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The Golden Age of Neutrino oscillation

PDG 1997 edition

Neutrinos 5pg

No. of Light Neutrino Types from Collider Expts. 2pg

Massive Neutral Leptons & Effects of Nonzero Neutrino Masses 5pg
Limits from Neutrinoless Double-beta Decay 2pg

Solar neutrinos 8pg

PDG 1999 edition

Neutrino mass 16pg
No. of Light Neutrino Types >
from Collider Expts. P9
Searches for Massive 5
Neutrinos P9
Limits from Neutrinoless >
Double-beta Decay P9
Solar neutrinos 8 pg

PDG 2000 edition

Neutrino mass 17 pg
No. of Light Neutrino Types 2
from Collider Expts. P9

Searches for Massive Neutrinos (5 pages)

Two-flavor Oscillation

Parameters and Limits (2 pages)
Limits from Neutrinoless

Double-beta Decay (3 pages)
Solar neutrinos (11 pages)

PDG 2002 edition

Electron, muon, and tau neutrinos (New)

Neutrino Physics as Explored by Flavor
Change (New)

Understanding Two-Flavor Oscillation
Parameters and Limits (Rev.)

Two-Flavor Oscillation Parameters and
Limits (plots) (Rev.)

No. of Neutrino Types from Collider
Expts. (Rev.)

Solar neutrinos (Rev. )

Limits from Neutrinoless Double-beta
Decay (Rev.)

PDG 2004 edition

Electron, muon, and tau neutrinos
(Rev.)

Neutrino mass, mixing, and flavor
change (Rev.)

Number of Light Neutrino Types
from Collider Expts.

Understanding Two-Flavor Oscillation
Parameters and Limits

Limits from Neutrinoless Double-
beta Decay (Rev.)

Solar neutrinos (Rev. )

3pg

24pg

6pg

4pg

2pg
14pg

4pg

from 1998 to 2006: the PDG Indicator

PDG 2006 edition

Standard Model and Related Topics

Quantum chromodynamics (Rev.) errata (25 pages)
Electroweak model and constraints on new physics (Rev.)

(50 pages)
Cabibbo-Kobayashi-Maskawa quark-mixing matrix (New)
erratum (20 pages)
CPviolation (Rev.) (28 pages)

Neutrino mass, mixing, and flavor change (Rev.) (23 pages)

Quark model (Rev.)  erratum (20 pages)
Grand Unified Theories (Rev.) (20 pages)
Structure Functions (Rev.; see below for more figures) (15 pages)
mure Functions--additional figures (Rev.; see above) (8 pages)
Fragmentation Functions (Rev.) (26 pages)
Tests of Conservation Laws (Rev.) errata (5 pages)
CPT Invariance Tests in Neutral Kaon Decay (Rev.) (4 pages)
CP Violation in Kg -> 3pi (1 page)
CP Violation in K. Decays (Rev.) (12 pages)
V(ud), V(us), Cabibbo Angle, and CKM Unitarity (New) (11 pages)
Determination of V(cb) and V(ub) (New) (39 pages)



The importance of pursuing
neutrino oscillation studies

Neutrino oscillations are the sole body of experimental evidence for
physics beyond the Standard Model

The observed tiny mass and the large flavour mixing are believed to
be consequences of phenomena occurred at the Bing Bang
= Neutrino oscillation physics is complementary to high-energy collider
physics
The precision measurement of the oscillation parameters and the
discovery of LCPV will have important consequences on astrophysics
and cosmology

Furthermore, if the presence of massive sterile neutrinos is proved,
it will contribute to clarify the Dark Matter problem

For a detailed discussion of these topics we refer to arXiv:
0710.4947 and references therein (The ISS Working Group); hep-
ph/0606054 A. Strumia and F. Vissani



Notation

® Mixing parameters: U =U (0, 0,3, 053, 0)  as for CKM matrix

® Mass-gap parameters:  M?2= Am?;, , + Am?,;

