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Chekanov’s dichotomy in contact topology

DANIEL ROSEN AND JUN ZHANG

In this paper we study submanifolds of contact manifolds. The
main submanifolds we are interested in are contact coisotropic sub-
manifolds. They can be viewed as analogues to symplectic contact
coisotropic submanifolds, and can be defined by the symplectic
complement with respect to the symplectic structure dele, the
restriction of da on the contact hyperplane field £&. Based on a
correspondence between symplectic and contact coisotropic sub-
manifolds, we can show contact coisotropic submanifolds admit a
CO-rigidity, similar to Humiliere-Leclercg-Seyfaddini’s coisotropic
rigidity on symplectic manifolds in [I2]. Moreover, based on
Shelukhin’s norm in [20] defined on the contactomorphism group,
we define a Chekanov type pseudo-metric on the orbit space of a
fixed submanifold of a contact manifold. Moreover, we can show
a dichotomy of (non-) degeneracy of this pseudo-metric when the
dimension of this fixed submanifold is equal to the one for a Leg-
endrian submanifold. This can be viewed as a contact topology
analogue to Chekanov’s dichotomy in [5] of (non-)degeneracy of
Chekanov-Hofer’s metric on the orbit space of a Lagrangian sub-
manifold. The proof of our result follows several arguments from
[23] and [24].

1. Introduction and statement of results

Using Hofer’s metric to study submanifolds of a symplectic manifold has
been carried out in [23], extending Chekanov’s work in [5]. Chekanov’s
original work focused on Lagrangian submanifolds in symplectic topology,
whereas Usher considered, more generally, coisotropic submanifolds. It is
natural to extend this story to contact topology. By analogy, the main
submanifolds of a contact manifold that we are interested in are contact
coisotropic submanifolds. They are defined as follows.

Definition 1.1. (Definition 2.1 in [I1]) Let (M?"™! ¢ =kera) be a co-
oriented contact manifold. A submanifold Y C M is called contact coisotropic
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if for any point p € Y, (7Y N fp)Lda C T,Y N&, where L 4, denotes the sym-
plectic orthogonal complement with respect to the non-degenerate 2-form
dale on €.

Remark 1.2. Let up points out that this definition is independent of the
choice of the contact form «, since the conformal class of the symplectic
form da on the contact distribution £ is well-defined (i.e., independent of
Q).

A crucial criterion to check whether a submanifold is contact coisotropic
or not is the following result that is analogous to the symplectic case. Re-
call that a submanifold N of a symplectic manifold (W,w) is symplectic
coisotropic if and only if the ideal Iy = {F € C°(W) | F|y = 0} is a Lie sub-
algebra of C2°(M) under the symplectic Poisson bracket (see Chapter I Sec-
tion 2, Lemma 2.1 in [13]). In terms of the contact Poisson bracket {—, —},,
whose definition is recalled in Section [2] below, we have the following similar
result.

Proposition 1.3. Let (M, = ker ) be a co-oriented contact manifold. A
submanifold Y C M is contact coisotropic if and only if the ideal Iy = {F' €
C®°(M) | Fly = 0} is a Lie subalgebra with respect to the contact Poisson
bracket {—, —}q.

Proposition has useful corollaries. On the one hand, it establishes
various correspondences between symplectic coisotropic submanifolds and
contact coisotropic submanifolds, see Section [ On the other hand, based
on the main result from [I2], we obtain a C-rigidity property of contact
coisotropic submanifolds as follows.

Theorem 1.4. Suppose Y is a coisotropic submanifold of a contact mani-
fold (M, & =kera) and ¢ € Aut(M,§). If ¢(Y) is smooth, then ¢(Y") is also
coisotropic.

Here Aut(M,¢) is defined in Definition where roughly speaking each
element is a homeomorphism that is a C°-limit of contactomorphisms (in a
strong sense). This can be regarded as a contact topology analogue to the
group Hameo(M,w) that is often used in CY-symplectic geometry.

Example 1.5. Let Y be a Legendrian knot of a compact contact 3-manifold
(M,§). For any ¢ € Aut(M, &), if ¢(Y') is smooth, then it is also a Legendrian
knot.
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Remark 1.6. It is a well-known fact (cf. Theorem 2.5 in [§]) that any
knot, not necessarily Legendrian, can be C°-approximated by Legendrian
knots via adding more and more “zigzags”. In view of Example this
approximation cannot be of the form ¢ (Y) for a Legendrian knot Y and a
sequence {¢g }r of contactomorphisms converging in the sense of Definition
We believe that adding “zigzags” violates this type of convergence.

In contrast with the existence of Hofer’s metric (or the Hofer norm)
on the Hamiltonian diffeomorphism group of a symplectic manifold, there
does not exist a Finsler-type bi-invariant metric (or equivalently conjugation-
invariant norm) on the identity component of contactomorphism group
Conto (M, §). In fact, any such non-trivial norm will be discrete, i.e., its val-
ues can not be arbitrarily close to zero, see [9] 19], or the original argument
in [4]. To remedy this, we can either restrict ourselves to a smaller group,
or on the other hand drop the bi-invariance condition. The first approach
is carried out by Banyaga-Donato [2], where a fine non-trivial bi-invariant
metric, a modification of the classical Hofer’s metric, is defined on the sub-
group of strict contactomorphisms, i.e. those contactomorphisms which pre-
serve a contact form; the second approach is implemented by Shelukhin in
[20], where he defines a (non-conjugation-invariant) non-degenerate norm on
Conto(M, ) denoted by || — ||o (depending on a prior given contact 1-form
a defining &). In this paper, we follow Shelukhin, and study the pseudo-
metric induced by || — || on orbit spaces of subsets of M, which we refer to
as the Shelukhin-Chekanov-Hofer pseudo-metric. The definition and basic
properties of the Shelukhin-Hofer norm are recalled in Section [6]

Definition 1.7. Let (M, = ker a) be a contact manifold with a fixed con-
tact 1-form «. Fix a subset N C M, and denote by L(N) its orbit space
under the action of Contg(M,§). Then for any Ly, Ly € L(N), define

(1) 5a(L1, LQ) = inf{”é”a ’ ¢ € COIlt()(M, 5) s.t. ¢(L1) = LQ}.

For brevity, we will call d, the a-metric on L(NN). Basic properties of
this a-metric are explored in Section [6]

Certainly an interesting question is the non-degeneracy of d, on L(N).
Using elementary arguments, in Section [7] we can show that for several cases
0« is indeed non-degenerate. Let us point out that different choices of con-
tact forms give rise to equivalent metrics on L(N) (see below) and in
particular the (non-)degeneracy of d, is independent of this choice.
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In general, in order to approach this question, we use Usher’s method in
[23] based on the following interesting concept called rigid locus (an analogue
to Definition 4.1 in [23]).

