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Science Magazine,  July 2005 

125 big questions that face scientific 
inquiry over the next quarter-century 

http://www.sciencemag.org/sciext/125th/ 

1)  What is the Universe Made Of? 

… 

5) Can the Laws of Physics Be Unified?  

 the most compelling puzzles and questions 
facing scientists today 

F.A. Danevich    Univ. Tor Vergata   November  04, 2015 



in this lecture: 
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Motivation for low counting experiments:  
• Standard Model and Neutrino 
• Dark matter  
• Double beta decay 
• Hypothetical processes and particles 
• Rare nuclear decays, rare nuclear reactions  
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Standard Model of particles (SM) 

The matter consists of 12 fermions:  
6 quarks (u, d, s, c, b, t)  
6 leptons (e, , , e, , ,) 

Interactions carried by 12 bosons:  
1  - electromagnetic 
8 gluons – strong  
3 gauge bosons (W+, W−, Z0) – weak 
 
Particles get their masses through the 
couplings to the Higgs field (Higgs 
boson) 

• Introduction 
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Problems of the Standard Model 
• What gives rise to the Standard Model of 

particle physics? 
• Why there are 3 generations of particles? 
• Particle masses and coupling constants 

should be measured (free parameters) 
• Strong and electroweak forces are not 

unified 
• The problem of confinement 
• Baryon asymmetry problem 
• Gravity is missing 
• What is Dark Matter? Is it new particle(s)?  
• What is Dark Energy? 

Κλαύδιος Πτολεμαῖος  
87 — 165 

Andreas Cellarius 
Harmonia 
Macrocosmica, 1660  

Mikołaj Kopernik 
1473 — 1543 

Dē revolutionibus 
orbium coelestium, 
1543 Neutrino oscillations  neutrino is massive! 

(an effect beyond the Standard Model) 

One could compare the Standard Model with the 
Geocentric model of Claudius Ptolemy:  the model 
provided reasonable results at some level of 
accuracy, however, it is complicated and not elegant 
enough 

• Introduction 
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Raymond Davis 

1914 – 2006  

The measured solar and atmospheric neutrino fluxes were 
lower than that the theoretically predicted 

Kamiokande-II 

water Cherenkov 

detector 3 kton 

600 ton perchloroethylene 

in “Homestake mine 

Masatoshi Koshiba Number of muon-like  events is 597% of the 
predicted 

Solar and Atmospheric neutrino deficit 

  37Cl  37Ar (radioactive) 

A deficit of solar neutrino was observed: the measured 
flux was 1/3 of the Standard Solar Model predictions 

•Electrons created by electron neutrino produce 
fuzzy rings due to the multiple scattering, while 
muon produce one sharp ring 

• Introduction 
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Atmospheric and Solar neutrino oscillations  
Super Kamiokande and SNO 

Expected without 
oscillations 

Experiment 
Takaaki Kajita 

Y. Fukuda et al., Evidence for Oscillation of Atmospheric Neutrinos, Phys. Rev. Lett. 81 (1998) 1563 

Arthur B. McDonald 

Observation of solar neutrino neutral 
current interaction: 
e,, + d  n + p,  n + d  3H +    e 

SNO confirms that electron neutrinos from 
the sun are oscillating to another flavor 

Neutrino is massive 
1

n

lL lj jL

j
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• Introduction 
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upward    downward  



Neutrino is a key particle in the contemporary 
particle physics 

Neutrinos physics is interesting because neutrino experiments recently 
discovered something new, rather than giving only more precise  
measurements of Standard Model parameters, or stronger bounds on 
unseen new physics [1] 
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[1] A. Strumia, F. Vissani, Neutrino masses and mixings and... arXiv:hep-ph/0606054v3 1 Apr 2010 

• Neutrino 
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Open issues of neutrino physics 

• What is the absolute scale of neutrino mass? 

• What is the neutrino mass hierarchy? 

• Precise measurements of the neutrino mixing angles ij,       , CP violating 
phases      

• What is the nature of neutrino (Dirac or Majorana)? 

• Does right handed admixture in weak interaction exists? 

• Does sterile neutrino exits? 

• Higher accuracy of the  solar neutrino fluxes measurements 

• Is the neutrino stable? 

• Does neutrino has magnetic momentum? 

