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Neutrino experiments overview

[modified from J.S. Diaz and V.A. Kostelecky, Phys.Lett. B700, 25 (2011)]
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Flavor content 101

The flavor content at Earth depends on the initial flavor content
(φe , φµ, φτ ):

I (1 : 2 : 0) → pion beam
I (1 : 0 : 0) → neutron decay
I (0 : 1 : 0) → damped muon
I (1 : 1 : 0) → charmed meson decay

General astrophysical scenarios produce (x , 1− x , 0) by
combination of the above processes.
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Flavor content 101

The propagation Hamiltonian

H(E ) = V (E )†

 ∆1(E ) 0 0
0 ∆2(E ) 0
0 0 ∆3(E )

V (E )

Under in the full decoherence regime we have

P̄να→νβ (E ) =
∑
i

|Vαi |2 |Vβi |2 ,

The Earth flavor content

φ⊕β (E ) =
∑
α

P̄να→νβ (E )φpα(E ) .
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Standard three flavor expectation
For std-vacuum oscillations

H =
1
2E

U†

 0 0 0
0 ∆m2

21 0
0 0 ∆m2

31

U

so V(E) = U (PMNS matrix).
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IceCube flavor content results

I IceCube has recently measured the astrophysical flavor ratio.
I Both analysis are compatible with (1:1:1) at a 1σ level.
I Minor tension between best fit points from different analysis.
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Phys. Rev. Lett. 114, 171102 (2015) https://indico.in2p3.fr/event/10819/
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It’s complicated
I The flavor ratio best fit strongly depends on the analysis

energy range, spectral index, spectral cut off, background
estimation.

I The track-cascade mis-ID is very important.

Palomarez-Ruiz et al. arXiv:1502.02649
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?
I More statistics is needed to precisely measure the astrophysical

flavor ratio (Gen-2?).
I What are the allowed regions on the flavor triangle in the

presence of new physics?
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Introducing new physics

We introduce new operators that represent new physics

Ĥn =

(
E

Λn

)n

Ôn

the new total propagation Hamiltonian

H =
1
2E

U†M2U +
∑
n

(
E

Λn

)n

Ũ†nOnŨn = V †∆V

we assume that total decoherence still holds in the presence of the
new operators.
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Setting the scale of On

We study n = 0 and n = 1. We can reinterpret the LV/CPT
neutrino limits to our operators:

I Best limits from : SK, Phys.Rev. D91 (5) (2015) 052003.,
IceCube, Phys.Rev. D82 (2010) 112003.

I On O0: O(10−23GeV). [a-term]
I On O1/Λ1: O(10−27). [c-term]

Kostelecky et al. Rev. Mod. Phys. 83 (2011) 11-31 [arXiv:0801.0287]
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Choosing Ũn

For the flavor structure of the new operators we assume they follow
anarchic sampling:

dŨn = ds̃2
12 ∧ dc̃4

13 ∧ ds̃2
23 ∧ d δ̃ ,

where s̃ij , c̃ij and δ̃ are the corresponding sines and cosines and
phase respectively for the new physics n-operator mixing angles.
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Say H = H̃n

If we set the propagation Hamiltonian to just one of the new
operators then ...
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Now consider the Hamiltonian with mass term
If we only add O0 at a 10−23GeV scale
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same result with O1 for O1/Λ1 ∼ O(10−27)
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Set O0 ∼ O(10−26GeV)
If the new operators are dominant only for Eν > 35 TeV
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very similar result with O1 for O1/Λ1 ∼ O(10−30)
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Set O0 ∼ O(10−29GeV)
If the new operators are dominant only for Eν > 2 PeV
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very similar result with O1 for O1/Λ1 ∼ O(10−34)
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Closing remarks

I We have presented the reach of new physics scenarios in the
astrophysical flavor ratio under the presence of LV/CPT-like
scenarios.

I Precise measurement of the flavor ration can put strong
constrains on Oi ; in particular LV/CPT operators.

I Special thanks to Walter Winter and Mauricio Bustamante for
useful and entertaining discussions (please read also
arXiv:1506.02645).

I More data is needed! Meanwhile, we hope for non standard
flavor ratio.

I Also stay tune for the new νµ IceCube disappearance result!!!
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useful and entertaining discussions (please read also
arXiv:1506.02645).

I More data is needed! Meanwhile, we hope for non standard
flavor ratio.

I Also stay tune for the new νµ IceCube disappearance result!!!

Thanks!


