gerbes with connective structure.

In Section 3 we prove the following theorem.

Theorem 1.1. There is a natural transgression map (holonomy)

71: Cl(G,C*2)g) — C'ULG, Cy)

that associates to every line bundle with connection over G its holonomy. Here (CEG is the sheaf

of C* valued functions on the loop groupoid. This map descends to cohomology
1 . o] 0 X
H'(G; Z()E) — H (LG, CLG) .

In Section 4 we go ahead and define the Deligne cohomology for the loop groupoid to then
prove the following theorem.

Theorem 1.2. There is a natural holonomy homomorphism

7 : CXG, C*(3)g) — C'(LG, C*(2) )

from the group of gerbes with connection over G to the group of line bundles with connection
over the loop groupoid. Moreover this holonomy map commutes with the coboundary operator
and therefore induces a map in orbifold Deligne cohomology

HX(G: Z(2)3) — H'(G: Z(DF).
We prove in fact a little bit more. For what we really construct is a functor
LG — Vector Spaces

given by parallel transport along arrows of the loop groupoid for the gerbe connection. While
in the case of a manifold M this is only the portion of the string connection that associates the
vector space to the objects of S'(M), in the case of an orbifold groupoid G we already have arrow
assignments. Since LG < S'(G) is an inclusion of categories, we think of the functor constructed
here as a genus-zero-one-input-one-output-ghost-part of the string connection. Indeed, the arrows
of LG can be thought of as infinitely thin cylinders in the orbifold. This is an interesting issue. In
fact, in the case in which one works with a global quotient orbifold (namely an orbifold that can be
written with only one orbifold chart in the form G = [M/G] where M is a smooth manifold and
G a finite group) and simultaneously with a global gerbe (namely a gerbe over [M/G] whose data
is given by global forms) we have worked out the explicit formulas for the full string connection,
and not only the ghost part. The interested reader can find this computation in [10]. The general
construction of the full string connection for S 1(G) would take us too far a field, we will return
to this issue in a future paper.

Then in Section 4.1 we show that when the orbifold in question is simply a manifold we recover
the results of Gawedzki [3] and Brylinski [4].
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In Section 4.2 we study the particular case in which the orbifold X is actually a global quotient
[M/G], and the gerbe in question is globally defined.

Then in Section 4.3 we compute explicitly the case when the gerbe in question comes from
discrete torsion in a global quotient orbifold [M/G].

In Section 5 we pursue the subject of localization. One of the main results of [11] is the
following theorem.

Theorem 1.3. The fixed suborbifold of LG under the natural S'-action (rotating the loops) is
AG = (LG)S'

Here AG is the so-called twisted sector orbifold or inertia groupoid of G. In the case of a
manifold AM = M.
We prove then the following theorem for G an orbifold groupoid

Theorem 1.4. The restriction of the holonomy of a gerbe with connection over G (that is a line
bundle with connection over LG) is an inner local system on AG.

Inner local systems were discovered by Ruan [1] for completely different reasons. As ithappens
this is too the local system used by Freed, Hopkins and Teleman [2] in their work on twisted
K-theory whenever the action of the Lie group is almost free, namely that it has only finite
stabilizers.

Finally in Section 6 we discuss how to generalize the previous theory to n-gerbes with con-
nection. The corresponding holonomy formula send (n + 1)-gerbes to n-gerbes.

What we prove in this paper is actually a bit stronger than the statements of the previous
theorems. We give explicit formulas for the holonomy maps, and then show that it descends to
Deligne cohomology. Our motivation to do this is that in physics all the objects we have discussed
have interesting interpretations and explicit formulas are necessary for computations [12]. For
example we have explained elsewhere that in orbifold string theory (and conformal field theory)
both the B-field and discrete torsion can be suitably interpreted in terms of gerbes and Deligne
cohomology over orbifolds [13]. For related statements and work in the physics literature we refer
the reader to [14] and the references therein.

2. Deligne cohomology for groupoids

When we say a groupoid we mean a (small) category G so that the set of its objects G, and
the set of its arrows G are both manifolds, and every arrow has an inverse.

We will represent orbifolds by groupoids. It is useful to consider the following two examples
as motivation.

Example 2.1. Let G be a finite group. Consider the orbifold [M/ G] obtained from a G-manifold M
(we use the brackets to differentiate the orbifold [ M/ G] from the quotient space — or coarse moduli
of orbits — M/ G ). Then we will associate to it the groupoid X with morphisms X; = M x G and
objects X, = M. The arrow (m, g) takes the object m to the object mg. We will often write the
groupoid X by the symbol M x G = M.

Example 2.2. Consider a manifold M with an atlas U = (U;);. We will associate to (M, U) the
groupoid M;, whose objects My = {(x, i) : x € U;} = [ [, U; and whose arrows M| = {(x, i, j) :
xeUjj=U;NU;} = ]_[(i’j) Uij. The arrow (x, i, j) takes the object (x, i) to the object (x, j).
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In the case of a general orbifold there is a groupoid that represents it that is a sort of hybrid of
the previous two examples.
The groupoids G we will be concerned with will be étale and smooth, this means that all

the structure maps (M = composition, i = inverse, € = identity, S = source, t = target) are local
Gie%s G ™G —>G, —=G,—~G,

diffeomorphisms, and the sets G; = G| txs G, txs - - - txs G (I-times) are all manifolds. When
the anchormap (s, t) : G; — G x Gy is proper the groupoid will represent an orbifold groupoid.

Definition 2.3. By an orbifold groupoid we mean smooth, étale, proper groupoid.

In this paper we are only concerned with smooth étale groupoids. When we think of a groupoid,
implicitly what we are considering, is the Morita equivalence class where the groupoid belongs
(see [15] for the definition of Morita equivalence). But in order to make calculations explicit, or
to use Cech cohomology, we will make use of a special representative of the Morita class. We
require this groupoid to be built out of a disjoint union of contractible sets as follows.

Definition 2.4. A groupoid G is called Leray if G, = G;txs G, txs --- txs G (i-times) is
diffeomorphic to a disjoint union of contractible open sets for all i € N.

The existence of such Leray groupoid representative for every orbifold is proven by Moerdijk
and Pronk [16, Cor. 1.2.5].

Here we are concerned with the geometry of the groupoid and we will give very explicit
geometric descriptions of the objects in study. The algebraic topology of groupoids has been
studied by several authors [17-19,15,16] and having both the geometric and the topological
approaches is very useful.

Here we should introduce another very important structure associated to a groupoid called the
inertia groupoid.

