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� 2 ; q9|{�[�jL`��I=d 143��fO�~0� [1] ��B):6���J�}�iK_��g�v.s'�t�A�6�)�H��<3�	���?v6-iK_�
D��nz��"6�Jv3�	�ka�%Y
�?v6-3�	� [1∼3] �Z�iK_��.s'`�v�6z�H=3z7P�	 wGgvgSÆ1G"6�	�v#}-3���Yg	FGv�6℄.:N
p�k�H�N
p�)ob�<YU�℄gB 10 Mpc/h kvO;	��N
p�H��l`�vZ�iK_� [4∼7] f.s'`�v�6 [8∼9] 
+lBg	A�6v��fZ'�v���~℄v�6�^�ÆJvVqN
f~℄2�v}\ [11∼16] �℄.:kr[p,�*
z�%Z�g	2EfU��Æ>� Ωm q�v�3 [8,9,14,15,17] �$?u:Æ:&*gv~℄�* (Automatic Plate Measuring Survey [7,18] �
IRAS [19] � 2DFGRS [16]Sloan Digital Sky Survey [20]) -CWq��~℄v2�>��$?�����"g	FGvZ�iK_���6Æ%yz+lB N &�t�+�Scoc-

cimarrof Frieman [10] (`K��N SF99) ℄�t�+v�\`+j�):}:BCSÆSKvD
���vC"Dt�rk Scoccimarro f Couchman [21] A%<<SD}:Bn�U�D
���vC"Dt�nhxDt℄"g	FG
(�o�v�e� Hou zP [22] ℄ 2005/#Y�):{v�� ���℄.%��v�6>
q"KtvSÆ�u:6BÆv�t�+����d Scoccimarrof Couchman[21] v�ez7�Jv���℄��1Wv�\`<Y�}:BVq6x��CD −2 ≤ n ≤ 0 k�6vC"Dt�	?℄�H3zO;k�W��v#wf�
�ptP�℄.:W��kH�Z�iK_���6 [23∼26] �Takadaf Jain [25]�du:W��H�vZ�iK_�℄g	f"g	FG)*b�,j Jing f Börner [27] u:�t�+��v1W�nz℄�g	FGe℄*gv2E���SDZ�iK_�℄�g	FG�W+6v�1&*�5�h℄)mzW��℄�g	FG7)OAH�Z�iK_�vL2��W��d℄ye℄ogv7J�	�hp}u:�W��kH��6ye℄��v7J�	�Y3z6F�v�A2� (cosmic shear) f}M2� (convergence) vZ�iK_��
G�� (Aperture mass) vZ-L.�*yÆ (skewness) 
r,+lBU�v�6� Scocci-

marro f Frieman [10] vC"Dt-C#V:B��Y3z6F�*v}MJ (convergence

field) v*yÆ [28,29] �$?vY3z6F�*-C℄.��q6F�AJ (shear field) v*yÆ [30,31] �7J.r!IgvY3z6Fv�*℄.��qD
�AJvZ�iK [32,33] ��6vhx6:�dpP�#w):0k}:BYg	FGf�"g	FGv�6����L Hou zP [22] G#�):?BJv�6vC"Dt�nzh:Dty7)r,6:BH�n�U�ÆpD
v�6	��hK�%℄6BÆ�t�+v��1Wf�W��H�1Wv�\`�G#):}:B70D
���v�6vC"Dt�
2 �kMa	QB3Y
2.1 �W8tADe}�iK_�C℄&� dV1 v r1 ℄f&� dV2 v r2 ℄;�d):y�v|j4� d2P



� 144 �������+�L���=�d������� 24 S�?V`K℄�
d2P = n(r1)n(r2)[1 + ξ(r1, r2)]dV1dV2 , (1)<� n(r) zy�v3V��Æ� ξ(r1, r2) Kz}�iK_��℄gSÆ1Gv�H��D
�Lp8�R�}�iK_�{zy���Q (r12 = |r1 − r2|) v_��&Kz� ξ(r1, r2) =

ξ(r12)
[34] �℄��l�O�$$v}�iK_�k��b%GgO?fO�$$i0+6f�`w6v��$$�: DD(r) 0v℄ r∼r + ∆r �C(O�$$vy��� RR(r) Di6��$$vy���% Q (1) �%K℄.tq

ξ(r) =
DD(r)

RR(r)
− 1 . (2) Q (2) ��}�iK_���vz℄ r SÆ`O�$$i���$$v[iy�����8�U�℄2SÆ`vO;�Æ�b~℄�*�d�~℄v}�iK_�℄.0vO��v�t� ξ(r) = Brγ = (r/r0)

