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Outline
• Low-energy spectroscopy for dark matter (DM) direct detection (DD). 

• Dark matter (DM) direct-detection signal. 

• Electronic recoils to search for light DM. 

• Charge-coupled devices (CCDs) fundamentals and performance. 

• DAMIC at SNOLAB and the DAMIC excess. 

• DAMIC-M and other skipper CCD experiments. 

• SuperCDMS and EDELWEISS HV detectors. 

• Outlook.
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Spectroscopy for DM DD
‣ DM particle 𝝌 from the Galactic Halo deposits energy in target. 
‣ Environmental backgrounds 𝛾, n also deposit energy in target. 

‣ Signal amplitude positively correlated to energy deposited. 
‣ Compare measured spectrum in target with predicted signal + 

background spectrum.
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Signal spectrum
• Many ingredients go into the construction of the spectrum.
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DM Flux Interaction cross section+ = Deposited energy spectrum

Deposited 
energy spectrum Target response Instrumental 

response = Measured 
signal spectrum+ +

Exciting astrophysics Exciting particle theory

Boring solid-state 
physics Instrumentation

“Boring”: No “new” physics. Theorists tend not to work on it.



Background Spectrum
• Many ingredients go into the construction of the spectrum.
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Environmental 
background flux Interaction cross section+ = Deposited energy spectrum

Deposited 
energy spectrum Target response Instrumental 

response =
Measured 

background 
spectrum

+ +

Boring survey Boring particle/nuclear theory

Boring solid-state 
physics Instrumentation

“Boring”: No “new” physics. Theorists tend not to work on it.



Calibration Spectrum
• Signal and background spectra must be validated!
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Calibration 
source flux Interaction cross section+ = Deposited energy spectrum

Deposited 
energy spectrum Target response Instrumental 

response =
Measured 
calibration 
spectrum

+ +

Boring particle/nuclear theory

Boring solid-state 
physics Instrumentation

“Boring”: No “new” physics. Theorists tend not to work on it.



Dark matter signal
• Local density in ~0.3 GeV c-2 cm-3. 

• Interaction cross-section is small. 

• Dark matter is cold, kinetic energy is ~10-6 Mc2. 

• Need detector with low energy threshold, 
largest possible exposure and correspondingly 
low backgrounds.
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Lighter DM
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DM

Lighter target: lighter 
nucleus or electron

e recoilχElectrons bound 
with some 

momentum, 
inelastic process.

Lower 
threshold, 

smaller 
band gap

Ionization energy of noble 
liquids ~ 10 eV

Semiconductor band 
gap ~ 1 eV!
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σn [pb]

WIMP mass [GeV]WIMP mass [GeV]

Rapid loss 
in sensitivity

DM-e scattering
‣ Electrons are a lighter 

target and ER visible as 
ionization. 
‣ Electrons bound with some 

momentum; there is a 
region of phase-space 
where the electron carries 
most of the WIMP kinetic 
energy.
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‣ Momentum distributions in some targets better “kinematically 
matched” to the DM than others. 
‣ Phase-space ‘penalty,’ no coherent enhancement and probing DM-

e interaction cross-section.

1 GeV

10 e-



Other e-recoils
‣ An additional e- or γ in the final state. 
‣ Migdal effect (atomic e-) or Bremsstrahlung (γ). 
‣ E and p can be conserved even when e- or γ take 

most of the WIMP kinetic energy. 
‣ Probability of e- or γ emission <10-6. Rare. 
‣ Never observed for recoils with keV energies. 

Uncalibrated.

9

Three-body 
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PRL127(2021)081805

‣ DM particle is a boson that couples to the 
electron, e.g., a “dark” or “hidden” photon. 
‣ DM is absorbed by the target electron and its rest 

energy released as electronic recoil K.E.