Definition 1.8. Let N be a subset of a contact manifold (M,§ = ker a).
The rigid locus of N is defined by

(2) Ry :={x € N|for any ¢ € Xy, ¢(x) € N}

where Y is the stabilizer of N in Conto(M,¢) and Yy is its closure with
respect to || — [|a-

Then, using a fragmentation type result on Conty(M, &), a useful crite-
rion as follows can be obtained and its proof is given in Section

Proposition 1.9. Let N be a proper closed subset of M. Then

(1) If Ry = N, then d, is non-degenerate.
(2) If Ry =0, then 6, = 0.

One of the main results in this paper is the following dichotomy, sim-
ilar to the symplectic case that can be found in Corollary 2.7 in [24], or
Theorem 2 in [5].

Theorem 1.10. Let N be a closed connected submanifold of (M?"+1 ¢ =
ker o) with dim N = n. Then J, is either non-degenerate or vanishes identi-
cally.

The most interesting submanifolds of dimension n in a contact manifold
(M?7+1 €) are Legendrian submanifolds. At present, it is unclear how d,, be-
haves in the orbit space of a Legendrian submanifold. We have the following
conjecture.

Conjecture 1.11. Let N be a closed connected Legendrian submanifold
of a contact manifold (M, & = ker «), then §, is non-degenerate.

In Section we briefly point out the difficulty of proving Conjec-
ture which roughly speaking comes from the failure to find a uniform
subset in the symplectization that can be displaced by all the lifts of con-
tactomorphisms. On the other hand, we claim that if N with dimension
n is non-Legendrian (i.e., not Legendrian at some point), then 0, vanishes
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identically. In fact, by Proposition if d, is non-degenerate on L(N),
then N has to be contact coisotropic. But Legendrian submanifolds are the
only contact coisotropic submanifolds of dimension n, so the claim follows
directly from Theorem [I.10

Remark 1.12. Soon after our work became public, a recent work by Usher
[22] confirms Conjecture for a certain family of Legendrian submanifolds
where N is hypertight. See Corollary 3.5 in [22] where Theorem 3.3 in [22]
provides the key energy estimation. Here, hypertight means that there exists
a contact form « defining £ such that every closed orbit of the Reeb vector
field R, is non-contractible and every Reeb chord for N represents a non-
trivial element of m (M, N).

2. Contact preliminaries and notations

Here we recall some basic notion from contact topology and introduce the
notations we will use below.

Recall that a co-oriented contact structure on an odd-dimensional man-
ifold M?"*! is a hyperplane distribution ¢ C TM which can be (globally)
defined as a kernel of a 1-form « such that a A (da)™ is a volume form on M.
Any such 1-form which respects the co-orientation of £ is called a contact
form. A contactomorphism of (M, «) is a diffeomorphism ¢ : M — M which
preserves £ together with its co-orientation, which in terms of a contact form
a reads ¢*a = e9a or some smooth function g, called the conformal factor of
¢ (with respect to a)). We denote the group of contactomorphisms of (M, &)
by Cont(M, &), and its identity component by Contg(M,§).

The Reeb vector field associated with a contact form « is the unique
vector field R, on M satisfying

a(Ry) =1 and ip doa=0.

A smooth time-dependent function F; : M — R, t € [0, 1], called in this
context a contact Hamiltonian, determines a unique vector field X, on M
by the requirements

(3) a(Xp,)=F and iy, da=dF(Ry)o—dF;.

If follows that Lx, « is proportional to a, and hence the flow of Xp, gives
rise to a contact isotopy ¢;. We say that {¢;} is generated by the contact
Hamiltonian F}, and note that any contact isotopy is generated by a (unique)



1170 D. Rosen and J. Zhang

contact Hamiltonian. As an example, the Reeb flow is generated by the
constant Hamiltonian F; = 1.

The symplectization SM of (M, = ker ) is the symplectic manifold
SM = (R x M,d(e’a)), where 6 is the coordinate on R. Let us point out
that SM is, up to a symplectomohpsim, independent of the choice of a.
Any contactomorphism ¢ of M lifts to a symplectomorphism q~5 of SM,
defined by

¢(0,m) = (0 — g(m), p(m)),
where ¢ is the conformal factor of ¢. If ¢; is a contact isotopy of M generated
by a contact Hamiltonian F}, the lifted isotopy &t is a Hamiltonian isotopy
of SM generated by the Hamiltonian F}(6,m) = e’ F;(m). The Hamiltonian
vector field X is related to the contact vector field Xp, by

B,
(4) X, = —dFy(Ra) 55 + Xr, € TR TM =~ T(SM).

An central role in our story is played by the contact Poisson bracket.
This is a Lie bracket on C°°(M) defined by

(5) {F,G}a = dF(Xg) — dG(Rq)F.

It is related to the Poisson bracket on the symplectic manifold SM via (see
Exercise 3.57 (iv) in [15])

(6) {F,G} = "{F.G}a.

Let us emphasize that {—, —}, depends on «a. Interested readers can work
out the formula of {—, —}, in terms of {—, —~}, if o/ = efa for some f €
C>®(M).

3. Contact coisotropic submanifold
3.1. Proof of Proposition [1.3

Given a smooth function G : M — R, we denote by ¢, the contact isotopy
generated by G.

Proof of Proposition[1.3. Suppose Y is coisotropic. Let F'|y = G|y = 0. For
any p €Y, ap(Xa(p)) = G(p) =0, so Xg(p) C &. For every v € T,Y N &,
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by (3).
(do)p(Xa(p),v) = dGp(Ra)a(v) — dGp(v) = —dGp(v) =0

where the final equality comes from our assumption that G is constant along
Y. So Xg(p) C (T,Y N&y)tee C T,Y NE, C T,Y. Now by definition (5)), for
any peyY,

{F,Gla(p) = 5 F(64(0)) im0 — dGy(Ra) - F(1)

d
= S F(G)limo — 0 =0

where the final equality comes from our assumption that F' is constant along
Y. Thus we have proved {F,G}q|y = 0.

Conversely, suppose Iy is a Lie subalgebra. If there exists some p € Y
and v € (T,Y N&y)Lee but v ¢ T,Y N &, then one can find a function G € Iy
such that (dG),(v) # 0. Then by equation (3),

(da)p(Xa(p),v) = —(dG)p(v) # 0

which implies X¢(p) ¢ (T,Y NE&y)tie)tae = T,Y NE,. Again, one can find
a function H € Iy such that (dH),(Xqg(p)) # 0. Hence

{H,G}a(p) = (dH)P(XG(p)) # 0,

and we get a contradiction. O

A direct consequence of Proposition [1.3]is

Corollary 3.1. Let (M, & = ker o) be a contact manifold. Suppose Y C M
is a contact coisotropic submanifold and ¢ is a contactomorphism on M.
Then ¢(Y') is also contact coisotropic.

