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4>]�5>�3 V,�>M�8B�/8�:O/>:= 4)�/:OV�/: (M	]/VcC
. �>]	M/	:V �HZ	V/>: >$ 8>V/>: B�>7C
. O��>:� >M��M gµ⌫ ��M/]	V/]� �>7
. :> �aVM	 j�5� B>:5c gµ⌫ C
. 4>�	5/Vc
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LStelle = �2R+ �R2
� ↵Rµ⌫Rµ⌫ BNV�55�ɿO HZ	�M	V/� (M	]/VcC
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N8	55 O�	5� OVZ�c V (r) = �GmM

r [1 + ↵ exp (�r/�)]
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f(R) (M	]/Vc

L = f(R) + Lmatter

N�	5	M V�:O>M (M	]/Vc

L =
1

22
R�

1

2
gµ⌫rµ�r⌫�� V (�) + Lmatter

9=U�? � �58>OV V,�>Mc �	: �� VM	:O$>M8�� /:V> O�	5	M-V�:O>M V,�>McE
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'�:�M	5 �>7 B X:� >M��M V/8� ��M/]	V/]�C

+>M:��O3/ V,�>Mc

X = �µ�µ�

L = G2(�, X)�G3(�, X)⇤�+G4(�, X)R+G4X
⇥
(⇤�)2 � �µ⌫�µ⌫

⇤

+G5(�, X)Gµ⌫�µ⌫ �
G5X

6

h
(⇤�)3 � 3⇤��µ⌫�µ⌫ + 2�µ⌫�

⌫��µ
�

i
+ Lmatter
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'�:�M	5 �>7 B ,/(,�M B� 2C >M��M V/8� ��M/]	V/]�C

��(�:�M	V� ,/(,�M->M��M O�	5	M-V�:O>M B�+=NUC V,�>Mc

X = �µ�µ�

L = G2(�, X)�G3(�, X)⇤�+ F (�, X)R+ a1(�, X)�µ⌫�µ⌫ + a2(�, X)(⇤�)2

+ a3(�, X)(⇤�)�µ�µ⌫�
⌫ + a4(�, X)�µ�µ⇢�

⇢⌫�⌫ + a5(�, X)(�µ�µ⌫�
⌫)2 + Lmatter
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. .:/V/	5 ��:O/Vc kZ�VZ	V/>: �ini(x)
def
:=

⇢ini(x)� ⇢̄ini

⇢̄ini
�	: �� ��O�M/��� 	O '	ZOO/	:

�/OVM/�ZV/>: 	AAM>a/8	V�5c B 	:� �]>5]� 	O :>:-'	ZOO/	:/Vc j�5�CE

. ^� _	:V 	 O/8A5� 8�V,>� V> /:]�OV/(	V� (M	]/Vc V,�>M/�OE

. N3�_:�OO 	:� 3ZMV>O/O �	: �� �	5�Z5	V�� _/V, >:5c �(x) ZO/:( A�MVZM�	V/>:E

. ^� �	: ��j:� 8Z5V/A5� O3�_:�OO 	:� 3ZMV>O/OE
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N3�_:�OO A	M	8�V�MO �7	VOZ�	M	E� �bi`Q@T?fyyyekeN� �7	VOZ�	M	 �V 	5E� kyRkXyykyj�：
S(0)
g

def
:=

⌦
�3s
↵
c

�4
0

, S(1)
g

def
:=

3

2
·

⌦
�s
��r�s

�� 2↵
c

�2
0�

2
1

, S(2)
g

def
:= �

9

4
·

⌦ ��r�s
�� 2��s

↵
c

�4
1

.

�s : N8>>V,�� 8	VV�M ��:O/Vc kZ�VZ	V/>:E

B?C ]	M/	:��O � �0
def
:=

⌦
�2s
↵1/2

, �1
def
:= hr�s ·r�si

1/2
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K(0)
g

def
:=

⌦
�4s
↵
c

�6
0

, K(1)
g

def
:= 2 ·

⌦
�2s
��r�s

�� 2↵
c

�4
0�

2
1

,

K(2)
g1

def
:= �

3

5
·
5
⌦
�s
��r�s

�� 2��s
↵
c
+
⌦ ��r�s

�� 4↵
c

�2
0�

4
1

,

K(2)
g2

def
:= �

3

5
·
5
⌦
�s
��r�s

�� 2��s
↵
c
+ 3

⌦ ��r�s
�� 4↵

c

�2
0�

4
1

,

K(3)
g

def
:= 9 ·

⌦ ��r�s
�� 2(��s)2

↵
c
�
⌦ ��r�s

�� 2�s,ij�s,ij
↵
c

�6
1

.

