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We report the latest developments on the ultra-stable laser referenced on spectral hole patterns in
Eu**:Y»Si0s. By cooling the crystal down to about 300 mK! using a custom fit dilution stage in
our pulse-tube cryocooler, and interrogating simultaneously a specific three-spectral-hole pattern
using our multi-heterodyne interferometry? to servo lock the frequency of a laser, we demonstrate
a fractional frequency instability of 4(1).107 at 1 s. Further improvements are expected by com-
pensating the phase noise induced by the vibration of the cryocooler, and by further increasing the
number of spectral hole used in interrogation. Our current instability represents a factor 2 improve-
ment compared to the best previously reported results in a similar system implemented at NIST?,
and demonstrates the potential of rare-earth ion reference ultra-stable lasers as a relevant tool in
optical frequency metrology.
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