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Gamma-rays and neutrons are the most important backgronrdgh-sensitivity experiments
for direct dark matter searches. They are produced in thaydeof the radioactive isotopes
in the detector materials and surroundings. Neutrons aginated in the spontaneous fission
and(a,n) reactions from the decays of uranium and thorium and theighgers. Gamma-rays
and neutrons can be attenuated and suppressed by passigetaedshielding (including self-
shielding). Cosmic-ray muons are responsible for prodphigh-energy neutrons that can travel
from large distances avoiding active veto systems, hittitegtarget and giving a signal similar
to the WIMPs’ one. Gamma-rays can be discriminated from th®Vlike interactions using
different methods. This paper briefly discusses the stdthaekground studies for direct WIMP
dark matter searches. Major sources of background, suchdasactivity and cosmic rays, are
considered. Special emphasis is given to high-energy nmaiuced neutrons able to mimic the
expected signal from WIMPs.
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1. Introduction

The sensitivity of future large-scale underground detsctor direct WIMP searches can be
restricted by various types of backgrounds, high-energyirga-rays and neutrons being among
them. High-energy gamma-rays produce electron recoilaiapton scattering on target elec-
trons. These electron recoils, although rarely, can haveslwergies similar to nuclear recoils from
WIMP-nucleon interactions. Fortunately, electron rexodn be discriminated from nuclear recoils
using specially developed techniques. Such a discrinmnas characterised by a discrimination
factor — the average fraction of non-discriminated elettexoils relative to the total rate at the en-
ergy range of interest. Non-discriminated electron recaik those passing all cuts and mimicking
nuclear recoils from WIMP interactions. The most sensitiverent dark matter experiments have
reached discrimination factors as low as 36- 10~4. Neutrons are more dangerous since single
nuclear recoils from neutron interactions are indistisgable from WIMP-induced events.

Both neutrons and gamma-rays are originated in the decayslimfactive isotopes. Neutrons
associated with local radioactivity are produced via spoebus fission 68U and (@,n) reactions
initiated by a-particles from U/Th traces in the rock and detector compt®eGamma-rays are
coming from U/Th decay chains, as well as from the decay8kf®°Co and some other long and
short-lived isotopes generated by cosmic rays, nucleataesaor nuclear explosions.

Neutrons can also be produced by cosmic-ray muons pushihkgnaatter and some other
particle astrophysics experiments deep underground whermuon flux is attenuated by a large
thickness of rock above the laboratory. However, even atvakfe w.e. underground, the muon
flux can be high enough to cause severe problems for higlitisépsdetectors. An active veto
system around the main detector target is an efficient wagjetting muon-induced events but
proper estimate of the residual neutron background shautibhe.

Knowledge of background fluxes and ability to suppress acidpackground events are es-
sential for estimating detector sensitivity, interprgtiexperimental results and designing future
experiments. Background studies have been initiated by mataborations to evaluate the poten-
tial of large-scale experiments in the area of astroparftlysics, design their shielding and active
veto systems. A coordinated approach for such studies, poromity to share the Monte Carlo
codes, test them and exchange all relevant information haee offered by ILIAS — Integrated
Large Infrastructures for Astroparticle Science — a Euapperogramme within Framework 6.

In this paper we briefly discuss gamma-ray and neutron baakgls that may limit the sen-
sitivity of future large-scale experiments. We concesmtiat the gamma-ray background and neu-
trons from muons. More on gamma-ray backgrounds and neutrom radioactivity can be found
in Ref. [1] and references therein.

2. Gamma-raysfrom radioactivity

Gamma-rays from radioactivity in rock and concrete walls lba attenuated by a sufficiently
thick layer of shielding. Usually high-Z material such aadesteel or copper is used. As was shown
in Ref. [2] = 20— 25 cm of lead can attenuate the gamma-ray flux from rock by ta@uorders
of magnitude (depending on the energy). This will allow tegction of practically all remaining
gamma-induced background events at low energies provaliggmma-ray discrimination factor
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of about 10 is achieved. If a thick30 cm) layer of concrete is put on the rock walls, then the
gamma-ray flux is dominated by that from concrete walls (nloa@ 90% contribution).

Several proposals for high-sensitivity detectors rely lmmwater shielding against both neu-
trons and gamma-rays. For instance, a proposal for an éotten$ the Modane Underground
Laboratory (LSM) contains a water shielding around the fatmyy walls in one of the halls [3].
Fig. 1 [1] shows the simulated spectra of gamma-rays andrefecoriginated from the measured
concentration of Th in concrete of LSM beyond different iayef water. The GEANT4 toolkit [4]
has been used for particle transport and detection. Théesihectron recoil spectra in Ge crystals
(=~ 104 kg of Ge) beyond 2 m of water are presented in Fig. 2. Thk-beatter peak is clearly
seen between 100 and 200 keV. The spectrum below 30 keV isteglseflat, being dominated by
the Compton electrons from high-energy gamma-rays. After & water the event rate at 10-50
keV in 104 kg Ge detector can be abouf Bdents/year assuming the measured concentrations of
U/Th/K in the LSM rock and concrete. After 3 m of water the risteeduced down to about 1200
events/year that can be suppressed by discriminationitpedsr Neutrons from rock/concrete can
be efficiently attenuated by about 60 cm of water [1].
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Figure 2: Electron recoil rate in 104 kg of Ge
from gamma-rays originated in concrete. Mea-
sured concentrations of U/Th/K in the LSM rock
are indicated on the graph.

