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a b s t r a c t

Wedefine the notion of generalized holomorphic principal bundles and establish that their
associated vector bundles of holomorphic representations are generalized holomorphic
vector bundles defined by M. Gualtieri. Motivated by our definition, several examples of
generalized holomorphic structures are constructed. A reduction theorem of generalized
holomorphic structures is also included.
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1. Introduction

In generalized complex (GC for short) geometry initiated by N. Hitchin [1] and further developed by M. Gualtieri [2,
3] and others, generalized holomorphic (GH for short) structures are the analogue of holomorphic structures in classical
complex geometry. They are special examples of Lie algebroidmodules, and include some already known geometric objects,
e.g. holomorphic Poisson modules.

In general, unlike its complex-geometric counterpart, it is not easy to construct nontrivial GH structures. The existing
examples in the literature are flat bundles over symplectic manifolds, co-Higgs bundles over complex manifolds [4–7],
Poisson modules over holomorphic Poisson manifolds [8,9]. In [9], Hitchin also adapted a differential geometric version of
the Serre construction in algebraic geometry to produce rank-2 GH vector bundles over a compact connected GC 4-manifold
whose type change locus has a nondegenerate component.

In [10], from a viewpoint of deformations of GC structures, the author investigated some aspects of GH vector bundles.
This paper is then a continuation of that one, but from a different viewpoint: we extend the notion of holomorphic
principal bundles to the generalized setting Definition 4.4. In complex geometry, there are three equivalent ways to define
a holomorphic principal bundle: by a 1-cocycle of holomorphic transition functions valued in a complex Lie group, by an
equivariant complex structure in the total space and a holomorphic projection, or by a complex distribution in the total
space. However, the third way is the one we choose to generalize—it seems that no suitable notions of GH functions and GH
maps in the literature can be used to generalize the notion of holomorphic principal bundles in the other two ways. So we
define the notion of GH principal bundles in terms of (generalized) distributions. Another ingredient to define this notion is
the reduction theory of Courant algebroids andDirac structures [11]. It is adapted to apply to a generalized distribution in the
total space which is not maximal—the reduced generalized distribution is precisely the GC structure in the base manifold.
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After defining the notion of GH principal bundles, we establish the relation between GH principal bundles and GH vector
bundles—the associated vector bundle of a GH principal bundle and a holomorphic representation of the structure group is a
GH vector bundle canonically Theorem 4.13. This is the analogue of thewell-known relation between holomorphic principal
bundles and holomorphic vector bundles. Therefore, our notion of GH principal bundles provides another possible way to
construct GH structures.

The paper is organized as follows. In Section 2, we recall the basic and necessary knowledge of GC geometry and the
reduction theory of Courant algebroids and Dirac structures. In Section 3, we briefly investigate some properties of GH
vector bundles and show that co-Higgs bundles are the basic local ingredient of such bundles, at least around a regular point
Propositions 3.1 and 3.2. Motivated by this observation, and starting with a co-Higgs bundle, we construct an example of
GH vector bundle, which is not a co-Higgs bundle. In Section 4, we define the notion of GH principal bundles and explore
some examples in this context, e.g. co-Higgs principal bundles and Poisson principal bundles (they are the counterparts of
co-Higgs vector bundles and Poisson modules). The relation between GH principal bundles and GH vector bundles is also
studied there Proposition 4.12 and Theorem 4.13. We also show the particularity of GH principal C∗-bundles, i.e. the total
space of a GH principal C∗-bundle acquires a canonical GC structure Theorem 4.14. In Section 5, under certain compatibility
conditions, we prove that a GH principal bundle over a manifold with symmetries descends to another GH principal bundle
over the quotient Theorem 5.3. An illustrative example is also given.

2. Background of generalized geometry

We recall some preliminary material of GC geometry, of which the basic references are [2,3,8,11]. In the paper, M is a
smooth connected 2m-manifold and all Lie groups involved are connected.

Generalized geometry is the geometry related to the generalized tangent bundleTM := TM⊕T ∗M , ormore generally, an
exact Courant algebroid E overM . We follow [11] for the axioms defining a Courant bracket [·, ·]c and all Courant algebroids
in the paper refer to exact ones.

Given E, one can always find an isotropic right splitting s : TM → E, which has a curvature form H ∈ Ω3
cl(M) defined by

H(X, Y , Z) = 2⟨[s(X), s(Y )]c, s(Z)⟩, X, Y , Z ∈ Γ (TM).

Via the bundle isomorphism s +
1
2π

∗
: TM ⊕ T ∗M → E, the Courant algebroid structure can be transported onto TM . Then

the pairing ⟨·, ·⟩ on E is the natural one, i.e. ⟨X + ξ, Y + η⟩ =
1
2 (ξ(Y )+ η(X)), and the bracket is

[X + ξ, Y + η]H = [X, Y ] + LXη − ιYdξ + ιY ιXH,

called the H-twisted Courant bracket. Different splittings are related by B-field transforms, i.e. eB(X + ξ) = X + ξ + ιXB,
where B is a 2-form.

An isotropic subbundleA ⊂ E is called a generalized distribution and called integrable if it is involutivew.r.t. the Courant
bracket. An integrable maximal generalized distribution D is called a Dirac structure. These notions can all be extended to
the complexified case and what interest us here are those complex Dirac structures called GC structures, i.e. complex Dirac
structures L such that L ⊕ L = EC.1

Two extremal GC structures are symplectic and complex structures. Let E = TM with H = 0. If ω is a symplectic
structure, then L = {X − iω(X)|X ∈ TCM}; if J is a complex structure, then L = T0,1 ⊕ T ∗

1,0. A more complicated
example is a holomorphic Poisson manifold. Let β be a holomorphic Poisson structure on a complex manifold (M, J). Then
L = {X + ξ + β(ξ)|X + ξ ∈ T0,1 ⊕ T ∗

1,0}.
Local GC geometry can already be nontrivial: the dimension of kerπ |L, called the type, may vary along some subset ofM;

If it does not change around a point x, x is called regular. Around such an x, up to diffeomorphism and B-field transform, L is
precisely the product of a symplectic structure and a complex structure (the transverse complex structure) [3].

If a right splitting is chosen, then E ∼= (TM,H), and the bundle S of forms can be viewed as the spin bundle of TM; in
particular, a GC structure L is characterized by a line bundle l ⊂ SC (the canonical line bundle): L is precisely the annihilator
of l under the Clifford action (X+ξ)·η = ιXη+ξ∧η, and integrability of Lmeans, for any η ∈ Γ (l), there exists A ∈ Γ (TCM)
such that

dHη := dη − H ∧ η = A · η.

Via the pairing and the bracket, a differential operator dL : Γ (∧k L) → Γ (∧k+1 L) can be defined: forσ ∈ Γ (∧k L),Xi ∈ Γ (L),

dLσ(X0, . . . , Xk) =


i

(−1)iπ(Xi)σ (X0, . . . , X̂i, . . . , Xk)+


i<j

(−1)i+jσ([Xi, Xj]c, X0, . . . , X̂i, . . . , X̂j, . . . , Xk). (2.1)

Since L is involutive, d2L = 0. The analogue of holomorphic structures in complex geometry is defined as follows.

1 We denote the complexification of a real space (or bundle) R by RC .
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