LYl Solar § .
! ' | The absolute neutrino mass
£ scale should be set by
E direct mass measurements:
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* Outline

m Past: recent results
s Borexino, MINOS and SNO
O GIObClI fl'r

= Present: on-going experiments
» MINOS, OPERA, T2K, Reactor experiments

s Future: European (with a focus on Italian)
perspectives




g Past: recent results

Borexino, MINOS and SNO
Globaf fit results



Borexino

Goals of the experiment:

* First real time observation of the sub-MeV
solar neutrinos (mainly from 7Be)

22128” ETL. 9351 PMTs
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Cerenkov detector (Muon
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neutrino oscillations with 7Be, 8B and possibly
pep neutrinos
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« Study of solar spe‘r‘rr'oscopy test of the
solar metallicity

* First evidence of geo-neutrinos at 3o




Direct measurement of “Be neutrinos

(PRL 101, 091302 (2008))
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The NO oscillation hypothesis is rejected at 4o level!

No clue on the metallicity problem due to the large errors



Counts /2 MeV /353 days

8B solar neutrinos

First observation of 8B neutrinos

with a threshold at 2.8 MeV s 08
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Very recently the SNO Collaboration published the total 8B
flux with a low threshold (3.5 MeV) analysis.

Borexino confirms @ 1.8 ¢ the presence of the
transition zone between the low energy vacuum-
driven and high-energy matter-driven solar neutrino
oscillations predicted by the MSW-LMA.

1. Model-independent measure of the 8B flux:
Dyc=5.140 +4.0-3.8 %

2. Measure of the 8B flux assuming unitarity:

Dy =5.046 +3.8-3.9%



Geoneutrinos

Inverse beta decay reaction. Correlated in space and time pair of signals.

1) Prompt signal: Positron + 2 y from annihilation
with ¢, B,=0.511 MeV

After 1~2503s Detection technique

ayed signal = a la Rei C
E,,=1.806 MeV ?ng=g’2%:€f Neutron capture on Hydrogen - y ala e nes& owan

The expected anti-v signal comes mainly from the reactors and from the B decays of longlived
radioactive isotopes (28U, 22Th) naturally present in the Earth's interior (geo-neutrinos).

8 Table 3: Comparison the Borexino measurement of geo—v,
2 14: — . 75_ ® Borexino data with predictions. See text for details.
: o : . u>>‘ E best-fit
e F oo s S reactors ¥, Source Geo—7, Rate
g 1o G = :l contribution from geo-V, [ i ts / ]_OOt -V ]
e L o SE geo-T, events/( on-yr)
L2} kK E . ‘ 1.6
= gf S 4 ‘ B »eckoxoumd Borexino 3.971%
2 F Ok IUET: 5 FF0.3
: . BSE [16 DRI
a [ [ 3 25 BSE [30] 2.54+0.2
= L z o a0
g I s E BSE [5] 3.6
® r w1 . . .
" o g_]_,_ ,,,,,,, . Max. Radiogenic Earth 3.9
. L ) de L | ] . . {a
r 0’500 1000 1500 2000 2500 3000 o Min. Radiogenic Earth 1.6
Light yield of prompt positron event [p.e.]

Geo **Th The #evts detected by Borexino is
Geo U 0
Reactor . 85 | 9.9 34 (g,*®) at 68.3% (99.73%)

Ri?;zlm 03 m The null hypothesis is rejected at 99.997% C.L.

Expected in 300 tin 1 year
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Precision measurement of Am2 and sin¢260
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Reconstructed neutrino energy

% Constrained fit:

2k FD energy spectrum is only

looked at after performing: %k Amz - (2.43 + 0.13) X
3 low-level data quality checks
>k procedural checks 10-3 eVz (68% CL)
>k 848 events observed in the FD * Sinz(ze) > 0.90 (90% CL)

2k 1065 * 60 expected with no

oscillations %k Xz/ndOF - 90/97



Search for v, appearance

Easyl
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Given the detector granularity signal to
hoise discrimination is very difficult

Important the neutrino beam

understanding

—Analysis of the near detector data

Large discrepancy seen!
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Results
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35 events have been observed with an expectation of 25+5+2 events

There is an excess at 1.50; 6,5=0 is included at 92% C.L.