Definition 2.5. The inertia groupoid AG is defined by:

e Objects (AG)o: Elements v € G; such that s(v) = t(v).

e Morphisms (AG);: For v, w € (AG)p an arrow v =% wisanelemento € G, suchthatv -« =
o-w
O/’”‘\_\

AN
C ~—

[e%

It is known that the inertia groupoid in the case of an orbifold matches with what is commonly
known in the literature by twisted sectors (see [1,11]), thus this is a natural way to define them.
And we will see in the next section that the inertia groupoid arises naturally as the constant loops
of the loop groupoid.

2.1. Loop groupoid

In the last years it has become increasingly evident that the free loop space of a manifold
LM = Map(S', M) is a very important concept, providing a sort of natural thickening of M, it
is at first not clear how one must define the free loop space of an orbifold. It is apparent that
simply considering free loops in the quotient space G/~ forgets all the orbifold structure. In fact
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the correct notion that we call the loop orbifold or loop groupoid is itself an orbifold, albeit an
infinite dimensional one.

We have defined in [11] the loop groupoid to be a category whose objects are Hom(S', G) in
the category of groupoids (its objects were known to Mrcun [20] and to Bridson-Haefliger [21]).

Example 2.6. Consider again the orbifold X = [M/G]represented by the groupoid M x G = M
that we denote by X, as at the beginning of the last section. Consider the groupoid LX whose objects
are all pairs (¢, g), ¢ : [0, 1] — M, g € G where we have ¢(0)g = ¢(1). Let G act on the paths in
the natural way, i.e. {¢ - k}(r) = ¢(t)k with {¢ - k}(0)k—' gk = {¢ - k}(1). We declare the arrows
of LX to be the triples (¢, g, k) so that ¢ : [0, 1] > M, ¢(0)g = ¢(1) and k € G. The arrow
A = (¢, g, k) in LX sends the path (¢, g) to (¢ - k, k~' gk). We call LX the loop groupoid.

To do this in full generality we must face the following difficulty. Suppose that we first assign
a groupoid to ' and consider the groupoid morphisms to G. They will certainly be a portion
of the desired loop groupoid, but unfortunately we may be missing elements on it that will only
become apparent by choosing a finer groupoid representation of the circle. Therefore we need to
consider all the Morita equivalent groupoids representing the circle (this amounts to take finer
and finer covers of the circle). This is explained in detail in [11]. The following formalism (that
is unfortunately a bit technical) solves this difficulty.

For a finite set {g1, ..., qn, qo} C (0, 1] withg; < -+ < g, < qo and € > 0 sufficiently small
we associate a unique cover of the circle given by the sets Vl-0 = (qi — €, gi+1 + €) and the
exponential map e>™’. This cover induces an admissible cover W on the real numbers R that
consist of the sets Vik =(qi +k—¢€,qiy1 +k+¢€) and Vé‘ =(q@o+k—1—¢€4q1+k+e¢) for
keZand1 <i<n.Wecall RV the groupoid associated to this cover, i.e.

w._ k.l wo._ k
w= v R =]
i, j.k,1 ik

where Vl-]f’il =Vkn le.; and the € is small enough so that all the double intersections are of the
form (q; + k — €, gi + k + €) or empty. We can now define the natural action of Z in R}’V

RY xZ—>RY, (. VS).m)— x+m, Vi

with x € Vik}l andx +m € Vik;rm’”rm.

Definition 2.7. Let S;V be the groupoid
RY x Z
U
Ry
with maps
S((x, VD m) = (e, VO, 1 Vi) m) = (eom, VT,
e(x, VO = (. V9. 0, i VD m) = (G m, VI, —m)

mi(x, Vi m), (G m, VT )] = (G VD m+ ).
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The groupoid Sy is Morita equivalent to the unit groupoid § ' = 8 (all arrows are identities). If
. . . . . ’ 1 1
W' is a refinement of W, then there is a unique Morita morphism p% : Sy — Sy

Definition 2.8. For G a topological groupoid and an open cover W of the circle, the loop groupoid
LG(W) associated to G and the open cover W will be defined by the following data:

e LG(W) the objects: morphisms of groupoids S:,V —- G
e LG(W); the morphisms: for two elements in LG(W)g, say ¥ & : S:,V — G, a morphism

(arrow) from ¥ to @ isamap A : RYV x Z — G that makes the following diagram commute
and such that for r € RYV X 7

RV x z—2 G,

]R(L)V X Rg(m GO X G(]
A(r) = Wi(r) - Aet(r)) = A(es(r)) - @1(r). (1)

The composition of morphisms is defined pointwise, in other words, for A and £2 with we set

2 0 A(es(r)) := A(es(r)) - 2(es(r))
and
20 A(r) ;=20 Aes(r)) - I'(r) =W (r) - 2o A(et(r))

The previous properties imply that an arrow A determines its source ¥ and its target @. We
consider LG(W); as a subspace of the space of smooth maps Map(RYV, G)) x Map(R(‘))V, G));in
this way LG(W); and LG(W )y inherit the compact-open topology, making the groupoid LG(W)

into a topological one. For two admissible covers Wy, W, associated to {qi, ..., qgn, qo} and

{4}, ... 4, qp) respectively, there is always a common refinement. We could take W associated
. 1 1 .

to{q1.....qn.qo} Y {q}.....q,.q,}and the natural morphisms pwj 1Sy — SWi.These induce

natural monomorphisms of topological groupoids LG(W;) < LG(W). We want that two objects
Y : S;V,- — G (i = 1, 2) to be equivalent if the following square is commutative so we define

p
1 1, 1
Sty —> S,

”“lzl l‘lh

1
Sw, —3,~G.

Definition 2.9. The loop groupoid LG of the groupoid G is defined as the monotone union
(colimit) of the groupoids LG(W) where W runs over the set W of admissible covers

LG:= lim LG(W).
W e
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In this way the loop groupoid is naturally endowed with a topology, becoming a topo-
logical groupoid. Now we list some facts about the loop groupoid that can be found in
[11].

For G étale and proper, then LG is also étale and has finite isotropy.

A morphism of groupoids F — G induces naturally another one at the level of loops LF — LG.
If the morphism F — G is Morita, then LF — LG is also Morita.

The loop groupoid LG can be endowed with an action of R in a natural way, i.e. shifting the

morphisms by ¢ € R. The fixed point set groupoid LG|]R under this action is Morita equivalent
to the inertia groupoid AG (Definition 2.5).

2.1.1. The tangent loop groupoid

The loop groupoid is endowed with a natural tangent groupoid in the same way the groupoid
G is endowed with its tangent groupoid TG defined as TG = TG, with the induced structure
maps (clearly TG is also smooth and étale).

