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In this article the feasibility of using Charge Coupled Devices (CCD) to detect low-energy neutri-
nos through their coherent scattering with nuclei is analyzed. The detection of neutrinos through
this standard model process has been elusive because of the small energy deposited in such inter-
action. Typical particle detectors have thresholds of a few keV, and most of the energy deposition
expected from coherent scattering is well below this level. The CCD detectors discussed in this
paper can operate at a threshold of approximately 30 eV, making them ideal for observing this
signal. On a CCD array of 500 g located next to a power nuclear reactor the number of coherent
scattering events expected is about 3000 events/year. Our results shows that a detection with a
confidence level of 99 % can be reached within 16 days of continuous operation; with the current 52
g detector prototype this time lapse extends to five months.

PACS numbers: 13.15.+g

I. INTRODUCTION

Since the discovery of neutral-current neutrino interac-
tions in 1973 by Hasert et al. [1], the importance of the
coherent enhancement in elastic neutrino scattering has
been pointed out [2], along with its implication for studies
of star collapse. Unfortunately, it is difficult to detect be-
cause of its very small cross section (< 10739 cm?) [3] and
the small energy deposition, typically less than 10 keV
for any material. Detector technology has not met yet
the extreme requirements on detector mass or on the en-
ergy threshold. Nevertheless, in recent times, interest for
low energy neutrino physics has been increasing, mainly
for verifying predictions of the standard model (SM), and
exploring the possibilities of new physics beyond the SM
at very small energy scales [4]. In astrophysics, for ex-
ample, the understanding of MeV-neutrino physics has
great relevance for energy transport in supernovas and it
is related to the ongoing effort to develop new supernova
detectors. These detectors can also be used to monitor
nuclear reactors through their emitted neutrinos [5].

Although initially intended as memory devices [6, 7],
CCDs have found a niche as imaging detectors due to
their ability to obtain high resolution digital images of
objects placed in their line of sight. In particular, sci-
entific CCDs have been used extensively in ground and
space-based astronomy and X-ray imaging [8]. These de-
vices have high detection efficiency, low noise, good spa-
tial resolution and low dark current. Furthermore, thick
CCDs with increased detection mass enable their use as
particle detectors [9]. This technology is being used in
the DAMIC experiment for cold dark matter search de-
ployed at Snolab [10].

Several nuclear-reactor neutrino experiments were
based mostly on inverse beta decay [11-13], usually using
large volumes of target material to counter the relatively

small cross section of this interaction. Recently, there
has been a growing interest in using solid-state detectors
for neutrino detection [14, 15], taking advantage of the
enhanced cross section by coherence.

In this paper, we analyze the feasibility of using CCD
technology for neutrino scattering using a detector with
a threshold of 28 eV of ionizing energy (five times larger
than the RMS noise of 5.5 €V). It is expected that the low
energy threshold of a CCD makes it possible to detect the
main mechanism of neutrino-nucleus coherent scattering,
which has never been observed. Our focus is on neutrinos
with energies of less than 12 MeV produced at a nuclear
reactor. The proposed detector uses a mass of up to 500
g of Si, which allows the construction of a small-sized
nuclear-reactor neutrino detector.

II. HIGH RESISTIVITY SCIENTIFIC CCD

The cross section of a scientific CCD developed by
Lawrence Berkeley National Laboratory and character-
ized extensively at Fermilab for the DECam project
[9, 16] is depicted in Fig.1(a) showing the layout of the
three gates that compose one pixel. The potential well
generated under the gates in normal operation is rep-
resented in Fig. 1(b). CCDs with thickness of approxi-
mately 650 ym are available, and provide up to 5.2 grams
of detector mass. Several million pixels CCD are fabri-
cated on high resistivity silicon to maximize the depleted
silicon volume, increasing their near-IR photon response.
The CCD is fully depleted with the use of a substrate
voltage. The array is divided into square pixels of 15 um
by 15 pm, providing enough spatial resolution for efficient
rejection of some of the background particles.