This corollary easily follows from the following lemma which is of interest
itself.

Lemma 3.2. Suppose ¢ is a contactomorphism on (M, ¢ = ker ) with
conformal factor g : M — R. For any functions F,G € C°(M),

{99 F,e 99" G}o = e 99" {F,G}q.

Assuming this lemma, we have
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Proof of Corollary[3.1 Let g be the conformal factor of contactomorphism
¢. For any two functions F,G such that F’¢(y) = Glyy) =0, we have
(e79¢*F)|y = (e79¢*G)|y = 0. Then since Y is coisotropic, by Proposi-

tion [[.3] and Lemma [3.2]
{997 F, e 9" Glaly =0 =€ 9¢"{F,G}aly.

Hence, {F, G}a|g(yy = 0. Then by Propositionagain, ¢(Y) is coisotropic.
([

Now let us prove Lemma [3.2

Proof of Lemma[3.3. First, note that the lifts F and ¢ of F and ¢, respec-
tively, to SM (see Section [2)) satisfy

(¢)°F = F'

where F' : M — R is defined by F’(m) = e~ 9™ F(¢(m)). Then by symplec-
tic invariance property of the (symplectic) Poisson bracket on the symplec-
tization and relation @, we compute

ee{F’, G} = {F’, é’}
={(@)*F, (¢)*G}
= (¢)"{F,G}
= (¢)*("{F,G}a)
= e/ 99" {F,G},.

That is e’ {F',G'}, = /79¢*{F,G}4. Therefore, {F', G'} o = e 9¢*{F,G}4
which is the desired conclusion. O

3.2. Examples

Example 3.3. Suppose Y C M?"*! is a Legendrian submanifold. For any
peY,T,Y N§, =T,Y. Moreover, since 1},Y is a Lagrangian subspace with
respect to dale, (T,Y N &)t = (T,Y )1 = T,Y = T,Y N&,. So in partic-
ular, Y is contact coisotropic. Note that by Definition dim(Y) > n,
so Legendrian submanifolds provide the lowest dimension within all the
coisotropic submanifolds. In fact, a coisotropic submanifold of dimension
n(= (dim M — 1)) is indeed a Legendrian submanifold.
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Example 3.4. Let ¥ be a hypersurface of a contact manifold (M,§ =
ker ). Then ¥ is contact coisotropic. In fact, for any point x € X, there
are two cases. One is T, ¥ = &, then (T,X N &) e = {0} € T,X N&,. The
other is T, is transversal to &;, then by dimension counting, 7, N &, is
a hyperplane of &, therefore, symplectic coisotropic with respect to dole.
Thus we get the conclusion.

Example 3.5. Recall that a submanifold L ¢ M?"*! of dimension n + 1 is
called a pre-Lagrangian if it admits a Lagrangian lift in the symplectization
of M, that is, a Lagrangian submanifold L C SM such that the canonical
projection 7w : SM — M restricts to a diffeomorphism L — L. We claim any
pre-Lagrangian submanifold is contact coisotropic. In fact, let L C M be
a pre-Lagrangian and F,G € CZ°(M) such that F'|; = G| = 0. Then their
lifts F, G to SM satisfy F|E = G|L =0, and hence by @,

0={FG};=¢" {F.Glalr
which implies {F, G}, = 0 on L. By Proposition[l.3] L is contact coisotropic.

To end this section, we want to address the following point. Usually Leg-
endrian submanifolds are viewed as analogues to Lagrangian submanifolds
in symplectic topology. However, we use the following concept to illustrate
that, to some extent, pre-Lagrangian submanifolds are closer to Lagrangian
submanifolds than Legendrian submanifolds.

Definition 3.6. A submanifold N of a contact manifold (M,¢) is called
infinitesimally displaceable if there exists a function H : M — R such that
for any point € N, the contact vector field X (x) ¢ T, N.

Example 3.7. Any compact Legendrian submanifold is infinitesimally dis-
placeable simply by flowing along a Reeb vector field for a sufficiently small
amount of time. This is in sharp contrast to the well-known fact that any La-
grangian submanifold is not infinitesimally displaceable (cf. Proposition 4.8
in [23]).

Lemma 3.8. Any compact pre-Lagrangian submanifold is not infinitesi-
mally displaceable.

Proof. Suppose N is a compact pre-Lagrangian of M, then there exists
a compact Lagrangian submanifold L C SM such that n(L) = N where
m:SM — M is the canonical projection. Moreover, for any Hamiltonian
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function H on M and its lift H to SM, the corresponding contact and
Hamiltonian vector field satisfy, in view of (@), that m.(X ) = Xu. If H
is a function such that Xy (p) ¢ T,N for any p € N, then H is a function
such that X (x) ¢ T, L for any = € L. This implies that this (compact)
Lagrangian submanifold L is infinitesimally displaceable, which is a contra-
diction. O

Remark 3.9. In fact, in the contact topology set-up, Legendrian subman-
ifolds are not the only coisotropic submanifolds that break the infinitesi-
mally displaceable rule. In a 3-dimensional contact manifold (M, ¢), there
exists a special class surfaces, called convez surface, introduced by Giroux
in [I0], which admits a transversal contact vector field. Hence, this pro-
vides a family of contact coisotropic submanifolds, not Legendrian, which
are also infinitesimally displaceable. In particular, any such convex surface
can never be a pre-Lagrangian. It is one of Giroux’s great achievements
that a C'°°-generic closed embedded surface is convex (see Proposition II 2.6
in [I0]), therefore any pre-Lagrangian submanifold of a contact 3-manifold
can be C*-perturbed into a convex surface, which shows that infinitesimal
non-displaceability is not stable at all.

4. Coisotropic correspondence
4.1. Symplectization

Let L be a Legendrian submanifold of a contact manifold (M, & = ker ).
By Exercise 3.57 (i) in [I5], its lift R x L is a Lagrangian submanifold in
the symplectization SM = (R x M, d(e?a)). Note that both Legendrian sub-
manifolds and Lagrangian submanifolds are special cases of coisotropic sub-
manifolds in the contact and symplectic topology, respectively. Here we have
the following generalized result.

Proposition 4.1. Let Y be a submanifold of a contact manifold (M,§ =
ker ). Then Y is a contact coisotropic submanifold of (M, { = ker «) if and
only if R X Y is a symplectic coisotropic submanifold of the symplectization

SM = (R x M,w = d(’a)).

