New neutrino interactions
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Possible tension in standard osclillation picture
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Discrepancy in mass-squared difference driven by Super-KGCs!
day-night asymmetry measurement:




Nonstandard interactions in matter
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Vector interaction relevant for propagation:
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Matter effects If NSI violate lepton universality orand [3avor



|Iso-day-night asymmetry contours
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Hyper-K and JUNO can detect NSI



Future LBL experiments

Experiment

v + v Exposure

(kt-MW-107s)

Signal
norm.

uncertainty

Background

norm.

uncertainty

264 + 264

(80 GeV protons, 1.07 MW
power, 1.47x10*" POT/yr,
40 kt fiducial mass, 3.5+3.5

yr)

app: 2.0%
dis: 5.0%

app: 5-20%
dis: 5-20%

864.5 + 2593.5

(30 GeV protons, 1.3 MW
power, 2.7x10% POT/yr,
0.19 Mt each tank, 1.5+4.5
yr with 1 tank, 143 yr with
2 tanks)

app: 2.5%
dis: 2.5%

app: 5%
dis: 20%

T2HKK-1.5
(WC)

295 1100

0.6 N 0.8

T2HKK-2.5
(WC)

295 1100

0.6 N 0.6

1235 + 3705

(30 GeV protons, 1.3 MW
power, 2.7x10* POT /yr,
0.19 Mt each tank, 2.5+7.5
yr with 1 tank at KD and
HK)

app: 2.5%
dis: 2.5%

app: 5%
dis: 20%

For DUNE, 1 yr = 1.76 x 107s; for HyperK, 1 yr = 1.0 x 107s.




Appearance channels
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One NSI parameter
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Mass hierarchy resolved at! [l DUNE T ik 1
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3 NSI parameters

T2HKK-2.5
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Constraint on €¢/nuch !
weaker at T2HK and T2HKK

DUNE
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Eeu — tan 92366!

Degeneracy between NSI
parameters unbroken at T2HK and
T2HKK because of the lower energy
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CP sensitivity MH known
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COHERENT

@ Has seen CEVNS on 14.6 kg of Csl at 6.7 sigma !

@ Data are consistent with SM at 1.5 sigmal

@ Can probe NSI under contact approximation provided
mediator I1s heavier than momentum transfer, 50 MeV!

@ Spectrum constrains coupling for any mediator mass!

@ Sensitive only to spin-independent interactions



Standard Model spectrum
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Light vector mediator: oSS/l (Zele 7 Sy e oV sV VI eyt A T?) VA
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92
eff ;
2ME .. + M 2,
@ For heavy mediator, data Q1 NS
sensitive to g/M_ZO!

| Q1 swm

@ For light mediator, sensitivity
to g only. NSI matter effect
due to forward scattering
depends on g/M_ZO, so
constraint does not apply to
matter NSI arising from
ight mediator !
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@ Spectral Information breaks MReEE Mz (MeV)
degeneracy for light
mediator!




Introduce lepton non-universality to have matter effects

Lnst = —g (77 + i+ unPu + dyPd) Z), |SsSisale R elellellils



Heavy vector mediator: Lns = ! 2Gg Z ef DLy v ] By, f]
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Matter NSI
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MiniBooNE

Baseline: 500 m

Average energy: 800 MeV
L/E ~1km/GeV¥ = Amf ~1.eV*

LSND+MiniBooNE anomaly has 6.1 sigma signibcance

Oscillation amplitude from global analysis:

SiIl2 2@14 SiIl2 924 ~ 0.04 SiIl2 924
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lceCube/DeepCore

Focus on (anti)muon neutrino survival probabillities



Resonant 3+1 atmospheric neutrino oscillations

Osclllation maximum In vacuum:; ' m L TeVI 1
" eV? 18 km E

Resonance condition In earth matter:

E
5 TeV

| macosd, 1™ 1 eV

Resonance occurs Iin antineutrino channel
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MINOS/MINOS+
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NSI to the rescue?

@ Model independent bounds from neutrino oscillation
data allow large diagonal NSI parameters with O(1)
differences between them!

@ COHERENT bounds obtained using contact approx
donCt apply for mediators lighter than 50 MeV



3+1 oscillations with CC and NC NSI
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Try hard to use OccamOs razor!

@ Vector-like CC interaction contributes NSI at detector,
but not at pion source!

e | L) S ud L
@ Only nonzero CC NSI parameter is e/, = 2¢,

[T ik Bl

@ Nonzero NC NSI parameters: :y, » 77 ‘ss
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Super-Kamiokande

1.33-2.5 GeV 2.5-50 GeV
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Summary

@ At LBL expts, degeneracies between SM and NSI
parameters, and between NSI parameters strongly
affect sensitivities!

o If €. —dag,0(1), impossible to determine hierarchy
at oscillation experiments!

@ DUNE has best sensttivity to NSI !

@ T2HKK has best sensttivity to CP phase In the presence
of NSI



@ COHERENT bounds on matter NSI parameters
obtained using contact approx donCt apply for
mediators lighter than 50 MeV!

@ For heavy mediators, COHERENT places meaningful
constraints on effective NSI parameters for
propagation in Earth!

@ LSND/MiniBooNE Is consistent with IceCube/DeepCore
and MINOS/MINOS+ in a (3+1)+NSI model with CC
and NC NSI



