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Towards a large scale setup
COBRA hut at LNGS:

• Developed shield: B5%PE (10 cm) – Lead (20 cm) – Copper (10 cm)
• 95.5×90×85 cm3 are reserved for detectors
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Towards a large scale setup

• Switch to larger detectors 2×2×1.5 cm3

• Higher detection efficiency
• Smaller surface to volume ratio
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Towards a large scale setup

Inner structure:
• Size of detectors:
2× 2× 1.5 cm3

• Number of detectors:
3× 3× 8× 8× 24 = 13824

• Lacquer surrounding the
detectors implemented

• Support structure (Delrin)
implemented

• ASICs implemented

Background Estimation 03/24/14 4



Towards a large scale setup

• Complete holder:

• Bottom plate (left) and top plate (right):
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General

Goal:
• Calculate background rates for different setup parts and
different background sources

• Determine upper limits of the corresponding activities
Simulation:

• Events (∼ 106) were generated for each setup part and source
(intrinsic, surface, external)

• Simulation package: Geant4 9.6.p02
Measured activities:

• e.g. ILIAS database on radiopurity of materials:
http://radiopurity.in2p3.fr/
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General

Calculation of the background rate:

B =
NROI-SDE
m ·∆E · t

m = mdet · Ndet · s · a
= 36 g · (3 · 3 · 8 · 8 · 24) · 0.5 · 0.9

ROI = 2.7− 2.9MeV
∆E = 200 keV
Nsim = 1.01 · 106

t =
Nsim

A ·mmat

NROI-SDE → Single detector events in the ROI
m→ Mass of 116Cd

Ndet → Simulated detectors
s→ Ratio
a→ Abundance

∆E→ Energy resolution
Nsim → Simulated events

A→ Activity per kg
mmat → Mass of material (eg. Cu)
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Preliminary Result

PRELIMINARY!
∼ 15.697 · 10−3 events

kg·keV·yr

Considered setup parts:
• Copper, lead
• Lacquer
• Holder
• Cathode
• ASICs

Considered sources:
• Decay chains, 40K,

137Cs, 190Pt, etc
• Fast neutrons,
spontaneous fission neutrons

• Muons
• Cosmogenic radionuclei
in CdZnTe
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Preliminary Result

PRELIMINARY!
∼ 15.697 · 10−3 events

kg·keV·yr

Not applied:
• Lateral surface events cut
• Multi-side events within one detector

• Further reduction of background rate possible
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Summary/Outlook

• Possible large scale setup of COBRA implemented in MC
simulation

• MC campaign started to determine the expected total
background rate

• First results are promising!

• Background estimation for thermal neutrons from
(α,n) – reactions

• Background estimation for cosmogenic radionuclei in shielding
materials

• Additional parts: HV supply, Kapton cable of anode readout
• Investigation of measured activities

Thank you for your attention!
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Backup–Slides
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Results: Copper & Lacquer (intrinsic)

Source Material Am Arec B
Location [mBq/kg] [mBq/kg] [1/kg/keV/yr]

214Bi Copper 3·10−3 10−2 2.5 · 10−4
208Tl Copper 0.5–1 10−1 < 7.4 · 10−4

214Bi Lacquer – 10−1 (2.01± 0.07) · 10−5
214Po Lacquer – 10−1 (1.45± 0.02) · 10−4
218Po Lacquer – 10−1 (1.93± 0.02) · 10−4
220Rn Lacquer – 10−1 (3.86± 0.05) · 10−4
216Po Lacquer – 10−1 (3.54± 0.04) · 10−4
212Bi Lacquer – 10−1 (3.42± 0.07) · 10−4
212Po Lacquer – 10−1 (5.59± 0.09) · 10−4
208Tl Lacquer – 10−1 (2.6± 0.2) · 10−5
235U Lacquer – < 103 < 6.96 · 10−6

sum < 3.022 · 10−3
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Results: Lacquer (surface)

Source Material / Am Arec B
Location [mBq/kg] [mBq/kg] [1/kg/keV/yr]

214Bi Lacquer sur – 1 (1.41± 0.06) · 10−4
214Po Lacquer sur – 1 (7.5± 0.1) · 10−4
218Po Lacquer sur – 10−1 (2.48± 0.03) · 10−4
220Rn Lacquer sur – 10−1 (3.59± 0.04) · 10−4
216Po Lacquer sur – 10−1 (2.39± 0.03) · 10−4
212Bi Lacquer sur – 0.5 (4.15± 0.07) · 10−4
212Po Lacquer sur – 0.5 (2.53± 0.06) · 10−4
208Tl Lacquer sur – 0.5 (3.9± 0.2) · 10−5
235U Lacquer sur – 3 (8.1± 0.8) · 10−5

sum ∼ 2.525 · 10−3
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Results: Delrin holder

Ref: ORPHEUS dark matter detector
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Results: Delrin holder (inside)

Source Material / Am Arec B
Location [mBq/kg] [mBq/kg] [1/kg/keV/yr]

214Bi Holder < 10 10−2 (42± 1) · 10−5
214Po Holder < 10 10−2 (11.1± 0.2) · 10−4
218Po Holder < 10 10−3 (187± 2) · 10−6
220Rn Holder < 12 < 12 (2.03± 0.03) · 10−4
216Po Holder < 12 < 12 (1.97± 0.03) · 10−4
212Bi Holder < 12 < 12 (7.7± 0.2) · 10−5
212Po Holder < 12 < 12 (1.39± 0.02) · 10−4
208Tl Holder < 12 < 12 (3.9± 0.1) · 10−5
235U Holder – 10−1 (3.5± 0.1) · 10−4

sum ∼ 2.722 · 10−3
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Results: Delrin holder (surface)

Source Material / Am Arec B
Location [mBq/kg] [mBq/kg] [1/kg/keV/yr]

222Rn Holder sur – < 10−2 (4.76± 0.06) · 10−4
210Po Holder sur < 91 < 10−3 (1.9± 0.1) · 10−3

sum < 2.376 · 10−3
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Results: ASICs

Ref: M. Laubenstein
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Results: ASICs

Source Material / Am Arec B
Location [mBq/kg] [mBq/kg] [1/kg/keV/yr]

214Bi ASICs < 1.6 10−1 < 3.08 · 10−4
208Tl ASICs < 1.3 10−1 < 2.0 · 10−4

sum ∼ 0.508 · 10−3
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Neutrons & Muons

Source Material Am Arec B
Location [mBq/kg] [mBq/kg] [1/kg/keV/yr]

muons – – – < 1.7 · 10−4

fast neutrons – – – < 1.98 · 10−6

SFN Copper 25 · 10−6 25 · 10−6 (2.9± 0.2) · 10−5

SFN Lacquer 50 · 10−6 50 · 10−6 (3.3± 0.2) · 10−13

SFN ASIC 12.5 · 10−6 12.5 · 10−6 (1.25± 0.08) · 10−7

SFN Holder 12.5 · 10−6 12.5 · 10−6 (4.22± 0.09) · 10−10

(α,n) TBA TBA TBA TBA
sum < 2.01 · 10−4
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Results: Cosmogenic
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