A compendium of background events from measure-
ments at sea level is shown in Fig.2. Each particle pro-
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FIG. 1. Cross section of a 250 pum thick CCD developed at
Lawrence Berkeley National Laboratory [17]. (a) Layout of
the three gates that form one pixel. (b) Electrostatic poten-
tial (V) generated through the three gated phases shown as
function of depth (y axis) and one of the lateral directions (x
axis).
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FIG. 2. Compendium of images from recent measurement of
background at sea level in a CCD.

duces a distinctive two-dimensional pattern in the CCD
array. A muon is characterized by a straight-line track
crossing the entire silicon volume. The small curved
tracks are typical of energetic electrons produced by elec-
tromagnetic radiation. Alpha particles appear as big cir-
cular bright dots, due to the plasma effect they produce
in the silicon [18]. Finally, point events formed by one or
a few pixels, are produced by small depositions of energy
by ionizing particles in one pixel volume. The coherent
neutrino-nucleus scattering is expected to produce these
kind of point events, as described in Section V B.

Besides the relatively large mass and high spatial reso-
lution, an attractive feature of CCDs for neutrino detec-
tion is their very small energy threshold due to their good
charge transfer efficiency, low readout noise and negligi-
ble dark-current contribution in a cooled system.

The readout noise is added to each pixel by the out-
put amplifier during the charge packet readout. It has a
Gaussian distribution with a standard deviation (ocrms)
that depends on the readout time of the pixel, as shown
in Fig. 3 (see [19, 20] for a detailed analysis). Because of
the interaction between 1/ f and white noise, an optimum
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FIG. 3. RMS pixel error (orms) caused by the output ampli-
fier, as a function of pixel read-out time.
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FIG. 4. Histogram of single pixels of images taken with a
CCD running at 140 K and pixel-time of 30 us

read-out noise with ogys = 1.5e~ (equivalent to 5.5 eV
of ionization energy) can be achieved using a pixel read-
out time of 30 us. In what follows, it is assumed that
this noise level is achieved during normal operation of
the detector. Figure 4 depicts a histogram of the values
of individual pixels for this readout-time in the low en-
ergy region, when the CCD is exposed to a 5°Co source
(blue solid curve), and with no source (red dashed curve).
The peak near zero energy values represents the contribu-
tion of the output amplifier noise to empty pixels which
determines the detection threshold of low energy depo-
sitions. The blue histogram also shows individual pixels
with some charge which are part of events from energy
depositions by the source.

Current fabrication techniques and materials have
yielded CCD detectors with transfer inefficiencies
below 15 ppm and dark-current generation below
2e~ /day/pixel when cooled at 123 K, that have negli-
gible effect on the detection of low energy particles.



III. NEUTRINO INTERACTION WITH
MATTER

In the coherent neutrino-nucleus neutral-current inter-
action, a neutrino of any flavor scatters off a Si nucleus
transferring some energy in the form of a nuclear recoil.
The SM cross section o for this process is [2, 21]
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where M, N and Z are, respectively, the mass, neutron
number and atomic number of the nucleus, E;, and E,ec
are the incident neutrino and the nuclear recoil energy,
G is the Fermi coupling constant, fyy is the weak mixing
angle, and f(q) is the nuclear form factor at momentum
transfer q. For E,; < 50 MeV, where the momentum
transfer (¢?) is small enough such that ¢?R? < 1, where
R is the radius of the nucleus [4], |f(¢)| = 1, within an
uncertainty of a few percent [22]. At small momentum
transfers, the individual nucleon amplitudes are in phase
and add coherently, so that the cross section increases by
a factor of approximately N2.

Although the cross section is enhanced by such co-
herence, elastic neutrino-nucleus scattering is difficult to
observe because of the very small nuclear recoil ener-
gies. For silicon atoms the maximum event energy is
max(E yec)= 2E7 /M (approximately 10 keV), showing
that this measurement requires very sensitive detectors
and a good characterization of the background.

