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Abstract

It is shown that 1-morphisms between 2-functors from 2-paths to the
category BiTor (H) define bibundles with bibundle connection the way
they appear in nonabelian bundle gerbes. An arrow theoretic description
of bibundle connections is given using synthetic differential geometry. In
a sequel to this paper this will be used to show that pre-trivializations of
2-functors to BiTor (H) are in bijection with fake flat nonabelian bundle
gerbes.
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1 Introduction

A fiber bundle with connection is essentially a parallel transport functor from
paths in base space to the transport groupoid of the bundle.

As a categorification of this fact, locally trivialized 2-transport 2-functors
from 2-paths (surfaces) to certain 2-groupoids were shown in [9, 10] to encode
the same cocycle data as fake flat nonabelian gerbes with connection and curving
[7].

It turns out that a 2-transport 2-functor can be locally trivialized in two
steps. Performing only one of these steps trivializes the 2-functor locally, but
does not trivialize the 2-functor 1-morphisms which give the transitions be-
tween the local trivializations. This first step shall hence be called a pre-
trivialization of the 2-transport 2-functor.

It was shown in [3] that pre-trivializations of 2-functors with values in Vecty,
the monoidal category of 1-dimensional vector spaces (when regarded as a 2-
category with a single object), are in bijection with abelian bundle gerbes [1] with
connection and curving. A bundle gerbe with connection is a realization of the
information contained in a proper gerbe with connection in terms of trivializable
transition bundles with connection on double intersections of a good covering
of base space. These transition bundles with connection are in bijection with
pseudonatural transformations of local trivial transport 2-functors.

Here this result is generalized to nonabelian bundle gerbes (NABGs), which
were defined in [2] as a generalization of the concept of an abelian bundle gerbe.

While it is straightforward to define a nonabelian bundle gerbe without con-
nection and curving, the proper notion of connection in an NABG turns out to
be non-obvious. The solution found in [2] justifies itself mainly in that it leads
to the same cocylce data as found in [7].

We show that 2-transport 2-functors from 2-paths to the monoidal category
BiTor (H) of bitorsors of a group H (when regarded as a 2-category with a single
object), have pre-trivializations that are in bijection with “fake flat” NABGs
with connection and curving.

In particular, it is shown that 2-functor 1-morphisms between local trivial 2-
transport 2-functors are in bijection with H-bibundles that are equipped with a
generalized notion of connection which reproduces precisely the definition found
in [2].

Hence we find and investigate a purely arrow-theoretic description of bibun-
dle connections on H-bibundles. All the curious properties which distinguish a
bibundle connection from an ordinary connection are shown to be results of the
fact that bibundle connections are not related to transport functors (like ordi-
nary connections are) but to pseudonatural transformations between 2-transport
2-functors. A pseudonatural transformation has properties similar to but dif-
ferent from those of a proper functor.

The translation between the arrow-theory which we use and the differential-
form description of bibundle connections used in [2] is done using synthetic
differential calculus as described in [4, 5].



The main part of this paper is §2, which investigates the arrow-theoretic
description of bibundle connections.

In order to introduce our language, ordinary bundles with connection are
described in that fashion in §2.1, mainly reviewing material presented by A.
Kock. Bibundle connections are then defined arrow-theoretically in §2.2 and it
is shown how their synthetic differential version is equivalent to the structures
defined in [2].

The remaining part §3 introduces 2-transport 2-functors with values in BiTor (H)
and establishes the theorem which relates their 1-morphsism to bibundles with
bibundle connection. In a sequel to this paper pre-trivializations of such 2-
functors will be defined and will be shown to be in bijection with fake flat
nonabelian bundle gerbes.

83 makes essential use of pseudonatural transformations between 2-functors,
the details of whose definition can be found in the appendix of [3].



2 Connections on Bi-Bundles, Synthetically

2.1 Connections on Bundles, Synthetically

The content of this subsection is a summary of material presented in a series of
papers by A. Kock [4, 5]. We try to emphasize the graphical (arrow-theoretic)
point of view even more than already done by Kock himself. On the one hand
this is because we feel it makes his approach even more enjoyable. On the other
hand, the emphasis on the functorial aspects of synthetic differential geometry
make its categorification and hence its application to parallel transport of string
rather transparent. In particular, some intricate relations concerning connection
1-forms in bibundles become obvious tautologies when expressed in graphical
calculus.