�s : N8>>V,�� 8	VV�M ��:O/Vc kZ�VZ	V/>:E

B?C ]	M/	:��O � �0
def
:=

⌦
�2s
↵1/2
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def
:= hr�s ·r�si
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N3�_:�OO 	:� 3ZMV>O/O A	M	8�V�MO /:�5Z�� �(x)
def
:=

⇢(x)� ⇢̄

⇢̄
E =) 9��� �(x) �]>5ZV/>:"

#5Z/� �HZ	V/>: /: �aA	:�/:( Y:/]�MO� B'L �	O�C

@

@⌧
� +r ·

⇥
(� + 1)V

⇤
= 0,

@

@⌧
V +

1

2
+ (V ·r)V +

3

2
r' = 0, �' = �

# '�V 	 A�MVZM�	V/]� O>5ZV/>: /: #>ZM/�M OA	�� . . .
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�(x) 	:� ✓(x)
def
:= �r · V �]>5ZV/>: B'L �	O�C

@

@⌧
�̃(k)� ✓̃(k)

=

Z
d3k1
(2⇡)3

d3k2
(2⇡)3

(2⇡)3�D(k1 + k2 � k)

✓
1 +

k1 · k2

2k21
+

k1 · k2

2k22

◆
✓̃(k1)�̃(k2)

@

@⌧
✓̃(k)�

3

2
�̃(k) +

1

2
✓̃(k)

=

Z
d3k1
(2⇡)3

d3k2
(2⇡)3

(2⇡)3�D(k1 + k2 � k)
|k1 + k2|

2k1 · k2

2k2
1k

2
2

✓̃(k1)✓̃(k2)

# N>5]� �c V,� A�MVZM�	V/]� 8�V,>�
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'L B⌦m = 1C �	O� ZA V> V,� WM� >M��M B �̃L /O 5/:�	M >M��M O>5ZV/>:  '	ZOO/	: C：
�̃(k) = �̃L(k) +

Z
d3k1
(2⇡)3

d3k2
(2⇡)3

(2⇡)3�D(k1 + k2 � k)
F2(k1,k2)

2!
�̃L(k1)�̃L(k2)

+

Z
d3k1
(2⇡)3

d3k2
(2⇡)3

d3k3
(2⇡)3

(2⇡)3�D(k1 + k2 � k)
F3(k1,k2,k3)

3!
�̃L(k1)�̃L(k2)�̃L(k3)

?
F2(k1,k2)

2!
=

5

7
+

1

2

✓
k1
k2

+
k2
k1

◆
k̂1 · k̂2 +

2

7
(k̂1 · k̂2)

2

?
F3(k1,k2,k3)

3!
= ↵↵(k1,k2,k3)�

4

7
↵�(k1,k2,k3)�

2

21
��(k1,k2,k3) +

1

9
⇠c(k1,k2,k3)

↵↵(k1,k2,k3), ↵�(k1,k2,k3), . . . 	M� 	5M�	�c 3:>_:� kɿO $Z:�V/>:OE
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�+=NU 3�M:�5
F2(t,k1,k2)

2!
= ↵s(k1,k2)�

2

7
��(k1,k2)

F3(t,k1,k2,k3)

3!
= d↵↵↵↵(k1,k2,k3)�

4

7
d↵�↵�(k1,k2,k3)�

2

21
d����(k1,k2,k3)

+
1

9
d⇠⇠c(k1,k2,k3) + d↵↵�↵↵�(k1,k2,k3) + d↵��↵��(k1,k2,k3) + d⇣⇣c(k1,k2,k3)

(t), �(t), d↵↵(t), d↵�(t), d��(t), d⇠(t), d↵↵�(t), d↵��(t), d⇣(t) 	M� 8>��5 A	M	8�V�MOE

+>M:��O3/ 5/8/V

 = d↵↵ = 1

d↵↵� = d↵�� = d⇣ = 0

'LB⌦m = 1C 5/8/V

 = � = d↵↵ = d↵� = d�� = d⇠ = 1,

d↵↵� = d↵�� = d⇣ = 0.
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ͽ� 8>OV �	Oc 8>��5

