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3 experiments with thick CCDs

The DAMIC 
program

DAMIC@SNOLAB

LBC

DAMIC-M

DAMIC @ SNOLAB La LBC à Modane. Conception de DAMIC-M



Principle of detection

❖ Energy deposition by nuclear 
or electron recoil

❖ Reading after exposure or 
continuous

❖ Cluster search (WIMPS)

❖ Analysis of charge distribution 
(dark sector)
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Key points for performance

❖ Background noise < a 
few tenths of DRU

❖ Energy resolution < 1 e-

❖ Mass ~ 1 kg

❖ Exposure ~ 1 kg.year



Technical commitments made
1. Shields (transport + LBC), clean rooms (LPNHE+LSM), 

cryogenic test benches (3 at the LPNHE)
2. Simulations (detecter optimisation)
3. Cryostat studies
4. The digital conversion card with 4 ADCs of which 

several versions have been studied and for which the 
collaboration has chosen the French proposal with an 
18-bit ADC of 15 MHz sampling frequency

5. The sequencing firmware, based on that of LSST, the 
ADC control firmware, the online data processing 
firmware.

6. The interface middleware with the control board 
(ACM) for the configuration of sequencing firmware, 
polarisation voltages and ADC configurations.

7. The acquisition system itself with the control of the 50 
CCD modules, image recovery, monitoring, etc.

8. The synchronisation card

Conception de DAMIC-M



FastADC board & firmware
❖ ADC 18 bit, 15 MHz

❖ Proposal of the LPNHE alternative to 
ADC 20 bits 1.5 Mhz

❖ Tested and Qualified at the LPNHE

❖ Solution adopted by the collaboration 
(best resolution)

❖ Cards produced in Zurich

❖ Reading firmware Zurich/Paris/
Chicago



Firmware

• Sequencing firmware

• Data reduction firmware

• Fast ADC reading firmware



LDAQ & CDAQ

• CDAQ: Central acquisition that controls all LDAQs

• LDAQ: Local acquisition, allows the configuration of 
electronics and sequencer

• ODAQ: Acquisition Odile/ACM, a communication 
server that manages exchanges with firmwares via 
Ethernet.



Test benches and LBC



Some scientific results

• With the skipper CCDs

• With the LBC



Compton studies
Phys. Rev. D 106, 092001



LBC leptophilic limits
Phys. Rev. Lett. 130 171003



LBC leptophilic limits

Daily modulation analysis https://arxiv.org/abs/2307.07251



Scientific training
❖ 6 PhDs since 2017

❖ Joao Da Rocha, DAMIC@SNOLAB, background noise studies, GEANT4 
simulations

❖ Latifa Khalil, DAMIC-M, electronics for DAMIC-M, ADC qualification

❖ Ariel Matalon, DAMIC, Franco-American thesis, installation and qualification 
of CCDs at the LPNHE, background noise measurement DAMIC@SNOLAB

❖ Giorgos Papadopoulos, DAMIC-M, DAMIC-M electronics, CROD 
qualification, DCA, CABAC

❖ Michelangelo Traina, DAMIC-M, LPNHE test benches, LBC installation and 
analysis

❖ Lounes Iddir, Electronics and low background noise reading of CCDs



Work Plan & Perspectives
❖ Electronics test with the DAQ - 2023
❖ Qualification of CCD and packaging -2024
❖ Installation DAMIC-M 2024
❖ Data taking 2025-2026, 1kg.year of exposure
❖ Scientific analyses and publications 2026-2028
❖ Oscura? 2024…

❖ From September 2024 the scientific team will be greatly reduced due to 
the end of the ERC program
❖ ALS(80%), Romain Gaior (decreased to 30%), + 1 year of PhD and 1 

year of fixed-term researcher on equity funds


