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Questions (1)

Rare nucleadecays: alpha decay

Which kind of nuclear activity you kn@w

Forwhat reasons to investigate rare (already well known) nuclear decays”
Approaches to study rare nuclear decays?

How to investigate alpha decays to excited levels of daughter nuclei?
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Approcci per studiare decadimenti nucleari rare?

Come analizzare alfa decade a livelli eccitati di nuclei figlia?
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Questions (2)

Rare nucleadecays: beta decay, isomeric transitions

1. Why the halflife of48Ca and®Zr relativelyb decay is higher than that the
half-life relatively to 22b decay (despite it is second order week process)
What are the main problem to assure rare beta decay scheme?

Why the beta decay df°In to the excited level oft>Sn is interesting for
fundamental astroparticle physics?
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1. t SNOKS f4C8 &Kr@décadimeni® kelativamentes & dzLJS N
guella del tempo di dimezzamento relativament@rib decadimento
(nonostante sia processo settimana secondo ordine)?

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

3. t SNODKS Af RSOIMIRa WalyecdtatoddSy RS
Interessante per la fisica astroparticellare fondamentale?
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Questions (3)

Rare nucleadecaysspontaneous emission of heaulusters,
Internal pair production

1. Two mainproblems to detect emission @&fe pairs ina decay?
2. Is the spontaneousmission of heavglusters observed experimentally?
3. How we can search for the process?

1. Due problemi principali per rilevare le emissioni di e eoppie ina
decadenza

2. . tUSYAaaA2yS aLRyialySl RA Of dza G €

3. Come possiamo cercargiocesso?
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Questions (4)

Search for hypothetical nucledecay
spontaneoudransition of nuclei to a superdense state,
search for eka elements

For which nuclespontaneous transition of nuclei to a superdenstate

was observed
Whyekaelements with comparatively long life time are possible?

Howekatungsten was searched for?
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stato osservato?
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t S N K-8lem@nti ton tempo di vita relativamente lungo sono possibili?
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Plan of lecture

Low statistic data analysis

Nucleon, dinucleon, trinucleondecays
Charge non conserving decays

Pauli exclusion principle violation
Solar axions
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Low statistic data analysis
problems to interpret low statistic data

’6Ge claimon 0On2b decay
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Is there effect 0f®GeOn2b decay in the data or not?

[1]H. V. Klapd#ieingrothaus et khplications of observed neutrinoless double bevtod&tass
Lett A. $(200Q) 2409

[2]H. V. Klapd#tleingrothaus et Skearch for neutrinoless double beta decay with’&eiah&ilan
Sasso 1992003, Phys. Lett. B 586 (2004) 198.
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Low statistic data analysis

problems to interpret low statistic data
GERDA: search fon2b decay’®Ge  T,,=1198 1¢°yr [1] — T,,> 2.21C5yr
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Unfortunately the statistic is not high enough to disprove or confirm the clail®cisively

[1] H.V. Klapditeingrothawes al. Search for neutrinoless double beta decay with’&eidhéitan Sasso
19902003, Phys. Lett. B 586 (2004) 198

[2]M.Agostini et aResults on NeutrinolBssibldy Decay ofGe from Phase | of the GER{pAriment,
Phys. Rev. Lett. 12013122503 8
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Low statistic data analysis

problems to interpret low statistic data
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The lower limiton the decayhalf-life isset asT,,, > 273 10°4yr.

A very low statistic is typical for rare processes experiments

[1] K. Alfonso et &learch for Neutrinoless Ddiddie Decay of 130Te GUHORD, arXiv:1504.02454v1
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Low statistic data analysis

different scenario ofow statistic data
Reasonable statistic
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Low statistic data analysis
different scenario ofow statistic data

rather low statistic

E s ::s.-\c,-lﬁlﬂ)l-tlkc\".Tablcvaluc-&b.ifillk:\" St'” I’easonab|e StatIStIC
g J However, presence of signal is a bit
- T problematic : area of the peak
so gL | R ) J — o
1 | i Yl e S=60° 22 counts
1o | v It could be fluctuation
50 | In our casave know that the peak
" I S should begthere are other peaks of
N " " ™ Buergy (ev) 228A¢ in the data). However, it is not so
R obvious if it isa hypothetical effect
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Low statistic data analysis
different scenario ofow statistic data
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Low statistic data analysis

negative effect

What shall we do ifthe value of the effect lies outside theof allowed values (e.qg.,
number of counts is negative)®ne could propose to take shift the negative value to O
(in the exampleshown on previous slid&= 0° 8 counts) However, weshould not

move the effect area t0. Indeed, if the effect is really absent (S = 0 counts), then we g
some timeS< 0, some time&> 0. Thus, a negative area of effect is quite physical result
(due to statistical fluctuationBy artificially modifyingS- 0 (0° dS, one will get in a
seriesof measurementshe resulting averag@ositive effect are&s> 0, while theeffect

