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Light Shining Through a Wall (LSW) 
Experiments
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Using the axions coupling to two photons

3

Pγ = 1
16 (gaγγBL)

4
Pi

Light-shinning through a wall concept
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Enhancing LSW with cavities
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ALPS II concept

Pγ = 1
16 (gaγγBL)
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ALPS II concept
First realization of Hoogeveen idea



Calibrating LSW Experiements
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Enhancing LSW with cavities
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Enhancing LSW with cavities
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ALPS II concept
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Enhancing LSW with cavities
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Enhancing LSW with cavities
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ALPS II
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Infrastructure at DESY
Providing the basis for ALPS II

Magnets, tunnel, and infrastructure are the foundation of the experiment 

• 2x strings of 12 HERA dipole magnets: 5.3 T, 106 m 

• Cryogenic infrastructure 

• 3 clean rooms at the different stations of the experiment

14
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What distinguishes ALPS II

Not just longer magnetic field length 

Pushing the sensitivity with precision interferometry

15
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What distinguishes ALPS II
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Laser

Magnet String

Production Cavity (PC) Regeneration Cavity (RC)

Wall

Detector

HPL Power
Pushing the sensitivity with precision interferometry

Not just longer magnetic field length 

• High power laser (HPL) system (30 W) 
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What distinguishes ALPS II
Pushing the sensitivity with precision interferometry

Not just longer magnetic field length 

• High power laser (HPL) system (30 W) 

• Heterodyne detection system (Δ𝑓 ~ 1 µHz) 
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What distinguishes ALPS II
Pushing the sensitivity with precision interferometry

 PC
 RC

RL Beam
Beat-note  
PC beam 

Not just longer magnetic field length 

• High power laser (HPL) system (30 W) 

• Heterodyne detection system (Δ𝑓 ~ 1 µHz) 

• Central optical bench 
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What distinguishes ALPS II
Pushing the sensitivity with precision interferometry

Not just longer magnetic field length 

• High power laser (HPL) system (30 W) 

• Heterodyne detection system (Δ𝑓 ~ 1 µHz) 

• Central optical bench 

• World record regeneration cavity 
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(a) (b)

Figure 3: a.) Measurement of the exponential decay of the power in transmission of the RC after
disabling the feedback control, normalized to the power in the steady locked state. Twenty raw
measurements are shown overlaid in shades of blue, along with unique corresponding lines of best
fit in black. Each measurement was fit using nonlinear regression to the model a+ be�2t/⌧s , yielding
a storage time of ⌧s = 7.17 ± 0.01 ms. Above, the fit residuals are shown. b.) Histogram of
13,000 storage time deviations from a 10 minute moving average taken over 72 hours. A Gaussian
distribution is fit to the data, with a standard deviation of 0.012ms.

injected to the cavity using a series of lenses and mirrors. The frequency of L1 can be stabilized to
the RC resonance using a Pound-Drever-Hall (PDH) control technique [12, 13] with a fiber electro-
optic modulator (EOM) on the injection path and a photodetector in reflection of the cavity, PD1.
The frequency of L2 can be controlled relative to L1 with an o↵set phase-locked loop (PLL) [14]
using the beat-note formed on a photodetector (PD2) at one output of the fiber beamsplitter. The
central station laser, L3, is similarly mode-matched and injected into the cavity via the flat mirror
M2. The frequency of L3 can also be controlled relative to L1 in transmission of the RC using a PLL
using the beat-note from the AC-coupled port of the cavity transmission photodetector, PD3. A
combination of analog and digital-based servo instruments are used to control the laser frequencies,
with stable lock periods on the scale of days. PD1, PD2, and PD3 are all identical high-speed
(150MHz bandwidth, 2.3 ns rise time) amplified photodetectors.

3 Measurement Techniques

As Equations 1 and 2 show, the sensitivity of the ALPS II experiment relies on having accurate
knowledge of the RC individual mirror transmissivities, as well as the round-trip losses. These
quantities are obtained using two distinct methods - first, using the conventional cavity ring-down
measurement and then by measuring the complex reflectivity coe�cient of the cavity.