2.1.1 Graphical Notation for Torsors

Given a group H, we think of it as a category with a single object “eo” and all
morphisms invertible. Hence we denote a group element h € H by an arrow

h
o ——0 |

Let (T,/) be a left H-torsor! with left action £. In order to adapt the above
notation to the presence of left H-torsors, we denote an element p € T as

° 4{)) T .
The result of acting with h € H from the left on p € T is then denoted

.MT = O$OL>T .

By construction, any two torsor elements pi, po differ by the left action of a
unique element of H, usually called p1ps. We write

p1P2 P1 P2
o —0 — 06— —_— e
so that manifestly
Up1p2, b
° (p1P2,p2) T _ ° P1 T P2 ° P2 T

P1
= o —— T .,

Now consider another left H-torsor (T7,¢'). Any torsor morphism T 0 T
is specified (non-uniquely) by a pair (p,p’) € T x T' with p’ = ¢(p). It is
consistent with the above to write

= ’

T*¢>T' = T*p>°*p>T/

IFor us, a (left) H-torsor is a a (left) H-space which is isomorphic to H as a (left) H space.
Sometimes “H-torsor” is used instead to mean more generally any H-space on which H acts
freely, like a principal H-bundle.



such that we can graphically compute as follows:

.&T/ — .HP'TLT/
P P

p
= o —— T/

All this suggests to think of elements e e of H together with all left H-

torsor elements ® —> T as well as their formal inverses T ——> e (in the
above sense) as morphisms of a groupoid whose objects are all left H-torsors
(T, ) together with the object e.

In fact, if we identify ¢ = H and think of H as a left H-torsor over itself,
this groupoid is simply isomorphic to the category of left H-torsors. All we
have done above is essentially to note that torsor morphisms H —— (T,¢)
are in bijection with elements of 7" in a way that makes the above identifications
viable.

Still, the above way of thinking proves to be very convenient in the following.
We shall review below how A. Kock uses this approach [4] to describe (synthet-
ically) fiber bundles with connection. After that we extent his discussion to
bitorsors and apply it to connections on bibundles.

2.1.2 The Comprehensive Groupoid of a Principal Bundle

E

Let l” be a principal left H-bundle. This means each fiber F, is a left H-

M
torsor. (Compare the comment in the footnote above.) In the notation of §2.1.1
this means that E is a collection of morphisms

In the spirit of the above discussion it makes good sense to consider the collection
of formal inverses of all these morphisms:

E_lz{EmLO}.
P2

Trans(F) = EE ' = { E, LN —-E, }

The groupoid

whose objects are all the fibers of F and whose morphisms are all the torsor mor-
phisms between these, shall be called the transport groupoid of E. Similarly



we can form the groupoid

P1 P2

HNEIE{.HEIH.}’

which is nothing but the structure group H itself.
Definition 1 The union of these four categories
EQE'OEE'QOE'E

is a groupoid associated with the bundle E ——= M which is called in [{] the
comprehensive groupoid of E.

2.1.3 Connections and Connection Forms

Let P (M) be the groupoid of thin-homotopy classes of paths in M.

Consider a functor tray : Py (M) — Trans(FE). which associates fibers of
the bundle with points in M and “parallel transport” torsor-morphisms with
paths in M.

Using synthetic differential geometry as in [5] we can “differentiate” such a
parallel transport functor to obtain something that is no longer a functor, but
just a graph map.

Definition 2 Given a transport functor tray, its restriction to infinitesimnal
paths yields a graph map denoted

V: My —— Trans(F)
from pairs of infinitesimally close points in M to Trans(FE). This we call the
(principal) connection of the parallel transport tray .

We write

€T~~~ Y

for an infinitesimal path from x to y, where x and y are neighbours in the first
neighborhood of the diagonal of M [5]. The result of acting with V on such an
infinitesimal path is

V(SC’vv»y)E ExMEy

Here the arrow on the right is an infinitesimal arrow in the transport groupoid.

