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[1�=r�e���pH:>r 3 2O�$�+3�?xJ0M?} L3 � L4 U L5 }$&�pH!D, 2.6×108 km r)P?d�64�epjr ASTROD-GW 20 yr :>Fm�W� CGC2.7 (CGC: Center for Gravitation and Cosmology) `U�8�lgzF|�r����
[1�=P
�jr^�Mr)Po-$d�AU|����� F%~�E'
�*E��

3LN7Æ"�
 P173; 9<{0&
 A

1 GC�(8N	#
q�Z0�<n�^{2��V�w~(O��<-��Z0�
�vQ_�℄`w�<Vv��Z0��v+"{
3 2020 Æ^`IqV�D��Z0�<#�<Ov��Z0#
q;�Te�8t�-��Z0�<^{tO�w~C s�(O��TAMA 300 m C(O��GEO

600 m  C(O��v'}ys�(O�Z0�<# LIGO (2 1 4 km  C� 1 1 2 km C) T Virgo p�J��^G�#HS{qh���'�3 100 Hz �s#%� LIGOT Virgo qh��:�^i 10−23 Hz−1/2 `y�I"� LIGO T Virgo :3#
E~���<#q%7{
��*+ AdLIGO T AdVirgo, �|�h���- 10 ��
;�<iq�Z0(A�9�, 1 000 �� LCGT (Large-scale Cryogenic Gravitational wave

Telescope) 3 km v4s�(O�Z0�<#�);d
7�z 1 ��
Sn4q�<#��h��Lf� AdLIGO T AdVirgo, 3z 1 ��
G�~q�?<^D�%7+v4wEqz 3 bC (O� [1]. �Xqz 3 bC (O� ET (Einstein Telescope) �);dC
�"{3 5 yr r�q℄�	�8NAz 1 [D��<i�Z0�D��Z0�<s�(O� (LISA[2] �ASTROD[3−4] �ASTROD-GW[5−7] �Super-

ASTROD[8] � DECIGO[9] T BBO (Big Bang Observer)[10−11]) q^6�q-�
�o/
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:{~
Z8�), {^G{/q�'h���s��s6WqS	i�iq�E
�_x�q℄�Lq����(O^Rs��s6WL	�8A^G�'���o-Q (℄�Lq�-U), 86W
;S	qI�-Q�℄�Lq(O��3 1997 Æ���� ASTROD qL=o/ [12−13], 3 1999 ÆC^�A���� LISA qL=o/�
D��<# ASTROD-GW 9=ElqS{�
Ykfq_Ti�iq�9|3�EKqz 2 �O��L	
Y CGC2.7 _T�:�3z 3 �O�9|53H(q8t�4S#~4�dq ASTROD-GW 9=El�3z 4 ��9|
℄�LqqyE{���#
�L�z 5 �O�9|
℄�Lq(Oq#P���m�z 6 �O�9|
��qz 1 b℄�Lq(On,#
��T{��.
z 2 b(On,#
�d�t�q^3z 7 �O�9|4S�t.#
��q�t�
2 CGC2.7 ?>$}!�
�ElS{T℄�Lq(OqyE{�Æt�5�n;(�q
_T)�fJ=U{qt��9|7�
_T)G� CGC2.7. 5�q CGC1.0 3 2000 Æ
Y [14], �^%#q CGC2.0 3 2002 Æ
Y [15]. 9|3 CGC2.0 _TG�pVJ
Yq_TG��F+ CGC2.7 _TG��3_TG� CGC2.7 O	>rq^{L`t��I	

(1) 3^{�� (�y��_
_�w(_�.-� Ceres � Pallas T Vesta) C�q��T^��L`t� [16].
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CGC2.7 
_T)
� 4 � Runge-Kutta yEr��� [17], ^��qRdd���&�Z$#`wn JPL (Jet Propulsion Laboratory)q DE405_T4S�349?U
_qEl5y℄ LowellU
_y3FOoi��5O_TqRd℄Bl3 JD2461944.0 (2028Æ 6 . 21 > 12 ℄). _TG� CGC2.7 =�w-N\3 10 yr 	q{�(�T DE405q��B" 1	g�A�=i 10 yr 	 CGC2.7 {�qw->\6T DE405�*3 240 m�	�)�T0�q�*�*3 0.9 mas T 0.35 mas �	����yCq	
_qL�El�:U�Z�_T(�wn ASTROD-GW L={�{/�
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Fig. 1 The deviations of the heliocentric distance (a), longitude (b) and latitude (c) of Earth orbit

