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OVERVIEW, THEORETICAL CONTEXT, EVENT RATE AND OSCILLATION PARAMETERS

Chapter 1: Standard neutrino oscillation physics program 1–1

Chapter 11

Standard neutrino oscillation physics program2

1.1 Beam neutrinos3

1.1.1 Overview and Theoretical Context4

Assigned to: Mayly Sanchez5

No changes from CDR.6

1.1.2 Expected Event Rate and Oscillation parameters7

Assigned to: Mayly Sanchez8

Oscillation parameter values and uncertainties input into the fitter. Integrated event rates expected9

in the FD. Section to be taken from CDR. For the expected event rate, ignore any description10

about sensitivity calculations as that will be in the next section. For the oscillation parameters,11

an update to current best parameters for DUNE needs to be done.12

• CDR Table 3.1: Expected POT/yr at various beam power and proton momenta (Update to13

include engineered beam)14

• CDR Table 3.2: Beam parameters CDR vs Engineered (Update to engineered beam only)15

• CDR Figure 3.1: Appearance probabilities (nu and anu) for various dcp values. (No Update)16

• CDR Table 3.4: central values and relative uncertainties (assuming Gaussian priors only)17

from NuFit20xx. Figures may need to be added if more sophisticated priors are used.18
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SENSITIVITY METHODSChapter 1: Standard neutrino oscillation physics program 1–2

1.1.3 Sensitivity methods1

Assigned to: Elizabeth Worcester with contributions from Chris Backhouse and Callum Wilkinson.2

Method for calculation of sensitivity should be described. Describe previous work with Globes3

which might include validation of new software framework. Describe CafAna and any specifics of4

the DUNE fits.5

• Sensitivity Calculation Methods - Text from CDR6

• Statistical Methods - Text from CDR7

• GLoBES - EW8

• CAFAna Methods - CB9

• Dune fit - CW10

1.1.4 Flux Inputs and Uncertainties11

Assigned to: Laura Fields with contributions from Zarko Pavlovic.12

This section should discuss the flux relevant to the LBL physics and refer to the relevant parts of13

the description of the beam in the TDR.14

Description of the flux. This section includes the description on how the beam has been optimized.15

• Short summary of the beam section relevant to LBL physics16

• Plots of the flux (reproduced)17

• Discussion of optimization for LBL physics18

• Uncertainties: sources, constraints, parameterization19

1.1.4.1 Optimization of the LBNF Beam Designs20

It is likely that this section no longer belongs here. Please comment it out.21

• Figure 3.31 Sensitivity comparisons (CPV & MH) between CDR and Engineered beam de-22

signs23
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FLUX INPUTS AND UNCERTAINTIES 

Chapter 1: Standard neutrino oscillation physics program 1–2

1.1.3 Sensitivity methods1

Assigned to: Elizabeth Worcester with contributions from Chris Backhouse and Callum Wilkinson.2

Method for calculation of sensitivity should be described. Describe previous work with Globes3

which might include validation of new software framework. Describe CafAna and any specifics of4

the DUNE fits.5

• Sensitivity Calculation Methods - Text from CDR6

• Statistical Methods - Text from CDR7

• GLoBES - EW8

• CAFAna Methods - CB9

• Dune fit - CW10

1.1.4 Flux Inputs and Uncertainties11

Assigned to: Laura Fields with contributions from Zarko Pavlovic.12

This section should discuss the flux relevant to the LBL physics and refer to the relevant parts of13

the description of the beam in the TDR.14

Description of the flux. This section includes the description on how the beam has been optimized.15

• Short summary of the beam section relevant to LBL physics16

• Plots of the flux (reproduced)17

• Discussion of optimization for LBL physics18

• Uncertainties: sources, constraints, parameterization19

1.1.4.1 Optimization of the LBNF Beam Designs20

It is likely that this section no longer belongs here. Please comment it out.21

• Figure 3.31 Sensitivity comparisons (CPV & MH) between CDR and Engineered beam de-22

signs23
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NEUTRINO INTERACTIONS AND UNCERTAINTIESChapter 1: Standard neutrino oscillation physics program 1–3

1.1.5 Neutrino Interactions and Uncertainties1

Assigned to: Kevin McFarland with contributions from Kendall and the DuneReweight group.2

This section has a description of event generator used, justify choices of model and a description3

of Dune Reweight and treatment of the uncertainties.4

This will be organized by reaction type or e�ect, preferably with overarching categories as subsec-5

tions.6

• Interaction Model Choices and Uncertainties7

1.1.6 Near Detector and Uncertainties8

Assigned to: Chris Marshall with contributions from Mike Kordosky and Steven Manly.9

This section describes assumptions in the Near Detector simulation and “reconstruction". Some10

thought has to go into the connection with the ND CDR and any other ND description in the11