Definition 3 Given a connection V as in def. 2, we get a group valued 1-form,
the connection 1-form, on the total space of the bundle. This is a graph map

w: Eqy——H



defined by

w - (ez sy ) . <. eq Ex V(z,y) Ey €y .)

for all E > ex——>2 and E> eyr—>y .
Note that w is functorial in the sense that

w: (s~ Cy ~se2)

— < ° eg Em V(z,y) Ey ey ° €y Ey V(y,2) Ez € . )

_ <. e, g YEVVw) oo o .)

The following crucial properties of the connection 1-form are trivial tautologies
in the arrow-theoretic calculus:

Proposition 1 ([4])
1. For all h € H such that e, ~ e, = e, ~ {(h,e,) we have
w(er, L(h,e,)) =w(es,e,) hT.

2. For all h € H we have
w(l(h,ez),l(h,ey)) =hw(ese,) h™t.

We give the proof just in order to emphasize that in arrow notation there is
essentially nothing to prove.

Proof.
1.
W(l(hes),e)) = o — o By — 0 g g M
2.
W(l(he) Lihe,)) = o—twe g YOV _p G g,

These two properties are nothing but the synthetic version of the familiar prop-
erties of a connection 1-form. Recall

Definition 4 (e.g. [6]) A connection 1-form on a principal H-bundle E is a
1-form

ce€ QY E,Lie(H))
satisfying the following two conditions. Let

RD(—€€) — H
t — h(t)

and denote tangent vectors to curves by square brackets, then



2.1.4 Curvature
Definition 5

o exp(Fyv )(z,y,2) B = E, V(z,y) E, V(y,2) B, V(z,x) B,
Definition 6
dw(es,ey,ez) = wler ey)w(ey e:)wl(es er)
— e g V(z,y) E, V(y,2) o V(z,z) o ex
_ . e B, exp(Fy )(z,y,z) B, [ o



2.2 Bibundle Connections

In our terminology, a bibundle is a bundle whose fibers are bitorsors. (Com-
pare the footnote above). In §2.2.1 we recall some elementary facts about
bitorsors, mainly in order to establish our notation. The category BiTor (H)
of H-bitorsors is equivalent to the 2-group associated to the crossed module

( H—% Aut(H) ) [8]. This explains the appearance of crossed module struc-
tures in computations with bitorsors. It is due to this relation of bitorsors of an
ordinary group to the structure of a 2-group that bibundles are sort of half-way
between ordinary bundles and 2-bundles.

2.2.1 Bitorsors

An H-bitorsor (T,¢,r) is a left and right H-torsor such that the left action
commutes with the right action. An H-bitorsor morphism is a map between
bitorsors that commutes with both these actions. The category whose objects
are H-bitorsors and whose morphisms are bitorsor morphisms shall be called
BiTor (H).

The group H itself is a bitorsor, with the obvious left and right action on
itself. Regarded as a bitorsor in this sense, we write (H,Id) or e1q for H. The
“Id” indicates that there are more general bitorsor structures on H. Let G be
any group and

a: G—— Aut(H)

a group homomorphism from G to the automorphism group of H. Then (H, ¢, r,)
with

e(h,ho) = hho
rg (hs ho) ho a(g) (h)

defines a bitorsor structure on H for every g € G.

Definition 7 H equipped with this bitorsor structure will be denoted (H,g) or
simply o.

A bitorsor morphism between bitorsors coming from H itself
QS L 2

is clearly fixed by specifying the image of the neutral element, h = ¢ (Id). Hence
we write

.g # .g/ .
One easily checks that this can respect both left and right action if and only if
g = th)d (1)

where



is some group homomorphism such that
a(t(h))(ho) =hhoh™t.
Given two bitorsors T', T”, their tensor product is the set of equivalence classes
ToT ={(p.p) | (r(h,p),p") ~ (p, (R, "))}

with the obvious left and right action inherited from T and T":

£(h, (p,p") ((h,p),p")
r(h, (p,p")) (p,7(h,p")) -

One checks that under this tensor product we have

og®og/ >~ ey

(h,1) ~ h
and
o, Doy, %4192
mJ th = hio(g1)(h2) - (2)
oy Doy ®9ig5

Hence BiTor (H) is in fact a monoidal categegory. Just like every monoid
can be regarded as a category with a single object, every monoidal category can
be regarded as a (weak) 2-category with a single object.

