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n-invariant and flat vector bundles 11

Xiaonan Ma* and Weiping Zhang'

Abstract

We first apply the method and results in the previous paper to give
a new proof of a result (hold in C/Z) of Gilkey on the variation of 7-
invariants associated to non self-adjoint Dirac type operators. We then
give an explicit local expression of certain n-invariant appearing in recent
papers of Braverman-Kappeler on what they call refined analytic torsion,
and propose an alternate formulation of their definition of the refined
analytic torsion. A refinement in C of the above variation formula is
also proposed.

Keywords flat vector bundle, n-invariant, refined analytic torsion
2000 MR Subject Classification 58J

1 Introduction

In a previous paper [MZ]]|, we have given an alternate formulation of (the
mod Z part of) the n-invariant of Atiyah-Patodi-Singer [[APSI], [APS3, APS3]
associated to non-unitary flat vector bundles by identifying explicitly its real
and imaginary parts.

On the other hand, Gilkey has studied this kind of n-invariants systemat-
ically in [d], and in particular proved a general variation formula for them.
However, it lacks in [ the identification of the real and imaginary parts of the
n-invariants as we did in [MZ1]].

In this article, we first show that our results in [MZI]] lead to a direct
derivation of Gilkey’s variation formula [[d, Theorem 3.7].

The second purpose of this paper is to apply the results in [MZ1] to examine
the n-invariants appearing in the recent papers of Braverman-Kappeler [BrKI],
BrKZ, BrKJ on refined analytic torsions. We show that the imaginary part
of the n-invariant appeared in these articles admits an explicit local expression
which suggests an alternate formulation of the definition of the refined analytic
torsion there. This reformulation provides an analytic resolution of a problem
due to Burghelea ([Bulll, BuHZ]) on the existence of a univalent holomorphic
function on the representation space having the Ray-Singer analytic torsion as
its absolute value.
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Finally, using the extension (to the case of non-self-adjoint operators) given
in [ZI] of the concept of spectral flow [[APS3], we propose a refinement in C of

the above variation formula for n-invariants.

Acknowledgements. We would like to thank Maxim Braverman for bringing
[G] to our attention. The work of the second author was partially supported
by the National Natural Science Foundation of China.

2 np-invariant and the variation formula

Let M be an odd dimensional oriented closed spin manifold carrying a Rie-
mannian metric g?M. Let S(TM) be the associated Hermitian vector bundle
of spinors. Let (E,g") be a Hermitian vector bundle over M carrying a uni-
tary connection V¥. Moreover, let (F,g") be a Hermitian vector bundle over
M carrying a flat connection V. We do not assume that V¥ preserves the
Hermitian metric g©' on F.

Let DP®F . T(S(TM)® E® F) — I'(S(TM) ® E ® F) denote the corre-
sponding (twisted) Dirac operator.

It is pointed out in [[APSY, Page 93] that one can define the reduced 7-
invariant of DP®F denoted by 7(DF®), by working on (possibly) non-self-
adjoint elliptic operators.

In this section, we will first recall the main result in [MZ1)] on 7(DF®F) and
then show how it leads directly to a proof of the variation formula of Gilkey [IG,
Theorem 3.7].

2.1 Chern-Simons classes and flat vector bundles

We fix a square root of /=1 and let ¢ : A(T*M) — A(T*M) be the homomor-
phism defined by ¢ : w € AY(T*M) — (2m/—1)""/?w. The formulas in what
follows will not depend on the choice of the square root of /—1.

If W is a complex vector bundle over M and ng , VIV are two connections
on W. Let Wy, 0 <t < 1, be asmooth path of connections on W connecting VXV
and V{V. We define the Chern-Simons form CS(V}", V}V) to be the differential
form given by

aW

21) s (v, v)) = - <r\1/__1>%ap/olTr[ Zg exp (- (th)Q)} dt.

Then (cf. [@, Chapter 1])

(2.2) dCs (V' V") = ch (W, V}") — ch (W, V) .

Moreover, it is well-known that up to exact forms, CS(VXV ,V‘I/V) does not
depend on the path of connections on W connecting VIO/V and V{.

Let (F,VF) be a flat vector bundle carrying the flat connection V. Let
g% be a Hermitian metric on . We do not assume that V¥ preserves gf'. Let
(VE)* be the adjoint connection of V¥ with respect to gF'.



