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Warm-up
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Warm-up
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Ex 1: A published χ2-fit

I a least χ2-fit
I the reported χ2/ndf is 1.72
I the distribution is a mass distribution containing known

resonance peaks, no weights are used
I the content of each bin follows a Poisson distribution
I the data satisfy well the Gaussian approximation for a Poisson

since in each bin Nyield ,bin >> 10
I Is this a good fit based on the chi2-test?
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Ex 1

I we can´t tell without knowing the degrees of freedom (NDF)!
I NDF about 110
I Question: is this a good fit?
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Ex 1

I for N > 100, χ2-distribution approximately gaussian with mean NDF and
variance 2 · NDF

I to reject the H0, we choose a 5-sigma deviation
I sigma of Gaussian is 14.8
I we can exclude fit model at more than 5 σ
→ a new resonance in the fit, a discovery?
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Ex 1

arXiv:2109.15240

I Reasons for the model doing so bad?
I Why accepted by collaboration/peer-review?
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Ex 1

I Reasons: peak-parameters vary as function of integrated kinematics,
would need more complicated model

I signal extraction one contributor to uncertainties, differential results
available
→ certainly not ideal

Advice:
I think about it through before what makes sense
I visualise the data
I Always quote NDF if you do chi2-fits
I if the p-value of a test is very bad, but makes no sense due to systematic

effects not taking into account of the model → identify the systematic
effects, figure out their importance, correct them if possible
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Ex2: Two cross sections and its ratio

I What is your expectation for the statistical uncertainty on a ratio vs. the
uncertainties between numerator and denominator?
→ how would you guess the statistical uncertainty of the ratio between
the two cross sections?
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Ex2: Two cross sections and its ratio

I 2D unbinned maximum-loglikelihood fit, both cross sections from peak in
the left, different shape on the right

I what does this tell you about the statistical uncertainty of the cross
section ratio?
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Ex2: Two cross sections and its ratio

I anticorrelation, e.g. for integrated cross section result:
linear error propagation assuming independence would give 8.8%
in reality considering anticorrelation 11.8%
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Ex2: Two cross sections and its ratio

I can be very different in different experiments
Advice
I Provide correlation matrices for uncertainties if possible
I be careful with assumption transfer from one situation to

another

Michael Winn (Irfu/CEA), 06.09.2023 13 / 27



Ex3: Simple exercise

Result of a fast simulation
simple chi2-fit with exponential background, Gaussian signal; good fit quality

Side question: reasonable range and binning choice?
simulation: we know the truth!

let´s check
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Ex3: Simple exercise

I is this worrisome?
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Ex3 Simple exercise

I is this worrisome?
I what can we do to check:

1) bias
2) convergence
3) correct coverage of fit?
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Ex4: Simple example

Counting experiment for so far unobserved signal:
I D observed events: measurement outcome
I s expected signal events: 7.3
I b expected background events (known): 2.6

What is the correct model PDF?
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Ex4: model PDF

A Poissonian distribution:

p(D|C)) = (C)De−(C)

D!

Consider H0: background only, C = B0; H1: background and signal C = S + B0
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Ex4: Parameter estimation

Use Maximum Likelihood to estimate signal counts provide b known and D
observed events
L(S) = p(D|S,B0)
dL/dS = 0 => S = D − B0
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Ex4: Simple example discovery

do we expect a 5σ discovery or a 3σevidence?
when do we have a 5 σ discovery?
H0: background only, C = B0, H1: signal according to simulation, C = S + B0
Make simple hypothesis testing, without unspecified parameters,
see arXiv:1007.1727v3 for composite
Use the maximal likelihood ratio as test statistics due to Neyman-Pearson
lemma
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https://arxiv.org/abs/1007.1727v3


Ex4: The test statistics, likelihood ratio

Our data is one number: D
The parameter of interest, model expectation Θ = C :
C = B0(H0), C = S + B0(H1)

t(D) =L(D|H1)
L(D|H0) (1)

=(S + B)De−(S+B)D!
D!BDe−B (2)

∝
(S + B0

B0

)D
(3)

significance of test: 2.9·10−7 (5σ), what do we need to know
determine?
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Ex4: critical region

we need f (t|H1) and f (t|H0)
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Ex4: critical region
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Example: light-by-light scattering, DOI:10.1038/NPHYS4208
B0 = 2.6, S = 7.3 (expectation, neglect uncertainties)
ln L(D|H1)

L(D|H0) = D · const: Take rather D as a t
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https://www.nature.com/articles/nphys4208


Ex4: critical region
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Example: light-by-light scattering, DOI:10.1038/NPHYS4208
B0 = 2.6, S = 7.3 (expectation, neglect uncertainties)
→ t = D
tcut for 5 σ: D = 16
tcut for 3 σ: D = 9

→ we expect evidence, but no discovery
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Ex4: Simple hypothesis testing

Example: light-by-light scattering evidence,
DOI:10.1038/NPHYS4208
B0 = 2.6, S = 7.3 (expectation)
Observation: D = 13:
evidence, but no discovery with our t
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Ex4: Simple hypothesis testing

Example: light-by-light scattering evidence, DOI:10.1038/NPHYS4208
B0 = 2.6, S = 7.3 (expectation)
Observation: D = 13
p-value with t = D neglecting uncertainties:
≈ 2 · 105
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Ex4: example
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