�g(x) =

Z
d3x b1(x� x1)�(x)

.: 5	M(� O�	5�� b1 �>:]�M(�O /:V> 	 �>:OV	:VE
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N8>>V,/:( /O 	5O> 	 �/	O 8>��5E

'	ZOO/	: O8>>V,/:( B/: #>ZM/�M OA	��C

�̃(x) �! �s(x, R) =

Z
d3x0�g(x

0)WR(|x� x0
|) =

Z
d3k

(2⇡)3
eik·x�̃g(k)e

�k2R2/2

WR(x)
def
:=

1

(2⇡R2)3/2
exp[�x2/(2R)2]
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4>�	5 �/	O 8>��5O Bͽ� V/�	5 V�M8 /O :�(5��V��C

�g(x) = b1

(
�(x) +

1

2!
�2�

2(x) +
1

3!
�3�

3(x)

+ �K2

X

i,j

✓
@i@j
@2
�

1

3
�ij

◆
�(x)

�2

+ �K3

X

i,j,k

✓
@i@j
@2
�

1

3
�ij

◆
�(x)⇥

✓
@j@k
@2
�

1

3
�jk

◆
�(x)⇥

✓
@k@i
@2
�

1

3
�ki

◆
�(x)

�

+ ��K2�(x)
X

i,j

✓
@i@j
@2
�

1

3
�ij

◆
�(x)

�2
+ · · ·

)
.
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4>�	5 �/	O 8>��5O /: #>ZM/�M OA	��

�̃g(k) = b1�̃(k)

+ b1

Z
d3k1
(2⇡)3

d3k2
(2⇡)3

(2⇡)3�D(k12 � k)

⇥


�2

2!
+ �K2

✓
k1ik1j
k21

�
1

3
�ij

◆✓
k2jk2i
k22

�
1

3
�ji

◆�
�̃(k1)�̃(k2)

+ b1

Z
d3k1
(2⇡)3

d3k2
(2⇡)3

d3k3
(2⇡)3

(2⇡)3�D(k123 � k)

⇥

(
�3

3!
+ �K3

✓
k1ik1j
k21

�
1

3
�ij

◆✓
k2jk2k
k22

�
1

3
�jk

◆✓
k1kk1i
k21

�
1

3
�ki

◆�

+ ��K2

✓
k1ik1j
k21

�
1

3
�ij

◆✓
k2jk2i
k22

�
1

3
�ji

◆)
�̃(k1)�̃(k2)�̃(k3) +O(�4)

�̃(k) � �+=NU O>5ZV/>:
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�̃g(k) = b1

"
�̃L(k) +

Z
d3k1
(2⇡)3

d3k2
(2⇡)3

(2⇡)3�D(k12 � k)
Z2(k1,k2)

2!b1
�̃L(k1)�̃L(k2)

+

Z
d3k1
(2⇡)3

d3k2
(2⇡)3

d3k3
(2⇡)3

(2⇡)3�D(k123 � k)
Z3(k1,k2,k3)

3!b1
�̃L(k1)�̃L(k2)�̃L(k3) + · · ·

#

Z2(k1,k2) & Z3(k1,k2,k3) /:�5Z�� B�+=NU F �/	OC /:$>M8	V/>:OE

_,�M� Z2(k1,k2)

2!b1
=

�2

2!
+

F2(k1,k2)

2!
+ �K2

⇣
k̂1 · k̂2

⌘2
�

1

3

�
,

Z3(k1,k2,k3)

3!b1
=

�3

3!
+

F3(k1,k2,k3)

3!
+ �2

F2(k1,k2)

2!
+ . . . .
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S(0) def
:=

⌦
�3s
↵
c

�
�4
0 , S(1) def

:= 3/2 ·
⌦
�s
��r�s

�� 2↵
c

�
�2
0�

2
1 , S(2) def

:= � 9/4 ·
⌦ ��r�s

�� 2��s
↵
c

�
�4
1
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K(0) def
:=

⌦
�4s
↵
c

�
�6
0 , K(1) def

:= 2 ·
⌦
�2s
��r�s

�� 2↵
c

�
�4
0�

2
1 ,

K(2)
1

def
:= � 3/5 ·

h
5
⌦
�s
��r�s

�� 2��s
↵
c
+
⌦ ��r�s

�� 4↵
c

i.
�2
0�

4
1 ,

K(2)
2

def
:= � 3/5 ·

h
5
⌦
�s
��r�s

�� 2��s
↵
c
+ 3

⌦ ��r�s
�� 4↵

c

i.
�2
0�

4
1 ,

K(3) def
:= 9

h⌦ ��r�s
�� 2(��s)

2
↵
c
�
⌦ ��r�s

�� 2�s,ij�s,ij
↵
c

i.
�6
1 .



