L oscillations are the most important discovery in hep of the last 15 years.

They measure fundamental parameters of the standard model. Mixing angles, neutrino

masses and the CP phase dcp are fundamental constants of the standard model.

They are a probe of the GUT scales . The smallness of neutrino masses is connected to

the GUT scale through the see-saw mechanism.

They are directly linked to many fields in astrophysics and cosmology : baryogenesis,
leptogenesis, galaxies formation, dynamic of supernovae explosion, power spectrum of

energy anisotropies, etc.

They open the perspective of the measure of leptonic CP violation.
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If you are skeptical about that ....

Experimental articles with more than 500 cites in the last 15 years in the
QSPIRES database (at 04/04/03):

w N

©O© 00 N O O &~

11
12
13
14
15
16
17
18
19
20
21

SK
SCP
SST

COBE

CDF

DO

SK

Chooz
Boomerang
Chooz

Kamiokande
CLEO
SNO
Homestake
LSND

SK

CDF

SK

IMB

SK

LSND

Evidence for Oscillation of Atmospheric Neutrinos.
Measurements of {2 and A from 42 High Redshift SN.
Observational Evidence from SuperNovae for an

Accelerating Universe and a Cosmological Constant.
Structure in the COBE DMR First Year Maps.
Observation of TOP Quark Production in p — p Collisions.
Observation of the Top Quark.

Atmospheric Vu/l/e Ratio in the MultiGeV Energy Range.
Initial Results from CHOOZ.

A Flat Universe from High Resolution Maps of the CMB.
Limits on Neutrino Oscillations from the CHOOZ

Experiment.

Observation of a Small Atmospheric VM/Ve Ratio.

First Measurement of the Rate for the Inclusive b —> 5.
Measurement of the rate of v/, +d—>p+p +e- ...
Measurement of the Solar 1/, Flux ...

Evidence for v,, —> v, Oscillations from LSND.
Measurement of a Small Atmospheric v, /v, Ratio.
Evidence for TOP Quark Productioninp — p ....

Study of the Atm. r Flux in the MultiGeV Energy Range.
The v, and v, Content of the Atmospheric Flux.

Solar Neutrino Data Covering Solar Cycle 22.

Neutrino Oscillations from LSND.
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1705
1311
1293

1036
930
889
751
683
644
635

628
618
592
565
563
561
550
547
535
504
500



Most of the parameters are waiting to be measured

2 SOLARS+KAMLAND 6 @ SOLARS+KAMLAND
-5 .
8m12 @ Sm? = (7-+/- 1) 10 eV 12 0.2 <sin(0,,)<0.5
Addressed by a SuperBeam/Nufact experiment

’ ATMOSPHERICS e ATMOSPHERICS
23

8m23 @ SM2, =(2.0+-0.4) 10 eV @ 0.9 <sin2(0,; ) <1

CHOOZ LIMIT

e 13 O 013 <14°

Ocp @, Mass hierarchy ()

BETA DECAY END POINT

va - Ym, <6.6eV

Dirac/Majorana ()
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Almeno 4 fasi di esperimenti Long Baseline

Sensitivity to d-p=-+x,2

1) 2001-2010. K2K, Opera, Icarus, Minos. Ottimizzati per confermare 30107
Il risultato sperimentale di SuperKamiokande/atmosferici, attraverso
v, disappearance o v, appearance. Limitato progresso nella misura dei 25107 |
parametri. Non ottimizzati per v, appearance (0;3)
20107 |

2) 2009-2015. T2K (approvato), Minos off-axis, Chooz Il. Ottimizzati per la

True valve of Am3, [eV7]

. : : L5107 Fp
misura di ;5 (Chooz X 20) attraverso v, appearance o v, disappearance. 2L

Misura di precisione dei parametri atmosferici. Sensitivita sulla fase di CP Nening

S | |
d molto limitata, anche combinando assieme i loro eventuali risultati. 10" lin 1!

r - . L]
True valoe of sin™ 268

3) 2015 - 2025. SuperBeam e/o Beta Beam. Migliore sensitivita su 613 (Chooz X 200). A queste sensitivita 013 e 0

sono cosi’ fortemente accoppiate che ogni sensitivita va definita nel piano (613 ,0). Sensitivitd su 0 e mass hyerarchy.

4) Pericolosamente vicino al mio orizzonte temporale. Neutrino Factories. Ultimate sensitivity sulla fase 0.

Misura di precisione di tutti i parametri dell’oscillazione di neutrini.
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JHF-Japan Hadron Facility at Jaeri

Neutrino beam from the 50 GeV - 0.75 MW

proton beam at the Hadron Facility at Jaeri,

Japan.

Taken off-axis to better match the oscillation

maximum at the SuperKamiokande location

(295 km).

K2K

T2K

6-10*2
2.2s
12 GeV
40
15

Protons per pulse
Cycle
Proton energy
Events in SK per year (no osc.)

