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Introduction

Framework : CafAna fitter in DUNE

Statistics : based on 7 year operation of ND and FD, 
                 with 40kton FD and 100 ton ND. (1.47 POT/year)

Systematics : Flux + Xsec + user defined

Fake data samples (From Jake) : 1. 10% missing proton E
                                                      2. 20% missing proton E

Fake data samples (From GENIE) : 1. 20% missing proton mom.
                                                         2. 20% missing pion mom.
                                                         3. 20% missing muon mom.
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Fitting samples

- ND : FHC and RHC numu
- FD: FHC numu, nue and RHC numu and nue
- Variables: oscillation parameters. 
  Systematics variables: 
          - 32 Xsec variables (channel specific, introduced later)
          - 10 Flux variables  (Channel specific)
          - many variables introduced by me (fake data variables..)
            “One sigma” means the standard variation in fake data. 
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FD+ND fit with Xsec+Flux systematics
10% Missing charged pion energy

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

7 years                                               7 years

7 years                                                  7 years
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FD+ND fit with Xsec+Flux systematics
10% Missing charged pion energy



  6

FD+ND fit with Xsec+Flux systematics
20% Missing charged pion energy

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

7 years                                               7 years

7 years                                                  7 years
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FD+ND fit with Xsec+Flux systematics
20% Missing charged pion energy
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FD+ND fit with Xsec+Flux systematics
20% Missing charged pion energy
30 mrad off-axis FHC

Black : nominal 30mrad off-axis

Blue : with on-axis best fit

Red : real 20% MPE
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FD+ND fit with Xsec+Flux systematics
20% Missing charged pion energy
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FD+ND fit with Xsec+Flux systematics
10% Missing proton energy

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

7 years                                               7 years

7 years                                                  7 years
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FD+ND fit with Xsec+Flux systematics
10% Missing proton energy
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FD+ND fit with Xsec+Flux systematics
20% Missing proton energy

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

7 years                                               7 years

7 years                                                  7 years
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FD+ND fit with Xsec+Flux systematics
20% Missing proton energy
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FD+ND fit with Xsec+Flux systematics
20% Missing proton energy
30 mrad off-axis FHC

Black : nominal 30mrad off-axis

Blue : with on-axis best fit

Red : real 20% MPE
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FD+ND fit with Xsec+Flux systematics
20% Missing proton energy with muon/pion dials

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

7 years                                               7 years

7 years                                                  7 years
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FD+ND fit with Xsec+Flux systematics
20% Missing proton energy with muon/pion dials



  17

FD+ND fit with Xsec+Flux systematics
10% Missing muon energy

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

7 years                                                    7 years

7 years                                                     7 years
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FD+ND fit with Xsec+Flux systematics
10% Missing muon energy
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FD+ND fit with Xsec+Flux systematics
20% Missing muon energy
30 mrad off-axis FHC

Black : nominal 30mrad off-axis

Blue : with on-axis best fit

Red : real 20% MPE
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Backup..
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20% missing PE 3.5 years

68%, 90%, 95% contours

68%, 90%, 95% contours

True                                                     10% missing PE

Last week

- The oscillation phase spaces change, but how ND performs?

3.5 years

3.5 years

68%, 90%, 95% contours

68%, 90%, 95% contours
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20% missing PE 3.5 years

- Missing hadronic energy bring us a disaster, however,
  not only in FD, but in ND..
- I have major Xsec and flux systematics in backup slides.

LL value: ND only fit: 4084     FD+ND: 4108      FD only fit: 9

Last week



  23

Doing new samples with new dials

Use GENIE v.2.10.10 to generate :

   1. 20% missing proton energy sample for numu, numubar, nue and nuebar.

   2. 20% missing pi0 and pi+/- energy sample for numu, numubar, nue and nuebar.

   3. 10% missing muon energy sample for numu, numubar, nue and nuebar.

- Those samples are fit with Xsec+Flux systematics.

- In addition, those samples are fit with Xsec+Flux + “other two dials”.
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ND only fit with Xsec+Flux systematics

Missing Proton E

Missing Pion E

Missing Muon E
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FD+ND fit with Xsec+Flux systematics
20% Missing proton energy

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

3.5 years                                               7 years

3.5 years                                                  7 years
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FD+ND fit with Xsec+Flux systematics
20% Missing proton energy
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FD+ND fit with Xsec+Flux systematics
20% Missing pion energy

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

3.5 years                                               7 years

3.5 years                                                  7 years
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FD+ND fit with Xsec+Flux systematics
20% Missing pion energy



  29

FD+ND fit with Xsec+Flux systematics
10% Missing muon energy

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

3.5 years                                                    7 years

3.5 years                                                     7 years
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FD+ND fit with Xsec+Flux systematics
10% Missing muon energy
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I add “other two dials”

e.g. for missing proton energy sample, missing pion and 
missing muon samples are used as sysmtematics dials.
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FD+ND fit with Xsec+Flux systematics
20% Missing proton energy

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

3.5 years                                                    7 years

3.5 years                                                     7 years
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FD+ND fit with Xsec+Flux systematics
20% Missing proton energy

Missing pion 
Missing muon
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FD+ND fit with Xsec+Flux systematics
20% Missing pion energy

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

3.5 years                                                    7 years

3.5 years                                                     7 years
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FD+ND fit with Xsec+Flux systematics
20% Missing pion energy

Missing proton 
Missing muon
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FD+ND fit with Xsec+Flux systematics
10% Missing muon energy

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

3.5 years                                                    7 years

3.5 years                                                     7 years
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FD+ND fit with Xsec+Flux systematics
10% Missing muon energy

Missing proton 
Missing pion
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Summary

- Without “other missing energy” dials, missing pion and muon energy 
  cause biases in FD while looks good in ND.

