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ND280 Upgrade



Principle of the ND280 Fit 

3

• Take the covariance matrix of the flux/cross-
section we got from other measurements

• Plug the matrix in the Chi2

• Fit the nuisance parameters

• Vary each nuisance parameter around the best-fit 
and compute the new covariance matrix

χ2 = . . . +
syst−cat.
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Ex: Use of P-Theta

• Plug the new matrix into SK 
oscillation analysis

(The BANFF is in charge of this)



First Fit Attempt With Flux Covariance
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Ingredients :
• Using MC files from run2a
• BANFF binning in p_mu, cos_theta
• Using 3 Samples (not 9 yet)

• Numu + CC0Pi selection cuts
• Numu + CC1Pi selection cuts
• Numu + CCOther selection cuts

• BANFF flux covariance matrix (only ND280 part)
• Approx. 10 mins of computing

Fit



Covariance Matrices

5

Xsec covariance matrix (on iRODS)

/QMULZone1/home/asg/asg2019oa/xseccovs

Need to generate splines to propagate the effect of the 
cross-section uncertainties 



Using T2KReWeight
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T2KReWeight is a collection of “reweight” engines that propagate the effect of the 
systematic uncertainties on each event.

• With the nominal value of nuisance parameters, the event have a weight of “1”.
• Nuisance parameters are sampled around the prior (usually ~3 to 5 times) and the 

events are re-weighted.
• For each event, and each systematic, a graph is generated.

• 2020 OA has its weights generator : genWeightsFromNRooTracker_BANFF_2020
• BANFF is using its output to make “unbinned” splines
• genWeightsFromNRooTracker_BANFF_2020  Generates graphs we wants for the 

covariance matrix

Weight

Nuisance Parameter



Using T2KReWeight

7

• genWeightsFromNRooTracker_BANFF_2020  Generates graphs we wants for 
the covariance matrix

• How does the BANFF use these files ?
(A) Consider a given nuisance parameter
(B) Take each event in the flat tree of the genWeights output file
(C) Get the corresponding graph for each event
(D) Convert each graph into splines (continuous)
(E) Apply the corresponding weight to the events 
(F) Gather all the reweighted events in the [p_mu, cos_theta_mu] histogram for the fit

• How does the xsllhFitter deals with systematics ?
(A) Consider a given nuisance parameter
(B) Take a collection of splines that each belong to a given bin (let’s say p_mu, ct_mu)
(C) Take each event in the MC tree and attribute them a given spline bin
(D) Reweight the events according to their designated binned spline
(E) Gather all the reweighted events in the [p_mu, cos_theta_mu] histogram for the fit

• Need to build those binned splines

Nuisance Parameter

Weight



Building Binned Splines
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• xsllhGenWeightsBinner is in charge on this task (my new xsllhFitter executable)

• xsllhFit uses pre-formatted MC TTrees
• Make the connection between 
• Match all events within the genWeights output file (meaning the flat-tree associated to the graphs trees)
• “Run”, “SubRun” and “vertexID” are used to identify all the events

• Extract all “good” graphs, gather them in their corresponding bin (p_mu, ct_mu, topology and reaction)
• Directly inspired by the BANFF code to make the extraction

• Make an averaged graph out of all the graphs in a corresponding bin
• Convert the averaged graphs into splines

• Some xsec splines are not present in genWeight file : behaving as norm factor
• Generating those in the same format

• Generate a json config file with all the parameters the fitter need:
• Systematic name
• Nominal value
• Limits
• Path to the File



Building Binned Splines
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What’s left to do ?
• Need to generate the splines for anti-neutrinos
• Only ~5 to 10% of the genWeights file are matching (am I cutting too much events ?)
• 2p2h_shape splines are missing (graphs are present ):

• For the moment, chopping the matrix
• Some bins are still empty : interpolation needs to be implemented
• Still need to understand some parameters in the fitter config files…
• ND280 fit should be working then



