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Material screening in STELLA 

 - main task is material selection for all experiments installed in 
the LNGS underground laboratories (on the average about 
50-100 samples per year);  
if there is availability, also for experiments outside of LNGS; 
 
 - working in synergy with the ICP-MS laboratory of the LNGS 
Chemistry Services (check of secular equilibrium in the uranium 
and thorium decay chains); 
 
 - non-destructive measurements of samples è Monte Carlo 
simulations for efficiency determination (as accurate as 
possible); 
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STELLA = SubTErranean Low Level Assay 



Ultra-low background laboratory STELLA 
 - γ-ray spectrometry (with high purity Ge Detectors) 
 - 15 detectors installed, all handled by LNGS 
 - 2 portable HPGe detectors with electrical cooling 
Sensitivity (U/Th): 
•  6 commercial LB detectors   (O(mBq/kg));   
•  5 commercial ULB detectors (1 well-type, 1 BEGe, combined  

4 p-type coaxial)  (O(0.5 mBq/kg)); 
•  4 custom ULB detectors (MPIK/LNGS) (O(some 10 µBq/kg)); 

- α spectrometry (four Silicon PIPS detectors) 
- liquid scintillation counters (1 WALLAC Quantulus, 1 Hidex) 
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Upgrade	
  STELLA	
  laboratory	
  

•  Planned	
  since	
  2018	
  (EU	
  funding	
  through	
  
PON01_00020,	
  FARO2030,	
  708	
  k€);;	
  

•  Will	
  be	
  finished	
  by	
  middle	
  of	
  2024,	
  then	
  
transfer	
  to	
  new	
  building;	
  

•  New	
  laboratory	
  space	
  (increase	
  flexibility);	
  
•  The	
  detector	
  space	
  will	
  be	
  surrounded	
  by	
  
neutron	
  shielding	
  (polyethylene	
  and	
  water)	
  
and	
  5	
  cm	
  of	
  steel	
  (improve	
  background	
  
characterisUcs).	
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STELLA	
  
(since	
  1989	
  unUl	
  NOW)	
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STELLA	
  
(FUTURE)	
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ULTRA-LOW  
BACKGROUND LAB 
STELLA (NEW!) 

ULTRA-LOW  
BACKGROUND LAB 
STELLA 

New laboratory 
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Ground floor: «steel structure» with wall thickness of 5 cm (70 m2, ca. 3 m 
high). This room will become a controlled environment, with a class close to 
ISO 8 standard. The walls give a background reduction of a factor of 10. 

GROUND FLOOR REFURBISHMENT -1 
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The ground floor will have a passive 
neutron shielding placed all around the 
walls; it will be made with water-filled 
tanks; the shielding thickness is 15 cm. 
 
The floor shielding will be realised with 
HDPE slabs, enclosed in a steel 
structure. 



FIRST FLOOR REFURBISHMENT 
The first floor of the building will be host a controlled environment with 
similar characteristics to the ground floor, office space, and the DAQ room.  
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The second floor of the building will host a small laboratory space, office 
space, and a warehouse. 

SECOND FLOOR REFURBISHMENT 
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Collaboration MPI-K-HD & LNGS 
New HPGe detector made by MPI-K-HD 

(group Prof. Manfred Lindner): 
 
-  Based on GeMPI design; 
-  Improved shielding; 
-  Increased efficiency; 
-  Location in new STELLA laboratory. 
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Low-level underground 
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•  Metal samples from Tokai Mura (M. Hult et al., 
«Measurements of 60Co in spoons activated by neutrons 
during the JCO criticality accident at Tokai-Mura in 1999», 
J. Environ. Radioact. 73 (3) (2004) p. 307-321); 