• Neutrino propagation through matter 

• Do non-standard  neutrino interactions exist? 
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ijm

[1] R.N. Mohapatra et al., Theory of neutrinos: a white paper, Rep. Prog. Phys. 70 (2007) 1757 

[2] A. Strumia, F. Vissani, Neutrino masses and mixings and... arXiv:hep-ph/0606054v3 1 Apr 2010 
[3] A. Smirnov, The landscape of neutrino physics,  talk at TAUP 2015, September  9, 2015,Torino 

• Neutrino 
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Experimental study of neutrino 

• Accelerators  

• Astrophysics (microwave background, large scale structure of 
the Universe) 

• Underground and reactor experiments  
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low counting technique 

• Neutrino 
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dark matter 

• Galactic rotation curves 

• Velocity dispersions of galaxies 

• Structure formation  

• Direct observations 

 
The Milky Way rotation curve  

Galaxy Cluster Abell 1689  
The Bullet cluster 
 1E 0657-56  

The Cosmic Microwave 
Background temperature 
fluctuations  

 95% of what makes up the Universe is still a mystery for science  

• Dark matter 
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Dark energy in the Universe 
Several billion years ago the growing abundance of dark energy caused the expansion 
of the Universe to slowly begin to accelerate 

Planck 

• Without Dark Energy the universe would be not "old" enough to explain the age of star 
clusters and the data of nuclear chronology 
• Difficulties to explain the today’s large structure of the Universe  
• Direct observations of galaxies accelerated motion measured by Ia type supernovae 

12 
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Particle Dark Matter, Observations, Models and Searches, Edited by Gianfranco Bertone, Cambridge University 

Press 2010 

Experimental search for dark matter 

• Colliders (search for supersymmetric particles)  

• Satellites: precise measurements of the antiparticle 
(antiproton and positron) energy spectra, gamma rays 

• Search for high energy neutrinos from annihilation of dark 
matter particles by large Cherenkov detectors (e.g., Ice Cube) 

• Direct counting experiments 
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low counting technique 

• Dark matter 
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[1] Maria Goeppert–Mayer, Double –Disintegration, Phys. Rev. 48 (1935) 512 

Double beta decay (2) 

14 /33 

2 2EC, EC+, 2+ Double  decay was 

considered for the first 

time by Maria Goeppert–

Mayer [1] 

• 2 decay 
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• Two neutrino 2 decay is allowed by the SM and observed 
• Neutrinoless (0) 2 decay is forbidden in SM, still not observed 



02 beta decay 
and particle physics 

[1] E. Majorana, Teoria simmetrica dell’elettrone e del positrone, Nuovo Cimento 14 (1937) 171 

[2] J.D.Vergados, H.Ejiri, F.Simkovic, Theory of neutrinoless double-beta decay ,Rep. Prog. Phys. 75 (2012) 106301  

[3] J. Barea et al., Limits on Neutrino Masses from Neutrinoless Double- Decay, Phys. Rev. Lett. 109 (2012) 042501  

Neutrino considered by Ettore Majorana [1] is identical to its 
antiparticle:    ,  in contrast to the neutrinos proposed by 
Dirac 

 

Paul Adrien Maurice 

Dirac 1902-1984 

• The neutrinoless (0) 2 decay is only possible if neutrino is Majorana particle 

• Test of the Lepton number conservation 

• Sensitive to the Majorana CP phases, absolute value of the neutrino mass and 

neutrino mass hierarchy 

• Can be mediated by presence of right handed currents in weak interactions,  

massless (or very light) Nambu-Goldstone bosons (majorons), and may other effects 

beyond the Standard Model 

 Majorana neutrino can explain the baryon asymmetry of the Universe (baryo-genesis 
through lepto-genesis). 

 Observation of Majorana neutrino will be discovery of a new type of matter 

Ettore Majorana 

1906 – 1959 (?) 
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• 2 decay 
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Hypothetical processes and particles 
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In fundamental physics, if something can 
be tested, it should be tested [1] 

L.B. Okun, Note on testing charge conservation and the Pauli exclusion principle, Phys. Rev. D (1992) 45, VI.10. 

• nucleon decay  
• Pauli principle breaking  
• magnetic monopols 
• electric charge non-conservation  
• extra dimensions  
• axions 
• sterile neutrino 
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Many theoretical models predict decays of nucleons p, n (B=1),  
n to –n oscillations (B=2): GUT, Supersymmetry, … 

These predictions lead to construction of massive detectors and to 
experimental searches of N decays: Kamiokande, SuperKamiokande, IMB, 
Frejus, Soudan, HyperKamiokande… 

The efforts were mainly concentrated on searches for N decays to particles 
which interact with a detector strongly of electromagnetically: 
pe+0, pK+, n –n with subsequent annihilation of –n, etc.  

