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Atomic clocks, nuclear magnetic resonance and other precision techniques are based on the 
coherent manipulation of an ensemble of spins ½. Highest sensitivity requires narrow linewidth 
and good signal-to-noise i.e. long coherence times and the interrogation of many spins. Usually 
these are contradictory as interactions destroy coherence and field gradients create dephasing. 
Known mechanisms to battle dephasing include experimental techniques like spin-echo or 
interaction-driven random fluctuations leading to motional narrowing and exchange narrowing.  
 

Here we present a new deterministic mechanism that may be seen as a continuous intrinsic spin-
echo. In contrast to exchange narrowing, the exchange interaction results in a deterministic 
rotation of two spins around their sum. Many of such “identical spin rotations” (ISR) eventually 
result in spin-rephasing. The mechanism’s two simple ingredients, particle indistinguishability 
and exchange interaction, are of such fundamental nature that a wide observation of our 
mechanism is expected. 
 

We perform Ramsey spectroscopy on the ground state of ultracold 87Rb atoms magnetically 
trapped on a chip in the Knudsen regime. The compensation of 2nd order Zeemann effect and 
mean field shift is employed to reduce field inhomogeneities over the sample to 80 mHz [1]. This 
should limit the 1/e contrast decay time to about 3 s in agreement with previous work, while 
decay times of 58+/-12 s are actually observed [2]. Furthermore, slightly off the compensation 
point, we observe contrast revivals increasing with atom density, which reveal our mechanism as 
deterministic and interaction driven. Solving a kinetic equation for the spin variables based on the 
ISR, we obtain good agreement with the data. Our findings are reminiscent of earlier calculations 
for a trapped gas which predict localized polarization revivals and synchronization within spatial 
domains in the hydrodynamic regime. This similarity bares a first indication of the general nature 
of our mechanism.  
  

The long coherence 
times open a truly 
new approach to 
higher spectral 
resolution in many 
applications. We present our trapped atom clock on a chip currently showing a frequency stability 
of 1.6 10-12 at 1s in a compact set-up [3,4]. Technical improvements under way aim towards the 
full exploitation of the long coherence times, which should gain another order of magnitude. 
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