Examples of parallel spin-tensors
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Abstract

Let (M, g) be a Riemannian, oriented, spin manifold. The existence of the
parallel spinors (that is the spinors with vanishing covariant derivative) imposes
the conditions over the base space M. In the space of spin-tensors, we prove
that there are parallel spin-tensors for every connection V.
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1 Introduction

Recall that there exists a linear irreducible complex representation of the Clifford
algebra Cl,,,n = 2m, over the complex vector space ¥ = CQm7 which makes the
group Spin, as a subgroup of SU(2™). For m > 2, let p : Spin,, — SO(n) be the
universal covering homomorphism with kernel Z.

Let (M,g) be a spin manifold of dimension n = 2m,m > 2, and
f: SpinM — SO(M) a spin structure over M. Recall that SO(M) is the princi-
pal fibre bundle of oriented orthogonal frames of (M, g) and SpinM is a principal
fibre bundle over M with the structure group Spin,, f being a fibre bundle homo-
morphism which restricted to the fibres corresponds to the covering p [4].

Let S(M) be the space of spinors of M, which is the vector fibre bundle over M
associated with the principal fibre bundle Spin M with the fibre type . Each section
of this fibre bundle S(M) is by definition a spinor.

Every connection V of the principal fibre bundle SO(M) (in the particular case,
the Levi-Civita connection of the Riemannian manifold (M, g)) induces a connection
on the principal fibre bundle SpinM [4], [2] and, consequently, a covariant derivative
in the space of spinors. In the general case, the existence of the parallel spinors (that
is, the spinors with vanishing covariant derivative) imposes the conditions over the
base space M [1]

In the space of spin-tensors [3] we prove that there are parallel spin-tensors for
every connection V.
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2 The space of spin-tensors

Let {Uy}aca be a trivialization covering of the principal fibre bundles SpinM and
SO(M). Denote respectively by {sag}a,sca and {tos}a gea the corresponding tran-
sition functions of SpinM and SO(M), respectively. Let W be a vector space and
W* its dual space. For every A € GL(W) we denote by A* € GL(W*) the dual of
AL

Let su(2™) be the Lie algebra of the special unitary group SU(2™). The special
orthogonal group SO(n),n = 2m, acts on the vector space su(2™) as follows. For each
B € SO(n), there exists £A € Spin,, C SU(2™) such that p(+A) = B. By definition,
for every X € su(2™),

(2.1) B(X)=AXA"%

This linear representation of the group SO(n) will be denoted by p.

Let Pjjni be the principal fibre bundle with the base space M, and the transition
functions sagm ®sag*m ®taﬁ[h] ®ta5*[k] corresponding to the open covering {U, }aca-
We consider E(P;jny) its associated fibre bundle with standard fibre C2"lilg 2" +lilg
su(2m) M @ su(2m)*[H.

By definition, a spin-tensor of kind (i, 7, h, k) of M is a section of E(P;jnk).

Let {e;}; be the canonical basis of ¥ = C?" and let {E,}, be a basis of su(2™).
If B is the Killing form on SU(2™),

B(X,Y) = tr(XY),(V)X,Y € su(2™),

then we consider for every a, b the real number B, = B(E,, Ep). Let (B%),; be the
inverse matrix of (Bgp)as. We have for all a, i, j, k, [ :

(2.2) E} E* = 5],

where Egj and E]‘LZ is the element of line ¢ and column j of the matrix E, and E®
respectively.
The formula (2.1) shows that for every g € Spin,,, we have:

(2.3) p(g)X = gXg~ ", (V)X € su(2™),
and therefore

(2.4) p«(A)X = [A4, X], (V) A € spin,.

3 Some examples of parallel spin-tensors

We preserve the previous notations.
Proposition 3.1. For every a € A, we consider the map
Vo Uy — Cec e su(2™), pa(x) = E}liei ® el ® E,.

Then: i) The family {¢a}aca defines a constant spin-tensor ¢ of kind (1,1,1,0);
i1) The spin-tensor ¢ is parallel relative to every connection ¥V of the principal fibre
bundle SO(M) (in particular, relative to the Levi-Civita connection).
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Proof. 1) We recall (see e.g., [2]) that the family of applications {¢q}aca defines a
spin-tensor of kind (1,1, 1,0) if and only if

va(x) = Sga(z)pa(z), Ma,B € A,z € Uy NUg,
where
S6a(®) = sap(T) ® 505" (7) @ tas(z).
Therefore, we need to prove that
(3.5) (5ap(x) ® sqp™ () ® tag(x))(E;-”ei el ®E,) = E;iei Re ®E,.

Indeed _ _
(808(7) ® sap™ (%) ® tap(w))(Ej'e; ® e’ @ E,) =

= B} (sap(@))} (350 (2))].(tap(@))a(en ® € @ Ep).
But, on the other side, since tog(x) = p(sqas(z)), we may write using (2.1)

(tap(@))aBs = sga(2) Easas(x)
and this means that for all ¢
tr((tap(2))a By E) = tr(spa(2) Easas (1) E).
We have equivalently
tap(2)a = tr(5pa(2) Easap() E®).

Using this formula and (2.2), we obtain that (3.5) is true.

ii) Let {wq}aca be the family of 1-forms of the connection V and let {64, ...,0,}
be a local field of frames on U,. We have ¢,.(6,) = 0 for all r = 1,...,n, since the
spin-tensor ¢ is constant. Then, by definition, for all z € U, [2]

- (T ple) =
B wa(ﬁr)ies®eJ®Ea—Ej e; ®wa(0r)e ke E, + B ‘e; ® el @ pu(wa(0,)Ey =

{[wa(0r), o]t + EVwe (0,)2[Ey, BB }e; @ € @ E,.
Using (2.2), we obtain (Vg,¢)q(x) = 0. O
Similar considerations prove that the family {1, }oca given by
Yo 1 Uy — C¥" @ C¥"* @ su(2™)", Yu(x) = Ele; ® € @ B,
or the family {Xa}aca
Xa :Us — C?" @ C¥"* xolz) = e; @ €,
or the family {04 }aca
o Uy — su(2™) @ su(2™)*, 00 = E, @ B¢

define a constant spin-tensor (of kind (1,1,0,1),(1,1,0,0),(0,0,1,1) respectively)
which is parallel relative to every connection V of the principal fibre bundle SO(M).
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