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A short proof that the L?-diameter
of Diff (S, area) is infinite

MICHAL MARCINKOWSKI

We give a short proof that the L?—diameter of the group of area preserving diffeo-
morphisms isotopic to the identity of a compact surface is infinite.

37E30, 57K10, 58D05

1 Introduction

Let (M, g) be a Riemannian manifold and let i be the measure induced by the metric g.
We denote the group of all diffeomorphisms of M that preserve w and are isotopic to
the identity by Diffo (M, ).

In [12] Shnirelman showed that the L?—diameter of Diffo(M, 1) is finite if M is the
n—dimensional ball for n > 2 see also Shnirelman [13]. Conjecturally, the same is true
for any compact simply connected Riemannian manifold of dimension greater than 2
(it is stated in Eliashberg and Ratiu [8] without proof).

The situation is different for 2—dimensional manifolds. In this case it is customary to
denote the measure induced by g by area. For simplicity, let us restrict the discussion
to orientable compact connected Riemannian surfaces (S, g). Eliashberg and Ratiu [8]
proved that the LP—diameter (p > 1) of Diffy(S, area) is infinite if S is a surface
with boundary. They show that the Calabi homomorphism is Lipschitz with respect
to the LP-norm. Later Gambaudo and Lagrange [9] obtained a similar result for a
huge class of quasimorphisms on Diffy (S, area) if S is the closed disc (see as well
Brandenbursky [3], Brandenbursky and Shelukhin [6] and Shelukhin [11] for more
results concerning quasimorphisms and the L? geometry). Their proof makes use of
the braid group of the disc and inequalities relating the geometric intersection number
of a braid and its word-length.
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884 Michat Marcinkowski

If S has negative Euler characteristic it is relatively easy to show that the L?-diameter
for p > 1 of Diffy (S, area) is infinite; see Proposition 3.2 or Brandenbursky and Kedra
[4, Theorem 1.2]. In the case of the torus one needs to know in addition that the group
of Hamiltonian diffeomorphisms of the torus is simply connected, which is a nontrivial
result from symplectic topology; see Brandenbursky and Shelukhin [7, Appendix A].

The last unsolved case was the sphere. Recently Brandenbursky and Shelukhin [7]
showed that in this case the diameter is also infinite. Moreover, for each p > 1,
Diffy(S?, area) contains quasi-isometrically embedded right-angled Artin groups (see
Kim and Koberda [10]) and R™ for each natural m. Their arguments use some new
tools along with the ideas from [9]. However, using intersection numbers in the case of
the sphere requires considerably more work.

Our aim is to give a short and elementary proof of the following theorem:

Theorem 1 Let (S, g) be a compact surface (with or without boundary). Then for
every p > 1 the LP—diameter of Diffy(S, area) is infinite.

Our method gives a unified proof for every compact surface S. It is partially inspired
by [9]; in particular Lemma 5.2 can be seen as a generalization of an inequality obtained
in [9] for the disk. The main simplification comes from the fact that instead of using
the braid group and intersection numbers, we directly look at the geometry of the
configuration space C,(S) with a certain complete metric described in Section 4. In
Section 5 we relate the L!-norm of f € Diff((S, area) to an L'-norm, defined by this
complete metric, of the diffeomorphism on C,(S) induced by f. This allows us to
apply the simple technique, described in Section 3, of showing the unboundedness of
the LP—norm in the case where the fundamental group of the manifold is complicated
enough.

Acknowledgments The author was supported by grant Sonatina 2018/28/C/ST1/00542
funded by the Narodowe Centrum Nauki

2 The LP—-norm

Let (M, g) be a Riemannian manifold and let u be a finite measure on M. Usually
one assumes that p is induced by g, even though the definition of an L#-norm works
as well if u is any finite measure (then the L?-norm could be a pseudonorm). We
introduce here a more general definition as it is useful for stating results in Section 5.
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A short proof that the LP—diameter of Diffy (S, area) is infinite 885

Suppose f € Diffo(M, ) and let X: M — TM be a map to a tangent space of M
such that X(x) € Ty(y)M. One can think of X as a tangent vector to Diffo(M, u) at
the point f. The L?-norm of X is defined by the formula

1

1X1p = ( /M X ()P dx)".

