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Generic Vanishing Readings Notes Fall 2025

Note I.1 — 2025 09 12 (in progress draft)
Yi Li

The aim of this note is to introduce the following generic vanishing theorem.

Theorem 0.1. If f : X — A is a morphism from a smooth projective variety to an abelian variety,
then for any j, &k > 0 we have

(1) codimp;eo( 4 VP (R fiwx) > k;

(2) Every irreducible component of V¥ (Rj few X) is a translate of an abelian subvariety of A by a
point of finite order.

The structure of this note is organized as follows, we will first introduce the Fourier-Mukai Trans-
form. And then a complete proof of Hacon-Pareschi-Popa’s criterion of GV sheaf is given. Using
this, we will prove the Green-Lazarsfeld generic vanishing theorem and finally, we will also cover
some recent development on generic vanishing theorem on compact Kéhler manifold [Wan13].
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1 Theorem of Hacon-Pareschi-Popa and GV sheaves

Definition 1.1 (GV (generic vanishing) sheaves). Given a coherent &p-module .% on a compact
complex torus 7', define

SUT,F)={L e Pic"(T) | H(T,F ® L) # 0}

We say that .% is a GV-sheaf if codim S*(T,.%) > i for every i > 0; we say that .% is M-regular if
codim SY(T,.#) > i+ 1 for every i > 1.

Definition 1.2 (Cohomological support loci). Recall that for any coherent sheaf .# on an abelian
variety A, we consider for all £ > 0 the cohomological support loci

Vi) = {PePi(4) | BX, 7 @ P) £ 0}

They are closed subsets of Pic?(A), by the semi-continuity theorem for cohomology.
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Definition 1.3 (Unipotent Vector Bundle). A vector bundle on A is called unipotent if it has a
filtration

0=UycUyC---CU,=U
such that U;/U;—1 ~ 04 for all i = 1,...,n. Note in particular that det U ~ 0 .

That is we have a succesive extension
0—-Ui—1—=U; = E;—0

with
Ui/Ui-1 2 04 = E;

Before going into the proof of theorem of Hacon-Pareschi-Popa, let us briefly introduce the Fourier-
Mukai Transform.

Definition 1.4 (Fourier-Mukai Transform). Let A be an Abelian variety. We will identify PicE(A)
with the dual abelian variety A, and denote by P the normalized Poincaré bundle on A x A. It
induces the integral transforms

RS : Dgoh (ﬁA) - ch)oh (ﬁA\) ) RS = RpQ* (piy ® P) :

and
RS: DY, (03) — D%, (04), RSY =Rpi, (039 @ P),

coh coh

where p1 : Ax A — Aandpy: Ax A — A. (Note that in some of the references, the Fourier-Mukai
transform R¥p = RS and R®p = RS).
The following result of Mukai is fundamental.

Theorem 1.5. The Fourier-Mukai functors (RS, RS’) are e equivalences of derived categories,
usually called the Fourier-Mukai transforms; moreover,

RSoRS =(-14)"[-g] and RSoRS=(-1;)"[-g]
where [—g] denotes shifting g places to the right.
We will give the proof of Mukai’s theorem in the Series of notes A brief introduction to Fourier-
Mukai Transform.

One can prove the following commutation relation of Fourier-Mukai Transform and Grothendieck
Dual.

Proposition 1.6 (Commutation relation of Grothendieck dual and Fourier-Mukai Transform).

DaoRS = ((-14)"oRSoDj)[g].

Using the Fourier-Mukai, the following non-vanishing theorem comes for free. (Which shows to get
non-vanihing of k(%) has needs a lot of vanishing on A’ for i > 0).

Proposition 1.7. If 7 € Coh(A) is a non-zero coherent sheaf such that R (F®P)=0foralli>0
and P € A, then h°(F) # 0.



https://yilimath.github.io/files/Moduli/FourierMukai.pdf
https://yilimath.github.io/files/Moduli/FourierMukai.pdf
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PROOF IDEA 1.8. The proof is an immediate application of Mukai’s theorem. Assume by
contradiction that h?(.#) = 0. Since Euler characteristic is independent of topological trivial line
bundle, this means that for any P,(Q € PicO(A), the Euler characteristic remain the same. That is

X(F @ P) = x(F) =h"(F) =0.
And consequently, we get h'(F ® P) = 0 as well.

