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∫

[φR + θ(φ)
φ,ρφ,ρ

φ
+ Λ(φ) + 16πL(gµν , Ψ)]

√−gd4x , (1)8� gµν �g�s��g� g � gµν T;�[� R �C���� θ �&-'g� Λ �℄'g� L ���.T}a�� Ψ �\�
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��J������WnV
.�M6:"�mb��TV
2�+UHF81Y� Bhadra W [6] �[(g3T/.mg�Dq�
�nLV
.�TV
2�P�K�!_
:
�nV
.�Tkd�<�n�����"�[_IxuAR��s���qU/#v}i8am�T
�)Z%x5TZ�Z�_N$�[�ZDq�
�n�V
.�T2�P�
;HTX"_;��R���u'[g�*,� (+,−,−,−), �{Sh$>V
1g G +�p c o� 1.

2 )℄�℄W`05IA	T<hDPkM��s���qU/#v}i8amTN
Zniw�k3>:�vRK3� [4]

g00 = 1 − 2
m

r
+ 2β

m2

r2
, gij = −δij(1 + 2γ

m

r
+

3

2
ε
m2

r2
) , (2)8� g00 + gij |��g�s�TUH - UH+zH - zH|�� δij �5{zHg��

m ���T��� r ��6"���Tk-(��= � r = |~x|; p(g γ � β � ε ℄�[
:�
γ =

ω0 + 1

ω0 + 2
, β = 1 +

ω1

(2ω0 + 3)(2ω0 + 4)2
(3)+

ε = 1 +
15

6
(γ − 1) +

4

3
[(γ − 1)2 + β − 1] , (4)8�(g ω0 + ω1 ^��.&-'g θ(φ) Trq�g��UvRr:�kb��s���TqU/#v}i8am�8��Æ&���f	(g γ + β, p(g ε P�b;��(g�v4! ε(γ, β).

3 Y�0+1t8-nV
.���℄
�G)Z%kd�8x5zH&|T�F[� [7]

d2xi

dt2
= −Γi

00 − Γi
0j

dxj

dt
− Γi

jk

dxj

dt

dxk

dt
+ (Γ0

00 + 2Γ0
0j

dxj

dt
+ Γ0

jk

dxj

dt

dxk

dt
)
dxi

dt
, (5)8� t �"�U� Γρ

µν ����g�N (2) [
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ẍ = −m[(1 + γ)

x

r3
+ 2(1 + γ)

ẋ(ẋ · x)

r3
]+

m2{2[γ + β + (γ2 − ε)ẋ2]
x

r4
+ 2ε

x(ẋ · x)2

r6
+

2[2(1 − β) + ε − 2γ2]
ẋ(ẋ · x)

r4
} ,

(6)8�[.��\OÆX�� ẋ + ẍ |��\ x �bUHTNU+qUMg�Æ& m +
m2 T+|��NU+qU/#v}i8�#+�
3.1 yG?�R:fBNiKnh�V
gTZx�Uz�#v}i8zH��℄
�kdT�<� [8−9]

xM = x0 + v0n(t − t0) , (7)8� v0 + n |��9ZpgTG0+x-�x0 + t0 |��9Z��X�+9ZUy�GRNU/#v}i8am�T�<�
xPM = xM + x1M , (8)8� x1M �NU/#v}i8?x+�C�[vRRNpgTbT�

kPM =
1

v0

dxPM

dt
= n + k1M . (9)��x�;|�VK1�(g b +��(g λ J��

b ≡
√

x2
0 − (n · x0)2, λ ≡ n · xM

b
(10)R?DnJ����

v0dt = bdλ, r = b
√

1 + λ2 . (11)N (10) + (11) �[IKNUam�T)Z%x5 (6) [�;|RN
k1M = (γ +

1

ϑ2
)m

n × (n × x)

b2
(
n · x

r
) + (2 + γ − 1

ϑ2
)m

n

r
(12)+

x1M = −v2
0m[(

1

ϑ2
+ γ)

n × (n × x)

r − n · x + (2 + γ − 1

ϑ2
)n lg(r + n · x)] , (13)8� ϑ = v0

c
. (12) [�NB;|X"��\NU/#v}i8am�T
�pgX��vR[�Dq2�P� (13) [��B;|TX"��\NU/#v}i8am�T
��<�vR[�z��|�~?UHF81Y�

3.2 3G?�R:fBNiKnAZqU)Z%x5U�^^[x5�!"TqU�#^"�T�U�x5�
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kPPM(x) = n + m[(γ +

1

ϑ2
)
n × (n × x)

r(r − n · x)
− (2 + γ − 1

ϑ2
)
n

r
]+

m2{2(1 + γ)(γ +
1

ϑ2
)
n × (x × n)

r2(r − n · x)
+ (γ +

1

ϑ2
)2

n × (x × n)

r(r − n · x)2
+

[2γ(1 + γ) + (2 − 1

ϑ2
)β − 1

2
ε]

n

r2
− (γ +

1

ϑ2
)2

n

r(r − n · x)
−

1

2
ε
n · x
r4

x − [(2 + 2γ − β)
1

ϑ2
+

3

4
ε](n · x)

n × (x × n)

r2|n × x|2 −

[(2 + 2γ − β)
1

ϑ2
+

3

4
ε]

n × (x × n)

|n × x|3 (π − θ(n, x))} ,

(14)

