Goodness of fit
Badness of fit?

Lydia Brenner



CURVE-FITTING METHODS

AND THE MESSAGES THEY SEND
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The question: How well can | fit?

Basic question: how well does my hypothesis describe the data?

=> Would like a clearly understandable number

=> Would like it to match with visual input

=> Would like it to have a meaningful interpretation in terms of the
likelihood
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The question: How well can | fit?

Three datasets
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Is there a signal?

Try to distinguish background fluctuations from signals.
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Is there a signal?

Looks like a signal around m=30 maybe
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Is there a signal?

For GOF tests with binned data:
-> compare observed event numbers n. with expectation values f.

Since no H1 specified there are many different GOF tests possible
x° =2 (f-n)*lo*

—> Basically does what you do by eye; Minimise distance from
hypothesis to the data points
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ATLAS-CONF-2016-062 Diboson resonance

3 T Data 2015416
G 10 ATLAS Preliminary I W-jets

Do we use by eye? Bl pwen 51,

W-jets Control Region (LP) [l Dibosons
[ Z+jets
Post-fit uncertainty.
------ HVT m=20TeV

“Good agreement is observed
(optical inspection of pulls)
between the data and the
background prediction”

Yes!
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Three datasets

@ D1 Trendline forD1 @ D2 D3
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x? throws away all sign and order info
=> Not very sensitive to correlated shifts in a certain region.
=>  Apply further GOF tests to check all data/model facets!
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Is there a signal?
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What about these signals?

By eye; does not really look like a signal but: >3 sigma!
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What about these signals?
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Answer: All background fluctuation:_]
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Three datasets
® D1 Trendline forD1 @ D2 ) D3
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How many parameters do | need? — Example
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How many parameters do | need? — Example

test
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RMS 0.5691
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How many parameters do | need? — Example

test
Entries 101000

Mean  4.095 Fit function:
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How many parameters do | need? — Example

test
Entries 101000 . .

- Mean  4.095 Fit function:
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How many parameters do | need? — Example

test
Entries 101000 . .
Mean  4.095 Fit function:

E RMS 0.5691
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How many parameters do | need? — Example

If HO correct then according to Wilks’ theorem: —Ay? should follow a y?
function with ndf=1 (in asymptotic regime of large n)

)
g+p0 X — 2880 Note: p-values for ¢?: TMath::Prob(x2 obs,ndf)
== 2 ~2
g+p1 X =347 AX =-28453
P 2 Y 2 \Ja\\)e‘o'oq3
g+p2 X =260 AX =-8.7 *° Favoured over g+p1
~ ~2 \la\\)eﬁgf\rD
g+p3 X2 =240 AX =-2.0 ° Notfavoured over g+p2
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What does a x? distribution look like for n=17?

Xz * Note that it for n=1, it does not peak at 1, but rather at O...

Remember: fiulz), X
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0.0
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Samuel S. Wilks
(1906-1964)

Wilks theorem

e HO: Additional parameters (as predicted by H1) not needed
e |If HO correct then according to Wilks’ theorem:
—Ay? = -2In[L(H1)/L(HO)] should follow for n— = % function with
ndf = #added parameters

Wilks’ theorem only applies for nested hypotheses:
HO: 1st order polynomial H1: 2nd order polynomial v
HO: 1st order polynomial H1: a-exp(bx+cx2) X
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Improving on 2

Likelihood ratio is an improved %% — S. Baker & R.D. Cousins, NIM 221
(1984) 437

Still a single number

“Optimal estimator” e.g. parameter estimation

Requires a second hypothesis

Allows taking uncertainties into account systematically!!
€ \What if there’s a correlation?
€ \What if there’s a systematic uncertainty

XA

See Wouter's slides from yesterday
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Alternatives to Likelihoods and y?

KolgomorOV- F_: Cumulative distribution function
Smirnov test F.: Empirical distribution function

qcoF,KS:Sl'lp |FC(X)_Fe(X)|

Anderson-
Darling test

CIcoP,AD:n'f dFe(X)
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Three datasets
® D1 TrendlineforD1 @ D2 « D3

Summary 20
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Not too bad... 15
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BUT IM A SERIOUS
PERSON DOING MY BEST."
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