The total cross section or(FEy,) for a mono-energetic
neutrino source of energy E,;, is given by

G2
or(Ey) = 4—;[2(4 sin® O — 1) + N]*EZ.
that can be approximated by
or(Ey,) ~4.22x 107 N?E2. (2)

when E,;, is expressed in MeV and ot in cm?. The to-
tal cross section o for 28Si (N = 14) is shown in blue
trace in Fig. 5 as a function of the neutrino energy Ey. ,
showing the small probability for interaction of low en-
ergy neutrinos with matter, and its strong dependence
on incident energy.

A nuclear power reactor is a high flux source of elec-
tron antineutrinos (77.) with energies up to 12 MeV, ap-
proximately. At such energies, the largest probability
for interaction with Si atoms is given by the coherent
neutrino-nucleus neutral-current interaction. The total
cross section o weighted by the 77, energy spectrum from
a reactor (dNy, /dEy,) is also depicted in Fig. 5 using a
red solid line, which is related to the probability of ob-
serving a reactor 1, of a given energy. The most probable
event arises from neutrino energies between 2 and 4 MeV.

If the CCD threshold level is considered, the proba-
bility of detection is reduced, as depicted by the dashed
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FIG. 5. Total neutrino-nucleus coherent cross section ot for
silicon from Eq. 2 (blue curve, left), and weighted by the re-
actor antineutrino spectrum (red curve, right). The dashed
curves correspond to a threshold energy of 28 eV, approxi-
mately 50rmsS.

curves in Fig. 5. In this case, the total cross section is cal-
culated using a threshold of 28 eV, approximately 5 times
the minimum RMS noise level (orms). These results,
summarized in Fig. 5, suggest that the low threshold of
the detectors is adequate for detecting v, scattering.

IV. NEUTRINO SOURCE: NUCLEAR
REACTOR

Nuclear reactors emit about 3.1x10'6 17, /s per MW of
thermal power, broadly distributed over energies up to
12 MeV, with a maximum between 0.5 MeV to 1 MeV.
The antineutrinos come out isotropically from the core,
so that the expected flux density at a distance L is dimin-
ished by the factor 1/(4wL?). At steady state operation,
approximately 7.3 7, (N, ) are produced per reactor fis-
sion [15].

Many processes are involved in antineutrino produc-
tion, but the two major contributions are 5 decays of
fission fragments of the four fissile isotopes 23°U, 238U,
239Py, 24'Pu (=~ 6.1 1, /fission), and neutron capture
by 238U (=~ 1.2 v./fission). The relative contribution
from each source varies from reactor to reactor, as well
as in a single reactor during a burning cycle, resulting
in antineutrino flux scenarios that differ by a few per-
cent. Although such variations are clearly noticeable,
they are small enough to provide an essentially model-
independent analysis of any reactor neutrino experiment.

In the following sections, each production mechanism
is reviewed in more detail.

A. Antineutrinos from fissile isotopes

The v, emitted in power reactors are predominantly
produced through (-decays of the fission products, fol-
lowing the fission of the four dominant fissile isotopes:
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FIG. 6. Antineutrino spectrum for each process [15].

TABLE I. Relative fission contribution and neutrino yield per
fission for the four fissile isotopes and the 23®U neutron cap-
ture. Typical values are given for integrated contributions.

Process Relative rate for Neutrino yield Neutrino yield
reactor fission (Ny, /process) (N, /fisision)

U 0.56 6.14 3.43

By 0.08 7.08 0.56

9Py 0.30 5.58 1.67

2lpy 0.06 6.42 0.38

28U(n,y) 0.60 2.00 1.20

23577, 238U, 239Py, and 24'Pu. Other fissile isotopes such
as 236U, 240py, 242Py, etc, contribute less than 0.1 %
to the fissile isotope spectrum, and therefore can be ne-
glected. Each isotope has a different v, yield, v, spec-
trum, and fission rate. Their content also changes during
the fuel burning cycle, and leads to a small variation of
the 7, flux and spectrum. This affects the total number
Ny, by a few percent, and can be ignored in a first order
analysis of a CCD-based detector.