Definition 8 As a weak 2-category, BiTor (H) has

e q single object o

T
e a morphism o o for every H-bitorsor T,
T
e a 2-morphism o \H/qﬁ o for every bitorsor morphism T N T .
T/

Horizontal composition of 2-morphisms is the tensor product described above.
Vertical composition of 2-morphisms is simply composition of the corresponding
bitorsor morphisms.

10



Definition 9 Since the left and right H-action on a bitorsor are both free and
transitive, there is, for every p € (T,4,r) a bijection

o) H—H

such that
t(h,p) =r(gp (h),p) .

By the associativity of the group action on the torsor this is clearly an auto-
morphism

¢l € Aut(H) .
Proposition 2

1. For any ¢ = ¢T we have

Penp) = Ppt ()"
(Here the product on the right is in Aut (H).)
2. For ¢ = 9 we have

dn = a(t(h) g)"" .

3. For ¢ = ¢T®T" we have

Plp,p) = ¢;' bp -

4. For T*f>T’ we have

Frp) = Po-
E
Definition 10 An H-bibundle lﬂ is a principal left H-bundle which is also
M

a principal right H-bundle such that left and right action commute.
Hence the fibers E, of a principal H-bibundle are H-bitorsors as defined above.
Definition 11 According to def. 9 every H-bibundle E comes with a map

¢p:E — Aut(H)
Pz QSE;

that maps each point in the total space to the H-automorphism that relates the
left and right action of H at that point.

11



2.2.2 Comnnections and Connection Forms on Bibundles

It seems tempting to define parallel transport on a bibundle E to be a func-
tor tra : Py (M) —— Transy; (E) . However, this is different from a transport
functor on the same bundle regarded as just a left (or right) principal bundle,
since the definition of the transport groupoid differs in both cases. For a bi-
bundle the morphisms in the groupoid are bitorsor morphisms, which are more
restricted than mere left (or right) torsor morphisms.

One consequence of this is that the holonomy of such a naive parallel trans-
port (and hence the curvature of the corresponding connnection) would be re-

stricted to lie in the center of H. Namely consider any loop = ez in M ,
and assume without restriction of generality that the fiber over = has been iden-

tified with H itself, E, = e,. Then %5 — ) e,

for some h € H. But by (1) it follows then that ¢ (h)
h is in the center of H.

A good generalization of the concept of connection applicable to bibundles,
which evades the above restrictions, has been introduced and studied in [2]. In
this section we give an arrow-theoretic formulation of these bibundle connec-
tions.

It turns out that the naive notion of parallel transport on a bibundle differs
from the one we shall study in that the latter is not a functor, but a pseudo-
natural transformation between certain 2-functors. All this will be clarified in
83, where we derive the concept of a bibundle connection from certain automor-
phisms of 2-functors with values in BiTor (H). If without this understanding
of the origin of the concept of bibundle connections their definition below ap-
pears ad hoc, the reader is invited to skip to §3 and come back to this point
afterwards.

h
&y ——>9

Id, which implies that

Definition 12 A bibundle parallel transport on an H-bibundle E —— M
18

1. two functors
trag : Py (M) ——= Aut(H)
tragr : P (M) —— Aut(H)
and

2. a map
trapi : P1 (M)°® —— BiTor (E)

12



such that
®iran(y) @ Ly

Yy
trap; ~°P \L = trapi(y)
X

E, ® ®tra /()
for all v € P1 (M) and

Otraa(vy1) & ®traq(ya) b2 Ez

1d trapi(v2)

op
Y2

trap; ®traa(vy1) o2y Ey ® Otra,/(y2)

op

Y1

B<x—Rx=<——0n
I

trapi(v1) Id

E,® Oira v (v1) ® Otra,/(v2)
for all composable 1,2 € Py (M)

Remarks.

