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3v Oscillation Parameters

Central Value Relative Uncertainty

61, 33.5° 2%
013 8.5 3%
0,3 (NH) 42.3° 6%
6,53 (IH) 49.5° 5%
Sm2, 7.50 X 107> eV’ ? 2%
|6m%, 2.45 X 1073 eV 2 2%

Gonzalez-Garcia et al. [1409.5439 ]

—+ CP violation by measuring 6.,

Primary goals: - ¢ Mass Hierarchy, §m3,>0 or §m$,<0
— s 6,5 Octant, 8,3> 45 or §,3<45




Matter NSI
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The current neutrino-only bounds for earth matter at 90% CL

€ee <42 €, <033 €, <30
eup < 0.07 €, <0.33
€rr <21

Ohlsson [1209.2710 ]



Oscillation probabilities
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P(7,~V.)

One off-diagonal NSI (€., or €.;)

degeneracy occur
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«  NOVA (

Narrow-band Beam experiments

L=810km, E=2GeV) 08
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Simulations

NOvA + T2K DUNE
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The data are simulated with
the SM with § =0, the NH and
first octant. We scan over

all octant and hierarchy
combinations to obtain the
allowed regions.

The central values and priors

in our calculation are adopted

from the global-fit with NSI.
Gonzalez-Garcia, Maltoni [1307.3092 |

- Due to the IH

6,3 lies in the second
octant in parts of the
allowed regions.



One diagonal NSI (€,,)

NOvA + T2K DUNE

Due to the IH
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Coloma, Schwetz [1604.05772 ]



Oscillation Probabilities

0.10 0,10

L — SM 5e 0 NH L —— SM,6=0,NH
008‘ L ‘_"Eer—o 30, @er—’lqo 0' =234°, IH 008‘ H ““63720.36, cber:?alSO, (5':2340, IHy
~ 1 €ee=—17,0'=204°, H |~ S €ee=—1.7,6'=204°, TH
= 0.06f |1 1= 0060 |
T | T | i ll"lI
X, ‘ |

= 004F 10 = 0.04f |
0.02

0.00L LR 0.00! Gt T

sin“6;3=0.023, sin’@;,= 0.305 om3, = 7.48x107° eV?
$in‘6,3=0.43, 6=0 om3,|= 2.43%x1073 eV?



Two off-diagonal NSI (€., and €,)

NOVA + T2K DUNE
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Summary

* There is a continuous four-fold degeneracy for an
off-diagonal NSI in NOvVA or T2K.

* DUNE can resolve most of the degeneracies.
However, for nonzero €,; or €,,, there are some
narameter regions in which DUNE could lead to a
wrong determination of the mass hierarchy, and of
CP violation. Also, for nonzero €,;, an incorrect
conclusion of the octant of 6,5 may be drawn.

* |In conclusion, DUNE alone cannot resolve all the
degeneracies arising from NSI.




Thank you for your attention!
Any questions?
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Current long-baseline experiments

The T2K experiment
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Approximate Formulas

For NH with €,,:

2 [ p [
| iy .“5‘53(_}[ T j)
t.a.n(f._;‘»‘ep +0) = 2(_-33;; sin A

cos A(cosd — cosd')[2c33g cos A + s35(f + )]
2¢2,¢ sin® A(sin d — sin 8’) |
yglcos(A + 0) — cos(A + &)

€ep =
For NH with €,;:
tan(ge, +0') =

2;31[{%3{; cos(A + ¢ep +0') + s2af cos( ey +0')]

(f=15)
2¢gsin A

cos A(cosd — cosd’)[2gcos A — f — f]
2gsin® A(sin § — sin &)
—yglcos(A + 0) — cos(A + )]

2AS93C93 [gcos(A + @pr +0') — feos(Ger + 07)]

Cer =

Similar equations exist for each of the other possible hierarchy
and octant



Simulation details

The simulations are done using GLoBES software
Huber et al. [hep-ph/0407333, 0701187]

NOvVA: Liquid Scintillator with 15 kiloton fiducial mass, 3+3 years.

T2K: Water Cherenkov with 22.5 kiloton fiducial mass, 5+5 years.
Huber et al. [0907.1896]

DUNE: 34 kiloton liquid argon detector with a 1.2 MW beam,

and running for 3+3 years. Berryman et al. [1507.03986]
DUNE CDR [1512.06148 ]

The central values and priors in our simulation adopted from
the g|0b3|-ﬁt Wlth NSI. Gonzalez-Garcia, Maltoni [1307.3092 ]

sin®0,5=0.023+0.002
sin’0;,=(0.305+0.0135)@®(0.70+0.017)
sin“0,3=0.43%00% 6=0

om3,=(7.48+0.21)x10™ eV*
|om3,|=(2.43+0.08)x 107> eV*



