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ND280-Upgrade Fitter



What’s Next ? (last meeting)
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• X-section splines generation
• Generate antineutrino splines: for the moment genWeights does not run on RHC runs (debug 

stage in discutions with devs…) - Done

• Detector-related Systematics
• Highland has been ran on all MC files - Done
• Need to generate the covariance matrix with “xsllhDetVariations” - Done

• ND280Up Fit
• Fix non-Zero Asimov chi^2 - Done
• Fix convergence problem - Done
• Add detector covariance matrix - Done
• Adding a branch to the official repository dedicated to T2KUpgrade - Done



A Branch Dedicated to ND280Upgrade
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• The code is now available on gitlab : https://gitlab.com/cuddandr/xsLLhFitter/-/tree/ND280UpFit

https://gitlab.com/cuddandr/xsLLhFitter/-/tree/ND280UpFit


In fact no ! “Absolute” means the 
fractional uncertainty (what I called 
“relative”), instead of “in units of sigma”

Fixing X-Axis Scale on Splines
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• In xsllhFitter the X-axis of the spline (representing the 
variation of the nuisance parameter) is actually an 
absolue scale

• But BANFF X-axis are expressed in term of relative 
deviation right ?
• All splines are centred at 0
• The X=0 point represents the nominal value
• Do non-zero values are scaled by the error (sigma), or in 

relative deviation ? -> Well… It depends !

• xsllhFitter spline file:

Nominal Value

Wait… Does this means these specific 
systematics are expressed in absolute, not 
relative ?

• By default, components are scaled in unit of sigmas
• But some are set on a relative scale 



Fixing X-Axis Scale on Splines
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• Alright ! Lets plug this new changes into the fitter
• However, some systematic parameters which are label as “relative” have a nominal value of 0

PARKOUR!

• Then these 3 components shouldn’t be labeled as relative variation
• Should it be corrected for the BANFF ?



Asimov Fit Attempt
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• Fix non-Zero Asimov chi^2 - Solved

• Still non-zero, but very close tho
• This is because when TGraphs are converted to splines, the weight at the nominal value is not exactly 1

• Fix convergence problem - Solved

Old

New

The best fit has been found at the nominal value for 
each systematic



Asimov Fit Attempt
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Prior Posterior

Fit

ND280 flux 
param. X-sec params.



Building the Detector Covariance Matrix
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• ND280Up Fit
• Add detector covariance matrix

• Highland has been ran on all MC files
• Need to generate the covariance matrix with “xsllhDetVariations”

• Strange segfault happens -> some c++ objects are getting lost along the way - Fixed
• May be due to a lack of copy constructor in the struct handling all the inputs - Done

• The generated matrix has a strange shape
• The yellow brick correspond to CC1Pi/CCOther samples
• The covariance matrix should be expressed is relative variation of 

each p_mu/cos_theta_mu bin
• A lot of values are above 1



Building the Detector Covariance Matrix
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• This index refers to FGD1 and FGD2
• It was not implemented xsllhDetVariation
• Now the program is looping over the 2 FGDs to compute the covariance

• Checking the values
• In xsllhDetVar, implemented histograms to monitor the uncorrelated uncertainty in each bin on an absolute scale
• The order of magnitude for each diagonal term varies from few % to ~40 %



Inverting Detector Covariance Matrix
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• The matrix isn’t invertible
• This was expected since the matrix is binned on the p_mu, 

cos_theta_mu
• Since the number of detector parameters is lower than the 

number of bins, some Eigen values must be vanishing

• Needs to get rid of the extra dof
• Implementing SVD matrix inversion

• We can ignore the pathological degree of freedom by removing 
them from the sum

• Applying a cut-off when the Eigen value is lower than 10^-5 
times the highest value

• Projecting the data on the remaining dof might be necessary 
(ignored at the moment)
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Must be computation noise



Fitting with All the Systematics
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• Works, but the fitter takes too much time
• CPU time limit has been reached on the CC Lyon
• Even the “long” queue is not enough due to the 

parallelisation
• The fitter reached 37000+ steps

• Needs to be cleaver on how the detector 
parameters are propagated
• Need to make the fitter play with only the non-vanishing 

parameters (like the BANFF does with PCA ?) - Now Done



What’s Next ?
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• ND280Up Fit
• Implement proper PCA - Done
• Validation with BANFF data

• Perform a fit with the upgrade MC
• Keep all systematics
• Change the phase space to dpT/dalphaT

• Postponed tasks
• ND280Up Fit : Include antineutrino to the Fit
• ND280Up Fit : Implement better indexing of splines
• X-section splines generation : Generate Validation Plots



T2K-SK Joint Fit



SK MC Files
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• Roger provided us the ntuple containing the atmospheric 
MC neutrino data
• ~500,000 entries
• The format is similar with the beam data
• For the new branches, Roger provided a README file describing 

how we a supposed to use them
• The events selection is described in:

• M. Jiang et al. PTEP 053F01 (2019)

https://academic.oup.com/ptep/article/2019/5/053F01/5488936


First Step : Reproducing the Spectra from SK-IV Paper
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• Reproducing FC Sub-GeV nue/nue_bar spectrum
• Cuts :

• AnaEventType : SubGeV_elike_0dcy or SubGeV_elike_1dcy
• Number of reconstructed rings : 1
• PID : electron
• Vertex distance to the wall : > 50cm (expanded FV)

• Normalisation :

• Observable :
• Neutrino energy isn’t available : use of the CCQE formulae to get it from the momentum

osc weight 3 flavors × solar activity weight × 3244.4/365.25 × 1/100.0

SK livetime MC has been produced with x100 stat



First Step : Reproducing the Spectra from SK-IV Paper
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• Distributions are different:

Lack of events : wrong cuts applied

Misplaced peak
Need to weight with the detection efficiency ? 



First Step : Reproducing the Spectra from SK-IV Paper
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• After Monday’s meeting, Roger updated the ntuples and the README with more details
• Now we have access to the truth informations
• Proper re-weighting variables for the oscillation

• What’s left we need ?
• PC events are not included at the moment
• Production altitude will be included



First Step : Reproducing the Spectra from SK-IV Paper
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Thanks for Listening


