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AGENDA 

• NASA/JPL’s ISS Cold Atom Laboratory project (early 2016 
launch) 
 

• NASA/JPL phase A study for the ISS Quantum Test of 
Equivalence and Space Time project (QTEST) 
 

• NASA participation in current and planned ESA projects. 
 

• Conclusions 
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Cold Atom Laboratory Objectives 

• An ISS multi-user facility for the  study of ultra-cold quantum 
gases in the microgravity environment; 
 

• Study  Rb87, K41 and K40, and interactions between mixtures 
of Rb and either of the K isotopes; 
 

• Study delta-kick cooling techniques to produce samples with 
residual kinetic energy below 100 pK and free expansion 
times greater than five seconds; and 
 

• Study the properties of 87Rb, 41K, and 40K quantum gases 
loaded into optical lattices, in the presence of external 
magnetic fields tuned near interspecies and single species 
Feshbach resonances. 

 
CAL Contact: Robert Thompson, JPL (Project Scientist) 
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Advantages of Space for CAL 

• Long interaction time in perturbation free environment 
 

• Very weak trapping forces result in low temperatures 
 

• Absence of density stratification and separation of mixtures of 
different species 

Condensate formation in JPL’s all-optical BEC experiment 
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• Benign launch and ISS dynamics and thermal 
environments: 
• Launch in Soft Stowage bag 
• Controlled temperature environment both on 

launch and in orbit 
 

• Generous mass and power allocations 
possible 

Launch and ISS Environment  
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CAL NASA Research Announcements 

• First CAL NRA underway 
• ISS facility for studies of ultra-cold 

samples of several atomic species. 
• Upgradable to meet the needs of 

future investigations. 
• Soliciting research in 3 categories 

1. Flight research on ultra-cold atoms 
and degenerate quantum gases 
using CAL.  

2. Ground research on ultra-cold atoms 
and quantum gases for future flight 
experiments using CAL, or future 
follow-on missions. 

3. Research uses the German 
Aerospace Center (DLR) drop tower 
facilities in Bremen, Germany.  

• Second CAL NRA release planned 
in 2015 
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Quantum Test of Equivalence  
and Space Time (QTEST) 

• The QTEST ISS experiment aims to explore gravity’s 
influence on quantum and classical systems 

• 18 month Phase A study initiated in August 2013 
• Nan Yu, JPL study lead 
• Local study team formed 
• European participation welcomed on study team 
• Organizing workshop in 2014 
• Strong Synergy with ESA activities 

– QWEP and STE-QUEST 
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Potential experiments: 
• Differential gravitational acceleration of 87Rb 

and 85Rb wave packets 
• Measurement of h/m and the fine structure 

constant α 
• Evaluation of atomic drag-free test masses 

 
 
 

 

Approach 
• Atomic drag-free test masses 
• Dual-atomic Rb species differential accelerometer  
• Atom interferometer in microgravity 
• Use of inertial frame of reference 
• Leverages CAL experience with cold atoms 
• ISS platform: External module or pressurized cabin 
• 12 months ISS utilization 
• International partnerships 
• Class D hardware classification; COTS HW where possible 

QTEST Overview 
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ESA’s Atomic Clock Ensemble in Space 
Objectives 
• Demonstrate an atomic clock on the ISS accurate to 

one part in 10^16, measure the Earth’s gravitational 
redshift to two parts in 10^6, and test relativistic effects 
in the frequency comparisons of moving clocks.  

• Search for a time variation of the fine structure 
constant to one part in 10^17 over one year of 
integration time. 

• Search for Lorentz transformation violations to the one 
part in 10^10 level. 

• Perform time synchronization and time transfer 
experiments (space-to-ground and ground-to-ground) 
and compare ground clocks to a fractional frequency 
resolution of 10^-17 in a few days of integration time. 

 
NASA funded investigators on the ACES IWG. 
• Nan Yu, JPL (Microwave Link) 
• Tom O’Brian, NIST (Microwave Link) 
• Kurt Gibble, Penn State University (Clock evaluation) 
• Leo Hollberg, Stanford University (Time transfer) 
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ESA’s Space Optical Clock 

SOC Objectives 
• Demonstrate an optical clock on the ISS accurate to one part in 10^17, 

measure the Earth’s gravitational redshift to two parts in 10^7, and test 
relativistic effects in the frequency comparisons of moving clocks.  

• Perform a null measurement of the Sun’s gravitational redshift to two parts 
in 10^7. 

• Perform differential geo potential measurements with 1 cm height 
resolution on the geoid; such measurements are based on the comparison 
of distant clocks on ground 

• Perform time synchronization and time transfer experiments (space-to-
ground and ground-to-ground) and to allow comparison between ground 
clocks to a fractional frequency resolution of 1 part in 10^18 

 
NASA funded Investigators 
• Scott Diddams, NIST (optical microcomb) 

• Co-I Kerry Vahala, Caltech 
• Chris Oates, NIST (10^17 Yb optical clock) 

August 22, 2013 
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QWEP Objectives 
• Test the Weak Equivalence Principle using 

quantum particles approaching ~ 1:10^15 
• Validate the technology for a matter wave 

sensor in space through demonstration of 
differential atom interferometry and gravity 
gradiometry measurements. 

• Investigate condensate properties in 
microgravity 

• Demonstrate atom interferometry with ultra-
cold atom sources in space 
 

• NASA funded Investigators on QWEP 
IWG 
• Holger Mueller, UC Berkeley 

• Co-I Nan Yu, JPL 

ESA’s Quantum Weak Equivalence Principle 
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Summary 
• Cold Atom Laboratory is a recent new EXPRESS rack 

NASA/JPL facility planned for launch in 2016. 
• Collaborations with European scientists are encouraged 

through 2013 and 2015 NRA. 
 

• A NASA/JPL Phase A study for the Quantum Test of 
Equivalence and Space Time (QTEST) is on-going. 
• Participation by European scientists encouraged 
• International workshop planned in 2014 

 
• NASA funded researchers are participating on ESA/CNES/DLR 

ISS activities 
 

• NASA is expanding its cadre of fundamental physics 
researchers through new projects and collaborations with ESA 
led activities 
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