between ephemerides CGC2.7 and DE405 in the heliocentric mean equatorial coordinate system. The

initial time is JD2461944.0

3 ASTROD-GW (:��
ASTROD-GW 3 1N�#�*2�>w Lagrange| L3 � L4 � L5 |#%�+6>%'El�%~:Gt#G�b�B" 2 	g� 3 �  C,+ 2.6×108 km (1.732 AU).

Lagrange | L4 � L5 +7�|�Æ L3 |+37�|�e�37�℄�O�+ 50 yr r��Æ"{ ASTROD-GW q9=℄�+ 20 yr, �Z
;wn9=Elq{/� 3 1N�#
;39=V�	�Qw7�3 L3 � L4 � L5 |#%�
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Fig. 2 Schematic of ASTROD-GW mission orbitR4� 2028 Æ 6 . 21 > 12 ℄ (JD2461944.0) t+ ASTROD-GW #C9=Elq!d℄B�Z℄qw-3GJ|#%���y�w-TN�#3il~Jq,bp+%'aJMe 3 �8�#
/� [18−20], oi 5 1 Lagrange |�R4�N�#CEqRd2L�3 L3 � L4 � L5 |q#%� 3 1N�#3>\ilu'CEq2L+	 SC1 3

(0, 1 AU, 0), SC2 3 (
√

3/2 AU,−1/2 AU, 0), SC3 3 (−
√

3/2 AU,−1/2 AU, 0). N�#qRd��
;w-9
V�q 1 1Z_Æ (365.256 36 d) K#
{��oiN�#'V1�q��_U+ v0 = 0.01720209895 AU/d. N�#3il~JqRd��b`YD�Rd2Lb`� L3 |qN�#Rd��+ (−v0, 0, 0), L4 T L5 |N�#Rd���*+ (1/2 v0,
√

3/2 v0, 0) T (1/2 v0,−
√

3/2 v0, 0).3R4l�N�#qRd��C^�9|�K~�N�#Elq�:V�TEl�\sq�� [19−20], 
9=El#
�d��B
_6�y1�qm
`+ [21]:

E =
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2
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2a
. (4)
_6�y1�qZ_V�+ [21] 	

T =
2πa3/2

√

G(M⊙ + m)
. (5)�K (4)∼(5) fA�oi�� v �V� T �>\6 r �V� T %d=CBE	

∆v ≈ −1
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T
v, ∆r ≈ 2

3

∆T

T
r . (6) ℄� (5) fA�=SfEl�CY a �K3%℄�ElV� T |3l%%�3�dKIO�K ∆a = 0, A�oiEl��T>\6q%d=CBE	

∆v

v
= −∆r

r
. (7)



5 � ) ,u� ASTROD-GW _�Ns*Q 4313�dKIO�tH�K (6) fO���V��>\6�V�q%d=C�~�Rd��T>\6��d 3 1N�#qElV��
��% 1 Z_Æ�C^�K (7) fO���>\6q%d=C�3�KElV�3%q,HE�#~4~�N�#qRdd���dElq�\s�
�7��%'bEl��K
Rl9=ElV�T�\sq
[�d�oiwn ASTROD-GW 9=ElqRd��B) 1 	g�N�#C�(O  C� C��(O ��T Doppler L
���℄�q%dB" 3 	g��O Arm i (i = 1, 2, 3) )gN�# i 	
�q(O �
Angle i (i = 1, 2, 3) )g(O 3N�# i W	:Gq���A�=i 3 �(O q C�3 20 yr 	p��K3 2.6× 10−4 AU �	�ÆN�#C�^KqL
��3 20 yr 	p��K3 3 m/s �	�| 1 H����6'�1O5 (JD2461944.0)

