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Effects of NSI on neutrinos

» Neutral current Non-Standard Interaction (NSI): propagation of neutrinos in
matter

» Charged current Non-Standard Interaction (NSI): production and detection
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Non-standard neutral current
Inferaction
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Standard Oscilllation
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Non-Standard matter effects
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Effects of NSl in long baseline
experiments

» Renewed interestin NSI

» NS| can fake CP-violation and lead to wrong determination of 623 octant

Masud and Mehta, PRD 94(2016); Forero and Huber, PLB 117 (2016); Liao,
Marfatia and Whistnant PRD 93 (2016); Agarwalla, Chatterjee and Palazzo, PLB

762 (2016)
Underlying models for NSI with light mediators
Y.F.,PLB 748 (2015) 311; Y.F. and |. Shoemaker, JHEP 1607 (2016) 033; Y.F. and J.

Heeck, PRD%4 (2016) no 5, 53010, Y.F. and M. Tortola, Front. In Phys 6 (2018) 10



LMA-Dark solution

» | MA-Dark solution provides even a better fit. (suppression of low energy
upturn)

—1.40 <€, —€,, <—0.68 and —1.44< — efm < —0.87 at 30 C.L.
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Total flux measurement at SNO

» Neutral current

Deuteron dissociation

v+D —=v4+n+p

» Gamow-Tellertransition
» Sensitive only to axial-vectorinteraction

» No effectfrom
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Scattering experiments

[—Q\EGF 653( (V" Prvg) (fruPx f)

NuTeV and CHARM rule out a large part (but not all) of parameter space of
LMA-Dark solution.

Davidson, Pena-Garay, Rius, SantaMaria, JHEP 2003




Scattering experiments
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NuTeV and CHARM rule out a large part (but not all of) parameter space of
LMA-Dark solution.

Davidson, Pena-Garay, Rius, SantaMaria, JHEP 2003

But not in the model that we shall present




Underlying theory for LMA-Dark®e
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Various model with heavy intermediate particle
For areview see:

T. Ohlsson, “Status of non-standard neutrino interactions,” Rept. Prog. Phys. 76 (2013)
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Too small NSl
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Suggestion

= Whatif my ~ 10 MeV

YF, A model for large non-standard interactions leading to LMA-Dark solution,
Phys. Letft. B748 (2015) 311-315; YF and J Heeck, Neutrinophilic nonstandard interactions,

PRD 94 (2016) 53010; YF and | Shoemaker, lepton flavor violating NSI via light mediator,

JHEP 1607 (2016) 33.
YF and M Tortola, “neutrino oscillations and non-standard interactions” to appear in Frontiers in

physics




Suggestion

= Whatif my ~ 10 MeV

e~ll mEEp gy ~107° - 1074

» Bounds can be avoided notf because the mass of the infermediate state is
high

But because coupling is smalll
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Big Bang Nucleosynthesis

» Huang, Ohlsson and Zhou, PRD 97 (2018) 75009O
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Bounds on Couplings of neutrinos
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Coupling to quarks

» Non-chiral couplings: No impact on total measurement at SNO

» Flavor universal: Going to mass basis qvc/qu’
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Coupling to neutrinos

Direct coupling to neutrinos

Gauge symmetry:

acle +a,L, +a; L.+ B

Coupling to neutrinos through mixing with qp S AV

Gauge symmetry:

&¢Lw + B




Coupling to neutrinos

®» Direct coupling to neutrinos

Gauge symmetry:

aele +a,L, +a-L:+ B
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Anomaly cancelation

3+a.+a, +ar #0

Adding a new generation of leptons (quarks)

Non-perturbative Yukawa coupling

Adding a pair of fermions with opposite hypercharges

r o T - T . / 5 TeV 2x107°%  mgy
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Coupling of neutrinos through mixing
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Fernandez-Martinez et al., JHEP 08 (2016) 033




Coupling of neutrinos through mixing
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Neutrino scattering experiments

¢ > my,

Suppression factor




Neutrino scattering experiments

¢ > my,

5 MeV ~my < 1 GeV

Relaxing bounds from scaftering experiments, NuTeV and CHARM
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COHERENT experiment
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COHERENT experiment

» Akimov et al., “Observation of Coherent Elastic neutrino Nucleus
Scattering,” science 357 (2017) No 6356, 1123

(CEVNS) A @ scattered

neutrino

Freedman, PRD 9 (1974) 1389. boson) nuclear

QR f_, 1 r;ilé

secondary
recoils

They find 6.70 CL evidence for CEvNS @

scintillation



Set-up of the COHERENT experiment

» Detector. 14.6 kg Csl scinfillator

» Source: Spallation Neutron Source (SNS) at Oak Ridge National Lab

=t +, wm—=er+v,+ 1.

NpQT — 1.76 X 1023 L =193 m
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Akimov et al., Science 357 (2017) No 6356, 1123




HEP 1704 (2017) 116

| P. Coloma, P. Denton, Gonzalez-Garcia,
Maltoni and Schwetz, “curtailing the dark
Side in non-standard neuftrino interaction,”

JHEP 1704 (2017) 116

- | === CHARM

| | —— COHERENT (Csl)

-1 -0.5 0 0.5 1

Akimov et al., Science 357 (2017) No 6356, 1123



Standard coherent interaction

: ME,
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Lico and Marfatia, Phys Lett B775 (2017) 54




Coherent interaction with light

mediator
don Gy 9o ME,
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Lico and Marfatia, Phys Lett B775 (2017) 54
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LMA-Dark after COHERENT data
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Even lighter mediator

Hardy and Lasenby,JHEP 1702 (2017) 33

Free streaming at recombination:

Cherry, Denton, YF and Shoemaker,
Work in progress

Gy, ~ 1072
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Cherry, Denton, Y.F. and shoemaker,
, Work in progress
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Summary

» U(1) gauge bosonwith mz ~ 10 MeV and +/g.g9p = 107t —107°
can lead to sizeable NSI.

