Neutrino Mixing and CPT violation
by 20 GeVs beaming across the Earth and
atmospheric neutrino at Deep Core
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Summary

* Neutrino flavor changing may be asymmetric by
CPT violation: different masses

 Muon into Tau may be different than anti-particle
In oscillation (how to test it at best?)

« Beaming artificial neutrinos into Icecube Deep
Core may solve the puzzle (and reveal Taus)

« Upward atmospheric neutrinos at 20 GeV may
also show the CPT ..see..Deep Core soon

« Neutrino Astronomy at 20s GeV is more clean
of noisy atmospheric background
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6 Neutrinos mixed among themselves
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Energy threshold to each born leptons
6 different neutrino astronomy
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Minos , June 2010: Different anti-muon neutrino
mass and mixing?
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But SK ICHEP 24 july 2010 : ...
No really need of any CPT violation?

> Testv 959[[3’({19(\ ?_"JV_PS,C'IP?'OP §e|p)3traF¢IIy. | SK-1+11+111

Preliminary

Neutrino:

Am,;2=2.2x10-3eV?
sin220,;=1.0
Anti-neutrino:
Am,;2=2.0x10-3eV?2
sin220,,=1.0

909 == \INOS Collaboration
Preliminary Nu 2010

i No evidence for CPT
90% e SUpPETr-K — . . . .
| violating oscillations
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sin®20,,

Jul. 24,2010 Yoshihisa OBAYASHI, Atmospheric Neutrino from SuperK
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Tau Appearance in SK: still no CPT signature?

V_E Events at Super'K Many light-producing
W 4 particles
Most events are deep
inelastic scattering (DIS)
interactions

Threshold:
3.5 GeV
Complicated event topology Antineutrino Oscillations : CPT violation

makes idsntication of he e -] m CPT theorem: P(v> v) and P(¥=> ¥) should be the same.

leading lepton difficult iy —
+ Use & Neural Network o . m  Test v oscillation or v oscillation separately.
Bt g SK 2806 Days

' Negligible primary flux FEaiee L i : s
-Obsenved tauevents mustve  (HERERERIT FESE I

oscillation induced CPTv 90% Am?2 2.1 x 102 eV?

= CPTv68%
CPTv v 90%

GOAL : Detect v_ events in SK atmospheric data: Vgt - =
test the “no tau appearance” hypothesis % i A MINQS 2010 _ Best Fit

sin® 20 1.0

Am? 2.0x10% eV
sin? 20 1.0
s %2 468.8 /416 D.O.F
Iemabtd Equal neutrino and antineutrino
LA E“ L mixing favored by the data
sin®2 B,
No evidence for CPT violation in SK atmospheric data
» Field theories are still safe...
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A first artificial Tau by Cern-Opera 2010
experiment
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To test this CPT result by a new Anti-Opera?

Oscillation probability for an initial ratio
Ve:Vyu: Ve =0:1:0 (<E>=17 GeV)

n initial ratio
> e L7 GeV)

600/ 800 1200
Distancg [km]
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OK..from 1 tau to 1 anti-tau a year?

*Non convincing
and not useful




Larger distances, better split CPT
violation

Oscillation probability for an initial ratio
Ve!:Vy: V. =0:1:0 (<E>=24.6 GeV)

e e
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A larger energy..a smaller mixing and smaller

0
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anisotropy

Oscillation proba.bility for an initial ratio
Ve:Vy: Ve =0:1:0 (<E> =100 GeV)
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Angular splitting on upward muons and
PT violated antimuon

Oscillation probability for v, (<E> = 20.5 GeV)




From Cern (or FNL)- to Icecube

distance = 11812 angle 67:82+ 21:9 GeV
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Longest distances and largest

detectors . Cern Deep Core

IceCube

IceCube Lab

T e lceTop
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2004 Project Start 1 Hole
2009 Current Status 59 Holes
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Why from Cern-Deep Core?

 New proposal: to disentangle the different
CPT mass splitting by the use of largest
osclillation distances and largest detection
energy of Deep Core, largest dilution but
even more larger detection masses

e L (opera) 730 km ---L(lcecube) 12000 km

 M(Opera Kton) --M( Icecube) 4 -8 Mton
e Conversion mix (Opera 1.5%)---(Icecube 100%)

T
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lcecube 1 april 2011

O  86-string Configuration
40-string Configuration
o 22-string Configuration
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News from the ice

lceCube

2009/10 DeepCore
20 new strings

DRILLING COMPLETE IN 2011
Including 2 Infill strings for DeepCore
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Why Deep COre’P Icecube-us

Deep Core :
fundamental physics

V hierarchy
(sin2(2613)=0.1)
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Why Deep COre’P Icecube-us

Deep Core :
fundamental physics

|V hierarchy |
{ein2/28.0=N 1)
Oscillation probability for initial v, and v, .

for CERN—IceCube baseline (=Distance=> = 12756.3 Km)

* muon neutrino disappearal
feasable

¢ tau neutrino appearance :
reasonable

¢ neutrino mass hierarchy :
difficult

Energy [GeV]
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A First use of Deep Core simulation for

atmospheric neutrino rate signals in Deep Core

simulation
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Our recent simulation on atmospheric muon

neutrino based on SK data..different arxiv:1103.2642: Foreseeing Neutrino spectra in Deep Core

Preliminary
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http://arxiv.org/abs/1103.2642
http://arxiv.org/abs/1103.2642

The Energy Gap in neutrino physics...

