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[Griest & Kamionkowski, PRL, 1990]

DM with  would 
be overproduced in the early 
Universe (“Unitarity Bound”)

m ≳ 100 TeV

Allowed to reach equilibrium at 
some point in the early Universe, 
with the possibility of producing 

the correct relic abundance 
(“Thermal” DM)

DM with  will be 
relativistic during Big Bang 

Nucleosynthesis (BBN), spoiling 
the yields of light elements

m ≲ MeV

[E.g. Sabti et al., 1910.01649]
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Why Light DM?

[Inspired by slides from Gordon Krnjaic]

Here by “light”, we mean “sub-GeV”…

Ultralight  
(Wavelike) DM

Macroscopic 
DM
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1019 GeV

*There are caveats, especially for more complicated Dark Sectors

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.64.615
https://arxiv.org/abs/1910.01649
https://indico.ifca.es/event/1199/contributions/9557/


3

WIMP Landscape
[APPEC, arXiv:2104.07634]
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https://arxiv.org/abs/2104.07634
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Avenues:
• Lower Energy Thresholds 

• New models/interactions/
signatures (beyond DM-
proton)

https://arxiv.org/abs/2104.07634
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Overview

DAMIC-M/OSCURA

Links to recent papers/presentations provided.  
See also relevant MultiDark Talks!

TREX-DM

SuperCDMS MIGDAL

QS4DM - 
Phonon Detector R&D



TREX-DM
TPC for Rare Event eXperiments - Dark Matter 
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Detector with very low energy threshold (<1 keVee), and light 
elements as targets to probe sub-GeV DM-nucleon scattering 

Recent talk: Theopisti Dafni (Sep 2024) 
Recent paper: arXiv:2312.12622 
Comparable experiment: NEWS-G

High pressure gas TPC (20 L up to 10 bar) installed at Canfranc 
Underground Laboratory (LSC)

Possibility to change target gases: 
• Atmospheric Ar + 1% iC4H10 (2018 data-taking) 
• Ne + 2% iC4H10 (2019-2022 data-taking)

Allows low energy threshold with good energy resolution 
(minimum threshold of 900 eVee achieved in 2022, depending on 
stability and gain of Micromegas readout)

Read-out ionisation due to nuclear recoils using microbulk 
Micromegas (not focused on directionality). 

[TREX-DM, 1910.13957]

https://agenda.infn.it/event/40078/contributions/240691/attachments/125586/185189/TDAFNI_trexDM.pdf
https://arxiv.org/abs/2312.12622
https://www.snolab.ca/experiment/news-g/
https://arxiv.org/abs/1910.13957


Spanish Contribution 
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TREX-DM
TPC for Rare Event eXperiments - Dark Matter 

Project of CAPA/University of Zaragoza. Proof of concept 
operated at University of Zaragoze before being installed at 
LSC in 2018.

Aug 2023 - present: Data-taking for comparison 
with 2019-2022 campaign. 

Plans to reduce threshold down to ~50 eVee, with 
a pre-amplification stage (GEM) on top of the 
Micromegas

2019 - 2022: Data-taking at LSC with Ar & Ne (4 
bar)

Sep 2022 - July 2023: Relocation and 
commissioning in LAB2500 at LSC

Background levels initially dominated by 222Rn 
contamination. Reduced down to  dru* 𝒪(100)

*1 dru = 1 event/kg/keV/day

[TREX-DM, 2312.12622]

https://arxiv.org/pdf/2312.12622


Spanish Contribution 
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DAMIC-M
DArk Matter In CCDs at Modane 
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Recent talk: Danielle Norcini (Jul 2024) 
See also Nuria Castello’s talk on Thursday. 
Comparable experiments: SENSEI

Array of 208 thick (675um), massive (~3.5g), 9 Mpixel Silicon 
CCDs for kg-scale mass

Array of Charge Coupled Devices (CCDs) planned to be 
installed at Laboratoire Souterrain de Modane (LSM), building 
on success of the DAMIC program at SNOLAB

CCDs act as ionisation detectors with “skipper” amplifier 
readout for single electron energy resolution (sub-eV) and self-
calibration

Will provide sensitivity to sub-GeV DM-nucleus scattering as 
well as MeV-scale DM-electron scattering!

