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Oscillations

|

e.g. created as muon neutrinos

1) Interaction with matter in flavor

eigenstate defined by charged 1/ \
lepton. Ve Ua Us Us||wn 2) Propagate as
vy ‘- superposition of
RN mass/energy
Vi Ua Up Ul |12 eigenstates over
Wt experimental
N \VT/ ¥y s s \1/3) baseline (1300 km)
MPIANS
N’ Pontecorvo-Maki-Nakagawa-Sakata v )
3) Projecting back to flavor 1 | | |

eigenstates reveals a different <«

flavor mixture.
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Disappearance at the Far detector

[T
0.5 x10~> PRL 121, 171802 (2018)
— i
= 04 | T2K B.F. 2018, L=1300 km 2
< 7 o
= —— |AmZ,| = 2.525 x 1073V -
*9* 03 B 7 a &
—— |Am,| = 2.463 x 10~3V E
0.2 F ) | <
|Am3s| = 2.325 x 1073eV
0.1} %] Latest T2K disp. result
0.45 0.5 0.55 0.6
0 ~~.v.v.v\/\ 1 2 /3=$:N 1 sin*(8,;)
E,(Gev) 05
‘Surviving’ muon neutrinos show EC. 04| T2K B.F. 2018, L=1300 km
characteristic oscillation shape. ;; 03| sin?(63) = 0.475
. . . . sin?(fq3) = 0.526
Use details of spectra to infer physics 02| v

parameters of interest (mixing angles, mass
differences, CPV phase)

Similarly compare to ‘appeared’ electrons.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.171802
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Events per 0.25 GeV
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An Oscillation Analysis (OA) in one slide

e Constrained observable
prediction

e Data » Infer oscillation
prObabiIiti es . CC Event Rates, Optimized Beam

Predict neutrino beam
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https://arxiv.org/pdf/1512.06148.pdf
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Why are neutrino interaction models important?
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Nnear (xobs) = /dxtrue Dnear (xobs’Xtrue) Ntargg (Xtrue) P (El/)

L N -
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Smearing, Eff., Pur. Nint (Xtrue)

7 o

S/

Nfar (Xobs) — / dxtrue Pfar (xobslxtrue) Ntarga (xtrue) ® (EV) Posc (Eu)

Smearing, Eff., Pur. Nint (Xtrue)

e Observe event rate not neutrino flux

e Cannot perfectly reconstruct neutrino
energy

e Require models to predict observables
and infer oscillation features in true
neutrino energy spectra

e Mis-modelling in ERed feed-down -
biased parameter measurements.
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DUNE-PRISM x10°
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from neutrino beam axis 5 20?
o L o e
. . DUNE Rreliminar
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Improvise
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Adapt

e Predict Near flux: ND

Off axis position (m)

e Can predict Far flux under
various oscillation hypotheses: f

Neutrinos/cm? per GeV per POT *

OptEngNov2017 v-mode, Osc
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Ad a pt :f/ Linear combination weight
— £ — b o g
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e Predict Near flux: ND g :
5

01

e Can predict Far flux under
various oscillation hypotheses: f

>
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Neutrinos/cm? per GeV per POT ¢
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e Use Near flux at different off axis
positions as a linear basis and

solve: NDxé=f
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Linear combination weight

Adapt BT N
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e Predict Near flux: ND
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Off axis position (m)

01

e Can predict Far flux under
various oscillation hypotheses: f
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Neutrinos/cm? per GeV per POT ¢
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OscProb.js
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http://ursaminorbeta.org.uk/neut/osc/osc.html
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Overcome
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Aim: Rearrange ND data to
predict FD

Off axis position (m)

o Unknown XSec features

DUNE Preliminary
ND ‘data’

X
<

Events / bin

Linear combination weight
3 o 3
o T T

01X

0T

automatically transferred 0 e EVR°§'(GeV1)0 ifﬁ—%ﬁ_:j
o Minimize XSec dependence and g e
A= ]
take advantage of N/F flux S Sop = [ Amgs[? = 2.3 x 10736V, sin®(03) = 0.52 ]
cancellations ' é -}%Tl' ND extrapolated data
o N/F dgtector .d|fference | £l 1 FD flux correction i
unavoidable in any analysis Lod FD NC background ]
, , . 300 " FD W.S. background .
Robust to mis-modelling in L § o detector data :
observable energy 200 b o '1‘_} ]
distribution as use near data 100 | ¥ i g
. :—-g.—" -
to fill most of the far ——— 1.

prediction!

