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TOPOLOGICAL CALCULATION OF LOCAL COHOMOLOGICAL
DIMENSION

THOMAS REICHELT, MORIHIKO SAITO, AND ULI WALTHER

ABSTRACT. We show that the sum of the local cohomological dimension and the rectified
@Q-homological depth of a closed analytic subspace of a complex manifold coincide with the
dimension of the ambient manifold. The local cohomological dimension is then calculated using
the cohomology of the links of the analytic space. In the algebraic case the first assertion is
equivalent to the coincidence of the rectified Q-homological depth with the de Rham depth
studied by Ogus, and follows essentially from his work. As a corollary we show that the local
cohomological dimension of a quasi-projective variety is determined by that of its general
hyperplane section together with the link cohomology at 0-dimensional strata of a complex
analytic Whitney stratification.

Introduction

Let Y be a reduced closed subvariety of a smooth complex algebraic variety X. The local
cohomological dimension 1led(Y, X) of Y C X ([Og73]) is defined as

(1) max{j € Z | ,%ﬁﬁ (F)#0 for some quasi-coherent .Z }.

One can show that this maximum does not change by restricting .# to the structure sheaf
Ox (using the inductive limit of coherent subsheaves on affine open subvarieties together with
free resolutions of these coherent subsheaves and also the spectral sequence associated with the
truncations 0., see 1.4 below). This notion comes from a problem raised by A. Grothendieck
(see [Ha 67, p. 79]) where he notes that it can be bounded by the number of equations describing
Y C X locally (using the Cech cohomology). We have led(Y, X) > codimx Y, since the equality
holds if Y is smooth (or more generally a local complete intersection).

The above definition is extended to the analytic case where Y is a closed analytic subspace of
a complex manifold X, using the algebraic local cohomology c%’ﬁ,] (see [Gr68], [Me77], [KaT78],
and also 1.3 below), that is,

led(Y, X) := max{j € Z | #,(0x) # 0}.

From now on, we assume that X,Y are analytic.

We can calculate led(Y, X) in a purely topological way using the t-structure on DY(X,C)
constructed in [BBD 82]. It is not very difficult to prove the following (see 2.1 below and also
[RSW 21]).

Theorem 1. In the above notation, we have the equality
led(Y, X) = dx — RHDg(Y) with

2 )
@) RHDg(Y) := min{j € Z | P27 (Qy) # 0},
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in particular, dx —led(Y, X) depends only on'Y as in the algebraic case.

Here dyx:= dim X/C, Ps#* is the cohomological functor associated with the self-dual t-
structure for the middle perversity on DY(X,C) constructed in [BBD82], and RHDg(Y) is
called the rectified Q-homological depth, see [HalLé91, 1.1.3] and also [Sc01, p. 387]. The notion
of rectified homotopical depth, denoted by rhd(Y'), was introduced in [Gr68]. As is remarked
above for led(Y, X), we have

(3) RHDg(Y) < dy,
looking at smooth points of Y. (Indeed, Ps#7Qy =0 for j # dy if Y is smooth.)

Employing Thom'’s isotopy lemma (see for instance [Ma 12, Prop. 11.1]), Theorem 1 implies
the following.

Corollary 1. The local cohomological dimension led(Y, X) is invariant under a topologically
equisingular deformation of (Y, X) assuming Y is compact or has only isolated singularities.

Here a topologically equisingular deformation of (Y, X)) means that there is a smooth morphism
p: & —T (with T smooth) together with a complex analytic Whitney stratification of a closed
analytic subspace % C 2" whose strata are smooth over T' with (%, Zo) = (Y, X) for some 0 €T
We assume p|g : % — T is proper if Y is compact. The following is already known.

Theorem 2 (Hamm, Lé [HaLé 91, Thm. 1.9]). For a complex analytic space Y and k € Z~y, the
following conditions are equivalent:
(i) RHDg(Y) > k.

(ii) For any locally closed irreducible analytic subset Z C'Y, we have

(4) HQy =0  (Vj < k—dim Z).

The last condition should be compared with (1.1.2) below (where we may assume that the
Whitney stratification is compatible with Z locally on Y') and also with the following definition
of the de Rham depth DRD(Y') of Y in the algebraic setting (see [Og 73, 2.12]):

Definition 1. We have DRD(Y) > k <= For any (not necessarily closed) point y € Y,
(5) Hi(Y)=0  (Vj<k-dim{y}).