[Essig et al., 1108.5383, 1509.01598]

[DAMIC-M, 2001.01476]

DM
e−

https://agenda.infn.it/event/39713/contributions/232194/attachments/123551/181235/240710_damicm_lbc.pdf
https://indico.ifca.es/event/3186/contributions/15757/
https://sensei-skipper.github.io
https://arxiv.org/abs/1108.5383
https://arxiv.org/abs/1509.01598
https://arxiv.org/abs/2001.01476


Since Feb 2022: Operation of the Low-background 
chamber (LBC) at Modane (Prototype of 2 skipper 
CCDs, ~17g target mass)

DAMIC-M
DArk Matter In CCDs at Modane 
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Spanish Contribution Future: Planned scale up to OSCURA, with a total 
exposure of 30 kg-yr (conceptual design phase to 
end in 2024)

[OSCURA, 2202.10518]

[DAMIC-M, 2302.02372, 2307.07251]

[DAMIC-M, 2407.17872]

Heavy Mediator

May - Nov 2022: Science runs for DM-electron 
analysis (85 g-days) and daily modulation search 
(40 g-days)

Present: Testing and packaging of production 
CCDs, aiming for the DAMIC-M detector to be 
online in 2025

BJK, Nuria Castello, Rocio Vilar and 
group at IFCA involved in background 

studies; data analysis & signal modelling; 
DQM; commissioning and construction.

https://arxiv.org/abs/2202.10518
https://arxiv.org/abs/2302.02372
https://arxiv.org/abs/2307.07251
https://arxiv.org/abs/2407.17872


Since Feb 2022: Operation of the Low-background 
chamber (LBC) at Modane (Prototype of 2 skipper 
CCDs, ~17g target mass)

DAMIC-M
DArk Matter In CCDs at Modane 
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Spanish Contribution Future: Planned scale up to OSCURA, with a total 
exposure of 30 kg-yr (conceptual design phase to 
end in 2024)

[OSCURA, 2202.10518]

[DAMIC-M, 2302.02372, 2307.07251]

[DAMIC-M, 2407.17872]

Heavy Mediator

[DAMIC-M, 2210.12070]

Heavy Mediator

May - Nov 2022: Science runs for DM-electron 
analysis (85 g-days) and daily modulation search 
(40 g-days)

Present: Testing and packaging of production 
CCDs, aiming for the DAMIC-M detector to be 
online in 2025

BJK, Nuria Castello, Rocio Vilar and 
group at IFCA involved in background 

studies; data analysis & signal modelling; 
DQM; commissioning and construction.

https://arxiv.org/abs/2202.10518
https://arxiv.org/abs/2302.02372
https://arxiv.org/abs/2307.07251
https://arxiv.org/abs/2407.17872
https://arxiv.org/abs/2210.12070


2 towers of iZIP detectors: 
Low-background ionization + phonon 
sensors (allows ER/NR discrimination) 

for nuclear-recoil searches
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SuperCDMS
Super Cryogenic Dark Matter Search 

Recent talk: Stefan Zatschler (Aug 2024) 
See also Rafael López’s talk on Thursday

Cryogenic calorimeters (~10-15 mK)  operated at SNOLAB, Canada. Successor to the CDMS program. 

Plan to operate 24 detectors (18 Ge and 6 Si) across 4 towers: [SuperCDMS, 2203.08463]

HV detectors can achieve a threshold as low as 0.1 keV (4 eVee ), due to production of Luke-Neganov phonons 
in high voltage. Multiple targets and detectors: aim for a broadband search over eV - GeV DM masses.

2 towers of HV detectors: 
Phonon sensor combined with high 

voltage provides low energy threshold 
for electron-recoil searches

https://indico.triumf.ca/event/521/contributions/5991/attachments/4155/5779/Stefan%20Zatschler%20-%20GUINEAPIG%202024.pdf
https://indico.ifca.es/event/3186/contributions/15753/
https://arxiv.org/abs/2203.08463
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Spanish Contribution 
David Cerdeño, Elias Lopez, David 

Alonso, Rafa Lopez at IFT/UAM, with 
contributions to software; event 

reconstruction; and remote operation/
construction shifts.

