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Abstract

We study the motive of the moduli space of semistable Higgs bundles of coprime rank
and degree on a smooth projective curve C over a field k under the assumption that C
has a rational point. We show this motive is contained in the thick tensor subcategory
of Voevodsky’s triangulated category of motives with rational coefficients generated
by the motive of C. Moreover, over a field of characteristic zero, we prove a motivic
non-abelian Hodge correspondence: the integral motives of the Higgs and de Rham
moduli spaces are isomorphic.
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1 Introduction
1.1 Moduli of Higgs bundles and their cohomological invariants

Let C be a smooth projective geometrically connected genus g curve over a field k.
A Higgs bundle over C is a vector bundle E together with a Higgs field, which is an
Oc-linear map E — E ® wc. There is a notion of (semi)stability analogous to the
classical notion for vector bundles and a construction via geometric invariant theory of
the moduli space H;’ ; of semistable Higgs bundles of rank n and degree d over C. We
assume thatn and d are coprime; this implies that semistability coincides with stability,
and that H}® ; is a smooth quasi-projective variety of dimension 2n%(g — 1) +2.

H1tch1n s original motivation for introducing Higgs bundles and their moduli in [26]
came from mathematical physics, but these spaces now play a central role in many
subfields of geometry. Most notably, over the complex numbers, moduli spaces of
Higgs bundles are (non-compact) hyperkédhler manifolds which are isomorphic as real
analytic manifolds to moduli spaces of representations of the fundamental group of
C and moduli spaces of holomorphic connections via Simpson’s non-abelian Hodge
correspondence [42].

For a long time, the cohomology of H,®; was quite mysterious. One recent break-
through was the precise conjectural formulas for the Betti numbers over the complex
numbers by Hausel and Rodriguez-Villegas [19] (predicted via point-counting argu-
ments for character varieties over finite fields); the conjecture was recently proved by
Schiffmann [39], Mozgovoy-Schiffmann [36] and Mellit [35] by counting absolutely
indecomposable vector bundles over finite fields, in the spirit of Kac’s theory for quiver
representations, and using Hall algebra techniques.

Our paper follows a different geometric strategy, which can be traced back to the
original paper of Hitchin [26]. There, he used a scaling G,,-action on the Higgs field
to compute the Betti numbers of H;Y 4(C), and Gothen [17] extended this approach
to rank 3. This scaling action was later studied by Simpson [42] in higher ranks. The
components of the G,,-fixed loci are moduli spaces of chains of vector bundles on C
which are semistable with respect to a certain stability parameter, and the cohomology
of H** o4 can be described in terms of the cohomology of these moduli spaces of chains
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by using the classical techniques of Biatynicki-Birula [5]. Since these moduli spaces
of semistable chains are smooth projective varieties, this shows that the cohomology of
HY* n.a 18 pure (this purity was observed by Hausel and Thaddeus [21, Theorem 6.2] and
Markman [34]). Moreover, the problem of describing the cohomology of H;‘ 4 reduces
to the problem of describing the cohomology of moduli spaces of chains which are
semistable with respect to a specific stability parameter.

The classes of moduli spaces of Higgs bundles and moduli spaces of chains in the
Grothendieck ring of varieties were studied by Garcia-Prada, Heinloth and Schmitt
[14,15,23]. One key geometric idea is to vary the chain stability parameter and use
wall-crossing in terms of unions of Harder—Narasimhan strata to inductively write the
classes of moduli stacks of semistable chains for certain stability parameters using
classes of simpler stacks. More precisely, it suffices to compute the classes of certain
moduli stacks of generically surjective chains of constant rank, for which there are
explicit formulas in terms of the classes of symmetric powers of the curve and classes
of stacks of vector bundles over the curve. The latter were determined by Behrend
and Dhillon [4]. This gives a recursive algorithm to compute the class of H** wg N
the Grothendieck ring of varieties [14] and it follows that the class of HJ® 4 can be
expressed in terms of classes of symmetric powers of C, the Jacobian of C and powers
of the Lefschetz class.

1.2 Our results

In this paper, we study the motive M (H,’;) in Voevodsky’s triangulated category

DM (k, R) of (effective) mixed motives over k with coefficients in a ring R such
that the exponential characteristic of k is invertible in R under the assumption that
C (k) # . By construction M (Hff ;) lies in the subcategory DMSH(k, R) of compact
objects of DM (k, R).

Our first main result adapts the geometric ideas in [14,15,23] to Voevodsky’s trian-
gulated category DM®! (k, R) of mixed motives over .

Theorem 1.1 Assume that C(k) # ) and that R is a Q-algebra. Then the motive
M(H;® '¢) lies in the thick tensor subcategory (M (C N® of DM?ff (k, R) generated by
M (C). More precisely, M (Hsf 4) can be written as a direct factor of the motive of a
large enough power of C.

In fact, as C(k) # ¢, the stack H,’ ', of semistable Higgs bundles is a trivial Gy,-
gerbe over H** ¢ and the ideas in the proof of Theorem 1.1 provides a more precise
description of the motive of H,}; as fitting in a explicit sequence of distinguished tri-
angles built from known motives (Corollary 6.7), which we hope will lead to precise
computations in small ranks. The promised description as a direct factor is unfortu-
nately completely inexplicit and relies on a general observation about pure motives
and weight structures; see Lemma 6.8.

Schiffmann proved that, over a finite field, the eigenvalues of Frobenius acting
on the compactly supported £-adic cohomology of H;*; are monomials in the Weil
numbers of C (in [38, Corollary 1.6]; note that this is the arXiv preprint, the published
version of the paper does not include this result). He asked us whether this also follows
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from Theorem 1.1; indeed, this is the case, see 6.10 for a more precise statement and
proof.

Our second main result, over a field of characteristic zero, compares the integral
motives of H** n.q and the de Rham moduli space MdR appearing in the non-abelian
Hodge correspondence (see §4 for the precise deﬁmtlon) This motivic counterpart
to the non-abelian Hodge correspondence is relatively easy to prove (and has some
antecedents for cohomology in the literature) but does not seem to have been observed
before, even at the level of Chow groups.

Theorem 1.2 Assume that k is a field of characteristic zero and C (k) # @. For any
commutative ring R, there is a canonical isomorphism

MH ) ~ M(MSR)
in DM® (k, R) which also induces an isomorphism of Chow rings
CH*(H,';, R) = CH*(Mn a0 R).

The proof of Theorem 1.1 and of its refined form (Corollary 6.7) is a priori more
complicated than in the context of the Grothendieck ring of varieties, as the cut and
paste relations [X] = [Z] + [X \ Z] for a closed subvariety Z C X play a key role
in the proof of [14], whereas in DMt (k, R) one only has an associated localisation
distinguished triangle (and Gysin triangle for smooth pairs) which does not split in
general.

However, there are some circumstances in which these triangles split: in particular,
the Gysin triangles associated to a Bialynicki-Birula decomposition of a smooth pro-
jective variety with a G,,-action split and one obtains motivic decompositions [7,8,31]
and in fact, in the “Appendix” to this paper, we show this is also true for smooth quasi-
projective varieties with a so-called semi-projective G,,-action (see Theorem A.4).
This provides the first step of our argument: since the scaling action on the moduli
space of Higgs bundles H;’; is semi-projective, the motive of H;®; can be expressed
in terms of Tate twists of motives of certain moduli spaces of semlstable chains, which
are smooth and projective. From this, we already deduce the purity of M (Hff 2

It is at this point in the logical development, by combining motivic Biatynicki-
Birula decompositions with the geometry of the Deligne-Simpson moduli space of
A-connections, that we prove Theorem 1.2 (see Theorem 4.2); in fact, it is obtained
as a corollary of a general fact about equivariant specialisations of semi-projective
G,,-actions (Theorem B.1).

The motives of the moduli spaces of semistable chains appearing in the Biatynicki-
Birula decomposition of Hff 4 can be expressed in terms of the motives of the
corresponding moduli stacks of semistable chains when C (k) # #, since this implies
these stacks are trivial G,,-gerbes over their coarse moduli space. Therefore, it remains
to describe the motives of the corresponding moduli stacks of semistable chains. We
follow the geometric ideas in [14,15,23], which involves a wall-crossing argument
together with a Harder—Narasimhan (HN) recursion.
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The space of stability parameters for chains has a wall and chamber structure such
that (semi)stability is constant in chambers and as one crosses a wall, the stacks of
semistable chains for the wall parameter is a union of the stacks of semistable chains
and finitely many stacks of chains of fixed HN type for the stability parameters on
either side of wall. We use a path in the space of stability parameters constructed in
[15] starting from (a small perturbation of) the Higgs stability parameter oy which
ends in a chamber where either the semistable locus is empty or is contained in a
moduli stack of generically surjective chains of constant rank. We obtain a diagram of
distinguished triangles relating the motives of the stacks of « g-semistable chains we
are interested in with the motives of stacks of generically surjective chains of constant
rank and higher HN strata for various stability parameters along the path.

The motives of moduli stacks of chains of fixed (non-trivial) HN type can be
described inductively using the fact that the map taking a chain to its the associ-
ated graded for the HN filtration is a Zariski locally trivial affine space fibration over
a product of moduli stacks of semistable chains of smaller ranks.

The last step of the computation, and the one which requires the most additional
work compared to [15], is to lift the formula for the classes of stacks of generically
surjective chains of constant rank in [15, Lemma 4.9] to DM® (k, R) and this is where
we are forced to assume that R is a (Q-algebra. These stacks turn out to be iterated
moduli stacks of Hecke correspondences over moduli stacks of vector bundles over
C.In [27,28] we prove a formula for the rational motive of the stack Bun, 4 of rank
n degree d vector bundles on C under the assumption that C(k) # ; this formula
involves motives of symmetric powers of the curve, the Jacobian of the curve and
Tate twists (see [27, Theorem 1.1]). The arguments in [27] involve calculating the
motive of varieties of Hecke correspondences for a family of vector bundles over C
parameterised by a smooth variety T (see [27, Theorem 3.8]). We were inspired by a
more sheaf-theoretic argument of Heinloth [23, Proof of Proposition 11], which gives
the rational cohomology of stacks of Hecke correspondences over any base using an
argument based on ideas of Laumon [33] involving the cohomology of small maps
which are generically principal bundles. Heinloth’s proof uses perverse sheaves and
cannot be applied in DM® (k, R), but we gave a more geometric form of the argument
which can be made to work using the six operations formalism for étale motives. It
remains to extend this formula to the case where we replace the smooth variety 7
by the smooth stack Bun, 4. Since in [28, Theorem 3.2] we prove that Bun, 4 is a
so-called exhaustive stack (see [28, Definition 2.15]), it suffices to prove the formula
extends to smooth exhaustive stacks, which is what we do in Sect. 5. More precisely,
we obtain the following result, which completes the proof of Theorem 1.1.

Theorem 1.3 Assume that R is a Q-algebra. Let € be a family of rank n vector bun-
dles over C parametrised by a smooth exhaustive algebraic stack T. Then the stack
Heckelg T of length | Hecke modifications of £ (i.e. subsheaves F C £ whose quo-
tient is a family of length | torsion sheaves) is smooth and exhaustive, and we have an
isomorphism

M (Hecke: T EMT)® M(Sym!(C x P"~ 1))
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in DM (k, R).

Notation and conventions.
Let D be a tensor triangulated category admitting small direct sums and such that
tensor products preserve small direct sums (for instance D = DM (k, R)). Let G be
a set of objects in D. We denote by (G) (resp. (G))) the smallest thick (resp. localising)
subcategory of D containing G; that is, the smallest triangulated subcategory of D
containing G and furthermore stable by taking direct factors (resp. small direct sums).
We also denote by (G)® (resp. {G)®) the smallest thick (resp. localising) tensor
subcategory of D containing G; that is, the smallest triangulated subcategory of D
containing G and furthermore stable by taking tensor products and direct factors (resp.
tensor products and small direct sums).

