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Neutrino Oscillations
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Electron Neutrino Appearance
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(For antineutrinos, a = -a and 6 = -0)

Vv, appearance probability
dependson 0, 0,5, 0, and
measurements of all four
possible in a single
experiment

Large value of sin?(20,;)
allows significant v,
appearance sample
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2016 Global
Oscillation
Parameter Fit

Best fit §.p = 261°121,
(= —m/2)

Some values of 6
excluded at 3o for |H

http://www.nu-fit.org
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Deep Underground Neutrino
Experiment (DUNE)

« Muon neutrino beam from
Fermilab (LBNF — Long- | -
Baseline Neutrino Facility) o TR e -

Primary Beam
Service Building

- On-axis, conventional horn-
focused beam

- Beam intensity of 1.2 MW,
upgradeable to 2.4 MW (for
120 GeV primary protons)

. 5 %J Future Laboratori
* Near detector (ND) at Fermilab % g Evoimertia
» Far detector (FD) at SURF < . o A
(Sanford Underground ' 2 , Al

Research Facility) in South
Dakota, 1300 km baseline

- 40 kt liquid argon (LAr) TPC
(4 x 10 kt modules)

Ross Campus
* BHSU Underground Campus
Low-Background Counting

« CASPAR
Compact Accelerator System

4850 Level (4300 mwe) o

UNIVERSITY of
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Status and Ti mel i ne Colléboration meeting in May 2017

- DUNE Collaboration began
in 2015 ;

« Today: 964 collaborators,
164 institutions, 30 countries

DUNE Timeline CAXVE

NEUTRINO EXPERIMENT
Far site ground The CERN Neutrino
breaking
ceremony July 21!

2021: Far 2024 2026:
Detector Physics Neutrino

Installation Beam
Begins Available

UNIVERSITY of
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CP Violation Sensitivity

CP (NH) CP (IH)
1 [ — ) .
DUNE Sensitivity [ ] 7 years (staged) :JUNE ie;s:l\nty [ ] 7 years (staged) GLoBES-based fit of
Normal Ordering nverted Ordering
sin’20,, = 0.085 = 0.003 [27 10 years (stagea) sin’26,, = 0.085 = 0.003 [ 10 years (staged) four event sam P les
8,,: NuFit 2016 (90% C.L. range) =====- sin0,, = 0.441 - 0.042 | F 6,: NuFit 2016 (90% C.L. range) === sin%,, = 0.587 = 0.042

Beam and detector

staging assumptions

are included:

e Start with 20 kt,
increasing to 40 kt

* 80 GeV primary
protons @ 1.07
MW, increasing to
2.14 MW

0080604020 02040608 11 080604020 02040608 1

O/ O/
« Width of band indicates variation in sensitivity for 8,5 values in the NuFit 2016 90% C.L. range
« Assumes equal running in neutrino and antineutrino mode

* Includes simple normalization systematics and oscillation parameter variations

UNIVERSITY of
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Sensitivity Over Time

d.p Resolution
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« Width of band indicates variation in sensitivity for 0,; values in the NuFit 2016 90% C.L. range
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Systematic Uncertainty

CP Violation Sensitivity

- DUNE Sensitivity . S, = -2

14} Normal Ordering "1 50% of 5, values
[ sin®26,, = 0.085 +0.003 B 75% of 5, values
- sin®0,, = 0.441+0.042 T 5% ©1%

—— Nominal: 5% @ 2%
------------ 5% @ 3%

0 L ] I 1 I L I 1 I L1

1 I L1 1 I L
1200 1400

1 1 I 1 1 1 1 1 ] ] ]
0 2001400 600 800 1900
Exposure (kt-MW-years)

~7 yrs ~15 yrs

CPV measurement statistically
limited for ~100 kt-MW-years

Sensitivities in DUNE CDR are
based on GLOBES calculations in
which the effect of systematic
uncertainty is approximated using
uncorrelated signal normalization
uncertainties.

v, =7, =5% (Flux uncertainty
after ND constraint)

¢ Vv, =V, = 2% (Residual
uncertainty after constraints
from other samples)
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Strategy for Controlling
Systematic Uncertainties

* Flux uncertainties (see the next talk!):

- ND measurements of fully leptonic ProtoDUNE-SP
neutrino interactions, low-v method, CERN
hadron production measurements at

(NAB1/SHINE)
* Interaction model uncertainties:

- ND constraints (argon target) 1 [ CART Prdiminary " Lnei R e Pty oot

- Improved models in neutrino interaction ‘g‘ 1.2L 6 et s st E

generators S [m MG stat ony .

e 14— m _

- Neutrino interaction data (ArgoNeuT, ; 1E-' .