SuperCDMS
Super Cryogenic Dark Matter Search 

Feb - Jan 2021: Underground run of 4 SuperCDMS 
HVeV detector (7.63 g-days)

[SuperCDMS, 2407.08085]

2017 - 2019: Surface runs of prototype HVeV 
detectors (gram-scale, with eV resolution)

[SuperCDMS, 1804.10697, 2005.14067]

[SuperCDMS, 2407.08085]

[SuperCDMS, 2203.08463]

Expect to improve current DM-e limits at 10 MeV 
by ~ 4 orders of magnitude, and to reach down 
to DM masses of 0.5 GeV in nuclear recoils

Current: Detector installation is underway at 
SNOLAB

2025+: Commissioning and operation

https://arxiv.org/abs/2407.08085
https://arxiv.org/abs/1804.10697
https://arxiv.org/abs/2005.14067
https://arxiv.org/abs/2407.08085
https://arxiv.org/abs/2203.08463
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Spanish Contribution 
David Cerdeño, Elias Lopez, David 

Alonso, Rafa Lopez at IFT/UAM, with 
contributions to software; event 

reconstruction; and remote operation/
construction shifts.
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https://arxiv.org/abs/2203.08463
https://arxiv.org/abs/2203.08463


10

Spanish Contribution 
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2025+: Commissioning and operation
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[SuperCDMS, 2203.08463]

https://arxiv.org/abs/2407.08085
https://arxiv.org/abs/1804.10697
https://arxiv.org/abs/2005.14067
https://arxiv.org/abs/2407.08085
https://arxiv.org/abs/2203.08463
https://arxiv.org/abs/2203.08463
https://arxiv.org/abs/2203.08463
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Migdal Effect
Look for the possible ionisation of an electron after a DM-

nucleus interaction - “Migdal Effect”

ER,max =
2µ2

Nv2
max

mN
, EEM,max =

µNv2
max

2
<latexit sha1_base64="ehW/WUtwMBEd9l2/Njq4sUfIsZg="></latexit>

Energy deposited in nuclear recoil and 
electromagnetic energy from ionisation:

[Migdal (1939, 1941); Ibe et al., 1707.07258; 
Dolan et al., 1711.09906; Cox et al., 2208.12222]

Not yet recorded in 
 nuclear scattering!

[SuperCDMS, 2302.09115]

Inelastic interaction allows for larger energy 
deposit, and so sensitivity to lower masses!

https://arxiv.org/abs/1707.07258
https://arxiv.org/abs/1711.09906
https://arxiv.org/abs/2208.12222
https://arxiv.org/abs/2302.09115
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MIGDAL
Migdal In Galactic Dark mAtter expLoration 

Recent talk: Tim Marley (Jul 2024) 
See also Elias Lopez’s talk on Thursday

[Araújo et al., arXiv:2207.08284]

Low-pressure gas TPC, installed at the 
Rutherford Appleton Laboratory, UK 

High-yield neutron source (2.46 MeV, )109n/s

Look for characteristic Migdal topology: 
NR+ER tracks with a common vertex

TPC filled with 50 Torr of CF4 (but can add a 
fraction of Ar/Xe relevant for DM searches)

3D track readout in optical (camera + PMT) 
and with charge (ITO anode)

https://migdal.pp.rl.ac.uk/media/IDM_2024_MIGDAL_Tim_Marley.pdf
https://indico.ifca.es/event/3186/contributions/15758/
https://arxiv.org/abs/2207.08284
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Spanish Contribution 

Elias Lopez and lab at IFT/UAM, 
especially contributions to design and 
development of the MIGDAL upgrade.

MIGDAL
Migdal In Galactic Dark mAtter expLoration 

Data analysis of the two science runs is 
ongoing: 

• SR1: 17/07/23 – 03/08/23 
• SR2: 15/01/24 – 06/02/24

[2406.07538]

Main background is compton scatters of -rays 
from neutron inelastic scattering, creating events 

with NR + ER

γ

Camera exposure time (8.33 ms) -> 
small amount of pileup (can be rejected 

with ITO, with 2ns timing resolution)
~20 million frames! Use CNN to identify 
NR + ER signals in camera exposures MIGDAL upgrade in progress!

Higher resolution digitizer, higher 
resolution ITO anode, additional 

amplification stage, reflection reduction 

https://arxiv.org/abs/2406.07538%5D
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Low Mass Landscape
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Sub-MeV may be explored with 
future phonon detectors (new 

Quantum Sensor R&D)

Future projections for light DM…



QS4DM
Quantum Sensors for Dark Matter Searches

15

[Raya-Moreno et al., 2311.11930]

