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DETERMINATION OF BAUM-BOTT RESIDUES OF HIGHER
CODIMENSIONAL FOLIATIONS*

MAURICIO CORREAT AND FERNANDO LOURENCO?

Abstract. Let % be a singular holomorphic foliation, of codimension k, on a complex compact
manifold such that its singular set has codimension > k+ 1. In this work we determinate Baum-Bott
residues for .# with respect to homogeneous symmetric polynomials of degree k + 1. We drop the
Baum-Bott’s generic hypothesis and we show that the residues can be expressed in terms of the
Grothendieck residue of an one-dimensional foliation on a (k + 1)-dimensional disc transversal to a
(k 4+ 1)-codimensional component of the singular set of .%. Also, we show that Cenkl’s algorithm for
non-expected dimensional singularities holds dropping the Cenkl’s regularity assumption.
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1. Introduction. In [2] P. Baum and R. Bott developed a general residue theory
for singular holomorphic foliations on complex manifolds. More precisely, they proved
the following result:

THEOREM 1.1 (Baum-Bott). Let . be a holomorphic foliation of codimension k
on a complex manifold M and ¢ be a homogeneous symmetric polynomials of degree
d satisfying k < d <n. Let Z be a compact connected component of the singular set
Sing(.#). Then, there exists a homology class Res, (7, Z) € Ha(,,—q)(Z; C) such that:

i) Resy,(F,Z) depends only on ¢ and on the local behavior of the leaves of F
near 7,

it) Suppose that M is compact and denote by Res(¢,.#,7Z) := a,Resy,(F,Z),

where ., is the composition of the maps

H2(n7d) (Zv (C) Z—> H2(n7d) (Mv (C)
and
H(n—a) (M; C) = H*(M; C)

with i* is the induced map of inclusion i : Z — M and P is the Poincaré
duality. Then

e(Ng) = ZRes(g@, F, 7).
z

The computation and determination of the residues is difficult in general. If the
foliation .# has dimension one with isolated singularities , Baum and Bott in [1]
show that residues can be expressed in terms of a Grothendieck residue, i.e, for each
p € Sing(%#) we have

dzi N ---Ndzy,

T _
Resy,(F,Z) = Res, |p(JX) X, X, ,
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where X is a germ of holomorphic vector field at p tangent to # and JX is the
jacobian of X.

The subset of Sing(#) composed by analytic subsets of codimension &+ 1 will be
denoted by Sing, (%) and it is called the singular set of F with expected codimen-
sion. Baum and Bott in [2] exibes the residues for generic componentes of Singy 11 (.%).
Let us recall this result:

An irreducible component Z of Singy (%) comes endowed with a filtration. For
given point p € Z choose holomorphic vector fields vy, ...,vs defined on an open
neighborhood U, of p € M and such that for all z € U,, the germs at x of the
holomorphic vector fields vy, ...,vs are in .%, and span .%, as a O -module. Define
a subspace V,(%) C T,M by letting V,(.#) be the subspace of T, M spanned by
v1(p), ... vs(p). We have

ZW ={pez; dm(Vy(F))<n—k—i} for i=1,...,n—k.
Then,
7270573 5.0 gk

is a filtration of Z. Now, consider a symmetric homogeneous polynomial ¢ of degree
k+1. Let Z C Sing,,,(#) be an irreducible component. Take a generic point
p € Z such that p is a point where Z is smooth and disjoint from the other singular
components. Now, consider B, a ball centered at p, of dimension £ + 1 sufficiently
small and transversal to Z in p. In [2, Theorem 3, pg 285] Baum and Bott proved
under the following generic assumption

cod(Z)=k+1 and cod(Z?)<k+1
that we have
Res(ﬁ, 2) Z) = Resw(y|3p;p)[z]7

where Res, (7|, ; p) represents the Grothendieck residue at p of the one dimensional
foliation .%|p, on B, and [Z] denotes the integration current associated to Z.

