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Dark Matter and low mass searches
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Dark Matter in the Universe
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Mass range
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How to create Dark Matter – Freeze-in/out
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How to search for Dark Matter
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How to search for Dark Matter
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Background: cosmic rays
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Build a detector and observe nuclear recoils
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WIMP Miracle
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(Not so) Current limits to the WIMP
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(Not so) Current limits to the WIMP
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WIMP?
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Dark Sector: the simplest expansion of SM
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• Add a U(1) symmetry 
• Minimal renormalizable portal to the Standard Model
• Gauge invariance: kinetic mixing with SM U(1)
• After EWSB, dark photon couples to electric charge

• Light DM + light mediator opens the <GeV scale
• Nuclear recoils suppressed
• Ideal to observe as electron recoil
• Need to observe much smaller energy deposits



• Nuclear recoil
• GeV to TeV Dark Matter particle
• Coupling to nucleon
• Deposited energies typically in the (tens) keV range
• Can go down to 15-30 eV (Xenon, Argon) 

• Electron recoil
• MeV to GeV Dark Matter particle
• Coupling to electron
• Deposited energies in the eV range
• Silicon band gap 1.2 eV
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Energy scales
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CCD and Skipper CCD
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• CCD were invented in 1969 by Boyle and Smith (Bell Labs).
• The idea was to make a memory device, but it works better as an image sensor 

and was quickly used in consumer devices.
• In 1975, Kodak manufactured the first digital camera.

16

The non-skipper CCD (the CCD)
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2009
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CCD in astronomy
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CCD principle
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CCD principle

XB - IP2I - Lyon



24/03/2026 20

CCD principle

XB - IP2I - Lyon



24/03/2026 21

CCD principle

XB - IP2I - Lyon



24/03/2026 22

CCD principle

XB - IP2I - Lyon



24/03/2026 23

CCD principle

XB - IP2I - Lyon



24/03/2026 24
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CCD principle
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CCD principle
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CCD as a particle detector
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CCD image
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CCD problem: low frequency noise
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Introducing the Skipper CCD
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Introducing the Skipper CCD
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Introducing the Skipper CCD



24/03/2026 XB - IP2I - Lyon 34

Introducing the Skipper CCD



24/03/2026 XB - IP2I - Lyon 35

Introducing the Skipper CCD
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Introducing the Skipper CCD
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Introducing the Skipper CCD
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Introducing the Skipper CCD

Noise goes in 1/√𝑁
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Introducing the Skipper CCD

Single electron:
threshold is silicon
band gap (1.1 eV)

PRL 119, 131802 (2017)



What can a Skipper CCD do?
It can move a charge of 1 e- across 10cm over 24h and measure it perfectly

(and operate with a DC of less than 200 e- / g / day, i.e. 1 e- / pix / 30 years)
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Let’s take a break
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The Skipper CCD and Dark Matter
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First Skipper CCD readout system

250 um depth
0.1g
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First run on the surface at Fermilab

SENSEI: First Direct-Detection 
Constraints on sub-GeV Dark Matter 
from a Surface Run

Phys. Rev. Lett. 121, 061803 (2018)
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Better experimental setup at shallow site
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Shallow site at Fermilab (Minos)

SENSEI: Direct-Detection 
Constraints on Sub-GeV Dark 
Matter from a Shallow Underground 
Run Using a Prototype Skipper-CCD

Phys. Rev. Lett. 122, 161801 (2019)
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Improving detector, then going deeper and more quiet
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New Skipper CCD

SENSEI: Direct-Detection Results 
on sub-GeV Dark Matter from a 
New Skipper-CCD 

Phys. Rev. Lett. 125, 171802 (2020)
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DAMIC-M
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The DAMIC-M collaboration
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Working on a next generation detector

First step

LBC
Low
Background 
Chamber
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Model
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Reality
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2 6kx4k CCD
(total 17g)
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Next generation experiment: DAMIC-M (LBC)
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Low Background Chamber (LBC) at Modane

First Constraints from DAMIC-M on 
Sub-GeV Dark-Matter Particles 
Interacting with Electrons

Phys. Rev. Lett. 130, 171003 (2023)
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Daily modulation of Dark Matter

DM wind

February

August

February

Night

Day
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Modulation non observation
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Modulation non observation

Search for Daily Modulation of 
MeV Dark Matter Signals 
with DAMIC-M

Phys. Rev. Lett. 132, 101006 (2024)
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Improved detectors and setup at LBC

4 6kx1.5k CCD
per module

(13.4g)
(x2=27g)



Typical current DAMIC-M portion of an image
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Improved DC, looking for patterns
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Improved data taking and analysis at LBC

Probing Benchmark Models of 
Hidden-Sector Dark Matter 
with DAMIC-M

Phys. Rev. Lett. 135, 071002 (2025)
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A love story: Skipper CCDs and Phys. Rev. Lett.
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Skipper CCD vs other technologies

Note that the 
DAMIC-M results 
are form the 
prototype of the 
experiment (LBC)

Expect new results 
in 1-2 years
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26 modules 
ready (350g)
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From plans to reality…
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Turning on in September 2026 and…
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• Skipper CCDs are unique detectors with single electron 
detection capability and sub-electron reading noise
• They provide world-leading sensitivity, outperforming other 

technologies by orders of magnitude in sensitivity
• The LBC prototype of DAMIC-M has explored the expected 

freeze-in (and freeze-out) parameter space and excluded it
• DAMIC-M will explore 1-2 orders of magnitude below the 

current LBC limits
71

Conclusions and perspectives
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Skipper CCDs are:
• Used in other experiments: CONNIE (coherent neutrino 

scattering), Dark Beats/Moskita (mCP search)
• Considered for future ones: OSCURA (10kg scale), DESI, few 

photons interferometry, exo-Earth searches (HWO), 
DARKNESS (X-ray nano satellite)…

• Also under development (MAS-CCD,  SiSeRO-CCD, dual face 
skippers, CMOS-Skipper…)
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Conclusions and perspectives
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Thank you!
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