
A Simulation of Detector Geometry and Neutrino Flux
Santanu Antu
Supervisor: Joshua Isaacson
Theory Division, Fermilab
SIST-2022



DUNE Project

08/09/22 Santanu Antu | A Simulation of Detector Geometry and Neutrino Flux2

● Consists of two detectors- one at Fermilab and the 
other at Lead, SD– 800 miles away!!

● Fermilab will shoot the most intense beam of 
neutrino towards the other detector. 

● Improve our understanding of Neutrino Oscillation.
● Improve our understanding of the asymmetry 

between matter and antimatter.
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Why Is Such a Long Distance Necessary? 

Neutrinos have 3 flavor eigenstates:       , where                  .

And 3 mass eigenstates:      , where 

The flavor eigenstates represented as a linear combination of mass eigenstates and 
vice-versa:

Probability of          to oscillate to        :  

Then, the probability of a neutrino to remain in the same flavor eigenstate is: 
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Goal of the Project

The basic algorithm of how we do it is as follows:

● Set up the geometrical shapes of the detector components and the material inside them.

● Take the origin point(s) and direction vector(s) of the neutrino/neutrino beam.

● Compute the points where a neutrino enters/exits a detector component.

● Calculate the probability of interaction in each detector components

● Compute the points of interactions.

● Output the interaction points on a simple interface.
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Ray Tracing 

Ray tracing and shading (cmu.edu) 

http://graphics.cs.cmu.edu/courses/15-468/lectures/lecture3.pdf
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Ray Tracing with Simple Shapes (Sphere)

Say, the trajectory of a light ray is: 

And there is a sphere in our space which is given by

After plugging in, we get three different situation:

(Assign Black color to the pixel)

(Assign the color of 
intersection and 
compute reflection)
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Ray Tracing with Simple Shapes (Cuboid)

● Define a 2D cube by 4 equations:

● Find the intersection “time” of the ray with each of 

the lines defined by the 4 equations. 

● If we have min(𝑡𝑥0, 𝑡𝓍1)>max(𝑡𝘺0, 𝑡𝘺1) or 

         min(𝑡𝑦0, 𝑡𝑦1)>max(𝑡𝑥0, 𝑡𝑥1), then no intersection.

● Otherwise, there is an intersection. 

● If the ray intersects, then assign the color of the 

intersection point to the pixel, and find the 

reflected ray.

● Else, assign black color to the pixel. 
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A Basic Ray-Traced Image Produced with Our Code
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Application to Neutrino Interaction

Unlike photon, neutrinos don’t reflect off from the surface of everyday objects!!

● However, we can still use the same code to find the 

intersection points on the detector surfaces. 

● There might be different materials inside the detector 

components. Neutrino interact differently with different 

materials. We need the mean free paths of the neutrinos as 

additional data. Then, the probability of interaction (function 

of distance) in a detector component can be given by:
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Probability comparison of Theoretical Model and Numerical 
Simulation

YZ projection of detector configuration Comparison between Numerical Simulation and 
Theoretical prediction
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Simulation of Interaction Points with a Beam of Neutrinos

A simulation of a 45 degree cone-shaped beam in the same detector configuration 
generated at the same point:
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