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Light Shining through a Wall Concept

LSW concept 

• High power source directs light through a magnetic field creating a flux 
Axion-like particles through a wall 

• Magnetic field converts Axion-like particles back to photons 

• ALPS II: Optical cavities amplify the conversion-reconversion probability 

• Coupling sensitivity: 2×10-11 GeV-1       Mass: < 0.1 meV

Measuring the conversion-reconversion of Axion-like particles

Laser

Magnet String

Production Cavity (PC) Regeneration Cavity (RC)

Wall

Detector
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ALPS II Sensitivity
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Experimental Infrastructure at DESY
Providing the foundation for ALPS II

Optics Lab 

• Optical subsystems tested in ALPS IIa lab 

• ALPS IIc (100 m cavities) in HERA tunnel 

HERA Infrastructure 

• 5 T superconducting dipole magnets 

• Use existing HERA cryogenic infrastructure 

• 10 have been unbent (need 20) 

• See poster by Dieter Trines
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ALPS II Optical System
A unique set of challenges

Two 100 m optical resonators 

• 30 W amplified NPRO input laser 

• PC: 150 kW circulating power 

• RC: 120,000 finesse 

Challenges 

• Maintenance of dual resonance 

• Maintenance of spatial overlap  

• Light tightness 1 photon / 2 weeks
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ALPS IIa Status
Addressing challenges in the lab
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Cavity Power Buildup 

• 50 kW circulating in 10 m Production Cavity 

• Finesse of ~ 93,000 in 10 m Regeneration Cavity
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ALPS IIa Status
Addressing challenges in the lab

Dual Resonance 

• Length stabilization system meets 
relative stability requirements 
without additional seismic isolation 

• 5 kHz actuation on a 2” mirror 

• Stability ~ 0.5 pm (532 nm) 

• Meas. of EPR changes see 
poster by Dennis Schmelzer 

Spatial Overlap 

• Alignment drift of CBB mirrors 
measured for 2 different mounts 

• Both meet requirements
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ALPS II Detectors
Two independent measurement systems

Transition Edge Sensor 

• Microcalorimeter measures temp. 
change induced by absorbed photon 

• Squid readout 

• New cryostat being installed

Heterodyne detection system 

• AC measurement of interference of 
regenerated field with local oscillator 

• Stable path length between cavities 

• No fundamental background 

• Demonstrated in testbed at UF 

• See poster by Giuseppe Messineo
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ALPS II Timeline

• HERA tunnels and hall currently being cleared 

• Magnet installation will begin before the end of the year 

• Optics installation will begin in the middle of 2019 

• ALPS II data run scheduled 2020

9
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Conclusions

• ALPS II is making progress in the three key areas of the experiment 

• Infrastructure:  

• Clearing of the tunnels 

• Magnet unbending 

• Optics:  

• Development of the cavity systems in ALPS IIa 

• Detection technologies: 

• Demonstration of Heterodyne 

• New cryostat for TES 

• ALPS II data run scheduled 2020
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Thank you!

• This work would not be possible without the support of the DESY infrastructure 
groups.

Questions?
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ALPS II cavities in context
Approaching the state of the art

Aaron Spector  |  International Workshop on “Axion Physics and Dark Matter Cosmology”  |  Osaka, Japan  |  December 20-21, 2017  |  Page    __

Long baseline optical resonators

29

LIGO

squeezed light/ vacuum 
magnetic birefringence 

experiments

plot from LIGO T-1400226-v6

ALPS IIa design sensitivity

ALPS IIc design sensitivity

29

20m Cavity (February 2015)

20m Cavity (September 2015)

ALPS IIa PC (September 2016)
ALPS IIa RC (February 2017)

ALPS IIa RC (September 2017)

Plot from LIGO T-1400226-v6
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Length Stabilization Results
Actuating on a 2” mirror with a 5 kHz bandwidth
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Transition Edge Sensor
Two independent measurement systems