Electronic recoil result could also be interpreted as limit on DM-N 
scattering (Migdal) or DM absorption 

I will use DM-e scattering parameter space as benchmark



DM-e exclusion limits
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‣ ER searches 
allow us to probe 
DM masses as 
small as ~MeV!

hidden photon mediator

Kinetically mixed hidden photon A’:  
 
 

couples to electrons, nuclei
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Mass scale of mediator A’ similar to 
(or lighter than) mass scale of ! :  

 
- same physics may generate both masses 
-  annihilation is sufficiently large in the early 

universe (overclosure)
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‣ Skipper-CCD detectors have the best limits. 
‣DAMIC-M LBC result released at IDM2022.

DAMIC-M LBC

DAM
IC-M

 LBC

Light mediator Heavy mediator

preliminary preliminary

https://indico.cern.ch/event/922783/contributions/4892761/


Note!
• DM exclusion limits depend on the code used to generate the DM signal. 

• Multiple codes available in the literature: QEDark, DarkELF, EXCEED-DM.
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a closer match to Ref. [10]; generally, increasing the
number of k points reduces the rate toward convergence,
i.e., R10×10×10 < R9×9×9 < R8×8×8. This can be seen more
directly in the difference between the brown and red lines
in the light mediator scenario (as both are computed
without screening), and it affects Ge more than Si, as is
expected due to the smaller band gap and greater dis-
persions of nearby bands requiring denser k point sam-
pling for convergence.
Ref. [3] also computed DM-electron scattering rates in

semiconductors, focusing on Ge. The approach taken in
that paper was to semianalytically model the Ge wave
functions with the core wave functions (with the same set
of RHF STO wave function coefficients tabulated in
Ref. [43]) and treat the final states as free with a Fermi
factor, analogous to the core to free calculation performed
here. As we can see from Fig. 14, while for most of the
mass range and mediators the estimates are too optimistic
due to incorrect modeling of the valence and conduction
states, in the high mass region with a heavy mediator
(bottom-right panel), where 3d states dominate, their
estimates are in good agreement with ours presented here,
as expected.

Finally, we discuss the comparison with the most recent
work, Ref. [48], which was limited to valence to conduction
transitions. To show the effect of screening, we show their
projected reach with (purple) and without (green) screening
in Fig. 14. Again the largest discrepancy is in the heavy
mediator scenario with a Ge target, primarily due to the
neglect of the 3d states in Ref. [48]. When these are not
important, i.e., the low mass regime or a light mediator, we
generally find good agreement, with our reach being a bit
stronger. Notably this does not seemdue to amismodel of the
dielectric, since the effect of screening relative to our pre-
vious results, Ref. [16], is consistentwith their result.We also
find that screening has a smaller effect at high masses in the
heavy mediator scenario for Si. These small differences are
harder to disentangle since they could be due to: (1) different
xc-functionals used (PBE and HSE vs TB09); (2) local field
effects which are only partially included here since we
assume the screening factor is isotropic; (3) the plane wave
expansion parameter, Ecut, taken to be 500 eV without AE
reconstruction in Ref. [48], vs 1 keV, AE corrected to 2 keV
taken here; (4) DM velocity distribution parameters, studied
in detail in Refs. [73,74], for which Ref. [48] assumed vesc ¼
500 km=s as opposed to vesc ¼ 600 km=s chosen here;

FIG. 14. 95% C.L. exclusion reach (3 events) assuming 1 kg-year exposure, Q ≥ 1, for light (top row) and heavy (bottom row)
mediators. The results shown are from this work, Griffin et al. [16], Essig et al. [10], Lee et al. [3], and Knapen et al. [48] (with and
without screening). See Sec. IVA for detailed comparison.

GRIFFIN, INZANI, TRICKLE, ZHANG, and ZUREK PHYS. REV. D 104, 095015 (2021)

095015-18

and (5) Ref. [48] took a directionally averaged dielectric,
whereas herewe only assume isotropy in the screening factor
but not the matrix element itself.

