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Special thanks to Dr. Vladimir Tretyak [lecture  on Astroparticle physics in the Taras 
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of Fundamental Research, Mumbai, India, March 15, 2012] 



Questions (1) 
Rare nuclear decays: alpha decay 
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1. Which kind of nuclear activity you know? 
2. For what reasons to investigate rare (already well known) nuclear decays? 
3. Approaches to study rare nuclear decays? 
4. How to investigate alpha decays to excited levels of daughter nuclei? 

1. /ƘŜ ǘƛǇƻ Řƛ ŀǘǘƛǾƛǘŁ ƴǳŎƭŜŀǊŜ ǎŀƛΚ 
2. tŜǊ ǉǳŀƭƛ ƳƻǘƛǾƛ ǇŜǊ ƛƴŘŀƎŀǊŜ ǊŀǊŜ όƎƛŁ ƴƻǘƛύ ŘŜŎŀŘƛƳŜƴǘƛ ƴǳŎƭŜŀǊƛΚ 
3. Approcci per studiare decadimenti nucleari rare? 
4. Come analizzare alfa decade a livelli eccitati di nuclei figlia? 



Questions (2) 
Rare nuclear decays: beta decay, isomeric transitions 
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1. Why the half-life of 48Ca and 96Zr relatively b decay is higher than that the 
half-life relatively to 2n2b decay (despite it is second order week process)? 

2. What are the main problem to assure rare beta decay scheme? 
3. Why the beta decay of 115In to the excited level of 115Sn is interesting for 

fundamental astroparticle physics? 

1. tŜǊŎƘŞ ƭϥŜƳƛǾƛǘŀ Řƛ 48Ca e 96Zr decadimento relativamente b ŝ ǎǳǇŜǊƛƻǊŜ ŀ 
quella del tempo di dimezzamento relativamente a 2n2b decadimento 
(nonostante sia processo settimana secondo ordine)? 

2. Quali sono il problema principale per assicurare schema decadimento beta 
rara? 

3. tŜǊŎƘŞ ƛƭ ŘŜŎŀŘƛƳŜƴǘƻ ōŜǘŀ ŘŜƭ 115In al livello eccitato di 115{ƴ ŝ 
interessante per la fisica astroparticellare fondamentale? 



Questions (3) 
Rare nuclear decays: spontaneous emission of heavy clusters, 

Internal pair production 
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1. Two main problems to detect emission of e+e- pairs in a decay? 
2. Is the spontaneous emission of heavy clusters observed experimentally? 
3. How we can search for the process? 

 
 

1. Due problemi principali per rilevare le emissioni di e + e- coppie in a 
decadenza? 

2. : ƭϥŜƳƛǎǎƛƻƴŜ ǎǇƻƴǘŀƴŜŀ Řƛ ŎƭǳǎǘŜǊ ǇŜǎŀƴǘƛ ƻǎǎŜǊǾŀǘƻ ǎǇŜǊƛƳŜƴǘŀƭƳŜƴǘŜΚ 
3. Come possiamo cercare il processo? 



Questions (4) 
Search for hypothetical nuclear decay:  

spontaneous transition of nuclei to a superdense state,   
search for eka elements  
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1. For which nuclei spontaneous transition of nuclei to a superdense  state 
was observed? 

2. Why eka-elements with  comparatively long life time are possible? 
3. How eka-tungsten was searched for? 

 

1. tŜǊ ǉǳŀƭƛ ƴǳŎƭŜƛ Řƛ ǘǊŀƴǎƛȊƛƻƴŜ ǎǇƻƴǘŀƴŜŀ Řƛ ƴǳŎƭŜƛ Řƛ ǳƴ ǎǳǇŜǊǎǘŀǘƻ ŘŜƴǎƻ ŝ 
stato osservato? 

2. tŜǊŎƘŞ 9Y!-elementi con tempo di vita relativamente lungo sono possibili? 
3. Come eka-ǘǳƴƎǎǘŜƴƻ ŝ ǎǘŀǘƻ ŎŜǊŎŀǘƻΚ 



Plan of lecture 

Low statistic data analysis  
 

Nucleon, di-nucleon, tri-nucleon decays 
Charge non conserving decays 

Pauli exclusion principle violation 

Solar axions 
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Low statistic data analysis 
problems to interpret low statistic data 
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76Ge: claim on  0n2b decay 

55 kg year 71 kg year 

T1/2 = 1.5³1025 yr  [1] T1/2 = 1.19 ³1025 yr [2] 

Is there effect of 76Ge 0n2b decay  in the data or not? 