1. Obviously tray,; is not a functor, though not totally unrelated to a (con-
travariant) functor.

2. Recall from §2.2.1 that e, ,() denotes the group H regarded as a bitorsor
over itself with the obvious action from the left and with the action from
the right twisted by the automorphism tra (7).

3. According to prop. 2 tray and trass are not independent. Given trayy;
and tra4 the functor tra 4. is fixed. The precise relation is the content of
prop. 4 below.

As before for connections in ordinary bundles, the bibundle parallel transport
gives rise to a graph map

Vi : My —— BiTor (H) ,
the bibundle connection. Now there are in addition graph maps

A: Mqyy——H

13



and
A" May——H

coming from tras and traas, respectively. These are synthetic differential 1-
forms with values in H [5].

Definition 13 Given a bibundle connection Vy; as above, we get an H-valued
1-form, the bibundle connection 1-form, on the total space of the bundle.
This is a graph map

Whi * E(l) —H

defined by

® A(z,y) @ 0
Idl ley
*A(ry) @ By

€y

Whi (ey, em) = Wpi 3 = Vi(y,z)

ez

Ew ® a1(ay)

forall E> exr—">x and E> €y+—>1Y .

The construction of the bibundle connection 1-form wy; is completely anal-
ogous to that of the ordinary connection 1-form in def. 3. Accordingly, it
essentially satisfies the same two relations as those of prop. 1, except for a
certain twist by tra, induced by the peculiar nature of parallel transport in
bibundles.

Proposition 3 Let wy; be a bibundle connection 1-form as a above.

1. For all h € H such that ey ~ e, = ey ~ L(h,e;) we have

w(ey, L(h,ez)) =w(ey es) ht.
2. For all h € H we have

w(l(h,ey),L(h es)) = a(Ay, 2)) (h) w(ey,ez) K7

14



Proof. The second property arises as follows:

w(l(h,ey),l(h, ez))

® A(z,y) © ®i(h)g

® A(z,y) © 0

Idl l

*A(z,y) @ By

V(y,x) &)

By © 0 a1(ay)

l lld

LY (%) ® 4/(z,y)

®i(h)g @ @Al (z,y)

® A(z,y) @ O

a(A(z,y))(h)

®A(z,y) © 0

Idl l

*A(z,y) ® By
V(y,x)

By © 0 g1(ay)

l lld

o, (%) ® 4/(z,y)

-

®i(h)g @ ®Ar(z,y)

The proof of the first property follows from the same diagrams but with the

topmost morphisms discarded.

O

These two properties are nothing but the synthetic version of the properties of
bibundle connection 1-forms as discussed in [2]. There the pair (wy;, A) is called

a “2-connection” (def. 8).

Definition 14 ([2]) A bibundle connection 1-form on an H-bibundle E is a

1-form

together with a 1-form

ce Q' (B, Lie(H))

A e QY (M, Lie(Aut (H)))

satisfying the following two conditions. Let

R D (—¢,€)
4

and denote tangent vectors to curves by square brackets, then

1.

c([Un(t),ez)]) = =[h(?)]

C(h,)" ¢ = Adpe — 7 (h (da) (A) (K1) .

15



There is only one Lie(Aut(H))-valued 1-form appearing here, while in def.
13 there were two of them, A and A’. As remarked above, A’ is fixed once

(wpi,A) is:
Proposition 4

A (xa y) - ¢(ex) t(wbi (eyv ez)) A (xa y) ¢(ey)71
Proof. Consider a transport of the form

Vii(y,z)

* Ay ® By 3 (Id,ey) (€2,1d) € Bz ® a1z -

The source and target elements can always be brought into the given form
by using the property of the tensor product of bitorsors. Since Vy;(y,z) is a
bitorsor morphism we have, according to prop. 2, the relation

G @By _ ¢Ew®'A’<w,y) _ ¢Ew®'A/<w,y>
(Id,ey) (€x,1d) Vii(y,z)(Id,ey) *

This looks complicated, but simplifies using a little graphical calculus. First use
the following

Lemma 1
Vi (y7 x) (Id7 ey) = g(wbi (ya 33) ) (ea:a Id)) .

