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Abstract: In this thesis we introduce the notion of Elliptic Hochschild Homology
of derived stacks in characteristic zero. This notion is studied and some fundamental
properties are shown, and it is computed in simple cases. We then introduce its peri-
odic cyclic version and prove it recovers Grojnowski’s equivariant elliptic cohomology
of the analytification for quotient stacks.

In the second part of the thesis, we provide a notion of k-rationalized equivariant
elliptic cohomology for Q-algebras k, via adelic descent. We study the adelic decom-
position of equivariant cohomology and K-theory and prove comparison theorems
with periodic cyclic homology variants of the theories.

Finally, we collect partial results and ideas that will be explored in future work.



Self-plagiarism: Chapter [2| of this thesis is based on a paper written by the
author in conjunction with his Ph.D. supervisor, Nicolo Sibilla. Some of the ideas
appearing in Chapter [4] are inspired by or came up in discussions with Nicolo Sibilla
and will be explored in future collaborations.
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CHAPTER 1

Introduction

1.1. An introduction to the thesis, but mostly rambling

Elliptic cohomology was constructed for the first time in the context of Chromatic
Homotopy Theory. Previously, it appeared in hidden form in work of Ochanine [53]
on elliptic genera, i.e. ring maps

QOI‘ — R

from the oriented cobordism ring to a ring R vanishing on manifolds isomorphic to the
projectivization of an even-dimensional complex vector bundle over an oriented real
closed manifold. In particular, the logarithm of the genus could always be written
as an elliptic integral, which motivated the name.

In slightly more modern terms, elliptic cohomology arises in the context of Chro-
matic Homotopy Theory as the cohomology theory corresponding to a formal group
obtained by completing an elliptic curve at its origin. In particular, given a base ring
R and an elliptic curve E over R, we can define elliptic cohomology with coefficients
in R as the following data:

DEFINITION 1.1.1. Elliptic cohomology with coefficients in a ring R is the data
of:
e an elliptic curve over R;
e o complez oriented even (weakly) periodic cohomology theory A;

subject to the relation that
e A%pt) = R;
e SpfA°(CP®) = E;
where 1 denotes the identity of E.

In the definition above, not all elliptic curves are acceptable, only the ones that
satisfy the criterion of Landweber exactness (see for example [44] for a brief expla-
nation), that specifies which kinds of formal groups can give rise to complex oriented
even periodic multiplicative cohomology theories. In the case of elliptic curves, Lurie
explains in his survey of elliptic cohomology [44] that is it sufficient that the curve
is represented by an étale map from Spec R to the (classical) moduli stack of elliptic
curves M,y.
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1.1.1. Witten’s work. Interest in elliptic cohomology drastically increased af-
ter Witten realized a universal elliptic genus via Quantum Field Theory in his series
of two papers [81] and [82]. His constructions link various objects together: on one
hand, the partition function of a kind of string theory (as a 2D CFT), on the other
hand the S'-equivariant index of the Dirac-Ramond operator in the same context,
and a universal elliptic genus, now known as Witten genus, which is a formal power
series in a variable ¢ that should be interpreted as the modulus of the elliptic curve
E. His work takes a powerful — but in some sense incomplete, as pointed out by
Lurie [44] — point of view: quantum mechanics on the loop space of a manifold
X has a lot of information on the string theory on X itself. This viewpoint can be
informally understood as forgetting the complex structure in the worldsheet E of
the string theory sigma model, magically retaining important information that even-
tually leads to the Witten genus. In this context, the Dirac-Ramond operator can
be interpreted as the S'-equivariant Dirac operator on the loop space £X, and its
Sl-equivariant index as a character of the circle group can be analytically extended
to the punctured disc D*; the new variable ¢ can then be interpreted as the modulus
of an elliptic curve. Giving the loop space LX the structure of a spin manifold is
equivalent to attaching a string structure to the manifold X. In this setting, Witten
proceeds to show that the Witten genus becomes a modular form (of mixed weight)
up to a Dedekind eta function factor. The same result was later obtained by Za-
gier, without reference to physical arguments [83]. At the same time, Taubes [72],
Brylinski [15] and Landweber [36] followed the point of view initiated by Witten in
[82] and worked on developing the formalism of Dirac operators on loop spaces, in
hopes to obtain the Witten genus via some generalization of the Atiyah—Singer index
theorem — finally making rigorous all Witten’s contructions.

It is Segal who makes this strong connection between elliptic cohomology and
field theories the center of a conjecture. In particular, he proposes that geometric
models for the cocycles in elliptic cohomology should come from two-dimensional
conformal field theories [63], of which he develops an axiomatic definition (see [65])
in the same spirit as the notion of TQFT described by Atiyah [5]. This idea was then
taken and refined by Stolz and Teichner. Their conjecture replaces conformal field
theories with supersymmetric Euclidean field theories [69] [70]. This line of research
has been extensively studied by Berwick-Evans and Berwick-Evans-Tripaty [10].

1.1.2. Equivariant elliptic cohomology following Grojnowski. It is folk-
lore that, given a cohomology theory A, this will have a (genuine rationalized) S'-
equivariant counterpart only if the associated formal group is the completion of an
algebraic group. Indeed, singular cohomology and topological K-theory have equi-
variant versions, as they are associated respectively to the formal affine line A% and
the formal multiplicative group G,, ;. The reason behind this folklore statement is
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that equivariance is related to decompleting over this formal group, and this can only
be done in the presence of an actual algebraic group. This decompletion procedure
yields a quasicoherent sheaf on the algebraic group, encoding the equivariant coho-
mology theory. It is mostly an accident that for singular cohomology and K-theory
the associated groups are affine, hence the equivariant theories can also be embodied
by modules over rings.

This philosophy is strongly indebted to the work of Atiyah and Segal, and in par-
ticular to the celebrated Atiyah—Segal completion theorem|[3], relating the completion
of the G-equivariant K-theory of a topological space X at its augmentation ideal with
the K-theory of the Borel quotient X //G. The augmentation ideal in K (X), i.e.
the ideal generated by virtual G-equivariant vector bundles of virtual rank 0, can
also be thought of, for G = S*, as the ideal associated to the closed immersion of
the closed point 1 inside G,,. This is the core of the decompletion leading to the
equivariant theory: completing reduces the equivariant theory to its non-equivariant
version. The combination of this phenomenon with localization principles allows one
to obtain Atiyah—Segal completion statements over points different from the iden-
tity, by computing the Borel-equivariant K-theory of fixed loci in X associated to
the point over which we are completing. The multiplication law of the group links
all these completions together. A similar picture exists also for singular cohomology
and was described by Rosu [61].

It was Grojnowski who constructed a rationalized S'-equivariant elliptic coho-
mology theory in 1994 [30]. In the same year, Ginzburg, Kapranov and Vasserot
produced a list of axioms that would determine S'-equivariant elliptic cohomology
uniquely [25]. Following the folklore ideas, Grojnowski constructs a quasi-coherent
sheaf on E for any topological space X with an S'-action. His construction is ana-
lytic in nature, and yields a quasi-coherent algebraic sheaf via the GAGA theorems
of Serre. The original motivation for Grojnowski is representation theory and the
Langlands program. In particular, constructing elliptic counterparts to affine alge-
bras appearing in his previous work on Hilbert schemes in Algebraic Geometry [29].
His construction ended up having a strong resonating impact on homotopy theory, as
it does indeed recover the correct rationalization of equivariant elliptic cohomology,
whose general construction is still in development ([24],[42]).

Grojnowski’s construction implements the Atiyah—Segal completion theorem and
the localization principle in an analytic context, by assigning to a small analytic
neighbourhood of a point e in E' the ring

Hi(X) ®ppor) O (U —€)

The key idea behind this assignment is that localization allows to interchange the
full space X with a sublocus of fixed points X¢ canonically associated to e around
said point. At the same time, singular cohomology has to be twisted by holomorphic
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functions on the elliptic curve around the identity. Nevertheless, locally, rationalized
equivariant elliptic cohomology is controlled by Borel-equivariant singular cohomol-
ogy: this is a deep reflection of the Atiyah—Segal completion theorem.

1.1.3. Level 1 equivariant elliptic cohomology. In his seminal paper [30]
Grojnowski also proposes a notion of level | equivariant elliptic cohomology. For a
choice of compact Lie group G and an adjoint-invariant non-degenerate symmetric
bilinear form [ on g = Lie(G), it is possible to construct a line bundle £; on the
G-equivariant elliptic cohomology of the point having [ as its first Chern class. This
construction is due to Looijenga. For GG simple and simply connected, the space of
choices for [ becomes Z, and the line bundle £; becomes the [th tensor power of
a base line bundle £. In this setting, level | G-equivariant elliptic cohomology is
defined to be the global sections

ElL(X) =T(Eg, Ellg(X) @ L))

where Eg is the G-equivariant elliptic cohomology of the point.

Level [ equivariant elliptic cohomology of the point has a very deep meaning.
Indeed, the global sections of £; are the non abelian theta functions at level [, char-
acters of special representations of a canonical central extension of the loop group
LG of G (a good survey is in section 5 of [44], the original ideas date back to Ando’s
work [1]). Those representations are called level [ positive energy, and are character-
ized by a finiteness condition which is akin to the condition of rationality of a vertex
operator algebra. Indeed, non abelian theta functions appear also in the context
of 2-dimensional Conformal Field Theory, as the conformal blocks of some models
known as Wess—Zumino—Witten models, sigma models associated to the propagation
of a string on a Lie group. Such models are canonically associated to a compact,
simple, connected and simply connected Lie group and to an integer number [, also
called the level. The symmetry algebra of the WZW model is an affine Lie algebra
obtained from the Lie algebra of G and the level [. Indeed, the positive energy level
[ representations of the loop group of G are related to the representation theory of
this affine Lie algebra and of some quantum groups cooked up from g, at specific
roots of unity related to the level [. Similarly, there is a 3 dimensional Topological
Quantum Field Theory, called Chern—Simons theory, which contains information on
non-abelian theta functions. This model is also associated to such a Lie group G and
an integer level [, and concerns the study of fields which are connections on principal
G-bundles on a space. In particular, choosing the space to be an elliptic curve E
times the real line, the model will have as a phase space the moduli space of flat
principal G-connections on F, which also coincides with the G-equivariant elliptic
cohomology of the point. Axelrod-Della Pietra—Witten observe in [6] that the Looi-
jenga line bundles arise by geometric quantization in this context, and identify the
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non abelian theta functions with the space of states of G-Chern—Simons theory on
E x R. This is an instance of holography: a 3 dimensional TQFT contains infor-
mation about a 2 dimensional CF'T sitting “at its boundary”, ad allows to compute
interesting quantities such as the conformal blocks, which in this specific example
arise as the space of states.

This is the type of information that level [ equivariant elliptic cohomology of the
point contains. More recently, Distler—Sharpe proposed a physical model that relates
to level [ equivariant elliptic cohomology of a space X: fibered Wess—Zumino—Witten
models [20]. Those are sigma models associated to the propagation of a string on
the total space of a principal G-bundle on X.

1.1.4. The trichotomy of cubics. The three formal groups associated to sin-
gular cohomology, K-theory and elliptic cohomology — respectively the formal ad-
ditive and multiplicative groups and the completion of an elliptic curve — all admit
a decompletion, and indeed all three of these theories admit an equivariant version.
This trichotomy is strongly related to a phenomenon in the theory of Lie groups.
Fundamentally, one observes that for a compact Lie group G, G-equivariant coho-
mology of the point satisfies

Spec HE'(+) ~ gc//Ge

In the above expression, H, g ¥ denotes the degree zero part of the sum-Zy-periodization
of equivariant singular cohomology, and gc = Lie(G) ®g C is the complexified Lie al-
gebra of GG, i.e. the Lie algebra of the complexification G¢ of G. The quotient is with
respect to the adjoint action and taken in the GIT sense. Similarly, for K-theory, we
have
Spec K& () ~ Ge//Ge

In particular, if G = S,

Spec HI (x) ~ G,

Spec Ko () ~ Gy,
and we recover the decompletions of the formal groups associated to singular co-
homology and K-theory. Elliptic cohomology is associated to the completion of an
elliptic curve E at its identity. We should think of F itself, following the examples
of singular cohomology and K-theory, as being associated to S!. Following Ben-Zvi,
we call E the elliptic group associated to S*. Similarly, for any compact Lie group
G, we can construct the associated elliptic group

Eg = Ex/W = Ellg(s) = Mg

i.e. the coarse moduli space of semi-stable principal G-bundles on E. Analytically,
there are exponential maps
gc — Gec — Eg



12 1. INTRODUCTION

which can be thought of as geometric incarnations of equivariant Chern characters.

It is indeed possible to have a presentation of Lie algebras and Lie groups in terms
of semi-stable bundles on a complex curve, indeed a cubic. In particular, we could
define a notion of cuspidal group and nodal group associated to a compact Lie group
G as the coarse moduli spaces of semi-stable degree zero principal G-bundles on the
cusp and the nodal curve respectively. Calling C' the cusp and N the nodal curve,
we reserve the notation Cz and Ng for the cuspidal and nodal groups associated to
G. Tt is a classical fact in algebraic geometry that there are isomorphisms

Ce ~ gc//Ge
N¢ ~ Ge//Ge

The notions of cuspidal and nodal group are redundant: they simply correspond to
the notions of Lie algebra and Lie group itself, up to complexification and conjuga-
tion. The trichotomy of cubic curves is mirrored in Lie theory by the trichotomy
Lie algebras—Lie groups—elliptic groups, and in homotopy theory by the trichotomy
equivariant cohomology—equivariant K-theory—equivariant elliptic cohomology.

This trichotomy of groups can be interpreted in terms of three dimensional G-
Chern—Simons theory: it amounts to extending it from the moduli stack of elliptic
curves to the moduli stack of all cubics. There, its phase space over a curve C' would
correspond with the associated group Cg, giving rise to the Lie theoretic trichotomy
from the trichotomy of cubics.

1.1.5. Hochschild homologies. Derived algebraic geometry offers yet another
trichotomy. Given a quotient stack [ X /G] of a scheme X by the action of a smooth
affine reductive algebraic group G, we can apply three different constructions:

(1) the shifted tangent stack Tixjc[—1];
(2) the derived loop space L[X /G];
(3) the derived stack of quasi-constant maps Map® (E, [X/G]) from an elliptic
curve F. -
The first two objects are quite classical, while the last one is introduced in Chap-
ter |2| of this thesis. These three objects produce Hochschild variants of the three
equivariant cohomology theories — they are their “partial” algebraic analogues.

The most classical of these correspondences is linked to the loop space. For a

scheme X, its derived loop space

£X = Map (5", X)

encodes the classical notion of Hochschild homology of X: the global sections of the
structure sheaf

O(LX) ~ HH,(X)
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compute the Hochschild homology of X (or more precisely the Hochschild chains).
On the other hand, the shifted tangent stack of X gives the de Rham complex of X:

O(Tx[~1]) = DR~*(X)
Ben-Zvi and Nadler, in their paper [8], obtain an equivalence

for schemes X over a field of characteristic zero, based on a Zariski codescent result.
Their equivalence recovers, after taking global sections, the HKR isomorphism. Un-
der this isomorphism, as already explained by Toén and Vezzosi [79], the S'-action
on HH,(X) induced by the loop rotation action on £X becomes a mixed structure
on the de Rham complex, giving rise to the de Rham differential. In particular, for
smooth schemes over C, the Tate construction with respect to this action produces
(up to Zg-periodization) the Betti cohomology of the analytification of X.

Replacing the target scheme with a quotient stack produces an unexpected phe-
nomenon. Indeed, if we consider the loop space of the classifying stack of a reductive
smooth affine group G,

LBG ~ [G//G]
we obtain the adjoint quotient of G rather then of its Lie algebra. This behaviour
is expected from K-theory rather than from equivariant cohomology. On the other
hand,
Tpa[-1] =~ [9//G]

The Ben-Zvi-Nadler equivalence is indeed a reflection of the homotopy-theoretical
phenomenon of the existence of logarithms in characteristic zero, identifying all for-
mal group laws — and hence all complex oriented even periodic cohomology theories
— after a base change to characteristic zero. At the same time, the equivariant
theories are distinguishable even in characteristic zero, as their global behaviour is
linked to the trichotomy of Lie algebras—Lie groups—elliptic groups. In particular,
the simple observations above allow to infer a link between shifted tangent stacks of
quotients and equivariant cohomology, and loop spaces of quotients and equivariant
K-theory. Such ideas have been explored in the literature, mostly by Pantev—Toén—
Vaquié—Vezzosi [54] and Calaque-Pantev-Toén—Vaquié-Vezzosi [16] in the shifted
tangent setting and by Chen [17] and Halpern-Leistner—Pomerleano [31] in the loop
space case. The result of their investigation is a characterization of the equivari-
ant cohomology and equivariant K-theory in terms of Tate fixed points of the global
sections of structure sheaves of the shifted tangent and the derived loop space respec-
tively. Calaque—Pantev—Toén—Vaquié—Vezzosi can even prove their result for general
Artin stacks.

In Chapter |3 we prove very similar statements, directly at the level of sheaves,
using adelic descent. The goal of Chapter [2]is to prove an analogue of these theorems
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for equivariant elliptic cohomology, via the stack of quasi-constant maps
Map’ (E, [X/G])

One important feature of the algebraic constructions described above is that
they provide Hochschild homology models to the topological theories. Traditionally,
Hochschild homology plays a very relevant role as the recipient of the Dennis trace
map from algebraic K-theory, and has been used to access the information retained by
algebraic K-theory, which is notoriously hard to compute. Additionally, Hochschild
homology is naturally non-commutative, hence can arise as an invariant of rings
as much as an invariant of categories. In this sense, Hochschild homology is the
categorification of the notion of dimension of a vector space.

There is an interesting approach to the definition of the dimension of a vector
space via the notion of one-dimensional topological quantum field theory. Given a
finite dimensional, i.e. dualizable, vector space V', the cobordism hypothesis allows
us to conclude that there is a unique (essentially, at least) 1D (framed) TQFT, Zy,
whose value on the point is V' itself. Then, the partition function of this theory —
its evaluation on the circle S' — is exactly the dimension of V. There is no reason
to consider the category of vector spaces as a target for our TQFT: in particular, we
can consider a category of categories as target. The associated notion of dimension
will reproduce Hochschild homology. In particular, for an associative algebra A, the
Hochschild homology of A is given by

HH, (A) = dim LMod 4

the dimension of the category of left A-modules.

At the beginning of this section we introduced the trichotomy of shifted tangent
stack—loop space—quasi-constant maps from an elliptic curve, and contemplated how
they gave rise to Hochschild homology counterparts of the respective topological
theory, obtained in rational coefficients via a Tate construction. We could ponder
the possibility of those Hochschild homology theories to extend to non-commutative
settings. The field-theoretic perspective is illuminating in this context.

We remarked that Hochschild homology is related to one-dimensional TQFT.
Morally, when looking at the Hochschild homology induced by the shifted tangent
bundle — that we will call linearized Hochschild homology — we should reduce by
one the dimension of the field theory, to account for the lower chromatic level of the
associated topological theory. This would produce a zero-dimensional TQFT, thus
a trivial invariant. The correct object to look at is indeed 0|1-dimensional TQFT,
where we introduce a dimension in the odd direction, i.e. we consider bordisms which
are supermanifolds of dimension 0|1 rather then manifolds of dimension zeroE]. Such

17 would like to thank Joost Nuiten for suggesting this, as I was stuck with zero-dimensional
theories trying to dig gold out of a coal mine.
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a Hochschild homology should be very interesting to study, but let us turn to elliptic
Hochschild homology. In this case, we need to increase the dimension by one, rather
than decrease it. Moreover, elliptic curves over C are topologically all homeomorphic
to St x St the only structure distinguishing them is their complex, i.e conformal,
structure: the correct object to look at is a two-dimensional conformal field theory.

The cobordism hypothesis links n-dimensional TQFTs with F,,-algebras; a similar
link should exist between 2-dimensional CFTs and vertex algebras. These objects,
very much like FE,,-algebras in TQFTs, play the role of the “algebras of observables”,
the set of the relevant operators in the physical theory and the structure associated
to the most fundamental manifold in the relevant bordism category — the point in
(fully extended) TQFTs, the circle in 2d CFTs — in the mathematical formulation.

We honestly hope to be able to study these phenomena in the future. A math-
ematical theorem linking CFT and a formulation of elliptic Hochschild homology
would be a starting point to understand the very deep relationship between elliptic
cohomology itself and those physical theories, completing the picture initiated by
Witten in the 80’s.

1.2. Structure of the thesis, straight to the point, no bubbling

The thesis is structured in the following way. Chapter [1}is an introduction to the
main topics, of informal and speculative nature. Some of the aspects discussed in
this chapter will not be studied in the main chapters of the thesis, Chapter [2 and [3]
but some partial results and discussion will be collected in Chapter

Chapter [2] is the main chapter of the thesis. It is a 1:1 copy of the paper [67].
This paper has been written in conjunction with, and is the result of joint work with,
my supervisor Nicolo Sibilla. In this paper we describe a notion of elliptic Hochschild
homology for derived stacks in characteristic 0 (Definition . This notion is tai-
lored to quotient stacks, our main application, but a more general definition appears
in Chapter [f] as Definition [£.1.1] We then study this notion in Section [2.3] obtaining
results of codescent with respect to the Zariski topology on target varieties, Corol-
lary [2.3.10] and an analogous codescent result with respect to the equivariant Zariski
topology on normal varieties, Theorem In Section [2.4] we provide some com-
putations of elliptic Hochschild homology of simple quotient stacks. These allow,
together with the results in Section [2.3], to compute the elliptic Hochshild homology
of toric varieties modulo their standard toric action, Theorem [2.4.5] Section [2.5| we
provide some relevant properties of elliptic Hochschild homology that will be used
in the last section of the paper. Most relevantly, a localization formula for the stack
of quasi-constant maps, Theorem [2.5.2] and a formula for the completion of elliptic
Hochschild homology at closed points of the base scheme E7, Theorem In
the last section, Section [2.6, we define a Tate construction that allows to recover
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complexified equivariant elliptic cohomology from our notion of elliptic Hochschild
homology. The relevant action is the natural E-action on

Map® (E, [X/T])

for an elliptic curve E and a smooth variety X acted on by a torus T. The final
theorem of the section and of the paper is Theorem [2.6.10, in which we show that
the Tate construction indeed recovers Grojnowski’s equivariant elliptic cohomology.

Chapter [3|is a 1:1 copy of the paper [78]. This paper is divided in two parts.
The first part, Section provides a construction of k-rationalized equivariant el-
liptic cohomology in terms of adelic descent, for a Q-algebra k (Definition .
This definition recovers Grojnowski’s sheaf when k& = C (Corollary . The
second part of the paper is devoted to a discussion of equivariant cohomology and
equivariant K-theory via Hochschild counterparts. Most of the results in this part
of the paper were previously known in some form, due to Pantev—Toén—Vaquié-
Vezzosi [64] and Calaque—Pantev—Toén—Vaquié—Vezzosi [16] for cohomology and to
Halpern-Leistner-Pomerleano [31] for equivariant K-theory. The results of Calaque-
Pantev—Toén—Vaquié—Vezzosi are much more general than what we can get with our
methods, while our Theorem generalizes Halpern-Leistner and Pomerleano’s
work. Similar results regarding a description of equivariant K-theory of manifolds in
terms of periodic cycle homology of their ring of C'° functions were known since the
90’s. Relevant references include [14] [13]. In the second part of this paper, we de-
scribe equivariant cohomology (Theorem and equivariant K-theory (Theorem
3.5.2)) via Tate constructions respectively on the shifted tangent stack and derived
loop space of quotients [ X /7] of smooth varieties by tori.

The last Chapter is devoted to partial results. This chapter will be updated until
a few weeks before the defence of this thesis, most likely.



CHAPTER 2

Equivariant Elliptic Cohomology and Mapping Stacks I

Written by Nicolo Sibilla and Paolo Tomasini

2.1. Introduction

In this paper we give a new construction of equivariant elliptic cohomology via
derived algebraic geometry. The use of techniques from derived algebraic geome-
try has become pervasive in the study of elliptic cohomology, especially after the
groundbreaking work of Lurie. However our aims in this paper are more limited
and somewhat different in spirit from the developments originating from Lurie’s
work. For starters, we are only interested in rational phenomena, and therefore we
will work over a fixed ground field of characteristic zero. Our goal is providing a
geometric interpretation of the equivariant elliptic cohomology of complex algebraic
varieties equipped with the action of an algebraic group G. We will show that the G-
equivariant elliptic cohomology of a variety X can be described in terms of functions
over a certain substack of the mapping stack

Map (£, [X/G])

where F is an elliptic curve over k, and [ X /G] is the stacky quotient of X by G. Our
approach is closely related to earlier works by other authors including Gorbounov—
Malikov—Schechtman—Vaintrob [26] [49] [47] [48], Berwick-Evans [9] and Berwick-
Evans—Tripathy [10], Costello [18] [19] and others.

This is the first article in a series. In this article we shall focus on the case when
G = T is an algebraic torus. We will introduce the substack of Map (E, [X/T])
parametrizing almost constant maps to | X/T]. We will show that functions over
the stack of almost constant maps define a cohomology theory of stacks, which we
call elliptic Hochschild homology. Under this assumption we will study the formal
properties of elliptic Hochschild homology, and compute it in important classes of
examples. In the final section of the paper we will prove that elliptic Hochschild
homology recovers Grojnowski’s rationalized equivariant elliptic cohomology. The
comparison requires an additional step, namely passing to the Tate fixed points
under a natural action. This is familiar from the theory of classical Hochschild
homology, which recovers periodized de Rham cohomology only after passing to

17
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the Tate fixed points for the natural S'-action. The relationship between elliptic
Hochschild homology and elliptic cohomology is entirely parallel to this.

An in depth treatment of elliptic Hochschild homology in the case of the action
of a general reductive group G is deferred to the follow-up paper [66].

Equivariant elliptic cohomology. Elliptic genera were first introduced by
Ochanine in the 80’s. Subsequently Witten introduced what is now called the Witten
genus, which is a kind of universal elliptic genus, as the index of a Dirac operator on
the loop space [82]. The work of Witten showed that elliptic genera had deep ties to
quantum field theory [81], and spurred a great deal of research in the area. Elliptic
cohomology was introduced in the late 80-s to provide a conceptual framework for the
study of elliptic genera. Elliptic cohomologies are even periodic cohomology theories
whose associated formal group law is isomorphic to the completion of an elliptic curve
at the identity. They have been the focus of great interest within homotopy theory
for the last thirty years. Giving a satisfactory construction of elliptic cohomology,
and its universal variant Tmf, is highly non-trivial. The state-of-the art is provided
by ongoing work of Lurie [39], [40], [41], which depends in a crucial way on the
comprehensive foundations for oo-categories and spectral geometry which he has
been developing in a series of books [46], [45], [43], and by independent work of
Gepner and Meier [24] in the equivariant case.

It was understood early on by Ginzburg-Kapranov-Vasserot and Grojnowski
that rationalized equivariant elliptic cohomology should give rise to coherent sheaves
over the elliptic curve itself [25] [30]. This fits into a well established paradigm, first
evinced in Atiyah-Segal’s work on equivariant K-theory, that turning on equivariance
is closely related to decompleting. In particular, as the formal group law of elliptic
cohomology theories is the completion of an elliptic curve F at the identity, the
equivariant elliptic cohomology of a space X with an S'-action should take values
in coherent sheaves over E. Further, the stalks of this coherent sheaf can also be
understood geometrically: they compute the Borel equivariant cohomology of various
fixed points loci of X. Equivariance with respect to general Lie groups can be also
understood in similar terms, and gives rise to coherent sheaves over the moduli space
of G-bundles over E. In the influential article [30], Grojnowski gives a beautiful
construction of rationalized equivariant elliptic cohomology which implements this
picture. Our work in this paper provides in particular a geometric explanation of
Grojnowski’s construction in terms of the defomation theory of (almost constant)
maps out of elliptic curves.

