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ALPS 1I: LSW with optical cavities Heterodyne detection

Mode-matched optical cavities in the magnetic field regions LO laser Beat note signal
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Requirements : :
Optical Design
ALPS II: ’
e PCcirculating field must be resonant in the RC RL catter light
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* Light Tightness: Isolate the RC area from any light from PC (below 1024 W) r 4
150 kW circulating power in PC. Need strong suppression between end stations field 25 QpD1 coB HET science
,CD, detector
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Additional requirement for HET: OPL sensing B2 \“3
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* Phase change between the regenerated photon field and the LO laser < 0.1 cycles

over ~2 WGEkS HPL . . RC M1 RC M2 LO laser
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Maintain phase COherence Phase locked Phase locked 30 W s-pol Pc_M1 PCM2 gwg; I + | HWP2 125 mW s-pol
without light contamination from < > < > i . | S 2500W || ee RC transm/ L
prOd uction CaVity! ' PLL . : 5::1"; gﬁzmp < [-— HET monitor detector
Production cavity \ Regeneration cavity +

M-type: T =15 ppm s-pol and p-pol PLL+ WFS monitor
Use another laser (RL) and Phase | I I RL/ PC transm

' D - B-type: T= 30% p-pol, 100 ppm s-pol
Lock Loops (PLLs) between lasers

Signal

Control and Alignment Loops

Digital Demodulation

PLL: RL is phase locked to RC transmission, PC transmission is phase locked to RL

1xsin(2m fo/f'n’")

WES: RL is aligned on RC transmission, Overlap between RL and PC transmission
serves as an overall alignment check

* First demodulation
NCO
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post-processing at 20 Hz

FPGA Interferometer senses OPL changes in the substrate of the PC end mirror

1xcos(2m fo/f'n’)

Data Acquisition (64 MHz) Data Processing (20 Hz)

Noise floor

No beatnote signal. P, =5 mW on
shotnoise limited photodiode
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Central Breadboard Design

5 sigma confidence level

Expected value e 7

Measurement data (2.5 Hz)

50 run average (2.5-3.0 Hz)

« Measurement agrees with the M S e
theoretical limit for shot noise 107
107
* No spurious signal after 19 days of "

integration time

Photons per second o< Z,(NN)

* Integrated noise floor below 2 x 1024 W 10'61_ T e anZ ard .t .
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(equivalent to about 10~ photons/s) Integration time T in seconds = N/ fs
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* Measurement =6.4x 1021 W (3.33e-2 8 499 f
photons/s) after 3 days integration time § 104;Demodula“0n at exactly 2.4 Hz T '
with 50 confidence B Demodulation at 2.4003 Hz ——— ! ]
ﬁ 107 3 Demodulation 2.5 Hz
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* Demodulating at a different frequency, 1070 e T * Key optical components on Ultra Low Expansion (ULE) glass
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signal is not detected
[ntegration time 7 in seconds = N/ fs

e Low drift mirror mounts for alignment stability
[Z. Bush et al., PRD 99 022001 (2019)]
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