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ABSTRACT

The Laser Astrometric Test of Relativity (LATOR) is a
Michelson-Morley-type experiment designed to test the
Einstein’s general theory of relativity in the most intense
gravitational environment available in the solar system
— the close proximity to the Sun. By using indepen-
dent time-series of highly accurate measurements of the
Shapiro time-delay (laser ranging accurate to 1 cm) and
interferometric astrometry (accurate to 0.1 picoradian),
LATOR will measure gravitational deflection of light by
the solar gravity with accuracy of 1 part in a billion, a
factor ~30,000 better than currently available. LATOR
will perform series of highly-accurate tests of gravitation
and cosmology in its search for cosmological remnants
of scalar field in the solar system. We present science,
technology and mission design for the LATOR mission.

Key words: gravitation, interferometry, laser ranging.

1. SCIENTIFIC MOTIVATION

The continued inability to merge gravity with quantum
mechanics, and recent cosmological observations indi-
cate that the pure tensor gravity of general relativity needs
modification. The tensor-scalar theories of gravity, where
the usual general relativity tensor field coexists with one
or several long-range scalar fields, are believed to be the
most promising extension of the theoretical foundation
of modern gravitational theory. The superstring, many-
dimensional Kaluza-Klein and inflationary cosmology
theories have revived interest in the so-called “dilaton
fields,” i.e. neutral scalar fields whose background values
determine the strength of the coupling constants in the ef-
fective four-dimensional theory. The importance of such
theories is that they provide a possible route to the quan-
tization of gravity and the unification of physical laws.
Although the scalar fields naturally appear in the theory,
their inclusion predicts corrections to Newtonian motion
that may be observed in properly designed experiments.
As a result, this progress has provided strong motivation
for high precision relativistic gravity tests.

In this paper we will consider new scientific motivations
for high-accuracy gravitational tests with LATOR; we

will also present the proposed technological solution and
mission design (for more details please consult (Turyshev
et al., 2005; Turyshev, Shao, and Nordtvedt, 20006)).

1.1. The PPN Formalism

Generalizing on a phenomenological parameterization
of the gravitational metric tensor field which Edding-
ton originally developed for a special case, a method
called the parameterized post-Newtonian (PPN) metric
has been developed Will (1993) (see also discussion in
(Turyshev, Shao, and Nordtvedt, 2006) and references
therein). This method represents the gravity tensor’s po-
tentials for slowly moving bodies and weak interbody
gravity, and it is valid for a broad class of metric theories
including general relativity as a unique case. The several
parameters in the PPN metric expansion vary from theory
to theory, and they are individually associated with var-
ious symmetries and invariance properties of underlying
theory. Gravity experiments can be analyzed in terms of
the PPN metric, and an ensemble of experiments will de-
termine the unique value for these parameters, and hence
the metric field, itself.

In locally Lorentz-invariant theories the expansion of the
metric field for a single, slowly-rotating gravitational
source in PPN coordinates is given by:

M M?
goo = 1-— 27@(7’, 9) + 2ﬂ7—2 + (9((176)7

goi = 2(y+ 1)% +0(c™?), (1

M 3 M?

where M and J being the mass and angular momentum

of the Sun, Q(r,0) = 1 — Jo & 8eo b1 wyith J, being
the quadrupole moment of the Sun and R being its radius.
r is the distance between the observer and the center of
the Sun. [3,~, 0 are the PPN parameters and in general
relativity they are all equal to 1. The M /r term in the go
equation is the Newtonian limit; the terms multiplied by
the post-Newtonian parameters (3, 7, are post-Newtonian
terms. The term multiplied by the post-post-Newtonian
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parameter J also enters the calculation of the relativistic
light deflection (Nordtvedt, 1996).

This PPN expansion serves as a useful framework to test
relativistic gravitation in the context of the LATOR mis-
sion. In the special case, when only two PPN parameters
(v, P) are considered, these parameters have clear phys-
ical meaning. Parameter ~ represents the measure of the
curvature of the space-time created by a unit rest mass;
parameter 3 is a measure of the non-linearity of the law
of superposition of the gravitational fields in the theory of
gravity. General relativity, which corresponds to v = 3 =
1, is thus embedded in a two-dimensional space of theo-
ries. The Brans-Dicke is the best known theory among
the alternative theories of gravity. It contains, besides
the metric tensor, a scalar field and an arbitrary coupling
constant w, which yields the two PPN parameter values
v = (14+w)/(2+ w), and B = 1. More general scalar
tensor theories yield values of (3 different from one.