Constraints from a global 3v analysis

M. C. Gonzalez-Garcia, M. Maltoni and J. Salvado, * " Updated global fit to three neutrino

mixing: status of the hints of thetal3 > 0,"’ arXiv:1001.4524 [hep-ph].

GS98 with Gallium Low-Z and

High-Z

cross-section from [17] SAGE meas.

AGSS09 with modified
Gallium cross-section [13]

Am2, =759 £0.20 (Tgs) x 1073 eV? Same (<10%)
Am2, = —2.40+0.11 (I535) x 1072 eV? (inverted) S (15%)
4251 40.12 (Ig38) x 1072 eV? (normal)
010 =34.4+1.0 (732) 34.5+1.0 (333) (~10%)
O = 42.3 fgg (+_l%f) Same (~30%)
013 = 6.872% (< 13.2) B5#0 at 1.90 0,520 at 1.56 5.7 735 (< 12.7)

[sin® 613 = 0.014 75017 (< 0.052) ]
dcp € [0, 360]

0. 010*8 005 (£0.049) ]

Same



Why 6,5 is important?

Yy — forv
+ forv
. 242
| ) |
+a’ cos’ 0,,sin” 26, 81nA2 A < Matter effects
Ams,  small (~1/30) but
= 0 +0,(6)+0,(6)+0, a S )

B ‘Am;‘ non negligible

50(612

If 6,3 is vanishing or too small the possibility to
observe CP violation in the leptonic sector vanishesl!!



The clone problem

e The Eightfold Degeneracy in (613,d) Measure (Barger01,Burguet02)

£0.. 5.3 s —_ NE .
Ni (9137 5, Satm Soct) = Ni (9137 5, Satm Soct)

One has to solve ALL the following systems of equations:

intrinsic ambiguity

N7 (013, 6; 3atm, Soct) = N (613, 5;
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sign ambiguity (xAm?,.)
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octant ambiguity [0,5,71/2- 0,5]
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Satm = Satm,Soct = —§oct) ‘

mixed ambiguity
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The LSND saga

Appearance results Appearance results
(neutrino mode) (anti-neutrino mode)

0L
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* Analysis based on 6.46E20 POT sim0) v
* No oscillations at LSND L/E region (> 475 MeV) * Analysis based on 3.386E20 POT
* Observed 30 excess of events in low-energy region (< 475 MeV) * No low energy excess wl

m;‘ ot
sin’(26) "

* Currently work on combined v — Vv analysis

Lett. 102, 101802 (2009; . . oy . .
o #00 * More data will provide additional information

Anomaly Mediated Neutrino-Photon Interactions
Harvey, Hill, & Hill, arXiv:0905.029

JZ G_oflé

CP-Violation 3+2 Model
Maltoni & Schwetz, arXiv:0705.0107; T. Goldman, G. J.
Stephenson Jr., B. H. J. McKellar, Phys. Rev. D75 (2007) 091301

Phys. Rev. Lett. 103, 111801 (2009)

mz;'z'end' EW 2010, La Thuile, j‘ta/y 11 of 16

Lorentz Violation

Katori, Kostelecky, & Taylos, Phys. Rev. D74 (2006) 105009 MicroBooNE @FNAL on the BooNE and NUMI
CPT Violation 3+1 Model beams, DoublelAr recently proposed to run
oraer Mariaia & Wnisnant, Fhys, Let Bore (2009383 on a refurbished PS neutrino beam. OscSNS
YL Blectron Noutring Siecppoarance will exploit the SNS neutrino beam with a oil-

scintillator detector to check the LSND signal
New Gauge Boson with Sterile Neutrinos
Ann E. Nelson & Jonathan Walsh, arXiv:0711.1363