In [5] and [8] the authors determine the residue Res(.#, ¢i*1; Z), but even in this
case they do not show that we can calculate these residues in terms of the Grothendieck
residue of a foliation on a transversal disc. In [15] Vishik proved the same result under
the Baum-Bott’s generic hypotheses but supposing that the foliation has locally free
tangent sheaf. In [3] F. Bracci and T. Suwa study the behavior of the Baum-Bott
residues under smooth deformations, providing an effective way of computing residues.

In this work we drop the Baum-Bott’s generic hypotheses and we prove the fol-
lowing:

THEOREM 1.2. Let .% be a singular holomorphic foliation of codimension k on a
compact complex manifold M such that cod(Sing(%#)) > k+ 1. Then,

Res(F,¢; Z) = Res,(F B, p)[Z],

where Res, (|, ; p) represents the Grothendieck residue at p of the one dimensional
foliation F|p, on a (k + 1)-dimensional transversal ball B,.

Finally, in the last section we apply Cenkl’s algorithm for non-expected di-
mensional singularities [7]. Moreover, we drop Cenkl’s regularity hypothesis and
we conclude that it is possible to calculate the residues for foliations whenever
cod(Sing(:#)) > k+ s, with s > 1.
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2. Holomorphic foliations. Denote by © s the tangent sheaf of M. A foliation
Z of codimension k on an n-dimensional complex manifold M is given by a exact
sequence of coherent sheaves

0—T% — Oy — Ng — 0,

such that [T.%,T.%] C T.% and the normal sheaf Nz of .7 is a torsion free sheaf of

rank £ < n — 1. The sheaf 7.7 is called the tangent sheaf of .#. The singular set of

Z is defined by Sing(%#) := Sing(N.#). The dimension of .% is dim(.#) = n — k.
Also, a foliation .#, of codimension k, can be induced by a exact sequence

0— NY%Y — Qi — Qz — 0,

where Qg is a torsion free sheaf of rank n — k. Moreover, the singular set of .7 is
Sing(Q). Now, by taking the wedge product of the map N% — Q}, we get a
morphism

/k\N} — Qk,
and twisting by (A" N2 )Y = det(Ng) we obtain a morphism
w: Oy — QF @ det(Ng).
Therefore, a foliation is induced by a twisted holomorphic k-form
we (X, 0k @ det(Nz))

which is locally decomposable outside the singular set of .%. That is, by the classical
Frobenius Theorem for each point p € X \ Sing(%#) there exists a neighbourhood U
and holomorphics 1-forms wy, ..., wg € HO(U, Q,lj) such that

wly = w1 A Awg
and
dw; Nwi A---ANwp =0

foralli=1,...,k.

3. Proof of the Theorem. Given a multi-index a = (a1, ..., ax) with a; >0
for j = 1,...,k, consider the homogeneous symmetric polynomial of degree k + 1,
p=c'cy? - cp® such that lag +2as + -+ + kag, =k + 1.

Let us consider the twisted k-form w € HY(M,Q%, @ det(Nz)) induced by .Z.
Denote by Singg11(#) the union of the irreducible components of Sing(%#) of pure

codimension k + 1. Consider an open subset U C M \ Sing(.%#). Thus, the form
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w|y is decomposable and integrable. That is, w|y is given by a product of k 1-forms
w1 A+ Awg. Then, it is possible to find a matrix of (1,0)-forms (6;,) such that

k
Owy =Y O Aws, Dy =0, ¥V I=1,... .k
s=1
We have that wq,...,ws is a local frame for NL}|U and the identity above induces on

U the Bott partial connection
V:C®NZly) = C((TF ©TM)® Nz|v)

defined by

Vo(w) = iy(0wy), Vi (wr) = iu(0w;) =0,

where v € C*(T' Z|y) and u € C°(TM|y) which can be extended to a connection
D*: C*(N%|y) = C*(TM*@®TM)® N%|v) in the following way

k
sz 7(0f,))ws,  Di(wi) = iu(Ow;) =0
s=1

where v € C*°(TM|y) and u € C*®(TM|y) and 7 : TM*|y — N |y is the natural
projection. Let 8* be the matrix of the connection D*, then 6 := [—6*]" is the matrix
of the induced connection D with respect to the frame {wy,...,wi}.

