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Momnre-Kapao mogeanposanmne Geant4
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Monte-Kapao mogeanposanmne Geant4
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zionali di Fisica Nucleare Gran Sas Laboratori Sotterranei - Ventilazione
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Estrazione Y-Auto
@[ 0.03mis

e Ol ¢ - e — S SNy 232Th  2.167 ppm

@[ 2647aman | 40K_ {LE#46 p[)n1

Soil (normal)

238 < 0.643 ppm
32Th <0.123 ppm
40K < 0.019 ppm

TABLE II - Activity of various materials in the Gran Sasso tunnel (in Bq/Kg).

< - - Material Activity or 95 c.l. limit

nzTh zuu "‘K 21481

j Rock Lab.A, pos.a

i (infiltration) 8.8+.3 84.7+8.4 22446 41.9+.6
1 " Lab.A, pos.b

_ (infiltration) 7.7+.4 66.8+7.1 256+13 41.7+.9
1 . N—- 2 S " Lab.A, pos.c

E. Bellotti, M. Buraschi, E. Fiorini and C. Liquori: (infiltration) 9.545.4 122413 264413 56.641.4

NEW MEASUREMENT OF ROCK CONTAMINATIONS AND NEUTRON "

Lab.A, pos.d
ACTIVITY IN THE GRAN SASSO TUNNEL

(normal) <0.5 <8 <5 1.0+.2




Momnrte-Kapao mogeanposanne Geant4
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Momnrte-Kapao mogeanposanme

Geant4 - pesyabrats! (E>0.5 M3B)

222
238, 238UB BBUT 232Th., 232ThB ZSZThy 40K, 4DKB :J,Dl(Y RNa
0.2615|0.2532 38.80(33.43 0.5713]0.5314 58.20|49.67
Steel 0lo 0.2470|0.2221 38.58(34.96 olo 0.5202)0.5314 58.71|52.79 T i EEE
0:0 0.2499|0.2335 36.05]30.68 0 : 0 0.5117]0.5375 54.48|46.12 4.303:3-393 1.533:1.412 N/A
28 <4.3ppb 010 0.0134|0.0127 | 18.26|15.91 010 0o o 4'103|3-45? 1'459”'219
2Th 29 ppb 0.0134|0.0143 18.42|16.55 - 0|0 ) ) ) i
K 0.14 ppb 0.0193]0.0122 17.31|14.52 0|0
Soil (infiltration)
0.1047|0.5289 0]0.00 200.2|6102 0.0145]0.0744 0]0.0391 25.24|545.8 0]0.0000 53.13|1219
B3 6.809 ppm 0.0654]0.3936 0]0.00 129.6|5058 0.0094]0.0545 0]0.0391 16.56|462.6 - 0]0.0667 33.68|1028 N/A
22Th 2167 ppm 0.1063|0.5309 0]1.13 164.1|5508 0.0150|0.0736 0|0.0391 17.91|479.3 0/0.1333 35.98|1058
40K  0.846 ppm
18.90|576.3 1.433|30.98
Soil (normal) 12.24|477.7 0.940|26.26
0.0099|0.0500 0/0.0000 15.50520.1 0.00082|0.0042 0|0.0022 1.017|27.20 00.0000 1.187|27.23
28y <0.643 0.0062]0.0372 0]0.0000 ; 0lo ; 0.00053|0.0031 0/0.0022 - ol0 - -—- 0]0.0015 0.753]22.97 N/A
033PPM R 4 0100/0.0501 0|0.1067 0.00085|0.0042 0|0.0022 0/0.0030 0.804|23.63
3Th < (.123 ppm olo ojo
0K < (.019 ppm olo ojo
AIr (low activity)
10.37|19.97
N/A N/A N/A N/A N/A N/A N/A N/A N/A 10.76]20.69
11.69|22.19
22gn  20.0 Bg/m?3
AIr (high activity)
103.7]199.7
N/A N/A N/A N/A N/A N/A N/A N/A N/A 107.6]206.9
116.9]221.9

2Ign 200.0 Bg/m?