N3�_:�OO 	:� 3ZMV>O/O B�+=NU F �/	OC BXC
�	5�Z5	V� V,� VM�� 5�]�5E

N3�_:�OO A	M	8�V�M S(0)
g

⌦
�3gs

↵
c
=

Z
d3k1d3k2d3k3

(2⇡)9
ei(k1+k2+k3)·xe�(k2

1+k2
2+k2

3)R
2/2

D
�̃g(k1)�̃g(k2)�̃g(k3)

E

c

= · · ·

D
(�̃(1)1 + �̃(2)1 ) · (�̃(1)2 + �̃(2)2 ) · (�̃(1)3 + �̃(2)3 )

E

c

= · · ·

hD
�̃(2)1 · �̃(1)2 · �̃(1)3

E

c
+
D
�̃(1)1 · �̃(2)2 · �̃(1)3

E

c
+
D
�̃(1)1 · �̃(1)2 · �̃(2)3

E

c

i

D
�̃(2)1 · �̃(1)2 · �̃(1)3

E

c
=

Z
d3p1d3p2
(2⇡)3

�D(p1 + p2 � k1)
Z2(p1,p2)

2!

D
(�̃Lp1�̃Lp2) · b1�̃L2 · b1�̃L3

E

c

D
(�̃Lp1�̃Lp2) · �̃L2 · �̃L3

E

c
=
D
�̃Lp1 · �̃L2

E

c

D
�̃Lp2 · �̃L3

E

c
+
D
�̃Lp1 · �̃L3

E

c

D
�̃Lp1 · �̃L2

E

c

= (2⇡)6 [�D(p1 + k2)�D(p2 + k3) + �D(p1 + k3)�D(p2 + k2)]PL(k2)PL(k3)



N3�_:�OO 	:� 3ZMV>O/O B�+=NU F �/	OC BWC

N3�_:�OO A	M	8�V�M

S(a)
g =

6b31
�4�2a
0 �2a

1

Z
d3k1
(2⇡)3

d3k2
(2⇡)3

d3k3
(2⇡)3

(2⇡)3�D(k123)e
�(k2

1+k2
2+k2

3)R
2/2

⇥ s(a)(k1,k2,k3)


Z2(k1,k2)

2!b1
PL(k1)PL(k2)

�
(a = 0, 1, 2)

B?C �aA>:�:V/	5 $	�V>M /O 	 O8>>V,/:( $	�V>M� ，PL(k) /O A>_�M OA��VMZ8E

S(0), S(1), S(2) : 3 �>:�/V/>:O

�2, �K2 :2 �/	O�O
3� 2 = 1 �>:O/OV�:�c M�5	V/>:O



N3�_:�OO 	:� 3ZMV>O/O B�+=NU F �/	OC B&C

N3�_:�OO A	M	8�V�MO 	M� Z2ɿO /:V�(M	5�

Z2 V�M8
Z2(k1,k2)

2!b1
=

F2(k1,k2)

2!
+

1

2
�2 + �K2

⇣
k̂1 · k̂2

⌘2
�

1

3

�

=
1

2
�2 +


(k̂1 · k̂2)

2
�

1

3

�
�K2 +


1 +

1

2

✓
k1
k2

+
k2
k1

◆
(k̂1 · k̂2)

�
+

2

7

h
(k̂1 · k̂2)

2
� 1

i
�

#/a/:( (M	]/Vc V,�>Mc� Z:3:>_: A	M	8�V�MO 	M� >:5c �/	O�Oɿ B�2,�K2C．
�b	8	Z�,/ �V 	5E� kkRRXRj98j�

{�2,�K2} $ {S(0), S(1), S(2)
} =)

h
S(0)
g , S(1)

g , S(2)
g

i
ɿO 5/:�	M $Z:�V/>: = 0

��M/]�� 	 O3�_:�OO �>:O/OV�:�c M�5	V/>: "



