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Aim:

Judge if a hypothesis is true or not. In particular answer the question:
a fit may return numbers, but is the fit reasonable?

Common hypothesis tests:

o x°-test
- sum of differences (data, prediction) squared
- depends on the number of degrees of freedom
- assume Gaussian distribution of uncertainties

e Kolmogorov-Smirnov test:
- compare cumulative distribution with prediction

e p-value

- test how likely the observed data is given the best-fit parameters
- different definitions on the market
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Aim:

Directly compare two models. Does not judge the goodness of fit.
Common ways to compare models:

o x°-test
- use the y*-probability

 Maximum Likelihood
- compare the maximum Likelihood found in the fit

» Posterior probability of the models
- Integrate over all parameters
- Occam's razor

e Bayes factors:
- use ratio of posterior probabilities of the models
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Neutrinoless double beta-decay:

Rare, second order weak process w_)?‘?

Only possible if neutrino is its own anti-particle

Observed rate can give a hint on the mass : 5 :,
of the neutrino

Good: know exact shape of —
the signal

dN/dE

Not so good: very small rate

Bad: dominated by background
from natural radioactivity.

,Low-background experiment' 00

K. Kroninger, IMPRS School, Munich , 20.10.2009




& JGEORG-AUGUST—UNIVERSITAT
A GOTTINGEN

K. Kroninger, IMPRS School, Munich , 20.10.2009




; GEORG-AUGUST-UNIVERSITAT - -
. @J GOTTINGEN Expected contributions to data

Y 3 o8k
= 3 RISt kgl > : RIST_BRG2
= 1.8 [ Entrias 41 g~ L o Entries a1
-._Z_, 1_6;— Mean 2040 ;0_14:. Mean 202
™ 14 :_ EMS 11.54 ™ 0 12 :- 2115 a.33r
Background  .:} ok Background
1F F
shape 1 : 008 shape 2
0.8 y C
0.6 F 0.06
04 f 0.04 F
02 F 0.02 F
.---I----I----I----I----I----I----I---- 0:----I----I----I----I----I----I ------
20202025203020352040204520502055 2086 202020252030203520402045 20502055 206
E E
s 1f 5 sf
rd [ hist sgn . ] hist_data]
L= 3 Entrics 31 - 7 L Entrias 105
= 0k Maan 2039 = E Mean 2030
S it
. - i FM3 25 - 6 F FME 123
Signal shape . E Example for
06 :
[ of data set
0.4 N q ;_
0.2 o
[ ] _
0 [ 1 Pl P T 1 1 0: . | Y
20202025203020352040204520502055 206 20202025203020352040204520502055 206
E E

K. Kroninger, IMPRS School, Munich , 20.10.2009




GEORG-AUGUST-UNIVERSITAT

GOTTINGEN A tutorial on hypothesis testing

File Edit View History Bookmarks Tools Help

= v & @ |8 http://www.mppmu.mpg.de/bat/?page=tutorials&name=hypothesis

wWWikipedia »Links — Il. Institute... I5LEO Deutsch-Englis... B4 SPIEGEL ONLINE - ... . The RC

E4 SPIEGEL ONLINE - Nac... 3¢ | 48 BAT - Bayesian Analy... 3¢ | Taking Screenshots wi... 5 Wbkg 1

[]bkg 2

40

: Bayesian Analysis Toolkit
J — tutorials 35

30
L
I G Signal search in the presence of background - a BAT tutorial 25 -
[ cownload E
Physics motivation =
Idm:umentatinn 4 20 £
. The search for a weak signal in the presence of background is a common situation in particle physics. In par i
f ide
I e g background level reached by experiments. In this case, the signal process - if present - would cause a sharp |i 1 5 E
I meetings the experiments. The expected number of signal and background events can reach a level of the orderof 10 in 10
bin. Approximations valid for large statistics do not apply in this case.
I contact
Tutorial >
This tutorial shows how to judge the validity of models and how to compare those models. Different goodness- 0
following: the data is assumed to be composed of events from different contributions, e.g., various background 20202023203@03520402045205020552060
are assumed to be known and stacked on top of each other. A binned Likelihood fit, assuming indepenc E

distributions, or templates. The scale factors of the contributions are the parameters of the model and named N

The tutorial is split into six steps:

Step 1 - Reading in the data
Step 2 - Fitting a background-only model
Step 3 - Introduction to the goodness-of-it tests

Step 4 - Goodness-ol
Step 5 - Comparing

et Tytorial is available here:
sep1 - caning sate. NEEP://WWW.mppmu.mpg.de/bat/?page=tutorials

Done
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Documentation:

 A. Caldwell, D. Kollar, K. Kroninger,
BAT — The Bayesian analysis toolkit,
Comp. Phys. Comm. 180 (2009) 2197 [arXiv:0808.2552]

« BAT webpage:
http://www.mppmu.mpg.de/bat/

 Introduction to BAT:
http://www.mppmu.mpg.de/bat/?page=documentation

« Talks on BAT:
http://www.mppmu.mpg.de/bat/?page=meetings

e Tutorials on BAT
http://www.mppmu.mpg.de/bat/?page=tutorials
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