These processes were not observed to-date, and only  limits were 
established, in particular the most stringent (SK):  
pe+0, >1.0e34 yr;  
p+0, >6.6e33 yr;  
pK+,  >2.0e33 yr; 
n –n,   >1.9e32 yr. 
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Search for nucleon decay 

• Hypothetical processes and particles 
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Really massive detectors: 

SuperKamiokande 

50 kt of water 
10,000 20” PMT 

Physicists in boat inside SK 
checking PMTs 

18 

Search for nucleon decay 

• Hypothetical processes and particles 
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Limits on 79 modes of  proton 
decay: Particle Data Group [1] 

[1] K.A. Olive et al. (Particle Data Group), Chin. Phys. C, 38, 090001 (2014). 

In case if proton is unstable all the 
ordinary matter composed of atoms 
and a substantial part of the 
Interstellar medium becomes to be 
unstable 

• Hypothetical processes and particles 

Search for nucleon decay 
lepton (antilepton) + meson, lepton (antilepton) + photon, leptons 
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invisible = decay to neutrinos or other weakly interacting particles 
  or disappearance into extra dimensions 

Search for hypothetical processes 
nucleon decay into invisible channels 

Search for radioactive decay of daughter nuclei (time-resolved from prompt products), 
created in result of N or NN or NNN decays, with the help of low-background detector with 
low energy threshold, in those sensitive volume mother nuclei are incorporated.  
 
ninvisible:  (A,Z)(A1,Z)  
pinvisible:  (A,Z)(A1,Z1) 
nninvisible:  (A,Z)(A2,Z)  
pninvisible:  (A,Z)(A2,Z1) 
ppinvisible:  (A,Z)(A2,Z2)  
 

• Hypothetical processes and particles 
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[1] Yu.G. Zdesenko, V.I. Tretyak, Phys. Lett. B 553 (2003) 135 
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The Sudbury Neutrino Observatory 
(SNO) 
 
Nickel mine, Sudbury, Ontario, Canada, 
2039 m underground (6000 m w.e.) 
70 cosmic muons per day in the detector 
area 
1000 t 99.917% D2O 
7000 t ultra-pure light water 
9438 PMT with light concentrators 
high purity materials 
 
(pinvisible)3.5·1028 yr  [1] 
It is for invisible modes, not for anything 
because  veto switched off the SNO in 
case of energetic events  

Search for hypothetical processes 
nucleon decay into invisible channels 

• Hypothetical processes and particles 
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[1] G. ’t Hooft, Nucl. Phys. B79 (1974) 276; 

[2] A.M. Polyakov, Pis’ma Zh. Eksp. Teor. Fiz. 20 (1974) 430 [JETP Lett. 20 (1974)] 194; 

[3] S. Coleman, in Aspects of Symmetry, Selected Erice Lectures, Cambridge University Press, Cambridge, (1985) 

[4] P. Goddard and D. Olive, Rep. Prog. Phys. 41 (1978) 1357. 

[5] I. De Mitri, (MACRO Collab.), Nucl. Phys. (Proc. Suppl.) B95, 82 (2001). 

[6] V. Rubakov, Nucl. Phys. B 203 (1982) 311 
[7] L. Patrizii, M. Spurio Status of Searches for Magnetic Monopoles, arXiv:1510.07125 [hep-ex] 

Hypothetical processes and particles:  
magnetic monopoles 
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In the broken phase of a Grand Unified Theory there are typically 
localized classical solutions carrying magnetic charge under an 
unbroken U(1) symmetry [1-4].  

• Hypothetical processes and particles 

• The flux of magnetic monopoles is experimentally found to be less than ∼ 10−16 

cm−2 s−1 sr−1 (MACRO experiment at the Gran Sasso Underground Lab [5]. 
• It was also shown that GUT monopoles can catalyze nucleon decay [6]. 
• Astrophysical and cosmological limits 
      Recent review [7] 

Paul Adrien Maurice 

Dirac 1902-1984 
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[1] L.B. Okun, Note on testing charge conservation and the Pauli exclusion principle, Phys. Rev. D (1992) 45, VI.10. 

