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In this communication, we focus on possibilities to constrain SME coefficients

using Cassini and Messenger data. We present simulations of radioscience ob-
servables within the framework of the SME, identify the linear combinations

of SME coefficients the observations depend on and determine the sensitivity

of these measurements to the SME coefficients. We show that these datasets
are very powerful for constraining SME coefficients.

1. Introduction

Since the development of General Relativity (GR), the solar system has

always been a very interesting laboratory to test gravitation theory and to

constrain hypothetical alternative theories of gravity. Until today, mainly

two formalisms have been widely used at solar system scales to test the

gravitation theory: the parametrized post-newtonian (PPN) formalism and

the fifth force search.

Within the PPN formalism, the metric is phenomenologically

parametrized by 10 dimensionless parameters1 that can be constrained inde-

pendently from any underlying fundamental theory. The current constraints

on these PPN parameters are pretty good and can be found in Ref. 1.

The fifth force formalism consists in searching for a modification of the

Newton potential of the form of a Yukawa potential parametrized by a range
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of interaction and an intensity.2 The area of the parameter space excluded

by experiments can be found in Ref. 3. It can be seen that very good

constraints are available except for small and large interaction distances.

Even if the constraints on these two formalisms are currently very im-

pressive, there are still theoretical motivations to improve them (for some

examples, see Ref. 4). Moreover, it is also very interesting to look for devi-

ations from GR in other frameworks than the two used so far. In particu-

lar, a consideration of a hypothetical Lorentz violation in the gravitational

sector naturally leads to a parametrized expansion at the level of the ac-

tion.5 The post-newtonian metric resulting from this formalism (known

as the Standard-Model Extension (SME)) is parametrized by a symmetric

traceless tensor s̄µν and differs from the PPN metric.6 Until now, the only

tracking data used to constrain these SME coefficients are the lunar laser

ranging (LLR) data.7

In this communication, we show how spacecraft tracking data can be

used to constrain SME gravity parameters. For this, we determine the in-

compressible signature produced by SME on tracking observations. The

procedure and the software used to determine these signatures are pre-

sented in Ref. 4.

2. Simulations of tracking observations in the SME

We consider three realistic situations: a two year radioscience link between

Earth and the Mercury system corresponding to Messenger data, a 32 day

Doppler link between Earth and the Cassini spacecraft during its cruise

between Jupiter and Saturn corresponding to the conjunction experiment,8

and a 9 year radioscience link between Earth and the Saturn system cor-

responding to Cassini data. For these three situations, we determine the

linear combinations of SME coefficients to which the observations are sen-

sitive, the signatures produced by these coefficients on observations and the

sensitivity of these observations to SME coefficients.

The radioscience (range and Doppler) measurements of Messenger de-

pend on the 4 linear combinations of the 9 fundamental parameters s̄µν :

s̄A = s̄XX − 0.72s̄Y Y − 0.28s̄ZZ , (1a)

s̄TX , (1b)

s̄B = s̄TY + 0.53s̄TZ , (1c)

s̄C = s̄XY + 2.954s̄XZ − 0.26s̄Y Z . (1d)

The 32 days of Doppler data from the Cassini conjunction experiment de-
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Fig. 1. Incompressible signatures produced by some of the SME linear combinations

(3) on range and Doppler observations of Cassini while orbiting in the saturnian system.

pend only on two linear combinations given by

s̄D = s̄XX − 0.84s̄Y Y − 0.16s̄ZZ + 9.45s̄XY + 4.1s̄XZ − 0.72s̄Y Z , (2a)

s̄E = s̄TX + 3.69s̄TY + 1.55s̄TZ , (2b)

while the 9 year Range and Doppler data coming from the Saturnian system

depend on

s̄F = s̄XX − 0.83s̄Y Y − 0.17s̄ZZ − 0.76s̄Y Z , (3a)

s̄TX , (3b)

s̄G = s̄TY + 0.43s̄TZ , (3c)

s̄H = s̄XY + 0.56s̄XZ . (3d)

Figure 1 represents the signature due to some of the SME linear com-

binations (3) on the Cassini radioscience measurements. These signatures

correspond to residuals that would be obtained by a naive observer mea-

suring data and analyzing them in GR (using standard procedure) while

the correct gravitation theory is SME theory with the linear combinations

taking the indicated values. The signatures are characteristic of the SME

theory of gravity and should be searched for in the residuals of real data

analysis. Similar signatures have been determined for the two other situ-

ations (Messenger and the Cassini conjunction) and for the other linear

combinations but are not presented here.



Proceedings of the Sixth Meeting on CPT and Lorentz Symmetry (CPT’13)

4

Table 1. Estimated reachable uncertainties on SME coefficients

(a): Messenger

Coeff. Uncertainties

s̄A 1.1 × 10−10

s̄TX 3.1 × 10−8

s̄B 1.4 × 10−8

s̄C 3.2 × 10−11

(b): Cassini conjunction

Coeff. Uncertainties

s̄D 3.6 × 10−7

s̄E 3.1 × 10−3

(c): Cassini in orbit

Coeff. Uncertainties

s̄F 8.6 × 10−11

s̄TX 1.2 × 10−8

s̄G 1.5 × 10−8

s̄H 2.3 × 10−11

The comparison of the amplitude of these signatures with the accuracy

of the measurements gives an estimate of the uncertainties on the SME

coefficients that would be reachable in a real data analysis. The estimated

uncertainties on SME coefficients reachable using Messenger and Cassini

data are presented in Table 1. One can see that the conjunction data are

not interesting to constrain SME. On the other side, Messenger and Cassini

data (while orbiting within the saturnian system) are very interesting and

can improve the current LLR constraints on SME coefficients7 by one order

of magnitude. This gives a strong motivation to consider a test of SME using

these datasets.
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