It is easy to show that the subcategory (G) (resp. {G))) admits a more concrete itera-
tive description as a countable (resp. transfinite) union of full subcategories ((G)"),>0
(resp. ({GN*)« ordinal)> individually not triangulated in general, with

e (G)Y = (G)? the full subcategory on the set Ugc7G[k] of shifts of objects in G.

e foralln > O (resp. foralla > 0), (G)" (resp. (G)*) the full subcategory of objects
which are either extensions or direct factors (resp. extensions or small direct sums)
of objects in Uy, <, (G)" (resp. u,ka«g»ﬂ).

2 Moduli of Higgs bundles and moduli of chains

Throughout this section, we fix a smooth projective geometrically connected genus g
curve C over a field k and coprime integers n € N and d € Z. Let us introduce the
main object of this paper, the moduli space H,®; of semistable Higgs bundles over C
of rank n and degree d.

2.1 Moduli of Higgs bundles

A Higgs bundle over C is a pair (E, @) consisting of a vector bundle E and a homo-
morphism ® : E — E ® wc called the Higgs field. The numerical invariants of the
Higgs bundle are given by the rank rk(E) and degree deg(E) of the vector bundle.

Definition 2.1 The slope of a Higgs bundle (E, ®) is defined by w(E) :=
deg(E)/rk(E). The Higgs bundle (E, ®) is (semi)stable if for all Higgs subbun-
dles E’ C E (that is, a vector subbundle E’ C E such that ®(E’) C E' ® w¢), we
have

I(E") (2) w(E),

where (<) denotes < for semistability and < for stability. We say (E, @) is geo-
metrically (semi)stable if its pullback to Cx := C xj K is (semi)stable for all field
extensions K /k.

If we consider Higgs bundles of coprime rank and degree, then the notions of stabil-
ity and semistability coincide. Every Higgs bundle has a unique ‘Harder—Narasimhan’
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filtration by Higgs subbundles whose successive quotients are semistable of strictly
decreasing slopes. The uniqueness of the Harder—Narasimhan filtration can be used to
show that the notions of semistability and geometric semistability coincide over any
field. Over an algebraically closed field, the notions of stability and geometric stability
coincide; however, over a non-algebraically closed field these notions can differ (see
[29, 1.3.9]). For us all these notions will coincide, as n and d will be assumed to be
coprime.

There is a moduli space H;’ ¢ of semistable Higgs bundles over C with fixed invari-
ants n and d, which is a quasi- prOJectlve variety that can be constructed via geometric
invariant theory [41]. It contains an open subvariety Hn 4» the moduli space of geomet-

rically stable Higgs bundles, which is a smooth variety of dimension 2n?(g — 1) + 2
whose geometric points correspond to isomorphism classes [E, @] of stable Higgs
bundles. Moreover, every (semi)stable vector bundle is a (semi)stable Higgs bundle
with any Higgs field and the deformation theory of vector bundles implies that the
cotangent bundle to the moduli space of semistable vector bundles is contained in the
moduli space of semistable Higgs bundles.

2.2 The scaling action on the moduli space of Higgs bundles

In this section we will exploit a natural G,,-action on the moduli space H;’; of
semistable Higgs bundles over C whose fixed loci are moduli spaces of semistable
chains. This action was first used by Hitchin [26] to compute the Betti numbers of
H,®, when n = 2 and was later used by Simpson [42] for higher ranks. The G,,-action
is deﬁned by scaling the Higgs field: forz € G, and [E, @] € H}’, let

t-[E,®]:=[E,t- D]

The fixed loci and the flow under this G,;,-action are described by the following result.

Proposition 2.2 (Hitchin, Simpson) The above G,-action on H;’ , is semi-projective
(in the sense of Definition A.1) and thus there is a Biatynicki-Birula decomposition

ss +
Hn,d - I_l Hi ’

iel

where H; are the connected components of (H,’ d)Gm and Hl-Jr is the locally closed
subvariety of H‘;fd consisting of points x such that lim;_.ot - x € H;. Moreover,
the fixed components H; are smooth projective varieties and the natural retraction
H l.+ — Hj is a Zariski locally trivial affine bundle of rank % dim H;lY 4+ The strata Hi+
are smooth locally closed subvarieties of H, ;.

Proof The fact that the G, -action is semi-projective is due to Hitchin and Simpson and
then by work of Biatynicki-Birula [S] (see Theorem A.2), there exists a decomposition
with the above description; for more details on the proof, see [21, Section 9]. O

In fact, the fixed loci components also have a moduli theoretic description due to
Hitchin and Simpson. If an isomorphism class [E, ®] of a semistable Higgs bundle
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is fixed by this action, then either ® = 0 or we have G,, C Aut(E) which induces a
weight decomposition E = @; E; such that ®(E;) C E;j+| ® wc, as Gy, acts on ®
with weight 1. If iy denotes the minimum weight for which E;; is non-zero, then we
obtain a chain of vector bundle homomorphisms

2
Eiy, — Eiyj4+1 Qwc — Ejy42 ®a)? — ..

which terminates after finitely many homomorphisms, as there are only finitely many
weights appearing in the decomposition E = @ E;. If we write F; := E;j1; ® w?’,
then this gives us a chain

h—F—>FR—----—F

for some r € N. Since wc is a line bundle, the E;’s are uniquely determined by the
F;’s. The case r = 0 corresponds to vanishing Higgs field ® = 0; thus one fixed
component is the moduli space of semistable rank n degree d vector bundles on C.
The other components of the fixed locus will be moduli spaces of semistable chains
as we explain below.

2.3 Moduli of chains

The fixed loci for the above scaling action on H,®; are moduli spaces of chains which
are semistable with respect to a certain stability parameter. We give some basic prop-
erties of moduli of chains and explain their relationship with Higgs bundles.

A chain of length r over C is a collection of vector bundles (F;);—o,... » and homo-
morphisms (¢; : F;_1 — F;);=1,...- between these vector bundles, which we write
as

Fo= o3 F - > F_ % F.

The invariants of this chain are the tuples of ranks and degrees tk (F,) := (rk F});—o, ...,
and deg(F,) := (deg F;)i=o,...r. There are natural notions of homomorphisms of
chains and the category of chains over C is an abelian category.

If we fix tuples n and d of ranks and degrees, then there is an algebraic stack
Chy,q of chains with these invariants, which is locally of finite type [15, §4.1]. There
are notions of (semi)stability for chains depending on a stability parameter « and
also natural notions of Harder—Narasimhan filtrations with respect to such a stability
parameter.

Definition 2.3 Let @ = (a;)i—o...., € R"*! be a tuple of real numbers.

.....

(1) We define the a-slope of a chain F, by

Y i—o(deg F; + o tk(F}))

F,) =
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Note that this only depends on the numerical invariants (rk(F,), deg(F,)) of the
chain. A chain F, is a-(semi)stable if for all proper subchains F, C F, we have

/‘La(F./)(S)Ma (F.),

where (<) denotes < for semistability and < for stability. We say F, is geometri-
cally a-(semi)stable if its pullback to Ck is a-(semi)stable for all field extensions
K /k.

(2) The stability parameter « is critical for given numerical invariants n and d if there
exists 0 < n’ < n (thatis, 0 < n} < n; for all i with at least one strict inequality)
and d’ such that uy(n',d’) = pe(n, d). Otherwise, we say « is non-critical for
these invariants.

(3) Every chain has a unique Harder—Narasimhan (HN) filtration with respect to o

0=FOQcFPc...cFP=F

such that F! := F.(i) / F.(i_l) are o-semistable with strictly decreasing «-slopes
[15, Lemma 4.2]. The «-HN type of F, records the numerical invariants of the
subquotients and we write this as a tuple (tk(Fy), deg(FJ))j=1....;. We let Chyyy/

.....

denote the substack of a-semistable chains and let Ch;} denote the substack of

chains of -HN type 7. The substack Ch, " is open in Ch, 4 while each Ch
locally closed. o

na

By definition, if « is non-critical for n and d, the notions of «-semistability and
a-stability for chains with these invariants coincide. Similarly to the discussion for
Higgs bundles, if « is non-critical for n and d, then all these notions of (semi)stability
coincide.

There are moduli spaces Ch;"'" of a-semistable chains over C with fixed invariants
n and d which are projective varieties that can be constructed as geometric invariant
theory quotients (see [40]). Furthermore, the deformation theory of chains is described
in [1, Section 3].

Since geometrically a-stable chains have automorphism groups isomorphic to the
multiplicative group G,,, the stack of geometrically a-stable chains Chff:; is a G-
gerbe over its coarse moduli space Chg:;, the moduli space of geometrically «-stable
chains over C. Moreover, if we assume C (k) # @, then for non-critical values of «
for n and d, the G,,-gerbe Ch,y; — Ch" is trivial (for example, this can be proved
using [22, Lemma 3.10]).

Consider the following cones of stability parameters

Ar=fe e R o —ajy >2¢ -2} and
AY ={a € R o — iy > 28 —2).

If « € A, and « is non-critical for the invariants n and d, then the moduli spaces
Chy""’ = Ch;" (and also the corresponding moduli stacks) are smooth by [1, Theorem

3.8 vi)]. Fora € A?, the moduli stack Chz:fjs of a-semistable chains is smooth by [1,
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Proposition 3.5 ii)] (see also [15, Lemma 4.6] and [24, Section 2.2]). Moreover, the
HN-strata for stability parameters in the cone A} admit the following description.

Proposition 2.4 [15, Lemma 4.6 and Proposition 4.8] Let o € Ap. For an a-HN type
T = (n/,d’)j=1,..1, the morphism given by taking the associated graded for the
a-HN filtration

.....

ni.dJ

1
gr:Chyy — l_[ Ch*™
j=1

is an affine space fibration. Thus the stack Chz:é of chains with «-HN type t is also
smooth. o

To state the relationship between the fixed point set of the G,,-action on H}® ; and
moduli spaces of chains, we introduce a Higgs stability parameter for length r chains

o :=rQ2g—-2),...,2¢ —2,0)

which lies on the boundary of the above cone A,.

Proposition 2.5 Any length r chain F, determines a Higgs bundle (E = ®|_F; ®

a)?_i, D), where the Higgs field ® : E — E ® wc is determined by the chain
homomorphisms ¢; : Fi_1 — F;. Furthermore, the associated Higgs bundle (E, ®)
is (semi)stable if and only if the chain F, is oy -(semi)stable.

Proof This is essentially due to Hitchin [26] and Simpson [42]: one verifies that E' =
@E! is a Higgs subbundle of (E = @E;, ®) if and only if F, is a subchain of F,
where E] := F/ ® w?_’. Moreover, one has

Y i—o(deg F/ + (r —i)(2g — 2) tk(F)))

F)) =
Moy (Fy) ST KE]
2izodeg Ef
== +rQRg—-2
Yico K E; e
=u(E)+r2g—2)
and so (semi)stability of (E, @) corresponds to o g -(semi)stability of F,. O

Corollary 2.6 The connected components of the fixed point set of the Gy,-action on
Hff 4 are moduli spaces of ap-semistable chains for numerical invariants n and d for
which a g is non-critical (and thus the notions of semistability and stability with respect
to oy coincide for these numerical invariants). In particular, the moduli spaces of oy -
semistable chains appearing as fixed components are smooth projective varieties.