CKopocTb cyeTa cobbiTuit (Mmn/ceK/cy) c sHepruel Bbiwe 0.5 M3B BO BHYTPEHHUX/BHELHUX CHETYMKAX ANA PASTUYHDBIX
MCTOYHMKOB 13 Pa3NnNYHbIX cpes, € y4eTom 3P PEeKTUBHOCTU perncrTpauuu.

2381, 238 238, 232Th,, 232Thg 232Th, a0y 40K 40, 222Rn.0
Steel
0.1104|0.0903 | 16.48|12.61 0.2644|0.1919 | 29.02|21.99 1.188|0.9544 | 1.001|0.7739
550 €43 o0b 0.0843|0.0789 | 16.19|13.35 0.2430]0.1812 | 29.42|23.43 1.218|0.9895 | 1.009]|0.8238 N/A
=8-2pp 0.1220/0.0809 | 15.21|11.70 0.2175]0.1508 | 27.61|20.60 1.133|0.8752 | 0.930|0.7071
ZITh 29 ppb
0K 0.14 ppb
Soil (normal
( ) 0.0072|0.0321 7.887|188.8 0.0006|0.0027 0.8628|13.14 0.5986/11.63
55 <0.643 0.0045|0.0229 3.807|155.1 0.0004|0.0019 0.5238|10.58 0.3420|9.528 N/A
<U.533PPM ¥ 4 0075]0.0317 6.527|163.2 0.0006|0.0026 0.6163|10.92 0.3660|9.896
BTh <0.123 ppm
0K < 0.019 ppm
AIT (low activity)
15 5.735|9.014
N/A r< ] | N/A N/A N/A N/A 5.724|9.212
. 9 (EKTUBHOGTL PErncTpaLum y-KBaHToB e
22pn  20.0 Bg/m? . Y
0,8-
AT (high activity) 1
=06 57.35|90.14
@ r
N/A ) N/A N/A N/A N/A 57.24|92.12
0,4 ] 58.97|102.2
2Ipn 200.0 Bg/m? ] /
0,2- /
0 I T T T T !
0 1 2 3
Energy, MeV




Momnrte-Kapao moaeanposanmne Geant4 - pesyabTaTbl

CyMMapHbIN BK1aA, pa3/IMYHbIX NCTOYHUKOB GOHa B CPeaHMIM TEMN cYeTa
cobbiTnin (umn/cek/cu) c sHeprnen Bbiwwe 0.5 M3B BO BHYTPEHHUX
cYyeTyMKax anda Bcex baweH (c yyuetom apdHeKTUBHOCTM perncTpaumnmn).

Internal counters Steel
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- U
232
T T2 T3 B ETh
B ““Thy
i, K p
U 40y .
0.0843 Ky
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a0y 0342 Rock
0.5086- N " 238
. ~_ ;aﬁz;ra,:,a AN B =8 o
232Th '.f__..-a-"'"" . R - 233U v
ose2s— PTha B 22Th o
/ AE4
“The/ ) I 22Thy
BE-4 238 ) ¢y o 4QK v
0.0045
B o
0.0072-" )
'/ 1o
Ky ‘
1001 . Air
K 1,188 #2Rn

50 By’



CyMMapHbIN BKNaA, Pa3/IMYHbIX UICTOYHUKOB HOHa B cpeaiHUIA Temn cyeTa cobbiTuii (Mmn/cek/cy) ¢

sHepruei Bbiwe 0.5 M3B Bo BHELLIHUX CYETYMKAX AN1A BCeX balueH (¢ yyeTom 3ppeKTMBHOCTHU

perucrTpaumm).
T
238 EBSU
U T
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H-OK v i / ;;- WK .
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3aKAI0O4YeHIe

OKono 40 oTcyeToB B 0OLLLEN CKOPOCTU CHETOB COCTABAAET NOCTOAHHAA
COCTaB/IAKOLWAA, OTBETCTBEHHAA 3a pPAAMOAKTUBHOCTb TFPYHTA MU
MaTeEPMaNoB KOHCTpPyKummn. OcTaBwanaca 4vactb - ot 4 no 30 (B
MOMEHTbI MMKOB) — obycnoBseHa Bblbpocam pagoHa B aTmocdepe
3KCMNEePMMEHTaIbHOro 3ana.
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ccnegoBaHme BbINOSTHEHO NPY OMHAHCOBOW Nogaep Kke no rpaHTy POCCUMUCKOro Hay4Horo
dooHaa 23-22-00048, https://rscf.ru/project/23-22-00048/.
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238U(1

238UB

238,

2327,

232Thﬁ

22T,

4DKG‘.

