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G̃ � G̃∗reg G̃ := d̃iff(T1|N )

T1|N

ã := a∂/∂x+
1

2

∑N

i=1
(Dϑi

a)Dϑi
, a := a(x, ϑ;λ),

a ∈ C∞(T1|N × (D1
+ ∪D1−); Λ0) (x, ϑ) ∈ T1|N � S1×ΛN

1 Λ := Λ0⊕Λ1

C ⊃ Λ0 ϑ := (ϑ1, ϑ2, . . . , ϑN ) Dϑi
:= ∂/∂ϑi + ϑi∂/∂x i = 1, N

λ ∈ C D1
+ ⊂ C D1− ⊂ C

D1 ⊂ C G̃∗reg

(l̃, ã)0 = λ−1
∫
T1|N

dxdNϑ (la), l̃ := l(x, ϑ;λ)(dx+
∑N

i=1
ϑidϑi) ∈ G̃∗reg,

l ∈ C∞(T1|(2k−1)× (D1
+ ∪D1−); Λ1) N = 2k− 1 l ∈ C∞(T1|2k × (D1

+ ∪D1−); Λ0) N = 2k

k ∈ N G̃
[ã, b̃] = c̃, c̃ := c∂/∂x+

1

2

∑N

i=1
(Dϑi

c)Dϑi
,

c := a(∂b/∂x)− b(∂a/∂x) + 1

2

∑N

i=1
(Dϑi

a)(Dϑi
b), ã, b̃ ∈ G̃,

G̃ = G̃+ ⊕ G̃−
G̃∗+,reg � G̃− G̃∗−,reg � G̃+. ã(∞) = 0 ã(λ) ∈ G̃− G̃ � G̃∗reg

[ã� l̃, b̃� m̃] := [ã, b̃]� (ad∗ãm̃− ad∗b̃ l̃), ã, b̃ ∈ G̃, l̃, m̃ ∈ G̃∗reg,
ad∗ G̃

ad∗al = lxa+
4−N

2
lax +

(−1)N+1

2

∑N

i=1
(Dϑi

l)(Dϑi
a)

ã ∈ G̃ l̃ ∈ G̃∗reg
(ã� l̃, b̃�m) = (l̃, b̃)0 + (m̃, ã)0.

Ĝ := G̃ ⊕ C G̃ :=
∏

z∈S1(G̃ � G̃∗reg)

ω2(ã� l̃, b̃�m) =

∫
S1
dz((l̃, ∂b̃/∂z)0 − (m̃, ∂ã/∂z)0), (ã� l̃), (b̃� m̃) ∈ G̃, z ∈ S1.

G̃ G̃ := G̃+ ⊕ G̃− G̃
G̃+ :=

∏
z∈S1(G̃+� G̃∗−,reg) G̃− :=

∏
z∈S1(G̃−� G̃∗+,reg))

R
{μ, ν}R = (ã� l̃, [R∇rμ(ã� l̃),∇lν(ã� l̃)] + [∇rμ(ã� l̃), R∇lν(ã� l̃)]) +

+ω2(R∇rμ(ã� l̃),∇lν(ã� l̃)) + ω2(∇rμ(ã� l̃), R∇lν(ã� l̃)),

1

ϑi + ϑϑϑϑϑiii∂∂∂/∂/∂/∂///∂x i
D1
+ ⊂⊂⊂⊂⊂⊂⊂ CCCCC

G̃∗reg

)(dx+
∑∑∑∑∑∑∑NNNNNNNNN

i=1
ϑϑϑϑϑϑϑϑϑiiiiidϑdϑdϑdϑdϑdϑdϑdϑdϑiiiiiii))))))))) ∈∈∈∈∈∈∈∈∈ G̃GGG∗reg

l ∈ CCCCCCCCC∞∞∞∞∞∞∞∞∞((((((((TTTTTTTTT11111111|||||222222k × ((((((((DDDDDDDDD1
+ ∪D1

/∂x++++++
1

22222

∑∑∑∑∑NNNNN

iiii=1=1=1=1=1
((((((((DDDDϑϑϑϑiii

ccccccccc))))))))DDDDDDDDDϑi
,

/∂x) +++++++++
111111111

22222

∑∑∑∑∑∑∑∑∑NNNN

iii=1======
(((((DDDDDϑϑϑϑi

a)(Dϑi
b)