The most precise value for the PPN parameter v is at
present given by the Cassini mission (Bertotti, Iess, and
Tortora, 2003) as: v — 1 = (2.1 4 2.3) x 107°. Us-
ing the recent Cassini result (Bertotti, ess, and Tortora,
2003) on the PPN ~, the parameter § was measured as
B—1=(0.941.1) x 10~* from LLR (Williams, Tury-
shev, and Boggs, 2004). The next order PPN parameter
0 has not yet been measured though its value can be in-
ferred from other measurements. Below, we will discuss
motivations for new precision gravity experiments.

1.2. Tensor-Scalar Theories of Gravity

Recent theoretical findings suggest that the present agree-
ment between general relativity and experiment might be
naturally compatible with the existence of a scalar con-
tribution to gravity. The Eddington parameter v, whose
value in general relativity is unity, is perhaps the most
fundamental PPN parameter, in that (1 — ) is a mea-
sure, for example, of the fractional strength of the scalar
gravity interaction in scalar-tensor theories of gravity
(please consult (Turyshev, Shao, and Nordtvedt, 2006)
and references therein). Within perturbation theory for
such theories, all other PPN parameters to all relativistic
orders collapse to their general relativistic values in pro-
portion to %(1 —7y). This is why measurement of the first
order light deflection effect at the level of accuracy com-
parable with the second-order contribution would pro-
vide the crucial information separating alternative scalar-
tensor theories of gravity from general relativity and also
to probe possible ways for gravity quantization and to test
modern theories of cosmological evolution (Damour and
Nordtvedt, 1993; Damour and Polyakov, 1994; Damour,
Piazza, and Veneziano, 2002). The LATOR mission is
designed to directly address this issue with an unprece-
dented accuracy.

In particular, Damour and Nordtvedt (1993) have found
that a scalar-tensor theory of gravity may contain a “built-
in” cosmological attractor mechanism toward general rel-
ativity. These scenarios assume that the scalar coupling

parameter %(1 — ) was of order one in the early universe
(say, before inflation), and show that it then evolves to
be close to, but not exactly equal to, zero at the present
time (Turyshev, Shao, and Nordtvedt, 2004). They have
estimated the likely order of magnitude of the left-over
coupling strength at present time which, depending on
the total mass density of the universe, can be given as
1 — v ~ 7.3 x 1077(Hy /)2, where Q is the ratio
of the current density to the closure density and Hj is the
Hubble constant in units of 100 km/sec/Mpc. Compared
to the cosmological constant, these scalar field models are
consistent with the supernovae observations for a lower
matter density, 2y ~ 0.2, and a higher age, (Hoto) =~ 1.
If this is indeed the case, the level (1—7) ~ 1076 —10~"
would be the lower bound for the present value of PPN
parameter v (Damour and Nordtvedt, 1993).

More recently, Damour, Piazza, and Veneziano (2002)
have estimated (1 — ~), within the framework com-
patible with string theory and modern cosmology, which
basically confirms the previous result (Damour and
Nordtvedt, 1993). This recent analysis discusses a sce-
nario when a composition-independent coupling of dila-
ton to hadronic matter produces detectable deviations
from general relativity in high-accuracy light deflection
experiments in the solar system. This work assumes only
some general property of the coupling functions (for large
values of the field, i.e. for an “attractor at infinity”’) and
then only assume that (1 — =) is of order of one at the
beginning of the controllably classical part of inflation.
It was shown in (Damour, Piazza, and Veneziano, 2002)
that one can relate the present value of %(1 — ) to the
cosmological density fluctuations. They found that even
for the simplest inflationary potentials the level of the ex-
pected deviations from general relativity is ~ 0.5 x 10~7.
Note that these predictions are based on the scalar-tensor
extensions of gravity that are consistent with, and indeed
often part of, present cosmological models.