 
•  Metal samples from Hiroshima (J. Gasparro et al., 

«Measurements of Co-60 in massive steel samples 
exposed to the Hiroshima atomic bomb explosion», Health 
Phys., Vol. 102 (2012) pp. 400-409); 
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Research Article
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In themselves, eyewitness accounts of bolides can be both contradictory 
and relatively unreliable as the unexpected and transient nature of the 
events challenges witness perspectives of direction, proximity, scale 
and time. Fortunately, the extremely energetic nature of bolide events 
makes their detection by a variety of ground- and satellite-based 
sensors possible. One such sensor array is the global network of 60 
infrasound stations maintained by the Comprehensive Nuclear Test 
Ban Treaty Organization (CTBTO) through its International Monitoring 
System. Whilst the International Monitoring System network is primarily 
directed at recording and locating atmospheric or ground-based nuclear 
detonations through detection of low-energy sound waves that are 
able to travel considerable distances through the atmosphere, it has 
also proved invaluable in recording and investigating large fireballs and 
bolides entering Earth’s atmosphere.6 The specific design of infrasound 
stations allows both the direction and size of the energy source to be 

measured. The Seismology and Infrasound Laboratory (LSI) at the IOGA 
monitors the I33MG station located west-southwest of Antananarivo 
(Figure 1). Following an enquiry, staff at the LSI were able to confirm that 
a significant energy release event had been detected by the infrasound 
sensors at ~17h15 UTC (19h15 local time) from a source lying 
southwest of the station (Figures 1 and 3).

The infrasound data could not precisely constrain the energy release 
event to the Benenitra vicinity. Additional information was thus sought 
through the AfricaArray seismograph network. Records for 27 July 
from the three active Malagasy seismographs, SKRH, VOI and FOMA 
(Figure 1) were examined. Only SKRH, located 77 km north-northwest 
of Benenitra, recorded a distinct signal (Figure 4) that further analysis 
(see below) showed to be compatible with an atmospheric, rather than 
tectonic, source (e.g. Roelofse and Saunders7). 

a

b c

Figure 2: (a) Photograph of plunge pit in sandy soil reportedly caused by an ~1 kg stone at a site on the outskirts of Benenitra town, provided to R. 
Robinson by an anonymous Benenitra resident. The pit is ~40 cm in diameter and appears slightly elongated in a southeast to south-southeast 
direction (top of image). (b) Typical Benenitra meteorite stone showing the well-preserved black fusion crust with flow striae and relatively angular 
shape with sharp edges. Base is 43 mm. Photograph: T. Marais. (c) Close-up of stone 2018Ben-1 showing thin remnant fusion crust (fc), and 
interior comprising millimetre-sized rounded chondrules (arrow), metal-sulfide aggregates (dark or reflective spots), and thin melt veinlet. Sample 
was likely broken open by the person who found it. Base of photo is 35 mm.

Bolide and meteorite fall in Benenitra, Madagascar
Page 3 of 9

Meteorites 
Meteorite measurements (Gibson et al., «An investigation of the 27 July 2018 
bolide and meteorite fall over Benenitra, southwestern Madagascar», South African 
Journal of Science, 117, Issue 3-4 (2021) pp. 91-99; Jenniskens P. et al., «The 
impact and recovery of asteroid 2018 LA», Meteoritics and Planetary Science, 56, 
Issue 4 (2021) pp. 844-893); 
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Fig. 3. Asteroid 2018 LA in space (top left image by the Catalina Sky Survey) and the first 23 meteorites recovered on the
ground as photographed in situ (scale of each figure is about 4 9 4 cm). Meteorites are shown in order of find (MP-01 top left,
to MP-23 bottom right).

