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500+ Cited papers 1986-Now

I ATMOS. NEUTRINO
] SOLAR NEUTRINO

I REACTOR NEUTRINO
] ACCELER. NEUTRINO

1] ASTROPH. NEUTRINO
I TOP

Il PQCD

BB




Present evidences of
neutrino mass and mixing

Ve—> v,V with Am? & 104 eV?, almost (not fully) maximal mixing.

1. v.and/or v. NC from the Sun in SNO.

2. “Lab Test™ at L~200Km in Kamland (4.60)
V,—V. with Am2 = (1.8+3.6)10-3 eV?, sin220 > 0.92 at 90%CL

1.  Super-K upward-going atmospheric

2. Most likely from TP and matter effects in Super' K (2+30)
3. ‘"Lab Test" from K2K (40)

Vi —> Ve With Am2~ 0.1 eV?

1. LSND claimed evidence of neutrino oscillation.
2. Unseen by KARMEN with marginal sensitivity
3. Controversy to be solved by Mini-BooNE (results in 2005 ?)



Neutrino Mixing Handbook

Ve v AL 7 each mass eigenstate
Vp | = Ui V2 elgens.’ra’re takes a different phase >
Vr/ L V3
1 0 / 0 \ C12 S12 0 \
U = UA'U13'US =0 0 1 0 -S12  Cqp2 0
0 - 0 VAN 0 1
atmospheric e solar

3 neutrinos —» 2 mass differences, 3 angles and 1 CP phase
AM?;; Am?y 012 023 O13 o

P(Ve — Vg) = By - 4 X Re[WE] sin? A2 2, Tm[ W] sin 22,
—K>] _

—~—

CP odd

Aw =1.278m%(eV2)L(KM)/E, (GeV) , W5 = Uq U Usi Usi




Mixing Parameters Knowledge

" CuCr CisSrz Sue®

U= S12C23+C12S2:S13€" C12C23+S512S23S13€" S23C13
3\12323'(312023313@?3 C12S23+S12C23S13€" 'Czsf:y
0.72-0.88 0.46-0.68 <022

U| = |0.25-0.65 0.27-0.73 0.55-0.84
0.10-0.57 0.41-0.80 0.52-0.83
\ _/Bahcall et al.

hep-ex/0212147

Am223 - Amzatm N2-5'10-3 evz
Am212 — Amzsun ~ 7'10-5 eV2

023 ~ 45° “atmospheric”
012 S45° “solar”
913 < 13°

o No idea.




The mixing angles

1 0 0 0 ei Ci2 Sz 0
0 0 1 0 S22 Ci2 0




Effective Mixing Angles

P(Va — Vg) = up - 4 Z Re[W K] sin2 A2 %}_Im[wé'é] sin 24

Ak = Kk Amzjk(eVZ)L(Km)/EV (GEV) . V\}EB = Uy Jﬁj U?;k Upk

Experiments at terrestrial baselines, with A1.<<1, are described by 3
parameters only: 0,3, Amys, 613, and 2-flavors-like formulae:

P(ve— vu) = SiN%023 Sin?2013SiN% A = SiN?20ye SiN% A3

P(vu— v:) = €05%013SiN?2023SiN? A2z = SiN?20y1 SiN? Azs

P(ve— Vv.) = €0S20,3SiN%22013SiN% A2 = SiN?20e; SIN% Ax3

P(vi—> wu) = 1 — (Sin220,; +5iN?20e) SiN? Az3
P(ve—> Ve)

e 1R

1 —sinZ22013SiN2 A3

Effective mixing angles:

Sin?20e = SiN%023SIN22013 = 0.5 SiN22013
SiN220pr = C0S*013SiN%2023 = SiN?2023
SiN220pe = C0S?023SIN%2013 = 0.5 SiN22013




LCP Asymmetry
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T2K Experimental Strategy

» High intensity v beam — high statistic

+ Sub-GeV beam, well suited for water Cherenkov. Cross-
section largely QE: v, n — pu p. Ev reconstruction.

- E/L tuned to (first) oscillation maximum.
* Narrow band beam to reduce NC background.