Indeed, in the algebraic case, it is shown (see [Og 73, Thm. 2.13]) that

(6) led(Y, X) = dim X — DRD(Y).

Theorem 1 is then equivalent to the following.

Corollary 2. For a complex algebraic variety Y, we have the equality

(7) DRD(Y) = RHDg(Y™).

The definition of H}(Y') in [Ha 75] employs the completion along Y of the de Rham complex of
a smooth ambient variety X. Consequently the translation to our setting is not trivial. However,
the comparison with singular cohomology has been shown in [Ha 75, Ch.4, Thm. 1.1] when y is
a closed point. Moreover the restriction to the closed points is allowed by constructibility of the
subset S;Y in [Og73, 2.15.1]. (These reasonings do not seem sufficiently clear to the reader in
the paper.) Note that the latter subset corresponds to S (Qy) in (1.1.7) below. Theorem 1 in
the algebraic case then follows essentially from [Og73, Thm.2.13 combined with 2.15.2]. It is
indeed stated on p.328 in that paper as follows:

“It is reasonable to expect that, more generally, the singularities of ¥ determine led(X,Y)
whenever X is smooth, and indeed this is the case. Our main result expresses led(X,Y) in terms
of the classically studied cohomology groups H*(Y,Y —y,C) = H,(Y,C), studied for instance
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by Milnor [1968].” (Unfortunately it does not seem to be mentioned explicitly what “our main
result” means.)

In the complex analytic case, Theorem 1 gives the following.

Corollary 3. For a closed analytic subspace Y in a complex manifold X and k € Z, the following
conditions are equivalent:

(i) led(Y,X) < dx —k, that is, RHDg(Y) > k.

(ii) The reduced cohomology HI (L(TS, ys), Q) of the link L(Ts,ys) vanishes for j <k—dg—2
and for any stratum S of a complex analytic Whitney stratification . of Y with dg <k,
where Ts is a local transversal slice to S with {ys}=SNTs.

We assume all the strata of . are connected. The link L(Z, z) at z € Z of a complex analytic
space Z in general is defined to be ZNS, with S, a sufficiently small sphere in an ambient
smooth space with center z. (The well-definedness follows from the argument in the proof of the
topological cone theorem using integral curves of a controlled vector field.) Corollary 3 follows
from Theorem 1 together with local topological triviality along strata of a complex analytic
Whitney stratification [Ma12, Cor.10.6]. In the case Ts={ys} and L(Ts,ys) =0, we have
HI (0,Q)=Q for j=—1, and 0 otherwise. (This is compatible with the isomorphism (2.2.1)
below.) Condition (ii) then implies that any irreducible component of Y has dimension > k
(setting j = —1 in the inequality j < k—dg—2). By Corollary 3 for k=0, we always have

(8) RHDg(Y) > 0.

In the algebraic case, the inequality led(Y, X) < dx follows from Grothendieck’s vanishing theo-
rem, see for instance [BrSh 98, 6.1.2]. Observe that the equality led(Y, X) =dx holds if there is
an isolated point of Y. Corollary 3 for k=1 gives the following.

Corollary 4. For X,Y as in Corollary 3, we have led(Y, X) <dx —1, that is, RHDg(Y) > 1, if
and only if Y does not contain an isolated point.

This corresponds to a special case of a theorem of Hartshorne-Lichtenbaum (see [Ha68,
Thm. 3.1], where smoothness of X is not required), see also [Og 73, Cor. 2.10], [MuPo 21, Cor. 1.19].

Assuming Y has no isolated points, we have the equality RHDg(Y)=1 if ¥ contains a
1-dimensional irreducible component or if Y=Y U Yy with Y7,Y> smooth, dy,,dy, >2, and
Y’ := Y1 NY; is non-empty and 0-dimensional. For the last case, we can use the long exact
sequence associated with the cohomological functor P7#* applied to the distinguished triangle

QY — le@QY2 — QY/ —L% .

The assertion in the last case follows also from Corollary 5 just below (which is a special case of
Corollary 3 with k=2).

Corollary 5. For X,Y as in Corollary 3, the following conditions are equivalent:

(1) led(Y,X) < dx—2, that is, RHDg(Y) > 2,

(ii) Any irreducible component of Y has dimension at least 2, and the link L(Y,y) is connected
foranyyey.

