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History of neutrino



1920 Radio-active decay
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Radio-active decay (ll)
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Energy not conserved?



W. Pauli,

4 December 1930

oDear radioactive ladies and gentlemen,
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swfrvsam m ———9] may have found a solution to the energy

crisis in radioactive decays.

... the existance of electrically neutral particles
—which I call neutrons— in the atomic nucleus.

—©The measured spectrum can be understood if
such a neutral particle escapes together with the
electron such that the total energy is conserved.

———ao But until now I did not dare to publish this idea
and | ask you —radioactive people— whether it is
possible to detect this particle experimentally.

ol admit that this idea is unlikely because the
neutrons —if they exist— would have been found
altready.

-0 S0, dear radioactive people, think about this idea
and judge.



1950 — Reines & Cowan
“Poltergeist”, Savannah River

> Experimental proof of
the existance of neutrinos
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nuclear reactor neutrino detection


http://en.wikipedia.org/wiki/Image:Nuclear_fission.svg�

Neutrino
astronomy



Neutrino astronomy

space travel astronomy cosmic rays/

absorption
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1960 Markov’s idea:

Use sea water as target/detector
= range of muon

= detect Cherenkov light

= {ransparency of water
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interaction

«— ~few km ——

muon travels with speed of light (300,000 km/s) — ns—km



Architecture
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Antares

Prototype neutrino telescope



= ~200 persons
= 25 M€

® 6 countries

12 lines

~2 . 5 k m i oo ofo
Q) o o D

500m

| ofo

D
(9)(9)

¢
o[o

250 Atm. —
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25 storeys / line



12 x 25 = 300 detection units

Optical beacon
timing calibration

10” PMT
photon detection

readout

Hydrophone titanium frame
acoustic positioning mechanical support
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Atmosphere seen by cosmic rays
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Neutrino sky m
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Limits on neutrino fluxes, world
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KM3NeT

Next generation neutrino telescope



Optical module

31x3” PMT

concentrator rlng
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increase of photocathode
area by 20-40%




Frame

Mechanical cable storage

Data cable storage

Mechanical cable connection

Optical module

Mechanical holder

v

1 Digital Optical Module = Dom
40 Dom’s on 1 tower = Dom tower
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KM3NeT in a nut shell

= deep-sea infrastructure
— channels
e 400,000 PMTs
e 1000 hydrophones, ACDP, seismometers, etc.
— power
e 100 kW
— output
100 GB/s
= network
— passive, point-to-point, optical fiber with amplification
— new Ethernet standard
e Precision-Time-Protocol (”White Rabbit”)

= operation
— 24h/day, 365 days/year, 10 years without maintenance

— data storage
e 1PB/year



signal / noise

10 kHz x 400,000 = 4 GHz
310 kHz x 13,000 = 4 GHz
0.25kHz x 1 = 250 Hz
neutrinos 103 Hz

point source 107 Hz




Real-time computing
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Real-time computing
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Real-time computing
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Earth & Sea sciences

short lived (rare) events
dominate deep-sea life
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Eddie currents




Summary & outlook

= Neutrino astronomy is an emerging field at the intersection
of particle physics and traditional astronomy

— several neutrino detectors operational world wide

— in Europe, Antares prototype completed in 2008

= Deep-sea is actively explored for large research infrastructures
— construction of KM3NeT is planned in the coming years
— synergy between different sciences

— interesting technological challenges



Neutrinos, they are very small.
They have no charge and have no mass
And do not interact at all.
The earth is just a silly ball
To them, through which they simply pass,
Like dust maids through a drafty hall
Or photons through a sheet of glass.
They snub the most exquisite gas,
Ignore the most substantial wall,
Cold-shoulder steel and sounding brass,
Insult the stallion in his stall,
And scorning barriers of class,
Infiltrate you and me! Like tall
And painless guillotines, they fall
Down through our heads into the grass.
At night, they enter at Nepal
And pierce the lover and his lass
From underneath the bed - you call
It wonderful; | call it crass.

John Updike
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