Proof of Proposition[4.1. We claim that, for any submanifold Y C M and
any p € Y and 0 € R,

(7) T (TyR x T,Y )2 = (T,Y N &y)1ee,
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where m: SM — M is the canonical projection. Assuming , we note that
if Y € M is contact coisotropic, then

T ((THR x T,Y)) = (T,Y N &)t € T,Y,
and hence
(TyR x T,Y ) C TyR x T,Y =T, (R x Y),

proving that R x Y is a symplectic coisotropic submanifold of SM. Con-
versely, if R x Y C SM is symplectic coisotropic, we get that

(T,Y N&p)te = m((TyR x T,Y) ™) C mu(TyR x T,Y) = T,Y.

Y

proving that Y is a contact coisotropic submanifold. It remains to prove .
Note that v € (T,Y N §&,)+ae if

(8) a(v)=0 and VueT,Y, a(u)=0= do(u,v) =0.
On the other hand, (s,v) € (TyR x T,Y )+~ if
Vu € T,Y, t € TyR, w((t,u),(s,v)) = e (ta(v) — sa(u) + da(u,v)) = 0.

Note that the latter condition holds for all t € TyR, which implies a(v) =
0, so we can rewrite this condition as

9) a(v) =0 and YueT,Y, da(u,v) = sa(u).
We now consider separately two cases for the point p € Y:

I fT,Y C &, that is a(u) = 0 for all u € T),Y, we note that conditions
and (9) both reduce to da(u,v) =0 for all u € T,Y and hence

(TyR x T,Y) e = TyR x (T, Y N&y)Lee.
IL IfT,Y ¢ &, then dim(7,Y/(T,Y N&p,)) = 1. Note that if v satisfies (§),

the function do(-,v) descends to T,Y/(T,Y N&p), and therefore the

number s(v) = % is independent of u € T,,Y such that o(u) # 0.

It follows easily that
(TyR x T,Y ) = {(s(v),v) |v € (T,Y N&)Lte}.

In both cases, we see that holds, which completes the proof. O
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4.2. Prequantization

Recall that if a closed symplectic manifold (M,w) satisfies the condition
[w] € H?(M;Z), then there exists a principal S'-bundle P = M such that
P has a contact structure (P,& = ker ) for some « satisfying da = 7*w.
This contact manifold (P, §) is called a prequantization of (M,w). It is easy
to check that for any point a € P, we have a decomposition T,P =&, &V,
where V, is the vertical subspace corresponding to the S'-direction (viewing
a as a connection form). Moreover, via dm, we can identify

£o ~ T, M for any a € 7 1(z).

The relation between contact Hamiltonian vector fields and symplectic Hamil-
tonian vector fields is expressed by the following equation. For any Hamil-
tonian function F' on M, and any point a € P, denoting = = 7(a), one has

(10) Xner(a) = m  (Xp(z) © o

where v is the unique vector in V,, such that a(v) = F(x) (cf. Section 1.3 in

[210).

Proposition 4.2. Let A C M be a submanifold. Then A is symplectic
coisotropic submanifold of M if and only if 7=(A) is a contact coisotropic
submanifold of P.

Proof. For a € 7 1(A), via dr, we can identify
Ta(ﬂ'il(A)) NE&g =~ (Tﬂ.(a)A V) NT, M = Tﬂ.(a)A

and do is identified with w.

If A is symplectic coisotropic, then
(Ta(m™'A) N &) T = (Tr(ayA) ™ C Tr(ayA = Tu(m™ 1 (A)) N &a.

Therefore, 7~1(A) is contact coisotropic. The same relation above also shows
that if 771(A) is contact coisotropic, then A is symplectic coisotropic. [

Remark 4.3. Part of the proofs of Proposition and Proposition 4.2 can
be done via the criterion from symplectic and contact Poisson brackets. For
instance, the equation @ above easily implies that if R x Y is symplectic
coisotropic in the symplectization SM, then Y is contact coisotropic in the
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base contact manifold M. For another instance, one can show that, for any
two functions F,G € C°°(M), their lifts to the prequantization 7*F,7*G
satisfy

{m*F,n*G}q = m*{F,G}.

This is analogous to the equation @ above, and it implies that if 7=(A)
is contact coisotropic in the prequantization P, then A is a symplectic
coisotropic in the base symplectic manifold M.

Remark 4.4. Since the pre-image 7~ (A) always contains the full S'-
fibres, we know that dim7 !(A)=dimA + 1. Moreover, since the S'-
direction is always transversal to the contact hyperplane £ of P, if A is
symplectic coisotropic, then 77 1(A) is always a strictly coisotropic subman-
ifold with respect to the contact 1-form a on P (see Definition 1.6 in [3]). A
detailed study of these submanifolds was carried out in [3].

5. Proof of Theorem [1.4]

Recall that a symplectic homeomorphism ¢ is a homeomorphism which is
a CY-limit of symplectomorphisms. The collection of all symplectic home-
omorphisms of a symplectic manifold (M, w) is denoted as Sympeo(M,w).
The famous Gromov-Eliashberg theorem (see [7]) states that

(11) Sympeo(M,w) N Diff (M) = Symp(M, w).
In the contact topology set-up, one can define

Definition 5.1. (Definition 6.8 in [I7]) A homeomorphism ¢ of a contact
manifold (M, § = ker «) is called a topological automorphism of the contact
structure £ if there exists a sequence of contactomorphisms ¢, € Cont(M, )
with corresponding conformal factors g : M — R such that

CO
* g — ¢;
0
° g; <, g for some continuous function g : M — R.

Here the CY-topology on the group of homeomorphisms of M is induced by
the metric deo(¢, 1) = maxys dar(p(x),1(x)) where djs is a distance func-
tion defined with respect to a fixed Riemannian metric on M. The collection
of all such homeomorphisms is denoted by Aut(M,¢).
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Then an analogue conclusion to is Theorem 1.3 in [I7] which states
that

(12) Aut(M, €) N Diff (M) = Cont (M, €).

Conclusions and can be implied by their “relative” counter-
parts, i.e. conclusions involving Lagrangian submanifolds and Legendrian
submanifolds, respectively.