Table 1 Initial conditions of spacecraft at epoch JD2461944.0 after optimization

SC1 SC2 SC3

x(AU) 1.15400625657×10−3 8.67153438990×10−1 -8.64862747668×10−1

vx(AU/d) -1.72003163872×10−2 8.60259754371×10−3 8.60242121982×10−3

y(AU) 9.15289225649×10−1 -4.60944670325×10−1 -4.60953844061×10−1

vy(AU/d) 4.88112077381×10−6 1.36734947884×10−2 -1.36634452887×10−2

z(AU) 3.96866302001×10−1 -1.99803781816×10−1 -1.99807759115×10−1

vz(AU/d) 2.07014410548×10−6 5.92813611776×10−3 -5.92387128798×10−3

Note: The positions and velocities of 3 spacecraft are calculated in the barycentric mean equatorial

coordinate system of the solar system at J2000.0

4 /��B��4
�
� ASTROD-GW, �^R℄~1N�#ii~N�#	�℄�,+ 14.5 min. 3N�#C�#
s�(O��℄�+a
;oi39=V�	9�℄BN�#qu'�9|H�K CGC2.7 _T
N�# 20 yr 9=El#
{��5^7� Chebyshev 
Of?Eq���oi�9�℄Bqd��	
�q Chebyshev 
Of:;i 13 ��#dy31z�s+z�1~oN�#q2LT���?E	7�q2LET��Eq3U�+ 1:0.4, ?E0�C�+ 8 d, ?Eq(�3 10−14 AU q`y [22−23].��N�#C��xX/q℄D.3i'4�Dq�{�q(�{/9|>r�yq^��V�	hKq℄�LqfA�3{�℄1�yN\+u'C#|�+I�9>COq| P1 T P2, u'b`�*+ R1 T R2. ℄ P1 �S~1�^Ri P2, �^RqX/℄� TTravel �+_5��~5�i�D℄DE{�q℄� TNewton, i~5�i^��V�q℄�fA ∆TPN.

TTravel = TNewton + ∆TPN . (8)
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# 3 �fsGn"E (a) �"EA (b) �"s�� (c) �P�% Doppler �� (d) �_�s&f
Fig. 3 Temporal variations of the arm lengths (a), differences of arm lengths (b), angles between arms (c)

and the Doppler velocities in measure direction (d) for our optimized spacecraft orbits

(1) �3���Z%~EX/℄�q{�f+	
TNewton =

R

c
, (9)

(2) PN (Post-Newtonian) V�	hK℄�fA`{�f+ [24−25]:

∆TPN =
2GM

c3
ln(

R1 + R2 + R

R1 + R2 −R
)+

G2M2

c5

R

R1R2
[
15

4

arccos(N 1 ·N 2)

|N1 ×N2|
− 4

1 + N1 ·N 2
] ,

(10)�O R )g P1 T P2 q6O� c )g��� R1 T R2 �*)g P1 T P2 6O#|q6O� N1 T N 2 �*)g#|HQ P1 T P2 qd2b`�3{�℄�qLq(O℄��Ns�^RqN�#qu'�B�Æ�r^RqN�#33	w���	�h{V��bq��{��x`�X/q℄� [14,26]. �S3 T0℄B SC1 �Ns�^Ri SC2, SC2 3 T r
0 ℄Bri^R�s�X/KIqN\u'C℄
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T r
0 = T0 + T1 + T2 + T3 + ...

T1 =
|r2(T0)− r1(T0)|

c
+ ∆T1,PN

T1 + T2 =
|r2(T0 + T1)− r1(T0)|

c
+ ∆T2,PN

T1 + T2 + T3 =
|r2(T0 + T1 + T2)− r1(T0)|

c
+ ∆T3,PN

......

, (11)

�O ∆Ti,PN )g3z i [�bKIO{�q PN V�
�X/℄�qfA�#

[�b�Di |Ti| < 10−11 s (3 mm). N�#39�℄Bq2L r(T ) qE�K
� Chebyshev
Of?Eoi�
5 /��B�,J#3`�qD��Z0�<9=fO���N�#Elq�ZmeN�(O q C�℄�3	w%d�h{7�℄�Lq(Oq��
os��s6WLS�Æ ℄�k�Z0^R��=℄�Lq(Oq���tHi3 ASTROD 9='�o/O
� [12−13,27].3 1997 Æ�9|�SE
_T℄�Lq(O�Æ [12]:

(1) Path 1: SC3 →SC1→SC3→SC2→SC3; Path 2: SC3→SC2→SC3→SC1→SC3

(2) Path 1: SC3→SC1→SC2→SC3; Path 2: SC3→SC2→SC1→SC3s�3�L�_�)K Path 1 T Path 2 ^3 SC3 OBX(O��J�Æ3^KD��Z0�<{
 LISA ℄�Lq(Oq�ÆO��D+z 1b��WP8m* JPL q Tinto t8
z 2 bq℄�Lq(Oq��#
o/�oi
;7QLSqz 2 b℄�Lq(O�� [28].��3D�(O�O�N#T�r#L6��)�i^�r#qs�h{)K�_^�6
XkoXJ���r#�	7�q�_��+�ws��XCqF��L5^NS�3F��Lqo�fO�*a_m (Z\) tH3 2000 Æ
;
 2 pW qCN��L [29−30]. �WP8m* JPL 3 2008 Æ�#~4

 40 fW qCN��L [31].I39|�Jw (1) qXi}�s�6WqS	��E9|
 Tinto t [32] qlwt5}��
��t Cq Michelson (O��B" 4 	g�_�(O q C�*+
L1 � L2. (O�x3SN℄�+_x�*�K_�(O ��kq�x�3jqSNq�x#
(OXG�3��<#Woi3jq(O�I��*��~+ y1(t) � y2(t), �
C(t) )g+3 y1 � y2 Oqs��s6W�℄�%dq�qKI� ℄� h1(t) � h2(t)~+�Z0#C3jq<`�I�Æ� n1(t) � n2(t) ~t��:k3 y1(t) � y2(t) Oq6W�<`q y1(t) � y2(t) X+

y1(t) = C(t− 2L1)− C(t) + h1(t) + n1(t) , (12)
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# 4 �u"E*Q�
Fig. 4 The unequal-arm interferometer

y2(t) = C(t− 2L2)− C(t) + h2(t) + n2(t) . (13)3 (12)∼(13) fO�(O 1 W��<#�3 t ℄BCNqs�^RO�M� 2L1 (��
c = 1) C(q6W C(t− 2L1), ℄O	2 t ℄Bx℄q6W C(t). 
�(O 2  z�M6W C(t− 2L2). ��_<q<`�I��_fL	A�oi (14) f�

y1(t)− y2(t) = C(t− 2L1)− C(t− 2L2) + h1(t)− h2(t) + n1(t)− n2(t) . (14)BI#
℄�q��	� y1(t) ��i 2L2 C(�x y1(t− 2L2); � y2(t) ��i 2L1C(�x y2(t− 2L1), ��_<<`q�E�oi (15) f�
y1(t− 2L2)− y2(t− 2L1) =C(t− 2L1)− C(t− 2L2) + h1(t− 2L2)− h2(t− 2L1)+

n1(t− 2L2)− n2(t− 2L1) .
(15)�� (14) T (15) _fA�=i_�IO5�L qs��s6W��K� (14) f	2 (15) f�A�oi~13Ms��s6W C(t) qZy3	

X ≡ [y1(t)− y2(t)]− [y1(t− 2L2)− y2(t− 2L1)]

= h1(t)− h2(t) + n1(t)− n2(t)−
[h1(t− 2L2)− h2(t− 2L1) + n1(t− 2L2)− n2(t− 2L1)] .

(16)�Jw X qoX)^f�9|A�=i�K3℄ q�*	#
kfq℄�%hT
	~qq3 q(O<`�I#
oX�
oSUs��s6W%oA
�=1i℄�Lq(Oq�N	3�3��(Oq,HE=��I��e��	U℄�s��s6W�3+g�e=5A�	U�
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6 /��B�,��4+a$��t�9|� 3 1N�#q(O #
'R	N�# i 	
�q(O +
Li � Li′ , |℄>�Q�[�*+ L1′ � L2′ � L3′ , 
℄>�Q�[�*+ L1 � L2 �
L3. B" 5 	g�
� yij )g3N�# j <`qKjN�# i qs�L2%d�

# 5 P�%w "Es(S
Fig. 5 Labels of spacecraft and their arms

6.1 	 1 �-����)z 1 b℄�Lq(Oq�'3�	�K~�q(On,�SU+�q C� [33]. �Z3ZWq��OH� C<+i+�q�)�� c = 1, 
��R)g℄�qLq�
yij,k = yij(t − Lk), yij,kr = yij(t− Lk − Lr). �+ Ci+�q�	��R^~qLqq℄�A��h�z 1 bq℄�Lq(O�IqNa [28,33] �	 Sagnac (α, β, γ)(xz 5 �Oqz (2)X), Unequal-arm Michelson (X, Y, Z)(xz 5 �Oqz (1) X), Relay (U, V, W ), Beacon

(P, Q, R) T Monitor (E, F, G), �3jq(On,B" 6 	g�zTNa53N�#q!d|3 �*� 3 1iNa�� Sagnac (α) +X��L��{�qKI� Sagnac (α) 
�45q(O ��(On,B" 6 O	g�(O
�_xs���x α-Beam1 ℄N�# SC1 S���[)KN�# SC3 T SC2 C^ki SC1; �x α-Beam2 ℄N�# SC1 S���[)KN�#
SC2 T SC3 C^ki SC1. _xs�3N�# SC1 #
(O�_xs�(Oq{�)^fB (17) f [33], 5�qKI)g+ (18) f�3{�fO�
��K α-Beam1 q℄�
L2,13 + L1,3 + L3 	2�K α-Beam2 q℄� L3′,1′2′ + L1′,2′ + L2′ oi℄�� ∆t, x (19)f� Sagnac (α) q{��IB" 7 	g��� SagnacV�q�N�Z℄q{��I.3PM�3C^q��O�9|l�K
 Sagnac (ONaq%#oi�+PMq�I�

α = y13,13 + y32,3 + y21 − y31 − y23,2′ − y12,1′2′ . (17)
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α− Beam1 : SC1

L2−→ SC3
L1−→ SC2

L3−→ SC1 || t ,

α− Beam2 : SC1
L

3′−→ SC2
L

1′−→ SC3
L

2′−→ SC1 || t ,
(18)

∆tα = L2,13 + L1,3 + L3 − L2′ − L1′,2′ − L3′,1′2′ . (19)

# 6 { 1 
Ns*Qp.
Fig. 6 Interference paths of the first generation
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Fig. 7 Numerical results for Sagnac (α) interferometry�K��qz 1b(O)^f [28,33−36],oiz 1bO Unequal-arm Michelson (X)�
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Fig. 8 Numerical results for the first generation interferometries. (a) Unequal-arm Michelson (X),

(b) Relay (U), (c) Beacon (P ), (d) Monitor (E)

∆tX = L3′,322′ + L3,22′ + L2,2′ + L2′ − L3 − L3′,3 − L2′,3′3 − L2,2′3′3 ,

∆tU = L2′,3′1′1 + L3′,1′1 + L1′,1 + L1 − L3′ − L2′,3′ − L1′,2′3′ − L1,1′2′3′ ,

∆tP = L3′,1′12 + L1′,12 + L1,2 − L3′,2 + L2,3′ − L1′,3′ − L1,1′3′ − L2,11′3′ ,

∆tE = L1′,13 + L1,3 + L3 − L2′ − L1′,2′ − L1,1′2′ + L2′,1′1 − L3,11′ .

(20)

6.2 	 2 �-����)℄z 1 b℄�Lq(OqyE�IK=�
� ASTROD-GW {/q 500 ns (150 m)C	i3;q�=h{9|
z 2 bq℄�Lq(O#
��T{��z 2 b℄�Lq(Oq�'3�	
;S2N�#	5�qL qL
1����9|3�EKq	AfO�
��qz 1 bq(On,#
kfq�� [36], :7bGz 2 b(On,�.
�#
yE{��� Sagnac (α) Na+X��m�z 1 b(On,:7z 2 b(On,qKI�B
(18) f	g�fu α-Beam1 q�x3 t ℄Bi^ SC1 ^�9|A�� t ℄B+!|�u℄�q"�Q{� α-Beam2 KI	�q℄���Zoiq"q℄��3 α-Beam1 q℄�J~�℄Æoi℄�� ∆t. BI
� “→” )g{�u℄�qA�Q�� “←” )g{
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�yk i T i′ (i = 1, 2, 3; i′ = 1, 2, 3) )g��iA�� Sagnac (α) q(OKIq{�)g+ (21) f� ℄���I~+ ∆t+α .