Let f; € Diffo(M, ) for t € [0, 1] be a smooth isotopy, ie it defines a smooth map
M x[0, 1] - M. We always assume that isotopies are smooth. The L?-length of { f;}
is defined by

1 .
(L) = /0 1 follp dt.

where f;(x) = (d/ds) f5(x)|s=s € T#,(x)M . Note that if p = 1, then fol | f: (x)| dt is
the length of the path f;(x), thus /1 ({ f;}) can be interpreted as the p—average of the
lengths of all paths f;(x).

Letting f € Diffo(M, u), we define the L?—norm of f by
Ip(f) = inflp({f1}),

where the infimum is taken over all smooth isotopies f; € Diffy(M, 1) connecting the
identity on M with f. The assumption that f is pu—preserving was not used in the
definition, but it is needed to show that /,, satisfies the triangle inequality.

The L?—diameter of Diffo(M, p) equals

sup{lp(f): f € Diffo(M, p)}.

It is worth noting that geodesics in Diffo(M, 1) with the L?—metric are solutions of
the Euler equations of an incompressible fluid. For more on the connection between
the L?—metric and hydrodynamics see [1].

3 The base case

In this section we present the basic method which can be used to show that, for p > 1,
the L?—diameter of Diffy(M, w) is infinite if 71 (M) is complicated enough.

Lemma 3.1 Let X be a topological space and let f; € Homeo(X) fort € [0, 1] be a
loop in Homeo(X) based at 1dy, ie fo = f1 = Idx. Then for every x € X, the loop
fi(x) for t € [0, 1] is in the center of 1 (X, x).

Algebraic € Geometric Topology, Volume 23 (2023)



886 Michat Marcinkowski

Proof Let x € X and let y, for s € [0, 1] be a loop in X based at x. Consider the
map ¢: S! xS — X given by (¢,5) — f;(ys), where S = [0, 1]/0~1. We have that
¢(t,0) = fi(x) and ¢(0,5) = ys. Thus loops f;(x) and y; are in the image of the
torus S x S, therefore they commute. ]

Let (M, g) be a Riemannian manifold. Suppose & € w1(M). Let [(h) denote the
infimum over lengths of based loops in M that represent 1. We denote by Z(1(M))
the center of 71 (M).

Proposition 3.2 Let (M, g) be a Riemannian manifold and . the measure induced
by g. Assume that for every r the set {h € w1 (M) :[(h) < r} is finite (it holds eg if M
is compact) and w1 (M)/Z (71 (M) is infinite. Then for every p > 1 the L?—diameter
of Diffo(M, ) is infinite.

Proof By the Holder inequality we can assume p = 1. Let z € M be a basepoint and
let h € m1 (M, z). We represent & as a loop y based at z.

Let U be a contractible neighborhood of z and let f; € Diffo(M, u) fort € [0, 1] be a
finger-pushing isotopy that moves U all the way along y. For a detailed construction
see [5, proof of Lemma 3.1].

For every x € U we choose a path ¢ contained in U connecting z with x. We can
assume that /(¢x) < diam(U), where /(¢y) is the length of ¢,. We denote by ¢} the
reverse of ¢y.

The isotopy f; is defined so that it satisfies:

(1) Forevery x e U, f1(x) = x.

(2) Forevery x € U, the concatenation of ¢, f;(x) and ¢ is a loop based at z and
its homotopy class equals 4.

Let f; = f1 and define Ly = min{l/(hc) : c € Z(7w1(M, z))}. We shall show that

p(U)(Ly —2diam(V)) < I1(fh).

Let g; for t € [0, 1] be any isotopy connecting the identity on M with f3. Due to
Lemma 3.1, for every x € U the paths g;(x) and f;(x) represent elements of 71 (M, x)
that differ by an element of the center. Thus the concatenation of ¢y, g;(x) and ¢}
represents an element of the form hc € w1 (M, z) where ¢ € Z(w1(M,z)). Since
[(¢x) < diam(U), we have that [(g;(x)) > L, —2diam(U). Indeed, otherwise the
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concatenation of ¢y, g;(x) and ¢; would be a loop of length less then Lj, < I(hc),
which is impossible.