Definition 2.10. For ¥ an object of LG(W), the tangent space TyLG(W) will consist of all
morphisms & : Stv — TG such that po& =¥ where p: TG — G is the natural projection
morphism; these will be the objects of TLG(W). The morphisms of TLG(W) are the natural ones,
namely for an arrow A : ¥ — @ with & € TyLG(W) and ¢ € TgLG(W), a tangent morphism
in TA\LG(W) between & and ¢ is a map v : RIW x Z — TG, that makes the following diagram
commute

A
RY x Z/,’ﬁ* G,

sXt sXt sxt

Rg/ X RE&TGO X TGDM)GD X GU

(Po,%0)
Taking the inverse limit over the admissible covers W of TLG(W) we obtain TLG.

2.2. Sheaves and cohomology

All the properties of sheaves and cohomologies of topological spaces can be extended for the
case of smooth étale groupoids. This is done in [22,17]. Let us briefly summarize the theory. A
G-sheaf F is a sheaf over G, namely a topological space with a projection p : F — G which
is a local homeomorphism on which G; acts continuously. This means that for a € F, = p’1 (x)
and g € G| with s(g) = x, there is an element ag in F;,) depending continuously on g and a.
The action is a map F, x G, — F. For F a G-sheaf, a section o : Gy — Fis called invariant if
o(x)g = o(y) for any arrow x —8 y. I,y (G, F) is the set of invariant sections and it will be an
abelian group if Fis an abelian sheaf. For an abelian G sheaf F, the cohomology groups H" (G, F)
are defined as the cohomology groups of the complex:

Fin(G, 70) — (G, Tl) — ...
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where F — 7 — T' — ... is a resolution of F by injective G-sheaves. When the abelian sheaf
Fis locally constant (for example F = Z) it is a result of Moerdijk [23] that
H*(G, F) = H*(BG, F)

where the left hand side is sheaf cohomology and the right hand side is simplicial cohomology.
There is a basic spectral sequence associated to this cohomology. Pulling back F along

€ : G, - Gy 2)
6n(glv ey gn) = t(gn)
it induces a sheaf € F on G, (where the G action on G,, is the natural one, i.e. (g1, ..., g)h =
(g1, - -, gnh); G, becomes in this way a G-sheaf) such that for fixed ¢ the groups Hq(Gp, ef]f)

form a cosimplicial abelian group, inducing a spectral sequence:
HPHYG,, F) = H'(@G, F)

Soif 0 > F— FY — F! — ...isaresolution of G-sheaves with the property that e*[‘,fq is an

acyclic sheaf on G » then H*(G, F) can be computed from the double complex I'(G e 6;.?‘1 ). We
conclude by introducing the algebraic gadget that will allow us to define Deligne cohomology.
Let F* be a cochain complex of abelian sheaves, then the hypercohomology groups H" (G, F)
are defined as the cohomology groups of the double complex Iy, (G, 7°) where F* — 7 is a
quasi-isomorphism into a cochain complex of injectives.

2.3. Deligne cohomology

In what follows we will define the smooth Deligne cohomology of a smooth étale groupoid;
we will extend the results of Brylinski[4] to groupoids and will follow very closely the de-
scription given in there. We will assume that G is Leray (Definition 2.4) and that the set of
objects G, is of bounded cohomological dimension. Deligne cohomology is related to the De
Rham cohomology. We will consider the De Rham complex of sheaves and we will truncate
it at level p; what interests us is the degree p hypercohomology classes of this complex. To be
more specific, let Z(p) := (2m+/—1)? - Z be the cyclic subgroup of C and Ag C the G-sheaf of

complex-valued differential p-forms; as G is a smooth étale groupoid the maps s and t are local
diffeomorphisms, then the action of G into the sheaf over G, of complex-valued differential p-
forms is the natural one given by the pull back of the corresponding diffeomorphism. Let Z(p)q be

the constant Z( p)-valued G-sheaf, and i : Z( Plg — AOG C the inclusion of constant into smooth

functions.

Definition 2.11. Let G be a smooth étale groupoid. The smooth Deligne complex Z(p) is the
complex of G-sheaves:

i 40 d d d p-1
Z(p)g = ‘AG,(C = AG,(C S AG,(C
The hypercohomology groups HY(G, Z(p)%) are called the smooth Deligne cohomology of G.

In order to make the explanations clearer, where are going to work with a quasi-isomorphic
complex of sheaves to the Deligne one, which is a bit simpler.
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Definition 2.12. Let C*(p)g be the following complex of sheaves:
xd 10g 1 d p-1

.A C— AG, o

There is a quasi-isomorphism between the complexes (2/—1)"PF! . Z(p)py and C*(p)g[—1]

(this fact is explained in Brylinski [4] p. 216)

(@rv/=1) - Z(p)g—=Co—trAge —-- - —-Age

dlo d —1
X 0g P
CG AG C : G,C

hence there is an isomorphism of hypercohomologies:
HY (G, C*(p)g) = Qrv/=D) P HY(G, Z(p)y 3)

Now let G be a Leray groupoid. We are going to define the Cech double complex associated
to the G-sheaf complex C*(p)g. Consider the space

CH = C(Gy, Ag o) = I'Gy, € Ag o)

of global sections of the sheaf GZ'A[G c over G, as in (2). The vertical differential ckl — ckitl

is given by the maps of the complex C*(p)qg and the horizontal differential CK/ — Ck+1.0 jg

obtained by § = > (—1)'6; where for o € Gy, € G o)
o(81s -+, 8k) " 8k+1 fori =k +1
(Bio)g1s -y k1) = { 0(81, -, &i&it1s -+ 8k+1) forO<i<k+1
o(g2, .-, 8k+1) fori =0

Definition 2.13. For G a smooth étale Leray groupoid, let us denote by C*(G, C*( p)g) the total
complex

d+d

CG, C*(p)g) ' C'(G. C* (p)g) B E2(G. CX () - -

induced by the double complex with (8 4 (—1)’d) as coboundary operator. The Cech hypercoho-

o i

C(Gy, €)% C(Ga, AL ) — L= C(Go, A% ) b+ —HC Gy, AL )

d q q ]
(61, C%)~EC(Gy, AL )~ C(Gy, AR o)+ - - —4C (G, ALY)
8 8 5T )

(G0, CF) 5 C(Go, AL o)~ C(Go, AR o) >+ - —4C(Gy, ALL)

mology of the complex of sheaves C*(p)g is defined as the cohomology of the Cech complex
C(G, C*(p)g):

H*(G, C*(p)g) := H*C(G, C*(p)g)-
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As the G;’s are diffeomorphic to a disjoint union of contractible sets — Leray — then the previous
cohomology actually matches the hypercohomology of the complex C*(p)g, so we get

Lemma 2.14. The cohomology of the Cech complex C*(G, C*( P)g) is isomorphic to the hyper-
cohomology of C*(p)g

H*(G, C*(p)G) > H*G, C*(p)g).