V. CONCLUSIONS

Dark matter-electron scattering in dielectric crystal
targets, especially semiconductors like Si and Ge, are at
the forefront of DM direct detection experiments. It is
therefore imperative to have accurate theoretical predic-
tions for the excitation rates. In this work, we extended the
scattering rate calculation in several key aspects. Much of
the focus of previous calculations has been on transitions
from valence to conduction bands just across the band gap,
which will be accessible to near-future experiments.
We performed state-of-the-art DFT calculations for these
states, and highlighted the importance of all-electron
reconstruction which has been neglected in most previous
works. Along with this, we extended the transition rate
calculation by explicitly including the contributions from
core electrons and additional states more than 60 eV above
the band gap using analytic approximations.
We updated the projected reach with our new calculation

and found important differences compared to previous

results. In particular, we found that in the heavy mediator
scenario, 3d electrons in Ge give a dominant contribution to
the detection rate for DM heavier than about 30 MeV.
Relative to previous works the increased importance of the
3d electrons is due to more accurate modelling of the high
momentum components of their electronic wave functions,
as seen in Fig. 3. Intuitively, the more accurate model here
stems from a more accurate model of the short distance
potential (a pseudo-potential versus the all-electron recon-
structed potential, discussed in Sec. II A 1) which domi-
nantly affects the high momentum components of the wave
functions. Also, the rate can be significantly higher than
predicted previously for higher experimental thresholds.
This is exciting because new DM parameter space will be
within reach even before detectors reach the single electron
ionization threshold.
We also release a beta version of EXCEED-DM (available

here [53]) that implements our DM-electron scattering
calculation for general crystal targets, and make the
electronic wave function data for Si and Ge [54], as well
as the EXCEED-DM output [55], publicly available so our
present analysis can be reproduced. We have previously
used EXCEED-DM for a target comparison study [16], and
to study the daily modulation signals that can arise in

FIG. 15. 95% C.L. exclusion reach (3 events) assuming 1 kg-year exposure, Q ≥ 10, for light (top row) and heavy (bottom row)
mediators. The results shown are from this work and Essig et al. [10]. See Sec. IVA for detailed comparison.

EXTENDED CALCULATION OF DARK MATTER-ELECTRON … PHYS. REV. D 104, 095015 (2021)

095015-19

PRD104(2021)095015



Charge-coupled devices

‣ Depth (z) reconstructed from distribution of charge on 
pixel array. 
‣ Device is “exposed,” collecting charge until user 

commands readout. 
‣ Readout can be slow: low noise (few e-). 
‣ Standard fabrication in semiconductor industry and 

easy cryogenics (~100 K).
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Sample CCD image (~15 min exposure) 
segment in the surface lab.
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Readout
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�V = �Q/C

For C ~ 10 fF: ΔV/ΔQ ~ 16 µV/e-

Signal that you can measure

Correlated double sampling (CDS):

Readout strategy to efficiently filter 
“reset” and high frequency noise

DM Motivation CCDs Particle detection Quenching DAMIC Near future Summary BACK UP

CCD: readout
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Skipper CCD
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Skipper CCD
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Conventional readout

Skipper readout1 2 N

T

Effect on low frequency noise

Technology proposed 
in the 1990s

move charge back and forth

“Skipper” readout: Perform N 
uncorrelated measurements of 

the same pixel.

Skipper CCD

!31

Measure ΔV N times

ΔV

Reference

Signal

Reference Signal

R S

Conventional readout

Skipper readout1 2 N

T
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Technology proposed 
in the 1990s
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“Skipper” readout: Perform N 
uncorrelated measurements of 

the same pixel.

Effect on low frequency noise:

Measure ΔV N times:
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Reference

Signal

move charge back 
and forth

“Skipper” readout: Perform N uncorrelated 
measurements of the same pixel.

Design by S. Holland at Berkeley Lab



Skipper CCD
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Measure ΔV N times:

ΔV

Reference

Signal

move charge back 
and forth

“Skipper” readout: Perform N uncorrelated 
measurements of the same pixel.
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Characterization
‣ Extensive research program to characterize 

the response of CCDs: energy / z recon. 

