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Abstract. We report on recent advancement in the theory of light propagation in the Solar
System aiming at sub-micro-arcsecond level of accuracy:
(1) A solution for the light ray in 1.5PN approximation has been obtained in the field of N
arbitrarily moving bodies of arbitrary shape, inner structure, oscillations, and rotational motion.
(2) A solution for the light ray in 2PN approximation has been obtained in the field of one
arbitrarily moving pointlike body.
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1. Introduction

In order to trace a light ray received by an observer back to the celestial light source,
one has to determine the trajectory of the light ray by solving the geodesic equation,
which in terms of the Barycentric Celestial Reference System (ct, ) reads

d?x (t) ; dxt () dxv (t) o daz” (t) dzv (t) da' (t) (1.1)
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where the Christoffel symbols I}, = 9" (9su.v + v — Guv.p) /2 are functions of the

metric tensor. For a unique solution of (1.1) initial-boundary conditions must be imposed,
r(t

v = w(h), o= lim 2 (1.2)
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where x is the position of the light-source and o defines the unit tangent vector of the
light ray at past null-infinity. The first and second integration of geodesic equation yields
the coordinate velocity and trajectory of the light signal, given by

z(t) = /a‘:(t’)dt’zca+Aa'c(t), (1.3)
z(t) = /:b(t')dt':a:OJrc(t—to)0'+Aa:(t), (1.4)

to

where A& and Ax are small corrections to the unperturbed (i.e. straight) light ray.

2. Light trajectory in post-Newtonian expansion

Because the gravitational fields of the Solar system are weak and velocities of the bodies
are slow, v < ¢, one may utilize the post-Newtonian (PN) expansion of the metric,

Goi = s+ B+ +RE+0 (7)), (2.1)
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where hgnj) = O (¢™") are metric perturbations of the flat space-time 7,3. The Damour-
Soffel-Xu approach as well as the Brumberg-Kopeikin formalism provide expressions
for the metric perturbations in terms of intrinsic multipoles, M f and S‘L“, allowing for
arbitrary shape, inner structure, oscillations, and rotational motion of the Solar System
bodies. Inserting (2.1) into (1.1) results in a post-Newtonian expansion of the light ray,

x (t) = co+ Azipx (t) + Az 5pN (t) + AZopn (t) + O (0_5) , (2.2)
x(t) = my+c(t—ty) o+ Axipx (t) + Az spn (B) + Azopy (1) + O (6_5) ,(2.3)
where Azipy = O (Ciz), A:Bl‘g,PN =0 (673), and Azopy = O (074).

3. Light trajectory in 1PN and 1.5PN approximation

In the investigations of Zschocke (2015) and Zschocke (2016 a) a solution for A#;py,
Axipy and Az spn, Axy spn, respectively, has been determined for the case of N
arbitrarily moving bodies with full intrinsic multipole structure.

4. Light trajectory in 2PN approximation

A solution for Azspn, Axopy for one arbitrarily moving pointlike body has been
given by Zschocke (2016 b) in terms of vectorial functions A;, Ay, A3 and By, By, Bj.
The vectorial functions A; and By contain tiny vectorial parameters, €; and €, , whose
expressions were not presented by Zschocke (2016 b) and will, therefore, be given here:
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The upper limit for their absolute values can be estimated as follows:
10 o2 v? 422 9
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As noticed by Zschocke (2016 b), €; and €5 are negligible for light deflection measurements
on nano-arcsecond level and time delay measurements on pico-second level, respectively.

5. Outlook

For sub-micro-arcsecond astrometry the approach needs to be further developed. Es-
pecially, the following issues have to be treated: (i) retardation effects, (ii) light ray in the
observers reference system, (iii) 2PN light ray in the field of arbitrarily shaped bodies.
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