Let K be the curvature of the connection D of Ng on M \ Sing(.%). It follows
from Bott’s vanishing Theorem [13, Theorem 9.11, pg 76] that ¢(K) =0 . Let V be
a small neighborhood of Sing; , ;(.%#). We regularize § and K on V , i.e. we choose a
matrix of smooth forms 6 and K coinciding with § and K outside of V', respectively.
By hypothesis dim(Sing(.%)) < n — k — 1 we conclude by a dimensional reason that,
for deg(¢) = k+1, only the components of dimension n—k —1 of Sing(.%#) play a role.
In fact, since Res,(#, Z) € Hy(n——1)(Z, C), components of dimension smaller than
n — k — 1 contribute nothing. This means that cp(lA() localizes on Singy11(%). Then,

go(l?) has compact support on V', where V' is a small neighborhood of Sing, ,, (%).
That is,

Supp(p(K)) C V.

Then

K) = Ni(y)Zi]

where Z; is an irreducible component of Sing x4+1(.%) and A;(¢) € C. On the other
hand, we have that

= ZRes(w, F.,Z;) = Z Ai(p)|Z
Z; Zi

We will show that A;(¢) = Ai(), for all i. In particular, this implies that o(K) =
©(Ng). Thereafter, we will determinate the numbers A;(y).
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Consider the unique complete polarization of the polynomial ¢, denoted by ¢.
That is, ¢ is a symmetric k-linear function such that

1 k+1 . . 1 k+1 N
() #EenB= (o) #lB)

Take a generic point p € Z;, that is, p is a point where Z; is smooth and dis-
joint from the other components. Let us consider L C M a (k + 1)-ball intersecting
transversally Singy1(%#) at a single point p € Z; and non intersecting other compo-
nent. Define

BB(F,9; 7:) = (?)W | #(&). (1)

2mi
Then \;(p) = BB(.Z,¢; Z;). In fact

~

k+1 N N N
BB(F.¢: 2,) - (—) [ #(B) = LN 6B = LN (2] = K(e)

since [L] N [Z;] =1 and [L]N[Z;] = 0 for all ¢ # j. For each j = 1,...,k, define the
polynomial

0i(0,K):=3(0,-2070,...,—2070.K,....K).

~—
j—1 k—j

Now, we consider the (2k + 1)- form

0, K) fki:l(_l)j (k—1)! R
- _j:() 2‘j(k_j—1)!(k+j)!wj+l ) .

It follows from [15, Lemma 2.3, pg 5] that on X \ Singxy1(:#) we have

d((pa(é\v l?)) = (p(l?)

Consider ¢ : B — M an embedding transversal to Z; on p as above, i.e, i(B) = L. We
have then an one-dimensional foliation .|, = i*.# on B singular only on i~!(p) = 0.
We have that

So=spEaz)= () [eR=(5) [ech

Now, by Stokes’s theorem we obtain
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Firstly, it follows from [15, Lemma 4.6] that

R 1\ ke L
Aip) = () / ©0a(1"0,i"K) = Res,(1".%;0) (2)
2me 9B
Now, we will adopt the Baum and Bott construction [2]. Denote by Aps the sheaf of
germs of real-analytic functions on M. Consider on M a locally free resolution of N
0—=& =& _1—- =& = Nz Ay — 0.