Since [(g;(x)) = fol |g:(x)| dt, we have

1 1
RO Ly =2diam@) = [ [Clgeoldrar < [ [ Calaras=nde.
U Jo M Jo
The isotopy g; was arbitrary, therefore u(U)(Ly —2diam(U)) <1 ( f5).

By assumption, for every r the set Sy, = {h € w1 (M) : [(h) < r} is finite. Therefore,
since w1 (M) /Z(7r1(M)) is infinite, there exists / such that the coset 2 Z (711 (M')) does
not intersect Sy. For such & we have Lj > r. Since the set U does not depend on
the choice of 4, and L}, can be arbitrary large, we conclude that the L!—diameter of
Diffy (M, w) is infinite. |

In particular, Proposition 3.2 can be applied when (S, g) is a compact surface of negative
Euler characteristic (then 771 (S) is infinite and has trivial center). Unfortunately, it says
nothing about the L?—-diameter of Diffy(.S, area) for the remaining surfaces. Our main
goal is to find an argument which is still based on the proof of Proposition 3.2, but
works for any compact surface S.

To this end, one could pass to the configuration space of n ordered points in S, denoted
by C,(S) C S”, with the product Riemannian metric g”. Its fundamental group is
the pure braid group P,(S), and P,(S)/Z(P,(S)) is infinite for every S if n > 3.
However, the problem with this space is that every braid P, (S) can be represented as
a based loop in (C,(S), g") of length at most 2n diam(S) + 1, thus one cannot apply
Proposition 3.2.

We solve this problem by changing the metric on C, (S). We describe it, in a slightly
more general setting, in the next section.

4 A complete metric on a manifold with removed
submanifolds

Let (M, g) be a compact Riemannian manifold and let D = U{'{=1 D;, where the D;
are submanifolds of M. The aim of this paragraph is to construct a metric on M — D
satisfying the following property: for every L the number of elements in 7wy (M — D)
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that can be represented by a based loop of length less then L is finite. For x € M
denote by d(x) the distance of x to D, that is

d(x) =dg(x,D) =min{dg(x,D;):i =1,...,k},
where d is the metric on M induced by g.
Rescaling g by 1/d we define a new quadratic form gz on the tangent space of M — D by

. lv]g
|U|gb - d(x)’

where v € Tx (M — D) is a vector tangent to a point x € M — D.

Note that d(x), and consequently g, are not differentiable. They are only continuous.
In this case g is called a C°~Riemannian metric and a smooth manifold with such
a quadratic form is called a C °~Riemannian manifold. A C°-Riemannian structure
allows us to define lengths of paths and a metric d on the underlying manifold. The
topology induced by d is equal to the manifold topology.

Lemma 4.1 M — D with the metric gp, is a complete C °~Riemannian manifold.

Proof Let N = (M — D, gp) and let By (x, r) denote the closed ball in N of radius
r and center x € N. To show completeness we must show that for every x € N the
ball By (x, %) is compact.

Let x € N. We shall show that the distance from By (x, %) to D is at least %d (x):
By(x.3)CL:={yeN:d(y) > 3dx)}.
Since L is compact, it follows that By (x, %) is compact.

Suppose y € By (x, %) and d(y) < d(x) (otherwise obviously y € L). Let € > 0 and
let y: [0,/] — N be a path connecting x with y such that |y(t)|g, = 1 for ¢ € [0,!]
and [ < % +e.

Let
to =sup{t € [0,1] : d(y(1)) = d(x)},

ie t¢ is the last time when d(y(¢p)) = d(x). For t > t¢, we have

[y (@Olg = 1y(@)lg,d(y (1)) = d(y()) = d(x).

Algebraic € Geometric Topology, Volume 23 (2023)
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Let y’ be the restriction of y to the interval [fg, []. Let [z (y’) be the length of y’ in the
metric g. Since |y(t)|g < d(x), we have

lg(y') < (I —10)d(x) < (3 +€)d(x).

