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Where are we now ?



Nhat do we know about neutrino masses and mixing ?

there exist 3 ‘light’ neutrinos (LEP): Nv =2.984 £ 0.008

limits from direct mass measurements are small (tritium & cosmology):
WMAP: £ m. < 0.7 eV (95% CL)

solar and atmospheric neutrino deficit: neutrinos mix (oscillations) =
they are massive: m (heaviest v) > ~ 0.05 eV
PMNS matrix (3 x 3)

oscillation parameters: 2 large mixing angles 0., ~ 0, 0, ~ 053

2 independent mass splittings: Am?
(masses are small, indeed) Am?

~ 2
Am=,,
~ 2

sol

atm

absolute mass values (and why are they small ?)

why 6., and 0,, angles are large and 6,; seems very small or null ?
is mass hierarchy the same as for charged leptons (sign of Am2,; )
is there any CP violating phase in the mixing matrix ?

NOTE: assumed that there is no LSND effect ! Wait for MiniBoone...



The Sun vs 6,, and Am2.,



Sudbury Neutrino
Observatory

- =

1000 tonnes D,0O

Support Structure
for 9500 PMTs,
60% coverage

- 12 m Diameter
- Acrylic Vessel

1700 tonnes Inner
Shiclding 1,0

R
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Neutrino Reactions in SNO

» IEYIII

= 1.445 MeV
: good measurement of v, energy spectrum
- some directional info oc (1 — 1/3 cos0)
- v, only

' vi+td—>p+n+vy,

- Q=222 MeV
- measures total ®B v flux from the Sun
- equal cross section for all active v flavors

. V.4+€ — i te-

- low statistics
- mainly sensitive to v,, some v, and v,
- strong directional sensitivity
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SNO analysis

wo possibilities:

Advantages:

CcC — Ve « NC gives total flux directly

NC v + v, TV, « Cross section uncertainties cance
Advantages:

CC Vv . _ |
— = £ - ES excess points to Sun
ES v.+ 0.14 (V‘u + VT) « Can match energy regimes

* Super-K precision measurement




Signal/Background Spectra

Monte Carlo Predictions

(pure °B only)
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Extracting Signals

and E)

sun=

=y Can use derived observables (R, cosB
to produce pdfs.
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Signal extraction (units: 10° cm2s1)

occ(ep) = 1.75 + 0.07 Y912 .0.05 SNO
NG 0.11
ES(8DY - +0.16

QE(#B) = 239+ 0.34 |, SNO

D

ES(8R) =
CI)SK( B)=2.32+ 0‘03-0.07 SuperK

+0.08
> g gomi0




Oscillations Analysis: Before SNO

2v active oscillations

before SNO

Fogli, Lisi,
Montanino
Palazzo

90 % C.L. (2 DF)
= g5

99 %

~ 99.73 %

Cl+Ga+SK rates + CHOOZ
+ SK D—N energy spectra
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Oscillation Analysis: Global Solar
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KamLAND
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1st result

Data Summary

from March 4 to October 6, 2002
5.1 live days, 162 ton-year exposure

2 nd result

Data Summary

from 9 Mar 2002 to 11 Jan 2004
515.1 live days, 766.3 ton-year exposure

x4.7 exposure (x3.55 live time, x1.33 fiduci

1alysis threshold 2.6 MeV _ -
y _ expected signal 305.2 1= 237
expected signal 86.8 £ 5.6 BG 7.0+ 1.3
BG L x1 observed 258
observed H4 Neutrino disappearance at 99.995% Cl

leutrino disappearance at 99.95% CL.

3 3
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R = 0.582+ 0.069 = 0.039
for Mar to Oct 200:
is consistent with first results

- 0.611 + 0.085(stat) + 0.041(syst)
amLAND collaboration, Phys.Rev.Lett.90(2003)021802

KamLAND collaboration, hep-ex/0406035



Energy Spectrum SR 4 oo
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L/E dependence
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Solar + KamLAND global analysis
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preliminary

m’ x 107 e Unnoticed BG slightly changes the re
Cal = (.40 I—



slobal fit (Maltoni et al.)

Ir present knowledge of
e oscillation parameters

(all data included)
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Interesting results from SK with atmospheric neutrinos: L/E distribution
(for selected high-resolution events) and NC/CC ratio (t or sterile neutrino ?)

