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Detector systematics &  
oscillation parameter estimation 
Leïla Haegel   /   IP2I Lyon
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Detector & reconstruction systematics for oscillation parameter estimation

• What are the current uncertainties?

• How were they chosen?

• Ideas to improve them, can ProtoDUNE help?

Notes:

• Only discussing beam (anti)neutrinos in here

• Focusing on the far detector

• This is gathering information from previous work from here and there,  

not everything is documented

• To be used as a basis for discussion and future work
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Long-baseline neutrino oscillation physics potential of the DUNE experiment

• arXiv:2006.16043 

• Journal article adapted from the technical design report (TDR)

Event selection

• MC simulation of FD w/ HD (no VD, « single phase » era )


• Events are classified as  or  with a convolutional visual network  
(hit pattern recognition): arXiv:2006.15052


•  = energy of the longest reconstructed track + hadronic energy 
                    contained track:  from range 
                    not contained track:  from multiple Coulomb scattering


•  = energy of the highest energy shower + hadronic energy 
                   


(−)νμ
(−)νe

E(νμ)
E(μ)

E(μ)

E(νe)
charge of hits not in longest 
track / high energy shower

https://arxiv.org/pdf/2006.16043.pdf
https://arxiv.org/pdf/2006.15052.pdf
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Neutrinos:

• 


Muons:

•   (contained tracks) 

 (exiting tracks)

Electrons:


•  + non-Gaussian tail due to shower leakage, anticorrelated 
with the hadronic energy measurement


Hadronic energy:

• , with possible improvements by: 

     - identifying individual hadrons 
     - adding masses of charged pions 
     - applying particle-specific recombination corrections 

E(ν) ≃ 15 − 20 %

E(μ) = 4 %
E(μ) = 18 %

E(e) = 4% ⊕ 9 % E(e)

E(h) = 34 %
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Energy scale & particle response uncertainty:

E′￼rec = Erec × (p0 + p1 Erec +
p2

Erec
)

nominal reconstructed energy reweighed reconstructed energy 

fit free parameters with 
a priori constraint
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A priori values on free parameters:

E′￼rec = Erec × (p0 + p1 Erec +
p2

Erec
)
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A priori values on free parameters:

E′￼rec = Erec × (p0 + p1 Erec +
p2

Erec
)

• Details from Chris Marshall 
presentation on November 2023 
at the calibration meeting:

(e.g. due to uncertainties in the electric field)

https://indico.fnal.gov/event/62043/
https://indico.fnal.gov/event/62043/
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A priori values on free parameters:

E′￼rec = Erec × (p0 + p1 Erec +
p2

Erec
)

• Details from Chris Marshall 
presentation on November 2023 
at the calibration meeting:

https://indico.fnal.gov/event/62043/
https://indico.fnal.gov/event/62043/
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A priori values on free parameters:

E′￼rec = Erec × (p0 + p1 Erec +
p2

Erec
)

• Details from Chris Marshall 
presentation on November 2023 
at the calibration meeting:

https://indico.fnal.gov/event/62043/
https://indico.fnal.gov/event/62043/
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A priori values on free parameters:

E′￼rec = Erec × (p0 + p1 Erec +
p2

Erec
)

• Details from Chris Marshall 
presentation on November 2023 
at the calibration meeting:

https://indico.fnal.gov/event/62043/
https://indico.fnal.gov/event/62043/
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• Chris Marshall presentation on November 2023 at the calibration meeting:

https://indico.fnal.gov/event/62043/
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• Chris Marshall presentation on November 2023 at the calibration meeting:

➡ Energy scale have larger effect 
than cross-section and flux 
uncertainties that are well 
constrained by the near detectors 
data

https://indico.fnal.gov/event/62043/
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• Chris Marshall presentation on November 2023 at the calibration meeting:

https://indico.fnal.gov/event/62043/