[2] R.Arnold et al., Testing the Pauli exclusion principle with the NEMO-2 detector, Eur. Phys. J. A 6 (1999) 361 

Test of Pauli principle 
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Schemes of non-Paulian transitions in 12C.  
(a) transition of a proton from the p-shell to the 
fully occupied s-shell (a similar figure can be 
constructed for neutrons)  
(b) non-Paulian   transition of 12C to 12N;  
(c) non-Paulian + transition of 12C to 12B 

 ~ 
 ~ 

Pauli exclusion principle  is the quantum mechanical principle that states that two 
identical fermions (particles with half-integer spin) cannot occupy the same 
quantum state simultaneously  

• Hypothetical processes and particles 

Possible search for stable non-Paulian molecules, atoms, atomic nuclei, and hadrons, 
search for non-Paulian transitions. Example: 

Irradiation of 20 MeV gamma rays is expected 
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[1] S. Weinberg, Phys. Rev. B 135 (1964) 1049] 

[2] V.A. Rubakov et al., PRD 62 (2000) 105011; JHEP 08 (2000) 041; Phys. Uspekhi 44 (2001) 871; N. Arkani-

Hamed et al., PLB 429 (1998) 263, Phys. Today, February (2002) 36. 

[3] Geoff Brumfiel, In search of hidden dimensions, Nature 433, 10 (6 January 2005) 
24 

We should know, to what degree we can trust law of charge conservation 
(CC) and matter stability. 

• Gauge invariance  CC  
• Weinberg theorem: CC  m= 0 [1] 

charge non-conserving (CNC) processes 

• Hypothetical processes and particles 
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However, some theories predict these effects (extra dimensions, oscillations 
to mirror world) [2] 
• The presence and properties of the extra dimensions can be investigated 

by looking for any loss of energy from our 3-brane into the bulk [3] 
• Charge and matter could be conserved for the whole space but violated for 

our 3-d brane. Thus, we could expect disappearance of e, p, n, ...  



Decays of electron 

• e  e +   (E  mec2/2 = 255.5 keV) 
• e  invisible* 

• e  invisible* with excitation of nuclear level 

25 

direct searches for CNC effects 

• Hypothetical processes and particles 
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255.5 keV 

[1] H.V. Klapdor-Kleingrothaus et al.,  Phys. Lett. B 644 (2007) 109 

[2] A.A. Klimenko et al., Phys. Lett. B 535 (2002)  77 

CNC  decay 

Search for with low background 

HPGe detectors [1] 

Search for CNC decay of 73Ge  

with low background HPGe 

detectors enriched in 73Ge [2] 

* invisible = decay to e, anti-e or other weakly interacting 
particles,   or disappearance into extra dimensions 



axions 
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The axion is a hypothetical elementary particle postulated by the Peccei–Quinn 
theory in 1977 to resolve the strong CP problem in quantum chromodynamics 

There are large amount of experimental attempts to search for this hypothetical 
particle (astronomical, satellite, laboratory) 
However, axion’s mass can be very low (up to 10-12 eV and less) and they interact 
with matter very weakly  

One of the most suitable candidate for dark matter 

• Hypothetical processes and particles 
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Search for axions irradiated by 7Li* in the Sun core 

7Be + e → 7Li* + e  7Li + a 

a + 7Li → 7Li* → 7Li +    

P.Belli et al., Nucl. Phys. A 806 (2008) 388 
P.Belli et al., Phys. Lett. B 711 (2012) 41 

Mass of 7Li axions was limited 

as ma < 8.6 кеВ 

Axions can be born in the Sun in the main pp cycle 

• Hypothetical processes and particles 
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HPGe detector with LiF sample at the del Gran Sasso 
underground laboratory 



sterile neutrino 
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• Hypothetical processes and particles 

Many extensions of the SM involve sterile neutrinos, i.e. singlets of the SM 
gauge group  
 
s investigated at several scales: 
• GUT, see-saw models of ν mass, leptogenesis 
• TeV, production at LHC and impact on EWPOs* 
• keV, dark matter candidates    
• eV, anomalies in SBL** oscillation experiments 
• sub-eV, θ13 - reactors and solar neutrinos 

A. Palazzo, Sterile neutrinos, talk at TAUP 2015, 7-12 Sep 2015, Torino, Italy  

* electroweak precision observables 
**  short-baseline reactor experiments < 100 m 

Low counting technique } 

Astrophysical searches (“non usual” X ray) 
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search for sterile neutrinos at reactors (SBL) 

• LSND anomaly: anomalous event excess in the                 appearance channel, 
which could be interpreted as an oscillation with the m2  1 eV2. Such scale is 
clearly incompatible with the above             and            [1] 
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e 

2

21m 2

31m

Key parameters of the very short-baseline 
reactor experiments. The table summarizes the 
key parameters of the proposed very short-
baseline reactor experiments, including reactor 
thermal power (in mega-watts), distance to 
reactors, target mass of the detectors, dopant 
material for neutron capture, and whether or 
not highly segmented detectors are lanned. 