Over the recent decade, the technology has advanced to
the point that one can consider carrying out direct tests in
a weak field to second order in the field strength parame-
ter (o< G?). Although any measured anomalies in first or
second order metric gravity potentials will not determine
strong field gravity, they would signal that modifications
in the strong field domain will exist. The converse is per-
haps more interesting: if to high precision no anomalies
are found in the lowest order metric potentials, and this
is reinforced by finding no anomalies at the next order,
then it follows that any anomalies in the strong gravity
environment are correspondingly quenched under all but
exceptional circumstances.

1.3. Cosmological Motivations for New Tests

Recent astrophysical measurements of the angular struc-
ture of the cosmic microwave background (please consult
(Spergel et al., 2006) and references therein) have placed
stringent constraints on the cosmological constant A and
also have led to a revolutionary conclusion: the expan-
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sion of the universe is accelerating. This completely un-
expected discovery demonstrates the importance of test-
ing the important ideas about the nature of gravity. Given
the challenge of this problem, a number of authors con-
sidered the possibility that cosmic acceleration is not due
to some kind of stuff, but rather arises from new grav-
itational physics (see discussion in (Peebles and Ratra,
2003; Carroll et al., 2004)). In particular, some exten-
sions to general relativity in a low energy regime (Car-
roll et al., 2004) were shown to predict an experimentally
consistent universe evolution without the need for dark
energy. These dynamical models are expected to pro-
duce measurable contribution to the parameter v in ex-
periments conducted in the solar system also at the level
of 1 —4 ~ 1077 — 5 x 1077, thus further motivating
the relativistic gravity research. Therefore, the PPN pa-
rameter v may be the only key parameter that holds the
answer to most of the questions discussed above. Also an
anomalous parameter § will most likely be accompanied
by a ‘y mass’ of the Sun which differs from the gravi-
tational mass of the Sun and therefore will show up as
anomalous v (see discussion in (Nordtvedt, 2003)).

The analyses discussed above not only motivate new
searches for very small deviations of relativistic gravity in
the solar system, they also predict that such deviations are
currently present in the range from 1075 to 5 x 1078 for
2(1 =), i.e. for observable post-Newtonian deviations
from general relativity predictions and, thus, should be
easily detectable with LATOR. This would require mea-
surement of the effects of the next post-Newtonian order
(o< G?) of light deflection resulting from gravity’s intrin-
sic non-linearity. An ability to measure the first order
light deflection term at the accuracy comparable with the
effects of the second order is of the utmost importance
for gravitational theory and a major challenge for the 21st
century fundamental physics.

1.4. Science with LATOR

LATOR is a Michelson-Morley-type experiment de-
signed to test the pure tensor metric nature of gravitation
— a fundamental postulate of Einstein’s theory of general
relativity (Turyshev, Shao, and Nordtvedt, 2004). With its
focus on gravity’s action on light propagation it comple-
ments other tests which rely on the gravitational dynam-
ics of bodies. The idea behind this experiment is to use
a combination of independent time-series of highly accu-
rate measurements of the gravitational deflection of light
in the immediate proximity to the Sun along with mea-
surements of the Shapiro time delay on the interplanetary
scales (to a precision respectively better than 10~'3 rad
and 1 cm). Such a combination of observables is unique
and enables LATOR to significantly improve tests of rel-
ativistic gravity.

The LATOR’s primary mission objective is to measure
the key post-Newtonian Eddington parameter ~ with an
accuracy of a part in 10°. When the light deflection in
solar gravity is concerned, the magnitude of the first or-

der effect as predicted by general relativity for the light
ray just grazing the limb of the Sun is ~ 1.75 arcsec-
ond (asec). The effect varies inversely with the impact
parameter. The second order term is almost six orders
of magnitude smaller resulting in ~ 3.5 microarcseconds
(pas) light deflection effect, and which falls off inversely
as the square of the light ray’s impact parameter (see dis-
cussion in (Turyshev, Shao, and Nordtvedt, 2006) and ref-
erences therein). The relativistic frame-dragging term is
+0.7 pas, and contribution of the solar quadrupole mo-
ment, Jo, is sized as 0.2 pas (using theoretical value of
the solar quadrupole moment J, ~ 10~7). The small
magnitudes of the effects emphasize the fact that, among
the four forces of nature, gravitation is the weakest in-
teraction; it acts at very long distances and controls the
large-scale structure of the universe, thus, making the pre-
cision tests of gravity a very challenging task.

We shall now discuss the LATOR mission in more details.

