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1. Introduction. Let w be a closed two-form on a smooth manifold M. Most of inter-
esting singular symplectic structures on M are given in the form of pull-back w = ¢*wq
by a smooth map ¢ : M — R?" from a symplectic structure wy on R*" [7,9,5,6]. The
natural structure group of such singular symplectic manifolds is defined by integration of
¢—liftable Hamiltonian vector fields on (R?",wy). Action of this group on the space of
Lagrangian varieties in (R?", wy) provides the classification of maximal isotropic varieties
in pulled-back singular symplectic structure. Hence there is a natural question to ask:
How does the local intersection data determine the orbits of the group of symplectomor-
phisms preserving singular values of ¢ and acting on the space of Lagrangian germs?
This question may be reformulated as a generalization of the classical problem: Under
which conditions the two Lagrangian germs are equivalent? In this paper we attempt
to answer this question imposing the genericity conditions on the classified symplectic
objects and assuming the set of critical values of ¢ is a smooth surface in R?™. Another
motivation to our study comes from the theory of symplectic triads [1, 10] and its general-
ization. However the local invariants considered in this paper do appear as the classified
not necessary typical common positions of the considered two surfaces. Our aim is to
construct all these invariants through the technique of finding the corresponding local
normal forms. In Section 2 we classify the germs of generic pairs (H, L;p), where H is a
hypersurface in R?" and L is a Lagrangian submanifold in (R?",wg). Then in Section 3
we consider the slightly different case if H is any coisotropic submanifold of (R*",wy). It
is known that even-dimensional submanifolds in general position in the symplectic space
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are symplectic. In Section 4 we find the normal forms of pairs (H, L; p) provided H is
symplectic and H and L are in the transversal and nontransversal positions.

2. H-relative Lagrangian submanifolds. Let (M,wq) be a symplectic manifold,
wp be in the Darboux form. Let H C M be a smooth hypersurface in M. By (H;p) we
denote the germ of H at p.

DEFINITION 1. A pair of germs (H, L;p), where (L;p) is a germ of a Lagrangian
submanifold, is called an H -relative Lagrangian submanifold of M.

THEOREM 1. If L is transversal to H at p € LN H then the pair (H, L; p) is symplec-
tically equivalent to the following one

({(z,y) € R* 121 =0}, {(z,y) €ER*™:y; =0 fori=1,...,n};0).

Any two H-relative Lagrangian submanifolds which are transversal to H are H -relative
symplectically equivalent, i.e. there exists a symplectomorphism ® which preserves a hy-
persurface H and maps one Lagrangian manifold into the other.

Proof. It is easy to see that H is symplectically equivalent to
{(z,y) € R*" 121 =0} .

L is H-relative symplectically equivalent to a Lagrangian submanifold generated by a
function

S:R">zxw— S(z) €R,
because L is transversal to H. A symplectomorphism
¢(x,y) = (z,y — grad 5)
maps L into ({(x,y) €ER™:y;=0fori= 1,...,n} ;0). =
It is easy to prove the following lemma.

LEMMA 2. If L is not transversal to H at p € H N L then the pair (H,L;p) is
symplectically equivalent to
(H07L0;0) = ({(xay) € R2n x = 0} )
{(z,y) € R*" : 2; = —0S/dy; fori=1,...,n};0)
where S is a function-germ such that
(1) d(08/0y1)lo = 0.

Proof. Tt is clear that H is symplectically equivalent to Hy = {(z,y) : 1 = 0} and
L may be simultaneously turned into

Lo = {(z,y) : 2y = —=08/0y1(yr,xs), ys = 0S/0x;(y1,2)},

where IUJ ={1,...,n}, INJ =10, 1 €I ([3]). Then by the symplectomorphic change
of variables

\I’(xlaxJ7yIayJ) = (x17_yJayI7IJ)a

we get the desired formula. m
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Now we need the group Gy of germs of symplectomorphisms which preserve the
fibration (z,y) — y and the hypersurface H = {(x,y) ER™M: 1z = 0} for the repre-
sentation of (H,L;p). Every element ® of this group can be defined as a lifting of a
diffeomorphism ¢ : R" 3 y — ¢(y) € R™ which preserve the fibration over (ya,...,¥yn),
ie.y = (y1,¥2,--,Yn) — G = (Y2,...,yn) with adding the gradient of a function f which
depends on ¥

O(z,y) = ((67) " (W)x + df (7), 6(y))-

Using the action of the group Gy on the Lagrangian germs we obtain the following result.