[1] C.Athanassopoulos et al., Candidate events in a search for            oscillations. Phys. Rev. Lett. 75 (1995) 2650 e 

Despite the challenges to build the detectors, very short-baseline reactor experiments provide a great 
opportunity to observe the distinctive feature of the light sterile neutrino oscillations, due to their 
extended range of energy (1-8 MeV) and baselines (5-20 m). Within a few years' running, they expect to 
cover the parameter region suggested by the experimental anomalies with a sensitivity better than 5 
and may tell us whether the fascinating possibility of light sterile neutrinos is true or not. 
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[1] P. de Marcillac et al., Experimental detection of -particles from the radioactive decay of natural bismuth, Nature 

422 (2003) 876 

Rare  and  decays 

30 

Thermal link 

BGO crystal 
scintillator 

Optical detector  
(Ge disk) 

Ge-NTD 

• Rare  and  decays 
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[1] P. de Marcillac et al., Nature 422 (2003) 876 

Detection of  decay of 209Bi 

31 

Discrimination of  and () events in BGO detector 

T1/2 = (1.90.2)  1019 yr [1] 

Calibration of  energy scale in BGO 
detector 

The detection become possible thanks to: high detection efficiency (BGO crystal contents 
Bi), high energy resolution and particle discrimination ability, low background 

• Rare  and  decays 
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C.M. Cattadori et al., Observation of β decay of 115In to the first excited level of 115Sn, NPA 748 (2005) 333 
32 

 from de-

excitation of 

daughter level  

 decay wit the lowest Q 

B.J. Mount et al., Q Value of 115In→115Sn 

(3/2+): The Lowest Known Energy β Decay, 

Phys. Rev. Lett. 103 (2009) 122502 

“Using precision, cryogenic, 
Penning-trap mass spectrometry 
the Q value of the 115In (9/2+) → 
115Sn115(3/2+) beta decay was 
determined to be 155(24) eV” 

• Rare  and  decays 
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Rare nuclear reactions  

33 

To describe nucleosynthesis occurs during the first minutes of the Universe and energy 
generation in stars, one should investigate nuclear reactions with the formation of light 
isotopes such as 2H, 3He, 4He, 6Li, and 7Li. 

Such reactions have a very low probability (cross section) at energies of 
astrophysical interest and are thus very difficult to be measured in a laboratory at 
the Earth’s surface, where the cosmic background would mask the feeble signal 

Example: LUNA (Laboratory for Underground Nuclear Astrophysics) experiment at the 
Gran Sasso underground lab 
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Natural radioactivity and cosmic rays 

34 

There are plenty of radioactive elements 

K, Ca, V, Ge, Se, Ru, Ze, Mo, Cd, In, Te, Xe, 
La, Nd, Eu, Sm, Gd, Lu, Hf, W, Rh, Os, Pt, Bi, 
Ra, Th, U  

Assume you have a house with 
3030 m garden 

Uranium concentration varies in 
different  soils is 0.7 ppm – 11 
ppm  (ppm part per million) =  
(0.7 – 11) 10-6 g/g   

~15 kg of uranium in 1 m layer  
~0.1 kg of 235U  37 MW / day  
(enough to provide power  
for 3-5  103 houses) 

Cosmic rays at the Earth's surface are the 
secondary particles generated in the upper 
atmosphere by the interaction of high-
energy primary particles (mostly protons) 
on molecules  
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[1] J.D.Vergados, H.Ejiri, F.Simkovic, Theory of neutrinoless double-beta decay ,Rep. Prog. Phys. 75 (2012) 106301  

[2] J. Barea, J. Kotila, F. Iachello, Limits on Neutrino Masses from Neutrinoless Double- Decay, Phys. Rev. Lett. 109 (2012) 042501 

The next generation 2 experiments  
aim to test the inverted hierarchy of neutrino mass: m  0.05 eV  

Theoretical calculations T1/2 for m  0.05 eV [1] 

• To test the inverted scheme of the neutrino mass we need sensitivity on the level of:           
  m  0.05 еВ    T1/2  1026  1027 yr 

• The possible quenching of the axial vector coupling constant (gA) could amount to a 
multiplication of the half-lives by an order of magnitude [2]   T1/2  1027  1028 yr 

Different nuclear 
models give rather 
different predictions 

35 
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What does it mean T1/2  1027  1028 yr ? 

