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The direct search for dark matter experiment, XENON10M)agifiguid xenon, has been in the
process of taking data since January 2010 and will contiawotso for another year to reach
a never yet achieved sensitivity on the WIMP nucleon crost@eand may ultimately detect
WIMPs. In addition, the experiment is already being puslogdhtds its next phase, XENONLT,
which will be much larger with a fiducial mass of about 1 tonigéild xenon. Reducing the back-
ground, it should be a hundred times more sensitive. Whéeptievious phases were located at
the Laboratori Nazionali del Gran Sasso (LNGS), in ItalyNEBN1T could be hosted in the Lab-
oratoire Souterrain de Modane (LSM), in France. The LSMaité its different level of gamma,
neutron and muon background with an emphasis on the muoneadeutrons coming from the
environmental rocks, have been investigated. Considénim@vailable space at LSM and the fi-
nal background level necessary for a dark matter searclfficieet and optimal shielding design
has been established. All the results of these studies jirbsented hereafter.
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1. Introduction

The universe, as we know it, is made of only 5% of visible mat@®ut of the remaining
95%, 25% would be constituted of what is called dark mattere Of the most seducing theories
that includes dark matter, supersymmetry, predicts thatritade of Weakly Interacting Massive
Particles (WIMP). Direct search experiments have beensét try to directly detect the WIMPs
by looking at the scintillation, ionization or heat signabrh the recoil of a target nucleus. The
XENON experiment is one such, which uses liquid xenon asrdillafion and ionization target.

2. The XENONAIT Experiment

XENONLIT is the next step of the XENON experiment. The deteatoshown on figure 1(a),
is a two-phase time projection chamber (TPC) filled with xetiwat exploits many of the design
features validated with XENON100 [1].
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(@) The XENONLT detector (b) Principle of a XENON detector

Figure1: The XENON detector

Like its predecessor, XENON1T will have the same detectionciple by looking at both
ionization and scintillation signals as shown on figure 1(#hen a WIMP or another particle hits
a liquid xenon atom, the energy is split into nuclear exgtagnd ionization. When the atom goes
back to its stable state it emits scintillation light. Thes®tons are detected by photodetectors and
gives a first signa;. Meanwhile the ionized electrons are drifted in the TPCluhgy reach a
layer of gaseous xenon where they produce a secondarylationi which is detected by the arrays
of photodetectors, producing a second sighal

The ratio 0fS;/S; allows the discrimination between electronic and nucleaoits, and thus
between gammas and neutrons or WIMPs. Alpha particles ane obncern as they are not pen-
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etrative enough and the volume of xenon acts as a shield. dixeethe neutron background, the
experiment is deep underground and diverse shields aresusbdas lead, polyethylene, water or
copper.

XENONLAT will have several improvements over XENON100. tiernal background will be
reduced by the use of lower radioactivity vessels and pletéatiors (QUPIDSs), as well as by the
use of ultra pure liquid with &Kr/Xe contamination at sub-ppt level. Event localization3D,
self-shielding by LXe and adequate shielding from extegaahma and neutron backgrounds will
enable an ultra low background rate in a fiducial volume oflboe ton. The projected sensitivity

reach for the spin-independent WIMP-nucleon cross sed¢tiod00 GeV WIMPs is better than
10-%6cn?.

3. Location and Shield Design

While XENON100 is located at Laboratori Nazionali del Graas$o (LNGS) in Italy, XENON1T's
location is still undetermined. While it could stay at LNG®\other possible option is to set it as
shown on figure 2(a) at the Laboratoire Souterrain de Modh8S#M] in France where, due to its
increased depth compared to LNGS, it would benefit from a égifower cosmic ray flux and a
radon free facility as can be seen on tables 1 and 2. Due tootistraints of space, if XENON1T
were to be built at LSM, the only available shielding optisraisolid shield with successive layers
of polyethylene and lead as shown on figure 2(b), so that iffisient against the most relevant
backgrounds.

Paolyethylene

Lead
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Archeclogial Lead

Coppar/ Thankm Cryostat

(a) Location of the XENON1T experiment at LSM (b) Shield design of the XENON1T experiment at LSM

Figure 2: Location and shielding structure of the XENON1T experinmaritSM

Depth | Equivalent vertical [3]] Muon flux Mean energy | Muon induced
Lab | (m.w.e) depth (m.w.e.) (m=2d~1) | neutron flux (GeV)| (m~2d™Y)
LSM | ~ 4800 ~ 4200 4.1740.43 ~ 300 0.536
LNGS | =~ 3750 =~ 3100 22.3+2.6 ~ 270 2.35

Table 1. Muon flux and total muon induced neutron flux at the rock/ca@undary in LSM [4] [3] and
LNGS [3]
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LSM Natural Radon-free air
15 Bg/n? 18 mBg/n¥
LNGS XeBox Inside Shield
200-700 Bg/m | 1-2 Bg/n?