We then claim that RS (.Z) = 0 using Grauert base change and definition of Poincare line bundle
as

R'p;,(0aF @ P)(&) = H'(A, (04T @ P)laxz) = H'(A,(F @ P;)) =0, Vi > 0,2 € Pic”(A4),

(Note that Grauert base change theorem holds since the cohomological dimension is constant 0).

Then the result easily follows by Mukai’s theorem RS o RS(.F) = (—14)*.%[—g], that is Z =0 a
contradiction.

Hacon-Pareschi-Popa proved the following equivalence characterization of GV sheaves.

Theorem 1.9 (Theorem of Hacon-Pareschi-Popa, [HPS18, Lemma 7.3 + Theorem 7.7]). Let A
be an Ableian variety of dimension g over C, .% be a coherent sheaf on A. Then the following are
equivalent.

(1) (Vanishing condition) hi(A,.Z @ L") =0 for any i > 0. Here L is a sufficient ample line bundle
on A, and L is the vector bundle on A that you get by Fourier-Mukai transform L = ROS(L (L);

(2) (The Fourier-Mukai condition)
RS(DA(F)) = RIS(Da(F)),
where D4 is the Grothendieck derived dual and RS denotes the Fourier-Mukai transform.

(3) (Codimension condition on cohomological support loci)
codimg R'S(F) >4, Vi>0
Proof. We first prove that (1) = (2). By Grothendeick duality
Dy (Rr (Fo LY)) = BT (Da (Fa LY)).

By [Muk81], L is locally free, and therefore (using some property of RHom see e.g. Vakil’'s FOAG
2022.14.2.F)

RF(DA<}"® ﬁv)) S RF(DA(]-') ® i).
Then by definition of L, there is an isomorphism
RT <DA(I-') ® ﬁ) ~ RI (DA(]-") ® pas (P ®ng)) .
Therfore by projection formula

R (Da(F) @ pas (Pop;L)) = RU((paDa(F) © P @pyL)) = RL (RS (Da(F) @ L).

3
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In summary, we proved

Dy, (Rr (]—“® ﬁv)) ~ R (RS (Da(F)) @ L) .

Easy to see Dy (RI‘ (.7-' ® ﬁv)) is a sheaf in degree 0 if and only if H* (A,]—'@ ﬁv) = 0 for all
1> 0.

Since L is sufficient ample, we may assume that each R7S (D 4(F))® L are globally generated with
vanishing higher cohomologies. And therefore by Leray spectral sequence arguement

RT (RS (Da(F)) ® L) ~ O (RJ’S* (Da(F)) ® L) .

So that BRI (RS(DA(]-")) ® L) is a sheaf in degree 0 if and only if H° (RJ‘S (Da(F)) @ L) = 0 for

all j # 0. Since R7S (D4(F)) ® L is global generated, this is equivalent to R7S (D4 (F)) = 0 for
all j # 0.

(2) = (3). Let )
G =RIS(Da(F))

then by our assumption then )
Glg] = RS(Da(F)).

Then
RS(F) = DD 4(RS(F)) = Da((=1)"RS(Da(Flg))) = (~13)"Da(G).

So that B '
RIS(F) = (-1;) Ext" (G, w¥) -
Then by [HL97, Proposition 1.1.6], the result follows easily.

And finally (3) = (1). Suppose that codim Supp R*S(F) > i for alli > 0, then H7 (RZS’(]:) ® LV) =
0 for all ¢ + j > g and any line bundle L. From the spectral sequence

H (R$(F) o L¥) — BT (RS(F) 2 L)
It follows that R'T (RS‘(}') ® LV) — 0 for [ > g. We have

RIT (RS(.F) ® LV) = RT (Rp i PhFRP)® LV) — RT (p*Af P ® pZLV> = RT (RPA,* (pZ.F @P@piLY

/

It follows that H' (f ® iV) — RIT (f ® iv) — RItoT (pgf P ® pZLV) — 0,1 > 0. 0

For GV sheaves, the cohomological support loci satisfies certain order relation.

Theorem 1.10. Let % be a coherent sheaf on A. Then if .% is a GV-sheaf, then

VI(F)C--- CVHF) CVUZR).
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PROOF IDEA 1.11. The idea is to prove that if P ¢ V¢(F) then P ¢ V*1(F) as well.
Suppose that P ¢ Vi(F), then 0 = H (A, F ® P)V = H™" (DRI (F ® P)) = R™T (Da(F) ® PY).