Let Dy, Dy_1,...,Dg be connections for £;,&_1,...,&y, respectively. Set the cur-
vature of D; by K; = K(D;). By using Baum-Bott notation [2, pg 297] we have
that

P(Kq|Kq-1] - |Ko) = ¢(Nz).
Consider on V' a locally free resolution of the tangent sheaf of .#:
08 > &-1— =& >TFQAy — 0. (3)
Combining this sequence with the sequence
0=-TFRAy =TV - Ng® Ay — 0.
We get
08 —>&-1— =& TV —->Ng® Ay — 0. (4)
Pulling back the sequence (3) by i : B — V we obtain an exact sequence on B:
0" i1 — - =" =" (TF R Ay) = 0. (5)

Since B is a small ball we have the splitting i*T'V = T'B® Np|y, where Np|y denotes
its normal bundle. We consider the projection & : i*TV — T'B and we map ¢*TV to
Ni*y via

TV 5 TB — Ni-»
which give us an exact sequence
0—=i*(TF @Ay) = i*TV = Npxg @ A — 0. (6)
Now, combining the exact sequences (5) and (6) we obtain an exact sequence
0—=i"8 i1 — - =" = "TV = Niwg @ Ap — 0.

Let Dy, Dg—1,...,Dq be connections for £;,&;—1,...,&1, TV, respectively. Observe
that

T o(KglKgal- -+ [Ko) = o(i" Kqli* Kqa| - - - [i"Ko) = p(Ni- 7).
Finally, it follows from [2, Lemma 7.16 ]

1 k+1
%) /ng(i*Kq'i*Kq—ﬂ - |i"Ko)

1 k+1
~(55) et 5o

Res, (i"#;0) = (
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and [2, 9.12, pg 326] that

1

k+1
Res, (" 730) = (51 ) [ PelBlE ] Ko = N(el ()

Thus, we conclude from (2) and (7) that A;(¢) = A;(¢), for all 4. This implies
that o(K) = ¢(Nz). R
Now, we will determinate the numbers \;(¢). Let X = Zkii X;0/0z; be a vector

T

field inducing i*.# on B and J(X) denotes the Jacobian of X. Let w be the 1-form
on B\ {0} such that ix(w) = 1. It follows from [15, Corollary 4.7] that

Sl = (%f | eatinioR) - (%f [ wn@ate-ac0),

A. _ L o _ k+1 ) k
mo)—( ) | 1M n @t e

21

By using Martinelli’s formula [9, pg. 655] we have

dzy A - Ndzg4
Xl"'Xk+1

k+1
lp) = (i) [ (F1Fen@w)a06) = Reso (%)

21

Therefore,

~

Ai(p) = Resy,(i".%;0) = Resy (F| 15 p),

where Res,(.-#|r;p) represents the Grothendieck residue at p of the one dimensional
foliation .Z |1, on a (k 4 1)-dimensional transversal ball L.

4. Examples. In the next examples, with a slight abuse of notation, we write
Res(7, 93 Zi) = Nip).-

EXAMPLE 4.1. Let .% be the logarithmic foliation on P2 induced, locally in
(C3, (,y, 2)) by the polynomial 1-form
w = yzdx + xzdy + rydz.

In this chart, the singular set of w is the union of the lines Z; = {z =y =0}; Zy =
{r =2=0} and Z3 = {y = z = 0}. We have Res(F,c%;Z;) = Res.2(¥;pi),
where ¢ is a foliation on D; with D; a 2-disc cutting transversally Z;. Consider
Dy = {||(z,y)|| <1, z =1} then, we have

0 0
w|p, =t w1 =ydr +xdy with dual vector field X; =2——y—.
Ox Jy

Then, D1 N Zy = {p1 = (0,0,1)}. Now, a straightforward calculation shows that

1 0
D)
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Thus,

A1 (p)
det(JX1 (pl))

The same holds for Z5 and Z3. The foliation % is induced, in homogeneous coordi-
nates [X,Y, Z,T], by the form

w=YZTdX + XZTdY + XYTdZ —3XY ZdT.