Indeed, using the topological cone theorem, the link L(Y,y) in (ii) can be replaced by
Y NnBy,\{y} (with B, a sufficiently small ball in an ambient smooth space). The latter is
connected if it is non-empty and y is in a positive-dimensional stratum (using local topologi-
cal triviality along the stratum). The assertion corresponding to Corollary 5 has been studied
quite well in the algebraic case, see [Ha 68, Thm. 7.5] for cones of projective varieties, [PeSz 73,
Cor. 5.5] for the positive characteristic case where Frobenius depth is used instead of de Rham
depth, [Og 73, Cor.2.11] for the characteristic zero case, [HuLy 90, Thm. 2.9] for varieties over
a separably closed field where invariance by completion [Ha 68, Prop.2.2] is used, and [Zh 21,
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Thm. 1.4] for unramified regular local rings of mixed characteristic. The assertion for varieties
over a field k does not necessarily hold unless k is separably closed (or strict Henselization is
used when one considers the connectivity of the complement of the closed point in Spec R with
R a local ring), see also Example 1.4 below. For extensions to the case led(Y, X) <dx —3, see
for instance [Va13], [DaTa16] (and also [WaZh 21]).

Returning to our situation, Corollary 3 gives also the following.

Corollary 6. For a closed subvariety Y of a quasi-projective smooth complex variety X and
k € Z~y, the following conditions are equivalent:

(i) led(Y,X) < dx —k, that is, RHDg(Y) > k.
(i) led(Y',X")<dx —k, that is, RHDg(Y') > k—1, for a general hyperplane section X' C X

with Y :=Y NX', and HI (L(Y,y),Q) =0 for j <k—2 and for any point y in a 0-dimen-
sional stratum of a complex analytic Whitney stratification of Y.

Here X,Y are viewed as analytic spaces, and a general hyperplane section means that the
hyperplane section X' is smooth and transversal to any stratum of a complex analytic Whitney
stratification of Y (hence X’ does not meet any 0-dimensional stratum). Corollary 6 says that
the local cohomological dimension of a quasi-projective variety can be calculated by using a
general hyperplane section provided that one has information about this invariant (topological
or algebraic) at worst singular points. The maximum in (1) is usually attained at the worst
singular points. In the cone case we have the following.

Corollary 7. Assume X =C9% | and Y is the affine cone of a complex projective variety
Z CPIx=1 Then for k € Zq, the following conditions are equivalent:

(i) led(Y,X)<dx—Fk, that is, RHDg(Y) > k.
(ii) led(Z,P9x~1)<dx—k, that is, RHDg(Z) > k—1, and HI(Z)/H’ (P41 =0 for j <k—2
with Q-coefficients.

In the case Z is smooth and connected, condition (ii) is equivalent to the condition that

ngim(Z) =0 for 1<j<k—2 and k<dy. If Z is the projective cone of a smooth connected
projective variety V CP4x~2 we see that the maximum in (1) is attained at the generator of
the cone which is the pull-back of the vertex of the cone Z by the rational map from Y to Z.
(Indeed, H?(Z) = Hi=2(V)(—1) for any j € Z, see (2.4.3) below.)

In Section 1 we review some basics of ¢t-structure, holonomic Z-modules, algebraic local coho-
mology, and local cohomological dimension. In Section 2 we prove Theorem 1 and Corollaries 3
and 6-7 using the assertions in Section 1.

1. Preliminaries

In this section we review some basics of t-structure, holonomic Z-modules, algebraic local coho-
mology, and local cohomological dimension.

1.1. t-structure. Let X be a reduced complex analytic space. We denote by D%(X,Q) the
derived category of bounded Q-complexes on X with constructible cohomology sheaves. For k € Z
we have the full subcategories D%(X,Q)S*, Db(X,Q)>* defined by the following conditions for
Z* € D%(X,Q) respectively:

(1.1.1) HIFs=0  (j>k—ds),

(1.1.2) AT = (j < k—ds).
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Here S runs over strata of a complex analytic Whitney stratification . of X compatible with
F*, and dg := dim S/C, see [BBD 82, 2.1.2] (where p(S) = —dg) and [Di04], [KaSc90], [Sc01].
This definition is independent of the Whitney stratification (as is seen just below). Recall that
(1.1.3) HIF* = Ay F (jer),
with ig : S < X the inclusion, see (1.1.10) below. Notice that a shift of indices by dg occurs
in the last conditions of (1.1.1-2) if we restrict .#* to a local transversal slice to each stratum
S €. as in the proof of Corollary 3, see 2.2 below. There is also a shift by 2ds (or —2dg) if we
apply RI'f;) (or the dual functor D) to a local system on S with 2 € S. (This is closely related
to [Og 73, 2.14].)