Suggested Am?

I I 1 1 IIIIIII J

Oscillation y2,;,=37.9/40d.0.f 3
== Decay Ay2=113> 346
ecoherence ]

2
:,";Tumm/
45380 | Hi %
] Rl e :
L/E (km/GeV) 10 107 vy’ 10"

models alternative to oscillation are highly disfavored by more than 3c

ospheric neutrino deficit is due to v, > v_oscillations (not to generic conversi



oals of planned and future neutrino beam experiments:

bserve v_appearance -> ...find the body after the murder...

s there (some) room for a sterile neutrino? = MiniBoone and v, disappearan
neasure L/E dependence - atmospheric and WBB experiments (fixed L)
iccurately measure the two Am?, 6,,and 6,, > is 0,5 exactly n/4 ?

ind the value of 6,5 from P(v -v,) 2 benchmark measurement

how MSW matter effects (without CP violation effects) = mass hierarchy
how CP violating effects (without matter effects) - the ultimate goal ?

..be ready for the unexpected ! > experiments may be running for long time..
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mixing matrix and general 3 neutrino oscillation probabili
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The formula simplifies under the empirical assumptions that:

° 2 2
Am atm >> Am sol

* L is comparable to the atmospheric oscillation length (~ 1000 km)

- the angle 0,; is small
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the special case of v, - v, oscillations, we have: ‘P(z;}._i — ;,:E) — E.‘.,_-_Zl_%f

atmospheric part

P, = sin® By sin’ JHH{‘;H] cin BiL

+ 2
. . Ao ? AL : F
P = cos Haq sin” 2012 ( };‘) sin’ - solar part 2;13'? ;:Z Ial?r':l::;vr\::
A JANT Mgl 0 AL . BiL illati
Py = Jcosd ( 1}] {—”} 008 ——— &in sin —— interference oscillations
A\ By 2
FAY ANT: Misl . AL . BilL
P, = FJsind ( ,’f) B—:] sin lj sin 5 SI1 : interference
ere
A _ Ami v, = Vv, oscillations:
. 2F.,
A = V2Gsn. Solar part: small AmZ2, large mixing
B: = |A = Ayl

Sub-leading: large Am2, small mixing (“
J = cosf5sin 2019 sin 2013 sin 2093

] the 4 signifies neutrinos or antineutrinos = The two effects can compete

In vacuum, at leading order:
2
2 Ama, L

P(v, — v ) o sin® 26,3 sin” fy3 sin® 1B




vacuulr ana in apserice Ol o-priase.

AL AL

2
2 - 2 - 2 - 2 - 2
(Vﬂ—) Ve)~ cos” 6,, sin 2(912( ] +sin” 6,,sin” 26, sin (

solar part atmospheric part

ative importance:

ABLj - . 2(A13Lj
20 .
2 it bl W _sin’26, [ A

f— N/
"~/

solar — 2 2 ~ .
: AL . AL sin” 26, \ A
cos’ @, sin” 26, ( 12 j sin” 26, ( 12 j 2 k
2 g
imerically: E,— o

2
21 (An] ~10° :> Solar>atmospher|cf fc;r
1’20, \ A, sin” 26,, <= 10

For sin?260,;< 1073, correlations with solar parameters are important to
Nafermine caeanc<itivitv NF down to 10-°5 ?727?

: 2 : 2 : 2
sin” 6,,sin” 20, sin (




Work in progress...



detector)
kton Water

v, disappearance experiment t
probe the SK atmospheric

neutrino result.

Analogous case to Kamland vs
solar neutrino experiments

« Beam monitor
« Neal detectors

near/far detectors comparis
event rate and energy spect
shape

(various detectors)

Far/Near Ratio



0T
Am2[eV2= |

LERE N

0.006 K2K new results

0.004

992

65%

0.002

0.0 0.2 0.4 0.6 0.8 1.0
sin220

K2K latest results:
7 < Am? < 3.5 eV2 for sin220 =1 (90% CL)

(v, disappearance plus shape distortion)
oscillation hypothesis confirmed at 3.9 ¢

K2K confirms SK:
< AmZ? < 3.4 eV? for sin220 > 0.93 (90% CL)

events/0,2[ Ge'

AP (eV?)