‣ Sources: optical photons, X rays, 𝜸 rays, 
neutron sources, etc. 
‣ Detailed models, e.g., charge generation, 

diffusion and collection.
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Example
• First measurement of the electronic-recoil spectrum from Compton scattering 

at low energies: 

• Used original DAMIC CCDs with conventional readout. Threshold: 60 eVee.
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• Observed steps at the 
binding energies of the 
atomic shells in silicon. 

• Apparent softening of the 
L step at 100-150 eV. 

• Incorrect detector 
response model or 
physics?

PRD96(2017)042002
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Example
• Precision measurement with a skipper CCD improved energy resolution and 

decreasing threshold to 23 eVee: 

• Confirmed softening of the L step, observed structure in the L step.

19

0.5 1 1.5 2 2.5
Energy (keV)

0

500

1000

1500

2000

2500

3000

3500

4000e-
C

ou
nt

s/
1

 
Am spectrum241

G4 MC with RIA
FEFF model

Si K-shell

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
 Energy (keV)

1000

1500

2000

2500

3000

3500

4000
Si L-shell

arXiv:2207.00809(2022)

• Detector response model is 
good! 

• Softening reproduced with 
FEFF code, which performs full 
QM treatment. 

• Full QM calculations may be 
needed to correctly describe 
electronic-recoil spectra.

L step K step

L step



Related?

‣ 𝜸 scattering from core electrons in Si. 

‣ Boring background.
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Fig. 7. In most cases the v → c transitions are dominant
compared to the c → c, but there are two main scenarios
where this is not true. First, when the experimental thresh-
old is raised; this excludes the v → c transitions and causes
the c → c contribution to be dominant. For example,
consider a Si detector and a DM model with a heavy

mediator (bottom left panel of Fig. 7). If the experimental
threshold is ∼50 eV the c → c contribution from the 2p
states in Si gives the dominant contribution. Second, for a
Ge target, and a DM model with a heavy mediator, the 3d
states dominate the rate even at the lowest experimental
threshold. To understand this in more detail we present

FIG. 7. DM-electron scattering rate from core states to conduction bands binned in energy deposition (with Δω ¼ 5 eV) for 1 GeV
DM, light (top row) and heavy (bottom row) mediators, assuming σ̄e ¼ 10−40 cm2. The core states are labelled by the corresponding
atomic orbitals, and the conduction states up to Edft ¼ 60 eV are included. For comparison we also show the v → c contribution (after
AE reconstruction) from Fig. 5 in gray.

FIG. 8. Contribution to the DM-electron scattering rate binned in energy deposition (with Δω ¼ 1 eV) from 3d electrons to
conduction bands in Ge, for 1 GeV DM, light (left) and heavy (right) mediators, assuming σ̄e ¼ 10−40 cm2. The three curves in each
panel are computed using DFT with and without AE reconstruction, and using the semianalytic core wave functions.

GRIFFIN, INZANI, TRICKLE, ZHANG, and ZUREK PHYS. REV. D 104, 095015 (2021)

095015-12

arXiv:2207.00809(2022) PRD104(2021)095015

‣ 𝝌 scattering from core electrons in Si and Ge. 

‣ Exciting opportunity to search for DM!

Can the 𝜸 calibration data or FEFF be used to test the validity of the EXCEED-DM code?



Nuclear recoil response
‣ Detector response calibrated with 24 keV neutrons from 9Be(γ,n) reaction. 
‣ By comparing data and Monte Carlo spectra, ionization signal was measured to be lower than 

predicted by Lindhard model. 
‣ Still no data or model to describe Ne probability distributions at low energies. 
‣ No observed Migdal effect at low energies.
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Lindhard model
• The amplitude of the signal is crucial to estimate the sensitivity of an experiment to 

DM-N elastic scattering, i.e., to make meaningful comparisons between experiments. 