N3�_:�OO 	:� 3ZMV>O/O B�+=NU F �/	OC B%C
�	5�Z5	V� V,� VM�� 5�]�5E

2ZMV>O/O A	M	8�V�M K(0)
g

⌦
�4gs

↵
c
=

Z
d3k1 · · · d3k4

(2⇡)12
ei(k1+···+k4)·xe�(k2

1+···+k2
4)R

2/2
D
�̃g(k1) · �̃g(k2) · �̃g(k3) · �̃g(k4)

E

c

= · · ·

D
(�̃(1)1 + �̃(2)1 + �̃(3)1 ) · (�̃(1)2 + �̃(2)2 + �̃(3)2 ) · (�̃(1)3 + �̃(2)3 + �̃(3)3 ) · (�̃(1)4 + �̃(2)4 + �̃(3)4 )

E

c

= · · ·

nhD
�̃(2)1 · �̃(2)2 · �̃(1)3 · �̃(1)4

E

c
+ · · ·

i
+
hD

�̃(3)1 · �̃(1)2 · �̃(1)3 · �̃(1)4

E

c
+ · · ·

io

D
�̃(2)1 · �̃(2)2 · �̃(1)3 · �̃(1)4

E

c
=

Z
d3p1d3p2d3q1d3q2

(2⇡)6
�D(p1 + p2 � k1)�D(q1 + q2 � k2)

⇥
Z2(p1,p2)

2!

Z2(q1, q2)

2!

D
(�̃Lp1�̃Lp2) · (�̃Lq1�̃Lq2) · b1�̃L3 · b1�̃L4

E

cD
�̃(3)1 · �̃(1)2 · �̃(1)3 · �̃(1)4

E

c
=

Z
d3p1d3p2d3p3

(2⇡)3
�D(p1 + p2 + p3 � k1)

⇥
Z3(p1,p2,p3)

3!

D
(�̃Lp1�̃Lp2�̃Lp3) · b1�̃L2 · b1�̃L3 · b1�̃L4

E

c

B?E?C



N3�_:�OO 	:� 3ZMV>O/O B�+=NU F �/	OC BRC
2ZMV>O/O A	M	8�V�MO

K(a)
g =

24b41
�6�2a
0 �2a

1

Z
d3k1
(2⇡)3

d3k2
(2⇡)3

d3k3
(2⇡)3

d3k4
(2⇡)3

(2⇡)3�D(k1234)e
�(k2

1+k2
2+k2

3+k2
4)R

2/2

⇥ (a)(k1,k2,k3,k4)

"
2
Z2(k1,k2 + k3)

2!b1

Z2(k2,�k2 � k3)

2!b1
PL(|k2 + k3|)PL(k1)PL(k2)

+
Z3(k1,k2,k3)

3!b1
PL(k1)PL(k2)PL(k3)

#
(a = 0, 1, 21, 22, 3)

B?C �aA>:�:V/	5 $	�V>M /O 	 O8>>V,/:( $	�V>M ，PL(k) /O A>_�M OA��VMZ8E

K(0), K(1), K(2)
1 , K(2)

2 , K(3) : 5 �>:�/V/>:O

�3, �K3 , ��K2 : 3 �/	O�O
5� 3 = 2 �>:O/OV�:�c M�5	V/>:O



N3�_:�OO 	:� 3ZMV>O/O B�+=NU F �/	OC BQC

.:V�(M	:� Z2 AM>�Z�V
Z2(k1,k2 + k3)

2!b1

Z2(k2,�k2 � k3)

2!b1

=
1

(k1k2)2|k2 + k3|
4

⇥
�
(k2 + k3)

2
⇥
�h1(k2 · k3) + (h0 � h1)k2

2⇤
� k2.(k2 + k3)

⇥
�h2(k2 · k3) + (h1 � h2)k

2
2

⇤ 

⇥
�
(k2 + k3)

2
⇥
h1k1 · (k2 + k3) + h0k

2
1

⇤
+ k1 · (k2 + k3)

⇥
h2k1 · (k2 + k3) + h1k

2
1

⇤ 
.

