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Neutrino Unbound



Massive Neutrinos : Dirac
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Standarnd Moedel + right handed
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Parameters : Dirac
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\Wave packets : Neutrino osc.
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Slze of the wave packet

Coherent neutrino emission in plasma :
Interrupted by e.m interactions of the source particles
(pressure broadening)
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Reactor : e.m. interactions of produced e

~10~° Km (Reactor)
Accelerator : time scale of weak Interactions
~ c7 ~107° Km (Accelerator)

Km~10" -107" Km (Sun)




\Vatter effects

Only the difference of potential is relevant

Net effect :
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Some Neutrino Sources
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Reactor : ...,Chooz/Palo Verde,...
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Reactor : ... KamLAND
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Accelerator : K2K
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with neutrino oscillation

Eeutrino Energy (GeV)




_LSND, Miniboone
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T'he Neutrino Matrix :SM + v mass

ALL oscillation neutrino data BUT LSND
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I'he Neutrino Matrix : SM + v mass

ALL oscillation neutrino data BUT LSND
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SM + v mass

Neutrinos: Cosmological dark matter to be discovered

If lowest mass is negligible, and normal hierarchy

Q =0.0009+£0.0001

If highest mass Is 1 eV
Q ~0.03(1eV)

THE ASTROPHYSICAL JOURNAL, 180: 7-10, 1973 February 15
© 1973, The American Astronomical Society. All rights reserved. Printed in U.5.A.

GRAVITY OF NEUTRINOS OF NONZERO MASS IN ASTROPHYSICS
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ABSTRACT

If neutrinos have a rest mass of a few ¢V/c?, then they would dominate the gravitational
dynamics of the large clusters of galaxies and of the Universe. A simple model to understand the
virial mass discrepancy in the Coma cluster on this basis is outlined.

Subject headings: cosmology — galaxies, clusters of — neutrinos

The possibility of a finite rest mass for the neutrinos has fascinated astrophysicists
(Kuchowicz 1969). A recent discussion of such a possibility has been in the context of
the solar-neutrino experiments (Bahcall, Cabibbo, and Yahil 1972). Here we wish to
point out some interesting consequences of the gravitational interactions of such
neutrinos. These considerations become particularly relevant in the framework of
big-bang cosmologies which we assume to be valid in our discussion here.

In the early phase of such a Universe when the temperature was ~ 1 MeV, several



Plan

. Neutrinos as Dirac Particles
1.

I[1l. Neutrinos as Majorana Particles



Neutrine Seurces
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Coesmic Neutrino Background

56 cm=3at 1.9K (0.17 meV)

Possible mechanical effect : torque of order Gg if
target and neutrino background are polarized
(Stodolsky effect) and net neutrino-antineutrino
asymmetry

Still far from observability, awaiting for future
technology



Neutrinoes from Thermal Plasma
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Solar (thermonuclear) Neutrinos

SK, SNO
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Thermonuclear Neutrinos
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Geoneutrinos

Geoneutrino flux iso—lines
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Stellar Collapse and Superneva Explosion

Newborn Neutron Star
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Neutrino Signal ofi Supernova 1987A

Kamiokande
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LCimits oni Supernova Relic Neutrinos

Super-Kamiokande :
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Atmospheric Neutrinos
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Undiscoyvered neutrino sources

Neutrinos from
the Sun
k % Neutrinos from
\ / the Earth
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Sources above 10GeV

90% CL upper limits in 108 cm=2s-1for E2 spectrum
from AMANDA 11 (2000-2002) :
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Dense
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cloud
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remnant

Compressed

shell of hot gas
Inverse Compton

scattering— 7y-rays

RX J1713-3946



=
N

Fluxes of Cosmic Rays

(1 particle per m*—second)

Flux (m®sr s GeV)™

Knee
X - 2
(1 particle per m —year)
o B T &
o) r . . . .
:ﬂl C uniformly distributed Haverah Park K
'E 29565 —— &4 Mpc
~> CoC 18 Mpc /
0 - T
‘i 25:_ Steree + .
% .
Eza.s K AGASA
g C
24:— .
ek Yakutsk ~Ankle g B
: (1 particle per km*—year) |
B e e ws e 17 18 19 20
log(ENERGY in eV) 10 10 10 10 1.2 10 10

Energy (eV)




log (E2(dI/dE)} (GeV cm~2 s~ sr-1)

—-10

GZK Gosmic Rays & Neutrinos

Ultra High Energy Cosmic Ray Spectrum
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Flavor ratio for far = sources

We start with1:2:0
Decoherence : wave packets separate v,

pv,) U, I +2|U, I
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We end with 1:1:1in mass basis (present precision ~10%)
= Weend with1:1:1in flavor basis



Man-made Neutrino Sources : Reactors

Goal : Measure 0,
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Man-made Neutrino Sources : Accelerator

e full numerical simulation

e A =Am3 L/AE

e qualitative understanding = expand in o = Am2,/Am?, and sin® 26,5
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