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Abstract: The CONNIE experiment is located at a distance of 30 m from the
core of a commercial nuclear reactor, and is based on a CCD (charge-coupled
device) detector array sensitive to an ∼1 keV threshold for the study of coher-
ent neutrino-nucleus elastic scattering.This experiment has the physics goal of
detecting the nuclear recoils produced by coherent scattering of neutrinos, and
exploring new physics in the low energy neutrino sector. We discuss here the
current status and plans for the experiment.



1 Physics Goals

Coherent Elastic Neutrino-Nucleus Scattering (CEνNS) is a Standard Model (SM) process
predicted more than 40 years ago [1] through which a neutrino interacts coherently with
all nucleons present in an atomic nucleus, resulting in an enhancement of the scattering
cross section. The enhancement is approximately proportional to the square of the number
of neutrons in the nucleus. However, despite its large cross section, this process took a
long time to be observed due to the difficulty of measuring the low-energy nuclear recoils
produced by the neutrino-nucleus scattering events. Recently, CEνNS was detected by the
COHERENT collaboration [2] thanks to the development of novel detectors and the unique
neutrino beam facility of the Spallation Neutron Source (SNS) at the Oak Ridge National
Laboratory.

The Coherent Neutrino-Nucleus Interaction Experiment (CONNIE) [3] uses low-noise
fully depleted charge-coupled devices (CCDs) [4] with the goal of measuring low-energy
recoils from CEνNS produced by reactor antineutrinos with silicon nuclei [5]. The CEνNS
signal has not been detected yet for the low energy reactor neutrinos.

The potential for CEνNS as a tool to search for beyond the Standard Model physics
has been extensively discussed in the literature [6–17]. CONNIE has the scientific goal
of exploring low energy CEνNS to search for new physics, and its first results have been
recently published [18].

2 Status

The CONNIE engineering run, carried out in 2014–2015, is discussed in [19]. The detector
installed in 2016 has an active mass of 73.2 g (12 CCDs) and is located 30 m from the core of
the Angra 2 nuclear reactor, which has a thermal power of 3.95 GW. The CONNIE detector
is sensitive to recoil energies down to 1 keV. A search for neutrino events is performed by
comparing data with the reactor on (2.1 kg-day) and the reactor off (1.6 kg-day), the
results show no excess in the reactor-on data [20]. A model independent 95% Confidence
Level (C.L.) upper limit for new physics was established at an event rate of ∼40 times
the one expected from the SM at the lowest energies. These data were used to search for
low mass mediators, establishing the best world limits from CEνNS for the benchmark
scalar and vector simplified models [18]. This result shows the potential of experiments
searching for CEνNS with low-energy reactor neutrinos to probe new physics in a way that
is complementary to spallation neutrino experiments.

3 Plans

CONNIE has continued operations for two more years after the published results [20]. The
new data have been collected with hardware binning in the CCD readout, a technique used
to increase the signal to noise for low energy events. This gives an increased efficiency at low
energies, and higher signal-to-background discrimination in the region of most interest for
CEνNS and non-standard neutrino interactions. The results of this new run are expected
by the end of 2020.
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Depending on the results from the 2020 run, CONNIE will decide to either continue
operating the existing CCD array or upgrade the detector to include a small fraction of
skipper-CCDs [21]. These new sensors reduce the threshold by approximately a factor of
five, enhancing the scientific reach of the experiment for CEνNS and non-standard neu-
trino interactions. The CONNIE Collaboration is working closely with a larger group of
researchers developing a multi-kilogram skipper-CCD reactor neutrino experiment with an
active mass of several kilograms. We see the ongoing CONNIE effort as a pathfinder for
this ultimate low energy skipper-CCD experiment at a nuclear reactor.
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