TDR.12

• Simulations13

• “Reconstruction" and kinematic variables14

• Event Selections15

• Samples16

• Detector Response Systematic Uncertainties17

• Connection to Flux and Cross Section Systematic Uncertainty18

• DUNE PRISM19

1.1.7 Far Detector and Uncertainties20

Assigned to: Dan Cherdack with contributions from Leigh Whitehead, Callum Wilkinson, Eliza-21

beth Worcester and Tingjun Yang.22

This section describes assumptions in the Near Detector simulation and reconstruction. Some23

thought has to go into the connection to the Far Detector chapter in the TDR.24
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NEAR DETECTOR AND UNCERTAINTIES 

Chapter 1: Standard neutrino oscillation physics program 1–3

1.1.5 Neutrino Interactions and Uncertainties1

Assigned to: Kevin McFarland with contributions from Kendall and the DuneReweight group.2

This section has a description of event generator used, justify choices of model and a description3

of Dune Reweight and treatment of the uncertainties.4

This will be organized by reaction type or e�ect, preferably with overarching categories as subsec-5

tions.6

• Interaction Model Choices and Uncertainties7

1.1.6 Near Detector and Uncertainties8

Assigned to: Chris Marshall with contributions from Mike Kordosky and Steven Manly.9

This section describes assumptions in the Near Detector simulation and “reconstruction". Some10

thought has to go into the connection with the ND CDR and any other ND description in the11

TDR.12

• Simulations13

• “Reconstruction" and kinematic variables14

• Event Selections15

• Samples16

• Detector Response Systematic Uncertainties17

• Connection to Flux and Cross Section Systematic Uncertainty18

• DUNE PRISM19

1.1.7 Far Detector and Uncertainties20

Assigned to: Dan Cherdack with contributions from Leigh Whitehead, Callum Wilkinson, Eliza-21

beth Worcester and Tingjun Yang.22

This section describes assumptions in the Near Detector simulation and reconstruction. Some23

thought has to go into the connection to the Far Detector chapter in the TDR.24
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FAR DETECTOR AND UNCERTAINTIES 

Chapter 1: Standard neutrino oscillation physics program 1–3

1.1.5 Neutrino Interactions and Uncertainties1

Assigned to: Kevin McFarland with contributions from Kendall and the DuneReweight group.2

This section has a description of event generator used, justify choices of model and a description3

of Dune Reweight and treatment of the uncertainties.4

This will be organized by reaction type or e�ect, preferably with overarching categories as subsec-5

tions.6

• Interaction Model Choices and Uncertainties7

1.1.6 Near Detector and Uncertainties8

Assigned to: Chris Marshall with contributions from Mike Kordosky and Steven Manly.9

This section describes assumptions in the Near Detector simulation and “reconstruction". Some10

thought has to go into the connection with the ND CDR and any other ND description in the11

TDR.12

• Simulations13

• “Reconstruction" and kinematic variables14

• Event Selections15

• Samples16

• Detector Response Systematic Uncertainties17

• Connection to Flux and Cross Section Systematic Uncertainty18

• DUNE PRISM19

1.1.7 Far Detector and Uncertainties20

Assigned to: Dan Cherdack with contributions from Leigh Whitehead, Callum Wilkinson, Eliza-21

beth Worcester and Tingjun Yang.22

This section describes assumptions in the Near Detector simulation and reconstruction. Some23

thought has to go into the connection to the Far Detector chapter in the TDR.24
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Chapter 1: Standard neutrino oscillation physics program 1–4

• Simulations - TY1

• Reconstruction and kinematic variables including energy reconstruction - TY2

• Event selections (CVN) - LW3

• Samples - EW, CW4

• Detector response systematic uncertainties - DDC5

• Connection to flux and cross section systematic uncertainties6

1.1.8 Analysis Spectra and Samples7

Assigned to: Dan Cherdack and Chris Marshall8

The analysis spectra for the near and far detector that make it into the fitter. This might be9

merged into the previous or next section(s). Plots of samples that are necessary for the fit.10

1.1.8.1 Near Detector Samples11

• Event spectra broken down into exclusive channels12

1.1.8.2 Far Detector Samples13

• Event spectra broken down into exclusive channels (Update CafAna figure)14

1.1.9 E�ect and Propagation of Systematic Uncertainties15

Assigned to: Chris Marshall with contributions by Luke Pickering and Callum Wilkinson.16

Content will include:17

• Overview of the systematic uncertainties18

• Discussion of cancellations and constraints19

• Discussion of what has the largest impacts on sensitivities20

• Potential sources of bias21

DUNE Physics The DUNE Technical Design Report



ANALYSIS SPECTRA AND SAMPLES 

Chapter 1: Standard neutrino oscillation physics program 1–4

• Simulations - TY1

• Reconstruction and kinematic variables including energy reconstruction - TY2

• Event selections (CVN) - LW3

• Samples - EW, CW4

• Detector response systematic uncertainties - DDC5

• Connection to flux and cross section systematic uncertainties6

1.1.8 Analysis Spectra and Samples7

Assigned to: Dan Cherdack and Chris Marshall8

The analysis spectra for the near and far detector that make it into the fitter. This might be9

merged into the previous or next section(s). Plots of samples that are necessary for the fit.10