Best Fit
KS prob.=52%

L
15 2 25 3 35 4 45

| | Am2=2.1x 10-3eV2

35
[Ge']
Evrec[ GeV )
- Best Fit:
" | sin220 = 1.02

%2 = 465/179 dof for no osc

%2 =174.9/177 dof




K2K looking for electron appearance

+K2K(90%CL) excluded
with 4.8 107° pot
1 upper limit at
i _g1113=2.331{3'331*3

-«
1 0.15 @90%C.L.
0.20 @95%C.L.

02 03 04 N05

sin20,,. |V. disappearance in
" | CHOOZ@sin?26,, =1

SK atm.v
allowed




Next to come on auty: MINOS In the Nuli neutrino beam

Near Detector: 980 tons
Far Detector: 5400 tons

|DEI:. 2

Soudan

Fl‘l’ll'li/lié)l'f/”’__:l

/Det. 1 735 km

12 km

I Magnetized steel/scintillator calorimeter

w E neutrinos (few GeV): v, disappearance experiment
x102° pot/year - 2500 v, CClyear
ympare Det1-Det2 response vs E - in 2-6 years sensitivity to Am2,,

ain goal: reduce the errors on Am?,; and sin?20,, as needed for sin?20,, measurement



electron appearance in MINOS

90% CL Exclusion

b .25, 16, 7.4 x10™ pot

ICARUS
(5 years, 3kt)

i aal

MINOS with: -%, CHOOZ

90% CL Exclusion Limits

3 o Contours

=

t MINOS 3o Discovery Limits

CHOOZ 80+ CL

MINOS, with
25, 16, 7.4 x10™ pol

PEEE R |

M T |

1
10

sin®(26,,)

0.05

0.1 1

0.2 0.25 0.3
sin’(26,,)

In 4 years running (~2010) MINOS could improve the CHOOZ limit on

sin?20,, from ~0.14 to ~0.06, the 3o “evidence” up to ~0.085




Important investment: think
about experiments beyond
present generation ?

Low E or off-axis experiment

* High energy beam: <E> about 20 GeV: t appearance search
4.5 x10"° pot/year from the CNGS. In the hypothesis of no oscillation:

* 2600 v, CClyear per kton detector mass
» Assuming v, - v_oscillation, with parameters sin°20 =1 and Am?=2.5x10~ eV?:

15 v_ CC interactions /year per kton
» construction well advanced: on schedule.
* Two experiments at LNGS: OPERA and ICARUS




The OPERA Detector

OPERA experiment at LNGS:
rebirth of the emulsion technique

Spectirometer

tector: 1800 ton emulsion/lead bricks (ECC

. . . 31 Walls
nique) complemented by tracking scintillator Goack pediititig
es and two muon spectrometers .. 3328 bricks)
A brick e maade o

ustrial emulsion production and handling

CET el e emule
26 leaul sheeds [~

2d huge scanning power/speed: > tens of SMI
. . . . 11 walls (brick walls+TT)
matic microscope running in parallel + 1 spectrometer

0 cm?/hour (advances of the technique)

ecialized, single task experiment ! e, '\"____,-/
v BG: <1 event (1 track reconstruction)

T

Beam i
v statistics: about 10 events/5 years at > <§:
linal CNGS intensity @ SK parameter values:

A

/]
L]
77 ]

istics goes like (Am?2)2

n at beam intensity increase .
tallation in progress ‘ Emulsion Sheet (ES) —

Passive material plate 1 mm




Measure 0,4



Simple considerations

> Vv, oscillation as a tool to measure 6,, with accelerator neutrino experiments.

ire ‘Super-CHOOZ-like’ reactor experiments are difficult (and not covered here).
sting or planned atmospheric neutrino detectors can be limited by statistics.

. ]

1all effect (< 5% from CHOOZ)

ompt v, contamination at % level (accelerator neutrino beams)

ain BG: ©° production in NC and CC interactions -

ditional BG: low energy muons and pions can fake electrons

> v, oscillations can solve most of the problems but hard to make v, beams

it for a next generation facilities)

Ny case high intensity is a must !




