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WKY DO WE CARE ABOUT HIGH-ENERGY NEUTRINOS?

Neutrinos Point back to their cosmic sources
Neutrinos are little atfected }39 ambient matter

Neutrinos travel over cosmic distances without

absorption, which allows to 5tu&g
their stabilitg, mass patterns, etc.

Neutrinos carry a quantum numbér that

cosmic rays ancl Photons clo Nnot ha\/e: ﬂavor

Extreme energies allow studies of neutrino cross

sections begoﬂcl the reach 01(: terrestrial accelerators

IFI C Sergio Palomares-Ruiz On the flavor composition of the high-energy neutrino events in lceCube, June 26, 2014



IceCube Lab
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TYPE OF EVENTS

Muon tracks Showers

CCv,+18% CCv, NC+CCv,+82% CC v,

qood angular resolution Poor angular resolution

Backgrounds: atmospheric muons and neutrinos
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EFFECTIVE MASSES

~400 Mton effective target mass
Rejection of

10°

atmospheric muons

veto region ] 90 meters :

fiducial volume r : v, CC
v, CC
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All Flavors NC
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Side E Neutrino Energy [TeV]

High dust concentration
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http://www.youtube.com/watch?v=MNmHDYaXn5Q
http://www.youtube.com/watch?v=MNmHDYaXn5Q

+26 EVENTS ABOVE 30 TEV

M. G. Aartsen et al. [lceCube Collaboration], Science 342: 1242856, 2013

From May 2010 to May 2012:

7 tracks + 21 showers
[FIC between 30 TeV and 2 PeV (deposited energy)
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+26 EVENTS ABOVE 30 TEV

M G Aartsen et a| [lceCube Collaboration], Science 342: 1242856, 7.015 4

BREAKTHROUGH
OF THE YEAR

From May 2010 to May 2012:

7 tracks + 21 showers
between 30 TeV and 2 PeV (deposited energy)
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7 tracks : 21 showers

atmospheric neutrinos (<100 TeV)?

prompt neutrinos (~100 TeV)?

astroplngsical neutrinos (> 100 TeV)?

cosmogenic neutrinos (>1 EeV)?

10° 10° 10" 10" 10
MeV GeV TeV PeV EeV

Neutrino ener qy

U. E Katzand C. Spiering, Prog, Part. Nucl. Phgs. 67:651, 2012
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7 tracks

Cosmological v

Solarv
Supernova burst (1987A)

_~Reactor anti-v

Background from old supernovae
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7 tracks : 21 showers

atmospheric neutrinos (<100 TeV)?

prompt neutrinos (~100 TeV)?
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cosmogenic neutrinos (>1 EeV)?

10° 10° 10" 10" 10"
MeV GeV TeV PeV EeV

Neutrino ener qy

U. E Katzand C. Spiering, Prog, Part. Nucl. Phgs. 67:651, 2012

What is the coml:)ati ) itg ot that event ratio

with ditferent neutrino flavor ratios

(assuming isotropg OF thc—: sources)”?

I F I C Sergio Palomares-Ruiz

On the flavor composition of the high-energy neutrino events in lceCube, June 26, 2014



Credit: DESY
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FLAVOR RATIOS AT SOURCE AND EARTH

- — v

!

e + Vi Vel (0}

Pion sorit B (ve N, :vT)S =(1:2:O):>(ve i o vf)@) =L It
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FLAVOR RATIOS AT SOURCE AND EARTH

- — v i = +V, )
e + Vi Vel (0} e +v,(v,)+V,(v,)

Pion sources (Ve NG :VT)S =(1:2:())=>(Ve B0 VT)@ =(1:1:1)

Muon sources (Ve 4% :vf)s =(1:1:()):>(Ve e :VT)® =(14:11:11)
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FLAVOR RATIOS AT SOURCE AND EARTH

- — v i = +V, )
et +v,(V,)+V,(v,) et +v, (V) +V,(v,)

Pion sorit B (ve N, :vT)S =(1:2:O):>(ve i o vf)@) =L It

Muon sources (Ve 4% :vf)s =(1:1:()):>(Ve e :VT)® =(14:11:11)

Neutron sources (ve Ly :VT)S =(1:0:0)= (ve vV, :VT)@ =(5:2:2)

n—>p+e +Vv,
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STATISTICAL ANALYSIS
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7 tracks : 21 showers

What is the comPati ) itg ot that event ratio with ai

neutrino flavor ratios (assuming isotropg of the sources)?

