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Abstract—We present an ultra-stable laser based on a compact
Fabry-Perot cavity with a thermal noise limit expected at 2 ⇥
10 15 in trems of fractional frequency stability. The 25 mm long
cavity is housed in a cubic vacuum chamber with a volume of
about 2.2 L. The measured phase noise is 3 dBrad2 /Hz at 1 Hz
with a simple optical set-up at 1542 nm.

I. I NTRODUCTION
High finesse Fabry-Perot cavities are widely used as frequency reference to stabilize lasers sources. The improvement
of these cavity stabilized lasers are of prime importance for
optical frequency standards [1]. Consequently, many laboratories are developping technics to reduce the thermal noise of
cavities that is now in the 10 17 decade but require complex
systems such as cryocoolers [2], [3] and many active controls
such as residual amplitude modulation, doopler effect, power
stabilisation [4].
Moreover these highly stable lasers are also used to synchronize optical frequency combs for ultra-low phase noise
microwave signal generation [5], [6]. High precision spectroscopy is also a field of interest. Such applications do not
need state-of-the-art stabilized lasers, but the compactness and
the simplicity is an important critera [7]. For such purpose, we
are developping a laser based on a 25 mm long cavity with a
very compact vacuum chamber and an optical set-up reduced
to the quintessential components.
II. U LTRA -S TABLE C AVITY
Two high finesse mirrors made of fused silica substrats
and cristalyne coatings are optically contacted to a spacer in
ULE glass. The high mechanical quality factor of materials
used for the mirrors leads to a reduced thermal noise of
1.8 ⇥ 10 33 / f L0 2 Hz 1 . The length of the spacer made
of ULE glass L0 = 25 mm is a compromise between the level
of thermal noise and the compactness.
The geometry of the spacer has been optimized using finite
element modeling tools to reduce coefficients of sensitivity to
vibration to a few 10 12 /(m.s 2 ) in order to avoid the use of
an active vibration isolation system. The cavity is maintened
by three points in the middle plan (perpendicular to the optical
axis) and protected by two thermal shields (see Fig. 1). A first
one in stainless steel for the high thermal capacitance is also
used to support the cavity. Around it, a second shield in copper
to reduce gradiant is temperature controlled. The quasi-cubic
vacuum chamber (136⇥132⇥128 mm3 ) is placed on an active
vibration isolation table that can be used to apply modulation
in order to estimate the vibration sensitivity of the cavity.
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Fig. 1. 25 mm long cavity on the left. The cavity mounted in its support with
three contact points on the right.

III. O PTICAL S ETUP
The optical set-up is based on pigtailed components with polarisation maintening fiber for compactness. The laser source
is a compact extented cavity laser diode at 1542 nm showing
a phase noise of 6.3 ⇥ 107 /f 3 rad2 /Hz from few Hertz to
tenth of kilohertz (grey curve on Fig. 2). An optical coupler is
used to pick-up the beam for comparison with an other optical
reference. The phase modulator for the Pound-Drever-Hall
detection is connected just before the output collimator. A freespace part is mandatory to match the mode of the fiber with the
mode of the cavity with two lenses. Two mirrors are used to
align the beam onto the optical axis of the cavity, and a beam
spliter cube sends the reflexion of the cavity to the photodiode
for the frequency detuning detection. All these free-space
components are mounted on cage systems compatible with
half inch optical elements and directly attached to the vacuum
chamber.
IV. R ESULTS
The phase noise and the frequency stability are measured by
comparison with another cavity stabilized laser. This laser has
been caracterized using a cryogenic saphire oscillator (with
optical frequency division technics) [6]. Its frequency stability
is better than that of the compact cavity stabilized laser under
test.
We measure a phase noise of 3 dBrad2 /Hz at 1 Hz with a
slope in f 2 (see Fig. 2). We can see the influence of the active
vibration isolation platform between ⇠ 4 Hz and ⇠ 60 Hz
whereas the noise at 1 Hz is not impacted. The fractional
frequency stability measured is at 7.5⇥10 15 at 1 s. This result
is consistent with the fractional frequency stability computed
from the phase noise measured at 1 Hz (5 ⇥ 10 15 ).
The phase noise measured at 1 Hz is 13 dB higher than the
thermal noise of the cavity. It is important to point out the
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Fig. 2. Phase noise power spectral density of the free runing laser, the laser
locked to the cavity with the vibration isolation table on and off.

simplicity of the optical set-up. For example, due to the cage
system lenses, waveplates and the photodiode can not be tilted
to avoid back reflexions. Furthermore there is no free-space
isolator to prevent this problem.
V. C ONCLUSION
We have developed a compact ultra-stable laser with a
simple optical set-up that is compatible with a phase noise of
3 dBrad2 /Hz at 1 Hz. The last improvements, and a complete
characterization of the cavity and perturbations impacting the
frequency stability will be presented at the conference.
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