We then see that the above two conditions are respectively equivalent to the following support
and cosupport conditions (implying the independence of stratification):

(1.1.4) dim S;(Z*)<k—-i (VieZ),
(1.1.5) dim SY(#*)<i—k (VieZ),
with

(1.1.6) Si(F°) = {x € X | e%mﬁ; #+ O},
(1.1.7) SY(F*) = {:v eX| %”{ﬂf’ #+ O},

see [Di04], [KaSc90], [Sc01]. (The cosupport condition (1.1.5) seems to be related closely to
[0g 73, 2.14-15].)
For k€ Z, set
DY(X, Q" = DY(X, Q)" n DY(X, Q)"
These are abelian full categories of D2(X,Q), see [BBD82]. By definition this ¢-structure is
self-dual, that is,
(1.1.8) D(D:(X,Q)%") = De(X, Q)77

in particular, D%(X, Q)[O] is stable by the functor D assigning the dual. Recall that, in the X
smooth case, we have (omitting the Tate twist)

(1.1.9) D(Z*) = R#omqg(Z*,Qx[2dx]).

Remark 1.1a. The above argument is valid with Q replaced by any subfield of C.

Remark 1.1b. For a closed analytic subset Y C X, we have the isomorphisms

(1.1.10) Ry = (iy).iy, iy =Doi} oD,

with iy : Y < X the canonical inclusion. Indeed, if j/ : X \ Y — X denotes the inclusion, we
have the distinguished triangles

1.111) (iv)«iy —id = RjLj™ 5,

Ry ;1

These imply the first isomorphism in (1.1.10) (non-canonically). The second isomorphism can
be reduced (non-canonically) to

(1.1.12) ji =DoRj. oD,

RIy —id —

since D? = id. (Some more argument is required to get the canonical isomorphisms due to the
ambiguity of mapping cones.)

Remark 1.1c. In the case #* = Qy with Y a closed analytic subset of X, we have
(1.1.13) SY(Qy)={yeY | H(S,NnY,Q) # 0},
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where S, is a sufficiently small sphere in X with center y (using a topological cone theorem
together with (1.1.11)). This may be related to the work of Milnor [Mi68] in the sentence
quoted from [Og 73] in the introduction.

Remark 1.1d. The topological cone theorem asserts a stratified homeomorphism
(1.1.14) Y N By = Cone(Y NS,).

Here S, := 0B, with B, a sufficiently small closed ball in an ambient smooth space with center ¥,
and Cone(E) for a topological space E means a topological cone, which is obtained by collapsing
Ex{0} in Ex]0,1]. Moreover the distance function J, from y on the left-hand side coincides
with the second projection on the right-hand side up to a constant multiple. (This is proved by
using the integral curves of a controlled C'* vector field £ on By, \ {y} satisfying (£, dd,) = 1.)

The topological cone theorem is rather nontrivial. It is easier to show that for a bounded
constructible complex K* € D%(X,Q), the cohomology groups H7(S, ., K|s, ) (j €Z) do not
depend on the radius ¢ of sufficiently small spheres S; . in an ambient complex manifold with
center x € X fixed. We can use for instance embedded resolutions of (X, X(*=1)) with X *)
the union of strata of dimension < k of a complex analytic Whitney stratification of X. (Here
it is easy to construct a controlled vector field using a partition of unity.) We can replace Sy .
with B, .\ By ., for 0 <&’ <e <1, where By _, is the interior of By ..

e’

Remark 1.1e. For a closed analytic subset Y C X and k € Z~(, we have by using (1.1.2)
(1.1.15) RHDq(Y) > k <= Qy € DY(X,Q)>*.

1.2. Holonomic Z-modules. Let X be a complex manifold, and Zx be the sheaf of holo-
morphic differential operators. It has the filtration F' by order of differential operators such
that the associated graded ring Grf’ @y is locally isomorphic to the polynomial ring over Oy,
and SpecanXGrfF P is naturally identified with the cotangent bundle T*X, that is, Grl 2
is identified with the direct image to X of the sheaf of holomorphic functions on T*X whose
restriction to each fiber is a polynomial.

A coherent left Zx-module .# is called holonomic if there is locally an increasing filtration
F on . such that (A4, F) is a filtered ZYx-module, F,.# = 0 for p < 0, Grf # is a coherent
Grf’ 9x-module, and Supp Grl'.# ¢ T*X has dimension dx = dim X.