Therefore the distance of y to D in g is at least

d(y) = d(y(10)) = lg(y') = d(x) — (3 +€)d(x) = 3d(x) —ed(x).

Since e is arbitrarily small, y € L and therefore By (x, 1) C L. i

Before we proceed we need the following simple lemma. Note that this lemma would
be standard if (M — D, gp) were a complete Riemannian manifold.

Lemma4.2 Let N = (M — D, gp) and let N be the universal cover of N with the
pulled-back C°—Riemannian metric. Then every closed ball in N is compact.

Proof By the Weierstrass approximation theorem there exists C € R and a smooth
function f: N — R such that C~! f(x) < 1/d(x) < Cf(x) for every x € N. Let
gs be a Riemannian metric defined by |v|g, = f(x)|v|g, where v € Ty N. Then
C~lvlg, <|vlg, < C|vlg,, thus the metrics induced by g, and g5 are equivalent. By
Lemma 4.1, (N, gs5) is a complete Riemannian manifold and it is a standard fact that
closed balls in the universal cover of (N, g5) are compact. Clearly it holds as well for
(N, gp), since the metrics defined by pullbacks of g and g to the universal cover are
equivalent. a

Let h € w1 (M — D). Denote by [(h) the infimum of lengths (with respect to g) of
based loops representing & € w1 (M — D).

Lemma 4.3 Forevery r, the set {h € m1(M — D) :l(h) < r} is finite.

Proof Let N = (M — D, gp), let x € N be a basepoint and let p: N — N be the
universal cover of N. Choose y € p~!(x). The preimage p~!(x) is discrete and
Bgj(y,r) C N is compact by Lemma 4.2. Thus p~(x) N B (y,r) is finite for every
r and therefore {h € m1(N) : [(h) < r} is finite. ad

5 A Lipschitz embedding

In this section we focus on the particular case where M — D is a configuration space.
Let (S, g) be a compact Riemannian surface and g” be the product metric on S”.
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Let Djj = {(x1,...,xn) € " : x; = x;}. Denote by C,(S) = S" —; ; Dij the
configuration space of n ordered points in S. On S” and C,(S) we consider the
measure induced by the product metric g”.

We shall now find a formula for dgn(x, D;;) in terms of the metric on S. Let
X =(x1,...,x,) €S™ and let m be the midpoint of a geodesic connecting x; with x;. If
we start moving points x; and x; towards m with constant speed, we get a geodesic in S”
connecting x with the closest pointin D;;. Since dg (m, x;) =dg(m, x;) = % dg(xi,xj)
and we are in the product metric,

1
dgn(x, Dij) = Vdg(m, x;)? + dg(m, x;)? = —= dg(xi, x}).
V2
The distance function d has the form
1 . . .
d(x) = —=min{d, (x;,x;): 1 <i <j <n}.
(x) \/5 { g( i j) J }

Let g5 = (g")p be the metric on C,(S) defined in the previous section, namely
|v|g, = |v|gn/d(x), where v € Tx(Cy(S)).

Let us fix a point p € S and let x = (x1,...,x,—1) € S*~1. Then (p,x) € " and
d((p, x)) is the minimum over (l/ﬁ)dg(p, x;) for1<i<n—1and (l/ﬁ)dg (xi,x;)
forl<i<j<n-—1.

We need the following technical lemma.
Lemma 5.1 There exists C € R such that for every p € S we have

1
/snl G =C

Proof It can be easily seen using polar coordinates that there exists C’ such that for
every p € D?, where D? is the euclidean disc,

/ #dx<C’.
D |p—x|

Since such C’ exists for a disc, we have a similar bound for every compact surface S:

1 ’
—dx < C".
/Sdg(va)

After integrating over all possible p € S (we assume area(S) = 1),

1 ,
L _dpdx<cC'.
/Sz dg(p.x) P

forevery pe S
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Let x = (x1,...,Xp—1). Since d((p, x)) is the minimum over (l/ﬁ)dg(p, x;) for
i=1,...,n—1and(1/\/§)d (xi,xj-)f0r1<i <j<n-1,

d((p X))~ Zd (p.xi) Zd (x,,x,)

