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  Introduction

Let M be a compact irreducible 3 -manifold with
-

empty or toroidal boundary which is not a graph manifold .

-

Geometnzationthm

M can be cut along ton into pieces which are
either

hyperbolic or Seifert-fibered .

not a graph manifold = at least 1 hyperbolic piece .



  Introduction

Goal : understand the homology of finite covers of M

* M virtually contains any prescribed torsion in homology

[ torsion

Hr (M , 2) = Ibn ④ T,
finite abelian group

bn = 1St Betti number

I



  Motivation and History

Luck approximation thm- combined Lott - Luck :

ti h t
,

r f NtiFR

If → Mi → Mz→Ma - M tower of cofinal

regular covers of M

lim
bi (Mi)

is a Tty
= O

.



  Motivation and History
Torsion growth conjecture (Bergeron-Venkatesh , Leick, Le)

Tuya cofinal tower regular covers of M sit
.

limsup but TncMill =

rollM)← Volcan)
isa Fig - = -2 of volumes6T

of the hyp . pieces

Le : for any such tower

limsuplnlTCM.nl#volCM)
isN Cti Ti) TT



  Motivation and History
A weaker question :

Given M , does there
exist a finite cover NT →M

St . Tal NT ) to ?

• Sun 2015 : true fr closed hyperbolic 3-manifolds

• indeep .
Friedl - Hermann } true for M as before
Liu



  Motivation and History

Theorem (Sun 2015)

Let N be a closed hyperbolic 3-manifold .

Let A beany finite abelian group .

Then there is a finite cover
TV → N such that

A- is a direct summand
in HrcTV ik)

this is what I call
"

prescribed torsion
"



  Statement

Theorem ( C - Groves)

Let M be a compact irreducible 3-manifold with empty
or toroidal boundary which is not a graph manifold .

Let A be any
finite abelian group .

There is a
NT → M finite cover such that A is

a direct summand in He CNT i74
.



  Ideas
Surface Eg

cut along c
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Exercise : Ha ( Xn ik) -- 749
"
④ 74mL

.
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  Ideas



  Ideas
• use the Kahn-Wright construction of surfaces to build

a 2-complex Xu es Muy such that

- Xu stays far away from the cusps
*

- immersion is In - injective(
-

image of TelXn) be a quasi
-convex subgp in Tn (Ma)

• appeal to the virtually special thins fagot , wise,

Przytydci-Wise) to find a Amite index svhsgp
HEIn CM) such that It retracts to Incxn)

.

• standard computation shows that

He CNT ,2) = Hn (Xn , 7L) ④ Kev (rt)
ya
corresponding to H



Thank you !


