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Introduction: NSI

Generic new physics affecting v oscillations can be
parameterized as 4-fermion Non-Standard Interactions:
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Direct bounds on prod/det NSI
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Introduction: NSI

Non-Standard v scattering off matter can also be
parameterized as 4-fermion Non-Standard Interactions:
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Direct bounds on matter NSI

If matter NSI are uncorrelated to production and detection
direct bounds are mainly from v scattering off e and nuclei
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Rather weak bounds...
...can they be saturated avoiding additional constraints?

S. Davidson, C. Pena garay, N. Rius and A. Santamaria hep-ph/0302093
J. Barranco, O. G. Miranda, C. A. Moura and J. W. F. Valle hep-ph/0512195
J. Barranco, O. G. Miranda, C. A. Moura and J. W. F. Valle 0711.0698



MINOS and LSND/MiniBooNE via NSI
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Tension between MINOS nu and antinu data
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MINOS and LSND/MiniBooNE via NSI
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Can be accommodated
with matter NSI

&,.~ 0.4
or detection NSI
&,;~ 0.1

W. A. Mann et al 1006.5720
J. Kopp et al 1009.0014

Tension between MINOS nu and antinu data
P. Adamson et al, MINOS collaboration 1104.0344



MINOS and LSND/MiniBooNE via NSI
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Agreement between MiniBooNE and LSND antinu data
A. A. Aguilar-Arevalo et al, MiniBooNE collaboration, 1007.1150



MINOS and LSND/MiniBooNE via NSI
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Agreement between MiniBooNE and LSND antinu data

A. A. Aguilar-Arevalo et al, MiniBooNE collaboration, 1007.1150



Gauge invariance

However ZﬁGFg;"ﬂ(Vﬂyf“ Pv, an Prf )
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by gauge invariance and very strong bounds exist
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S. Bergmann et al. hep-ph/0004049
Z. Berezhiani and A. Rossi hep-ph/0111147
S. Antusch, M. Blennow, EFM and T. Ota, 1005.0756



Large NSI?

Search for gauge invariant SM extensions parametrized by
d=6 or higher effective operators satisfying:

= The Higgs Mechanism is responsible for EWSB

= NSI are generated at tree level

= 4-charged fermion ops not generated at the same level or
cancelled among different contributions

S. Antusch, J. Baumann and EFM 0807.1003
B. Gavela, D. Hernandez, T. Ota and W. Winter 0809.3451
S. Antusch, M. Blennow, EFM and T. Ota, 1005.0756



Large NSI?

At d=6 only one direct possibility: charged scalar singlet

Present in Zee model or
R-parity violating SUSY
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M. Bilenky and A. Santamaria hep-ph/9310302



Large NSI?

Since 4, = -4, Only g,.and ¢, 70
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Very constrained:
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F. Cuypers and S. Davidson hep-ph/9310302
S. Antusch, J. Baumann and EFM 0807.1003



Large NSI?

At d=6 indirect way: fermion singlets




Effective Lagrangian
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Effective Lagrangian

L=iv,dK_v,+vV,M

(\N+Ia7/”Pv +hc) J (Z v ri“Pv, +hC)
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Diagonal mass and canonical kinetic terms
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Effective Lagrangian

L=iv,dK_v,+vV,M

(\N+Ia7/”Pv +hc) J (Z v ri“Pv, +hC)

apY B ap¥p NG cosd,

Diagonal mass and canonical kinetic terms

Z,7y"P(N'N), v, +hc)+...
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cosé?

v =N_v N is not unitary




(NNT) from decays
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After integrating out W and Z neutrino NSI induced



(NNT) from decays

(2.0-10° 59.10° 16-10°)
g|=26-NN'|<|5.9-10° 82:.10* 1.0-107
(16-10° 1.0-10° 26-10°)  Experimentally

E. Nardi, E. Roulet and D. Tommasini hep-ph/9503228
D. Tommasini, G. Barenboim, J. Bernabeu and C. Jarlskog hep-ph/9503228

S. Antusch, C. Biggio, EFM, B. Gavela and J. Lopez Pavon hep-ph/0607020
S. Antusch, J. Baumann and EFM 0807.1003

Again ~10-3 bounds much more stringent than direct contraints



Ways out?

Possible loopholes of the argument to obtain large NSI:

Interaction mediators are light and effective theory not
justified: talk by Hye-Sung Lee

NSI are generated through higher dimension operators:
talk by Sacha Davidson

NSI generated via loops

Others?



