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At low recoil energies (T,< 50 MeV) the cross section is enhanced by ~N2.

7 a window to new
physics in the low
energy neutrino

standard model process sector
never observed
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Coherent elastic neutrino-nucleus scattering (CEVNS)
orediction of the Standard Model.



Two ways to get high flux low energy neutrinos
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Neutrinos from a nuclear reactor
e \Very large flux, close to core.

 Low energy recolls, harder to see.

e Deal with background by shielding.
A window to very low energy neutrino

sector.
 MINER, CONNIE

Neutrinos produced by stopped

plons (decay at rest).

Higher energy recoils, easier to see

* Pulsed to control background.

 Has to deal with beam associated
background.
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Detector: CCD readout

Single pixel distribution
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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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3-phase
CCD structure
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Recent developments by the MSL group at LBNL has allowed the fabrication
for “massive” CCDs. 675 um is now possible.

6



CONNIE 2014-2015 sensor:




CONNIE 2014-2015 sensor

The noise is determined by the capacitance of the output node.
The active pixels are decouples from the readout node!




Particle identification in a CCD image
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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



C_alibration using X-rays
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Vacuum chamber
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FIG. 4. lonization spectrum of nuclear recoils induced by
neutrons from the full BeO target source (black markers) and
best fit to the data (solid line). The fitting function was
obtained by applying a cubic spline model f of the nuclear
recoil ionization efficiency to the simulated recoil spectrum
and convolving with the detector energy resolution. The best-
fit parameters of the spline are given in the legend.
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Nuclear Recoil Calibration (A.Chavarria et al)
arXiv:1608.00957
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FIG. 2. Measured ionization spectra with the full BeO and
Al targets (dashed lines). Solid markers represent the spec-
tra corrected for the energy-dependent event selection accep-
tance. The inset shows the spectra in the 5.0-7.5 keV. range,
with in-run calibration lines from fluorescence x rays originat-
ing in the stainless steel of the vacuum chamber.
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Nuclear Recoil Calibration (F. Izraelevitch et al)

neutron detector
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Figure 1: Schematic layout of the experimental arrangement.
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Complete calibration down to our threshold for
CONNIE.
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of these mysterious particles.
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CONNIE rates

Total number of events vs threshold

Energy spectra in silicon detectors energy for different quenching factors
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our site

2016-2017 run




2015 Engineering Run
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2015 engineering run

FNAL-LDRD program (19

active mass, 1 CCD)

Reactor counts exposure
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2015 : no excess

2D event modeling
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Figure 17: Same as Fig.16, the error bars correspond to 68.27% probability assuming a Poisson distribution for each

energy bin.
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2016

e EXposure increase x 130:

Reactor OFF exposure 1.9 kg-day (30 days x 80 g x 0.8 eff)
compared to 15 d-day in 2015.

 Lower noise
* |Lower background

(we are not ready to show the results, but will try to share our
excitement about this data)
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2015 engineering run 2016 image example
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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.

This 10% decrease in the noise is a big deal. It
corresponds to ~10 increase in the rate of
noise hits at ~35 eV.

the histogram above also shows the hits from
real tracks.




2016
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background improvement in the new
configuration. We eliminated ceramic
spacer (AIN) 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.



Comparing Reactor ON/
OFF backgrounds.

the muon flux is not the same, it is
higher when the reactor is OFF. Makes
sense due to weather.

fluorescence X-rays are the same
reactor ON/OFF. This point to a stable
gamma background.
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events (a.u.)
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For the efficiency calculation we added
simulated nuclear recoils (uniformly distributed
inside the CCD) to the reactor OFF data.
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iIf we go to 2+ pixels above threshold, things get

_ better. More on this in a second.

conservative analysis
3+ pixels above threshold.
preliminary results today




2016-2017 data
Preliminary

For this analysis we selected the
detectors with less “cosmetic”
defects.

Exposure RON =704 g-day
Exposure ROFF = 339 g-day

2+ pixels above threshold

Data collected between
September 2016 and Feb2017.
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2016-2017 data
Preliminary

For this analysis we selected the
detectors with less “cosmetic”
defects.

Exposure RON =704 g-day
Exposure ROFF = 339 g-day

2+ pixels above threshold

Data collected between
September 2016 and Feb2017.

big improvement over engineering
run 2015-2016
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ﬂOi se This shows the detail of the low energy analysis
with 1+ pixels above threshold. Using this events is
our final.
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R (events/day/kg)
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2016-2017 data
Preliminary

For this analysis we selected the
detectors with less “cosmetic”
defects.

Exposure RON =704 g-day
Exposure ROFF = 339 g-day

2+ pixels above threshold

Data collected between
September 2016 and Feb2017.

SM expectations : 0.04 kdru @ 0.22 keV
here uncertainty is 1.8 kdru @ 0.22 keV bin

using 1+ pixels above threshold, efficiency
starts at ~60eV, SM signal goes up by ~10.

We plan to have 3 times the data after the
shutdown in early 2019. SM within reach!
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CONNIE now skipper CCD

4000 samples
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New CCD technology demonstrated this summer 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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Conclusion

Preliminary analysis of high energy events (200 eV)
show tremendous improvement over engineering run.

Current plan is to run for around two more reactor
shutdowns with higher operations efficiency to reach
SM.

Longer term, we are considering lowering the threshold
a factor of 10 with the demonstrated Skipper CCD.

Looking forward to join COHERENT in the fun!
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