From [BZ, (4.1), (4.2)] and [BI, §1(g)], one has

(2.3) (VE) =V +w(F ¢")
with

(2.4) w(F,g") = (¢") " (VFg").
Then

(2.5) vhe — vF 4 %w (F, gF)

is a Hermitian connection on (F, g") (cf. [BZ, (4.3)]).
Following [MZ], (2.6)] and [MZ3, (2.47)], for any r € C, set

Qw (F,gF).

(2.6) vher) = vhe 4 5

Then for any 7 € R, V() is a Hermitian connection on (F, g%).
On the other hand, following [BI, (0.2)], for any integer j > 0, let co;41(F, g*')
be the Chern form defined by

(2.7) eae1 (Fog") = (2my/=1) 7 27 GPD T [W¥H (7))

Then co;11(F, g¥') is a closed form on M. Let cj11(F) be the associated coho-
mology class in H%*1(M,R), which does not depend on the choice of g*".
For any j > 0 and r € R, let a;(r) € R be defined as

1 ,
(2.8) aj(r) = / (14 u*r?)’ du.
0
With these notation we can now state the following result first proved in
MZ3, Lemma 2.12].
Proposition 2.1. The following identity in H°(M,R) holds for any r € R,

= ay(r)

———c2j+1(F).

(29) cSs <VF’6, vF,e,(r)) _ _% j'
Jj=0 )

2.2 g invariant associated to flat vector bundles
Let
(2.10) DE®Fe . I(S(TM)® E® F) — T(S(TM) ® E®Q F)

denote the Dirac operator associated to the connection V¢ on F and V¥ on E.
Then DF®F¢ is formally self-adjoint and one can define the associated reduced

n-invariant as in [[APS]].



In view of Proposition P.1, one can restate the main result of [MZ], which
is [MZ1, Theorem 2.2], as follows,

(2.11) ﬁ(DE®F)Eﬁ(DE®F’e)+/ A(TM)ch(E)CS (VP VF) mod Z,
M

where A(TM) and ch(E) are the A class of TM and the Chern character of E
respectively (cf. [4]).

Now let V¥ be another flat connection on F. We use the notation with ~
to denote the objects associated with this flat connection.

Then one has

(2.12) ﬁ(lN)E@)F) Eﬁ(ﬁE@’F’e) n / A(TM)ch(E)CS (%F@,%F) mod Z.
M

By the variation formula for n-invariants associated to self-adjoint Dirac

operators ([APSI], [BH]), one knows that

(2.13)
7 (f)E®Fve) — 7 (DE®Fe) = / A(TM)ch(E)CS (vﬂe,%ﬂe) mod Z.
M

From (R.11)-(2.13), one deduces that

(2.14) 7 (5E®F ) — 7 (DFEF) = / A(TM)ch(E)CS <vFve,%Fye)
M

- / A(TM)ch(E)CS (VFe, vF) + / A M)eh(B)OS (V5,V7)
M M

_ / ArM)eh(B)CS (VF,97) mod 2,
M

which is exactly the Gilkey formula [[G, Theorem 1.6] for the operator P = DF
therein.

Remark 2.2. As was indicated in [MZI], Remark 2.4], the main result in [MZI]
holds also for general Hermitian vector bundles equipped with a (possibly) non-
Hermitian connection. Indeed, if we do not assume that V¥ is flat, then at least
(B:)-(2:9) still holds. Thus for any r € R, we have well-defined (formally self-
adjoint) operator DF®¥(r) which is associated to the Hermitian connection

VFe() on F. For any r € R, one then has the variation formula (cf. [APS]]

and [BH])

(2.15)
7 (DESF (1)) — 7 (DFOFe) = / A(TM)ch(E)CS <VF’6,VF’G’(”) mod Z.
M

By (R]), one sees easily that the right hand side of (2.1I5) is a holomorphic
function (indeed a polynomial) of 7. Thus, by analytic continuity, as in [MZ1],



one gets that for any r € C, (B.17) still holds. In particular, if we set r = v/—1,

we get

(2.16) 7 (DF®F) =7 (DF®Fe) 4 / A(TM)ch(E)CS (VP VF) mod Z,
M

which generalizes (R.11). Then by proceeding as above, we sce that (2.14) holds
without the assumption of the flatness of connections V¥ and V¥

By (R.I) and (2.9),
(2.17)
1
Fe wFe,(r) __1 r F -1 Fe,(tr) 2

CS(V ,V )—271_/ Tr[2w(F,g )exp<2W\/T1<V ) )]dt

dim M
= Z a; (vF’gF) !