Comments

+

» The size of 05 is crucial to assess CP violation in the
leptonic sector

= None of currently running facilities will be able to extract
(even in the most optimistic case of a 6,5 close to the
CHOOZ limit) full information

= On the other hand it is very difficult to plan the future
not knowing this parameter

= So far there is no evidence for neutrino oscillations in the
"appearance” channel. LSND, Karmen and MiniBoone
exploited the appearance but the results are rather
controversial...




g Present: on-going experiments

MINOS
OPERA
T2K
Reactor experiments

20



MINOS perspectives

Potential Feldman-Cousins C.L. contours for ANN Potential Feldman-Cousins C.L. contours for ANN
7.0x10% POT , S 7.0x10%° POT

i sin®(20,) =1.0 | sin®(20,,) = 1.0

1.5 1A m3,) = 2.43x10 eV 15 1A m2,) = 2.43x10 eV
a s — Best FitA m'>0 -
PR 1S “+ Bost Fit A m’<0 — A ——90% CLA M >0 _
—g0% CLAM >0 Lol - 1
_ ~—90% CLAM <0 1 — %CLanf«t 4
i ~— CHOOZ 90% CL | i ~—— CHOOZ 90% CL |
0.5 0.5}
% 02 0.4 0.6 : !
2 PRELIMINARY % 01 0.2 paeumnmvo's
sin®(26,,) sin®(26,,)
If excess remains with new data If excess goes away with new data

Twice ofthe statistics is on tape and is being analyzed (the results are
going to be presented at FNAL today).

In the best case (the excess is confirmed) a null value of 6,5 is disfavoured
at 20



, The OPERA hybrid detector

The bricks are
&2l stand-alone passive
— & detectors

- Electronic Detectors
are needed for:

»>Triggering, Timing

»Neutrino interactions
Location
== »>Hadronic calorimetry

¥ >Muon I.D. and
Spectrometry

BRICK ¥ ALLS‘ —
2850 bricks/wall

* 53 wvalls : 150000 bricks ~ 1.25 kton

TARGET TRACKERS BMS HIGH PRECISION TRACKERS

+ 2x31 scinftillator strips walls l%\rc;ﬁ:'(pula Yor 6 drift-tube layers/spectrometer

« 256+256 X-Y strips/wall System spatial resolution < 0.5 mm

« WLS fiber readout

* 64-channel PMTs INNER TRACKERS

* 63488 channels * 990-ton dipole magnets (B= 1.55 T), 5cm thick iron plates
+ 0.8 cm resololution, 99% ¢ instrumented with 22 RPC planes

22
* rate 20 Hz/pixel @1 p.e. * 3050 m?, ~1.3 cm res.



CNGS beam performance: Physics runs 2008-2009

Unix time

Nominal performance: 2.4€13 pot/extraction

Pot collected during the 2009 CNGS run

=3

=

2008 run 2009 run 0 ——
3.522E19 pot Monday 25/11/09
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v, CC events : quantities measured in the ED

Muon reconstruction and hadronic showers behaviour in reasonable agreement data/MC for v, CC events

Dens_data
pmlfon_data 90 Entries 1777
— Dat ::.Ts 11737_: 80;— Data |l yean 2574
— MC RMS  14.61 Mu@n m@meﬂmm 702— RMS 1354
L o 60f-
1 Track length x density > sof-
| (range for muon id) .

Muon identification:

PRI BTSRRI BATRTE (<A R IS R
4000 5000 6000 7000
Denslity x length of the muon track

e oy b
80

°°

100
Muon momentum (GeV/c)

v'Range cut

v'Range vs momentum measured in bricks with MCS
v'Best brick-ED angular matching

Ett_data ::;‘_'e'b‘w“
180 Entries 1777 700:— - } nes 1777
160 — Data ||mean 41907 - Data Mean  25.74
140 —— MC |lrms 3246 600 ————  MC ||lrms 16.63
: s00F-
_ Raw hadronic energy 2
deposited in TT scintillator '
(MeV) =
. ™
. 200—
Shower transverse profile — | :_l
h 100F-
‘...1...|...1...|.. et b b = Gib'
(] 200 400 600 800 1000 1200 1400 1600 1800 2000 0k eaad o laaals
Visible energy In the TT (MeV) C 20 40 60 80 100 120 140 160 180 200
X transverse elongation RMS

NC/CC ratio measurement after removal of external
bck accumulation at target borders:

Data 2008: NC/CC= 0.230 + 0.014 (stat.)
Data 2009: NC/CC= 0.230 + 0.009 (stat.)

