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Axion-like particles (ALPs)

• Pseudo-scalar bosons predicted by Beyond Standard Model Theories.

• Very weak interaction, makes it a good candidate for dark matter.

• The main mechanism for detection is the Primakoff-like Sikivie effect.
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Helioscopes & Haloscopes Light Shining through a Wall (LSW)

| The TES detector of the ALPS II experiment| José Alejandro Rubiera Gimeno, 21-25.02.2022



[1] A. V. Sokolov and A. Ringwald, “Photophilic hadronic axion from heavy magneticmonopoles,” [arXiv:2104.02574 [hep-ph]].

TeV Transparency
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• LSW approach has the advantage of not being

model-dependent.

• The proposed region of exploration in parameter

space is motivated by hints given by

astrophysical anomalies such as stellar evolution

and the TeV transparency of photons.

• ALPS II aims for the best sensitivity among LSW

experiments.

• A new axion model was proposed at [1]. CERN

Axion Solar Telescope (CAST, helioscope

approach) has excluded the 𝑔𝑎𝛾 > 0.6 ∙

10−10𝐺𝑒𝑉−1 region of parameter space, but

ALPS II will be able to probe lower values.

New QCD axion

ALPs mass

ALPs decay constant

ALPs-photon coupling
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Any Light Particle Search II (ALPS II)

ALPS II will produce a rate in the order of 1 reconverted photon per day
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- Light from a 1064 nm laser will be converted to ALPs inside a production cavity,

through the interaction with a 5.3 T magnetic field generated by the dipole

magnets from the former Hadron-Elektron-Ring-Anlage (HERA) experiment with

a total length of 105.6 m.

- These ALPs will travel through a light-tight wall.

- By interacting with the magnetic field inside a second cavity (regeneration

cavity) mode-matched to the production cavity, they will be reconverted to

1064nm photons.

This scheme will improve the sensitivity on the coupling constant by

103 compared to ALPS I.
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Power built-up in production cavity, ℱ𝑃𝐶 = 5000
Power built-up in regeneration cavity, ℱ𝑅𝐶 = 16000
Expected coupling according to astrophysical motivations, 
𝑔𝑎𝛾𝛾 = 0.2 ∙ 10−10𝐺𝑒𝑉−1

Magnetic field strength, 𝐵 = 5.3 𝑇
Magnetic length, 𝑙 = 105.6 𝑚

Probability of photon-ALP-photon 
conversion, 𝑃𝛾→ 𝑎 →𝛾 = 8 ∙ 10−26

Power of 1064nm-laser, 𝑃1064𝑛𝑚 = 30𝑊
Power supplied to the detector, 𝑃𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 ~ 2 ∙ 10−24 𝑊
Rate of reconverted photons, 𝑅 ~ 10−5𝛾/𝑠
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Single photon detector

Requirements:
- Sensibility to very low rates (1-2 photons a day).

- Low energy photon detection (1064 nm equivalent to 1.16 eV).

- Low background rate: < 7.7 ∙ 10−6cps ~ 1 photon (1064nm − like) every 2 days.

- High detection efficiency.

- Long term stability (~20 𝑑𝑎𝑦𝑠).
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The Transition Edge Sensor (TES) could meet these requirements.
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Transition Edge Sensor (TES)

A tungsten microchip (25𝜇𝑚 × 25𝜇𝑚 × 20𝑛𝑚) is operated at its superconducting 
transition region (~140 𝑚𝐾) which is connected to a thermal link

A single photon heats the TES. In our case a 1064𝑛𝑚 photon (E ≈ 1.16𝑒𝑉) 
increases the temperature of the TES by ~100 𝜇𝐾

Readout electronics in the lab at room temperature

Produces an increase in the TES resistance (~6.6 Ω)

Change in the current circulating through a voltage-biased circuit

Conversion to voltage using a SQUID readout
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Transition Edge Sensor (TES)

Schematic adapted from Katharina-Sophie Isleif.
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Efficiency measurement setup

A high detection efficiency is required.

• Light from a 1064nm laser propagates in an optical

fiber and passes through several stages of

attenuation.

• The resulting power splits towards a calibrated

photodiode (reference) and towards another stage

of attenuation which is connected to the TES.

• The attenuation power is measured in every stage.

• Single photons reach the TES and are counted.

The counts are converted to power and compared

with reference. [2]

Setup is done. Further improvement and measurements 
in progress, expected efficiency around 80%. [2] Setup adapted from Marco Schmidt et al., "Photon-number-resolving transition-edge sensors for the metrology of photonic microstructures

based on semiconductor quantum dots," Proc. SPIE 10933, Advances in Photonics of Quantum Computing, Memory, and Communication XII,
1093305 (4 March 2019); https://doi.org/10.1117/12.2514086
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Transition Edge Sensor (TES)

Schematic adapted from Katharina-Sophie Isleif. 8

Linearity measurement setup

Measures the response of the TES to photons at

different wavelengths.

• Filtered light (certain wavelength) from a Tungsten-

Halogen source propagates in an optical fiber and

splits towards a spectrometer (reference) and

towards a stage of attenuation which is connected

to the TES.