3.1 Cavity ring-down

We first characterized the RC by measuring the power of light in reflection and transmission of the
cavity as the input field goes from a state of being stably on-resonance with the RC fundamental
mode to far o↵-resonance. We partition the total input Pin into the powers in the fundamental
spatial cavity mode (P0) and in higher-order modes (P1), such that the spatial mode-matching is
⌘RC = P0/(P0+P1). The power in transmission of the cavity before and after the input field is made

4

21

What distinguishes ALPS II
Pushing the sensitivity with precision interferometry

ALPS II Regeneration Cavity  

• World record storage time: 
7.17 +- 0.01 ms 

• Power buildup of 7610 

• Robust control system 
maintains cavity lock for days 

• Characterization of storage 
time via mirror maps
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What distinguishes ALPS II
Pushing the sensitivity with precision interferometry

Mirror Maps of the ALPS II Regeneration Cavity 
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Figure 5: RC round-trip optical losses as a function of the relative position of the fundamental
eigenmode for the RC curved mirror M1 (a) and planar mirror M2 (b). Black squares represent
invalid measurements. The geometry of the cavity depicted in (c) shows how the cavity axis moves
on each mirror as M2 is tilted by an angle ✓ as a function of the cavity length L and M1 radius of
curvature R.

storage times which passed our selection criteria is reported in Figure 5b.
A loss map of the RC curved mirror M1, shown in Figure 5a, was performed by executing angular

tilts of the COB, causing the cavity eigenmode to translate on both M1 and M2 as well as through
the beam tube in accordance with the illustration in Figure 5c. For a tilt of M2 by angle ✓, the
lateral translations of the beam spot position on each mirror can be derived geometrically as:

�M1 = R · sin(✓) �M2 = (R� L) · sin(✓) (7)

where R is the radius of curvature of M1 and L is the RC length.
Since the variation in losses observed from the scan of M1 are far in excess of those from M2,

this map can be interpreted as a map of the combined losses from M1 as well as clipping losses from
the beam tube free aperture near the detector end station, with an uncertainty of 10 ppm due to
the fact that the shift of the eigenmode location on M2 was not corrected for. The COB was tilted
by actuating on a linear motor in steps of 2.5 µm on one end of a 1.075m lever arm, yielding an
angular resolution of 2.3 µrad. Using an approximate calibration of 0.2mm/µrad for the eigenmode
translation on M1, an area of ⇠ 7mm ⇥ 7mm of the curved cavity mirror was scanned.

A maximum storage time of 7.17ms was measured, corresponding to a minimum round-trip
optical loss of 124 ppm. The twenty ring-down measurements shown in Figure 3 are performed at
this point. Areas of much higher optical loss are found near the edges of the curved cavity mirror
scan, which we can associate with losses due to clipping on the aperture of the dipole magnet string.
Modelling the clipping as resulting from a pair of o↵-center circular apertures, we estimate a free
aperture at the position of the magnet closest to the curved mirror of 42 ± 1mm in the horizontal
and 55 ± 1mm in the vertical direction. The vertical free aperture is consistent with the 55mm
inner diameter of the individual magnet beam pipes, while the horizontal aperture is smaller than
individual magnets, suggesting a possible misalignment of the magnets in the horizontal direction.
When the fundamental cavity eigenmode is centered to the aperture, the cavity optical losses due

8
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What distinguishes ALPS II
Pushing the sensitivity with precision interferometry

Trend in the Storage Time of the ALPS II Regeneration Cavity 
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What distinguishes ALPS II

24

Pushing the sensitivity with precision interferometry

Target: gaɣɣ > 2×10-11 GeV-1 

• > 3 orders more sensitive 
than previous LSW setups 

• ‘Model independent’ search

From Ciaran O’Hare: https://cajohare.github.io/AxionLimits/

https://cajohare.github.io/AxionLimits/


ALPS II First Science Campaign
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Simplifying the optical system

26

ALPS II first science campaign

Pγ = 1
16 (gaγγBL)

4
η βRPi

Production Area Regeneration Cavity (RC)



              |  Results from the ALPS II first science campaign  |  Aaron D. Spector  |  Patras 19  |  Patras, Greece  |  September 17, 2024

Simplifying the optical system

27

ALPS II first science run

Operate without production cavity 

• Simplifies control system 

• Feedback directly to laser frequency rather than PC length  

• Light injected to COB increased by a factor of 40x 

• Faster identification of ‘light leaks’ 

• Higher open shutter power
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Infrastructure at DESY
Providing the foundation for ALPS II

Tunnels with 250 m straight sections 

• Cryogenic infrastructure  

• 2x strings of 12 HERA dipole magnets 

• 3 clean rooms at the different end stations of the experiment

28
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Infrastructure at DESY
Providing the foundation for ALPS II

