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c(P Q) =c(P) +c(Q).

As elements of a category we know what it means for p-gerbes P
and Q to be isomorphic and in such a case we require that

c(P) = c(Q). The converse is often not true and there is usually
some other notion of equivalence which corresponds precisely to
c(P) =c(Q). We say P is trivial if c(P) = 0.
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Finally we would like some notion of a connection. A connective
structure on a p-gerbe P is additional structure which allows the
definition of the p + 2 curvature which is a closed, di Cerkential

p + 2 form w on M satisfying

-
reP)= 55w CHP*?(M,R)

where r: H5W,2) - H5@, R). A connective structure should
also allow us to define holonomy which associates to any closed
p + 1 dimensional, oriented, submanifold X an element
hol(X) CUX1). If X =0Y (Y oriented) then
1
hol(X) = exp y w

Note that we could get all the above by associating to P an
appropriate Deligne class or di [erkential character.
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Example

p=0

The motivating example for this theory is U (1) bundles or
hermitian line bundles.

@ Pullback is pullback.
Product and dual are tensor product and dual.
The characteristic class is the first Chern class.

The connective structure is a connection.

°
°
@ Equivalence is isomorphism and triviality is triviality.
°
°

The curvature and holonomy are curvature and holonomy.
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p=-1
Consider functions @: M - U(1). We say ¢¢ [ M1

The pullback is pullback of functions £ ~(¢p) = ¢ - F.

The dual is @ ") = @(m) .

The product of @ and X is (¢ [5J(m) = @(m)x(m).

The characteristic class is the pullback by ¢ of the generator
of HI(U(1),2) = Z.

@ and x are isomorphic if they are equal.

@ and x are equivalent if and only if they are homotopic.
The connective structure is included in .

The curvature is ¢~ 'deg.

Holonomy on a 0 dimensional submanifold {mg,...,m} is
the product @(mg) ... (My).
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@ Find a definition of p = —2 gerbe.

@ Show that Z bundles over M are p = —1 gerbes without
connective structure. Find a notion of connective structure.

Final remark. For U (1) bundles there is a di Cerence between being
trivial and having a trivialisation. A trivialisation is a section of the
bundle. Any two trivialisations di Lerlby a function M - U(1). This
is a general feature: we expect trivialisations of a p gerbe to di Lerl
by a p — 1 gerbe.
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we need some notation. Let Y [P] be the p-fold fibre product of Y
with itself. That is

Y[p] :{(yl’.__’yp) | TT(Y1) = ... :T[(yp)} CYP.

We have maps mt;: YIPI o YIP=1l fori=1,...,p, defined by
omitting the i-th element.

Use the fact that 1T is a surjective submersion to show that
Y IPl [YP is a submanifold.

We will be interested in two particular examples.
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Example
Let U = {Uq | a I} be an open cover of M and let

Yu ={(x,a) | x LUk} CMxI

be the disjoint union of the elements of the cover. Define

T: Yy - M by T (x, o) = x. The fibre product Y™ can be

identified with the disjoint union of all the p-fold intersections of
elements in Yy. The maps 1; are inclusion maps Uq N Ug - Ug etc.

Example

Let t: P -~ M be a principal G bundle for a Lie group G. In this
case P[Pl = P x GP~!, In particular P[?21 = P x G. Later we will need
the fact that there is a map g: P[?1 . G defined by

P19(P1, P2) = Pa2.
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Let QI(Y [Py be the space of di [erkntial q forms on Y[P1, Define

| —
5: icylPTiy L oicylPly by 5= (—D)P I,
1

These maps form the fundamental complex

—
0-QIM)™S Qd(y) S iyl 2 QacyBlhy 2 .

The fundamental complex is exact for all g = 0.

Note that if Y = Yy then this Proposition is a well-known result
about the Cech de Rham double complex. See, for example Bott
and Tu Di Cerkential Forms in Algebraic Topology.



Background

We also need some facts about U (1) bundles. These are well
known for hermitian line bundles.