Example 5.2. Let ¢ € Symp(M,w). Consider the embedding ®4 : M —
M x M given by z — (z,¢(x)). Under the symplectic structure mjw &
75(—w) on M x M, Im(®,) is a Lagrangian submanifold. In fact, for ¢ €
Diff(M), Im(®y4) is Lagrangian if and only if ¢ is symplectic. Then the
conclusion ([11) is implied by the following statement [I4]: if ¢ €
Sympeo(M,w) and @4 is smooth, then ®, is Lagrangian. Indeed, for any
¢ € Sympeo(M,w) N Diff (M), @4 is smooth. Then ®4 is Lagrangian, which
implies ¢ € Symp(M,w). Hence, Sympeo(M,w) N Diff (M) C Symp(M,w),
and Symp(M,w) C Sympeo(M,w) N Diff (M) is trivial.

Example 5.3. Let ¢ € Cont(M,¢) with conformal factor g. Consider the
embedding Wy, : M — M x M x R given by x — (x, ¢(x), g(x)). Then fix-
ing a contact 1-form a on M, under the contact 1-form e’mwfa @ 75(—a) on
M x M x R (where 6 is the R-coordinate), Im(¥y 4) is a Legendrian sub-
manifold. In fact, it is easy to check that for ¢ € Diff (M) and a smooth
function g : M — R, the image Im(¥y ) is Legendrian if and only if ¢ €
Cont(M, &) with conformal factor g. Then, similarly to Example the
conclusion is implied by the following statement (a special case of The-
orem : if ¢ € Aut(M,§) with limiting conformal factor g and Im(Wy )
is smooth, then Im(¥, 4) is Legendrian.

A recent work from [12] generalizes the observation in Example from
Lagrangian submanifolds to symplectic coisotropic submanifolds. Roughly
speaking, the main result proves that symplectic homeomorphisms preserve
symplectic coisotropic submanifolds. Similarly, our Theorem [1.4]is a natural
generalization of Example [5.3

Proof of Theorem[1.4. By Proposition .1, R x Y C SM is a (symplectic)
0
coisotropic submanifold. Suppose there exists a ¢y <, ¢ where ¢ are con-
0

tactomorphisms with conformal factors g <, g for some continuous func-
tion g : M — R. Recall from Section [2] that ¢y, lifts to a symplectomorphism

By : SM — SM,  ®(0,m) = (0 — gi(m), dp(m)).
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Moreover, by defining ®(0, m) = (0 — g(m), ¢(m)) (as the formal lift of ¢),
78 s & and thus @ € Sympeo(SM). Since (R xY) =R x ¢(Y), by our
assumption on the smoothness of ¢(Y'), (R x V') is smooth. The the main
theorem in [12] implies that ®(R x Y') = R x ¢(Y") is symplectic coisotropic.
Finally, by (ii) in Proposition ¢(Y) is contact coisotropic. O

Remark 5.4. The CC-rigidity of contactomorphisms also holds when we
drop the requirement of convergence of conformal factors, see [16]. In this
case, since we have no control on the behaviour of the limiting conformal
factor, back in the proof of Theorem there is no guarantee that the lift
®,, is C'-convergent to ®. As a matter of fact, we highly doubt the same
conclusion in Theorem [I.4] still holds in this case.

6. Shelukhin-Chekanov-Hofer’s metric

Let (M, & = ker «) be a contact manifold with a fixed contact 1-form «. For
any ¢ € Conto(M, ), [20] defines the following norm

1
13 o = inf / max |H (-, t)|dt.
(13) |9l| Jnf | 1ax [H(-, )]

where the infimum is taken over all the contact isotopies with time-1 map be-
ing ¢ and H € C*°(M x [0, 1]) denotes the associated contact Hamiltonian
functions. Let us recall some properties of || — ||, proven in [20]. Though not
conjugation invariant, it satisfies a natural “coordinate-change” formula as
follows, for any ¢, € Contg(M,§),

(14) 19y~ la = ll¢]

-
Additionally, different choice of contact forms give rise to equivalent norms.

Specifically, if 8 = fa is a another contact form, where f : M — (0,00) is a
smooth function, then (see [20, Lemma 10])

15 inf-ll=1la<l|l=Ilg< Al =11,
(15) min f || = lla < | = lls < max f || = |la
In particular, one has

(16) C_(Iglla < [[bov™ o < C4(@)][¢lla,
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where C (1) = maxpse? for conformal factor ¢v*a =e9«, and C_(¢) =
Cy (1p~1)~L. Finally, the a-displacement energy of a subset U C M is de-
fined by

Ea(U) = nf{[|¢]la = (U)NU = 0}.
Then (see [20, Proposition 15])
(17) E4(U) > 0 for any open U C M.

Recall the definition of the Shelukhin-Chekanov-Hofer’s metric (or for
brevity, a-metric) (Definition [1.7): We fix a subset N C M, and denote by
L(N) its orbit under the action of Conto(M ). Then

Oa (L1, Lp) = inf{|[¢[|a | p(L1) = Lo}

We can prove the following proposition.

Proposition 6.1. The a-metric satisfies the following properties.

(1) da(L; L) = 0.

(2) 0a(L1,La) = 6a(La, L1).

(3) 0a(L1,L3) < 6a(L1, L) + da(L2, L3).

(4) Let ¢ € Cont(M, &), and let C(v)) as above. Then

(18) C—(¢) - da(L1, L2) < 6a(¥(L1),(L2)) < Cy(¥) - 6a(L1, La).

Proof of Proposition [6.1. The only property which is not automatic is item
(4). This follows from the fact that ¢ satisfies ¢(L1) = Lo if and only if

(Ypop= 1) ((L1)) = ¥(Ls), together with . ]

7. Examples of non-degenerate J,

In this section, we give some examples of submanifolds N C M such that
do is non-degenerate on L(N). Before this, we want to address a useful
reformulation of d,. By Proposition 1.2 in [24],

1
(19) 5a(L1,L2) = inf{ m(ax |Ht|dt ‘ (bH Ll) LQ}
0
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7.1. The simplest example - (S, ds)

Consider the case when M = S' (with co-ordinate s mod 1), a = ds and
N = {p}, for some p € S'. N is Legendrian, so contact coisotropic. In this
case L(N) = S!. Denote by dg: the standard (angular) distance function on
St =R/Z.

Proposition 7.1. In this case §, = dg:.

Proof. Indeed, let p # ¢ € S*. In our case, formula simplifies to

sutpa) =int { | H ) \ Ol =a}.

So, let H; be any contact Hamiltonian generating a contact isotopy ¢l
with ¢k (p) = g. Denote v(t) = ¢l (p). Then v/(t) = Xp, (6% (p)), and hence
a(y'(t)) = Hy(¢%(p)). Note, moreover, that with respect to the standard
Riammanian metric on S (which induces the metric dg:) |Y'(t)| = |a(¥'(1))],
and therefore

1 1
ds: (p.q) = dss (v(0),7(1)) < /0 Iy (6)ldt = /O [y (8 (p)) .