Transition Edge Sensor 

• Microcalorimeter measures temp. 
change induced by absorbed photon 

• Squid readout 

• 7% energy resolution 

superconductive

normal
set point

T

t

R

I

t

t

T
ΔT

C

R (T,I ) Co

Vbias

R L

L 

T    < Tbath C

Vout

τeff

chip
Tbath = 80 mK

TC = 140 mK

,

superconductive

normal
set point

T

t

R

I

t

t

T

ΔT

C

R (T,I ) Co

Vbias

R L

L 

T    < Tbath C

Vout

τeff

ΔT ~ 300 μK

δR ~ 1 Ω

ΔI ~  70 nA

ΔT ~ 300 μK
τ    ~ 1.5 μs

δR ~ 1 Ω

ΔI ~ 70 nA

eff



| ALPS II: Overview and Status Report | Aaron Spector, June 19, 2018 15

Heterodyne Detector 

• Backgrnd. signals: 

• < 1 photon/106 s 

• Meas. signals: 

• ~ 3 photons/100 s

8

to photons per second, increases by a factor of 2 (Eq. 33),
shown as the dashed green line. Since the expectation value
of our data lies on top of the theoretical shot-noise limit af-
ter the second demodulation stage, shot noise is in fact the
dominant noise source in our setup.

This measurement verifies that our system is shot-noise
limited and behaves as expected. Because the measurement
does not cross the 5-sigma threshold, this also shows that
no spurious signals are picked up over the entire 19 day
integration time when Laser 2 was turned o↵.

IV.2. Weak Signal Generation and Detection

In order to demonstrate that a signal is observable using
heterodyne detection, we generate a beat note between the
LO and an ultra-weak sideband of the second laser. We
choose a sideband power equivalent to ⇡ 10�2 photons per
second. Reducing the signal further was not possible in
our current setup as we started to pick up spurious sig-
nals electronically. While this has been observed we want
to stress that the spurious signal vanishes when the EOM
phase modulation is turned o↵. Thus, it is not an artifact
of the second laser field but rather a result of the modula-
tion itself. We assume the issue to be cross-talk between
the function generator driving the EOM and the FPGA
data acquisition and signal processing card. Further work
on generating ultra-weak laser fields without electrical in-
terference is required.

In order to generate a sideband with the specified power,
we first remove the ND filters and set the local oscillator
to P̄LO = 5 mW and L2 to P̄L2 = 6 µW. Both of these
measurements are taken at the photodetector input. The
modulation depth is set to m = 0.0109 by adjusting the
drive amplitude to the EOM. Using Eq. 35, the power in
the 2nd order sideband (k = +2) is calculated to be on
the order of 10�15 W. The ND filters are placed back into
the beam path attenuating the sideband by a factor of 105,
yielding P̄SB,2 = 6.33⇥ 10�21 W. For 1064 nm light, this is
equivalent to 3.39 ⇥ 10�2 photons per second in the side-
band we wish to measure.

The CC beat note between L1 and L2 is set to 30 MHz.
Phase modulation is done by driving the EOM with a sine
wave at 23 MHz + 1.2 Hz. This sets the beat note between
the 2nd order sideband and L1 to be at fsig = 16 MHz
+ 2.4 Hz. With the first demodulation frequency set to
f1 = 16 MHz, the beat note of interest is therefore at 2.4
Hz when the data are written to file. These data are then
imported into MATLAB where the second demodulation
is performed. Finally, we compute Z2(N 0) and scale the
result to photons per second.

The results of this measurement are shown in Fig. 7.
Demodulating at a frequency not equal to any signal fre-
quency demonstrates the expected behavior of noise. This
is shown by the amber curve for which a demodulation 0.1
Hz away from the 2.4 Hz signal was used. In this case,
no coherent signal can accumulate and the only influence
at the demodulation frequency is noise. This matches the
trend of the expectation value of the noise, shown in red.