THEOREM 3. A generic pair (H, L;p) such that H is not transversal to L at p is
symplectically equivalent to the pair (Hy, Lo;0) obtained in Lemma 2, where

k—2 n
(2) S)=xyf +> w4 (9as- s ue—2) £ > vD)un

i=2 i=k—1
provided k = dimg &, /A(S(y1,0)) + 1 <n+2, wheregem?, . \md . and
my, . . ., denotes the mazimal ideal of the ring of smooth function-germs £y, .. 4. _,

Proof. S is a deformation of the function R > y; — S(y1,0) € R which satisfies (1).
Therefore S is equivalent to the pull-back of the universal deformation of +y¥ ([3,8]):

k
S) = £y + > dilyas- oyt
=2
where ¢j,_; € m2. By the symplectomorphism

®(x,y) = (v,y — grad(¢r))

we reduce S to the form

k—1
S) = *yf + > Giya, -yt
=2

We may assume that (¢o,. .., ¢r_2) is a submersion and
2 3
¢k—1(07 Yk—1y--- 7yn) € mykfh...,yn \ mykq,---,yn’

because (H, L;0) is generic. Therefore S is equivalent to the germ

k—2
S(y) =yt + > _ vk + Y2, Yn)y1,
i=2
where ¢ is deformation of a Morse function-germ ¢(0, yx_1, - - -, ¥Yn ). Therefore by a lifting

of a diffeomorphism of the form ¥(y) = (y1,-.-,Yr—2,?(Y2,---,Yn)), we obtain (2). m
EXAMPLE 1. Let n = 3, then we have
S(y1:92,y3) = yi +y3y1 (simple),

S(y1,y2,y3) = £yt + 205 + (9(y2) £y3)y1, g € m?,
S(y1,y2,Y3) =y + 247 + ysyi + 9(y2,y3)y1, g € m*.
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COROLLARY 4. If k > n + 2 then the normal form of S under natural genericity
conditions may be written in the following way

= T PO oV N (7)1 SR S (7) [ S U (/)
where {i1, ... i1} ={2,...,n}, {1, Ji, 815,80} ={2,...,k—2}, ¢s, € m, 1) € m?.
Remark 1. All simple cases for n = 2 are classified by Ag-singularities

Aimy: S(yr,y) = yf £ybyr, 1> 2.

3. Coisotropic pairs. Now we slightly generalize the notion of a pair (H, L; p) taking
instead of a hypersurface H any coisotropic submanifold, say V. In the generic transversal
case we have

PROPOSITION 5. Let V2"F be a coisotropic submanifold of M, let L be a Lagrangian
submanifold of M and p € VN L. If L is transversal to V at p, then the pair (V, L;p) is
symplectically equivalent to

(Vo, Lo; 0) = ({(x,y) ER™ iz =...=uxy :0},{(x,y) ER iy =...=y, =0};0).
Proof. We use the same method as in the proof of Theorem 1. m

LEMMA 6. If L is not transversal to V' at p then the pair (V, L;p) is symplectically
equivalent to

(Vo,L0;0) = ({(z,y) € R*" 1y = ... = m;, = 0},
{(z,y) € R*™ : 2; = —05/0y;(y) fori=1,...,n};0),
where S is a function-germ such that the rank at 0 of the derivative of the mapping
R" 2y (=05/0y1(y),...,—05/0yk(y))
s not mazimal.
Proof. If L is transversal at 0 to the submanifold
{(z,9) e R*" :yn = ... = yp = 0}

then we can find the generating function S, which depends on (z7,y;), where I U J =
{1,2,...,n}, INJ =0, such that

(3) {1,...,k} CJ
and the rank at 0 of the derivative of the mapping
R" > (zr,y7) = (=0S/0y1(zr1,91), - -, —0S/Oyr(21,97))-

is not maximal. Otherwise L is generated by a function ' which depends on (z,y) such
that condition (3) is not satisfied. Let I; = IN{1,...,k} and I, = I\ {1,...,k}. We can
find F such that the rank at 0 of the derivative of the mapping

R s ;s OF /0y, (21,,0) € R
is 0. By a symplectomorphism

Cp(xayImyIzvyJ) = (xayh - xlpylzayJ)a
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which preserves Vj, we get transversality of L to {(w, YERM iy =...=y, = O} at 0.
Finally we use a symplectomorphism

\I](xJumfvthyl) = (xJa_ylayJaxI)a
which completes the proof. =

Now we use the group of germs of symplectomorphisms which preserve the fibration
(z,y) — y and the submanifold Vj. This approach leads to the classification of families
of functions of k variables.