The Deligne cohomology groups classify the isomorphism classes of what is known as n-gerbes
with connective structure.

Definition 2.15. An n-gerbe with connective structure over G is an (n + 1)-cocycle of
C"HYG, C*(n + 2)g)- Their isomorphism classes are classified by H'* (G, C*(n + 2)g) =
H'2(G, Z(n + 2)¥).

The following fact is more or less obvious, and relates this definition with the one given by the
authors in [18]:

Proposition 2.16. 7o have a 1-gerbe over G is the same thing as to have a line bundle L over
G together with maps 0, h satisfying the following properties:

o iLxfr!
e TILOTLOMT LN
e h:G,txsG; - C* isa2-cocycle.

When the groupoid G is Leray, then the line bundle £ is trivial and all the information is encoded
in the 2-cocycle . In this case a gerbe with connection will consist also of a 1-form A € 21(G)),
a2-form B € 2%(G,) and a 3-form K € £23(G,) satisfying:

o K=dB
e t'B—s"B=dAand
o TA+TEA-—mA=—J—Th 'dh

As we will see via the holonomy map:

® A 0-gerbe with connective structure induces a line bundle with connection over the groupoid
G and a global 2-form on G/~

e A 1-gerbe with connective structure induces what is known in the literature as a gerbe with
connection over G and a global 3-form on G/~.

Before finishing this section let us point out that the group H" (G, C* (n)g) is the only one
that encodes really new information as the following proposition clarifies.
Proposition 2.17.
HP Y (G,C* = HP(G,Z) forp>n
HP(G, Z(n)F) = HP (G, C*(n)g) = @£ (@.2) forp
HP~ (G, C») for p<n

where C* stands for the sheaf of C* valued functions.
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Proof. Let us have a look at the double complex of Definition 2.13. When p > n the p-cocycles
are over the diagonal, so the information of all the columns of the double complex besides the firstis
irrelevant. This is because the sheaves .Ae care acyclic. Now, when p < nand (h, w1, ..., wp—1)

isa(p — 1)-cocycle, by a successive application of Poincaré lemma it is possible to find an element
(f£01,....0p—2)in CP*(G, C*(n)g) such that

(hoor.....0p1) = G+ (1P 261, ....0p-2) = (h—8£0,....0)
with d(h — 8f) = 0, a locally constant C* function. This implies the second isomorphism. [J
After this brief summary of definitions we are ready to define the holonomy map for smooth

étale groupoids.

3. Holonomy

In the same way that a line bundle with connection over a manifold M induces a C* valued
function on the free loop space of M, given by the holonomy around a loop, we can define its
analogous to smooth étale groupoids. Let us recall that the groupoid in mind is Leray, so we can
make use of the Cech description of the hypercohomology.

Let Wbe an admissible cover of the circle associated to the set {«g, o1, ..., a,} withO = a9 <
o] < --- < o, = 1asin Section 2.1.

Theorem 3.1. There is a natural transgression map (holonomy)

11 : CHG, C*(2)g) = COULGW), (CEG(W))

that sends cocycles to cocycles and that descends to cohomology

1 x dlog g 0 x
H (G,(CG 9 Ae,c) S H (LG(W), CLG(W))'

Proof. First we will set up the notation. The pair (2, A) will be an element in Cl(@G, c~ 2)g)

withh : G; > C*and A € I'(G, Aé ) The object ¢ : SLV — G of the loop groupoid LG(W)

will consist of maps v¥; : I; = [ej—1, a;] — G and arrows ¥ : {«q, ..., o} — G such that
s(Y(a) = ¥i(e;) and  t(Y(ey)) = Yit1(e)

and when i = nty(a,) = ¥1(ap).
So 71(h, A) defines a function H : LG(W)y — C* as follows:

n n
H(y) := exp <Z / w;‘A> [P @n™. )
i=1 71 i=l
It is clearly an homomorphism. We show now that H descends to cohomology. Suppose that
(h, A) is a 1-cocycle, its coboundary (d + §)(h, A) is zero, i.e.
t'A—s"A=—dlogh, inG, )
h(g2)h(g182)” 'h(g1) =1 for(g1. g2) € G, ©)

We want to see that the coboundary § of 71(h, A) = H is also zero. The cycle §H is a function
LG(W); — C* that for the arrow A between ¥ and ¢ takes the value H(A) = H(¢)H(y) L.
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The arrow A will consist of maps A; : I; — G such that

Aj(ei) - pai) = Ylai) - Aigr(en)
where A;41(oty) := Ag(xp). In the following diagram the dark lines are the images of the intervals
in G, and the arrows are elements in G;.

y(a,)

(1) Wk, >
/ . Yo

A(ag

Aay) Ala,)
Afa)  [Afa) A ¢

A, @)

LR
N T

o) @)
Making use of the property (5) of the 1-cocycle (h, A) we get the following set of equalities:

L = exp (/ Af(t"A=s A)) = exp (/ A;“(—dlogh)> _ MAi@i-))
exp ([, viA) I I h(Ai(@)

and using property (6) we have

n

HO) _ iy B 0) B/ @) _ 7 I @A 1)
HO) ~ 1 hA@) h@e) — L h(Aga)h(la)

SH(A) =

ﬁ h(Ai(a;) - ¢(a;) _
h(Y(e) - Ajy1(aq))

i=1
This means that H is invariant under the action of LG(W); therefore it defines a map
H:LG(W)/ ~— C*

Now if (h, A) is a coboundary, i.e. (h, A) = (8f; —d log f) for some f: Gy, — C* then H =
71(8f, —d log f) will become

H(Y) = exp (Z /1 ¥ (~dlog f)) [Tsrawen™
i=1 i i=1

_ H fGiei) 1 fEWE@) _ |
o SWile)) L f(())

Hence the map 71 descends to cohomology. [l

Another way to understand the previous result is the following. The pair (&, A) represents
a complex line bundle with connection (L, A) over the groupoid G. The function (%, A) as-
signs a complex number to every element v in the loop groupoid. This number represents an
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endomorphism of the fiber Ly obtained through the parallel transport given by the connection
A.

If we now take a refinement W’ of the cover W associated to the set {ao, ...,
a1, B iy ...,y ), p‘%/ : Siv’ — S%}V the natural morphism and ¥ : S%}V — G a loop, we can
see that for ¥’ := ¢y o pw, the equality H(y) = H(y/') holds. This because the morphism y(B)
is equal to ey;(B) and by property 6 the function 4 restricted to e(G) is constant and equal to 1.