Proof First of all, note that for n and d to appear as numerical invariants of chains
occuring in this fixed locus, we musthave ) . n; =nand ), di =d+)_;i(2g —2).
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The fact that oy is non-critical for the numerical invariants n and d arising in this
decomposition is then a consequence of n and d being coprime, as pq, (n',d") =
Moy (n, d) if and only if w(D_; n;, Y d] —i(2¢ —2)) = u(n,d) by the proof of
Proposition 2.5. Since «ay is non-critical, one can find a small perturbation to a non-
critical stability parameter &y € A? such that oy -semistability coincides with &/ -
semistability; then by [24, Theorem 2] the moduli stack of & g -semistable chains with
these invariants is connected and so it follows that the moduli space of « g -semistable
chains with these invariants is also connected, hence a connected component of the
G,,-fixed point locus. O

2.4 Variation of stability and Harder-Narasimhan stratification results

By varying the parameter @ € R"*!, one obtains different notions of (semi)stability
and correspondingly different moduli spaces of semistable chains which are related by
birational transformations. One can subdivide the space of stability parameters R"*!
into locally closed subsets, known as a wall and chamber decomposition, such that
the notion of «-(semi)stability is constant within each chamber and changes as one
crosses a wall. In fact, the walls are hyperplanes which are in bijections with invariants
(0 < n’ < n,d") which witness the criticality of a critical stability parameter in the
sense of Definition 2.3. This wall-crossing picture for chains was studied in [1, Section
4] and was described from the point of view of stacks in [14, Section 3].

Let us recall the description of the stacky wall-crossing given in [14, Proposition 2]:
let ag be a critical stability parameter for invariants n and d, for 8§ € R"*! consider the
family of stability parameters o; = «g+ 1§ in a neighbourhood of # = 0 € R. Then for
0 < € << 1, we have that a.-(semi)stability and «_-semistability are independent
of €, and if we write a4 := o4, then we have

Chy™™ = Chys™ U |_| Chy", 1)

tely

where I are finite sets of «4-HN types.
For the wall-crossing arguments we employ later, we will need to introduce the
stack of generically surjective chains.

Definition 2.7 Let Chf‘?’;*surj denote the substack of Chy 4 consisting of chains

F,:(FOgF1—>~-—>Fr,1 gF,)

such that all the homomorphisms ¢; are generically surjective.

Remark 2.8 Forn = (n, ..., n) constant, Chi?s_surj is smooth and connected by [15,
Lemma 4.9] (see also [1, Theorem 3.8 v)]). In this constant rank case, as we are
working over a curve, the stack of generically surjective chains coincides with the
stack of injective chains (see [23]).
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Proposition 2.9 Let o € A, and let n and d be invariants for chains of length r. Then
there is a ray (o;);=0 € A, starting at ag = o with the following properties.

(1) [14, Lemma 6] If n; # n; for some i # j, then for t >> 0 there are no a;-
semistable chains with these invariants; that is, Ch'y* = @ for t >> 0.

(2) [15, Corollary 6.10]1 If n; = nj for all i, j, then for t >> 0 we have
R gen—surj
Chzzs C Chﬂ,i

gen—surj
h n.d

and moreover C is an (infinite) union of a;-HN strata.

If moreover a € A?, then the ray (o;);>0 can be chosen to remain in A3.

Remark2.10 As observed in the proof of [24, Proposition 2.6], the above paths can
be perturbed such that every critical value along the perturbed path lies on a single
wall and the path is linear in a neighbourhood of each critical value, as the wall and
chamber decomposition is a locally finite partition of A7 by [1, §2.4].

3 Voevodsky’s category of effective motives and motives of stacks
3.1 Motives of schemes

In this section, let us briefly recall some basic properties about Voevodsky’s category
DM (k, R) := DMNiseff (k R) of effective (Nisnevich) motives over k with coeffi-
cients in a ring R. For the remainder of the paper, we fix such a ring R and we always
assume that the exponential characteristic of k is invertible in R (this is necessary for
the more subtle properties of DM(k, R), such as the existence of the weight structure
used in Section 6.3). In places, in particular for our main result (Theorem 1.1), we
need the stronger assumption that R = @, which we always point out explicitly.

The category DM (k, R) is a R-linear tensor triangulated category, which was
originally constructed in [46] and its deeper properties were established under the
hypothesis that k is perfect and satisfies resolution of singularities. These properties
were extended to the case where k is perfect and the exponential characteristic of k
is invertible in R by Kelly in [32], using Gabber’s refinement of de Jong’s results on
alterations.

For a separated scheme X of finite type over k, one can associate a motive M (X) €
DM®T (k, R) which is covariantly functorial in X and behaves like a homology theory.
The unit for the monoidal structure is M (Spec k) := R{0}, and there are Tate motives
R{n} := R(n)[2n] € DM(k, R) for all n € N. For any motive M and n € N, we write
M{n} := M @ R{n}.

In DM®f (k, R), there are Kiinneth isomorphisms, A!-homotopy invariance, Gysin
distinguished triangles, projective bundle formulas, as well as realisation functors
(Betti, de Rham, ¢-adic,- - -) and descriptions of Chow groups with coefficients in R
as homomorphism groups in DM® (k, R). There is also a well-behaved subcategory
DM§ff (k, R) ¢ DM® (k, R) which can be described equivalently as the subcategory
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of compact objects in the triangulated sense or as the thick triangulated subcategory
generated by M (X) for X smooth.

By Voevodsky’s cancellation theorem [45] (together with a result of Suslin to cover
the case where k is imperfect [44]), the category DMeff (k, R) embeds as a full sub-
category of the larger triangulated category of (non-effective) motives DM(k, R). The
advantage of DM(k, R) over DMe (k, R) is that it admits a form of Poincaré duality.
For an overview of properties of DM(k, R), which by the previous embedding also
covers the main properties of DM®f (k, R) alluded to in the previous paragraph, we
refer the reader to the summary in [28, §2].

3.2 Motives of smooth exhaustive stacks

There are several approaches to defining motives of general algebraic stacks when
working with rational coefficients. For a comparison of different approaches, see [28,
Appendix A], and for a more general approach which partially describes a six operation
formalism on stacks via the natural co-category structures on rational motives, see [37].
A key point in the story is that Voevodsky motives with rational coefficients satisfy
smooth cohomological descent, which ensures that the resulting motives do not depend
on auxiliary choices and relate as expected to motives of finite type schemes. However,
it is not clear how to construct motives of algebraic stacks with coefficients in a more
general ring R.

In this paper, as in [28], we can work with a more restrictive class of algebraic stacks,
namely smooth exhaustive stacks. Informally, an algebraic stack X is exhaustive if it
can be well approximated by a sequence of schemes which occur as open substacks of
vector bundles over increasingly large open substacks of X (see [28, Definition 2.15]
for the precise definition, which we will not need in this paper). In particular, quotient
stacks [X/G] for a G-linearised action of an affine algebraic group G on a smooth
quasi-projective variety X are smooth and exhaustive, see [28, Lemma 2.16]. Almost
all of the stacks we consider in this paper, and all of those for which we consider an
associated motive, are exhaustive, see Proposition 5.4 and Lemma 6.2.

For such smooth exhaustive stacks and for any coefficient ring R, we can attach
a motive in DM® (k, R) by adapting ideas of Totaro and Morel-Voevodsky (see [28,
Definition 2.17]; note that in loc.cit. we work in DM(k, R) but the definition works
as well and compatibly in the full subcategory DM® (k, R)). In [28, Appendix A],
we checked that this is compatible with the more general definition alluded to above
when R is a (Q-algebra. We do not need to go into the definition, but we will need the
following property which follows immediately from the definition.

Proposition 3.1 Let 7 be a smooth exhaustive algebraic stack. Then there exists a
diagram of finite type separated k-schemes

Upy—-> U > U — ...
which lives over T and such that we have

M(T) >~ hocolim,,cy M (Uy,)
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in DM (k, R). Let f : T' — T aflat finite type separated representable morphism,
and U), .= U, x1 T' for n € N (so that U}, is also finite type and separated). Then
T’ is exhaustive, and we have

M(T") =~ hocolim,en M (U,,)
in DM (k, R).

In [28], we established a few of the expected properties of motives of smooth exhaus-
tive stacks, in particular we prove that the product of exhaustive stacks is exhaustive
and establish Kiinneth isomorphisms, A!-homotopy invariance and Gysin triangles in
[28, Proposition 2.27]. Note that the results are stated in the larger category DM(k, R)
but also hold in the full subcategory DM®! (k, R) by the Voevodsky-Suslin embedding.

4 Motivic non-abelian Hodge correspondence

One of the most interesting features of the moduli space H;’ , is its role in the non-
abelian Hodge correspondence of Corlette and Simpson, which relates H'* . toamoduli

space Mde of (logarithmic) flat connections on C over the complex numbers [42]. Over
a field k of characteristic zero, there is still a geometnc relationship between H®® n.q and

Mng, instantiated by Deligne’s moduli space Mn’ 4 of (logarithmic) A-connections.
In this section, which is independent of the rest of the paper, we combine this with
“Appendix B” to compare the motives of Hn 4 Mde and MHdg

In this section, we assume that & is a field of characterlsnc zero and, as in the rest
of the paper, we assume that n and d are coprime and that C (k) # @. We fix x € C (k)
and consider logarithmic connections with poles at x of fixed residue, whose definition
we recall below.

In [41], Simpson defines the notion of a sheaf A of rings of differential operators
over a smooth projective variety X /S generalising the usual ring of differential opera-
tors Dx /s and constructs moduli spaces of A-modules (i.e. sheaves of left A-modules
which are coherent as Ox-modules) which are semistable (in the usual sense of ver-
ifying an inequality of slopes for all A-submodules). For special choices of A, one
obtains moduli spaces of coherent sheaves, Higgs bundles, flat connections and more
generally logarithmic connections and their degenerations given by A-connections.

Definition 4.1 Let A9R-12* denote the (split, almost polynomial) sheaf of differential
operators over C associated to the sheaf of logarithmic differentials ¢ (log x) and the
ordinary differential (see [41, page 87 and Theorem 2.11]); then a AIR-102()_module
is a coherent sheaf E on C with logarithmic connection V : E — E ® Qc(logx)
with poles at x satisfying the usual Leibniz condition (as we are over a curve, the
integrability condition holds trivially). Following page 86 of loc. cit., we can construct
a deformation to the associated graded Gr(AdRJogxy — Sym* (¢ (log x)¥) which is
a (split, almost polynomial) sheaf of split differential operators over C x A! denoted
ARIDEXR Eor ) e k, let iy : C x {A} < C x Al denote the inclusion and let
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AR ogxd . — i AdRI0g xR, thep g AdR-028X2_module is a logarithmic A-connection
on C with poles at x.

Alogarithmic A-connection (E, V) admits aresidue at x, which is an endomorphism
of E,. Fixing the value of the residue determines a closed condition in moduli. We
will be interested in the case when the residue is —A%Id.

When A is non-zero, it is possible to rescale a (logarithmic) A-connection (with pole
at x of residue —A%Id) into an ordinary (logarithmic) connection using the natural
scaling action of G,, on A!, while when A = 0, the residue being zero implies that we
do not have a non-trivial pole and we obtain an ordinary Higgs bundle on C.