MINERVA, NOVA ND, T2K ND280, § - e

MicroBooNE, SBND, ICARUS, ...) 2 oo M E

» Detector effects: ; oaf- E
- Prototypes and calibration measurements = o2

(LArIAT, Mini-CAPTAIN, DUNE 35t, oF e e et L

200 400 600 800 1000 1200 1400 1600 1800

ProtoDUNE, ...)

Reconstructed Kinetic Energy (MeV)
J. Asaadi, Nulnt2017

UNIVERSITY of
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- DUNE
- Collaboration formed ~2 years ago; far site construction has begun

- Long-baseline neutrino oscillation program is expected to begin in 2026
when the LBNF neutrino beam becomes available

« Experiment is optimized to answer remaining questions about 3-
neutrino mixing, including sensitivity to CP violation for much of the
parameter space

 DUNE experiment strategy to control systematic uncertainty includes:

- High performance near and far detectors providing ability to constrain
systematics using DUNE data

- External measurements and calibration data

- Improved modeling of neutrino interactions

UNIVERSITY of
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Effect of ©,, & 0,5

CP Violation Sensitivity
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DUNE Staging Assumptions

Staging Assumptions:

Year 1 (2026): 20-kt FD with 1.07 MW (80-GeV) beam and
Initial ND constraints

Year 2 (2027): 30-kt FD
Year 4 (2029): 40-kt FD and improved ND constraints

Year 7 (2032): upgrade to 2.14 MW (80-GeV) beam (technically
limited schedule)

Exposure Exposure
(kt-MW-years) (Years)

171 5
300 7
556 10
984 15

15

UNIVERSITY of
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NUuFIT 2016

NUFIT 3.0 (2016)

Normal Ordering (best fit) Inverted Ordering (Ax? = 0.83) Any Ordering
bfp +1o 30 range bfp +1o 30 range 30 range

sin” 019 0.30670 013 0.271 — 0.345 0.30670°015 0.271 — 0.345 0.271 — 0.345
012/° 33.5670-77 31.38 — 35.99 33.5610°T7 31.38 — 35.99 31.38 — 35.99
sin? 023 0.441150%7 0.385 — 0.635 0.58715020 0.393 — 0.640 0.385 — 0.638
023/° 41.6115 38.4 — 52.8 50.071% 38.8 — 53.1 38.4 — 53.0
sin? 613 0.0216670:09075  0.01934 — 0.02392 | 0.02179700057¢  0.01953 — 0.02408 | 0.01934 — 0.02397
013/° 8.4675-12 7.99 — 8.90 8.4970-18 8.03 — 8.93 7.99 — 8.91
dcp/° 261725 0 — 360 27750 145 — 391 0 — 360

Am%1 +0.19 +0.19
e 7.5010-19 7.03 — 8.09 7.501912 7.03 — 8.09 7.03 — 8.09

Am3, +0.039 +0.038 +2.407 — 4+2.643
T ov? | T2O2IGRM 42407 - 42643 | 251400 —2.635 - —2399 | |\ o0 T

For 1o uncertainty in DUNE sensitivity calculations, we take 1/6 of the +3c range, to

account for non-Gaussian PDFs in NufFit.

UNIVERSITY of
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Comparison to 2016 Global Fit
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Neutrino-Antineutrino Asymmetry
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W. Marciano and Z. Parsa, Nucl.
Phys. Proc. Suppl. 221, 166 (2011),
arXiv:hep-ph/0610258[hep-ph].
UNIVERSITY of
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