For sufficiently light DM,                                            
<latexit sha1_base64="UJyHSi4m7fQEtGZ7dny47hfJfvI=">AAACHnicbZDLSsNAFIYnXmu9RV26GSyCCymJ1MvCRUEXboQq9gJNCJPppB06k8SZiVJCn8SNr+LGhSKCK30bJ20EbT0w8PN/5zDn/H7MqFSW9WXMzM7NLywWlorLK6tr6+bGZkNGicCkjiMWiZaPJGE0JHVFFSOtWBDEfUaafv8s4807IiSNwhs1iInLUTekAcVIacszD7nn4B6Fp9B29h2OVE/w9JI0htC5pt2eQkJE9/BW8x/Y19AzS1bZGhWcFnYuSiCvmmd+OJ0IJ5yECjMkZdu2YuWmSCiKGRkWnUSSGOE+6pK2liHiRLrp6Lwh3NVOBwaR0C9UcOT+nkgRl3LAfd2Z7SgnWWb+x9qJCk7clIZxokiIxx8FCYMqgllWsEMFwYoNtEBYUL0rxD0kEFY60aIOwZ48eVo0Dsr2UblyVSlVz/M4CmAb7IA9YINjUAUXoAbqAIMH8ARewKvxaDwbb8b7uHXGyGe2wJ8yPr8BKeyh8w==</latexit>

m� < 1MeV ) q < keV

DM interaction may not be ‘point-like’. Can 
scatter off excitations in the lattice i.e. phonons

The phonon band gap can be very small (e.g. ~10s of meV), 
meaning you could probe very light DM (< MeV).

<latexit sha1_base64="8SCnUVc4V3kT5CHCh9qt/UkU+1Y=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXNVEirosunFZwV6gKWUyPWmHziRxZiKUkLdw46u4caGIW935Nk7aCtr6w8DPd85hzvn9mDOlHefLKiwtr6yuFddLG5tb2zv27l5TRYmk0KARj2TbJwo4C6GhmebQjiUQ4XNo+aOrvN66B6lYFN7qcQxdQQYhCxgl2qCeXbnDHgelFBPYE0QPpUhH0MywlxP3hPR+KAXOs55ddirORHjRuDNTRjPVe/an149oIiDUlBOlOq4T625KpGaUQ1byEgUxoSMygI6xIRGguunkrgwfGdLHQSTNCzWe0N8TKRFKjYVvOvMl1Xwth//VOokOLropC+NEQ0inHwUJxzrCeUi4zyRQzcfGECqZ2RXTIZGEahNlyYTgzp+8aJqnFfesUr2plmuXsziK6AAdomPkonNUQ9eojhqIogf0hF7Qq/VoPVtv1vu0tWDNZvbRH1kf31t8oBI=</latexit>

q . keV ⇠ 1/acell<latexit sha1_base64="g5GA4evTVfZ+h5C3UmMPthK7DT4=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqMiLosunFZwT6gHYZMmrahSWZIMkId+iVuXCji1k9x59+YaWehrQcCh3Pu5Z6cKOFMG8/7dkpr6xubW+Xtys7u3n7VPThs6zhVhLZIzGPVjbCmnEnaMsxw2k0UxSLitBNNbnO/80iVZrF8MNOEBgKPJBsygo2VQreKw77AZqxERijns9CteXVvDrRK/ILUoEAzdL/6g5ikgkpDONa653uJCTKsDCOczir9VNMEkwke0Z6lEguqg2wefIZOrTJAw1jZJw2aq783Miy0norITuYh9bKXi/95vdQMr4OMySQ1VJLFoWHKkYlR3gIaMEWJ4VNLMFHMZkVkjBUmxnZVsSX4y19eJe3zun9Zv7i/qDVuijrKcAwncAY+XEED7qAJLSCQwjO8wpvz5Lw4787HYrTkFDtH8AfO5w9PopOH</latexit>acell

[Credit]

 
 
A number of institutes involved in the modeling, development and 
testing of Quasiparticle-trap assisted TESs as athermal phonon 
sensors with thresholds ~100 meV to search for sub-MeV DM 
(part of QTEP - CSIC quantum technologies platform)

[See e.g. slides here for further details]

[Trickle et al., 1910.08092]

https://arxiv.org/abs/2311.11930
https://commons.wikimedia.org/wiki/File:Optical_&_acoustic_vibrations.png
https://indico.ifca.es/event/2675/contributions/13983/attachments/1586/2352/IMB%20-%20Gemma%20Rius%20QS4DM@DM%202023.pdf
https://arxiv.org/abs/1910.08092
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Low Mass Landscape

Sub-MeV may be explored with 
future phonon detectors (new 

Quantum Sensor R&D) Thanks to Hector Mirallas, Igor Irastorza and Elias Lopez for providing input/links for the talk. 