Typical v, yield per element fission, as well as their
relative contribution per reactor fission are summarized
in Table I. The v, spectrum produced through the fission
of each isotope is depicted in Fig.6 in units of v,/ MeV
for each process. These fluxes and spectra are provided
in [15] for similar calculations on germanium detectors.
The expected event analysis of Section V also considers
new data of the antineutrino spectra between 2 and 8
MeV [23-25].

B. Antineutrinos from neutron capture in 23U

The 238U content in power reactors nuclear fuel varies
between 95 % to 97 %. The 233U nuclei absorb approx-
imately 0.6 neutrons per fission via the (n,y) reaction:
28U + n = P90 = 2Np = 2Pu. Two v, are pro-
duced through S-decay of 23°U. This process contributes
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FIG. 7. Total reactor antineutrino spectrum per fission in the
reactor per MeV. The red solid line reflects the fissile isotopes,
and the blue dashed line the sum of the fissile isotopes and
the neutron capture by 23U.

nearly 16 % to the total v, flux. The v, yield and rate
per fission at the reactor are also summarized in Table
I. The energy of the antineutrinos produced by this pro-
cess is below 1.3 MeV, as shown in Fig. 6 (black curve).
A description of these processes can be found in [15].

Figure 7 depicts the total antineutrino spectrum per
fission, obtained as weighted sum of the different contri-
butions, with (blue dashed line) and without (red solid
line) the contribution of the 233U capture mechanism.

V. CCD EXPERIMENT AT REACTOR

This work provides a preliminary analysis to forecast
the expectations for the Coherent Neutrino-Nucleus In-
teraction Experiment (CONNIE), currently under con-
struction. The goal of CONNIE is the first unambigous
detection of neutrino-nucleus coherent scattering using
an array of CCD detectors in a radiation shield located
30 meters from the core of the Angra II reactor, which
operates at a thermal power of 3.95 GW. This experi-
ment is being installed at the Almirante Alvaro Alberto
Nuclear Central, in Angra Dos Reis, Brazil.

In steady-state operation, the neutrino flux produced
by the reactor is 1.21 x 10?° 77, /s approximately, and the
flux density at the detector (L = 30 meters from the core)
is 7.8 x 10127, /em?/s. Although these large numerical
values suggest that nuclear power reactors may act as a
neutrino source for the CONNIE experiment, the feasibil-
ity of neutrino detection requires not only the estimation
of the event rates and background noise, but also the
proper identification of neutrino events. Once these pa-
rameters are known, the running time of the experiment
to achieve a certain confidence level can be estimated.
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A. Event rate

The product of the coherent scattering interaction is
a nuclear recoil that ionizes electrons of Si atoms in the
lattice, which are collected to form the event in the out-
put image. Using the differential cross section, the total
U, spectrum and the 7, flux expected at the detector, the
nuclear recoil spectrum dR(FEyec)/dFErec is given by

dR > dNy
7(Erec) :Nt/ d Ve - (EV})
dFrec [Brec M dEy,
do
— (Ev,, Ex
X dE;jE dEreC ( e eC) (3)

and the total rate for events R in the energy range of the
detector is given by

o dR
= dErcci Ercc 4
R= [ Bt (B (@)

where ANy (Ey.)/dEy. represents the spectrum of neu-
trinos at the detector, Eyj is the detector’s threshold en-
ergy, IN; is the number of nuclei in the detector, and
v/ ErecM /2 is the minimum neutrino energy that can pro-
duce a recoil with energy Fic.

The results for dR/dE,e. and R from Egs. (3) and (4)
are shown in Fig. 8 and Fig. 9, respectively. The nuclear
recoil spectrum shown in Fig.8 decreases rapidly with
energy. Although events with E... up to 10 keV are ex-
pected, any recoil for Fye. > 3 keV has a very low proba-
bility of occurrence. In fact, more than 96 % of the events
occur for E.o. < 2 keV. This behavior can be also derived
from the integrated spectrum in Fig. 9 (red curve), which
represents the rate of events as a function of the upper
limit in Fec. Above 2 keV, the distribution becomes flat
and there is essentially no significant increase in the event

T T TTTTT T T TTTTT MTTILEE L e |
e

30 =

25
20 —

15

R (events/day/kg)

10 —

50
0 Lpeeepmer
0.00 0.01 01 : .

energy (keV)

FIG. 9. Total number of events as a function of the threshold
energy for different constant quenching factors (blue curves),
and Lindhard factor (orange curve). The red dotted curve
shows the total number of events as a function of the maxi-
mum detectable recoil energy using Q = 1.

rate. This characteristic may be used to find the best
energy cutoff to maximize the event to background ra-
tio. The bounded energy range also provides some clues
about the expected signature from v.-hits, as discussed
in the next section. The use of heavier target materials
result in an even shorter visible energy range.