γ �<� r0 ziKLÆ��Sg0v~℄vO;	S��tt�0vz�70v~℄�*<YviKLÆ r0 &7�)$�n γ vE17g�V℄ −1.7 q −1.86 q��iKLÆC��Gv~℄$$?K�0 1 <Y�<%�*v1W [35,36,38∼41] �/ 1 �0jI�}i?37zquBEf [35,36,38∼41]� - Ngal r0 γ

SDSS 29300 6.14± 0.18 −1.75± 0.03

2dF 15123 4.92± 0.27 −1.71± 0.06

LCRS 1) 26400 5.06± 0.12 −1.86± 0.03

PSCZ 2) 15400 3.7 −1.69

CfA2 3) 12800 5.8 −1.8��1) LCRS� Las Comapanas Redshift Survey; 2) PSCZ� Point Soure

Catalogue Survey; 3) CfAZ � Certer for Astrophysics Redshift Survey 

Börner zP [42] f Xia zP [43] ℄`w�Ku: CfA ~℄�*�H�~℄%9�RÆv+lK℄��d~℄S�<O;	S�� Loveday zP [44] �� APM �*~℄v}�iK&tq�mÆv1��0k���d_�~℄vO;	?��$?v~℄�*)O�q?�v~℄� Norberg zP [45] ℄ 2002 /u: 2dF vO�$$�d~℄viKLÆCRÆe℄"K�
viK� Zehavi zP [41] %Z SDSS v�N�d~℄vO;	C�^&e℄o�viK��^Spv~℄O;	S��hz2Dg<%vp~℄
℄B~℄K�~℄;��

2.2 ��Y^<pA�6�D}�iK_�v.s'-z�
P (k) =

1

Vµ

∫

Vµ

ξ(r) exp(ik · r)dr . (3)�+lBU��Æ�\5K�����Æfj���B��Vq6x�z�z�HU�O;k):"K�%v�O�/[��~℄vZGA�6℄.ob�f�D
�>��



� 2 ; q9|{�[�jL`��I=d 145�8 1 <Y� Tegmark zP [46] u: SDSS v 205443:~℄��v~℄A�6�℄��[Q���%Z�~℄2�2��RÆv+lK℄��dS�v~℄2�2�Sg�=B~℄O;�RÆvh�+lK℄�pt2�2�℄gSÆ`Gg+lBSÆv��w6�8 1 �vA�6-Cvm�h�w6��:��vA�6[.8 1 ` t8�vlg3 �&Kz��8 1 <YvzU�~zD −20.83v~℄vA�6��B):��%9v6�J�}�iK_��<.s'`�vA�6)�H��<3�	���?v6-iK_�
D��%�5"6�Jv3�	�a�%Y
�?v6-iK_� [1,8,47] �~℄�~℄;�~℄;'Æ�m~&�Lyα [~gzv6-L�^�?'0vD
�}\�h?�B�5~℄v biasingf"g	p,�-�b�℄.�t~℄p,�*v℄3XE�

9 1 SDSS �^�+A�w�^wB
7 [46]kYF�y�|C�4ZÆmh|.lZyE��"�K�4Z

2.3 �a8tADemÆB}�iK_��Z�iK_�z/[℄iQD r12 � r23 � r31 v 3 :&� dV1 �
dV2 � dV3 (;�d):y�v|j4� d3P �1v�

d3P = n(r1)n(r2)n(r3)[1 + ξ(r12) + ξ(r23) + ξ(r31) + ζ(r12, r23, r31)]dV1dV2dV3 , (4)

ζ(r12, r23, r31) �zZ�iK_�� r12 � r23 � r31 GO)((vZ'��% Q (4) �%℄.tq�
ζ(r12, r23, r31) =

DDD(r12, r23, r31)

RRR(r12, r23, r31)
− 1 − ξ(r12) − ξ(r23) − ξ(r31) , (5)
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ζ(r12, r23, r31) =

DDD(r12, r23, r31) − DDR(r12, r23, r31)

RRR(r12, r23, r31)
+ 2 , (6)<� DDD(r12, r23, r31) zO�$$�O?i0��vZ'�v �$� RRR(r12, r23, r31) z��Gg$$�O?i0��vZ'�v �$� DDR(r12, r23, r31) zO�$$�}:y�f��$$�):y�GOvO?i0��vZ'�:��_℄ 1975 / Peebles f Groth [48] u: Lick f Zwicky v~℄'~0 (angular catalogs of

galaxies) K���~℄vZ�iK_��3B�dZ�iK_�℄.0vDz
�t [49] �
ζ(r12, r23, r31) = Q[ξ(r12)ξ(r23) + ξ(r23)ξ(r31) + ξ(r31)ξ(r12)] , (7)<� Q DK���DQwZ�iK_��ok Groth f Peebles [49] /[��~℄v'Z�iK_��u: Limber  Qtq`�vQwZ�iK_� Q = 1.29 ± 0.21 (r ≤ 3 Mpc/h) �?kvp,�*��1W0�iK_��$`�!h�z
�t�|b℄.?ÆDh�_��t���O�$$vSkS��u:hxO�$$℄.?_}��HZ�iK_�v	��`�R�Æ%8
Æ:O?l0	v1W�u: LCRS ~℄p,�*� Jing f Börner [6] �Yp,`�v~℄QwZ�iK_�

Qred(s, u, v) f<57QwZ�iK_� Qproj(rp, u, v) }��Z'�vSÆb���t�3�
v vb��b� (�B+LD s12 � s23 � s31 vZ'� (s12 ≤ s23 ≤ s31) � s � u � v v�1D s = s12 � u = s23/s12 � v = (s31 − s23)/s12) � 2004 /��Au: 2dFGRS v�NtqiÆv1W [37] �3<):%Z�QwZ�iK_��RÆv+lK℄��d~℄S�<Z�iK_�v+Æ&S}�nh�+lK℄37zo��#�~℄$$��vZ�iK_�+Æ}&} 50%�Wang zP [26] ℄ 2004 /u: 2dFGRS v�N�1j�W��&tq�mÆv1W�	?=O�$$��v Qred(s, u, v) f Qproj(rp, u, v) & WMAP (Wilkinson Microwave

Anisotropy Probe ) v�fD
���H�v1W%}�h��$?vD
���37���~℄2�2�T�%<):�H� KayozP [20] u: SDSS v�N�H�p,`�vZ�iK_��%Z�70SÆfZ'���vQwZ�iK_��~℄����^�RÆvK℄��dp,`�vQwZ�iK_��$`7+lBhx��
3 �	v!-xB�3Y
�8!�x$x
3.1 �L,VZ: ρ(r) 0vil`�v�ÆJ� ρ̄ 0v�v3V�Æ�a�Æ�E℄.0vD δ(r) =

(ρ(r) − ρ̄)/ρ̄, <.s'-zD
δ(k) =

1

Vµ

∫

Vµ

δ(r) exp(ir · k)dr , (8)<� Vµ zU)w&��=B���$fvf��)�+vD
&�z?fv (+LD Lvm �) �<�ÆJ.&�D	:<�	:	v-w��<4�)Æ�!	:	+6.
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kx = nkb

(

kb =
2π

L
, n = · · · − 2,−1, 0, 1, 2, 3, · · ·

)

. (9)

ky f kz 
O?f kx iÆv0ft�A�6 P (k) f�6 B(k1, k2, k3) ℄.�1D
〈δ(k1)δ(k2)〉 = δD(k1 + k2)P (k) ,

〈δ(k1)δ(k2)δ(k3)〉 = δD(k1 + k2 + k3)B123 ,
(10)<� δD z delta _��,d 〈 〉 0v�id(v�<�℄�3V��1�6v 3 :4o�)ÆGO):((vZ'���6az�O?i0��vZ'�v�<�℄�3V��BZ'�v���℄.:o� �k���V= k1 � k2 � k3 GOvZ'� (|k1| ≥ |k2|) �℄.:

k � v � θ k��h:Z'��<�
k = |k1|, v =

|k2|

|k1|
, θ = arccos

(

k1 · k2

|k1||k2|

)

. (11)=N�-N
p���6℄.0vD
B123 = 2 [F2(k1, k2)P1P2 + F2(k2, k3)P2P3 + F2(k3, k1)P3P1], (12)<� Pi ≡ P (ki) (i = 1, 2, 3) � F2(k1, k2) ze_� (kernel function) �<�tD

F2(k1, k2) =
5

7
+

1

2

k1 · k2

k1k2

(

k1

k2
+

k2

k1

)

+
2

7

(

k1 · k2

k1k2

)2

. (13)D ,����1Qw�6D
Q(k1, k2, k3) =

B123

P1P2 + P2P3 + P3P1
. (14)=N Q (11) ℄.%Qw�6 Q 0vO k � v f θ v_��

3.2 ��Y^HÆ^62X�B=o℄%9vy�"Ov�ÆJ�<�Æ�Ev.s'-z℄0vO
δ(k) =

1

N

N
∑

i=1

eik·xi . (15)=B�+D
	:+6.!vf��<4�)Æ�! Q (9) vf��℄��ÆJ<�.s'-zk�=B�+D
vy�� (N) f.s'-zv��"K��: Q (15) r,��.s'`�v�Æ�E37z):?wv ��/KP�:e�.s'-zk��.s'`��Æ�E δ(k) �nz℄<�e�.s'-zk��ÆJ℄A9`?fG$�b�f��4�v):`f��*h�!4� (Nyquist wavenumber) �
kNy =

π

∆x
, (16)



� 148 �������+�L���=�d������� 24 S�<� ∆x = L/Nm z9�dQ� Nm z9�GÆ�A�6f�6℄./[�4�℄ ki v):t�\D( (ki ± ∆k, ∆k ≪ ki) �! Q (10) v�?�G3Vktq�
P̂ (k1) =