1=0

By (R.4), one has
/1 2
(2.18) <VF,e,(r)> (VFe) v-lr (vFe (F, gF)) _ TZ (w (F, gF))Q.
Note that
(2.19) VP (F,g") = [VFw (F¢")] =0, if VI is flat.

By taking adjoint of (R.1§), we see that when r € C is purely imaginary,
one has

(2.20) (277\;—_1 (VF,e,(r)>2>* _ ﬁ (WRe)z B %2 (o (F, gF))2>
() e,

From (R.1), (B-19) and (P-20), one sees that when r € C is purely imaginary,
then

Re (C’S (VF’e,VFvev(T)» — Z a; (V5. g") ',

i even

Im (CS <VF,e’vF,e,(r))> _ \/_ Z az VF,gF)

i odd

(2.21)

Thus when r € C is purely imaginary, from (B.16) and (R.21)), we have

(2.22)
Re (ﬁ (DE®F(T))) =7 (DE®F6 Z / A (TM)ch(E)a; (VF,gF) mod Z,

i even

— (HE®F F _F
Im(n(D ® (r) \/_ Z / (TM)ch(E)a; (V .9 )

i odd



In particular, by setting r = v/—1, we get
(2.23)
Rdemﬁ)EﬂDMRﬁ+E:Fné/gngM@wﬁﬂgﬁ mod Z,
M

i even

I (7 (DP°1)) = - ()% [ ATM)eh(E)a; (VF")
i odd M

This generalizes the main result in [MZ]]].

3 np-invariant and the refined analytic torsion of
Braverman-Kappeler

Recently, in a series of preprints [BrK1], BrKd, [BrKJ], Braverman and Kappeler
introduce what they call refined analytic torsion. The n-invariant associated
with flat vector bundles plays a role in their definition. In this section, we
first examine the imaginary part of the n-invariant appearing in [BrK1, BrK3,
BrKJ] from the point of view of the previous sections and propose an alternate
definition of the refined analytic torsion. We then combine this refined analytic
torsion with the n-invariant to construct analytically a univalent holomorphic
function on the space of representations of 71 (M) having the absolute value
equals to the Ray-Singer torsion, thus resolving a problem posed by Burghelea

(cf. [BuHZ).

3.1 n-invariant and the refined analytic torsion of Braverman-
Kappeler

Since there needs no spin condition in [BrKI|, BrK2, BrK3|, here we start with a
closed oriented smooth odd dimensional manifold M with dim M = 2n+1. Let
g™ be a Riemannian metric on TM. For any X € TM, let X* € T*M denote
its metric dual and ¢(X) = X* —ix denote the associated Clifford action acting
on A*(T*M), where X* and iy are the notation for the exterior and interior
multiplications of X respectively.

Let ey, ..., eapt1 be an oriented orthonormal basis of TM. Set

(3.1) T = (V=1)""c(er) - cleantr).

Then I'? = Id on A*(T*M).

Let (F,g") be a Hermitian vector bundle over M equipped with a flat
connection V¥ which need not preserve the Hermitian metric g on F. Then
the exterior differential d on Q*(M) = T'(A*(T*M)) extends naturally to the
twisted exterior differential df” acting on Q*(M, F) = T(A*(T*M) ® F).

We define the twisted signature operator Dgig to be

(3.2) D&, = = (Dd" +d"T) : Q" (M, F) — Q% (M, F).

N | —

It coincides with the odd signature operator %Beven in [BrK1], BrK2, BrKj].




Let VAT ITM)®F (pogp, AT (TTM)®Fe) 1o the tensor product connec-
tions on A®V**(T*M) ® F obtained from V¥ (resp. V¥*¢) and the canonical
connection on A" (T* M) induced by the Levi-Civita connection VM of 7™

From (B.9), it is easy to verify that

2n+1
(3.3) D, =T <Z c(ei)Vé\ieve"(T*M)ﬁgF) _

i=1
Set
2n+1
Fe . Aeven (T M)@F e
(3.4) Dgy, =T Z c(ei) Ve, .
i=1

Then D ¢ is formally self-adjoint.

Slnce locally one has identification S(TM)®S(TM) = AV (T* M), one sees
that one can apply the results in the previous section to the case F = S(T'M)
to the current situation.

