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NEWS:  First light for CEvNS, “Observation of coherent elastic 
neutrino-nucleus scattering” by the COHERENT collaboration, 
published in Science, August 3, 2017

http://science.sciencemag.org/content/early/2017/08/02/science.aao0990
http://science.sciencemag.org/content/early/2017/08/02/science.aao0990
http://science.sciencemag.org/content/early/2017/08/02/science.aao0990
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Detector: CCD readout

Entries  8428899
Constant  1.12e+05
Mean      -0.005619
Sigma       1.8

charge [e]
-10 -5 0 5 10

1

10

210

310

410

510
Entries  8428899
Constant  1.12e+05
Mean      -0.005619
Sigma       1.8

Single pixel distribution

Charge coupling makes the detectors ideal for low noise 
measurements, typical noise for scientific CCDs is 2e- RMS 
(7.6eV). Very recent work pushing this to “0” noise.
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Recent developments by the MSL group at LBNL has allowed the fabrication 
for “massive” CCDs. 675 um is now possible.
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detector designed for astronomy, and used for low energy nuclear recoils

15 x 15 um pixels

CONNIE 2014-2015 sensor 
250 um thick CCD 
Developed by LBNL Microsystems LAB
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CONNIE-DAMIC 2016 sensors

16 Mpix — 6g

4 amplifiers 
2e- noise 
low background package

this detector does not 
see photons…



muons, electrons and diffusion limited hits.
Nuclear recoils will produce diffusion limited hits. Neutrinos from reactor are expected to produce nuclear 
recoils at a rate of 10,000 per day for each kilogram of detector. 
arXiv:1408.3263

Particle identification in a CCD image

7



Calibration using X-rays

nuclear recoil calibrations are not as easy, but we have them ( backup slides )



Angra II Reactor. 4GW thermal power 

Angra do Reis,  Rio de Janeiro, Brazil.
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CONNIE rates
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our site

shield (poly + lead)

shield assembly

ccd array

5.7 g CCD (one of 14)

2016-2017 run
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originally we developed this technology for DAMIC (dark matter search)



First reactor ON/OFF 
comparison was done 
using the shutdown 
period at the end of 
2015. With a detector 
of  1 gram. 

Technology 
demonstration.
Now: 
• Higher mass (x50) 
• Lower noise  (20%) 
• Lower background (x10)
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2015 we had a 2.2e- noise in the best CCD for 
the active area of the detector. This means 
that we had dark current, or IR photons hitting 
the detectors.

2015 engineering run 2016 image example

charge in pixel (e-)

This 10% decrease in the noise is a big deal. It 
corresponds to ~10 increase in the rate of 
noise hits at ~35 eV.
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the histogram above also shows the hits from 
real tracks.
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operation improvements in CONNIE : statistics going up fast. By this time next year we 
will have 5 times the statistics.
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2015 engineering run

2016 

Reactor ON
Reactor OFF

background improvement in the new 
configuration. We eliminated ceramic 
spacer (AlN) in the detector package. 
This eliminated all the ~15 keV lines 
produced by the U and Th decays. It 
also lowered the background 
significantly. 

The bump from muon tracks is now at 
250 keV because we went from 250um 
silicon to 675 um. 
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the muon flux is not the same, it is 
higher when the reactor is OFF. Makes 
sense due to weather.

muons/exposure Reactor ON

muons/exposure Reactor OFF

Comparing Reactor ON/
OFF backgrounds.

fluorescence X-rays are the same 
reactor ON/OFF. This point to a stable 
gamma background.

Si X-ray produced 
by gammas inside 

the CCD.

Cu X-ray produced 
by gammas in the 
detector housing

Reactor ON 
Reactor OFF
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For the efficiency calculation  we added 
simulated nuclear recoils (uniformly distributed 
inside the CCD) to the reactor OFF data.

Cu X-rays

ReactorOFF+simulated recoils
ReactorOFF

Si X-rays
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now selecting the low energy events…

Likelihood measures the probability of the event being compatible with a noise 
fluctuation. Selection cut in this likelihood variable.



uncertainty ~ 102 dru

with CONNIE data today, New results coming soon!
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skipper-CCD



The skipper-CCD is a modification of the output stage of a CCD (Janesik et al 
-1990). It allows for multiple non-destructive readout of the charge in a pixel. 



the new skippers 



CONNIE now skipper CCD

Designed ~30 years ago, but technology first demonstrated summer 2017  by Javier Tiffenberg et 
al (arXiv:1706.00028) allows reduction of the threshold by another factor of 2. The plan is to install 
a couple of these detectors in CONNIE also. Will need a new ionization efficiency measurement.
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200eV

x10
events

skipper-CCD
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10 kg skipper Detector (4000sensors)



Conclusion 

• CONNIE is operating, and has ~3 years of data with increasing 
quality. (3 one-month shutdowns). During 2018 the experiment had 
50g of active mass. 

• Low energy analysis to compare with SM and new physics ready 
late summer 2018. 

• Skipper-CCD to remove the electronic noise is coming to CONNIE 
(reduction to of threshold to 2e-) 

• Engineering development to build >10kg experiments ongoing.





the new skippers 



Until now we have been doing RON-ROFF analysis. 
This is limited by the ROFF statistics. 

Now with full geant4 simulations doing modeling the 
background. With a solid background model the 
statistic uncertainty drops by a factor of 10!!! 



Nuclear Recoil Calibration (A.Chavarria et al)
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Nuclear Recoil Calibration (F. Izraelevitch et al)

Complete calibration down to our threshold for 
CONNIE.
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At low recoil energies (TA < 50 MeV )  the cross section is enhanced by ~N2 .

standard model process  
never observed

a window to new 
physics in the low 
energy neutrino 

sector

Coherent elastic neutrino-nucleus scattering (CEνNS) is a 
prediction of the Standard Model.
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Counting electrons: ..48, 49, 50..
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New Probes for Physics Beyond the Standard Model - KITP, Santa Barbara - April 9-12, 2018 14

impressive ability to count electrons!



Once you can count electrons, you can search for electron recoils produced by 
very low mass dark matter (dark sector searches). This is what we are planning to 
do with the skipper-CCD in the SENSEI experiment.
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Neutrinos produced by stopped 
pions (decay at rest).
• Higher energy recoils, easier to see 
• Pulsed to control background. 
• Has to deal with beam associated 

background. 
• COHERENT

Coherent Collaboration 
SBS neutrino spectrum

Neutrinos from a nuclear reactor
• Very large flux, close to core. 
• Low energy recoils, harder to see. 
• Deal with background by shielding. 
• A window to very low energy neutrino 

sector. 
• MINER, CONNIE

Two ways to get high flux low energy neutrinos
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The reactor typically has 
one month shutdown 
every 13 months. This is 
the 2015 shutdown.

2015 Engineering Run

43



2015 engineering run 
FNAL-LDRD program (1g 
active mass, 1 CCD)

ROFF

RON
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2015 : no excess
2D event modeling (Likelihood)

efficiency for the detection of 
neutrino events and rejection of 
surface events using 2D model.
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