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Introduction (1)

FD: Lar TPC                      ND: Lar TPC+tracker           Beam flux

Best scenario 1: ND can see all the same effects (flux, xsec, 
detection) that being seen in the FD.

ND should be designed to identify model issues.
  - If current model is not good enough to cover the data/MC
    discrepancy in ND, we will update the model.
However, it is also possible that ND cannot identify model
issues that ND data/MC agreement looks good.. 
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Introduction (2)

However, an off-axis detection can tell the issue.

For example, if we miss a fraction of neutrino energy 

For on-axis measurement, nu spectrum shift to the left and
by changing xsec parameters, We can find good agreement in on-axis measurement. 

For off-axis measurement, nu spectrum shift to the left and
The on-axis best fit parameters higher up off-axis prediction, which gives big 
discrepancy between prediction/measurement.

Blue: on-axis
Red: 30 mrad off
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Introduction (3)

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

Tested Fake data samples (From GENIE) : 
         1. 10% and 20% missing proton mom.
         2. 10% and 20% missing charged pion mom.
         3. 10% and 20% missing muon mom.
We are showing the missing charged pion mom. case here.
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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% Energy scale and 6% energy resolution
          - 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
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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 10% MPE

Black : nominal 45mrad off-axis

Blue : with on-axis best fit

Red : real 10% MPE
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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

Black : nominal 45mrad off-axis

Blue : with on-axis best fit

Red : real 20% MPE
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Conclusion

- Even with identical ND and FD response, we may have oscillation 
  parameter bias with a good ND prediction/data agreement.

- DUNE-prism may identify the problem of mis-modeling.

- With multiple off-axis, we may be able to “calibrate” the energy 
  spectrum. 
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Backup..
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Xsec ND FHC



Nov.7 2017 DUNE ND workshop 15



Nov.7 2017 DUNE ND workshop 16



Nov.7 2017 DUNE ND workshop 17

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
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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
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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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From Chris Backhouse

Correlations are included !

Xsec systematics (32)



Nov.7 2017 DUNE ND workshop 30

Flux Systematics (10)
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