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Abstract

For a complex analytic function, the exceptional divisor of the jacobian blow-up is
of great importance. In this short paper, we show what a lemma from the thesis of
Lazarsfeld tells one about the structure of the projections of this exceptional divisor
into the base space.
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1 introduction

Let I be an open subset of C**! and let f : (4, 0) — (C, 0) be a nowhere locally
constant complex analytic function. Near the origin, the critical locus X f of f is
contained in the hypersurface V ( f) defined by f; we assume that I/ is chosen small
enough so that this is true throughout /. We use z := (2o, . . . , z,) for the coordinates
on C"*! and so on U.

We let w : BljsyU — U be the projection map of the blow-up of I/ along the
jacobian ideal

i :=<ﬂ g—f>
Zn

dzo

where Bl; () U € U xP".Let E = 7~ (2 f) denote the exceptional divisor, which is
purely n-dimensional. Let Wy, Wy, ..., W, denote the distinct irreducible components
of E over 0, i.e., the irreducible components W of E such that 0 € 7 (W).
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Now let us identify the &/ x P" which contains the jacobian blow-up with the
projectivized cotangent space P(T*U{). Under this identification, Bl;(r) U is equal to
the projectivized closure of the relative conormal of f, that is,

BlinU =®(T5, . U).

funsr
For 0 < k < r, we let Y} denote the irreducible analytic set 7w (Wy). Then the fact that
E is purely n-dimensional, combined with the existence of an a stratification, tells
us that Wy is equal to the closure of the conormal space of the regular part ¥? of Yy,

that is, Wy = IP’(T;‘; U). We refer to the Y as the Thom varieties of f at 0.

Clearly, the Thom varieties are important for understanding limiting relative conor-
mals and the a y condition. In addition, the result of (L& and Mebkhout 1983, Theéoréme
3.3) (which uses (Kashiwara 1978, Theorem 6.3.1)) or our generalization in (Massey
2000, Theorem 2.10) tells us that the exceptional divisor E is equal to the projectivized
characteristic cycle of the sheaf of vanishing cycles of C7, (or Zy,) along f (note that
L& and Mebkhout (1983) and Kashiwara (1978) are in the language of D-modules).
Thus, the Thom varieties are also closely related to the topology of the Milnor fibers
of f at pointsin X f.

While we prove a more general result in Theorem 2.3, a special case, Corollary 2.5,
is much easier to state. See (L& and Massey 2006, Definition 1.1) or Definition 2.4 of
this paper for the precise definition of a simple p-constant family.

Corollary Suppose that X f is smooth at 0. Then, at 0, either

(1) there is a Thom variety of f of codimension I in X f, or
(2) X f itselfis the only Thom variety, and f defines a family of isolated singularities
with constant Milnor number, that is, defines a simple ji-constant family.

So, if X f is smooth and there are any proper sub-Thom varieties in X f, then there
must be one of codimension 1. We find this somewhat surprising.

The crux of the proof of our theorem lies in a lemma from the Ph.D. thesis
(Lazarsfeld 1980) of Lazarsfeld, which we recall in the next section.

2 The Lemma and the Theorem

We now state Lazarsfeld’s lemma (Lazarsfeld 1980, Lemma 2.3), with some changes
in notation; this also appears in Lazarsfeld’s book (Lazarsfeld 2004, Example 3.3.20).

Lemma 2.1 (Lazarsfeld) Let Z be an irreducible normal variety of dimension n + 1,
and let X C Z be a subvariety which is locally defined (set-theoretically) by n +
1 — e equations. Fix an irreducible component V of X. Then, forall x € V. N X\V,

dim,, (VﬂX\Vi >e—1.

The proof of our theorem below uses the above lemma in a crucial way. Our proof
also uses our notation and results on relative polar varieties and L€ varieties (these are
the analytic sets underlying the relative polar cycles and Lé cycles) as presented in
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Massey (1995). We quickly give the definitions here. Recall that z = (zg, ..., z,) are
our coordinates on 4. The following is a combination, on the level of analytic sets, of
(Massey 1995, Definition 1.3, Definition 1.11, and Theorem 1.28 ).

Definition 2.2 Let0 <e <n + 1. Let

af 8f)
X% =V . ,
oz (816 9z,

where we mean that X ';Jrzl = U. Note that all components of X &, must have dimension
> e.

Let F; . to be the union of the irreducible components of X which are not contained
in ¥ f (and so, F = ). It is trivial that
f . = F; UL
Now let

af
e—1 ._ re
vel= Ffzﬂv(aze_l)'

It is easy to see that, for 1 < e < n, the union of the irreducible components of Y;;]
which are not contained in X f is precisely F;‘l
We define the analytic set A% fz ! to be the union of the irreducible components of

YS 1 which are contained in X f.

leen f and a point p € V(f), for a generic linear choice of coordinates (which
we still denote by z), in a neighborhood of p, for all k, I'¥ , and A’} are purely
k-dimensional (which vacuously allows for them to be empty) Thus we refer to them
as the k-dimensional relative polar and Lé varieties.

