
 

Loop Space Decompositions in HomotopyTheory

withApplicationstoPoincaréDualityspaces

Grandobjectives

X I connected finite cw complex

God Calculate X

or Y X

Hard 5 calculated through a
range

Instead look at bigger pictures

Special cases rational htpy groups
wi periodic happy gps
stable range metastable range

Globalproperties ofhtpy gps
exponent of a X

growth of Q gps in THX
growth of torsion gps in X

RatiomlvsTorsionHtpybp
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Def A l connected finite Cw complex is

elliptic if it has finitely many
rational

ntpy gps it's hyperbolic if it has
infinitely many

Edify Felix Halperin Lemaire

If X is hyperbolic then Ti X Q
i Em

grows exponentially

Ea Tq 5 a I generator
SM Q 2 generators

elliptic

Sulu Q n l generators

Ey Tx Sus is hyperbolic

Def Lt p be a prime A l connected

finite cw complex has exponent p
if p is the least power of p
that annihilates the p torsion in Arlt
write as expp x pr or exp x p

Ez podd expp 15ns p
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Conj exp Sma
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Ea p any prime expplsmus e a

Moore'stonjecture links rational andtorsion

htpygps

let x be a l connected finite cw couples
Then the following are equivalent

X is elliptic

expp x so for all primes p

exppox so for some prime p

Known to hold for
Sh
shush



finite H spaces elliptic long
H spares with finitely generated
homology Chacholsui Pitsch Starkey

Scherer elliptic
torsion free suspensions Selick

mostlyhyperbolic

polyhedral products DnSnY

Partial results

Anick showed a cones satisfyMoore's
conjecture for all but finitelymanyp

McGibbon Wilkerson if X is elliptic
then I has finite exponent for all
but finitely many primes

GrowthinHtpyg

Def Huang Wu A l connected finite
co couples is phypetbolic if

the p torsion fm Tick grows



exponentially with m For a given

r EN I is modprhyperbolic if
the number of Mpr summards in

Fm tilt grows exponentially with m

WWI'smush mad p hyperbolic fp trot

Boyde
mod p Moore spare

Cofbration sm Ism n

prep

podd Pmcpr is mod pthyperbolic f

ter ra HuangWu
1st er Boyde

Boyde has criteria for identifying
spores that are mod prhyperbolic
K theory criterion for p hyperbolicity
Hy criterion for prodpr hyperbolicit



I r pm p hyp

This suggests

Conjecture let X be a l connected finite
cw complex If X is rationally hyperbolic
then it is and pr hyperbolic Up K 71

Question Is S mod p hyperbolic

Question Is there a t connected finite
cw couples that is elliptic and has

p torsion growing slower than exponentially

Refinement ofMoore'sConjecture Lt X be a

s connected finite co couples Then

8 is hyperbolic iff it is mod p
hyperbolic Up tr 21

Growthintlehomologyffelopspons

LX Map S X free loopspace

acre Gromov of X is a l connected

closed manifold then H LX Q

almost always grows exponentially



almost always grows expo ally

Ey 5 needs to be excluded

Game Vigue Poirrier Let X be a
t connected finite CW angles If 8 is

rationally hyperbolic then Ha thx a

grows exponentially

known for V5 Vigue Poirrier

M N for M N are

manifolds notequal to spheres
Lambretta

X is coformal Lambrecht

There's also a connection to torsion htpygps

Thy Huang TI let EA Y 42 be
a htpy cofibration where A Z are not

rationally contractible If Sh has a

right htpy inverse then

H CLY a grows exponentially



Y is rationallyhyperbole

Y is mad p hyperbolic are 1

for all but finitely many primes

Ed I connected 4 manifold

s as Is Is r
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