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Upgrade	  STELLA	  laboratory	  
•  Planned	  since	  2018;	  
•  Funding	  available	  ca.	  700	  k€;	  
•  Hold-‐ups	  due	  to	  pandemic	  and	  
administra:ve	  problems;	  

•  Hopefully	  done	  and	  working	  by	  the	  end	  of	  
2023;	  

•  New	  laboratory	  space.	  
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STELLA	  
(NOW)	  
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STELLA	  
(FUTURE)	  
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Collabora:on	  MPI-‐K-‐HD	  &	  LNGS	  

New	  HPGe	  detector:	  
(see	  talk	  on	  Wednesday	  by	  Nicola	  Ackermann)	  

	  
-‐  Based	  on	  GeMPI	  design;	  
-‐  Improved	  shielding;	  
-‐  Increased	  efficiency;	  
-‐  Loca:on	  in	  new	  STELLA	  laboratory.	  
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Scien:fic	  projects	  
•  Meteorite	  measurements	  (King	  et	  al.,	  «The	  Winchcombe	  meteorite,	  a	  

unique	  and	  prisEne	  witness	  from	  the	  outer	  solar	  system»	  Science	  
Advances,	  8,	  eabq3925,	  16/11/2022;	  Shober	  P.M.	  et	  al.,	  «Arpu	  Kuilpu:	  
An	  H5	  from	  the	  outer	  main	  belt»,	  MeteoriEcs	  and	  Planetary	  Science,	  57,	  
Issue	  6	  (2022)	  pp.	  1146-‐1157);	  

•  Rare	  decay	  search	  (Laubenstein,	  M.	  et	  al.,	  «Search	  for	  rare	  alpha	  and	  
double	  beta	  decays	  of	  Yb	  isotopes	  to	  excited	  levels	  of	  daughter	  nuclei»,	  
European	  Physical	  Journal	  C,	  82	  (2022)	  58);	  

•  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;	  
Nagorny,	  S.	  et	  al.,	  «Measurement	  of	  Pt-‐190	  alpha	  decay	  modes	  with	  
gamma	  emission	  using	  a	  novel	  approach	  with	  an	  ultra-‐low-‐background	  
high	  purity	  germanium	  detector»,	  Journal	  of	  InstrumentaEon,	  16,	  Issue	  
3	  (2021)	  P03027).	  
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Winchcombe	  
•  The	  Winchcombe	  meteorite	  contains	  water	  similar	  to	  that	  found	  on	  Earth;	  
•	  New	  study	  shows	  that	  carbonaceous	  asteroids	  played	  a	  key	  role	  in	  delivering	  

the	  ingredients	  needed	  to	  kickstart	  oceans	  and	  life	  on	  the	  early	  Earth;	  
•	  Winchcombe	  was	  blasted	  off	  an	  asteroid	  near	  Jupiter	  and	  travelled	  to	  Earth	  

within	  the	  last	  million	  years;	  
•	  Samples	  of	  the	  meteorite	  are	  on	  display	  at	  the	  Natural	  History	  Museum;	  	  	  
	  

Credit_TrusteesojheNHM-‐CS	   Credit_TrusteesojheNHM-‐CS	  
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GS1	  
Operated	  al	  	  

LNGS	  	  

(3800	  m	  w.e.)	  

S.S.	  Nagorny	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
M.	  Laubenstein	  
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Figure 3. Schematic view of the movable part of the passive shield (top-left) and of the completed passive
shield (top-right), colours online; photos of the movable part of the passive shield (bottom-left) and of the
completed passive shield (bottom-right). The photo of the open passive shield shows the movable part
(dimensions (40 ⇥ 40 ⇥ 40) cm) consisting of 5 cm of OFHC copper, 7 cm ULB lead, and up to 15 cm lead,
all enclosed in a polymethylmethacrylate (PMMA) box continuously flushed with boil-o� nitrogen from a
liquid nitrogen storage tank. It is placed together with the dewar on a movable stainless steel platform.

passive shield is placed inside a polymethylmethacrylate (PMMA) box on a movable plate, made of
10 mm stainless steel that holds the liquid nitrogen dewar as well. The PMMA box is continuously
flushed with high purity boil-o� nitrogen coming from a liquid nitrogen storage tank to avoid the
presence of radon and its daughters.

The fixed part of the passive shield is made again of low-activity lead bricks with 25 cm
thickness from the bottom, 10 cm from the left/right sides, 20 cm for the far side, and 20 cm on
the top, which is supported by a 2 cm stainless steel plate. The overall external dimensions of the
passive shield are (60 ⇥ 60 ⇥ 80) cm.

To dislocate the movable part in and out of the fixed part of the passive shield needs less than
5 minutes. The whole duration for the extraction or mounting of the HPGe detector from the passive
shield takes less than one hour.

4 Detector performance

The performance of the above-described set-up was tested in a series of runs in di�erent conditions.
First, the long-term stability was tested immediately after the mounting of the Pt foil. This run
was performed without any passive shielding for more than one year. The detector showed perfect

– 4 –
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Our approach consists in placing the sample in a form of a thin metal foil around the Ge crystal

using it as a high voltage contact. An additional material is placed on the top of the Ge crystal in
a form of a circular shaped disk of exactly the same diameter as the crystal. The thickness of the
foil (on the order of 100 to 250 �m) is chosen depending on the energy of the gamma quanta one
is looking for, in order to maximize the detection e�ciency and mass of the material. The only
requirements to the material of the sample are that it has to be chemically inactive with respect to
germanium, and it has to be a good conductor to guarantee a good and stable high voltage contact.

In this case, the reasons for the detection e�ciency reduction listed above are almost all
excluded. Only points 1) and 6) remain. And still, point 1) can be minimized through the proper
choice of the foil thickness. Moreover, such a simple geometry makes also the Monte Carlo
calculation of the detection e�ciency more robust, reducing the inherent systematic uncertainties.

3 Detector realization

We used an ULB HPGe semi-coaxial p-type detector, named GS1, originally built by Princeton
Gamma Tech (PGT) and refurbished by Mirion Canberra Olen (Belgium). The Ge crystal has a
diameter of 70 mm and a height of 70 mm. A platinum foil of 0.12 mm thickness was placed around
the Ge crystal and served also as a high voltage contact. A circular Pt foil of exactly the same
diameter as the crystal was placed on top. The Ge crystal together with the Pt foil was placed then
inside the crystal holder made of oxygen-free high conductivity (OFHC) copper and firmly fixed to
guarantee a good and stable high voltage contact. At the end, the end cap was closed, see figure 2.

Figure 2. The Pt sample installation sequence. Left: lateral foil installation. Right: placing top part of
sample on the mounted Ge crystal.

A special passive shield, which allows fast and simple access to the detector, was designed. In
fact, the shield consists of two parts, one movable and the other fixed, see figure 3.

The movable part (dimensions (40 ⇥ 40 ⇥ 40) cm) contains a small part of the outer shield and
the innermost part made of OFHC copper, surrounding the Ge detector with an overall thickness of
5 cm. The copper is followed by ULB lead bricks (provided by PLOMBUM FL, certified activity of
210Pb < 6 Bq kg�1), and a thickness of 7 cm, further followed by low-activity lead (provided by Pax
Lemer, certified activity of 210Pb < 30 Bq kg�1, thickness 15 cm). The detector with this part of

– 3 –
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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

5
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Thank	  you	  for	  your	  aKen:on	  !	  