We should mention that the next theorem and its proof are closely related to (Massey
1995, Proposition 1.31). However, the hypotheses of that proposition are confusing,
the result depends on a coordinate choice, the conclusion is not as general as it could
be, and the proof omits important details.

Theorem 2.3 (Thom Going Down) Let V be an irreducible smooth component of ¥ f
at 0. Fix e < dim V. Suppose that, at 0, for all j > e, the Thom varieties of f of
dimension j, which are contained in V, are smooth. Then, at 0, one of the following
must hold:

(1) dimgV N X f\V > e — 1, that is, V intersected with the union of the other
irreducible components of X f has dimension at least e — 1, or

(2) there is a Thom variety of f of dimension e — 1 inside V, or

(3) V = X, and there are no Thom varieties of f of dimension less than e.
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Proof Throughout, we work at the origin, i.e., consider the germ of the situation at the
origin. We use our notation from Definition 2.2; however, for convenience, we write
simply X in place of X ;

We will need the characterization of L& varieties/cycles given in (Massey 1995,
Corollary 10.15), which tells us that the L& variety of dimension j is the union of the
Jj-dimensional absolute polar varieties of the Thom varieties of dimension > ;. The
reader may see (Massey 1994, Theorem 7.5) for the details. (This follows immediately
from (Massey 1994, Theorem 7.5) if one uses that the exceptional divisor E of the
jacobian blow-up is equal to the projectivized characteristic cycle of the sheaf of
vanishing cycles of Cy, along f. However, to see the result without passing through
the vanishing cycles, see (Massey 2003, Theorem 2.20 and Proposition 1.9).)

By our smoothness assumption on the Thom varieties, we may also assume that our
coordinates are chosen so that, for all Thom varieties W C V such that dim W > e,
the restriction of the maps (2o, ..., z») to W have no critical points for m < dim W,
i.e., V(zo0,...,zm) transversely intersects W for m < dim W. In terms of absolute
polar varieties (for our notation and definition, see (Massey 1994, Definition 7.1)), this
means that, for all Thom varieties W C V such that e < dim W, the absolute polar
varieties (as sets) I')' (W) are empty for m < dim W. Note that rgim Yw)=w

Note that an irreducible component of X f of dimension < e can not be an irre-
ducible component of X (its dimension is too small), but rather must be contained
in an irreducible component of F;‘}’z. However, since our coordinates are such that
F;‘z is purely e-dimensional, every component of ¥ f of dimension > e must be an
irreducible component of X. In particular, V' is an irreducible component of X.

We now apply Lazarsfeld’s Lemma. It tells us that, if 0 € V' N (Fe Uxf \V)
then either

dimgVNI%,>e—1 or dimpyVNEIf\V=e—1

__Suppose that we are not in case (1) of the theorem, i.e., suppose that dimg V' N
T f\V < e — 1. Then either dimg VOF; >e—1,0r0 ¢ Fe ,and 0 ¢ X f\V.We
claim that these correspond to cases (2) and (3) respectively.
Case 2:

Suppose that dimg V N X f\V < e —1and dimg V N F;}’z >e—1.

By (Massey 1995, Proposition 1.15), as sets,

voars,=vn |J A},
j<e—1

e

where Ajp , 1s the purely j-dimensional L€ cycle. Thus, dimg VNT Gz e~ 1 implies

that V contains an (e — 1)-dimensional irreducible component ¥ of Aef U at the origin.
By (Massey 1995, Corollary 10.15 and/or Theorem 10.18), Y is a component of an
absolute polar variety of a Thom variety 7' (which necessarily must have dimension
> e — 1) of f; however, since we are assuming that dimg V N L f\V < e — 1,
T cannot be contained in another irreducible component of X f, but rather must be
contained in V. But by our hypotheses, the Thom varieties in V of dimension > e — 1
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are smooth and have no absolute polar varieties of dimension (¢ — 1). Thus 7 must
be (e — 1)-dimensional and so Y = T, and we have the conclusion of Case 2.
Case 3:

Now suppose that 0 ¢ T" ;’z and0 ¢ X f\V.First,0 ¢ ¥ f\V immediately implies
that V = X f at the origin. As we saw in Case 2, but using that V = X f, we have

_ j
vnrs, = J A%,

j<e—1

and, as we are assuming that 0 ¢ I"A‘;cﬁz, this implies that, at the origin, A.jf-,z = ¢ for

all j <e—1.But A]f’Z includes any Thom variety of dimension j, and so there are

none for j < e — 1. Therefore, we have the conclusion of Case 3. O

We wish to consider families of singularities. The following definition is (L& and
Massey 2006, Definition 1.1).