Super-Kamiokande

50 GeVPS < » OFF-Axis
@ JPARC neutrino beam




T2K Baseline and Layout

EAMIDE A

i

Superamokande




JPARC facility

B Froposed M Under

KEK-JAERT joint project

JAERI@ Tokai-mura, 295 Km from
Super-K (60Km NE of KEK)
Construction 2001-2007

Cost: 1335(1890) Oku¥ (1 Oku¥ ~1M$)
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B0 GeV PS (11.1.2004)




Off-Axis neutrino

BNL proposal E889 http://minos.phy.bnl.gov/nwg/papers/E889

Target Horns  Decay Pipe

mnz - mpz 1 mnz

Ev: D, =
2 (Ex- p-cosb) 4n L2 (Ex- p.cos0)?

mnz - muz E 1 [E”JZ 1

m2 (1+7.202)  mlelm.) (1 +7.202)

Much higher flux than old-style NBB.
Strong cut-off of HE ftail.

Reduced v. contamination.
Tune energy to maximise sensitivity

A =127 -Am2(eV3) -L(Km) / E(GeV)
Beam energy almost fixed by geometry

& = 14 mirl
=i = 2T il

16



.l - 3.310" ppp at 0.285 Hz (0.75 MW,
e 4 2 64 MJ/puIse)
had iy | - 102! pot/yr in 130 days/yr
» SC proton transport line
* Graphite target
- Secondary pions focused by horns
* Decay pipe 130m length from target
* Near detector at 280m from target
: - * Intermediate detector at 2Km
+ Beam steering angle 2.5°+0.5°. |* Super-K at 295 Km. (22.5 kt fiducial)

» Tune energy between 0.4 and 1 GeV

_// 50GeVPS T2K Beam

» Best tuning to Am?=(1.6+4)103 eV? ﬁ'"
S Flux Ve/ Vy All, CC events -E""'
(108/cm?/yr) A (events/22.5kt/yr) | g
vy Ve total | @peak | v, Ve Eu
07 |192 |0.19 (100 [0.21 | 3100 10) g
2200 |45 !
055 (106 |0.13 |1.21 [0.20 |1100 29
<10]0) 22




Neutrino Sources

v, flux at SK v_1lux at SK

i — 1 from K7
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2004

Neutrino Beam approved

Funding (Oku-Yen)

2005

2006

2007

2008

Last December the neutrino
facility, originally staged to
JPARC phase II, advanced to
phase I.

159.6 Oku-yen (108 yen) in 5
fiscal years 2004-2008.

2Km hall and detectors not
included yet. Funds will have
to be secured later: no
guarantee now.




Far deTecTor

i S
;.;J..“*

Super-Kamiokande.
50 kt total mass, 22.5 kt fiducial.
Original coverage 40%.

After 2001 accident half PMTs
reinstalled (19% coverage) with
individual acrilic vessels.

Full rebuild planned after K2K run in
summer 20035.

It will be ready for T2K..

From 2008 on, T2K will be the major
user of Super-Kamiokande.

20




T2K Near Detectors

FluxL? @ Super-K
FluxL? @ 2 Km
FluxL? @ 0.28 Km

Near detector at 280 m

» Covers both on-axis and of f-axis.

* Monitor beam stability and flux.

* High rate: 60 events/kt/spill.

* Study v, and v. interactions: CCQE, CC, NC.

* Non point-like v source, different target,

different detector technology: flux
extrapolation to Super-K problem.

Intermediate detector at 2 Km
Ultimate systematic. Not in the baseline design

+ Off-Axis as Super-K

- Water-Cherenkov (100t fiducial mass) to
cancel detector systematic.

+ Spectrum differences < 10% — better than
2% systematic on v. background subtraction.

21



T2K Physics Programme

1. Discovery of 613 down to sin?26:3=0.006
2. Precise measurement of sin?20,; (+0.01), Am2,3 (x10-4eV?2)
3. Discovery/constraint sterile components through NC

1. How small is the mixing between the 1°" and 3"
generation ?

2. How close to maximal is the 2" and 3™ generation
mixing ?
3. Are sterile neutrino there ?

4. Ts there anything new or unexpected ?




Ereco (MeV)

luevents .
CCQE.. - N

L non-QE -

i background c=80MeV

o0 750 —&00 — I

re

co - Etrue (MeV

Neutrino Energy Measure

Almost exact (Fermi motion) for
QE interactions: vin — [ p

IIlnEl — m;2/2
m,—E; + P;,cos0,

Evrec —

non-QE CC interactions of higher
energy neutrinos — background
for v, disappearance

