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Symplectic circle actions with isolated
fixed points

DONGHOON JANG

Consider a symplectic circle action on a closed symplectic manifold
with a non-empty discrete fixed point set. Associated to each fixed
point, there are well-defined non-zero integers, called weights. We
prove that the action is Hamiltonian if the sum of an odd number
of weights is never equal to the sum of an even number of weights
(the weights may be taken at different fixed points). Moreover,
we show that if dim M = 6, or if dim M = 2n < 10 and each fixed
point has weights {£ay, ..., a,} for some positive integers a;, the
action is Hamiltonian if the sum of three weights is never equal to
zero. As applications, we recover the results for semi-free actions,
and for certain circle actions on six-dimensional manifolds.

1. Introduction

One important question in symplectic geometry is when a symplectic group
action is Hamiltonian. In particular, let the circle act symplectically on a
closed symplectic manifold. In some cases, the existence of a fixed point im-
plies that the action is Hamiltonian. For instance, if the manifold is K&hler
[F], if the dimension of the manifold is less than or equal to four [MD], if
there are three fixed points [J], or if the circle action is semi-free with dis-
crete fixed points [TW]. In [MD], D. McDuff constructs a non-Hamiltonian
symplectic circle action on a six-dimensional symplectic manifold with fixed
tori. Therefore, if the dimension of a manifold is greater than or equal to
six, it requires more restrictions for a symplectic action to be Hamiltonian.

In this paper, we focus on symplectic circle actions on closed symplectic
manifolds with discrete fixed point sets. Let the circle act symplectically
on a 2n-dimensional closed symplectic manifold and suppose that the fixed
points are isolated. Associated to each fixed point p, there are well-defined
non-zero integers wzi,, called weights, 1 < i < n. We prove that if the weights
at the fixed points satisfy certain conditions, then the action is Hamiltonian.
Consider a collection of weights among all the fixed points, counted with
multiplicity, where, for each integer a, the multiplicity of a in the collection
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is precisely max,¢ s [{ila = wi}|. For instance, if there are fixed points
whose weights are {—1,—1,1,1} and {—1,—1,—1,2}, then the multiplicity
of —1 and 1 in the collection is at least 3 and 2, respectively. First, we show
that the symplectic action is Hamiltonian if the sum of an odd number of
weights in the collection is never equal to the sum of an even number of
weights in the collection.

Theorem 1.1. Consider a symplectic circle action on a closed symplectic
manifold with a non-empty discrete fixed point set. The action is Hamilto-
nian if the sum of an odd number of weights among all fixed points is never
equal to the sum of an even number of weights.

For instance, if the action is semi-free, all the weights are either +1 or
—1. Therefore, the sum of an odd number of weights cannot equal the sum
of an even number of weights and hence the action is Hamiltonian. In some
cases, we only need to consider if the sum of three weights is never equal to
Z€ro.

Theorem 1.2. Consider a symplectic circle action on a 2n-dimensional
closed symplectic manifold with a non-empty fized point set, where weights
are {tai,tag,...,*ta,} at all fized points for some positive integers a;,
1 <@ < n. Assume thatn <5 and +a; + aj £ ar # 0 for alli < j < k. Then
the action is Hamiltonian.

Theorem 1.3. Consider a symplectic circle action on a siz-dimensional
closed symplectic manifold with a non-empty discrete fized point set. The
action is Hamiltonian if the sum of three weights among all fized points is
never equal to zero.

The condition that the sum of three weights among all fixed points is
never equal to zero, seems to play a certain role for a symplectic circle action
to be Hamiltonian. If a symplectic circle action on a closed symplectic man-
ifold M has two fixed points, then either M is the 2-sphere, or dim M = 6
and the weights at the two fixed points are {—a — b, a, b} and {—a, —b,a + b}
for some positive integers a and b [K], [PT]. If dim M = 6, then the action
cannot be Hamiltonian, since a compact Hamiltonian S'-manifold M has at
least %dimM + 1 fixed points. Moreover, there are sums of three weights
that are equal to zero. In fact, the first Chern class at each fixed point,
which is the sum of weights at the fixed point, is equal to zero. However,
to the author’s knowledge, we do not know, whether such a manifold exists
or not. Recently, S. Tolman constructs a non-Hamiltonian symplectic circle
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action on a 6-dimensional closed symplectic manifold with 32 fixed points,
16 of which have weights {—2,1,1} and the other 16 of which have weights
{—1,—1,2} [T], which seems to provide a further clue to the following ques-
tion:

Question 1.4. Let the circle act symplectically on a closed symplectic man-
ifold with a non-empty discrete fixed point set. Suppose that the sum of three
weights among all fized points is never equal to zero. Then is the action
Hamiltonian?