In particular, we get

Re (77 (D&,)) =7 (D& mod Z,

tm (7 (D) = L (T ¥™Y) 08 (V94 VF)

1
(3.5) \/——_1/
“+oo 22] i

=~ | LTM)Y 1 (F
/ 2 +1) C2]+1( )?

where L(T'M, VT M) is the Hirzebruch L-form defined by

RTM
. L(TM.VTM) = D
(3.6) ( 'V ) p det (tanh (RTM/2)> ’

with RTM = (VTM)2 the curvature of VI and L(T'M) is the associated class.
Remark 3.1. By proceeding as in Section 2, we can get [[G, Theorem 3.7] easily
by using the results in Remark B.9.

Proposition 3.2. The function

(3.7) U (F,VF) =Im (7 (D§,)) + % /M L(TM)cy(F)

1s a locally constant function on the set of flat connections on F'. In particular,
U(F,VE) = 0 if VI can be connected to a unitary flat connection through a
path of flat connections.

Proof. Let VI, 0 <t <1, be a smooth pass of flat connections on F.
From (B.5), we get

(3.8) V=1Im (7 (D§g,1)) — v—11m (7 (D§g0))



:/ L (TM, V™M) Cs <Vf’e,Vf>—/ L (1M, V™) 05 (V5. V)
M

M

- \/__1/ L (TM, V™) Im (8 (V] V) - €5 (V). )
M

_ \/__1/ L (TM, V™) 1m (€S (VE, V1))

Now consider the path of flat connections V{, 0 < t < 1. Since for any
te [07 1]7 (vtF)2 - 07 from (@)7 (E)a one gets

2my/—1 ) (Vo - V1)

= (s (58 =589 = (37 (oo = s

Thus, one has

(3.9) CS (V. vi) = (

(3.10) V—1Im(CS(V{,VY)) = 27“1/_ (1 o(F,g") — %wl(F, gF)>
_ ﬁ (e1 (F.VE) — ey (F,VF)).
From (B.§) and (B.10), we get
(3.11) Im (7 (D§i,1)) + % /M L(TM, V™) ¢, (F,VY)

1
= Im (7 (D)) +—/ L (TM, V™) ¢, (F, V),
’ 2w M

from which Proposition B.g follows. Q.E.D.

Remark 3.3. Formula (B.10]) is closely related to [BrKJ], Theorem 12.3]. More-
over, for any representation « of the fundamental group 71 (M), let (F,, Vi)
be the associated flat vector bundle. One has

(3.12) exp (7T\If (Fa, VF“)) =r(a),

where r(a) is the function appearing in [BrK3, Lemma 5.5]. While from (B.)
and (B.7), one has

OO 22]3'

i1 (F).
2 +1) C2]+1( )

(3.13) v (F,VF) = ——/

Combining with (B.12), this gives an explicit local expression of r(a) as well as
the locally constant function r¢ defined in [BrK3, Definition 5.6].



Remark 3.4. To conclude this subsection, we propose to modify the definition of
the refined analytic torsion of Braverman-Kappeler as follows: for any Hermi-
tian vector bundle equipped with a flat connection V¥ over an oriented closed
smooth odd dimensional manifold M equipped with a Riemannian metric g?™,
let p(VE, g"™) be the element defined in [BrKd, (2.13)]. Then we propose the
definition of the refined analytic torsion as

(3'14) pgn (VF,gTM) =) (VF,gTM) e —1rk(F)ﬁ(Dsig)’

where 7j(Dsig) is the reduced n invariant in the sense of Atiyah-Patodi-Singer
of the signature operator coupled with the trivial complex line bun-
dle over M (i.e. Dgg := Ds?g). The advantage of this reformulation is that
since 7(Dsig) various smoothly with respect to the metric g™ (as the dimen-
sion of ker(Dsigz) does not depend on the metric g™, the ambiguity of the

7/ —Trk(F)7(

power of y/—1 disappears if one uses e Dsig) to replace the factor

= I L™ iy [BrKE, (2.14)).

3.2 Ray-Singer analytic torsion and univalent holomorphic func-
tions on the representation space

Let (F, V) be a complex flat vector bundle. Let g* be an Hermitian metric
on F. We fix a flat connection V¥ on F (Note here that we do not assume that
VvV and V¥ can be connected by a smooth path of flat connections).