1

m

∑

k1,k2∈Φ

(δ(k1)δ(k2))δD(k1 + k2) ,

B̂123 =
1

m′

∑

k1,k2,k3∈Ψ

(δ(k1)δ(k2)δ(k3))δD(k1 + k2 + k3), (17)<� Φ zD\ k1±∆k (∆k ≪ k1)(�?4� k1 (0k k2 = −k1)v�j�Ψ z℄ k1±∆k �
k2 ± ∆k f k3 ±∆k (∆k ≪ ki, i = 1, 2, 3) vD\(�= k1 � k2 f k3 GOO?i0Z'����tv�j� m f m′ l0�!.!v ���
3.3 �e�y�:�Y^HÆ^6�w��A�6f�6k�)Æ%Y
=B�+v�tw6���v7m�Vo℄w6��+vm�gt�zvWw�hx
%f��t�+v
z��C�b�7m��vA�6f�6�℄��[Q��P�/Kp:e�.s'-zv �tq.s'`�v�Æ�E�h�Lz):&*?wv ��n�}���vUp�Gg~sw6 (alias effect) �/[�mv��K℄.vm(:℄A�6f�6`vo℄w6 [22] ��+vm�gtfzvWw2����1Wv7m�a�%u:70BÆv�t�+k�"� Hou zP [22] u:�iÆ wD
v�iÆ w	��9Y
hxw6v7m�3���<Yhxw6v7mSÆ�vm(:B�6`v~sw6az)!&*-[vxC�mzh:w6v7m�ptP�o'��q"g	FGv�6�

Hou zP [22] �d℄.s'`���Gv3�	�fZGv3�	�zz�v�=B�Gve�.s'-z�%v���(e%OtBZGe�.s'-z�b�℄.%�Ge�.s'-zv9�dQGt!It�pte�.s'-zv�ÆJf.s'-zv�ÆJ�℄),?�e�.s'-zv9�dQSt�~sw6Wq(:vSÆSt��Gve�.s'-zK℄.74���vf���℄)�*�~sw6���1Wv7m�1j�GfZGve�.s'-z� Hou zP [22] �a���"g	.��g	FGv�6�
3.4 �;lHalTN6�Y^HÆ^

Hou zP [22] �d�℄.s'`���ÆJv�GfZG`�v3�	�zz�v�?�
δ2D(k2D) = δ3D(k2D, 0) . (18)= Q (10) f (18) ℄.tq�

〈δ2D(k1)δ2D(k2)〉 = 〈δ3D(k1, 0)δ3D(k2, 0)〉,

〈δ2D(k1)δ2D(k2)δ2D(k3)〉 = 〈δ3D(k1, 0)δ3D(k2, 0)δ3D(k3, 0)〉.
(19)0kV:D
�Lp (D
vVUf;q0	v	�) � Q (19) ���℄�G.s'`�v3�	�fZG.s'`�v3�	�zz�v�8 2 <Y�=�t�+tqv�G�6f



� 2 ; q9|{�[�jL`��I=d 149�ZG�6v&*�8�v�)+t8��vz℄<� k f v vCg`� Q � θ v-wCg�℄.XY�G�6fZG�6z�Hz�v�

9 2 ��u ,A�w�Hg[HRx�7w'+ [22]
w".FXs9z
F −1 yU�TNyE��"�Æmh|v;
w".%s*;�ZC�ry\I�9Æb|\)�hn!�&2F^"kU�	/a
w".%s~;�Zury�I�9

3.5 ��th�J��6Æ^�H"g	 wv):"Kbv �Kz�+�?!jUpSÆv��iÆ wvD
�Dtq�iÆ wvD
�?}:.!)Æ�! [1,50] � (1)!ED
76?Riv!jSÆ��)Æz Einstein-de Sitter D
� (2) Vqv�ÆJ76?Riv!jSÆ�.p�vVqA�6)ÆO?��v�t�℄�iÆO;����{e℄):!jSÆ R0 ��`!jSÆv):&*�mv��KzJ�oN
-O"g	k��6vSÆ�&Kz��℄h:SÆ`�g	�ÆJ<�3vk�g	�ÆJv ED 1 �� σ2(R0) = 1 � Ev�1V`�

σ2(R, a) =

∫

∆
2
L(k, a)|W (kR)|2

dk

k
, (20)<� a zSÆ2���BSÆSKvVq6 PL ∝ a2kn �!jSÆ�!�

R0 ∝ a(t)2/(3+n) . (21)=B!j4� k0 m&B R−1
0 �a k0 ∝ a(t)−2/(3+n) �u:h:!jSÆ�℄.%�ÆJv�
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f(R, t) = g(R/R0) � f(k, t) = g(kR0) .u:�iÆ wD
vh:!�	��℄.f���qvUp�z*�q�tw6v7m�X��qvUp�7\&��iÆ wv	��a��h:���-C�q��tw6v7m�_℄ 1988 / Efstathiou zP [50] Ku:Vq6x�D 1 � 0 � −1 � −2 v�t�+�HU�vZ�iK_�����dQwZ�iK_�}��Vq6x�v�t�b��=Bok�t�+vBÆo}�h:�H1W&*
?����t�+vBÆSkS6��iÆ wD
�6v�H&Gt�)�v<
 [10,53∼55] �nz=B^3v�� ��%r
g�v����N�hx�(
�?℄Z���q"g	FGv�6��z(�o�v�e�SD"g	�67+lBZ'�v��fSÆ�;;zVq6x�v_��
SF99[10] ℄�t�+f one-loopN
p�v�\`�#Y�):}:BVq6x�Gt�CD −2 ≤ n ≤ 0 vQw�6vC"Dt���=G Q (12) v�t�: F eff

2 l) Q (12)�ve_��t
B(k1, k2, k3) = 2[F eff

2 (k1, k2) P (k1) P (k2) + F eff
2 (k2, k3) P (k2) P (k3)+

F eff
2 (k3, k1) P (k3) P (k1)],

(22)<� F eff
2 z?we_��<�tD

F eff
2 (k1, k2) =

5

7
a(n, k1)a(n, k2) +

1

2

k1 · k2

k1k2

(

k1

k2
+

k2

k1

)

b(n, k1)b(n, k2)+

2

7

(

k1 · k2

k1k2

)2

c(n, k1)c(n, k2) .

(23)o a = b = c = 1 k� Q (22) Kz�-N
p�v1W�=�-N
p�f�t�+1W�
SF99 +jY� a(n, k) � b(n, k) � c(n, k) �

a(n, k) =
1 + [0.7 Qsat

3 (n)]1/2 (kR0)
n+6

1 + (kR0)n+6
, (24)

b(n, k) =
1 + 0.2 (n + 3)(kR0)

n+3

1 + (kR0)n+3.5
, (25)

c(n, k) =
1 + 4.5/[1.5 + (n + 3)4] (kR0)

n+3

1 + (kR0)n+3.5
, (26)<� Qsat

3 (n) = (4 − 2n)/(1 + 2n+1) � SF99 �eQw�6℄�"g	FG;+lBVq6x�� R0 z Q (20) ��v!jSÆ�1j�GfZGe�.s'-z� Hou zP [22] ℄ 2005 /u:6BÆ�t�+�a��q�"g	FGv�6��dQw�6�p℄�"g	FG+L+lBZ'�v��f



� 2 ; q9|{�[�jL`��I=d 151�gt�3��Vq6x�v�t�b��b�*�� SF99 KB"g	�6v�e� Hou zP [22] y�d℄Y"g	FG���1W)&*b�,j one-loop N
p�H� [9] ���BVq6x�D −2 vQw�6���1W%6B�-N
p�vH����BVq6x�
n ≥ −1 vC����1W%}B�-N
p�vH��=�t�+��qv"g	Qw�6f�-N
p�H�v1Wq�e℄):�zK℄ [22] �

Qnl(kR0, v, θ) = f
1/(1+0.25n)
nl (kR0, v, θ, n)Ql(kR0, v, θ) , (27)<� Qnl z�t�+v��1W�Ql z�-N
p�H�v�6�℄<� k � v vCg`�

fnl (D θ v_�?ÆD)6�_����6�_�v2oÆ%+lBZ'�v���Z'�vgt.�Vq6x��
fnl(kR0, v, θ, n) =

a1(kR0, v, n) exp

(

−
(θ/π − a2(kR0, v, n))2

a3(kR0, v, n)

)

+ a4(kR0, v, n)

1 + a5(kR0, v, n)(θ/π)2 + a6(kR0, v, n)(θ/π)4
, (28)t� ai(kR0, v, n) v�t=>YKe [22] <Y�

9 3 �Wr7y�E 0 w81T��81[(���wRx�7'+ [22]�s1�yu:P�l2y kR0 Æb|M�|
w".y4ZÆM
h|�/O�r�K�y4ZÆ�
h| SF99 K�y4ZÆmhF Hou |Q$ZyD#EuK�y4Z
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���) v��1W<��&*��<Y70SÆ�70Z'���vQw�6�Z'�}+�'v-wCg�℄.XY℄Yg	f�g	FG.��"g	FGv#x!�vZ'� (V
k1 = 2k2) � SF99 vC"DtH�vQw�6)&*b�,j�t�+��1W�nz=B
SF99 �eQw�6℄�"g	FG;+lBVq6x��h:Dt37)�J����6℄"g	FGv w	��� Hou zP [22] vC"DtH�v�6)ob�,j�t�+v��1W (XE℄ 10% �C() �
3.6 �+o��5��6Æ^n�U�D
���zp5D
1G�O"KOAvf��<U�O;7\&��iÆ wv	���iÆ wD
�6vC"Dt37)r,:kH��U�ÆpD
v�6v w	���Vvzn�U�D
���vA�6℄"g	SÆ`v6x�℄ −1 q −3 v�C(�Y
qn�U�A�6v6x��SÆv-w�.�i� Einstein-de Sitter D
���v2o�P�℄.%�iÆO;D
���vA�6f�6v"g	 wT�<Sqn�U�D
�����

Scoccimarro f Couchman [21] B 2001 /℄�t�+v�\`�%��SÆSKQw�6vC"Dt [10] �.<S�tY):}:Bn�U�ÆpD
���vQw�6vC"Dt�`DtT=: Q (22) f (23) v�t�{z a(n, k) � b(n, k) � c(n, k) -D�
a(n, k) =

1 + σ−0.2
8 (z)[0.7Q3(n)]0.5(q/4)(n+3.5)

1 + (q/4)n+3.5
, (29)

b(n, k) =
1 + 0.4(n + 3)qn+3

1 + qn+3.5
, (30)

c(n, k) =
1 + 4.5/[1.5 + (n + 3)4](2q)n+3

1 + (2q)n+3.5
, (31)<� q = k/knl(z)�Q3 = (4−2n)/(1+2n+1)�knl = 4πk3

nlPL(knl) = 1T��=Bn�U�D
���vA�6v6x�z�4�-wv�n:?w6x�l)��1D n = d lnP/d ln k (k =

kL/2) �
4 ��Y!�J�xkMa	℄n�U�D
�����1GbLv):"KK (UKz�Wv�O��Wz/["g	3z���Ov):�U�y�v�P�℄3�℄h$v

O;8p��D
�Ug����℄Rik^
e℄B�W���W��℄.#C):"K�mv �k5Z���3zO;(:`U�v N �iK_� [56] �u:h: �� Seljak [57] �H�U�f~℄vA�6� Peacock f Smith [58] &'�mÆv�(�Ma f Fry [23] �H�}�fZ�iK_�3���A�6f�6��d�W��H�v1Wf�t�+v1W℄)�QÆ`)Ojtob� ScoccimarrozP [59]  ��
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4.1 �+�\{u:�W��k��U�vO;	���b%osU�℄�W(<zVi%9v��Wv��Æ���%9vK℄��W�viK_��
4.1.1 ��������_:v�t�+1WK�d��Wv�Æ%9�!):5}v���� NFW (Navarro�
Frenk f White) [60∼63] %9��&�D�N�t�

ρ(r)

ρcrit
=

δc

(r/rs)(1 + r/rs)2
, (32)t�� rs z!j�G�VW�WvGs�GD rvir �℄.�1M�Æ (concentration) � c =

rvir/rs � δc z c v_��2`�Wv�Æ%9�H℄.:� c k��� NFW �d�Wv(<�Æ%9y�g4D −1 �KBh)�?ogvl�� Moore zP [64] �d�W(<%9vy�37z −1 ��z −1.5 � Jing [65] #V&tq�mÆv1��rk Jing f Suto [66] A�d<l�B70��v�W�<(<��375}����d��B~℄�~℄K�~℄;��gtv�W�<(<�Æ%9y�%1g}D −1.5 � −1.3 � −1.1 �
4.1.2 �����

Pressf Schechter [67] �
�):�mvp�kJ��Wv��ÆC��%9vK℄�h:p�+lBÆ:<�iKv�e��N
g	bL�D�����6�Jv	��℄ M q M + dM q�v�W�$℄.0vD�
dn

dM
(M, z)dM =

√

2

π

δcrit

D(z)σ2(M)

dσ

dM
exp

[

−
δ2
crit

2D(z)2σ2(M)

]

dM , (33)<� D(z) zg	bL2�� σ(R)z�p,D 0 vg	�ÆJ:�G R v__�3vrvN
 E� δcrit D�6�Æ�
JenkinszP [68] �d�C�t�+v1Wi&��B��tB m⋆ v�W�Press-Schechterp�6J�<��ÆQ 1"��}J�g�� (M > m⋆) �Wv�$�h:1WC_:v�d)} [70,71] �):3<�v�W��_�= Sheth f Tormen [72] <Y (`K��ND ST99)�=N<����Wv��Æ℄.0vD

n(m)dm =
ρ̄0

m
f(σ)d ln(σ−1) , (34)

f(σ) = A

√

2a

π

[

1 +

(

σ2

aδ2
crit

)p]
δcrit

σ
exp

(

−
2δ2

crit

2σ2

)