2. Background and notation

A manifold M is called a symplectic manifold, if there is a closed, non-
degenerate two-form w on M, called a symplectic form. Let the circle
act on a symplectic manifold (M, w). The action is called symplectic, if it
preserves the symplectic form w. Let X s be the vector field on M generated
by the circle action. The action is called Hamiltonian, if there is a map
p: M — R such that dy = 1x,,w.

Let the circle act on a 2n-dimensional almost complex manifold M and
assume that the action preserves the almost complex structure on M. Sup-
pose that p is an isolated fixed point. We can identify T),M with C" and
the action of ST at p with A+ (21,...,2n) = (A\rz1,..., A8 2,), where {; are
non-zero integers. These non-zero integers are called weights at the fixed
point p. Let )\, be twice of the number of negative weights at p. This is
called the index of p. Denote by o; the elementary symmetric polynomial
of degree i in n variables. Note that any symplectic manifold admits an al-
most complex structure, hence is an almost complex manifold. In [L], P. Li
shows the following;:

Theorem 2.1. [L] Consider a circle action on a 2n-dimensional closed
almost complexr manifold M. Suppose that the action preserves the almost
complex structure and the fixed points are isolated. Then

‘ (5. t5 o : )
N P A i
pEMS! Hj:1(1 — &)

where N is the number of fived points of index 2i and t is an indetermi-
nate. In addition, suppose that M is a symplectic manifold and the action is
symplectic. Then x°(M) =1 if the action is Hamiltonian, and x°(M) = 0
if it is not Hamiltonian.
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3. Symplectic circle actions with isolated fixed points

We begin with the proof of Theorem 1.1. Recall that for a symplectic circle
action on a closed symplectic manifold M with a non-empty discrete fixed
point set, we consider a collection of weights among all the fixed points,
counted with multiplicity, where, for each integer a, the multiplicity of a in
the collection is precisely max, /s [{ila = wy,}.

Proof of Theorem 1.1. The main idea of the proof is to manipulate the for-
mula in Theorem 2.1; we consider x"(M), make each exponent in the de-
nominator positive, and clear up denominators by multiplying by the least
common multiple of the denominators. In such a way each term has the
exponent that is the sum of the absolute values of the weights and we derive
the conclusion.

Assume, on the contrary, that the action is not Hamiltonian. By Theo-
rem 2.1, xY(M) = x"(M) = 0 and there are no fixed points of index 0 and
2n. Moreover,

. B 1 1 Hg;n<0(—t_£;’n)
CON= D w2 0 ) o)

pepst Lim=1 pepst Lim=1
[l (=75

peMsl Hf;">0(1 - tﬁ;ﬂ) H£g<0{(1 — tgl:’n)(—t_g;n)}

Ap _m
(—1) 2 H£y<0t Ep
Hg;ﬂ'>0(1 — &) Hg;n<o(1 )
t25;n<o(*£;n)

= 2 OV g G

pEMS!

peMS!

Denote by A = {a1,aq,...,a;} the collection of all the absolute values
of weights among all the fixed points, counted with multiplicity, where, for
each positive integer a € A, the multiplicity of a is precisely

max,e s [{ila = |wp|}]-
Therefore, the least common multiple of the denominators is
! .
[Tici (X —2%).
Denote by
By = A\A{|wpl,...,|lwp|} = {b}, b2, ..., 05"}
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the set of elements in A minus the absolute values of the weights at p. We
multiply the equation above by H§:1(1 —t%) to get

0= Z (71)%t25;n<0(*§;n) H (1 o ta)

peM st a€B,
- X S [ 3
peMS? J J1<J2
— Z (_1)%t25;ﬂ<0(76;n) o (_1)% th‘;+2§;n<o(7§;n)
peM St J
LenEY H e <o EDIHOR 40
J1<J2

In the last equation, each summand of the exponent of a term, —&" or
b{;, is a positive integer and is an element of A. Each term whose exponent
is the sum of an odd number of elements in A has the coefficient —1 and
each term whose exponent is the sum of an even number of elements in A
has the coefficient 1.