4DKB

40'(-,-

222 Rnall

Steel
%) <4.3ppb N/A
ZITh 29 ppb
0K 0.14 ppb
Soil (infiltration)
15.1|63.7 2.07|8.98
28 6,809 ppm 8.60(45.9 1.46|6.49 N/A
BTh 2.167 ppm 13.8|65.1 2.24|8.86
40K 0.846 ppm
1.42|6.01 0.118|0.51
Soil (normal) 0.81|4.33 0.083]0.37
1.30|6.15 0.127]0.50 N/A
28 <0.643 ppm 0.140|0.61 0.0167|0.069
BTh < (.123 ppm 0.0920.47 0.0102|0.051
0K <0.019 ppm 0.154|0.65 0.0178]0.073
AIr (low activity)
0|0
N/A N/A N/A N/A N/A N/A N/A N/A N/A 0|0
0|0
22pn 20.0 Bg/m?3
Air (high activity)
0|0
N/A N/A N/A N/A N/A N/A N/A N/A N/A 0|0
0|0

22 200.0 Bg/m?




arXiv:hep-ex;"OS()BOSﬂrv1 31 Mar 2005

TABLE 3. Primordial radionuclides content in rock and concrete in the European underground facilities.

28y 22T K Ref.
LNGS Hall A (rock) 6.80 £ 0.67 ppm 2.167 4+ 0.074 ppm 160 ppm [6]
LNGS Hall B (rock) 042 +£0.10 ppm 0.062 £ 0.020 ppm 160 ppm [6]
LNGS Hall C (rock) 0.66 £0.14 ppm 0.066 + 0.025 ppm 160 ppm [6]
LNGS all Halls (concrete) 1.05 =012 ppm  0.656 + 0.028 ppm - [11]
LSM (rock) 0.84 + 0.2 ppm 245 + 0.2 ppm 213 +30Bg-kg™'  [12]
LSM (concrete) 1.9 + 0.2 ppm 1.4 + 0.2 ppm 77+ 13 Bg-kg™'  [12]
LSC 22102 yem=2 57! [13]
[US 70 ppb 125 ppb 1130 ppm [9]

CUPP 27.8-44.5 Bg-m—3 4.0-18.7Bg-m™—>  267-625 Bg-m—3 (**K)  [10]
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E. Bellotti, M. Buraschi, E. Fiorini and C. Liquori:

NEW MEASUREMENT OF ROCK CONTAMINATIONS AND NEUTRON
ACTIVITY IN THE GRAN SASSO TUNNEL

TABLE II - Activity of various materials in the Gran Sasso tunnel (in Bq/Kg).

Material Activity or 95 c.1l. limit

Rock Lab.A, pos.a

(infiltration) 8.8+.3 84.7+48.4 22446 41.9+.6
" Lab.A, pos.b

(infiltration) 7.7+.4 66.8+7.1 256+13 41.7+.9
" Lab.A, pos.c

(infiltration) 9.5+.4 122413 264+13 56.6+1.4

" Lab.A, pos.d
(normal) <0.5 <8 <5 1.0+.2
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Figure 3: Gamma spectrum of LNGS hall A (location 1). Top: Measured data
and the individual contributions of 238U, 232Th, and “°K from of a Monte Carlo
simulation of the setup. Bottom: Measured data and Monte Carlo sum spectrum
agree very well over a very large energy range.