Beta-Beams
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Ire neutrino beams

standing goals
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TT7

2
O W

—
o

Flux (x10"v/m?/MW) at experiment
tn

CERN SPL &

- I\J .
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J—PARC 2°
295km

fbeam
v

Value of sin” 264

V.,V Fact,
NuMl, 733km 3500k
45mrad o,
15mrad
/BNL \
25Dka‘,*' :
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0
Neutrino Energy (C

yaics > 4 % 1072 > 1x 102 = 103 =~ 104

'-'mg P13 £ 0 MINOS Conventional Conventional i fﬂt‘t-l}l'_'r'
CNGS Superbeams Superbeams I = 3500 km

Phasze [ FPhase II
a5 Combinations Combinations Combinations i+ Factory
rarchy of Phase I of Phase II of 1+ Factory Lors TTO0 Em
Superbeams Super/S-beams | and Super/3-beams
dence for Combinations Combinations Combinations Combinations
—-violation of Phase I of Phasze II
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Super/3-beams

of 1+ Factory
and Super/& beams

of 1+ Factory
2 baselines



1NC TITot UPCT=DCarll. Oll=dXio 14\, ITOII1 10Rdadl 10O O

* low E, (<1 GeV) Super-Beam: 10%" pot/year
+ @ 2° > 3000 v, CClyear (x10 w.r.t. K2K)
* 0.2% v, contamination and n° BG

» SK plus three near detectors

i 1 ; i £ p T I !
0 SMW 50GeV PS. [N : v .
gapproved) ’—@@ o @ ______ i | ”

Mo AMW.S0GeV PS T Y

| | | | &L
Neutrino energy spectrum 0m Ll il 2km 7
- (cross-section x flux) T \
' u monitor (beam v energy spectrum Same spectrum as S
direction and intensity) and intensity BG measurement

Importance of near detectors: difference in
near/far spectra main systematic error in K2K

normalization ( 5%
non-ge/ge ratio ( 5%
Expected systematics in T2K: E scale ( 1%

Spectrum shape (20%
Chactriim width  ( RO4LY

)
)
)
)




No oscillation

\ v, aisappearance

)5 eV

ulllllllllllllllllllll

rec. Ev (GeV)

Ar_n?= 2.5 x103 eV?2

i =
=)

Assume 0,; = /4

5 years runnin

- 3(Am2y,)

<1X10-4eV?

N

5(sin226,5)~0.01

15(sin? 20)1

115 2
True Am,;2 (10-3eV?)

25 3

d_d:.l T TTTIIT

True Am,,2 (10-3eV?)

Harvest for T2K (~2013-20

« determine Am?2,; with an
uncertainty of 104

« know if sin?26,; = 1 with an
uncertainty of 0.01

» appearance: evidence for nor
zero sin?26., if larger than 0.01
(90% CL limit at 0.006)




T2K v, appearance: measurement of 0,

90% C.L. sensitivities

: 043 measurement
(e appearance)

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

51n226,,>0.006 (90%)

sin%260,,>0.018 (30)



An orf-axis experiment in the NulVil beam: NO VA

2cent proposal (March 04); nominal NuMI beam: 0.4 MW + upgrade?
approved: 15 % of far detector by 2008. Completed by end 2011

r detector: 50 kton @ Ash River (MN) 810 km from Fermilab (12 km,
mrad off-axis)

chnique: particleboard/liquid scintillator with fiber/APD R/O (or RPCs)
ear detector: same as far, 1 ton fid. mass; also use MINERVA ? unlike T2K, NovA is
sensitive to matter effe

~ 200
T = 5 E 150 B 3 g Sensitivity to sin"(26, )
0 o a =100 = e :; ' F L=810km, 12 km off [ e
. 50 -;3 ;‘__:'SE'” : = 0o | Amg2=25 107 o¥® III
E DR g : *
0 Bl -, 0 Hifflizea.... S on [ 100167 por
| PPEa —50 la ";-.E e, 0 - (Proton Driver) I.'I
. ° F ____Am'= 0 ' '
10 . — 100 o1 i:’q o J Xf
0 T - =130 — NC 0.6
Coaaliag I A _EOG__ 1 | 1 1 1 [ s i
0 200 400 600 8001000 0 500 1000 1500 05t ;£ Ff® [T2KPhese
z (cm) z {cm) 0.4 J
e I,-'r 20x10° pot
wentional detector design: well known technique of low : T
e : : 2 F a -
isity, fine grained calorimeters (e.g. CHARM Il at CERN) “ |
0.1 /
st of about $150 M |
e: this is basically a single task detector (schedule, ° 0 o

sl

npetition with T2K, etc.)



