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Introduction

» Many fundamental experiments aim to
detect very weak signals. They have
to fight against background of
different origin.

- cosmic radiation
- particles of nuclear decays
- intrinsic natural radioactivity

= low background o and y spectrometry @
L.N.G.S.
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Rock properties

radioactivity (in Bq kg!):

0.25-0.5
5 80-500
4.5 30-300
5-50 100-2000
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Rock properties

* composition:
Ca 26 o/o, Sil o/o, Mg 9 o/o, O b15 o/o,
C125 %

<p>=(2.71 £ 0.05) g cm-3
</>=114
<Z2/A>=5B7
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Characteristics

lat. 42° 27' N
long. 13° 34’ E

mean depth:
3800 m.w.e.

min. depth:
3000 m.w.e.
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Neutrons
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Comparison of
Radio-assay techniques

for primordial U/Th decay chains and K suited for
Ge-spectrometry y emitting nuclides
Rn emanation assay 226Rq, 228Th

neutron activation primordial parents
liquid scintillation counting a,B emitting nuclides

mass spectrometry (ICP-MS; AMS) primordial parents

graphite furnace AAS primordial parents
Rontgen Excitation Analysis primordial parents
o spectrometry 210Pg, o emitting nuclides

difficult fo compare because each method has its special application
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method suited for sensitivity for U/Th

Ge-spectrometry™® y emitting nuclides 10-100 nBq/kg
Rn emanation assay 226Rq, 228Th 0.1-10 uBq/kg
neutron activation primordial parents 0. 01 uBq/kg
liquid scintillation counting o, emitting nuclides 1 mBqg/kg
mass spectrometry (ICP-MS; AMS)  primordial parents 1-100 uBq/kg
graphite furnace AAS primordial parents 1-1000 pnBq/kg
Rontgen Excitation Analysis primordial parents 10 mBq/kg

a spectrometry 210Pg, o emitting nuclides 1 mBq/kg

* Needs counting times from several weeks to several months

see e.g. Borexino Collaboration, Arpesella, C. et al.,
Measurements of extremely low radioactivity levels in
Borexino, Astrop. Phys. 18 (2002) 1-25
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What is ULGS?

Ultra Low-level Gamma Spectrometry

i.e. low-level y-spectrometry with
additional background reduction by using
active shields, material selection and/or
underground laboratories

Nov. 4th, 2019 DULIA-bio 2019 10



Sensitivity

ULGS (non-destructive)

] 105 - 104
v emitters

ICP-MS (destructive)

, , 10-6 - 10-°
primordial parents

ULGS + NAA

107
primordial parents

1 Bq ***U/kg 81 x 10° g/g
1 Bq **Th/kg = 246 x 10° g/g
1 Bq “K/kg 32 x 10° g/g
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by courtesy of Dr. 6. Heusser

mass spectrometry

5.69 MeV

0.33 MeV

b
239 keV

583, 2615 keV
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by courtesy of Dr. 6. Heusser

6.29 MeV

if Rn can escape,
(plate out activity)
otherwise Rn and:
the progenitors up
to 228Th included

0.33 MeV

b
239 keV

583, 2615 keV
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CELLAR

Collaboration of European
Low-level underground
LAboRatories
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Max-Rlanck<Institut
fiir Kernphysik

Boulby Underground Laboratory
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YGxt