Since x°(M) = 0, this implies that each term whose exponent is the sum
of an odd number of elements must cancel out with another term whose
exponent is the sum of an even number of elements.

Suppose that there is a fixed point py of index 2iy, for some iy such
that 0 < g < n. Then py contributes a summand (—1)%¢= <°(7£;Z), where
§pe < 0 are the negative weights at po. Since xO(M) =0, this term must
be cancelled out. The coefficient of the term is (—1)". Therefore, if the
term is cancelled out by another term, then its exponent must be the
sum of jg-elements in A, where j ’"&Lmd ip have different parities. Suppose
that the summand (—1)%t < %% is cancelled out by another term, say
(—1)fogdhrdttdio These d;’s form a subset of {—&},..., =€} U By for
some fixed point ¢, i.e., {d1,...,dj,} C {—{;, ooy =&4 1 U By. Let us rewrite
— Zg%w Em=c1t+ca+-+c, e,

(3.1) catext ot =di+da+ -+ dj.

For each positive integer a, the multiplicity of a on each side does not exceed
max,,c st [{i:a=[wpl}|.

For the equation (3.1), we do the following: if ¢, = dj for some k and &/,
then we cancel these terms out on the equation. By performing these steps
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as many times as possible and by permuting ¢;’s and d;’s if necessary, assume
that we have (3.1). For any positive integer a that appears in (3.1), either it
appears only on the left hand side or only on the right hand side. Moreover,
the multiplicity of a in the equation does not exceed max s [{i:a =
fwt 3.

Denote by C the collection of all possible equations with the LHS a sum
of an odd number of weights and the RHS a sum of an even number of
weights, where weights are taken among all the fixed points, counted with
multiplicity. Consider an element of C'. It is an equation of the form

Wy + Wy A Wi = Wi e W

for some 7', j', where each wy, is a weight at some fixed point. For each integer
a, the multiplicity of a on each side is at most max, s [{ila = wi }|. For
each equation we do the following: if wp = —wy and they appear on the
same side of the equation, we cancel out these terms. If w, = wy and they
appear on the opposite side of the equation, we also cancel out these terms.
If wy is a negative weight, we move the term to the opposite side as —wy.
By performing these steps as many times as possible, assume that we have

er+ex+ ey = fi4 fot -+ fojry,

where all these e;’s and fi’s are positive. For any positive integer a that
appears in the last equation, either it appears only on the left hand side or
only on the right hand side. Moreover, the multiplicity of a in the equation
does not exceed max /s [{i] — a = wp}| + max e [{ila = wp}.

Note that for each positive integer a, we have

. _ 7
mas [{i 0 = fup}

< max |{i| —a= w;}| + max [{ila = w;}|.
Mst peMS!

Therefore, the equation (3.1) is an element of C. However, by the assumption

that the sum of an odd number of weights is never equal to the sum of an

even number of weights, C' is an emptyset. Therefore, there are no fixed

points of index 2¢ for all 0 < ¢ < n, which is a contradiction. (]

We can generalize Theorem 1.1 further. Let the circle act symplecti-
cally on a closed symplectic manifold M with discrete fixed point set. As
in the proof of Theorem 1.1, denote by A = {a1,as,...,a;} the collection of
all the absolute values of weights among all the fixed points counted with
multiplicity, where, for each positive integer a, the multiplicity of a in A
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is precisely max, s [{ila = |wi|}|. Note that here we consider the collec-
tion of the absolute values of the weights, and hence it is different from
the one in the introduction. For instance, with the fixed points of the same
weights {—1,—1,1,1} and {—1,—1, —1,2} as before, the multiplicity of 1 in
the collection is 4.

Theorem 3.1. Let the circle act symplectically on a closed symplectic man-
ifold M with a non-empty discrete fized point set. Denote by A = {ay,as,. ..,
a;} the collection of all the absolute values of weights among all the fized
points, counted with multiplicity, where, for each positive integer a, the mul-
tiplicity of a in A is precisely

max,c st [{ila = |wp|}].
Denote by
Ai = {ajl + aj2 et aji}ah <aj, <--<ay,

the collection of sums of i-elements of A, for 1 <i <. If there exists 0 <
i < n such that A; N Aj; =0 for all j such that j # i mod 2, then the action
is Hamiltonian.