We denote by My (Zx) the category of holonomic left Zx-modules. This is an abelian
subcategory of the category of left Zx-modules M(Zx), which is closed by subquotients and
extensions in M(Z2x). Moreover it is stable by the dual functor D.

Remark 1.2a. For a holonomic Zx-module .Z, let DRx (.#) be the de Rham complex shifted
by dx. It is well known that

(1.2.1) DRy (.#) € D(X,C)1.
Indeed, it is shown in [Ka74] that
(1.2.2) DR (.#) € D%(X,C)S°.

The assertion (1.2.1) follows from (1.2.2) using (1.1.8), since it is well known that the de Rham
functor DRx is compatible with the dual functor D (see [Sa88, Prop.2.4.12] for the filtered
case).

As a corollary of (1.2.1), we get the functorial isomorphisms
(1.2.3) DRy o7 =P#7DRx  (jE€Z),

where P7#* is the cohomological functor associated with the t-structure on D%(X,C) which is
constructed in [BBD 82].
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Remark 1.2b. In the case .# is a regular holonomic ZPx-module, it is also possible to prove
(1.2.1) by induction on d=dim Supp .# using [De 70]. Here the regular holonomic Z-modules
can be defined by induction on dim Supp .# using [De 70], see [Sa 22].

1.3. Algebraic local cohomology. Let X be a complex manifold with Y C X a closed analytic
subset. The algebraic local cohomology jﬁ{,],/// for an Ox-module .# is defined by

(1.3.1) A M = lin Extl, (Ox| I, M)  (JEL),
k

with #y C Ox the ideal of Y, see [Gr68]. This can be extended to the case of a Zx-module .#
using an injective resolution of .# as Px-modules, since

(1.3.2) Home, (Ox | IE, ) = 0+,

with right-hand side the subsheaf of .# annihilated by 4§ (and 9,, % C #F~! with z; local
coordinates), see also [Ka78]. Recall that an injective Zx-module is an injective &x-module,
since Px is flat over Ox.

It is known that the %’ﬁ/]/fl are holonomic if so is .# (where regularity is not assumed), see
[Ka78]. Here b-functions in a generalized sense are used.

Remark 1.3a. We can define also RI'jy] by replacing é"a:t?ﬁx (Ox ) IE, ) in (1.3.1) with
%Omﬁx(ﬁx/ij’ j.)v

where _#* is an injective resolution of .#. It is well known (see for instance [Me 77]) that
(1.3.3) DRxRI'y)0x = RI'yDRx Oy,

as a consequence of [AtHo 55, Lem. 17] (applied to an embedded resolution), see also [Gr 66,
Thm. 2]. This is closely related to regularity (although the equivalence of categories is not
needed for our purpose).

Remark 1.3b. For the calculation of the local cohomology, we have locally a Cech-type complex
associated with local generators g; (j € J) of the ideal of Y and defined by using the %”[9“ 7]
(J' C J). Here Z; := UjeJ/ Z; with Z; C X the hypersurface defined by g;, and %ﬂ[())(\zﬂ] is the
localization along Zj/, see [Ei05, Thm. A1.3] for stalks. This can be applied to the proof of the
commutativity of the local cohomology with the direct image of Z-modules by an embedded
resolution of Y, see [Sa 22]. Using this argument, we can prove also the holonomicity of the local
cohomology in the structure sheaf case by reducing to the normal crossing divisor case.

1.4. Local cohomological dimension. For a closed subvariety Y of a smooth variety X over
a field k, the local cohomological dimension ([Og73]) is defined by

(1.4.1) led(X,Y) := max{j € Z | #4(F) # 0 (3.F quasicoherent)}.

Here it is enough to consider the case # = Ox. Indeed, the assertion is essentially local, and
we may assume X = Spec A, where a quasicoherent sheaf .# corresponds to an A-module M.
Since the local cohomology commutes with inductive limit, and any A-module is the inductive
limit (or union) of its finite A-submodules, it is enough to consider the case of coherent sheaves.

Let Z°* — % be a free resolution, where the Z? are free sheaves of finite length, and vanish
for p > 0. We have the spectral sequence (associated with the truncations os.)

(1.4.2) BV = SIS = ETIT

This implies that it is sufficient to consider the structure sheaf case. The above argument may
be called in [Og 73] “dévissage” (which is sometimes used in the Grothendieck school).
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Example 1.4 (with led(Y, X)=dx—1). Assume k=Q, X =A}, and Y¢:=Y®xCCC* is the
union of Y and its Galois (or complex) conjugate Y, where Y. C C* is defined by the equations

(1.4.3) i +yP+ 22 =yt =22 +iw? = 0.