Background

We also need some facts about U (1) bundles. These are well
known for hermitian line bundles. If R — X is a U(1) bundle we
can define a new U (1) bundle R X by letting RE2 R as
manifolds but giving it the inverse action



Background

We also need some facts about U (1) bundles. These are well
known for hermitian line bundles. If R — X is a U(1) bundle we
can define a new U (1) bundle R X by letting RE2 R as
manifolds but giving it the inverse action so if r [CRI-dnd

z [UX1) and [Cdénotes the new action on R “we have

r (ZkErz %



Background

We also need some facts about U (1) bundles. These are well
known for hermitian line bundles. If R — X is a U(1) bundle we
can define a new U (1) bundle R X by letting RE2 R as
manifolds but giving it the inverse action so if r [CRI-dnd

z [UX1) and [Cdénotes the new action on R “we have

r CZErz ! For be a right action depends critically on the
fact that U (1) is abelian



Background

We also need some facts about U (1) bundles. These are well
known for hermitian line bundles. If R — X is a U(1) bundle we
can define a new U (1) bundle R X by letting RE2 R as
manifolds but giving it the inverse action so if r [CRI-dnd

z [UX1) and [Cdénotes the new action on R “we have

r CZErz ! For be a right action depends critically on the
fact that U (1) is abelian so that

r@w)=r(zw) '=rw izl =rz'wl =(r [=2) Cwm



Background

We also need some facts about U (1) bundles. These are well
known for hermitian line bundles. If R — X is a U(1) bundle we
can define a new U (1) bundle R X by letting RE2 R as
manifolds but giving it the inverse action so if r [CRI-dnd

z [UX1) and [Cdénotes the new action on R “we have

r CZErz ! For be a right action depends critically on the
fact that U (1) is abelian so that

r@w)=r(zw) '=rw izl =rz'wl =(r [=2) Cwm

Consider Q and R both U (1) bundles over X. Define an
equivalence relation on Q x R by (q,r) C{@w, rw™1!) for any
w [UL1) and let [q, r] denote the equivalence class of (q,r).



Background

We also need some facts about U (1) bundles. These are well
known for hermitian line bundles. If R — X is a U(1) bundle we
can define a new U (1) bundle R X by letting RE2 R as
manifolds but giving it the inverse action so if r [CRI-dnd

z [UX1) and [Cdénotes the new action on R “we have

r CZErz ! For be a right action depends critically on the
fact that U (1) is abelian so that

r@w)=r(zw) '=rw izl =rz'wl =(r [=2) Cwm

Consider Q and R both U (1) bundles over X. Define an
equivalence relation on Q x R by (q,r) C{@w, rw™1!) for any

w [UL1) and let [q, r] denote the equivalence class of (q,r).
Denote by Q [Rlthe space of equivalence classes and let U (1) act
on it on the right by [q, rJw = [q, rw].



Background

We also need some facts about U (1) bundles. These are well
known for hermitian line bundles. If R — X is a U(1) bundle we
can define a new U (1) bundle R X by letting RE2 R as
manifolds but giving it the inverse action so if r [CRI-dnd

z [UX1) and [Cdénotes the new action on R “we have

r CZErz ! For be a right action depends critically on the
fact that U (1) is abelian so that

r@w)=r(zw) '=rw izl =rz'wl =(r [=2) Cwm

Consider Q and R both U (1) bundles over X. Define an
equivalence relation on Q x R by (q,r) C{@w, rw™1!) for any

w [UL1) and let [q, r] denote the equivalence class of (q,r).
Denote by Q [Rlthe space of equivalence classes and let U (1) act
on it on the right by [q, rJw = [q, rw]. Again this requires U (1)
to be abelian.



