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Topics
Alyssa: Search for SUSY

Alice: Discovery  of CP Violation

George: Discovery of the Neutron

Dasom: Neutrino Oscillations

Kevin: W and Z

Kelsey: Observation of top quark

Kripa : history of the proton

Bertie: Dark Matter

Josh: Search for the Higgs at the LHC

DJ: Discovery of the muon

Joseph: Discovery of the Tau
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Schedule : 10-15 min 
each

February 23rd

Kripa

George

DJ

February 28th

Alice

Joseph 

Kevin

Bertie

February 29th

Kelsey

Dasom

Josh

Alyssa
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What to prepare

Read paper and prepare a 10-15 presentation explaining

What is the underlying physics they accomplished?

What was the experimental setup ?

How did they analyze the data?

Make short presentation on the order of ~7-10 slides explaining those 3 things 
above

Come and ask me questions if you don’t understand something. As you will see 
some papers are incredibly brief !! 
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Last two weeks

According to the schedule I have - the last two 
weeks you have a conflict on Thursday

If that is true I would propose to move that 
class to Wednesday
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What is monte carlo

A general computational method to approximate very complicated calculations 
which sometimes do not have analytic solutions

Perform a large number of experiments using random number generators to see 
what happens
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Simple example

Say we had some 
complicated shape 
that we would like to 
calculate the area of
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Any ideas

Difficult to do 
analytically 

easier to do 
numerically
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Basic idea
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Estimation of pi

How could we use this method to estimate pi
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Example

Imagine a square of 
side of length 2r

inside that square is 
a circle of radius of r

2r

r
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Example

2r

rAsquare = (2r)× (2r) = 4r2

Acircle = πr2

The areas can be written

Acircle

Asquare
=

π

4
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Example

2r

r

Now imagine we throw 
darts at a square wall with
a circle drawn in like this

Acircle

Asquare
=

π

4
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Example

2r

r

If thrown randomly it will
land with equal probability 

anywhere. Hence, the ratio that is 
inside the circle to the ratio inside

that inside the square is simply 

Acircle

Asquare
=

π

4

π

4
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Aside : Random #s

How do we generate them? 
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we would like

In a uniform distribution of random numbers in [0,1] 
every number has the same chance of showing up

Note that 0.000000001 is just as likely as 0.5
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True random #s
atmospheric noise, which is quite easy to pick up 
with a normal radio: used by RANDOM.ORG 

much more can be found on the web .... 
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PSUEDO RANDOM #S

Are a sequence of numbers generated by a computer algorithm, usually uniform in the range [0,1]

more precisely: algo's generate integers between 0 and M, and then rn=In/M

A very early example: Middles Square (John van Neumann, 1946) generate a sequence, start with a number of 10 
digits, square it, then take the middle 10 digits from the answer, as the next number etc.: 

57721566492 = 33317792380594909291 

Hmmmm, sequence is not random, since each number is determined from the previous, but it appears to be 
random

this algorithm has problems ..... BUT a more complex algo does not necessarily lead to better random 
sequences .... Better use an algo that is well understood
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periodicity 
Simple 

Generator

Pretty good but you can
see periodicity ! 
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periodicity 
Simple 

Generator

Pretty good but you can
see periodicity ! 

Sophisticated Generator:
RANLUX
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0k but why this and 
not
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use in science and 
math

Integration:

We are trying to calculate the error 
under a complicated function that we 
don’t have a simple analytic expression 
for

can use the ‘throw dart method’

Turns out it is a popular method because 
the uncertainty on the integral scales well 
with dimension of problem 
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multi dimensions

Turns out that because the method uses random 
or psuedo-random numbers the uncertainty in 
the limit of a large number trials is independent 
of the dimensionality of the integral

Not true of other algorithms

Trapazoid rule

Simposon’s rule
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In particle Physics

Phase space is 3 dimensions per particles

~250 hadrons at an LHC event

Accuracy  remains the same for monte carlo method but is greatly 
reduced for other classic methods that work well in one or low 
dimensions

Uncertainty estimate is much easier than in other methods
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history and name

Method formally developed by John 
Neumann during the World War II, 
but already known before. It was 
used to study radiation shielding and 
distance that neutrons would likely 
travel through material.