_,�M�

h0 = �2/2� �K2/3 + � 2�/7, h1 = /2, h2 = �K2 + 2�/7

� �/	O�Oɿ HZ	�M	V/� $Z:�V/>:



N3�_:�OO 	:� 3ZMV>O/O B�+=NU F �/	OC B C
.:V�(M	:� Z3 V�M8
Z3(k1,k2,k3)

3!b1
= 1/126 [126c1 � 72c2 � 12c3 + 14c4 + {6(7� 2�)(3�2 � 2�K2) + 7(3�3 + 4�K3 � 6��K2)}]

+µ12(k
2
1 + k22)(42k1k2)

�1
h
42c1 � 12c2 + 21c4 + 7(3�2 � 2�K2 + 6�K2µ2

12)
i

+µ2
12/21

⇥
12c2 + 2c3 � 7c4 + 21c5 + 6��2 +

�
42� 16�+ 12�µ2

12

�
�K2 � 21�K3 + 21��K2

⇤

+µ12µ23


1

2k1k3

�
c1(k

2
1 + k22 + k23) + 2c5(k

2
2 + k23)

 
+ µ23

k2
7k1

(4c2 + 14c5) + µ31

✓
�K3 +

2

9
c4

◆�

+(1� µ2
23)(21|k2 + k3|

2)�1
⇥
3k1k2µ12(7c1 � 4c2) + 4k22µ

2
12c3 + 4k2k3µ12µ31c3

⇤

_,�M� µij
def
:= k̂i · k̂j 	:� A	M	8�V�MO c1, . . . , c5 	M�

c1
def
:= d↵↵ + d↵↵�, c2

def
:= d↵� �

4

7
d↵��, c3

def
:= d�� , c4

def
:= d⇠, c5

def
:= d⇣

0ZOV 	 �/	O�Oɿ 5/:�	M $Z:�V/>: "



�>:O/OV�:�c M�5	V/>:O BO8>>V,/:( R = 10 Mpc/hC B?C
�/	O�� O3�_:�OO 	:� 3ZMV>O/O A	M	8�V�MO

S(0)
g = b�1

1 (3.488�2 + 0.28�K2 + 4.814� 1.249�)

S(1)
g = b�1

1 (3.405�2 + 0.2308�K2 + 4.862� 1.231�)

S(2)
g = b�1

1 (4.255�2 � 0.4642�K2 + 5.411� 1.754�)

K(0)
g = b�2

1 (5.951�3 � 0.112�K3 + 0.8749��K2) + . . .

K(1)
g = b�2

1 (5.720�3 � 0.09287�K3 + 0.7784��K2) + . . .

K(2)
g1 = b�2

1 (7.246�3 � 0.1364�K3 + 1.065��K2) + . . .

K(2)
g2 = b�2

1 (5.729�3 � 0.2991�K3 � 1.58��K2) + . . .

K(3)
g = b�2

1 (10.06�3 + 2.066�K3 � 5.336��K2) + . . .



�>:O/OV�:�c M�5	V/>:O BO8>>V,/:( R = 10 Mpc/hC BXC

�2, �K2  ! S(0)
g , S(1)

g

�2 = �1.687+ 0.381�� 1.555b1S
(0)
g + 1.886b1S

(1)
g

�K2 = 3.822� 0.2857�+ 22.93b1S
(0)
g � 23.49b1S

(1)
g



�>:O/OV�:�c M�5	V/>:O BO8>>V,/:( R = 10 Mpc/hC BWC

�3, �K3 , ��K2  ! K(0)
g , K(1)

g , K(3)
g

�3 = �6.024c1 + 2.571c2 + 0.2919c3 � 0.1495c4 � 1.271c5 + 10.982
� 5.487�+ 0.5267�2

+ b1
h
21.62S(0)

g � 24.11S(1)
g � 8.911S(0)

g �+ 9.466S(1)
g �

+b1
⇣
�4.655K(0)

g + 5.062K(1)
g � 0.0249K(3)

g + 76.71S(0)
g

2
� 147.9S(0)

g S(1)
g + 70.71S(1)

g
2
⌘i

�K3 = 124.7c1 � 43.08c2 � 1.98c3 � 0.1438c4 + 50.14c5 � 34.342 + 16.9�� 0.241�2

+ b1
h
�61.6S(0)

g + 93.22S(1)
g + 8.935S(0)

g �� 9.258S(1)
g �

+b1
⇣
160.5K(0)

g � 169.7K(1)
g + 1.558K(3)

g � 3274.S(0)
g

2 + 6403.S(0)
g S(1)

g � 3123.S(1)
g

2
⌘i

��K2 = 40.85c1 � 14.34c2 � 0.7511c3 + 0.1305c4 + 16.33c5 � 13.472 + 7.152�� 0.2446�2