Background Measurements in the Gran Sasso Underground Laboratory

M. Haffke, L. Baudis, T. Bruch, A.D. Ferella, T. Marrodan Undagoitia, M. Schumann®, Y.-F. Te, A. van der Schaaf

Physik-Institut der Universitdt Ziirich
Winterthurersirasse 190
8057 Ziirich, Switzerland

arXiv:1101.5298 [astro-ph.IM]

Table 2: Gamma activities of the primordial isotopes (in Bg/kg) as determined
from measurements with a 3” Nal(Tl) detector.

Location 28U “2Th WK

1. Hall A 11.7+£39 14828 62 + 14
2. Hall B 19.6 +49 13.2+2.7 52+ 10
3. Interferometer 37.8+7.3 10.9+28 206 + 37
4. LVD CF 1.2+04 034+007 1.04+0.32
Concrete (Floor)® 265 8+ 2 170 =27
Concrete (Wall)? 15+2 3.8+0.8 42+ 6

“These concrete samples taken from the interferometer tunnel were screened
in a HPGe detector in order to directly measure the radioactive contamination.
They are to be compared to the Nal(T1) results for location 3. Interferometer.
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Table 5 Dolomitic limestone and concrete *’K, ***Th, and ***U concentrations

*K (Bg kg )

_’.'ETh {Bq kg_ 1 )

MU (Bg kg™

Dolomitic limestone (parent rock)
26(2)

1.5(1)

1.8(1)

40p “[}—ng g—])

l'uTh {l”—b g g—l}

uaotegeg™

Dolomitic limestone (parent rock)

0.10(1) 0.36(2) 0.14(1)

-H]K {Bq_ kg_]] 2_12Th {Bq kg_l:l E_H'iu {Bq kg_]]
Concrete

TO(2) 3.7(2) 9.5(3)

YK 10 ggh

Th(10°gg™

ZJSU {”.}_h g g—l)

Concrete
0.27(1)

0.90(5)

0.76(2)




V|3M€p€HHaF| CKOPOCTb CHETa

N3mepeHHaA CKOPOCTb
cobbiTnit (Mmn/cek/cy) c

cyeTa cobbiTUN

(umn/cek/cy, 103) c 0.46 | 1.5 47.3 | 236 sHepruen Bbiwe 0.5 M3B Bo
3Hepruewn sbiwe 5 M3B Bo 0_34| 1.5 50.1 | 214 BHYTPEHHMUX/BHELHUX
BHYTPEHHMUX/BHELWHMUX ) CYeTUYMKaX.
CYeTYMKaX 0.74|1.5 71.2|268

PaccuntaHHaA CKOPOCTb CYETa
cobbiTnit (Mmn/cek/cy) c
s3Hepruen sbiwe 0.5 M3B Bo
BHYTPEHHMUX/BHELWHUX
CYeTYMKaX.
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l
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1 Bqg U-238/kg 81 ppb U (81 x 107 gU/g)

1BqTh-232/kg = 246ppbTh (246x10°gTh/g)

http://radiopurity.in2p3.fr/

1 Bq K-40/kg 32300 ppb K (32300 x 10° gK/g)

1BqU-235/kg = 1.76 ppmU (1.76 x10°gU/g)

Underground
Science
Underground Underground Science
Laboratories
Cosmogenic Rare event searches and underground science have undergone considerable development over the last 3 decades,
Activation mostly dedicated to physics thematics such as the study of solar neutrinos, the search for dark matter and neutrinoless
double beta decay. But more recently the study of the impact of cosmic rays and natural radioactivity on microelectronic
e components, on quantum circuits and even in cell biology is also growing.
Activation
» Dark Matter
i » Double Beta Decay
Lo i » Solar Neutrinos
Shielding » Geo-Science
Materials o Beelzay
» Deep Qubits
Radiation . .

Detection
poves Related papers:

Measurement « "Underground Science" Author: John Bahcall et al, 2001

» "Operating in a deep underground facility improves the locking of gradiometric fluxonium qubits at the sweet spots"
Author: Daria Gusenkova, et al, 2022 arXiv:2201.097/79v1

Screening
Facilities
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