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 Neutrinos 
◦ I’m going to tell you what a 

neutrino is and explain 
neutrino oscillation. 

 The Double Chooz 
Experiment 
◦ Double Chooz is a neutrino 

experiment that measures the 
final unknown mixing angle 
θ13.  

 What I Did 
◦ I worked on a webpage that 

allows people outside of the 
experiment to look at the 
collected data and allows 
them to see exactly how 
Double Chooz found the value 
of θ13. 
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 Fundamental 
particles 

 Physics Beyond the 
Standard Model 
◦ Gravity? Gravitons? 
 Theoretical bosons 

through which we have 
gravity 

◦ Dark Energy and dark 
matter 
 Make up ~95% of the 

mass-energy of the 
universe 

◦ Neutrino Masses 
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 Wolfgang Pauli 
theorizes the 
nuetrino 
◦ Tiny massless neutral 

particle 

◦ Neutrons? 

◦ Fermi clears it up 
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 Mysteries 
◦ Solar neutrinos 
 Standard Solar Model 

◦ Ray Davis Homestake 
Experiment 
 1965 

 Deficit  

◦ SNO 
 Detector to see all flavors 

 Decisively proved solar 
neutrino oscillation 
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 One mixing angle for 
each flavor change 

 θ13 is the last mixing 
angle to be found 

 Other mixing angles 
◦ θ12 found through solar 

neutrino observations 
◦ θ23  found through 

atmospheric neutrino 
observation 

 Why it’s important 
◦ Understand neutrinos 
◦ CP violation (δCP) 
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θ12 

θ23 θ13 



 Disappearance 

 Inverse Beta Decay 
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 Probability 
◦ 2 flavor oscillation 
◦ Probability that it will 

stay the same 

 L 
◦ Distance between 

source and detector 
◦ Meters 

 E 
◦ Energy of neutrino 
◦ MeV 

 Δm2
31  

◦ Difference of the 
squared masses 

◦ Has been precisely 
measured 

 Why two detectors? 
◦ Near measures 

unoscillated flux 
◦ Far measures oscillated 

flux 
◦ Comparison gives 

probability 
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Outer Veto 

Steel Shield 

Target 

Calibration Glove Box 

Inner Veto 

γ Catcher 

Buffer 
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Photomultiplier tubes (PMTS) 
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Photo multiplier tubes (PMTS) 
convert light into electrical 
impulses 



13 

ν Target: Filled with Gd 
doped liquid scintillator  



 Inverse β Decay 
◦ IBD 
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Positron scintillates 
before reacting with an 
electron 

Neutron slows down 
before being captured 
by Gadolinium  

Total photon 
energy from 
capture is 
approx 8 MeV 
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γ Catcher: Liquid 
scintillator that 
doesn’t contain Gd  
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Buffer: Mineral Oil 
radiation shield 
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Inner Veto: Liquid 
scintillator to catch 
cosmic ray muons 
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Steel Shield: 15 cm of 
steel 
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Outer Veto: Plastic 
Scintillator strips 
connected to PMTs to 
tag near-miss muons 
and ‘santa’ muons. 
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Calibration Glove Box: 
Allows easy calibration 
of detector 



 227.9 days of 
data collection 

 sin2(2θ13) = .109 
± .030 (stat) ± 
.025 (syst) 

 How histogram 
relates to 
sin2(2θ13)  
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 What 
◦ Allows public to view 

the data 

◦ Allows the scientific 
community to use 
our results 

 Why 

 How 

22 

 



 What 
 Why 

 We just published (2 
days ago) 

 US funding agencies 

 Transparency and peer 
review process: you can 
see our method 

 So that the scientific 
community 
(theorists/phenomenolog
ist) can use our data for 
whatever 

 How 
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 Why 

 What 

 How 
 How and why fit is done 

and used 

 Took Double Chooz 
standard fitting 
framework and 
modified it to make it 
specifically for this fit. 
Removed extraneous 
information 
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Predicted 

Data (MC 

events) 

Collected Data 

Systematic 

Uncertainties 
χ2 Fit 

Best Fit 
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 http://www.double
chooz.org/Private/
Data_release/DC2n
dPubDataRelease.p
hp 
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http://www.doublechooz.org/Private/Data_release/DC2ndPubDataRelease.php
http://www.doublechooz.org/Private/Data_release/DC2ndPubDataRelease.php
http://www.doublechooz.org/Private/Data_release/DC2ndPubDataRelease.php
http://www.doublechooz.org/Private/Data_release/DC2ndPubDataRelease.php
http://www.doublechooz.org/Private/Data_release/DC2ndPubDataRelease.php


 Arthur Franke 

 The Double Chooz 
Group at Nevis 

 Mike Shaevitz 

 John Parsons 

 NSF 
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 http://irfu.cea.fr/Images/astImg/2621_1.jpg 

 http://teachers.web.cern.ch/teachers/archiv/HST
2002/feynman/exampl2.gif 

 http://ej.iop.org/images/1475-
7516/2008/12/006/Full/jcap298656ieqn1.gif 

 http://www.nevis.columbia.edu/reu/DC_detector
.jpg 

 http://icarus.lngs.infn.it/img/solar_neutrinos.jpg 

 Double Chooz talk by Leslie Camilleri 

 Thesis Presentation by Matthew Toups 
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