Let ¢™™ be a Riemannian metric on TM and V7™ be the associated Levi-
Civita connection.

Let 7(VF,VF) € C be defined by
(3.15) ﬁ(vF,%F) - / L (TM, V™) CS (%Fve,vF>.
M

One verifies easily that 7j(V¥ Aval ) € C does not depend on g’ and is a
holomorphic function of V. Moreover, by (B-§) one has

(3.16) Im <77 (vF, ﬁF)) —Tm (7 (D&,)) -

Recall that we have modified the refined analytic torsion of [BrK1], BrK32,
BrKJ] in (B.14).

Set
(3.17) Ton (VF,gTM) = phn (VF, g") exp (\/—17777 <VF, §F>> .

Then Zon(VE, g7™) is a holomorphic section in the sense of [BrK3, Definition
3.4].
By [BrK%, Theorem 11.3] (cf. [BrK3, (5.13)]), (B-14), (B-16) and (B-17), one

gets the following formula for the Ray-Singer norm of To,(VF, g7M),

(319 [T (97, 67)| ™ =

1.



In particular, when restricted to the space of acyclic representations, T, (VY g7™)
becomes a (univalent) holomorphic function such that

(3.19) | Tan (VF, g™ = TRS(VF),

the usual Ray-Singer analytic torsion. This provides an analytic resolution of
a question of Burghelea (cf. [Buld)).

Remark 3.5. It is clear from the definition that 7.2 does not depend on the
choice of V¥, and thus gives an intrinsic definition of a holomorphic section of
the square of the determinant line bundle.

Next, we show how to modify the Turaev torsion (cf. [[[, [FT]]) to get a
holomorphic section with Ray-Singer norm equal to one.

Let € be an Euler structure on M and o a cohomological orientation. We
use the notation as in [BrK3] to denote the associated Turaev torsion by p .

Let ¢(e) € H1(M,Z) be the canonical class associated to the Euler structure
e (cf. [0 or [FT], Section 5.2]). Then for any representation ap corresponding
to a flat vector bundle (F, V), by [ET], Theorem 10.2] one has

(3.20) 0 () ¥ = [det ap(e(e)) 2.

Let Laimnm—1(TM) € HdimM—l(M,AZ) be the degree dim M — 1 component
of the characteristic class L(T'M). Let L1 (TM) € H,(M, Z) denote its Poincaré
dual. Then one verifies easily that

(3.21) detar (L1(TAD))| = exp </ML (TM, V™) ¢, (F, vF)> .

On the other hand, by [BrK3d, Corollary 5.9], Ly(TM) + c(e) € Hy (M, Z) is
divisible by two, and one can define a class 5. € Hy(M,Z) such that

(3.22) 2. = Li(TM) + c(e).

From Proposition B.4, (B.21]) and (B.22), one finds

(3.23)
det ap(c(e))]M? = |det o (B2)] " exp (=@ (F, V") + «Im (7 (D§,))) .

where ®(F, V) is the locally constant function given by (B.13).
We now define a modified Turaev torsion as follows:

(324) 7:—:,0 (F, VF) = Peo (QF) e7r<I>(F,VF)+\/—_17T7~I(VF,§F) (det ap (ﬁe)) .

Clearly, 7: o(F, V¥ is a holomorphic section in the sense of [BrKd, Definition
3.4]. Moreover, by (B.20), (B.29) and (B.24), its Ray-Singer norm equals to one.

Thus it provides another resolution of Burghelea’s problem mentioned above
which should be closely related to what in [BuHI].

(o,

Combining with (B.1§) we get

Toan (VF, gM)

(3.25) ANTA)

10



which, in view of (B.13), is equivalent to [BrKJ, (5.10)].

On the other hand, since now Zo, (VY gTM) /T2 o(F, VT") is a holomorphic
function with absolute value identically equals to one, one sees that there is a
real locally constant function 6. o(F, VI') such that

F TM
(3.26) Ton (V5. g™ _ V16 0(FVF)
T.o (F,VF) ’

which is equivalent to [BrK3, (5.8)].

Remark 3.6. While the univalent holomorphic sections 7, and 7; , depend on
the choice of an “initial” flat connection V¥, the quotients in the left hand sides

of (B.2§) and (B.2d) do not involve it.

Remark 3.7. One of the advantages of (B.25) and (B.26) is that they look in
closer resemblance to the theorems of Cheeger, Miiller and Bismut-Zhang (cf.
[BZ)]) concerning the Ray-Singer and Reidemeister torsions.