−→
213
←−−−
2′1′3′ : ∆t+α = L2,13 + L1,3 + L3 − L2′ − L1′,2′ − L3′,1′2′ . (21)�EKA�#~4>ri�f	�Kq(O q[k#
�
q℄℄�A�oi~1℄��A"L�q�I�B (22) f	g����I~+ ∆t−α .

−−−→
3′1′2′

←−
312 : ∆t−α =L3′,1′2′ + L1′,2′ + L2′ − L3 − L1,3 − L2,13 . (22)℄�J_fA�A�=i�BI� ∆t+α T ∆t−α L��oiq�I+ 0, 5Æ�J_fD�L��℄℄��:JK�y�`Nq;P�	�eiBI� −→213

←−−−
2′1′3′ T −−−→3′1′2′

←−
312 _�n,�kfbfDi 1 �(On,�A�
o�I�%o7U�BW�_�z 1 bq(On,D+ 1 �(On,i9|�EK{�9q8��#�q Sagnac (α) (On,+ −→213

←−−−
2′1′3′, ZW9|����+ α+, )K�
%hoi(On, −−−→3′1′2′

←−
312 ����+ α−. BI9|3(On, α+ Oq�N�#W�Cn, α−, B

(23) f	g�3n, α+ qN�# 1 W (fO�E')g), �Cn, α−, oiZq(On,�����+ α12-1, (23) f��IR'S�Cqn,�{�q�I��IB" 9 O	g�A�=iZq(On,q�I��z 1 bq(On,q�I�__�v�
−→
2131

←−−−
2′1′3′ +

−−−−→
13

′1′2′
←−−
3121 =⇒

−−−−−−→
213[3′1′2′

←−−−−−−
312]2′1′3′ (α12-1) . (23)9|2��
oiq� SC1+!|TS|qn, −−−→3′1′2′

←−
312, )K%hoi� SC2+!|TS|qn, −−→1′2′ ←−312

−→
3′ , T� SC3 +!|TS|qn, −→2′ ←−312

−−→
3′1′, �Zoiqn,q�I�{�f.3l� (22) f�`Nq3 ��%h^oiqn,�C α+ O
�qN�#W�oiz 2 bq(On,��*����+ α12-2 T α12-3, B (24) f	g�4Sn, α12-1 � α12-2 T α12-3 OqQTq�qyE{��IB" 9 	g�
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Fig. 9 Numerical results for the Sagnac (α)-type interferometry. Figs.(a) & (b) are, respectively,

numerical results of α12-1 and α12-2
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−−→
2123

←−−−
2′1′3′ +

−−→
21

′2′
←−
312
−→
3′2 =⇒

−−−−→
21[1′2′

←−
312
−−→
3′]3
←−−−
2′1′3′ (α12-2) ,

−−→
2313

←−−−
2′1′3′ +

−→
32

′ ←−312
−−→
3′1′3 =⇒

−−→
2[2′
←−
312
−−−−→
3′1′]13

←−−−
2′1′3′ (α12-3) .

(24)�K (21) fq)w�f�A�� Unequal-arm Michelson (X) �Relay (U) �Beacon

(P ) T Monitor (E) )w+L�qbf�B (25) f	g�
Unequal-arm Michelson (X) :

−−−→
3′322′

←−−−
33′2′2 ,

Realy (U) :
−−−−→
2′3′1′1

←−−−−
3′2′1′1 ,

Beacon (P ) :
−−→
3′1′1

←−
3′
−→
2
←−−
1′12 ,

Monitor (E) :
−−→
1′13

←−−
2′1′1

−→
2′
←−
3 .

(25)V� Sagnac (α) q^����53��z 1b(On,�:7L�qz 2b(On,�.
	BXqz 2 b(On,#
yE{�� Unequal-arm Michelson (X) � Relay (U) �
Beacon (P ) T Monitor (E) q:7�IB (26)∼(29) f	g�L�qyE{��IB"
10∼13 	g�

Michelson (X)-type:

−−−→
3′322′

←−−−
33′2′2

−−−→
22′3′3

←−−−
2′233′







⇒



















X16-1:
−−−−−−−−→
3′322′[22′3′3

←−−−−−−−−
2′233′]33′2′2 ,

X16-2:
−−−−−−→
3′322′[3′3

←−−−
2′233′

−→
22′]
←−−−
33′2′2 ,

X16-3:
−−−−−−→
22′3′3[22′

←−−−
33′2′2

−→
3′3]
←−−−
2′233′ .