Background

We also need some facts about U (1) bundles. These are well
known for hermitian line bundles. If R — X is a U(1) bundle we
can define a new U (1) bundle R X by letting RE2 R as
manifolds but giving it the inverse action so if r [CRI-dnd

z [UX1) and [Cdénotes the new action on R “we have

r CZErz ! For be a right action depends critically on the
fact that U (1) is abelian so that

r@w)=r(zw) '=rw izl =rz'wl =(r [=2) Cwm

Consider Q and R both U (1) bundles over X. Define an
equivalence relation on Q x R by (q,r) C{@w, rw™1!) for any

w [UL1) and let [q, r] denote the equivalence class of (q,r).
Denote by Q [Rlthe space of equivalence classes and let U (1) act
on it on the right by [q, rJw = [q, rw]. Again this requires U (1)
to be abelian.

If you want to do these constructions with non-abelian bundles
you need the group to act on both the left and right so that Q and
R are bibundles.
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If P is a U(1) bundle show that P [CP1-i$ canonically trivial.

Finally some notation:
If g: YIP~1 |, U(1) we define 8(g): YIPI L UQD)

3(@)=(g-m)(geT) ' (geoTts) - - - .

If P - YIP~1lis a U(1) bundle we define a U(1) bundle
3(P) - YIPl py

5(P) = miy<P) (@, (P)) tmP) - .

Show that 3(3(g)) = 1 and &(3(P)) is canonically trivial.
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(M. J Lon. Math. Soc. (2) 54 (1996))

A bundle gerbe over M is a pair (P,Y) where Y - M is a surjective
submersion and P - Y21 is a U(1) bundle satisfying:

@ There is a bundle gerbe multiplication which is a smooth
isomorphism

mM: P,y LR, ys) ~ Piyiys)

for all (y1,y2,¥y3) CYF3. Here Py, y,) denotes the fibre of P
over (Y1,¥32).

@ This multiplication is associative, that is the following diagram
commutes for all (y1,¥Y2,Y3,Ys) CYFI:

Piviys) EPdys) LPdsyy - Poyiys) LBy
1 l

Piviys) LRy - Piyiya)
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Note that to be technically correct we should say what smooth
means. We can do that by formulating the multiplication as a map
of bundles over Y3l in the form

m: 1ty () Ll (P) - 1, (P)

but the definition above gives a better idea of what is happening.

We can show using the gerbe multiplication that there are natural
isomorphisms Py, v,y [PL\ ) and Pryyy CYF =< U(D).

Over every point m of M we have a groupoid. The objects are the
elements of the fibre Y, and the morphisms between y; and y- in
Ym are Py, y,). Composition comes from the bundle gerbe
multiplication. If we call a groupoid a U (1) groupoid if it is
transitive and the group morphisms of a point is isomorphic to

U (1), then the algebraic conditions on the bundle gerbe are
captured by saying it is a bundle of U (1) groupoids.

We have to now demonstrate the properties in the first section of
the talk.
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If £: N - M then we can pullback Y - M to f~(¥) -~ N with a

map F: F°¢Y) - Y covering . There is an induced map
R f o)) L v et

FI@,Y) = FPE), £5¢)).
All this is doing is pulling back the U (1) groupoid at f(n)
and placing it at n

If (P,Y) is a bundle gerbe then (P,Y)™2 (P 5¥) is also a bundle
gerbe called the dual of (P,Y).

If (P,Y) and (Q, X) are bundle gerbes we can form the fibre
product Y xp; X - M, a new surjective submersion and then
define a U (1) bundle

P LQI- (Y xy X)) =Y PI x, x[2]

by
(P CQ)((y1 1) (y2x2)) = Pyryz) EQlxy xs)-
We define (P,Y) [(Q,X) = (P QY xpu X).
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Construct the bundle gerbe multiplication for the dual and
product and verify they are bundle gerbes.