Future projections for light DM…
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Low Mass Landscape

Sub-MeV may be explored with 
future phonon detectors (new 

Quantum Sensor R&D) Thanks to Hector Mirallas, Igor Irastorza and Elias Lopez for providing input/links for the talk. 

Thank you!
Future projections for light DM…
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Backup Slides
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[EXCESS Workshop Series, 
https://agenda.infn.it/event/39007/]

[2202.05097]

Heat/Phonons

Charge/Electrons

Excess event rate seen in many low-
threshold experiments below 1 keV.

Ongoing work to understand this 
excess, but could be due to: 

• Relaxation of the sensor 
• Relaxation of the target material 
• Relaxation of supports 
• Energy stored in interfaces

Time-dependence and cross-
checks in multiple channels 
suggests that this is not due to DM, 
but could have a profound impact 
on low mass DM sensitivity!

EXCESS
Understanding low-energy excesses

https://agenda.infn.it/event/39007/
https://arxiv.org/abs/2202.05097
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Dark Matter Absorption

[SuperCDMS, 2407.08085]

[DAMIC-M, 2210.12070]

Very light vector particles  may be absorbed directly 
by electrons, in analogy with the photo-electric effect

A′ 

Effective photon-dark 
photon mixing

Photo-electric cross-
section

[Hochberg et al., 1604.06800]
Look for a peak of events with a given energy

<latexit sha1_base64="dJ9h+m7JQbm05st+O+RSV1/4ea4="></latexit>

R(!) =
⇢DM

mA0
✏2e↵�� (! = mA0)

https://arxiv.org/abs/2407.08085
https://arxiv.org/abs/2210.12070
https://arxiv.org/abs/1604.06800
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Danielle Norcini (Jul 2024)

https://agenda.infn.it/event/39713/contributions/232194/attachments/123551/181235/240710_damicm_lbc.pdf
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DAMIC-M Projections

[DAMIC-M, 2210.12070]

https://arxiv.org/abs/2210.12070
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Recent talk: Tim Marley (Jul 2024)

https://migdal.pp.rl.ac.uk/media/IDM_2024_MIGDAL_Tim_Marley.pdf
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Scattering Kinematics

• Nuclear recoils - can probe energies down 
to eV, but realistically can only measure 
recoil energies down to ~keV   

• Electron ionisation - possible for 
   

• Phonon interactions - possible for 
sufficiently small , with   

→ mχ ≳ GeV

ω > Δ ∼ eV → mχ ≳ MeV

q ωph ∼ 𝒪(10s) meV →
mχ ∼ keV − 50 MeV

Allowed range of  set by kinematics (green 
regions):

(ω, q)

Consider:

<latexit sha1_base64="Nqxdehnn8RDGjUGcu4IKBJWIZtI=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwUeuMLepGKLpxWcE+oDOWTJq2oclMSDLFMsxfuPFX3LhQxK3u/BvTx0KrBy4czrmXe+8JBKNKO86XlVlYXFpeya7m1tY3Nrfs7Z26imKJSQ1HLJLNACnCaEhqmmpGmkISxANGGsHgauw3hkQqGoW3eiSIz1EvpF2KkTZS2y4O2x7uU3gBXecuOSqlXgFDDwkho3tYchyv4HGk+5InA36s0radd4rOBPAvcWckD2aotu1PrxPhmJNQY4aUarmO0H6CpKaYkTTnxYoIhAeoR1qGhogT5SeTv1J4YJQO7EbSVKjhRP05kSCu1IgHpnN8pJr3xuJ/XivW3XM/oaGINQnxdFE3ZlBHcBwS7FBJsGYjQxCW1NwKcR9JhLWJMmdCcOdf/kvqJ0X3tFi+Kecrl7M4smAP7IND4IIzUAHXoApqAIMH8ARewKv1aD1bb9b7tDVjzWZ2wS9YH98Rh54M</latexit>

v� = 10�3 c ⇡ 300 km/s [Adapted from 
 1910.08092]

