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HADES = High Activity Disposal Experimental Site 
– Operated by EURIDICE* and located at SCK•CEN in Mo l

*European Underground Research Infrastructure for D isposal of nuclear waste In Clay Environment

Mol
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Going underground…
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HADES detectors

Sandwich

Ge4 Ge2Ge3

Ge5Ge8

Scale 1:50

1.0 m

Cabinet

Germanium detector

Detectors relative
efficiency:

8-106 %

Ge6 Ge7
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The Sandwich Spectrometer

Ge-7

Ge-6

Pb shield = radiopure 
lead, 4 cm,  2.5 Bq/kg

+14.5 cm lead, 20 Bq/kg

Cu lining = radiopure 
copper, 3.5 cm

Detector mass ~ 1.9 kg each

Increased solid angle
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Life in the lab
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Why going underground

Problems arising underground:

- Radioactivity from rock >> shieldings!
- 222Rn daughters >> flush with N 2

- Radioactivity in the detector & shielding
(natural and cosmogenic activation)

Underground shielding:

thicker Pb (~20 cm) and possibility to use
Cu as inner lining (~1-15 cm)

+ active m m m m shielding: ~30% added reduction

Underground Lab

Primary cosmic rays

n,pn,p

nnnnnnnn

nnnnnnnn

ee,g,g,g,g,g,g,g,g

nnnnnnnn

mmmmmmmm
mmmmmmmm mmmmmmmm

pppppppp
NN

nnnnnnnn

@ HADES (~500 m we)
m m m m flux reduced by ~ 4 orders of magnitude
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Background Comparison

Energy (keV)
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…a growing field of  science, engineering and metro logy

Underground gamma spectrometry…
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What is Low-level??

Different meaning in different contexts:

� Low-level waste >> still at least kBq

� Here: activities near or below those 
encountered in nature >> Bq/kg, mBq/kg

Also possible nBq/kg by employing smart pre-
concentration techniques (for water, air-filters... )
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Low level research topics

Very low activity levels
� radiopurity studies for fundamental research experiments
� radiation protection (retrospective neutron dosimetry, water, human body)  

Small samples
� amount of material can be reduced by a factor 100-1000
� useful when only small amounts of material are available
� drawback: long measurement times

High temporal resolution
� studying processes with high temporal resolution
� e.g. routin sampling with air filters for everyday monitoring

Activation products
� no interference from other radionuclides
� improved detection limits
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K1 = summing correction

K2 = Branching correction

K3 = Equilibrium correction
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Combined activities from 
several gamma-rays to 

activity for one radionuclide Combined activities from 
several daughters to one parent 

Ex.: 226Ra from 214Bi and 214Pb

Activity calculations & efficiency 

Correction factor from
EGS4 MonteCarlo code

Reference saple
similar to the 

measured one

td = decay time (to a reference date)
tm = measurement live time
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Applications overview

METROLOGY

NEUTRON 
PHYSICS

DECAY DATARADIATION 
PROTECTION

ENVIRONMENTAL 
RADIOACTIVITY

MISC.

HADES 2004-2009

• Efficiency calculations
• Summing effects evaluation
• Monte Carlo work
• Background analyses
• New detector concepts, especially for 

Bkg reduction
• Improvement of existing detectors

� DONA – Dosimetry and Spectroscopy 
using Neutron activation

� NAXSUN – Neutron Activation Cross 
Sections Curve measurements using 
deconvolution technique

• Ta-180m (nature’s rarest isotope)
• In-115 (lowest decay energy known to man)
• GERDA – double beta decay of Ge-76
• Double beta decay in tin (112, 122, 124Sn)

• Hiroshima II
• Support to SHES

• Organic vs. Conventional farming
• Reference materials                        

(Berries, mushroom, sediments, soil)
• Pb-210 in bones

• Fusion plasma: Study of charged 
particle leakage in JET

• CELLAR – Collaboration of 
European Low-level underground 
LAboRatories

• Emergency support l’Aquila/Gran 
Sasso

• ILIAS (Integrated Large 
Infrastructures for Astroparticle 
Science)
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Indium rare bbbb---- decay 

115Sn

1/2¯

115In 3/2+

1/2+

0.047%
5%

T½= 4.5 h

9/2+

T½= 4.4´́́́ 1014 y

»
95%

»100%

0
497.4 

336.2

0

Rare bbbb- decay

Normal bbbb- decay

Qbbbb ~ 499 keV

The lowest bbbb¯ decay energy known to man

Available bbbb---- energy for

115In(9/2+) ® 115Sn(3/2+) 

1.7±4.0 keV

It was uncertain whether it was energetically possible!

Possibility to conceive rare events 
experiments looking for n mass: 
statistics ~ Qb

-3
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� 2005: 497 keV g-ray first  
detected “by chance” by 
Cattadori et al. in Gran Sasso

Partial half life ~ 4´ 1020 years
with 26% uncertainty

� HADES – the first “metrological approach”: 
specially designed radiopure sample

1. Confirmation of Gran Sasso result

2. Improved uncertainty (~ 15%)

Underground measurements!!

HPGe

indium disc
2.57 kg

Indium rare bbbb---- decay 

Sandwich spectrometer

Other processes can contribute to the 497 keV peak � Need for confirmation
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Results from the gggg-ray measurements on 3 
spectrometers and comparison with Cattadori et al .

423.6(12)1.2(4)Sandwich

154.1(6)1.07(17)HADES final

263.7(10)1.2(3)Cattadori et al.

454.4(20)1.0(5)Ge-7

174.2(7)1.06(17)Ge-4

Rel. U (%)t½(1020 yr)BR (10-6)Spectrometer

Indium rare bbbb---- decay 
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1. Underground gggg-ray spectrometry

2. Q value for 115In (g.s) ®®®® 115Sn (g.s) with measurements of the cyclotron frequen cies 

(with the JYFLTRAP Penning trap facility in Jyväsky lä)

3. Theoretical calculation (T 1/2 vs Q bbbb))))

��� � Decay energy for the rare decay = 0.35(17) keV

Experimental results

Future:

� theory for ultra low-E bbbb- decays 
needs to be improved

� look for half-life effects induced by 
the chemical surroundings (InCl 3)

Indium rare bbbb---- decay 
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Thank you
for your attention! 