Definition 2.4 Lets := dimg X f. Suppose we have G : U — C, the restriction to U
of a linear surjection from crtloaf q € U, we define fq := f‘G*I(G(q))'
We say that fq is a simple j-constant family at the origin if and only if there exists

such a G such that

(1) fo has an isolated critical point at the origin,

(2) X f is smooth at the origin,

(3) G|y, has aregular point at the origin,

(4) and, forall q € X f close to the origin, the Milnor number 114 ( fq) is independent
of q.

Letting e = dim V in Theorem 2.3, we obtain the corollary from the introduction:
Corollary 2.5 Suppose that X f is smooth at 0. Then, at 0, either

(1) there is a Thom variety of f of codimension I in X f, or

(2) X f itself is the only Thom variety, and f defines a family of isolated singulari-
ties with constant Milnor number, that is, a simple [1-constant family as given in
Definition 1.1 of Lé and Massey (2006).

Proof Lete = dim V in Theorem 2.3. Then we obtain essentially the whole corollary.
If ¥ f is smooth, then it is irreducible, and Case 1 from the theorem cannot occur.
Cases 2 and 3 from the theorem correspond to Cases 1 and 2, respectively, of the
corollary. The only thing that requires further proof is that Case 3 of the theorem
implies that f defines a family of isolated singularities with constant Milnor number.

However, Case 3 of Theorem 2.3 is the case where 0 ¢ I'¢ > thatis, F?)z is empty
near the origin or, with its cycle structure, is 0. Then one applies the equivalence
of Conditions 3 and 5 from Theorem 2.3 of L& and Massey (2006) to conclude that
f defines a family of isolated singularities with constant Milnor number (a simple
u-constant family). O
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We can use Theorem 2.3 to prove a version of itself which refers to super-Thom
varieties rather than sub-Thom varieties.

Theorem 2.6 (Thom Going Up) Let T be an r-dimensional Thom variety of f at 0.
Let V O T be an irreducible component of X f at 0. Then, at 0, one of the following
must hold:

() T=V,or

Q) TCVNASAV,or

(3) there exists a Thom variety T' C V of f at 0 suchthat T C 2T, or

(4) there exists a Thom variety T' CV of f at 0 suchdimT' =r + 1and T C T'.

Proof Suppose that we are not in Cases 1, 2, or 3. Then, let

x=T\|TfwulJsru | 17]|.

T T" AT

where the unions are over all Thom varieties 7’ and 7” contained in V,and 7" 2 T.
Since we are not in Cases 2 or 3, X is an open, dense subset of 7. Let x € X. Then,
x ¢ X f\V and, at x, every Thom variety 7' C V contains T and is smooth at x.
We apply Theorem 2.3 at x in place of 0. Let e be the smallest dimension of a Thom
variety T/ C V at x such that T’ properly contains T'; there is such an e since we are
notin Case 1, i.e., V itself is a Thom variety in V which properly contains 7. Then we
must be in Case 2 of Theorem 2.3, and there must be a Thom variety T of dimension
(e — 1) in V at x. But this T must contain T (by the choice of x), and we would have
a contradiction of the definition of e unless 7 does not properly contain 7. Thus we
musthave T = T atx ande = r + 1. Since this is true for x in an open, dense subset
of T, the conclusion of Case 4 follows. O

3 Examples

Example 3.1 Suppose that the irreducible components of X f at the origin are a line
L and a plane P. Is it possible that L and P are the only Thom varieties of f at 0?
The answer is “no”, and one might suspect that that is because {0} must also be a
Thom variety. However, Theorem 2.3 with e = 2 tells us that, in fact, the plane P
must contain a 1-dimensional Thom variety.

Let us look at a specific example. Let f = w? + xyz>. Then,

Xf = V(Zw, yzz, xz?, nyz) =Vw,2)UVw,y,x)=PUL.
Of course, P and L are Thom varieties, but Theorem 2.3 tells us that there must be a
1-dimensional Thom variety contained in P.

The reader is invited to calculate the blow-up of the jacobian ideal to show that the
other Thom varieties are, in fact, V (w, z, x), V(w, z, ¥) and {0}.
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Example 3.2 Ts the smoothness requirement in Theorem 2.3 and Corollary 2.5 really
necessary? Yes. Consider f = w? 4+ (x2 + y? + z2)%. Then,

Yf = V(2w, 4(x* + y2 +720)x, 4(x% + y2 + zz)y, 4(x% + y2 + ZZ)Z)
=V, x> +y*+2°).

Now V (w, x2 4+ y? + z%) is a Thom variety. However, by symmetry, there cannot be a
1-dimensional Thom variety inside V (w, x24 y2 4 zz) and yet, by direct calculation,
one can show that {0} is a Thom variety.

Thus, if X f is irreducible, but not smooth, the conclusions of Corollary 2.5 need
not hold.
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