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Fundamental physics with matter waves 



MAIUS: 
An Atom-Interferometry Sounding Rocket Mission 

Goals 
– Achieving ultra low energy ensembles 
– μ-gravity enhanced BEC of 106 87Rb-atoms 
– First demonstration of a BEC-based atom interferometer on a 

sounding rocket / in space 
– First creation of a BEC on a sounding rocket /  in space 



Mission Outline 
– Initialization of the experiment in very little time 
– 6 min of free fall 
– Improved design based on predecessor experiments 

QUANTUS 1+2 
– Interferometer using Bragg-type beam splitters 
– 350 s of weightlessness – usage of VSB-30 rocket
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Miniaturisation efforts



Atom chip-based experiment



QUANTUS I



 Status 


• more than 400 drops 
• Robust alignment 
• 3 drops per day 
• High complexity 



Study of Evolution & control 
of condensates 


Test of chip-based atom 
lasers for precision inertial 
sensing 

Drop studies



Interferometry (MZI) with BEC in microgravity

A

B



Delta-Kick "Cooling"

After the free expansion after the release 
  position and momentum of the atoms have 

a linear relation ship 

The name "cooling" is misleading as 
there no gain in phase space density
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•Lowest trap freq. on ground 
•tighter trap 
•applied magnetic lens 2ms after 
release for 300µs 

Reduction of the expansion 
rate by a "3D magnetic lens"



30 ms

1000  ms

500 ms

10 000 - 20 000 Atoms 

Delocalised after 2 s over 1 mm 

Coherence? 

Delta kick cooling of BEC

A

B



DKC - achieving energies in the pK range ?

•Employing DKC twice - a matter-wave telescope 

Kick 1 Kick 2
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Preparing 
the non-magnetic state
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500 ms

Preparation  of atomic wave 
packet in the non-magnetic 
state via rapid adiabatic 
passage
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Asymmetric Interferometer (MZI)



A gigantic meter-length double slit experiment



Coherence of BEC w/wo DKC in microgravity



The achievements of QUANTUS 1 



• Demonstration of technological feasibility of 
Bose Einstein Condensation in microgravity  

• Interferometer based on BEC in microgravity 

• Longest matter wave Interferometer time 
demonstrated in microgravity (2T=600 ms) 

• Biggest spatial (with respect to actual size) 
and temporal separation of a macroscopic 
wave packet  

• Laboratory for testing the necessary tools for 
high resolution atom interferometry in 
microgravity / extended free fall 

• nK/pK laboratory



Atom Chip-based experiments




Advantages

Robust

Low power, atoms are located near the surface

Large gradients, high trap frequencies  

Challenges

Small volumes

Small atom numbers

Background loading, slow loading times



Next generation atom chips



QUANTUS-2

Dual species atom interferometer: 



 39,40,41K/87Rb interferometer in the drop tower 


 4.7s µg in drop mode, 8 s µg in catapult mode 


 Interferometry time 2T = 6s

A catapult capable multi species interferometer 
operated with chip based atom lasers 
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Advanced atom chips (QUANTUS 2)



400 mm

QUANTUS-2: setup



QUANTUS-2: experimental sequence



QUANTUS-2: performance

Particle Number (BEC):  


≥ 5⋅105  (QU-1:  8⋅103- 104)


Duration of Preparation: 


<1- 3 s (Q-I:11s)


Sequence Cycle Time:    < 2s



QUANTUS-2: DKC performance



Shaker test of a chip-based atom interferometer

New window for accuracy for 
gravimetry thanks to ultra cold 
matter 


High flux, fast, compact 


New concepts for 
interferometry 


Robust devices without 
mechanical parts  
(5.4 g RMS 60s) 


Autonomous operation 




Chip based atom interferometers  








EM Spektroskopiemodul

EM Switchingmodul

Light generation and manipulation (FBH, HUB, Hamburg) 







Experiments at the drop tower and catapult 
QUANTUS I: 
• Demonstrating multiple delta-kick cooling 

• Investigating dephasing mechanisms 

• Demonstrating Bragg type double diffraction 

with BEC 
QUANTUS II 
• Ultra long interferometry, improved delta- kick-

cooling, μ gravity enhanced atom laser 

• Dephasing by the gravity gradient 

• Drop & catapult experiments on dual species 

sources and interferometry  

MAIUS 

• Atom interferometer hosted on a rocket 2014 





Quantum tests

Einsteins Equivalence Principle

Universality  
of free fall

Universality  
of redshift

Schiffs  
Conjecture

?





STE-QUEST 


Science Objectives 


Measurement of the time dilation in the vicinity of the Earth to parts in 107 



Comparison of the propagation of matter waves (85/87 Rb) in the Earths 
gravitational field to parts in 1015



Space-Time Explorer and QUantum 
Equivalence principle Space Test (STE-QUEST)

Atom interferometer part: test of the weak equivalence principle to one part in 1015

 

 

 

 

 



 



STE-QUEST Error Budget & Requirements





• Robust chip based atom laser 
• First BEC in microgravity 



• First matter wave interferences with BEC (nK energy) in 
microgravity 

• Detailed understanding and control of the BEC evolution 



• Atom Interferometry at unprecedented                     
evolution times for coherence studies & new 
interferometers 



• New record breaking generation of atom chips for 2 
species: QUANTUS II 



• Rocket capable atom interferometer, launch 2014 
• Technological spin-off for geodesy 

Take home messages
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Drop Tower & Space 
Integration

Robust & Compact Laser

Atomic Quantum 
Sensors

Atom-Chip

Theory

Fermionic Source



Thank you