This proves that dg:(p, q) < da(p,q). The converse inequality follows easily
by considering the isotopy {s+ s+ t}o<i<q, (p,q) (the sign chosen positive
if ¢ is obtained from p via a counter-clockwise rotation by dg:(p,q), and
negative otherwise). O

7.2. Pre-Lagrangian case

Proposition 7.2. Let N be any compact manifold and M = T*N x S!
with the canonical contact structure induced by the 1-form a = Acan + dt.
Then for Lo = ox x S!, we have that §, is non-degenerate on £(Lg).

Proof. First, observe that there exists a standard symplectomorphism be-
tween SM and T*N x T*S! (with the split symplectic structure), and under
this symplectomorphism Lg is a pre-Lagrangian submanifold of M with a
Lagrangian lift Lo = oy x (S* x {1}) in T*N x T*S'. Moreover, any L €
L(Lg) is pre-Lagrangian. Indeed, if L = ¢(Lo) € £(Lg), then ¢(Lo) is a La-
grangian lift of Ly where ¢ is the lifted Hamiltonian diffeomorphism. Now,
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let Ly, Ly € L(Lp). We claim that there exists C' > 0 such that
(20) Scr (L1, Ly) < C - 6a(L1, Ly)

where dcp denotes the Chekanov-Hofer (pseudo)-metric between the La-
grangian submanifolds L1 and L. Since SM ~ T*(N x S') which is in par-
ticular geometrically bounded [I, the Chekanov-Hofer (pseudo)-metric on
Lagrangian orbits is well-known to be non-degenerate (see [5] or [23]). This
implies the desired result.

To prove , let H, be a contact Hamiltonian generating a contact
isotopy ¢ Wlth ¢1(L1) . The lifted isotopy ¢ : SM — SM is then
generated by the Hamiltoman Hy(0,m) = e’ Hy(m) for (§,m) e R x M =
SM. Note that, by compactness, there exists R > 0 such that Utgi)t(Ll)
[—R,R] x M C SM. Then, for each time ¢,

(21) max |Hy| < e®- max |Hy.
¢i(L1) ¢:(L1)

Truncating H;, we may obtain a compactly supported Hamiltonian Gy on
SM such that, for each t, Gy = H; in a neighbourhood of gbt(Ll) In partic-
ular, the Hamiltonian isotopy v; generated by G; satisfies wt(Ll) gbt(Ll)
Thus, computing using the analogous formula to for the Chekanov-Hofer
distance ¢y and using , we get:

1 1 1

Scr(Li, L) < | max |Gyldt = [ max |Hy|dt < e max|Ht|dt
0 ¥u(L1) 0 ¢u(L1) 0 ¢(L)

Taking the infimum over all such H; and setting C' = ef? yields , which,
as noted before, completes the proof. [l

7.3. Hypersurface case

Proposition 7.3. Let N be a closed hypersurface of a contact manifold
(M, € = ker @), then d, is non-degenerate on L(N).

We will only give the explicit proof when N divides M, i.e., M\N =
Moy U My where M; is open, non-empty and connected and M; = M; U N.

"We thank E. Shelukhin and M. Usher for addressing this “geometrically
bounded” hypothesis to our attention and pointing out a related error in the earlier
preprint of our work in subsection
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The general case can be covered by topological argument via Lemma 3.2
and Lemma 3.3 in [23].

Proof. For any N'(# N) € L(N), denote M\N' = M LI Mj. Consider, with-
out loss of generality, the case when N\ N’ = (). Without loss of generality, as-
sume M), intersects both Mj and M; non-trivially. Now let ¢ € Contg (M, &)
such that ¢(N) = N’. Then ¢ maps the connected components of M \ N to
those of M \ N’, so in particular Mj is equal to one of ¢(Mp) and ¢(My).
In the former case, ¢(Mo) N M) = () and in particular ¢ displaces the (non-
empty) open set M, N M. In the latter case, similarly, ¢ displaces M) N M.
Therefore, for any such ¢, using ,

|¢]]o > min{E, (M N M), Eo(Mjn M)} > 0.

It follows that d, (N, N') > 0, which completes the proof. O

8. Rigid locus
8.1. Proof of Proposition [1.9
As observed in Proposition 2.2 in [23], the stabilizer subgroup of N, that

is, ¥y = {¢ € Conto(M, &) | ¢(N) = N} has a natural topological extension
under || — ||, that is

Definition 8.1. Denote the closure of ¥ under J, by
(22) Sy = {¢ € Conto(M,€) | a(N,d(N)) = 0}.

The equality in Definition follows from first part of the proof of
Proposition 2.2 in [23].

Lemma 8.2. The a-metric J, is non-degenerate on L(N) if and only if
YN = EN.

Proof. If there exists some ¢ € X y\Xx (hence ¢(IN) # N), then by Defini-
tion (8.1)), 0o (N, (N)) =0, so 04 is degenerate. Conversely, suppose that
Yy =Xy and let Ly, Ly € L(N) such that d,(L1, L2) = 0. Then there exist
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some ¢1, o € Cont(M, &) such that
= 0a(L1, L2) = 0a(¢1(N), $2(N)) = C—(¢1) - (N, ¢1 ' ¢2(N)).
Since C_(¢) is positive, we get
Sa(N, 61" ¢2(N)) =0

which by definition implies ¢1_1¢2 € ¥y = Xy. Hence, ¢1_1¢2(N) =N
which is equivalent to Ly = Ls. That is, . is non-degenerate. [l

It is easy to see that (1) in Proposition [1.9|follows directly from Lemma
We will focus on the proof of (2) in Proposition It comes from the
following basic lemma which follows almost immediately from Definition [L.§

Lemma 8.3. Forany z € M\ Ry, there exists a neighborhood U, of x such
that Conto(U,) C X, where Contg(Uy) is the group of contactomorphisms
of M compactly supported in U,.

Proof. Since x € M\ Ry, by definition, there exists some ¢, € ¥ such that
¢.(x) ¢ N. Moreover, since N is closed, there exists a neighborhood U, such
that ¢,(U,) N N = (). Note that, in particular, Conto(¢,(U,)) C ¥n C L.
Meanwhile, we know that ¢, Conto(Uy )¢, ! = Conto(¢,(U,)). Then since ¥y

is a group, we know Conty(U,) C Xy. O

Proof of (2) in Proposition . Since Ry = 0, according to Lemma for
each point x € N we can find a neighborhood U, with condition that
Conty(U;) C L. In this way, we obtain an open cover of M, (M\N)U
Uen Uz According to the contact fragmentation lemma [T, 18], the group
Contg (M, €) is generated by contactomorphisms supported in elements of the
cover. Since Conto(U,) C Xy for all x € N by construction, and Contg(M \
N) C By trivially, we obtain Conto(M, &) = Ey. Therefore, 6, vanishes
identically. ([

Remark 8.4. The same argument where the fragmentation lemma is ap-
plied to the contact manifold M\ Ry implies Contg(M\Ry) C Xn. This is
a parallel result to Proposition 2.1 in [24].

