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Light-Shining-Through-a-Wall
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External magnetic 
field

Axion-photon 
coupling:

Scalar search:
E ⟂ B

Pseudoscalar:
E || B
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Light-Shining-Through-a-Wall
Optical cavity provides 

power build-upAxion-photon 
coupling:
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Calibration via “Open Shutter” Measurements

Mirror Transmissivity
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Calibration via “Open Shutter” Measurements

Mirror Transmissivity
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In reality, TM is of all 
the mirrors on the 
optical axis!

TM = 9 × 10 -23

Popen ≅ 10-18  Watts
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Calibration via “Open Shutter” Measurements

Mirror Transmissivity

The ALPS II Experiment Status and Outlook | Daniel Brotherton | DESY PRC Open Session | November 5, 2024

shutter closed
vs.

shutter open
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Calibration via “Open Shutter” Measurements

Mirror Transmissivity
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Ratio:
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Calibration via “Open Shutter” Measurements

Mirror Transmissivity
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Detection with Heterodyne Interferometry

Interfere the regenerated EM 
field with a strong “local 

oscillator” field

Creates a beatnote at the 
difference frequency
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Detection with Heterodyne Interferometry

● Signal expected in a single 
frequency bin

● For integration times of ~1 million 
seconds, requires control of laser 
frequencies to the µHz level

● Frequencies defined to tens of nHz

Open Shutter Signal

Frequency Offset (Hz)
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Frequency Control System

Must stabilize laser frequencies without 
introducing backgrounds!
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Conclusion of the Initial Science Campaign

● Scalar run: early-mid February

● Pseudo-scalar run: April-May

● Total coupling 𝜂 measured during open 

shutter periods

○ Maintained ~50% across each run, 

demonstrating frequency control

(Pseudoscalar Run)
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Results

● Limited by stray-light in frequencies near 
the signal bin (< 100 uHz offset)

● Methods developed to estimate the 
expected background

○ sets 95% C.L. exclusion limits:

● Stray-light and noise reducing measures 
are underway

Scalar Pseudoscalar

1.6 × 10-9 GeV-1 1.3 × 10-9 GeV-1

Frequency Offset (µHz)
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Already factor of 30 improvement!
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Next Steps: Production Cavity
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Next Steps: Transition-Edge Sensor

● confirmation of 
signals seen in 
Heterodyne

● completely different 
systematics

● development with 
already significant 
progress

Sketch courtesy of
Katharina-Sophie Isleif
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Summary

● First science runs and their analysis done, papers in preparation

● New limits, ×30 in sensitivity, ×106 better signal-to-noise

● Forthcoming commissioning & runs with the Production Cavity

● ALPS II paving the way for future experiments!
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https://arxiv.org/abs/2408.13218


