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• I joined Southern Methodist University as 
an Assistant Professor in the fall of 2024


• I am building my new group and recruiting 
a postdoc and students


• I work on the ATLAS experiment 


• My experiment is at CERN 


• My research interests lie in multiboson 
physics, polarization measurements and 
effective field theories


• I am also interested in studying event 
generators on GPUs and contributing to 
ATLAS upgrades

Who am I?
Saptaparna Bhattacharya



Are we all here? 
Lets do an attendance check 

Also, do our computers work?



Are people getting my emails from 
canvas?
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Installing and running jupyter-
notebooks

• What is a jupyter-notebook:


• “The Jupyter Notebook interface is a Web-based application for authoring 
documents that combine live-code with narrative text, equations and 
visualizations.”


• What kind of computers are we using?


• For installation of jupyter-notebooks:


• Various methods here: https://docs.jupyter.org/en/latest/install.html


• We want to install the classic notebook:


• https://docs.jupyter.org/en/latest/install/notebook-classic.html

https://docs.jupyter.org/en/latest/install.html
https://docs.jupyter.org/en/latest/install/notebook-classic.html


Structure of the lab - I
• Some labs, specially an introductory lab, where we are measuring lengths, 

studying an oscilloscope and building simple circuits can be done individually


• Some of the more complicated experiments will be done in groups of 2 (or 
exceptionally 3)


• Error analysis and lab notebook submission, including jupyter-notebooks will 
be done individually


• Each of you must record your work on your own!


• This means doing an error analysis of your measurement


• The questions in the jupyter-notebooks are sometimes open ended, so let 
them reflect your originality!



Structure of the lab - II
• Any measurement, whether it is a measurement with a ruler or 

measurement with a measuring scale, is always accompanied with an error!


• Error analysis “is the study and evaluation of these uncertainties” 


• It serves two main functions:


• Allows us to estimate uncertainty


• Reduce them when necessary



Reference
Considered a 

classic!



What happens when measurements 
are done improperly?

https://spacemath.gsfc.nasa.gov/weekly/6Page53.pdf



What happens when measurements 
are done improperly?

https://spacemath.gsfc.nasa.gov/weekly/6Page53.pdf



What happens when a proper error 
analysis is not done…
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Let’s look at an experimental example
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Let’s take a quick detour: what makes a good graph?
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What do you notice?



Let’s take a quick detour: what makes a good graph?
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What do you notice?


What kind of graph is this?


Clear axis labels!


Legends clearly marked


Data-taking conditions clear


Placement of x-axis ticks adjusted 
to the variable being plotted


Can you read the location of the 
read peak?
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On July 4th, 2012


Two experiments announced 
that they had observed a new 
particle!


Theorists Peter Higgs and 
Francois Englert awarded Nobel 
prize in 2013!



Let’s look at an experimental example
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Experimental Measurements

What I want to 
measure

Systematic 
uncertainty 

Statistical 
uncertainty 



Types of uncertainties

Random Systematic

Theory 
uncertainty 

Experimental

uncertaintyStatistical 

uncertainty 



Sources of systematic uncertainty
• Can you name some sources of systematic uncertainty?


• Think of any measurement 


• Measuring length or


• Measuring mass



Types of uncertainties

Random Systematic

Theory 
uncertainty Statistical 

uncertainty 

Alleviated by collecting 
 larger dataset Alleviated by 

understanding the 
apparatus

Experimental

uncertainty



Types of uncertainties
• Which is the bigger problem?


• Random (statistical uncertainty) or systematic uncertainty



Precision and accuracy

High Accuracy 
Low Precision

Low Accuracy 
High Precision

Low Accuracy 
Low Precision

High Accuracy 
High Precision

• Terms often used interchangeably in English!


• Not in this lab though!



Reducing statistical uncertainties
• How would you reduce random or statistical uncertainties?



Reducing statistical uncertainties
• Take many measurements and compute an average!


• Say, we are measuring length ( ), take many measurements 
( ) 


• Take average:


• 


• This is the best estimate of the true measurement

ℓ
ℓ1, ℓ2, ℓ3, ℓ4, ℓ5⋯

ℓ̄ =
1
N

N

∑
j=1

ℓj



The standard deviation
• The standard deviation (SD) or  is a measure of the average uncertainty of 

the individual measurements :


•



• Say we have 3 measurements (2.9, 3.0, 3.1 cm), average is 3.0 cms and the 
Standard deviation is: 0.1 cm 


• The standard deviation associated with a measurement stabilizes after 
several measurements are taken


• When the value stabilizes, we know that the measurement is more reliable

σℓ
ℓi

σℓ =
1

N − 1

N

∑
j=1

(ℓj − ℓ̄)2



The standard deviation of the mean
• The standard deviation of the mean (SDOM) can be written as:


• , where  is the number of measurements


• With more measurements, the value of  decreases, measurement 
becomes more precise


• How much does  decrease if N goes from 2 to 4? 1 to 100? 

σℓ̄ =
σℓ

N
N

σℓ̄

σℓ̄



Propagation of uncertainties
• I am measuring the density, which is a function of mass  and volume  and 

is given by:


• 


• For a functional dependence of one measured quantity ,  with an 
uncertainty  in , the uncertainty in  can be computed as:


• 


• For multiple variables, as is the case here, we add the uncertainties in 
quadrature:


•

m V

ρ(m, V) = m/V

x f(x)
Δx x f(x)

Δfx = | f(x + Δx) − f(x) |

Δρ = (Δρm)2 + (Δρv)2 ≡ |ρ(m + Δm, V) − ρ(m, V) |2 + |ρ(m, V + ΔV) − ρ(m, V) |2



Significant figures - I

• Significant figures 


• “the digits in a measured number that are considered reliable and 
contribute to the accuracy of the measurement”


• If you tell me that the value of a quantity is 4.9, is it 4.99999999….?


• There are some rules regarding significant figures (http://
www.astro.yale.edu/astro120/SigFig.pdf)



Significant figures - II



Resources - I

• All of the materials (including these slides) will be uploaded on 
canvas


• I am maintaining documentation for this course here:  
https://www.physics.smu.edu/saptaparnab/

https://www.physics.smu.edu/saptaparnab/


Resources - II

• I am also making checklist for each day