In fact is absent3= 0).

rx) | One possible solution (recommended Particle
valie % DataGroup some time agaonsider the
values within theallowed region only (X>0),
90% of the renormalize theprobability densityto 1 in the

GL2AAUADSE  NfhdPrégion, and find a limitaluex,,
corresponding to 90% of thdistribution area
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Counts / keV

Counts / keV

Low statistic data analysis
different scenario ofow statistic data

Very low statistiG negative area, fits give rather different results
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Area of the peak searched for:
1) S=1° 3.7 countsleastsquaredit)
2) S =4.3° 1.5 counts l{kelihoodfit)

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

1) S=1° 3.7 counts- |limS = 2.&nts
2) S =4.3° 1.5 countslimS =0.06c¢nts

[1] Gary. Feldman, Robert D. Coudimed approach to the classical statistical analysis of small sig

Phys. Rev. D 57 (1998) 3873
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Low statistic data analysis
different scenario ofow statistic data

| peak searched for 0 counts was detected.
8 j Howmany countsve shouldtake?
5 H H ”H measured number N, estimatednplitudeof
S ||SS— — y W— | _— background ., then with probabilitya = 0.9an

0
I E”go 4000 affect searched fowill not exceed\., events:
nergy (keV) a

Prosper 91985 [1Hel ene061983&199FlCH1299 831[ 4]
N |, N, N |, N, N |, N,
0 0 2.3 0 0 2.3 0 0 2.4
0 1 1.9 0 1 2.3 0 1 1.6
1 0 3.9 1 0 3.9 1 0 4.4
1 1 34 1 1 3.3 1 1 34
2 2 4.0 2 2 3.9 2 2 3.9
3 3 4.6 3 3 4.4 3 3 4.4

It should be noted, that typically, and even N are neiteger (e.g., N = 0.02nht/100 keV in our case).
The number of excluded evenit§ can be calculated numerically-{4

[l1]HB Prosper, AThe di st r ivhriatesindits appliCation to eterdal eStimationdmexgperim
wi t h | o NuclénstramiMeth.tA 238 §1885) 500

[210 Hel ene, 0 Up NectinsttunMethtA 2121982 a k ar ea o,

[83]O Hel ene, ADet er mi nat iNoaglnstoumMethh”Ae300u(I9PLE1B2 | | mi t of a
[4]1G.J FeldmarR.D Cousind)nified approach to the classical statistical analysis of small signals, Phys. RR87® 57
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Low statistic data analysis
much complicated case of poor energy resolutaxperiments
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A.Gandet al. Measurement of the dehbled e c-lifeyof3%eavithfthkamLANZen experiment.
Physical Review C 85 (2012) 045504. G
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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

Excluded limit on theffect

searched for
Observed background l

Approximation of the
background by linear
function

Background consisting of a few peaks

F.A. Danevich

Real effect hidden
in the background

Univ. ToNergata

CAlG 2F GUKS a&G7Fftld¢e
function and a Gaussian peak (effect
searched for)im S =N counts

In fact the background is not linear, it is
sum of a few peaks

! NBEI 2F GKS AGKARRS
larger (e.gScan be an order of
magnitude larger)

Certainly, thigs rather unlikely scenario
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Low statistic data analysis
Importance of correct background model

o ’Gd, E, = 2140 keV
%

This comparatively flat
\(L background consists of

s ﬁ/ several alpha peaks é%Th,
: Th 235U and?3®U families

Counts/(kg X yr X 16 keV)
S S

external vy
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Energy (keV)

F.A.Danevidht al. Quest for double beta dece¥Gd and Ce isotopHsicl Phys. 894 (2001) 375
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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 negativ

Oon2b 2813 keV Experiment to search fom2b
l decay of*'%Cd with'CdwWQ

crystal scintillators (Gran Sasso).

If we do not take into account

presence of19MAg, we get a

negative peak area for the effect
W searched for.

Counts / 20 keV

i\ /N ext.Th

10
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Energy (keV)

A 1t is always useful to compare the result of your fit with avé@ry YLIE S Sa0A Y GA 2y
root of the number ofO 2 dzy (i & ¢ o

A One should find an optimal region of the estimation by maximization of the r?ﬂ@:

where els detection efficiency, BG is number of measured events in the region BG
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Low statistic data analysis

limSestimation by comparison of expected and measured background

Experiment to search fdb decay of

106Cd with19CdWQ 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.

Counts / 50 keV
=)
I x.*. I

[u—
|

There are 51 counts in the energy
region 5501300 keV &=68% of the
2n eHdistribution lies in the energy
interval), while the background
model contents 58.3 counts

lim S= 6.9 counts
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