8� θ(n, x) = arccos n·x
|n||x| . CQ[vRr:�&|T�#�x5ai\ 1 +�5{zH�\ 2 +�NU/#v}i8?x�\ 3 +�qU/#v}i8?x�w��F[Nn/#A2�P�[N�N (14) [;|RN�^T�<�

xPPM(x) = x0 + v0n(t − t0)+

mv0
2[(γ +

1

ϑ2
)
n × (n × x)

r − n · x − (2 + γ − 1

ϑ2
)n lg(r + n · x)]+

m2v0
2{(γ +

1

ϑ2
)2[

n × (n × x)

(r − n · x)2
− n

r − n · x ] +
1

4
ε

x

r2
−

[(2 + 2γ − β)
1

ϑ2
+

3

4
ε](n · x)

n × (n × x)

|n × x|3 (π − θ(n, x))−

[(2 + 2γ − β)
1

ϑ2
+

3

4
ε]

n

|n × x| (
π

2
− θ(n, x))} + c .

(15)

Q[ai\ 1 ∼ 2 +�5{zH�\ 3 +�NU/#v}i8?x�\ 4 +�qU/#v}i8?x�p;|1g c ℄9Z�L xPMM(x0) = 0 �Fb��X"vR[�z��|�~R?�^T?!UH�~�
3.3 b�F���b�;HTX"�R��#�"��[;#RNTX"Dq
�nLV
.�TV
2�P�s�
�Ch�V
.>R9Zpg v0 �9Z�� x0 :t�kdN�+v x (h�V
.) >�u-STV
2�P℄�[
: [10]:

α = | lim
t→−∞

k(t) × lim
t→+∞

k(t)| . (16)k (14) [Dx�>$|�RN [11]

lim
t→−∞

k(t) = n (17)+
lim

t→+∞
k(t) = n − 2(γ +

1

ϑ2
)m

n × (x0 × n)

|n × x0|2
−

m2{2(γ +
1

ϑ2
)2[

n

|n × x0|2
− (r0 + n · x0)

n × (x0 × n)

|n × x0|4
]+

[(2 + 2γ − β)
1

ϑ2
+

3

4
ε]π

n × (x0 × n)

|n × x0|3
} .

(18)
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α = 2(γ +

1

ϑ2
)

m

|n × x0|
+

{[(2 + 2γ − β)
1

ϑ2
+

3

4
ε]π − 2(γ +

1

ϑ2
)2

(r0 + n · x0)

|n × x0|
} m2

|n × x0|2
,

(19)Q[aiÆ&�"� r0 T+�w�X"P�b"��TBD�U��"�$�5bT1�(g�/<w
"�P�=�nqU/#v}i8am�bTJ�1�(g [11]:

D = lim
t→−∞

|x(t) × lim
t→−∞

k(t)| = lim
t→+∞

|x(t) × lim
t→+∞

k(t)|. (20)N (14) + (15) [IK (20) [���NNU+vRRN
D = |n × x0| + (γ +

1

ϑ2
)m

(r0 + n · x0)

|n × x0|
, (21)mN (21) [IK (19) [�vRRN

α = 2(γ +
1

ϑ2
)
m

D
+ [(2 + 2γ − β)

1

ϑ2
+

3

4
ε]

m2π

D2
. (22)Q[��
�nLV
.�TqU/#v}i8am�T2�P��[M`[b���L v0 = c U����%T2�P�w�X"
y;TX"N� [5]. N�X"
�# [6] TX"�R��# [6] TX"o�N+ 2(γ + 1

V 2 )(1− 1
V 2 ), 8� V = v0

c
, w^V[�# [6] �T�[�pw+n���!_:"�C��TAZ$5vRt"�8�gb�# [6] �!_
:
�kd�<pBD�J�E�T1�(g

D′ = |n × x0| + (γ + 1)m
(r0 + n · x0)

|n × x0|
. (23)

4 J`�[��s���TqU/#v}i8amg��$_ITxuRN��^)Z%x5nze��Q>:�TZ�Z�L v0 = c U�kYT^���L v0 < c U�kYT^_��T
��_N$��[uRNTZ�ZAR�^nV
.�T2�P�w�X"�x� Bhadra WHTX"��
��"uRNTX"MvR[�z�
�kdTV
UF1Y?���TV
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Gravitational Deflection of Massive Particles in Second
Post-Minkowskian Approximation of Scalar-tensor

Theory
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(3 Department of Control Science and Engineering, Huazhong University of Science and Technology,
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ABSTRACT Many alternative theories have been proposed, among which the scalar-

tensor theory is the most interesting one, because it is the simplest and most natural way to

modify general relativity, and stands all kinds of tests. With the ever-increasing precision

of experiment and astrophysical observation, the second post-Newtonian approximation of

relevant theories of gravity are needed, and some observed effects to that order are also

needed. We use the metric coefficients and the equation of motion obtained in the second

post-Minkowskian approximation of scalar-tensor theory to derive the trajectories of mas-

sive particles to that order for the unbounded case. The deflection angle is obtained and

compared with previous works.

Key words celestial mechanics, relativity theory, gravitation, methods: analytical


