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Background in Direct Dark Matter Detection Experiments
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Depth is necessary to reduce flux of fast neutrons from cosmic ray interactions
Shielding reduces EM backgrounds from radioactivity
Shielding composed by H is required to moderate and absorb neutrons from
radioactivity
Active veto system around the detector provides additional background
rejection
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Background Simulations
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Simulations are carried out by propagating neutron and gamma through the
experimental setup, using Montecarlo codes, such as Geant4.

neutron and gamma-rays only can reach a dark matter detector
from large distance producing low-energy nuclear or electron recoil
Alpha and electron cannot travel far from the source (they quickly
lose energy). They can produced visible effect only if produced
within or very close to the detector.
Neutron from cosmic-rays muons

‣

Hard energy spectrum (fast neutron can travel far from the associated muon
track)

‣

fast neutron are visible in the detector

‣

hydrocarbon material used against neutron from radioactivity are also a target
for cosmic-rays muon

Background Simulations
Neutron and gamma from lab walls and detector components

‣

the are produced by local radioactivity via spontaneous fission
(neutrons only) and (α,n) reactions from decays of U ,Th and K
(gammas only)present in the materials

‣

background flux from materials close to the sensitive volume of the
detector is difficult to shield or suppress by active rejection
techniques. It is, therefore, crucial to estimate the contribution of
these materials to the background event rate since they can limit the
sensitivity of the experiments.

‣

Unlike gammas, neutron yield and spectra depend on the material,
they have to be reproduced for each material relevant to dark matter
searches

Neutron yield and spectra
neutron spectra are difficult to measure and depend on the materials
Sources4A* is a code for calculations of neutron yields and
spectra from (a,n) reactions, spontaneous fission
Improvement have been carried out on the original version

( see Carson et al. Astropart. Phys. 21 (2004) 667; Lemrani et al., NIMA 560 (2006) 454 )

1.

Limit for alpha particle moved up to 10 MeV

2.

Libraries for cross section and branching ratio, using EMPIRE 2.19 **
code, have been improved and extended. Now spectra are available
for all materials relevant for dark matter searches
( see Tomasello et al. NIMA, 2008, hep-ph/0807.0851 )
* Wilson et al. SOURCES4A, Technical Report LA-13639-MS, Los Alamos, 1999

–

** http://www.nndc.bnl.gov/empire219

Comparison between EMPIRE 2.19 results and measured cross sections
54Fe

62Ni

Neutron yield and spectra from SOURCES4A
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Modane Rock
0.84 ppm U + 2.45 ppm Th
0.84 ppm U - spontaneous fission
0.84 ppm U - (",n) reactions
2.45 ppm Th
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Stainless Steel
1 ppb U + 1ppb Th
1 ppb U - spontaneous fission
1 ppb U - (",n) reactions
1 ppb Th
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Concentration of 1ppb for U and Th in most of calculations was assumed, which can be easily scaled
to the actual concentrations
In all calculations the U and Th decay chains were assumed to be in secular equilibrium

Neutron yield and spectra from SOURCES4A
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Polyethylene
1 ppb U + 1ppb Th
1 ppb U - spontaneous fission
1 ppb U - ( " ,n) reactions
1 ppb Th
1 ppb U + 1ppb Th *
* measured cross section used below 5.4 MeV
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neutron yield =3.281e-11 n cm -3 s -1
Average Neutron Energy from U: 3.003 MeV
Average Neutron Energy from Th: 3.902 MeV

neutron yield =3.006e-11 n cm -3 s -1
Average Neutron Energy from U: 2.762 MeV
Average Neutron Energy from Th: 3.700 MeV

1 ppb U - spontaneous fission
1 ppb U - ( " ,n) reactions
1 ppb Th
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Simulations for large-scale dark matter experiments
❖ large-scale ( ≥ 1 tonne ) detectors are required to increase sensitivity and

explore scalar WIMP–proton cross-sections in the 10-9 - 10-10 pb region
tolerated, non-discriminated, rate - no more than a few events/tonne/
year.

