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CONFORMAL MANIFOLDS WITH PARALLEL SPINORS

B. Alexandrov*

We prove that on a conformal spin manifold any Weyl structure admitting a parallel
spinor of weight £ # 0 must be closed. The same is true when £ = 0 and the dimension
is at least 3, with the additional assumption that in dimension 4 the manifold is
compact.

1. Introduction. The Riemannian spin manifolds admitting parallel spinors have
been studied by Hitchin [5] and Wang [7]. Using the Berger-Simons theorem (see for ex-
ample [1]) they have proved that a complete simply connected irreducible non-symmetric
spin manifold admits a parallel spinor iff its holonomy is SU(n), Sp(n), G2 or Spin(7).

Now, on conformal spin manifolds there exists a natural 1-parameter family of spinor
bundles — the bundles of spinors of weight k, k& € R (cf. [4]). Recall that a Weyl
connection (or Weyl structure) on a conformal manifold is a torsion-free connection which
preserves the conformal structure. A particular example is the Levi-Civita connection of
any metric in the conformal class. Thus on conformal manifolds the Weyl connections
naturally generalize the Levi-Civita connection.

The purpose of this paper is to study the Weyl structures admitting parallel spinors
of weight k. In Theorem 4.1 we prove that when k # 0 any such structure must be
closed. In particular, in the simply connected case we essentially obtain a Riemannian
manifold admitting a parallel spinor (with respect to the Levi-Civita connection). For
k = 0 and dimension greater than 2 the same result has been proved by Moroianu [6]
under the additional assumption that in the 4-dimensional case the manifold is compact.
In fact, in dimension 4 he proved more precise results. Namely, a compact 4-dimensional
conformal spin manifold with a parallel spinor of weight 0 is hyper-Hermitian and hence
(using the classification of Boyer [2]) it is conformally equivalent to a flat torus or a K3-
surface or a coordinate quaternionic Hopf-surface with its standard locally conformally
flat metric. As shown in [6], there are examples of non-closed Weyl structures on non-
compact 4-dimensional conformal spin manifolds which admit parallel spinors of weight
0. We show that when the dimension is 2 even the assumption that the manifold is
compact does not ensure the closeness of a Weyl structure admitting a parallel spinor of
weight 0.

2. Algebraic preliminaries.
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Let CO4(n) = Ry x SO(n) be the conformal orthogonal group. This group is em-
bedded in GL(n,R) by mapping (a1,az) € CO4(n) to ajaz € GL(n,R). Thus we obtain
a representation p of CO4(n) in R", p(a1,a2)xr = ajazz, (a1,a2) € CO4(n), x € R™.
The Lie algebra of CO,(n) is co(n) = R & so(n) and the corresponding Lie algebra
representation is given by

(2.1) p(A1, Ag)x = Ajz + Asx, (A1, As) € co(n), = e€R"™.

The representation p gives rise to a representation of CO4(n) in (R™)*, which we shall
denote by p*. Identifying (R™)* with R™ by the standard inner product, we obtain that
p*(a1,a9)a = aj taga, (a1,as) € CO4 (n), a € R™,

Let CSpin(n) = R4 x Spin(n) be the conformal spin group. Then CSpin(n) double
covers CO4 (n) (for n > 2) and the projection is id x 7, where 7 is the projection of
Spin(n) on SO(n). Denote by pi the representation of C'Spin(n) in the space of spinors
Y given by pi(ai,ae) = a¥asip, (a1,a2) € CSpin(n), ¥ € ¥. When considered as
a CSpin(n)-module with respect to this representation, we shall denote the space of
spinors by X(®) and call it the space of spinors of weight k (cf. [4]). The corresponding
representation of the Lie algebra cspin(n) = R @ spin(n) of CSpin(n) on ¢ is

(2:2) pi(Ar, Ao)p = kA + Ayth,  (Ay, Ay) € espin(n), ¢ €.
Recall that if A, € spin(n) and TAy = Ay € so(n) then
~ 1 o
(2.3) Axyp = 1 Z(Agei, ej)etel, Y e,
%]

where {e;} is an orthonormal frame of R", {e’} is its dual and a1 denotes the Clifford
product of @ € (R™)* and ¢ € X. The Clifford action of R" on ¥ is obtained by the
identification of R" and (R")* mentioned above.

The Clifford action of (R™)* is still defined in the conformal framework, but it sends
YF) to RFE-D e,

(0" (7D)a)- (@) = pr1@)(a),  a€ (R, YeS, ae CSpin(n).

3. Weyl connections.

Let (M, ¢) be an oriented conformal manifold of dimension n and let CO (M) be the
bundle of oriented conformally orthogonal frames with respect to the conformal class c.
A connection VW is called Weyl connection (or Weyl structure) with respect to c if it
satisfies the following conditions:

(i) VW preserves c;

(i) VW is torsion-free.

The condition (i) means that V" is a connection on the principal bundle CO4 (M), or
equivalently, for any metric g € ¢ VWg = 9 ® g for some 1-form 69.

