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Results from 20m paper in a nutshell 
>  arXiv:1609.08985 

>  20m cavity characterization at 50mW input power in vacuum 

>  noise projections 

>  RMS power noise in transmission 3.8x10-4 (95% of it accounted for) 

>  differential seismic noise measurements in HERA north and west 
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Fig. 1. Diagram of the current optical setup with control electronics for the frequency stabi-
lization, automatic alignment, and power stabilization. An NPRO laser provides the beam
which is modulated with EOM and AOM, and then amplified to an output power of 35W.
A fraction of this light is incident on the 20 m cavity. The photodetectors QPD1 and QPD2
in reflection of the cavity are used to generate the PDH and automatic alignment error sig-
nals. The PDH error signal is fed back to a PZT on the NPRO crystal as well as a heater
that actuates the crystal temperature. The automatic alignment error signals are sent to the
alignment PZTs which are located at the same Gouy phase position as their corresponding
photodetectors. This is displayed by PZT1 and QPD1 both occupying a waist position while
PZT2 and QPD2 are both located at a far field position in the beam. A power stabilization
scheme uses the AOM as an actuator with the sensing performed by PDi. PDo measures
the out-of-loop power noise. The cavity end mirrors are located on separate tables and the
vacuum system is shown in green. PDt measures the power noise in transmission of the
cavity.

20 m. Furthermore, an in-depth characterization of the optical losses, control loop couplings,84

and environmental noise sources are required to understand and probe the stability and robust-85

ness of the setup.86

In this article we report on the progress of these efforts. Section 2 describes the optical setup87

of this test experiment. The experimental results are presented and discussed in Section 3 and88

conclusions are drawn in Section 4.89

2. Setup90

The setup consists of a 20 m optical cavity with the mirrors on two separate optical tables91

as shown in Figure 1. The end mirrors are two inches in diameter with a radius of curvature92

of 23.2± 0.5 m giving the cavity a nearly confocal configuration. The transmissivity of the93

mirrors was measured to be 878±2 ppm. The resonant Eigenmode of the cavity that is used for94

stabilizing the laser frequency is the Hermite-Gauss U00 mode defined in [12]. It has a beam95

waist of 1.97±0.02 mm and a mode radius of 2.62±0.01 mm at the end mirrors. For a loss free96

cavity the calculated Finesse is 3577±8 and the linewidth is 2097±5 Hz. This corresponds to97

a storage time of 151.8±0.3 µs.98

A vacuum system houses the two cavity mirrors and the measurements were taken at a pres-99

sure of 5·10�5 mbar. A dedicated lab hosts the 20 m vacuum envelope and the optical tables in100

a clean environment.101

The laser system consists of a non-planar-ring-oscillator (NPRO) master laser and a102

Nd:YVO4 amplifier [13]. To avoid thermal effects in this experiment we inject only 50 mW103
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Measurements – frequency noise 
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Fig. 2. Spectral densities of the control and error signals of the frequency stabilization
control loop calibrated in terms of differential frequency noise are shown in blue and or-
ange respectively. A non-coincident geophone measurement of the differential displace-
ment noise between the optical tables is plotted in yellow. This measurement represents the
length noise of the cavity due to ground motion. The electronic noise of the PDH sensing
is shown in purple and a typical trace of the NPRO frequency noise is plotted in black [19].

circulating inside the cavity. We investigated three noise sources which contribute to the cav-152

ity transmission power noise. These are the differential frequency noise between the laser and153

the cavity resonance, the alignment noise between the input beam and the cavity Eigenmode,154

and the power noise of the laser. The following sections detail measurements of all three noise155

sources and project them in terms of their contribution to the relative power noise in transmis-156

sion of the cavity.157

3.1. Cavity Frequency Noise158

Figure 2 shows spectra of the electronic noise at various points of the frequency control elec-159

tronics. These spectra are calibrated as equivalent differential frequency noise which refers to160

the difference between the resonant frequency of the cavity and the frequency of the laser. We161

will refer to this as the differential frequency. The blue curve is the control signal that is sent to162

the laser piezo to stabilize its frequency with respect to the cavity. When expressed as frequency163

noise below the unity gain frequency of the control system this gives the differential frequency164

fluctuation of the uncontrolled system (free running).165

The orange curve is the spectrum of the noise at the error point of the control electronics166

divided by the cavities transfer function. This division is required to calibrate the error point167

noise in terms of differential frequency noise. Therefore the orange curve represents an in-loop168

measurement of the differential frequency noise with suppression from the frequency stabiliza-169

tion control scheme. The system was able to reach a unity gain frequency up to 55 kHz before170

becoming unstable. At 20 Hz we have roughly six orders of magnitude suppression of the free171
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Power noise in transmission 
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Milestones achieved for 10m PC 
>  CBB alignment with single mirror with current infrastructure 

>  initial alignment procedure 

>  high power operation for production cavity (500mW in transmission) 

>  automatic alignment 

>  frequency control with 50kHz UGF 

>  minimized unaccounted loss production cavity to 88ppm 
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Analysis of Seismic Noise Spectrum
• PZT resonance in the end mirror of RC at ~ 200Hz limits UGF 

• It may be possible to perform length lock on the RC with 532nm light with a UGF 
> 100 with seismic isolation 

• No power build for 1064nm without seismic isolation 

• Simulations of power build up for 1064nm light performed with seismic isolation  

• Isolation modeled with a 20cm single stage pendulum 

• Three model of the control electronics for the length control electronics used 

• One with 3 integrators and 2 zeros 

• Two with 5 integrators and 4 zeros 

• Cavity pole frequency for 532nm light well about UGF
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Power Buildup with different UGF
• Power Buildup % with varying UGF and double zeros 

• Requirements are 95% Power buildup

UGF Power Buildup % Power Buildup %  
(Less Aggressive)

Power build up % 
(More Aggressive)

400 Hz 93.9% 95.3% 99.7%

300 Hz 81.3% 84.7% 98.5%

200 Hz 52.5% 56.8% 87.9%

100 Hz 14.6% 17.7% 38.4%

3 Integrators 5 Integrators
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Conclusions and Possible Plans
• Its possible to perform a length lock of the RC that maintains 95% 

power buildup and with seismic isolation 

• UGF > 200Hz 

• This requires dealing with the PZT resonance 

• Possible Plans: 

• 1: Design new mount for the PZT 

• 2: Length lock of RC without seismic isolation (no power buildup) 

• 3: Design and implement seismic isolation 

• 4: Length lock of RC with seismic isolation
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PZT actuator 
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Measurements this year 
>  Characterization at high power 

§  thermal effects 

§  robust lock 

§  automatic alignment 

§  optimization of frequency stabilization control loop 

§  swap photodetectors and improve power stabilization control loop 

>  CBB 
§  Kanioar… 

>  Regeneration Cavity 
§  lock with green light 
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Prospects 
>  from TDR 
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Prospects II  
>  stick to baseline TDR design first and try to characterize the RC 

§  Second laser on central table?  

§  à PLL in red to amplify green power? 

§  à frequency feedback possible 

§  à split feedback? 

§  à use phase IFO to analyze differential frequency noise 

>  objectives: 
§  characterize noise for regeneration cavity 

§  try to optimize length/frequency stabilization control loop for RC (more integrators, 
faster PZT) 

§  is it possible to achieve power buildup for IR light without seismic isolation? 

§  is it possible to proceed implementing light tight shielding? 

§  do we need automatic alignment for the RC? 