Res.2(¥:p1) =

The singular set of .% is the union of the lines 7y, Zs, Z3, and

Zy={T=X=0}, Zs={T=Y =0} and Zs ={T =X =0}.
For Zy = {X =T = 0} we can consider the local chart U, = {Y = 1}. Then, we
have,

wy = Wy, = ztdx + wtdz — 3wzdt.

Take a 2-disc transversal Dy = {||(z,t)|| < 1, z = 1}.

. 0 0
wy := wy|p, = tdx — 3xzdt  with dual vector field X, = 3$£ — ta.
Thus, Z, N Dy = {(0,1,0) =: ps} and

-3 0

J X (pa) = ( 0 _1)

JX 16
AA(JX2) (p4) —. An analogous calculation shows that

Therefi R % —
erefore, Res 2 (¥;pa) = det(JXg)(p4) 3

16
Resc2 (95ps) = Rescz (95p6) = -

Now, we will verify the formula
c}(Nz) ZRGS/ 1 7)) Zi).

On the one hand, Since det(N.g) = Ops(4), then
c}(Nz) = ci(det(Nz)) = 16h?,

where h represents the hyperplane class. On the other hand, by the above calculations
and since [Z;] = h?, for all i, we have

16 16

3

The following example is due to D. Cerveau and A. Lins Neto, see [6]. It originates
from the so-called exceptional component of the space of codimension one holomorphic
foliations of degree 2 of P". We can simplify the computation as done by M. Soares

n [12].

EXAMPLE 4.2. Consider .% be a holomorphic foliation of codimension one on P3,
given locally by the 1-form

w = 2(2y* — 32)dx + 2(32 — xy)dy — (zy* — 227 + yz)dz.

The singular set of this foliation has one connect component, denoted by Z, with
3 irreducible components, given by:
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1) the twisted cubic I':  y+— (2/3y2,y,2/9y%),
2) the quadric Q: y+—— (y?/2,9,0),
3) theline L: y+— (0,y,0).

We consider a transversal 2-disc D C {y = 1} and we take the restriction of .# on
the afine open {y = 1}. We have an one-dimensional holomorphic foliation, denoted
by ¢, given by the 1-form on H

0= (22 — 3z2)dr + (22* —x — 2)dz
with dual vector field

0 0
_ 2 _ . _ —
X =(2z°-z 2)8:1: + ( 22—1—3:102)82.

The singular set of ¢4 is given by

Sing(X) = {pl =(2/3,1,2/9);p2 = (1/2,1,0); p3 = (0, 1,0)}.
We know how to calculate the Grothendieck residue of the foliation ¥:

L dlJX(m) 25
ReScf(gJ?l) = m =5

L A4UX(pe) L
RGSC%(g,pg) = det(JX(pQQ)) = _57

oy d(JX(ps) 9
Resc2 (9:ps) = m =5

Now, we will verify the formula
G(N7) = Res(#, ¢ D[] + Res(F, ¢ Q)[Q] + Res(, & L)[L]
On the one hand, Since det(N.g) = Op3(4), then
l(Nz) = ¢i(det(Nz)) = 16h%,

where h represents the hyperplane class. On the other hand, by the above calculations
and using that [['] = 3h% | [Q] = 2h? and [L] = h we have

25 9

;Res(y, 2 712, = 2] - 2] = 2[3n7) - %[2112] + 21 = 168

ExaMpLE 4.3. Let f : M --» N be a dominant meromorphic map such that
dim(N) = k 4+ 1 and ¢ is an one-dimensional foliation on N with isolated singular
set Sing(¥). Suppose that f : M --+ N is a submersion outside its indeterminacy
locus Ind(f). Then, the induced foliation .# = f*¢ on M has codimension k and
Sing(Z) = f~1(Sing(4)) U Ind(f). If Ind(f) has codimension > k + 1, we conclude



536 M. CORREA AND F. LOURENCO

that cod(Sing(#)) > k+ 1. If ¢ € f~'(p) C M is a regular point of the map
f:M --s N, then