2. OVERVIEW OF LATOR

The Laser Astrometric Test of Relativity (LATOR) is a
space-based experiment that is designed to significantly
improve the tests of relativistic gravity in the solar sys-
tem. If the Eddington’s 1919 experiment was performed
to confirm the Einstein’s general theory of relativity, LA-
TOR is motivated to search for physics beyond the Ein-
stein’s theory of gravity with an unprecedented accuracy
(Turyshev, Shao, and Nordtvedt, 2006). In fact, this
mission is designed to address the questions of funda-
mental importance to modern physics by searching for
a cosmologically-evolved scalar field that is predicted by
modern theories of gravity and cosmology, and also by
superstring and brane-world models. LATOR will also
test the cosmologically motivated theories that attempt to
explain the small acceleration rate of the Universe (so-
called ‘dark energy’) via modification of gravity at very
large, horizon or super-horizon distances.

The LATOR test will be performed in the solar grav-
ity field using optical interferometry between two micro-
spacecraft. Precise measurements of the angular position
of the spacecraft will be made using a fiber coupled multi-
chanelled optical interferometer on the ISS with a 100 m
baseline. The primary objective of the LATOR mission
will be to measure the gravitational deflection of light by
the solar gravity to accuracy of 0.1 picoradians (prad),
which corresponds to ~10 picometers (pm) on a 100 m
interferometric baseline. A combination of laser ranging
among the spacecraft and direct interferometric measure-
ments will allow LATOR to measure deflection of light
in the solar gravity by a factor of more than 30,000 bet-
ter than had recently been accomplished with the Cassini
spacecraft. In particular, this mission will not only mea-
sure the key PPN parameter y to unprecedented levels of
accuracy of one part in 10%; it will also reach ability to
measure the next post-Newtonian order (o< G2) of light
deflection resulting from gravity’s intrinsic non-linearity
and a number of corresponding effects to very significant
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LASER ASTROMETRIC TEST OF RELATIVITY
The LATOR Mission Concept
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Figure 1. The overall geometry of the LATOR experiment.

level of accuracy.

The first order effect of light deflection in the solar grav-
ity caused by the solar mass monopole is oy = 1.75 arc-
seconds (Turyshev, Shao, and Nordtvedt, 2004), which
corresponds to an interferometric delay of d ~ ba; =~
0.85 mm on a b = 100 m baseline. Using laser interfer-
ometry, we currently are able to measure distances with
an accuracy (not just precision but accuracy) of < 1 pm.
In principle, the 0.85 mm gravitational delay can be mea-
sured with 10719 accuracy versus 10~ available with
current techniques. However, we use a conservative es-
timate for the delay of 5 pm which would produce the
measurement of y to accuracy of 1 part in 10° (rather
than 1 part in 10~1°), which would be already a factor
of 30,000 accuracy improvement when compared to the
recent Cassini result (Bertotti, Iess, and Tortora, 2003).
Furthermore, we have targeted an overall measurement
accuracy of 5 pm per measurement, which for b = 100 m
this translates to the accuracy of 0.1 prad ~ 0.01 pas.
With 4 measurements per observation, this yields an ac-
curacy of ~ 5.8 x 10~ for the first order term. The sec-
ond order light deflection is approximately 1700 pm and,
with 5 pm accuracy and ~ 400 independent data points,
it could be measured with accuracy of ~ 1 part in 10%,
including first ever measurement of the PPN parameter
0. The frame dragging effect would be measured with
~ 1 part in 10 accuracy and the solar quadrupole mo-
ment can be modestly measured to 1 part in 200, all with
respectable signal to noise ratios. Covariance studies per-
formed for the LATOR mission (Plowman and Hellings,
2005; Turyshev, Shao, and Nordtvedt, 2006) confirm the
design performance parameters and also provide valuable

recommendations for further mission developments.

The LATOR experiment uses the standard technique of
time-of-fight laser ranging between two micro-spacecraft
whose lines of sight pass close by the Sun and also a long-
baseline stellar optical interferometer (placed above the
Earth’s atmosphere) to accurately measure deflection of
light by the solar gravitational field in the extreme prox-
imity to the Sun (Turyshev, Shao, and Nordtvedt, 2004).
Figure 1 shows the general concept for the LATOR mis-
sions including the mission-related geometry, experiment
details and required accuracies.