Thus

/:gn 1d((p,x)) Z/n 1d (p,x, dx—i—Z/n v do(xi,x7) (x,,xj)
_ 1 V2
_(H—I)Lde'i‘in(n—l) Szde]dXz
5«/§(n—1)C’+MC/=:C. a

V2
Let u be the measure on Cy, () induced by the product metric g”. A diffeomorphism
f € Diffy(S, area) defines a product diffeomorphism f € Diffy(C,(S), ). Namely,
for x = (x1,...,xn) € 8" we have fi«(x) = (f(x1),..., f(xn)). Thus we have a
product embedding Diffy (S, area) — Diffy(C, (S), 1).

On Diffo(C,(S), 1) we consider the L!-norm defined by the metric gz, and the mea-
sure . Note that here we are in the case where g and p are not compatible, that is,
the measure induced by g; and the measure p are different.

The following lemma provides a link between the L!-norm on Diffy(S, area) and the
L'-norm on Diffy(C, (S), 1) defined above. Note that in the proof it is essential that
f preserves the area on S.

Lemma 5.2 The product embedding Diffy (S, area) — Diffy(C,(S), 1) is Lipschitz,
ie there exists C such that [1( fx) < Cl1(f).

Proof Let f € Diffo(S,area) and let X: § — TS such that X(x) € Tr(y)S. For
X =(x1,...,Xn) € Cu(S) we define Xy (x) = (X(x1), ..., X(xn)) € Tz, (x)Cn(S).

The set {J; ; Dij C S" is of measure zero. This means that we can regard | X« (x)|g,
as a measurable function defined on S”. Thus in what follows, we integrate | X« (x)|g,
over " with the product measure rather then over C,(S).

To prove the lemma it is enough to show that there exists C such that for every
J €Diffy(S, area) and every map X : § — T'S such that X(x) € T¢(y)S the following
inequality holds:

[ Xalln = ClIX]l1-
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Recall that by definition || X«|l1 = [gn [ X« (x)|g, dx. We have
X0 (x) | gn VIXO)2 + -+ [ X () 2
| X (x)] dx=/ —dx=/ dx
Ln T s d(f(x)) n d(fe(x))

IX(x1)lg + -+ [XCen)lg 1X(x1)l
< dx = — 7% dx.
—/n d(fe(x)) g nAmKﬂ@Dx

Since fi preserves the measure on S”,

/ | X(x1)lg a’x—[ |X o /' (x1)lg dx
S n

nd(fe(x)) d(x)
_ 1
=/S|Xof 1()cl)|g(/sn_1 d(x—l,x)dx) dxi
§C/ |X0f_1(x1)|g dxy (by Lemma 5.1)
S
= ¢ [ IXGn)lgdxi = CIX 1 0

6 Proof of the theorem

Theorem 1 Let (S, g) be a compact surface (with or without boundary). Then for
every p > 1 the LP—diameter of Diffy (S, area) is infinite.

Proof By the Holder inequality we can assume p = 1. Fix n > 3.

Let z = (z1,...,2n) € Cu(S) and let P,(S) = 71(C,(S), z) denote the pure braid
group on n strings. Suppose U; C S are disjoint discs such that z; € U;, then let
U=U; xUyx---xU, CCy(S).

Choose h € P,(S) and y a loop in C,(S) representing h. Let f; € Diffy(S, area) for

t € [0, 1] be an isotopy such that ( f7)« € Diffo(C,(S), ) moves U all the way along
y and has properties (1) and (2) from the proof of Proposition 3.2. Let f; = fi.

It is convenient to imagine that f; moves U; along the trajectory of z; given by y.
In fact, to construct f; satisfying the above properties for a general h € Py, (S), it is
enough to do it for a given finite set of generators of P, (.S) (or generators of the full
braid group B, (S)). In [2] one can find a set of generators of B, (S) for which the
construction of f; is straightforward.