The characteristic class of a bundle gerbe is called the
Dixmier-Douady class. We construct it as follows. Choose a good
cover U of M with sections sq: Ug - Y. Then

(Sa»Sp): U n Up — Y
is a section. Choose a lifting of these to P. That is some
Oop: UanlUpg - P
such that ogp(X) [P, (x).ss(x))- Over triple overlaps we can have

M (O (X), Oy (X)) = apy (X)Tay (X) I:ﬂsa(x),sy(x))

for gapy : Ua N Ug n Uy — U(1). This defines a cocycle which is the
Dixmier-Douady class

DD((P,Y)) = [dapy] CHF(M,U(1)) = H*(M, 2).
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Show that
@ DD is natural with respect to pull-back

e DD((P,Y)5E= —-DD((P,Y))
@ DD((P,Y) (@, X)) =DD((P,Y)) + DD((Q, X)).

Next we want a connective structure. P - Y21 is a U(1) bundle so
we can pick a connection A. Call it a bundle gerbe connection if it
respects the bundle gerbe multiplication. It follows that the
curvature Fo QP (Y [?) satisfies 8(Fa) = 0. From the exactness of
the fundamental complex there must be an ¥ COP(Y) such that
Fa = O(F). As d commutes with d we have 3(df) = dd(F) = dFa
= 0. Hence df = 1t (&) for some w0 CQF(M). So 1t (dw) =
dmt “(o) = ddf = 0 and w is closed. In fact

I:I1 1

—w =r(DD((P,Y))) [H’(M,R).

21T
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We call ¥ a curving for A, the pair (A, ) a connective structure for
(P,Y) and w is called the three-curvature of the connective
structure (A, T).

The curving T is the B-field in string theory applications.

Why do bundle gerbe connections exist ? Pick any A and consider
3(A). This is a connection on 8(P) - Y3, The bundle gerbe
multiplication defines a section s of 8(P) and d(A)(s) =

a [ar (Y By, Moreover 3(a) = 0. Hence a = &(a) for some

a [Of (Y1) and 3(A—a) = 0. This means that A — a is a bundle
gerbe connection.

Replace U (1) in the definition of bundle gerbe by Z. Show that the
result is a theory of p = 0 gerbes. Relate it to U (1) bundles.
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Let U be acoverof Mand Y =Yy. ThenP - YlBQ] is a choice of a
U (1) bundle Pog ~ Ug n Ug for each double overlap and we
recover the definition of a gerb due to Hitchin and Chatterjee. (See
Chatterjee’s thesis: http://www.maths.ox.ac.uk/"hitchin/
hitchinstudents/chatterjee.pdf).
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If we choose a good cover and local sections of sq: Uy - Y then
the pullback bundles (sq,sg) P) - Uq n Ug also define a
Hitchin-Chatterjee gerb. This is the local form of a bundle gerbe.

Notice that for a U (1) bundle (0-gerbe) the local data on double
overlaps is a function (—1-gerbe) and for a bundle gerbe (1-gerbe)
the local data on double overlaps is a U (1) bundle (0-gerbe). You
can extend this idea and consider bundle 2-gerbes whose local
data is bundle gerbes on double overlaps (see Stevenson’s thesis
math.DG/0004117).
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To find further examples of bundle gerbes we look for natural
occurrences of three dimensional cohomology. One such place is
on a compact, simple Lie group.

Example
(Mickelsson hep-th/0308235). Let M = SU(n). Define

Y = {(X,2) | det(X —z1) # 0} CSU(N) x U(L)

with the projection Y - SU(n). An element of Y2l is a triple
(X,w, z) where w and z are not eigenvalues of X. Let W(x w,z) be
the direct sum of all the eigenspaces of X for eigenvalues between
w and z (in an anti-clockwise direction) and let P(x w,z) be the

U (1) frame bundle of det(Wx,w,z))- If w, z and u are in
anti-clockwise order around U (1) then

W(X,w,u) = W(X,W,z) Imb(,z,u)

so that
det(Wx,w,u)) = det(Wex w,z)) Cdat(Wix,z,uy)

giving a bundle gerbe multiplication.
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Rev.Math.Phys. 14, (2002) 1281-1334.
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For the general compact, simple Lie group see Meinrenken

math .DG/0209194. This bundle gerbe can be given a connective
structure for which the holonomy over a three-dimensional
submanifold is the Wess-Zumino-Witten term. See Gawedzki,
Rev.Math.Phys. 14, (2002) 1281-1334.