We shall now consider the LATOR mission architecture.

2.1. Mission Design: Evolving Light Triangle

The LATOR mission architecture uses an evolving light
triangle formed by laser ranging between two space-
craft (placed in ~1 AU heliocentric orbits) and a laser
transceiver terminal on the International Space Station
(ISS), via European collaboration. The objective is to
measure the gravitational deflection of laser light as it
passes in extreme proximity to the Sun (see Figure 1).
To that extent, the long-baseline (~100 m) fiber-coupled
optical interferometer on the ISS will perform differen-
tial astrometric measurements of the laser light sources
on the two spacecraft as their lines-of-sight pass behind
the Sun. As seen from the Earth, the two spacecraft will
be separated by about 1°, which will be accomplished by
a small maneuver immediately after their launch (Tury-
shev, Shao, and Nordtvedt, 2004, 2006). This separation
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Figure 2. Left: The Sun-Earth-Probe angle during the period of 3 occultations (two periodic curves) and the angular
separation of the spacecraft as seen from the Earth (lower smooth line). Time shown is days from the moment when one
of the spacecraft are at 10 distance from the Sun. Right: View from the North Ecliptic of the LATOR spacecraft in a 3:2

resonance. The epoch is taken near the first occultation.
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Figure 3. Left: Location of the LATOR interferometer on the ISS. To utilize the inherent 1SS Sun-tracking capability, the
LATOR optical packages will be located on the outboard truss segments P6 and S6 outwards. Right: Signal acquisition
for each orbit of the ISS; variable baseline allows for solving fringe ambiguity.

would permit differential astrometric observations to an
accuracy of ~ 10713 radians needed to significantly im-
prove measurements of gravitational deflection of light in
the solar gravity.

The schematic of the LATOR experiment is quite simple
and is given in Figure 1. Two spacecraft are injected into
a heliocentric solar orbit on the opposite side of the Sun
from the Earth. The triangle in the figure has three in-
dependent quantities but three arms are monitored with
laser metrology. Each spacecraft equipped with a laser
ranging system that enable a measurement of the arms
of the triangle formed by the two spacecraft and the ISS.

According to Euclidean rules this determines a specific
angle at the interferometer; LATOR can measure this an-
gle directly. In particular, the laser beams transmitted by
each spacecraft are detected by a long baseline (~ 100
m) optical interferometer on the ISS. The actual angle
measured at the interferometer is compared to the an-
gle calculated using Euclidean rules and three side mea-
surements; the difference is the non-Euclidean deflection
signal (which varies in time during spacecraft passages),
which contains the scientific information. This built-in
redundant—geometry optical truss eliminates the need for
drag-free spacecraft for high-accuracy navigation (Tury-
shev, Shao, and Nordtvedt, 2004, 2006).
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The uniqueness of this mission comes with its geometri-
cally redundant architecture that enables LATOR to mea-
sure the departure from Euclidean geometry (~ 8 x 1076
rad) caused by the solar gravity field, to a very high ac-
curacy. This departure is shown as a difference between
the calculated Euclidean value for an angle in the trian-
gle and its value directly measured by the interferometer.
This discrepancy, which results from the curvature of the
space-time around the Sun and can be computed for every
alternative theory of gravity, constitutes LATOR’s signal
of interest. The precise measurement of this departure
constitutes the primary mission objective.

To enable the primary objective, LATOR will place two
spacecraft into a heliocentric orbit, to provide conditions
for observing the spacecraft when they are behind the Sun
as viewed from the ISS (see Figures 2,3). An orbit with
a 3:2 resonance with the Earth was found to uniquely
satisfy the LATOR orbital requirements (Turyshev, Shao,
and Nordtvedt, 2004, 2006). For this orbit, 13 months af-
ter the launch, the spacecraft are within ~ 10° of the Sun
with first occultation occurring 15 months after launch
(Turyshev, Shao, and Nordtvedt, 2004). At this point,
LATOR is orbiting at a slower speed than the Earth, but
as LATOR approaches its perihelion, its motion in the sky
begins to reverse and the spacecraft is again occulted by
the Sun 18 months after launch. As the spacecraft slows
down and moves out toward aphelion, its motion in the
sky reverses again, and it is occulted by the Sun for the
third and final time 21 months after launch. For more
details, please consult (Turyshev, Shao, and Nordtvedt,
2006). We shall now consider the basic elements of the
LATOR optical design.

