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3DST in SAND
signal sample selection
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e We are looking at anti neutrino charQed current event (gimulation data)
inside 3DST.

e Cube size: 1.5cm X 1.5cm X 1.5cm
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Selection of channel

* Neutrino interaction vertex is the starting point of primary muon track.

» After selecting the vertex, we count how many tracks are inside vertex activity
(5.2cm).

* We selected 1 track channel (intended for CCOr).
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Definition of first object

» After selecting channel, we look at the first isolated object in time.

* The first object should be apart from primary muon track more than 4.25cm
(isolated).

* The first object can be track or cluster, we treat track and cluster separately.
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Definition of variables

* We defined variables for signal selection. . o
first track in time
* |If the first object in time is track:
1) energy deposit of the track
2) number of branches
3) track length

* |f the first object in time is cluster:
1) energy deposit of the cluster

2) neighbor distance
\ L — first cluster in time
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Signal selection
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Cut is series of simple 1D cuts :
- track : energy deposit + number of branch + track length
- cluster : energy deposit + neighbor distance

Track purity 90% efficiency 33.6%, cluster purity 90% efficiency 35.6%.

Combined efficiency is 35.2%, we are checking neutron phase space.

After selecting low v, the final selection efficiency is 25.0%.
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efficiency

efficiency

Phase space check

efficiency of selection, cluster
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Fitting framework

We want to see how much selected CCOrm low v sample can constrain the flux

uncertainty.

We have 256 principal component vectors of flux systematic uncertainty from

beam line and used the first 10 of them.

We developed simple )(2 fitting framework.
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i—0 1,Syst i=0

- data : selected CCOmn sample, 90% signal + 10% background.

2
N, (datai — [pi(f() - Jo) + B] > . (fi,CV _fi)z N (Bey — B)*
of,

Op

- prediction : with flux systematic uncertainties, 90% (signal = Asignal) +

10% (background * Abackground),
- pi{(fo - - - Jo) : signal prediction with flux systematics (0 ~ 9)
- B : background prediction, used 100% error
- O,y - IOW V Cross section uncertainties
- CV : central value
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Flux systematics
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* There are a large number of beam line uncertainty, using principle component
can reduce the number of parameters in the framework.

e Principal component 1o uncertainty from the flux prediction
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validation of framework
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Low v cross section uncertainty

a cross section measurement with 3.6% systematic un-
certainty between 9 < F, < 12 GeV. No correspondingly
precise single measurement exists for v,. The v, normal-
ization is instead set to the predictions from the GENIE
simulation, which is tuned to the world’s inclusive data.
The uncertainty is derived according to the prescribed
GENIE model parameter uncertainties and evaluates to
he normalization process adds a flat uncertainty
that is the quadrature sum of the external uncertainty

and the statistical uncertainty in the normalization bin.

https://arxiv.org/pdf/1610.04746.pdf

* MINERVA is using 10.6% for the overall normalization, shape is flat cross the
energy — strong bin to bin correlation

e |n addition, low v uncertainty can be even less than 3%:
https://arxiv.org/pdf/1201.3025.pdf
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Post-fit/Pre-fit

Fitting result

i i ] 95% bin-to-bin correlation
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» Reconstructed E, = reco muonE (4% momentum smearing) + reconstructed
neutronKE (time of flight).

e post fit / pre fit for two (0%, 10%) low v uncertainty.

e Bin to bin Correlation: 50%, 95%
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Summary

We looked at 1.5cm3 cube size and increase threshold.

We can select CCOpi signal sample with 90% purity and 35.2% efficiency, and
after selecting low-nu channel the total efficiency is 25.0%.

We put bin to bin correlation (50%, 95%) into the fitting framework.
— constraining power is expected to be 20% ~ 60%.
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Back up
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Normalized fraction

Normalized fraction
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