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MINERvA data in the 
community (non-exhaustive!)

How the neutrino scattering community uses 
MINERvA data to do A, B and C!

A T2K-centric view
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Introduction
● MINERvA has been pushing cross-sections since 2012

● You might be working towards a thesis adding to this large 
ensemble

● What happens to an analysis after publication?
● Why are your measurements important?
● Who uses your data and how?
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Me
● I did my PhD on T2K, spent parts on writing NUISANCE

– Compared NEUT generator to data sets

● External data is fairly large effort on T2K
– Informs experiment of external cross-section constraints and 

model choices; impacts oscillation analyses
– Callum used MINERvA+MiniBooNE CCQE/CC0π data to choose 

Spectral Function or RFG for oscillation analysis
– Patrick extended this work, put in z-expansion and much more
– I worked in parallel on single pion production models

● NUISANCE has 117 MINERvA data sets
– 7 CC-inclusive, 12 CCQE, 27 CC0π, 38 CC1π+,-,0, 15 CCNπ+,-,  

6 CC DIS, 12 CC coherent
– Your measurements gives us plenty of work!
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T2K and MINERvA
● Cross-sections impact oscillation analyses

● Constrained by near detector, but doesn’t match SK perfectly
● Can inform model choices for σ(Eν, x) from external experiments

● T2K signal definition is 1µ 0π
– CCQE, 2p2h and CC1π with low pπ

– Prioritises the model development
– And the data we use to inform

Luke Pickering
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T2K and MINERvA
● Can inform model choices for σ(Eν, x) from external experiments

● T2K also imposes penalties for parameters moving far away from 
their expectation
– These expectations are sometimes informed by MINERvA

Phys. Rev. D 96, 092006 (2017)

i,j = MA
QE, 2p2h normalisation, etc...
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T2K and MINERvA, CC0π
● In 2014/2015 analyses T2K had to choose between 

Spectral Function and Relativistic Fermi Gas
● Fit MINERvA and MiniBooNE CC0π data with 

different models and parameters

Phys. Rev. D 93, 072010 (2016)

MINERvA CCQE neutrino MINERvA CCQE anti-neutrino
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T2K and MINERvA, CC0π
● Post-fit found very similar χ2

– RFG+RPA+2p2h: 97.8 
– SF+2p2h: 97.5

● Neither model adequately describes data
● Assigned to tension between MiniBooNE and MINERvA data
● RFG+RPA+2p2h best described data independently

Phys. Rev. D 93, 072010 (2016)

MINERvA CCQE neutrino MINERvA CCQE anti-neutrino
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T2K and MINERvA, CC1π
● T2K tried similar process for single pion production
● Fitting MiniBooNE and MINERvA CC1π+ and CC1π0 data 

simultaneously

● Used mostly as a cross-check of a nucleon tuning
● Found nucleon/nuclear tension (similar to recent MINERvA paper)
● Found MiniBooNE controlled fit; lacking covariance matrix

Link to workshop

MINERvA CC1π0 neutrinoMiniBooNE CC1π+ neutrino

https://indico.fnal.gov/event/11610/session/18/contribution/12/material/slides/0.pdf
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T2K and MINERvA, CC1π
● Also used MINERvA 1π data for comparison of new developed 

single pion models

Link to workshop

https://indico.fnal.gov/event/11610/session/18/contribution/12/material/slides/0.pdf
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T2K and MINERvA, collaboration
● Have started working closely on e.g. transverse variables
● Benefiting from cross-experiment members

– Stephen Dolan and Xianguo Lu, single transverse variables

– David Coplowe, double transverse variables
– Kevin McFarland, NIWG convener
– ...me?

arxiv link

https://arxiv.org/pdf/1810.06043.pdf
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T2K and MINERvA, collaboration
● MINERvA has been forthcoming with providing “MnvGENIE”
● Patrick tested the 2p2h tune against T2K data and was found 

worse that T2K’s 2p2h tune

MINERvA CC-inclusive data T2K CC0π data
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NOvA and MINERvA
● Many NOvA collaborators are ex-MINERvA

– Jeremy Wolcott, Anne Norrick, Aaron Mislivec etc (sorry if I 
missed your favourite!)

