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Booster Neutrino Beam (BNB)

- BNB is SBND’s neutrino source located 110 m upstream
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Booster Neutrino Beam (BNB)

- BNB is SBND’s neutrino source located 110 m upstream
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Booster Neutrino Beam (BNB)
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Flux uncertainties are
currently one of the largest
systematic uncertainties for
SBND

Flux uncertainties arise
from underlying
uncertainties in hadronic
production

BNB flux constrained to
external data from HARP [1]
and BNL E910 [2]
Constrain flux by measuring
a process with a well known
cross section

1. Pion production by protons on a thin beryllium target at 6.4-Ge, 12.3-GeV/c, and 17.5-GeV/c incident proton momenta (https://inspirehep.net/literature/755923)
2. Large-angle production of charged pions with 3—12.9 GeV/c incident protons on nuclear targets (https://journals.aps.org/prc/abstract/10.1103/

PhysRevC.77.055207)
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Neutrino Electron Elastic Scattering

 y-e scattering is precisely described by the standard model
. Its cross section is up to 10-4times smaller than v-Ar O(1 0+ cm2)

2z 2 Ve e
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Neutrino Electron Elastic Scattering

 y-e scattering is precisely described by the standard model
lts cross section is up to 10-4times smaller than v-Ar O(1 0~* cm

%)

Gym,E, -, 16 .,
o(ve = ve) = [l +4sin” 6y, + EY sin” Oy/]
4
i i Gim,E, 1 4 16 .,
oc(V,e = U,e) = [— + —sin” Oy, + —sin” O]
g7 33 3
o(ve = vye) = d 2; “[1 — 4sin” Oy, + EY sin* O}, ]
Gim,E, 1 4 16
o(D,e — Dye) = Fzﬂe 2 3-3 sin” @y, + = sin* 6, ]
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Flux Constraint .f g

« Constraint used by MINERVA [3],[4],[5] which reweights flux
universes using Bayes’ theorem

P(M|Ny4e) < Z(M)P(Ny.4c | M)

« Universe - prediction with underlying parameters varied from
nominal values

- M is the set of flux models where the free parameters of the
model are varied within their uncertainties

. (M) is the prior - a priori predictions of different flux universes

- P(N_i.| M) is the likelihood - weights calculated from comparing
v-e events seen in data N, , and predicted M, ., by a model M

3. Measurement of Neutrino Flux from Neutrino-Electron Elastic Scattering (https://arxiv.org/abs/1512.07699)
4. Constraint of the MINERvVA Medium Energy Neutrino Flux using Neutrino-Electron Elastic Scattering (https:/arxiv.org/abs/1906.00111)
5. Improved constraint on the MINERVA medium energy neutrino flux using v'e—-—v e- data (https://arxiv.org/abs/2209.05540)
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https://arxiv.org/abs/1512.07699
https://arxiv.org/abs/1906.00111

Flux Constraint

- The likelihood of the data, given the MC prediction is shown
below using a gaussian likelihood estimator

1 |

- (27[)1(/2 / | > |

. P(N,+.|M,) can be though of as a weight w, on universe n with
flux parameters described by the flux model M,

.- 2 is the covariance matrix describing the uncertainties on N,

- Kis the degrees of freedom = number of bins of cov. matrix

P(NV+€ | Mn) — Wn

_l _ n Tz—l _ n
exp 2 (N1/+€ My+e) (ND+€ My+e)

N

1
syst — CV _ Nny(NEV — N7 stat — CVNCYS..
X = ) (N = NDY(NEY = NI Y= [NSVNSYS,

n
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Flux Constraint

- We have a vector set of weights w, the same size of the number
of universes given by P(N,,. | M)

1 1 1 n Ts—1 n
P(Nv+e|Mn) =W, = exp _E(Nv+e - My+e) 27 (Nyge — My+e)

no (27)kI2 =]

- Reweight the a priori probability distribution z(M) using the
weights w,
. The posterior P(M|N,...) is the reweighted probability distribution

SBN UF R
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Flux Constraint

 Mean is shifted towards
simulated data

« Standard deviation
reduced by reweighting

- The overall constraint
reduces the uncertainty of
the integrated v-e

scattering distribution

SBN
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Universes - M, . predicted by each flux model M,
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Flux Constraint

. Universes - M, predicted by each flux model M,
- Simulated data - N, ., used for data in likelihood calculation

Constrainted Flux

. Integrated Uy flux from the

same flux universes used for
L-e constraint

+ Blue line corresponds to flux
measured in the simulated
data universe

« Mean is shifted towards
simulated data

« Standard deviation reduced
by reweighting

« The constraint reduces the
uncertainty of the integrated
v, flux

SBN
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Event Selection

- SBND expects to see ~500 v-e events over its ~3 year lifetime or

1021 protons on target (POT)
 y-e scattering signal topology is a single beam-aligned electron

reconstructed as a shower

SBND Simulation

Collection (Y) plane
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Event Selection

- CCQE v, with proton energy below threshold primary background

SBND Simulation

SBND Simulation SBND Simulation

CC v, 1p07 CC v, 0p07
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Event Selection

- CCQE v, with proton energy below threshold primary background
- v-e scattering has useful 2-body kinematic constraint

E0°? < 2m,
. Most of background can be excluded using Eeeg

1750} B CC 1e0OpOm | - CC leOpdﬂ
3 Dete” I b, +e"
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1250} Il v, +te” N v, +te”
- 300
5 1000 - SBND Simulation
® el SBND Simulation | < Work in progress
Work in progress
500
2501
07}.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 (0)
Eeeez [GeV rad2] 0.000 0.002 0.004 g.:gg [Gg.\O]Oiadz(:)l.OIO 0.012 0.014
GENIE V3 Eeﬁez distribution for CC v, (blue) and v-e for 10e20 POT
SBN UF#8kiA

14 June 26, 2023 : New Perspectives B. Carlson/Neutrino Electron Scattering



Conclusions

« vp-e scattering can be used to constrain the flux models

-  Demonstrated the procedure to constrain any distribution
dependent on a flux model (M) using simulated data

., flux and v-e scattering distribution uncertainties were both

constrained using this method
- Constraint can be applied to all detectors on BNB
- We will see many v-e events in SBND with high resolution

IIIIIIIIII
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Backup
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Flux Constraint

- v, flux GV prediction of constrained and unconstrained flux models

on left
- Fractional uncertainty before and after constraint on right
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Booster Neutrino Beam (BNB)
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Neutrino Electron Constraint

« Statistical covariance matrix

SBND Simulation ~ x2/dof =3.67/6
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