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Investigating the NuMI beam 

focusing uncertainties for MINERνA 

flux 



SOME VOCABULARY 

Vocabulary 

 POT: Protons on Target 

 Hadron: Particle made up of quarks 

◦ Meson = hadron composed of one quark and one 
antiquark (π, K, J/ψ, etc.) 

◦ Baryon = hadron composed of three quarks (p, n, 
Δ, etc.) 

 Flux: a way of describing how many events 
occur (Events/m2/GeV/reference # POT) 

◦ Similar in a way to the astronomical definition 
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SOME MORE VOCABULARY 

 MC: stands for Monte Carlo simulation 

◦ Creates simulated data given the laws of 

physics and other inputs. More on this later. 

 Ntuple: list of data 
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MINERνA 
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Schematic depiction of the MINERνA detector[1] 
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 Some of the many goals[1]: 
◦ Learn more about energy-dependence of neutrino 

interactions 

◦ Examine differences between interactions involving 
neutrinos and those involving anti-neutrinos 

◦ Learn more about backgrounds to oscillation 
experiments 

 For cross-section analyses, knowing the flux is 
really important 
◦ Need to know flux to know the probability of an 

interaction 

◦ Further investigation of the parameters involved could 
reduce the flux uncertainties 



HOW DO WE GET OUR 
NEUTRINOS? 
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NuMI 

 Neutrinos at the Main Injector 

 MINERνA, MINOS, soon NOνA 

◦ Low energy run completed 

 Analysis ongoing 

◦ Medium energy run starting!! 

 There are a multitude of uncertainties in the 
beam focusing parameters 

◦ Leads to flux uncertainties – next few slides will 
explain further 

◦ Want to study this further to pare down the 
neutrino flux uncertainties 
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Figures courtesy Z arko Pavlović: from website above [2] 

and from thesis below[3] 
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On to MINERνA, MINOS, and NOνA 

Protons heading toward target 

Baffle 

Target 

Magnetic 

Horns 

Decay pipe, monitors, absorbers 

NuMI sketch 
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On to MINERνA, MINOS, and NOνA 

Protons heading toward target 

Baffle 

Target 

Magnetic 

Horns 

Example: horn 2 

transverse misalignment 

Decay pipe, monitors, absorbers 
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On to MINERνA, MINOS, and NOνA 

Protons heading toward target 

Baffle 

Target 

Magnetic 

Horns 

Example: horn 1 angular 

misalignment  

Decay pipe, monitors, absorbers 
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On to MINERνA, MINOS, and NOνA 

Protons heading toward target 

Baffle 

Target 

Magnetic 

Horns 

Example: baffle scraping 

Decay pipe, monitors, absorbers 
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Figure courtesy 𝑍 arko Pavlović [3] 



Procedure 

 Basic idea of determining these 

uncertainties is similar to that shown by 

Z arko, in his thesis[3] 

◦ He used PBEAM (fast MC); I am using 

G4NuMI (full MC taking into account 

geometry) 
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Enter GEANT4/G4NuMI 

 G4NuMI is a GEANT4 full Monte Carlo 

simulation that constructs the geometry 

of the NuMI beamline 

◦ Takes a long time to run, hence why PBEAM 

has been chosen the past 

◦ Stores output data in ntuples 

 Example of a piece of G4NuMI output on next slide 
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Sequence of Steps (Details to 

follow) 
 Edit G4NuMI source code as needed 

 Generate ntuples by running MC 

 Plot flux spectra for these ntuples for the 
various parameters (Flux vs. Eneutrino) 

 From these flux spectra, take ratios to see 
how these fluxes change with changes to 
parameters. 

◦ Make sensitivity plots 

◦ From fit to sensitivity plots, extract the fractional 
uncertainty in neutrino flux 
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Simulated data for order 

107 POT per parameter 

value 
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Actually, it’s Events/m2/GeV/1.5e7 POT 
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Comparing 

187.563 kA to 

182.1 kA 
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Comparing 2 mm to 0 mm 
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nm=νμ 
 
 

DF = 
𝐹 𝑠 −𝐹(𝑛)

𝐹(𝑛)
 

To fix a bug in the visual representation of  

the following sensitivity plots, I had to  

rasterize the .EPS files at larger sizes.   

The originals are posted in backups. 
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nm=νμ 
 
 

DF = 
𝐹 𝑠 −𝐹(𝑛)

𝐹(𝑛)
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nm=νμ 
 
 

DF = 
𝐹 𝑠 −𝐹(𝑛)

𝐹(𝑛)
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Shapes are VERY close to those found in [3] and give me hope of finding better flux 

uncertainties!!! 



Conclusions 

 Currently have investigated some of the 
important NuMI parameters 

◦ Machinery working 

◦ Higher statistics should make things even 
better: working on it 

 File repository: my analysis scripts and 
changes I made to the G4NuMI source 
will appear in a directory for others in my 
collaboration to use if they wish/need to 
use them 
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Into the future… 

 BUT I’M NOT DONE YET!! 

◦ Will be continuing to work on this project when I 
return to Pittsburgh [on Saturday…] 

 In the future: 

◦ Other parameters not included at present 

◦ 𝜈𝑒 flux uncertainty study 
 Will help current electron neutrino studies, such as Jeremy 

and perhaps Jaewon 

◦ Medium energy runs! 
 Need to understand the flux uncertainties in the NO𝜈A era 

 NA61 – will work on reducing flux uncertainties 
arising from hadron production 
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Figures included in the backup slides have their sources (and web addresses) listed 

beside them, if applicable. 
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NuMI TDH, Section 4.2.9 

 

http://www-

numi.fnal.gov/numwork/tdh/t

dh_index.html 

NuMI TDH available 

online: http://www-

numi.fnal.gov/numwor

k/tdh/tdh_index.html 

http://www-numi.fnal.gov/numwork/tdh/tdh_index.html
http://www-numi.fnal.gov/numwork/tdh/tdh_index.html
http://www-numi.fnal.gov/numwork/tdh/tdh_index.html
http://www-numi.fnal.gov/numwork/tdh/tdh_index.html
http://www-numi.fnal.gov/numwork/tdh/tdh_index.html
http://www-numi.fnal.gov/numwork/tdh/tdh_index.html
http://www-numi.fnal.gov/numwork/tdh/tdh_index.html
http://www-numi.fnal.gov/numwork/tdh/tdh_index.html
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This slide and next are sketches of NuMI horns shapes made by using the equations 

listed in NuMI TDH, Section 4.2.4:  http://www-

numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf 

http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf
http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf
http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf
http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf
http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf
http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf
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This slide and the previous are sketches of NuMI horns shapes made by using the 

equations listed in NuMI TDH, Section 4.2.4:  http://www-

numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf 

http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf
http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf
http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf
http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf
http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf
http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.2.4-horns.pdf
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Original sensitivity plots (1/3) 
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Original sensitivity 

plots (2/3) 
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Original sensitivity plots (3/3) 
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Chi-squared plots: 

Top: horn current 

Middle: horn1 misalignment 

Bottom: horn 2 misalignment 



Some other parameters I can 

investigate 
 Those considered by Zarko: 
◦ Horn current distribution 

◦ Horn tilt 

◦ Baffle scraping 

◦ Misalignment of shielding blocks 

◦ Target density 

 Those not considered by Zarko but are 
potentially important for us to consider: 
◦ Target z position (i.e. along the beamline) 

◦ Target tilt 

◦ Dipole effects 

Bruce Howard, Jr. 40 