Proof. This is essentially the definition of wy;:

® A(z,y) © 0 ® Az,y) © O
Idi iey Idl J{ey
* Ay @ By * A(wy) © By
Vi (y,z) (Id, ey) = Voily) Viily,z) =L (wvi(y,z), (es,1d))
Ew &® O A/(z,y) E93 ® A (z,y)

Hence we are left with

¢'A(w=y)®Ey _ ¢

(Id’@y)
()

l lm

oy O ®Ai(zy)

i lm

oy D Oz y)

Bz ®eara,y)
Z(wbi(ey s€x ) 7(6:6 7Id))

Ez®e '(x,y —1
= Qf)(em,ld?( J)t<wbi(eyver) )

16



Using prop. 2 once again, the tensor products in this expression can be taken
apart to get

® Az, ® A/ (, - 1
qbi@/ I(fi“( ) :Qbh?( y)(bit(wbi(eyaew) ) )
With yet another application of prop. 2 we can replace

® Az, —1
I(_jlé( »Y) :A(:c,y)

and
b = Ay

and with the notation introduced in def. 11 the above expression finally turns
into a more agreeable form

$(ey) Az,y) ™ = A (2,y) " dlex) t(wiiley,ex)

This is the equation to be proven, up to some trivial manipulations. O

Remark. Using the synthetic exterior derivative for group-valued differential
0-forms, d¢(es,ey) = qﬁ(ew)_l ®(ey), the statement of proposition 4 can be
equivalently rewritten as

A (w,y) = 6 (ex) t(wri ey €2)) Blea) ™ Blea) A(n,9) d(ea) ™ do(enrey) " .
This is manifestly the synthetic version of equation (53) in [2].

This relation between A and A’ is crucial for understanding the tensor prod-
uct of parallel transport in two bibundles. This is the content of the next
subsection.

2.2.3 Tensor Product of Bibundles with Bibundle Connection

Definition 15 Given H-bibundles Ey s M and Ey LNy V) , their prod-
uct bibundle F; ®y Es —— M is the H-bibundle with fibers

(Br ®@m E2)e = (Bh)e @ (E2)s -

Definition 16 Given H-bibundles E; s M and FEs o M with bibun-
dle parallel transport (trapiy, traa,,tras, ) and (trapi, traqa, , traa ), respectively
such that the matching condition

trayg, = trag,

17



if fulfilled, then the product bibundle transport (trapiis,tra,,tras,) on
FEy @ Es is defined as

®tras, () ® (El)y ® (E2)y

trabll('y) I\f

(B1)e ® ura (1) @ (E2)e

Y
trapiio “/“"i =
T

(El)fb & ‘traAQ(w) & (EZ)Z/

If trablz(W)

(El)r ® (E2)T & .traA/2('y)

In §3 it is shown that this is nothing but the composition of pseudonatural
transformations of 2-functors with values in BiTor (H).

2.2.4 Bibundle Curvature

® A(z,0) Aw,y) Aly,2) © Lz

\
V(z,y)
® A(z,2) A(e,y) Aly,2) @ Bz i

‘ ®A(z2)Alry) © By @ 041y
\

exp(Fy,, )(2,v,2) V(i;/,ac)

® A(z,x) R Ey ® O A/(x,y) A'(y,2)

B © ®p1(2.0)Ar(a,y)A'(y,2) V(iyz)

E. ® ®a1(z2)4/(,y) A(y,2)

18



3 2-Transport with Values in BiTor (H)

Definition 17 A 2-bundle with 2-transport with values in BiTor (H) is
a 2-functor
tra: Py (M) —— BiTor (H) .