848 P. Jenniskens et al.

Asteroid 2018A 
(June 2nd, 2018) 



Rare decay search 

2

Fig. 1 Decay scheme of 180mTa [16]. The EC, �

� and � / IC
branches are shown in different colors, while the experimental
signatures for � spectroscopy are highlighted.

rent overall limit on the process is T1/2 > 9.03 ⇥ 101659

yr at 90% C. L. [8, 9].160

In this work, we present new results on the search61

for the decay of 180mTa, where we exploit the excellent62

performance of the ultra-low-background HPGe (ULB-63

HPGe) detectors in the SubTerranean Low-Level Assay64

(STELLA) laboratory [10, 11] at Laboratori Nazion-65

ali del Gran Sasso, in Italy. The average overburden66

of 3600 m w. e. and the mostly-calcareous rock com-67

position of the Gran Sasso mountain [12] guarantee68

very low muon and neutron fluxes of about 3 ⇥ 10�8
69

cm�2 s�1 [13, 14] and 4 ⇥ 10�6 cm�2 s�1 [15], as well70

as a relative low content of natural radioactivity in the71

surrounding rock. In addition to the deep-underground72

location, the strict protocols adopted in order to select73

only radio-clean materials for the detectors and shield74

parts result in a strong abatement of the background75

due to internal and environmental radioactive content.76

2 Sample description and preparation77

The sample was procured in 2009 and consists of 6 tiles78

of metallic Ta produced via vacuum melting by Advent79

Research Material Ltd. Each tile measures 10⇥10⇥0.280

cm3 and has a mass of ⇠ 335 g, corresponding to a total81

of about 2 kg.82

In order to mitigate the intrinsic background due to83

cosmogenic activation of 182Ta (T1/2 = 114.74 d [17]),84

the tiles have been stored deep-underground in the STELLA85

laboratory until the start of measurements in 2019.86

1This result only considers the combination of EC and �

� decay
and is reported as preliminary in the cited proceedings.
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Fig. 2 Lower limits on the decay half-life of 180mTa on the EC,
�

� and � / IC channels [9, 18–28]; the box encloses the new re-
sults presented in this work. The labels and corresponding shad-
owed areas refer to the different techniques used for the measure-
ments. The horizontal lines indicate the theoretical half-lives from
the calculations of the nuclear matrix elements [7]: EC (dashed),
�

� (dash-dotted) and � / IC (dotted).

This corresponds to about 30 half-lives and reduced the 87
182Ta background contribution to subdominant levels. 88

Before starting the measurement campaign, the Ta 89

sample underwent a chemical treatment aimed at re- 90

ducing the surface contamination. We deemed that re- 91

moving the outermost 5 µm (per side) of each tile would 92

represent a good compromise between an effective clean- 93

ing and an affordable mass loss. We tested different 94

acid mixtures to assess the corresponding etching ac- 95

tion. We observed that pure HF was not powerful, as 96

it resulted in a 0.02 µm min�1 erosion, while adding a 97

small amount of HNO
3

and H
2

SO
4

, easily increased the 98

erosion speed to more than 60 µm min�1. 99

In the end, we adopted the composition: HF(20 M)+ 100

HNO
3

(0.35 M) + H
2

SO
4

(1.1 M). We immersed each Ta 101

tile in 170 ml of this solution for 70 s, then rinsed it with 102

ultra-pure water for 30 s and finally dried it with N
2

103

gas. This procedure removed between 4 and 5 µm of the 104

surface (see Table 1). After the cleaning, the tiles were 105

vacuum sealed into two nested plastic bags, of which 106

the internal one remained also during the measurement 107

(the absorption effect on � radiation is negligible). Since 108

the cleaning operations could only be performed in the 109

above-ground chemistry laboratory, we had to prevent 110

that the cosmogenic activation of 182Ta could spoil the 111

effect of the ten-year-long storing deep-underground. 112

We thus minimized the time spent above-ground by al- 113

lowing only one tile at a time to leave the STELLA 114

laboratory and cleaning each of the 6 tiles individually. 115

In this way, we were able to ensure that no tile spent 116

more than 30 minutes outside the Gran Sasso tunnel. 117

After the chemical treatment described above, the 118

total sample mass was 2015.12 g (Table 1), correspond- 119

ing to 242.02 mg of 180mTa. 120

121
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nature of the ‘‘hot spots’’ in the 40K distribution would also be

of interest. What is clearly missing up to now in the radionu-
clide mapping of soils is a more detail and specific investiga-

tion of the role of tectonics on the distribution of radionuclides.