MC: NC/CC= 0.236

+ 0.005 (stat.)
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Event track multiplicity distribution

Reconstructed tracks and momenta in bricks

Reconstructed tracks at the primary vertex forv, CC events

70

60 |1 = Data

50

40 |- |

30 |

* Monte Carlo

Track slope (rad)

Muon slopes measured
at primary vertex
compared to MC

(at generator level )

MCS measurement of soft muons (p<6 GeV) in order to validate the technique for kinematical
measurements and compare tfo momenta reconstructed with ED

wln

Soft muons measured in OPERA

-

1

Lo

| IR

Momentum from MCS (GeVI/c)
Illllllllllllllllll‘TlllIIIIIIIIIIIIIIII

I m—
Momentum from electronic detector (GeV/c)

2
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18|

Event: 234677989, 11 Oct 2008, 21:43 (UTC). XZ projection |

o = (22£4)%

Pmcs-Pspectro

Pspectro

Ejl IITIII l_

brick 1: 1000467 27

ing information: &
BrickId Wall Side C

-1

brick 2: 1000426 27 -1

brick 3: 1001051 28

er module 1 Muon track parameters: Mu—

olumn Row Prob CS x CS y Momentum: 4.871 GeV/c

26 5 0.67 -1.0 =-1.0 Angle XZ (rad): N/A
25 5 0.23 -1.0 -1.0 Angle YZ (rad): 0.177+/-0.005
25 5 0.06 -1.0 -1.0

25



Decay search
Scanning activities (fill fall 2009) were focused on vertex location

Track Search | f_

> A systematic DECAY SEARCH was started on 2008 and 2009
data in order to find all possible decay topologies

1) improvement of the vertex definition and IP distribution

2) detection of possible kink topologies (on tracks attached
to primary vertex)

3) search for extra tracks from decays not attached to
primary vertex

This path for
Short daughter
+ Long decay parent

20 charm candidates were found so far (in good part
with the scan-back and vertex location procedures).
Charm events are the control sample for decay search
- completion of systematic decay search for final
evaluation

250

Impact parameter
distribution

Data
200

Short decay search

=]
——{ =]

This path for
Long decay
daughter

é

Yes

M

Decay search procedure.
Version. 20 Aug 2009
By A+T Ariga

Partner search
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n e (]
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Events location summary for 2008 run

Omu 1mu All
Events predicted by the electronic detector 406 1292 1698
Found in CS 271 1045 1316
Vertices located in bricks 161 792 943
Vertices located in dead materials 6 38 44
Interactions in the upstream brick 6 33 39

Events location summary for 2009 run (in progress)

Omu 1mu All
Events predicted by the electronic detector 865 2297 3162
Extracted CS 829 2211 3040
CS Scanned 666 1802 2468
Found in CS 376 1139 1615
Vertices located in bricks 67 371 438
Vertices located in dead materials 2 11 13
Interactions in the upstream brick 3 36 39

About 1400 neutrino interaction vertices localized

27




Topological identification and kinematical confirmation of a
charm event

A D0 4 prongs decay candidate: All units are in microns |
Event 234654975 _
Brick 85405 VERTEX 1
' Impact Parameter
Teaks Primary
Track? 051 vertex
X 66716,60
Y 49892 8
Z 90,9
VERTEX 2

Impact Parameter

Track 3 1,13
Track 4 1,81 Decay
Track 5 1,99
Track 6 1,39 ve I"teX
X 66710,10
Y 49899
y4 403,9

Flight Length minimum mass g
T T hi /e )
) » (Mm) P (GeV/) ..-8-.,; &m

-0,0207 | 0,0198 313,1 173,2° 17 N Y




Electrons and photons reconstruction

-“ A v, CC interaction candidate

"""

- electromagnetic shower

A v, CC interaction with i° B
production lv

70% of 1-prong hadronic Tt decays include

one or more i° = important to detect
gamma from tau decays to improve S/N.