- With “other missing energy” dials, no significant biases can be seen. 
  Only missing muon energy gives slight bias. 
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From before

1. Systematics validation:
- With Luke’s 20% ME variation: With the same systematic involved
                                                                                        → recovered

2. Fake data study
- With Luke’s 20% ME variation, we only have Xsec systematics (32)
                                                                                         → not recovered
- With Luke’s 20% ME variation, we have Xsec + flux systematics (32+10)
                                                                                         → not recovered

3. Fake data study
- With Nuwro/Genie variation, we only have Xsec systematics (32)
- With Nuwro/Genie variation, we have Xsec + flux systematics (32 + 10)
                                                                                → both can largely recover
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20% missing proton energy

Numu                                                  numubar

Nue                                                           nebar
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20% missing pion energy

Numu                                                  numubar

Nue                                                           nebar
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10% missing muon energy

Numu                                                  numubar

Nue                                                           nebar
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ND can see the problem. The Xsec + flux uncertainties are not enough 
for ND prediction to shift. 
I add E-scale shifts (E-scale, resolution), then 
If I just do ND fit (7 years) ..
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If enlarge Xsec and E-scale systematics by a factor of 10..
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If enlarge Xsec and E-scale systematics by a factor of 10
and only shift FHC.. 

Systematics output table is similar to what you have seen before..
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The problem

- ND does not like to move. Current Xsec, flux and E-scale cannot recover
  the 20% missing PE in ND. 

- I need realistic antinu shift. Now I am using nu for antinu.

- I am trying to run GENIE to get some fake data..
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Xsec ND FHC
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Xsec ND RHC
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Xsec FD nue FHC
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Flux systematics ND FHC
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Flux systematics ND RHC



  58

Systematics validation
With Luke’s variation and without systematics, 
the true values cannot be recovered.

True                                                                 Varied

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours

68%, 90%, 95% contours
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Systematics validation
With Luke’s variation and without systematics, 
the true values cannot be recovered.

true FD+ND
Best fit

FD 
only

CP (pi) 1.5 1.67 1.67

sst23 0.5 0.51 0.51

Dm32
(e-3)

2.45 2.57 2.57

ss(
2*t13)

0.087 0.078 0.078

LL 126246 99.5
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Systematics validation
With Luke’s variation and with the variation inserted as a systematic pull, 
the true values can be recovered.

68%, 90%, 95% contours

68%, 90%, 95% contours

True                                                                 Varied
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Systematics validation
With Luke’s variation and with the variation inserted as a systematic pull, 
the true values can be recovered.
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Fake data study
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Fake data samples

20% ME                                                             Nuwro / GENIE

Reco. numu energy [GeV]                                     numu energy [GeV]

Sample 1: Luke’s 20% ME from Nuwro. ND/ FD numu/nue available. Numubar/nuebar
Use the same numu/nue. 
 –  This accounts for the bias on true → reco.

Sample 2: I generate Nuwro and GENIE ratio sample. Only numu, numubar/nuebar
have no spectrum shift. ND and FD use the same spectrum shift.
→ Genie : default v2.10.10, numu on Ar target.
→ Nuwro : 2017 version with default parameter setup, numu on Ar target.
 –  This accounts for the bias on true spectra (flux x Xsec)

Expect: 20%ME sample would introduce much larger bias than my sample!
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From Chris Backhouse

Correlations are included !

Xsec systematics (32)
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Flux Systematics (10)



  66

Fake data- 20% ME
- ND and FD have 20% ME shift, we have Xsec parameters to recover it.

68%, 90%, 95% contours

68%, 90%, 95% contours

True                                                          Fake data

Not even in this region..
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Fake data- 20% ME
- ND and FD have 20% ME shift, we have Xsec parameters to recover it.

- ND distortion is too significant so that oscillation parameters 
are less cared by fitter.
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Fake data- 20% ME
- ND and FD have 20% ME shift, we have Xsec+ flux parameters to recover it.

68%, 90%, 95% contours

68%, 90%, 95% contours

Too slow! More than 8 hours! 
So I did coarse scan..

Too slow! More than 8 hours! 
So I did coarse scan..

True                                                          Fake data
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Fake data- Nuwro/GENIE
- ND and FD have 20% ME shift, we have Xsec parameters to recover it.

68%, 90%, 95% contours

68%, 90%, 95% contours

- Only with Xsec parameters, delta CP cannot be fully recovered.

True                                                          Fake data
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Fake data- Nuwro/GENIE
- ND and FD have 20% ME shift, we have Xsec parameters to recover it.
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Fake data- Nuwro/GENIE
- ND and FD have 20% ME shift, we have Xsec + flux parameters to recover it.

68%, 90%, 95% contours

68%, 90%, 95% contours

- With Xsec+flux parameters, delta CP can be mostly recovered.

True                                                          Fake data
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Fake data- Nuwro/GENIE
- ND and FD have 20% ME shift, we have Xsec + flux parameters to recover it.
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