A special case of Simpson’s general construction in [41] yields a quasi-projective
coarse moduli space M of semistable rank n degree d logarithmic A-connections
with poles at x of remdue —A zId for varying A € k, together with a flat morphism
f MHdg
bundles, ) ~ H, = Mg?d is the moduli space of semistable logarithmic
connections with pole at x of residue —%Id and f~1(G,) ~ Mfd xG,, (by the

— Al such that f~1(0) ~ HJ', is the moduli space of semistable Higgs

rescaling argument above). Since n and d are coprime, the moduli space M;I(ilg and
morphism f : MHdg — A are both smooth. Simpson shows that the scaling action on

H*® n.q extends to M d , see [41,42]. Moreover, he shows that the variety M de 4 together
Wlth this G,, -actlon is still semi-projective in the sense of Definition A 1 (see [42,
Lemma 16] for the case of A-connections of degree 0).

It is known that, when k = C, the family f is topologically trivial, so that the
fibre inclusions H,' ; < MHdg and MdR —M (; induce isomorphisms on singular

cohomology; see [42 Propos1t10n 15] and [21, Lemma 6.1]. In the Grothendieck ring

of varieties, the motivic classes of the corresponding stacks (in degree 0, not in the
coprime case) in characteristic zero are proven to be equal in [13, Theorem 1.2.1].

If we believe in the conservativity conjecture of realisations with rational coef-
ficients, the topological triviality suggests that at least the motives with rational
coefficients are the same. In fact, we prove that this holds integrally.

Theorem 4.2 Let k be a field of characteristic 0, C /k be a smooth projective geomet-
rically connected curve with C (k) # () and let n and d be coprime integers. Let R be
a ring such that the exponential characteristic of k is invertible in R. Then the fibre
inclusions in the Deligne-Simpson family induce isomorphisms

M(HS ) = M(MLE) ~ MMER)

in DMt (&, R).

Proof By the results on the geometry of the Deligne-Simpson family recalled above,
we can apply Theorem B.1 and the result follows. O

As in Corollary B.2, it follows that the Chow rings with R-coefficients (resp. the

Hdg

¢-adic cohomology, etc.) of H;* ), M, 7 and MR n.q are canonically isomorphic.



11 Page 16 of 37 V. Hoskins, S. Pepin Lehalleur

5 Hecke correspondences and the stack of generically surjective
chains

5.1 Motives of stacks of Hecke correspondences

In [27, §3], we proved a formula for the motives of schemes of Hecke correspondences
associated to a family of vector bundles over the curve C parametrised by a base
scheme. In this section, we generalise this formula to the situation where the base is a
smooth exhaustive algebraic stack. This situation is sufficient for our needs, and it has
the advantage that the proof is then a simple application of the result for schemes. It
is likely that the formula holds for more general base algebraic stacks, but this seems
to require more delicate arguments. This is one of the reasons we chose to restrict to
the formalism of exhaustive stacks in this paper.

For a family £ of vector bundles on C parametrised by an algebraic stack 7, we
write tk(£) = n and deg(€) = d if the fibrewise rank and degree of this family are n
and d respectively.

Definition 5.1 For / € N and a family £ of rank n degree d vector bundles over C
parametrised by an algebraic stack 7 (considered as a category fibered in groupoids
over Sch /k), we define a category fibered in groupoids Heckefg /T over Sch /k as
follows. For every S € Sch /k, the objects are defined as

Heckefg /T(S )

— {gET(S),¢:}'<—>(gxidc)*5: F — S x C vector bundle }

tk(F)=n, deg(F)=d—I,tk(¢)=n

Given a morphism f : S — S in Sch /k, a morphism over f from (g, ¢’) €
Heckel (810 (8. 9) € Heckel, /7(8)isamorphisma : g’ — go fin7(S') and

an isomorphism (f x id¢)*F = F’ which fits into the diagram

(f x id)*F —— (f xide)*(g x id¢)*E

Nl a*lw

Fe (¢ xido)E.

Note that the left vertical isomorphism is in fact determined by o« because of the
injectivity of the horizontal maps. We refer to Heckel5 /T8 the stack of length /
Hecke correspondences of £.

By construction, Heckelg /7 comes together with a morphism Heckelg T 7T,
and we have the following base change property.

Lemmab5.2 Let f : 7' — T be a morphism of algebraic stacks. Let | € N and £
a family of rank n degree d vector bundles on C parametrised by T. Then there is a
natural equivalence of categories fibered in groupoids

[ ~ ! /
H“ke(fxidc)*g/T’ ~ Heckeg/T x7T'.
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Lemma5.3 Fix | € N and a family € of rank n degree d vector bundles over C
parametrised by an algebraic stack T. Then the morphism Heckefg T T is rela-

tively representable, smooth and projective. In particular Heckelg T is an algebraic
stack.

Proof This follows from Lemma 5.2 and the fact that Heckelg T is representable by
a smooth projective (Quot) scheme over T when T is a scheme, as discussed in [27,
§3]. O

We can now prove Theorem 1.3.

Proof of Theorem 1.3 By Proposition 3.1 and Lemma 5.3, the stack Heckelg /T is
smooth and exhaustive, and moreover there exists a diagram

Up—> U > Uy — ...

of finite type separated k-schemes over 7 such that, if we write 7, : U, — 7 for the
structure morphisms and define U,, := U, X7 Heckelg T ’Heckefr* v, Ve have
isomorphisms

M(T) ~ hocolim, ey M (U,), and
M(Heckelgﬂ—) =~ hocolim,,¢cN M(l~]n).

By [27, Theorem 3.8], the N-indexed system {M (Heckeﬁrn* g Uﬂ)}neN is isomorphic

to the tensor product of {M (U,)} with the constant system M (Syml (C x P"~1)). Note
that this result requires the assumption that R is a Q-algebra.
The result then follows by passing to the homotopy colimit. O

5.2 Motive of the stack of generically surjective chains

We compute the rational motive of the stack of generically surjective chains between
sheaves with constant ranks.
Following [28], we define for i € N the motivic zeta function

Z(C, R{i}) := P M(Sym’ (C)) ® R{ij}.
j=0

Proposition5.4 Let n = (ng,...,n,) and d = (do, ..., d;) be such that n; = n;y
and l; :== d; — d;_ is non-negative for all i. Then the stack Chieg_surj of generically
surjective chains is an iterated Hecke correspondence stack over the moduli stack
Buny, a4, of vector bundles of rank n, and degree d, on C. It is thus a smooth exhaustive

stack, and its motive in DM (k, R), where R is a Q-algebra, is given by
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,
M(ChEY™") = M (Buny, q,) ® Q) M(Sym' (C x P"~1))
i=1
ny—1

= M(Jac(C) ® M(BG,) ® X) Z(C,Qlih) ® ®M(Sym" (€ xP"h)
i=1 i=1

and we have M(ChE"; ™™ e (M (C))®.

Proof The description of Chges U a5 an iterated Hecke correspondence stack over
Buny, g4, is contained in [15, Lemma 4.9]. Let us briefly give the details here in the
case of a tuple of constant ranks, in which case generically surjective homomorphisms
of vector bundles of the same rank are in fact injective as we are over a curve. We

write n_; := (n,...,n,) and do; = (di, ..., dy) and Ch%;'~ surj. =Chy™ j“” and
- —=i'=>1i
write UL ; ‘ e Z/lr for the universal chain over Chgen surj C. Then there are

natural forgetful maps

Chgen 1surJ N Chgen surj
>1—

which we claim are Hecke modification stacks. More precisely, we claim that

Che” 1‘“” Hecke" (UL, JCRET surly
since a generically surjective chain F; — --- — F, with invariants n_; and d_;
together with a length /; Hecke modification E; — F; determines a generically
surjective chain F;_; := E; — F; — --- — F, with invariants sy and d>l 1-
We note that this iteration of Hecke correspondence stacks ends Wlth Chg;,n surj.
Buny, 4, which is a smooth exhaustive stack by [28, Theorem 3.2]. By repeatedly
applying Theorem 1.3 and combining with the formula for the rational motive of
Buny, 4 in [27, Theorem 1.1], we obtain the claimed formulas for M (Chgen surj ).
We have M(Jac(C)) € (M(C))® and Q{i} € (M(C))® for all i € N by [2,
Theorem 4.2.3, Proposition 4.2.5]. By [28, Example 2.21], we deduce that M (BG,,) €

(M (C))®. We conclude that M(Chi??surj) lies in (M (C))®. o

6 The recursive description of the motive of the Higgs moduli space

In section, we study the motive of the moduli space H;’ o of semistable Higgs bundles
over C of rank n and degree d and prove Theorem 1. 1

The scaling G,,-action on H:lY 4 described in §2.2 has fixed locus equal to a finite
disjoint union of moduli spaces of «y-semistable chains by Corollary 2.6

Hy o= || ony
(n'.d)eT
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where the Higgs stability parameter aryy is non-critical for all the invariants n” and d’
appearing in this finite index set Z. Moreover, by Proposition 2.2 there is an associated
Biatynicki-Birula decomposition of H,® ;, and by Theorem A.4, we obtain the following
motivic decomposition

ME) = @ M@ [P -+ —dme ] @
('.d"el

Consequently it suffices to describe the motives of the moduli spaces of o p-
semistable chains appearing in this decomposition. Let us outline the strategy for
doing this which follows the geometric ideas in [14,15,23]. We will also check along
the way that the relevant algebraic stacks are smooth and exhaustive.

OH,SS ay,s
nwd Chn/,d’

sition to the motives of the stacks Ch‘::,f’j by using the fact that C hz'de — Ch7
is a trivial G,,-gerbe (as discussed in Sect. 2.3); see Lemma 6.6. o
(i1) Use a wall-crossing argument together with a Harder—Narasimhan (HN) recursion
to relate for all « € A7 the motives of moduli stacks of chains with a-HN type t
(including the trivial HN type T = ss) to stacks whose motives we can compute
(namely stacks of generically surjective chains and the empty stack); see Sect. 6.1.
(iii) Use the fact that for all (', d’) in the decomposition (2) the stability parameter o g

is non-critical to perform a slight perturbation to &y € A° for which Ch}/")* =

Chz,”c’l‘fx (and thus the motive of the stacks appearing in the RHS of (2) are described
by the second step).

(i) Relate the motives of the moduli spaces Ch in the above decompo-

6.1 Motivic consequences of wall-crossing and HN recursions

Let us start with a general proposition which will be required for the proof of the main
theorem in this subsection.

Proposition 6.1 Let X be a smooth exhaustive stack which admits a countable strati-
fication X = U;eNX; by locally closed smooth quasi-compact substacks X; such that
the closure of X; is contained in the union of higher X j with j > i. In particular, X is
open in X. Then the motive M (Xy) in DMeff(k, R) lies in the localising subcategory
generated by the motive of X and Tate twists of the motives of X; for i > 0; that is,

M(Xo) € (M(X), M(Xi){r}:i >0,r = 0)
Proof Write D := (M (X), M(X;){r} : i > 0,r > 0)). For each i > 0, the open
immersion Xy — X<; := U;<;X; has closed complement X9} := Up<j<;X; and

induces a Gysin distinguished triangle (see [28, Proposition 2.27 (iii)] for a version
for smooth exhaustive stacks)

M(Xo) > M(X<j) — C; = M(X 0. {codim(X(.7)} — (3)
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in DM (k, R). Since M(X;) € Dforall j > 0and C; can be expressed as a
successive extension of Tate twists of the motives M (X;) for all j > 0 by inductively
using Gysin triangles, we conclude that C; € D for all i > 0.

We then take the homotopy colimit of the above triangles to obtain a distinguished
triangle

M (X0) — hocolim; M(X<;) — hocolim; C; >

The functoriality of the triangle which is used implicitly here is discussed in [28,
Lemma 2.26] Since D is closed under infinite direct sums and taking cones, we deduce
that hocolim; C; € D. Moreover, we have hocolim; M (X<;) >~ M (X) by [28, Lemma
2.26], and M (X) € D by definition. This concludes the proof. O

We can relate the motives of stacks of chains of non-trivial HN types to stacks of
semistable chains as follows.