1.1.8.1 Near Detector Samples11

• Event spectra broken down into exclusive channels12

1.1.8.2 Far Detector Samples13

• Event spectra broken down into exclusive channels (Update CafAna figure)14

1.1.9 E�ect and Propagation of Systematic Uncertainties15

Assigned to: Chris Marshall with contributions by Luke Pickering and Callum Wilkinson.16

Content will include:17

• Overview of the systematic uncertainties18

• Discussion of cancellations and constraints19

• Discussion of what has the largest impacts on sensitivities20

• Potential sources of bias21
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EFFECT AND PROPAGATION OF SYSTEMATIC UNCERTAINTIES

Chapter 1: Standard neutrino oscillation physics program 1–4

• Simulations - TY1

• Reconstruction and kinematic variables including energy reconstruction - TY2

• Event selections (CVN) - LW3

• Samples - EW, CW4

• Detector response systematic uncertainties - DDC5

• Connection to flux and cross section systematic uncertainties6

1.1.8 Analysis Spectra and Samples7

Assigned to: Dan Cherdack and Chris Marshall8

The analysis spectra for the near and far detector that make it into the fitter. This might be9

merged into the previous or next section(s). Plots of samples that are necessary for the fit.10

1.1.8.1 Near Detector Samples11

• Event spectra broken down into exclusive channels12

1.1.8.2 Far Detector Samples13

• Event spectra broken down into exclusive channels (Update CafAna figure)14

1.1.9 E�ect and Propagation of Systematic Uncertainties15

Assigned to: Chris Marshall with contributions by Luke Pickering and Callum Wilkinson.16

Content will include:17

• Overview of the systematic uncertainties18

• Discussion of cancellations and constraints19

• Discussion of what has the largest impacts on sensitivities20

• Potential sources of bias21
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Chapter 1: Standard neutrino oscillation physics program 1–5

Potential figures and tables include:1

• Error envelopes (vs energy) pre and post ND constraints (New plot)2

• CafAna response functions examples3

• CafAna chisq vs paramater constraint examples4

• Table: Parameter constraints with pre/post fit 1‡ uncertainties per systematic (New)5

• Covariance matrix6

1.1.10 Sensitivities7

Assigned to: Mayly Sanchez with contributions from Elizabeth Worcester.8

1.1.10.1 Mass Hierarchy9

Update all figures using chosen framework(s) with/without osc and syst uncertainties using new10

plot format:11

• CDR Figure 3.7: vs dcp12

• CDR Figure 3.8: vs exposure13

• CDR Figures 3.9-3.11: vs dcp w t23, t13, dm31 variations14

• CDR Figure 3.12: Statistical fluctuations (vs dcp)15

1.1.10.2 CP-Symmetry Violation16

Update all figures using chosen framework(s) with/without osc and syst uncertainties using new17

plot format:18

• CDR Figure 3.13: vs dcp19

• CDR Table 3.7: Minimum exposure for CP violation at 3‡ for 75% of dcp, and 5‡ for 50%20

of dcp21

• CDR Figure 3.14: vs exposure22

• CDR Figures 3.15-3.17: vs dcp, w t23, t13, dm31 variations23
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SENSITIVITIES 

Chapter 1: Standard neutrino oscillation physics program 1–5

Potential figures and tables include:1

• Error envelopes (vs energy) pre and post ND constraints (New plot)2

• CafAna response functions examples3

• CafAna chisq vs paramater constraint examples4

• Table: Parameter constraints with pre/post fit 1‡ uncertainties per systematic (New)5

• Covariance matrix6

1.1.10 Sensitivities7

Assigned to: Mayly Sanchez with contributions from Elizabeth Worcester.8

1.1.10.1 Mass Hierarchy9

Update all figures using chosen framework(s) with/without osc and syst uncertainties using new10

plot format:11

• CDR Figure 3.7: vs dcp12

• CDR Figure 3.8: vs exposure13

• CDR Figures 3.9-3.11: vs dcp w t23, t13, dm31 variations14

• CDR Figure 3.12: Statistical fluctuations (vs dcp)15

1.1.10.2 CP-Symmetry Violation16

Update all figures using chosen framework(s) with/without osc and syst uncertainties using new17

plot format:18

• CDR Figure 3.13: vs dcp19

• CDR Table 3.7: Minimum exposure for CP violation at 3‡ for 75% of dcp, and 5‡ for 50%20

of dcp21

• CDR Figure 3.14: vs exposure22

• CDR Figures 3.15-3.17: vs dcp, w t23, t13, dm31 variations23
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Chapter 1: Standard neutrino oscillation physics program 1–6

1.1.10.3 Precision Oscillation Parameter Measurements1

Update all figures using chosen framework(s) with/without osc and syst uncertainties using new2

plot format:3

• CDR Figure 3.18: t23 octant sensitivity4

• CDR Figures 3.19-3.22: t23, dcp, t13, dm31 resolutions vs exposure5
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