Elliptic cocycles and secondary Hochschild homology. One of the main
challenges in elliptic cohomology is providing a geometric description of elliptic co-
cycles. Several influential proposals have been put forward starting from Segal’s
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famous 1988 lecture at the Bourbaki seminar [64], and subsequent work of Stolz—
Teichner [69], [70]. An implementation of this circle of ideas based on the concept
of conformal nets has been pursued by Douglas, Bartels and Henriques in a series of
works: we refer the reader to [21] for an overview of this important perspective.

A different, but related, point of view is that elliptic cohomology should be in
some sense a categorification of K-theory. That fits with the heuristics that raising
the chromatic level should be related to categorification. This suggests in particular
that elliptic cocycles could be represented by appropriate categorified bundles. These
ideas have been explored in [7]. Within algebraic geometry, this perspective has
been taken up by Toén—Vezzosi, who introduced secondary Hochschild homology as
a model of elliptic cohomology [80]. We refer the reader to the introduction of [77]
for a beautiful discussion of these ideas. In this paper we do not attempt to provide
a geometric interpretation of elliptic cocycles, although this is one of the broader
goals of our project. However the definition of secondary Hochschild homology was
an important motivation for our work, and thus it is useful to review it here and
compare it with our construction.

Recall that the Hochschild homology of a scheme X is given by the global sections
of the structure sheaf of the derived loop space of X,

HH, (X) ~ O(£X)

Here the derived loop space £LX = Map(S!, X) is the stack of maps from S! to X.
Secondary Hochschild homology is defined as the global sections of the structure
sheaf of the double loop space of X

(1) HHP(X) = O(LLX)

As a model of elliptic cohomology, HH®?(X) has several desirable features. First,
the double loop space
LLX = Map(S* x S, X)

is the moduli space of maps out of a topological torus, which captures the underlying
topology of an elliptic curve. Additionally categorified bundles yield cocycles in
HH(?(X), as the heuristics on elliptic cohomology would dictate. We refer the reader
to [33), 134] for additional information on secondary Hochschild homology and its
properties.

On the other hand secondary Hochschild homology is insensitive to the complex
moduli of elliptic curves, and therefore cannot be hoped to fully capture elliptic
cohomology. Our construction can be described as a variant of , where we promote
the topological torus S* x S! to an elliptic curve E over a field k. When the ground
field k is the field of complex numbers C, and X is a complex scheme with an action
of an algebraic group G, the resulting theory is closely related to the complexified
(equivariant) elliptic cohomology of the analytification of X; and recovers it after
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passing to Tate fixed points for an appropriate action. One key difference with
is that the full mapping stack

Map (£, X)
is too large, in general, as there might be topologically non-trivial maps between
E and X. From the perspective of elliptic cohomology, the only maps that con-
tribute are the almost constant ones. As we explain next, this concept can be easily
formalized.

Almost constant maps. We fix a ground field k of characteristic zero, and an
elliptic curve F over k. Let T' be an algebraic torus and let X be a variety equipped
with a T-action. We denote by

(2) Map® (E, [X/T]) = Map (B, [X/T1)
the smallest clopen substack containing the trivial maps, i.e. the maps factoring as
E — Spec (k) — [X/T]

We call Map® (E,[X/T]) the stack of almost constant maps. In fact, the correct
notion of quasi-constant maps is slightly more involved, and we refer the reader to
Section for a complete exposition of this point.

Working with maps that are close to being constant is familiar from many geo-
metric contexts. The product structure on Chen-Ruan orbifold cohomology, for
instance, is governed by almost constant maps out of marked rational curves. For
an example which is closely related to our story recall that, in defining the Witten
genus via Dirac operator on the loop space, Witten and Taubes actually work with
small loops: i.e. with the normal bundle to constant loops, rather than with the full
loop space. We regard almost constant maps out of £ as an analogue, in our setting,
of Witten and Taubes’ small loops.

A key property of the stack of quasi-constant maps is that it satisfies a form of
Zariski codescent on the target.

THEOREM A (Theorem [2.3.14)). Let U; — X be a T-equivariant Zariski open
cover. Then the natural map

limg Map” (£, [U;/T1) — Map® (£, [X/T])

(2

18 an equivalence.

Theorem [A] plays a crucial role in our construction. Codescent fails in general
for the full mapping stack, as topologically non-trivial maps will not factor through
any equivariant Zariski open cover of X. The fact that codescent holds for almost
constant maps should be viewed as a counterpart of the Mayer—Vietoris principle
in elliptic cohomology. It is an interesting question to what extent codescent is a
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general feature of stacks of almost constant maps from an arbitrary source; we refer
the reader to Remark [2.3.1.1)in the main text for additional comments on this point.

Elliptic Hochschild homology. The stack of almost constant maps carries a
structure morphism

Map” (B, [X/T]) — Map’ (E, [pt/T]) ~ Pic’(E) @, T

where T is the cocharacter lattice of 7. The stack Pic’(E) is the connected com-
ponent of the Picard stack of £ which parametrizes degree 0 line bundles. We can
rewrite this as

Pic’(E) ®z T ~ (Pic®(B) @2 T) x [pt/T| ~ (E®z T) x [pt/T] ~ E™ x [pt/T|

where Pic’(E) is the Picard scheme of E and n is the rank of 7. In particular, we
have a natural map

p: Map® (B, [X/T]) — Pic®(E)®, T
We set Er := Pic’(E) ®; T.

The following is the most important definition of this article.
DEFINITION B. The T-equivariant elliptic Hochschild homology of X is
HHE([X/T]) = p*(OMapO(E,[X/T])) € QCoh(E7)
We denote by HHg(| X /T]) the global se;z'ons of HHe([X/T]).

Note that, as a consequence of Theorem [A] the sheaf HH ([ X /T]) satisfies T-
equivariant Zariski descent on X. That is, if U = {U;} is a T-equivariant Zariski
open cover of X

HHp([X/T]) = lim HH 5([U;/T])

REMARK 2.1.1. The terminology elliptic Hochschild homology was already used
by Moulinos-Robalo-Toén in the beautiful recent paper [51] to refer to a seemingly dif-
ferent construction. There are differences between our setting and theirs. They work
over a p-adic ring of integers R; additionally they do not consider the equivariant
setting, which is of primary importance for us.

However the two notions are intimately related, and in fact equivalent when they
overlap. In this article we place ourselves over a field k of characteristic 0 because
we are interested in establishing properties of HH ([ X /T]) which only hold in that
setting; and ultimately we want to set k = C and compare our theory with complexified
equivariant elliptic cohomology of the analytification of X. Note however that our
Definition[B does not depend on the choice of ground ring, and therefore makes sense
also over a ring of p-adic integers. We claim that if X s a derived scheme over R
as considered in [51], and T is the trivial group, then Definition @ 1s equivalent to
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the elliptic Hochschild homology of X as defined in [51]. This comparison result will
appear in forthcoming work. This justifies our usage of the term elliptic Hochschild
homology, as it is compatible with its earlier definition in [51].

In this article we establish several fundamental formal properties of elliptic Hochschild
homology. Some of our main results are a localization theorem for elliptic Hochschild
homology, and a calculation of its analytic stalks. These results, which we will explain
in the next section of this introduction, ought to be considered as direct analogues
of the local structure of rationalized equivariant elliptic cohomology that was first
described by Grojnowski in [30]. A more recent reference, which is more closely
related to our work from a methodological standpoint, is the description of the local
structure of Hochschild homology of global quotient stacks in [17]. Our results give
a complete description of the local behaviour of elliptic Hochschild homology of quo-
tient stacks, and are key to establish the comparison with Grojnowski’s rationalized
equivariant elliptic cohomology.

Before presenting these results however, let us explain two classes of examples
for which HHg(X) can be explicitly computed. The first observation is that, as
expected, in the absence of a group action elliptic Hochschild homology coincides
with ordinary Hochschild homology. This is an analogue of the fact that, in the
non-equivariant regime, rationalization collapses all cohomology theories to singular
cohomology.

THEOREM C (Corollary [2.3.10). Let T' be the trivial group. Then there is an
equivalence

HHp(X) ~ HH,(X)

Next, let us consider the case when X is a smooth toric variety equipped with
the action of the maximal torus. Toric actions on toric varieties are treated at length
in Section for several reasons. First, calculations on affine spaces and projective
spaces equipped with a torus actions are the cornerstone of our general structure
results, as varieties equipped with a T-action admit an equivariant local embedding
in affine space. Second, toric varieties provide fully computable examples of our
theory owing to the codescent Theorem [A] In particular, when X is a smooth toric
variety equipped with the action of a maximal torus 7" we have the following result.

Assume that £ = C and let X be a smooth toric variety equipped with the action
of the maximal torus 7. We denote by Ell%..(X") the degree zero complexified
T-equivariant elliptic cohomology of the analytification of X, viewed as a coherent
sheaf over Er

El1Y...(X™™) e Coh(Er)

THEOREM D (Theorem [2.4.5). There is an equivalence in Coh(Er)
HHE([X/T]) =~ ENn (XT™)
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Theorem [D] follows from two ingredients. The first is the calculation of the elliptic
Hochschild homology of the affine space A™ under an arbitrary torus action, which
plays a key role in the proof of Theorems [E] and [F] The second is codescent for almost
constant maps, Theorem [A]

Main theorems. Our main results are contained in the last two Sections of
the article, Section and 2.6 In Section we establish two structure theorems
that describe the local behaviour of elliptic Hochschild homology. They are exactly
parallel to features of ordinary equivariant elliptic cohomology. As explained by Gro-
jnowski, the local structure of elliptic cohomology is governed by information coming
from the cohomology of fixed point loci. Further, on sufficiently small neighbour-
hoods of points of E7, elliptic cohomology is equivalent to ordinary Borel equivariant
cohomology of fixed point loci. In our setting, these two claims translate into the
statements of Theorem [E] and Theorem [F] respectively. Analogous statements for
ordinary Hochschild homology were proved by Chen in [17], which was an important
inspiration for our work.

As pioneered by Grojnowski and explained by Rosu, we can associate to each
closed point = of Er a subgroup T'(z) of T. When T is of rank one, T'(z) is equal to
T if x is non-torsion and is equal to p, if = is torsion of (exact) order n. We denote
XT(®) the derived fixed locus of X under the induced T'(z)-action. The classical fixed
locus is given by the truncation ¢,(X7®)).

THEOREM E (Theorem [2.5.2)). Let X be a smooth variety over k. Then for any
closed point x € Er there exists a Zariski open neighborhood U of x such that the
natural map

(3) Map® (E, [toXT(I)/T]) X pp U — Map” (B, |X/T]) x5, U
induced by the inclusion tyXT® — X, is an equivalence.

Recall that T' = Spec HH,.([+/T]). If Y is a stack with a T-action, the Hochschild
homology HH,.([Y/T']) carries an action of HH, ([+/T]).

THEOREM F (Theorem [2.5.14)). The étale stalk of HHe([X/T]) at a point x of
Er is equivalent to the completion of HH,([toXT®) /T]) at 1 € T = Spec HH, ([+/T])

Theorem [E] and [F] are key ingredients in the proof of the comparison between
HHEe([X/T]) and equivariant elliptic cohomology. As we already discussed, the first
step is to introduce a periodic cyclic variant of HHg([X/T]), which we call elliptic
periodic cyclic homology and denote HPg([X/T]). Elliptic Hochschild homology,
just as classical Hochschild homology, is not homotopy invariant. Thus it cannot be
hoped to coincide with elliptic cohomology on the nose. The fact that this discrep-
ancy can be obviated by keeping track of an extra piece of data, in the form of a
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differential or of a cyclic action, is familiar from the classical story. However what
exactly the cyclic action might be in the elliptic setting is a somewhat subtle issue.

In the ordinary setting periodic cyclic homology is calculated by passing to the
Tate fixed points under the natural action of S on Hochschild homology. Via the
identification

HH,(X) ~ O(LX)

this action comes from the action of S! on £X via loop rotation. However elliptic
Hochschild homology HH (|X/T]) does not carry in a natural way an action of S.
It is defined instead in terms of functions on a stack parametrizing maps out of the
elliptic curve F

HHEe([X/T]) = p*(OMO(E,[X/T])) € QCoh(Er).

Thus it is endowed with a natural F-action. It is not difficult to see however that
this action is non-trivial only along the fibers of the structure map

Map! (B, [X/T]) — Er

This simple observation allows us to reinterpret the E-action as a hidden S'-action,
relative to the base scheme Er. The possibility to interpolate between a (cohomologi-
cal) E-action and an action of the circle depends in a crucial way on the characteristic
0 assumption. Indeed it leverages the formality of the coherent cohomology of E,
which is thus equivalent to the coalgebra of cochains on S (since the latter is also
formal). We stress that both of these formality statements fail away from character-
istic zero. These identifications allow us to make sense of the Tate fixed points of
elliptic Hochschild homology and we set

HPe([X/T]) := HHE([X/T])Tate

If X is a variety with a T-action, its elliptic periodic cyclic homology becomes an
object in the Tate fixed points of the trivial S'-action on Perf(Er). The latter
coincides with the Zsy-folding of Perf(Er), i.e. the category obtained by collapsing
the natural Z-grading on Perf(E7) to a Zy-grading

HPE([X/T]) € Perf(Er)™° ~ Perf(Er) ® klu, u ]
where u is in degree 2.

THEOREM G (Theorem [2.6.10)). Let k = C. Let T be an algebraic torus of rank
n acting on a smooth variety X. We have an isomorphism of Zy-periodic perfect
complexes on E

HPE([X/T]) = Ellpe (X™)

where Ellpan (X*) is the complexified T -equivariant elliptic cohomology of the an-
alytification of X .
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An analogue of Theorem [G] for classical Hochschild homology is due to Halpern-
Leistner—Pomerleano. Their Theorem 2.17 in [31] shows that the periodic cyclic
homology of suitable quotient stacks [X/G] over the complex numbers is equivalent
to the G*"-equivariant K-theory of the analytification X" of X.

Let us comment briefly on the proof of Theorem [G It follows from Theorem
that the completions of HPg([X/T]) and Ellrx(X?") at points of Er match.
The formal completions at points of a smooth variety X can be thought of as al-
gebraic analogues of small complex balls covering X. This might suggest that this
information is sufficient to establish a global equivalence between HP g ([ X /T]) and
Ellpan (X*). This is roughly correct, but the notion of completion has to be substan-
tially enhanced. Completions at points are by themselves insufficient. The correct
notion is provided by the adeles of a coherent sheaf, which are kinds of completed
stalks labelled by flags of subvarieties. The adeles come with natural “restriction
maps” which relate them, and give the adeles of a sheaf the structure of a cosimpli-
cial complex. We review the theory of adelic descent in Section The theory of
adelic descent goes back to classic results of Weil for curves, while its generalization
to higher dimensions is due to Parshin and Beilinson. We will mostly follow the
modern formulation of Groechening [28], which is particularly convenient for our
purposes.

Adelic methods are not quite sufficient to prove Theorem [Gl The reason is that,
in general, the adeles of HPg([X/T]) and Ellpan (X**) are hard to compute owing
to the fact that E7r is not affine. We work around this issue, by combining adelic
descent with an induction on the rank of the torus 7" acting on X. This uses in a
crucial way our second structure result on the local behaviour of elliptic Hochschild
homology, i.e. Theorem [E]

It is a natural question, see Rogu [61], whether equivariant cohomology theories
can be defined via adelic methods. Grojnowski’s original approach involves a careful
choice of analytic open cover, and this limits its applicability to the complex setting.
A fully adelic treatment would have several benefits, and in particular would work
over an arbitrary characteristic zero base. This is the subject of work in progress of
the second author [78§].

Future work. As we explained this paper is the first in a series. In the forth-
coming follow-up [66] we will complete the picture initiated in this article to account
for equivariance under the action of an arbitrary reductive group G. In fact the
techniques developed in this article are sufficient to tackle the general case, as it is
possible to reduce the question of G-equivariance to T-equivariance for a maximal
torus T' < G, on condition of keeping track of the action of the Weyl group. The
details will be spelled out in [66]. The project initiated in this article is part of a
broader goal to obtain geometric descriptions of elliptic cohomology and Tmf, and
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their cocycles. One of the next objectives in this program will be giving a geometric
description of rationalized Tmf, by working with stacks of almost constant maps out
of the universal cubic curve. Along the way, we will obtain in particular new geo-
metric descriptions of equivariant singular cohomology and equivariant K-theory in
terms of almost constant maps out of cuspidal, and respectively nodal, cubic curves.
All these questions will be pursued in future work.
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2.2. Preliminaries

Throughout the paper, k is a fixed field of characteristic zero. We use the term
variety to mean a k-scheme which is integral, separated and of finite type. Unless
we explicitly state otherwise, all geometric objects in the following are implicitly
assumed to be defined over k.

In this paper we use the language of co-categories and derived algebraic geometry
as developed by Jacob Lurie in [46] and [43]. We will mostly work over a field of
characteristic zero, where derived rings can be modelled equivalently by simplicial
commutative algebras or by commutative differential-graded algebras. In the setting
of commutative cdga-s, foundations for derived algebraic geometry were developed
by Toén and Vezzosi in [75] and [76].

2.2.1. Derived stacks. Let CAlg be the oo-category of simplicial commutative
rings, and dAff = CAlg® be the co-category of derived affine schemes. We also
use the name derived rings for simplicial commutative rings. Constant simplicial
commutative rings embed fully faithfully in simplicial commutative rings, and the
embedding has a left adjoint corresponding to the connected components functor,
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which is denoted my. We will refer to constant simplicial commutative rings as
underived, classical, or discrete rings interchangeably.
The oo-category of derived prestacks is the co-category of functors

P(dAff) := Fun(dAff?,S)

from simplicial commutative rings to the oo-category of spaces. The oco-category of
derived stacks is the oo-category of (hypercomplete) sheaves on dAff with respect to
the étale topology, dSt. The category of derived stacks is naturally an co-topos. We
denote by Spec the Yoneda embedding

Spec : CAlg® — P(CAlIg).

Analogously, let P(Aff) := Fun(CRing, S) be co-category of presheaves over clas-
sical commutative rings. The oco-category of hypercomplete sheaves on CRing with
respect to the étale topology is the category of higher stacks, St. These embed fully
faithfully in derived stacks; the embedding has a right adjoint called the truncation
functor and denoted by t,. We refer to derived stacks which are equivalent to their
truncation as underived, classical or discrete.

In a relative setting, given a simplicial commutative ring R, we define CAlgy to
be the co-category of commutative simplicial R-algebras. We denote the oo-category
of derived prestacks over R, P(CAlgy), and the co-category of stacks over R, dStg.
If R =k is a field of characteristic zero, the co-category CAlg, is equivalent to the
oo-category dg — cAlg,fO of connective commutative dg algebras, i.e. concentrated in
nonpositive degrees in cohomological indexing convention. In this paper we mostly
work in this setting.

2.2.2. Effective epimorphisms, geometricity, connected components.
Effective epimorphisms are the natural notion of surjective maps in an oo-topos.
Effective epimorphisms can be characterized as follows

DEFINITION 2.2.1 ([46], Corollary 6.2.3.5). A morphism f : X — Y in an co-
topos is an effective epimorphism if one of the following two equivalent conditions is
satisfied:

(1) f is a (—1)-truncated object in the oo-topos dStyy of derived stacks over Y
(2) The Cech nerve C(f) is a simplicial resolution of Y.

This definition, in the special case of the co-topos of derived stacks, becomes
equivalent to the following property:

PROPERTY 1. A map of derived stacks f : X — Y is an effective epimorphism
iof for any representable Spec S and any map Spec S — Y, there exists an etale cover
of S, {S;}, such that for all i the composition Spec S; — SpecS — Y admits a lift
Spec S; — X.
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In other words, an effective epimorphism of derived stacks is an étale locally
surjective map, just as in the classical theory of sheaves a surjective map of sheaves
is a locally surjective map.

There is an important class of derived stacks called geometric (derived) stacks.
This notion is a generalization to the setting of derived algebraic geometry of the
more classical notion of Artin stack. Geometric stacks are characterized by an integer
number called the geometric level. The definition is stated inductively on the level.
We will state the definition in the context of smooth maps, for a discussion in full
generality see for example [57].

DEFINITION 2.2.2. Let X be a derived stack.

o X is (—1)-geometric if it is an affine derived scheme. A map f: X —Y of
derived stacks is (—1)-representable if for every map

SpecA - Y

from a (—1)-geometric stack Spec A, the fiber product Spec A xy X is (—1)-
geometric. A map is (—1)-smooth if it is (—1)-representable, and the induced
map

Spec A xy X — Spec A

1s a smooth map of affine derived schemes.

o X is n-geometric if the diagonal map X — X x X is (n — 1)-representable
and there exists an effective epimorphism | [ Spec A; — X, called an n-atlas
for X, such that each map Spec A; — X is (n — 1)-smooth. We say that X
18 geometric if it is n-geometric for some n.

o A map of derived stacks X — Y is n-representable if for every (—1)-
geometric Spec A and any map Spec A — 'Y, the fiber product Spec A xy X
18 m-geometric.

o A map X — Y isn-smooth if it is n-representable, and for any Spec A — Y
there exists a n-atlas || Spec B; of Spec A xy X such that for all i the
composition

Spec B; — Spec A xy X — Spec A
18 smooth.
There is a notion of open and closed immersion of geometric stacks.

DEFINITION 2.2.3. Let f : X — Y be a morphism of derived geometric stacks.
We say that f is an open (resp. closed) immersion if for any map g : Spec S — Y the
fiber product Spec S xy X is a derived scheme, and the induced map Spec S xy X —
Spec S is an open (resp. closed) immersion of derived schemes.
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In the context of derived schemes, the above definition is equivalent to the defi-
nitions below.

DEFINITION 2.2.4 ([55], Definition 4.2). A map of derived schemes f : X —
Spec S with affine target is an open immersion if there exist affine derived schemes
Spec A; — X over X such that the composite map | [, Spec A; — X — Spec S is an
effective epimorphism, and each composite Spec A; — X — Spec S ezhibits A; as a
localization of S.

Let f : X — Y be a morphism of derived schemes. f is an open immersion if for
any affine derived scheme Spec S, the induced map fs : SpecS xy X — Spec S is an
open immersion of derived schemes with affine target.

DEFINITION 2.2.5. Let f : X — Y be a morphism of derived schemes. f is a
closed immersion if the map on the underlying classical schemes tof : to X — toY is
a closed immersion of classical schemes.

We will also need the notion of connected component of a point in a derived
geometric stack X. Let K be a field, and let = : Spec K — X be a K-point.
Consider the full subcategory of dSt,x of open and closed maps to X whose image
contains the K-point x:

Clopen, X = {a: G — X clopen map in dSt such that z factors through a}

DEFINITION 2.2.6. The connected component of the point x in X, X, is an
initial object in the co-category Clopen, X (which always ezists).

It will be important to consider quasi-coherent sheaves on derived (pre)stacks.

DEFINITION 2.2.7. Let X be a prestack. The co-category of quasi-coherent sheaves
on X, QCoh(X), is defined as the limit

QCoh(X) := limgpec a—x3Mod 4

over the oo-category of derived affine schemes with a map to X. Here Mod 4 denotes
the co-category of A-modules.

2.2.2.1. Zy-folding of quasi-coherent sheaves. We will be interested in dealing
with a Zs-periodic version of the oco-category of quasi-coherent sheaves. We review
this object following Preygel [59]. There, he introduces a Tate construction on oo-
categories with an action of S! and this formalism recovers in particular Z,-folding,
which is what we are interested in.

DEFINITION 2.2.8 (Definition 1.2.3 in [59]). Let C be a small stable k-linear idem-
potent complete co-category with an action of S*, where k is a field of characteristic
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zero. Then the Tate construction of € with respect to this S'-action is the tensor
product of small stable co-categories

QTate . (251 QPerf (k[[u]]) Perf(k:((u)))
where u is a variable of homological degree —2.

In the following, we adopt Preygel’s notation and omit Perf:

eTate _ GSI ®k[[u]] k:((u))

If € is not small but is equipped with a coherent t-structure (see Definition 4.2.7
in [59]), Preygel defines its Tate fixed points via a regularization procedure. The
regularization of €, R(€), is defined as the ind-completion of the full subcategory of
coherent objects, i.e. bounded above objects C' whose r-truncation, 7,C', is compact
for all r (see Definition 4.2.2 in [59]). Then Preygel defines (see Definition 1.3.4 in
[591)

EtTate . _ :R(GSI) O[] k((u))
Following Preygel, we refer to k((u))-linear co-categories as Zs-periodic.

If X is a Noetherian geometric stack, the standard t-structure on QCoh(X) is
coherent (see Proposition 4.4.1 in [59]). In particular, we can consider the Tate
construction with respect to a trivial S'-action on QCoh(X).

DEFINITION 2.2.9. The Zo-folding of Perf(X) is the category
Perf(X)z, := Perf(X)™®
The Zo-folding of QCoh(X) is the category
QCoh(X)z, := QCoh(X)!Tte

2.2.3. Betti stacks and affinization. We define an important class of derived
stacks, called Betti stacks, which correspond to spaces.

DEFINITION 2.2.10. Let X € § be a space. The Betti stack associated to the
space X is the sheafification of the constant presheaf X : dAff® — S sending any
derived affine Spec A to X. We abuse notation by denoting the Betti stack associated
to a space X again by X.

A particularly important example is the derived Betti stack S* associated to the
circle. This stack plays a key role in this paper and in derived algebraic geometry
more broadly. For instance, it will appear in a construction that we will describe in
Section [2.2.4] This stack will also play a role through its affinization, which we now
describe as a general construction in derived algebraic geometry.

The affinization of a derived stack is a fundamental notion, and is strictly related
to the concept of affine stack which we review below. The construction has been
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introduced in the nonderived setting by Toén in [73], and studied in the derived
context by Ben-Zvi and Nadler. A review is in [51]. We recall the construction here
for the reader’s convenience.

Let k be a discrete commutative ring. We denote by coCAlg,. the co-category of
cosimplicial commutative algebras over k, and St, < dSt, the co-category of classical
higher stacks.

DEFINITION 2.2.11. Denote by
Spec® : coCAlg — Sty

the functor that sends a coconnective commutative k-algebra A to the functor it corep-
resents, i.e. the functor sending a simplicial commutative ring B to the space of maps
Map,,caie(A, B). Stacks of the form Spec 2 A for some cosimplicial commutative k-
algebra A will be called affine stacks]l]

The functor Spec® has a left adjoint O : St;, — coCAlg. The composition
SpecA(’) : St — Sty

is called the affinization functor.

We will consider the affinization of an elliptic curve E over a field k of charac-
teristic zero, i.e. the affine stack Spec 2O(FE). Over k the cdga O(E) is formal, and
thus isomorphic to its cohomology, which is given by

kifi=0ori=1
0 else

Hi(E; OE) = {

The cdga O(S?) = C*(S'; k) is also formal, which implies
ARE(E) ~ ARE(SY)

Since the algebra of derived global functions on S is isomorphic to the commutative
dg-algebra kle] with the variable € in (cohomological) degree 1, the affine stack
Aff(S1) is sometimes denoted also by A![1] and referred to as the shifted affine line.

REMARK 2.2.12. Working over a field k of characteristic zero we can model sim-
plictal commutative algebras over k via connective commutative dg-algebras. In this
setting, Ben-Zvi and Nadler develop in [8] a similar construction. They consider the
functor

Spec : dg — cAlg, — dSt,

sending A to the functor mapping B € dg — cAlgy’ to Mapdg_CAlgk(A, B). This
functor is right adjoint to O, and the affinization functor is Spec O : dSt, — dSty.

!The same notion is referred to as coaffine stacks by Lurie in [38].
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2.2.4. Tangents and loops. The co-category of derived stacks dSt is Cartesian
closed, hence it admits internal mapping objects, also known as mapping stacks.

REMARK 2.2.13. The notation we use for mapping spaces in co-categories is Map,
i contrast with the notation for the mapping stack introduced below.

Given two derived stacks X and Y, we denote their mapping stack as Map (X, Y).
As a presheaf on CAlg®?, the mapping stack is characterized by

Map (X,Y) (S) = Map(X x SpecS,Y)

The mapping stack can also be defined relative to some base derived stack B: for X
and Y over B, the mapping stack Map (X, Y) 5 relative to B is given by

Map (X, Y)p () = Map,5(X xp Spec S, Y)

Given a derived geometric stack X, we can build new derived stacks via universal
constructions. In this paper we will consider the shifted tangent T'x[—1], the unipo-
tent loop space L£"X, the loop space LX and the derived stack of quasi-constant
maps Map® (E, X) from an elliptic curve E. The first three constructions are well
documented in the literature, and we will recall them in this section, while the latter
is new and the main object of study of this paper.