, (35)<� A = 0.3222 � a = 0.707 � p = 0.3 �7[ Jenkins zP [68] SD ST99 <Yv�W��_�&7)ob�����℄ z = 0 ℄v�t�+1W�3B�d:#���U)w.r��Wv��_�CD
����p,�A�6
7iK�O?):5}v�t�
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4.1.3 ���������Wz�ÆJsN
*6vFG�℄6�J���℄B706Æv)`�=6�Jv	�os�i�6v)<iK	&S��Mo f White [69] =N6�Jv3�	��D����fj
v Press-Schechter p��pY��WviK_�>U�viK_�q�e℄v2�2��� b(R, M, z) �%�WviK_�zD ξhh(x) = b2(x, M, z)ξ(x) �hs ξ(x) DU�iK_��℄p, z ℄v2�2�℄.0vDV`�t�

b = 1 +
v2 − 1

δcrit(z)
, (36)t� v = δcrit(z)/σ(R) � M = 4π/3R3ρb(0) �B δcrit(z) = (1 + z)1.686 �

ST99 ℄h:Dtv�\`�.3<�tq):{v+jDt�
b(ν) = 1 +

aν − 1

δcrit
+

2p

δcrit(1 + (aν)p)
, ν =

[

δcrit(z)

D(z)σ(m)

]2

. (37)℄���W�vZ�iKk��%Y
2�2�v�-n�
b2(ν) =

8

21

ν2 − 1

δcrit
+

(

ν

δcrit

)

(ν2 − 3) . (38)tt�0vz��-n{}7mqgSÆ`vZ�iK_��3B�Z�iK_�vFe"Kt�℄���/Kyz%h)ntÆ��
4.2 �+�\{��6W8Ha8tADe/[?�8
v�W��℄.o�m�kH�U�viK_���Wv+6?70v�1 � [25] �)�SD�Wv��H<�^℄Gs�G(��Wv��℄.0vD

m ≡

∫

Vvir

dxρ(x; m) , (39)<� Vvir z�WvGsw&��D�� ,�/K�1Qw�W�Æ�um(x; m) = ρ(x; m)/m���!
∫

Vvir

dxum(x; m) = 1 . (40)=N�W���̀ � xv�ÆKz70�Wv�Æ℄2�v���ρ(x) =
∑

i miumi
(x; mi)�% ρ(x) <�℄�3V�℄tq`�v3V�Æ [73] �

ρ̄0 = 〈ρ(x)〉 =

〈

∑

i

miu(xi − x; mi)

〉

=

∫

dmn(m)

∫

dx
′um(x − x

′) . (41)`�}�iK_�℄.0vD ξ(r) = ξ1h(r) + ξ2h(r) �<� ξ1h(r) � ξ2h(r) %1zm:�Wf}:�W�}�iK_�vFe�
ξ1h(r) =

∫

dm n(m)

(

m

ρ̄0

)2 ∫

Vvir

dxum(x)um(x + r) ,
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ξ2h(r) =

∫

dm1 n(m1)
m1

ρ̄0

∫

dm2 n(m2)
m2

ρ̄0

∫

Vvir

dx1um1
(x − x1)

∫

Vvir

dx2um2
(x′ − x2)ξ(x1 − x2; m1, m2) ,

(42)t� ξ(x1 − x2; m1, m2) z��%1D m1 � m2 v�WviK_�� r = x − x
′ �hs=:vzD�N���=BD�N	�tqv}�iK_�;;z r v_��f r v`� qSK [57] �X�Wv�Æz"D�Nv�℄��iK_�kK%Y
℄)v�W��v�%�.��W℄`�vGq��WH�vZ�iK_�℄.0vD ζ = ζ1h + ζ2h + ζ3h �m:�W�Z�iK_�vFeD

ζ1h(r1, r2, r3) =

∫

dm n(m)

(

m

ρ̄0

)3 ∫

Vvir

d3
x um(x + r1)um(x + r2)um(x + r3) . (43)}:�W�Z�iK_�vFeD

ζ2h(r1, r2, r3) =

∫

dm n(m)

(

m

ρ̄0

)2 ∫

dm′ n(m′)
m′

ρ̄0

∫

Vvir

d3
x um(x + r1)um(x + r2)

∫

V ′

vir

d3
x
′ um′(x′ + r3)ξ(|x − x

′|; m, m′) + perm(1, 2, 3) .