Now let VI and V£ be two acyclic unitary flat connections on F. We do
not assume that they can be connected by a smooth path of flat connections.

By [BrK1], (14.11)] (6.2)]), (B-19), (B.17) and the variation for-
mula for n—mvanants cf APST], APS3, BH]), one finds

(3.27)
T (V™) _ (1) o (VT (D) + VT (V.97) )
Tan (VL gTM) ~ TRS (Vg) exp ( V—=1m7 < Sig, 2) + /=177 <V§,VF)>

)

TRS (Vf) exp (—v—lﬂ'ﬁ (DgigJ) + =11 <D§ig72 >
T TRS(VE) exp (—/—1n [, L(TM,VTM)CS (VE,VF))
_ T (vf)
" TRS (Vg)

- exp (\/ —1m - sf (DSFig,l’ DSFig,Q)) ,

where Dgig ; and Dgig , are the signature operators associated to VI" and V
respectively, while sf (Dé:ig 1> Dgig 5) is the spectral flow of the linear path con-
necting Dsﬁg ; and Dgig 5, in the sense of Atiyah-Patodi-Singer [APS3].

Remark 3.8. Since we do not assume that VI and V4" can be connected by
a path of flat connections, our formula extends the corresponding formula in

[BrK3, Proposition 6.2].

Corollary 3.9. The ratio Toy(VF, g"M)/TRS(VT) is a locally constant func-
tion on the set of acyclic unitary flat connections on F'.

11



Example 3.10. Let VI be an acyclic unitary flat connection on F. Let g €
['(U(F)) be a smooth section of unitary automorphisms of F. Then g~'Vfyg
is another acyclic unitary flat connection on F'. A standard calculation shows
that
FYVE SFg='VFg)

(3.28) st ( Dgiy  » Dgi = ML(TM)Ch(g),

where ch(g) € H°d(M,R) is the odd Chern character associated to g (cf. [H]).
From (B.2§), one sees that if [}, L(T'M)ch(g) is nonzero, then V" and g~'V¥g

do not lie in the same connected component in the set of acyclic unitary flat
connections on F'.

3.3 More on 7-invariants, spectral flow and the phase of the
refined analytic torsion

We would like to point out that the (reduced) n-invariant for non-self-adjoint
operators we used above, when considered as a C-valued function, is the original
7 invariant appeared in [APSJ] (see also [[d]). In this section, we show that the
R-valued variation formula for n-invariants (which has been used in (B.27))
admits an extension to a C-valued variation formula valid also for the non-self-
adjoint operators discussed in the present paper.

First, the concept of spectral flow can be extended to non-self-adjoint oper-
ators, and this has been done in |m in a general context.

For our specific situation, if D{; Sigt: 0 <t <1, is a smooth path of (possibly)
non-self-adjoint signature operators, following [ZI]], we define the spectral flow
of this path to be, tautologically,

(3.29)
st (Dgg,ngig,l) =# {spec <Dsﬁg,0> N {Re(A) > 0} — spec <D§g,1> N{Re(n) < 0}}

—# {spec < Sig, 0) N{Re(\) < 0} — spec <D§;g 1) N{Re(p) > O}} ,

which simply replaces the number zero in the original definition for self-adjoint
operators (]) by the axis of purely imaginary numbers.

Now let V{, 0 <t <1, be a smooth path of (not necessary unitary and/or
flat) Connectlons on F. Let Dggt, 0 <t <1, be the corresponding path of
signature operators. With the definition of spectral flow, one then sees easily

that the following variation formula holds in C,
(3.30)
7 (Déig1) — 7 (Déigo) = sf (D0, Dig1) + /M L (TM, V™M) os (VE,vT).

Now we observe that in [BrKi|, BrK3g, [BrKJ], Braverman and Kappeler
propose an alternate definition of (reduced) n invariant, which if we denote by

npk, then (cf. [BrKll, Definition 4.3] and [BrK3, Definition 5.2])

(3.31) "IBK (DSITig) =7 (Dgig) - m- (Dgig) )
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where m,(Dgig) is the number of purely imaginary eigenvalues of Dé?g of form

Av—1 with A < 0.
Formulas (B.3() and (B-31)) together give a variation formula for ngx, which
can be used to extend (B.27) to non-unitary acyclic representations.
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