Proof. The idea of the proof is similar to that of Theorem 1.1. However, we
consider x!(M) for many i’s.

Assume, on the contrary, that the action is not Hamiltonian. By Theo-
rem 2.1, X’(M) = x"(M) = 0 and there are no fixed points of index 0 and
2n. As in the proof of Theorem 1.1, we have

N tzs;n@(—&;”)

1 e
Xy = ) TSN > (-1 T, (1= &) =0

pepst tim=1 peMS?!

For each fixed point p, denote by
B, = A\ {|w}],...,|w?]} = {b},02,... 0L}
P pl 9 P P Up ' Up

the set of elements in A minus the absolute values of the weights at p. We
multiply the equation above by H§:1(1 — t%), the least common multiple of
the denominators, to get

0= Z (_1)%’t25gl<o(_f;") H (1 _ta)

peMS? a€B,
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(_ ) ZEM<0 Ztlﬂ + Z tbjl b72

peMS? 1<
= Z (_1)%75255“0(7&’7’”) — (_1)%1) thiJrZs;"m(*ﬁ;")
peM st 7
TS IR e ARG R R

J1<J2

In the equation, —&* € A and b% € Aforall =&, b%. Therefore, if a term
has the exponent that is the sum of i-elements in A, then the exponent is
an element of A;. Each term whose exponent is the sum of an odd number
of elements in A has the coefficient —1 and each term whose exponent is the
sum of an even number of elements in A has the coefficient 1.

Since x*(M) = 0, this implies that each term whose exponent is the sum
of an odd number of elements must cancel out with another term whose
exponent is the sum of an even number of elements.

Suppose that there is a fixed point p of index 2¢, 0 < i < n. Recall that
i is an integer such that A; N A; =0 for j #¢ mod 2. Then p contributes
a summand (—1)%25?“(%;’”), where {7 < 0 are the negative weights at p.
Since x°(M) = 0, this term must be cancelled out. The coefficient of the
term is (—1)%. Therefore, if the term is cancelled out by another term, then
its exponent must be the sum of j-elements, where j and ¢ have different
parities. By the assumption that A; N A; =0 for j # ¢ mod 2, the sum-

mand (—1)‘%251@" <& cannot be cancelled out, which is a contradiction.
Therefore, there are no fixed points of index 2i.

From now on we seperate into several cases, depending on the parity of
i and n and on whether ¢ < & or i > 5. Each case is a slight variation of the
other cases. If i > 5, we use the symmetry that N7 = N7/ for all j where
Nj is the number of fixed points of index 27, that follows from Theorem 2.1.
With the symmetry, the case where i > % is a slight variation of the case
where 7 < 3.

First, suppose that ¢ < 5 and 7 is odd. By Theorem 2.1,

. o (5 &
X'(M) = Z Z,S—g) =0
peMS Hm:l(l —1 )

As in the proof of Theorem 1.1, we make the exponent of each term in the
denominators positive to get
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2 em<o(=&7) 1 n
i Ap TS0 P Ui(tép,...,tgp)
XM=Y (-1) = 0.

m m
R [T (1 57)
Multiplying the equation above by H§:1(1 — %), we have

S (06 [0 =0

peMS! a€B,

Let us consider tzg?“(_%n)ai(t@, ..., 1%). When we expand the terms,

the exponent of any term is the sum of positive integers that are in A.
No negative integer appears in the exponent of any term when expanded.
Therefore, when we multiply tzsg“(’(_g;’n)ai(tg;, o 859) by [laep (1—19)
and expand the terms, each summand in the equation has the erponent
that belongs to A; for some i. If it belongs to A;, then it has the sign (—1)%.

Suppose that a fixed point p has index 2k, where k is even and 0 < k < 2i.
In the last equation, such a point contributes a summand whose exponent is
the sum of i elements. By the assumption, such a term cannot be cancelled
out. Hence there are no fixed points of index 0,4, ...,4i, i.e. N0 = N* =
.- = N% =0 and thus N** = N?»=4 = ... = N?»=% — (, by Theorem 2.1.
In particular, x**1(M) = (1) N = 0.

