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Statistics for 
your Analysis
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Today’s talk will focus on 
understanding the uncertainties 
on scientific measurements and 
learning some statistical tools to 
help you interpret your data

https://home.cern/science/physics/higgs-boson#:~:text=In%20the%20Higgs%20boson's%20case,existence%20of%20the%20Higgs%20field
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Measurement and Uncertainty

What’s the smallest division on a meter stick?

What kinds of measurements make sense?
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Instrument Uncertainty

Rule of thumb: uncertainty when using a measuring device with a scale = smallest increment/2
So, for a meter stick the uncertainty would be 1 mm/2 = 0.5 mm or 0.05 cm

Something measured as 5.5 cm could actually be anywhere 5.45 cm <= x <= 5.55 cm

Taylor (1997) 



Standard 
Error (of 
the Mean)

• Make a measurement N number of times

• “Mean” is the same as Average

• S.D. is a measure of how far each measurement is from 
the mean.
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Standard Error of the Mean (Standard Deviation of the Mean)

Example from Taylor (1997)



Square Root 
Rule for 

Counting 
Experiments
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Example:

• a radioactive material decays at an average rate

• We count number of decays in some time T

• We can make a definitive count

• The uncertainty is how well this approaches the 
true avg. number
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Normal Distribution (Gaussian distribution)

https://en.wikipedia.org/wiki/Normal_distribution

https://en.wikipedia.org/wiki/Normal_distribution


Hypotheses, 
p-values 
and more!

• H0 : Null Hypothesis – Background only

• H1: Alternative Hypothesis – Background + Signal

• Choose a test statistic

• “a single number that quantifies the entire 
experiment”

• Ex: # of events, chi-square, ratio of log 
likelihoods, BDT score

• Choose a significance level alpha 

• Alpha is defined ahead of the time; it doesn’t 
come from data

• If p-value is <= alpha, then you can reject H0

• Get p-value from data
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P value

• Definition: “the probability of 
obtaining test results at least as 
extreme as the result actually 
observed”

• A smaller p-value means more 
evidence in favor or rejecting the 
null hypothesis

• You can easily convert p-values 
to sigma

• In R: pnorm(5) -> 0.9999997

• (1-pnorm(5))-> 2.866516e-07
• Or, in ROOT
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From Cowan’s lectures: 
https://www.pp.rhul.ac.uk/~cowan/stat/stat_7.pdf

https://sasandr.wordpress.com/2012/07/14/god-particle-5-sigma-and-p-value/

https://rdrr.io/snippets/

https://www.pp.rhul.ac.uk/~cowan/stat/stat_7.pdf
https://sasandr.wordpress.com/2012/07/14/god-particle-5-sigma-and-p-value/
https://rdrr.io/snippets/


Look elsewhere 
effect
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We looked at the “local” p-value.

The chance of a 5 sigma fluctuation in one 
bin is small, but histograms have many bins!

What if we looked elsewhere?

What if our result was just due to random 
fluctuations?

https://cms.cern/physics/cms-higgs-search/look-elsewhere-effect

https://cms.cern/physics/cms-higgs-search/look-elsewhere-effect


Blind Analysis

• Clever Hans Effect

• Blind Analysis – prevent experimenters 
from knowing the result until the analysis 
is complete

• Example technique: Hidden Signal Box

• Hide a subset of the data with 
potential signal until the analysis is 
complete

8/12/2022 12

https://www.annualreviews.org/doi/pdf/10.1146/annurev.nucl.55.090704.151521

https://www.britannica.com/topic/Clever-Hans

https://www.annualreviews.org/doi/pdf/10.1146/annurev.nucl.55.090704.151521
https://www.britannica.com/topic/Clever-Hans


Evidence or 
Discovery?
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3.5 Sigma – for “Evidence”

5 Sigma – for “Discovery”



Caveats

https://indico.cern.ch/event/277650/contributions/629796/attachments/505859/698408/Extraordinary_Cl
aims.pdf

T. Dorigo, Extraordinary Claims, 2014

“

“

https://indico.cern.ch/event/277650/contributions/629796/attachments/505859/698408/Extraordinary_Claims.pdf
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Observation of a new boson at a mass of 125 GeV with the CMS experiment at the LHC

Understanding a reported measurement

https://arxiv.org/pdf/1207.7235.pdf


Statistical 
Uncertainties

• They arise due to stochastic fluctuations 
since we make a limited number of 
observations

• Think back to our case of a meterstick: 
we can only make a finite number of 
measurements

• How does this apply in physics analyses?
We have limited statistics 

• With the HL-LHC upgrade, we will have 
higher luminosity -> higher stats!



Systematic 
Uncertainties

Cause: uncertainties 
related to our 
detectors, our 
assumptions, our 
theoretical models

Our meterstick 
example: 
- the ruler could be 

deformed
- The length of the 

ruler could change 
with temperature

Our physics 
analysis:

- Imperfect 
calibration of 
measuring 
devices

- Object energy 
resolution

- Reconstruction 
efficiencies

- Assumptions 
made in our 
Monte Carlo 
models

8/12/2022 17



Summary
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UNDERSTANDING A MEASUREMENT 
REQUIRES UNDERSTANDING 

UNCERTAINTIES

STATISTICAL ANALYSIS IS NEEDED 
TO INTERPRET YOUR RESULTS

MANY SOPHISTICATED TECHNIQUES 
ARE NEEDED TO ANALYZE A 

COMPLEX DETECTOR LIKE CMS



John R . Taylor, An introduction to error analysis, 2nd edition, 

University Science Books, 1997

https://www.physi.uni-

heidelberg.de/~nberger/teaching/ws12/statistics/Lecture11.pdf

https://indico.cern.ch/event/508168/contributions/2028747/attachm

ents/1307803/1962991/Statistical-Reasoning-HASCO16.pdf

https://www.slac.stanford.edu/econf/C030908/papers/TUAT004.pdf

https://indico.cern.ch/event/277650/contributions/629796/attachme

nts/505859/698408/Extraordinary_Claims.pdf
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Backup



Standard 
Deviation –
alternative 
definition
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Taylor (1997)



8/12/2022 22

Error Propagation

Taylor (1997)
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Chi-Squared