Res(f*Y,; f~'(p)) = Resy (45 p)[f (p)],

where Res,(¥;p) represents the Grothendieck residue at p € Sing(¥). In fact, there
exist open sets U C M and V C N, with ¢ € f~'(p) C U and p € V, such that
U=~ f~1(p) x V. Now, if we take a (k + 1)-ball B in V then by theorem 1.2 we have

Res(f*9,¢; f ' (p)) = Resy(Z]5;p)[f ' (p)] = Resy,(4];p)[f " (p)]-

For instance, if f : P* --» (P*¥*! &) is a rational linear projection and ¢ is an
one-dimensional foliation with isolated singularities. Since Ind(f) = P**!  then
cod(Sing(f *¥)) = k + 1. Therefore

Res(f*9,; f7'(p)) = Res(f*¥, p; P*1!) = Res, (¢; p)[PFH].

5. Cenkl algorithm for singularities with non-expected dimension . In
[7] Cenkl provided an algorithm to determinate residues for non-expected dimensional
singularities, under a certain regularity condition on the singular set of the foliation.
We observe that this condition is not necessary. In fact, Cenkl ’s conditions are the
following:

Suppose that the singular set S := Sing(.%#) of .# has pure codimension k + s,
with s > 1, and

(i) cod(S) > 4.

(ii) there exists a closed subset W C M such that S C W with the property

H/ (W,Z) ~H/ (W \ S,Z), j=1,2.

Denote by M’ = M \ S, Cenkl show that under the above condition the line bundle
AF(Ng|Y;) on M’ can be extended a line bundle on M. We observe that there always
exists a line bundle det(Ng)Y = [AF(N#)Y]VY on M which extends A*(Ng|Y,,), since
Nz is a torsion free sheaf and S = Sing(N.z). See, for example [11, Proposition 5.6.10
and Proposition 5.6.12 ]. Now, consider the vector bundle

Eg =det(Ng)" & det(Ng)".

Observe that Eg |y = A*(Ng|Y) & A¥(Ng|Y,). Thus, we conclude that Lemma 1
in [7] holds in general:

LEMMA 5.1. Consider the projective bundle m : P(Eg) — M. Then there exist a
holomorphic foliation . on P(Ez) with singular set Sing(.%#,) = 7~ 1(S) such that

dim(%#;) = dim(.#) and dim(Sing(:#;)) = dim(S) + 1.

We succeeded in replacing the compact manifold M with a foliation % and the
singular set S such that dim(.%)—dim(Sing(.#)) = n—s by another compact manifold
P(E#) and a foliation %, with singular set dim(.%#,) — dim(Sing(%#,)) =n —s— 1.
If this procedure is repeated (n — s — 1)-times we end up with a compact complex
analytic manifold with a holomorphic foliation whose singular set is a subvariety of
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complex dimension one less than the leaf dimension of the foliation. That is, we have
a tower of foliated manifolds

Tn—s—1 T2 =T

(Pn—s—layn_s_l)H(Pn—s—27yn_s_2)%"'%(Pluyl)%(Mﬂg)

where (P;, %) is such that P, = P(Ez:-1) and (P, ') = (P(Eg), %.). Thus,
by Lemma 5.1 we conclude that on P,_,_; we have a foliations .#" 5! such that
Sing(F"*"1) = (mp_s_10---omgom) *(S) and

dim(Sing(Z" 1)) = dim(F"571) — 1.

That is, cod(Sing(:Z" 1)) = cod(F"~*71) + 1.

On the one hand, we can apply the Theorem 1.2 to determinate the residues
of .#7=%=1 On the other hand, Cenkl show that we can calculate the residue
Res,(F1,Z1) in terms of the residue Res,(.#,Z) for symmetric polynomial ¢ of

degree k + 1.