[1] H. V. Klapdor-Kleingrothaus et al., Implications of observed neutrinoless double beta decay, Mod. Phys. 

Lett. A. 16 (2001) 2409 

[2] H. V. Klapdor-Kleingrothaus et al., Search for neutrinoless double beta decay with enriched 76Ge in Gran 

Sasso 1990ï2003, Phys. Lett. B 586 (2004) 198. 



[1] H.V. Klapdor-Kleingrothaus et al., Search for neutrinoless double beta decay with enriched 76Ge in Gran Sasso 

1990ï2003, Phys. Lett. B 586 (2004) 198 

[2] M. Agostini et al., Results on Neutrinoless Double-b Decay of 76Ge from Phase I of the GERDA Experiment, 

Phys. Rev. Lett. 111 (2013) 122503 

Low statistic data analysis 
problems to interpret low statistic data 
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T1/2 = 1.19³1025 yr [1] 

Background spectrum, exposure 21.6 kg ³ yr 

T1/2 > 2.1³1025 yr [2] Schematic view of GREDA  

T1/2 > 2.1³1025 yr 
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GERDA: search for 0n2b decay 76Ge  

Unfortunately the statistic is not high enough to disprove or confirm the claim decisively 

 

 



[1] K. Alfonso et al., Search for Neutrinoless Double-Beta Decay of 130Te with CUORE-0, arXiv:1504.02454v1 

[nucl-ex] 9 Apr 2015 

Low statistic data analysis 
problems to interpret low statistic data 
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The lower limit on the decay half-life is set as T1/2 > 2.7 ³ 1024 yr.  

2507 keV 
60Co  

2527 keV 
0n2b 130Te  
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CUORE 0: 130Te 

A very low statistic is typical for rare processes  experiments 



Low statistic data analysis 
different scenario of low statistic data 
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9ȄŀƳǇƭŜ ƻŦ άƎƻƻŘέ ŜƴƻǳƎƘ 
statistic.  
Despite the accuracy of the 
signal determination is not so 
high (4%),  the data can be 
described by using Poisson 
(Gaussian) distributions to 
estimate signal and its error 

Reasonable statistic  



Low statistic data analysis 
different scenario of low statistic data 
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Still reasonable statistic.  
However,  presence of signal is a bit 
problematic : area of the peak 
S = 60 ° 22 counts 
It could be fluctuation 
In our case we know that the peak 
should be (there are other peaks of 
228Ac in the data). However, it is not so 
obvious if it is a hypothetical effect 

Low statistic  
Area of the peak 
S = 25 ° 10 counts 
(similar consideration of the peak) 

rather low statistic  



Low statistic data analysis 
different scenario of low statistic data 
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Low statistic  
Area of the peak is negative 
S = -12 ° 8 counts 
What shall we do? 
(by the way, we know that the 
peak should be) 



x 

r(x) 

0 

What shall we do if the value of the effect lies outside the of allowed values (e.g., 
number of counts is negative)?  One could propose to take  shift the negative value to 0 
(in the example shown on previous slide: S = 0 ° 8 counts). However, we should not 
move the effect area to 0. Indeed, if the effect is really absent (S = 0 counts), then we get 
some time S < 0, some time S > 0. Thus, a negative area of effect is quite physical result 
(due to statistical fluctuation). By artificially modifying ςS  0 (0 ° dS), one will get in a 
series of measurements the resulting average positive effect area S > 0, while the effect 
in fact is absent (S = 0). 

Low statistic data analysis 
negative effect 

One possible solution (recommended Particle 
Data Group some time ago) consider the 
values within the allowed region only (X>0), 
renormalize the probability density to 1 in the 
allowed region, and find a limit value xa, 
corresponding to 90% of the distribution area 

90% of the 
άǇƻǎƛǘƛǾŜέ ǊŜƎƛƻƴ 

value xa 
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[1] Gary J. Feldman, Robert D. Cousins, Unified approach to the classical statistical analysis of small signals, 

Phys. Rev. D 57 (1998) 3873 

Low statistic data analysis 
different scenario of low statistic data 
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Area of the peak searched for: 
1) S = -1 ° 3.7 counts (least squares fit) 
2) S = -4.3 ° 1.5 counts (likelihood fit) 

Very low statistic , negative area, fits give  rather different results 

Let consider approach recommended 
by the Particle Data Group [1] 

1) S = -1 ° 3.7 counts   limS = 2.8 cnts 
2) S = -4.3 ° 1.5 counts  limS = 0.06 cnts 



[1] H.B. Prosper, ñThe distribution of the difference of two Poisson variates and its application to interval estimation in experiments 

with low statisticsò, Nucl. Instrum. Meth. A 238 (1985) 500 

[2] O. Helene, ñUpper limit of peak areaò, Nucl. Instrum. Meth. A 212 (1983) 319 

[3] O. Helene, ñDetermination of the upper limit of a peak areaò, Nucl. Instrum. Meth. A 300 (1991) 132 

[4] G.J. Feldman, R.D. Cousins, Unified approach to the classical statistical analysis of small signals, Phys. Rev. D 57 (1998) 3873 

Low statistic data analysis 
different scenario of low statistic data 
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0 counts was detected. 
How many counts we should take? 