This is defined over the subfield k' :=k[i] CC with i =+/—1. The Galois group Gal(k’/k) is
isomorphic to &y ={£1}. (Here one may use Weil’s theory with C the universal domain.) We
see that Y is irreducible over k, but Y/ NY¥ = {0}, hence %”de_lﬁx # 0 using the base change
by k < C. Note that Y C X is an irreducible component of a complete intersection, but not a
local complete intersection.

2. Proof of the main theorem and corollaries

In this section we prove Theorem 1 and Corollaries 3 and 6-7 using the assertions in Section 1.
2.1. Proof of Theorem 1. There are isomorphisms in D%(X,C):
DRxRI'y)0x = RI'yDRxOx = RI'yCx[dx]

(2.1.1) , .
=iyCx[dx] = Diy D(Cx[dx]) = (DCy)[~dx],

where the zero extension (iy ). is omitted to simplify the notation. Indeed, the first, the third and
fourth, and the last isomorphisms follow from (1.3.3), (1.1.10), and (1.1.9) respectively. Since
the de Rham functor DR x is faithful on holonomic Zx-modules, the assertion then follows from
(1.1.8) and (1.2.3), see also [RSW 21, Section 1.1]. This finishes the proof of Theorem 1.

2.2. Proof of Corollary 3. We have local topological triviality along each stratum S, see
[Ma12, Cor.10.6]. This implies that Y is locally homeomorphic to TsxU,, as a stratified
space. Here Ts denotes a local transversal slice to S, and Uy, C S is a small open ball around
{ys}=TsNS. Note that Qy is locally isomorphic to the pull-back of Qr, by the smooth
projection T'sxUy, — Ts. Under the pull-back by this smooth projection with relative real
dimension 2dg, the indices in the last conditions of (1.1.1-2) are shifted by dg, since p(S) in
[BBD 82, 2.1.2] is given by the real dimension of S divided by 2 up to sign, see [Di04, p.131].

The assertion then follows from Theorem 1 using condition (1.1.2), since we have the isomor-
phisms

(2.2.1) HI™H(L(Ts,y5),Q) = A, ,Qrs  (Vi€Z),

using the topological cone theorem. Indeed, (2.2.1) holds even in the case Ts={ys}, and
the reduced cohomology in (ii) vanishes for j <k—dg—2 if dg>k. This finishes the proof of
Corollary 3.

2.3. Proof of Corollary 6. We can verify that a general hyperplane section intersects any
positive-dimensional stratum S. (Indeed, it intersects the closure of S, and the intersection Y’ N .S
cannot be contained in the boundary of S using the transversality for the strata S’ C S with
dgr =dg—1, where we may assume Y is projective.) The assertion then follows from Corollary 3,
since one can get a transversal slice by intersecting general hyperplanes. This finishes the proof
of Corollary 6.

2.4. Proof of Corollary 7. By Corollary 6 it is enough to show that
(2.4.1) HI(L(Y,0)) =0 for j <k—2 <= H’(Z)/HI(P¥~1)=0 for j <k—2.

Here the cohomology groups are with Q-coefficients. We may assume that k< dy by (3). The
injectivity of the restriction morphism H7(Px~1) — HJ(Z) for j <2dz can be shown taking a
general linear subspace of P4xX 1 (that is, an intersection of general hyperplanes) which intersects
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Z transversally at smooth points, and looking at its pull-back to a desingularization of Z. (One
can also use the integration of the pull-back of a power of a Kihler form on P4x~1)

Set Y° :=Y \ {0} (with 0 the vertex of the cone Y'). This is homotopy equivalent to the link
L(Y,0), and has a structure of C*-bundle over Z. We then get the long exact sequence

(2.4.2) — H'72(Z)(-1) B3 H)(Z) - HI(Y°) — H ™Y Z)(-1) —,

where 7 is the first Chern class of the C*-bundle, see for instance [RSW 21, §1.3]. Using this,
the equivalence (2.4.1) can be verified by increasing induction on k. This finishes the proof of
Corollary 7.

Remark 2.4. In the case Z is a projective cone of a projective variety V C P4x =2, the comple-
ment Z° of the vertex 0 in Z is a line bundle over V. We then get that

(2.4.3) H)(Z)=HI(Z°) = H"*(V)(-1) (jen).
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