If X is a derived geometric stack its cotangent complex is the quasi-coherent sheaf

Lx € Qcoh(X)

corepresenting the functor of derivations.

DEFINITION 2.2.14. The shifted tangent bundle of X, Tx|[—1], is the relative
spectrum over X

Tx|[—1] := Spec o, SymLx|[1]
The unipotent loop space of X, L*X, is the mapping stack
L*X = Map (AH(Sl), X)
The loop space of X, LX, is the mapping stack
£X = Map (5", X)

When X is a derived scheme, the shifted tangent bundle, the loop space and the
unipotent loop space are all equivalent. This follows from the fact that these three
objects are cosheaves over the Zariski site of a derived scheme, as explained in [§],
and they coincide when the target X is affine. As an example, we recall the relevant
codescent statement for the loop space:
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LEMMA 2.2.15 (Lemma 4.2, [8]). Let X be a derived scheme. The functor
| X | Zar — dStg
Uw— LU
s a cosheaf.

All these constructions have formal counterparts, where one formally completes
the stacks at a trivial locus corresponding to X. We start by recalling the notion
of formal completion in derived algebraic geometry. A summary of this and related
notions can be found for example in [17].

DEFINITION 2.2.16. Let X and Y be derwed stacks, and let f : X — Y be a
map. We define the formal completion of Y at X, Y, as the derived stack whose

functor of points is the following: for every ring S, the space EA/X(S) 1s the space of
commutative diagrams

Spec mo(S)d —— X
|
Spec S Y

where mo(S)™ is the reduction of the discrete ring mo(S) considered as a constant
simplicial commutative ring.

We can describe formal completions alternatively using the de Rham stack of a
derived stack Y. Let CRing™ be the category of reduced classical commutative rings,
which embeds in the co-category of simplicial commutative rings CAlg as constant
simplicial rings. In particular, we get a restriction functor

i* : P(dAff) — P(CRing™*)

from derived prestacks to presheaves on CRing™”’. We can construct a right adjoint
to this functor by sending a presheaf on CRing™d*” to its right Kan extension along
1. We call this functor i,.

DEFINITION 2.2.17. Let Y be a derived prestack. Its de Rham prestack is the
derived prestack Yyp = 1,4*Y .

By definition, given a derived ring S, an S-point of Yyg is a mo(S)™d-point of Y.
Observe that the unit of the adjunction Id — i,7* gives us a map ¥ — Y. Via the
de Rham stack we can describe the formal completion of Y at X as the pullback

?X - XdR

]

Y ——Yuir
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Now we can define the formal completions at X of the objects we described
earlier.

DEFINITION 2.2.18. The formal shifted tangent bundle of X is the formal com-
pletion of the shifted tangent bundle of X at the zero section, and is denoted by
YA’X [—1]. The formal loop space of X is the formal completion of the loop space of
X at the constant loops, and is denoted by LX.

2.2.5. Quasi-constant maps. We can now introduce one of the main objects
of the paper, the derived stack of quasi-constant maps Map® (Y, X)) between two
derived stacks Y and X. -

Let A be a finite abelian group isomorphic to a product of groups of roots of
unity

(4) A~ n L
i=1,...,7
For each map
a:Y — [Speck/A] - X
let (Map (Y, X)) be the connected component of Map (Y, X) containing a.
DEFINITION 2.2.19. The derived stack of quasi-constant maps is the union

Map® (Y, X) := | JMap (¥, X)

REMARK 2.2.20. The structure map Y — Speck gives a closed embedding
X ~ Map (Speck, X) — Map (Y, X)
which factors through Map® (Y, X).

REMARK 2.2.21. Definition is designed to work in the setting where the
target is the quotient [ X /T of a variety by the action of a torus, which is the frame-
work we place ourselves in in this paper. Though adequate for what we plan to do
in this article, Definition [2.2.19 is somewhat ad hoc. A more conceptual definition
can be obtained by considering maps which are in a precise sense of degree zero.
Consider the map

() Map (Yar, X) — Map (Y, X)

induced by the unit Y — Yyg. We believe that in general quasi-constant maps should
be definable as the image of this map, i.e. the smallest clopen subset of Map (Y, X)
such that the map @ factors through it. As a reality check, consider the case when
X is a classifying stack [Speck/G], where G is a reductive algebraic group. The
image of (@ 1s the stack classifying underlying G-bundles to flat G-bundles. These
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are precisely degree 0 G-bundles, which is what we intend to model via quasi-constant
maps.

We will mostly use Definition [2.2.19] in the situation where the source Y is an
elliptic curve E over a field k of characteristic zero.

REMARK 2.2.22. The bundles classified by BunOT(E) are exactly the degree zero
T—-bundles on E, as those are the ones in the connected components of the T'—bundles
whose structure group can be reduced to A, for A as in .

REMARK 2.2.23. The variant of Definition[2.2.19 involving only connected com-
ponents of constants maps s in general insufficient for our purposes. The issue
arises from quotients [ X /T| that have points with finite non-trivial stabilizers. Con-
sider X = Gy, with an action of T = G, with weight w # 1. The quotient [ X /T]
is isomorphic to [Speck/pp]. In this case, a simple equivariant elliptic cohomology
computation dictates that there should be an isomorphism

Map” (E,[Gn/Gn]) = El|w]] x [Speck/pu]

where E[|w|] denotes the |w|-torsion points in E. In particular, this stack has |w|-
many connected components. Definition 15 designed precisely so as to repro-
duce this expected behaviour.

In the following Propositions we give sufficient conditions under which it is enough
to look at connected components of constant maps.

PROPOSITION 2.2.24. Let Y and X be derived schemes. Then the stack of quasi-
constant maps Map® (Y, X) coincides with the union of the connected components of

the constant maps. In particular, if X is connected, Map® (Y, X) is connected.

Proor. This is a direct consequence of the full embedding of derived schemes in
derived stacks. 0

PROPOSITION 2.2.25. Let X be a variety with an action of an algebraic torus
T, and let EE be an elliptic curve over k. Assume the T-action on X s such that
the T-orbits in X have connected stabilizers. Then the stack of quasi-constant maps
Map® (E, [X/T]) coincides with the union of the connected components of the con-

stant maps. In particular, if X is connected, Map® (E, [X/T]) is connected.

ProoOF. We will assume for simplicity that T is rank one. The general argument
is a simple extension of the rank one case. This proof requires the codescent property,
which will be proved in Section [2.3|as Theorem [2.3.14l It follows from that codescent
result that points in Map® (E,[X/T]) correspond to maps whose image is contained
in a single T-orbit in X, which under our assumptions is either free or a fixed point.
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Let x € X be a fixed point for the T-action. We need to consider maps from E to
[2/T] factoring through [Spec k/u,] for all positive integers n. These maps classify
T-bundles on F admitting a reduction of their structure group to u,. But these all
lie in the connected component of Pic(F) classifying degree zero bundles.

Now consider a free orbit O. Since T acts freely on O, we have that [O/T] =
Spec k. So any map to [O/T'] factors necessarily through the point. This concludes
the proof. O

An important class of examples satisfying the assumptions of Proposition [2.2.25
is given by toric varieties with the standard torus action.

COROLLARY 2.2.26. Let X be a smooth toric variety equipped with standard ac-
tion by the torus T and let E be an elliptic curve. Then the stack of quasi-constant
maps Map” (E, [X/T]) coincides with the connected component of the constant maps.

Just as in the case of the shifted tangent bundle and of the loop space, we can
consider a formal completion of the derived stack of quasi-constant maps.

——0
DEFINITION 2.2.27. The derived stack of formal maps, denoted by Map (Y, X),
is the formal completion of Map® (Y, X) at the constant maps

X — Map® (Y, X)
We conclude this subsection by studying the geometricity of the stack of quasi—

constant maps.

PROPOSITION 2.2.28. Let E be an elliptic curve over k. Then, if the target stack
X is a finitely presented variety X or a quotient stack [ X /T| with X a variety, the
stack of quasi-constant maps Map? (E, X) is 1-geometric.

PROOF. Note that X is in particular finitely presented over k, thus this is a direct
application of Theorem 5.1.1 in [32]. d

2.2.6. Equivariant elliptic Hochschild homology. In this section we define
equivariant elliptic Hochschild homology, which is our main object of study in this
article.

DEFINITION 2.2.29. Let G be a smooth reductive algebraic group and Y be a
scheme.
e The derived stack of principal G-bundles on Y is the mapping stack
Bun,(Y') := Map (Y, [Spec k/G])
The derived stack of principal G-bundles of degree zero on Y is
Bunl(Y) := Map® (Y, [Spec k/G])
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o Let G =T be an algebraic torus of rank n. We set
Pic(Y)r := Bun,(Y)
Pic’(Y)7 := Bunj(Y)

REMARK 2.2.30. When'Y is connected, Pic’(Y ) is the connected component of
the trivial rank n bundle over Y .

REMARK 2.2.31. When T is of rank 1, we write Pic(Y) in place of Picp(Y) and
similarly for Pic®.

We will apply these definitions in the case when Y is an elliptic curve E over
a field k£ of characteristic zero. Let T be the cocharacter lattice of 7. We have
decompositions

Pic(E)r ~ (Pic(E) @z T) x [Speck/T], Pic(E)} ~ E®; T x [Speck/T]

where Pic(E) denotes the Picard scheme of E. In particular, these stacks are under-
ived. In the rank 1 case,

Pic(F) ~ Pic(E) x [Speck/G,,]
Pic’(E) ~ Pic’(E) x [Speck/G,,] ~ E x [Speck/G,,]

Although we are interested in torus actions, a few steps of our argument will
depend on considering more general actions where 7' is the product of a torus 7" and
of a finite abelian group A isomorphic to a product of groups of roots of unity

Note that there is an equivalence

Bun, (E) = Buy (B) = [ (B[] x [Speck/pn])

where E[n;| denotes the n;-torsion points in E. This induces

Bun}(E) ~ (E®z T’ x [Speck/T"]) n E[n;] x [Speck/pin,])

-----

This stack carries a map towards its coarse moduli space

Buh(5) » £&: 7 x (] Eln)

which we denote Ep. When T is a torus, fixing an isomorphism 7" ~ (G,,,)" identifies
this scheme with a product of rk(T) copies of E.
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Consider a variety X over k with the action of an abelian group 7" which de-
composes as the product of a torus 7" and a finite abelian group A as above. The
structure map X — Spec k induces

v’ Map® (B, [X/T]) — Map’ (E, [Spec k/T])
We denote p the composition of p’ with the projection Buny(E) — Er.
DEFINITION 2.2.32. The T-equivariant elliptic Hochschild homology of X is
HHEe([X/T]) := P*OMapO(E,[X/T]) € Qcoh(E7)
We denote by HHg([X/T]) the global sections of the sheaf HHE([X/T]).

We refer to HH ([ X /T]) also as the elliptic Hochschild homology of [X/T]. We
remark that HHg(| X /T]) defines a cohomology theory for quotient stacks, at least
in the weak sense that a T-equivariant map Y — X induces algebra maps

HHe([X/T]) - HHe([Y/T])

and
HHgp([X/T]) — HHE(Y/T])

Additionally HH g(—) satisfies a form of Mayer—Vietoris, Theorem|2.3.14] We remark
that Definition [2.2.32] makes sense for general reductive algebraic groups.

2.2.7. Complexified Equivariant Elliptic Cohomology. Here we present
a short review of rationalized equivariant elliptic cohomology. This object was ax-
iomatically defined by Ginzburg—Kapranov—Vasserot in [25] and constructed by Gro-
jnowski in [30]. We review Grojnowski’s construction following mostly the more
recent exposition found in [23] and [62]. Other reviews closer in style to the original
can be found in [2], [61] and [27]. We remark that Grojnowski’s paper only sketches
the construction, and that the details were carried out by Rosu in [60].

Let X be a finite T-CW-complex, where T' is a torus of rank n. We construct
complex T-equivariant elliptic cohomology of X as an object in the Zs-periodic
oo-category of complex analytic coherent sheaves over the complex analytic variety
Er := E®g T, which is then viewed as an algebraic coherent complex via standard
GAGA arguments, yielding

gllT(X) € Perf(ET)ZQ

REMARK 2.2.33. As Er is a smooth Noetherian underived scheme, Perf(Er)z, ~
Coh(E7r)z,. Coh(Er) is the oo-category of coherent sheaves, i.e. the full subcategory
of QCoh(Er) spanned by bounded complexes having coherent homotopy sheaves.
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First, we set up some notation. Let C.(X) be the T-equivariant singular cochains
on X, i.e. the singular cochains of the Borel construction C*(X//T"). The sum-Zo-
periodization of the T-equivariant singular cochains, denoted by C&*(X), is defined
as

C2*(X) 1= (P O3 (X;C)
1€Z
Analogously, we introduce the product-Zs-periodization as
o (x) = [ep(X;0)
1€Z
Grojnowski’s insight is that complexified equivariant elliptic cohomology is locally

controlled by the singular equivariant cohomology of loci in X fixed by subgroups of
T.

DEFINITION 2.2.34. Let e be a closed point of Ex. Let S(e) be the set of subtori
T' < T such that e belongs to Ep < Ep. Then set

T(e):= (] T

T'eS(e)

REMARK 2.2.35. In Section [2.6 we will need an extension of this notion to points
of Er which are not necessarily closed. Let x € Ep be any point. The subgroup T(x)
of T" associated to x is the smallest subgroup of T' such that Epy contains the closure

of x, m, i.€e.
T@= ()] K
KcT|{z}c Bk
Moreover, we also set
T'(x) = T/T(x)

REMARK 2.2.36. If x is a non-closed point, tk(T"(x)) < rtk(T) — 1. This will be
relevant in our inductive proof of the comparison theorem |2.6.10,

REMARK 2.2.37. Fizing an isomorphism T = G, induces an isomorphism Ep =
E™. Under this identification, we can characterize the subgroup T'(e) for a closed

point e as follows. Let e = (eq,...,e,) € E™ and assume that
® ¢,...,e, €I are torsion with order |e; | = n,
o Forall k¢ {i1,...,1u}, ex € E is not torsion

Then, up to shuffling the factors,

T(e) = (l_l[ fin;) ¥ (Gp)" ' =T

1=1%1
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We are now ready to construct complexified equivariant elliptic cohomology. First
of all, recall that C2*(X) is a module over C£°(x). This is a formal commutative
dg-algebra concentrated in degree zero, and in particular we have an equivalence

CLO(+) =~ HP (+) = Clug, ... , Urk(T) ]

Equivalently, we can regard the module C&*(X) as an object in Perf(Er)z, (as X
is a finite T-CW-complex). Let us call Hp(X) this object. By definition Hp(X) is
a sheaf of algebras over Spec C*(#) =~ t¢, which is the complexified Lie algebra of
the torus 7. Denote by H5"(X) its analytification, i.e. the coherent analytic sheaf

H7'(X) := Hr(X) ®o,, OF

There is a quotient map
exp? : AZ — Er
which is an isomorphism if restricted to sufficiently small analytic disks U in Ep. Let

us call log? its local inverse. Moreover, the group structure on Fr induces translation
maps

Te :ET—>ET
[ fe

for all closed points e in Er (we use multiplicative notation for the group operation on
Er). Then, for a closed point e € Er and a sufficiently small analytic neighbourhood
U, of e, so that U; < 7.-1(U.,), we set

EUF(X) o, = (e 0 exp?) . HF (X)) iog2(e- 100

As summarized in [23], these open sets cover Er and transition isomorphisms be-
tween EUF(X)|y, and EUF (X )|y, can be defined for all closed points e and e’ in
terms of the localization theorem in equivariant cohomology. These isomorphisms
satisfy the cocycle identities and thus give rise to a complex-analytic sheaf denoted
by EUF(X).

We reserve the name Ell7(X) for the algebraic sheaf obtained from £15*(X) via
GAGA.

REMARK 2.2.38. Grojnowski’s original construction involves singular cohomology
rather than singular cochains. His construction can be obtained from ours by taking
the cohomology sheaves of Ellp(X).

The completions of the periodic version of Grojnowski’s sheaf over closed points x
of Er are given by a product-Zs-periodization of T-equivariant singular cohomology:

Ellp(X)z ~ CI*(XT@)) ~ ¢ (X)) ®co(s) Orr 3
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where Op,. ; is a module over C°(x) ~ O(t¢) via the completed multiplication map
ﬁx : ETj = ET,E
and the identification Ep3 ~ tc 5.

2.2.8. Adelic descent. In the last section of this paper we make extensive use
of adelic descent theory for n-dimensional schemes. This theory was first introduced
by Parshin [56] and Beilinson [11]. A review of the fundamentals of this theory can
be found in [35] and [50]. Modern developments of the theory include Groechenig’s
[28], which is also the main reference for the short reminder that follows.

Let X be a Noetherian scheme. For two points « and y we say = > y if y € {z}.
We let | X | denote the set of k-chains on X, i.e. sequences of k + 1 ordered points
(kg = -+ = xx) in X. If k = 0, we equivalently write |X| = | X|o. Finally, given a
subset T' < | Xk, we denote by

T i={A€ |[X|i|(x = A)eT)

This notation allows us to define sheaves of adeéles on X for a subset T' < | X|;.
The adeles are the unique family of exact functors

Ax(T,—) : QCoh(X) — Modo,
satisfying the following properties:
o Ax(T,—) commutes with directed colimits; )
o if F is coherent and k = 0, Ax (T, F) = | | ,op limy =0 JraF;
e if F is coherent and k > 0, Ax(T,F) = er|X| lim, >0 Ax (T, JraF)-

In the above, jm denotes the functor j,,.j%,, where
Jrz 1 Spec Ox z/ml — X

is the canonical immersion of an r-thickening of the point . Here Oy, is the local
ring at © and m,, is its maximal ideal.

The global sections I'(X, Ax (T, F)) are denoted by Ax (T, F) and are the groups
of adeles.

The sets | X |, can be assembled into a simplicial set: face and degeneracy maps
are defined, respectively, by removing or repeating a point in a chain. We denote this
simplicial set by | X|.. In particular, the sheaves of adeles assemble into a cosimplicial
sheaf of Ox—modules Ax (7., F), for some T, c | X]|,. If T, = | X]|., we denote this
cosimplicial sheaf by A% (F) and its global sections by A% (F). If F = Ox, we denote
the cosimplicial sheaves and groups of adeles by A% and A% respectively.

Similarly, there is a cosimplicial sheaf given by products of “local” adeles

] [] Ax(A,F)

Ae|X|n
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Theorem 2.4.1 in [35] tells us that the natural inclusion of the full adeles into the
product of local adeles respects the cosimplicial structures.

We conclude this section with two theorems that allow to reconstruct sheaves
from their adelic decomposition.

THEOREM 2.2.39 (Theorem 3.1 in [28]). Let X be a Noetherian scheme. Then
there is an equivalence of symmetric monoidal co-categories

Perf®(X) ~ TotPerf®(Ay)
The following theorem due to Beilinson appears as Theorem 1.16 in [28].

THEOREM 2.2.40 (Beilinson [11]). Let F be a quasi-coherent sheaf on X. The
augmentation F — A% (F) is a resolution of F by flasque Ox-modules. In particular,
the totalization of the adéles TotA% (F) computes the cohomology of F.

The objects we will consider in Section belong rather to the Zs-periodic cat-
egories of perfect complexes. The arguments made by Groechenig in [28] also hold
in this context, leading to completely parallel statements involving the Z,-periodic
categories.

REMARK 2.2.41. Let us remark that in Section[2.6 we will use a variant of Beilin-
son’s theorem for perfect complexes, i.e. that the adelic descent data of a perfect com-
plex, computed as in Beilinson’s definition where we interpret the operations in the

derived sense, recovers the original perfect complex after totalization. This follows
from Theorem 3.1 in [28].

2.3. Codescent for quasi-constant maps

In this section we prove that the stack of quasi-constant maps is Zariski local
on the target. This behaviour is in sharp contrast with the full mapping stack,
where locality on the target is essentially never satisfied. We will give a proof of this
statement in the case when the source is an elliptic curve, which is the case that is
most relevant for our applications, but we will also comment on extensions of our
results to more general settings (see Section . One of the ingredients in our
argument is a simple criterion that allows us to detect when an open immersions of
geometric stacks is an equivalence, Proposition below.

We start by proving a few simple general properties of the stack of quasi-constant
maps.

Let S be a derived stack. Consider the functor

Mapo (S, —) : dStk - dStk
If f: X —Y isamap in dSt;, we denote by r; the induced map
s : Map® (S, X) — Map” (S,Y)
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LEMMA 2.3.1. The functor
Mapo (S, —) : dStk - dStk

preserves limits. In particular, if f : X — Y is a map in dSty, there is an equivalence
of simplicial objects in dSty,

Map® (S,C(f)) =~ C(ry)

PROOF. The functor from pointed stacks to stacks sending a pair (F,x) to the
connected component of x preserves limits. Thus the statement follows from the
analogous statement for Map (S, —), which is obvious. The second part of the claim
is a formal consequence of the first one. U

LEMMA 2.3.2. The functor
Mapo (S, —) . dStk — dStk

preserves both open and closed immersions of derived stacks. That is, if i : Y — X
is an open (resp. closed) immersion of derived stacks, then

7; : Map® (S,Y) — Map® (S, X)
is an open (resp. closed) immersion of derived stacks.

ProOF. We prove the statement for open immersions, as the proof for closed
immersions is the same. We need to show that for every affine scheme Spec A and
for every map

Spec A — Map? (S, X)
the pullback map Map® (S,Y) X Mapd(s,x) Spec A — Spec A is an open immersion of

derived schemes.
Set Z := Map®(S,Y) X \Map?(S,X) OPEC A. Then by the universal property of the

mapping stack, we obtain a pullback diagram

7 x 8 Y

]

Spec A x S ——= X

Since the map Y — X is an open immersion, the map Z x S — Spec A x S must be
an open immersion. This map is the identity on S, so we conclude that Z — Spec A
is an open immersion; in particular Z is necessarily a derived scheme. O

PROPOSITION 2.3.3 (Point-wise criterion). Let X be an n-geometric derived stack
and let

¢:[[Ua—X
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be a coproduct of open immersions of derived stacks. Assume that for every field
extension K of k and any map f : Spec K — X there exists a lift

Hae[ UCV
/7
T s
f

Then the map ¢ is an effective epimorphism.

Spec K

PROOF. Since X is n-geometric, the map f factors through one of the affine
schemes

Spec A - X

which compose the chosen atlas of X (up to trading K for a field extension). Open
immersions of derived stacks are stable under base change, and thus the base change
of ¢ along Spec A — X

(HUa) X x Spec A ~ g (Ua X x SpecA) — Spec A

ael

is also a coproduct of open immersions. The equivalence above is a consequence of
the universality of colimits in co-topoi. Each summand V,, := U, x x Spec A is an
open substack of Spec A, and is therefore a derived scheme. Thus we can reduce to
proving the claim when X = Spec A is an affine derived scheme and

HVa—>X = Spec A

ael

is a disjoint union of open subschemes. Up to refining the cover {V,}qer, by taking
affine open covers of each scheme V,, we can also assume that the V-s are affine.
Set V,, = Spec A,.

The existence of lifts in the affine situation is equivalent to the statement that
the collection of maps of simplicial k-algebras

{A - Aa}ae[

is a Zariski cover of the simplicial k-algebra A, i.e.
e all the k-algebras A, are localizations of the algebra A at some elements
(o € ToA;
o the collection of the elements {a,}qe; generates myA.

But this implies that the map | [, .; Spec A, — Spec A is an effective epimor-
phism. O
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2.3.1. Quasi-constant maps to varieties. Let X be a variety and E an el-
liptic curve over k. In this section we prove the following statement:

PROPOSITION 2.3.4. The morphism
Map® (Aff(E), X) — Map® (E, X)
induced by the unit E — Aff(E) of the affinization is an equivalence of derived stacks.

The codescent property for Map® (£, X) will follow immediately from Proposition
2.3.4

LEMMA 2.3.5. Let S < E be an affine open subset. Let U be an affine variety,
and fix a locally closed embedding U < P"™. Denote by U the closure of U. Then there
are natural monomorphisms of stacks

Map (S, U) ~%> Map (E,U) 2> Map (E, P")
that is, for every affine scheme Y the induced maps of sets
ToMap(S x Y, U) ™ moMap(E x Y,U) ™% moMap(E x Y,P")
are injective. Restricting to quasi-constant maps yields monomorphisms
Map (S, U) —%> Map® (E, T) > Map® (E, P")
REMARK 2.3.6. The notion of monomorphism we refer to in Lemma|2.3.4 is the

notion of monomorphism in an co-category appearing in [46, p. 575].

PROOF OF LEMMA 235l The inclusion U < P™ determines a map Map (E, U) s,
Map (E,P") which has the desired properties. Let us define the map «. Let T
be a proper and separated derived scheme. As E is a discrete one-dimensional
scheme, the valuative criterion of propernesﬁ implies that there is an equivalence
Map(E,T) = Map(S, T). Defining a requires defining maps

ay : Map(S x Y,U) — Map(E x Y, U)
for every Y e dAff, that are natural in Y. We define oy as the composition

Map(SxY,U) @ Mapgg; )y (SxY,UxY) ® MapdSt/Y(ExY,Ux Y) K] Map(ExY,U)

where

» Mapgg;y (—, —) denotes the mapping space in the over-category dSt/Y’
e on connected components, the map (a) is the assignment

(SXYLU)»—»(SfoX—prUxY)

2For a reference on the valuative criterion of properness in the derived setting, see for instance
https://www.preschema.com/lecture-notes/kdescent/lect6.pdf.
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e the map (b) is the morphism on mapping spaces given by the valuative
criterion of properness, relative to the base scheme Y, as F xY — Y is a
discrete curve over Y, and U x Y — Y is proper

e the map (c) is induced by the projection U x Y — U

The fact that « is natural in Y is clear. Also, it is easy to see that « induces section-
wise injections on connected components. As for the last statement, it follows from
the fact that o and S preserve constant maps. Indeed, as the image of a connected
stack under any map is connected, the maps a and f restrict to maps between the
connected components of the constant maps, and by Proposition the stack
of quasi-constant maps with target a variety is the connected component of the
constants. 0

REMARK 2.3.7. Let us make some more comments on the map o defined in
Lemma|2.3.5. The map « can be factored as

Map (5,0) Map" (5,T)
Map (8,U) ——Map (E,U) ~ Map’ (S, U) —— Map" (E,U)

Let us focus on then diagram on the left, as the one on the right is just obtained by re-
stricting to quasi-constant maps. The vertical arrow is induced by the inclusion U —
U, and thus is an open embedding as explained in Lemma . The diagonal arrow
15 an equivalence. It is the inverse of the natural map M(E,U) — M(S, U)
given by restriction to S. As explained in the proof of Lemma the fact that
this map is an equivalence follows from the valuative criterion for properness.

LEMMA 2.3.8. Let Aff(E) be the affinization of E. Then the map
Map” (Aff(E), X) — Map’ (E, X)

15 an open embedding.

PROOF. Recall from Section [3.2] that there is an equivalence

Aff(E) ~ AfE(S)
This implies that Map (Aff(E), X) is equivalent to the derived loop space L£X; in
particular, the stack Map (Aff(E), X) is connected, and thus there is an identification
Map (AB(E), X) = Map® (AB(E), X)

Now this also implies that Map® (Aff(E), X) satisfies Zariski codescent on X . Indeed,
this is easily proved for the loop space LX; a reference is, for instance, Lemma 4.2

of [8].
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Consider an affine open cover {U,};e; of X. By Lemma for every i € I the

vertical arrows in the commutative diagram below are open inclusions

Mapo (AH(E)a X) - Mapo (E, X)
Map® (Aff(E), U;) — Map® (E, Uj)
Further, the bottom arrow is an equivalence, by the universal property of the affiniza-

tion. It follows that we have an open embedding Map® (Aff(E), U;) — Map® (E, X).
Thus the map from the realization of the Cech nerve of the open substacks Map® (Aff(E), U;)

Map” (Aff(E), X) ~ [Map’ (Aff(E), U;) | — Map® (E, X)
is also an open embedding. 0

Next we show Proposition [2.3.4] in the case when X is the projective space, as a
stepping stone to the proof in the general case.