8.2. Useful corollaries
As a corollary of Remark we can show the following result which claims

that a rigid locus Ry behaves very similarly to a contact coisotropic sub-
manifold. However, in general, Ry can be very singular.
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Proposition 8.5. Let Ir, = {H € C>°(M)|H|g, = 0} then I, is a Lie
subalgebra, i.e., {F,G}, =0on Ry if F,G € Ig,.

Proof. In fact, we only need to show that if G|g, =0, then ¢}, € Yy for
any ¢ (only need ¢ sufficiently small). Then indeed, ¢4, preserves Ry. So for
any = € Ry,

{F,G}alx) = dF(Xg)(x) — dG(Ra)F(x) = dF(Xe)(x) = 0.
Without loss of generality, assume ¢t = 1. In order to show d)é € 3y, by
Remark we only need to show gbé can be approximated under &, by
a sequence of contactomorphisms ¢, € Conto(M\Ry) (hence in ¥y). The
construction of this sequence is carried out in the proof of Proposition 2.2
in [24] and also in the proof of Lemma 4.3 in [23].

Explicitly, take a sequence of smooth functions 3, : R — R such that
Bn(s) = s for |s| > 1/n and B,(s) =0 for |s| < 1/(2n). Then note that

(23) mj\?x\ﬁnoG—G|—>0 as n — oo.

Meanwhile, by definition,

da (96, 8p,00) = 196 05,06l

and by composition formula (see the third relation in Lemma 2.2 in [17]), we
know the contact isotopy ¢E,~t¢t5nog is generated by the contact Hamiltonian

e 9 ((BnoG—G)odg)

where importantly the conformal factor g; comes from the contact Hamilto-
nian G which is independent of the sequence {f,},. Therefore

1
10" 0h,eclla < [ max(e - |(3uo G = G) oty

1

S/ mﬁxe*gt-mﬁx[(ﬁnoG—G)oétG\dt
0
1

< ~g: _

_/0 maxe m]\z/}x|(6noG G)|dt

1
< (/ maxe_gtdt> -max |(B,o0G—G)| -0 as n — oo.
0 M M
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Therefore, ¢,16’noG LLN gb};. Moreover, by construction and our assumption
that G|r, =0, each ¢} . € Conto(M\Ry) (hence in ¥y). Therefore, due
to closure under 6, ¢ € Xn. O

The following proposition, as a corollary of Proposition [1.9] justifies
that our interest mostly lies in contact coisotropic submanifolds. We have
the following proposition.

Proposition 8.6. Let N C M be a submanifold. If §, is non-degenerate
on L(N), then N is contact coisotropic.

Proof. We will prove it by contrapositive. Suppose N is not contact coiso-

tropic, then by definition there exists a point p € N and a vector v € (T, N N

fp)Ld“ which is not in T, N N &,. Then we can find a function H on M such

that H|ny = 0 but dHp(v) # 0. If we take the same approximating sequence
0

H,=08,0H Y H as in the proof of Proposition then (;53{" € Xy and
also ¢ty 25 ¢, Therefore, ¢l € Sy. By definition of Ry, ¢l (Ry) C Ry.
Now, for p € N, o,(Xp(p)) = H(p) =0, so Xu(p) € &. Meanwhile, for the
vector v chosen earlier,

doy(Xw(p),v) = dH (p)(v) # 0

which yields Xy (p) ¢ (T, N N&y)tie)tae = T,N N¢E,. Therefore, Xy (p) ¢
T,N. Then for sufficiently small ¢t > 0, ¢%;(p) ¢ N. Then ¢ (p) ¢ Rn be-
cause Ry C N. We conclude p ¢ Ry and thus Ry # N (so strictly contained
in N). By Proposition b« is degenerate. O

9. Dichotomy

Recall the dichotomy phenomena appearing in the Corollary 2.7 in [24]
says that in the symplectic set-up, when dim N = %dim M where N is con-
nected and closed, the Chekanov-Hofer (pseudo)-metric dc g is either non-
degenerate or vanishes identically. Theorem shows an analogue result
in the contact topology set-up.

9.1. Local model analysis

The proof of Theorem [T.10]starts from the following local analysis. Let M be
a contact manifold with dimension 2n + 1 and N C M be a submanifold of
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dimension n. For any z € N, its neighborhood can be modeled as a neigh-
borhood of 0 in (R?"*! a) where in coordinate (x1,...,Zn, Y1, --;Yn, 2),
a =dz — Y y;dx;. Without loss of generality, we can assume either

N={z1=-=ap=y1 =" Yp_r =2 =0}
or
N={z1==zp1=y1="-=ynp =0}

We will careful study the first case and the second case will be discussed
in Remark Also note that the first case covers the situation where
N is a Legendrian submanifold by standard neighborhood theorem. Con-
sider the following three types of coordinate-functions near 0. (i) F = ,,
for me {1,...,k}; (ii) F = ym for me {1,...,n —k}; (iii) F = z. We will
investigate their corresponding contact vector fields. Recall that the contact
vector field X g is uniquely determined by the following differential equations

txpda = dF(Ry)a — dF
29 { Q)EXF) =F

where locally R, = a and da = ) dx; Ndy;. Let Xp =) A2 3 T B; 2 3y +
o2 o)
0z

(i) if F' = x4, we know dF'(R,) = 0, so we are reduced to solve

(25) LXdOé = —dF Z(Azdyz — Bzd.ilfz) = —dl’m
a(X):F C’—ZAiyi:xm

that is, A; = 0 for all ¢, B =1 only for ¢ = m and 0 otherwise, and C=
. Therefore, Xp = 8y +xm8 Note that at 0, Xr(0 ) = ay £ 0;
(i) if F' = ypm, we still know dF(R,) = 0, so we are reduced to solve

txdo = —dF > (Aidy; — Bidx;) = —dym,
(26) { a(X)=F :>{ C—> Ayi=ym

that is, A; = —1 only for ¢ = m and 0 otherwise, B; = 0 for all ¢, and
C = 0. Therefore, Xp = —8%” and at 0, Xr(0) # 0.
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(iii) if F = z, we know dF(R,) = 1, so we are reduced to solve

(27) txdo =a —dF > (Aidy; — Bidzx;) = — > yidx;
Oz(X):F C—ZAiyi:z

that is, A; = 0 for all ¢, B; = —y; only for all 4, and C' = z. Therefore,
Xr= Zyiaiy + z%. Note that at 0, X is degenerate, i.e. XF(G) =0.