N lb Na 

0 0 2.3 

0 1 1.9 

1 0 3.9 

1 1 3.4 

2 2 4.0 

3 3 4.6 

N lb Na 

0 0 2.3 

0 1 2.3 

1 0 3.9 

1 1 3.3 

2 2 3.9 

3 3 4.4 

N lb Na 

0 0 2.4 

0 1 1.6 

1 0 4.4 

1 1 3.4 

2 2 3.9 

3 3 4.4 

Prosperô1985 [1] Heleneô1983&1991 [2, 3] FCô1998 [4] 

measured number N, estimated amplitude of 
background lb, then with probability a = 0.9 an 
effect searched for will not exceed Na events: 

peak searched for 

It should be noted, that typically lb and even N are not-integer (e.g., N = 0.04 cnt/100 keV in our case). 
The number of excluded events Na can be calculated numerically [2-4] 



A. Gando et al., Measurement of the double-ɓ decay half-life of 136Xe with the KamLAND-Zen experiment. 

Physical Review C 85 (2012) 045504. 

Low statistic data analysis 
much complicated case of poor energy resolution experiments 
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T1/2 =(2.38  Ñ 0.02 (stat) Ñ 0.14 (syst)) Ĭ 1021  yr 

136Xe: KamLAND Zen 

300 kg of enriched 136Xe dissolved in 
liquid scintillator 
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Low statistic data analysis 
much complicated case of poor energy resolution experiments 
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Low statistic data analysis 
importance of correct background model  
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Cƛǘ ƻŦ ǘƘŜ άŦƭŀǘέ ōŀŎƪƎǊƻǳƴŘ ōȅ ƭƛƴŜŀǊ 
function and a Gaussian peak (effect 
searched for) lim S = N counts  

In fact the background is not linear, it is 
sum of a few peaks  
!ǊŜŀ ƻŦ ǘƘŜ άƘƛŘŘŜƴέ ŜŦŦŜŎǘ Ŏŀƴ ōŜ ƳǳŎƘ 
larger (e.g. S can be an order of 
magnitude larger)  
Certainly, this is rather unlikely scenario 

Excluded limit on the effect 
searched for 

Observed background 

Approximation of the 
background by linear 
function 

Background consisting of a few peaks 

Real effect hidden 
in the background 
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F.A.Danevich et al., Quest for double beta decay of 160Gd and Ce isotopes. Nucl. Phys. A 694 (2001) 375 

Low statistic data analysis 
importance of correct background model  
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This comparatively flat 
background consists of 
several alpha peaks of 232Th, 
235U and 238U families 
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Low statistic data analysis 
complicated background can be even in high energy resolution Ge detectors 
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Low statistic data analysis 
in a case of wrong background model, the effect can be substantially negative 
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0n2b 2813 keV 

2n2b 

110mAg 
ext.Th 

int.Th 

Experiment to search for 0n2b 
decay of 116Cd with 116CdWO4 
crystal scintillators (Gran Sasso). 
If we do not take into account 
presence of 110mAg, we get a 
negative peak area for the effect 
searched for.  

Å It is always useful to compare the result of your fit with a very ǎƛƳǇƭŜ ŜǎǘƛƳŀǘƛƻƴ άǘƘŜ ǎǉǳŀǊŜ 
root of the number of Ŏƻǳƴǘǎέ 

Å One should find an optimal region of the estimation by maximization of the ratio 
where   e Is detection efficiency, BG is number of measured events in the region BG

e

F.A. Danevich    Univ. Tor Vergata   May 27, 2015 



Low statistic data analysis 
limS estimation by comparison of expected and measured background 
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Experiment to search for 2b decay of 
106Cd with 106CdWO4 crystal scintillators  
in coincidence with 4 crystals HPGe 
detector. The statistic is too low to fit the 
data by a model. We compare measured 
and expected background. 

There are 51 counts in the energy 
region 550-1300 keV (e=68% of the 
2neb+ distribution lies in the energy 
interval), while the background 
model contents 58.3 counts    
lim S = 6.9 counts 