• Lindhard model predicts the number of ionized electrons (ionization signal) from a 
recoiling nucleus of a given energy. 

• Lindhard model’s approximations are not adequate at low energies (e.g., it neglects 
the binding energy of the target atom).
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• Not much theoretical progress since the 
1960s because it’s “boring.” 

• Recent work by Y. Sarkis (UNAM) 
relaxing Lindhard’s assumptions shows 
promise: PRD101(2020)102001



Radioactive backgrounds
• Particle classification (𝜶, 𝜷, NR) by track topology (at high E>100 keVee). 

• Spatial coincidence searches to identify decay sequences:
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• Cosmogenic 32Si: 32Si (T1/2= 150 y, β) ➔ 32P (T1/2= 14 days, β)

JINST16(2021)P06019

• Also upper limits on every 𝛽 
emitter in the U/Th chain.

140 ± 30 𝜇Bq / kg 

• Measurement of the cosmogenic activation of 3H in silicon by exposing a CCD 
to a neutron beam: 

• Exhaustive radio-assay program:

PRD102(2020)102006
112 ± 24 atoms / kg /day 

PRD105(2022)062003



DAMIC at SNOLAB
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DAMIC at SNOLAB
• First array of CCDs operated underground for a DM 

search. Since 2012. 

• 7 CCDs (6.0 g, 16 Mpix) cooled to 140 K. 

• Total (bulk) background rate: ~10 (5) d.r.u. 

• Low pixel noise 1.6 e- with conventional readout. 

• Extremely low leakage current: 2 x 10-22 A cm-2. 

• DM-e- scattering results: 

• “WIMP search” with 11 kg-y exposure:

25

PRL123(2019)181802

PRL125(2020)241803 PRD105(2022)062003Full details:

6 cm

Exclusion limit:



DAMIC Excess
• Constructed full background based on 

extensive knowledge about 
radioactive background sources and 
detector response. 

• Performed a fit to the data ionization 
events with the background model in 
(E, 𝜎x) parameter space. 

• Excess of 17.1 ± 7.6 events with 
50-200 eVee, 3.7 𝜎 significance. 

• If not addressed, limiting background 
for next generation experiments.
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SENSEI

‣ 10 skipper CCDs (~25g) deployed already. 
‣ Performance test runs before science run!  
‣ Packaged and tested at Fermilab. 
‣ Final goal: 100 g traget with 5 d.r.u. background.

27

‣ First DM-search with skipper CCDs at Fermilab. 
‣ Simulation studies on physical origins of single-

electron / photon backgrounds. 
‣ Experimental studies on instrumental effects to 

understand origin of single-e- backgrounds.

• Research highlights:

• SENSEI at SNOLAB:

PRL125(2020)171802

PRAppl17(2022) 014022

PRX12(2022)011009

unclear whether this explains the excess. Some single-
electron events currently seen in Skipper charge coupled
device (Skipper CCD) detectors are known to originate
from spurious charge generation during readout and can
be reduced by optimizing the voltages that move the
charge pixel to pixel, but a large single-electron-event rate
remains even after subtracting the spurious-charge contri-
bution [68]. A leakage current likely sources the single-
electron events in the SuperCDMS HVeV detectors and
EDELWEISS sub-GeV dark-matter search [36,70,71], but
its microphysical origin is not satisfactorily understood,
nor is the microphysical origin understood of the events
containing more than one electron. Other backgrounds that
have been considered to produce low-energy events are the
low-energy tail of the Compton and beta-decay spectra, as
well as coherent solar neutrino-nucleus scattering (see, e.g.,
Refs. [10,34,85]), but in practice these backgrounds are
subdominant at many experiments, and, in fact, these tails
cannot explain the aforementioned excesses of low-energy
events.
In this paper, we take a significant step toward identify-