2.2. General Principles of Optical Design

A single aperture of the interferometer on the ISS consists
of three 20 cm diameter telescopes (see Figure 4 for a
conceptual design). One of the telescopes with a very
narrow bandwidth laser line filter in front and with an
InGaAs camera at its focal plane, sensitive to the 1064 nm
laser light, serves as the acquisition telescope to locate the
spacecraft near the Sun.

The second telescope emits the directing beacon to the
spacecraft. Both spacecraft are served out of one tele-
scope by a pair of piezo controlled mirrors placed on the
focal plane. The properly collimated laser light (~10 W)
is injected into the telescope focal plane and deflected in
the right direction by the piezo-actuated mirrors.

The third telescope is the laser light tracking interferom-
eter input aperture, which can track both spacecraft at the
same time. To eliminate beam walk on the critical ele-
ments of this telescope, two piezo-electric X-Y-Z stages
are used to move two single-mode fiber tips on a spheri-
cal surface while maintaining focus and beam position on
the fibers and other optics. Dithering at a few Hz is used
to make the alignment to the fibers and the subsequent
tracking of the two spacecraft completely automatic. The

interferometric tracking telescopes are coupled together
by a network of single-mode fibers whose relative length
changes are measured internally by a heterodyne metrol-
ogy system to an accuracy of less than 5 pm.

The spacecraft are identical in construction and contain
a relatively high powered (1 W), stable (2 MHz per hour
~500 Hz per second), small cavity fiber-amplified laser
at 1064 nm. Three quarters of the power of this laser
is pointed to the Earth through a 15 cm aperture tele-
scope and its phase is tracked by the interferometer. With
the available power and the beam divergence, there are
enough photons to track the slowly drifting phase of the
laser light. The remaining part of the laser power is di-
verted to another telescope, which points toward the other
spacecraft. In addition to the two transmitting telescopes,
each spacecraft has two receiving telescopes. The receiv-
ing telescope, which points toward the area near the Sun,
has laser line filters and a simple knife-edge coronagraph
to suppress the Sun’s light to 1 part in 10% of the light
level of the light received from the space station. The re-
ceiving telescope that points to the other spacecraft is free
of the Sun light filter and the coronagraph.

In addition to the four telescopes they carry, the space-
craft also carry a tiny (2.5 cm) telescope with a CCD
camera. This telescope is used to initially point the space-
craft directly toward the Sun so that their signal may be
seen at the space station. One more of these small tele-
scopes may also be installed at right angles to the first
one, to determine the spacecraft attitude, using known,
bright stars. The receiving telescope looking toward the
other spacecraft may be used for this purpose part of the
time, reducing hardware complexity. Star trackers with
this construction were demonstrated many years ago and
they are readily available. A small RF transponder with
an omni-directional antenna is also included in the instru-
ment package to track the spacecraft while they are on
their way to assume the orbital position needed for the
experiment.

The LATOR experiment has a number of advantages
over techniques that use radio waves to measure grav-
itational light deflection. Advances in optical commu-
nications technology, allow low bandwidth telecommu-
nications with the LATOR spacecraft without having to
deploy high gain radio antennae needed to communicate
through the solar corona. The use of the monochromatic
light enables the observation of the spacecraft almost at
the limb of the Sun, as seen from the ISS. The use of nar-
rowband filters, coronagraph optics and heterodyne de-
tection will suppress background light to a level where
the solar background is no longer the dominant noise
source. In addition, the short wavelength allows much
more efficient links with smaller apertures, thereby elim-
inating the need for a deployable antenna. Finally, the use
of'the ISS will allow conducting the test above the Earth’s
atmosphere—the major source of astrometric noise for
any ground based interferometer. This fact justifies LA-
TOR as a space mission.
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Figure 4. Basic elements of optical design for the LATOR interferometer: The laser light (together with the solar back-
ground) is going through a full aperture (~ 20cm) narrow band-pass filter with ~ 10~* suppression properties. The
remaining light illuminates the baseline metrology corner cube and falls onto a steering flat mirror where it is reflected to
an off-axis telescope with no central obscuration (needed for metrology). It then enters the solar coronograph compressor
by first going through a 1/2 plane focal plane occulter and then coming to a Lyot stop. At the Lyot stop, the background

solar light is reduced by a factor of 10°. The combinationofan

arrow band-pass filter and coronograph enables the solar

luminosity reduction from V = —26 to V' = 4 (as measured at the ISS), thus enabling the LATOR precision observations.

