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Plan

3 Manifolds and hyperbolic structures

The skinning map and the gluing problem

Thurston's lost theorem
Uniform models and theproof



3 manifolds in this talk

compact oriented irreducible atoroidal
with incompressible boundary

Examples to keep in mind
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Acylindrical manifolds

no properly embedded essential S'xI 21s'xI M214



These all admit hyperbolic structures

int ME HIT
and in fact coal ocompact ones
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Pictures of limit sets
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Bookof I bundles
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Acylindrical Manifold
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Berg Simultaneous Uniformization Theorem

Ahlfors Maskit Kra Marden Sullivan

CCM convex cocompacthypstructuresonM

Teichmillerspare
I T am
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In particular for M Sx I
TC2M TCS xT 5



The problemof uniform models

How do we given data in Tam

e.g a minimal lengthpants decomposition

answer geometric questions about the hyperbolic
structure

e.g volume diameter injectivity radii

Onekind of solution when M 5 10,1
w Masur Brock Canary

decompositions in
S J

V II ETCS xT 5
no minimal

lush pants

mo hierarchicalpaths in curvecomplexof S
no Explicit model Mu

K bilipschitz home filth ABE

Uniform means K depends only on S



The skinning map and Thurston's

gluing problem

S component of 2M
inclusion it S T M

induces CCCM CC Sx 0,1
by passage to covers

Beers parameters

NETCOM Ins ng ETCS xTC5
in fact ng Us

M's is a holomorphic functionof U
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Combining over all components of 2M

Tn T 2M TCA
Us us

The skinning map

What is it good for



The gluing problem
inductive step in Thurston's proof
of hyperbolizationof Haken manifolds

T 2M 2M orientation reversing
fixed point free involution
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Theorem Thurston If M admits convexcocompact

hyperbolicstructures and Mle has no

essential tori then M admits a hyperbolic

structure
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A solution is given by a fixedpoint
of the map Tx Tn



Thurston proved a fixedpointexists

He also made a stronger statement
Tom

theorem Gim M there
f

such that if MIT is atoroidal

µTx 00m Teams

is boundedTCam

When M is cylindrical

MA is always atoroid

and om T 2M is bounded

Thurston's Bounded ImageTheorem

full proofAKent 2010



In the cylindrical care
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About the proof

I Main geometric part model building

K core of solid torus

ÉEF

V projects combinatorially to give a marking M
on S 8 Subsurface Projection

use Ben

III

bundles
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Theorem Bromberg Canary M

This model admits a K Lipschitz
Proper homeeq to HIT which respects

the thick thin decomposition

K depends only on topology of M
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I Estimating the skinning image from themodel
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III Topological Endgame propagating control

Def 2,402M essential subsurfaces

Y escapes from 2 if
hTx oiD Yx on Mpm

ht o idy
h Yet n 2 0
h not homotopic into 214 as mapofpairs
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Let w 2 maximal essential subsurface

that escapes from 2

412 2M w z

subsurface controlled by 2

examples

inariesW2 I bundle

2 solidtorus annuli

Etti

Y monotonic WEZ Y W E XCz



Z C 2M let T2 T 2ND T Z

be restriction map TCO

Geometry in I I suffices to give

theorem Bromberg Canary M

Given 202M KCTCZ compact

F L C T YC compact

TC Fil k C Iii L

control on 2 control on 412 after skinning



Now given t define Zo E Z E 22
Zo p
Zit T Y 2

The theorem gives compact Li C T Zi

such that

Toon TD C TE Li

Eventually Ine 2n note n depends on topology

of 2M only
if 2n 2M

rz Ln Ln and we aredone



If Zn 2M and mustbenonempty

Then 22h bounds a union of
annuli in M which assemble

to essential tori in Mle

Illustration for bookof I bundles

20 0
21 410 annals T 2B

Zn contains 8,08208 so 2nd C I bundles
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