• Single photons reach the TES and are analyzed

fitting the signal from the DAQ to a modelling

function. The integral of the fitting function is

proportional to the energy of the photon.

• The ratios between different wavelengths are

determined for the TES and the spectrometer.

• The comparison of the TES results with the

spectrometer allows to evaluate its linear behavior.

White light source 

(Tungsten-Halogen)

Spectrometer
Filters for different 

wavelengths

Setup is done. Measurements are in progress.
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Photon arrival

Return to
working state
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Analysis of TES pulses
• A single photon produces a characteristic signal in the TES in a

time interval. It is determined by a sudden decrease of the voltage

at the moment the photon arrives and the slow return to the

working state.

• The signal is well described using a phenomenological approach

with the function:

• The parameters 𝐴, 𝜏𝑟𝑖𝑠𝑒 and 𝜏𝑑𝑒𝑐𝑎𝑦 define the shape of the pulse

and are related to its amplitude, rise time and decay time

respectively.

• The parameters 𝑡0 and 𝑉0 correspond to the position of the pulse

in the time window and the voltage offset.

Rise component Decay component

𝑓 𝑡 = −
2𝐴

exp −
1

𝜏𝑟𝑖𝑠𝑒
𝑡 − 𝑡0 + exp

1
𝜏𝑑𝑒𝑐𝑎𝑦

𝑡 − 𝑡0

+ 𝑉0
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Analysis of TES pulses

- The pulse integral is proportional to the energy of the arriving

photon.

- The energy resolution in our system is calculated as the ratio

between the values 𝜎 and 𝜇 of a fitted Gaussian function to

the distribution of measured energies.

Electronic Noise

Energy Resolution
(10.75 ± 0.14)%

𝐸 ∝ න

𝑡1

𝑡2

𝑓 𝑡 − 𝑉0 𝑑𝑡

- The energy resolution could be the

result of how the photon is absorbed

in the TES or

could be influenced by the

electronic noise.
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Simulation of electronic noise
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- An ideal pulse (from Small Signal theory, which describes the TES response theoretically) with fixed
parameters is generated.

- The electronic noise is simulated by combining Brownian noise, white noise, and 200 kHz harmonics
with random phase. The parameters are tuned so the Fourier transformation of noise extracted from
measurements and simulations matches.

- The TES signal is simulated superposing both components.

Pulse parameters correspond to:
Working Point: 0.3 𝑅𝑛
Gain Bandwidth Product: 1.5 𝐺𝐻𝑧
𝑅𝑛 : TES normal conducting resistance

Measured noise corresponds to:
Working Point: 0.3 𝑅𝑛
Gain Bandwidth Product: 1.5 𝐺𝐻𝑧
𝑅𝑛 : TES normal conducting resistance
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Data Analysis:
Energy Resolution
(10.75 ± 0.14)%

Simulation:
Energy Resolution 
(10.22 ± 0.13)%

=
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Simulation of electronic noise

- The superposition of an ideal pulse and simulated noise can
reproduce the data.

- The simulation of TES pulses is capable of obtaining the energy
resolution.

- A tuned simulation allows studying other phenomena such as
pileups and DAQ trigger efficiency.

Energy resolution can be explained by the electronic noise.

Simulated 
pulse
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Background modelling
For our system, we group the backgrounds according to the condition where they are measured:

• Intrinsics measurement: The fiber is not connected to the TES. The TES is protected from the exterior
environment by the walls of the cryostat. In this condition, the measured rate of events is in the order of
10−2 𝑐𝑝𝑠 (can be reduced with analysis to meet ALPS II requirements [3]). Cosmic rays and radioactivity are
proposed as possible background sources.

• Extrinsics measurement: The fiber, with one of the ends in the dark, is connected to the TES. The TES is protected
from the exterior environment by the walls of the cryostat. In this case, the main contributors to the background
are Black Body photons which appear as single photon events and pile-up events.

- The simulation of the TES system using Geant4 is in progress.
The TES geometry is fully implemented.

- Different elements of the cryostat are added to the geometry.
- The necessary complexity to be simulated is under evaluation.
- Muons are studied as the main cosmic rays contributor.
- Radioactivity will be studied at a later point.

Example of Geant4 simulation.
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[3] Rikhav Shah, Katharina-Sophie Isleif, Friederike Januschek, Axel Lindner and Matthias Schott, “TES Detector for ALPS II”, Proceedings of The European Physical Society 
Conference on High Energy Physics, Volume 398, Page 801, (2022); https://doi.org/10.22323/1.398.0801
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• The setup and workflow to obtain the TES efficiency and linearity were
described. First measurements and optimization are in progress.

• The analysis of TES pulses was presented.

• An independent and full simulation of the TES detector is being
implemented with Geant4.

• The TES signal is simulated by recreating the Fourier Transformation of the
electronic noise and adding it to an ideal pulse with fixed parameters.

• The simulation of electronic noise allows explaining the calculated energy
resolution from data.

Summary

Thank you!
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