0

7 8 9 10
EyRec. Proxy (GeV)



That's all Folks

[

e Problems in neutrino interaction models can be hard to see & fix with
on-axis near detector only

e Comparing data taken in different neutrino energy spectra can
IHluminate such mis-modelling.

e Using linear combination of near detector data to make far detector
predictions can result in an oscillation analysis that is robust to a large
range of cross-section modelling problemes.
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DUNE-PRISM Propagation

e Aim: Rearrange ND data to predict FD
o Unknown XSec features automatically transferred

o Minimize XSec dependence and take advantage of N/F flux cancellations
o N/F detector difference unavoidable in any analysis

e In each systematic universe/fit step:

Select data at ND

Subtract ND backgrounds with MC prediction

Correct for differences in N/F selection, resolution, fiducial mass
Perform Flux match

Linearly combine ND data

Add FD Flux match MC correction

Add FD backgrounds with MC prediction

Evaluate GOF

O30 U PhAAWEN
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Selected ND Event Rate

[T
e Taking more granular steps
near on-axis can mitigate R ><106Q
edge-effects in the selection. E 30; 10 £
o Future: Optimize stop plan .5 [ é
= L Q
8 >
3 20 i
o 5
<
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ND Backgrounds

e Backgrounds that do not oscillate
and vary differently as a function of
off-axis position are subtracted
before propagation.

e Most common:

a. Neutral Current (Use on-axis to constrain
ND and FD NCBKkg)

b. Wrong sign (worse in nubar-mode, use
tracker to constrain WSBKQ).

c. Intrinsic nue

e These will get added back into the

Far prediction later.
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Off axis position (m)

Off axis position (m)
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Selection Efficiency

—

e Must correct for differences in
ND/FD selection efficiency.
e \Want to avoid asking GENIE

everywhere possible.

e Aim to develop data-driven

geometric efficiency correction:

a. Throw away events outside
acceptance ND-FD high acceptance

union
b. Add MC events that arein FD but
outside ND
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Geometric Efficiency - =
—- =
e Preliminary work by Cris Vilela: I
e Random translation and N
rotation of energy deposits in A
selection volume o o

-200 -100 0 100 200 300 400 500 600 700
z[cm]

d. Suggests 95% of events can be so0

corrected in a model-independent  uf de :ZZ:
data-driven way at the oscillation _ F Efiony conecedsolectedevens | 200
peak 15005 ‘°‘;:
b. Asexpected from Chris Marshalls - -100f-
ND acceptance studies. _ zzz:
c. Even higher fraction at lower — oo
energies. g e = 5005453064585 10
§§ E iwﬂlﬂiﬂlw FLL
o Iﬂf Y
;

r‘ MICHIGAN STATE R S 8
UNIVERSITY et el (\ NEUTRINO


https://indico.fnal.gov/event/20015/contribution/0/material/slides/0.pdf

Flux Matching Correction

| —~ ><10_15
o | OptEngNov2017 v-mode, O
. . t = )
e Flux matching not perfect in I PERETIOVIT T Tore TR
5 4r ND Flux match (preg=10 )
general: o]
o Especially at higher energy due to Lé) -
on-axis configuration & 2__
e Difference between ‘target’ and g |
‘matched’ filled in with FD MC & % p

E (GeV;6
predictions. ’

o This filling in’ is the same as the
tuned-prediction ‘dead-reckoning’ that
makes the entire FD comparison in the
standard analysis.

o
()
=

ND data

(O8]

S

=
T

[\

Flux Correction

FD Pred. Ev / bin
S
<

o Here: Majority of FD prediction built with 100
ND data. OF
-100
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FD Backgrounds

[T
. (e ' i
e Add back in any sources of 5400: Total
FD background that we > - Wrong Sign
removed before: =300} NC Bkg 5
o Oscillated wrong sign > i
m L
background (Can use —200 I i
nu-mode ND data to build co'n) :
nubar-mode FD wrong sign i
prediction). 100¢ i
o NC Backgrounds (Use on-axis -
ND to understand NCBkg.( O: |
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