Coherent m° production from NC
interactions of higher energy
neutrinos is a background for v.
appearance
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®13 (v. appearance)

v, CC vy NC Beam v. Oscillatedv. |_— ﬁmzzgl?;:lg;
10713.6 | 4080.3 292.1 301.6
14.3 247.1 68.4 203.7
3.5 23.0 21.9 152.2
1.8 9.3 11.1 123.2
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®i3 sensitivity
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Am,s, 0,5 (v, disappearance)

Meas./No-Oscill. (22.5kt x 5 year) Energy scale

Fit with: Subtraction of hon-QE
P(vy —» Vi) = 1 - sin220,3c0s*013 Sin? Ay3 backg.

Near-Far extrapolation

1
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“atmospheric” parameters
8 SiN22023 = 0.01, 8 Am2,, = 410 eV?




v,—v, in K2K (TZK/IOO)

K2K-l & K2K-I

Am? @ sin?20 =1 ;
Am?
Am?




Search for sterile neutrinos

NC interactions sensitive to all active neutrinos. Together with
v,—Vv, and v,—v,, NC provide a measurement of v,.—v. and v,—vs,

Expected single n° events

22.5kt x 5 year

I NC selection of single n°, lepton-less

events: v N—v N n° (Smirnov-Vissani tag)

m° production cross-section accurately
measured (better than 5%) in the near
detectors.

No way to reconstruct the neutrino

beam essential.

energy. Off-Axis, narrow band neutrino

29




Goal of ND280m

Measure  and . flux minimising syst. in the near/far extrapolation.
Measure © cross section, bgr. to appearance of . and sterile (via NC tag).

Measure nQE/QE ratio, major syst. uncertainty in E reconstruction.
Monitor the neutrino beam stability.

OA-DETECT
SK

I Beam axis

Ilﬁl

30



UA1/Nomad Magne‘r

7.64(L)x 6.116(H)x 5.596(W)
B=0.67T (UA1), 0.4T(NOMAD)
B=0.2T for T2K (Power<0.6MW)

Magnet+Tracker was our main
contribution to the conceptual
design brainstorming.

Dipole Magnet ~ TRD Electromagnetic
041 Modules Calorimeter

Veto Planes

shower Calorimeter | ||



3.5m

2.5
B ——

ND280m ConcepTuaI layout

Y

»!

3.5m
2.5 m

B®
POD FGD TPC FGD TPC

IRON YOKE

POD: v target, specialised FGD for measurement
ECAL: containement, converter
FGD: v target, dE/dx, PID

TPC: momentum, charge, dE/dx, PID
MRD: range, large angle, additional / ID




Muon Acceptance

MRD
MRD+TPC

TPC

1.5 2

Pu (GeV/c)




Magnet and Detector Support

C.Gargiulo — Servizio Progettazione Meccanica INFN/Roma



Magnet Cost

300 k€ Shipping.

Based on company inquiries for half the magnet yoke, extrapolated to the
full magnet yoke plus coils.

<200 k€ Power supply.

Conservative estimation based on inquiry to a single company (80 k€ for
3600A,110V, 0.4MW from OCEM). Depends on
requirement to be specified (inductance, stability, ecc).

100-200 k€ Infrastructures.

Educated guess for motors, controllers, rails, inner detector basket.

600-700 k€ Total

1€ ~1.25 ~ 130¥




Design of 280m detectors in
progress. Proposal in Spring 2005

OPERA 5yr (~20 v,)



T2K Upgrade (Phase IT)

Phase I

High intensity v beam (100xK2K) from JPARC (0.75 MW) to SK (50kt)

1. Precision measurement of sin?26,3 and Am?;; (factor 10 improvement)
2. Discovery of 6:3 down to sin?2633 > 0.006 (factor 20 improvement)

3. Search for sterile components through NC interactions

Phase IT
— T

JPARC upgrade to 4 MW power and Hyper-Kamiokande (1Mt) (100xPhase I)

1. Discovery of 613 down to sin?26;3 > 0.001
2. Leptonic CP violation. & down to 10-20 degrees if sin?263 > 0.01

37




T2K Phase-IT (20??)

