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B. Pontecorvo
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we propose to install-de lectors
deep in a lake or in the sea and
3 to determine the direction'of |
charged particles with the help |
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Flavors
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Charged Current

lattice of photomultipliers
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astro-ph: 1010.3980

Measurement of the atmospheric neutrino energy spectrum from 100 GeV to 400 TeV
with IceCube
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Novents = / dt / d / dE . ®(E,0) . A%(E,6)
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The effective area is the area occupied by a hypothetical detector with the
same collecting power as lceCube, but with 100% efficiency

Novents = / dt / A / dE . ®(E,0) . A%(FE,0)

Wednesday, September 7, 2011



IPP11, Tehran

The effective area is the area occupied by a hypothetical detector with the
same collecting power as lceCube, but with 100% efficiency

Novents = / dt / A / dE . ®(E,0) . A%(FE,0)

flux of atmospheric neutrinos with units of
GeV'lstsrlcem™
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IPP11, Tehran

The effective area is the area occupied by a hypothetical detector with the
same collecting power as lceCube, but with 100% efficiency

Novents = / dt / A / dE . ®(E,0) . A%(FE,0)

flux of atmospheric neutrinos with units of
GeV'lstsrlcem™

The neutrino effective area already contain the
propagation and interaction of neutrinos in the Earth
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Sterile Neutrinos

Sterile means no standard model interactions
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Oscillation Phenomenology in the
presence of sterile neutrinos

J Active neutrinos (ve ,vu ,vr) can oscillate into sterile neutrinos (vs)

Disappearance of active neutrinos
J Observables:
Indirect evidence through combined fit of data

Vsl 1/32
Vr
Vi
Ve
1 V9 V3 Vg Vs .
mi m3 2 mj mé log m?
sol atm m

3V-mixXing
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Oscillation Phenomenology in the
presence of sterile neutrinos

IPP11, Tehran

Active neutrinos (ve ,vu V1) can oscillate into sterile neutrinos (vs)

obs. for 3+1 scheme: three new mixing

angles 914, 624, 634 and effectively
one new mass-squared difference

Am?©14
Ve I I I I I
41 ) V3 Vs ”
" m% ™ m‘zl mg >log m?

3V-MIXING
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ATM Neutrinos

Vu - Vs oscillations with Am? ~ 1 eV? are
enhanced in matter of the Earth in energy
range 0.5 - few TeV

This oscillation changes the energy
spectrum and zenith angle distribution of
the atmospheric neutrinos

Thus, a distortion in the energy spectrum and
zenith angle distribution of high energy atm
heutrinos

IPP11, Tehran

H. Nunokawa, O. L. G. Peres,
R. Zukanovich-Funchal
Phys. Lett B562 (2003) 279

S. Choubey
JHEP 0712 (2007) 014

S. Razzaque and A. Smirnov
1104.1390, [hep-ph]
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Oscillation Probability IPP11, Tehran
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Oscillation Probability IPP11, Tehran
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Muon Effective Area
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Survival Probabilities
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Damping Factors IPP11, Tehran
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ATM Flux (Honda+Volkova)
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Number of Events in IC40
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Number of Events in IC40 IPP11, Tehran
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Number of Events in IC40 IPP11, Tehran
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Number of Events in IC40 IPP11, Tehran
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Number of Events in IC40 IPP11, Tehran
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Number of Events in IC40 IPP11, Tehran

Number of Events

3000 i
Sin*6,4=0.000
Sin?6,=0.250
2500 - ) Sil’l2034 =0
Am?;;=0.4 eV?
— 1 x*=9.51124
i i 2 _
. I X2 ,.g=9.14375
h000 - - i i r # 1 i
| . T % T B |
I 1 | 1 1 :
No Sterile
1500 - i
Sterile
[ ) Data
1000 - i
500 L L L | . . L | L I I | I I L | . | |
-1.0 -0.8 -0.6 -04 -0.2 0.0

Cos(6,)

Wednesday, September 7, 2011



Number of Events in IC40 IPP11, Tehran
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Number of Events in IC40 IPP11, Tehran
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Number of Events in IC40 IPP11, Tehran
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Number of Events in IC40 IPP11, Tehran
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But

Systematics

Pion to Kaon ratio

Zenith acceptance of PMTs
lce properties

CR flux, composition (IceTop)
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What To Do?

Doing the same analysis for AMANDA 8 years data
and waiting for IC59 data
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Thank you!
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LSND

[LSND, PRL 75 (1995) 2650; PRC 54 (1996) 2685; PRL 77 (1996) 3082; PRD 64 (2001) 112007]

U, — Ve L ~30m 20 MeV < E < 200 MeV
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MiniBooNE Neutrinos

[PRL 98 (2007) 231801; PRL 102 (2009) 101802]

Vy — Ve L ~541m 475 MeV < E < 3GeV

3 ~ y b
T o
= - e Data a t
~ 25 [ v, fromu 3
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[MiniBooNE, PRL 102 (2009) 101802, arXiv:0812.2243]

Low-Energy Anomaly!

[Djurcic, arXiv:0901.1648]
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MiniBooNE Antineutrinos

[PRL 103 (2009) 111801; PRL 105 (2010) 181801]

v, — Ue L ~541m 475MeV§E<3GeV
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[MiniBooNE, PRL 105 (2010) 181801, arXiv:1007.1150] 10° 107? 10" 1
sin“(26)

Agreement with LSND 7, — 7, signal!

Similar L/E but different L and E = Oscillations!
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Updated MiniBooNE v, — v, Result

> 10
o Dota (stat err)
» Updated result from previous publication % . g:;m;}
— 5.66E20 = 8.58E20 protons-on-target (x1.5) & &=
— Reduced systematic uncertainties especially 06 ——

backgrounds from beam K* decays
04

_+_

Preliminary

» For E > 475 MeV (>200 MeV), oscillations favored July 2011

over background only (null) hypothesis at the 91.1%

02

CL (97.6% CL) %2 04 06 08 10 12 14 3.0
— Consistent with LSND but less strong than EX* (GeV)
previous result (99.4%) o 10° -
— Best fit: ¥2prob. = 35.5% (51%) —_ * ' — 68% CL
Null:  %2prob. =14.9% (10%) = — 9o% L
ﬁ — 95% CL
— 99% CL
» Low energy excess now more prominent for "
antineutrino running than previous result o 5’;‘:"';(;'1“1’”
— For E< 475 MeV, excess = 38.6 + 18.5 & Sectiation fit
(For all energies, excess = 57.7 + 28.5) =1 for E > 475 MeV
— Neutrino and antineutrino results are now more E
similar.
107
* MiniBooNE will continue running through spring B usno som o
2012 (at least) towards the request of 15E20 pot [ usno sen .
(~x2 from this update) - - -
— Full data set will probe LSND signal at the 2-3 10? 102 10" 1
sigma level sin’(20)

from M. Shaevitz, PANIC11, 26 July 2011
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Reactor Antineutrino Anomaly

[Mention et al, arXiv:1101.2755]

Old Reactor 7, Fluxes

Reactor Rates
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Reactor Antineutrino Anomaly

Ve Disappearance
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New Reactor 7, Fluxes
[Mueller et al., arXiv:1101.2663]

[Mention et al., arXiv:1101.2755]
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