LEMMA 2.3.9. The morphism
Map’ (AfE(E), P") — Map’ (E, P")
induced by the unit map E — Aff(E), is an equivalence of derived stacks.

PROOF. Let ¢po(1) : P* — [Spec k/Gy,] be the classifying map of the bundle O(1)
over P". By evaluating the composition

Map® (E,P") x Map (P", [Spec k/G,,]) — Map (E, [Spec k/G,,]) = Pic(E)
at the point ¢y in the second factor, we obtain a map of stacks
Map® (E,P") — Pic(F)

As connected stacks map to connected stacks, this map must factor through the inclu-
sion Pic’(E) < Pic(E). This implies that for every map f : Ex — P" parametrized
by a point of Map® (E,P"), the bundle f*O(1) has degree 0. Further f*O(1) must
have non-trivial global sections (as it is the pull-back of a very ample bundle). These
two properties imply that f*O(1) ~ Og.

By Lemma [2.3.8] the statement we need to prove can be checked via Proposition
2.3.3] That is, we need to show that every map f : Ex — P" factors through some
affine open subset U < P". To show this, it is enough to check the set-theoretic
condition that f induces a constant map between the set of geometric points of F
and the set of geometric points of P". Then it will be enough to choose as U an affine
open neighbourhood of f(p), where p € E is any geometric point. The fact that f is
constant on geometric points follows immediately from the fact that f*O(1) ~ Og.
Indeed, the sections of Of are constants, and therefore do not distinguish points. [
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PROOF OF PROPOSITION [2.3.4] As in the case of P, we start by observing that
by Lemma the natural map

Map® (Aff(E), X) — Map® (E, X)

is an open embedding. Thus to prove that it is an equivalence we can use the
point-wise criterion. Consider a map f : EFx — X corresponding to a closed point
Spec K — Map” (E, X). We need to show that f factors as

AfE(E)k
b

for some g : Aff(E)x — X. Let U < X be an affine open subset such that S =
Fx xy X is non-empty. Note S < FEf is an affine open subset. Now fix a locally
closed embedding U < P, and let U be the closure of U. As P" is proper there is a
unique map h : Ex — P" which makes the following diagram commute

U —pn
(6) m] ]h

S — Ex

In fact more is true, namely S is the truncation of the fiber product: S = to(U xpn
Ey). By Lemma[2.3.5] the map h is parametrized by a closed point in Map® (E,P").
Thus, by Lemma h factors through the affinization of Ex. We can complete
diagram @ to the following commutative diagram

U
[N\
U——DP"
f|ST h \
S Ex Aff(E) g

The commutativity of the external triangle with edge A’ follows from the fact that the
image of h must be contained in the closure of the image of f. In order to conclude
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we need to show that h' factors through U

S—g
A

This is easy to check. Indeed as U and U are schemes, we can replace Aff(E)g
with S}- and think in terms of loop spaces. It is a consequence of Zariski codescent
for the loop space that if v : S — U is a loop, and U < U is an affine open subset,
then the following two facts are equivalent

(1) The fiber product S} xz U is non-empty
(2) The loop ~ factors through U

By construction, the first condition is satisfied in our case. Thus A’ factors through
U, and this implies that h also factors through U. As a consequence f factors also
through U, and this concludes the proof. O

Proposition has the following useful consequence.

COROLLARY 2.3.10. Let X be a variety, and let | X |z, denote its small Zariski
site.

(1) The assignment mapping an open subset U € |X|zay to the stack of quasi-
constant maps Map® (E,U) € dSty defines a cosheaf on | X |za

Map” (E, =) : | X|zar — dStg

(2) The natural map LU — Map® (E,U) defines an equivalence of dSty-valued
cosheaves on | X |zar

[’(_) = Mapo (E> _) : |X|Zar - dStk

ProOF. This an immediate consequence of Proposition Indeed by Propo-
sition for every U € |X|zar there is an equivalence

L(U) ~ Map® (E,U)

which is natural for maps in |X|z,.. This implies that Map® (E, —) is equivalent to
L(—) as dStg-valued precosheaves on |X|z,,. As L£(—) is a cosheaf, it follows that
Map® (E, —) is also a cosheaf. O
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2.3.1.1. Some generalizations of Proposition [2.3.4] We formulated Proposition
for an elliptic curve E, as this is the case we will be interested in the remainder
of the paper. However the statement holds more generally for any smooth and proper
curve C' over k, namely the unit map C' — Aff(C) induces an equivalence

Map’ (Aff(C), X) — Map® (C, X)

The proof we have given for the case C' = E extends without variations to this more
general setting.

Corollary [2.3.10] also generalizes to the case of a general smooth and proper curve
C'. In characteristic 0, there is an equivalence between Aff(C') and the affinization
of the Betti stack of a wedge of g circles Sy, where g is the genus of C

AfE(C) =~ AfE(S,) ~ ke, ..., ]

where
o kle1,...,g,4] denotes the square-zero extension of k by ¢ generators with
deg(e;) =1
e the last equivalence follows from the fact that, in characteristic zero, the
cdga-s

Hom(O¢,O¢) and Cs*mg(Sg)
are both formal and therefore quasi-equivalent to their cohomology.

This implies in particular that there are equivalences
Map® (C, X) ~ Map” (S,, X) ~ LX xx ... xx LX

where the last one follows from the presentation of S, as an iterated push-out
Sg=S'T[S'[[ .- 119"
pt pt pt

A simple observation which we have used repeatedly is that £X is local with respect
to the Zariski topology on X. The argument in Lemma 4.2 of [8] immediately
extends to show that Map® (S,, X) also defines a cosheaf on |X|z,,. It follows that
the conclusions of Corollary apply to the case of a general smooth and proper
curve, and in particular Map” (C, X) defines a cosheaf on |X|z.;.

It is natural to ask whether Proposition and Corollary are in fact
general features of quasi-constant maps, beyond the curve case. As this will not play
any role in the sequel, we leave these as open questions without attempting to answer
them in this article.

QUESTION 2.3.11. Let X be a scheme.

(1) Under what assumptions on T does Map® (T, X) define a cosheaf of stacks
on | X|zar?
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(2) Under what assumptions on T is there an equivalence of stacks
Map® (Aff(T), X) =~ Map® (T, X) ?

REMARK 2.3.12. It should be possible to extend Proposition to the setting
where the target X is an algebraic space satisfying suitable properties. The key ob-
servation should be that, although in general loops are not local for the étale topology,
they are when the target is a scheme or an algebraic space. As this extra generality
18 not essential for our intended applications, we will not pursue this any further.

2.3.2. Quasi-constant maps to global quotient stacks. Let X be a variety
over k, and assume that X carries an action of an algebraic torus 7.

DEFINITION 2.3.13. The small T-equivariant Zariski site of X, which we denote
by | XL, is the site having

(1) as objects, schemes U equipped with an action of T, and a T-equivariant
open immersion U — X;

(2) as morphisms, T-equivariant open immersions V. — U over X ;

(8) as covering families, jointly surjective families of T-equivariant immersions.

The main result of this Section is Theorem below, which generalizes the
first part of Corollary to the setting of stacks that are global quotients of
varieties by a T-action. We remark that the second part of Corollary fails in
the presence of a T-action, and this is a key feature differentiating elliptic Hochschild
homology from ordinary Hochschild homology. Another important difference with
Corollary is that in the statement of Theorem we require X to be
normal. The reason is that the argument we will give relies on Sumihiro’s Theorem
[71], which does not hold in general without the normality assumption.

THEOREM 2.3.14. Assume that X is normal. Then the assignment mapping
U e |X|L, to the stack of quasi-constant maps

Map’ (E, [U/T]) € dSty

defines a cosheaf on |X|L,.

Map® (E, [/T]) + |X |70, — dSta

If X satisfies the conclusion of Theorem [2.3.14] we say that Map® (E, [X/T1])
satisfies T-equivariant Zariski codescent on [X/T]. In its main lines the proof of
Theorem closely parallels the argument given in the Section [2.3.1] in non-
equivariant case. However there are a few minor subtleties that arise when taking
into account the 7-action.
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REMARK 2.3.15. Let us stress that Theorem fails if we consider finer
topologies such as the étale or smooth topology on [X/T]. Consider for instance
the case when T = G, and X = Speck. Then Speck — [Speck/G,,] is a smooth
cover, but

Map® (E, Spec k) ~ Spec k — Map® (E, [Spec k/G,,]) ~ Pic’(E)
clearly is not.
We start by proving Theorem [2.3.14] in two important special cases, namely

when X is isomorphic to an affine space or to a projective space. Up to fixing
an isomorphism

T = (G,)"
and applying a change of basis to A", we can diagonalize the action of 7', which can
then be written in standard form as follows. For every A = (A\y,...,\,) € (G,,)" = T,
and (z;...2y) € AN

n w.1 n wN
My dn) (znean) = ([N 2 TN =)
=1 =1

for an appropriate collection of integers {wf }, called weights.

LEMMA 2.3.16. The stack of quasi-constant maps Map® (E, [AN/T]) satisfies T'-
equivariant Zariski codescent on [AN/T).

PRrOOF. We fix an isomorphism 7" = (G,,,)"” and a diagonalization of the T-action.
Maps to [AY/(G,,)"] classify the datum of
(1) n line bundles £;, i € {1,...,n}
(2) and N sections s; € H0(®§j’f£;?u’j'), je{l,...,N}
There is a natural map
Map? (E, [4%/T]) — Map® (E, [Spec k/T]) ~ Pic(E)"

which forgets the information on sections.
By Proposition [2.3.3], it is sufficient to show that given a T-equivariant open cover
{Ui}ier of AN and a map

[ E Xgpec Spec K = B — [AN /T

corresponding to a closed point of Map® (E ,[AN/ T]), there is an open subset U; such
that f factors as

[Ui/T]

/’l
“f

Ex —— [AY/T]
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We will prove this by showing the stronger claim that f has to factor through
the image of a T-orbit in [AY/T]. As we discussed, giving the map f is the same as
giving n line bundles £; on Ex and N sections s; of appropriate tensor powers of the
L;-s. As f is parametrized by a point in Map" (E, [AN /T]) all the £;-s have degree
zero. Thus the sections s; are all constant. This immediately implies that the image
of f is a single orbit of the T-action. 0

Next, let us consider a T-action on the projective space PY. Up to fixing an
isomorphism 7' = (G,,)" and applying an automorphism of PV, we can put the T-
action in the following standard form. For every A = (A,...,\,) € (G,,)" = T', and
[20,...,21\/] e PV

n w1 n wN
(7) Aelzoozooav] = [0 [ [ A 2 [N av] e PY
=1 i=1

for an appropriate collection of integers {w’}. In particular, we can assume that the
standard toric affine open cover of PV is T-equivariant.

LEMMA 2.3.17. The stack of quasi-constant maps Map® (E, []PN/T]) satisfies T -
equivariant Zariski codescent on [PN /T7.

PROOF. The proof strategy is the same as for Lemma [2.3.16] Namely, consider
a map
f:Ex — [PY/T]
classified by a point of @0 (E,[PN/TT]). We need to show that f factors through
the image of a T-orbit in [PV /T]. Now we make the following observations:

(1) all line bundles on PV admit a T-equivariant structure;

(2) there exists a > 0 such that there exists a non-vanishing 7-equivariant
section o of Opn (7);

(3) we can further assume that, in point (2), » = 1 on condition of replacing,
if needed, PV with a larger projective space PM equipped with a T-action
and such that there is a T-equivariant Veronese embedding

PN — pM

Although these are all standard facts, let us sketch a proof. We start with (1). We
identify PV with the projectivization P(V) of the vector space V which is dual to
HO(PY, Opn(1)). Note that we can lift the T-action on PV to a linear action on
V. This turns V into a T-representation. Taking the dual representation gives a T-
action on H°(PY, Opn(1)). This induces a T-equivariant structure on the line bundle
Opn (1). Taking tensor powers and duals generates T-equivariant structures on all
the bundles Opn (m), for all integers m.
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Let us consider (2) next. The existence of such a section o for some r is equivalent
to fact that the GIT quotient PV //T is non-empty, i.e. it is equivalent to the existence
of a semistable point of PV with respect to the T-action. A semistable point in PV
with respect to a linear action is by definition a semistable point of the lift of the
action to the vector space V = kN1 such that PY =~ P(V), i.e. a point in V such
that the closure of its orbit under the T-action does not contain 0. The existence of
a semistable point is clear after we write the action in standard form (see equation
above). Indeed, the point (1,0,0,...,0) in V! is fixed by the lift of the action,
and hence it is in particular semistable, as the closure of its orbit does not contain
the point 0. This implies that the point [1:0:0:---: 0] in PV is also semistable,
hence the GIT quotient PV //T' is nonempty.

As for point (3), i.e. the reduction to the case r = 1, it is sufficient to linearize
the action of T on PV by choosing an equivariant structure on Opy (r) which makes
o into an equivariant section. As familiar from GIT, the choice of linearization yields
a T-equivariant embedding

PN — P(H(Opn (1))Y) = PM
In particular, we obtain an isomorphism of T-modules
HO(PM Opni (1)) = HY(PY, Opn (1))
which restricts to the spaces of equivariant sections
H(PM Opur (1)) = HY(PY, Opn (1))

hence a bijective correspondence between the T-equivariant sections of the two bun-
dles. Note that f factors through the image of a T-orbit if and only the composite
map
Ex — [PY/T] — [PY/T]

factors through the image of a T-orbit. Thus, from the perspective of the argument
we are carrying out, we can harmlessly replace P with PM. We do this implicitly
in the sequel, and in particular assume that » = 1 and o is linear, but we will not
rename either PV or o.

Consider the map ¢ classifying the line bundle Oy 7y(r), ¢ : [PY/T] — [Spec k/G,,].
If the map f is classified by a geometric point of Map® (E, [N /T]), the pull-back
line bundle f*(Opnr(r)) is classified by the composition

Spec (K) %> Map® (E, [PV/T]) % Map® (B, [Spec k/Gy]) = Pic’(E)

In particular, f*(Oppn/r(r)) is a degree-zero line bundle on E.

Let H < PY be the zero locus of o, and consider its complement U. As o is
linear H is a hyperplane and U is a T-equivariant open subset of PV isomorphic to
AN, We claim that the image of f is entirely contained either in H or in U. Indeed,
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assume to the contrary that the image of f intersects both H and U. The pull-back
section f*o € H°(E, f*Opn r(r)) is not constant, as the image of f intersects both
the zero-locus of o and its complement. However the line bundle f*Oppw /7 (r) must
be of degree zero, and therefore its sections are necessarily constant. Thus as we
claimed f factors either through

[AY/T] = [U/T] < [PY/T] or through [H/T]c [PY/T]

In the first case, we are done by Lemma [2.3.16] In the second case, f factors through
the lower dimensional space |[H/T| = [PV~!/T], and we can conclude by induction
on the dimension N: note indeed that the base case of the statement N = 1 is clear,
as the complement of a T-invariant open subset A' ~ U < P! is a fixed point, which
is a T-orbit. U

We are now ready to prove Theorem [2.3.14]

PRrROOF OF THEOREM [2.3.14l This proof is very similar to that of Proposition
. By Sumihiro’s Theorem [71] there exist a T-equivariant open cover {U;};e; of
X such that each Uj; is affine. Further any T-equivariant open cover of X can be
refined to such a affine T-equivariant open cover. Thus we can restrict, without loss
of generality, to covers in | X[ given by disjoint unions of affines equipped with a
T-action.

Let {U; — X }ie; be such a cover. By the pointwise criterion, it is enough to show
that for every quasi-constant map f : Ex — [X /7] there exists an i € I such that
there is a factorization

[Ui/T]

7
Ve
Ve
Ve
7

Ex —~[X/T]

Let U; be such that the fiber product
S = [Ui/T| x1x/m Ex
is non-empty, and fix a T-equivariant embedding
U, — AN c PV

where A" are PV equipped with a suitable T-action; the existence of such an embed-
ding is an application of Lemma 5.2 in [22]. Note that [PV /T satisfies the valuative
criterion for properness: as a consequence, there always exists a (non unique) arrow
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h making the diagram
[Ui/T] — [P"/T]

‘\
fsT NN Th
S g

commute. Thus, by Lemma [2.3.17, h admits a lift represented by the dashed arrow
in the diagram. 0

REMARK 2.3.18. [PN/T] satisfies the valuative criterion of properness as T-

torsors are locally trivial in the Zariski topology, and thus every T-torsor on the
fraction field of a DVR has a section. Indeed, let R be a DVR and consider a map
m : Spec FracR — [PV /T]. Let us show that it admits a lift

m : Spec (R) — [PV /T]

The map m classifies a diagram of the form

=

Spe\c (Frac(R)) —= [PV /T

where P is a T-torsor; as P is trivial we can pick a section (represented by a dashed
arrow) and this induces a lift n. Applying the ordinary valuative criterion for proper-
ness to P, we obtain a map n which makes the following diagram commute

Spec (R) —2— PN

|

Spec (Frac(R)) —— PV

Then the composite map
i : Spec (R) 5 PN — [PV /T]
is the desired lift of m.

2.4. The local model, and toric varieties.

In this section we compute the elliptic Hochschild homology of quotient stacks of
the form

(8) [A" x G}, /T

where T' is an algebraic torus. This calculation is relatively straightforward, but
important. It is obtained by combining the results of propositions [2.4.1], and
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2.4.4] Tt will also play a role in the next section as, via Luna slice theorem, we will
often be able to reduce our arguments to this local case. Then, using codescent,
we compute the elliptic Hochschild homology of smooth toric varieties with their
standard torus action. This will give us a broad supply of geometrically interesting
examples for which elliptic Hochschild homology can be explicitly described. Finally,
in Theorem we show that when k& = C this coincides with the complexified
equivariant cohomology of the analytification of X.

We begin this section with the following simple observation, which is an analogue
of the Kiinneth isomorphism for mapping stacks.

PrOPOSITION 2.4.1 (Kiinneth formula). Let G be an algebraic group and let X
and Y be G-varieties. Then

Mapo (E7 [X X Y/G]) = Mapo (E7 [X/G]) ><MO(E,[SpeC k/G]) Mapo (Ea [Y/G])

where G acts on X x'Y diagonally. Similarly, if we equip the product X x 'Y with
the product action, we have that

Map’ (E, [X x Y/G x G]) = Map” (E, [X/G]) x Map® (E, [Y/G])
PRroOF. Note that if X and Y are two G-varieties, then
[X < Y/G] = [X/G] X[specr/cr [Y/G]
for the diagonal G-action, and
[X xY/G x G] ~ [X/G] x [Y/G]

for the product G-action. The formulas follow from the fact that Map” (E, —) pre-
serves limits. O]

2.4.1. The local model. In this section we consider quotient stacks of the form
[Al x GF /T]. Tterated applications of the Kiinneth formula allow us to break down
the computations for product Al x G¥ to the cases of A! and G,,, and thus we will
limit ourselves to describe these explicitly. This will be achieved in a sequence of
Propositions. Let us consider trivial actions first.

PROPOSITION 2.4.2. Let X be a variety over k and let T' be an algebraic torus
acting trivially on X. Then

HHp([X/T]) = HH.(X) @k Op,

PROOF. Since the action is trivial, we have that [X /T ~ X x BT. The propo-
sition follows because Map® (E, —) preserves products. 0

PROPOSITION 2.4.3. Let T be an algebraic torus of rank r acting on A'. Assume
that the T-action 1s non-trivial. Then there is an equivalence

HHp([A'/T]) ~ Ok,
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ProoOF. Choosing an isomorphism 7" = G] , the action in coordinates becomes

Az = ﬁ)\ﬁ’“z
i=1

Recall that the stack Map® (E, [A'/G"]) classifies r-tuples {£;}7_, of degree zero line
bundles on FE together with a section s € HY(®!_,L""). In particular, we obtain the
following description of Map” (E, [A!/T]), when the action is non-trivial. Let Z be
the closed subscheme of Er cut out by the equation

0 [Ter =1
i=1

Then we have a push-out diagram

[Z x Speck/T] Pic’(E)r

) |

[Z x AY/T] Map" (E, [A'/T])

where the left vertical map is the zero section of the projection [Z x AY/T| — [Z/T],
and T acts trivially on E7 and in particular on Z. Note that if T" is rank 1, Z is a
finite subset of the torsion points in Er. In particular, the coarse moduli space of
the stack Map” (E, [A'/T]) is given by Er, which implies that

p*OMO(E,[Al/T]) = OET
which ends the proof. O

PROPOSITION 2.4.4. Let T be an algebraic torus of rank r acting on G,,. Let
p i Map’ (, [Gyu/T]) — Bn

be the structure map. Let Z < Er be the closed susbscheme of Er cut out by equation
@D. Then, as soon as the action is nontrivial, we have an equivalence

HHE([Gn/T]) ~ Oz
as quasi-coherent sheaves on Er.

PROOF. The proof of this proposition is the same as the proof of proposition
, and in fact the geometry is simpler. The stack Map’ (E, [G,,/T]) classifies
r-tuples {£;}I_, of degree zero line bundles on E, and trivializations of the tensor
product

(10) QL = Ok
=1
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where the w;-s are the weights of the action. Thus the stack Map® (E, [G,,/T]) sits
over the locus Z < Er of those bundles satisfying (10). O

2.4.2. The case of maximal tori. In this subsection we compute the equivari-
ant elliptic Hochschild homology of smooth toric varieties equipped with the toric
action of their maximal torus. In particular, we prove the following theorem:

THEOREM 2.4.5. Let X be a smooth (normal) toric variety over C, and let the
mazximal torus T act on X either with the standard toric action or with weights
{wy,...,w,} all non-zero. Then there is an isomorphism of coherent sheaves on Er

HHE([X/T]) ~ EUG(X™)

where X™ denotes the analytification of X, and ENF(X™) ~ mo&llp(X™) is 0-th
homotopy sheaf of the complexified T-equivariant elliptic cohomology of X2".

PROOF OF THEOREM [2.4.5 As X is a toric variety, we can find a T-equivariant
open cover U by products A" x G* . Let us assume for simplicity that k& = 0, as
the case k # 0 is basically the same due to the Kiinneth formula. By the codescent
property we know that the natural map

| | Map® (B, [U;/T]) — Map® (E, [X/T])
U;eld
induced by the cover U is an effective epimorphism, and that the functor
Map® (B, [—/T1) + |X |70 — dSt,
is a cosheaf, as explained in theorem This implies that the functor
HHp([~/T]) : |X |70 — Qeoh(Er)

is a sheaf, and in particular HH ([ X /T]) is obtained as the totalization of the cosim-
plicial object HH g ([U./T]), where U, is the Cech nerve of the cover Y. Similarly,
T-equivariant elliptic cohomology satisfies Mayer-Vietoris which implies that we can
compute the quasi-coherent sheaf £119.(X) as the totalization of the cosimplicial ob-
ject IS (UL,). Propositions [2.4.3 and [2.4.4] imply that this two cosimplicial objects
coincide, hence they have the same totalization. 0

2.5. Equivariant Elliptic Hochschild Homology

In this section we study the local behaviour of equivariant elliptic Hochschild
homology HHg([X/T]) when X is a smooth variety over k equipped with an action
of T'. We relate this to Hochschild homology and equivariant elliptic cohomology. In
particular, this involves completing the quasi-constant maps at the constant maps
and comparing this with the completion of the loop space at the constant loops. A
localization phenomenon, combined with the group structure on the elliptic curve
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E, allows for the computation of the completions over all closed points of Er. Our
main results in this section are direct analogues of theorems established by Chen in
[17] in the setting of ordinary Hochschild homology.

First, we need the following definition.

DEFINITION 2.5.1. Let G be a derived group scheme acting on a derived stack
X. The derived fixed locus of the G-action is the following fiber product of derived
stacks

XG—>X><G

|

X— A XxX

where 7 is the projection and a is the action map.

From now on all fixed loci are assumed to be derived.

2.5.1. The localization formula for quasi-constant maps. In this section
we establish a localization theorem for quasi-constant maps. This is an analogue of
Theorem 3.1.12 in [17].

THEOREM 2.5.2 (Localization formula). Let X be a smooth variety over k equipped
with an action of an algebraic torus T'. Then for any closed point e € Er there exists
a Zariski open set U < Er containing e such that the natural map

(11) Map® (B, [to X" 9/T]) xp, U — Map” (E, [X/T]) x g, U
induced by the inclusion of the classical fized locus toXT(©) — X, is an equivalence.

In the above, T'(e) is the subgroup of T as in Definition m To prove this
theorem we need to establish some preliminary results first.

LEMMA 2.5.3 (Localization for the affine space). Consider the n-dimensional
affine space A", equipped with an action of a torus T of rank k. Fiz a closed point e
in Ep. Then there exists a Zariski open U(e) in Er such that the natural map

¢ : Mapo (Ea [tO(An)T(E)/T]) X Er U(@) - Mapo (E> [An/T]) X Er U(e)
induced by the inclusion of the classical fived locus to(A™)T) — A" is an equivalence.

PROOF. In the case of [A"/T] we can describe explicitly the open U(e). First of
all, observe that, since the action of 7" on A" is linear, the fixed loci will be a linear
subspace, in particular there exists a natural number p such that to(A™)7(¢) =~ AP,
We distinguish two situations:

(1) e =1 in Ep. In this case, the statement is true for any U(e);
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(2) e # 1. In this case, the open set U(e) can be described in terms of the
weights {w!} of the action.

Let us focus on the second case. Recall that the stack [Spec k/T] classifies principal
T-bundles or equivalently k-tuples of line bundles {£;}}_,, while [A"/T] classifies

such k-tuples {£;}¥_, together with an n-tuple of sections s; € H 0(®;‘;1£7§) for all
values of j in {1,...,n}. Since degree zero bundles on elliptic curves have sections if
and only if they are trivial, the stacks Map® (E,[A"/T]) and Map® (E, [A?/T]) will

differ only over the locus of those points f = (fi, ..., fn) in Er such that Elef:]’q =0
for more than p values of j in {1,...,n}. This is because, for points f of this kind,
there will be more then p line bundles of the form ®f=1£;”g (indexed by j) that
admit non-vanishing sections, hence n-tuples of sections may differ from p-tuples of
sections. Then, the open U (e) is defined by removing from Er the locus of the points

f having this property. O

REMARK 2.5.4. The lemma above can be viewed as a statement about deformation
theory of bundles with sections on elliptic curves. In particular, it is possible to
compute the relative cotangent complex of the map

Map® (B, [to(A™)"9/T]) — Map’ (£, [A"/T])

Its vanishing on closed points lying over the Zariski open U(e) depends on the fact
that nontrivial degree zero line bundles on E have no non-zero sections.

2.5.1.1. The localization theorem on closed points. Before proceeding with the
proof of Theorem [2.5.2 we will explain why the statement is true on closed points.
This will clarify the geometry underlying Theorem [2.5.2] Further the partial results
we will obtain in this section will actually be needed in the course of the proof of
Theorem [2.5.2 which we will present in the next section.

In section [2.3| we have shown that the derived stack of quasi-constant maps from
FE satisfies a codescent property with respect to equivariant Zariski open covers. We
proved this by showing that the images of the total spaces of principal T-bundles
are always contained inside T-orbits in the target space X. This property of quasi-
constant maps allows us to show that the map is a homotopy equivalence on
geometric points, as the type of T-orbit selects which bundles are allowed to map to
it.

PropPoOSITION 2.5.5 (Localization formula on geometric points). Let X be a
smooth variety over k equipped with an action of an algebraic torus T. Then for
any closed point e € Ep there exists a Zariski open set U < Ep containing e such
that the natural map

(12) Map® (B, [toX™9/T1) xp, U — Map® (E,[X/T]) x5, U
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15 a homotopy equivalence on geometric points.

