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Dark Matter in CCDs sensitivity 
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Blanco 4m Telescope 
Cerro Tololo, Chile 

250 µm thick CCDs 
with enhanced IR 
sensitivity developed 
at LBNL 

Dark Energy Survey  
Camera  

DAMIC enabled by  
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DAMIC CCD image taken at ground level  



CCD principle 
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“horizontal clocks”   (faster) 

Moving charge from pixel to pixel 



    
•  High-resistivity (1011 donors/cm3) – extremely pure silicon   

•  Fully-depleted over several 100s µm (typical CCDs few tens of µm) 
Sizable mass (a DAMIC CCD, 6 cm x 6 cm, 4k x 4k 15 µm pixels, has 
a record thickness of 675 µm for a 5.9 g mass)  
 

Why high resistivity, thick CCDs for DM detection 
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3.6 eV to produce 1 e-hole pair     
• Single pixel energy threshold (5 σ)   ~ 40 eV ! 
•   

Pixel noise σ ≈ 2e- ≈ 7.2 eV 

    
• Lower threshold, higher WIMP recoil rate (exponential),  

• low mass detector competitive    

 
•  Unprecedented low energy threshold 
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•  Dark current < 0.1 e/pixel/day (CCD operated at 140 K): 
    negligible noise from dark current fluctuations  
•  Readout noise minimized by Correlated Double Sampling:  sig-ref  

2e 

37 µs 

 ≈ 5 min to readout    
a 8 Mpixel CCD 

readout  time 
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•  3D position reconstruction 

    
The charge diffuses towards 
the CCD pixels gates,  
producing a “diffusion-limited” 
cluster 

   ( σ ≈ Z  allowing for fiducial volume definition and surface event rejection) 

Data 

    675 µm thick 
DAMIC CCD 

    

    55Fe X-ray source 



DAMIC at SNOLAB 
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DAMIC setup at SNOLAB 
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20” thick 
poly 
shielding 

vacuum and cryo 
lines,electronics 

Cu 
vessel 

Cu box 

Kapton 
cable 

in-vacuum 
electronics 

 6” lead 
shielding 



11 

 1” Spanish 
galleon lead 

DAMIC setup at SNOLAB 

 Si support 



DAMIC CCD performances  
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blank (taken after 
exposure) 

exposure 

NOTE: DAMIC takes very long exposures (typically 8 hours!) to 
minimize the n. of noise pixels  above the energy threshold  SNOLAB  UChicago 

 ≈ 1 month   ≈ 1 month  

 SNOLAB 

! 

≈ 100% duty cycle 



Response to electrons 

 Al 

Si 

 O 
 σ ≈ 21 eV  

 Energy loss in 
gates and SiO2 

< 2 µm / 675 µm 



Depth reconstruction 
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Muon track 

675 µm thick CCD 
    

front back 
    
•  Calibration with muon tracks 

(at ground level)   

    
•  Diffusion model validated by 

muon and X-ray data   

Data (single muon track) 



R&D: background reduction  
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Ancient Lead 



DAMIC unique spatial reconstruction 
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E	  =	  5.4	  MeV	   E	  =	  6.8	  MeV	   E	  =	  8.8	  MeV	  
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Δt	  =	  17.8	  d	   Δt	  =	  5.5	  h	  
Three	  α	  at	  the	  same	  loca=on!	  

	  α	  	  +	  β	  

Bragg	  
peak	  

Powerful method to measure U/Th bkg 
in the bulk 

Not	  seen	  

Example	  
of	  	  
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α particles 

 arXiv:1506.02562  to appear in JINST 
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β-β sequences 

Cosmogenic	  

from	  Radon	  
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β-β sequences 

 arXiv:1506.02562  
to appear in JINST 



WIMP search with R&D data  
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260 eV 

 lowest energy candidate 

Improving the energy threshold with 
hardware binning: the charge of several 
pixels is added before readout, better 
signal over noise since readout noise 
stays the the same. Some data collected 
at SNOLAB     



DAMIC calibration (keVnr) 
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	  University	  of	  Notre	  Dame	  

eg.   28Si + n        29Si + γ     
Argonauta	  reactor	  
(UFRJ,	  Rio	  de	  Janeiro)	  