Denote by V9 the Levi-Civita connection of g (which is an example of Weyl connection

with respect to ¢). Then we have

1 1 1
VY = V%Y - SV (X)Y = S07(V)X + Zg(X, Y)(69)7,
where (#9)% is the dual vector field of #9 with respect to g. Equivalently,
1 1
(3.4) v =V% - S0/ (X)Id — 207 A X,

where 89 A X is the skew-symmetric (with respect to ¢g) endomorphism of TM defined
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by (69 A X)(Y) = 09(Y)X — g(X,Y)(67).

If § = efg, then 09 = 09 + df. Hence, a Weyl connection coincides with the Levi-
Civita connection of some metric from c iff 69 is exact. Such Weyl structures are called
exact. If 69 is closed, then the Weyl structure is called closed. Any exact Weyl structure
is closed and the converse is true if M is simply connected.

A CSpin-structure on (M, ¢) is a C'Spin(n)-principal bundle C'Spin(M) which double
covers CO,(M). Given a CSpin-structure on (M, ¢) we can define the spinor bundles of
weight k: these are the associated fibre bundles (¥ M = CSpin(M) x,, S*).

Since VW and V9 are connections on CO, (M), they can be lifted to connections on
CSpin(M). By (2.1), (2.2), (2.3) and (3.4) we obtain
35  V¥u=vie- 2
This equality has to be understood as follows: the bundle X(*) )M is identified with the
bundle of spinors ¥ M of g and the Clifford product in the right-hand side is with respect
to this identification.

Finally, recall that the conformal scalar curvature k9 with respect to g € ¢ of a Weyl
structure V" is defined to be the scalar curvature of the curvature tensor of V' (the
trace is taken with respect to g). It is well-known (cf. [3]) that

—1(n-2
(3.6) kgzygmnfnwgfgl—%ﬁ—l
where s9 is the scalar curvature of g and the co-differential operator and the norm are
taken with respect to g.
4. Weyl structures with parallel spinors.

%%XW+%XW% Y eT(Z®M).

1692,

Theorem 4.1 Let V'V be a Weyl connection on a conformal spin manifold (M, c)
of dimension n. Suppose there exists a parallel spinor of weight k # 0 with respect to
VW. Then VW is closed. In particular, if M is simply connected then there exists a
metric g € ¢ such that (M, g) admits a parallel spinor (with respect to the Levi-Civita
connection). The same is true when k =0, n >3, n # 4 and when k=0, n =4 and M
s compact.

Proof: If (M, c) admits a parallel section of 2(*) M with respect to V" then there
exists 1 € X on which the holonomy group of V' acts trivially. Let (A, A) €
espin(n) be such that pg(Aq, A2)yp = 0. Then

(4.7) kA + Ayp =0

and hence kA1 < ¥, ¢ > + < ng,w >=0. But kA4; < ¢, > is real and < Zgwﬂb >
is purely imaginary. Thus kA; = 0 and if k£ # 0 it follows that A; = 0, i.e. (41, 43) €
spin(n). This shows that the restricted holonomy group of V" as a connection on
CSpin(M) is contained in Spin(n) and therefore the restricted holonomy group of VW
as a connection on CO, (M) is contained in SO(n). Hence, if M is simply connected the
holonomy group is subgroup of SO(n) and thus VW is a torsion-free connection on a sub-
bundle of CO, (M) with structure group SO(n), i.e. VW is the Levi-Civita connection
of a metric g € ¢. In particular, 6 is exact and (M, g) admits a parallel spinor (with
respect to the Levi-Civita connection). When M is not simply connected the above is
true for its universal covering space and hence 6 is closed.

The case k = 0 follows from [6], since (3.5) shows that the connection on the spinor
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bundle of a Riemannian spin manifold, which is called there "the Weyl connection”,
actually coincides with the Weyl connection V" acting on sections of (9 M. O
Remark: When the dimension is 2 even the assumption that M is compact does
not ensure the closeness of a Weyl structure admitting a parallel spinor of weight 0. To
see this, notice that when k = 0 and n = 2 (4.7) yields that As = 0, i.e. the restricted
holonomy group of VW is contained in Ry and thus the conformal scalar curvature is
zero. So, from (3.6) we obtain that the scalar curvature of a metric g € ¢ is s9 = §69.
Hence, M is homeomorphic to the torus 72 = S x S!. Now, take on T2 the conformal

class of the standard flat metric g. Then it follows easily from (3.5) that there exists a
207 965

parallel spinor with respect to VW iff 6—11 + 6—2 = 0, where 09 = 6{dx' + 6Jdz? and
x x

2! and z? are the coordinates on the first and the second factor of T? respectively. The

above equation obviously has solutions #9, which are not closed.
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KOH®OPMHUN MHOI'OOBPA3M4 C ITAPAJIEJIHA CIIMHOPU

Borman Ajsexkcanapos

JlokazBaMe, ye BBbPXY KOHMOPMHO CIHUH MHOroobpasme Bcsika BaitioBa cTpykTypa
JIOIyCKallla IapaJiesieH cunHop ¢ rerio k # 0 e 3arBopena. CbIoTo € BSIPHO, KO-
raro k = 0 u pasMepHOCTTa € MOHe 3, IPU JOMbJIHUTETHOTO MPE/NOIOKEHNE, e B
pa3MepHocT 4 MHOrOO6pPa3neTo € KOMIAKTHO.

71