S

High energy muons are not stopped

Neutron thermalization produces photons through (n,y) capture

Interaction of high energy particles with shielding induces secondary background
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Energy Isotope Reaction
[keV] (source)
1037 %7%'Ge MGe(n,v) ' Ge, ®Ge(n,3n)*Ge
13.3 PmGe 2Ge(n,y),*Ge(n,2n)
235 NmGe ™ Ge(n,y), *Ge(n,2n)
534 BmGe 2 Geln,y), *Ge(n,2n)
66.7 PmGe 2Ge(n,y), Ge(n,2n)
68.7* +Ge BGe(nn’)
109.9 s YF(n,n")
122.1 57#Fe,57Co  3'Fe(n,n’), activation of Cu/Ni
136.5 57Co activation of Cu/Ni
139.5 BmGe "Ge(n,y), ®Ge(n,2n)
143.6 S7Co activation of Ge
159.5 TmGe "5Ge(n,y)
174.9 TimGe MGe(n,y), ?Ge(n,2n)
186.0 Cu SCu(n,y)
198.3 TimGe ®Ge(n,y), ?Ge(n,2n)
2783 4= Cy SCu(n,v), ¥Cu(n,2n)
368 200+ g 19He(n,y)
511 + muon-induced pair production
558.4 "“Cd llic«n’y)
56282 T*Ge Geln,n’)
579.2 7% py 27pt(n,n")
59582 T4*Ge 74Ge(n,n")
651.1 4y 3Cd(n,y) -
669.6 S3xCy 3Cu(n,n’)
691.0* T*Ge 2Ge(n,n")
803.3 206« py 206ph{n,n’)
805.9 1142 Cd H3Cd(n,y)
810.8 B8cCo activation of Cu/Ni
817.9 $Co activation of Ge
834.0% T=*Ge "2Ge(n,n")
834.8 4Mn activation of Fe /Co/Ni
8408 5“Mn activation of Ge
846.8 36« Fe 36Fe(n,n’)
962.1 63xCy 8Cu(n,n’)
1063.6 207=pp 27pt(n,n’)
10973 161, 51n(n,y)
1115.5 SSsCu $5Cu(n,n’)
1125.2 5Zn activation of Ge
1173.2 0Co activation of Cu/Ni
12935 161n Sn(n,y)
1327.0 63%Cy S3Cu(n,n’)
13325 Co activation of Cu/Ni
1412.1 63xCy SCu(n,n")
14817 SeCu 85Cu(n,n’)
1547 632 Cu %Cu(n,n’)
2223 2+H 'H(n,y)
* Broadened asymmetric peaks due to recoil.
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high energy muons are reduced by overburden and/or active shield

Interaction of high energy particles with shielding induces secondary background
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gas radon becomes important

YGxt

high energy muons are reduced further deep underground
(factor >10¢ reduction @ LSCE & LNGS)

Neutrons now induced from natural radioactivity ((o,n) & fission)
(factor 10-3 reduction @ LNGS)

v's now from natural radioactivity inside shielding and detector components
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Muon fluence rate [a.u.]
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Muon fluence rate [a.u.]
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Normalised counting rate [d! keV-! kg!]
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Journal of Modern Physucs .y 32 Issue 30 (2017) 1743002
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HPGe detectors

20 cm low activity lead (?°Pb < 20 Bq kg!)
5 cm OFHC copper
5 cm acrylic on the bottom

1 cm acrylic cover with continuous N, flow

highly radiopure, (almost) no activation
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Operated at
LNGS
(3800 m w.e.)
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B. Prokosch
H. Neder
M. Laubenstein



effective volume of
sample chamber ~ 15 |

(e.g. 125 kg Cu or 157 kg Pb)

High purity
copper
directly
placed
underground
after
electrolysis

g
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Background components in Ge spectrometry
external gamma radiation (2.6 MeV 28T, {up to 3.2 MeV 214Bi})

radio-impurities close to crystal
(primordial, anthropogenic)

Rn and its progenies

‘ 0.51 MeV 1
\—17

neutrons from fission and (a,n) '- R
reactions

by courtesy of Dr. 6. Heusser

most important: material screening

U/Th chains and K dominant from Bq/kg down to uBq/kg only
reliably radiopure material - Cu - but mBq/kg cosmogenics
besides Si, Ge, Au, Ag, Hg, (Pb - except 210Pb)

iImprovements in iterative steps
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’Yext

further improvements possible:

- neutron shield

- material selection improved

- active shield

- going deeper underground

- storage of construction material underground
- multisegmented crystals or multiple crystals
- collaboration with producers

Nov. 4th, 2019 DULIA-bio 2019
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Conclusions

1.) The exceptional sensitivity and high resolution of high
purity germanium detectors in gamma-ray spectrometry
and their use in underground laboratories has increasing
application.

2.) A growing number of underground measurements is
done in fields such as environmental monitoring,
surveillance of nuclear activities, benchmarking and
material selection for experiments, which require materials
with extremely low levels of radioactivity.
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