(where we assume that ¢ > 0). Since for —i the surjective automatically hold, by Grauert base
change we know that

e ) s R pas (P DA(F) @ P) (wpv) — RTTIT(Da(F) @ PY)

is surjective. On the other hand, by condition (2) in Theorem 1.9, we know that for i > 0,
R™71S(DA(F)) = 0. Therefore H(A, F @ P)V = R™IT (Dy(F)® PY) = 0. In particular,
P ¢ V*L(F). Thus V'(F) D VI*HL(F).

As an immediate consequence, we can get a non-vanishing criterion for GV sheaves.

Corollary 1.12 ([HPS18, Lemma 7.4]). Let A be an Abelian variety, .# be a GV sheaf on A.
Then
F =0 — VUZF)=0.

Proof. If VO(#) = (), then by the theorem we just proved, all the cohomological support loci
Vi{(Z) = 0. Then .# = 0 has to be zero. Since by Grauert base change we have RS(.#) = 0. And
therefore very similar as the proof of Lemma 1.7, using Mukai’s theorem this will imply .% =0. [

Using the theorem of Hacon-Pareschi-Popa we can prove the direct image of pluricanonical sheaves
are GV sheaves.

Proposition 1.13. Let f: X — A be a morphism from a smooth projective variety to an abelian
variety. For every m € N and ¢ > 1, the sheaf .%,, = R’ f*wg?m is a GV-sheaf on A.

PROOF IDEA 1.14. The idea is to use the vanishing condition we have just proved, and then
the result will follow easily from Kollar’s vanishing via the base change under isogeny ¢y, : A = A.
To be more concrete, To prove that .%,, = R’ f*w}e}m is a GV sheaf, we apply the 1st criterion in
the Theorem 1.9, that is we need to prove

W (R fwm @ 1Y) =0

for j > 0 and L sufficient ample. And we try to prove it using Kollar’s vanishing. And to do this,
we will take a base change via the isogeny induced by L.

N

S
s

=
—
—

~

Y
N

oL
Then we try to prove the vanishing of

H (K, RihwS™ @ wzﬁv) —0,
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Since then H7 (g, R fw{" ® ﬁv) is a direct sum of HY <j’ h*w?ém ® (pzﬁv). So that it admits
vanishing as well. Since by Mukai’s lemma, we have
i (A pi @m * TV _ i( A pi @m
H <A,R haw2™ ® g1 L ) - P <A,R haw? ®L>
ho(L)

and each copy satisfies the condition of (generalized) Kollar’s vanishing (by [PS14, Corollary 2.9.]),
which complete the proof of the result.

2 Green-Lazarsfeld generic vanishing theorem

Let us first recall the Green—Lazarsfeld-Simpson generic vanishing theorem. We will begin by intro-
ducing Green and Lazarsfeld’s original proof, and then present Hacon’s proof of the Green—Lazarsfeld
theorem using the Fourier—-Mukai transform.

Theorem 2.1. If f : X — A is a morphism from a smooth projective variety to an abelian variety,
then for any j,k > 0 we have

(1) codimPiCo(A) vk (ij*wX) > k;

(2) Every irreducible component of V¥ (Rj frw X) is a translate of an abelian subvariety of A by a
point of finite order.

For our interest, we need the generic vanishing for direct image of pluricanonical sheaves.

Theorem 2.2 ([HPS18, Theorem 4.1]). Let X be a smooth projective variety. For each m € N,
the locus
{PePic®(X) | H (X,w{" ® P) # 0} C Pic"(X)

is a finite union of abelian subvarieties translated by points of finite order.

This theorem implies that VO (A4, %,,) (for %, = fiw§™) is also a finite union of abelian subvarieties
translated by points of finite order. where

VO (A, F,) ={P ePi®(A) | H' (A, F,, ® P) # 0}
= {P ePic®(4) | H® (X,w¥" ® f*P) # 0} C Pic’(A).
PROOF IDEA 2.3.

Using the result we just developed above, we can prove the following criterion for direct image of
pluricanonical sheaves to be a indecomposable unipotent vector bundle.

Definition 2.4. Let E be a vector bundle on complex manifold M, we say it’s unipotent if

Theorem 2.5 ([HPS18, Corollary 4.3]). Let X be a smooth projective variety with x(X) = 0, and
let f: X — A be an algebraic fiber space over an abelian variety.

If H° (X ) w}@}m) = 0 for some m € N, then the coherent sheaf .%,, is an indecomposable unipotent
vector bundle.

PROOF IDEA 2.6.
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3 Generic Vanishing Theorem for Kahler manifolds
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