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Experiments Using Macroscopic Proof‐Masses
• Gravity‐Probe B 

• Geodetic Effect
• Lense Thirring Effect

• STEP
• Equivalence Principle

• GAUGE
• Equivalence Principle
• Spin‐coupling
• 1/r2
• Quantum decoherence
• Quantum EP QTSpace, 26‐31 Mar 2017, Malta 2

• MicroScope (µScope)
• Equivalence Principle

• LISA Pathfinder
• GW demonstrator

• LISA
• GW observatory



Gravity‐Probe B

QTSpace, 26‐31 Mar 2017, Malta 3



QTSpace, 26‐31 Mar 2017, Malta 4



STEP (Satellite Test of the Equivalence Principle)
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Mission Timeline

Timeline Features
• Operational life: 6 months
• 30 days Commissioning and Calibration
• 140 days Measurement  - 20, 7 day experiment set-ups
• Each experiment has 4x20 orbit runs sufficient to reach 10-18, multiple 

measurements improve robustness of data, enable search for systematic 
effects (some in real-time)

• Post Measurement Verification:  non-mission critical measurements that 
further increase robustness of data
– e.g.  Operation near instabilities,  irreversible systematic checks
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GAUGE (GrAnd Unification and Gravity Explorer)
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GAUGE (GrAnd Unification and Gravity Explorer) was a proposal in 2007 to the Cosmic 
Visions programme at ESA.  The proposal was for a drag‐free spacecraft platform onto 
which is attached a number of modular experiments, including both macroscopic and 
microscopic (AI) proof‐masses.  The complement of experiments addressed key issues 
at the interface between gravity and unification with the other forces of nature.  

We included:

 High‐precision macroscopic EP experiment
 Quantum space‐time fluctuations in a microscopic EP experiment
 An inverse square law test at intermediate and short ranges
 An axion‐like mass‐spin coupling search at intermediate and short ranges
 Quantum decoherence from space‐time fluctuations at the Planck scale
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Academics – Experimental – Classical and Quantum 
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Industry – Space
Government Laboratories
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Macroscopic EP 
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Current limits on anomalous Yukawa 
terms (Adelberger 2003):

On-board (LTP-GAUGE)

Intermediate range ISL 

13



• Atom Interferometry  

Experiment concepts

We assume 108 caesium atoms (133 amu) travelling at 1m/s with an 
effective temperature ~1μK, and a source mass of 25cm length made from 
gold. 
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• Atom Interferometry  

Experiment concepts

We assume 108 caesium atoms (133 amu) travelling at 1m/s with an 
effective temperature ~1μK, and a source mass of 25cm length made from 
gold. 

Spin Coupling
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• Atom Interferometry  

Experiment concepts

Equivalence Principle
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• Atom Interferometry  

Experiment concepts

Equivalence Principle
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MICROSCOPE (MICROSatellite à trainée Compensée pour l’Observation du Principe d’Équivalence)
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at mission level
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at instrument level
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LISA Pathfinder (LISA Technology Demonstrator)
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LISA Pathfinder (LISA Technology Demonstrator)
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LISA (Laser Interferometer Space Antenna)

QTSpace, 26‐31 Mar 2017, Malta 25



LISA (Laser Interferometer Space Antenna)
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LISA (Laser Interferometer Space Antenna)
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LISA (Laser Interferometer Space Antenna)

QTSpace, 26‐31 Mar 2017, Malta 28



Summary

• Space is an obvious environment for carrying out fundamental physics 
experiments.

• The first pioneering experiments are showing technologies are now 
available for high‐precision experiments exceeding ground‐based 
capabilities.

• The work‐horse at the moment is the use of macroscopic proof‐mass 
type instruments.

• The potential return from improved sensitivities with new 
technologies is enormous and there are some complementary science 
goals.
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