ing several processes that produce backgrounds in low-
mass dark-matter detectors. In particular, we discuss and
demonstrate the importance of three largely unexplored
processes in the context of low-energy-threshold detectors,
which arise when high-energy particles such as radiogenic
electrons or gamma rays and cosmic muons interact with
detector materials: Cherenkov radiation, [86] transition
radiation, and luminescence or phonons from recom-
bination. We provide a schematic depiction on how these
backgrounds are obtained in detectors in Fig. 1. The
Cherenkov process is realized when charged particles go
through dielectric materials at velocities exceeding the
speed of light in the medium, while transition radiation
is obtained if charged tracks encounter interfaces separating
media with different dielectric properties. As a result of

these two processes, one or more photons with energies
below a few eV can be emitted by the high-energy particles.
Recombination photons or phonons, on the other hand,
arise since high-energy particles efficiently deposit energy
in materials by exciting a large number of e−hþ pairs.
These pairs subsequently recombine radiatively or non-
radiatively, releasing an energy of the order of approx-
imately an eV per pair. The low-energy photons or phonons
obtained by these processes can then be absorbed in the
detector target, producing a measurable signal that depends
on the target properties, but can be in the form of one or
more electrons, photons, phonons, or magnons, which
potentially mimics the low-energy signals produced by
low-mass dark matter.
To demonstrate the importance of Cherenkov radiation,

transition radiation, and recombination of e−hþ pairs as
sources of backgrounds for dark-matter detectors, the
details of different experiments and their data analysis
pipelines must be taken into account. With this objec-
tive, we perform background rate estimates at several
current and proposed experiments, including SENSEI,
SuperCDMS HVeV/CPD/SNOLAB, EDELWEISS, and
CRESST-III. Different experiments employ different strat-
egies to mitigate backgrounds arising from high-energy
tracks. Detectors such as the Skipper CCDs used by
SENSEI [22,35,46,68], DAMIC-M [88], and Oscura
[89], which aim to read out electron-hole pairs created
by dark-matter scattering, have very little timing informa-
tion but excellent position resolution. In this case, events
are vetoed if their position in the Si CCD is close to an
observed high-energy track. Despite these vetoes, single-
electron-event backgrounds may still arise from track-
induced radiation (which creates e−hþ pairs upon absorp-
tion in the CCD), if the photons travel far away from their
originating tracks. In the SENSEI CCD, this happens when
the photons have energies close or below the Si band gap.
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FIG. 1. Schematic for the production of radiative backgrounds: Cherenkov and transition radiation (left) and recombination photons
and phonons (right). High-energy electrons (from ambient radioactivity or radioactive contaminants) and cosmic-ray muons (purple) can
(i) interact in nonconductive materials, including the detector target and the surrounding materials, such as holders and cables, to
produce Cherenkov radiation (red); (ii) cross surfaces to produce transition radiation (blue); and (iii) deposit energy to create
luminescence or phonons via, e.g., the recombination of electron-hole pairs (green). The low-energy photons or phonons obtained by
these processes can then be absorbed in the detector target, producing a measurable signal that depends on the target properties but that
can take the form of, e.g., one or more electrons, photons, or phonons, which can mimic the low-energy signals produced by low-mass
dark matter interacting with the detector target.

DU, EGANA-UGRINOVIC, ESSIG, and SHOLAPURKAR PHYS. REV. X 12, 011009 (2022)

011009-2

Single photon backgrounds in 
CCD detector:



DAMIC-M
‣ 52 CCD modules in LSM (France) for kg-year target exposures. 
‣ Skipper readout for 2 or 3 e- threshold. 
‣ Background reduction to a fraction of d.r.u. (improved design, 

materials, procedures). 
‣ Main challenges: cosmogenic activation, surface contamination, 

backside CCD response. 
‣ Besides DM-e searches, DM-N result may have comparable 

sensitivity to HV detectors of SuperCDMS SNOLAB.
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9 cm

Commissioning 
in early 2024!



Prototype detectors
• Four 24 Mpixel DAMIC-M prototype skipper CCDs. 

• Two deployed in DAMIC at SNOLAB, two in the LBC. 