Example

The Faddeev-Mickelsson bundle gerbe.

This is a bundle gerbe on the space of connections modulo gauge
transformations for a bundle on an odd-dimensional manifold.
The construction is similar to the group case but with the group
elements replaced by Dirac operators coupled to connections. The
Dixmier-Douady class is the Faddeev-Mickelsson anomaly. See
Carey & M. Lett. Math. Phys. 37, 29-36, (1996).
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Another place we can find three cohomology is in bundle lifting
problems. Let A
0-U(1)-G-G-0

be a central extension of Lie groups and let P -~ M be a G bundle.
Then we can ask if there is a G bundle P with a bundle morphism
P - P. We call this a lift of P. The obstruction to the existence of
a lift is easy to compute. Let U be a good cover of M and

Jdop: Ua N Ug -~ G be transition functions for P. Lift these to

Japg: Ua N Up - G and consider on triple overlaps
Lady = Opydaydap CU(1) LG

This is a Cech cocycle defining a class in H?(M,U(1)) =H*(M, 2)
which vanishes exactly when P has a lift to G.
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multiplication inherited from the group multiplication in G. This
bundle gerbe (g '?(’3), P) is called the lifting bundle gerbe of P.

We will see later that all bundle gerbes are equivalent to a lifting
bundle gerbe.

Example

If K is a compact simple Lie group and Q(K) is the group of based
loops in K there is a well known central extension Q(K) called the
Kac-Moody group. In this case the obstruction to lifting an QK
bundle was called the string class by Killingback in Nucl. Phys.
288, 578-588 (1987). In M & Stevenson Commun. Math. Phys.
243, 541-555, (2003) bundle gerbe connections were used to
obtain a de Rham representative for the string class.
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Example

Let PK be the space of all based paths in K a compact, simple Lie
group. Let PK - K be the map which evaluates the path at its end.
This is the path-fibration which is an QK bundle over K. The
lifting bundle gerbe for this gives another realisation of the bundle
gerbe over a compact, simple Lie group.

Check all the details in the examples above.

Finally we need the notion of bundle gerbe isomorphism. This is
the obvious thing. If (P,Y) and (Q, X) are bundle gerbes over M
we say they are isomorphic if there is a di[edmorphism Y - X
commuting with the projection. This gives rise to a

di Ledmorphism Y [21 _, XI21 which is covered by a U (1) bundle
isomorphism P - Q preserving the bundle gerbe multiplication.
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bundle and 3(R) - Y defined by 3(R)(y, y,) = Ry, (R}~ Then

O(R)(y.y2) EOIR)(yz,ys5) =Ry, ERE'ER% E@/g:l
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=3(R)(y1.ys)

so d(R) has a bundle gerbe product which is associative.

We call a bundle gerbe (P, Y) trivial if there is a U (1) bundle
R - Y with P [&(R).

A bundle gerbe is trivial if and only if its Dixmier-Douady class
vanishes.
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and isomorphism d(R) [P1 Assume we have two trivialisations of
(P,Y)sayR -~ Y and S - Y. Consider R (S Y. We have

Ry, E@zzlt%l)h) LSy, I:SE
Ry, 5§, TRy, L[S},

Moreover if we have another point y3 the diagram

Ry, LS}~ ~ Ry, L5}~

L1 !

Ry, S}~

commutes. This is known as descent data for the U (1) bundle

R [Stdnd means there is a U (1) bundle V — M such that

R CSHHT~V). The converse is easy to see, if V = M is a U(1)
bundle and R - Y a trivialisation of (P,Y) then R CTO™(V) is a
trivialisation of (P,Y).

so that

We conclude that any two trivialisations of a bundle gerbe di [erlby
a U(1) bundle.
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if (P,Y) (@, X) 5 trivial.