+ b1
h
�27.72S(0)

g + 36.5S(1)
g + 8.649S(0)

g �� 8.971S(1)
g �

+b1
⇣
53.36K(0)

g � 56.16K(1)
g + 0.3689K(3)

g � 1029.S(0)
g

2 + 1999.S(0)
g S(1)

g � 967.9S(1)
g

2
⌘i



�>:O/OV�:�c M�5	V/>:O BO8>>V,/:( R = 10 Mpc/hC B&C

N3�_:�OO 	:� 3ZMV>O/O �>:O/OV�:�c M�5	V/>:O

0 = �17.26S(0)
g + 18.93S(1)

g �
3.542

b1
� S(2)

g B�H?C

0 = b21

⇣
129.1S(0)

g

2
� 244.4S(1)

g S(0)
g + 114.7S(1)

g

2
� 1.218K(0)

g +K(2)
g1

⌘

+ b1
⇣
108.2S(0)

g � 108.3S(1)
g � 10.56S(0)

g �+ 11.1S(1)
g �

⌘

+ 15.332
� 4.435�+ 0.4796�2 + 1.476c1 + 0.4876c2 + 0.2862c3 � 0.1966c4 + 3.041c5 B�HXC

0 = b21

⇣
�2697S(0)

g

2
+ 5214S(1)

g S(0)
g � 2510.S(1)

g

2
+ 159.K(0)

g � 168.5K(1)
g +K(2)

g2 + 1.192K(3)
g

⌘

+ b1
⇣
119.7S(0)

g � 97.62S(1)
g + 0.2565S(0)

g �+ 0.2213S(1)
g �

⌘

� 2.2392 + 8.909�+ 0.5928�2 + 118.5c1 � 41.76c2 � 1.962c3 + 0.06199c4 + 44.03c5 B�HWC



+>_ V> �>:OVM	/:V V,�>M/�OI

$Z:�V/>:O

S
def
:= L+N >$ �H?,

K1
def
:= L+N >$ �HX,

K2
def
:= L+N >$ �HW

�OOZ8/:( c1 = c2 = c3 = c4 = 1, c5 = 0E
.$ _� ��M/]� >�O�M]	V/>:	5 ]	5Z� B��NC �
S(0)
g = 3.56, S(1)

g = 3.63, S(2)
g = 3.66,

K(0)
g = 23.2,K(1)

g = 23.8,

K(2)
g1 = 30.6,K(2)

g2 = 18.8,K(3)
g = 25.1.

+>_  	:� � �>:OVM	/:��I B@M�5/8/:	McC

#/(ZM�



NZ88	Mc
? ^� ��M/]�� O3�_:�OO 	:� 3ZMV>O/O B�+=NU F �/	OC 	:�
�/O�ZOO�� V,� M�5	V/>: >$ V,�8E

? �5/8/:	V/:( �/	O A	M	8�V�MO� _� ��M/]�� /:��A�:��:V V,M�� �>:O/OV�:�c M�5	V/>:OE

? ͽ� �>:O/OV�:�c M�5	V/>:O _>Z5� �� ZO�$Z5 $>M AM>�/:( (M	]/Vc V,�>M/�OE

3 + 5 �>:�/V/>:O

5 �/	O�O

8� 5 = 3 �>:O/OV�:�c M�5	V/>:O

S(0), S(1), S(2), K(0), K(1), K(2)
1 , K(2)

2 , K(3)

�2, �K2 , �3, �K3 , ��K2



s(a),(a)の具体的表式
0

BB@

s(0)

s(1)

s(2)

1

CCA
def
:=

0

BB@

1

(k21 + k22 + k1 · k2)/2

3[k21k
2
2 � (k1 · k2)2]/2

1

CCA

0

BBBBBBB@

(0)

(1)

(2)1

(2)2

(3)

1

CCCCCCCA

def
:=

0

BBBBBBB@

1

1/3 · (k21 + k22 + k23 + k1 · k2 + k2 · k3 + k3 · k1)

1/20 · {5[k21k
2
2 � (k1 · k2)2]� 6(k1 · k3)(k2 · k3) + 2(k1 · k2)k23}+ 5A�M8O

1/20 · {5[k21k
2
2 � (k1 · k2)2] + 2(k1 · k3)(k2 · k3) + 6(k1 · k2)k23}+ 5A�M8O

3/4 · [k21k
2
2k

2
3 + 2(k1 · k2)(k2 · k3)(k3 · k1)� 3(k1 · k2)2k23] + 5A�M8O

1

CCCCCCCA



各関数の定義
↵(k1,k2)

def
:= 1 +

k1 · k2

k21

�(k1,k2)
def
:= 1� (k̂1 · k̂2)

