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Seeing a photon without absorbing it 

MPQ scientists can detect an optical photon twice. 

Light is of fundamental importance. It allows us to see the world around 
us and record pictures of our environment. It enables communication 
over long distances through optical fibers. All current methods of 
detecting light share a common property: absorption and thus 
destruction of a photon. It has been a long-standing dream to be able to 
watch individual photons fly by without absorbing them. A team of 
scientists in the Quantum Dynamics Division of Prof. Gerhard Rempe at 
the Max-Planck-Institute of Quantum Optics has now for the first time 
realized a device which leaves the photon untouched upon detection 
(Science Express, 14 November 2013). In the experiment, the incoming 
photon is reflected off an optical resonator containing a single atom 
prepared in a superposition state. The reflection changes the 
superposition phase which is then measured to trace the photon. The 
new method opens up the perspective to dramatically increase the 
detection efficiency of single light quanta and has important implications 
for all experiments where photons are used to encode and communicate 
quantum information. 
The key elements in the experiment are a single rubidium atom and an optical 
cavity. The latter is a resonator for light that is made of two highly-reflecting 
mirrors at a very small distance. The atom is trapped at the center of the cavity, 
where light forces strongly confine it in all three dimensions. It exhibits two 
different ground states, each characterized by its specific transition energy to 
the next excited state. To test the detector, the cavity is irradiated with a series 
of very faint lasers pulses that contain on average much less than a single 
photon. 

In one of its ground states, the atom is off-resonant with both, the cavity and an 
impinging photon. In this case, the photon will enter the cavity, but not interact 
with the atom. Because of the special properties of the cavity, the photon will 
leave it on the same path it entered. In the other ground state, the atom is 
resonant with both, the cavity and the impinging photon. In this case, atom and 
cavity represent a strongly coupled system with properties distinctively different 
from those of the individual systems.  In contrast to the first case, a photon, 
which is on resonance with the cavity, has no chance to get into it. Instead, it is 
reflected from the first mirror. In either case, the fragile light quantum is 
reflected rather than absorbed and destroyed. 

“However, the photon has left its trace in the atom,” Andreas Reiserer, doctoral 
student on the experiment and first author of the publication, explains. “The 
trick is that we prepare the atom in a superposition of the two ground states. 
The very moment the photon is reflected from the cavity, the resonant state 
experiences a phase shift relative to the off-resonant one. This phase shift can 
then be read out from the atom.  In this way, the photon has survived its 
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