Then the function H is stable under cover refinement, and therefore we can take the inverse limits
on the admissible covers and to obtain the holonomy morphism over the loop groupoid LG:

Proposition 3.2. There is a natural transgression map (holonomy)
71 : C1(G, C*(2)g) — LG, C))

that sends cocycles to cocycles and that descends to cohomology
1 X d log 1 0 X
H (G,(CG — AG,(C) - H (LG,(CLG).

Remark 3.3. Using the definition of the holonomy given by Brylinski [4] in Lemma 6.1.2 and
taking G to be a Leray groupoid naturally associated to a manifold M as in Example 2.2 (i.e. G is
built out of a open contractible cover of M) we see that the previous map matches the holonomy
of a connection in a line bundle around a loop in M.

4. The Line bundle over the loop groupoid

From a gerbe with connection over the groupoid G we are going to construct a line bundle
over the loop groupoid, in a way that is compatible with the transgression map on a manifold.
The main result of this section is:

Theorem 4.1. There is a natural homomorphism
72 : C*(G, C*(3)g) — C'(LG(W), C* @) gy

that sends 2-cocycles to 1-cocycles (i.e. gerbes with connection over G to line bundles with
connection over the loop groupoid LG), commutes with the coboundary operator (i.e. T o (8 +
d) = (8§ — d) o 11) and therefore induces a map in cohomology

dlog dlog

2 x 1 d 2 1 x 1
H (G,(CG — AG,(C_)AG,(C) — H (LG(W),(CLG(W) — ‘ALG(W),(C) .

Proof. Let us first fix the notation. The triple (k, A, B) will be an element of C 2(G, (CX(3)G)
withh : G, - C*, A € I'(Gy, Aé c)and B € (G, .AZG ) The arrow A of the loop groupoid

LG(W) between the objects ¥ and ¢ will be defined as in Theorem 3.1. The arrow v of the tangent
loop groupoid T4LG(W) between the objects & € Ty,LG(W) and { € TyLG(W) (as in definition
2.10) will consistof maps &;, ¢ : I[; = TGy, v : I; > TG, and &, ¢ : {1, ..., an} = TG, such
that:

si(a;) = &i(ay), tE () = &ipr(ai), S(¢()) = &i(a)),
t(¢(a)) = Sivr1(ai), vi(o;) - $oy) = &(oy) - vip1(e)
and when i = n t&(a,) = &1(0), t¢(ay) = ¢1(ap) and vy 4 1(ety) 1= vo(ap). O
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Now we are ready to define t(h, A, B). It will consist of the pair (F, A) e
CH(LG(W), (CX(I)LG(W)) with F : LG(W) — C* amap, and A : TLG(W)y — C a linear func-
tional on the tangent loop space.

Definition 4.2.

_ ) [ e At
H)i=ew (Z/ A )l. h(Aia), $le)

=1

(Ay, ) : Z / ( s,m) dt+2 Aytar)- E(i)

In this way the map 1 is clearly an homomorphism.
The other two statements of the theorem will be proven separately.

Proposition 4.3. 1, sends cocycles to cocycles.

Proof. In other words we need to prove that (§ — d)(h, A, B) = 0 implies (6 + d)(F, A) = 0, i.e.
a gerbe with connection over the groupoid induces a line bundle with connection over the loop

groupoid.
The cocycle condition (8, 5A — dlogh, §B — dA) = 0 implies:
h(a, b)h(a, be) " h(ab, )h(b, )™ =1 for(a, b, c) € Gy (8)
TiA+7fA—m'A =dloghinG, 9)
t'B—s'B=dAinG,. (10)

Let us prove first that §F = 1. This in particular implies that the map F : LG(W) — C* isa
morphism of groupoids.

Let A and £2 be two arrows in the loop groupoid with ¢ —4 ¢ —*? y, we need to calculate
SF(A, 2) = FIADF(Q)F(A - 2)~ L.

Using the property (9) we have that

h(Ai(e;), $2i(0;))
A*A+ QA —(A-Q7A) =
CXP(/I, AT EA A2 ) h(Aieio1), 20(@1))

and by applying property (8) to the triples
(Y(ei), Ait1(e), 2i41(ei)) and  (Ai(ai), Q2i(ai), y(ai)
we get
h(Y(ai), Aip1(ei)) h(@(ei), $2i41(ci)) (h(lﬁ(ai), (A - -Q)i+1(ai))> -
h(Ai(ai), (i) h(82i(ei), y(ei)) h((A - 2)i(ei), y(ai)
_ "(Aii(ai), i1 (@)
h(Ai(ei), $2i(ei))
Multiplying the last two equations and making the product over the i’s it follows that § F (A, §2) =
1.
Now we will prove that (A + dlog F) = 0. Let v € T4LG(W), we want to check

(=(dlog F)4,v) = ((64)4, V)
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/
M
1+|(a )

A(ay) ¢(y \4—1(0')
/\ v(u/

Qa) T,

and we will do so by integrating over a 1-parameter thickening of the path A in he direction of
v. Via the tubular neighborhood diffeomorphism and the fact that v and A are determined by a
finite number of maps over compact sets, we can find a one-parameter family A* € LG(W), with
s € [—e, €] for € sufficiently small, such that A = AQ and dd—/;s = v. We claim that

€ dAA € dAb
/ <—(d10g F)as, >ds=/ <(8A)As, >ds
—€ ds —€ ds

Let us first elaborate on the left hand side (LHS). The steps will be outlined after the set of
equalities.

LHS = — Z (/ (AH*A — (Al.f)*A) (11)
i=1 i

‘ h(P (@), A, () dA®
_/_e <d10 H h(A (), ¢5(e)) ’ds> ds (12)

i=1

--3 </ <AA¢(I)’ dAf> _ <AA_E<I), da; >dt> (13)
— \Jn i dr i dr
n € dvs do*
- (<A¢s<a,->, d‘i(ai)> - <A¢s<a,->, j;(ai>> (14)
i=1"7"¢

dAiy, dA}
+ AA;'H(ai),T(ai) - AAf(ai),K(Oli) ds (15)

Line (11) is obtained after evaluating the integral at the end points —e and €. Line (13) is the
same as line (11) but written in a different way, and lines (14) and (15) are obtained from line
(12) after using property (9) and the fact that

Yie) - A (i) = Af(e) - ¢ ().

For the right hand side we need to make use of Stoke’s theorem.