Accelerator based

\' 100 MeV | GeV 10 v | TeV 10TeV 10 PeV
ARIISpEts BECSUEE | AMANDA lceCube
5 neutrinos
SNO/SuperkK
on-accelerator based
DeepCore is a low energy
. V- extension to lceCube that
= s ” . -
. . will exploit neutrino physics
Disappearance || Neutrino APRERTENEC ploft ne! Pty
opportunities in the current
Mass T
Hierarchy p &ap
U of Washington - July 2009 D. Jason Koskinen
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BEAMING FROM CERN TO OPERA
Journal of Physics: Conference Series 203 (2010) 012013
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Atmospheric Neutrino in Deep Core

with mixing and flavors

Expected rate of upward mnon events in Deep Core each year within solid angle cos(5 —8) <06

O.D/ i — —_—

| ——

. | f
d

Zenith angle (rad) |

Differential mumber count, a year

Energy (GeV)

Figure 2. As above the differential number event count a year in Deep Core as a function
of the muon neutrino energy and angle, observable in wide scale (top, 3-65 GeV) assuming an
average BEarth density p = 7 during up-going neutrino flight within Earth.The horizontal axis is
the energy in GeV, the vertical one is the event rate a year in Deep Core, the depth axis is the
zenith angle variable in radiant. Most of the inner oscillating structure is lost because of the
Deep Core un-ability to reveal a few GeVs muon track. The last longest flux suppression at 20
GeV survive and is source of a spectra deepening in Channel 6-9




Ideal event rate a year for cos(6) < 0.6

(unprojected)
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Ideal event rate a year for cos(¢) < 0.6

(unprojected)
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Figure 4. As previous figure,
where neutrino mixing occurs in
matter. Note the little difference in
spectra at the very low energies.
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unprojected

Upward muon events in Deep Core
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(projecting on average on vertical axis)

V.V Without oscillation

VuVy CPT conserved
v, CPT violated

0 5 10 | 15 20

Channel number
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FNAL Minos to Icecube
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Geometry cern icecube

LEP/LHC

Linac
protons

Booster

PS : Proton Synchrotron
SPS : Super Proton Synchrotron
LHC . Large Hadron Collider
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Tau and Muon mixing along the Earth: Atmospheric Neutrinos

NUHEP-TH/10-11
Atmospheric Tau Neutrinos in a Multi-Kiloton Liguid Argon Detector

Janet Conrad," André de Qouvéa,? Shashank Shalgar,” and Joshua Spitz®
'Massachusetts Institute of Technology, Cambridge, MA 02139, USA
H”dei"t]riﬂ.',t af Physics & Astromomy, Northwestern University, L 60208-37112, US4
?lr)'r=;|'.ir11"|'m|'=ﬁl' of Physics, Yale University, New Haven, CT 06520, [USA
(Dated: Aurust 25 20100
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10 second a year- no atmospheric background
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Conclusions for 1% Opera like beaming
Cern or FNL to Icecube

As shown in tables 6, 7, 8, we expect for CERN - IceCube-
DeepCore scenario, even at 1% of Opera efficiency, a rate of 671
tau like events (291 noise + 380 signal) a year, offering 14 sigma in
one year of

experiment for tau neutrino appearance.

On the other side the beaming of anti muon primary (as shown in
tables 6,7,8) are leading to make very different signals: 337
conserved versus 243 violated anti-tau scenario, with 145 neutral
current noise events, offering a 5 sigma test of CPT

At the same time we will observe in the same detector
positive (antl) muons either in suppressed oscillations, or
enhanced for the the CPT violating mixing parameters:
29 events (CPT conserved) versus 282 (CPT violated),
leading toat least 15 sigma signicance to test of CPT
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A new energy windows
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versus 69 UHECR
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Where to look In

VHE y-ray Sky Map
(E >100 GeV)
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Conclusion 2

* In conclusion let us remind that the whole IceCube
contain an order of magnitude more
photomultipliers (nine times Deep-Core). They may
also play an additional amplify role. Beaming
neutrino along the Earth may become a day, a new
"faster than light" telegraph able to inform within
0.04 seconds a message across the Earth, three
times faster other radio-optical signals. Different
application as the economy one may be of interest.
Finally it may sound fun or ironic that the most
largest experiments on Earth are needed to beam at
longest distance, neutrino to largest detector in
order to reveal tiniest lepton mass splitting, or the
iInner CPT secrets. However such an experiment
even at 1% of Opera size, seem to us still an
attractive and economic solution.

——
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e Thank you for the attention
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