❖ reliable Monte Carlo codes able to produce, transport and detect background

radiations
❖ these codes are tested against each other and/or experimental data

Questions to answer:
✦ What is the required composition / thickness /configuration of shielding to

attenuate neutrons and gammas from rock / walls (suppression of > 10 6 should
be achieved for neutrons and gammas) ?
✦ What is the required purity of materials in the vicinity of the detectors

(including shielding) given a certain neutron/gamma discrimination factor ?
✦ What is required efficiency and the best design for an active veto system

(mainly against cosmic-ray muons) ? In progress

The simulation work here presented aim to investigate possible design solutions for
EURECA dark matter experiment.

EURECA

-European Underground Rare Event Calorimeter ArrayIt is a new project, searching
for dark matter, composed
largely by the
CRESST ,EDELWEISS ,
ROSEBUD experiment
groups, and additional
member institutes
the aim is to explore scalar cross sections in the
10-9 - 10-10 pb region with a target mass of up to
one ton

the main advantage of EURECA for
WIMP identification is it’s planned
multi target detector

Background Transport
experimental hall walls: rock & concrete
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Rock = 2.65 g/cm3 , Concrete = 2.4 g/cm3

10% H2O in w.l.i.

Flux [neutrons ! KeV-1 ! s-1 ! cm-2]

Since their similar composition, rock and concrete show a similar
neutron yield
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1.9 ppm U + 1.4 ppm Th
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1.9 ppm U − (",n) reactions
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flux from rock beyond 30 cm of concrete

-8

10

0

flux from concrete

-9

0

1

2

3

4

5

6

7

8

Energy [MeV]

10

-10

10

10-11

consequently with 30 cm of concrete with
radioactivity levels as measured in the existing
Modane laboratory, the gamma-ray flux from concrete
will largely dominate over the flux from rock.
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20 cm of Lead

Background Transport
experimental hall walls: rock & concrete

50 cm of CH2
water tank ( stainless steel )

water

rates are given as number of single
recoils in 10-50 keV energy range per
year in 103.68 kg of Ge.

water

Background Transport

detectors components

rates are given as number of single recoils in 10-50 keV
energy range per year in 103.68 kg of Ge.

5cm of Lead
10 cm of CH2

Inner steel vessel 0.5 cm thick

Background Transport
detectors components

Number of events

Rate, events ! keV -1 ! kg-1 ! year -1

nuclear recoil from neutrons
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Energy spectrum of nuclear recoils in
103.68 kg from 1ppb of U and Th in the
CH2 shielding (50 cm thick) surrounding
the cryostat
Dashed curve accounts also for events
with depositions from both nuclear and
electron recoils

5

10

15

20

25

Multiplicity

Multiplicity distribution of energy
depositions due to nuclear recoils i
from 1ppb of U and Th in the CH2
shielding (50 cm thick) surrounding the
cryostat.
Events included are the ones showing at
least one depositions from nuclear
recoils above 10 keV

Background Transport
cosmic-rays muons

... in progress

SUMMARY
In light of the simulations carried out so far, several important conclusions can be drawn helping
the design of future large-scale dark matter detectors :
External lead (20 cm) - internal CH2 / H2O (50cm /60-70cm) can be enough to suppress
background from walls. However a proper selection of concrete ingredients can reduce
the background rate further more.
The thickness of water shield of around 3 meters is enough to suppress the gamma- ray
background from rock and concrete to below 1 event per year at 10 -50 keV (in 100 kg of
Ge target) if a discrimination factor of 104 is achieved.
If the vessel of the water tank is made out of stainless steel with concentrations of U/Th
of about 1 ppb and that of K of about 1 ppm, additional shielding against neutrons and
gamma-rays from this source is required.
A few hundred kg of low radioactivity copper ( < 0.01 ppb U/Th) can be used in the
detector construction. This will produce a neutron background rate much less than 1
event per year at 10–50 keV and not limit detector sensitivity to WIMPs. The gamma-ray
induced background rate would require a discrimination factor of about 104. If this is not
achievable, the mass of copper and other materials should be reduced to the minimum.
No more than a few kg of stainless steel or other material with concentrations of about 1
ppb of U/Th are allowed inside the shielding
If polyethylene is used within the cryostat, due to the gamma background, a further
shield would be required (very pure copper could be a choice) . Acrylic (Plexiglas, PMMA)
can be an option for shielding - thickness 1.6 times more than for polyethylene is
required
Materials with higher concentrations of radioactive isotopes (more than 1 ppb of U/Th)
should be avoided or their mass should be limited to less than a few kg.