RHS:/G <A¢r "f> <va dc‘lf”> (16)
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/ Z/ (dqﬁf,dd’f)—B(dwf,dwf) dt | ds (17)
A dr  ds dr * ds
+Z/ <<A¢5(a,~)7 — () > <A1// S(ai)s (al)>> ds (18)
i=17"¢
dA}
—Z/ /dA( )d (19)
+> / <<A¢s<a,->, (a,> <A¢ @ <a,>>> ds (20)
i=17"¢
dAl-_e dAe
5 ([t (pon )
da? dAj,
+Z / <<AA (e (al>> <AAH(%), (a)>> (22)
,l/jY
+Z A¢(a,), (al) - Alﬂ"(a;), ds —(a;) ds (23)

Line (16) is obtained after applying the coboundary operator to A. Expanding via the definition
of A we get lines (17) and (18). From property (10) we get line (19) from (17). And lines (20)
and (21) come from line (19) and Stoke’s theorem (evaluating A at the boundary).

Lines (13), (14) and (15) match lines (21), (23) and (22), respectively. Therefore LHS = RHS
and the pair (F, A) is a l-cocycle. [J

The second part of the theorem states

Proposition 4.4. The map to commutes with the coboundary operator (i.e. 12 0 (§ +d) = (§ —
d) o ‘L'l)

Proof. Let the pair (£ G) be in C'(G, C*(2)g), H :=11(f G), (6 —d)H = (§H, —d log H),
S+ d)(f,G)= (886G +dlog f,dG) and (F, A) := 12(8f, G + d log f, dG). We want to prove
that

(8H, —dlog H) = (F, A).

Replacing in F(A) we get:

- . " SF (), Aigr(ar)
F(A) = AT(G +d1
(= (;/I (oo dloe ] )>1=1 5f (Axan), ¢lan)

~ [ . ; fAi@)) 77 fW@) f(Airi (@)
= G-y G
=P <;/1¢ v > I1 (A ] H F(Ai(a) f(dlar)

- . o\ () .
G — G| ———— =H@H =8H(A
p (E‘: L_d) W ) ) (O H() (4)
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To prove —d log H = A we proceed as in the previous proposition. We claim that

€ d S € d S
/ <—(d10gH),/,s,i> ds:/ <(A),/,s, ;i>ds.

Elaborating on each side in the same way it was done for the previous proposition we have that

LHs = - ( /1 WG w;f)*G) 24)
i=1 i

n € dvs
-y / <(dlog FDvsian- ;’;(ai)> ds (25)
i=1"7"¢
B n € d.(l/s dws
RHS_;/_G/IidG(dt,ds)dtds (26)
€ dws
3 / <(ac +d1og f)ys(a, ds(“i)> ds @7
i=1""¢€

- ; (fwirre-wira) @8)

+Z/ <G1/, ) S(“z)> - <G1/ff(a,-_.)y ddﬁf(“il)> ds (29)

+Z/ <Gx//,+1(a,)» (O‘z)> - <G,,,;(ai), (Z/f(“i)> ds (30)

+§n:/e <(d10g Dy, ddlis(ai)> ds D
prl

where the lines (24)—(27) are obtained after replacing the given information and lines (28) and
(29) come from (26) and Stoke’s theorem. Lines (29) and (30) are equal with opposite signs;
therefore we have that LHS = RHS.

So we have that the following square is commutative:

(6, C*(2)e) — - CO(LG(W), Cigr))
(5+d)l l(&—d)
C2(G,C*(3)6) =L (LG(W), C*(2)Lew))
With the previous two propositions it is clear that 7o descends to a map in cohomology and
Theorem 4.1 follows. [
Taking the limit over the admissible covers we obtain the following statement.
Corollary 4.5. There is a natural homomorphism

0 : C3(G,C*(3)g) — CHLG,C*(2).5)
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that sends 2-cocycles to 1-cocycles (i.e. gerbes with connection over G to line bundles with
connection over the loop groupoid), commutes with the coboundary operator (i.e. T2 o (§ + d) =
(6 — d) o 71) and therefore induces a map in cohomology

> dlog 1 2 1 dlog 1
H (G,CX Ag AQC) —~H <LG,(CX ALG.(C)

4.1. Manifolds

In the case that the groupoid M represents a manifold M via a good open cover {Uy}qer
(by good we mean that the finite intersections Uy, . ¢, := Uy, N --- N Uy, are either empty or
contractible—namely a Leray cover) with

MO - |—| UOl and Ml == |—| Uaﬂ
ael (a,p)el?

we obtain the construction introduced by Gawedzki of a line bundle with connective structure
over LM via a gerbe with connection over M [3, p. 108—113](it can also be found in Brylinski’s
book [4, Proposition 6.5.1]). The information of the cocycle (h, A, B) whose cohomology class

: 2 X dlog g1 d A2 : :

lies on the group H (M, (CM — AM, c™ AM, (C) is equivalent to the data
hapy : Uapy — C*,  Agp € 2°(Ugp) ®C, and By € 2'(U)®C

so that

hapyhogshayshgys =1 inUspys,  Awp+ Apy — Ay = dloghep, inUsp,,
Bg — By =dAgs inUgyg.

Let A : ¢ — ¢ be an arrow in the loop groupoid LM(W). Recall that as M is a manifold the
category M does not have automorphisms besides the identity (i.e. there is only one arrow from
a point to itself) . Define the indices «;, A; € I such that

Yi(l;) C Uy, ¢i(l;) C Uy,

and therefore A(l;) C Uy,y,. Hence, the formula (8) can be written as:

n n
hK'K' 1A 1(A(O(i))
F(A) =ex /A%A” el o Sl BN
p<§ e l];‘[ Piiningsr (Aleti))

with k1 = k1 and A1 = A1. If & € Ty LM s a vector field over ¥ (a tangent vector of the LM),
then the formula (8) can be written as:

(4,6)y = Z / ( am) dt+z Ay (W), EC@).

This assignment matches the ones given by Gawedzki [3, p. 111]and Brylinski [4, p. 250]. As
LM, the loop space of M, and the loop groupoid LM are Morita equivalent (see [11, Proposition
5.1.3]) we can deduce Brylinski’s result:
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Proposition 4.6 ([4, Proposition 6.5.1]). The assignment (h, A, B) — (F, A) induces a group
homomorphisms

2 x dlog g d o 1 x dlog
H (M, Cy =~ Ayc—>Ayc ) > H (LM, CLy — Aryc
and is equal to the opposite of the transgression map from sheaves of groupoids with connective
structure and curving over M to line bundles with connection over LM.