Lemma6.2 Letr e Nn e Nl d e Z o e A c R andt = 0/, d/) =1,
be an a-HN type. Then the stack Chafi is smooth and exhaustive and the motive in

DM (k, R) of the stack Chn d of length r chains of a-HN type Tt with invariants (n, d)
is given by

M(Chyy) =~ ® MCH™ ).

Proof For o € A? and every choice of invariants (m, ), the stack Chy,; is smooth
by [1, Theorem 3 8 (vi)], and a quotient stack via the GIT construction of the cor-
responding moduli space. It is thus a smooth exhaustive stack by [28, Lemma 2.16].
The result then follows by combining Proposition 2.4 and the fact that products of
exhaustive stacks are exhaustive together with the A!-homotopy invariance and the
Kiinneth isomorphism in DM (k, R) (see [28, Proposition 2.27]). O

Finally we implement a wall-crossing argument together with a Harder—Narasimhan
recursion following [14,15].

Theorem 6.3 Forallr e N,n e Nt d e 7Vt o € A° ¢ R™! and a-HN types
T, the stack Chg:; of length r chains of a-HN type t with invariants (n, d) fits into an

(infinite) collection of distinguished triangles in DM (k, R) whose other terms are
expressed in terms of appropriate Tate twists of

(1) motives of stacks of generically surjective chains, or
’
2) motives o Cha,’sf or|n'| < |n|and o' € A?.
d —_ —=
Furthermore, if R = Q, the motive of the stack Cha lies in the localising tensor sub-
.d 8

category of DM (k, Q) generated by the motive ofthe curve C forall suchr,n,d, o
and t; that is,

M(Chiyg) € (M(C))® < DM (k, Q).
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Proof For non-trivial HN types 7, we can use Lemma 6.2 to express their motives in
terms of motives of stacks of semistable chains. Hence we suppose that T = ss is
the trivial HN type corresponding to semistability. We then employ the wall-crossing
results of Proposition 2.9: there exists a path (o;);>0 in A} with cg = o such that

(1) the (finitely many) critical stability parameters «, , . . . «;,, on this path lie on single
walls and in a neighbourhood of these critical values the path is linear.
(2) for t >> 0 the notion of «;-(semi)stability parameter is independent of t and

(a) if n is non-constant, then Ch“”ss =, or

b) if n is constant, then Cha’ 55 = ChE T and ChEST T is an infinite union
n,d n,d
of o;-HN strata. o o

Let us write o« for oy with t >> 0 as required above. Then this path involves finitely
many different notions of (semi)stability for the parameters

0O, Oy —es Oty Opy4es oo s Oy —e, O s Op e = Ol

At each wall-crossing oy, ¢, oy, &, 1, We have by (1) wall-crossing decompositions

;88 ay; :te,éé oy :te,
ch,' =ch T u || emy,

tely

with finite index sets /+ which are partially ordered so that the closure of a given
stratum is contained in the union of all hlgher strata. In particular, a max1mal index T '™

corresponds to a HN stratum Ch,, ' i ie’ri which is closed in Chn d hence by [28,

Proposition 2.27 (111)] there is a Gysm distinguished triangle assocmted to the closed

immersion Ch,, t‘ setd Ch ** of smooth exhaustive stacks. By iterating this

procedure, we obtam a diagram of Gysin distinguished triangles relating M (ChO‘0 )

and M (Ch;,%*") whose other terms are motives of stacks of chains of non-trivial HN
types (which can be described in terms of motives of stacks of semistable chains for
smaller invariants). Therefore, it suffices to describe the motive of Ch;‘f;l’”. This is
split into the two cases described above.

(a) If n is non-constant, then Ch"’Oo o8

Zero).

(b) If n is constant, then Ch,, %" C Chgen S5 and moreover, Chgen S i an infinite
union of axo-HN strata. We then obtam another (infinite) dlagram of motives
which relates Ch%c’” and Chgen U and whose other terms involve Tate twists of

= () (in which case the motive of this stack is

thoo,SS

products of motives of stacks C wd for smaller invariants |n/| < |n|.

For the final claim, we apply Proposition 6.1 to Chgen suj = L¢e JChn d , where
the lowest open stratum in this decomposition is glven n by T = ss5. Note that strlctly
speaking Proposition 6.1 concerned N-indexed stratifications, but this can equally be
applied to stratifications indexed by a partially ordered set with a cofinal copy of N; for
instance, one can filter Z by maximal slope to get such a cofinal N. By Proposition 5.4,
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the motive of Chieg_surj for constant 7 lies in the category (M (C))® . By induction,

we have that for all non-trivial HN types 7, the motive of Ch?; ? lies in (M (C))®.

Hence, we can apply Proposition 6.1 to conclude that M (Ch,>*") € (M(C))®,
which by the previous wall-crossing arguments is enough to carry out an induction on
the invariants of the chains and complete the proof. O

6.2 The motive of the Higgs moduli space is built from the motive of the curve

We can now prove the first part of Theorem 1.1.

Theorem 6.4 Assume that C(k) # @ and that R is a Q-algebra. Then the motive
M (H“ ) lies in the thick tensor subcategory (M(C))® of DMf‘ff (k, R) generated by
M(C).

Proof The result for R = Q implies the same for any Q-algebra by extension of
scalars. We can thus assume R = Q. This is only necessary to invoke results from
[27] which were formulated with R = Q, but the proof in loc. cit. applies in fact just
as well for R a Q-algebra.

By Lemma 6.5 below applied with M = M (C), it is enough to show that M (H," ;)

lies in the subcategory C := (M (C))®.

By the motivic Biatynicki-Birula decomposition (2) of H,*, it suffices to show
“/” d,” in this decom-
position lie in C. By Corollary 2.6, the Higgs stability parameter a; is non-critical
for all invariants (n’, d’) appearing in this decomposition and thus oy -semistability
coincides with o g -stability.

Since we assumed C (k) # @, it follows that the stack Ch**} is a trivial G,,-gerbe

/ d/
oA ,SS

w'd (see Sect. 2.3). Hence by Lemma 6.6 below, it

suffices to show that the motives of the stacks Ch ,H o

We cannot directly apply Theorem 6.3 to descrlbe the motive of this stack, as the
Higgs stability parameter oy lies on the boundary of the cone A,. However, as oy
is non-critical for the invariant appearing in the Bialynicki-Birula decomposition, this
stability parameter does not lie on a wall and so we can choose a slight perturbation
&g of oy which lies in A? and is in the same chamber as oy (so that &y determines
the same notion of stability as c ). Then we have Chj/li}f = Cha,H df and the motive
of the latter lies in C by Theorem 6.3. o O

that the motives of the moduli spaces of « g7 -semistable chains Ch

over its coarse moduli space Ch

lie in C.

Lemma 6.5 Let M € DMiff (k, R) be a compact effective motive. Then we have
ff
(M)® = (M)® NDM{" (k, R)

as full subcategories of DM (k, R).

Proof First, let us show that

(M)® = (M®", n>0)
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We have (M®", n > 0) C (M)® since the right-hand side contains M®" for all
n > 0 and is triangulated and stable by small direct sums. Recall from the section
on Notations and Conventions that the category (M®", n > 0)) can be written as a
transfinite union of full subcategories (M®", n > 0)® with « an ordinal, where

o (M®" n > 0)"is the full subcategory on the set {M®"[k]|n € N, k € Z}, and
o for all « > 0, (M®",n > 0)* is the full subcategory of objects which are
extensions or small direct sums of objects in Ugo (M®", n > 0 >)P.

Using this description, the fact that the set {M®"[k]|n € N,k € Z} N {0} is stable
under tensor product and the fact that tensor products commute with small direct sums
in DMeff (k, R), an transfinite induction implies that {M®", n > 0)) is stable by tensor
products. This shows the converse inclusion (M )® C (M®", n > 0). A variant of
the above argument, replacing small sums by direct factors, establishes the equality

(M)® = (M®", n >0).
So the statement of the lemma is equivalent to
(M®" . n > 0) = (M®",n > 0) N DM (k, R)

Since M is assumed compact and compact objects are stable by tensor products
in DMgff(k, R), {M®"|n > 0} is a set of compact objects in a compactly gener-
ated triangulated category. The subcategory (M®", n > 0)® is thus also compactly
generated, and an object in DMiﬁ(k, R) N (M®" n > 0)® is also compact in
(M®" n > 0)®. By [3, Proposition 2.1.24] applied to the compactly generated
subcategory (M®", n > 0)®, we deduce that

(M®" n >0y NDM (k, Ry C (M®",n > 0), = (M®",n > 0).

Since the other inclusion is immediate, this concludes the proof. O

Lemma 6.6 Let X — Y be a morphism of stacks which is a trivial G,,-gerbe; then

M (%) ~ M(Y) ® M(BG,) ~ M) ® P Q{j}.

j=0

In particular, if D is a localizing subcategory of DM (k, R) stable by Tate twists,
then M (X) lies in D if and only if M () lies in D.

Proof This follows from the Kiinneth isomorphism [28, Proposition 2.27 (i)] and [28,
Example 2.21]. O

In fact by Theorem 6.3, the motive of the stacks Ch*" lying over the moduli

n'.d

1% appearing in the motivic Biatynicki-Birula decomposition of M (Hff 4)

spaces Ch/"~

all can be described by an (infinite) collection of distinguished triangles in DMeff(k, R)
whose other terms are Tate twists of tensor products of motives of stacks of semistable
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chains with smaller invariants (which can be inductively described) or motives of
stacks of generically surjective chains (which are described by Theorem 1.3). In par-

ticular, the motive of Chi/”;; fits into an infinite collection of distinguished triangles in

DM® (k, R) whose terms are built out of tensor products and direct sums of motives
of C, its symmetric powers, its Jacobian and Tate twists. Unfortunately, we cannot
deduce a formula for the motives of the moduli spaces Ch) /', by “canceling” the
factor of the motive of BG,,. However, instead if we let ’Ij(jfd denote the stack of
semistable Higgs bundles, we can describe the motive of H;S 4 using these triangles.
Under our assumptions that n and d are coprime and C (k) # ¥, the stack Hff J1sa
trivial G,,-gerbe over its coarse moduli space Hflg 4 (see [22, Lemma 3.10]) and we
obtain the following result.

Corollary 6.7 Assume that C (k) # @ and that R is a Q-algebra. The motive of the
stack H,’ ; in DM (k, R) fits into an explicit finite sequence of distinguished triangles
whose other terms are built out of tensor products and direct sums of motives of C, its
symmetric powers, its Jacobian and Tate twists.

6.3 Corollaries of purity

We refer to [47, Definition 1.1] for the definition of weight structures on triangulated
categories in the sense of Bondarko. There are two natural conventions for weight struc-
tures, both of which occur in the literature, and we use the homological one used in loc.
cit. . We will also use the notion of a bounded weight structure [6, Definition 1.2.1.6].
Recall that the triangulated category DMgff (k, R) of constructible effective motives
carries a bounded weight structure (DM?ff (k, R)w>0, DMﬁff (k, R)w<0) wWhose heart
DMﬁff(k, R)yso N DMﬁﬁ(k, R)w<o is equivalent to the category of effective Chow
motives Choweff(k, R) over k via Voevodsky’s embedding [6, §6.5-6]. We call this
weight structure the Chow weight structure on DMﬁff(k, R), and we systematically
identify effective Chow motives with objects in DMiff (k, R). Objects in the heart of
the weight structures are called pure motives.