(P,Y) (D, X) L8 trivial if and only if
0=DD((P,Y) (@, X) 5= DD((P,Y)) — DD((Q, X)). O

We say that (P,Y) and (Q, X) are stably isomorphic if

(P,Y) (@, X) is trivial. A choice of a trivialisation is called a
stable isomorphism. It can be shown that stable isomorphisms
can be composed and that bundle gerbes, with stable
isomorphisms form a two-category. (See Stevenson’s thesis
math.DG/0004117). Stable isomorphism is the correct notion of
equivalence for bundle gerbes. The name comes from the fact that
(P,Y) and (Q, X) are stably isomorphic if and only if there are
trivial gerbes (T1,Z1) and (T2, Z2) such that

(P,Y) (W, Z;) (@, X) [, Z5).
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from an open cover and sections of Y. Let (P,Y) be a bundle
gerbe and X - M a surjective submersion. Assume there is a map
of surjective submersions ¢@: X - Y covering the projections to X.
Then there is an induced map @[21: X211 _ Y [21 and we can pull
back P to make a new bundle gerbe (o2 (B), X).

Show that (@2 "(P), X) is stably isomorphic to (P,Y). You can
find an explicit trivialisation.

If U is alocal cover and sq: Ug - Y local sections we can define
S: Yu - Y by s(X,a) =sq(X). The local U (1) bundles

Pap: Ua N Up arise by pulling back P with s[21. Hence the gerb you
get by this process is stably isomorphic to the original bundle
gerbe.
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The final property we wanted a 1-gerbe to have is that its
connective structure should give rise to holonomy over surfaces.
Let (P,Y) be a bundle gerbe with connective structure (A, ) over
M and let = [CMl be a surface. By pulling back to ~ we may as well
assume X = M. Because H?(Z, Z) = 0 we know that there is a
trivialisation R - Y. Using the fundamental complex we can show
that R admits a connection a with 8(a) = A under the
isomorphism d(R) = P. If F4 is the curvature of a we must have
3(Fo) = Fa = 3(F). Hence 3(f —Fy) = 0so F — Fq = 1t “(}1) for

p COF(Z). We define the holonomy ofééjf)lgl/er > by

hol(Z, (A, F) =exp 1)

Check that the definition of holonomy is independent of all
choices.
Show that if ~ = 0Y and w is the three-curvature then

1 1

hol(Z, (A, F)) =exp w
Y
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In Invent. Math. 127 (1997) 155-207. Gajer constructed a theory
of p-gerbes which used the following useful result. There is a
construction of classifying spaces due to Milgram with the
property that if A is an abelian group so also is BA. Unfortunately
it is not a Lie group but a di Cerkential space. So U(1), BU(1),

B2U (1) etc are all abelian groups. It is easy to show using the
homotopy exact sequence of a fibration that BPU (1) is a

K(Z,p + 1). Moreover BPU (1) bundles over M are classified by
homotopy classes of maps from M to B(BPU (1)) = BP*tU(1)
[CKIZ, p + 2) and hence isomorphism classes of BPU (1) bundles
are in bijective correspondence with HP*2(M, Z). So BPU (1)
bundles over M are good candidates for p-gerbes.

We will use Gajer’s results to obtain a classifying theory for bundle
gerbes.
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such that ¥ 4] = DD((P,Y)) where u is the generator of
H3(B2U(1),Z). We have EBU(1) -~ BBU (1) which is a BU(1)
bundle. We also have a central extension

0 - U(l) -~ EU() - BU(L) - 0

and hence a lifting bundle gerbe on B2U (1). This lifting bundle
gerbe has Dixmier-Douady class u so its pullback under ¥ has
Dixmier-Douady class f “({1) and hence is stably isomorphic to
P.Y).