Von Neumann chose the codename 
"Monte Carlo". The name is a 
reference to the Monte Carlo Casino 
in Monaco where Ulam's uncle would 
borrow money to gamble
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Why Monte carlo

Monte Carlo assumes the system is described by probability density functions 
(PDF) which can be modeled. It does not need to write down and solve equation 
analytically/numerically. PDF comes from

 Data driven

Theory driven

Data + Theory fitting
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Where do we use it

Detector design and optimization

Complicate and huge detector

Very expensive

Simulation of particle interactions with detector’s material

Physics analysis

New predicted physics 

Event selection

Background estimation

Efficiencies of detector/algorithm/...
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Use in HEP
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Event Generator

Say we would like to know what a top event at the international linear 
collider 

We would like to have an idea of what this looks like before we build the 
detector!
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First step

We generate events according to the 
quantum mechanical probability for it to 
occur

Up until now we have considered Monte 
Carlo as a numeric trick for integration

If the function to be integrated is a 
probability density function we can turn it 
into an “event generator”
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what is an event?

A real event is a particular interaction - say a proton proton collision at the LHC, a 
neutrino interaction , etc

We are trying to simulate that with a computer program and come up with a list of 
4-vectors for events whose properties are drawn from the same probability 
distribution function as that in nature

Tuesday, February 14, 2012



Monte Carlo events

Say σ is cross-section for a certain process 

d σ/dx  is called the differential cross-section and is 
related to the probability of an event to have 
property x

Weighted Events: Can generate events with weights 
given by  dσ/dx

Unweighted Events: No weights but only keep a 
fraction of the events and decide to keep them with 
probability :
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What you get
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Aside: Strong 
INteractions

Turns out that particles that feel the strong force 
have a quantum charge which we call color

Unlike electrical or gravitational interactions the 
potential energy gets larger with distance !

Enough energy to produce a pair of virtual 
particles which then form stable bound states
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Complication

Proton collisions are in detail 
fantastically complicated
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What is a proton

Each proton contains 3 valence quarks (uud)

Tuesday, February 14, 2012



What is a proton

Each proton contains 3 valence quarks (uud)

and gluons
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Each proton contains 3 valence quarks (uud)

and gluons

and - quantum mechanical fluctuations of virtual particles known collectively as 
“sea quarks” 
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Each ‘hard’ collision is between one of the constituent particles

The red line is the outgoing hard particles in a “2 to 2” process

two particles come in  - two particles leave
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On top of this the initial and final (if also strongly interacting) produce more 
strong particles
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but then those gluons ‘hadronize’ or turn into 
quasi-stable particles (pions, protons, etc)
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But then those hadrons decay..
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and then you have to pay attention to what 
happens to the rest of the protons...
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in detail
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MC
Remember: You need PDF to build MC program

Learn to describe particle production/decay by matrix element (amplitude) of hat process (Explain in 
QFT)

 Learn QCD (to deal with jet fragmentation, parton)

Computational + Mathematical skills are needed

Real life

There are few theoretical groups who provide us the MC event generator:

Lund University, Sweden (PYTHIA)

INP, Krakow, Poland (TAUOLA, PHOTOS)

-Other groups

- HERWIG

- ISAJET
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Experimentalists

HEP experimentalists do not write MC generator ourselves (^_^)!!

We use/modify MC generators proposed by theoretical groups.

Your best MC generator is a generator which serve you results that you believe/
study.

Read manual (VERY IMPORTANT)
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But...that is not 
enough

Why?
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Detector simulation

We need to know how our detector will see the productions from collisions 

Detector simulation tracks the particles through detector material (simulating their 
interactions with material)

Input: group of (quasi)-stable of particles from MC generator group of particles 
from particle-gun

Output: Depend on your analysis

Popular detector simulation

 GEANT4 (http://geant4.web.cern.ch)

FLUKA (http://www.fluka.org/fluka.php)
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Example

When you see plots like this. Most often the 
background and signal come at least in part from 

Monte Carlo simulations
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Example: ATLAS 
calorimeter
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what happens inside
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Propagating particles
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Detector acceptance

Study of the process:!
e+ e- ! "+ "- "0!

Angular distribution  of  "0 
decay products for 3 different 
energies.!
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Detector design
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Analysis
•  Use MC simulation to 

compute the signal 
efficiency and background 
contamination.  

•  Optimize the selection 
criteria to get the smallest 
error. 
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Analysis

Often detector resolution and acceptance 
it is difficult to make a direct 
comparison with theory

Compare a simulation with all known 
physics effects to the measured data

Data from deep inelastic scattering at DESY

Tuesday, February 14, 2012



Analysis

Monte Carlo over predicts due to 
problem with model of underlying 
physics

Monte Carlo under predicts at high 
energy due to simulation having too 
good resolution

Data from deep inelastic scattering at DESY
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Normalized Distribution of azimuthal angle - no 
physics in phi

Any non uniformity comes from detector 
acceptance or detector issue

Taken when a sector of the tracker was turned off 
in data (still present in simulation)
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Next...

More practice with C++ and root
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