0.75 — 4MW beam power

50 kt — 1 Mt water Cherenkov :
(Hyper-Kamiokande) ] l?j:?oneizegg\s// year

Plat form :
A | Opaque Sheet -
Ovter Detector_ ",

—LEEE:!'.J_":F_‘-fL'{uE

_ Plat form
Access Drift
Liner

Chitee Detector

Innee Detector

Height 5&m

- Lawer Access Drft

. Dia.&43m 2
__ Width 48m




Phase-II CPV Sensitivity

S|n22®13

IIII!' N I

0< o BG

0.02 .‘ -. .
ll !h NG Hmm.-.- —

o 01 02 03 04 05 06 07 08 09 1
sin d

P(Ve — VU) = P(Ve — Vu) _

If T2K discovers non-zero 013,
than JPARC-IT will be sensitive
to LCPV down to 6=10-20
degrees.

Am2pl SIN°2012 o s

ACP _ Ve -V,
i P(Ve - V) + P(Ve—V,)

4 EV sin 913 (without matter

effects)
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Kamland
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Stato di T2K

* La costruzione di JPARC ¢ iniziata nel 2001 e il primo fascio € atteso
nel 2008.

* La fase-I (0.75MW) e approvata e finanziata (oltre 1IM€).

» Il programma di neutrini ¢ una delle principali motivazioni per la
costruzione della facility.

* L'approvazione della neutrino beam-line in Giappone (MEXT) e stata

decisa decisa nel dicembre 2003 e finanziata su cinque anni, 2004-2008.

* Proto-collaborazione T2K con Giappone, Canada, Francia, Italia, Coreq,
Russia, Spagna, UK e USA.

- Working groups internazionali per il disegno del rivelatore.

* Una LoI e stata inviata nel gennaio 2003, firmata da istituti in
Giappone, Canada, Francia, Italia (Bari,Napoli,Padova,Roma I), Corea,
Polonia, Russia, Spagna, Svizzera, UK and USA.

* Proposal nella primavera del 2005. Inizio presa dati alla fine del 2008.

T2K ¢ il progetto piu interessante nel futuro prossimo delle oscillazioni,
per scala dei fempi, strategia sperimentale, flessibilita e ricchezza del
programma scienftifico.

1




Partecipazione italiana

-Gli italiani sono coinvolti e presenti a vario livello nel disegno del
rivelatore.

‘L opzione magnete+tracking € una proposta (P.F.Loverre)e una
riconosciuta responsabilita italiana.

Meccanica della movimentazione, cooling, implicazioni del
magnete sull’ingegnerizzazione dell'intero rivelatore (C.Gargiulo,
Roma).

‘L 'opzione TPC per il tracking € una proposta italiana (E.Radicioni)
che ha raccolto I'immediato interesse di gruppi canadesi e EoI di

altri gruppi europei.

‘La TPC e un progetto complesso con elementi diversi (mechanics,
field cage, gas system, gem/micromegas amplification, readout

pad, readout electronics) da realizzare con pochissimo tempo per
R&D.

-T gruppi italiani coinvolti stanno attivamente cercando di
allargare la propria partecipazione.



. Conclusioni

- La fisica delle oscillazioni di neutrini vive anni di importanti risultati.
* T neutrini solari oscillano. Evidenza di neutrini attivi non-v. dal sole.
Conferma da una sorgente artificiale.

* Forte indicazione di sparizione dei v, atmosferici. Conferma da una
sorgente artificiale.

Next (qualche anno)

- K2K-TII: Conferma sparizione v,. Pattern di oscillazione.
* MiniBooNE: LSND?

- NuM:i: NC/CC, sterili/tau

- CNGS: apparizione diretta di tau

Next? T2K (presa dati fine 2008)

Ricerca di 01s.
Misura di precisione dei parametri (GUT test, mass models,...)

Nextd  (.2?2.)

» Leptonic CP violation. Gerarchia delle masse.
+ Test del triangolo di unitarieta
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Questions

What physics is behind neutrino masses and mixing ?
How many neutrino species are there ?

Is there any sterile neutrino ?

What is the neutrino mass pattern (hierarchy) ?
What is the absolute scale of neutrino mass ?

Are neutrino Maiorana particles ?

What is the leptonic mixing matrix ?

Is there CP violation in neutrino interactions ?

Is LCPV responsible for the baryon asymmetry ?

How big is ®13 ? -> experimental study of
LCPV and hyerarchy depends on the answer!
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