Recall that on C,(S) we consider the complete metric g;. By Lemma 4.3, the set
{h € 11 (Cr(S)) : I(h) < r} is finite for every r and P,(S)/Z(P,(S)) is infinite. Tt
follows from the proof of Proposition 3.2 that /1 (( f5)«) can be arbitrarily large.
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Therefore, due to Lemma 5.2, [1( f3) can be arbitrarily large. Thus the L!—diameter of
Diffy (S, area) is infinite. a

References

(1]

[9]

[10]

(11]

[12]

[13]

VI Arnold, B A Khesin, Topological methods in hydrodynamics, Appl. Math. Sci. 125,
Springer (1998) MR Zbl

P Bellingeri, On presentations of surface braid groups, J. Algebra 274 (2004) 543-563
MR Zbl

M Brandenbursky, Quasi-morphisms and LP—metrics on groups of volume-preserving
diffeomorphisms, J. Topol. Anal. 4 (2012) 255-270 MR Zbl

M Brandenbursky, J Kedra, Quasi-isometric embeddings into diffeomorphism groups,
Groups Geom. Dyn. 7 (2013) 523-534 MR Zbl

M Brandenbursky, M Marcinkowski, Bounded cohomology of transformation groups,
Math. Ann. 382 (2022) 1181-1197 MR

M Brandenbursky, E Shelukhin, On the L?—geometry of autonomous Hamiltonian
diffeomorphisms of surfaces, Math. Res. Lett. 22 (2015) 1275-1294 MR Zbl

M Brandenbursky, E Shelukhin, The L?—diameter of the group of area-preserving
diffeomorphisms of S?, Geom. Topol. 21 (2017) 3785-3810 MR Zbl

Y Eliashberg, T Ratiu, The diameter of the symplectomorphism group is infinite,
Invent. Math. 103 (1991) 327-340 MR Zbl

J-M Gambaudo, M Lagrange, Topological lower bounds on the distance between
area preserving diffeomorphisms, Bol. Soc. Brasil. Mat. 31 (2000) 9-27 MR Zbl

S-h Kim, T Koberda, Anti-trees and right-angled Artin subgroups of braid groups,
Geom. Topol. 19 (2015) 3289-3306 MR Zbl

E Shelukhin, The action homomorphism, quasimorphisms and moment maps on the
space of compatible almost complex structures, Comment. Math. Helv. 89 (2014)
69-123 MR Zbl

A1 Shnirelman, The geometry of the group of diffeomorphisms and the dynamics of
an ideal incompressible fluid, Mat. Sb. 128(170) (1985) 82-109 MR Zbl In Russian;
translated in Math. USSR-Sb. 56 (1987) 79-105

AT Shnirelman, Generalized fluid flows, their approximation and applications, Geom.
Funct. Anal. 4 (1994) 586620 MR Zbl

Institute of Mathematics, University of Wroctaw
Wroctaw, Poland

marcinkow@math.uni.wroc.pl

Received: 29 April 2021 Revised: 15 October 2021

Geometry & Topology Publications, an imprint of mathematical sciences publishers :.msp