PROOF. Let us choose a T-orbit in X, O, generated by a closed point x with
stabilizer T,,. Then considering the mapping stack to O ~ T'/T,, we obtain

Map® (E, [0/T]) ~ Map® (E, [Spec k/T.])

which is the classifying stack of degree zero T,-bundles on E. Hence, we conclude
that only the principal T-bundles that admit a reduction of the structure group from
T to T, are allowed to map to the orbit O. In particular, as the subscheme ¢, X (¢
is a union of orbits of the form 7'/S, where S is a subgroup of 7" containing 7'(e), the
bundles that admit a reduction of the structure group to 7T'(e) are allowed to map
to the complement of t5(X 7). In order to have that the map is a homotopy
equivalence on K-points for an algebraically closed field K, we need to remove maps
from those bundles. To do so, it is sufficient to remove the bundles that admit a
reduction of the structure group to a subgroup of T'(e), and this is implemented by
restricting the mapping stack to a Zariski open U of Er. 0

2.5.1.2. The proof. We are now ready to prove Theorem|[2.5.2] The key ingredient
in the proof is Luna’s slice theorem [22], which allows us to reduce to the case of a
linear action on affine space, which was treated in Lemma [2.5.3

PrROOF OF THEOREM [2.5.2]. By codescent we can assume X is affine. Our goal
is to prove that the map

(13) ¢ : Map” (E, [toXT@/T]) x5, U — Map® (E, [X/T]) x g, U

is an equivalence, for a Zariski open subset U of Er. We choose a U that makes
Proposition hold.

First we prove that this map is étale. Choose a point x of #,(X 7)) such that
the orbit T'x is closed. The Luna slice theorem applied to = gives us a locally closed
smooth subvariety V of X closed under the action of the stabilizer T, of x such that
the natural T-equivariant map ¢ : T xT= V — X is étale and has image given by a
Zariski open Z of X. We have an induced commutative diagram

Map” (E, [to(T x= V)T©/T]) x g, U v, Map’ (E, [T x™* V/T]) xg, U

! )

Map® (B, [to(X)™)/T]) x5, U Map® (B, [X/T]) x, U

for the mapping stacks. First note that the map is locally finitely presented
(see Remark [2.5.6]), hence we only need to show it is formally étale, i.e. its relative
cotangent complex vanishes. To do so, we first observe that the vertical maps have
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vanishing relative cotangent complex. The argument is the same for the left and the
right one. As for the right vertical composition, choose an S-point

x : Spec S — Map” (E, [T x™* V/T1)

We need to show that the relative cotangent vanishes at any such S-point. We apply
Halpern-Leistner and Preygel’s Proposition 5.1.10 in [32]:

LM(X,Y),J‘ = 7T+f*]LY

where the S-point f : Spec S — Map (X,Y) is viewed as a map f: SpecSx X - Y
and 7, is a left adjoint to the pullback along the projection 7 : Spec S x X — Spec S.
The pullback z*L; is

2*L; ~ mya* Ly ~ 0
as Luna’s slice theorem guarantees that the map 1 is étale. In particular, we obtain
that the map ¢ (and similarly i.) is formally étale. One consequence of this fact is
that we have an equivalence
(14) ivLy = Lo,

To see this, recall that for a commutative triangle

x-Loy
N
g
Z
of derived stacks, there is an induced cofiber (and fiber) sequence of the relative
cotangent complexes:
f*]Lg —> Lh —> L f
(see for example Corollary 1.44 in [37]).
We get two cofiber sequences:
¢ylli = Liog, — Ly,
Z:L¢ - L¢Oie - Lie
Since we know that the two relative contangent complexes L; and L;, vanish, we get
equivalences

Liogy — Loy

izLy = Lgoi,
Since there is an equivalence ¢ o i, >~ i o ¢y, we conclude that the equivalence (|14))
holds.

We now show ¢y is formally étale. Recall that, for smooth closed points x € X,
the Luna étale slice theorem gives us an additional map V' — Ty, from V to its
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tangent space at x which is T,-equivariant and étale onto its image, which is an open
subscheme of Ty,. We have a further commutative diagram

dv

Map” (E, [to(T <= V)T /T]) xp, U Map® (E, [T xT= V/T1) xp, U

B !

Map® (B, [to(T x 7= Ty )T /T]) x g, U —2= Map” (E, [T x% Ty o/T1) % g, U
and, reasoning as in the previous case, we obtain an equivalence
JeLg, = Loy
But the map
Map” (E, [to(T x™ Ty,)"/T) xp, U — Map® (B, [T x™ Ty, /T]) xp, U

is an equivalence by an application of lemma In particular, we conclude that
the map ¢y is formally étale and deduce that 774 ~ 0 from .

Let us observe that, in the case of algebraic actions of tori on affine varieties,
there is a sufficient supply of points with closed orbit, i.e. there is a collection of
closed points in X such that the orbit they span is closed, and the images of the Luna
slice maps v at each of these points form an open cover of X. Indeed, recall that in
an affine variety with an action of an algebraic group G, for every orbit O there is a
unique closed orbit in the complement O — O, where O is the closure of O. Moreover,
the Zariski open sets Z given by images of the étale slice maps ¥ : T xT= V — X
are saturated, that means that given a point z € Z and any other point z € X, if
the intersection Tz (| Tz of the closure of the orbits is non-empty, then z € Z. In
particular, given an orbit O in X, there always exists a point € X whose orbit is
closed, and such that the image Z of the Luna slice at the point x contain the orbit
O. As a consequence, it is always possible to cover X with images of Luna slices.

Now we can conclude: for each induced map i, relative to each of these points we
know that 7}, vanishes, and the coproduct of all the maps . is an étale effective
epimorphism by equivariant Zariski codescent. This is enough to prove that L, = 0,
and since ¢ is locally finitely presented we obtain that it is étale, as we desired to
show.

We now argue that is an equivalence. Since it is étale and a closed immersion,
it is also an open immersion; in particular it exhibits Map® (E, [toXT(®) /T]) as a
union of connected components of Map” (E,[X/T]). Since Map’ (E,[X/T]) is a
union of connected components of Map (F,[X/T]) by definition, checking that the
map ([13]) is an equivalence amounts only to understanding if its image contains
all such connected components, which can be checked on geometric points. But
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Proposition tells us that such map is a homotopy equivalence on the spaces of
closed points, and this concludes the proof. 0

REMARK 2.5.6. We make the following observation. Let f : X — Y s a lo-
cally finitely presented map of derived stacks. The induced map MO (E,X) —
MO (E,Y) is locally finitely presented (the proof goes like that of Lemma .
In the sitiuation of the proof of Theorem the map [to X" /T — [X/T] is
locally finitely presented, as the map to X" — X is a locally finitely presented map
of (classical) schemes. Recall indeed that, as toX™(©) and X are varieties over a

characteristic zero field k, the map toX7© — X is locally finitely presented (see for
ezample Lemma 29.21.11 in [68] Tag 01TO]).

A consequence of the localization formula is the following description of the fibers
of the structure map p' : Map® (E, [X/T]) — Pic’(E)r.

COROLLARY 2.5.7. Let X be a smooth variety over k. Then given a closed point
€ : Spec K — Pic’(E)r

the fiber of the structure map p' : Map® (E, [X/T]) — Pic’(E)r over the point € is
giwen by the derived fived locus XT(€) where e is the closed point in Er corresponding
to the composition Spec K > Pic’(E) — Er.

PROOF. Since the closed immersion & : Spec K — Pic’(E)r factors through
U, = U, x BT, where U, is the Zariski open determined by Proposition for the
point e, we can apply the same proposition to reduce the computation to the fiber

(Map® (B, [X/T1) xpieo (), Ue) *u. € = (Map® (B, [toX/T1) *pico(m), Ue) X, @

which in turn is the fiber of the structure map p’ : Map® (E, [toX7(©)/T1) — Pic’(E)r
over the point é. o

Let T'(e) be the subgroup associated to the point e in Er. The map € : Spec K —
Pic’(E)r will factor through the stack @OT(G)(E), hence we can compute the fiber
using the following pasting of pullback diagrams:

F, Map” (E, [toX")/T (€)]) — Map’ (E, [toX")/T])
Spec K “— Bunj,(E) Pic’(E)r
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where we called F, the fiber we are interested in computing. The square on the right
is a pullback since Map” (E, —) commutes with limits, and the diagram

[t X7/ T(e)] — [toX™9/T]

|- |
[Spec k/T(e)] — [Spec k/T]

is a pullback. The calculation of F. follows easily from the observation that, by
definition, T'(e) acts trivially on £, X7(®), and in particular we have that

Map® (E, [toXT/T(e)]) ~ Map® (E,te X" x BT(e)) ~ Map” (E,t,X")) x Bung (E)

hence the map p. necessarily has fiber over € given by Map® (E s toX T(e)), as pe is
isomorphic to the projection to Bun?r(e)(E). Then, by Corollary 1.0.1 in [17]

Map” (B, toX7) ~ L1,X7@ ~ X7
]

REMARK 2.5.8. We established Theorem for closed points e € Er, but it
holds also for non-closed points x € Ep with the notion of subgroup T(x) associated
to one such point introduced in Remark[2.2.35. Indeed, if x is any point in Erp, its
closure {x} contains at least one closed point e such that the two subgroups T(e)
and T(x) coincide. We can then declare the Zariski open subset U, of Er realizing

localization for the point x to be the open subset U, associated to the closed point e,
as x € U.. If we do so, the statement of Theorem [2.5.9 extends to closed points.

2.5.2. The local structure of the quasi-constant maps. We now compute
the completions of elliptic Hochschild homology at closed points of Er.
Recall that for a derived stack X', there is a natural map

X = Map (Speck, X) — Map® (E, X)

induced by the structure morphism F — Speck. We call the completion of this
map the completion of Map® (E, X) at the constant maps or formal maps from E to
X. There is an analogous map for the loop space LX, and its formal completion is
usually called the formal loop space.

REMARK 2.5.9. The formal completion of Map® (E, X)) at the constant maps is the

same as that of Map (E, X), as Map® (E, X) is a collection of connected components
of Map (E, X) containing the constant maps.
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PRrROPOSITION 2.5.10. Let X be a derived stack with affine diagonal over a field
k of characteristic zero, and E be an elliptic curve over k. There is a natural map
between formal completions at the constant maps

~ —0
Y : LX — Map (E,X)
Further, 1 is an equivalence.

Proposition [2.5.10] is closely related to results that have already appeared in
the literature in slightly different settings, and in particular to Theorem 6.9 of [§].
The point is that the deformation theory of quasi-constant maps out of E near the
constant maps is controlled by the affinization of E. As the latter is equivalent to

the affinization of S* the completion of Map® (E, X) is equivalent to the completion
of LX.

ProoFr. We will show that the map
1 LX =~ Map (Aff(E),X) — Map (E, X)
induces an equivalence of the pullback of the cotangent complexes to the constant
maps.
Define the maps
u : Map (Aff(E), X) — Map (F, X)
4 X~ Map (Spec k, X)_—>Map (Aff(E), X)
c: X :M_Tp(Speck,X) HM_Tp(E,X) =uoc
given by composition with the unit of the affinization £ — Aff(E) and with the

structure maps Aff(E) — Speck and E — Spec k respectively. The map u induces
a fiber-cofiber sequence

w Ltap(,0) = Lvtap(ani(s),x) = L

of quasi-coherent sheaves on Map (Aff(E), X'). Here, L, denotes the relative cotan-
gent complex of the map . Pulling this back along the map ¢ we get a fiber-cofiber
sequence
C*LM(E,X) - C/*LM(AH(E),X) — "Ly,
of quasi—coherent sheaves on X'. Our goal is to show that ¢*L, vanishes.
To do so, we show the stronger fact that for any constant map x : Spec.S — X
the map of the based loop spaces

Qe (u) : QMap (Aff(E), X) — Q. Map (£, X)

is an equivalence. Indeed, the cotangent complex of a based loop space is a shift of the
original cotangent complex: let F' : dAff°* — S be a prestack, and let x : Spec S — F
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be a S-point of F. The point z canonically induces a point ¢, : Spec S — €, F', and
the following relation holds:

L, ~ Lo, rs, [—1]

To show that €, (u) is an equivalence, observe that the based loop spaces have a
presentation as mapping stacks: in particular we have equivalences

Q,Map (Aff(E), X) ~ Map (Aff(E), Q,X)
Q,Map (E, X) ~ Map (E, {2, X)

obtained by applying the tensor-hom adjunction twice on different factors. Since X
has affine diagonal the based loop space ), X is an affine scheme, hence we have an
identification Map (Aff(E), Q2,X) ~ Map (F, Q,X). This completes the proof. O

REMARK 2.5.11. Similar arguments appear also in Ben-Zvi and Nadler’s paper
[8].

REMARK 2.5.12. The equivalence in Proposition 15 clearly natural in the
second variable. Note also that the fact that the map Map (Aff(E), X) — Map (E, X)
has vanishing cotangent complex over the constant maps holds in considerable gen-
erality, as the only restriction is that the mapping stacks have to admit a cotangent
complex over the loci of constant maps. For instance, it remains true if E replaced
with any smooth variety.

We will now apply Proposition [2.5.10]to compute the completion of HH g ([ X /T])
at the identity of Er. Denote by

i:{lET}_)ET ]{1T}—>T

the inclusion of the identity elements. Let E} be the completion of Ep at ¢ and
denote by

[ E//’; — Ep
the natural map. Similarly, let T be the completion of T" at j and denote by
3 T T
the natural map.

Following Remark 2.4.9 in [17], we define the derived completion of a quasi-
coherent sheaf F on Er at the identity element as the pull-push

A~ A

Q41" F
COROLLARY 2.5.13. The derived completion of HHE([X/T]) at the identity of
Er
i HH([X/T])
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is the push-forward along i of the completion of HH.([X/T]) at the prime ideal
corresponding to the point 1 € T' = Spec HH,.([Spec k/T).

Proor. Consider the following pullback diagram:

Map (B, [X/T]) —~ Map® (E, [X/T])

lﬁ !

Er Z Er

Base-changing along this diagram, we can substitute i*p, with p,i% in i, *HH ([ X /T]).
There is an analogous pullback square for the loop space

L[X/T) = L[X/T)]

.

T 4 T

We may consider similar completions for the loop space, namely E*E*q* Orrx/7)- Base-
changing along the pullback square for the loop space we may rewrite this completion
as

(15> j*j*Q*OE[X/T] = j*Z]\*jgk(OL[X/T] = j*Z]\*OE[X/T]

Now, E*EI\*OE[X /7] is a quasi-coherent sheaf on 7', which is affine, hence it is com-
pletely determined by its global sections, which are given by the completion of the
Hochschild homology module of [X/T] at the maximal ideal corresponding to the
identity element of the torus 7.

Proposition provides an identification of the maps p and g. In particular,
when evaluating the expression i, Z*'H?—[ ([X/T]) we obtain

U

The completions over other closed points e of Ep can be computed from the
completion at the identity using the localization formula explained in and the
group structure on Er. R

For a closed point e of Erp, let ?e Er. — Ep be the natural map from the
derlved formal completion of Er at the closed point e to Ep. Moreover, call fi, :
ET — ETe the completion of the map of multiplication by e, which is an equivalence
of formal derived schemes. In particular, the group structure on Er gives canonical
identifications between completions at different closed points.
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THEOREM 2.5.14. The (derived) completion of HHg([X/T]) at the closed point
e of Er, (i) i*HHe([X/T)), is the completion of HH,([toXT(®)/T]) at the prime
ideal corresponding to the point 1 € T' = Spec HH,([Spec k/T]).

ProoF. Using a similar base change procedure as in the proof of Corollary|2.5.13
we can rewrite the derived completion of HHg([X/T]) at e as

(?e)JZ‘HHE([X/T]) = (Ze)*(ﬁe)*OMapo(E,[X/T])

—0 ~
where ps : Map (E,[X/T]), — Er,. is the completion at e of the structure map p.
Proposition [2.5.2] gives us a Zariski open U of Er containing e such that

Map® (E, [toXT/T]) x5, U — Map” (E, [X/T]) xp, U

is an equivalence, which implies that the completion at e of HH g ([ X /T]) is equivalent
to the completion at the same point of the sheaf given by HHg([to X /T]).
Consider the following pullback diagram:

He, X

Map' (B, [toX")/T]) = Map' (E, [toX™)/T]),

! !

ET ET,e

Since [i. is an equivalence, we have the following relation:

(pe)*O@O(E,[tOXT(E)/T])E = (Me)*p*O@O(E7[tOXT(e)/T])

Corollary[2.5.13implies that we can identify p, (’)@o (Bfrox ™)) with ¢, O FltoXT) /7]

By plugging in this equivalence in the previous expression we obtain
(ﬁe)*O@O (E,[tOXT(e)/T])E =~ (ﬁe)*z]\*oﬁ[toXT(e)/T]

as quasi-coherent sheaves on the formal completion ET,@- In order to obtain the
desired quasi-coherent sheaf on Er we need to take the pushforward along i.:

(ie) s HHp([X/T]) = (ie)u(fie) e gy o my

Since the map 0F ET — B factors as [, : E’T — ET,e followed by Ze : Ey;e — FEp, we
can rewrite the previous formula as

(te)ste HHp([X/T]) ~ (ie)*(ﬁe)*@*oﬁ[toxT(e)/T] = i*a*O[;[tOXT(e)/T]

and this completes the proof. 0J



2.6. THE ADELIC TATE CONSTRUCTION 71

Theorem[2.5.14]will play a major role in the proof of a general comparison theorem
between a periodic cyclic version of elliptic Hochschild homology and equivariant
elliptic cohomology in the sense of Grojnowski. This is the content of Section [2.6]

REMARK 2.5.15. Using equation (15)) we can write

~ A~

(te)sie HHE([X/T]) ~ ix0:O gy xree ) = 15" 0xOpgoxree) 11
where q : LIX/T] — T is the natural map.

We denote q.O gy xre ) as HH([X/T]). The global sections of this sheaf (over
T = Spec HH([Spec k/T'])) are given by HH([ X /T]). Call k : T — t the map from the
completion at 0 of the Lie algebra of T" to the Lie algebra of 7', and by H([X /T]) the
quasi-coherent sheaf on t = Spec Hy(x) having as global sections the Zy-periodized
T-equivariant cohomology of X2, HY*(X®"). Then we have

(1)t HHB([X/T]) = 0@eO gy xriorry = i HH ([t X /1)

(i) it EUP(X™) = Tk H ([to (X™)TE /T7)
as the completions of equivariant elliptic cohomology over Ep compute Borel equi-
variant cohomology. If we replace Hochschild homology by periodic cyclic homology
by taking Tate fixed points with respect to the canonical S'-action, the two comple-
tions become equivalent by means of Chen’s Theorem 4.3.2 in [17].

In the next section we explain how the natural E-action on Map® (E, [X/T])

induces S'-actions on the adelic descent data of elliptic Hochschild homology, and
use this action to define the elliptic periodic cyclic homology of [X/T]. We will
show that this object recovers Grojnowski’s equivariant elliptic cohomology of the
analytification.

2.6. The adelic Tate construction

2.6.1. The action of the elliptic curve E. Let X be a derived stack over k.
The multiplication map p: E x E — E induces a global E-action on Map® (E, X).

REMARK 2.6.1. Let X be a wvariety over a field k of characteristic zero. As
explained in [8] the unit map
E — Aff(E)
18 a group homomorphism. This tmplies that the canonical equivalence
LX ~ Map® (Aff(E), X) — Map® (E, X)

intertwines the E-action on the mapping stack on the right with the Aff(E) ~
Aff(SY) =~ BG,-action on the mapping stack on the left, i.e. the HKR isomorphism
18 equivariant with respect to the relevant actions.
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In the following lemma we characterize the E-action on the stack of quasi-constant
maps from F to BT.

LEMMA 2.6.2. The E-action on Map® (E, BT) induces a trivial action on the
coarse moduli space Er.

Proor. Without loss of generality, let us restrict to the case when 7" has rank 1.
The triviality of the action on the coarse moduli space is a consequence of the fact
that degree zero line bundles on elliptic curves can be presented as maps of abelian
groups from E to BG,,. In particular, consider the following maps:

e the action map
E x Pic’(E) — Pic’(E)
that is adjoint to the map
Map® (E, BG,,) — Map® (E x E, BG,,)

induced by composition with the multiplication map p: K x £ — F;
e the map that classifies the box product of line bundles

E x Pic"(E) — Pic"(E)
The latter is constructed by adjunction from the map
Map® (E, BG,,) — Map’ (E x E, BG,,)
which is obtained from the following composition:
E x Map’ (E, BG,,) x E x Map® (E, BG,,) == BG,, x BG,, ™ BG,,

In the above, ev is the evaluation map, and m : BG,, x BG,, — BG,, is the
multiplication on BG,,. Adjoining this map, we obtain

Map’ (E, BG,,) x Map® (E, BG,,) — Map® (E x E, BG,,)

We further compose the above map with the diagonal A:

Map® (E, BG,,) 2 Map® (E, BG,,,) x Map (E, BG,,,) — Map® (E x E, BG,,)
to obtain the map classifying the box product. This map is equivalent to the pro-
jection to Pic(E)

E x Pic’(E) — Pic’(E)

which corresponds to the trivial action map.

The condition that degree zero line bundles on elliptic curves correspond to maps

of abelian groups from E to BG,, implies that the maps on the coarse moduli spaces
induced by the action map and the map classifying the box product are isomorphic.

O
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REMARK 2.6.3. Since the E-action on MO (E, X) is induced by the group struc-
ture on E, for any map of derived stacks
f:Xx->Y

the map induced by composition

Map? (2, X) — Map” (E. )
18 E-equivariant. In particular, the structure map

p: Map® (E,[X/T]) — Er
1s E-equivariant. In the above, E acts trivially on Er as this is the coarse moduli

space of Pic’(E)r, on which the action is trivial by Lemma .

2.6.2. Adelic Tate construction for elliptic cohomology. We now describe
how the global E-action allows us to perform a Tate construction on the sheaf
HHE([X/T]).

Consider m : E x Ep — FEpr as a group scheme over FEr; this object acts on
Map® (E, [X/T1) in the category of derived stacks over Er.

REMARK 2.6.4. The pushforward n.Ogxg, is a sheaf of Hopf algebras on Ep.
The action relative to Er gives to psOyppopx/r) = HHEe([X/T]) the structure of

a comodule over this sheaf of Hopf algebras in QCoh(Er).

Over a field k of characteristic zero, the equivalence Aff(E) ~ Aff(S') induces an

equivalence
W*OExET =~ W*OsleT

where 7 : S! x Ep — Ep is viewed as a group scheme over Ep. In particular,
HHE([X/T]) receives a comodule structure over m,Ogix g,

The elliptic curve E acts trivially on Erp itself according to lemma [2.6.2] This
action induces an S'-action on the category QCoh(FE7), by letting S act trivially on
Er. In particular, by the discussion above, the E-action on Map® (E,[X/T]) induces

a lift of HH p([X/T]) to the S'-invariant category QCoh(Er)S".
DEFINITION 2.6.5. The elliptic periodic cyclic homology of [ X /T
HPe([X/T])

is the image of the pair given by HHp([X/T]) and its S*-action in the category
QCOh(ET)ZQ.

REMARK 2.6.6. The E-action on Er restricts to each term of its adelic decopo-
sition Spec Ay, , and moreover the adelic descent data AL (HHp([X/T])) obtain an

action of S* by similar arguments to those above. Let A% (HHp([X/T))*" be the
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cosimplicial object obtained by applying level-wise the Tate construction with respect
to this S'-action. In particular, we have the following equivalence:

AR (HPp([X/T])) = Ap(HHe([X/T])"
This behaviour justifies the name adelic Tate constuction.

REMARK 2.6.7. Under the assumption that X is a smooth variety over a field k,
the elliptic periodic cyclic homology of | X /T is a Zy-periodic perfect complex on Er.
Indeed, by the discussion in section[2.5, the coherence of this complex is controlled by
finite generation of Hyan(X®) as a Hryan(x)-module. As explained in the discussion
in the proof of Corollary 4.3.21 in [17], X being a quasi-compact algebraic space is
sufficient for this finite generation requirement, as the T®"-equivariant cohomology
can be computed by a double complex whose Ey-page is given by H(X) & Hrpan(*).
Moreover, as soon as k = C the analytification of X has the same homotopy type of
a finite CW-complex, ensuring that Grojnowski’s equivariant elliptic cohomology is
also an object in the Zs-periodic category Perf(Er)z, .

REMARK 2.6.8. On the other hand, by the same arguments as in Remark [2.6.7,
the coherence of the complexr HHE([X/T]) is controlled by finite generation of the
Hochschild homology of X. In particular, a sufficient condition for the coherence of
HHEe(|X/T]) is X be proper.

2.6.2.1. The rank one case. Since the proof of the comparison theorem is an
induction on the rank of the torus, we start by proving it for tori of rank 1.

PROPOSITION 2.6.9 (Comparison theorem, rank one case). Let k = C. Let T be
an algebraic torus of rank 1 acting on a smooth variety X. We have an isomorphism
of Zo-periodic coherent sheaves on E

HPE([X/T]) = Ellpa (X)

where Ellpan (X)) denotes complerified equivariant elliptic cohomology of the ana-
lytification of X. Moreover, this equivalence is natural with respect to X.

PROOF. The proof of this theorem is based on adelic descent in dimension one.

Let us start with the adeles with respect to closed points e of E. In this case,
the adeles are given by completion at such points. In particular, Theorem [2.5.14
gives us the desired equivalence. The adele given by completion at the generic point
corresponds to the generic fiber. The equivalence of such adeles comes from observing
that the generic fiber can be computed via the localization theorem. Let ¢ : F —
Spec k be the structure morphism. Then we have a canonical isomorphism

G HPE([X/T]) ~ j,c"HP(t,XT)
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for elliptic Hochschild homology, and similarly

Jn€llyan (X™) = Jye* O (e XT)™)

for equivariant elliptic cohomology. Indeed, the localization theorem gives us a canon-
ical equivalence

IHP(X/T]) ~ jyHP([teX"™/T])
and since T'(n) = T, T acts trivially on tcXT and we have canonical equivalences
InHP([toXT/TN) = Juc* HP([to X7 /T' (1)]) = jyc*HP (1 XT)
The HKR theorem, as in Proposition 4.4 of [8] induces an equivalence
FHP (L XT) = c*CEF (1o XT)™)
which in turn gives an equivalence of the adeles with respect to the generic point.
Similarly, for a chain A = (n,x) where 7 is the generic point and z is a closed
point, note that )
AE(A, ,F) = AE(ZL’,jn.F)
for a perfect complex F. The same HKR theorem induces a canonical equivalence
Gy HP([X/T]) =~ JyEllpan (X*)
and thus we have that
Ap(A, HPp([X/T]) = Ag (A, Ellya (X))

Since this equivalence is induced by a canonical isomorphism of perfect complexes,
it is compatible with the coface map corresponding to removing the point x from the
chain A. Compatibility with the coface map induced by removing the point 7 has
to be tested separately. In particular, we need to check that the following diagram
commutes:

Ap ((z), HPp([X/T])) — Ap((x), Ellran (X))

| |

Ag(A,HPR([X/T])) —— Ap(A, Ellpan (X))

We can rewrite the above diagram as

HPe([X/T])s Ellpan (X™)z

| |

HP (to (XT)) ®kz FI'aCOEi —— Oc(l_Dé* (to (XT)an) ®k FracOE@

since the adeles with respect to the chain A correspond to
(nHPE(X/T])). ~ (HP(to(X")) @k k(E)) ®o,., Ops ~ HP(to(X")) @k FracOg z

T
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Commutativity of this diagram then follows from the compatibility of the HKR
isomorphisms as in Proposition 4.4 of [8] and Theorem 4.3.2 of [17] with pullbacks
and with the base change to k(E). Indeed, we can rewrite HP(to(X7)) @, FracOg z
as

HP(to(X™)) @, FracOp ; ~ HP([to(XT)/T]); R0y, k(E)
and C9* (to(XT)™") @ FracOpz as
O (to(XT)™) @ FracOp; ~ CLE (to(XT)™) ®o,,., k(E)

We now show the naturality of the equivalence with respect to X. We need to
show that if f:Y — X is a map, the following diagram commutes

HP o([X/T]) — Ellgan (X

| |

HPp([Y/T]) — Ellgan (Y™)

E.,x

The corresponding diagram of adeles commutes as the vertical maps are given by
pullback in periodic cyclic homology (for the left arrow) and de Rham cohomology
(for the right arrow); commutativity follows specifically from the compatibility of
the HKR theorem with pullbacks, both in its form as Proposition 4.4 in [8] and as
Theorem 4.3.2 in [17]. O

2.6.2.2. The general case. We proceed with the proof of the main result of this
Section. As already anticipated, the general case follows inductively from the rank
1 case.

