-!strophysical Neutrinos and ‘

Antineutrinos can Fake New Physics

arXiv:1604.08595, H. Nunokawa, BP, R.Z. Funchal

~1 km?2

Geographic South Pole

Boris Panes
Planck 2016, Valencia, Spain



Motivation and Introduction



lceCube detector

0.44 km? water equivalent volume

w
=
=
(5
<

CR Shield

1400 m

: v, CC
| — v, CC

| — v, ccC
.| — All flavors NC

Neutrino target mass (Mton)

10° 10° 10° 10°
Neutrino energy (TeV)

- The IceCube detector consists of 86
strings. Each string holds 60 Digital
Optical Modules that transfer data up
to the IceCube Lab once they sense
energy from the Cerenkov radiation.
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- Energy resolution is 15% above 10 TeV [N
- Direction resolution is ~1 degree for

tracks and ~15 degrees for showers Shower and Track like events



lceCube 3-Year Results
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- 37 events (expect 8.4 cosmic ray muon events and 6.6 atmospheric neutrinos), purely

atmospheric explanation rejected at 5.7 sigma (1405.5303).

- From the reconstructed direction of each neutrino is not possible to identify a significant
preferred direction. Thus, the hypothesis of isotropy is consistent with the current data.



lceCube results for neutrino ratios

- The best fit point is from recent results from IceCube 1507.03991, but the figure is taken

from (1506.02645)

Std. mixing < (foifif)s
0;,9¢cp: bf,16,36 & 1‘v 5,09 all free
NH 02y ‘96 % gg (1:2:0)
M (0:1:0)
(1:0:0)
0.6 (1:1:0)
: ® 0.6 L %0'5 fuo
.. - 0.4
WS "
. <03
08y 0.2
QQJFTWDMD Ep
}f ltggl5 1%01
l \, S '\"-.‘

.-"""-"',."' vy rg _.-'-'-' L U

0 Gl 02 03 0.4 05 06 D? OB 09 1

fe.o

- The best fit point is indicated by
a red cross.

- For the fit neutrino and anti-neutrino
fractions are assumed to be equal.

- Some expected regions include
resonant photo-disentegration
(1:2:0), muon damped scenarios
(0:1:0), neutrino beam (1:0:0) and
Muon pile-up (1:1:0).

- More important, the fractions are
the sum of neutrino and anti-neutrino
fractions.






From VHE neutrinos to showers and tracks

- In order to interpret the IceCube results in terms of flavor ratios it is necessary to consider
the contributions of each flavor (particle and antiparticle in principle) by separate (1502.02649).
Also, some assumptions must be specified in order to clarify the scope of the results.
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- Concernig the Flux: uniform and universal power law
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- Besides, for the FIT of IceCube data it is usually assumed that the contribution of neutrinos
and anti-neutrinos is symmetric
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When we simulate mock data we consider the first two items but we let the fraction of neutrinos
to be non-symmetric. However, when we do the fit we use the three assumptions.



neutrinos vs anti-neutrinos

- Notice that the third assumption is motivated by the fact that neutrinos and anti-neutrinos
Interact similarly with nucleons at Earth, however above 6.3 PeV the Glashow-Resonance
process is able to distinguish between electron and anti-electron neutrinos.
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Highlights:

Glashow resonance in the electron-
anti-neutrino spectrum.

Contribution of muon neutrinos to
showers is negligible (but they are
the dominant contributor to tracks)
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Tau-neutrinos and electron-neutrino
spectra are quite similar.
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Tracks do not present such important features, because (anti)-electron neutrino contribution
IS sub-leading. The contribution of particle and anti-particles for the muon and tau neutrinos
are quite similar.



Fractions from source to the Earth

- Signal: Astrophysical sources such as GRBs, AGNs, Blazars, Bhs, etc, produce very high
energy neutrinos mainly by two processes, proton-proton and proton-gamma interactions.
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The first process is symmetric for neutrinos and anti-neutrinos. However the second one,
where we have assumed that the dominant channel is mediated by a resonant Delta(1232)
channel, only produces electron-neutrinos.

(85 o f) (£) )~ (£ £) £) )~ (1/6:2/6:0)g,
(fVSe : fVSM : fVST) ~ (1/3:1/3:0)g, (fgse : fgsu : f;ST) ~ (0:1/3:0)qg
Furthermore, progagation is applied independently for neutrinos and anti-neutrinos
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Expectations at Earth
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The red case corresponds to photo-desintegration scenario and the blue one is an arbitrary
set of non-symmetric fractions. Fractions are normalized to one, point by point. Furthermore,
the sum of the fractions also cover a similar central region in the corresponding plot.



Potential iIssues at IceCube

- Now, let me consider two different cases in order to show explicitly the confussion that
could arise if we use the symmetric assumption when in fact we have a non-symmetric
distribution of ratios at source and therefore at Earth.

- For this we are going to consider 10x the current statistics at VHES and gamma=2.3,
plus two idealized sources given by A = proton-gamma and B = exotics

(A) b = (1/3:1/3: 0)s 6T = (0.25: 0.21: 0.21)
>
fvsl =(0:1/3:0)q ' ng (0,06 0.15: 0.12)¢,
pmns
(B) f5 = (0:0.3:0)g g T = (0.06 : 0.13 : 0.11)4
£5 = (0.4:0.3:0)q T (0.28:0.21: 0.21),

- We simulate the observed number of showers and tracks for these theoretically predicted
flavor ratio distributions — mock data

- Finally, we FIT this mock data using the symmetric assumption
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Misleading results
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- Although we are considering standard sources and propagation, we get a best fit that is outside
of the expected region. This is mainly due to the Glashow Resonance, which requires

F (A) ff ~ 2 x 0.06 #£ 0.31 This does not agree
€ with the TRUE INPUT

2 Vi (B) f) ~2x0.28# 0.34 thenitis INCORRECT



Conclusions

- The IceCube detector is able to distinguish between two observed topologies,
showers and tracks. This allows us to have a handle on neutrino ratios at Earth and
also gives us some intuition about the source

- Furthermore, with more statistics VHES neutrinos are expected to appear, specially
those that can activate the Glashow Resonance process. This will allow us to discriminate
between electron and electron anti-neutrinos.

- Also, is quite fair to assume that neutrino sources could produce non-symetric ratios, and
particularly in the electron neutrino sector.

- Therefore, we should consider as free parameters for the FIT at least three fractions
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- On the contrary we could get misleading interpretations from IceCube results, that could
eventually motivate not-really-necessary new physics in the neutrino sector.
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