http://dx.doi.org/10.1007/b97593
http://msp.org/idx/mr/1612569
http://msp.org/idx/zbl/0902.76001
http://dx.doi.org/10.1016/j.jalgebra.2003.12.009
http://msp.org/idx/mr/2043362
http://msp.org/idx/zbl/1081.20045
http://dx.doi.org/10.1142/S1793525312500136
http://dx.doi.org/10.1142/S1793525312500136
http://msp.org/idx/mr/2949242
http://msp.org/idx/zbl/1286.57031
http://dx.doi.org/10.4171/GGD/194
http://msp.org/idx/mr/3095706
http://msp.org/idx/zbl/1292.57029
http://dx.doi.org/10.1007/s00208-021-02266-8
http://msp.org/idx/mr/4403221
http://dx.doi.org/10.4310/MRL.2015.v22.n5.a1
http://dx.doi.org/10.4310/MRL.2015.v22.n5.a1
http://msp.org/idx/mr/3488375
http://msp.org/idx/zbl/1353.53076
http://dx.doi.org/10.2140/gt.2017.21.3785
http://dx.doi.org/10.2140/gt.2017.21.3785
http://msp.org/idx/mr/3693576
http://msp.org/idx/zbl/1405.53104
http://dx.doi.org/10.1007/BF01239516
http://msp.org/idx/mr/1085110
http://msp.org/idx/zbl/0725.58006
http://dx.doi.org/10.1007/BF01377592
http://dx.doi.org/10.1007/BF01377592
http://msp.org/idx/mr/1754952
http://msp.org/idx/zbl/0976.58007
http://dx.doi.org/10.2140/gt.2015.19.3289
http://msp.org/idx/mr/3447104
http://msp.org/idx/zbl/1351.20021
http://dx.doi.org/10.4171/CMH/313
http://dx.doi.org/10.4171/CMH/313
http://msp.org/idx/mr/3177909
http://msp.org/idx/zbl/1294.53074
http://mi.mathnet.ru/sm2019
http://mi.mathnet.ru/sm2019
http://msp.org/idx/mr/805697
http://msp.org/idx/zbl/0725.58005
https://doi.org/10.1070/SM1987v056n01ABEH003025
http://dx.doi.org/10.1007/BF01896409
http://msp.org/idx/mr/1296569
http://msp.org/idx/zbl/0851.76003
mailto:marcinkow@math.uni.wroc.pl
http://msp.org
http://msp.org




ALGEBRAIC & GEOMETRIC TOPOLOGY
msp.org/agt

EDITORS

PRINCIPAL ACADEMIC EDITORS
Kathryn Hess
kathryn.hess@epfl.ch
Ecole Polytechnique Fédérale de Lausanne

John Etnyre
etnyre @math.gatech.edu
Georgia Institute of Technology

BOARD OF EDITORS

Julie Bergner

Steven Boyer

Tara E. Brendle
Indira Chatterji
Alexander Dranishnikov
Corneli Drufu

Tobias Ekholm

Mario Eudave-Muifioz
David Futer

John Greenlees

Ian Hambleton
Hans-Werner Henn
Daniel Isaksen

Christine Lescop

University of Virginia
jeb2md@eservices.virginia.edu
Université du Québec a Montréal
cohf@math.rochester.edu
University of Glasgow
tara.brendle @ glasgow.ac.uk

CNRS & Université Cote d’ Azur (Nice)

indira.chatterji @math.cnrs.fr

University of Florida
dranish@math.ufl.edu
University of Oxford
cornelia.drutu @maths.ox.ac.uk
Uppsala University, Sweden
tobias.ekholm @math.uu.se

Univ. Nacional Auténoma de México
mario @matem.unam.mx

Temple University
dfuter@temple.edu

University of Warwick
john.greenlees @warwick.ac.uk

McMaster University
ian@math.mcmaster.ca

Université Louis Pasteur
henn@math.u-strasbg.fr

Wayne State University
isaksen @math.wayne.edu

Université Joseph Fourier

Robert Lipshitz
Norihiko Minami
Andrés Navas
Thomas Nikolaus
Robert Oliver
Birgit Richter
Jéréme Scherer
Zoltdn Szab6
Ulrike Tillmann
Maggy Tomova
Nathalie Wahl
Chris Wendl

Daniel T. Wise

University of Oregon
lipshitz@uoregon.edu

Nagoya Institute of Technology
nori@nitech.ac.jp

Universidad de Santiago de Chile
andres.navas @usach.cl
University of Miinster

nikolaus @uni-muenster.de
Université Paris 13

bobol @math.univ-paris13.fr
Universitit Hamburg
birgit.richter @uni-hamburg.de
Ecole Polytech. Féd. de Lausanne
jerome.scherer @epfl.ch
Princeton University

szabo @math.princeton.edu
Oxford University

tillmann @maths.ox.ac.uk
University of lowa
maggy-tomova@uiowa.edu
University of Copenhagen
wahl@math.ku.dk
Humboldt-Universitit zu Berlin
wendl @math.hu-berlin.de
McGill University, Canada
daniel.wise@mcgill.ca

lescop @ujf-grenoble.fr

See inside back cover or msp.org/agt for submission instructions.

