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Atmospheric neutrino spectrum

= 9 r
+, 8 r
= 7 r
= 6 -
. 5 ¢
=
4 *
3 .
5 B
------ Honda 1D
- Honda 3D
------ Fluka 3D
1 ' N | ' N | ' Lol
-1 2
10 1 10 10
E, (GeV)

o

o

=
s
@
o]
=
o
—— Honda-3D/Honda-1D ()
------ Fluka-3D/Honda-1D
M| N s aoaaaal N MR |
-t 1 10 10°
E, (GeV)
E: Ve+ve
2 0.4 — Honda-3D/Honda-1D
E —— Honda-3D/Honda-1D 0.2 e Fluka-3D/Honda-1D
E e Fluka-3D/Honda-1D
sl ' L sl ' a0l O 1 1 Ll 1 1 Lol 1 1 Ll
-t 1 10 10° -1 2
E, (GeV) 10 1 10 10

E, (GeV)



Beam properties

Wide L/E range with very long baselines  overall fiux (¥ utVu)
Sensitivity to oscillations down to small Am?
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Possibility to test earth-induced matter e
effects = N
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Up/down symmetry above = 1 GeV

For Am? <102 eV2and E,>1.5 GeV,
downgoing neutrinos unaffected by
oscillations Reference source

Almost democratic flavour composition

Low intensity (=100 evts/kty)
massive detectors
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Event topology
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angle distribution

e Data 863—22.5(1/8)—14.2(7w)—17(cont)

Bartol Flux (GRV94) 1122.3+ 190.7
"""" Am?* = 0.0025 eV? sin?2 % = 1

R = DATA/MC = 0.721 + 0.026,. + 0.043,,, + 0.123,
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Zenith angle distribution (Soudan 2)

HiRes events (106.3-14.7 n.,, 132.8-13.4 n,)
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Zenith angle distribution (Super-K)

— No oscillation

1289 days (79.3 kt.yrs)

Best fit (Am2=2.5x103eV?2, sin226=1.00)
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n Best fit: x2=157.4/170dof
(Am?=0.0025eV?, sin?26=1.01)

n Within physical region:
X2=157.5/170dof
(Dm?2=0.0025eV?, sin?26=1.00)



Zenith angle distribution(cont)

1289 days (79.3 kt.yrs)
— No oscillation
Best fit (Am2=2.5x10-3eV?, sin226=1.00)

upward through going u - upward stopping u

flux(10 Pem?s'sr™)

number of events

4
3.5 Tﬁ 4
5 ¢, 12
as e 1 n Best fit: x2=157.4/170d of
2 o 08 | (Am2=0.0025eV?, sin226=1.01)
15 sev !t £ o n Within physical region:
e * N x2=157.5/170dof
K B (Dm2=0.0025eV?, sin226=1.00)
-1 0.8 -ai:ﬁﬂs-{?}A 0.2 0 -1 0.8 -Oéﬁns-ﬂﬁﬁ 0.2 ) nThru_mu: 1268 days
5o Multiring Sub-GeV rlike ., multiring Multi-GeV .:-like nStop-mu: 1247 days
45 T 90
40 % 80
:: 5 % %
ki FI
S I “w ety
5 10
0_1 0.5 0 05 1 0_1 0.5 0 05 1
cosf cosh



zenith angle distribution of N.C. enriched multi-ring events (1144days)

Zenith angle of NC enriched events

Am?=3x107
sin®20=1
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Criteria
>400MeV visible energy
Multi-ring

Most energetic ring  e-like

Contents
NC :29%

v.CC: 46 %
v,CC: 25%

Am?2 = 3 x103eV/?
sin420 = 1



Allowed regions for v,

Allowed regions (90% CL)
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Summary of atmospheric neutrino
observation

Osclllation parametersforv, v, :
Am?=1.6~3.6 x 107 eV?, sm226 > O 90 (90%CL)

V,  Vlisstrongly disfavored

Excess from T leptons: 1.5 ~ 20

3D flux does not change the conclusion but more
precise 3D calculations are needed



Future prospects for atmospheric v s

Precision measurements: improve L/E resolution
Test of the disappearance dynamics (proof of oscillations)
Precision measurement of Am? and sin?20,,

New measurements: search for subdominant effects

Matter effects in scenarios with three (or more) neutrinos
sin%0,, sign of Am?,
Non statndard interactions (FCNC, VLI, VEP, )



Detectors

Mass

Reference

Super-K 50/22 kt
Large Water Cherenkov

UNO 650/450 kt,

Hyper-K 1.0 Mt

Aqua-RICH 1.0 Mt
Magnetised Iron Neutrino Detectors

Minos 5.4/3.3 kt

MONOLITH 34/27 kt

Generic 50-100 kt ?/50 kt
Liquid Argon TPC

ICARUS T600 0.6/0.5 kt

ICARUS 3.0/2.5 kt

Status

idle

discussed
discussed
R&D

construction
not approved by INFN
discussed for v-

factories

approved
proposed for CNGS

Physics start

2003 (restart)

2017

2017
77

2003
??

2017

2003
2006 (?)



The UNO detector

Proton decay, supernova, solar and atmospheric neutrinos

A Water Cherenkov Detector 4 o
optimized for:
* Light attenuation length limit

. Fully contain E, = 35 GeV
. Electron and muon identification
4 (nochargeid)

« PMT pressure limit
» Cost (built-in staging)

: '. ~ Option for LBL beam

Ag=Known technique
4 (~SKwith lower PM coverage)

. 50x60x60mex3

Total Vol: 650 kton

: . Fid. Vol: 440 kion (20xSuperK)
Only optical ~ # of 20" PMTs: 56,000
separation  # of 8" PMTs: 14,800

Low unit cost (0.5 M€/kt + 0.5 M€/kt for excavation )

P A Jung



Hyper-Kamiokande

Super-K successor for Supernova, solar, atmospheric and
JHF beam neutrinos and proton decay

1 Mt mass