Note that the pullback of a lifting bundle gerbe is the lifting
bundle gerbe of the pullback bundle. Hence every bundle gerbe is
stably isomorphic to a lifting bundle gerbe.
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Constraints on possible surjective submersions Y - M. Gotay et al
in Comment. Math. Helv. 58, 617-621, (1983) shows that if

Y - M is a fibration with finite dimensional fibres F and F and M
are 1-connected then if p is a closed two form in the fibre direction
there is a closed two-form [i on Y whose restriction to each fibre
agrees with p.

This has an interesting consequence for bundle gerbes. Consider
a bundle gerbe (Y,M) where Y is a fibration with finite
dimensional fibres F and F and M are 1-connected. Choose a
connective structure (A, ). Let i be the restriction of F to the
fibres and consider ¥ — [ which is a vertical form. We also have
d(f — [1) = df = 1t ) is also a vertical form so f — [i = 1t “(p)
for some p CQOF(M). But then 1t H(¢o) = df = 1t “(dp) so that

w = dp. We conclude that DD((P,Y)) is torsion.

This explains why the examples all have either infinite
dimensional or disconnected fibres.
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So what about gerbes as in Brylinski’s book Loop spaces,
Characteristic Classes and Geometric Quantization? We can turn a
bundle gerbe (P,Y) over M into a sheaf of groupoids as follows.
LetU be open and define a groupoid G(U) with objects
sections of Y over U. The morphisms between two sections s and
t are the sections of the U (1) bundle (s,t) “(®) - U where

(s,t): U - P2 Composition of morphisms can be done
pointwise with the bundle gerbe multiplication.

Of course sections may only exist for ‘small enough’ open sets so
we will need to sheafify the objects and also the morphisms. The
final outcome will be a sheaf of groupoids with band the sheaf of
smooth maps into U (1).
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In the case of a U (1) bundle P -~ M with connection there are only
two kinds of holonomy. Either we can compute holonomy around
a loop to get an element of U (1) or we can compute holonomy
(parallel transport) along a path y to get an element in Py%' [Py

With surfaces we have more interesting options. We have seen
that a bundle gerbe (P, Y) with connective structure on M defines
holonomy on closed surfaces in M. What about surfaces with
boundary? The bundle gerbe can be used to define a U (1) bundle
P - LM on the loop space of M. This is a geometric version of the
fact that we can take the Dixmier-Douady class of the bundle
gerbe on M and use the evaluation map

ev:SIxLM o M

to pull it back and integrate over S! to obtain a two class on LM
which is the Chern class of P - LM.
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If < is a surface with positively oriented boundary components
Y1,...,Yr then holonomy along % is an element of

Py, [Py, 3 [FJ,.

If some of the boundary components y; are negatively oriented we
dualise the corresponding Fsyi. This is related to Segal’s notion of

a ‘string connection’ Phil. Trans. Roy. Soc. Lond. A, 359, Number
1784, 1389-1398, (2001).

We could replace U (1) by any abelian group A and the
Dixmier-Douady class would be in H2(M, A). For example if
A = Z, there is the lifting bundle gerbe for

0 - 22 - Spin(n) — SO(n) -0

which is the obstruction to an SO(n) bundle lifting to a Spin(n)
bundle.
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A bundle two-gerbe is a pair (P,Y) where Y - M is a submersion
and P [Pt is a bundle gerbe. There is a multiplication and some
other conditions. The characteristic class of a bundle two-gerbe is
a four class so we look for naturally occuring four classes. One
place is the Pontrjagin class of a G bundle P -~ M. might expect to
find a bundle two-gerbe associated to any G bundle P - M whose
characteristic class is the Pontrjagin class of the bundle P. To
construct this we consider the map g: P21 = G and pull back the
bundle gerbe on G to P2, The holonomy of this bundle two-gerbe
over a three-dimensional submanifold is the exponential of the
integral of the Chern-Simons term over the submanifold. See
Brylinski’s book, Stevenson’s thesis math.DG/0004117 and Proc.
Lond. Math. Soc. (3) 88, 405-435 (2004).
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