● RikRPA, developed by MINERvA collaborators and used by NOvA

● Also gets applied to RES events

RikRPA weight for CCQE events
GENIE <2.12

RikRPA weight for CCQE events
GENIE <2.12
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NOvA and MINERvA

● CC-inclusive Eav q3 inspiration
● NOvA tune 2p2h in to make

up for missing cross-section in
 Eav q3

Xianguo
Jeremy

https://indico.cern.ch/event/703880/contributions/3157437/attachments/1734692/2805233/Xianguo_Lu.pdf
https://indico.fnal.gov/event/20244/session/8/contribution/77/material/slides/0.pdf
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NOvA and MINERvA
● Dedicated NOvA-MINERvA workshop in Sep 2018

– Link here
● Discussed the NOvA and MINERvA tunes, 

discrepancies and how MINERvA can keep helping 
NOvA

https://minerva-docdb.fnal.gov/cgi-bin/private/DisplayMeeting?sessionid=7552
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DUNE and MINERvA
● The DUNE Technical Design Report is in its final stages
● Many neutrino cross-section systematics are inspired from 

MINERvA experience
– e.g. MINERvA tunes, single pion production tunes

● Neutron measurements at MINERvA are paving the way
– CH cuboid detectors using MINERvA as reference
– 3DST detector in DUNE
– SuperFGD in T2K-II/Hyper-K
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Generators and MINERvA
● Hopefully convinced you T2K and NEUT have used MINERvA
● Ulrich uses it to claim GiBUU is nature (although MiniBooNE is 

not part of nature)

● Jan uses it with NuWro to investigate incompatibilities with 
MINERvA and MiniBooNE descriptions

● GENIE will likely use MINERvA data for their future tunes

GiBUU: Phys. Rev. C 96, 
015503 (2017)

NuWro: Phys. Rev. C 91, 045501 (2015)
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Theorists and MINERvA
● SuSAv2 are testing their models against MINERvA data

link

https://arxiv.org/abs/1807.10532
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Theorists and MINERvA
● Relativist Plane-Wave Impluse Approximation (RPWIA) tests 

against MINERvA and MiniBooNE data

link

MiniBooNE CC1π+ MINERvA CC1π+

Hyb = Their model
OSMM = Oset in Medium Modifications

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.97.013004&v=908c9825
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Theorists and MINERvA
● Artur Ankowski is testing their SF against MINERvA data

link

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.92.013007&v=dde2e947
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How things can improve

The following opinions are from someone tuning generators and 
providing constraints for oscillation experiments

My primary interest is model dependence

I don’t want to be fitting my generator to features of your 
generator

DISCLAIMER
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How things can improve
● Have hopefully convinced you that your cross-section is important
● But be responsible in your analysis!
● Study your model dependence very carefully, and when you think 

you’re done, study it even more

● Please don’t use theory quantities like Eν
True, Wtrue, Q2

True: it confuses 
everyone and has unnecessary model dependence
– E.g. first pion analysis placed W cuts, Ulrich was very upset
– Some analyses still insist on cutting on true neutrino energy
– Or publishing dσ/dQ2

● Are you really claiming to understand the complex nuclear 
dynamics involved in reconstructing these quantities?
– If there’s a model in 5 years that explains all neutrino data, how 

wrong is your data? Will your result be used to refute the 
perfect model because of your data’s model dependence?

https://arxiv.org/pdf/1502.08032.pdf
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How things can improve
● Efficiency correcting in a region of rapidly changing efficiency?

– Please don’t sprinkle your data with GENIE!
– Please don’t fill in efficiency holes with GENIE! Sadly case in CC1π±

● Place strict signal definition cuts rather than selection cuts

– If you can’t see pions above Tπ=350 MeV or θπ>60º, make it a signal 
definition requirement

Where is this 
data point 
from?!
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How things can improve
● Consider the disclaimer
● I personally don’t understand why this needs to be done

● From this week’s MINERvA CC1π- cross-section on the arxiv

Where is this 
data point 
from?!

https://arxiv.org/abs/1906.08300
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How things can improve
● Careful release of data: have your friends in NUISANCE test it

– Have found incomplete data releases, e.g. missing covariances
– Ozgur’s CC1π0 covariance matrix was wrong, publishing 

erratum
– Some covariance matrices don’t decompose; difficult for 

outside world to interpret
– Unclear signal definitions

● Mistakes will always happen, but it’s good to put your release 
through a sanity test before letting it out in the wild
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Conclusions
● MINERvA have been central in the neutrino cross-

section community for the last few years
– Has helped oscillation experiments with priors
– Interfaced with generator model development and choices
– Providing theorists with benchmarks for models
– Cross-experiment collaboration for maximum juice!

● Hopefully keep it going for years with robust data 
preservation effort

● Want your data to be used by someone like me?
– Be ultra paranoid about model dependence
– Show me how paranoid you’ve been!
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Thanks!
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