G̃ = G̃++ ⊕⊕⊕⊕⊕⊕⊕⊕⊕ G̃−
G+. ã((∞∞∞∞∞∞∞∞∞) =) =) =)) =) 0 ã

� m̃] :] ::::] = [= [===== ã, b̃bbbbbb]]]]]]]��������� ((((((((adaa ∗
ãm̃− ad∗˜

˜̃GGGGGGGG

adadadaddadaddd∗∗∗∗∗al = lllllxxxxxaaaaa+
4−−−−−NNNNNNNN

2
la

ã ∈ G̃GGGGG

(˜



μ, ν ∈ D(G̃∗) G̃∗ R = (P+ − P−)/2 P+

P− G̃+ G̃− G̃∗ � G̃ G̃

∇lh(ã� l̃) := (∇lhl̃ �∇lhã) ∈ G̃ ∇rh(ã� l̃) := (∇rhl̃ �∇rhã) ∈ G̃

h ∈ D(G̃∗) (ã� l̃) ∈ G̃∗

∂(ã� l̃)/∂tp := −ad∗P+∇lh(p)(ã�l̃)
(ã� l̃) = {ã� l̃, h(p)}R, (ã� l̃) ∈ G̃∗, p ∈ Z+,

P+∇lh
(p)(ã� l̃) = (∇lh

(p)

l̃,+
�∇lh

(p)
ã,+) ∇lh

(p)(ã� l̃) = λp∇lh(ã� l̃) ∇lhl̃ ∼
∑

j∈Z+
∇lhl̃,jλ

−j

∇lhã ∼
∑

j∈Z+
∇lhã,jλ

−j |λ| → ∞ h ∈ I(Ĝ∗)

ad∗∇lh(ã�l̃)
(ã� l̃) = 0, (ã� l̃) ∈ G̃∗.

G̃∗

∂(ã� l̃)/∂y = {ã� l̃, h(y)(ã� l̃)}R, ∂(ã� l̃)/∂t = {ã� l̃, h(t)(ã� l̃)}R,
∇lh

(y) = λpy∇lh(ã � l̃) ∇lh
(t) = λpt∇lh(ã � l̃) py, pt ∈ Z+ h ∈ I(Ĝ∗)

∂ã/∂y = −[∇lh
(y)

l̃,+
, ã] + ∂(∇lh

(y)

l̃,+
)/∂z, ∂ã/∂t = −[∇lh

(t)

l̃,+
, ã] + ∂(∇lh

(t)

l̃,+
)/∂z,

∂l̃/∂y = −ad∗∇lh
(y)

l̃,+

l̃ + ad∗ã∇lh
(y)
ã,+ + ∂(∇lh

(y)
ã,+)/∂z,

∂l̃/∂t = −ad∗∇lh
(t)

l̃,+

l̃ + ad∗ã∇lh
(t)
ã,+ + ∂(∇lh

(t)
ã,+)/∂z.

[∇lh
(y)

l̃,+
,∇lh

(t)

l̃,+
]− ∂(∇lh

(y)

l̃,+
)/∂t+ ∂(∇lh

(t)

l̃,+
)/∂y = 0,

Ĝ

∂ψ/∂y +∇lh
(y)

l̃,+
ψ = 0, ∂ψ/∂z + ãψ = 0, ∂ψ/∂t+∇lh

(t)

l̃,+
ψ = 0,

(y, t;λ, z, x, θ) ∈ (R2 × (C× S1 × T1|N )) ψ ∈ C2(R2 × (C× S1 × T1|N ));C)

a :=
∑K−1

k=1 wk,x(x, θ)λ
k − λK l :=

∑K−1
k=1 ξk,x(x, θ)λ

k K ∈ N

2 + 1

= {ãaaaaaaa��������� ˜̃̃̃̃llll, h(((ttttt)))))(˜̃(˜(˜((aaa��� l̃)}R
, pt ∈ Z+ h ∈ IIIII((((( ˆ̂̂̂GGGGGGG∗)

∂a/∂ttttttt ========= −[[[[[[∇lh
(t)

l̃,+
,,,,,,,, ˜̃̃̃̃̃̃̃aaaaaaaaa] + ∂(∇lh

h
(y)

l̃,+

l̃ + ad∗∗∗ã∇∇∇∇∇llhhhh
(y)
ã,aaa + +++++++++ ∂(∇lh

(y)
ã,+)

ad∗∇lllllllllhhhhhhhhh
((((((((tt)))))))

l̃,l,l,l,,l,ll,,+++++++++

l̃ ++++ adadadadddaa ∗∗∗∗
ãaaaaaaa∇∇∇∇∇lh

(tt)))))
ã,+ ++++++++ ∂(∇

y)

l̃,+
,∇lh

(t)

l̃,+
]]−− ∂∂∂∂∂∂((∇lhhh

((((((yyyyyyyyy)))))))
˜̃̃̃̃̃l,ll,l,l,,+++++++

))/∂t+

∂ψ∂ψ∂ψ∂ψ∂ψψ/∂//∂/∂/∂/∂∂/∂yyyyy +++++∇lh
(((((yyyyy)))))

l̃,+
ψψψψψψψψ ===== 0, ∂

t;λ, z, x, θθθθ)))) ∈∈ (R2 ××××× (((((CCCCCCC× S1

1wk,xkk (x, θ
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