Let us recall the Cenkl’s construction:

Let 01, ..., 04 be the elementary symmetric functions in the n variables z1,..., z,
and let p1,...,pr be the elementary symmetric functions in the n 4 1 variables

21, Zn,y. It follows from [7, Corollary, pg 21] that for any polynomial ¢, of
degree ¢, can be associated a polynomial ¢ of degree ¢ + 1 such that

/l/}(pl""’pe):¢(0.17""O.e)y+¢0(o.l""7U£)+Z¢j(al7""ae)'yj7

Jj=2

where ¢° has degree £ + 1 and ¢’ has degree £ — j + 1.

Let T'p/pr be the tangent bundle associated the one-dimensional foliation induced
by the P!-fibration (P, .%,) — (M, .%).

Therefore, it follows from Lemma 5.1, Cenkl’s construction [7, Theorem 1] and
Theorem 1.2 the following :

THEOREM 5.2. Suppose that cod(Sing(F)) > cod(F)+2. If ¢ is a homogeneous
symmetric polynomials of degree cod(F) + 1, then

Resy (7| 5,:p)[Z1]
= T Resy(F, Z) N er(Tpnr) + ™ (¢°(Nz)) + ZW*(W (Nz))N CI(TP/M)ja

Jj=2

where Resy, (91|Bp;p) represents the Grothendieck residue at p of the one dimensional
foliation F'|, on a (k+ 1)-dimensional transversal ball B,,.

We believe that this algorithm can be adapted to the context of residues for flags
of foliations [4].

REFERENCES

[1] P. BauMm AND R. BoTT, On the zeros of meromorphic vector fields, Essay on Topology and
Related Topics, Spring-Verlag, New York, 1970, pp. 29-47.

(2] P. BauM AND R. BoTT, Singularities of holomorphic foliations, J. Differential Geom., 7 (1972),
pp. 279-342.

(3] F. Bracct AND T. Suwa, Perturbation of Baum-Bott residues, Asian J. Math., 19:5 (2015),
pp. 871-886



538

M. CORREA AND F. LOURENCO

J-P. BRASSELET, M. CORREA AND F. LOURENCO, Residues for flags of holomorphic foliations,
Advances in Mathematics, 320:7 (2017), pp. 1158-1184.

M. BRUNELLA AND C. PERRONE, FEzceptional singularities of codimension one holomorphic
foliations, Publicacions Matematiques, 55 (2011), pp. 295-312.

D. CERVEAU AND A. LINS NETO, Irreducible components of the space of holomorphic foliations
of degree two in CP(n) , Ann. Math., 143 (1996), pp. 577-612.

B. CENKL, Residues of singularities of holomorphic foliations, J. of Differential Geometry, 13
(1978), pp. 11-23.

M. CORREA AND A. FERNANDEZ-PEREZ, Absolutely k-convexr domains and holomorphic foli-
ations on homogeneous manifolds, Journal of the Mathematical Society of Japan, 69:3
(2017), pp. 1235-1246.

P. GRIFFITHS AND J. HARRIS, Principles of algebraic geometry, Wiley, 1978.

J-P. JouaNoLou, Equations de Pfaff algébriques, 1979 Lecture Notes in Mathematics, 708.
Springer-Verlag, Berlin.

S. KoBAYASHI, Differential geometry of complex vector bundles, Princeton Univ. Press, 1987.

M. SOARES, Holomorphic foliations and characteristic numbers, Comm. Contemporary Maths.,
7:5 (2005), pp. 583-596.

T. Suwa, Indices of Vector Fields and Residues of Singular Holomorphic Foliations, Actualités
Mathématiques, Hermann, Paris 1998.

T. SuwA, Residues of Complex analytic Foliations Singularities, J. Math. Soc. Japan., 36
(1984), pp. 37-45.

M. S. VISHIK, Singularities of analytic foliations and characteristic classes, Functional Anal.
Appl., 7 (1973), pp. 1-15.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 100
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 100
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


