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Mixing and Oscillations

Minos, Opera, MiniBoone, T2K:
I Interesting (2-5 ¥4 results!!!
more data for very interesting ( > 5 %) results

SNO, Borexino, Super-K:

| updates on analysis

| under construction
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Minos

The MINOS Experiment

O Long base-line neutrino oscillation
experiment
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Minos

MINOS Physics Goals
L
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Minos

MINOS Physics Goals
h

_ 1 Measure Vy disappearance
as a function of energy

o Am?5, and sin?(20,;)

o test oscillations vs. decay/

vV —V » AmPy, decoherence

1 Mixing to sterile neutrinose

1 Study V=V, mixing
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Minos

MINQOS Physics Goals
AL RHSREAOTE  —

- Measure V, disappearance

v, I )
3 as d function of energy
9 Am?Z,, and sin2(28,,)
S — 0 look for differences between
V _) v r neutrine and anti-neutrinos
u X
v, I
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Minos

Making a neutrino beam
IEI_
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Minos

CC 91 event: °2 + NI 1T + X

NC event: °@+ N I 9@+ X

CC %c.event: °c+ N ! el + X
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Minos

v,, Disappearance

P(v, = v,)=1-sin"(26)sin’(1.27Am’L / E)
Monte Carlo
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Minos

v, Disappearance
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Minos

Far Detector Energy Spectrum

MINOS Preliminary MINOS Preliminary
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“Oscillations fit the data well, 66% of experiments have worse X2

“Pure decoherence’ disfavored: > 80

TPure decay* disfavored: > 60
(7.80 if NC events included)
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Minos

Contours
. MINOS Prellmmary
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Minos

v, Appearance Results

0 Based on ND data, expect: 49.117.0(stat.)X2.7(syst.)
1 Observe: 54 events in the FD, a 0.70 excess
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Minos

Making an anti-neutrino beam
_
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Opera
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MiniBoone
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MiniBoone
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MiniBoone
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MiniBoone

The MiniBoone °e and %¢ appearance picture starting to
emerge is the following:

Neutrino mode:
2 E < 475: an unexplained 3 % electron-like excess

2 E > 475: a two neutrino t is inconsistent with LSND at
the 90% C.L.

Anti-neutrino mode:
2 E < 475: a small 1.3 3, electron-like excess

2 E > 475: an excess that iIs 3% consistent with null. Two
neutrino oscillation ts consistent with LSND at 99.4%
C.L. relative to null
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T2K

Eric VAzquez-JQuregui July 15, 2010



T2K
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T2K
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SNO
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SNO

2 LETA analysis improved precision on NC by more than
factor of 2

2 Lowest analysis threshold yet achieved by water Cherenkov
technique

2 First model-independent t for solar ° o survival probability

2 3-°avor analysis shows non-zero 13 but consistent with
H13 = O:

sin 2u13 = 2:0075:83 £ 101 Zsin 2py3 < 0:057(95% C:L: )
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Reactor experiments
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Reactor neutrinos
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Reno
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How is this going?
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Highlights of South Africa 2010
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South Africa 2010:

2 Canada: didn't qualify to nal quali cation round
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South Africa 2010:

2 Canada: didn't qualify to nal quali cation round
2 Russia and Ukraine didn't qualify

2 France and Switzerland out in the rst round

2 USA, England and Mexico out in round of 16

2 Brazil out in quarter nals

2 Germany out in semi nals (third place)

Netherlands-Spain | > irrelevant for SNOLAB
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South Africa 2010:

When the most amazing thing in the world cup was an oc-
topus that correctly predicted eight games, you can imagine
how good the tournament was!
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Neutrino masses
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Neutrino masses

2 Double beta decay:
Liquid scintillator: KamLand-Zen, SNO+

Tracking: SuperNemo, Exo
Semiconductor: Cobra, Majorana, Gerda

2 Direct measurement:

Mare, Project 8, Katrin
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Neutrino masses: decay
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Neutrino masses: decay
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SNO+
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KamLand-Zen
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Neutrino masses: direct
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Katrin
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Katrin
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Katrin
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Katrin
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Katrin

Eric VAzquez-JQuregui July 15, 2010



Astrophysical and cosmological neutrinos
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Astrophysical and cosmological

2 HE & UHE neutrinos: production and sources:

Astrophysical neutrinos (produced by CRS)
Cosmogenic and Top-Down neutrinos
Astrophysical sources: SNRs (MilkyWay), AGN, GRBs
Search for dark matter

Exotics: magnetic monopoles, Lorentz violation

2 Neutrino telescopes:
lcecube, Antares, KM3Net

2 Radio-detection

Eric VAzquez-JQuregui
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Cosmic ray energy spectrum
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Cosmic neutrinos
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Auger observatory
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Suppression of CR spectrum
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Auger observatory

2 Suppression of CR °ux above 4 £ 1019 ev

2 Anisotropy above » 6£ 101° ev

2 Still unknown chemical composition

2 Photons and neutrinos expected very soon
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lcecube
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lcecube
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Antares
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Antares
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Supernova

Still waiting for the next galactic supernoval!!!
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Geoneutrinos
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Geoneutrinos

2 KamLand improved the precision of the geo-neutrino mea-
surement

2 Preliminary results of observed number of geo-neutrino
events: 106I (mass Th/U=3.9) and geo-neutrino °ux,

4: 3+1 2 f 106—cm 2=sec (°e from 238U and 232Th)

2 Observed °ux is fully consistent with the model prediction
but some extreme models start to be disfavored
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Geoneutrinos
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Future detectors and experiments

2 Nucleon decay searches
(direct test of quark-lepton uni cation)

2 CP phase measurement in lepton sector

2. Atmospheric neutrinos

2 Supernova neutrinos

2 Solar neutrinos

2 (Geo-neutrinos

2 Reactor neutrinos

2 Long and short baseline neutrino oscillations
2 Low energy neutrinos

2 Dark Matter indirect search
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lcarus -

Eric VAzquez-JQuregui

2 excellent insulator and avall-
able at an extremely high
purity level

2 high electron-ion pair yield
with respect to the energy
deposited

2 easilly available in large quan-
tities
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lcarus
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lcarus
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lcarus
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HyperK
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Lena
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Giant LAr observatory
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Project 8

Eric VAzquez-JQuregui July 15, 2010
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Closing remarks

1963: Quark theory: up, down and strange,
Cabibbo | > \Unitary Symmetry and Leptonic Decays"

1972: Neutrino conference, R.P. Feynman: "What Neutri-
nos Can Tell Us About Partons”

Mo®at: Why haven't quarks and partons been produced at
SLAC

Feynman: ... | do not understand that at all, and | am
happy with that. | like paradoxes...

Marshak: Do you think the reason we do not see quarks is
that they possess very large masses...

Weisskopf: If somebody detects a quark with a high mass -
God forbid!

Feynman: Right! God forbid!
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Closing remarks

1974: A fourth °avor of quark, named charm, is detected
in a newly discovered meson called the J/ A (heavy!)

1979: A fth °avor of quark, named bottom, is detected in
the newly discovered Upsilon meson (heavier!)

1995: The top quark is nally directly observed and mea-
sured (very heavy!)

Quark physics: CKM matrix, CP violation, B B oscillations,
top physics,... started » 40 years ago
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Closing remarks
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Closing remarks

CKM matrix in quark sector similar to
PMNS matrix in neutrino sector

40 years ago:
amazing things were about to begin in the quark sector
i > Quark physics

Amazing physics is glimpsed in the lepton sector

i > this is just the beginning!!!

Eric VAzquez-JQuregui
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