Figure 8 also depicts the recoil spectrum using the
reactor-antineutrino spectra of [23] and [24] with squares
(O) and crosses (x ), respectively, showing that the differ-
ent models of the recoil spectrum are in good agreement
for this energy range. Data used to derive these spec-
tra include recent calculations of the 238U antineutrino
spectrum by Haag [25].

Only a fraction of the nuclear recoil energy is converted
into charge inside the Si detector, because part of the de-
posited energy results in phonons, contributing to the
increase of the thermal energy of the system. The quan-
tity that reflects the mean ionization production by a
nuclear recoil related to the ionization by an electron of
the same energy is the quenching factor (). This factor
has a strong dependence on energy and unfortunately it
is not well known for energies less than 4 keV, although
the authors are involved in several ongoing efforts to mea-
sure ) within this energy range which include: fast neu-
tron scattering on silicon target, electron capture decay
by activated isotopes in CCD, and nuclear recoil energy
calibration with a thermal neutron source. More details
of these techniques can be found in [26]. However, mea-
surements for event energies larger than 4 keV agree with
Lindhard’s theory [27, 28]. Figure 10 shows the predicted
silicon quenching factor by Lindhard, and a compendium
of available measurements at different recoil energies [10].
Taking into account the Lindhard @ factor, the observ-
able event energy spectrum is also shown as a solid curve
in Fig.8, indicating that the range of ionization energy
is reduced to approximately 3 keV. The dependence on
lower ionizing energies becomes stronger due to the re-
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FIG. 10. Silicon quenching factor. Compendium of measure-
ments of [10], and theoretical prediction by Lindhard [27, 28].

TABLE II. Expected number of events for different quenching
factors and threshold conditions, given in events/kg/day.

Eun Q=1 Q=03 Q=02 Q=0.17 Lindhard
lorus (5.5eV) 31.6 295 283  27.7 26.3
Sorus (28¢V) 27.9 213 181  16.7 16.5

duction of ) at small energy values.

Figure 9 also depicts the total number of detected
events for different threshold energies and different
quenching factor (@) scenarios. Despite the fact that
quenching factor is not well known at low energies, the
total number of detected events has a relatively weak de-
pendence on it because of the very low noise of CCD
devices. Table II summarizes the number of events per
kg per day of detector for the different factors and for
two values of energy threshold Ey,. The total number
of events for zero energy threshold is expected to be 33
events per day per kg of silicon. If newer spectra models
[23, 24] are considered, data in Table II varies about 5%,
which is a similar percentage to the variation expected
from different burn-up conditions and reactor core com-
positions. Therefore, CCD detection capabilities are con-
sistent for different available spectra models.

B. Identification of neutrino candidate events

The low energy nuclear recoil signature in the CCD
corresponds to a diffusion limited hit, which means that
the observed charge is generated in a volume smaller than
the pixel size, and that the event is formed only by the
diffusion of the free charge in the silicon [10].

When the charge is free to move in the Si lattice, the
diffusion and drift mechanisms define its final lateral dis-
persion before it is trapped by the electric potential well
under the gates. The lateral barriers extend approxi-
mately 10 pm in depth (y axes). Beyond this point, the
electric field in the entire silicon bulk is uniform along

025n T T T T T ]
front (data) o

0.20 ==== front (simulation)—
—— back (data) —

0.15 ==== back (simulation)”]

0.10

S S S S S S S S — — 1

frequency (a.u.)