• Low Background Chamber (LBC) test setup for DAMIC-M 
at LSM for performance and background studies. 

• Single-e- resolution, 2 x 10-3 e-/pix/day, 10 d.r.u., 18 g. 

• Understand DAMIC excess, DM search results.
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DAMIC-M LBC result

30

preliminary

‣ Pixel distribution from 115 g-d of data. 
‣ Image selection; mask high E ionization events, regions of elevated leakage current (defects) 

~10% of the CCDs.

DAMIC-M LBC

‣ Background model: leakage current in the CCDs 
(ionization events are negligible). 
‣ Signal model: QEDark to generate differential rate of 

DM signal, ionization model from PRD 102 (2020) 
063026, diffusion model from our surface calibrations.

‣ Fit distribution to set 
90% C.L. upper 
limits in cross 
section-DM mass 
parameter space. 
‣ Observe one 4e- 

event with 
probability of 15%.



Oscura
‣ R&D: scale the existing technology towards a 10 kg experiment. 
‣ Goal: 30 kg-yr exposure with background level of 0.01 d.r.u.  
‣ 28 Gpix in full Oscura instrument! c.f. LSST camera’s 3.2 Gpix. 
‣ Cold front-end electronics required for multiplexing and signal 

processing from ~24,000 channels.
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16-CCD Multi Chip 
Module (MCM)

Super Module (SM): 
16 MCMs in EFCu

Full payload 100 SMs: 
10 kg!

arXiv:2202.10518(2022)



SuperCDMS / EDELWEISS HV
‣ Cryogenic calorimeters. 
‣ Amplification  of heat signal from charges drifting 

in electric field:

32
22 July 2019 LTD-18, Milano14

Charge Detection via Neganov-Tiramov-Luke (NTL) Amplification
• Phonons are produced when charges are drifted in an electric field; makes sense by 

energy conservation alone

Romani et. al. 2017 
(https://arxiv.org/abs/1710.09335)

•Resolution measured using fiber-coupled optical laser with 
1.9 eV photons incident on detector face.
•Nearly all energy eventually ends up in phonon system and 
is measured
• Phonons from electronic relaxation
• Phonons from nuclear scattering
• Recombination phonons produced when charge carriers drop back 

below the band-gap
• NTL phonons produced during charge drift
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‣ Amplification proportional to ionization signal and to applied 
bias 
‣ No ER/NR discrimination as heat is dominated by ionization 

signal. 
‣ Heat-only events are a source of backgrounds. 
‣ Strategies to reject surface events: multiple electrodes, timing.

PRD104(2021)032010



SuperCDMS HVeV
‣ HVeV detectors “best in class:” 2.7 eV baseline resolution, 9.2 eV 

threshold, large dynamic range, 1-g target.

33

‣ Running underground in NEXUS at Fermilab (300 m.w.e.) 
‣ Four science runs with progressively lower backgrounds.

PRD102(2020)091101(R)



EDELWEISS
‣ RED30: 42 eV baseline resolution, 0.53 e-. Operated underground at LSM. 
‣ Better exclusion limit than SuperCDMS HVeV because of larger exposure, lower 

surface-to-volume and lower background environment (despite x10 noisier). 

‣ Plans for CRYOSEL: 30g Ge detector, 𝜎phonon = 20 eV, sustaining 200 V bias.
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Outlook
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Conclusions
• Electronic recoil searches allow us to search for even lighter DM. 

• For DM-e scattering, ~MeV masses. Also Migdal, DM absorption. 

• Require sensitivity to only a few charges ionized in the target. 

• CCD detectors are scaling to kg-scale targets with single-charge resolution 
and correspondingly low backgrounds. 

• Broad research program to understand the response of CCD detectors to 
the DM signal and backgrounds. 

• Significant progress in single-charge resolution in cryogenic calorimeters. 

• Active experimental program with orders-of-magnitude improvement in 
sensitivity in the coming years.
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Thank you!