This could be very interesting as the territory of the Molise
region contains some important NW–SE dislocation lines.

Acknowledgments The authors thank the Director Dr. Lucia
Votano, the staff of the LNGS and the National Civil Protection
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Una rete di sensori per il 
monitoraggio della 

radioattività ambientale

Kick-off meeting - Roma, Presidenza INFN - 6 ottobre 2023

Monica Sisti, Flavia Groppi

•  The INFN network is set up to support national institutional 
monitoring networks, with a view to a synergistic effort aimed at 
safeguarding public exposures, especially in the event of 
anomalous or accidental events. 

•  Step One: rapid and cost-effective activation of an 
environmental radioactivity monitoring network 

•  Step Two: inclusion of any other initiatives on environmental 
monitoring and radiation protection 



•  New detector design (Celi, E. et al., «Development of a cryogenic In2O3 
calorimeter to measure the spectral shape of 115In β-decay», Nuclear 
Instruments and Methods in Physics Research A, 1033 (2022) 166682). 
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New detector design 

In2O3 
 
4th forbidden non-unique β decay 

NTD 115In2O3

Figure 2: Detector setup used to measure the In2O3 crystal as cryogenic calorimeter. We

glued on the crystal a germanium NTD sensor, whose signal is readout using 50 µm gold

wires.

by gravity on a plastic foil as shown in Fig. 2. The crystal was coupled to the144

thermal bath only via the gold wires for the signal readout.145

The entire setup was enclosed in a Cu box and thermally coupled to the146

mixing chamber of the CUPID R&D cryostat, a 3He/4He dilution refrigera-147

tor installed deep underground in Hall C of the Laboratori Nazionali del Gran148

Sasso, Italy. To avoid vibrations reaching the detectors, the box was mechani-149

cally decoupled from the cryostat exploiting a two-stage pendulum system [27].150

The thermistor was biased with a quasi-constant current applying a fixed volt-151

age through large (54 or 4 G⌦) load resistors [28], operating the sensor at a152

base temperature of ⇠12 mK and a working temperature of ⇠13.5 mK. When153

a particle releases energy in the crystal, a thermal pulse is produced which is154

then transferred to the NTD sensor, changing the resistance of the thermistor.155

This, in turn, creates a voltage change across the current-biased NTD which156

is amplified using front end electronics located just outside the cryostat [28].157

The signals are filtered by an anti-aliasing 6-pole Bessel filter (with a cuto↵158

frequency of 100 Hz) and finally fed into a NI PXI-6284 18-bit ADC. The sam-159

pling rate of the ADC was 2 kHz. A detailed description of the DAQ system160
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115In (Qβ = 497.489 keV)

511 keV 

Figure 5: Energy spectrum obtained from the preliminary measurement of the In2O3 crystal

(34 hours). Even if data quality is not satisfactory for spectral shape studies, the 115In �-decay

clearly dominates the collected data, reflecting the very-low background achievable with the

proposed technique. In the inset is shown the Gaussian fit on the 511 keV calibration peak,

whose energy resolution is (17± 4) keV.

the sensitivity of the spectral shape of 115In �-decay to di↵erent g
A

values is225

most pronounced at low energy [33]. Once tested on small crystals, we would226

apply the same approach to larger crystals (e.g. 1 cm3), thus increasing both the227

source activity (0.95 Hz) and the containment e�ciency (87 %), while keeping228

the pile-up probability below the 10 %.229

7. Conclusions230

In this work, we propose a novel approach to measure the spectral shape of231

115In �-decay with a cryogenic calorimeter based on an In2O3 crystal. We report232

also the results of a preliminary measurement of such a detector, pointing out the233

modifications of the experimental set-up foreseen to improve these results. The234

new detector will allow us to carry out a longer and more stable measurement235

in order to study the spectral shape of the 115In �-decay [33]. Studies of this236

type are encouraged to clarify some crucial aspects of nuclear physics, such as237

the quenching of the axial coupling constant (g
A

) in the nuclear medium, which238

have important implications also in astroparticle physics [12].239
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Figure 1: Decay scheme of the 115In to the ground state (1/2+) and excited state (3/2+) of