2 e-showers give a reconstructed mass
160i30 MeV/c2 ‘

Gamma detection: “

> detection of shower

> detection e-pair at start point

e+ i e e
Y = e-pair IR i
& S E~8.1GeV -~

E~0.5 GeV




OPERA summary

= OPERA has taken data in 2008 and 2009 for 5.3E19 pot, proving the
full chain of events handling/analysis

= Electronic detectors performance reliable and well understood

= A systematic decay search was started on all 2008 (and then 2009)
events in order to find all possible decay topologies

= Several charm events found as expected

= Global analysis well in progress, ongoing studies on events kinematics
and hadronic interactions background

= The 2010 run will start on the 29™ April > hoping to achieve this
year the nominal CNGS performance

= No tau signal seen yet, stay tuned !



50-kt water cherenkov

T2K

» Search for v, = v, (v, appearance)

» Precise measurement of v, 2 v, (v, disappea rance

. I hornonly
Construction ! Beam' Y

: commissioning

> 1 kW -

= >

N

o

o

0

Horn 2, 3
installation

Super-K

30-GeV 750-kW proton beam

"AON --------=----

e RS

Full horn setup.

Beam i v, search
commissioning:
~20kW . ~100 kW

O0T0¢ "uer

On-axis detector (INGRID)

Off-axis detector (ND280)
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Counts / 100 MeV

T2K prospects for 2010 and beyond

| 100 kW x 1 x 107 sec |

251 —
E (/ Null oscillation case
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T2K 1st neutrino event in SK

Super-Kamiokande |V

06:00 J5Tkeb. 24, 2010
I‘\\ ./r

[ 15 ring + 2" ring ]
Invariant mass: 133.8 MeV/c?
(close to n° mass)
Momentum: 148.3 MeV/c

—

[imes (ns]



N Reactor experiments

The EDF Chooz power plant is located in the French département ) » Far detector closing imminent '.' L
des Ardennes, near Givet, close to the Belgian border. \s

* Electronics installation ongoing
» Awaiting fluid delivery
« Commissioning run ~ May

* In parallel: closing of steel shield
and outer veto installation

» Near laboratory construction
starting

« Fully funded
« Design approved by EDF
« To be finished till end 2010

DB near detectors §
to start mid-2010,

e 201 o S e el WL AN R
- o ASSONE NO atYo ggyan South Korea
% Bay pwer lant com Reno expects to start mid-2010
SR - = Rk *“-' sin?265 sensitivity limit (NH, 90% CL)
Power l'near l'Far Mtarget Sstat Ssyst Sin22 613 > : T
107

GW]  [m] [m] 1| 1% %] (90%CL)|s
8.6 400 1050 83 | 05 06 003] |2
17.3 290 1380 16 | 03 05  002] [¥ .
174 360 (500) 1990 (1620) 80 | 0.2 04  001] |+ B
Double Chooz Reno Daya Bay { onooz. B v 8
Solar excluded

1n°




g Future plans

How to discover CP violation and perform
PMNS precision measurements
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What approach in Europe?

+

= Many ideas have been put on the market
= Different accelerator technologies (SuperBeam, NuFact, BB)
= Different baselines
= Different detector technologies

= We think that Phase IT in Europe should be part
of a common effort of the Elementary Particle

community

# Exploit as much as possible technologies common to other fields
(e.g. LHC upgrades, EURISOL)

& Exploit already existing infrastructure (e.g. LNGS halls)
% Costs reduction!