THE PRIMARY AND SECONDARY MIRRORS ARE
CONCAVE OFF-AXIS PARABOLAS.

THE FIELD STOP IS A “D” SHAPED APERTURE WITH A
5 ARC MINUTE DIAMETER.

A PUPIL IMAGE OF THE PRIMARY MIRROR IS LOCATED
AT THE LYOT STOP.

Narrow Bandpass Filter
and Window

<—  APD Imager Optic
Secondary Mirror
(fi2.8 Parent)

APD Data Focal Plane

wlAiry Disk Field Stop
Lyot Stop

Beamsplitter

System Stop and
Entrance Aperture /

7

Primary Mirror
(f/2.8 Parent)

CCD Acquisition/Tracking
Focal Plane

THE PRIMARY AND SECONDARY MIRRORS
FORM AN OFF-AXIS UN-OBSCURED AFOCAL
10X BEAM REDUCER.

THE APD IMAGER LENS IS AN F/3.6 TRIPLET.

THE CCD IMAGER LENS IS AN F/45.5
TELEPHOTO DOUBLET.

Figure 5. LATOR receiver optical system layout.

2.3. The LATOR Optical Receiver System

The LATOR 100 mm receiver optical system is a part of
a proposed experiment. This system is located at each of

Proc. of SPIE Vol.

two separate spacecraft placed on heliocentric orbits, as
shown in Figure 1. The receiver optical system captures
optical communication signals form a transmitter on the
ISS, which orbits the Earth. To support the primary mis-
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Figure 6. LATOR focal plane mapping (not to scale).

sion objective, this system must be able to receive the op-
tical communication signal from the uplink system at the
ISS that passes through the solar corona at the immediate
proximity of the solar limb (at a distance of no more than
5 Airy disks).

Our recent analysis of the LATOR receiver optical sys-
tem successfully satisfied all the configuration and perfor-
mance requirements (Plowman and Hellings, 2005; Tu-
ryshev, Shao, and Nordtvedt, 2006). We have also per-
formed a conceptual design (see Figure 5), which was
validated with a ray-trace analysis. The ray-trace perfor-
mance of the designed instrument is diffraction limited in
both the APD and CCD channels over the specified field
of view at 1064 nm. The design incorporated the required
field stop and Layot stop. A preliminary baffle design has
been developed for controlling the stray light.

Figure 6 shows the design of the focal plane capping. The
straight edge of the ‘D’-shaped CCD field stop is tangent
to the limb of the Sun and it is also tangent to the edge of
APD field stop. There is a 2.68 arcsecond offset between
the straight edge and the concentric point for the circular
edge of the CCD field stop. The results of the analysis
of APD and CCD channels point spread functions can be
found in (Turyshev, Shao, and Nordtvedt, 2006).

3. CONCLUSIONS

The LATOR mission aims to carry out a test of the cur-
vature of the solar system’s gravity field with an accu-
racy better than 1 part in 10°. LATOR is envisaged
as a partnership between NASA and ESA wherein both

partners are essentially equal contributors, while focus-
ing on different mission elements: NASA provides the
deep space mission components and interferometer de-
sign, while building and servicing infrastructure on the
ISS is an ESA contribution (Turyshev et al., 2005).

This mission may become a 21st century version of the
Michelson-Morley experiment in the search for a cosmo-
logically evolved scalar field in the solar system. As such,
LATOR will lead to very robust advances in the tests of
fundamental physics: it could discover a violation or ex-
tension of general relativity, and/or reveal the presence of
an additional long range interaction in the physical law.
With this mission testing theory to several orders of mag-
nitude higher precision, finding a violation of general rel-
ativity or discovering a new long range interaction could
be one of this era’s primary steps forward in fundamental
physics. There are no analogs to the LATOR experiment;
it is unique and is a natural culmination of solar system
gravity experiments.

The work described here was carried out at the Jet Propul-
sion Laboratory, California Institute of Technology, un-
der a contract with the National Aeronautics and Space
Administration.
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