Tunnels with 250 m straight sections 

• Cryogenic infrastructure  

• 2x strings of 12 HERA dipole magnets 

• 3 clean rooms at the different end stations of the experiment
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First science campaign performance

Scalar Run from February 2 - 16 

• Laser polarization orthogonal to magnetic field 

• Acquired > 620,000 s of closed shutter data 

• Acquired > 60,000 s of open shutter data 

• Average total coupling: 0.54 

• Average power build up: 6700

Taking a first look
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Pseudo Scalar Run from March 30 - May 6 

• Laser polarization parallel to magnetic field 

• Acquired > 1,060,000 s of closed shutter data 

• Acquired > 130,000 s of open shutter data 

• Average total coupling: 0.49 

• Average power build up: 6500

Taking a first look
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Pseudo Scalar Run from March 29 - May 6 

• Laser polarization parallel to magnetic field 

• Acquired > 1,060,000 s of closed shutter data 

• Acquired > 130,000 s of open shutter data 

• Average total coupling: 0.49 

• Average power build up: 6500

Taking a first look
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Results
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Scalar Run from February 2 - 16 

• Limited by stray light  

• For frequencies < 100 uHz away from signal bin 

• -5 mHz to 5 mHz shown here

Taking a first look
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First science campaign results
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Scalar Run from February 2 - 16 

• Limited by stray light 

• Stray light model fit to data 

• Background:   

• Signal:  

Pγ /Popen = 1.4 × 10−5

Pγ /Popen = 3.5 × 10−5

Taking a first look
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Scalar Run from February 2 - 16 

• Limited by stray light 

• Stray light model fit to data 

• Background:   

• Signal:   

• 95% C.L. exclusion limit:     

•

Pγ /Popen = 1.4 × 10−5

Pγ /Popen = 3.5 × 10−5

gaγγ ≲ 1.5 × 10−9 GeV−1

Taking a first look
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Scalar Run from February 2 - 16 

• Limited by stray light 

• Stray light model fit to data 

• Background:   

• Signal:   

• 95% C.L. exclusion limit:     

•  

• (Scalar signal not expected due to current 
exclusion limits)

Pγ /Popen = 1.4 × 10−5

Pγ /Popen = 3.5 × 10−5

gaγγ ≲ 1.5 × 10−9 GeV−1

Taking a first look
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Pseudo Scalar Run from March 30 - May 6 

• Limited by stray light

Taking a first look
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Pseudo Scalar Run from March 30 - May 6 

• Limited by stray light

Taking a first look
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Pseudo Scalar Run from March 30 - May 6 

• Limited by stray light 

• Stray light model fit to data 

• Background:   

• Signal:  

Pγ /Popen = 0.8 × 10−5

Pγ /Popen = 3.1 × 10−5

Taking a first look
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• Limited by stray light 

• Stray light model fit to data 

• Background:   
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•

Pγ /Popen = 0.8 × 10−5

Pγ /Popen = 3.1 × 10−5

gaγγ ≲ 1.3 × 10−9 GeV−1

Taking a first look

44

First science campaign results

TCOB ≃ 9 × 10−23gaγγ = 2
BL (TCOB

Pγ

Popen )
1/4PRELIMINARY



              |  Results from the ALPS II first science campaign  |  Aaron D. Spector  |  Patras 19  |  Patras, Greece  |  September 17, 2024

Preliminary exclusion limits
A factor of ~50 improvement from ALPS I
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From Ciaran O’Hare: https://cajohare.github.io/AxionLimits/

PRELIMINARY

https://cajohare.github.io/AxionLimits/


Plans



              |  Results from the ALPS II first science campaign  |  Aaron D. Spector  |  Patras 19  |  Patras, Greece  |  September 17, 2024

Next steps
Upgrading the system to increase the sensitivity
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Looking forward 

• Current work: Publish analysis and results from first science campaign 

• Work to be done in the upcoming years: 

• Commissioning/science run with production cavity (target: 2000x beyond ALPS I limit) 

• Commissioning/science run with upgraded cavity optics (target: gaɣɣ > 2×10-11 GeV-1) 

• Future work: 

• Commissioning/science run with optical system for TES detector  

• Vacuum magnetic birefringence search 

• High frequency gravitational wave search 

• Axion dark matter search