T2K-SK Joint Fit



Generating Atmospheric Neutrinos

11

• Using Honda et al. model used for SK analysis

• http://www.icrr.u-tokyo.ac.jp/~mhonda/ 
• Each neutrino have been simulated

• Based on cosmogenic muon flux measurements
• Taking into account seasons fluctuations
• Including the shadowing of the mountain over SK
• 2 data samples provided regarding solar activity

• Data files are delivered with 3 variables:
• Neutrino energy
• Cosinus of the zenith angle in SK
• Phi angle (coarser binning)

• Convert the data file into 2D ROOT histograms
• Averaging over phi angle
• Python script

• What’s not included ?
• Detector acceptance wrt to angle / energy / neutrino type

• Assuming uniform inefficiency

http://www.icrr.u-tokyo.ac.jp/~mhonda/


• Neutrino oscillation are:
• The consequence of a mixing (propagation and interaction states are different)
• Effect of interference between mass states
• Manifestation of change of the relative phase

• Propagation through matter affect the mass states

• The Hamiltonian have dependency on the local electron density (and neutron density as 
well)

• This leads to new mass states, and thus new mixing with interaction states
• If matter density is varying, off diagonal terms appears

• Translate the fact that neutrino can jump mass states when matter density change too 
quickly (it’s what happen in the sun)
• Called the MSW effect

Neutrino Propagation in Matter
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Earth Density Model
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• Using Preliminary Reference Earth Model (PREM)

• Provide an estimation of the earth density
• Paper published in the 80’s
• They used acoustic wave velocity to deduce the matter density 

(earthquake data)
• Is there a better model today ?

• Utilising their data
• Gather in several layers layers
• Each layer have a polynomial parametrisation
• Easily converted in ROOT TFormulae



Earth Density Model
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• Which Uncertainties on PREM ?

• Consider them as negligible as a first order approx
• Might have to include them as some point

https://www.nature.com/articles/srep15225

No detection smearing effects

https://www.nature.com/articles/srep15225


• Neutrino propagation through the earth ?

• As Blennow et al. (2013) says :

• Can neglect state conversions on the fly ( No MSW = adiabatic regime )
• Matter effects can either enhance or suppress the oscillations
• We need to monitor the flavor composition along each neutrino track

• ModProb3++ is work package which can do this task

• It’s principle is based on Barger et al. (1980) 
• Consider the earth as multiple layers of constant density
• This approx is satisfying for most of the phase space but start to show errors at 

E < 1GeV
• These energies correspond to the T2K beam energy

• Need to make more steps of constant density in matter

Neutrino Propagation in Matter

15

Wallraff et al. (2015)

https://www.hindawi.com/journals/ahep/2013/972485/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.22.2718
https://www.sciencedirect.com/science/article/pii/S0010465515002799?via=ihub


Neutrino Generator
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• Generating a neutrino track

• Honda et al. provides all the information we need
• The normalisation of each histogram (nu_mu, nu_mu_bar, nu_e, nu_e_bar) 

gives the proportion of each neutrino type (detection efficiency is not 
considered)

• Random sampling of the Energy/cos_zenital_angle in the 2D histograms
• Uniform distribution in phi
• Assuming constant neutrino production altitude (15km) : R(earth)

• More precise data are being implemented with energy/angular dependency 

• Deduce other useful observables
• Propagation length : radius component in the SK reference frame
• Average matter density : follow the track by probing matter density at multiple 

steps from emission to SK
• SK solid angle : area of SK (40m^2)/(propagation_length^2)

SK
Z



Neutrino Generator
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What’s left to do ?
• Integrate rough estimation of the detection efficiencies : use SK paper for energy dependency

• Propagate neutrino through matter to monitor interaction states at SK
• Build expected oscillograms in SK and identify the regions of interest

Compare this spectrum 
with the generated 
tracks

Blennow et al. (2013)

https://www.hindawi.com/journals/ahep/2013/972485/


Thanks for Listening