I

0.05

0.00 -
0.0 0.1 0.2 0.3 0.4 0.5 0.6

ODiff best fit (plxel)

FIG. 11. Measurement and simulation of the reconstructed
lateral deviation of events from X-rays from the K, peak of
a %5Fe source when the CCD is exposed from the back (black
curve) and from the front (red curve).

the z and z axis, and varies only as a linear function of
y (a detailed electrostatic description of the devices can
be found in [9]). The net result is that most of the carri-
ers reach the well of the gate in the same pixel in which
they were generated, and only a small fraction trans-
verse to adjacent pixels. Figure 11 depicts this lateral
dispersion reconstructed from X-rays events. It shows
the distribution of lateral standard deviation measured
when the CCD is exposed to a %°Fe source from the front
(red curve) and from the back (blue curve). These pro-
files (continuous lines) closely resemble those obtained
by simulation (dashed lines); minor differences appear
because the simulation was tuned for a another similar
CCD. This experience suggest that the diffusion limited
hit generated in the CCD volume can be modeled with a
Gaussian distribution with a lateral deviation from 0 to
0.55 pixels.

The “pixelation” of the detector plays an important
role in the final shape of the expected event, giving a 2D
stepped representation of the Gaussian distribution ex-
pected from diffusion. Due to the small number of pixels
composing the event, the shape of the stepped distribu-
tion depends strongly on the initial lateral position of
the charge relative to the boundaries of the pixel. Figure
12 shows the effect of diffusion and pixelation on a sim-
ulated neutrino event produced at different depths and
lateral positions. The energy of the event is 1.6 keV and
it is simulated as interacting close to the gates of the
CCD in the y axes (standard deviation of the diffusion
distribution: opig = 0.2 pixels) with a lateral position
of (x;,2;)=(2.1,2.3) pixels in the array, in Fig. 12(a), and
at y = 250 um at the back of the detector (opig = 0.5
pixels) with (z;, z;)=(2.25,1.6) in Fig.12(b). A detailed
description of the shape of diffusion limited hits can be
found in [10, 18, 26, 29, 30].

The energy calibration of CCDs can be performed us-
ing several standard procedures. The most intuitive tech-
nique is using an X-ray source, specially ®*Fe. A full de-
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FIG. 12. T'wo simulated neutrino events generated at different
depth of the detector and at different relative positions in
the pixel. (a) ve-event interacting close to the gates of the
detector, with opig = 0.2 pixels, and (b) Z.-event interacting
close to the back (large y) of the detector, where opig = 0.5
pixels. The x; and z; values are the coordinates of the point
of origin of the events in the array.

scription of the procedure can be found in [8], and the
calibration for these detectors in [10, 26].

C. Detection efficiency

The detection efficiency strongly depends on the algo-
rithm used to process the output images. Detection ef-
ficiency improves when the algorithm takes into account
the charge distribution pattern discussed in the previous
section, and when the signal to noise ratio is large.

We provide an estimation of the detection efficiency
based on the signal to noise ratio, assuming that the use
of the charge distribution patterns will enhance the dis-
crimination between fake and meaningful events.

With CCD technology the signal to noise ratio can be
enhanced by binning multiple pixels, i.e. summing the
charges of neighbourhood pixels to a single pixel. This is
a typical procedure when reducing the size of the output
image; see more details in [8]. Figure 13 shows the effi-
ciency of a simple threshold detection algorithm of 28 eV
when the CCD readout is configured for binning ten by
ten pixels in boths dimensions. This curve can be used
to obtain a more realistic scenario of the detectable neu-
trino event spectrum and rate. The green dashed curve
in Fig. 8 shows the effect of the detection efficiency on the
detection of neutrino events below a few tens of eV. The
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FIG. 13. Detection efficiency of a simple threshold algorithm
of 28 eV when the CCD is configured for a binning of 10 x 10
pixels.

TABLE III. Expected number of events/day (events/year) in
a CCD arrays of 52 g and 500 g assuming the detection effi-
ciency from section V C and for different quenching factors.