Here BiTor (H) is regarded as a 2-category, as described in def. 8 (p. 10).
Hence a 2-bundle with 2-transport with values in BiTor (H ) sends every sur-
face S € Mory (P2 (M)) to a pair T, T" of H-bitorsors associated to the boundary

of that surface, together with a bitorsor morphism T . T’ between these
associated to the interior of the surface:

1 (T,€,m)~,
\H Hfﬁs

72 (T,!e,!r/)’YQ

O
<
If
°

e € Mory (BiTor (H)) ,

For establishing the relation with (nonabelian) bundle gerbes, the concept of a
trivial 2-transport with values in BiTor (H) plays an important role. Trivial-
ization here corresponds to identifying all H-torsors with H itself. But since
we are dealing with bitorsors such an identification involves in addition a choice
of an automorphism of H, which twists the right action of H on itself (see
§2.2.1). Hence for a 2-transport with values in BiTor (H) to be trivial, all
the H-bitorsors (T, ¢,r) it associates with 1-paths have to be to of the form
(T,¢,r) = (H,g), as in def. 7. The assignment of ¢ has to be functorial.

Definition 18 A 2-bundle with 2-transport with values in BiTor (H) is called
trivial precisely if the H-bitorsors it assigns to paths in M are H itself equipped
with a twisted right action (def. 7), i.e. precisely if there exists a functor

trag : P1 (M) — Aut(H)
for all S € Mors (P (M)) such that
" (H,traa(y1))
/\H/\ m

tra| z h(S)E\UEra(S) e < Mory (BITOI‘ (H)) s

b
<
If
°

"2 (Htraa(y2))

1-Morphisms of bitor-2-bundles with 2-transport are pseudonatural transforma-
tions of the respective 2-functors. 2-morphisms are modifications of these.

We now state our main result, which relates 1-morphisms of trivial 2-transport
with values in BiTor (H) to bibundles with bibundle connections.
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Proposition 5

1. 1-morphisms tra . tra’ of trivial 2-bundles with BiTor (H)-2-transport
are in bijection with H-bibundles with bibundle parallel transport (def. 12)
on M.

2. The composition trag o trag N trag of I-morphisms of trivial 2-
bundle with bitor-2-transport corresponds to the tensor product of the cor-
responding bibundles with bibundle transport (def. 16).

1

N

3. 2-morphisms tra MA tra/ of trivial bitor-2-transport 2-functors

~_ 7

P2
are in bijection with bibundle isomorphisms of the bibundles associated
with ¢1 and ¢o.

(Compare this with the respective proposition on 2-transport with values in
Vect; stated in [3].)
Proof.

1. The l-morphism ¢, being a pseudonatural transformation (see the ap-
pendix of [3] for details), is a map

traa(vy)
_—

[ ) [ )
Mory (P1(M))> "5y + ¢(z)J / ‘m, € Mor; (BiTor (H))
()
o — >0
tra /()
such that

traa(vi) . traa(yz2) . traa(yi-vz2)

) () oz = @) / #(2)
i ¢(71 72) \L d(v1-v2) l

° °
tra /(1) tra /(v2) tra s/ (v1-72)

Using the translation between the interpretation of BiTor (H) as a monoidal
1-category and its interpretation as a weak 2-category with a single object
given in def. 8 one sees that this are precisely the two conditions for a
bibundle with bibundle parallel transport as defined in def. 12.
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2. The composition of pseudonatural transformations

b1

$2

tra; tras
is by definition given by the map

traa, (7)

Mor; (Pl (M)) S *'y> Y — o) /
#(v)

tray (v)

trag

traa, (7)

$1(a) /¢1(7)

traA’1 ()

#(y) °
traa, ()

P2 /¢2(’Y)

t
oz ()

traag(7)

This is precisely the definition of the tensor product of bibundle parallel trans-

ports ¢1 and ¢o given in def. 16.

O

Hence the curious definition of parallel transport in a bibundle is seen to be due
to the fact that it is not a functor, but a pseudonatural transformation.

Proposition 6 (relation of curving with bibundle curvature)

Proof.

tra(yi)—> ®

() / Hy) = )
d(71)

tra(y,)—> @
\ tral(‘S) /
N %

tra(2 )
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tra(y1)

/A

tra(yz)—> @

/ #(y)
#(72)

tra(yz)—> @

$1(y)

¢2(y)
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