Next, we consider x**1(M) = 0. Using the same argument, one can show
that there are no fixed points of index 2k where k is odd and 0 < k < i + 2.
And then we consider x**2(M) = 0 to conclude that there are no fixed points
of index 2k where k is even and 0 < k < 7 + 3. We continue this to conclude
that there are no fixed points of any index, which is a contradiction.

Second, suppose that ¢ < 5 and i is even. Using the same argument as
in the first case, by considering x*(M) = 0, one can show that there are
no fixed points of index 2k, where k is even and 0 < k < 2i. Next, consider
X'T2(M) = 0 and conclude that there are no fixed points of index 2k where
k even and k < i+ 4. And then we consider x**4(M) = 0 to conclude that
there are no fixed points of index 2k where k is even and k£ < ¢+ 6. We
continue this until x"~*(M) if n is even and " *"}(M) if n is odd, to
conclude that there are no fixed points of index that is a multiple of 4,
which contradicts Corollary 3.7 below that there must be fixed points whose
indices differ by 2.

Third, suppose that n is odd, 7 > 5, and 7 is odd. Considering X'(M) =0,
it follows that there are no fixed points of index 2k such that k is even and
0 <k < 2(n —1i). By Theorem 2.1, since N7 = N"J for all j, there are no
fixed points of index 2k, where k is odd and n — (2n — 2i) = 2i —n < k < n.
In particular, there are no fixed points of index i — 2. Next, considering
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X 72(M) = 0, we have that there are no fixed points of index 2k, where k is
even and k < 2n — 2i + 2. By the symmetry that N7 = N"~J for all j, there
are no fixed points of index 2k such that k£ is odd and 2i —n — 2 < k < n.
We continue this to have that there are no fixed points of any index, which
is a contradiction.

As a slight variation of the arguments above, the other cases, (4) n is
odd, i > %, and i is even, (5) n is even, i > %, and 7 is odd, and (6) n is
even, i > g, and 7 is even, are proved. O

Corollary 3.2. [TW], [L] A semi-free, symplectic circle action on a closed
symplectic manifold M with discrete fized point set is Hamiltonian if and
only if it has a fized point.

Proof. All the weights are either 1 or —1. Therefore, A; = {i} for each i and
so the corollary follows. O

We show that, in certain cases, it is enough to look at sums of three
weights. The first instance is the Theorem 1.2; here we give a proof of it.

Proof of Theorem 1.2. Assume, on the contrary, that the action in not
Hamiltonian. By Theorem 2.1, x°(M) = x"(M) = 0 and there are no fixed
points of index 0 and 2n. Denote by

A=A{a,a9,...,a,} and

Ai = {ajl + ajz + e + CL]L }ah <aj2<"'<aji

the collection of sums of i elements of A, where 1 < i < n. Then the problem
is equivalent to showing that if A; N Ay = (), the action is Hamiltonian. We
consider A; N A; for all,j such thati # j mod 2,1 <i<n—-1,1<j<n.

First, assume that n < 3. Then A; N As is the only intersection that we
consider, so the result follows from Theorem 1.2.

Second, assume that n = 4. Then A1 N As and As N Ag are the only ones
that we consider. However, A1 N Ay = ) if and only if Ay N A3 = (. Therefore
the result follows from Theorem 1.2.

Finally, assume that n = 5. Since we assume that A1 N Ay = (), in order
to use Theorem 1.2 it is enough to show that A; N Ay = () implies that
either Ay N Ay =0 or AyN A3 =10 (in the first case we take i = 1 in the
statement on Theorem 1.2 while in the second case we take i = 2.) However,
if Ay N Ay # 0, then necessarily As N Az = ) so the result follows. d

Another case where the condition that the sum of any three weights is
never equal to zero guarantees that a symplectic circle action is Hamiltonian,



Symplectic circle actions with isolated fixed points 1081

is when the dimension of the manifold is six (Theorem 1.3). In fact, we prove
a stronger result:

Theorem 3.3. Consider a symplectic circle action on a siz-dimensional
closed symplectic manifold with a non-empty discrete fixed point set. Suppose
that each negative weight at a fived point of index 2 is never equal to the
sum of the negative weights at a fized point of index 4. Then the action is
Hamiltonian.