THEOREM 2.6.10 (Comparison theorem). Let k = C. Let T be an algebraic torus
of rank n acting on a smooth variety X. There is an isomorphism of Zs-periodic
coherent sheaves on E

H’PE([X/T]) ~ gllTan(Xan)
where Ellpa (X)) denotes the complexified equivariant elliptic cohomology of the
analytification of X. Moreover, this equivalence is natural with respect to X.

ProOF. We reason by induction, as anticipated.
Our inductive hypothesis gives us an equivalence

HPE([X/K]) =~ Ellgan (X0)

for any torus K of rank strictly smaller than n. Further, this equivalence is natural
with respect to X. The base case when rk(T") = 1 was proved as Proposition [2.6.9}
Now let T" be an algebraic torus of tank n. We will produce an equivalence

HP([X/T)) ~ Ellgen (X
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natural with respect to X. As in the rank one case, we use adelic descent. In the
case of closed points e € Er, the equivalence

Ap, ((€), HPp([X/T])) = Ap, ((e), Ellran (X))

is Theorem [2.5.14] together with Theorem 4.3.2 in [17]. Now let A = (z > x; >
-+« > 1) € |E7|p be a chain of length £ > 1 on Er, and let A" = (x; > -+ > xy).
By definition we have

Apr (A HPp(X/T))) ~ lim Ap, (A, JraHPE([X/T]))
The localization theorem provides an equivalence
JreHPE([X/T)) = Jraci HP ([t X /T (2)])
By the inductive hypothesis there is an equivalence
HPp([to X" /T (2)]) = Ellrriyen (to(XT)™)

Indeed z is not a closed point, hence the rank of 7"(x) is necessarily smaller than n.
Finally, this equivalence of quasi-coherent complexes induces an equivalence

lim A, (A, JraCHPE([X/T1)) > lim Ap, (A, Jract€lr e (to (X))

which, by the computation carried out above, means that we obtain by composition
a canonical isomorphism

¢a: Apr (A HPp([X/T])) = Apy (A, Ellpa (X))

All the equivalences between adelic groups produced by the above argument come
from equivalences of objects in Perf(E7r)z,, thus they are all compatible with the
coface maps induced by the operation of removing a point x; from the chain A, for
i€ {l,...,k}. The coface map induced by removing z has to be treated separately:
in this case we cannot reduce to the sheaves j,, HP ([ X /T]) for one of the two adelic
groups involved. Indeed, by definition, the adele Ag,. (A, HPg(|X/T])) is a limit of
adeles of the sheaves j,., HPp([X/T]) rather than j,, HPr([X/T]).

Let us consider now the case of the coface map induced by removing the point
x from the chain A. For this specific case, we switch to the complexes of adeles
as opposed to their global sections. We need to check the commutativity of the
following diagram:

Ap, (A HPr([X/T])) — Ap, (A, Ellra (X))

| |

Ap, (A HPE([X/T])) — Ap, (A, Ellpan (X))

where
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e A’ is obtained from A by removing x

e the horizontal arrows are the isomorphisms obtained above via the inductive
hypothesis

e the vertical arrows are the coface maps

For the sheaves of adeles we have a decomposition
Ax(A,f) ~ f@@x Ax(A, Ox)

which allows us to write the above diagram as

Ap (A" HPR([X/T])) — Ap, (A, Ellpan (X))

~ ~

& HPp([to(XT@) /T (21)]) @oy Ax (A, Ox) —— & Ellps(py )y (to(XT@)) ™) @0, Ax (A, Ox)

~

HPp([to(XT)/T'(2)]) ®ox Ax(A, Ox) ——= i€l (aym (to(XT)™) @0y Ax(A, Ox)

Ap,. (A HPE([X/T))) = Ap (A, Ellzan (X))

Since x > 1, ¢, factors as the composition
Cyp © ET Cl—1> ET/(M) M ET’(x)

In particular, the two middle vertical maps in the diagram factor as the tensor
product of a pullback map along the inclusion to(X7®)) — ¢,(X 7)) and the coface
map for the adeles of the structure sheaf. If £ > 1 or £k = 1 and x; is not closed,
the bottom and top squares commute. By inductive hypothesis on naturality, the
middle square also commutes, and thus we obtain the desired equivalence.

If £ = 1 and 2 is closed, T'(x1) might have the same rank as T'. In this situation,
we apply Proposition 3.2.1 in [35]:

Ap, (20, 21), HPp([X/T])) = C4y Sy, Ca, S, HPp([X/T])

where S ! is localization at p and C), is the functor that sends a quasi-coherent
complex M = colim;V;, with N; perfect complex, to colim;N; 5. The coface map is
the natural map

Coy S, " HPp([X/T)) — Cry Sy Coy Sy " HP ([X/T])

1My To~xo 1™z
and similarly for elliptic cohomology. The inductive hypothesis and localization
identify the isomorphism C,, S;'HPr([X/T]) ~ C,, S, Ellpan (X?™) with the HKR

1~z 1~z

isomorphism (together with Theorem [2.5.14]), which implies that the relevant dia-
gram commutes.
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To finish the argument, we need to prove naturality. This follows from the induc-
tive hypothesis in the following way: choose f : Y — X and consider the diagram of
adeles associated to naturality, for a chain A € |Ep|;:

Ap (A, HPp([X/T])) — Ap, (A, Ellpan (X))

| |

Ap, (A, HPp([Y/T]) — Ap, (A, Ellpan (Y™M))

By localization, the above diagram is obtained by applying the functor Ag,. (A, —)
to the diagram

GHP ([t X7 /T (@)]) — €l @y (L X))

| |

C;H,PE([toYT(x)/T/(ZL‘)]) B C;gllT/(x)an((toYT(x))an)
which commutes by the inductive hypothesis. 0
From Theorem [2.6.10] we deduce the following corollary:

COROLLARY 2.6.11. Let k = C. Let T be an algebraic torus of rank n acting on
a smooth variety X. We have an isomorphism of Zo-periodic coherent sheaves on E

T HPE([X/T]) ~ EWEm (X

where EllG.. (X)) denotes the collection of homotopy sheaves of complexified equi-
variant elliptic cohomology of the analytification of X, i.e. the classical version of
equivariant elliptic cohomology due to Grojnowski. Moreover, this equivalence is nat-
ural with respect to X.

REMARK 2.6.12. We expect elliptic Hochschild homology to encode 2-categorical
information on the stack [X/T|. This is the most exciting future direction of our
work, as it could shed light on the much studied problem of constructing geometric
representatives of elliptic cocycles. As a reality check we remark that, in contrast
with ordinary Hochschild homology, HHg([X/T]) and HPr([X/T]) are not invari-
ants of Perf([X/T1]). This follows immediately from Theorem and the main
result of [62). The category Perf([X/T]) can be viewed as the universal recipient
of 1-categorical information on [X/T|. This confirms the expectation that elliptic
Hochschild homology detects information which is not 1-categorical in nature.






CHAPTER 3

Adelic decomposition for Equivariant Elliptic Cohomology

3.1. Introduction

A powerful method to study complexified equivariant cohomology theories is to
regard them as quasi-coherent sheaves of algebras on the decompletion of the formal
group associated to their non-equivariant incarnation. Based on this principle, Gro-
jnowski proposed a first construction of complexified equivariant elliptic cohomology
n [30]. At around the same time Ginzburg-Kapranov—Vasserot gave an axiomatic
description of equivariant elliptic cohomology in [25]. The details of Grojnowski’s
construction were worked out by Rosu in [60]. Rosu applies similar methods in [61]
to build complexified equivariant K-theory. The upshot is that elliptic cohomology
and K-theory can be constructed complex-analytically from the singular cohomology
of fixed point loci. In this same paper, Rosu states that such a description of com-
plexified equivariant K-theory can also be obtained algebraically, via completions.
Clearly, a byproduct of this construction would be a lift from the complexification to
rationalization with respect to a general field of characteristic zero. Unfortunately,
Rosu never completed this program. This is one of our main contributions in this
paper.

Our goal in this paper is to obtain a purely algebraic description of equivariant
K-theory and of Grojnowski’s equivariant elliptic cohomology via adelic methods. In
the last forty years elliptic cohomology has been intensely studied for its importance
in homotopy theory — for example Greenlees’ approach via his algebraic model
for rational G-spectra [27] and Ganter’s [23] — and its relevance in mathematical
physics and the theory of representations of loop groups (see Witten’s [81], [82] for
the relationship with string theory and Dirac operators on loop spaces, or Ando’s [1]
that highlights the relationship with loop groups). Nevertheless, the original question
by Rosu of a purely algebraic construction remains unanswered.

We will achieve this description via adelic descent. Adelic descent has its origins
in algebraic number theory and algebraic geometry, as a tool to study curves. One of
the earliest applications of adelic methods is a celebrated theorem of André Weil, that
describes principal G-bundles on curves in terms of the adelic ring of the curve. This
theory was generalized to n-dimensional Noetherian schemes by Parshin [56] and
Beilinson [I1]. Roughly, adelic descent yields a description of coherent sheaves on

81
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Noetherian schemes in terms of their completion at chains of points on the scheme.
A recent formulation is due to Groechenig [28], who proved an adelic reconstruc-
tion theorem in terms of an equivalence of co-categories of perfect complexes on a
Noetherian scheme X and perfect complexes on the adelic decomposition of X.

Rationalized equivariant elliptic cohomology. In Section [3.3]we apply adelic
descent to study G-equivariant elliptic cohomology for compact Lie groups GG. Our
approach is encoded in Definition [3.3.8] and Definition [3.3.17] The key case is when
G = T is a torus. Here the construction proceeds by induction on the rank of T
If £ = C is the field of the complex numbers, our definition recovers Grojnowski’s:
this is the content of Corollary [3.3.16] Finally, we provide a chain-level presentation
of Grojnowski’s sheaf: this is the content of the remarks in Subsection [3.3.4 This
presentation uses the same inductive construction of Definition and rests on
the formality of the algebra C*(BT) of cochains on the classifying space of T.

Adelic descent for equivariant cohomology and K-theory. In Section [3.4]
we complete Rogu’s program by giving a description of rationalized equivariant K-
theory in terms of adelic descent data. This shows that rationalized equivariant
K-theory can be constructed in a purely algebraic manner out of the singular co-
homology of fixed loci, thus implementing Rosu’s proposal. Our construction has
several advantages, with respect to Rogu’s original paper [61]. First, it works over
all fields of characteristic zero, rather then just over the complex numbers, and it
recovers equivariant K-theory directly, rather than its extension by the holomorphic
functions over the complexification of the torus.

We perform similar computations also for equivariant cohomology. In partic-
ular, this shows that elliptic cohomology, K-theory and singular cohomology can
ultimately be built out of some basic local data — always expressed in terms of
Borel-equivariant singular cohomology of fixed loci — and an induction based on
localization theorems. This implements a principle that first appears in celebrated
work of Atiyah—Segal on equivariant K-theory.

Comparisons with periodic cyclic counterparts. In Section 3.5 we compare
rationalized equivariant cohomology and K-theory with periodic cyclic homology the-
ories constructed respectively from the shifted tangent bundle and the derived loop
space of a quotient stack. The case of rationalized equivariant K-theory was consid-
ered by Halpern-Leistner—Pomerleano in [31]. There, they establish an equivalence
between the periodic cyclic homology of well-behaved quotient stacks [X/G] over C
and the the G-equivariant topological K-theory of the analytification of X. Here we
use adelic descent to prove the following theorem:
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THEOREM A (Theorem [3.5.2). Let X be a smooth variety over C acted on by an

algebraic torus T'. There is an equivalence of Zs-periodic coherent sheaves on T
T HP([X/T]) = Kran (X*)
which 1s natural in X with respect to T-equivariant maps.

Our approach differs in several respects from the one of [31]. First, we obtain a
more general theorem, as we drop technical assumptions such as quasi-projectivity
and the existence of a semi-complete KN stratification. It is true that in the present
iteration we treat only torus actions, whereas actions by general algebraic groups
are considered in [31]. Our Theorem [A| however can be extended to all reductive
groups without difficulty, by keeping track of the action of the Weyl group, this
extension will appear in a future version of this paper. Secondly, our methods are
much more elementary, as they only depend on localization in topological K-theory.
We hope that our result might be used to provide more examples in which the
lattice conjecture holds, i.e. the equivalence between the complexification of Blanc’s
topological K-theory of a dg category and its periodic cyclic homology. We will
return to this in future work.

Halpern-Leistner and Pomerleano remark that their theorem follows from an
identification at the level of cochains. Theorem [A] has a similar lift, Theorem [3.5.7]
which requires a cochain model for equivariant K-theory. Such a model can be
constructed again using adelic descent with the same arguments made in the elliptic
setting in Section [3.3]

We remark that similar comparison results are known in differential geometry
since the 90’s. In this context, the equivariant K-theory of a smooth manifold can be
recovered from the periodic cyclic homology of the algebra of C'°-functions on the
manifold itself. Relevant references include [14] and [13].

A similar picture holds in the case of equivariant cohomology, where the shifted
tangent stack takes on the role played by the loop space in the case of K-theory. This
story is well-known, and follows immediately from work of Calaque-Pantev-Toén—
Vaquié—Vezzosi [16]. We include it in the paper, as we give a different argument
based on adelic methods. This allows to treat on the same footing equivariant elliptic
cohomology, K-theory and singular cohomology.

THEOREM B (Theorem [3.5.14)). Let X be a smooth variety acted on by an alge-
braic torus T. There is an isomorphism of Zs-periodic perfect complexes on t
HP"([X/T]) ~ Hean (X™)

where the left-hand is linearized periodic cyclic homology, and the right-hand are the
equivariant singular cochains Csur(X™) viewed as a sheaf on t = Spec Haw (+) ~
Spec C0(+).
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We call linearized periodic cyclic homology the Tate fixed points of the mixed
structure on the de Rham complex of [X/T']. A necessary requirement for the proof
via adelic descent is a localization formula for the shifted tangent stack, Proposition
[3.5.13] To the best of the author’s knowledge, this localization phenomenon is new
and might be of independent interest. Localization for the loop space has been
extensively studied in [17].

The case of equivariant elliptic cohomology has been investigated in [67], where
the geometric object taking the role of the loop space and the shifted tangent stack
is an appropriate derived stack of quasi-constant maps from an elliptic curve E over
a Q-algebra k. The appropriate notion of elliptic periodic cyclic homology is intro-
duced, and proved to be equivalent to Grojnowski’s equivariant elliptic cohomology
when k& = C. Thus our results in this paper, together with [67], provide a uni-
fied treatement of elliptic cohomology, K-theory and singular cohomology and their
comparisons with corresponding invariants defined via derived algebraic geometry.

Acknowledgements: [ would like to thank Nicolo Sibilla for numerous discus-
sions we had on the topic of this paper, and for reading a preliminary draft. I deeply
thank Pavel Safronov for pointing out some issues with a previous version of Section
and Lemma and for clarifying the role of BG,. I thank Emanuele Pavia
and Bertrand Toén for important discussions on shifted tangent stacks, and Joost
Nuiten for discussions on exponential maps in analytic settings.

3.2. Preliminaries

For the preliminary section of this paper we refer to the Preliminaries section in
the paper [67]. For the reader’s convenience, we review some basic material.

3.2.1. Complexified Equivariant Elliptic Cohomology. Complexified equi-
variant elliptic cohomology was axiomatically defined by Ginzburg—Kapranov—Vasserot
in [25] and constructed by Grojnowski in [30]. We follow mostly the more recent
exposition found in [23] and [62]. Other reviews closer in style to the original can
be found in 2], [60] and [27]. We remark that Grojnowski’s paper only sketches the
construction, but the details were carried out by Rosu in [60].

Let X be a finite T-CW-complex, where T is real torus of rank n. Complex
T-equivariant elliptic cohomology of X is defined by first constructing a coherent
sheaf of Zy-graded algebras €113 (X) over the complex manifold

ETZ:E®ZT

and then viewing it as an algebraic coherent sheaf via standard GAGA arguments,
yielding
Ellp(X) € Qeoh(Er)?2
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The construction we review is as a Zs-periodic rather than Zs-graded coherent sheaf.
The two constructions are completely equivalent.

Grojnowski’s main insight is that, rationally, equivariant elliptic cohomology is
locally given by equivariant cohomology of loci in X which are fixed by some sub-
groups of T" indexed by points of Er.

DEFINITION 3.2.1. Let e be a point of Er. Let S(e) be the set of subtori T = T
such that the closure of e, {e}, belongs to Ep» < Er. Then we define

T(e):= () T’
T'eS(e)

Let
HP™(X) = @ Hi (X C)
1€Z
be the sum-Zs-periodization of T-equivariant singular cohomology of X, with com-
plex coefficients. This is a module over the even T-equivariant cohomology of the
point
HP (+) = Cluy, . . ., up)

or equivalently a quasi-coherent sheaf over Spec H%D’O(*) ~ t¢ ~ AZ, where t¢ is the
complexified Lie algebra of T'. Let us call Hr(X) this quasi-coherent sheaf.

REMARK 3.2.2. Under our assumptions, Hr(X) is a coherent sheaf on tc.
We denote by H5"(X) the analytification, i.e. the coherent sheaf
HY'(X) = Hr(X) Qo OF
There is a quotient map
exp? : t¢ — Ep

which is an isomorphism if restricted to sufficiently small analytic disks U in Ep. Let
us call log? the local inverse. Moreover, the group structure (we use multiplicative
notation) on Er induces translation maps

Te ZET—>ET
[ fe

for all closed points e in Er. Then, for a closed point e € Er and a sufficiently small
analytic neighbourhood U, of e, we set

EUP (X0, = (1. 0 exp?) H(XTO) gaemru
The algebraic coherent sheaf obtained from E113*(X) via GAGA is denoted Ell7(X).
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The completions of Grojnowski’s sheaf over closed points e of E can be expressed
in terms of the product-Zs-periodization of T-equivariant singular cohomology:

Ellp(X)e = HI*(XTO) ~ HE*(XT) @) Opy o

where Op, & is a module over O(tc) via the completed multiplication map fi. : Ep; —
Erz and the identification Ep3 ~ tc 5.

3.2.2. Adelic descent. We now review adelic descent theory for n-dimensional
schemes. This theory was first introduced by Parshin [56] and Beilinson [11]. A
review of this theory can be found in [35] and [50]. Recently, Groechenig [28] made
a very relevant contribution to the theory. His paper is the main reference for the
short reminder that follows. L

Let X be a Noetherian scheme. For two points « and y we say = > y if y € {z}.
We let | X | denote the set of k-chains on X, i.e. sequences of k + 1 ordered points
(kg = --- = a) in X. If £ = 0, we equivalently write |X| = |X|o. Finally, for a
subset T' < | X|, we call

T o= {Ae |[X||(x=A)eT)

We are now ready to define sheaves of adeles on X for a choice of T' < | X|. The
adeles are the unique family of exact functors

Ax(T,—) : QCoh(X) — Modo,
such that:

o Ax(T,—) commutes with directed colimits; i
o if F is coherent and k = 0, Ax (T, F) = [ [ ep limy=o JraF;
o if F is coherent and k > 0, Ax (T, F) = [ [ ¢x limy=0 Ax (T, jra F).

The notation we use is borrowed from [50]. Jre denotes the functor j,, « Jk., where
Jrz : Spec Ox . /ml — X

is the canonical immersion of an r-thickening of the point . Ox, is the local ring
at x and m, its maximal ideal.

We denote by Ax (T, F) the global sections I'(X, Ax (T, F)), and call them the
groups of adéles.

The sets |X|; admit the structure of a simplicial set by defining face and de-
generacy maps by the operations of removing a point from a chain or doubling one
up respectively. Let this simplicial set be denoted by |X|.. This implies that the
sheaves of adeles assemble into a cosimplicial sheaf of Ox-modules Ax(T,,F), for
some T, < | X]|.. In the case T, = | X]|., this cosimplicial sheaf is denoted by A% (F),
and its global sections by A% (F). If F = Ox, the notation we reserve is A% and A%
respectively.
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It is possible to consider the cosimplicial sheaf of “products of local adeéles”

n] = [] Ax(A.F)

A€| X |n

i.e. we choose T' = {A} and then take the product over all chains A. The content
of Theorem 2.4.1 in [35] is that the natural inclusion of the adeles into this product
respects the cosimplicial structures.

Adelic descent theory allows to reconstruct sheaves from their adelic descent data,
i.e. the data of the sheaves of adeles or their global sections. We state two theorems
on adelic descent for Noetherian n-dimensional schemes. The first one is due to
Groechenig and holds for perfect complexes in the context of small co-categories.

THEOREM 3.2.3 (Theorem 3.1 in [28]). Let X be a Noetherian scheme. Then
adelic reconstruction is an equivalence of symmetric monoidal co-categories

Perf®(X) ~ TotPerf®(Ax)

The following theorem due to Beilinson appears as Theorem 1.16 in [28]. This is
a classical theorem for the abelian category of quasi-coherent sheaves.

THEOREM 3.2.4 (Beilinson [11]). Let F be a quasi-coherent sheaf on X. The
augmentation F — A (F) is a resolution of F by flasque Ox-modules. In particular,
the totalization of the adéles TotA% (F) computes the cohomology of F.

REMARK 3.2.5. The arguments made by Groechenig in [28] hold without varia-
tions in the context of Zo-periodic sheaves. This is the context we are interested in,
as we are dealing with Zs-periodic cohomology theories.

3.2.3. Shifted tangent bundles and loop spaces. In this subsection we re-
call two fundamental objects in derived algebraic geometry that will be used in the
second part of this paper. For general references on derived algebraic geometry in the
context of Fy-rings, see Lurie’s work [46], [45] and [43]. In the context of simplicial
commutative rings/cdgas the theory has been developed by Toén and Vezzosi in [75]
and [76]. For a short review, see the preliminaries section of [67].

Let X be a derived stack, and Lx be its cotangent complex.

DEFINITION 3.2.6. The shifted tangent stack of X is the derived stack
Tx|[—1] := Spec o, SymLx|[1]
DEFINITION 3.2.7. The derived loop space of X is the stack
LX := Map (S, X)

In the above, Map (—, —) denotes the mapping stack as derived stacks.
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REMARK 3.2.8. Since there is an equivalence S' ~ « ]—[*H* x, we have that
LX ~ X XXxX X

The algebra of (derived) global sections of the structure sheaf of S* is formal over a
field of characteristic zero k. In particular, over k this algebra is isomorphic to kle],
where € is a variable in cohomological degree one. In particular, the cosimplicial
spectrum in the sense of [73], Speck[e] = Spec O(S?), is the affinization of the
circle S (see also [51] for more on affinization and affine stacks). This allows us to
introduce a third object:

DEFINITION 3.2.9. The unipotent loop space of X is the stack
L"X := Map (Spec k[e], X)

If X is a scheme over k, Ben-Zvi and Nadler establish a Zariski codescent result
for the loop space, Lemma 4.2 in [§], which has the consequence that for schemes the
three objects described above coincide (Proposition 4.4 in [8]), as they do for affine
schemes. In particular, taking global sections gives a form of the HKR theorem, as
the global sections of the loop space compute Hochschild homology and the global
sections of the shifted tangent bundle compute the de Rham complex of X.

We will be interested in the shifted tangent bundle and in the derived loop space
of quotient stacks. In the following few lines, we review the case of classifying stacks.

ExXAMPLE 3.2.10. Let G be a smooth affine reductive algebraic group over k. The
shifted tangent bundle of BG, Tpa|—1], is given by

Tpa[—1] ~ [9/G]

where g s the Lie algebra of G and G acts on g via the adjoint representation. In
particular, the affinization of the shifted tangent is given by the GIT quotient, g//G.
This example can be found in [8]. It depends on the fact that the cotangent complex
of BG, pulled back along a : Speck — BG, 1s given by:

a*L[Speck/G] = gv[_]-]

where gV is the dual to the Lie algebra g. The shift places g¥ in degree zero, so that
in the end

Sym Lpg[1] =~ Sym(g*)®
EXAMPLE 3.2.11. Let G be a smooth affine reductive algebraic group over k. The
derived loop space of BG, LBG, is given by
LBG ~ |G/G]
where G acts on itself via the adjoint action. In particular, the affinization of the
derived loop space is given by the GIT quotient, G//G. This follows because the
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derived loop space of BG classifies G-local systems on the circle, which are given
ezactly by [G/G]. For more details, see [§].

REMARK 3.2.12. Let G be a compact Lie group. By work of Atiyah—Bott [4] we
have:

Spec Hg,o(*; C) ~ gc//Ge

where gc and G¢ denote the complezifications of the Lie algebra of G and of G itself
respectively. Similarly, we have

Spec Kg(*) ®z C ~ Ge//Ge
In particular, over the complexr numbers,
Aff(Tpa[—1]) =~ Spec HR(+)

Aff(LBG) ~ Spec K2 (*)
Here, G¢ is the mazimal compact subgroup of G (G is the complexification of G°).

3.3. The Adelic Decomposition of Equivariant Elliptic Cohomology

In this section we define k-rationalized T-equivariant elliptic cohomology, where &
is a Q-algebra, for finite T-CW complexes. The main point in the construction is the
localization theorem, which allows us to describe this object inductively via its adelic
descent data. When the torus is S*, the adelic descent data for k-rationalized equi-
variant elliptic cohomology can be described in terms of Borel equivariant singular
cohomology with coefficients in k.

3.3.1. The rank one case. We begin with a definition of k-rationalized S'-
equivariant elliptic cohomology of finite T-CW-complexes.

DEFINITION 3.3.1. Let k be a Q-algebra and E be an elliptic curve over k, and let
X be a finite T = S*-CW-complex. We define k-rationalized T-equivariant elliptic
cohomology as the coherent sheaf Ellr(X) on E such that:

o For a closed point e € E, Ellp(X; k)e = H?’*(XT(Q); k) Qo Ope;
o Ellp(X;k)s = HP (X7 k) @ Op;
o Ellp(X;k)— = H®*(XT; k) ® FracOp ;.

(n>e)
The (reduced) cosimplicial structure is induced by the cosimplicial structure on the
adeéles for E and pullback and change of group maps in equivariant singular coho-
mology:

o the map EUr(X;k)z — [legm, EUr(X; k)(n/;e)
sored with the coface map O, — FracOg;z of the adeles of O;

15 given by the identity ten-
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o the map [[.¢p, EUr(X;k)e = [1gp, EUr(X; k)@ is given by the prod-

uct of tensor products of pullback maps in cohomology along inclusions X «—
X7 and coface maps Oge — FracOgg of the adéles of Op.

In the above definition, |E|, denotes the set of closed points of E.

REMARK 3.3.2. In the above definition we only describe the reduced cosimplicial
structure of the adéles, and not the full cosimplicial structure. This is enough. See
for example [50] for a description of the reduced adéles in the one dimensional case,
and of the relevant (reduced) cosimplicial structure.

PROPOSITION 3.3.3. Let X be a finite T = S'-CW-complex. Let Ellp(X) be
Grojnowski’s T-equivariant elliptic cohomology. The adelic descent data for Ellp(X)
18

o For a closed point e € E, Ellp(X)s = HE*(XT®;C) ®owy Ok e
L gllT(X)ﬁ = H@’*(XT; (C) Rk OE,n;'
o Ellp(X)— = HY*(XT;C) ®, FracOp.

(n>e€)
The reduced cosimplicial structure is given by the coface maps for the adéles of O

and pullback maps in singular cohomology.

PROOF. The case of closed points is explained in [23]. For the generic point, the
localization theorem yields

5”T(X)r7 ~ (C;H@*(XT("); C)) ~ H®’*(XT; (C) Q. OE,n

7
For the chain (n > e), by definition we have
Ellr(X) 7=y = Ap((e), jyElIr(X))

(n>e)
hence by localization
Ag((e), jy€llr(X)) =~ H®*(XT; C) ®; FracOp
We now describe the cosimplicial structure. The map
Ag((n),Ells1 (X)) — Ap((n > e), Ells: (X))

is given by the identity on H®*(XT) tensored with the coface map relative to the
adeles for the structure sheaf of E. The map

Ap((e), Ells1 (X)) = Ap((n > ¢), Ells1 (X))

is given by the pullback along the inclusion X7(®) — X in singular cohomology
tensored with the coface map as in the case above. 0]

The above proposition shows that, if £ = C, Definition recovers S'-equivariant
elliptic cohomology in the sense of Grojnowski:
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COROLLARY 3.3.4. Let X be a finite S'-CW-complex. Then

We now construct pullback and change of group maps in S'-equivariant elliptic
cohomology with coefficients in k.