Comparison petween WMINOS, I <A and NOVA

Assume 5 years running, Am2,,= 2.5 x 10-3 eV?, 3¢ evidence for non zero sin?0,;:

Experiment Run p.o.t. 3o evidence
MINOS 2005-2008 16 x 1020 > 0.080

T2K 2009-2013 50 x 1020 >0.018

NovA (Booster) |2010-2014 20 x 1020 >0.015-0.020
NovA (p driver) | ? 100 x 1020 > 0.005-0.007

e Japanese project has an existing far detector and an
oved beam (in construction): possibility of discovery

addition, it would be worth considering elsewhere new
eration detectors with an extended physics program

some chance, next generation experiments on 0,
1 measure mass hierarchy and CP effects

0.02 0.04 006 0.08

11y )



Pin down CP phase and mass hierarchy



Detecting CP violating effects

T, =7, ) —Plv. =1, )  sin26 Ami, L
st method: % ~ ZRN2 i 6 - sim A ':"r
n vacuum) Pv,—-7,)+ Plv. = v, ) sin @4 LE
it requires: Am?2,, and sin20,, large (LMA solar): OK'!
larger effects for long L: 2" oscillation maximum
Wever...

sin?20,; small: low statistics and large asymmetry

sin?20,, large: high statistics and small asymmetry

impact on the detector design

..and:

oscillations are governed by Am?, ., L and E:
E~5GeV > L~=3000 km

flux too low with a conventional LBL beam




widsSs riierarcriy 1rorn maiter O0sCHialiol

trinos oscillating through matter (MSW effect):

erent behavior of different flavors due to the presence of electrons in the medium

litional phase contribution to that caused by the non zero mass states.

/mmetry between neutrinos and antineutrinos even without CP violating phase in the matrix
 related oscillation length L,,, unlike L,, (vacuum), is independent of the energy

an example L, (rock) is ~ 10000 km while Ly, (Sun) ~ 200 km

e limit of Am2,_, approaching zero (for which there are no CP effects) and of running at the
yspheric oscillation maximum, the asymmetry between neutrinos an antineutrinos equal to

Am atm

2 \, 2(5 F Pe

rarchy)




For E, ~ Eg large amplification of P(v,2v,) at long distances

1000 2000 JDDEI. 4000

L{krm)




Experiments with 2"° generation Super-Beams, Beta-Beams, v-fact

Golden goal: detect CP violation (if 6,; not zero!)

gh intensity is mandatory: two possible approaches for L/E :

ng/high (e.g. BNL-Fermilab projects): @ matter effects increase signal (E

max2/Emax1
@ CP effects increase with L (3n/2 vs 1/2)

1ort/low (e.g. CERN-SPL to Frejus): @ below threshold for BG (? ...Fermi motion

illation Nodes for Am? = 0.0025 eV?

FNAL-SOUDAN

5n/2

1 o

-

Fermi motion dominated
0 500 1000 1500 2000 2500 3000
Baseline (km)

/2

@ atmospheric neutrino BG
@ antineutrino x-section small
@ Fermi motion limits resolution for u events

@ For both approaches: need to
know v, BG energy dependence

General remarks:

- a beam/detector complex of this type, given its complexity and «
must be considered as a facility running for a few decades and h
able to accomplish general purpose neutrino and astroparticle

physics experiments as well as ultimate matter stability searches

- There can be degeneracies in the determination of matter and (
effects: more (complementary) experiments are needed to solve




2hd Phase (201X~7)
Hyper-Kamiokande(~1Mt)

DETECTORS

500-1000 kton Water Cerenkov ‘a la SK’
(Hyper-K, UNQO) are considered as baselin

Liner

Flat form

Rationale: exploit a well known technique
aim at a ‘reasonable’ cost

However, this is not the only possibility

Water Cerenkov technique

« efficient for ‘few’ or 1-ring events (QE), small x-section, large detector m
« good n° rejection if y are well separated

« at low energy confusion between p and & tracks

 can go down with energy threshold (5 MeV for 40% coverage) ?