Proof. Assume, on the contrary, that the action is not Hamiltonian. By
Theorem 2.1, x*(M) = x*(M) = 0 and there are no fixed points of index 0
and 6. Moreover, the number of fixed points of index 2 and that of 4 are
equal. Suppose that there are k fixed points of index 2, and let p;, ¢; be the
fixed points of index 2,4, respectively, for 1 < i < k. Let
1 12 13

Y =1{-b,.,,by,, 0, }

Zqi - {_C;i’ _Cgi ’ Cgi
be the weights at p;, ¢;, respectively, where bf,i, CZI are positive integers. By
permuting p;’s and ¢;’s if neccesary, we may assume that

1 1 1

bpl prz S prk and
1 1 1 1 1 1
CQ1+CQ1 SCQz—’_cih S'HSC%—’_C%‘

By Theorem 2.1,

1
0
X (M) = Z 7b1 b2 b3
(L= (= (1 - )
1
+ 1 2
e m et
>
- bl b2 b3
(1= R — ) (1 — %)
S
+ 1 D) 3. 0
; (T — %) (1 — t%) (1 — t%)
Denote by A = {a1,as,...,a;} the collection of all the absolute values

of the weights over all the fixed points counted with multiplicity, where, for
each positive integer a the multiplicity of a in A is precisely

max,e st [{ila = [wp}].
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Let
Bi=A\{by b2 03} ={d}, .....d;"},

Ci = A\ {cg, v eq} = {eg,s - l,?’

be the elements in A minus the absolute values of weights at p;,q;, respec-
tively.

Multiplying the equation above by [],c (1 —t%), the least common mul-
tiple of the denomnators, we have

thm H +Ztc‘“+c‘“ H 1 _ta)

a€eB; aeC;

— E tbzlji —+ E tbzlerdZ?i — E tbzlji+di"1i di’zt + -
i i,J

1,71 <J2

2 :tc}“—i-cql § :tc tes, tel + 2 : tc A2 +e Lpel2
7

1,01 <J2

In the equation, each summand in the exponent of any term is an element
of A. A term has coefficient -1 if its exponent is the sum of an odd number of
elements of A and 1 if its exponent is the sum of an even number of elements
of A. Consider —t%1 . Since bzl,1 < bll,i for ¢ > 2, this term cannot be cancelled
out by any summand in

_ Z L Z bb e Z (bp, 32
i i,J

7:7‘71 <j2

Therefore, it must be cancelled out by another summand in

E tc‘lziJrcii - E tcéi+cii+egi + Z tc s +eql+eéf _

i ] 1,51 <J2

for some ¢, whose exponent is the sum of even elements in A, where at least

two elements of them are cé , q By the assumption, the exponent of such a
summand cannot be c1 + c . Hence, the exponent of the term must be the
sum of at least four elements say b1 = c T+ c .+ a. Next, consider ¢ Cai T

We have that
1 2 1 2 _ a1
Cq T Cg < g, g = bpl.

Since

1 1 1 1
Cqp T Cq S g+ g, <o < +c

q1 gk’
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the term ¢ ™% cannot be cancelled out by any term in

1 2 1 2 j 1 2 J1 J2
§ :th{'_cqi _ 2 :thi+cqi+e{li + 2 : thi—i-cqi—i-eqi—i-eqi _
( 2%

imjl <]2

On the other hand, céi + cgi < blln. Therefore, it cannot also be cancelled out
by any term in

i i s

1,01 <J2
which is a contradiction. O

As a corollary, we recover the result by L. Godinho:

Corollary 3.4. [G] Let the circle act symplectically on a sixz-dimensional
closed symplectic manifold. Suppose that fixed points are isolated and their
weights are {+a,+b, £c}, where 0 < a <b<c and a+ b # c. If there is a
fized point, then the action is Hamiltonian.