B Background Atmospheric Muon Flux

B Bkg. Atmospheric Neutrinos (=/K)

Background Stat. and Syst. Uncertainties

—  Atmospheric Neutrinos (Benchmark Charm Flux)
- Atmospheric Neutrinos (90% CL Charm Limit)
- Signal+Bkg. Best-Fit Astrophysical £* Spectrum
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Deposited EM-Equivalent Energy in Detector (TeV)

M. G. Aartsen et al. [lceCube Co”aboration], Science 342: 1242856, 2013

For(1:1:1)and E™ : ~ 20% tracks and ~ 80% showers
IFIC
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NO BACKGROUND?

OK ‘{:DV (1:1:1)

Flavor ratios with

averaged oscillations

%CL exclusion

Color code for E*

Sergio Palomares-Ruiz On the flavor composition of the high-energy neutrino events in lceCube, June 26, 2014

INSTITUT DE FISICA
CORPY SCULAR



BUT THERE IS BACKGROUND...

observed => 7 tracks : 21 showers
background => 8.6 tracks : 2 showers
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observed => 7 tracks : 21 showers
background => 8.6 tracks : 2 showers
astrophysical =
observed - background

IFI C Sergio Palomares-Ruiz On the flavor composition of the high-energy neutrino events in lceCube, June 26, 2014



BUT THERE IS BACKGROUND...

observed => 7 tracks : 21 showers
background => 8.6 tracks : 2 showers
astrophysical =
observed - background

astrophysical tracks=7-8.6=0 |
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2-YEAR RESULTS

For E°

(1:1:1) disfavored at £1% CL
Best—ﬁt: (1:0:0) 0

A 0.9

Flavor ratios with
averaged oscillations

%CL exclusion

0.5 0.6 07 08 0.9
Q{e’@

O. Mena, SPR and A. C. Vincent, arXiv:1404.0017

I Fl C Sergio Palomares-Ruiz

On the flavor composition of the high-energy neutrino events in lceCube, June 26, 2014



3-YEAR PATA

M. G. Aartsen et al. [lceCube Collaboration], arXiv:1405.5303

2-year data: May 2010 - May 2012
Observed: 7 tracks + 21 showers

Estimated background : 4.6, atm.V +6 +3.4atm. U
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M. G. Aartsen et al. [lceCube Collaboration], arXiv:1405.5303

2-year data: May 2010 - May 2012
Observed: 7 tracks + 21 showers

Estimated background : 4.6, atm.V +6 +3.4atm. U

3-year data: May 2010 - May 2013
Observed: 9 tracks + 28 showers
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THE 2 PEV NEUTRINO
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2-YEAR RESULTS

(1:1:1) disfavored at £1% CL
Best—ﬁt: (1:0:0)

1

0.1

Flavor ratios with
averaged oscillations

%CL exclusion
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O. Mena, SPR and A. C. Vincent, arXiv:1404.0017
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3-YEAR RESULTS

(1:1:1) disfavored at 32‘{ cL
Best-fit: (1:0:0)

Flavor ratios with
averaged oscillations

%CL exclusion

0.1 02 03 04 05 06 07
aej@

O. Mena, SPR and A. C. Vincent, arXiv:1404.0017
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TIME EXTRAPOLATION FOR (2:1:1)

Adding atwospheric neutrinos from
charm decays changes Little the result

S 6 7
Exposure |years]

Residuals x2 [%]
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CONCLUSIONS

@ No flavor combination at sources assuming averageo
oscillations provides the best—fit:

the 3-year data follow the same trend of the 2-year data
%) Bes’c—ﬁt Ls (1:0:0) at Earth

—> Nown-standard phgsics (neutrino decay, CPT violation,
psewdo-Dirac neutrinos)?

—> Has the atmospheric background been overestimateol?

=> Have some tracks been misidentified as showers?

Otherwise, where are the missing tracks?
[FIC
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