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Cold atoms image microwave fields 
Using clouds of ultracold atoms MPQ-LMU team of scientists makes  

microwave fields visible.  
Microwaves are an essential part of modern communication technology. 
Mobile phones and laptops, for example, are equipped with integrated mi-
crowave circuits for wireless communication. Sophisticated techniques for 
measurement and characterization of microwave fields are an essential 
tool for the development of such circuits. A novel technique developed by 
a group of scientists around Prof. Theodor W. Hänsch (Max Planck Institute 
of Quantum Optics and Ludwig-Maximilians-Universität Munich (LMU)) and 
Prof. Philipp Treutlein (University of Basel) allows for the direct and com-
plete imaging of microwave magnetic fields with high spatial resolution. In 
this technique, clouds of ultracold atoms serve as sensors for the micro-
wave field. The technique is described in the cover story of the current is-
sue of Applied Physics Letters (Appl. Phys. Lett. 97, 051101, (2010)) 
Modern wireless communication is based on the transmission of information 
through radio waves and microwaves. Integrated microwave circuits in devices 
such as mobile phones and computer laptops decode and process this informa-
tion. Computer simulations play an important role in the development of these 
circuits. However, because of the large number of components in modern inte-
grated circuits, such simulations have to rely on approximations and are not al-
ways reliable. Therefore, measurements are required to test the circuits and to 
verify their performance. 

To enable efficient testing and specific improvement, one would ideally like to 
measure all components of the microwave field directly and with very high spatial 
resolution. In existing techniques for measuring microwave fields, the field distri-
bution has to be scanned point-by-point, so that this kind of data acquisition is 
slow. Moreover, most techniques only allow for a measurement of the ampli-
tudes, but not of the phases of the microwave field. Furthermore, macroscopic 
probe heads used for the measurement can distort the microwave field and result 
in poor spatial resolution. 

Scientists at the Max Planck Institute of Quantum Optics, the LMU Munich and 
the University of Basel have now demonstrated a new technique for the imaging 
of microwave magnetic fields. As microwave field sensors, they use small clouds 
of ultracold atoms that hade been laser-cooled to a temperature of a few mil-
lionths of a degree above absolute zero. At these temperatures, the atoms obey 
the laws of quantum physics. Their quantum state is very sensitive to externally 
applied electromagnetic fields, which makes them ideal sensors. For the mea-
surement, the atoms are positioned at the desired location above the microwave 
circuit with the help of static magnetic fields, and subsequently the microwave 
field is turned on. 

„The internal state of the atoms changes if a microwave field is applied“, Pascal 
Böhi explains, who co-developed the technique as part of this doctoral thesis. 
„We can image this change of internal state with a CCD camera with high spatial 
resolution. The stronger the microwave field at a given position, the faster the 
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rate of change we observe.” A unique feature of the new method is that it does not require the 
microwave field to be scanned point-by-point. Rather, a fully two-dimensional image of one 
component of the microwave field can be recorded in a single shot. This increases the data ac-
quisition rate dramatically. In addition, the technique allows not only for a reconstruction of the 
amplitudes, but also of the phases of the microwave field components. As the atoms are truly 
microscopic objects, they do not distort the microwave circuit to be characterized, in contrast to 
macroscopic probe heads. The new method works for various frequencies in the gigahertz 
range. 

„We have successfully demonstrated the new technique in our lab. Quite naturally, further de-
velopment is necessary before it could be used in commercial applications“, says Philipp Treut-
lein, the leader of the project. However, a very compact and portable setup for experiments with 
ultracold atoms was recently built and could be of interest for such applications. The setup itself 
is at room temperature, but the atoms trapped inside are cooled within a few seconds with the 
help of laser light. Key components of such systems are now commercially available. Because 
of the potential for applications, the researchers have submitted a patent application describing 
the new technique. Philipp Treutlein 

 

 

Atoms as sensors for microwave fields. The internal-
state distribution of a cloud of ultracold atoms is shown in 
close proximity of a microchip after applying a microwave 
pulse. The different pictures correspond to different field 
components of the microwave. (Picture: Max Riedel/Pascal 
Böhi/Philipp Treutlein, MPQ and LMU München). 
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