LEMMA 3.3.5. A T-equivariant map f : X — Y induces a pullback map
fro&llsi(Yik) — Ellsi (X k)

ProOOF. We can give the adelic decomposition of f* as follows. For a reduced
chain A on F, we declare

Ap(A, f*)  HP* (YT k) @, Op,y — HE*(XTR): k) @ Opy,y
to be the tensor product of the pullback map HEY*(YT®); k) — HP*(XT®): k) in

I

equivariant cohomology relative to the map f7(®) : XT(A) — YT(&) Here we denote
by T'(A) the subgroup T'(x), where z is the maximal point in A.

The coface maps in Definition [3.3.1] are defined to be the tensor product of pull-
back maps in singular cohomology and the coface maps for the adeles for E. In
particular, the maps Ag(A, f*) assemble into a cosimplicial map

AL(f")  Ap(Ellsi (Y k) — Ap(Ells1 (X k)
as pullbacks commute with pullbacks. 0]

LEMMA 3.3.6. Let X be a finite S*-CW-complex, and 1 : + — S be the identity
of St. The map 1 induces a map of sheaves on E

Ellg (X k) — (1) HY*(X; k)
where 1 : By ~ Speck — E ~ Fgq s the identity section of E.
PRrooF. By adjunction, we are allowed to describe the map
(15)*Ellg1 (X; k) — H®*(X; k)

instead. The left hand side is the fiber of k-rationalized equivariant elliptic cohomol-
ogy over the identity section of F, and is given exactly by H®*(X:k). Hence, the
map is an isomorphism. 0

LEMMA 3.3.7. Let S' — S'/S' ~ « be the quotient map, and X be a finite
CW-complex. This map induces a map of sheaves on E

H®* (X k) — c,Ellg1 (X k)

where ¢ : E — Speck is the structure map of E. In the above, S' acts on X through
the homomorphism S* — S*/SY i.e. trivially.
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Proor. By adjunction, we can equivalently describe the map
FHY* (X k) — Ellgi (X k)

This map is actually an isomorphism. Indeed, as S* acts on X via the homomorphism
St — S1/S' the equivariant elliptic cohomology Ellg1(X; k) is the tensor product

H®*(X; k) @ O

which is exactly the pullback of H®*(X; k) along the structure map c : £ — Spec k.
O

3.3.2. The higher rank case. We define Elip(X; k) for higher rank tori via
induction on the rank of the torus 7. This allows us to avoid describing the adeles
with respect to a chain A = (z, 21, ..., z,) in terms of singular cohomology whenever
xp is not closed. If x, is closed it is possible to give such a description.

DEFINITION 3.3.8. Let k be a Q-algebra and E be an elliptic curve over k, T
be a real torus of rank n and X be a finite T-CW-complex. The k-rationalized T '-
equivariant elliptic cohomology of X is the coherent sheaf Ellr(X; k) on Er induc-
tively defined by the following adelic descent data:

o given a reduced chain A = (x,xq,...,%p),
App (A, ElLlp(X; k) = X EUp (XT (), k) ®op, Op, &5
e given a reduced chain A = (x,x1,...,xp), if x, is closed,

Ap, (A, Ellp (X5 k) = HP™ (X7 k) Qo Op, &

Here Ellp ) (XT@); k) is k-rationalized T' (x)-equivariant elliptic cohomology of X™(®).
The cosimplicial structure is the following:
o if the chain A = (x,x1,...,x,) is such that x, is closed we use Proposition
3.2.2 in [35], so that the relevant coface maps for removing a point of the
chain are given by tensor products of the corresponding coface maps for
the adeles for the structure sheaf of Er and pullback maps in equivariant
cohomology;
o [fx, is not closed, the coface maps are tensor products of the corresponding
maps of the adéles of O, and pullback and change of group maps in equi-
variant elliptic cohomology with respect to tori of rank strictly smaller than

rk(T).

REMARK 3.3.9. As in Definition we give only the reduced cosimplicial
structure and deal with reduced chains. Moreover, as x is not a closed point, the
torus T'(x) is of rank strictly smaller than the rank of T'.

REMARK 3.3.10. If we remove a point x;, i € {1,...,p — 1}, the pullback map in
equivariant cohomology is the identity, since the point x is not removed. This map
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differs from the identity only when we remove x from A. Similarly, if we remove x,
from A, we need to use the presentation in terms of equivariant elliptic cohomology
for smaller rank tori when describing the associated coface map, as x,—1 is not closed.

To ensure that Definition [3.3.8| is well posed, we need to produce pullback and
restriction maps inductively.

LEMMA 3.3.11. Let f : X — Y be a T-equivariant map, where T is a torus of
rank n. Assume that k-rationalized equivariant elliptic cohomology has pullbacks with
respect to T-equivariant maps, where T is any torus of rank strictly smaller than n.
Moreover, assume that change of group maps with respect to maps of tori exist in
k-rationalized T-equivariant elliptic cohomology. Then f induces a pullback map

frElUr(Yi k) — Ellp (X k)
i k-rationalized T-equivariant elliptic cohomology.
ProOF. We construct these maps using the adelic decomposition described in
Definition In the case z, is not closed, we use pullback maps for equivari-

ant elliptic cohomology relative to smaller rank tori, which exist by the inductive
hypothesis. Indeed, the maps we need to construct is

for all reduced chains A = (z,y,...,x,), respecting the reduced cosimplicial struc-
ture. The map above is constructed then as the tensor product

A€l ) (XT k) oy, Op, 3 = €)Y k) oy, Op, &

of the pullback along f7@ . XT(®) — Y7T(*) with the identity of Oy, a- If s
closed, we equivalently use the presentation of the adeles in terms of equivariant
cohomology. In this case, the map between the adeles becomes the tensor product

HP™ (X" k) Qo Op, 3 = HE™ (YT k) @ow O, &

of the pullback in equivariant cohomology along f7®) . X7 — YT with the
identity of OET A- The commutativity with the cosimplicial structure is clear, as
pullbacks commute with pullbacks. O

The proof of the next lemma works very similarly to that of the previous lemma.

LEMMA 3.3.12. Let T} — Ty be a group homomorphism, and Ty and Ty be tori of
rank smaller or equal to n. Assume that k-rationalized equivariant elliptic cohomology
has pullbacks with respect to T-equivariant maps, where T is any torus of rank strictly
smaller than n. Moreover, assume that change of group maps with respect to maps of
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tori exist in k-rationalized T-equivariant elliptic cohomology. Then we have a change
of group map
gllTQ (Y, k’) — 6172*5'”7“1 (X, k’)
In the above, c; 2 is the projection map
ET1 —> ET2

PROOF. As in the proof of Lemma the relevant map between the adeles
relative to the reeduced chain A is given by a tensor product of the identity of
the adele Oy A with the change of group map in either k-rationalized equivariant
elliptic Cohomology with respect to tori of smaller rank if z, is not closed or in
singular cohomology for z, closed. O

As a consequence of the two lemmas|3.3.11|and |3.3.12] we obtain that k-rationalized
T-equivariant elliptic cohomology has pullbacks with respect to T-equivariant maps
and change of group maps with respect to homomorphisms of tori.

COROLLARY 3.3.13. Let f : X — Y be a T-equivariant map. Then f induces a
pullback map

f*EUr(Yi k) — Ellp (X k)
Let Ty — Ty be a group homomorphism, and Ty and Ty be tori. We have an induced
change of group map

5”T2 (Y, k’) — 0172*5”711 (X, k?)
where ¢y 2 is the projection map
ET1 - ET2

We now observe that, if k& = C, our definition recovers Grojnowski’s. To do so,
we need to compute the adeles of Grojnowski’s sheaf first.

LEMMA 3.3.14. Given a chain A = (x,x1,...,x,) we have that
Ay (A, E112(X)) > L€l (XT¥) @oy, O, 5
PrOOF. By definition,
Apr (A, Ellr (X)) = lim Ap (A, Jrallr (X))
The localization theorem dictates that
Jra€llr(X) = jruEllp(XTO) x jrociEllr i (XT)

hence )
Ap (A Ellp(X)) ~ lim Ap, (A, JraCtEllpy () (X T))

~ A (A, CEp ey (XTE))



3.3. THE ADELIC DECOMPOSITION OF EQUIVARIANT ELLIPTIC COHOMOLOGY 95

Whenever the chain A = (z,24,...,2,) is such that z, is closed, it is easy to
obtain a description of the adeles in terms of singular cohomology:

LEMMA 3.3.15. Given a chain A = (z,z1,...,x,) with x, closed, we have that
A, (A, Ellp(X)) = HP™ (X)) Qo Op, &

Proor. This is a simple application of Proposition 3.2.1 from [35], together with
the description of the adeles at closed points. The C,, operations do not affect the
singular cohomology modules as they are finitely presented over Hz@ , since this ring
is Noetherian and X is a finite T-CW-complex. We can replace the equivariant
cohomology of the locus fixed by T'(x) with the equivariant cohomology of the locus
fixed by T'(x,) by applying the localization formula. O

The two Lemmas|3.3.14] and [3.3.15| allow us to deduce immediately the following
Corollary:

COROLLARY 3.3.16. Let X be a finite T-CW-complex. Then
Ellp(X;C) = Ellp(X)

PROOF. Lemmas and give us a description of the adeles of Gro-
jnowski’s equivariant elliptic cohomology relative to reduced chains A. The cosim-
plicial structure corresponds exactly to the one described in Definition [3.3.8] hence
we obtain an isomorphism of the “product of local adeles”

[T Ap (A €Ur(X;C) = [ Ap(A Elir(X))
A€elEr| A€|Er|e

As the adeles embed in the product of local adeles as a cosimplicial subcomplex, we
obtain the isomorphism

Ellr(X;C) ~ Ellp(X)
0

3.3.3. Extension to compact Lie groups. In this subsection we extend the
construction from tori to compact Lie groups. There is a canonical way to do so, and

is explained in [23]. Let G be a compact Lie group, and call T' its maximal torus
and W the Weyl group. Then call

Eg = Er/W

DEFINITION 3.3.17. The k-rationalized G-equivariant elliptic cohomology of a
finite G-C'W-complex X is the coherent sheaf of W -invariants on Fg:

Ellg(X; k) i= Ellp(X; k)W
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3.3.4. Cochain-level variant. The same construction we developed in this sec-
tion can be adapted to a cochain-level variant. The key to this construction is the
formality of the algebra of cochains on the Borel quotient =//T. Let

CF™(X) = C®*(X//T)

denote the sum-Zs-periodization of the cochains on the Borel construction X//T.
The algebra C2°(+) is formal, in particular C2°(+) ~ O(t). Hence we can redefine
the adelic descent data given in Definition by replacing the cohomology of
XT@) //T with its cochains. The same inductive procedure yields, by an application
of Groechenig’s Theorem 3.1 in [28], an object in Perf(Er) (as X is a finite T-CW-
complex), that we denote by

CEL(X)

If the base field k is taken to be the field of the complex numbers, this object can be
equivalently constructed following Grojnowski’s methodology. See the Preliminaries
in [67] for the details.

3.4. The Adelic Decomposition for Equivariant Cohomology and
K-theory

In this section we study the adelic description of equivariant singular cohomology
and equivariant K-theory, summarized in the following two lemmas. These lemmas
will play a role in section where we construct a periodic cyclic homology model
for these two cohomology theories.

3.4.1. Equivariant cohomology. We work over a field £ of characteristic zero.
Throughout this section, we denote by

Hr(X)
the quasi-coherent sheaf on
1 = Al @, T
whose global sections are
D", HP™ (X)) = Hr(X: k)

The adelic decomposition of singular cohomology is obtained as a simple application
of the localization formula and the observation stated in Groechenig’s [28] after
Remark 1.9: if X is an affine Noetherian scheme and F a quasi-coherent sheaf,
A% (F) = F(X) ®oy(x) Ak

First we need to introduce the notion of subgroup of 7" associated to an element
of the Lie algebra t.
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DEFINITION 3.4.1. Let £ € t*9 be a point of t9. We define
T <T

to be the smallest subgroup of T such that the closure of the point &, @, 15 contained
m

t%lgg) =A@z T(€)
where T (&) is the cocharacter lattice of T(€).

LEMMA 3.4.2. Let X be a finite T-CW-complex and let A = (£ > & > -+ > &)
be a chain of length k on tc. Then

A{alg (A, HT(X)) >~ H;?(XT(S)) ®O(f”‘l9) Atalg (A, Otalg)
PROOF. Groechenig’s observation yields
Atalg (A, %T(X)) >~ Hrl@(X) ®O(£alg) Atulg (A, Otalg)

and the localization theorem implies that the pullback along the inclusion X7 < X
becomes an isomorphism after tensoring with the adeles Aa, (A, Oy ) over the base

ring O(t4). O

3.4.2. Equivariant K-theory. The adelic decomposition of equivariant K-theory
can be proved as in the singular cohomology case, as long as the chain starts from a
closed point. We work over a field £ of characteristic zero. In particular, we denote
by

Kr(X)
the quasi-coherent sheaf on
Talg = Gm,k ®Z T
with global sections given by
D(T, Kr(X)) = K7(X) @z k
Similarly to the equivariant cohomology case, we need to introduce the notion of
subgroup of T  associated to an element of T

DEFINITION 3.4.3. Let x € T be a point of T™9. We define
Tx)<T

to be the smallest subgroup of T such that the closure m of the point x is contained
m

T(2)" = G,, ®z T(x)
where T(z) is the cocharacter lattice of T(z).
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LEMMA 3.4.4. Let X be a finite T-CW-complex and let A = (x > x1 > -+ > xy)
be a chain of length k on T¢, such that xy is a closed point. Then

AT(C (Aa ’CT(X)) = HI@(XT(I)) ®O(t) AT@ (A7 OT@)

PrROOF. We apply Proposition 3.2.1 in [35] to the formula computing the com-
pletion of equivariant K-theory at a closed point:

Kr(X)g ~ HI*(XT@) ~ HE*(XTE) @y Or s

where we identified the completions O 5 ~ Or; ~ Orgz; (the former isomorphism
is the exponential while the latter follows from the group structure on 7). The
cohomology groups Hp(XT®) are finitely presented over H(BT) since X is a finite
T-CW-complex. The final statement follows from the localization formula. O

We observe at this point that Lemma can be used as input data for an
inductive construction akin to the one explained in Section [3.3] in the elliptic case.
All the proofs of Lemmas [3.3.5] [3.3.6] [3.3.7, [3.3.11], [3.3.12] and Corollary
go through almost unchanged — the role of E is now played by G,, — thus the
same exact construction produces k-rationalized equivariant K-theory out of singular
cohomology and induction. Indeed, we could propose the following

DEFINITION 3.4.5. Let k be a Q-algebra and E be an elliptic curve over k, T be
a real torus of rank n and X be a finite T-CW-complex. The adelic k-rationalized
T-equivariant K-theory of X
K (X k)
is the coherent sheaf Kr(X;k) on T inductively defined by the following adelic
descent data:

e given a reduced chain A = (x,x1,...,%p),
Acais (A, KF (X k)) = i K450 (XT3 k) @0,y Opats &
e given a reduced chain A = (x,x1,...,x,), if x, is closed,

ATalg (Aa K%d(X; k)) = HI@*(XT(LE% k) ®(’)(t) OTalgA'
The cosimplicial structure is the following:

o if the chain A = (x,xq,...,1x,) is such that x, is closed, the relevant coface
maps for removing a point of the chain are given by tensor products of the
corresponding coface maps for the adeéles for the structure sheaf of T%9 and
pullback maps in equivariant cohomology;

o If x, is not closed, the coface maps are tensor products of the correspond-
ing maps of the adeles of Oray and pullback and change of group maps in
adelic k-rationalized equivariant K-theory with respect to tori of rank strictly
smaller than rk(T).
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This definition is well-posed, as the rank one case can be treated as in the case
of elliptic cohomology and all the lemmas needed hold, as discussed above. Then
Lemma proves the following

THEOREM 3.4.6. Let X be a finite T-CW-complex, for T' a real torus. Then
KSH X3 k) ~ KCr(X)
as Zy-periodic sheaves on T .

Proor. This proof goes the same as the proof of Corollary [3.3.16} Lemma[3.4.4

gives an equivalence

[] Aras(AEUr(X;C) = [ Agas(A, Ellp(X))

Ag|Talg|, Ag|Talg|,

which gives the desired isomorphism. ([l

Theorem is an algebraic incarnation of Rogu’s theorem [61]. Indeed, Rosu
proves that it is possible to construct the analytic extension of complexified equivari-
ant K-theory only in terms of singular cohomology of fixed loci in X. Our Theorem
proves his result without the need to extend scalars by holomorphic functions,
and moreover holds over all fields k of characteristic zero. In particular, it answers
the question posed by Rosu himself of the existence of such an algebraic construction.

REMARK 3.4.7. In particular, if G is a compact Lie group, we could define adelic
G-equivariant K-theory, K&(X; k), as the Weyl invariants of the adelic T -equivariant
K-theory, for a mazimal torus T. Then it would follow immediately that K&(X; k) ~

Ke(X).

3.5. Geometric presentations for Equivariant Cohomology and K-theory

In this section we provide a presentation of equivariant K-theory and equivari-
ant singular cohomology of the analytification of a smooth algebraic variety via
Hochschild homology counterparts, in terms of objects in derived algebraic geome-
try. This will be a byproduct of the adelic decomposition for equivariant cohomology
and K-theory. A similar presentation appears in [67] in the context of rationalized
equivariant elliptic cohomology. The K-theory case has been analysed by Halpern-
Leistner—Pomerleano in [31]; their proof does not make use of adelic descent tech-
niques but rather of Blanc’s topological K-theory of a dg-category over C [12]. They
prove the equivalence for smooth quasi-projective schemes acted on by a reductive
group so that the quotient admits a semi-complete KN stratification, Definition 1.1
of [31]. Our proof is for tori, rather than general reductive groups, but we do not
require quasi-projectivity and the existence of a semi-complete KN stratification.
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Moreover, our proof is sufficiently compact, and uses more elementary mathematics
compared to Halpern-Leistner and Pomerleano’s.

To the best of the author’s knowledge, the analogous statement for equivariant
cohomology — Theorem [3.5.14] — does not appear in the literature in this form, but
is well-known. In particular, a version of the theorem for general Artin stacks follows
immediately from work of Calaque-Pantev—Toén—Vaquié-Vezzosi [16].

REMARK 3.5.1. The construction appearing in [67] for rationalized equivariant
elliptic cohomology can be compared, over any field k of characteristic zero, with a de
Rham wvariant of the adelic construction of equivariant elliptic cohomology in Section
. In particular, the main result in [67], Theorem 6.10, would extend over a general
field k of characteristic zero to an isomorphism with such a de Rham variant.

Throughout this section we work over a fixed base field £k of characteristic 0.

3.5.1. Equivariant K-theory. In this subsection we prove a small variation
of Halpern-Leistner—Pomerleano’s Theorem 2.17 in [31]. They prove that, if X is
a smooth quasi-projective scheme acted on by an algebraic group G so that [X/G]
admits a semi-complete KN stratification (see Definition 1.1 in [31]) there is an
equivalence

HP(Perf[X/G]) =~ K*P([X/G]) © C

between the periodic cyclic homology of [X /G| and Blanc’s topological K-theory of
the dg-category Perf(|X/G]).
The theorem we prove in this section is the following:

THEOREM 3.5.2. Let X be a smooth variety over C acted on by an algebraic torus
T. There is an equivalence of Zo-periodic coherent sheaves on T'

T HP([X/T]) = Kgan (X™)
which is natural in X with respect to T-equivariant maps.

In the statement above, HP([X/T]) denotes the Zy-periodic quasi-coherent com-
plex on

T = Spec HP’([Spec C/T1)

associated to periodic cyclic homology, viewed as a module over HP?([Spec C/T1).
Similarly, KCran(X?") is the Zy-periodic quasi-coherent sheaf on

T = Spec Kun(+) ®7 C

associated to the C-rationalized topological K-theory Kran(X?") viewed as a module

over K%..(*) ®z C.
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REMARK 3.5.3. Theorem[3.5.3 does not require any assumption on quasi-projectivity
and the existence of a semi-complete KN stratification. Moreover, the proof is stream-
lined and elementary compared to that of Theorem 2.17 in [31]. One consequence of
Theorem|[3.5.9 is that it provides more examples in which the lattice conjecture holds.
To extend to Theorem to reductive groups, we need to keep track of the Weyl
group action. This will appear in a future version of this paper.

REMARK 3.5.4. The assumption that X is a variety is enough to ensure that
HP(|X/T]) belongs to Coh(T'). Indeed, it is enough that X is a quasi-compact
algebraic space (see the discussion in [17] in the proof of Corollary 4.3.21).

REMARK 3.5.5. Let X be a variety acted on by an algebraic torus T'. Let
q: L[X/T]->T
be the structure map. We define:
HH([X/T] := q:Ocpx/my
The St-action on the loop space equips this quasi-coherent sheaf with a lift from
QCoh(T) to QCoh(T)3" (where S* acts trivially on T). HP([X/T]) is equivalently
the image of HH([X/T]) with its S'-action in the Zy-periodic category of quasi-
coherent sheaves
QCoh(T)*

defined as the Tate construction of QCoh(T) with respect to a trivial action of S* on
T. Such procedure has been defined by Preygel in [59]. For small k-linear categories
with an action of S, it amounts to a base change of the S'-fized locus from k[[u]] to
k((w)). For presentable categories there is an additional regularization step involving
t-structures, as explained in [59].

The arguments we produce to prove Theorem |3.5.2 are parallel to the ones ap-
pearing in the proof of Proposition 6.8 and Theorem 6.9 in [67].

LEMMA 3.5.6. Let X be a smooth variety over C acted on by an algebraic torus
T of rank 1. There is an equivalence of Zo-periodic coherent sheaves

T HP([X/T]) = K (X™)
which is natural in X with respect to T-equivariant maps.

PROOF. The adelic decomposition for the sheaf of rationalized equivariant K-
theory has been computed in Section [3.4] In the case of periodic cyclic homology,
the adelic decomposition follows from Chen’s Theorem 4.3.2 in [17]:

T HP([X/T))z = HE (o X)) Qo Orz
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and Chen’s localization theorem for the loop space, Theorem 3.2.12 in [17]:
T HP([X/T])y = H** (toX"™) ®o Ory

The isomorphisms satisfy the compatibility conditions necessary to promote them to
isomorphisms of cosimplicial groups. Indeed, the diagram

mHP([X/T]) Hy'n (to(XTE)™) oy Orz

| |

o HP (to(XT)) @4 FracOr s —— Hsaé* (to(XT)™) ®j FracOr 2

commutes as a consequence of the compatibility of Chen and Ben-Zvi-Nadler’s HKR
theorems 4.3.2 in[17] and Proposition 4.4 in [8] with pullbacks, and the diagram

~HP([X/T]), Hyi" (to(XT)™) @0 Ory

| |

T HP(tO (XT)) ®k FracOTyg —_— HSB}%* (to (XT)an) ®k FraCOTﬁ

commutes as the bottom isomorphism is the tensor product of the top one with Oy 5.

Naturality of the isomorphism is a consequence of the compatibility with T-
equivariant maps of the HKR isomorphisms provided by Theorem 4.3.2 in [17] and
Proposition 4.4 in [§]. O

Theorem follows from Lemma [3.5.6] applying induction on the rank of 7.

PRrROOF OF THEOREM [3.5.2 We first focus on the analysis of chains A = (z >
x4 > --- > x,) where z, is a closed point of 7. In this case, we have an explicit
description of the adelic groups in terms of singular cohomology for both HP and K.
An application of Huber’s Proposition 3.2.1 in [35] to Theorem 4.3.2 from Chen’s
[17] yields

Ar(AHP([X/T])) = Hpix (to(XT™)™) @ow Ora

In the above, the subgroup T'(z) is determined according to Definition [3.5.9 We
also applied the localization theorem (Theorem 3.2.12 in [17]) to further restrict
from to X7 to to X7, Since X is a variety over C, the equivariant cohomology of
the fixed loci is always finitely generated as a module over the equivariant cohomology
of the point.

For K-theory, Lemma [3.4.4] gives the same formula:

Ar(A, K (X™)) ~ Hpil (to(XT)™) @0 Or,a
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The cosimplicial structure is induced by pullback maps in equivariant cohomology
and the coface/codegeneracy maps for the cosimplicial adelic group of Or, in both
cases.

We now assume z,, is not a closed point. In this situation, we apply induction on
the rank of the torus T'. Since T is affine, we have decompositions

Ar(AHP([X/T])) ~ HP([to X"/ T)) ®o(r) Or,a

AT(A, Ko (Xan)) ~ Kopon (tO(XT(x))an)) Qo) OT,A

where we are allowed to restrict to the locus fixed by T'(x) by the localization theorem
respectively for the loop space (Theorem 3.1.12 in [17]) and in equivariant K-theory.

Observing that T'(x) acts trivially on £z X" we can reduce the equivariance
group to T'(z):

HP([toX™)/T]) ~ HP([teX™®/T'(x)]) ®ocrr(ay) O(T)

Kran (to(XTE) ™)) = Koy (to (XTE)™)) @orv(ay) O(T)

Then the inductive hypothesis produces an equivalence of the adelic groups relative
to the chain A. The cosimplicial structure is controlled by the coface/codegeneracy
maps of the adelic group relative to Or, hence the isomorphism produced above is
compatible with the cosimplicial maps induced by removing points z;, i € {1, ..., p},
from the chain A. The only coface map that needs to be analysed separately is the
one relative to removing the point = from the chain A. In this case, naturality with
respect to X of the equivalence (which is assumed inductively) allows us to conclude
the compatibility. 0

In their paper [31], Halpern-Leistner and Pomerleano remark that their theorem
2.17 follows from a chain level identification. The same is true in our case. Indeed, we
can produce a cochain-level version of rationalized equivariant K-theory via adelic
descent, using the same techniques that we use to define rationalized equivariant
elliptic cohomology in Section [3.3] Let us call this object CKr(X). We impose its
adeles at a chain A = (x,xy,...,x,) with z, closed to be given by

Ap(A,CKp(X)) = C2*(XT@) @y Ar(A, Or)

where C%B’*(X T@) are the Zy-periodized T-equivariant cochains on X7 with co-
efficients in k, i.e. the Zs-periodization of the cochains on the Borel construction
XT@ //T. The cochains C2*(XT®) are a module over C£°(+), which is formal,
hence C0(x) ~ O(t). The perfect complex CKr(X) is then constructed following
the same inductive techniques in Section [3.3

The same proof of Theorem then proves a cochain-level variant:



104 3. ADELIC DECOMPOSITION FOR EQUIVARIANT ELLIPTIC COHOMOLOGY

THEOREM 3.5.7. Let X be a smooth variety over C acted on by an algebraic torus
T. There is an equivalence of objects in Perf(T')

%P([X/T]) >~ C}CT&I) (Xan)
which is natural in X with respect to T-equivariant maps.

REMARK 3.5.8. The hypothesis that X s a variety is sufficient to have that
CKr(X?) is in Perf(T). Indeed, it belongs to Coh(T') as the analytification of a
variety has the same homotopy type of a finite CW-complex, and T is smooth and
Noetherian.

3.5.2. Equivariant cohomology. In this subsection we prove an analogue of
Theorem for equivariant singular cohomology, using the same technique as in
the K-theory case. The equivalence at the level of global sections is a consequence of
work of Calaque-Pantev—Toén—Vaquié-Vezzosi [16]. Their work indeed proves the
statement in far grater generality, for any Artin stack in characteristic zero. Our
proof is tailored to quotient stacks, and for the statement at the level of sheaves.
Nevertheless, since the base space g//G is an affine scheme, we do not get a more
general theorem with our techniques. We include these results here for completeness.
In particular, this allows us to observe that our techniques — based on adelic descent
and induction — adapt to treat equivariant cohomology as well as equivariant K-
theory and equivariant elliptic cohomology, that is discussed in the paper [67].

