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THE ND280 UPGRADE PROJECT
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SuperFGD
• CH target
• ~2 mil. 1cm3 cubes
• ~2 tons fid. mass
• Low particle detection thresholds
• Full 3D reconstruction

HA TPCs
• Resistive Micromegas
• Horizontal
• Ensure 4π coverage
• Excellent momentum and space resolution

Installation this year
@ J-PARC



A BETTER PICTURE OF THE FINAL STATE
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True process
CCQE
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What we see
CC0π

?

Only muons 
currently used in 
ND analyses
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What we see
CC0π

?

Only muons 
currently used in 
ND analyses

Current ND280 ND280 Upgrade ü High angle muons
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What we see
CC0π

?

What happens here 
influences EQE

Only muons 
currently used in 
ND analyses
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What we see
CC0π

?
Hadrons can give us a 
handle on nuclear effects



A BETTER PICTURE OF THE FINAL STATE

21.04.22 LAURA MUNTEANU - EP-NU GROUP MEETING 8

What we see
CC0π

?
Hadrons can give us a 
handle on nuclear effects
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What we see
CC0π

?
Hadrons can give us a 
handle on nuclear effects
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EXPLOITING ND280 UPGRADE CAPABILITIES

¡ New, more powerful variables
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¡ New, more powerful variables
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ND280 UPGRADE SENSITIVITY STRATEGY 1.0

¡ Use (new) SuperFGD detector simulation and reconstruction 

¡ Generate interactions with NEUT 5.4.0

¡ Just consider CC0π interactions

¡ Spectral Function, Nieves 2p2h, simplified FSI effects

¡ Fit variables

¡ δpT, Evis

¡ δαT, Evis

¡ Systematic errors
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ND280 UPGRADE SENSITIVITY 1.0 - RESULTS
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• Consistent improvement of all systematics
• 1-3 MeV constraint on binding energy shift
• First time proof of nucleon FSI constraints with δαT

Analysis by V. Nguyen
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• Consistent improvement of all systematics
• 1-3 MeV constraint on binding energy shift
• First time proof of nucleon FSI constraints with δαT

• Published! Phys. Rev. D 105, 032010

Analysis by V. Nguyen

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.032010


ND280 UPGRADE SENSITIVITY 2.0 – CURRENT WORK

¡ Development of a new multi-purpose fitting framework – GUNDAM

¡ User-friendly interface

¡ Can be used for Near Detector fits and cross-section analyses

¡ Many contributors and easy maintenance

¡ Highly optimized performance

¡ E.g. T2K ND280 full stat fits take a couple of hours

¡ Modular structure to accommodate sophisticated models and fits
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Developed by A. Blanchet



GUNDAM MILESTONE – REPRODUCING THE T2K ND FIT (OA2020)

¡ To validate the framework, we’ve tested Gundam by trying to reproduce the Neutrino 2020 frequentist ND fit 
(BANFF)

¡ Main analysis (data+Asimov)

¡ Fake data studies

¡ Results agree within a few percent

¡ Fit converges in ~17h (down from ~3 days)

¡ Currently finalizing validations and preparing Technical Note
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Flux parameters Cross-section parameters

Analysis by A. Blanchet



PRELIMINARY SUPERFGD SAMPLES
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• Using selections similar to those used in T2K
• Perform simultaneous fit of 2D samples

Analysis by J. Chakrani
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PRELIMINARY SUPERFGD FITS RESULTS
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• Different fit variables for different effects
• Evis, δpT – nuclear effects (SF parameters, 2p2h, 

pion absorption)
• Lepton kinematics – effective parameters (Q2

freedoms, Pauli blocking)
• So far no detector systematics
• Plan to use official SuperFGD MC production once 

available
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Analysis by J. Chakrani



NUCLEON FSI

¡ To realise the full potential of ND280 upgrade, it is essential to have good control over 
nucleon FSI uncertainties 

¡ Ongoing work studying the differences in predictions of alternative FSI models 

¡ Focus on “INCL”, a cascade model with richer physics than what’s in our usual generators
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Analysis by A. Ershova

¡ INCL predicts 
significant nucleon 
absorption and nuclear 
cluster production

¡ Potential for large 
impact on expected 
nucleon momentum 
distributions accessible 
to ND280 upgrade

INCL = INTRANUCLEAR CASCADE LIEGE

INCL NuWro

https://arxiv.org/abs/2202.10402

https://arxiv.org/abs/2202.10402


NUCLEON FSI

¡ INCL further predicts different evolution of 
nuclear transparency (FSI strength) with nucleon 
momentum …
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¡ … and different momentum loss inside the 
cascade

Next steps
• Use INCL to motivate better 

uncertainties in our current models.
• Potentially key for systematic constraints 

at T2K

Analysis by A. Ershova

https://arxiv.org/abs/2202.10402

https://arxiv.org/abs/2202.10402


ELECTRON NEUTRINO CROSS SECTIONS
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Analysis by T. Dieminger

¡ Ongoing studies are investigating potential 𝜈! constraints using the SFGD

¡ Expect interesting model separation power, but would need more mass to set an unambiguous 
𝜈! constraint at much better than the 10% level 

¡ However, 𝜈! / 𝜈" differences only depend on the cross section in regions of kinematic phase-
space where lepton mass differences matter

¡ Potential to probe this with creative 𝜈! measurements



ELECTRON NEUTRINO CROSS SECTIONS

¡ Also investigating the potential for 
nuclear effects to alter the 𝜈! / 𝜈" cross 
section 

¡ Early studies suggest that ~28% (38%) 
of 𝜈! events at the FD are in a region of 
phase space where predictions of the 
𝜈! / 𝜈" ratio predicted by the CRPA 
and SF models differ by more than 5% 
(4%)
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A more detailed update on these studies is coming soon!

Analysis by T. Dieminger

2%
3%
4% 5%



CONCLUSION AND PROSPECTS

¡ ND280 Upgrade will play a crucial role in T2K-II

¡ Systematic uncertainties (in particular related to neutrino-nucleus interactions) need to be controlled and 
understood

¡ “Simple fitter” studies have shown a consistent reduction of systematic errors as a function of POT

¡ Taking these studies further – performing multi-dimensional, joint fits on all SuperFGD samples

¡ Work in progress, also expecting new SuperFGD production and selections

¡ Ongoing studies on nucleon FSI 

¡ Exploring the capabilities of ND280 Upgrade to measure νe cross-sections

¡ Further plans (non-exhaustive):

¡ Estimate quantitatively (using p-theta) the impact of upgrade samples on oscillation parameters (S. Zsoldos)

¡ Additional items to study: pions, π0 rejection with P0D ECal, improved wrong sign rejection…

¡ Devise a more sophisticated neutrino interaction model (iterating with ND280 Upgrade data analyses)

¡ Splining flux systematics
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