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5 The near detector

Having a second detector closer to the neutrino
source and identical to the first and far detector is
the concept of the experiment. Such near detector
will observe anti-neutrinos before appearance of flavor
oscillation. A comparison of neutrino flux and energy
spectrum from both detectors will give a direct

measurement of 613 with unprecedented precision.

5.1 A new underground laboratory

While the far detector was built inside an ex-
host of the previous CHOOZ

experiment[2], the near detector has required the con-

isting laboratory,

struction of a new underground laboratory, 40 meters
under the ground (120 m.w.e.) and at 400 m from the
two nuclear reactors.

In 2011, when first neutrinos were detected in the far
detector, the digging of the access gallery started. Two
years were necessary to complete the gallery and the
laboratory hall to hold the detector. This work had
special authorization and was particularly controlled,
since this is not common to use large amount of
dynamites close to a running nuclear power plant.

The laboratory was designed larger compared to
the far detector, with 3 independent rooms in order
to parallelize some independent tasks (Fig. 9). The
diameter of the pit was also made wider on purpose,

in order to add a water shielding around the detector®.

O 9: The new underground laboratory with the central
pit to host the detector.

6Iron shielding was installed around the far detector due to
limited space.



5.2 Construction of the near detector

The construction started by the most outer vessel,
the Inner Veto (IV). Large stainless steel plates were
assembled and welded directly inside the pit. A
tightness test of the vessel was performed by filling
it with water to the top.

Following a general cleaning of all working areas and
surfaces of IV vessel, the laboratory became a clean
room, starting from ISO 8 level, and going progres-
sively into ISO 5 when getting closer to Inner Detector
(ID) assembly. Such precaution is fundamental to min-
imize particles and dusts which could degrade optical
performance of liquid scintillator and could introduce
some natural radioactive contaminations.

First PMTs were installed on the side and bottom of
the IV vessel. Reflective foils VM2000 were attached
on the wall to enhance the light reflection on surfaces
At the

same time, the ID vessel was being assembled in the

and improving collection to the PMTs.

next room, and once completed, the 10 tons piece
was lowered inside the IV vessel, positioning it by
millimeters precision.

The installation of ID PMTs requires up to 30 per-
sons alternating on site during a 2 months period, be-
cause of various tasks involved: transport in/out of
boxes, test individual PMT to verify operating mode
after storage/transportation, preparation of PMT and
labeling, lowering into the detector, fixation on support
rails, routing 22 m of cable through pipes and flanges,
etc.

A campaign of post-installation tests was performed
to confirm that all PMTs were working, and to verify
the mapping and labeling. A particular care was taken
during all tasks and no PMT were damaged during the
installation. Fig. 10 shows a memorable bird’s eye view
into the detector at this stage.

Following the PMT installation, the delicate inte-
gration of acrylics vessel took place. First the Gamma
Catcher (GC) was assembled, glued and placed inside
the detector. Then, the neutrino target vessel was low-
ered into the GC. And finally the GC lid was set and
glued directly in-situ the detector. Once tightness of
acrylics vessels confirmed, the ID lid with last PMTs
installed underneath was lowered to close finally our

"neutrino trap”, the inner detector (Fig. 11).
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g 11:

closure.

Last view on acrylics vessels during ID lid

5.3 Liquid scintillator filling

As soon as the detector was closed, tightness against
A flushing of
the detector by nitrogen was started to dry acrylics

light, gas and liquid was taken care.

vessels and remove dioxygen, a known scintillator
quencher. Liquids stored in trucks outside the gallery
was transported to the laboratory by a trunk line and
control of the filling was performed by shifters on-site.
Because of the fragility of acrylics to liquid pressure,
liquid levels in each sub-volume were equalized within
a few mm precision during filling using a redundant
system of measurements: floaters, pressure difference

and hydrostatic measurements.

5.4 Detector shielding

The detector is surrounded by 1 m thickness water
shielding on its side and below. This offers an
efficient and inexpensive shielding, to reduce natural
radioactivities from rocks, thermalize a part of fast
neutrons component, and minimize production of

secondaries particles by muons in the neighboring
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region.

To complete the shielding, 70 tons of iron plates were
installed above the detector, covering a 90 m? area
(Fig. 12). Subsequently, the trigger rate in IV caused
by natural radioactivity was reduced up to a factor 10.
External «-ray component hitting ID is also expected
to be strongly attenuated, especially at high energy,
but the effect has no direct impact on the trigger rate,

dominated by muons and internal contaminations.

0 12: Large iron shielding above the detector.

5.5 Detector commissioning

Thanks to the experience with the far detector, a
running DAQ could be obtained “out of the box”.
Fig. 13 shows one of the first events recorded with
complete detector readout: not a neutrino yet.. but

a muon!
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O 13: Charge map and waveforms of the first muon.

5.5.1 Data reduction

The main challenge with the near detector (ND)
concerns the data reduction: as the rate of cosmic rays
is about 7 times higher compared to the far detector
(FD) location, which has 300 m.w.e. overburden,

the raw file size produced per hour will reach 100

gigabytes” if no reduction is applied. Some trigger
and DAQ developments were performed to tag muon-
related events dynamically during data taking, in
order to replace the waveforms data by reduced
observable (integrated charge, start time, etc.). This
will help data transfer to permanent storage in
IN2P3 computing center (Lyon), and speed up data

processing for the phase with two detectors.

5.5.2 Muons and radioactivity rate

The rate of muons crossing the ID volume was
estimated close to 90 Hz. It includes around 1.5 Hz
of muons stopping inside the detector, well identified
by their decay within a few us into so called Michel
electrons. After applying a rough muon veto, a sample
of physic events was isolated (Fig. 14), where Compton
edges of °K and 2°%T1 are well apparent. In addition, a
long and smooth tail at high charge can be recognized,
associated to S decay of the cosmogenic B isotope.
Both rate and shape of such spectrum of singles event

is totally similar to observation with FD data.
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0 14: Outlook on ND spectrum.

5.5.3 First neutrino candidate

By the time of writing this article, the commissioning
is fully on-going and new results are obtained every
day. After taking some data with ND, and following
similar event selection criteria to those presented in
Sec. 4, dozens of neutrino candidates were already
identified.

PMT waveforms and charge map of the first neutrino

Fig. 15 shows an event display with

7"One event contains 472 PMT waveforms, made by 128
samples of 8 bits ADC each



candidate in the ND (prompt event of inverse beta
decay reaction).
Stay tuned on future results from DOUBLE Chooz!
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O 15: First ND neutrino candidate.
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