 well established in Japan: success of SK but limited experience elsewhe
» Hyper-K project well advanced: decision in 2012

* PMTs: leadership of Hamamatsu (very large production will be required)
» alternative photo-detectors options unclear: R&D & cost assessment ne
* huae cavern: cost and complexitv of excavation works



A fine grained detector can be alternative/complementary: liquid Argon TP

)0-600 kton Water Cerenkov higher efficiency (multi prong interactions) and BG reje
> —

100 kton LAr TPC
LAr TPC: imaging with bi-phase R/O

LNG tanker technology
100 kton LAr; auto-refrigerating

2. a la Superk),

Electronic crates
\\‘Tl g b

_. k! . D=70 m

0 kton UNO-like Water Cerenkov



Super-Kamiokande

Bun 7436 Event 1405412
33-06-13:18:42:4

Toner: 516 hits, 1018 pE

outer: 2 hits, 2 pE {in—tim
Trigger ID: 0Ox0

o owall: 240,4cm

Residi{ns} 7
. > 182 1, 3 int

+ 45— -p2
+ -pB- -45
+ -91- -B8

+ -114- -91
+ -137--114
. <-137

s00 1000 1.

FPrAT Hit Times




vvater cerenkov (UNU

tal mass 650 kton 100 kton
st =~ 500 M$ Under evaluation
e 70 in 10 vears 103% years 3x1034 years
T y £ =43%, = 30 BG events € =45%, 1 BG event

2x1034 years 8x1034 years
€= 8.6%, = 57 BG events € =97%, 1 BG event

8x103%4 years
e =98%, 1 BG event

38500 (all flavors)
(64000 if NH-L mixing)

7
(12 if NH-L mixing)

vKin 10 years

un Kin 10 years No

cool off @ 10 kpc 194000 (mostly v.p— e*n)

in Andromeda 40 events

burst @ 10 kpc

relic

ospheric neutrinos

lar neutrinos

=330 v-e elastic scattering

380 v, CC (flavor sensitive)

Yes

Yes

60000 events/year

10000 events/year

E, > 7 MeV (central module)

324000 events/year (E_ > 5 MeV)

Operation of a 100 kton LAr TPC in a future neutrino facility:
Super-Beam: 460 v, CC per 102! 2.2 GeV protons @ L = 130 km

Beta-Beam:15000 v, CC per 10" 8Ne decays with y = 75

The ICARUS experience
plays a role, but the dete
is very challenging:

R&D plan must be identi
and executed




dapanese program pnase <. snort L., iow

nsity up to 4 MW Major T2K beam upgrade, new Hyper-K detecto
ector mass up to 1 Mton 1) low energy: low ©° BG 2) gigantic water Cerenkov: good

o e demanding requirements: 2% syst. from BG subtraction and 2%
matter erects. assume data selection

5 hierarchy determined low Ev-> low x-section

2 yrs v, 6.8yrs 7 AMW., 1MTon

- .
- MW, I Fi
g Chooz excluded il
= - @Am,;~3x10-eV? 6.8y1 ﬁ*-rL?“
!m Ll | -‘_‘_‘_
—--.__\_.\_\_\_-_._H_‘_‘_h-‘-‘_h
01 —
| _ 5>~14de
ool 3o discovery
Tl regipn
0.06 7
5 i **{é,
0.04 ——R1— D1 —-5>~27des
vk el [ o i ]
=T o e GRS L = \ "] ' T =501 0 e,
3 1tnu~u~;ﬁf 0.02 WMJ- —— £l m; B '
A0 M—H‘ P AM =AM, =3
TN 0 =il
______ R 0 01 02 03 04 05 06 07 08 086 1

cind



program: bNL proposal

BB sent to large distance (> 2000 km)

grade the 28 GeV AGS up to 1 MW

ed a new 1.2 GeV LINAC

) target R&D (while needed for 4 MW)
O Cerenkov detector in a NTL’ Lab (?)