For an extensive review

e-Print: arXiv:0912.3372, to be published on La Rivista del Nuovo Cimento

European facilities for accelerator neutrino physics:
perspectives for the decade to come

R. Battiston®, M. Mezzetto”, P. Migliozzi®, F. Terranova®

* Dep. of Physics, Univ. of Perugia and LN.F.N., Sezione di Perugia, Perugia, Italy
® LN.F.N., Sezione di Padova, Padova, Italy
“ LN.F.N., Sezione di Napoli, Naples, Italy
“ LLN.F.N., Laboratori Nazionali di Frascati, Frascati (Rome), Italy

Abstract

Very soon a new generation of reactor and accelerator neutrino oscillation experiments -
Double Chooz, Daya Bay, Reno and T2K - will seek for oscillation signals generated by the
mixing parameter @13, The knowledge of this angle is a fundamental milestone to optimize
further experiments aimed at detecting CP violation in the neutrino sector. Leptonic CP
violation is a xey phenomenon that has profound implications in particle physics and cos-
mology but it is clearly out of reach for the aforementioned experiments. Since late 90°s,
a world-wide activity is in progress to design facilities that can access CP violation in new-
trino oscillation and perform high precision messuremments of the lepton counterpart of the
Cabibbo-Kobayashi-Maskawa matrix. In this paper the status of these studies will be sum-
marized, focusing on the options that are best suited o exploit existing European facilities
(firstly CERN and the INFN Gran Sasso Laboratories) or technologies where Europe has a
world leadership. Similar considerations will be developed in more exotic scenarios - beyond
the standard framework of Savor cscillation among three active neutrinos - that might appear
plausible in the occurrence of anomalous results from post-MiniBooNE experiments or the

CNGS.



0,,=8° (Sin220,,=0.08 )
Source Detector technology in Hall C Detector technology in an Schedule Competitors
extended site at LNGS
Conventional OPERA: prolongation of the run LAr technology >2012  T2K and Nova
Beam with an upgraded CNGS Mass 20 kton

0,5>~2° (Sin226,,>~0.005)

Conventional --- --- Mton Water

beam Cerenkov in Japan
and/or USA

BetaBeam high-Q Magnetized iron calorimeter LAr technology ~2020

Mass 40 kton Mass 100 kton

Neutrino Factory = Magnetized iron calorimeter LAr technology+Spectrometer ~2020 Wordwide (INO,

based at RAL Mass 40 kton Mass 100 kton NuFact in USA)

Neutrino Factory  Detector a la OPERA ~2020 Wordwide (INO,

based at CERN Mass 5-10 kton NuFact in USA)

LAr technology+Spectrometer
Mass 5-10 kton

0,5~ <2° (Sin226,,~<0.005)

In this scenario the options that could be exploited are: Neutrino Factory, High-Q BetaBeam

Outside the standard framework there is room for low mass LAr detectors to clarify the miniBooNE low energy excess
and check the still alive LSN oscillation signal:

MicroBooNE @FNAL on the BooNE and NUMI beams, DoublelLAr recently proposed to run on a refurbished PS neutrino
beam. OscSNS will exploit the SNS neutrino beam with a oil-scintillator detector to check the LSND signal




Conclusion

The last decade has established the occurrence of neutrino
oscillations and seen enormous progresses in the measurement of the
PMNS matrix. Next round of experiments is rather challenging and
demands for huge investments and worldwide collaborations

Present: INFN has

= the leadership in the solar sector studies with Borexino;

= the opportunity to announce with OPERA the first evidence of neutrino oscillation in
the appearance channel;

= unfortunately the contribution to 8,5 quest is marginal

Future: although the time-scale is rather long (#2020), INFN has the
detector technologies, the skill and the infrastructures to play a
leading role

E. Fermi “invented” the neutrino and B. Pontecorvo the neutrino
oscillations phenomenon. It is a must for Italian Physics Community to
play a major role in future neutrino experiments



