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Modane Rock
= 0.84 ppm U + 2.45 ppm Th
— — 0.84 ppm U - spontaneous fission
=== 0.84 ppm U - (a,n) reactions
2.45 ppm Th

Stainless Steel
= 1 ppb U+ 1ppb Th
— — 1 ppb U - spontaneous fission
-+--= 1 ppb U - (o,n) reactions
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Neutron yield [ neutrons - MeV'-s1-cm?3]
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Polyethylene — ) Copper
1 ppb U + 1ppb Th ¢ 2 e 1 ppb U + 1ppb Th
—— — 1 ppb U - spontaneous fission |
w=u= 1 ppb U - (a,n) reactions
1ppb Th
— — 1ppbU+1ppb Th*
* measured cross section used below 5.4 MeV

—— — 1 ppb U - spontaneous fission
- = 1ppb U - (a,n) reactions

Neutron yield [ neutrons -MeV'-s1-cm?]
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Uranium
Thorium
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Experimental hall & detectors

i Ge crystals: 324x320 g=103.68 kg
shielding :
27floors (12 crystal cach)

Inner copper vessel: 05 cm thick, mass 128 kg

B —F;-~ :
== " Outer copper vessel: 0.5cm thlck, mass 181 kg
t ==
. — == Plate: 1.0 cmthick, mass22.] kg (Cuw)
S=_=is or 19.7 kg (stainless steel)

Lab desigﬂ similar to the one of the Modane
Uhderground Laboratorg (Fr)

~ Labsize: 30m X I0Om X 10m
- Concrete : 30 cm thick

A” nuclear recoil event rate have beer\ estimated bg means oF

thc xcollowing assumptions:
no position sensitivity have been assumed within a

A" depositions due to the same backgroun& sources, within the
e :
single crystal

; same crystal have been considered as si nglc deposition
Energy threshold set to 10 keV

A&ef@ard VdePositions below 10 < keV have been neglecte&

2.

5% All nuclear recoils accomPanicd bg clcPositions from gamma
= haYCbCC” xgﬂorcd ~—>  perfect discrimination assumed for gamma-rays induced events
4. Events featured by nuclear recoils in different crgstal have
= — only single nuclear recoils have been selected

been rejectec] '




% mass H ¢ O Na Mg Al 5 P K Ca Ti Mn Fe
1 6 50 0.440.84 2¢ 7 006021 31 0.070.03 1.9 .
11 7.2 49.70.01 0.78 0,5

=~ — 1.9 ppm U - spontaneous fission
- = 1.9 ppm U - (1,n) reactions
1.4 ppm Th

- rock = 0.84 ppm U +2.45 ppm Th
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Neutron yield [ neutrons - Mev™" s cm

flux from rock

flux from rock beyond 30 cm of concrete

—— — flux from concrete 5 = e - 3 4 5 6 7

Energy [MeV]
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from concrete

— 20 cm lead

——— 10 cm polyethylene

—— 20 cm polyethylene

—— 30 cm polyethylene

Flux [neutrons - KeV™'-s'-cm?]
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— 20 cm lead

— 10 cm water
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— 20 cm water
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— 30 cm water

— 40 cm water
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— 50 cm water
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— 60 cm water
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BaCkgmu"d Tmmpo” exPerimental ha” wa”s: rock & concrete

Here water is located along the walls within a
stainless steel shield.

The detector is assumed to be exposed to the
background fluxes from the inner vessel of the
water shield

e | e [ e
;.1-- thick) thick) (vessel -0.5cm | (vessel-2cm
;// 1 ppb u 3.2 12.8 170000 541000
ff‘ ’1 ppb Th 11 4.4 73500 187000
= 1 p,pm K 26900 71700
f} = ' 4.3 17.2 270000 800000

- Discrimination factor of about 10° is needed for 100 kg target (if the

thickness of the vessel is 2 cm) or additional shielding (4.5 cm of lead -> a
factor of 10 attenuation).

+ The exact size of the lab is not very important: if the lab is bigger than
the mass of steel is higher but it is further away from the detector.

- 1 mBq/kg of ®°Co from 2 cm thick water tank gives about 43000 ev/year.
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all nuclear recoils

single nuclear recoils
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Er

1 2 3 4 5 6 7 8 9 10 11 12 13
Detector column

e

20 25
Detector floor