Mean neutrino energy

3-10M
3.4s
50 GeV
2200
0.8
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Off Axis Neutrino Beams. BNL-E889 proposal: http://minos.phy.bnl.gov/nwg/papers/E889

Decay Kinematics
A gualitative argument:

0.06 ——
T (M, p,) I 30° 15° | e Transverse
> 0.03 momentum, Lorentz
invariant: m, — my,.
&)
3 0 e |ongitudinal
: O
From momentum energy conservation: = momentum is Lorentz
>
2 2 S boosted.
[ m; —m, n~  -003
" 2(E; — prcosh) i | ®At
0,06 L an angle 6 there is an
, 0 1 2 3 accumulation of lower
15 A . .
e 6= 0mrad , Py (x) (Gevio) energies neutrinos
6= 7mrad :
0=14mrad | . . o
0 = 27 mrad : e Maximum neutrino flux at 0°.

e Off axis is the most efficient way to have a narrow band
beam.

e 1/, come from 3 body decays (kaons or muons) while

.......................................

off-axis is optimized on the pion 2 body decay—- the

V., contamination below the peak is reduced.
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K2K at half

of

its

T2K: v, disappearance

statistics:

2]
212 |
o
>
L

10 |
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JHF in 5 years
e Om3, with a resolution of 10™* eV

e sin’ 2053 at1 + 2 %.

107 |

0 1000 2000 3000
E(MeV)

Ratio of the measured v, spectrum with respect to the

non-oscillation prediction in case of oscillation.



12K v, appearance

Sensitivity to 013

OAB 2° v, CC v, NC 1,CC OscC 1,
Generated in FV. 10713.6 4080.3 2921 3016 o
1R e-like 143  247.1 68.4 203.7 1 90% C.L. sensitivities
e/m° separation 3.5 23.0 21.9 152.2 Alo B .
0.4GeV< E,.. < 1.2 GeV 1.8 9.3 11.1 123.2 <
45 F £
40 [ —}— Expected Signal+BG
35 = (sin?29,,=0,05,Am?=0,003) o2l
30 - ——  Total BG -
- —— BGfrom v, I
25 £ L
15 ; + ‘}‘ 10 N :;::::::j::
'S
5 F T4 [+ GHOGE efuded >
0 - S P
0 1 2 3 4 - S I I B 0 I R R At
-3 -2 -1
Reconstructed E | (GeV) 10 10 10 Sin220,
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Separazione V; — Vgterili

£1000 T
= i

v
> 900 [

Tag delle correnti o
. [e) . . . é 800 -_
neutre con i - (metodo Vissani-Smirnov), usato anche o :
. + 700 F
inSK(v+ N — v+ N+ 7° & F

600 |

Le sistematiche sulla sezione d'urto di produzione 500; 390 +/— 44

risonante di 7° in eventi di NC verranno fortemente 4002- H

ridotte dal close detector di K2K e dai close detectors 3005-
di JHF. 200 F

100 §

Limite alla frazione di v, a circa 0.1 (90% CL).

10 10 10 10
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Un fascio di neutrini tradizionali pu6 essere simulato da un MonteCarlo,
ma con errori sistematici non minori del 5%:
e La produzione di neutrini dipende dalla stima del flusso di pioni [ELEYEIellclt-NeleTo INCIaEel g IR (ETpg Pt H (o]

secondari generati dalle interazioni dei protoni primari.

e La produzione di pioni (adroproduzione) non € mai stata misurata al

livello di accuratezza necessario per stime precise dei flussi (numero

Not a good
place....

di pioni prodotti, spettro energetico, distribuzioni angolari)

e Un esperimento dedicato (Harp) € in fase di analisi dati
e La produzione di altri flavor di neutrini (v, , V., V. ) dipende dalla
produzione di kaoni e dal decadimento dei muoni generati dai pioni

Un rivelatore abbastanza vicino al bersaglio da misurare neutrini non

(@ far /| ® near)- (Lfar/ Lnear)2

oscillati (close detector) é indispensabile per ridurre gli errori sistematici, 0 s
ma: :: @2k OK | ]
e Misura il flusso X sezione d’urto, per estrapolare il flusso al far b ' ]
detector le sezioni d’urto devono essere note, e questo non é vero alle 12 - f
precisioni necessarie, soprattutto alle basse energie (sotto i 5 GeV). 1 0; MWMW%

e Un rivelatore troppo vicino vede un flusso diverso dal far detector 7
perché la lunghezza del decay tunnel (80 m a JHF, 1 km al CNGS) °"‘f* *
non é trascurabile: far/near ratio. 0 o'z0051152253354455
Inoltre la stima dei flavor secondari, in particolare dei 1, , richiede che non 0 | 1 | 2 | 3 £ (GéV)

\Y

ci sia contaminazione di 7° negli eventi selezionati = rivelatore raffinato

come close detector.
M. Mezzetto, CERN, 29 aprile 2004. . 12



Degeneracies, correlations and ambiguities.

E=0.7, sin(20 )50.01, 8m =7 -5, 5=-n/2

B Total
0 /613 degeneracy: 2 oo P
613 and 0 are strongly degenerate in p(v, — v, ). 0.007 63
CPeven

In a neutrino run, positive 0 values tend to cancel the 0.006 CPodd
0,3 oscillating term. The effect rises if 9?2, rises. 0.005
Should we paradoxically conclude that this is a problem?
Certainly NOT: dcp is A SIGNAL. With an antineutrino

run the sign of the CP violating term (obviously) reverses,

0.004
0.003

0.002

and for large values of dcp and dm?7, JHF could fit BOTH Sont

913 and 5013.

o \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\

- T T I [ I | | | |
50 100 150 200 250 300 350 400 450 500

L (km)

o

® 023 /7/2 — 033 ambiguity: v,, disappearance measures sin?(26053) while p(v, — V. ) depends by

sin®(0,3) . For B35 # /2 this creates two different solutions.

e sign of 5m§3 ambiguity: Changing the sign of 5m§3 p(l/“ — Ve ) changes, mainly for the matter effects. This

creates two different solutions (small effect on JHF).
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