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FEORIBA | DARKCOSMOS Gravitational Waves
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Number of regenerated photons: N, = n“N,_, - (gayBL)
. , Ppct
Goal: with: Npo = hC
e 14 photons total for 5-sigma detection. Assumes: v
* No background beyond shot noise (< 2 x 102> W)
e Signal phase is constant or can be tracked (o3 < 0.1 rad)
e 2nd demodulation done at 18 different phases (every 5 deg or 0.09 rad)
) 1\ 2 Nsh 1
2 % 4 —10 —1
i FPinTPBpcPBRrc
—11 —1
n = 0.9 Gayy(250d) =2 x 107 GeV

www.phys.ufl.edu/darkcosmos



Gravitational Waves
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|
Number of regenerated photons: N, = n* N, —2C T (g(wBL)4
s
e N — Ppct
Requirements (needs some consolidation): with: Npo = ——
* PC internal power: 150kW (8 x 1023Ph/s) | 2 _q
e RC build up: 10,000 (Finesse of 1 x 10,000) — T O

e Cavity mismatch: Length / Frequency: 1.2pm (rms) or 2.4Hz (rms) -> 1.5% loss
- Goal: < 1Hz Frequency knowledge (Set by PLLSs)

e Goa
e Goa

- < 0.01 rad (rms) residual p
- < 1pm (rms noise) residua

nase noise in PLL

PC length noise in PLL2

e Cavity alignment: Angular / lateral: 14 urad (no lateral mentioned) -> 6% loss
e Goal: Monitor misalignment on COB: 5urad / 600 pm -> 2% loss
e Scattered light: 2x10-2°W in indistinguishable scattered light photons
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COB alignment (see alignment procedure):

e Alignment of Cavity flats: < 5 prad
e PC-transmitted light aligned with axion field at RC
e Refraction offsets below 5 pyrad and 300 um (TBC)

Verification of axion to RC coupling:
® Frequency matching
o Alignment stability
e Impedance of RC from COB
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Start:

e | O locked and aligned to RC

e HPL |locked and aligned to PC

e RC and PC aligned using Position Sensors
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Inject RL (Phase locked to LO via fiber link at ()1):

e |nitial alignment: Via targets on COB (to be designed)

e Overlap with respect to RC transmitted light P To WES3
e Optimize using PLL1 and WFS1 signals N y ﬁ
e Transfer PLL to PLL1 and alignment control to WFS1 / 7 I,/CT—PD57

e Measure/minimize alignment offsets (Goal < 2%)
e Align PD57 & WFS3 with respect to RL (center)
e Use as position sensor for RL

CB_QPD2

* Change PLL to (Jsigand scan /7/'"">\T/°tmr11/ |
eto cnanne

e Use Veto and HET signal to optimize Qsig [ I
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e Measure T_cav/R_cav (~1:10 expected on resonance) \ J
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FLORIDA | DARKCOSMOS PC-side

e Align PLL2/WFS2 detectors to RL

e Pl | HPL to RL via fiber

e | ock PC to HPL
e Measure WFS2 and PLL2 signals
From RL N e Phase noise in PLL2 signal is a measure of required
gain (assuming fiber is quieter than PC)
To PLL2<7{\\ e \WFS 2 signals are a measure of misalignment
i e determined by initial COB alignment
To WFs2 ===+ CB',&PDI e changes indicate issues with maintaining
G?\ alignment through installation process

To OPL
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“B [ |
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alignment measure, we could realign MZ and QPD1

In vacuum COB
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Next: Close all loops. QPD1 for PC, QPD2 for RC, PLL: RL to RC, PC to RL, WFS1 for RL alignment

Open shutter: Measure/calibrate PD57, Veto signal and HET signal. Power ratios ~107/10/1 for PC transmitted light.

Measure phases of beat signals over a few days to see drifts between PD57 and PLL2: unaccounted phase noise”??
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Measure and calibrate WFS signals:
WFS2 and WFS3 monitor alignment of RL and PC with respect to RC.

Close shutter: Measure stray light. If needed, open tank again and find the sources.
Need: WFS with < 0.01 rad sensitivity in each d.o.f. and PLLs with < 0.01 rad sensing noise

(and the actuators to take advantage of it) /
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Summary:
e HET system has stray light and alignment verification signals

e PD57: 10 million to 1 ratio for stray light compared to HET detector (s-pol, 105:1 for p-pol)
e 1 photon per second on PD57 should be low enough background for HET detector
e Commissioning does (hopefully) not depend on very long data runs to measure/minimize scatter
e \/eto signal: 10:1 ratio for stray light compared to HET signal

e HET signal: 20:1 ratio for real signal compared to Veto signal
e Useful for subtraction in post processing.
e WFS 2 monitors PC-RL alignment (out of loop)

e WFS 3 as position sensor monitors alignment changes between optical tables and vacuum tank

e Open shutter allows to measure phase drifts between different components/parts/signals

e Confidence in demodulation phase if drifts are low
e Not sure yet it we can use that to correct for phase drifts

e \We ook into low amplitude SB on RL resonant in RC to maybe calibrate the drift (risk reduction)
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