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Dalla teoria agli esperimenti

Nel 1934 la sezione d'urto neutrino-nucleone e calcolata essere
dell'ordine di 10-44 cm2 per neutrini di qualche MeV, cioé 19 ordini

di grandezza piu piccola della sezione d'urto fotone-protone a
energie corrispondenti.

“[...] there is no practically possible way of observing the neutrino”

The “Neutrino”
H.A. Bethe, R.E. Peierls,
Nature 133 (1934) 532
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Fisica dei neutrini: 80 anni (portati bene)

1930 v existence postulated Pauli

1934 v interaction theory and name Fermi

1938 Solar v flux calculation Bethe

1946 Idea of v chlorine detector Pontecorvo

1956 v interactions observed Reines & Cowan
1957 ldea of v oscillation Pontecorvo

1958 Left-handed v Goldhaber

1962 2 V's, Vv, WV, Lederman, Schwartz & Steinberger
1968 Solar neutrino deficit Davis

1973 v NC interactions observed Gargamelle

1975 7 and the third v Perl

1986 Solar deficit again, atmospheric(?) Kamiokande

1987 v from SN1987A Kamiokande, IMB
1989 3 light neutrino families LEP Collaborations
1991 Solar deficit again Gallex, SAGE
1998 Atmospheric v oscillation Super-Kamiokande
2002 Solar v oscillation confirmed SNO, KamLand

2005 Atmospheric v oscillation confirmed K2K
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Cosmic rays flux
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Atmospheric neutrinos
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Back of envelope calculation of atmospheric
neutrino events in 1 kt detector
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vil/ve Ratio (of Ratios)
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L/E dei neutrini atmosferici
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CHERENKOV EFFECT
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Detection of Atmospheric Neutrinos
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More Super-Kamiokande samples of

atmospheric neutrinos
SK-lI
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Long Baseline per confermare le oscillazioni
dei neutrini atmosferici ad un acceleratore

Che distanza” Quale energia ?
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K2K Conceptual Layout

. ~1 event/2days
12GeV U monitor <10y ,/2.2sec ~109v,/2.2sec
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Al Target + Hor = >
200m

Tt monitor decay pipe

Signature of neutrino oscillation
1. Reduction of v, events

2. Distortion of v, energy spectrum
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K2K Fine-Grained Detector (Top View)
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Disappearance & Shape
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Minos (Fermilab—Soudan)
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Neutrino from the Sun

The Standard Solar Model (SSM) rio— et ) pte +o— i)
predicts the power radiated by the Sun — (pon)
from fusion reactions in its core . s

98.5% of the Sun power comes from the pp reaction: 4 p— 4He+2e*+2v+26.7 MeV
= 26 Jg-1
Lo =3.910%Js O, =2L5/Q +(1/41D2) = 6.5 1010 cm-2 s-1
D=15101m
Q=26.7MeV = 4.31012]
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Spettro dei neutrini solari
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Misure del flusso del neutrini solari

+1.3 +9
7.7SNU {7 129SNU 5

: 1.01+0.12
Kamiokande SNO

(=)
+7 (NC)
747 024008 ) 10i0.02
Gallex Superk

Homestak N (ES) 0.35+0.0:
2.58+0.23 bl SNO

(CC)

2 dicembre 2008 Lucio Ludovici



SNO: total flux as expected from SSM

* NC rate as expected from SSM (all neutrinos)
« CC rate (only v,) is 0.31 SSM

- ES rate is consistent with Super-Kamiokande and oscillation into v|;,vy
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Neutrino differents from v, coming from the Sun! (2002)
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Reactor oscillation experiments

Several generations of short baseline reactor experiments have set upper limits

Chooz (France) set limits on v, — V. at <E>~6MeV L 1Km
sin” 20,3 < 0.17 for large Am23 and A’m23 < 8- 10
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Survival Probability
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Oscillation data overview
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http://hitoshi.berkeley.edu/neutrino

Decades of experimental and theoretical efforts !
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Global fits to oscillation data

A coherent and consistent global picture
emerged.

Global fit of neutrino oscillation experiments
gives 012 63 Ami, Am3,

Still unknown ¢,5, mass hierarchy, CP
violation phase ¢
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Compiti a casa per i prossimi O(20) anni

> Quanto vale Il terzo angolo di mixing 6 _ ?

> Ci sono neutrini sterili ?

> | neutrini sono fermioni di Dirac o di Majorana ?

> Nei leptoni c'e violazione di CP ?

> E' la leptogenesi l'origine dell'asimmetria materia/antimateria ?
> Quali sono le proprieta elettromagnetiche dei neutrini ?

> Osserveremo mai i neutrini “relic” del Big Bang ?

> Saremo sorpresi da risultati inattesi ?
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This is the end ?

“There Is nothing new to be discovered in physics now.
All that remains is more and more precise measurement.”

Kelvin, ¢. 1900
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