Let 7 beatriangulated category and 7’ C 7T be a triangulated subcategory. Suppose
that 7 is equipped with a weight structure (7,>0, 7yy<0). We say that the weight
structure restricts to 77 if (Tyy>0 N 77, Tyy<o N 7') is a weight structure on 7.

Lemma 6.8 Let X be a smooth projective variety over k. The Chow weight structure on
DMﬁ1cf (k, R) restricts to the tensor triangulated subcategory (M (X))®. The heart of
the restricted weight structure is the idempotent complete additive tensor subcategory
ChowSit (k, R) generated by M (X).

Proof This is an variant of a result of Wildeshaus [48, Proposition 1.2] with essentially
the same proof. For the convenience of the reader, we reproduce the argument.

The category (M (X))® is generated by Chow‘}(ff(k, R) as a triangulated category.
Moreover, Chowﬁ(ff(k, R) is a subcategory of Chow*ft (k, R) which is the heart of a
weight structure, hence is negative in the sense of [6, Definition 4.3.1.1]. Furthermore,
Chow‘;{ff(k, R) is idempotent complete by construction. By [6, Theorem 4.3.2, I1.1-2],
there exists a bounded weight structure ((M(X))§>O, (M(X))fq)) whose heart is

precisely Chow}ff(k, R).
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By construction, we have (M (X ))%z0 - DM‘;’ff(k, R)w=0, and since the corre-
sponding weight structures are both bounded, an inductive argument using weight
decompositions implies that we have both

(M(X))2_y € DM (k, R)w=0 N (M (X))®
and
(M(X)2_y € DMET (k, R)w=<0 N (M(X))®.

It remains to prove that these inclusions are equalities. Let M < DMgff (k, R)w=0 N
(M (X))®. Consider a weight decomposition of M with respect to the weight structure
on (M (X))® constructed above, say

NLumospS

with N e (M(X))®__, and P € (M(X))®_,. In particular, N € DM (k, R),<_.
By the orthogonality property for the Chow weight structure, the morphism f is O,
and thus M is a retract of P, so it is also in (M (X ))§>0. The argument for negative
weights is similar. 0

We can now complete the proof of Theorem 1.1.

Corollary 6.9 Assume that C (k) # ) and that R is a Q-algebra. Then M (H,’ ;) can
be written as a direct factor of the motive of a large enough power of C. In particular,
M(H,’ ;) is a pure abelian motive.

Proof By Theorem 6.4, Proposition 2.2 and Corollary A.5, the motive M(H;’ )

belongs to (M (C))® N Chow*ft (k, R). This latter category is the heart Chow‘)’(ff (k, R)
of the restricted weight structure of Lemma 6.8, and objects of that heart are direct
factors of the motives of powers of C by construction. O

The following result was first proved by Schiffmann under slightly different assump-
tions (in [38, Corollary 1.6]; note that this is the arXiv preprint, the published version
of the paper does not include this result).

Corollary 6.10 Assume that k is a finite field and C (k) # (. Let £ be a prime number,
not equal to the characteristic of k. The eigenvalues of the geometric Frobenius acting
on the £-adic cohomology and on the compactly supported £-adic cohomology of H
of H,® ; are monomials in the Weil numbers of C.

Proof By Theorem 6.4, the motive M (H}”® ) is a direct factor of M(C*") for some

r > 0. Fix an algebraic closure k of k. By [30, Theorem 4.3], there is an ¢-adic
realisation functor

Ry : DM (k, Q) — D’ (Qq[Gal(k/k)] — Mod)
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with the property that, for any X € Sm /k and i € N, we have
H'(Re(M (X)) = H' (X, Qo)

as a Gal(k /k)-representation. This implies that the £-adic cohomology groups of st d
are direct factors of those of C*” as Galois representations, and thus that its Frobenius
eigenvalues are a subset of those of C*", hence monomials in the Weil numbers of C.
The same result then holds for compactly supported cohomology by Poincare duality.

O
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Appendix A: Motivic Biatynicki-Birula decompositions
A.1 Geometric Biaynicki-Birula decompositions

Let X be a smooth projective k-variety equipped with a G,,-action. By a result of
Bialynicki-Birula [5] and Hesselink [25], there exists a decomposition of X, indexed
by the connected components of the fixed locus X®, with very good geometric
properties. In fact, this decomposition exists in the following slightly more general
context. The following definition appeared in [20].

Definition A.1 A G,,-action on a smooth quasi-projective k-variety X is semi-
projective if

e XCn is proper (and thus projective), and

e for every point x € X (not necessarily closed), the action map f, : G,, — X
given by ¢t > 1 - x extends to a map f, : Al — X. Since X is separated, the
extension is unique and we write lim,_, ¢ - x for the limit point fx 0) € X.

In particular, any (G,,-action on a smooth projective variety is semi-projective. Note
that the limit point lim,_,o ¢ - x is necessarily a fixed point of the G,,-action if it exists.

Theorem A.2 (Biatynicki-Birula) Let X be a smooth quasi-projective variety over k
with a semi-projective G,-action. Then the following statements hold.

(1) The fixedlocus X Gm js smooth and projective. Write { X; }ic| for its set of connected
components and d; for the dimension of X;.
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(i) Fori € I, write Xi+f0r the attracting set of X, i.e., the set of all points x € X such
thatlim;_,ot-x € X;. Then Xl+ is alocally closed subset of X and X = Uiel Xl+

(iii) Foreveryi € I, the map of sets X,-Jr — X; given by x +— lim;_,ot - x underlies a
morphism of schemes pl.+ X l+ — X;, which is a Zariski locally trivial fibration
in affine spaces. For each i € I, we have

dim(X) =d; + ¢ +r

where cl.+ = codimy (X l.+) and rl.+ denotes the rank of pi+.

(iv) The tangent space Ty X of a fixed point x € X; admits a G,,-action, hence a weight
space decomposition T, X = @5 (T X)r. Then we have T, X; = (T X)o and
Ny, jxt x = Do (e X)i and Nyt /x.x = D<o (T Xk

(v) Letn := |I|; then there is a bijection ¢ : {1, ...,n} — I and a filtration of X by

closed subschemes
N=Z,CZy1C...CZp=X

such that, forall 1 <k < n, we have that Zy_1 — Zy = X;'(k) is a single attracting
set (and thus, in particular, is smooth).

Proof Points (i) - (iv) are all established in [5, Theorem 4.1] under the assumption
that k is algebraically closed (the hypothesis that X is smooth and quasi-projective is
used to ensure the existence of an open covering by G,,-invariant affine subsets, and
the assumption that X is semi-projective implies that the strata in [5, Theorem 4.1]
cover all of X). The hypothesis that & is algebraically closed is removed by Hesselink
in [25].

As the proof of (v) is scattered through [20, §1], we recapitulate their argument.
Let L be a very ample line bundle on the quasi-projective variety X. By [43, Theorem
1.6] applied to the smooth (hence normal) variety X, there exists an integer n > 1
such that L®" admits a G,,-linearisation. In particular, this provides a projective space
IP with a linear G,,-action and a G,,-equivariant immersion ¢ : X — P. Let {PP;} ¢y
be the connected components of P®» with corresponding attracting sets PT for each
J € J; then by equivariance of ¢, there is a (not necessarily injective) map t : [ — J
such that [(Xl~+) - ]P’j(i) foralli € I.

As each X; is connected, the group G,, acts on Ly, via a character w; €
Hom(G,,, G;;) ~ Z. For the partial order on I givenby i < i’ & w; > w;, we
claim that fori # i’ € I

_+ + g s .
X NX; #0 onlyifi’ >i. “)

Indeed, we can similarly define a partial order on J such that i < i’ if and only if
7(i) < t(i") by equivariance of ¢; then one can easily deduce that (4) holds for P from
the linearity of the G,,-action on . We now deduce (4) for X from the corresponding
ambient property for P; the only non-trivial case to consider is when i # i’ have the
same image j under t, so that X f and X f,r are both contained in }P’;f. In this case, if
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X € X_;Lﬂ X j,' then by passing to an algebraic closure of k if necessary, we can assume
that there is a connected curve S C X withx € Sand S —x C X;’; then S C IE”;T and
as the action on X is semi-projective, pj(S)  X®n and this connects X; and X;/,
contradicting i # i’.

Finally to prove the filterability of X, we choose any total ordering of I extending

the above partial order and we view this ordering as a bijection ¢ : {1,...,n} — I.
Then for0 < k <n,

Zy = U X

iel:
o~ i)~k

is closed in X by (4) with Z,, = ¢ and Zy = X. O

Remark A.3 Let X be smooth projective with a fixed G,,-action (¢, x) — ¢ - x. The
opposite G,,-action (¢, x) +— t~! - x has the same fixed point locus as the original
action, but the associated Biatynicki-Birula decomposition is different. We write X~
for the associated strata, ¢;” (resp. r; ) for their codimension (resp. their rank as affine
bundles), etc. By Theorem A.2 (iv), we see that ¢, = rl.+ and r; = cl.+, and that the
strata X l+ and X; intersect transversally along X;.

A.2 Motivic consequences

In this appendix, we let R be a coefficient ring such that the exponential characteristic
of k is invertible in R.

Let X be a smooth quasi-projective variety with a semi-projective G,,-action. The
geometry exhibited in the previous sections implies a decomposition of the motive
of X. There are in fact two natural such decompositions, one for the motive M (X)
and one for the motive with compact support M (X). These motivic decompositions
have been studied in [7,8,31]; we explain and expand upon their results in this section.
Recall that for two smooth k-schemes X and Y with X of dimension d and an integer
i € N, there is an isomorphism

CH; (X x Y)g >~ Hompym (M (X), M(Y){d —i})

with CH; the Chow groups of cycles of dimension i; when this does not lead to
confusion, we use the same notation for a cycle and the corresponding map of motives.

Theorem A.4 Let X be a smooth quasi-projective variety with a semi-projective G, -
action. With the notation of Theorem A.2, for each i € I, we let Vi+ be the class
of the algebraic cycle given by the closure Fl’i+ of the graph of p;’_ : Xl+ — X in
X x Xi, and we let (yl.+)’ be the class of the transposition of this graph closure. Then

we have the following motivic decompositions (where we use without comment that
M(X;) >~ M°(X;) as X; is projective).
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(1) (Biatynicki-Birula decomposition for the motive): There is an isomorphism

M(X) ~ @ MX{cf).

iel

induced by the morphisms M(X) — MC(X,'){C?—} ~ M(X,'){cf} given by the
classes yl.+ foreachi € I.

(ii) (Biatynicki-Birula decomposition for the compactly supported motive): There is
an isomorphism

@M(x,»){rl*} ~ M(X).

iel

induced by the morphisms M(Xi){rf} — M(X) given by the classes (yl.+)’ for
eachi € 1.
(iii) Assume that X is of pure dimension d. The Poincaré duality isomorphism

Me(X) ~ M(X)"{d}

identifies the motivic Biatynicki-Birula decomposition of M€ (X) from (ii) with the
dual of the motivic Biatynicki-Birula decomposition of M(X) from (i). In other
words, for every (i, j) € I?, the composite map

Vv

IS v @D y N
MX){r"} = M(X)=MX)'{d) > MX)'{d-c]}

is 0ifi # j and is a twist of the Poincaré duality isomorphism for the motive of
the smooth projective variety X; ifi = j (noting the equality d — cl.+ — rl.+ =d;).

