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Introduction

Framework : CafAna fitter in DUNE

Statistics : based on 3.5 year operation of ND and FD, 
                 with 40kton FD and 100 ton ND. (1.47 POT/year)

Systematics : Added this time
                      This means ND is having impact on this study!

Fake data samples:1. GENIE vs. NUWRO
                               2. Luke’s 20% missing hadron energy(nuwro)

Status: Improving... 
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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)
          - 2 variables introduced by me (fake data variables..)
            “One sigma” means the standard variation in fake data. 
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Outline

1. Systematics validation:
- With Luke’s 20% ME variation: Without systematics   → cannot recover 
- With Luke’s 20% ME variation: With the same systematic involved
                                                                                        → expect to recover

2. Fake data study
- With Luke’s 20% ME variation, we only have Xsec systematics (32)
- With Luke’s 20% ME variation, we have Xsec + flux systematics (32+10)

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)
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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



  6

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



  8

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)
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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



  19

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

- Contacted Experts and have added the systematics to the fitter.

- The OA bias is sensitive to the fake data we input. My shift spectrum 
  is not strong enough to introduce significant bias.
       - What is the best fake data that cover all of our uncertainties?

- Consider to move to the dunePrism method.
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Backup
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