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TERNARY GRAPH
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USDA soil textural triangle
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TERNARY GRAPH
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▸ Point in the graph 
signifies ratio between 
three components that 
add up to 100% 

▸ Used in chemistry, solid 
state physics, etc. 

▸ Relevant example: 
flavour components of 
neutrino
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▸ Points in corners are 
pure flavour states: 
starting point of any 
neutrino 

▸ Small demonstration of 
program
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FUNCTIONALITY SUMMARY
▸ Visualise the evolution of a 

neutrino in flavour space 

▸ Alter/animate any neutrino 
oscillation parameter 

▸ Switch between neutrino and 
antineutrino, normal and 
inverted mass hierarchy 

▸ Export data to file for 2D 
plotting
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EXPORTING DATA
▸ Can export oscillation data as a function of E, L or any 

other parameter ( , , , ) 

▸ Parameters saved to separate file when exporting

ρ θij Δm2
ij δCP
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nu.csv nuparameters.csv
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EXAMPLE PLOTS
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Energy spectrum of neutrino 
appearance at DUNE FD

Appearance asymmetry 
at DUNE FD
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EXAMPLE PLOTS
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Appearance asymmetry 
at DUNE FD
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EXAMPLE PLOTS
▸ Two and three-

neutrino oscillation 
over distance
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EXAMPLE PLOTS
▸ Three-neutrino oscillation as 

a function of earth density(?) 

▸ Endless possibilities
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BASIC INFORMATION
▸ Program written in C++, 

built using CMake 

▸ Tested on macOS and 
Ubuntu 

▸ Dependencies: 
SFML 2 for drawing, 
Eigen 3 for matrix 
operations 

▸ Everything custom-made

Check it out on GitHub! 
https://github.com/mivermeu/EigenNeut
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https://github.com/mivermeu/EigenNeut
https://github.com/mivermeu/EigenNeut
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BACKUP
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INNER WORKINGS

13

▸ General case:  

▸ Vacuum case: 
 

▸ Matter case (using Lie product formula): 
 

where   

▸ Use time-costly exponential function when exporting 
oscillation data instead of Lie product formula 
approximation

|να(x) > = Ue−iHxU† |να(0) >

H = diag(E1, E2, E3) ⇒ eH = diag(eE1, eE2, eE3)

H = H0 + UVU† ⇒ eH = lim
N→∞

(eH/NUeV/NU†)N

H0 = diag (E1, E2, E3), V = diag ( 2GFne,0,0)