Nucleus T1/2 to reach  

m = 0.02 eV [1] 

Detector Number of 2 

nuclei in 1 ton 

detector 

Number of 

decays over 

5 years 

48Ca (3  28) 1027 yr 48CaF2 (20%) 1.4  1027 0.2  1.9 

76Ge (3  17) 1027 yr HP 76Ge 7.9  1027 1.6  9 

82Se (1  4) 1027 yr Zn82Se 4.1  1027 3  13 

100Mo (0.3  1.5) 1027 yr Zn100MoO4 2.6  1027  6  30 

40Ca100MoO4 3.0  1027 4  34 

Li2
100MoO4 3.4  1027 8  39 

116Cd (0.8  1.3) 1027 yr 116CdWO4 1.7  1027 4  7 

130Te (0.7  3) 1027 yr 130TeO2 3.8  1027 4  18 

136Xe (1  4) 1027 yr 136Xe 4.4  1027 4  14 

[1] Table 3 in J.D.Vergados, H.Ejiri, F.Simkovic, Rep. Prog. Phys. 75 (2012) 106301 
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We need impressive suppression of background 

Surface, CdWO4  
no shield 

Surface, CdWO4 

10 cm Cu, 5 cm Pb 

116CdWO4 1.2 kg  
DAMA R&D at LNGS 

Requested level of 
background 

37 

Q2
 116Cd 

22 116Cd 
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Radioactive contamination of materials 

38 

Material Radioactivity (gamma, Bq/kg) 

Soil 30-150 

Ceramic 0.1 - 100 

Aluminum 1 

Stainless steel 0.01 

OFHC copper 0.0001 

Teflon 0.0002 

ZnMoO4 crystal scintillator 0.000005 

Borexino* liquid scintillator 0.000000001 

* Solar neutrino detector 
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Literature 
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• Gerd Heusser Low-radioactivity Background Techniques, Annu. Rev. Nucl. 
Part. Sci. 45 (1995) 543-90 

• Joseph A. Formaggio and C.J. Martoff, Backgrounds to Sensitive 
Experiments Underground, Annu. Rev. Nucl. Part. Sci. 54 (2004) 361–412 
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The lectures pdf files will be at: 

http://lpd.kinr.kiev.ua/LPD_Teaching.htm 
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Lectures on Low Counting Experimental Techniques 
click 
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Some Terminology 

F.A. Danevich    Univ. Tor Vergata   November  04, 2015 

41 

Synonyms: 

Low background 
Rare events   

“Low background” - 
commercially available low 
counting detectors 

“Ultra-low background” – 
especially developed unique 
detectors 

Low Counting Experimental Techniques 



Conferences 
Workshop: Low Radioactivity Techniques 

• First workshop LRT 2004 (Sudbury, Canada) 

• LRT 2006 (Aussois, FRANCE) 

• LRT 2010 (Sudbury, Canada) 

• LRT 2013 (Gran Sasso, Italy) 

• LRT 2015 (Seattle, US) 
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Topics: 
• Underground laboratories 
• Measurements of low radioactive contamination 
• Development of low counting detectors 
• Purification of materials from radioactive contamination 
• Simulation of radioactivity 
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Conferences 
Topic in Underground and Astroparticle Physics 

• First workshop TAUP 1989  (LNGS, ITALY) 

• ... 

• TAUP 2015 (Torino, Italy) 

43 

• Main topics are experiment and theory of neutrino,  dark matter, 
cosmology,  astrophysics, cosmic rays, gravitational waves,  hypothetical 
processes 

• Low counting techniques are discussed too: Underground laboratories,  
Measurements of low radioactive contamination,  Development of low 
counting detectors 
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Radiopurity Databases 
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radiopurity.org has been taken offline temporarily while the causes of excess calls to the 
database are examined 

http://radiopurity.org/ 
 

http://radiopurity.in2p3.fr/ 
 

ILIAS database on radiopurity of materials 

“radiopurity.org”: A Community Assays Database 
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