Proof We first prove (i). By Theorem A.2, there is a filtration ¥ = Z, C Z,—1 C

. C Zp = X by closed subvarieties such that, for all 1 < j < n, we have that
Zi—Zj= Xj' is an attracting cell. Let U; := X — Z;, which is an open subset
and so in particular is smooth. For 1 <i < j < n, let us write yl.+j for the closure of
I'p; in U; x X; (this makes sense since X,-Jr C U; C Uj) so that yi+ = yitl. We will
prove, by induction on 1 < j < n, that the map

J
Pl mu) > @ M)
i=1

1<i<j

is an isomorphism. For j = 1, the statement holds trivially as Uy = # and so M (U;) =
M(XT) ~ M(Xp) via PT- Assume that the statement is true for j — 1. We have a
closed immersion i : X;.F — U; between smooth schemes with codimension c;r and
open complement U;_1; hence, there is a Gysin triangle

y(

MU;_1) - M(U,) R M(X e} N
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for 1 < j < n. Since ()/i+j)|Uj,1x X; = yl.+j_1, the following diagram commutes

MWUj_1) — M(Uj)

J=1 +
EBAIVI/I\LZ %
EB1 1VI/

D2 M(x)

where the left vertical map is an isomorphism by induction. This shows that the triangle
splits.

As pJr X = X is a Zariski locally trivial fibration of affine spaces, M (p- ; i)
is an 1somorph1sm. It remains to show that the composition M (p ]){cf} o Gy(ij) :
MU;) — M(Xj){c'*'} coincides with the map M (U;) — M(X; ){c+} induced by
y+ Let us write y? ¢’ . for the graph of pT ; considered as a subscheme of X *x X;.

Let us recall the functoriality of the Poincaré duality isomorphism with respect to
algebraic cycles. Let Y1, Y> be smooth projective varieties of dimensions d; and d»,
and y € CHC(Y] x Y3), which induces morphisms y : M(Y]) — M (Y2){c —d>} and
y! i M(Y2) — M (Y1){c — d1}. Then the following diagram is commutative

M(Y)) ——= M(Y2){c — do)

| |
r"Y{e)

MY ) Hdi} ——— M(Y2)"{c}.

From this commutativity, it suffices to show that y? ;jopr 1Gy(i;) : M(U; x Xj) —
R(c + d;) coincides with the map y MU x X )—>R(c +dj). Let us denote

by a;j : ij — X7 x X; and b; y”. — U; x X the closed immersions, so that
bj=(ij x Xj)oaj. Cons1der the diagram

+
Vi

MU; x X;) : R(cj+d,-)
Gy(b;) M(X;’ X Xj){c;”}
Gy(apief)
+ ypt . + .
M(yj,j){cj +d;} M7, Spec) R(Cj +d;)

in DM(k, R). The left triangle commutes because of the general behaviour of Gysin
maps with respect to composition [12, Theorem 1.34]. The outer square and the bottom
quadrilateral commute because of the compatibility of Gysin maps with fundamental
classes of cycles of smooth subvarieties in motivic cohomology [11, Lemma 3.3].
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This implies that the top triangle commutes. Since pr; is a smooth morphism, we have
priGy(i;) = Gy(i; x X;) by [12, Proposition 1.19 (1)] and the commutation of the
top triangle is exactly the equality we want. This concludes the proof of (i).
Statements (ii) and (iii) are deduced from (i) by applying Poincaré duality and using
the functoriality of the Poincaré duality isomorphism with respect to algebraic cycles
recalled above in the proof of (i). O

Since the fixed loci are smooth projective varieties, their motives are pure and we
obtain the following corollary.

Corollary A.5 Let X be a quasi-projective variety with a semi-projective Gy, -action;
then the motive of X is pure, i.e., it lies in the heart of the weight structure on
DM®T (k, R) recalled at the beginning of Sect. 6.3.

In the smooth projective case, one has M€ (X) ~ M (X) and one would like compare
this decomposition with the decomposition obtained for the opposite G,,-action. We
do not know the answer and leave it as a question.

Theorem A.6 Let X be a smooth projective variety with a G,,-action. Then, via the
isomorphism M€(X) >~ M(X), do the motivic Biatynicki-Birula decompositions of
M (X) in Theorem A.4 (i) and of M€ (X) in Theorem A.4 (ii) for the opposite G, -action
coincide? In other words, for every (i, j) € 1 2 is the composition

N CZn v N
M(X){r;} == M“(X) =~ M(X) = M(X){c]}

zeroif i # j and the identity if i = j (noting the equality r;” = ¢;")?

The motivic Biatynicki-Birula decomposition is not functorial with respect to all
equivariant maps, only those that are transverse in the following sense.

Definition A.7 Let f : X — Y be a G,,-equivariant morphism of semi-projective
varieties with associated Biatynicki-Birula decompositions X = Ljc; X l+ and Y =
Ujes Y;r. We say f is a transverse BB-map if there is an injection ¢ : I — J
compatible with choices of orderings of these index sets given by Theorem A.2
(v) such that f(X;) C Ys() and for all i € I, the morphism of closed pairs
f: (Xi+, l_llfin"’) — (Y(;'(l.), Ulsquj(l)) induces a cartesian square and these closed
pairs have the same codimensions.

Proposition A.8 Let f : X — Y be atransverse BB-map as above. Then the morphism
M(f) : M(X) - M(Y) is compatible with the decompositions given by Theorem
A4 (i) in the sense that we have a commutative diagram

Mx)— "y

-

Bics MXDc} —= B, MY )c])

where the lower map is induced by the morphism f restricted to the fixed loci.
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Proof By assumption, the morphism of closed pairs f : (X l.+, uli,-X;’) —
(Y[;'(l.), L<i Y;’(l)) is transversal in the sense of [12, Definition 1.1] and thus the asso-
ciated Gysin maps are compatible (in the sense that there is an induced commutative
diagram) by [12, Proposition 1.19 (1)]. The claim then follows by going through the
proof of Theorem A.4 (i), as the motivic BB decompositions are built from these Gysin

maps. O

Appendix B: Motives of equivariant semi-projective specialisations

As an application of the motivic Bialynicki-Birula decomposition of Appendix A,
we study G,,-equivariant specialisations of smooth semi-projective varieties. This is
applied in the body of the article to compare the motives of the Higgs and de Rham
moduli spaces on a curve, see §4. We also give an application to algebraic symplectic
reductions following [9,20].

Various cohomological incarnations of the following result for coarser invariants
than Voevodsky motives have already appeared in the literature before, but as far as we
know the conclusion is new even for Chow groups. Nakajima’s proof in the appendix
to [9] shows the fibres of a family f : X — Al as below have the same number
of rational points over a finite field IF,. For k = C and a family f : X — Al of
hyperkihler reductions of a cotangent bundle to a complex vector space, there are
specific instances of the topological triviality of f appearing for quivers in [9, Lemma
2.3.3] and Higgs bundles in [21, Lemma 6.1]. For a family f : X — Al overk = C
as below, Hausel, Letellier and Rogriguez-Villegas proved the fibres have isomorphic
cohomology supporting pure mixed Hodge structures [18, Theorem 7.2.1]

Theorem B.1 Let R be a ring such that the exponential characteristic of k is invertible
in R. Let X be a smooth quasi-projective k-variety equipped with a semi-projective
Gu-action and let f : X — Al be a smooth morphism, which is G,,-equivariant
with respect to the given action on X and a G,,-action on A' of positive weight. For
t € Al (k), write X; := f~(t). Then, for any t € k, the fibre inclusion 1; : X; — X
induces an isomorphism

M(X,) ~ M(X) € DM(k, R).

Proof We can assume that f is equivariant with respect to the standard G, -action of
weight 1 on A! by performing a base change via a morphism A' — A! of the form
z— "

We start by comparing the motives M (X¢) and M (X). First, we observe that the
Gyy-action on X restricts to X and is semi-projective there. Indeed, X¢ is smooth
(since f is smooth) and quasi-projective, we have Xg} " =X GM, and the condition
on the existence of limits is inherited from X. Moreover, the inclusion morphism
1o : Xo — X is a transverse BB-morphism in the sense of Definition A.7; the carte-
sian property follows as ¢ is a closed G, -invariant immersion and the codimension
calculation is essentially performed in Nakajima’s appendix in [9]. By Proposition
A.8, the morphism M (Xo) — M (X) is compatible with the motivic BB decomposi-
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tions provided by Theorem A.4 (i) and is induced by the corresponding maps on fixed
points, which are isomorphisms since X, g’ m = XGm_This shows that M (X¢) ~ M (X).
We now turn to the non-zero fibres. The morphism

o: X1 xGy — X\ Xg, (x,8) > 1-x

is an isomorphism because of the equivariance of f, so that it is enough to treat the
case of X . For the codimension 1 inclusion ¢g : Xg <> X we have a Gysin triangle

M(X \ Xo) — M(X) — M(Xo){1} > .

As with any Gysin triangle, the composition M (Xo) =~ M(X) — M(Xo){1} is the
Euler class of the normal bundle of Xy in X, which is trivial since X is a fibre of a
smooth morphism to a smooth variety. We deduce that the Gysin triangle splits. This
suggests we should compare this triangle to the trivially split one coming from the
pair (X x A', X). Indeed, there is a cartesian square of closed immersions

XO([%O_ X

\[:O \Lid X f
X

—— X x Al
id x{0f

By [10, Theorem 4.32], we deduce that there is a morphism of (shifts of) Gysin
triangles

M(X0)(D[1] — M(X \ Xo) ——> M(X) — > M(Xo)(D[2]

N

MX) (D[] ——= M(X x Gy) —= M(X x A) —= M(X)(D)[2]

from which we conclude that the morphism (id x ), : M(X \ Xo) > M(X x Gy,)
is an isomorphism. Now, consider the commutative diagram

X1 XGM%—X\XO

tlxidl id xfl

X X Gp —= X x Gy

of k-varieties, where the bottom isomorphism is (x, ) — (¢ - x, t). We have shown
that the right vertical map induces an isomorphism of motives, and thus we conclude
that the left vertical map ¢; x id does as well. By Kiinneth, it then follows that ¢;
induces an isomorphism of motives, which concludes the proof. O
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Corollary B.2 With the notations and assumptions of Theorem B.1, the morphism
X — X induces an isomorphism of Chow rings with R-coefficients, of Z¢-adic coho-
mology groups for any prime £ invertible in k, and more generally for any cohomology
theory representable in DM(k, R) in a suitable sense.

Proof The result for Chow groups follows from the representability of Chow groups as
morphism groups in DM(k, R), together with the fact that the isomorphism M (X;) =~
M (X) is induced by a morphism of smooth varieties, hence compatible with the
diagonal and hence with the cup-product on Chow groups. For ¢-adic cohomology, it
follows from applying the ¢-adic realisation functor of [30]. O

B.1. Applications to families of algebraic symplectic reductions

Let p : G — GL(V) be a linear action of a reductive group G on a finite dimensional
k-vector space V. This induces an action of G on the cotangent bundle 7*V = V x V*,
which preserves the Liouville algebraic symplectic form. Let g := Lie G denote the
Lie algebra of G. Then there is a moment map u : T*V — g* given by

(n(v, w), A) = (p(A)v, w)

which is an algebraic morphism that is G-equivariant with respect to the coadjoint
action on g*. One constructs an algebraic symplectic reduction at 0 € g* with respect
to a character x : G — G, by taking a GIT quotient

Xo = p~'(0)//4G;

for further details, see [16] or [20, §1.1.1]. We can fit this into a family over Al by
taking a 1-dimensional vector subspace L = k6 C g* spanned by a coadjoint fixed
point 6 and then considering the family

fiX:=u ' (L)),G— Al

By construction of the GIT quotient, both X and X are quasi-projective varieties. We
suppose that f is a smooth morphism; this will be the case in certain examples for
generic choices of .