(44)

3 :�W�Z�iK_�vFeD
ζ3h(r1, r2, r3) =

∫

dm n(m)
m

ρ̄0

∫

dm′ n(m′)
m′

ρ̄0

∫

dm
′′

n(m
′′

)
m

′′

ρ̄0

∫

Vvir

∫

V
′

vir

∫

V
′′

vir

d3
xd3

x
′d3

x
′′ um(x + r1)um′(x′ + r2)um′′ (x′′ + r3)

ζhalo(x + r1, x
′ + r2, x

′′ + r3) ,

(45)

<� ξ(|x−x
′|; m, m′) � ζhalo(x + r1, x

′ + r2, x
′′ + r3) ��vz�Wv}�fZ�iK_��N
p�H�v1W�$`z℄}v�=B$?v�W��ye℄o�v7J�	� Takada f Jain [25] ℄ 2003 /�	�Y
�hx7J�	2��}�fZ�iK_�v7m�SD�W�Æ%9v(<y�D −1�M�Æ c = 10(m/m∗)

0.2 z):&*℄.~}v���8 4 &*�h:�W��H�vZ�iK_�f�t�+��v1W�8�v�z Jingf Börner [74] ℄ 1998/��v�t�+vZ�iK_����%+LD r12 � r23 � r31 vZ'� (r12 ≤ r23 ≤ r31) : r12 � u � v k���
u ≡

r23

r12
, v ≡

r31 − r23

r12
. (46)
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9 4 ��X �I�w[�jL`�g�u ,2Xw'+ [25]\)�; r12 � u � v ���kYF�y�| Jing h Börner 
w".y4Z [74] �h|�Z"�K�y4Z
�L Takada f Jain [25] SD~}��H�v}��Z�iK_�C�t�+v1W,jt*b�n℄��}�fZ�iK_�kT=:�)�QÆv?Æ�	?���W�Æ%9v(<y�fM�Æ>�y�?#rv���h�%?6v�t�+1Wk�"�V Zhao zP [75] �d c0 = 10 � β = 0.2 k37)�J�H��WvM�Æ�!1z6p,vM�Æ�u:�W��H�U�v}�iK_��%�G�%��H�Z�iK_�a�%j�G�%����og�n℄.s'`����ÆJvR�%-OP��h%p��[Q-t�m�A�6℄.0vD P (k) = P 1h(k) + P 2h(k) �<�
P 1h(k) =

∫

dm n(m)

(

m

ρ̄0

)2

|u(k|m)|2 ,

P 2h(k) =

∫

dm1 n(m1)

(

m1

ρ̄0

)

u(k|m1)

∫

dm2 n(m2)

(

m2

ρ̄0

)

u(k|m2)Phh(k|m1, m2) .

(47)hs Phh(k|m1, m2) z��%1D m1 f m2 �WvA�6�



� 2 ; q9|{�[�jL`��I=d 157�.s'`�vZ�iK_� B123 = B1h + B2h + B3h �<�
B1h =

∫

dm n(m)

(

m

ρ̄

)3 3
∏

i=1

u(ki|m) ,

B2h =

∫

dm1 n(m1)

(

m1

ρ̄

)

u(k1|m1)

∫

dm2 n(m2)

(

m2

ρ̄

)2

u(k2|m2)u(k3|m2)

Phh(k1|m1, m2) + perm(1, 2, 3) ,

B3h =

[

3
∏

i=1

∫

dmi u(ki|mi)n(mi)

(

mi

ρ̄

)

]

B123
hhh(m1, m2, m3) ,

(48)

hs B123
hhh(m1, m2, m3) ≡ Bhhh(k1, k2, k3|m1, m2, m3) z�W�v�6�

Bhhh(k1, k2, k3; m1, m2, m3) =

3
∏

i=1

bi(mi)

[

BPT2
123 (k1, k2, k3) +

b2(m3)

b1(m3)
P lin(k1)P

lin(k2)

]

, (49)

b1(m) Kz?���v2�2��� b2(m) D2�2�v�-n�=B$?v�W��37�_�u:�W���HU�vO;	�K%�_Y
���W��v7J�	2��V�W(<�Æ%9y��M�Æ��W+6v0���W(a1Gv7m�
5 �3��FZ�iK_��.s'`�v�6z�H=3z7P�	 wGgvgSÆ1G"6�	�v#}-3���~℄v�6�^�ÆJvVqN
f~℄2�v}\�℄.:kr[p,�*
z�%Z�g	2�fU��Æ>� Ωm q�v�3�Y3z6F℄.r,���U�v%9�3℄.:kf�D
�%9��H~℄=�v()%9z�hz$?D
��H�):"K�%v_%�<��A2��}M2�vZ�iK_��
G��vZ-L.�*yÆv"g	 w
r,+lBU�vZ�iK_���6�Z�iK_���6v�H℄.ptP�?b��5U�v"g	 w	��1Smr�
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The Progress of the Three-point Correlation Function

HOU Yong-hui1,3, ZOU Hua2
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Abstract: Three-point correlation function (3PCF) and its Fourier counter part, bispectrum,

are the lowest statistics that quantify the non-Gaussian behavior of the large scale structure

induced by the gravitational instability. In the present paper, the basic theory of the three-

point correlation function and its Fourier counter part, bispectrum, are introduced firstly, then

the results of 3PCF and bispectrum measured from the galaxies survey and simulations and

predicted by the halo model are summarized.
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