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Transition Edge Sensors (TES) are superconducting microcalorimeters that can be used for single-

photon detection with extremely low backgrounds. When they are within their superconducting

transition region, small temperature fluctuations - like the energy deposited by single photons - lead

to large resistance variations. These variations can be measured using Superconducting Quantum

Interference Devices (SQUIDs). This technology is planned to be used as a single-photon detector

for later runs of the ALPS II experiment, a light-shining-through-walls experiment at DESY

Hamburg, searching for Axion-Like Particles (ALPs), which are possible Dark Matter (DM)

candidates. Due to the very low dark count rates in our setup, our TES system might be viable for

direct DM searches at sub-MeV masses through electron-scattering of DM in the superconducting

chip, as well. Simulations concerning background rejection and calibration methods demonstrate

the needed sub-eV sensitivity already.
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1. Dark Matter searches with TES

Many direct Dark Matter (DM) experiments focus on the search for WIMPs (Weakly Interacting

Massive Particles) exploiting DM scattering on heavy nuclei and measuring their recoil energy [1].

However, WIMPs have not been found so far and experiments will reach the neutrino fog soon [2, 3],

which might exhaust these approaches in the near future. To explore different parameter spaces at

lower masses DM-electron scattering can be explored, which poses an alternative to the scattering

off of nucleons. When using the rule of thumb from Ref. [4], one finds a relation between the

mass of the projectile DM particle and the transferred energy in electron-scattering experiments.

Correspondingly, a possible avenue for DM-electron scattering are superconducting targets with

sub-eV sensitivity. These would be able to probe sub-MeV DM masses, including well-motivated

DM models as well [5].

In this work, we explore the possibility of using a Transition Edge Sensor (TES) for sub-MeV

DM detection using DM-electron scattering. This could be proof-of-principle for new types of DM

detectors. For this purpose, we propose to use the TES setup of the ALPS II (Any Light Particle

Search) experiment, equipped with TES sensors provided by NIST (USA) and SQUIDs provided

by PTB (Germany).

The concept of directly searching for DM with superconductors has already been shown with

SNSPDs (Superconducting Nanowire Single Photon Detectors) [4, 6]. Similarly, TES could be

used as a simultaneous target and readout for impinging DM particles. SNSPDs function like

Geiger counters, where nearly no information from the initial energy deposition is preserved.

The only particle parameter that can be derived from an SNSPD signal, is the energy surpassing

the device’s threshold for breaking Cooper pairs. When using TES for the same purpose, more

information is preserved since the whole pulse shape of a triggered signal is stored and subsequently

analyzed. Furthermore, TES might even be able to measure DM signals at lower energy thresholds

in comparison to SNSPDs [7].

The tungsten TES setup that will be used in later runs of the ALPS II experiment, aims to detect

single photons from (Axion-Like-Particle) ALP-photon oscillations of a rate of down to 10−5 s−1

[8, 9]. For this setup, routine intrinsic measurements are conducted to explore the background

for the ALPS II measurements. These intrinsic background measurements are carried out without

any optical fibers connected, such that the TES is isolated inside of a cryostat. Therefore, these

measurements are suitable for direct DM searches as well. Figure 1 shows a comparison of the

expected performance of our TES setup (based on previous intrinsic measurements) with the SNSPD

results from [6].

Generally, TES measure single-photon pulses by keeping the biased superconducting chip at

a transition temperature between the superconducting and normal conducting state (140 mK in

this case). When a single photon hits the TES, the absorbed energy leads to a slight increase in

temperature, which results in a relatively large resistance increase. Through the coupling of the

TES chip to SQUIDs (Superconducting Quantum Interference Devices) this change is read out and

finally translated to a voltage pulse. The resulting pulse shape of the signal, like the rise and decay

time of the pulse, is primarily dependent on the TES circuit [10]. Other parameters like the pulse

height or pulse integral vary depending on the energy deposited in the interaction [10]. These

parameters are determined by fitting a pulse shape function for 1.165 eV signals (see Ref.[11]).
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