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In the past few years, many mesoscale systems have been proposed as possible detectors of sub-GeV
dark matter particles. In this work, we point out the feasibility of probing dark matter-nucleon
scattering cross section using superconductor-based quantum devices with meV-scale energy
threshold. We compute new limits on spin-independent dark matter scattering cross section using
the existing power measurement data from three different experiments for MeV to 10 GeV mass.
We derive the limits for both halo and thermalized dark matter populations.
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1. Introduction

Low energy threshold devices have heralded a new era in the search for light dark matter
(DM). The availability of mesoscale devices based on superconductors, such as transition edge
sensor, microwave kinetic inductance detector etc. enable us detect small ≲ O(100) meV energy
depositions that can arise from sub-MeV DM scattering. Moreover, today’s quantum devices can
measure very small amounts of power deposition in the form of quasiparticle excitations from Cooper
pair breaking in superconductors. Since the typical binding energy of a Cooper pair is ≲ 1 meV,
these devices have sensitivity to very low energy as they can detect even single quasiparticle.
In Ref. [1], we showed using the data from existing experiments that we can probe DM-nuclear
scattering cross sections down to ∼ 10−29 cm2 for GeV-mass halo DM.

In some DM theories where it interacts relatively strongly with the ordinary matter, it is possible
for DM to get captured inside the earth. This capture process builds up a thermalized population
of DM that can have orders of magnitude larger number density than the halo population [2–10].
However, this thermalized population will have the local ordinary matter temperature of roughly
300 K, or equivalently, ∼ 10 meV energy. Therefore, meV-threshold devices are needed to probe
this captured/thermalized DM too.

2. Scattering Rate & Detection Mechanism

We only consider scattering between DM and the nucleus of the detector material which will
be aluminum (Al) and silicon (Si). We follow Ref. [11] to compute the energy deposition through
single and multiphonon excitation from scattering.

Γ =
𝜋𝜎𝜒𝑁𝑛𝜒

𝜌𝑇𝜇
2

∫
𝑑3𝑣 𝑓𝜒 (𝒗)

∫
𝑑3𝑞

(2𝜋)3 𝐹
2
med(𝑞)𝑆(𝒒, 𝜔𝒒) (1)

Here, 𝑓𝜒 (𝒗) is the Maxwellian DM velocity distribution, 𝜌𝑇 is the target material density, 𝜎𝜒𝑁 is
the DM-nucleon scattering cross section, 𝜇 is the reduced mass of the DM-nucleon pair, 𝐹med(𝑞) is
a form factor that depends on the mediator mass, and 𝑆(𝒒, 𝜔𝒒) is the dynamic structure factor that
encodes the detector response to DM scattering which we compute analytically. We use the public
code DarkELF with appropriate modifications for the thermalized DM parameters and the detector
crystal structure [11]. The power injected from DM scattering is computed as follows,

𝑃DM = 𝜖

∫
𝑑𝜔 𝜔

𝑑Γ

𝑑𝜔
, (2)

where 𝜖 is an efficiency factor. To calculate the quasiparticle generation rate in Al, we simply divide
Eq.(2) by the Cooper pair binding energy Δ = 0.34 meV.

3. Experimental Data

In our work Ref. [1], we used three different experiments to constrain spin-independent DM-
nucleon scattering cross section.

Low Quasiparticle Background Devices: Ref. [12] performed an experiment to test how low the
quasiparticle background can be in an Al superconducting island. They monitored the quasiparticle
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Figure 1: New limits on spin-independent DM-nucleon scattering cross section from Ref. [1]. We show
the halo DM limits from excess quasiparticle production measurements (orange) and SuperCDMS-CPD
(magenta). The blue-shaded region is the new constraint on the thermalized DM population. The gray-
shaded regions are already excluded by other laboratory experiments and astrophysical observations.

density on the island and found a value 0.013 𝜇m−3. We converted this quasiparticle density into a
power density 𝑃 = 6 × 10−25 W𝜇m−3 which we compare with the DM-injected power density.

Low Noise Bolomters: In Ref. [13], the authors developed a single photon detector with
superconducting Al. They used a quantum capacitance device to detect the photon-produced
electrons. In the absence of any external source, their device measured an excess power of 𝑃 =

4 × 10−20 W𝜇m−3 which we used in our work.
SuperCDMS Dark Matter Detector: SuperCDMS-CPD is a conventional DM direct detection

experiment that used a 10.6 g Si block as the absorber material [14]. In their experimental run, they
measured an excess power 18 pW in the Si. This translates to a power density 10−24 W𝜇m−3.

4. Results & Discussion

The main results of this work are shown in Fig. 1. The strongest bound is obtained from the
low quasiparticle background experiment (orange) which reaches below 𝜎𝜒𝑁 ≃ 10−29 cm2 around
1 GeV DM mass. This is followed by the limit from the SuperCDMS-CPD experiment (magenta).
The blue region in Fig. 1 shows the constraints for the thermalized DM. In this case, all three
experimental limits overlap and are limited by the evaporation of lighter DM. The bounds from the
other laboratory experiments and astrophysical observations are shown in gray. Even though the
new limits overlap with other existing constraints, they are subject to improve in future with more
dedicated experiments. We do not show any ceiling for our new limits as these experiments are all
surface-run and the halo DM would still be present for the largest scattering cross section shown
here. This work adds a qualitatively new direction in the DM direct detection experiments and
demonstrates the potential of using mesoscopic quantum devices for DM search. This will inspire
more future works to study and better understand the quasiparticle generation process, and other
systematics in these experiments which is essential to claim any future discovery.
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