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Project CODER

CMS Open Data Analysis EnviRonment

• Interactive Analysis

– Based on JUPYTER Notebooks 

• Open High Energy Physics Data

• Compact Muon Solenoid (CMS) 

Experiment at CERN
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A Few Words About CERN



World Wide Web

Where the web was born
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CERN



The Power of 3

Recurring theme of threes:

W: What?

W: Where?

W:  Why?
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What?

Where?

Why?    



Start at the Beginning
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BIG

BANG

BOOM



The Big Bang Theory
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The Big Bang Theory

June 15, 2016 Sergei Gleyzer                              UCF CMS Open Data Workshop 10



Let’s collide particles!



What?

Where?

Why?    



Large Hadron Collider
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Crown jewel of modern 
science: 

State of the art in science 
and engineering

Operating since 2010

– expected to run for next 
20(+) years

Amazing success of an 
international 
collaboration of 
thousands of scientists 
from across the world 



How Large is the LHC?
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17 miles in circumference



Large Hadron Collider
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What?

Where?

Why?
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Standard Model
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Extremely accurate 

theory of particles and 

interactions

Staggering precision to 

many decimal points in all 

kinds of predicted 

observables

Around since 1970s

– Many missing predicted 

particles found since then

(t, c, g, Z, W)



The Higgs Boson
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Снимет фильм половины неба в 

разных частотах ~10 лет

In 1964 Peter 

Higgs (and others) 

predicted the 

existence of a new 

particle (and field) 

that can explain 

how all other 

particles acquire 

mass



The Higgs Boson
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Higgs Boson Discovery
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July 2012 



A Higgs Event
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A Higgs Event
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A Higgs Event



CMS

Higgs Boson



Higgs Boson

ATLAS CMS



Standard Model (2016)

June 15, 
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Energy Budget
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Most of the stuff (95%) is currently missing 
from the Standard Model



Some Open Questions

What determines particle masses?

Are there new particles?

Where do observed symmetries come from?

Why is gravity so weak?

What is Dark Matter/Dark Energy?
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Near Future

The Large Hadron Collider is again collecting 

data this summer after a short shutdown

Particle collision energy is 13 TeV (tera electron 

volts) 

Higher collision energy means higher probability 

to create interesting (rarer) events. More data 

will hopefully bring more discoveries.
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How Big is Big Data?    



Sloan Digital Sky Survey
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than was collected in the 

history of astronomy

Collected more data in the 

first two weeks

2.5 m telescope



Large Synoptic Survey Telescope

3200 Megapixel camera
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Data-taking expected to 
begin in 2022

Will create a movie of the sky in

different frequencies for ~10 years



Big Data

Project Expected Data Period

SDSS 100 Тb 2000 - 2015

LSST 100 000 Тb 2022 - 2032

LHC 15 000 000 Тb 2010 - 2035
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Open Data
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Open Data is the Future! Why? 

14 



LHC Open Data

June 15, 
2016
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LHC Open Data

Since 2014 CMS has released all its collected 

collision data from 2010 and 2011 runs

http://opendata.cern.ch

• Same format as used by physics analyses 

with tools and basic instructions

• also some simulated (Monte Carlo) data
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http://opendata.cern.ch


JUPYTER Notebooks

• Open source web-based application blends 
code with elements such as text, figures, 
links

– Excellent integration of  instructions and 
executable code

• Great for interactive analysis and teaching 
demonstrations of anything that involves code

– Can be run locally, on a server, laptop or 
smartphone 

• All you need is a browser
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Today

• Start with Python programming using 

Jupyter notebooks

– A short primer on ROOT

• Useful Particle Physics Concepts 

• LHC Event Displays

• Today, Tomorrow:

– Basic Examples of CMS Open Data Analysis 
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