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TETRA-GGT
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Selection thesis:

• One decisive primary test: vacuum field-

equation residual 𝜏 = tr(GGT) = ∆U.

• Two secondary objectives: dark-sector 

signatures and 0.1-5 Hz gravitational waves.

• Non-traditional distributed architecture with a 

clear ASTRA maturation path.

For ASTRA, we propose: to study TETRA-GGT as a portfolio-diversifying distributed observatory 

with a strong primary science case and several credible secondary objectives.
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Primary Observable: Access to Additional Long-range Fields
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Science Context: Why a Local Field-Equation Test Matters?
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TETRA provides a local boundary condition for interpreting next-decade cosmology.
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Relative Dynamics in Nearby Orbits
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What ASTRA Would be Studying: One Observatory, Three Science Data Products
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The architecture is compelling only if the six-link dataset closes the primary 𝜏 measurement while preserving 

scientifically useful dark-sector and GW time-domain products.
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Key technical aspects guiding TETRA mission design

• Precision Laser Ranging Systems: 

– Their role: i) To measure range changes between s/c pairs. ii) By measuring 
in multiple directions, they can isolate the trace[Grav. Gradient Tensor].

– Specifically, we rely on laser ranging to measure the range and to compute
range-rate between any pair of s/c at nominal separation of 1,000 km. 

– We assume each s/c is equipped with i) 3 small telescopes (~5cm aperture), 
ii) 3 precision gimbals capable of a wide angular articulations in 2D. 

– We assume a LISA-class laser ranging system with sensitivity of 10 pm/√Hz. 

– We identified the range of angular articulation, pointing knowledge and 
stability needed to support the science operations.

• Atom-wave Interferometers (AI):

– We use AI to maintain stable, drag-free conditions for each s/c.  AI is to adjust 
for non-grav forces: solar rad pressure, outgassing, attitude control, etc. 

– We assume AI can correct any local non-grav disturbances, maintaining 

stability to within ~1e-15 m/s^2/√Hz of differential acceleration.

– LISA DRS may be used to reach similar performance.
8
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Key technical aspects guiding TETRA mission design (2)

• Tetrahedral Configuration: 

– To ensure that gravitational effects are sampled in 4 non-coplanar directions.

– Tetrahedral formation established by 4-spacecraft on nearby elliptic orbits. 

– We studied dynamical behavior of such a configuration, its evolution, 
rotation, and elastic properties. 

– We have: i) expressed trace of gravity gradient tensor via inter-satellite range 
measurements, and computed quantities, such as range-rates and range-
accelerations; ii) shown that TETRA is enabled by a set of local differential 
measurements done at the local tetrahedral coordinate frame. 

• Sagnac Interferometers (SI): 

– SI on any 3 non-coplanar triangles at any vertex can determine 3 components 
of the angular velocity, Ω, to measure elastic rotation to high-precision.

– We assume that SI can measure optical path differences (OPD) between co-

and contra-propagating beams at 30 pm/√Hz, which is compatible with LISA. 

– SI allows determining the angular velocity of the tetrahedron with respect to 
the solar system barycentric (SSB) coordinate reference frame.

9
TETRA targets a detection sensitivity of ~10−24/𝑠2 for gravity gradients. 



SEARCH FOR NEW PHYSICS WITH TETRAHEDRAL FORMATIONS

Bridge-band GW Study: Complementing, not Competing with, LISA
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Interpretation for ASTRA

• TETRA becomes useful in the 0.1–5 Hz 

bridge band only if displacement ASD 

reaches the 1–3 pm/√Hz class.

• 10 pm/√Hz is not enough for compelling 

bridge-band astrophysics.

• DECIGO-like sensitivity is not 

achievable without changing to a 

resonant Fabry–Pérot architecture.

• The attractive role is early inspiral phase 

tracking, multiband priors, source-

direction improvement, and 

propagation/polarization tests.

f = c/(2πL) ≈ 5–50 Hz 

for L ≈ 10³–10⁴ km

ASTRA task: close moving-arm 

response, laser/clock-noise 

suppression, and source reach.
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Recommendation: study TETRA-GGT as an ASTRA entrant
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