First we define the relevant notion of Hochschild homology in this context.

DEFINITION 3.5.9. Let X be a derived stack. We define the linearized Hochschild
homology of X as the global sections
HH'"™(X) := O(Tx[-1])
as an object of Mody. Let X be a scheme acted on by a reductive algebraic group G.
Let
T T[X/G][_l] — g//G
be the structure map. We define:
HHlm([X/G]) = T*OT[X/G] [—1]

REMARK 3.5.10. The de Rham complex of X', DR(X), is a canonical structure of
graded mized complex on the linearized Hochschild homology of X. This is explained
in [54].

The next step is defining a periodic cyclic version of linearized Hochschild ho-

mology. The first ingredient we need is a global B@a—action on the shifted tangent
stack

Tix/e[—1]
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This action will be used to perform a Tate construction similar to the procedure
used in [67] in the context of equivariant elliptic cohomology, where the relevant

action is that of the elliptic curve E. In our setting, the BG,-action comes from the
identification

Te[~1] ~ Map (B@a, )c)
for any derived stack X over k. This equivalence is explained in [52].

LEMMA 3.5.11. Let G be a smooth reductive algebraic group over k. The B@a-
action on

Tpe[—1]

induces a trivial action of BG, on the affinization 9//G.

Proor. This is a consequence of the fact that any differential p-form on BG over
a field of characteristic zero is canonically closed, which implies that the de Rham
differential acts trivially. This fact is explained in Section 5 of [74]. The BG,-action
on Tgg[—1] induces a mixed structure on the global sections

O(Tpc[—1])
as there is an identification
QCoh(BBG,) ~ QCoh(BBG,) ~ QCoh(BS")

which can be found in [58]. In particular, the triviality of the de Rham differential
implies that the mixed structure on O(Tpg|[—1]) is trivial, which in turn induces a
trivial BG,-action on

Spec O(Tpg|—1]) ~ g//G
O
We follow the same steps as in [67]: Lemma 3.5.11] allows us to promote the
action of BG, on the shifted tangent stack
Tixjenl=1]
to an action relative to the base Aff(Tpe[—1]) ~ g//G of the group stack BG, x 9//G
as an object of the comma oo-category
CRE
This action induces on the quasi-coherent complex
HH™ ([X/G])
the structure of a comodule over the Hopf algebra object

T+ Opa, 9//G
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internal to the co-category QCoh(g//G), for 7 : BG, x g//G — g//G the canonical
projection. This corresponds to a lift

HH'™([X/G]) € QCoh(g//G)*"

DEFINITION 3.5.12. Let X be a scheme acted on by a reductive smooth algebraic
group G. The linearized periodic cyclic homology of [ X/G]

HP(X/G])

is the image of HH'"™([X/G)), as an object of QCoh(g//G)>", inside the Zy-periodic
co-category QCoh(g//G)%>.

The Zy-periodic oo-category QCoh(g//G)?2 is obtained following Preygel’s defi-
nition of Tate construction for co-categories described in [59], equipping g//G with
a trivial Sl-action.

As a preliminary to the theorem, we need a localization formula for the shifted
tangent stack of a quotient. We give an analytic-topology version of the localization
theorem.

PROPOSITION 3.5.13. Let X be a smooth variety over C acted on by an algebraic
torus T'. For any closed point § of t there exists a analytic open neighbourhood Us of
€ in t such that the map induced by the inclusion to X7 — X

T[tOXT(g)/T] [—1]an X Ug e T[X/T][—l]an Xt Ug
1s an equivalence of derived analytic stacks.

PRrooF. This fact is a simple consequence of the localization formula for the loop
space, Theorem 3.1.12 of [17], and the analytic non-equivariant Chern character.
Localization for the loop space L[ X /T] implies that, for a closed point z € T, there
is an analytic neighbourhood U, of z such that the map

£[t0XT(z)/T]aH X an Uz - £[X/T]an X an Uz

induced by the inclusion t,X7*) < X is an equivalence of analytic derived stacks.
We choose a closed point z of T such that T'(z) = T'(§). Such a point always exists,
and in particular is contained in a small analytic neighbourhood of exp(§). By
localization for the loop space, there is an analytic neighbourhood U, of z such that

L[toXTE )T X pan U, — L[X/T]™ xpan U,

is an equivalence. We can assume U, small enough that the preimage via exp is a
disjoint union of analytic disks in t. Call Ug the only such disk containing . Then,
the exponential map restricted to Ug

Ty xreeymy [=1™ x Ue = Tixm[=1]™" < Us

is the equivalence we were seeking. 0J
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We can finally prove the following theorem:

THEOREM 3.5.14. Let X be a smooth variety over C acted on by an algebraic
torus T'. There is an isomorphism of Zq-periodic perfect complexes on t
HP ([X/T]) = Horon (X*)
where on the left-hand side we have the homotopy sheaves of linear periodic cyclic

homology, and on the right-hand side the perfect compler on t = Spec Hj@aS(*) ~
Spec O (+) whose global sections are the equivariant singular cochains Ci(X).

PROOF. The proof of this theorem is the same as for Theorem [3.5.2] so we give a
very short treatment. It is based on the localization formula for the shifted tangent
of a quotient, Proposition [3.5.13 and on the same inductive argument of the proof
of Theorem [3.5.2] In this situation, the localization theorem for the shifted tangent
stack of [X/T] gives an identification of the completion

Tpeym 1]
with the completion ~

Tyoxre [ —1]
which is induced by the inclusion o X7 < X. In particular, we obtain

AAHP([X/T])) = HP([tXT9/T]) @0 Oy 5

for a chain A = (£ > & > -+ > &) on t, where & is a closed point. In this context,
the group T'(§) is the one appearing in Definition On the other hand, for the
complex Hpan (X*") we have

AfA, My (X™)) = CRI((tXT9)™) ®o) O, 4

If & is not a closed point, and to deal with the cosimplicial structure, we use the
exact same inductive argument as in the proof of Theorem Indeed, if rk(T) = 1
the conclusion is immediate. 0






CHAPTER 4

Partial results and future perspectives

4.1. Partial results

In this section we collect some facts we proved which did not appear yet outside
of this thesis. First of all, we give a new definition of quasi-constant maps that
makes sense for all target stacks. Recall that any map in an co-topos can be factored
essentially uniquely as an effective epimorphism followed by a monomorphism.

DEFINITION 4.1.1. Let X and Y be deriwed stacks. The derived stack quasi-
constant maps from Y to X, Map® (Y, X), is the smallest clopen stack containing
the image of the map induced by the unit of the de Rham stack of Y, Map (Yyg, X) —
Map (Y, X): -

Map (Yar, X) — Map (¥, X)

T

Map® (Y, X)

CONJECTURE 4.1.2. Let E be an elliptic curve over a field k of characteristic
zero and X be either a variety over k or a quotient stack [Y /T| of a variety Y by an

algebraic torus T over k. Then Definition |4.1.1] is equivalent to Definition [2.2.19.

4.2. Future perspectives

In this section we discuss potential future developments of the material con-
tained in the thesis. The main two aspects to be discussed are an extension of the
constructions carried out in the thesis to positive characteristic — and eventually
to the sphere spectrum — and non-commutative variants. Other small aspects are
discussed, such as the presence of 1-shifted symplectic structures on Map® (E, BG)
depending on forms on g. -

4.2.1. Extension to characteristic p. Let us consider the shifted tangent
stack of a quotient stack together with its canonical map

r: Tixe[—1] — ¢//G
109
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Over the field C of the complex numbers, the Tate construction on the global sections
O(Tixe)'™ = HE*(X™)

computes the Betti cohomology of the analytification of X. Similarly, for a field %k of
characteristic zero, the same object computes the G-equivariant algebraic de Rham
cohomology of X.

One might ask what happens when k is of positive characteristics. I was sug-
gested by Bertrand Toén that the correct object would be “equivariant crystalline
cohomology”. The Tate construction might be much harder to perform, as there
would be no obvious reason for the action on the base to be trivial. Nevertheless,
one might assume that it is still possible to do a Tate construction, and this would
define three equivariant variations of crystalline cohomology: a “plain” version over
g//G, a K-theoretic version over G//G, and an elliptic version over Fg. This the-
ory would deviate from the topological counterpart, and in particular we should not
expect there to be a Grojnowski picture for equivariant elliptic cohomology in the
positive characteristic setup.

4.2.2. Non-commutative analogue. Let us focus on classical Hochschild ho-
mology first. In this case, the non-commutative formulation amounts to extending
the notion of Hochschild homology from commutative algebras to non-commutative
algebras, and from schemes to non-commutative schemes, i.e. stable co-categories.
This can be done by observing that the definition of Hochschild homology of a com-
mutative algebra A € CAlg

HH,.(A) = AQaga A
can be extended easily to non-commutative ones:

More interesting is the approach via topological quantum field theory. The Hochschild
homology of A, HH*(A), can indeed be constructed as the partition function of
(framed) a one-dimensional TQFT Z, canonically attached to the commutative al-
gebra A. By the Cobordism Hypothesis, we are allowed to construct such a TQFT
by assigning its algebra of observables. In the case of Hochschild homology of a
commutative algebra A, this is the co-category of its modules, Mod 4. The partition
function of Z4, i.e. evaluation on the circle cobordism, gives

ZA(SY) = HH(A) = dim Mod4

the Hochschild homology of A, i.e. the dimension of its category of modules. This
picture generalizes obviously to give a notion of Hochschild homology of a fully
dualizable object in Pr’*!, its dimension.
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In the case of elliptic Hochschild homology, we expect that the role of the one-
dimensional TQFT should be taken by a two-dimensional conformal field theory.
The correct non-commutative objects admitting such an invariant would be vertex
algebras as opposed to associative algebras — or FEs-algebras, in the case of two-
dimensional topological theories. Similarly to the case of classical Hochschild homol-
ogy, this would extend to modular tensor categories (over the complex numbers), as
modules over a vertex algebra form such categorical structures.

Algebraically, such construction will mimic the topological case. The replacement
for the cobordism hypothesis would be a conjectured equivalence between mathemat-
ical theories of two-dimensional CFTs:

e vertex algebras and chiral algebras;
e conformal nets;

e Segal chiral CFTs.

We are mostly interested in the first and last items in the list above. A Segal chiral
CFT is a functorial axiomatization of a CF'T, hence that would play the role of the
TQFT. The vertex algebra plays the role of the associative algebra. The procedure
is as follows:

(1) select a vertex algebra V', or a modular tensor category C;

(2) to this data, there is an associated Segal 2d CFT Zy or Z;

(3) we evaluate this CFT on a chosen elliptic curve E to obtain an object
HHEg(V) (or HHE(C)) in Modc.

We remark that, in order to get an object in Modc, we need to suitably categorify
the theory (which is trickier for Segal CFTs than for TQFTs: in particular we need
to deloop the vertex algebra twice, i.e. consider Modyeq,, as value on the circle).

4.2.2.1. CFT in positive characteristic. One might hope that the relationship
between elliptic cohomology and CFT could be pushed beyond the complexified
setting. This is probably not possible, unless we accept that the cohomology theory
arising in this context is some version of algebraic elliptic cohomology. The first step
is an extention of the notion of CFT to positive characteristics. There are many
potential approaches to such extension:

e one first (and most likely incomplete) formulation would be a variant of
Segal CFTs for rigid analytic geometry;

e one second approach would be to develop the correct notion of vertex alge-
bras in characteristic p — a notion akin to partition Lie algebras.

4.2.3. Shifted symplectic structures. Let [ be a symmetric, bilinear, non-
degenerate, adjoint-invariant form on g, where g is the Lie algebra of a compact,
connected, simply connected, simple Lie group G. Such a form corresponds to an
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element [ € H*(BG;Z). Classically, this is the data necessary to construct the corre-
sponding Looijenga line bundle, that has relevance in the theory of representations
of loop groups — its global sections are nonabelian theta functions.

This data is also equivalent to a 2-shifted symplectic structure on the classi-
fying stack BG. In particular, this induces a 1-shifted symplectic structure on
Map® (E, BG). One could consider quantizations of this structure. Pavel Safronov
suggested that its deformation quantization is related to the theory of elliptic quan-
tum groups. We could also consider its geometric quantization, if it exists. In that
case, the resulting prequantum G,,-gerbe would be defined by the same set of data as
a Looijenga line bundle. This Looijenga gerbe might have interesting global sections,
i.e. the category of positive energy representations of the loop group of G.

The main question is the existence of the Looijenga gerbe. This would be the
main issue to solve.

4.2.4. Quantizations of quasi-coherent sheaves on E. Let G = G,, for
simplicity. We want to make sense of the following slogan:

level 1 elliptic cohomology of the point is a quantization of the elliptic cohomology of
the point.

This slogan is clear from the physical viewpoint. The G-equivariant elliptic coho-
mology of the point is (in degree zero) E itself. The choice of a level [ € H*(BG;Z)
induces a symplectic structure on £ whose prequantum line bundle is the Loojenga
line bundle at level [. The global sections of this bundle, the theta functions, are the
fiber over E in the moduli stack of elliptic curves of the bundle of conformal blocks
of Wess—Zumino—Witten theory, and in particular they give the level | equivariant
elliptic cohomology of the point.

What we expect is that the quantization could be carried out at the level of the
category QCoh(FE), whose monoidal unit is the equivariant elliptic cohomology of
the point: the geometric quantization of £ should correspond to some quantization
of the stable co-category QCoh(FE) itself. I do not know if such theory exists already.
We would then observe that under this process the unit Op = £l (») is mapped
exactly to this space of global sections, for some mysterious reason.



[1]

Bibliography

Matthew Ando. Power operations in elliptic cohomology and representations of loop groups.
Transactions of the American Mathematical Society, 352(12):5619-5666, 2000.

Matthew Ando and Maria Basterra. The Witten genus and equivariant elliptic cohomology.
Mathematische Zeitschrift, 240(4):787-822, August 2002.

M. F. Atiyah and G. B. Segal. Equivariant K-theory and completion. Journal of Differential
Geometry, 3(1-2):1 — 18, 1969.

M.F. Atiyah and R. Bott. The moment map and equivariant cohomology. Topology, 23(1):1-28,
1984.

Michael F. Atiyah. Topological quantum field theory. Publications Mathématiques de l’IHE’S,
68:175-186, 1988.

Scott Axelrod, Steve Della Pietra, and Edward Witten. Geometric quantization of Chern-
Simons gauge theory. Journal of Differential Geometry, 33(3):787 — 902, 1991.

N. A. Baas, B. I. Dundas, and J. Rognes. Two-vector bundles and forms of elliptic cohomology.
In Topology, Geometry and Quantum Field Theory: Proceedings of the 2002 Ozford Symposium
in Honour of the 60th Birthday of Graeme Segal, number 308, page 18. Cambridge University
Press, 2004.

David Ben-Zvi and David Nadler. Loop spaces and connections. Journal of Topology, 5(2):377—
430, 03 2012.

Daniel Berwick-Evans. Equivariant elliptic cohomology, gauged sigma models, and discrete
torsion. Transactions of the American Mathematical Society, (375):369-427, 2022.

Daniel Berwick-Evans and Arnav Tripathy. A de Rham model for complex analytic equivariant
elliptic cohomology. Advances in Mathematics, 380:107575, 2021.

A. A. Beilinson. Residues and adeles. Funktsional. Anal. i Prilozhen., (no. 1,):44-45, 1980.
Anthony Blanc. Topological K-theory of complex noncommutative spaces. Compositio Mathe-
matica, 152(3):489-555, 2016.

Jonathan Block and Ezra Getzler. Equivariant cyclic homology and equivariant differential
forms. Annales scientifiques de I’Ecole Normale Supérieure, Ser. 4, 27(4):493-527, 1994.
Jean-Luc Brylinski. Cyclic homology and equivariant theories. Annales de I’Institut Fourier,
37(4):15-28, 1987.

Jean-Luc Brylinski. Representations of loop groups, Dirac operators on loop space, and modular
forms. Topology, 29(4):461-480, 1990.

Damien Calaque, Tony Pantev, Bertrand Toén, Michel Vaquié, and Gabriele Vezzosi. Shifted
Poisson structures and deformation quantization. J. Topol., 10(2):483-584, 2017.

Harrison Chen. Equivariant localization and completion in cyclic homology and derived loop
spaces. Adv. Math., 364:107005, 56, 2020.

Kevin Costello. A geometric construction of the Witten genus, 1. In Proceedings of the Inter-
national Congress of Mathematicians.

113



114
[19]
[20]

[21]

[38]
[39]
[40]
[41]

[42]

BIBLIOGRAPHY

Kevin J. Costello. A geometric construction of the Witten genus, II, 2011.

Jacques Distler and Eric Sharpe. Heterotic compactifications with principal bundles for general
groups and general levels. Advances in Theoretical and Mathematical Physics, 14(2):335 — 397,
2010.

Christopher L. Douglas and André G. Henriques. Topological modular forms and conformal
nets. In Mathematical foundations of quantum field theory and perturbative string theory, vol-
ume 83 of Proc. Sympos. Pure Math., pages 341-354. Amer. Math. Soc., Providence, RI, 2011.
Jean Mark Drezet. Luna slice theorem and applications. In Algebraic Group Actions and Quo-
tients. Hindawi Publishing Corporation, 2004.

Nora Ganter. The elliptic Weyl character formula. Compositio Mathematica, 150(7):1196-1234,
2014.

David Gepner and Lennart Meier. On equivariant topological modular forms, 04 2020.

Victor Ginzburg, Mikhail M. Kapranov, and Eric Vasserot. Elliptic algebras and equivariant
elliptic cohomology. arXiv: Quantum Algebra, 1995.

Vassily Gorbounov, Fyodor Malikov, and Vadim Schechtman. Gerbes of chiral differential
operators, 1999.

J.P.C. Greenlees. Rational S'-equivariant elliptic cohomology. Topology, 44(6):1213-1279,
2005.

Michael Groechenig. Adelic descent theory. Compositio Mathematica, 153, 11 2015.

I. Grojnowski. Instantons and affine algebras I: The Hilbert scheme and vertex operators. 6
1995.

Ian Grojnowski. Delocalised equivariant elliptic cohomology (with an introduction by Matthew
Ando and Haynes Miller), page 114-121. London Mathematical Society Lecture Note Series.
Cambridge University Press, 2007.

Daniel Halpern-Leistner and Daniel Pomerleano. Equivariant Hodge theory and noncommuta-
tive geometry. Geom. Topol., 24(5):2361-2433, 2020.

Daniel Halpern-Leistner and Anatoly Preygel. Mapping stacks and categorical notions of
properness. Compos. Math., 159(3):530-589, 2023.

M. Hoyois, S. Scherotzke, and N. Sibilla. Higher traces, noncommutative motives, and the
categorified Chern character. Advances in Mathematics, 309:97-154, 2017.

Marc Hoyois, Pavel Safronov, Sarah Scherotzke, and Nicolo Sibilla. The -categorified
grothendieck-riemann—roch theorem. Compositio Mathematica, 157(1):154-214, 2021.

A. Huber. On the Parshin-Beilinson adeles for schemes. Abh. Math. Sem. Univ. Hamburg,
61:249-273, 1991.

Gregory D. Landweber. Dirac operators on loop spaces. 1999.

J. Lurie. Dag I'V: Deformation theory. https://www.math.ias.edu/~lurie/papers/DAG-IV.
pdf.

J. Lurie. Dag VIII: Quasi-coherent sheaves and Tannaka duality theorems. https://www.
math.ias.edu/~lurie/papers/DAG-VIII.pdf.

J. Lurie. Elliptic cohomology I: Spectral abelian varieties. https://www.math.ias.edu/
~lurie/papers/Elliptic-1I.pdf.

J. Lurie. Elliptic cohomology II: Orientations. https://www.math.ias.edu/~1lurie/papers/
Elliptic-1II.pdfl

J. Lurie. Elliptic cohomology III: Tempered cohomology. https://www.math.ias.edu/
~lurie/papers/Elliptic-III-Tempered.pdfl

J. Lurie. Elliptic cohomology IV: Equivariant elliptic cohomology. To appear.


https://www.math.ias.edu/~lurie/papers/DAG-IV.pdf
https://www.math.ias.edu/~lurie/papers/DAG-IV.pdf
https://www.math.ias.edu/~lurie/papers/DAG-VIII.pdf
https://www.math.ias.edu/~lurie/papers/DAG-VIII.pdf
https://www.math.ias.edu/~lurie/papers/Elliptic-I.pdf
https://www.math.ias.edu/~lurie/papers/Elliptic-I.pdf
https://www.math.ias.edu/~lurie/papers/Elliptic-II.pdf
https://www.math.ias.edu/~lurie/papers/Elliptic-II.pdf
https://www.math.ias.edu/~lurie/papers/Elliptic-III-Tempered.pdf
https://www.math.ias.edu/~lurie/papers/Elliptic-III-Tempered.pdf

[43]

[44]

BIBLIOGRAPHY 115

J. Lurie. Spectral Algebraic Geometry. https://www.math.ias.edu/~lurie/papers/SAG-
rootfile.pdf.

J. Lurie. A survey of elliptic cohomology. https://www.math.ias.edu/~lurie/papers/
survey.pdf.

Jacob Lurie. Higher algebra. https://www.math.ias.edu/~lurie/papers/HA.pdf.

Jacob Lurie. Higher Topos Theory. Annals of Mathematical Studies. Princeton University
Press, 2009.

Fyodor Malikov and Vadim Schechtman. Chiral de Rham complex. ii. arXiv: Algebraic Geom-
etry, 1999.

Fyodor Malikov and Vadim Schechtman. Chiral Poincaré duality. arXiv: Algebraic Geometry,
1999.

Fyodor Malikov, Vadim Schechtman, and Arkady Vaintrob. Chiral de Rham complex. Com-
munications in Mathematical Physics, 204:439-473, 1998.

Matthew Morrow. An introduction to higher dimensional local fields and adeles. arXiv: Alge-
braic Geometry, 2012.

Tasos Moulinos, Marco Robalo, and Bertrand Toén. A universal Hochschild-Kostant-Rosenberg
theorem. Geom. Topol., 26(2):777-874, 2022.

Florian Naef and Pavel Safronov. Torsion volume forms, 2023.

Serge Ochanine. Sur les genres multiplicatifs définis par des intégrales elliptiques. Topology,
26(2):143-151, 1987.

Tony Pantev, Bertrand Toén, Michel Vaquié, and Gabriele Vezzosi. Shifted Symplectic struc-
tures. Publ. Math. Inst. Hautes Etudes Sci., 117:271-328, 2013.

Tony Pantev and Gabriele Vezzosi. Introductory topics in Derived Algebraic Geometry. working
paper or preprint, 2018.

A. N. Pargin. On the arithmetic of two-dimensional schemes. I. Distributions and residues. Izv.
Akad. Nauk SSSR Ser. Mat., (no. 4,):736-773, 949, 1976.

Mauro Porta and Tony Yue Yu. Higher analytic stacks and GAGA theorems. Advances in
Mathematics, 302:351-409, 2016.

Anatoly Preygel. Thom-sebastiani and duality for matrix factorizations, 2011.

Anatoly Preygel. Ind-coherent complexes on loop spaces and connections. In Stacks and cat-
egories in geometry, topology, and algebra, volume 643 of Contemp. Math., pages 289-323.
Amer. Math. Soc., Providence, RI, 2015.

Ioanid Rosu. Equivariant elliptic cohomology and rigidity. American Journal of Mathematics,
123(4):647-677, 2001.

Toanid Rosu and Allen Knutson. Equivariant K-theory and equivariant cohomology. Mathema-
tische Zeitschrift, 243, 01 2000.

Sarah Scherotzke and Nicolo Sibilla. Equivariant elliptic cohomology, toric varieties, and de-
rived equivalences, 2022.

Graeme Segal. Elliptic cohomology. Séminaire Bourbaki, 30:187-201, 1987-1988.

Graeme Segal. Elliptic cohomology. Séminaire Bourbaki, 30:187-201, 1987-1988.

Graeme Segal. The definition of conformal field theory, page 421-422. London Mathematical
Society Lecture Note Series. Cambridge University Press, 2004.

Nicolo Sibilla and Paolo Tomasini. Equivariant elliptic cohomology and mapping stacks II. In
preparation.

Nicolo Sibilla and Paolo Tomasini. Equivariant elliptic cohomology and mapping stacks I, 2023.


https://www.math.ias.edu/~lurie/papers/SAG-rootfile.pdf
https://www.math.ias.edu/~lurie/papers/SAG-rootfile.pdf
https://www.math.ias.edu/~lurie/papers/survey.pdf
https://www.math.ias.edu/~lurie/papers/survey.pdf
https://www.math.ias.edu/~lurie/papers/HA.pdf

BIBLIOGRAPHY

The Stacks Project Authors. Stacks Project. https://stacks.math.columbia.edu/tag/01TO,
2018.

Stephan Stolz and Peter Teichner. What is an elliptic object?, page 247-343. London Mathe-
matical Society Lecture Note Series. Cambridge University Press, 2004.

Stephan Stolz and Peter Teichner. Supersymmetric field theories and generalized cohomology,
2011.

Hideyasu Sumihiro. Equivariant completion. J. Math. Kyoto Univ., 14:1-28, 1974

Clifford Henry Taubes. S! actions and elliptic genera. Communications in Mathematical
Physics, 122(3):455 — 526, 1989.

B. Toen. Affine stacks (champs affines), 2000.

Bertrand Toén. Derived algebraic geometry. EMS Surv. Math. Sci., 1(2):153-240, 2014.
Bertrand Toén and Gabriele Vezzosi. Homotopical Algebraic Geometry. I. Topos theory. Ad-
vances in Mathematics, 193:257-372, 2002.

Bertrand Toen and Gabriele Vezzosi. Homotopical Algebraic Geometry II: Geometric stacks
and applications. 2004.

Bertrand Toén and Gabriele Vezzosi. Chern Character, Loop Spaces and Derived Algebraic
Geometry, pages 331-354. Springer Berlin Heidelberg, Berlin, Heidelberg, 2009.

Paolo Tomasini. Adelic decomposition for equivariant elliptic cohomology. In preparation.
Bertrand Toén and Gabriele Vezzosi. Algebres simpliciales S1-équivariantes, théorie de de
Rham et théoremes HKR multiplicatifs. Compositio Mathematica, 147(6):1979-2000, 2011.
Bertrand Toén and Gabriele Vezzosi. Caracteres de Chern, traces équivariantes et géométrie
algébrique dérivée. Selecta Mathematica, 21:449-554, 04 2014.

Edward Witten. Elliptic genera and quantum field theory. Communications in Mathematical
Physics, 109(4):525 — 536, 1987.

Edward Witten. The index of the Dirac operator in loop space. In Peter S. Landweber, editor,
Elliptic Curves and Modular Forms in Algebraic Topology, pages 161-181, Berlin, Heidelberg,
1988. Springer Berlin Heidelberg.

Don Zagier. Note on the Landweber-Stong elliptic genus. In Peter S. Landweber, editor, Elliptic
Curves and Modular Forms in Algebraic Topology, pages 216-224, Berlin, Heidelberg, 1988.
Springer Berlin Heidelberg.


https://stacks.math.columbia.edu/tag/01TO

	Chapter 1. Introduction
	1.1. An introduction to the thesis, but mostly rambling
	1.2. Structure of the thesis, straight to the point, no bubbling

	Chapter 2. Equivariant Elliptic Cohomology and Mapping Stacks I
	2.1. Introduction
	2.2. Preliminaries
	2.3. Codescent for quasi-constant maps
	2.4. The local model, and toric varieties.
	2.5. Equivariant Elliptic Hochschild Homology
	2.6. The adelic Tate construction

	Chapter 3. Adelic decomposition for Equivariant Elliptic Cohomology
	3.1. Introduction
	3.2. Preliminaries
	3.3. The Adelic Decomposition of Equivariant Elliptic Cohomology
	3.4. The Adelic Decomposition for Equivariant Cohomology and K-theory
	3.5. Geometric presentations for Equivariant Cohomology and K-theory

	Chapter 4. Partial results and future perspectives
	4.1. Partial results
	4.2. Future perspectives

	Bibliography