Let F; denote the coordinate-function of type (i) and (ii) above (and there
are in total n many of them). For any fixed point x € N, the following map

®:R" = M by (a1,...,an) = ¢35, p (7)
provides an embedding
(28) B"(€) < neighborhood of x in N

where B"(¢€) is the open n-dimensional ball with radius € > 0. This is be-
cause d®(0) maps each basis element e; to a vector Xp () - the contact
Hamiltonian vector field of F; at x - for some ¢. By computations in
and , these n vectors are linearly independent. Be aware that we aban-
doned F = z in type (iii) above because at 0, it is degenerate (so it does not
provide a linearly independent direction contributing to our embeddings). In
other words, n is the maximal dimension that we can obtain for embeddings

like .

Remark 9.1. Recall that the local model of N have two different choices,
and their difference is whether {z = 0} is included or not. Based on the com-
putation above, observe that we don’t have the type (iii) if one considers the
local model N without the condition {z = 0}. Then by the same argument
as above, we have (n + 1)-many linearly independent vectors coming from
(n + 1)-many coordinate-functions which do not include z. Hence, for any
fixed z € N, there exists an embedding B""!(€) into a neighborhood of
in N.

9.2. Proof of Theorem [1.10]

Proof of Theorem [1.10. Suppose Ry # (). Then for any x € Ry, by and
Remark there exists an embedding from either B"(¢) or B"(e) into N.
By our choice of coordinate-functions, in either case, Y a;F; € I, because
Ry C N and each Fj|y = 0. By the proof of Proposition qﬁlz wr € Y.
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In particular, ¢1Za1: F, Dreserves Rpy. In other words, we can upgrade the
embedding from B"(¢) or B"T!(e) into Ry.

In terms of embedding from B"*!(e), it already gives a contradiction
because dim N = n < n + 1. On the other hand, due to the embedding from
B"(€), one knows Ry is open in N. Meanwhile, Ry is also closed by its
definition, which, by the connectedness of N, implies Ry = N. Therefore,
by Proposition do 18 non-degenerate. Il

10. Different measurements

One standard way to approach Conjecture (at least following the orig-
inal idead from [5], or its extension in Section 4 in [23] and [24] in the
symplectic set-up) is first getting a dichotomy result as above and then
using some energy-capacity inequality to rule out the identical vanishing
possibility. Interested readers can check a successful procedure in this spirit
from Theorem 4.9 and Corollary 4.10 in [23] (or the original argument in
[5]). Naive attempts to implement this approach in proving Conjecture [1.11]
run into the following problem: the energy estimates in the symplectic case
stem from the positivity of displacement energy of Lagrangians, which fails
for Legendrians in view of Example One possible solution is to look
for displacement of sets in the symplectization, and apply Proposition 11
in [20] rather then Corollary 15. Here the main difficulty is the lack of a
well-established energy-capacity inequality (only) in terms of norm || — ||4.
Note the proof of Proposition 10 in [20] still involves conformal factors (but
well-controlled for a single contactomorphism via a cut-off technique). How-
ever, when taking infimum over various contactomorphisms, for instance,
in the definition of §, considering all the contactomorphisms ¢ such that
¢(L1) = La, there is no guarantee that in the symplectization there exists a
uniform ball which can be displaced.

In this section, we want to point out that in the contact topology set-up,
unlike Hofer’s metric in symplectic topology, there is no such “canonical”
quantity to measure the behavior of dynamics. Instead, several quantities
have been invented to get certain rigidity results in contact topology. For
instance, the following one was used in [6], namely, for ¢ € Conty(M, &) set

1
-— inf —minp,tefo,1] gt H(. —min H(-
(29)  ||¢||grs :=in {e </0 max (+,t) min ( ,t)dt) } ,

where the infimum is taken over all contact Hamiltonian H generating a
contact isotopy ¢%; with ¢l, = ¢, and g; is the conformal factor of ¢%; for
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t € [0,1] with respect to the contact 1-form «. It would be an interest-
ing question to compare ||¢||rs with ||¢||o. In that regard, let us mention
that removing the conformal term from one obtains the definition of
Shelukhin’s oscillation semi-norm, which is related to the a-distance from
the Reeb subgroup (see Definition 23 and Proposition 24 in [20].)

In our context, we can consider a related quantity, a modification of the
Hofer-Shelukhin norm which is sensitive to divergence of conformal factors
(this is suggested by M. Usher).

Definition 10.1. Given a contact manifold (M, = kera), for any ¢ €
Conto (M, §), define

19]lam :=[|¢]la + max|gy|
where g4 is the conformal factor of ¢ with respect to contact 1-form o, i.e.
o a = e q.

Then one easily gets the following proposition.

Proposition 10.2. The quantity ||¢||q,m defined in Definition satisfies

(1) ||®llam > 11¢|la and equality holds for any strict contactomorphism.

(ii) ||@|la,m is a norm on Conto(M,E).

Proof. (i) is trivial since for any strict contactomorphism, its associated
conformal factor is always 0. (ii) follows from properties of conformal factors.
If g4 is the conformal factor of ¢, then —g4 o ¢! is the conformal factor of

¢, s0

a,m-

16 Ham = 1167 o +max | — gy 0o~ = ¢lla +max |gg| = |||

Similarly, if g4 and g, are conformal factors of ¢ and v respectively, then
gy © ¢ + g is the conformal factor of ¢ o ¢, so

1% 0 @llaym = It © dlla + max |gyog|

< Il + [l + max gy 0 6+ gol

< (I lla + max|gy]) + ([[¢]la + max|gsl) = |[¢llam + [6]lam-
Finally, the non-degeneracy of || —||a,m trivially comes from the non-

degeneracy of || —||o and (i). Moreover, when ¢ =1, ||1||am = ||1]|a =
0. ([
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Remark 10.3. || — ||a,m provides a measurement which is comparable with
(but not equivalent to) || — ||o. Similar to d4, by using || — ||a,m, we can also
define Chekanov-type psuedo-metic denoted as dq, - Interested readers can
check that all the conclusions on d, also hold for d4 ., (thus we also have a
dichotomy with respect to this modified norm). Certainly Conjecture m
can be modified to be stated under d,,,,. From our personal perspective, this
modified conjecture is more likely to be true. Finally, for some rigidity results
characterized by quantity like || — ||rs involving Legendrian submanifolds,
see Section 1.3 in [6].
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