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Background

semipositive Symplectic Manifold · COMPAIt
· for every At T (NM)

3-n = GLA)<O implies WIAI = 0

Example o S2

· Calabi-Yau manifold

· symplectic manifolds with dimension => 6



Background

Hamiltonian H : S'xM <IR Smooth

Hamiltonian vector field W(XH ..) = dH

R-periodic Orbits P flow of XH with pi-id

x is a fixed point of d

XIt1 = 4,** (x)

Hamiltonian diffeomorphism PL



Background

Action Functional on Contractible Loops in m

AHCIX . 05)
= So HCt , xitRd+-Sp2 U*W

0 : D > M

- v(e2Tit) = x(t)en



Background

Floer homology is the Morse homology of the action functional H

Coefficient Nk .w=[ [RiTW(Ai) RiEIK field , C, (A) =0 , finite negative powers]

Alk .w-module Structure TWIA) . [X ,
US = [X , U#A]

& [X , UFCA]
- IlD IX

, UHA] I TWI2A? IX ,U]
11
- -

- E TWIAl . [X ,U] Ee [N
,
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Extend Coefficients to Alk .Univ=[IRIT kitIK field . NYN}

HFCH , Al ,univ = HF CH .
Alk ,w) & NIK . univ



Background

subringnik
,univ I Alk , UnTU

II

[5kiT/ xiC,03

HFCH ,
Nik

,
univ) = (* Mix

. univ) -) Nishire ... Gige)
Bar lengths i z = . .. BK

Usher's boundary depth



Background

Quantum Homology &H (hd . Nik . univ) = H(M , 1) & Ni . univ

with ring structure given by Gromor-Witten invariants

PSS Isomorphism (Piunikhin-Salamon - Schwarz)

HFCH · Alk ,univ) = QHCM , NIK, univ)



motivation
J . Franks (1992 , 1996) For #21-periodic orbits3>2 impliesI

infinitely many periodic orbits .

Arnold conjecture # [1-periodic orbits3 dim (HF (M)

Hofer-Zehnder conjecture (1994) If "< " , Then there are infinitely many
periodic orbits .

E . Shelukhin (2019) Yes
,
when he is monotone and the

non-monotone
o even quantum homology is semisimple

blowup of 4p2 &
Atallah - LOU Yes

, when In is semipositive and the

four points blowup of ep2 for W even quantum homology is semisimple
certain size of exceptional divisorsA

S
.
Bai and G . Xu (2023) Yes

, for all toric manifolds

Ostrover-Tymbin's 8-dimensional
monotone toric manifold whose quantum
homology is not semisimple



Let (M . w) be a closed semipositive symplectic main Result
manifold whose even quantum homology Atallah-L .
&Her (m . N , univ) is semisimple
Let of be a nondegenerate Hamiltonian diffeomorphism
such that

0 > #S contractible 1- periodic Orbits] <dimp H(m . 1)

Then o has infinitely many contractible periodic orbits .

Y
. Sugimoto's definition of equivariant Floer homology

Assume finiteness ~ E . Shelukhin's algebraic argument
*

p . IPICP . 1Ep , univ) - I PildP , Azp , univ)

#
#scontractible 1-Periodic

-#bars-boundary depth

orbits]> dimaH(m,) = #bars. C independent of 4
-

⑰

independent for p sufficiently large
of P



key Part

AHer/a . 1 ,univ) is semisimple . Then there is an upper bound of

boundary depth of HFCH
:

Ap , univ) that is independent of P
for sufficiently large 4

QHer (M . Na , unir)=,
HLCha , Q) Dana , univ

semisimple : QHer(a , Na .univ) =Q, Q20 ... q Am

Q: is a field extension of Na , univ

Ri= 2:* AHer(a , na ,unir)

lixe:=li , eixe] = 0 idempotents
eit ... + em = [M]



QHer In . Frac(Az ,unir) is semisimple StEi]p3 are idempotents in

Idempotents Ei=E,Right
①Her (M . Nap ,univ)

Rig = Frac (Az , univ)
AHer /M , Azp ,Univ) is semisimple

hi t H2j (M ,E)
and is generated by [[Ei]p3

Rig Frac(Az
,unir) (2)

Frac(hz
,univ) [x]

kij(x) + (f(x) (f(x))
The relation between

Seis and s tei]p3 gives
Nap, Univ [x] an upper bound of[kij(x)]p+ ([f(xJp) ([f(x)Jp)

boundary depth of
NEp ,Univ[X] HF(d , NEp ,unir) that[Kij(x)]p+ 19,1) ...GRIx1) (9,1X) ... GRIX)

is independent of P
MEp, Univ [X]

[Rij(x)]p + 19:/x1) 192(X)

[Rij]4 MEp ,Univ



Remark on semipositivity

P
. Seidel 2014

Az - equivariant fixed point Floer cohomology
on Lionville domain

.

E . Shelukhin Generalize P . Seidel's work to Ep .

and J . Zhao , 2019

E . Shelukhin , 2019
Ep-equivariant Hamiltonian Floor homology on monotone

symplectic manifold .

Y . Sugimoto , 2021
Ep-equivariant Hamiltonian Floor homology on semipositive
symplectic manifold .

If Ep-equivariant Hamiltonian Floor homology can be defined

in more general setting , then it is possible to prove the Hofer-
zehnder conjecture in more general setting .



Remark on semisimple
even quantum homology

The Conley Conjecture : For a broad class of closed symplectic manifolds ,
every Hamiltonian diffeomorphism has infinitely many
simply periodic orbits .

Hold : Calabi-Yau manifolds . Negative monotone symplectic manifolds .

Fail : up" , complex Grassimannians .

Conley Conjecture Fails
Chance - McDuff conjecture

? T
-

↳

I nonvanishingEven quantum Gromor- Witten invariants
homology is semisimple 7 or a nontrivially deformed

quantum product