The subscription price for 2023 is US $650/year for the electronic version, and $940/year (4 $70, if shipping outside the US)
for print and electronic. Subscriptions, requests for back issues and changes of subscriber address should be sent to MSP.
Algebraic & Geometric Topology is indexed by Mathematical Reviews, Zentralblatt MATH, Current Mathematical Publications
and the Science Citation Index.

Algebraic & Geometric Topology (ISSN 1472-2747 printed, 1472-2739 electronic) is published 9 times per year and continu-
ously online, by Mathematical Sciences Publishers, c/o Department of Mathematics, University of California, 798 Evans Hall
#3840, Berkeley, CA 94720-3840. Periodical rate postage paid at Oakland, CA 94615-9651, and additional mailing offices.
POSTMASTER: send address changes to Mathematical Sciences Publishers, c/o Department of Mathematics, University of
California, 798 Evans Hall #3840, Berkeley, CA 94720-3840.

AGT peer review and production are managed by EditFlow® from MSP.
PUBLISHED BY
:l mathematical sciences publishers
nonprofit scientific publishing
http://msp.org/
© 2023 Mathematical Sciences Publishers


http://dx.doi.org/10.2140/agt
mailto:etnyre@math.gatech.edu
mailto:kathryn.hess@epfl.ch
mailto:jeb2md@eservices.virginia.edu
mailto:cohf@math.rochester.edu
mailto:tara.brendle@glasgow.ac.uk
mailto:indira.chatterji@math.cnrs.fr
mailto:dranish@math.ufl.edu
mailto:cornelia.drutu@maths.ox.ac.uk
mailto:tobias.ekholm@math.uu.se
mailto:mario@matem.unam.mx
mailto:dfuter@temple.edu
mailto:john.greenlees@warwick.ac.uk
mailto:ian@math.mcmaster.ca
mailto:henn@math.u-strasbg.fr
mailto:isaksen@math.wayne.edu
mailto:lescop@ujf-grenoble.fr
mailto:lipshitz@uoregon.edu
mailto:nori@nitech.ac.jp
mailto:andres.navas@usach.cl
mailto:nikolaus@uni-muenster.de
mailto:bobol@math.univ-paris13.fr
mailto:birgit.richter@uni-hamburg.de
mailto:jerome.scherer@epfl.ch
mailto:szabo@math.princeton.edu
mailto:tillmann@maths.ox.ac.uk
mailto:maggy-tomova@uiowa.edu
mailto:wahl@math.ku.dk
mailto:wendl@math.hu-berlin.de
mailto:daniel.wise@mcgill.ca
http://dx.doi.org/10.2140/agt
http://www.ams.org/mathscinet
http://www.emis.de/ZMATH/
http://www.ams.org/bookstore-getitem/item=cmp
http://www.isinet.com/products/citation/wos/
http://msp.org/
http://msp.org/

ALGEBRAIC & GEO

Volume 23 Issue 2 (pag

Parametrized higher category theory

JAY SHAH

Floer theory of disjointly supported
symplectically aspherical manifolds

YANIV GANOR and SHIRA TA
Realization of graded monomial idea

TSELEUNG SO and DONALD ST
Nonslice linear combinations of iterat

ANTHONY CONWAY, MIN HOO
POLITARCZYK

Rectification of interleavings and a pe
theorem

EDOARDO LANARI and LUIS S
Operadic actions on long knots and 2

ETIENNE BATELIER and JULIE
A short proof that the L”—diameter o

MICHAL. MARCINKOWSKI
Extension DGAs and topological Hoc

HALDUN OZGUR BAYINDIR

Bounded cohomology of classifying s
subgroups

KEVIN L1




	1. Introduction
	2. The L^p–norm
	3. The base case
	4. A complete metric on a manifold with removed submanifolds
	5. A Lipschitz embedding
	6. Proof of the theorem
	References
	
	