» COHERENT has noft ruled out LMA-Dark yet!

» Upcoming CEVNS experiments can test this scenario




Backup slides




®» Observational consequences




Emission in Supernova

» Similarto EH — ﬁT

Kamada and Yu, arXiv:1504.00711

etz ~ 107km(g’ /7 x 107°)72(T'/10 MeV ) (10 MeV /m g )?

» Reduced mean free path for v, and v,

prolong the diffusion time




High energy cosmic neutrino

» Kamada and Yu, arXiv:1504.00711 ﬁﬁ — f,T

/
vy — /0 —= v

Background neutrino af rest

400 TeV to PeV




Dip or gap in ICECUBE spectrum

Results of Contained Vertex Event Search (4.30)
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28 events (7 with visible muons, 21 without) on background of
10.6753 (12.1 + 3.4 with reference charm model)

N. Whitehorn. UW Madison




» Theorefical prediction of dip in 400 TeV to PeV is robust!

» Testing model




90% CL 30
best-fit LMA LMA ¢ LMA-D LMA LMA & LMA-D
+0.298 | [+0.00,+0.51] & [—1.19,—0.81] | [-0.09,+0.71] & [~1.40, —0.68
+0.001 | [—0.01,+0.03]  [~0.03,40.03] | [<0.03,40.20]  [—0.19, 40.20]
—0.021 | [—0.09,+0.04]  [=0.09,40.10] | [-0.16,+0.11]  [-0.16,+0.17
+0.021 | [—0.14,+0.14]  [=0.15,40.14] | [-0.40,+0.30]  [—0.40, +0.40
—0.001 | [-0.01,+0.01]  [=0.01,40.01] | [-0.03,+0.03]  [—0.03,+0.03
—0.140 | [—0.24, —0.01] & [+0.40, +0.58] | [—0.34,+0.04] & [+0.34, +0.67
—0.030 | [-0.14,+0.13]  [=0.15,40.13] | [-0.29,+0.21]  [-0.29,+0.21
+0.310 | [+0.02,+0.51] & [—1.17,—1.03] | [<0.10,+0.71] | & [—1.44, —0.87
+0.001 | [—0.01,+0.03]  [=0.01,40.03] | [-0.03,+0.19]  [—0.16,+0.19
ed, —0.023 | [—0.09,+0.04]  [=0.00,+0.08] | [-0.16,+0.11]  [-0.16,+0.17
ed_ +0.023 | [—0.13,+0.14]  [-0.13,40.14] | [-0.38,+0.20]  [—0.38,+0.35
ed, —0.001 | [-0.01,+0.01]  [=0.01,40.01] | [-0.03,+0.03]  [—0.03,+0.03
ed —0.145 | [—0.25,—0.02] & [+0.49, +0.57] | [<0.34,+0.05] & [+0.42, +0.70
ed, —0.036 | [-0.14,40.12]  [-0.14,40.12] | [-0.28,+0.21]  [-0.28,+0.21

Maltoni and Gonzalez-Garcia, JHEP 2013
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Yukawa coupling of nheutrinos

NN H L, + M NoH TCL“ NN H Lo+ MNoH L.+ M Ny H TCL# + H.c.

Basis change: A4 = 0 or A5 = 0

Mix: v, and vy

No mixing: L"E/%IJ}M L’E/afléﬁ-




Majorana masses

If there is no Majorana mass for right-handed neutrinos:

1) 'ﬁlﬁ-’i ~ TI,, (Aiweff)

2) Smallness of neutrino mass




Majorana masses

M NEeN, +
S 1 (AQ i\/T; ( Ng -+ A 3 i%rg ( Ng -+ AQ 3 iNT; ( i\/T‘g) +
SQ(BQNIT cNy + Bng cN3) + H.c.




Neutrino trident scattering

v+ A—o>v+A+puT+pu"

» CCFR collaboration:

scattering of ~ 160 GeV neutrino beam off an iron target

PRL66 (1991)
» CHARM Il collaboration

scattering of ~ 20 GeV neutrino beam off a glass target

PLB 245 (1990)



Neutrino trident scattering

Altmannshofer et al., PRL113 (2014)

v+A—-v+A+pt o B T e

my (GeV)




(uy? Pu)(vyyp,Luvy,) el| < 0.003 el < 0.001
—0.008 < e/t < 0.003 eifl| < 0.002

NuTeV s, in DIS at nufact
(d~? Pd)(v,~,Lv,,) edl| < 0.003 e4k| < 0.0009
—0.008 < g4t < 0.015 edlt| < 0.005

NuTeV s, in DIS at nufact

Davidson, Pena-Garay, Rius, SantaMaria, JHEP 2003

NuTeV: Muon neutrino energy~75 GeV




(uy? Pu)(veypLve) —1 <l <03 leul) < 0.001
—04 < vl < 0.7 cult| < 0.002

CHARM sty in DIS at nufact
(dvP Pd)(vey,Lve) 03 < <03 4L < 0.0009
—0.6 < it <05 245 < 0.005

CHARM st in DIS at nufact

Davidson, Pena-Garay, Rius, SantaMaria, JHEP 2003

Veq — Vg scattering




Standard coherent interaction
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