Proof. This follows from Theorem 1.1, Theorem 1.2, Theorem 1.3, or The-
orem 3.3. O

For the rest of this section, we prove a technical lemma and its corollary,
to complete the proof of Theorem 3.1. For this, consider a circle action on a
closed almost complex manifold with a non-empty discrete fixed point set.
Suppose that a fixed point p of index 2¢ has a positive weight w. If w is
never equal to a sum of other positive weights, then w satisfies some special
property; there must exist another fixed point ¢ of index 2¢ 4+ 2 that has
weight —w. In other words, for such a weight w, indices of fixed points that
have the weights w are nearby. For a precise statement, we introduce a
terminology.

Definition 3.5. Let the circle act on a closed almost complex manifold.
Suppose that the action preserves the almost complex structure and the
fixed points are isolated. Denote by A = {aj,as,...,a;} the collection of
all the absolute values of weights among all the fixed points counted with
multiplicity, where, for each positive integer a € A, the multiplicity of a is
precisely

max,e st [{ila = [wp}].
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Moreover, denote by
Ai = {ajl + aj? + e + a’ji }ah <a1'2<"'<aji

the collection of sums of i elements of A, for 1 <1i <. A positive weight
w is called primitive, if w ¢ A; for ¢ > 2, i.e. w is never equal to the sum
of the absolute values of weights among all the fixed points, counted with
multiplicity, other than w itself.

Note that the smallest positive weight is primitive. In [K], C. Kosniowski
derives a certain formula for a holomorphic vector field on a complex man-
ifold with only simple isolated zeros. We follow the idea of C. Kosniowski
to find a restriction for a primitive weight of a circle action on a closed
almost complex manifold with discrete fixed point set. For the smallest pos-
itive weight, the Lemma is already given in [JT] and the proof is almost
identical, but we give a detailed proof.

Lemma 3.6. Consider a circle action on a 2n-dimensional closed almost
complexr manifold. Suppose that the action preserves the almost complex
structure and the fixed points are isolated. For each primitive weight w, the
number of times the weight —w occurs at fixed points of index 2i is equal to
the number of times the weight w occurs at fized points of index 2i — 2, for
all 1.

Proof. We first show that

(3.2) Z [Np(w) + Np(—w)] = Z Np(w) + Z Np(—w),

Ap=2i Ap=2i—2 Ap=2i+2

where Np(w) is the number of times the weight w occurs at p. The basic
idea is to manipulate x*(M) and compare the coefficients of t*-terms. By
Theorem 2.1,

| oAt 1
m=1

Sy 1)AP[Hwot—ﬁ;"]ai(téé,...,té;b)
[T (1= #5)

peMS?t

peMS?t
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Denote by

n

= | [ % | oit®,....t%) and K, = J[ -5

gnL <0 m=1

If A, = 24, then J, = 1 + f,(t), where f,(t) is a polynomial that does not
have a constant term and t"“-term.

If \p = 2i =2, then J, = Np(Fw)t" + f,(t), where f,(t) is a polynomial
that does not have a constant term and t“-term.

If \p # 2i,2i + 2, then J, = fy(t), where f,(t) is a polynomial that does
not have a constant term and t“-term.

Multiplying (3.3) by HpEMsl K, yields

X (M)[L =Y (Ny(=w) + Np(w))t*] + g1 (1)

Ap=2i—2 Ap=2i+2
+ (=1 Y (Np(w) + Ny(—w)) —XZ(M)Z(Np(wHNp(—w))}tw
Ap=21 p

- Z )"+ go(t

Ap=21

where g;(t) are polynomials without constant terms and ¢*-terms. Compar-
ing the coefficients of t“-terms, the claim follows.
Applying (3.2) for i = 0, we have

> Np(w) =" Ny(—w)
Ap=0 Ap=2

Next, applying (3.2) for i = 1, we have

DNy (—w) + Np(w)] = D Ny(w) + > Ny(—

Ap=2 Ap=0 Ap=4

Since Z Ny(w Z Ny( , it follows that

me=2ww
Ap=2 Ap=4

Continuing this, the Lemma follows. O
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As an application, there must be at least two fixed points whose in-
dices are nearby. This is shown for a holomorphic vector field on a compact
complex manifold with only simple isolated zeroes by C. Kosniowski [K].

Corollary 3.7. Consider a circle action on a closed almost complex mani-
fold. Suppose that the action preserves the almost complex structure and the
fizxed points are mon-empty and isolated. Then there exist two fired points
whose indices differ by 2.

Proof. Apply Lemma 3.6 to the smallest positive weight. O
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