Table 2: Radon rates

An external 55 cm thick layer of polyethylene is first implentesl to shield against muon
induced neutrons as well as neutrons frofi, 2°U and?3?Th decays in the rock and the concrete.
An inner 20 cm thick lead layer is then added to shield for tasmmas fron?38U, 232Th and*°K
decays in the rock and the concrete, and from those f&tw, 232Th, ©°Co and*°K in the outer
polyethylene layer. This is followed by a second 15 cm thioker polyethylene layer to shield
against the neutrons frok1°Pb, 238U and232Th decays in the lead layer. Finally an inner 2cm
thick cylindrical layer of archaeological lead with veryladntrinsic activity is put into place to
shield for the gammas from the inner polyethylene layer. ddition to this passive shield, an
active muon veto would allow to reject all events in coincide with a muon.

4. Monte-Carlo Simulations

The MC simulations are done using GEANT4.9.1.p03. The soBwWBOURCES was used to
generate the neutron spectra frorm reactions and spontaneous fission du€to and?32Th in
different materials. The generation of the neutrons is dpnpropagating the muons through the
rock, following all the neutrons produced by direct spadliat electromagnetic or hadronic cascades
and recording their entrance point in the cavern, momentutneaergy. This was done for 5m of
LNGS rock but is applicable to LSM which has roughly the sapekrand concrete composition.
Neutrons are the focus of this study as they interact viagaualecoils mimicking a dark matter
signal. Muon-induced neutrons generated inside the aetact not considered in this study since
the muon veto will allow to reject them.

As shown on figure 3(a), the dominant background comes fr@mthon induced neutrons
from the rock and the concrete. As shown on figure 3(b), theminduced neutron spectrum is
mainly at high energies which reduces considerably thednfia of the polyethylene on these neu-
trons. The intrinsic neutron background shown on figure B(&hear due to the shielding power
of the polyethylene on itself. As for the neutron flux due te lsad after 15 cm of polyethylene, it
increases with the lead thickness as expected, but is atjligible compared to the muon induced
neutrons.

Table 3 shows the resulting flux of muon induced neutronslntlie detector with a fiducial
volume of 1T and recoil energies between 0 and 100 keV. Additayal of 70 cm of polyethylene
(55 cm external and 15 cm internal) reduces the rate by arf@&tmmpared to only 35 cm of
polyethylene, yielding a muon induced rate below 0.1 nly@®dnsidering the space available at
LSM, 70 cm is judged to be an acceptable thickness of polgtieyfrom all stand points.

The dominant contribution to thg background comes from the concrete, the flux from the
polyethylene being 200 times smaller thus negligible in parison. Table 4 gives the rate of
single scatters due to gammas in the 1T fiducial volume.
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Figure 3: Neutron background and spectra from different shieldiegnents

Total Polyethylene ThicknessNeutron flux
External + Internal (cm) (nr/yr/T)
20+ 15 0.1+0.02
40 + 15 0.09+0.02
55+ 15 0.04+0.01
70 + 15 0.04+0.02

Table 3: Neutron background from single step nuclear recoil betvieand 100 keV in the 1 tonne fiducial
volume

Pb Thicknessg Gamma flux
(cm) (single scatter/yr/T)
5 0.001+0.004
10 < 0.0001
20 <6e-5
30 <2e-5

Table 4: Gamma background in the 1 tonne fiducial volume

Since, like in XENON100, the S2/S1 discrimination allowsaper than 99% rejection of
electron recaoils, it is clear that 20 cm of lead is enoughHtierdamma background to be lower than
1 event/yr/T in the fiducial volume in the dark matter regionriecoil energies between 0 and 100
keV.

5. Conclusion

By locating XENONLT at LSM and using a multi layer lead andyetthylene shield, a back-
ground of less than 0.1 nuclear recoil /yr/T is reachableis Will allow to perform a one year
background free experiment to reach a sensitivity bettm tt04® c?. Thanks to a deeper site,
the proposed shield design is equivalent to a 3 meter waitddsit LNGS.
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