340 Watt, thermal 
neutron flux few 
105/cm2/s 

CCD	  ac=va=on	  
with	  proton	  beam	  
(CDH	  proton	  
center,	  Illinois)	  
Nuclear	  recoil	  
from	  EC	  of	  22Na	  	  	  
	  

Sb/Be	  “monochroma=c”	  
neutron	  source	  (24	  keV),	  
U.	  Chicago	  	  

No measurements of nuclear recoil 
ionization efficiency below 4 keVnr ! 
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DAMIC100 
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•  100 g detector  - 18 CCD 4k x 4k 675 µm 
 
•  Minimal changes of current SNOLAB 

setup: Cu box, CCD support and cable 
    expected bkg   ≈ event/keV/kg/day  
 
•   Detectors designed by LBL and fabricated 

by DALSA 
   -  23 wafers, packaging started, high yield 



DAMIC100 
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4k x 4k 

August 2015 
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DAMIC sensitivity 
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Potential of a 1 kg Si detector 
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Sensitivity of DAMIC

DAMIC100
DAMIC-1kg
DAMIC-1kg Skipper
SuperCDMS-Ge
SuperCDMSHV-Si
XENON-1T
LZ
Neutrino Coherent Scattering

1 kg Si (1 e- noise) !
1 kg Si (Skipper) !
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Strategy for DAMIC 1kg 

Silicon wafer 

6k x 6k pixels, 1 mm thick 

≈20 g / CCD 

≈ 50 CCDs / 1 Kg 

DAMIC100 
4k x 4k 

O(50) CCDs ok even with existing design of electronics                       
(e.g. DECam 62 CCDs) 

One batch of 24 wafers production for DAMIC100 
Three batches sufficient for DAMIC 1kg 

•  Scaling mass 

Cost does 
not scale 
linearly with 
mass 
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•  Digitize the video signal  
•  Estimate the correlated noise on a string of pixels  
•  Subtract the correlated noise 
•  Perform CDS on digitally filtered video signal  
(large data storage and offline processing – feasible given          
8 hours readout intervals in DAMIC; ultimately on a FPGA)  

•  Readout noise ≈ 1 e-  with digital filtering  

R&D at Fermilab   
demonstrated  
 1 e- noise  

A full readout currently 
under design, will be 
implemented in DAMIC100  
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Special design of the readout node, with a floating gate output 
that allows for multiple readouts of the charge in each pixel 
•  Pixel charge is measured N times, with integration time short 

to keep 1/f noise negligible 
•  Noise improves by 1/sqrt(N) 
Technology known since long time – the challenge is in the  
implementation on a large number of CCDs  

•  Readout noise ≈ 1/10 e-  with skipper CCDs  

R&D at Fermilab   
demonstrated  
 0.2 e- noise  
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•  Background 
•  Terra incognita at these low energies; DAMIC100 first to 

explore 
•  Impact of 32Si to be assessed with DAMIC100: may require 

use of “underground” silicon 
•  New design of vessel/box/packaging – underground 

electroformed copper / silicon  
•  Drastic improvement in handling procedures to avoid 

radioactive contamination. DAMIC 1kg will require more 
infrastructure at SNOLAB (space, cleanroom, etc.) 



Conclusions and outlook 
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•  During the last two years, DAMIC has carried out an intense R&D 

to demonstrate the potential of CCDs as DM detectors 
•  We have achieved stable, low noise, low background operation of 

large size, thick fully depleted CCDs at SNOLAB, and 
demonstrated low mass WIMP sensitivity with R&D data  

•  We are exploiting CCDs unique spatial granularity to study 
backgrounds with unprecedented precision 

•  We are pushing an ambitious program of nuclear recoil      
ionization efficiency measurements in Si 

•  DAMIC100 construction has started 

•  After DAMIC100 successful operation, DAMIC 1kg will be a natural 
step to take    

    - potential scientific reach similar to G2 
    - low cost  
    - R&D started 

relevant to  
all silicon 
detectors, 
e.g. 
SuperCDMS 