Figure 1. Gamma-ray and electron fluxes be-
yond different layers of water (thickness in metres
is shown above the curves). The sourc&/&h in
equilibrium in 30 cm thick concrete walls.

Placing the water shielding around the walls of the laboyatesults in the additional gamma-
ray and neutron fluxes coming from the water tank vessel(glidment located in the lab inside
the water shielding will also contribute to the backgroundhe detector. This will require addi-
tional shielding to be placed around the sensitive volumih@fdetector. Gamma-ray and neutron
backgrounds from detector components in connection witHdtge-scale Ge experiment are de-
scribed in Ref. [1].

3. Muon-induced neutrons

At deep underground sites>(3 km w. e.) the neutron production rate from muons is at
least 3 orders of magnitude lower than the rate of neutrom® fJ/Th traces in rock. Muon-
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induced neutron flux can be important, however, for expanisiplanning to reach high sensitivity

to WIMPs or other rare events. This flux is proportional to ttneon flux but also increases with

the mean muon energy underground (see, for example, Rebiffscussion). As neutrons are
produced not only in rock but also in all materials in and acba detector, the total neutron flux
is strongly affected by the composition of the detector d@adirroundings. It can be enhanced
significantly by the presence of high-A target close to theedter. It can also be significantly

reduced at energies below 10 MeV by the presence of hydragtre ishielding. All these effects

complicate simulations of the muon-induced neutron bamkgd. To make accurate predictions
full Monte Carlo of the experimental setup is needed.

Two general-purpose codes GEANTA4 [4] and FLUKA [6] have besed so far for produc-
tion, transport and detection of muon-induced neutrong vEtiidation of the codes has been done
through the comparison of them with each other [7, 8] and aitiilable experimental data [9, 5, 7].
The results of the simulations agree within a factor of 2 withst available experimental data
[7, 11]. However, most experiments that measured muoneediumeutrons, did not present accu-
rate Monte Carlo simulations which would include their gsttogether with production, transport
and detection of all particles produced by muons. This mHi@mterpretation of experimental re-
sults difficult. Muon-induced neutron production in lead hecently been measured at the Boulby
Underground Laboratory [10] and found to be 1.7 times sm#tien the predicted rate. Accurate
simulations of the setup and all physical processes alladirett comparison between measured
and simulated event rates.

For high-energy muons>(100 GeV) and most targets the neutron yield from GEANT4 has
been found to be less (by up to a factor of 2) than that from FAUK]. Despite this difference,
the simulated total fluxes and spectra of fast neutrosis KeV) at different surfaces within an
experimental setup are found to be in agreement within 20@.3911] shows energy spectra of
neutrons at production in different materials as genernayeg@EANT4. Energy spectra of neutrons
coming from different processes are presented in Fig. 4(8gg also Ref. [12]).

Total neutron yields in light and heavy materials are verycmdifferent and the spectra of
neutrons are different too (see Fig. 3). In heavy matertadseénhancement of the neutron flux
occurs mainly at low and intermediate energies2Q MeV), whereas the spectra above 20 MeV
are not much different (in shape and absolute fluxes) frommelmlight targets [5, 7, 11].

When simulating muon-induced neutrons, it is importantéoagate, transport and detect all
particles produced by muons. Neutrons, and especiallynstrons, are emitted preferentially
along the muon path leading to a high probability that a meutrill be detected together with a
muon or cascade (possibly in an active veto system).

4. Conclusions

Recent simulations of gamma-rays from rock/concrete sthatvtheir flux can be efficiently
attenuated by about 25 cm of lead or 3 m of water. Inner shmgldround the sensitive volume of
the detector may be needed if the outer shielding is thirtrer tequired. Muon-induced neutrons
and their background event rate can be simulated with seffiti@ccuracy (within a factor of 2)
using GEANT4 if all particles produced by muons are trantgmband detected in a precisely
modelled setup.
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Figure 3: Differential energy spectra of neu- (thick black curve). Also shown are the contribu-

trons produced in Pb (thick curves), NaCl (dashed tions of the most important individual processes:

curves) and gHo, (dotted curves) for 280 GeV in-  photonuclear interaction gfrays ¢/ — N), neu-

cident muons. Mean energies of these distributions tron inelastic scattering (s> N), pion spallation

are 8.8 MeV, 23.4 MeV and 65.3 MeV for Pb, NaCl  (r— N) and absorptionrt abg, and proton (p—

and GH2, respectively [11]. N) and muon ¢ — N) spallation [11].
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