115Sn. Figure reprinted from Ref. [11].

temperature, In2O3 is a wide band-gap semiconductor with the energy gaps of113

3.7 and 2.7 eV for direct and indirect optical transitions, respectively [23]. The114

free electron concentration and Hall electron mobility of the sample used for115

this study were of 4 ⇥ 1017 cm�3 and 160 cm2V�1s�1, respectively, according116

to Hall e↵ect measurements [19–21].117

3. Spectroscopic measurement with HPGe detector118

We investigated the concentration of naturally occurring radionuclides inside119

the In2O3 crystal, with a �-spectroscopic measurement in the STELLA (Sub-120

Terranean Low-Level Assay) facility at LNGS (Laboratori Nazionali del Gran121

Sasso) of INFN (Assergi, Italy). A detailed description of the experimental122

setup can be found in Ref. [24]. We measured the crystal with an ultra low-123

background high purity germanium (ULB-HPGe) well-type detector, which is124

optimised for very small samples, and which has a thin aluminium window (0.75125

mm thickness). The detector is surrounded by a composite shield starting on126

the outside with 10 cm low-activity lead (<100 Bq/kg of 210Pb), followed by127

another 5 cm of even lower activity lead (<6 Bq/kg of 210Pb) and then 5 cm128

of oxygen-free high conductivity copper. Finally, the shield and detector are129

enclosed in an air-tight housing kept at slight over-pressure and continuously130

flushed with boil-o↵ from liquid nitrogen to prevent and remove radon gas from131
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•  Standard reference materials (M.K.Pham et al.,«Certified 
reference materials for radionuclides in Bikini Atoll sediment 
(IAEA-410) and Pacific Ocean sediment (IAEA-412)», 
Applied Radiation and Isotopes 109 (2016) pp. 101-104; 

 
•  Annual participation to international intercomparison 

exercises for gamma-ray spectrometry; 
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•  Fundamental Physics (Donadi, S.. et al., « Underground test of gravity-
related wave function collapse», Nature Physics, 17 (2020) 74-78;  
Derakhshani, M. et al., «At the crossroad of the search for spontaneous 
radiation and the Orch OR consciousness theory», Physics of Life Reviews, 
42 (2022) pp. 8-14); 

•  Quantum Computing (Cardani, L et al., «Disentangling the sources of 
ionizing radiation in superconducting qubits», European Phys. J. C, 83(1) 
(2023) 94);  

•  Biology (Morciano, P. et al, «Overview of DISCOVER22 experiment in the 
framework of INFN-LNGS Cosmic Silence activity: challenges and 
improvements in underground radiobiology», Frontiers in Physics, 11 (2023) 
1263338;  
Ampollini, M. et al, «Sub-background radiation exposure at the LNGS 
underground laboratory: dosimetry characterization of the external and 
underground facilities», Frontiers in Physics, 11 (2023) 1274110). 



Conclusions 
1.) The exceptional sensitivity and high resolution of high purity 
germanium detectors in gamma-ray spectrometry and their use in 
underground laboratories has an increasing number of applications. 
 
2.) A growing number of measurements is done underground in 
fields such as environmental monitoring, surveillance of nuclear 
activities, benchmarking besides the material selection for 
experiments, which require materials with extremely low levels of 
radioactivity. 
 
3.) Strongly recommend the installation of a(n) (ultra-)low 
background laboratory working in synergy with above-ground 
installations.  
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