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Outline

• Dark matter particles and skipper CCDs. 

• DAMIC-M’s Low Background Chamber (LBC). 

• DAMIC-M detector design and construction. 

• Radioactive-background targets and status.
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Dark matter particles
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Dark matter is cold, i.e., it is 
bound to the galaxy.

Hence, the dark matter particle speed is 
~the same as stars: 100s km/s.
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A 1 GeV (proton-mass) particle has 1 keV 
of kinetic energy (very little).
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We do not know the particle mass (Mx)
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Local density is 
~0.3 GeV c-2 cm-3.



Skipper CCDs
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Silicon band-gap: 1.2 eV 
Dark current: 40 e-/gram/day

Most sensitive device to the interactions 
between sub-GeV DM and atoms

Pixel charge
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Sample CCD image (~15 min exposure) 
segment in the surface lab.
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Spatial resolution
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• Surface background rejection by depth (z) reconstruction, 
and classification (𝜶, 𝜷, NR) by track topology (at high E>80 keVee). 

• Spatial coincidence searches to identify decay sequences:

• 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 

• Reject crystal defects “hot spots” that dominate device leakage current. 

• NR identification by spatial correlation between ionization event and defect left 
behind in the crystal (R&D): PRD110(2024)043008



Low Background Chamber
‣ Low Background Chamber (LBC) test setup for DAMIC-M at LSM 

for performance and background studies. 
‣ Operating in LSM clean room since 2022. 
‣ Latest DM search from 2025, data consistent with background 

(mostly dark current) in 1.3 kg-day.
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External shield

Cryostat

Prototype CCD module 
packaged and tested at UW

PRL132(2024)101006



LBC Results
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Freeze-in

CCDs:
Noble liquids
mK calorimeters

Light mediator

▾ SENSEI  
▴ DAMIC(-M)
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DAMIC-M Forecast
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Progress
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CCDs:
Noble liquids
mK calorimeters

Light mediator
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▴ DAMIC(-M)

• The radioactive background ~10 dru has 
not decreased since 2017. 

• The improvement is from decreasing 
single-electron rate and increasing 
exposure (up to ~1 kg-day).

Light seal in LBC



DAMIC Activities after I joined

DAMIC Activities after I joined
Production of DAMIC

Modules (UW)
DAMIC-M commissioning
at LSM (Modane, France)

2024 2026
2025

Testing of DAMIC Modules
at LSM (Modane, France)

~ 1700m of rock Overburden

Operated at Laboratoire Souterrain de Modane 
(LSM) 4800 mwe overburden from Fréjus Peak (meter 
water equivalent to 1700m of rock)

AIM: complete detector 
construction and get 
DAMIC-M online by 
early 2027
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DAMIC-M
‣ 104 CCDs in LSM (France) for kg-year target exposures. 
‣ ~1 Gigapixel ➡ like a modern astro camera!  
‣ Skipper readout for sensitivity to single charges. 
‣ Background reduction to ~1 d.r.u. (events per kg-day). 
‣ Under construction. Com- 

missioning by end of 2026!
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Summary of Installation Phase 0 and 1
All tasks were completed during 10+ weeks. Bottom shielding, cryostat, vacuum and cooling systems, slow control, etc. 
The vacuum and cooling systems are working and we have the remote control. 
The internal components were stress-tested and are electrically isolated. See daily logs on DocDb.

This has been a lot of work with plenty of unexpected problems. 
Thanks go to everyone who has participated!

As of end of summer:
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Gluing modules

Array assembly tests

Wire bondingDie test

Module Production
Flex prep‣ UW Seattle in Autumn 

2024. 
‣ Tested 188 CCDs and 

selected the best to 
fabricate 28 modules. 
‣ Modules now at LSM.

arXiv:2509.06943



‣ Transport in shielded container. 
‣ Shielded, Rn-free storage. 
‣ Clean room operations. 
‣ Low-radioactivity flexes. 
‣ Copper electroformed underground. 
‣ Light-tight infrared shield.

Low-background
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NIMA959(2020)163573

20x reduction in 3H activation
PRD102(2020)102006

Copper from MJD



Backgrounds

16



Backgrounds
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Pb isotopes, 210Pb 30 mBq/kg 210Pb, cosmo Co isotopes

cosmo 3H 
210Pb from Rn exposure
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Silicon

EFCu

History



Cosmogenic

• Storage underground in between production 
steps: Boulby, SNOLAB, SURF, LSC, LSM. 

• Stainless steel shield in foundry! 

• Shielded room for storage during packaging.

1919

Fab box at DALSA
Drawings by John Brandt (UChicago) 

Shielding dimensions: 
• Stainless steel. 
• Top 400 mm (3*133). 
• Walls 152.4 mm. 
• Outside: W 853.4 mm, D 838.2 mm. 
• Cavity: W 548.6 mm, D 685.8 mm,          

H 317.5 mm. 
• No front wall. 

Total weight 3.3 tons. 

According to DALSA timeline, CCDs were 
stored in the box for about 70% time. 

Two production run: four and two lots in 
the first and second run, respectively. 

Two locations: 
• 7.5 cm from the Front, 
• 6.5 cm from the Back wall, 
• both are 5 cm from the side wall.

The fab at DALSA

At UChicago

Target / days Result

CCD silicon 100 60 or 76 days

EF copper 28 Up to 18

OFHC copper 180 Up to 95

Surface-equivalent exposure



Surface
• Harder to control than cosmogenic exposure since environmental radon levels 

much more variable and mitigation procedure more prone to error. 

• Stored in nitrogen flushed containers and metallized bags whenever possible.
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Before UW At UW Ship to LSM LSM Total Target
Accumulated 210Pb Small (?) 0.4 7 5 12 4

We are here[nBq/cm2]

• Surface 210Pb will be dominant radiogenic 
background (~1 dru). 

• Preliminary MC-based spatial coincidence 
study shows 60% background reduction  
with 10% loss of exposure. 

• Depth reconstruction by diffusion will also help.



Conclusions

• World-leading sensitivity in the search for sub-GeV dark matter particles with 
DAMIC-M modules in the LBC. 

• The next leap in sensitivity requires significant increase in exposure and 
reduction in backgrounds. 

• Enter DAMIC-M: 104 skipper CCDs with a 10x reduction in background. 

• Construction to be completed by the end of 2026. 

• First data in 2027, with 1 kg-year exposure by the end of 2029.
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Thank you!