4.2. Global quotients

For the purpose of illustration let us consider an orbifold of the form [M/G] obtained from a
manifold in which G acts as a finite subgroup of Diff(M). Moreover let us assume that the gerbe
(h, A, B) that we consider can be represented on the groupoid X with morphisms X; = M x G
and objects X, = M, where the arrow (m, g) takes the object m to the object mg. Namely:

e Be 2>(M)®C
e Ae2'MxG)Q®C
e h: X, =MxGxG— C*,

and writing Ag := Alpxie) and hg k1= h|px{g)x ik} fOr g, k € G ,we have
g*B—B=dAg, Ag+Ak+A(gk)*l =d10ghg’h.

Let A = (¢, g, k) be an arrow of the loop groupoid LX (as explained in Example 2.6) from (¢, g)
to (¢ - k, k1 gk) where ¢ : [0, 1] — M and ¢(0)g = ¢(1). Then the formula (8) can be written in
this case as:

! h 0
F(A) = exp / o iy | ek @O
0 g1 g ($(0))
Andifé&isavectorfieldalong ¢ (i.e. & € I'([0, 1], ¢*TM)) with £(0)g = &(1) then the functional
of equation (8) can be expressed as:

1 d
(A, 8) = /0 B (dq:,s(z)) dt + (A4(B(0)), £0))

4.3. Discrete torsion

When considering conformal field theories on an orbifold [M/G] it is well-known that for
any non-trivial cocycle € : G x G — C* and [o] € H*(G, C*), a new model can be defined by
weighting the twisted sectors of the orbifold with a non-trivial phase, the so-called discrete torsion
(see [24]). As argued in [13] this can be seen as a choice of flat B-field over the target stack [M/ G].

Let X be a groupoid associated to [M/G], and as in the previous section take X, := M and
X, := M x G with the natural source and target maps. Let G := * x G = * be the natural
groupoid representative of G. The morphism X — G induces a monomorphism H*(G, C*) —
H2(X, C* (3)y) that allows to define a flat gerbe as follows

h:Xy=MxGxG— C*, (x, g1, &2) —> (g1, g2), A=B=0.
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As the flat gerbe only depends on the group G and not on the geometry of M, we need not to work
with an open cover of the orbifold X. We know [11, Proposition 6.1.1]that the loop groupoid is
Morita equivalent to the groupoid

(|_|g Pg) x G
LX = 1

(L)
where P, :={¢ : [0, 1] — M|¢(0)g = ¢(1)} and G acts on the paths in the natural way, i.e.

(@ - k}1) = ¢k with { - k}O)k~" gk = {¢ - k}(1).
For an arrow A = (¢, g, k) in LX between the paths (¢, g) and (¢ - k, k~ ! gk) with x = ¢(0),
the morphism of groupoids F becomes:

: x h((x, ), (xg. k) (g, k)
P00 @ bey (Cx, k)(xk, k=1gk)) — ek, k1 gk)

and the connection A is equal to zero.

In this way we obtain a flat line bundle over the loop groupoid LX that once restricted to the
inertia groupoid produces the discrete torsion. This localization procedure is explained in the next
section.

5. Localization at the fixed points

In [11] we argued that the inertia groupoid can be understood as the fixed point set of the action
of the real numbers over the loops (the action shifts the paths by a real number). This groupoid
has for objects the constant paths i.e. maps ¢ : R — G with ¥(t) = x € G for all ¢, and for
morphisms constant arrows A : R — G,. This description is equivalent to the one given in the
Definition 2.5.

As we need to remember the source and the target of the morphisms, the elements of (AG);
will be pairs (v, @) € G, such thatv € AG, s(v, @) = vand #(v, &) = o~ 'va. The structure maps
of AG will be written with the letters s, ¢, e, i, m to differentiate them from the ones of G.

Hence we have an inclusion of groupoids j : AG — LG and so we can pull back the line bundle
(F, A) previously described to obtain a line bundle with connection over the inertia groupoid.

Lemma 5.1. The line bundle (f. ) := j*(F, A) = (F, A)| ,g over the inertia groupoid NG is
flat.

Proof. As the paths representing AG are constant, is easy to see that

f=F|g and “):A|AG0:A|AGO~
From Eq. (10) we see that ddw = 0 because the maps S and tin AGy, are equal. Then the connection
w over AG is flat. [

These line bundles are the representatives on what Ruan has coined “inner local systems” (see
[1]) which he uses to twist the Chen-Ruan cohomology of orbifolds. In fact, all the constructions
he has of “inner local systems” could be done using the procedure outlined in this paper. We
believe the only relevant local systems are the ones obtained via transgression from a gerbe with
connection.



1556 E. Lupercio, B. Uribe / Journal of Geometry and Physics 56 (2006) 1534—1560

Definition 5.2. In our terminology an “inner local system” is a flat line bundle £ over the inertia
groupoid AG such that:

e [ is trivial once restricted to e(Gy) C AG; (i.e. Llgg, =1 and

o i*L =L""wherei: AG — AG is the inverse map (i.e. (i(v, @) = (@~ va, &~ 1))).

There is an extra condition in Ruan’s definition that is trivially fulfilled by L. It just says that if
f : AG — C* is the map that contains the information on transition functions, then f (o) f(a2) =
f(a1ap) for composable morphisms; this is true because fis a morphism of groupoids.

Proposition 5.3. The line bundle (f, w) over AG is an inner local system for G.

Proof. As the paths of AG are constant, from the Eq. (8) we see that

h(v, @)
h(a, o~ Lva)

fv, @) = for (v, @) € AG;.
Ifv = e(x) and @ goes from x to y then f(e(x), o) = f(e(x), e(x))and f(a, e(y)) = f(e(y), e(y));
this follows from the cocycle condition of fapplied to the triples (e(x), e(x), @) and («, €(y), e(y)).

Hence f(v, @) = %, which means that the value of the gluing functions do not depend

on the arrow but on its end points. This implies that the restriction of £ to €(Gy) is trivial.
Now as fis a morphism of groupoids, then f(A)~' = f(iA) and hence the second condition
holds. O

5.1. Global quotients

Recall that for the orbifold X := [M/G] the inertia groupoid AX is Morita equivalent to
Lg)[M8/C(g)] where M$ are the fixed point set of g, C(g) is the centralizer of g in G and
the disjoint union runs over (g) the conjugacy classes of elements in G.

If we forget the connective structure, the construction outlined in this paper assigns to every
gerbe over X a line bundle over AX. Via this transgression we get C(g) equivariant line bundles
Lg over MS.

HX(M,Z) = H3 (X, Z) — H*(AX,Z) = @ HE (M5, Z)
(&)

These line bundles form an inner local system in the sense of Ruan, but also they are the coefficients
Freed—Hopkins—Teleman [2] used to twist the cohomology of the twisted sectors in order to get
a Chern character isomorphism with the twisted K-theory of the orbifold.

