
Gravity Measurements  
with Cold Atoms 

Tristan Valenzuela 

© 2015 RAL Space  



 

© 2015 RAL Space  

From B. Leone’s presentation 



Outline 

• Current Gravity Mapping 
 

• Cold Atom Interferometry: How it works 
 

• AI out of the lab in the UK and Overseas 
 

• Quantum Technologies UK strategy 
 

• QT at RALSpace 
 
 
 

© 2015 RAL Space  



Gravity measurements 
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Gravity measurements 



Interferences with Light 

Young’s double slit 
Phil. Trans. Roy. Soc. 92, 387 (1802) 

DOI:10.1098/rstl.1802.0016 

http://www.colorado.edu/physics/2000/schroedinger/two-slit2.html 



Interferences with Light 

Mach-Zehnder Interferometer 
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Wave-Particle Duality 

de Broglie, Ann. Phys. 3, 32 (1925) 
  λ=  h/p  = h/mv  de Broglie wavelength 

 
Electron diffraction by Davisson and Germer, 
  Phys. Rev. 30, 705 (1927) 

  



Wave-Particle Duality 

 de Broglie wavelength of an Atom  
  

 λ=  h/p  
p=(3 m kBT)1/2  

eg. 87Rb  m= 1.4×10-25kg 
 T=10µK  λ∼100nm 



Momentum Conservation 

Two level atom 
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Rabbi Oscillation 
Two level atom 
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Population in |e〉 ∼ cos2(Ωrt) 
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δ = ωL- ωeg 
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Pulse length × Ω𝑟 



Atom Interferometer 
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Atom Interferometer 
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Atom Interferometer 
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Atom Interferometer 

g

0 T 2T 

effkpe


+  ,

pg   ,



Atom Interferometer 
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Two Level Atom? 
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Two Level Atom? 
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Rubidium Atom 
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Rubidium Atom 
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Measurement Cicle 
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Measurement Cicle 
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Measurement Cicle 
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Measurement Example 

A. Peters, et al. Phil. Trans. R. Soc. Lond. A 355, 2223 (1997). 



Measurement Example 

A. Peters, et al. Phil. Trans. R. Soc. Lond. A 355, 2223 (1997). 

1µGal=10-8 m/s2~10-9g  



An atom interferometer 

H. Müller lab @ Berkeley (http://matterwave.physics.berkeley.edu/) 

Typical Lab Setting 



An atom interferometer 

H. Müller lab @ Berkeley (http://matterwave.physics.berkeley.edu/) 

Typical Lab Setting 



120cm 

GG top 

Projects outside of the Lab: UK 

www.isense-gravimeter.eu www.gg-top.org 



STE-QUEST 

Science 328, 1540 & Phys. Rev. Lett. 110, 093602 Scheduled 2015 

 ESA M-class mission candidate 

Other Projects outside of the Lab 

MAIUS: DLR 50 WM 0346 
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1 of 4 QT Hubs 
Funding ~35m 
Total Scheme ~120m 



Quantum Technologies at RALSpace 
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Develop own capabilities: 1st MOT @ RAL Space on 1st April 2015 

Research on Additive Manufacturing 
⇒ Miniaturize physics package 

Leading an ESA TRP activity 
⇒ Design and characterize a vacuum chamber able to deliver an ultracold atomic clouds at a 1Hz rate 

 



Thank you! 
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Rabbi Oscillation 
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Rabbi Oscillation 
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