<latexit sha1_base64="PGhLqsc4me1/ZPWPuEb2d+rq/70=">AAACEnicbVA9SwNBEN2LXzF+nVraLAZBC+NdCGoZsNEugvmAXAx7m0myZPfusrsXCEd+g41/xcZCEVsrO/+Nm3iFJj4YeLw3w8w8P+JMacf5sjJLyyura9n13Mbm1vaOvbtXU2EsKVRpyEPZ8IkCzgKoaqY5NCIJRPgc6v7gaurXRyAVC4M7PY6gJUgvYF1GiTZS2z7xQgE9gj0OQzzEo3bi0T6bnA7vk+IEn+EiFqnUtvNOwZkBLxI3JXmUotK2P71OSGMBgaacKNV0nUi3EiI1oxwmOS9WEBE6ID1oGhoQAaqVzF6a4COjdHA3lKYCjWfq74mECKXGwjedgui+mvem4n9eM9bdy1bCgijWENCfRd2YYx3iaT64wyRQzceGECqZuRXTPpGEapNizoTgzr+8SGrFgnteKN2W8uWbNI4sOkCH6Bi56AKV0TWqoCqi6AE9oRf0aj1az9ab9f7TmrHSmX30B9bHN3r2nME=</latexit>

!  qv� � q2/2m�

https://arxiv.org/abs/1910.08092
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Scattering Kinematics

• Nuclear recoils - can probe energies down 
to eV, but realistically can only measure 
recoil energies down to ~keV   

• Electron ionisation - possible for 
   

• Phonon interactions - possible for 
sufficiently small , with   

→ mχ ≳ GeV

ω > Δ ∼ eV → mχ ≳ MeV

q ωph ∼ 𝒪(10s) meV →
mχ ∼ keV − 50 MeV

Allowed range of  set by kinematics (green 
regions):

(ω, q)

Consider:

Detectable nuclear recoil energies

<latexit sha1_base64="Nqxdehnn8RDGjUGcu4IKBJWIZtI=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwUeuMLepGKLpxWcE+oDOWTJq2oclMSDLFMsxfuPFX3LhQxK3u/BvTx0KrBy4czrmXe+8JBKNKO86XlVlYXFpeya7m1tY3Nrfs7Z26imKJSQ1HLJLNACnCaEhqmmpGmkISxANGGsHgauw3hkQqGoW3eiSIz1EvpF2KkTZS2y4O2x7uU3gBXecuOSqlXgFDDwkho3tYchyv4HGk+5InA36s0radd4rOBPAvcWckD2aotu1PrxPhmJNQY4aUarmO0H6CpKaYkTTnxYoIhAeoR1qGhogT5SeTv1J4YJQO7EbSVKjhRP05kSCu1IgHpnN8pJr3xuJ/XivW3XM/oaGINQnxdFE3ZlBHcBwS7FBJsGYjQxCW1NwKcR9JhLWJMmdCcOdf/kvqJ0X3tFi+Kecrl7M4smAP7IND4IIzUAHXoApqAIMH8ARewKv1aD1bb9b7tDVjzWZ2wS9YH98Rh54M</latexit>

v� = 10�3 c ⇡ 300 km/s [Adapted from 
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!  qv� � q2/2m�
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Scattering Kinematics

• Nuclear recoils - can probe energies down 
to eV, but realistically can only measure 
recoil energies down to ~keV   

• Electron ionisation - possible for 
   

• Phonon interactions - possible for 
sufficiently small , with   

→ mχ ≳ GeV

ω > Δ ∼ eV → mχ ≳ MeV

q ωph ∼ 𝒪(10s) meV →
mχ ∼ keV − 50 MeV

Allowed range of  set by kinematics (green 
regions):

(ω, q)

Consider:

Detectable nuclear recoil energies

Typical ionisation energies
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Scattering Kinematics

• Nuclear recoils - can probe energies down 
to eV, but realistically can only measure 
recoil energies down to ~keV   

• Electron ionisation - possible for 
   

• Phonon interactions - possible for 
sufficiently small , with   

→ mχ ≳ GeV

ω > Δ ∼ eV → mχ ≳ MeV

q ωph ∼ 𝒪(10s) meV →
mχ ∼ keV − 50 MeV

Allowed range of  set by kinematics (green 
regions):

(ω, q)

Consider:

Detectable nuclear recoil energies

Typical ionisation energies

Typical phonon energies
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Scattering Kinematics

• Nuclear recoils - can probe energies down 
to eV, but realistically can only measure 
recoil energies down to ~keV   

• Electron ionisation - possible for 
   

• Phonon interactions - possible for 
sufficiently small , with   

→ mχ ≳ GeV

ω > Δ ∼ eV → mχ ≳ MeV

q ωph ∼ 𝒪(10s) meV →
mχ ∼ keV − 50 MeV

Allowed range of  set by kinematics (green 
regions):

(ω, q)

Consider:

Detectable nuclear recoil energies

Typical ionisation energies

Typical phonon energies
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