Demodulating at the signal frequency of 2.4 Hz, shown
in blue, initially behaves as noise. This continues until the

τIntegration time

Signal present at 2.4 Hz
5 sigma detection limit

3.33 x 10-2 photons
per second

Demodulation at exactly 2.4 Hz
Demodulation at 2.4003 Hz

Demodulation 2.5 Hz
Expected value (no signal)

FIG. 7. Shot-noise limited signal measurement scaled to pho-
tons per second. Two demodulation stages are used with a sig-
nal present at 2.4 Hz when the data are written to file. When
second demodulation is at a frequency f2 6= 2.4 Hz, the result
yields the behavior of noise, shown in yellow. The trend of the
expectation value for this level of noise is shown in red. The
5-sigma confidence line is shown in purple. The result when
demodulating at the signal frequency, f2 = 2.4 Hz is shown in
light blue. This curve crosses the 5-sigma line, demonstrating a
confident detection. The level that this flattens out to yields a
rate in the sideband of interest of 3.33⇥ 10�2 photon/s, shown
in dark blue. Demodulating at a frequency 300 µHz away from
the signal, shown in green, highlights the energy resolution of
this detection method.

signal begins to dominate, causing the curve to flatten out
and subsequently cross the 5-sigma threshold. The level at
which this curve flattens out yields a rate for the sideband
of 3.33 ⇥ 10�2 photons/s. The measured photon rate is
within the range of error of 6%. This error arises from both
laser power measurements and modulation depth measure-
ments. The constant level crosses the red expected noise
curve at ⇡ 120 seconds, in agreement with the expected ⌧x.
A 5-sigma confidence detection is made after ⇡ 1800 sec-
onds of integration time, in agreement with the expected
⌧5s. We therefore demonstrate that our experimental setup
is viable for both generating and detecting sub-photon per
second level signals using optical heterodyne interferome-
try.

Demodulation 300 µHz away from the signal demon-
strates the importance of maintaining phase coherence
throughout the entire measurement. In this case, shown
in green, the demodulation waveform drifts in and out of
phase with the signal. When this happens, the integrated
I and Q values begin to oscillate with the di↵erence fre-
quency (fsig � fd). This causes Z2(N 0) to fall o↵ as a sinc
function, preventing it from crossing the 5-sigma threshold.

V. CONCLUSION

These measurements demonstrate that heterodyne inter-
ferometry can be applied as a single photon detector. It
however requires that the demodulation waveform main-
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ALPS IIa Status
Addressing challenges in the lab

Dual Resonance 

• Length stabilization system meets 
relative stability requirements 
without additional seismic isolation 

• 5 kHz actuation on a 2” mirror 

• Stability ~ 0.5 pm (532 nm) 

• Measurements of EPR See 
poster by Dennis Schmelzer on 
effective point of reflection 
changes
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Demonstration of the length stability
requirements for ALPS II with a high
finesse 10m cavity

Jan H. Põld,1,* and Aaron D. Spector1

1Deutsches Elektronen-Synchrotron (DESY), Notkestraße 85, D-22607 Hamburg, Ger-
many
*jan.pold@desy.de

Light-shining-through-a-wall experiments represent a new experimental approach to
search for undiscovered elementary particles not accessible with accelerator based
experiments. The next generation of these experiments, such as ALPS II, require
high finesse, long baseline optical cavities with fast length control. In this paper
we report on a length stabilization control loop used to keep a cavity resonant with
light at a wavelength of 532 nm. It achieves a unity-gain-frequency of 4 kHz and
actuates on a mirror with a diameter of 50.8mm. This length control system was
implemented on a 10m cavity and its projected performance meets the ALPS II
requirements. The finesse of this cavity was measured to be 93,800±500 for 1064 nm
light, a value which is close to the design requirements for the ALPS II regeneration
cavity.

1 Introduction

Axion-like particles [1] represent an extension to the standard model of particle physics
that could explain a number of astrophysical phenomena including the transparency of
the universe for highly energetic photons [2] as well as excesses in stellar cooling [3].
These particles are characterized by their low mass, m < 1meV, and weak coupling to
two photons, g < 10�10 GeV�1. The most prominent axion-like particle is the axion
itself which is predicted to preserve the so called CP conservation of QCD [4]. Axions
and axion-like particles are also excellent candidates to explain the dark matter in our
universe.
Light shining through a wall experiments attempt to measure the interaction between

axion-like particles and photons by shining a laser through a strong magnetic field at
an optical barrier. This will generate a flux of axion-like particles traveling through the

1
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