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Where do Neutrinos Appear in Nature?
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Grand Unified Neutrino Spectrum
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Neutrinos from the Sun

Helium

Solar radiation: 98 %ight (photons)
2 % neutrinos
At Earth 66 billion neutrinos/cmsec

Hans Bethe (1906 2005, Nobel prize 1967)
Thermonuclear reaction chains (1938)
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Sun Glasses for Neutrinos?

8.3 light minutes

Several light years of lead

needed to shield solar
neutrinos

Bethe & Peierls 1934:

X this evidently means
that one will never be able
to observe a neutrino
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First Detection {954¢ 1956

Clyde Cowan* " Fred Reines

(Wq 1974) © (1918 1998)
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Helsenberg 1936

Instead [of protons and neutronsiPauli's
hypothetical 'neutrinos' should contribute
substantially to the penetrating radiationThis
IS because in each shower ... neutrinos shouls
be generated which then would lead to the
generation of small secondary showers. The
cross section for the generation of these
secondary showers would likely not be much
smaller than 16*°° cm2. Contrary to the low
energy neutrinos fronb decay one should be
able to detect the energetic neutrinos from
cosmic rays via their interactions.

Werner Heisenberg
Zur Theorie der Schauerbildung in der H6henstrahlung
Zeitschrift frPhysik 101 (1936) 533

Slide adapted from Christian Spiering



Detection of First Atmospheric Neutrinos 1965

w Y &Bold FIdKGF) Collaboration
JapanindiaUK group/7500mwe
Plastic scintillator, Flash tubes

wChaseWitwatersrandirvine (CWI) Coll.
Mine in South Africa, 8800 mwe
Liquidscintillator, Horizontatracks
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Hrst neutrino sky map witltelestialcoordinates
of 18 Kolar Gold Field neutrino events
(Krishnaswamy et al. 1971)
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