2

↵s(k1,k2)
def
:=

1

2
[↵(k1,k2) + ↵(k2,k1)]

↵as(k1,k2)
def
:=

1

2
[↵(k1,k2)� ↵(k2,k1)]

↵↵(k1,k2,k3)
def
:= ↵s(k1,k2 + k3)↵s(k2,k3)

↵�(k1,k2,k3)
def
:= ↵s(k1,k2 + k3)�(k2,k3)

�↵(k1,k2,k3)
def
:= �(k1,k2 + k3)↵s(k2,k3)

��(k1,k2,k3)
def
:= �(k1,k2 + k3)�(k2,k3)

↵↵�(k1,k2,k3)
def
:= ↵as(k1,k2 + k3)↵s(k2,k3)

↵��(k1,k2,k3)
def
:= ↵as(k1,k2 + k3)�(k2,k3)

⇠c(k1,k2,k3)
def
:= 1� 3(k̂1 · k̂2)

2

+ 2(k̂1 · k̂2)(k̂2 · k̂3)(k̂3 · k̂1)

⇣c(k1,k2,k3)
def
:= (k̂1 · k̂2)


(k̂1 · k̂2) +

k2
k1

�

+


2
k2
k3

+
k22 + k23
k3k1

�
(k̂1 · k̂2)(k̂2 · k̂3)



B�+=NU F �/	OCにおけるゆらぎの積分核 BZ2 & Z3C

Z2(k1,k2)

2!b1
=

F2(k1,k2)

2!
+

1

2!

b2
b1

+
bK2

b1

⇣
k̂1 · k̂2

⌘2
�

1

3

�

Z3(k1,k2,k3)

3!b1
=

F3(k1,k2,k3)

3!
+

b2
b1

F2(k1,k2)

2!
+

2bK2

b1

F2(k1,k2)

2!


(k̂1 · k̂2)

2
�

1

3

�
+

1

3!

b3
b1

+
bK3

b1


(k̂1 · k̂2)(k̂2 · k̂3)(k̂3 · k̂1)� (k̂1 · k̂2)

2 +
2

9

�
+

b�K2

b1


(k̂1 · k̂2)

2
�

1

3

�



1'A�3におけるシミュレーション �7	VOZ�	M	 �V 	5EBXfXXC� kyRkXyykyj�

上段は摂動の予言．下段はシミュレーションの結果．
R �7A�Sh� 10 20 30 40

�0
0.385 0.193 0.121 0.0845

0.3804 ± 0.0001 0.1899 ± 0.0001 0.1194 ± 0.0001 0.08374 ± 0.0001

�1
0.0367 0.0101 0.00441 0.00240

0.03652 ± 0.00001 0.009918 ± 0.000004 0.004352 ± 0.000003 0.002371 ± 0.000002

S(0) 3.56 3.40 3.33 3.28

3.762 ± 0.004 3.46 ± 0.01 3.36 ± 0.02 3.28 ± 0.05

S(1) 3.63 3.45 3.36 3.31

3.932 ± 0.003 3.531 ± 0.006 3.41 ± 0.01 3.34 ± 0.03

S(2) 3.66 3.68 3.71 3.72

4.499 ± 0.004 3.887 ± 0.006 3.81 ± 0.01 3.78 ± 0.03

K(0) 23.2 20.9 19.9 19.2

26.66 ± 0.09 21.6 ± 0.2 20.2 ± 0.5 19 ± 1

K(1) 23.8 21.3 20.2 19.5

28.77 ± 0.09 22.2 ± 0.1 20.6 ± 0.3 19.8 ± 0.8

K
(2)
1

30.6 28.3 27.2 26.7

41.7 ± 0.1 30.4 ± 0.2 28.1 ± 0.4 27.5 ± 0.8

K
(2)
2

18.8 17.7 17.3 17.0

26.7 ± 0.1 19.2 ± 0.1 18.0 ± 0.2 17.8 ± 0.6

K(3) 25.1 25.6 26.1 26.4

45.5 ± 0.2 29.6 ± 0.2 27.6 ± 0.4 27 ± 1



誤差の見積もり

. 摂動の精度（シミュレーションを見るに，20 7A�S,で XDくらい？）
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