THEOREM 7. If V2"~F is not transversal to L at p then the generic pair (V2"=F L;p)
is symplectically equivalent to the pair

({(z,y) R 12y = ... =2, =0}, L; 0),
where Lg is generated by the function
p—1—1 l
SW) = FWr v+ D iUkt Ui k) + Y i Whtts Y)Y,
i=1 i=1

p=dimpg(Ey, ...y /(OF /Oyr, ..., 0f [Oyr)) < 00, pi €MZ 1 Pui—1s YLs s Ul
generate my, . modulo (Of/Oy1,...,0f/0yx) and

rank Do (¢1,...,¢) < L.

4. Equivalence of Lagrangian submanifolds in the presence of a generic
even-dimensional submanifold. First we formulate the result on the normal form of
a symplectic surface in (M, wp).

LeEmMMA 8. If X2"=K) s o symplectic submanifold of (M,wo) then at each point
p € X2("=F) the germ (X2("_k);p) s symplectically equivalent to

(X0;0) = ({(m,y) ER™:z;=y; =0 fori= 1,...,k’} ;0).
Proof. By induction using the Moser method and the procedure described in [4]. =

Let us consider a symplectic pair (X 2(”*’“),L;O). First we consider the transversal
case. Since L is transversal to the submanifold

{(z,y) e R®*" 121 =... =24, =0}

we can express L by a generating function S : R® o = — S(z) € R. The transversality
assumption is equivalent to the following condition

rank Dy (R”fk S (Tptly -y Ty)
(08/021(0,Ths1, - Tn), ..., 08/02k (0, Thy1, ..., 3n)) € R¥) = k.
Now we restrict our problem to the case k = 1.

THEOREM 9. If L is transversal to X*™~=V at p then the symplectic pair
(X2(=1 L. p) is symplectically equivalent to

(XOaLO;O) = ({(x7y) € R2n:x1 =4 :O}a
{(z,y) € R*™ :y1 =, yp =1, yi =0 fori=3,...,n};0).
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Proof. By Lemma 8 and the transversality assumption we can represent X272 in
the form

{(z,y) € R*" 121 =y =0}
and we can generate L by a function
S:R">z— S(xr)€R, S€m?

which satisfies the following condition: there exists j € {2,...,n} such that
(4) 0%8/0z;0z1(0) # 0.
Now we expand S in the form

S(z) = 22h(x) + 219(x2, ..., 20) + flaa, ..., x,).
By a symplectomorphism

O(z,y) = (¢,y +grad(aTh(z) + f(z2,. .., 24))),
which preserves X272 we transform L and consequently S to the form

S(z) = x101(z2, ..., xy).
By condition (4) the mapping
¢p:R" >z (x1,91(T2,. .., &), X3, - -, Tj—1, L2, Tj41,--.,%n) € R”

is a diffeomorphism. Now we use the symplectomorphism ¢* : R2® — R?", which com-
pletes the proof. m

THEOREM 10. If L is not transversal to X2("=1) at p then the generic symplectic pair
(XQ("*l),L;p) s symplectically equivalent to the following pair

({(z,y) € R* 121 =y =0},
{(w,y) ER™ .y =4 +22+.. . 22 yo = 20120, .., Yp = ilexn} ;0).
Proof. L is transversal to
{(m,y) €R™ . gy = O} or {(m,y) ER™:y = O}.

Otherwise Ty L C TpX, which is impossible, because L is an n-dimensional Lagrangian
submanifold and X2("~1 is a (2n — 2)-dimensional symplectic manifold. We may assume
that L is transversal to {(z,y) € R*" : 2y =0} at 0. Then (X, L;0) is symplectically
equivalent to

({(z,y) € R* 121 =y1 =0}, {(2,y) € R*" : y = 05/0xz(x)} ;0),
where S does not satisfy condition (4). By genericity of (X, L;p) we get
028 /0x2(0) # 0.

S is a deformation of a function R 3 x; — S(z1,0) on the manifold with boundary
{zx € R" : z1 = 0} ([2]). Therefore it has the form

S(z) = ix% +g(xa, ..., xn)21,

and dgg = 0. We may assume that g is a Morse function, which completes the proof. m
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