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DM-e- scattering
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• WIMP miracle: weak-scale coupling and mass. WIMPs 
undetected so far. 

• WIMPless miracle: new couplings and mass scales in 
the hidden sector. 

• Simple mechanism: DM-  through a massive 
mediator mixed with the photon. 

➡ Probe DM via electronic recoil. 

• Electrons are a lighter target and offer full ionization 
yield. However: 

• DM  must overlap with crystal response. 

• No coherent enhancement, unlike DM-n scatter.
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 CCDs as Dark Matter Detectors
The silicon bulk of the CCD is used as target to interact with dark matter candidates. From this interaction we expect 
charge carriers to form within the bulk and we collect and count the number of carriers in each pixel. It is a direct 
detection apparatus for dark matter.

Interaction with silicon produces free charge 

carries...

● drifted across fully-depleted region

● collected in 15 micron square pixels

● stored until a user-defined readout time 

after many hours

The method of read-out can be optimized to 
improve read-out noise at the cost of read-out time

 → very little loss of charge

 → exceptional position resolution

 → large exposures

Silicon band-gap: 1.2 eV  

mean energy for 1 e-h pair: 
3.8 eV

CCD pixel cross-sectional diagram 
7/21
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DAMIC

σback > σfront
Image courtesy of Prof. Alvaro Chavarria

Cosmic muon
Diffusion-limited

~1
 c

m
Sample CCD image in the surface lab (~15 min exposure).

σback > σfront
High-energy electron
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Skipper readout
SR SR SW OG SN VR

• Non-destructive charge measurement (Janesick et 
al. 1990). 

• Re-engineered for LBNL CCDs (Tiffenberg et al. 
2017). 

• Sub-electron resolution via NDCMs.

σN = 0.07 e−

10
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The DAMIC-M Experiment
• 52 CCD modules in LSM (France) for kg-year target 

exposures (~700 g sensitive mass).

• Skipper readout for sensitivity to single charges.

• Background below 1 d.r.u. (events per keV-kg-day).

• Installation early 2026!

DAMIC-M: DArk Matter In CCDs at Modane

16

Rendering of DAMIC-M final design

Rendering of DAMIC-M CCD array

DAMIC-M CCD module



• Low-background DAMIC-M prototype (~7 dru). 
Operational since 2021.


• Objectives: CCD performance, backgrounds, 
components for DAMIC-M, and first science 
results with skipper CCDs.


• World-leading results in 2023, 2024 and 2025.
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The Low-Background Chamber

PRL130(2023)171003 PRL132(2024)101006 PRL135(2025)071002

JINST19(2024)T11010

Inner cryostat CCD module in Cu box

SR1 (science run 1) SR1 SR2
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Science run 2 
• LBC upgrades post-SR1:


• 2x CCD modules: 8x 9-Mpixel CCDs, total mass: ~26 g.


• EFCu lids for copper box. Improved light-tightness.


• DAMIC-M low-noise electronics.


• SR2 readout parameters:


• Continuous readout. 1 amplifier per CCD.


• Pixel binning: 1x100.


• Performance:


• Readout noise:  with 500 NDCM.


• Reduced dark current: .

0.16e−

5 × 10−3 → 10−4 e−/pix/day

Event post vertical binning

charge ( )e−

co
un

ts
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Data selection criteria
• Dataset 1: to establish selections (139 g-day).


• Selected out:


• Hot columns.


• Clusters with total charge .


• Charge-transfer inefficiency: mask  rows 
above any pixel with  and its row.


• Cross-talk: pixels in same-module CCDs 
from high-energy cluster in one CCD.


• Correlated-noise: pixels in same-module 
with correlated charge in multiple CCDs.

≥ 6e−

100
q > 100e−

CCD-1A:  ~300 images
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Pattern analysis
• Dataset 2: blinded analysis (1.26 kg-day, ~95% sel. 

efficiency).


• Candidate selection:


• Horizontal consecutive pixels with total charge 
.


• Efficiency: probability of pattern from ionization event 
with total charge  .


• Backgrounds:


• Random coincidence of uncorrelated-pixel patterns.


• Radiogenic, scaled from high energies (2.5 to 7.5 keV).

2, 3 and 4e−

Ne−

{1,1} and {3,1} candidates.
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DAMIC-M exclusion limits
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DAMIC-M exclusion limits
Migdal via DM-nucleus scattering Hidden photon

PRL135(2025)071002
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• CCD module production at UW 
completed (late 2024). 

➡Underground characterization before 
array assembly (ongoing).  

• Copper machining ongoing, lead and 
poly shield ready. 

• Production electronics testing ongoing. 

• Detector installation in early 2026!

DAMIC-M status
Production at UW

Testing at LSM (ongoing)

Shielded container @ reception

Transatlantic shipment via sea

Testing at UW 

Soon on the arXiv!



• In-depth characterization 
of DAMIC-M “DM” 
modules.


• Testing protocols 
optimized for underground.
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Snapshots from testing at LSM
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• With this search, DAMIC-M establishes the most stringent limits to date on DM 
particles interacting with electrons between 1 and 1000 MeV.


• First experiment to rule out that relic DM features ultralight-mediator DM (freeze-in) 
as a dominant component between 3.5 and 490 MeV.


• Also rules out heavy-mediator scalar DM (freeze-out) in any fraction between 2.9 
and 21.5 MeV.


• We fabricated and tested 28 low-background CCD modules at the University of 
Washington. In depth characterization ongoing at LSM.


• DAMIC-M will be deployed in early 2026.
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Conclusions

PRL135(2025)071002



Thanks!



The DAMIC-M Collaboration
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 Relic abundance from the hidden sector
Ultra-Small Coupling & New 

Possibilities 
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Physical signal

DM galactic halo
DM form factor crystalDM-e cross section

Ionization yield 

Probability that 
qe charges result 
in a pattern p

number of DM interactions 
resulting in qe ionization

29

from MC simulation, including  
charge diffusion and pattern selection

nuisance

 control sample

theory input

N. of patterns p

The background-only null hypothesis has p0 = 0.24 (0.10), so we place 90% CL exclusion limits using 
the profile likelihood ratio test statistics.

Signal model and limit PRD102(2020)063026



Migdal electrons

30

• Migdal effect: an additional (atomic e-) in the 
final state. 

• E and p conserved even when e- takes most of 
the WIMP kinetic energy. 

• Very rare process. 
• Not yet observed for keV energies. 

Uncalibrated. We have plans to do it.

Three-body 
final state:

e-

Bosonic DM 
absorption:

• 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 re-interpreted as limit on DM-N 
scattering (Migdal) or DM absorption

1 2 3 4 5 6 7 8 9 10
Q

10°1

100

101

R
at

e
[1

/(
kg

yr
)]

m¬ = 100 MeV, æn = 10°38 cm2

Ge

Si



100 101 102 103

m¬ (MeV)

10°38

10°36

10°34

10°32

10°30

ǣ
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• Extensive research program to characterize 
the response of CCDs: energy / z recon. 

• Sources: optical photons, X rays,  rays, 
neutron sources, etc. 

• Detailed models, e.g., charge generation, 
diffusion and collection.
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