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Layout
• statistical basics 

• likelihood function
• test statistics, Wilks theorem
• p-value and significance

• selection optimization
• choice of background model

• Fisher test
• bias test for different background models
• Look Elsewere Effect
• nuisance parameters
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Run I (8 TeV) observation (I), arXiv:1808.01890
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https://arxiv.org/abs/1808.01890


Run I (8 TeV) observation (II)
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Resonance parameters 
and significance of observation
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Statistical basics 
on one slide

26/09/2025 610/6/2025 6



t approaches 2 distribution with one degree of freedom (Wilks theorem)

= 2p
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https://inspirehep.net/literature/1247197


Selection optimization
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• Run II data (13 TeV) with the same event sélections as in Run I
• a mild excess with local significance of 2.0 was observed in Run II 

2016 data in SR1.
• no excess was observed in SR2

• Run I sélections may not be optimal for Run II. Dominant tt 
background was increased by factor of 3.3

26/09/2025 910/6/2025 9



Optimization of event 
sélections in Run II 
using data of 2016
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Selection optimization using 13 TeV 2016 data

• previous selections
• pT

1,2 > 25, 25 GeV

• present selections
• pT

1,2 > 25, 18 GeV
• pT

/m > 1.7
• selection on dimuon boost 

was proposed by Mayda 
Velasco during the previous 
analysis

• optimized selections 
maximize the significance 
of the event excess
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• at left boundary
pT

2 > 13 GeV, =2.3

12

• best significance 3.2
at pT

2 > 19 GeV

SR1, 13 TeV
2016

• at right  boundary
pT

2 > 23 GeV, =2.6
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• at left boundary
pT

/m> 1.4, =2.1

13

• best significance 3.3
at  pT

/m> 1.7, =3.2

SR1, 13 TeV
2016

• at right  boundary
pT

/m> 2.1, =2.7

19 GeV
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Choice of the order of background function
• Fisher test was used to select the proper order of the fitted 

function
• when function of N+1 order does not improve description given by 

function of order N in terms of NLL (NLLN+1 – NLLN<0.5) then use 
function of order N  
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https://www.jstor.org/stable/2340521?origin=crossref
https://www.jstor.org/stable/2340521?origin=crossref


Different background models
Bias test
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Bias test (I)
• bias test uses toys experiments with signal injected
• signal mX, X and NS is taken from 2016 data fits. NS is rescaled for 

luminosity

Tested variables p1,p2 distributions fitted by  
Gauss and p and p are reported
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Bias test (II)
• background is generated with function used for unblinding and an additional 

functions of our choice with |log(L)| < 0.5. Parameters of background functions 
are fixed from sideband fit. 
• for unblinding we use polynomial functions for SR1 and SR2mod13 and Chebychev polynomial 

function for SR3.  Choice of the the polynomal order is done according to F-test 
• for every toy experiment m is fitted (S+B unbinned fit) with free parameters, mX, 

NS and background function parameters. X is fixed since measured with a large 
error. Range of mX is [25-30] GeV
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Results of bias tests 
for SR1 2018

18

polynomial 3rd order is used for unblinding
alterative function: product of Gauss and polynomial of 1st 
order

One toy experiment with different fitted bkg. 
functions

Gaussian fit of pull, p1 distributions

10/6/2025 18



Look Elsewhere effect
• probability that background fluctuate in any place inside the 

signal region of m=[25-30] GeV, have «width» in the range of 
=[0-5.6] GeV and have NLL ≥ NLLobs

• the way to evaluate it is to run toy experiments 
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Nuisance parameters (example)

• usually log normal 
distribution is used for 
nuisance parameters

• if we decided to use simulated 
background (shape and normalization) in 
the fit we must take into account a 
number of uncertainties on
• luminosity
• efficiency of muon trigger, reco, ID, isolation
• efficiency of b-tagging
• pileup modelling
• jet energy scale
• jet energy resolution
• Top and DY normalization

• depends on m (DY)
• renormalization and factorization scales
• PDFs
• statistical uncertainty of simulated bkgs. 
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Conclusions

• example of the real stat. analysis at CMS/LHC was present
• it is quite complete, but does not include however

• normalisation of backgrounds from data using Control Regions
• work with binned distributions

• come to CMS/LHC and run your own analysis to learn it fast
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THE END
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Run I (8 TeV) observation (II)
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Run I (8 TeV) observation (II)
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