In the case of a gerbe coming from discrete torsion we obtain U(1) representations of the groups
C(g). These representations were used by Adem and Ruan [25] to twist the orbifold cohomology
and in this way they obtained an isomorphism with the twisted orbifold K-theory [18].

6. Generalized holonomy

In this last section we want to emphasize that the holonomy map for gerbes over a groupoid
can be generalized to n-gerbes.
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Theorem 6.1. There is a natural homomorphism
7, : (G, C*(n + 1g) — C" (LG, C*(n) o)
that sends n-cocycles to (n — 1)-cocycles (i.e. (n — 1) gerbes with connection over G to (n — 2)

gerbes with connection over the loop groupoid), commutes with the coboundary operator (i.e.
08+ =D"d) =G+ (=1D)"d)o1,_1)and therefore induces a map in cohomology

H" (G, C*(n + 1)g) - H" (LG, C*(n),g)-

Proof. Letus define first the map 7,,. Take (w, 6!, ..., 0") € C"(G, C*(n + Dg) withw : G, —
j J
C*and0’/ € I'(G,_;, ‘AG,(C) and let
(F,AY, ..., A" Y= 1,(w,6',...,0")
with F: LG,_; — C* and A/ € rLeG, _; A LG (C) defined in the following way.
For A = (A", ..., A" Y aset of n — 1 composable morphisms in LG,,_; joining the objects
wo, ol 1/f”_1 with A; 1 [; = [aji—1, ;] > G,,_; forO0 =09 < a1 < --- < &) = 1, we define
P p n—1
F(A) :=exp (Z/(Ai)*91> X H H
i=1 71 i=1 j=0

x (@(AN @), ..., Ale), W (@), AL @), AT @)D"

Now let E? = (E“ Ao Ben1=ky a e (1,...,k} be vector fields over A = (Al,...,
ARy e LG, with B9 1 I; — (TG),—_1_x, joining the objects &40, ... £4"=k=1 of the
tangent loop group01d, ie. &% f is a vector field over v/ and 2%/ is an arrow between g4J=1 and
£%J as well as a vector field over A/.

Form € {0, ...,n — 1 — k} we construct the following set of arrows in (TG),,—x:
OnE ) = (B @), B ), €@, B @, BT R @)
Define,
p .
(A% (BL, ..., Bk Z/e"“( LEN),. ..,E?(z)) dr
i=1
p n—1-—k
+ 30> e, @ E @), - O EN )
i=1 m=0

In what follows we will only show that the map t,, sends cocycles to cocycles. The other part of
the proof can be done following the steps of Theorem 4.1. Let us suppose that 86K+ = (—1)" dgk
and we want to prove that AL = (—1)"— ldAk

Both §AF! and dA* are in C(LG, | ;. A"

vector fields over A.
The proof of

(oK1, (8. &%) = (-1t (aak, (21, =R

LG, <C) so we need to take E* ac {1,...k+1}
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will be done by thickening A in the directions of the E? and then integrating over this tubular
neighborhood. B

Thenlet A(S) € LG, ,_; withs := (s, ..., sxs1) be such that A(0) = A and dgsffn;:o — Ea,
We argue that

/ sAKH] dA(s) dA() &
[—€,elk+! ’ dSl B dSk.;,_l

= (=1 / <dAk, (dA(S), dA(S)>> . (32)
Ji—e.efkt! ds; dsk+1

We just need one last piece of information, the face maps associated to the coboundary opera-
tor 8. They are ¢;:G,_;, — G,_;_; with 0/(g1,-.., 8n—k) = (81, -+, 8IGI+1+ - -+ n—k)

00815 -+ 8n—k) = (82, -+ 8n—k)>»  On—k(81s---&—k) = (81,---, gn—k—-1) and  py:
LG,_x_; = LG, _,_, defined in the same way.
It is easy to see that

( dA(5) > ( dA(E))
o | Om———(at;) | =Um1 | 21 (o;) forl < m,
ds, ds,

dA(Gs dAGs
Om—1 <19m d (S)(ai)> = Om-1 (ﬁm—l(s)(ai)> ,
Sq dsg

o1 (ﬂmdA(s)(o(i)> =%, (pl_ldA(s)> (o) forl>m+1
ds ds

a a

and note that the only elements not paired are
dA(s) dA(s)
0o ( Yo (i) | and  Qn—k | On—k-1 (i) )
ds, ds,

these will play an important role in what follows.
Writing A := A(s) we have that the left hand side of (32) becomes:

p
dA; dA; dA;
LHS(32) =/ (—=1y d@"“( ) dr
[—e,elk+! lgl: I; dr’ dSl dSk+1
n—k—2n—k—1
+ Z Z (_1)m+1+n
i=1 m=0 [=0

dA; ' 9 dA; &
1Y dsl)(at)’--w m( dk+ >(a1)> N

after replacing 86X*2 by (—1)* d9**!, and composing by the maps p; from the definition of §.
And the right hand side becomes:

sj=€

dA; dA; dA; dA; )

k+1
RHS(32) = ) (—1)/t" / / g+l ey —
Z Z .t T dsy ds; dsi+1

p —
% dtd"_’_/ -1 m-+1+3n—1
) Z > Y =
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x { g1, % % i da ; K
01 m (al) y oo 01 ﬁm (051) dS
dsi dsg+1

after evaluating in the boundary of [—¢, €]¥*! for the first summand, and after replacing do* by
(—1)"80*+! and evaluating it via the maps g; in the second summand.

Applying Stokes theorem to the first summand of LHS we see that it matches the first summand
of RHS except by the term

P
dA; dA;
(_1)}’15 / 6k+1< l’...’ l)
0 [—€,e]k+! dS1 dSk_H

I=a;
.

ds.

=0

The second summand of RHS matches the second summand of LHS except by the terms

p

_ dA dA -

(—1ymHnmty - / o (Om—(@) ) .o (O ) ) d§
=0 [—€,e]k+! dS] dSk+]

when ! =0, m=0and ! =n—k, m =n — k — 1. It is not difficult to see now that these last
two formulas match. Hence proving that if the tuple (w, 0, ..., ") is a cocycle it implies that
(F, A', ..., A" 1Yisalso acocycle. [

Then we can conclude with the following statement:
Theorem 6.2. There is a natural cochain map t of degree -1 (the transgression map)
7: CXG, C*(n + Dg) - C* (LG, C*(n) )
that for * = n sends gerbes to gerbes, and induces a map in Deligne cohomology
H* (G, C* (0 + g ) — B! (LG, C*(n)yg) -
Note that for % # n we get the topological transgression map (see Proposition 2.17), i.e.

H*G,Z) —» H*YLG,Z) for *x>n, H*G,R/Z)— H* (LG, C*) for * <n
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