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• Beam neutrino physics:

• CPV

• Mass hierarchy

• Known angles and splittings

• ??

• Nucleon decay

• Supernova

Bread and butter
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NSI: 1970s ...

• The idea is as old as the field itself

• hundreds of follow-up papers
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Solar neutrinos

• Small NSI change the energy 
dependence of the solar neutrino 
survival probability

•  mostly in the vacuum/matter 
transition regime

• Also changes the D/N asymmetry

• All one has to do is observe the 
upturn of the survival probability
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Solar neutrinos, 2011

SNO 3-phase analysis 2011
Similar story with Borexino, SuperK; see Palazzo, PRD 2011
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Other constraints?

• SuperK atmospheric neutrinos allow εeτ ~ 
0.5 without any tuning among other 
parameters 

• even more with tuning

• At the LHC and Tevatron, in “monojet” 
events, neutrino NSI look like dark matter or 
extra dimensions 

• These events provide a useful constraint, 
especially if the new physics scale is in 
the hundred TeV range, but weaker if it’s 
above or below

lowPT
CDF

GSNP

highPT

veryHighPT

Broad resonance

CDF ADD

100 101 102 103 104
10�3

10�2

10�1

100

101

MZ ' �GeV�
�

A. F., Graesser, Shoemaker, 
Vecchi, arXiv:1111.5331

6Thursday, April 26, 2012



MINOS

• The flavor-changing NSI 
cause small nu-e 
appearance 

• This could fake the 
effect of theta13 pretty 
closely

• One might think that 
only large NSI can be 
probed, but that’s not 
so, because theta13 is 
measured to be large

Neutrino 2006, 6/15/2006 Alex Friedland, LANL 18

MINOS, e mode 

e mode: direct 
conversion due to 
new flavor changing 
interactions
25*1020 protons on 
target: shrinks 
currently allowed 
parameter space by a 
factor of 2

13 or New 
interactions?

hep-ph/0606101

sin22θ13 = 0.07 or
sin22θ13 = 0 + NSI εeτ ~1

Friedland, Lunardini, PRD 2006
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Approximate analytical formula

• Two channels, solar and atmospheric

• NSI amplitude appears in both

• Matter effects appear mostly in solar splitting

• NSI has its own phase; interference depends on the relative phases!

P (νµ → νe) �
����G1 sin θ23

exp(i∆1L)− 1

∆1
−G2 cos θ23

exp(i∆2L)− 1

∆2

����
2

,

G1 �
√
2GFNe�eτ cos θ23 +∆ sin 2θ13e

iδ,

G2 �
√
2GFNe�eτ sin θ23 −∆⊙ sin 2θ12.
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• Interference makes for a pretty large effect for NH

• Useful constraint already possible

• On the other hand, could it be seeing destructive interference? NOvA?
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1300 km baseline

• More matter means greater NSI effects

• For IH, going down to the oscillation minimum and beyond would greatly help

1.0 10.05.02.0 20.03.01.5 15.07.0
0.00

0.02

0.04

0.06

0.08

0.10

0.12

EΝ, GeV

P�Ν Μ�
Ν e
� LBNE, IH, ΕeΤ��0.2

1.0 10.05.02.0 20.03.01.5 15.07.0
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

EΝ, GeV

P�Ν Μ�
Ν e
�

LBNE, NH, ΕeΤ��0.2

10Thursday, April 26, 2012