(26)
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# 10 Michelson (X)-type s}��J� (a) V (b)  ,- X16-1 V X16-2 s{G}��J
Fig. 10 Numerical results for the Michelson (X)-type interferometry. Figs.(a) & (b) are, respectively,

numerical results of X16-1 and X16-2

Relay (U)-type:

−−−−→
2′3′1′1

←−−−−
3′2′1′1

−−−−→
11′2′3′

←−−−−
11′3′2′







⇒



















U16-1:
−−−−→
2′3′1′1

←−−−−−−
3′2′1′[3′2′

−−−−→
11′2′3′

←−−
11′]1 ,

U16-2:
−−−−→
2′3′1′1

←−−
3′2′[
−−−−→
11′2′3′

←−−−−−−−
11′3′2′]1′1 ,

U16-3:
−−−−−−−−−→
2′3′1′1[1′2′3′

←−−−−
11′3′2′

−→
1 ]
←−−−−
3′2′1′1 .

(27)
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# 11 Relay (U)-type s}��J� (a) V (b)  ,- U16-1 V U16-3 s{G}��J
Fig. 11 Numerical results for the Relay (U)-type interferometry. Figs.(a) & (b) are, respectively,

numerical results of U16-1 and U16-3

Beacon (P )-type:

−−→
3′1′1

←−
3′
−→
2
←−−
1′12

−−→
211′

←−
2
−→
3′
←−−
11′3′







⇒



















P16-1:
−−−−→
3′1′1[1′

←−
2
−→
3′
←−−
11′3′

−→
21]
←−
3′
−→
2
←−−
1′12 ,

P16-2:
−−−→
211′[1

←−
3′
−→
2
←−−
1′12

−−→
3′1′]

←−
2
−→
3′
←−−
11′3′ ,

P16-3:
−−→
211′

←−
2
−−−→
[3′1′1

←−
3′
−→
2
←−−
1′12]

−→
3′
←−−
11′3′ .

(28)
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# 12 Beacon (P )-type s}��J� (a) V (b)  ,- P16-1 V P16-3 s{G}��J
Fig. 12 Numerical results for the Beacon (P )-type interferometry. Figs.(a) & (b) are, respectively,

numerical results of P16-1 and P16-3

Monitor (E)-type:

−−→
1′13

←−−
2′1′1

−→
2′
←−
3

−→
3
←−
2′
−−→
11′2′

←−−
311′







⇒



















E16-1:
−−−→
1[1′13

←−−
2′1′1

−→
2′
←−
3]
−−→
1′2′
←−−
311′

−→
3
←−
2′ ,

E16-2:
−−−−→
1′[11′2′

←−−
311′

−→
3
←−
2′]
−→
13
←−−
2′1′1

−→
2′
←−
3 ,

E16-3:
−−→
11′2′[

←−
3
−−→
1′13

←−−
2′1′1

−→
2′ ]
←−−
311′

−→
3
←−
2′ .

(29)
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Fig. 13 Numerical results for the Monitor (E)-type interferometry. Figs.(a) & (b) are, respectively,

numerical results of E16-1 and E16-3
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ASTROD-GW Time Delay Interferometry
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ABSTRACT ASTROD-GW (ASTROD [Astrodynamical Space Test of Relativity using

Optical Devices] optimized for Gravitation Wave detection) is an optimization of ASTROD

to focus on the goal of detecting gravitation waves. The three spacecraft in the mission

orbits are chosen to be near the Sun-Earth Lagrange points L3, L4 and L5. They form

a nearly equilateral array and an interferometric array with the arm lengths of about 260

million kilometers. A set of 20-year optimized mission orbits of the ASTROD-GW space-

craft is worked out by us. With this, we perform the time delay interferometry simulation

numerically using CGC2.7 ephemeris framework.

Key words gravitational waves, instrumentation: interferometers, methods: numerical