There is a G,-action on X such that X is an equivariant semi-projective speciali-
sation of X as described by Hausel and Rodriquez-Villegas [20, §1.1.1]: the dilation
action of G, on T*V commutes with the G-action and the moment map is equivari-
ant with respect to this action and the weight 2 action of G, on g*. This G,,-action
descends to X and X such that f is equivariant with respect to the G,,-action on
A of weight 2. Furthermore, as the G,,-action on T*V is semi-projective, it follows
that the G,,-action on X and X are semi-projective, as both are projective over their
associated affine GIT quotients; see [20, §1.1.1] for details. Therefore, we can apply
Theorem B.1 to obtain the following corollary.
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Corollary B.3 In the above set-up, suppose that the morphism f : X — Al is smooth.
Then the fibre inclusions induce isomorphisms M (X;) =~ M (X) in DM(k, R) for all
tek.

Example B.4 In [9] this set-up arises in order to study the Kac polynomials of quivers.
Fix a quiver Q = (V, A, h, t) with vertex set V, arrow set A and head and tail maps
h,t: A — V giving the directions of the arrows. For a dimension vectord = (dy)yev,
we set

V = Rep,(Q) := @) Hom (k% k)

acA

and G = [ [,y GLg,, which acts linearly on V by conjugation. Then 7*V = Rep, (Q)
is the representation space of the associated doubled quiver Q obtained by adding an
opposite arrow a* : j — i foreach arrow a : i — j in A. One takes a generic stability
parameter 6 € ZV which induces a character x0 : G — Gy, (see [9] for details), so
that for L = k6 the associated morphism f : X — A! is smooth. In this case the zero
fibre X is a moduli space of 8-semistable d-dimensional representations of the double
quiver Q satisfying the relations R imposed by the zero level set of the moment map
(representations of (@, Ro) are modules over the preprojective algebra, see [9]). By
Corollary B.3, we have

M(Xo) = M(X) =~ M(Xy),

which lifts the result that the compactly supported £-adic cohomology of the fibres of
f are isomorphic in large characteristic [9, Corollary 3.2.3].

References

1. Alvarez Coénsul, L., Garcia-Prada, O., Schmitt, A.H.W.: On the geometry of moduli spaces of holo-
morphic chains over compact Riemann surfaces. IMRP Int. Math. Res. Pap. (2006)

2. Ancona, G., Enright-Ward, S., Huber, A.: On the motive of a commutative algebraic group. Doc. Math.
20, 807-858 (2015)

3. Ayoub, J.: Les six opérations de Grothendieck et le formalisme des cycles évanescents dans le monde
motivique. I, Astérisque (2007), no. 314, x+466 pp. (2008)

4. Behrend, K., Dhillon, A.: On the motivic class of the stack of bundles. Adv. Math. 212(2), 617-644
(2007)

5. Biatynicki-Birula, A.: Some theorems on actions of algebraic groups. Ann. Math. (2) 98, 480-497
(1973)

6. Bondarko, M.V.: Weight structures vs. ¢-structures; weight filtrations, spectral sequences, and com-
plexes (for motives and in general). J. K-Theory 6(3), 387-504 (2010)

7. Brosnan, P.: On motivic decompositions arising from the method of Biatynicki-Birula. Invent. Math.
161(1), 91-111 (2005)

8. Choudhury, U., Skowera, J.: Motivic decomposition for relative geometrically cellular stacks. Commun.
Algebra 44(2), 648-655 (2016)

9. Crawley-Boevey, W., Van den Bergh, M.: Absolutely indecomposable representations and Kac-Moody
Lie algebras (with an appendix by Hiraku Nakajima). Invent. Math. 155(3), 537-559 (2004)

10. Déglise, F.: Around the Gysin triangle. II. Doc. Math. 13, 613-675 (2008)
11. Déglise, F.: Modules homotopiques. Doc. Math. 16, 411-455 (2011)



11

Page 36 of 37 V. Hoskins, S. Pepin Lehalleur

12.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.
31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

Déglise, F.: Around the Gysin triangle I, Regulators, Contemp. Math., vol. 571, pp. 77-116. Amer.
Math. Soc., Providence, RI (2012)

. Fedorov, R., Soibelman, A., Soibelman, Y.: Motivic classes of moduli of Higgs bundles and moduli of

bundles with connections. Commun. Number Theory Phys. 12(4), 687-766 (2018)

. Garcfa-Prada, O., Heinloth, J.: The y-genus of the moduli space of PGL,-Higgs bundles on a curve

(for degree coprime to n). Duke Math. J. 162(14), 2731-2749 (2013)

Garcia-Prada, O., Heinloth, J., Schmitt, A.: On the motives of moduli of chains and Higgs bundles. J.
Eur. Math. Soc. JEMS) 16(12), 2617-2668 (2014)

Ginzburg, V.: Lectures on Nakajima’s quiver varieties, Geometric methods in representation theory. I,
Sémin. Congr., vol. 24, pp. 145-219. Soc. Math. France, Paris (2012)

Gothen, P.: The Betti numbers of the moduli space of stable rank 3 Higgs bundles on a Riemann surface.
Internat. J. Math. 5(6), 861-875 (1994)

Hausel, T., Letellier, E., Rodriguez-Villegas, F.: Arithmetic harmonic analysis on character and quiver
varieties. Duke Math. J. 160(2), 323400 (2011)

Hausel, T., Rodriguez-Villegas, F.: Mixed Hodge polynomials of character varieties (with an appendix
by Nicholas M. Katz). Invent. Math. 174(3), 555-624 (2008)

Hausel, T., Rodriguez Villegas, F.: Cohomology of large semiprojective hyperkéhler varieties.
Astérisque 370, 113-156 (2015)

Hausel, T., Thaddeus, M.: Mirror symmetry, Langlands duality, and the Hitchin system. Invent. Math.
153(1), 197-229 (2003)

Heinloth, J.: Lectures on the Moduli Stack of Vector Bundles on a Curve, Affine Flag Manifolds and
Principal Bundles, Trends Math., pp. 123-153. Springer, Basel (2010)

Heinloth, J.: A conjecture of Hausel on the moduli space of Higgs bundles on a curve. Astérisque 370,
157-175 (2015)

Heinloth, J.: The intersection form on moduli spaces of twisted P G L,,-Higgs bundles vanishes. Math.
Ann. 365(3-4), 1499-1526 (2016)

Hesselink, W.H.: Desingularizations of varieties of nullforms. Invent. Math. 55(2), 141-163 (1979)
Hitchin, N.J.: The self-duality equations on a Riemann surface. Proc. Lond. Math. Soc. (3) 55(1),
59-126 (1987)

Hoskins, V., Pepin Lehalleur, S.: A formula for the Voevodsky motive of the moduli stack of vector
bundles on a curve. arxiv: 1809.02150. Geometry and Topology (2020) (to appear)

Hoskins, V., Pepin Lehalleur, S.: On the Voevodsky motive of the moduli stack of vector bundles over
a curve. Q. J. Math. (2020) (to appear)

Huybrechts, D., Lehn, M.: The Geometry of Moduli Spaces of Sheaves, 2nd edn. Cambridge Mathe-
matical Library, Cambridge University Press, Cambridge (2010)

Ivorra, F.: Réalisation /-adique des motifs triangulés géométriques. I. Doc. Math. 12, 607-671 (2007)
Karpenko, N.A.: Cohomology of relative cellular spaces and of isotropic flag varieties. Algebra Analiz
12(1), 3-69 (2000)

Kelly, S.: Voevodsky Motives and /dh-Descent. Société Mathématique de France (SMF), Paris (2017)
Laumon, G.: Correspondance de Langlands géométrique pour les corps de fonctions. Duke Math. J.
54(2), 309-359 (1987)

Markman, E.: Generators of the cohomology ring of moduli spaces of sheaves on symplectic surfaces.
J. Reine Angew. Math. 544, 61-82 (2002)

Mellit, A.: Poincaré polynomials of moduli spaces of Higgs bundles and character varieties (no punc-
tures). arXiv e-prints (2017). arXiv:1707.04214

Mozgovoy, S., Schiffmann, O.: Counting Higgs bundles and type A quiver bundles. Compos. Math.
156(4), 744-769 (2020)

Richarz, T., Scholbach, J.: The intersection motive of the moduli stack of shtukas. Forum Math. Sigma
8, 99 (2020). e8

Schiffmann, O.: Indecomposable vector bundles and stable Higgs bundles over smooth projective
curves. arXiv e-prints (2014). arXiv:1406.3839

Schiffmann, O.: Indecomposable vector bundles and stable Higgs bundles over smooth projective
curves. Ann. Math. (2) 183(1), 297-362 (2016)

Schmitt, A.: Moduli for decorated tuples of sheaves and representation spaces for quivers. Proc. Indian
Acad. Sci. Math. Sci. 115(1), 15-49 (2005)

Simpson, C.: Moduli of representations of the fundamental group of a smooth projective variety. 1.
Inst. Hautes Etudes Sci. Publ. Math. 79, 47-129 (1994)


http://arxiv.org/abs/1809.02150
http://arxiv.org/abs/1707.04214
http://arxiv.org/abs/1406.3839

On the Voevodsky motive of the moduli space of... Page370f37 11

42.

43.
44,
45.

46.

47.
. Wildeshaus, J.: On the interior motive of certain Shimura varieties: the case of Picard surfaces. Manuscr.

Simpson, C.: Hodge, The filtration on nonabelian cohomology, Algebraic geometry—Santa Cruz. In:
Proceedings of Symposioum Pure Math., vol. 62, 1997, pp. 217-281. Amer. Math. Soc. Providence,
RI (1995)

Sumihiro, H.: Equivariant completion. II. J. Math. Kyoto Univ. 15(3), 573-605 (1975)

Suslin, A.: Motivic complexes over nonperfect fields. Ann. K-Theory 2(2), 277-302 (2017)
Voevodsky, V.: Cancellation theorem, Doc. Math. (2010), no. Extra vol.: Andrei A. Suslin sixtieth
birthday, pp. 671-685

Voevodsky, V., Suslin, A., Friedlander, E.M.: Cycles, Transfers, and Motivic Homology Theories,
Annals of Mathematics Studies, vol. 143. Princeton University Press, Princeton, NJ (2000)
Wildeshaus, J.: Chow motives without projectivity. Compos. Math. 145(5), 1196-1226 (2009)

Math. 148(3-4), 351-377 (2015)

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.



	On the Voevodsky motive of the moduli space of Higgs bundles on a curve
	Abstract
	1 Introduction
	1.1 Moduli of Higgs bundles and their cohomological invariants
	1.2 Our results

	2 Moduli of Higgs bundles and moduli of chains
	2.1 Moduli of Higgs bundles
	2.2 The scaling action on the moduli space of Higgs bundles
	2.3 Moduli of chains
	2.4 Variation of stability and Harder–Narasimhan stratification results

	3 Voevodsky's category of effective motives and motives of stacks
	3.1 Motives of schemes
	3.2 Motives of smooth exhaustive stacks

	4 Motivic non-abelian Hodge correspondence
	5 Hecke correspondences and the stack of generically surjective chains
	5.1 Motives of stacks of Hecke correspondences
	5.2 Motive of the stack of generically surjective chains

	6 The recursive description of the motive of the Higgs moduli space
	6.1 Motivic consequences of wall-crossing and HN recursions
	6.2 The motive of the Higgs moduli space is built from the motive of the curve
	6.3 Corollaries of purity

	Acknowledgements
	Appendix A: Motivic Białynicki-Birula decompositions
	A.1 Geometric Białynicki-Birula decompositions
	A.2 Motivic consequences

	Appendix B: Motives of equivariant semi-projective specialisations
	B.1. Applications to families of algebraic symplectic reductions

	References