Mass [g] 52 500

Q=1 1.49 (524) 13.81 (5040)
Q=03 1.09 (396) 10.43 (3809)
Q=02 0.92 (336) 8.84 (3228)
Q=017 0.85 (309) 8.15 (2975)
Lindhard 0.84 (305) 8.04 (2933)

detected rate is 16 events per day per kg of silicon, rep-
resenting a reduction of 3% compared to the calculation
using Lindhard predictions in Table II.

Refinements on the detection algorithm can improve
the observable event rate. Efficient detection at low
event energies can be improved using new techniques for
CCD readout having a RMS readout noise below 3.65
eV [19, 20]. Their implementations for this application
is currently under development.

D. Running conditions and forecast

The current version of the CONNIE detector is based
on 10 CCD running in parallel. The setup has capacity
to read CCD of any thickness, with array sizes of up
to 6 cm by 6 cm. The system was designed for easy
on-site replacement of the detectors. The first stage of
the experiment is considered a proof of concept of the
technology, and uses ten 5.2 g CCD units. The final
detector is expected to use a 500 g CCD-array.

The final spectrum and rate of events can be calculated
from Figs. 8 and 9, respectively. The number of expected
events considering the detector efficiency for several val-
ues of () are summarized in Table III for both setups.

A rough estimation of the expected running time for
the 52 g setup can be obtained considering the result as



TABLE IV. Expected running time for achieving different CL
[PDG] for a detector’s mass of 52 g and 500 g.

CL [%] T [days]

52 g 500 g
80.00 12 1.2
90.00 28 2.9
95.00 45 4.7
98.00 70 7.3
99.87 150 15.8

a counting experiment for a signal, expected to be higher
than the Poisson fluctuation of the background at some
given confidence level, for any specified energy range.

Figure 9 shows that for @ < 0.3 almost all the events
have an ionization energy of less than 300 eV. For the
energy range between 28 eV (5orms) and 300 eV, and
assuming Lindhard’s factor and the efficiency in Fig. 13,
the event rate from calculations in last subsection scaled
down to 52 g is 0.847 events with T in days.

Available bibliography shows that the count rate from
background events in the low energy region at sea
level using passive shield can be reduced to nearly 600
events/keV/day/kg [31], assuming that the material of
the shield has a low level of radiative contamination.
Similar rates of background have been reached using
analogous configuration of CCD at shallow depth (30
m.w.e) in the Minos tunnel at Fermilab, and deep under-
ground (600 m.w.e) at Snolab [10, 26]. The background
noise scaled by the mass of the detector and by the en-
ergy interval results in a rate of 8.5T events (T in days)
for a 52 g detector.

Fake events due to the readout noise values above the
energy threshold should be also considered. This rate
depends on the number of pixel evaluations and the de-
tection algorithm. Assuming 10 CCDs running in paral-

lel being read every 2 hours and using a binning of ten
by ten pixels, then the number of evaluations per day is
2.015x107. Considering a threshold of 28 eV, the rate of
expected false positive events is 3.18T events with T" in
days.

A signal-to-noise ratio defined as

0.84T
V8.5T + 3.18T

where T is the running time in days, can be used to
obtain the corresponding confidence value. Therefore,
the number of days running the experiment to achieve
a certain confidence level (CL) can be computed, and
some values for several CL values are listed in Table IV
for a detector’s mass of 52 and 500 g. These values were
computed following the recommendations of [32].
VI. CONCLUSION

SNR = =0.25VT (5)

The capabilities of Charge Coupled Devices to detect
coherent neutrino-nucleus scattering interaction has been
demonstrated. The low threshold achieved on these de-
vices allows the detection of small energy depositions, in
particular, nuclear recoils from neutrino scattering. On
this energy range, the interaction is enhanced by coher-
ence and therefore the neutrino signal can be observed
using a system with moderate detecting mass.

The basis for a coherent neutrino nucleus scattering
experiment at a nuclear reactor have been also reviewed,
showing that a neutrino signal of more than 300 events
per year can expected in a CCD array of 52 g, with a cer-
tainty greater than 99% over the background fluctuation
after a hundred and fifty days of measurements.
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