To Target Station

200 MeV Drift Tube Linac
BOOSTER
AGS
1.2 GeV — 28 GeV
200 MeV 0.4 s cycle time (2.5 Hz)

400 MeV

Superconducting Linacs
800 MeV

STRATEGY
upgrade

The wide energy spread requires high signal/BG ratio:
3: only 1-ring events to reject most of ny (2-rings)
ynal: at high E matter effects increase statistics, at low E the long L makes neutrinos at the 2" o
cillation maximum, hence increasing CP violating effects by 3-5 times
al: detect CP violation with only neutrino (no antineutrino) exposure (2 maxima)



L TN A et T W TREL

B

E=0.5-1GeV :Am2, region

BNL-HS 2540 km

sin’28, (12,23,13) = 0.8/1.0/0.04 1-3 GeV : large CP effects

S R e g >3 GeV  :Am2,; region: matter enhanced

Matter effects on

v, 10, CP= 4 (suppressed) v, (v,)
v ftov, C N
150} ((” ’](f
1007 Q%L\
) 3 . . . 3 3 5 0 (‘-‘\\\Q‘\
o 0 1 1.5 2 23 3 335 4 Ev?ﬁev] E- i x
Plv,—v,) CP=45 deg S 0- Am,2 (21,32)i= 6.0e-5/2.5¢-3 eV 2

1 —_
‘ | snis 2500 km | S( /5)
‘ sin’26,(12,23,13) = 0.8/1.0/0.04 —10( [
| Am,%(12,23) = 5.0e-5/2.6-3 eV? —15 (' 14w 0.5 MT 5yr
i' Matter effects on S B St B BN BN R D
1 S 0 004 008 012
| ___ Anti~y/t0 Anti-v )
i * y / S1n 291,,
: - >
| 5 years neutrino exposure
. ' * 500 kton detector mass
' l‘.A dhh. _____ « assume normal hierarchy



Oscillation parameter determination with v, appearance

Assume L = 2000km, wide band beam

N2 AL
Amiy, Am3;, 612 well known.

3 neutrino generations. { = large change | = small change

*.-'»:il'.l2 2049 > 0 : .r'l {2 O, = 0} dop = (mjd, —mwjid)




’ Targe*t
i

-Wﬁe‘!’ FEL LA - upgrade Main Injector from 0.3 to 2 MW

* shoot v’s to Homestake (1290 km)

» usual question about the far detector:
500 kton water C or 100 kton LAr TPC ?

Another issue: NuMI off-axis phase-Il
Suppose T2K+others 2 P(v -v,) = 0.0:

18t max: CP ~ matter
2" max:  matter E, 4 /E, and CP= 3 x (

sin(26,.) vs. F'(FE] for P(v_) = 0.02

sm {2913] VS, Pand max(Ve) for P(ve)

< ®1 FC=770km, o kmoff & ' F=7i0km skmoff
S 009l Am.:=2510"eV: & oosf £'= ?mzlgn},ﬂau km off
. . = . u . C AM,: = £ e
ible luxurious scheme (?) |3 - B .l
0.08

1300 km) large underground
tor for v and astroparticle
CS

0.07 |
0.06

xis: fine grained 20-50 kton 005

tor (LAr TPC ?) at shallow 0.04

0 §=0 0.04 |
S ] . [ B = /2 [ §=
 with improved BG rejection 003} fg;gm 0.032 2 -gm
l].ﬂz R T T T N T N R TR [ TN N N M N SN SO T N B uuzﬁmﬁbﬁw

0.01 002 003 0 ﬂ4

Pa...a .



uropean program(s

F
wim ™ T20

sioned neutrino facility
RN SPL (2 MW): low E, 1023 protons/year

er option: Beta-Beam (CERN original R&D)

/ role of CERN: logistic and scientific center regardless
ar detector site/technology

Thi "SRy
10 """:..
I
EC

r
m“?
||||||||I|||||||||I|| |||||'l‘-|||||||
0

1 111 1 1 1
01 02 03 04 05 06 O7 08
Ener:

ear-far’ envisioned site: Frejus laboratory
lerground laboratory 140 km from CERN
peration agreement: IN2P3/CNRS/DSM/CEA & INFN Detector at Frejus: 500-1000 kton
rnational laboratory for underground physics Cerenkov and/or 100 kton LAr TPC
5y access but safety issues (highway tunnel)
'erns have to be excavated (goal: 2008)
rease working group composition ?

SPL Option Future

ption well retained at CERN (interesting for Safety Tunnel

arge community)

OW energy neutrino beam: < 500 MeV

. . ] Future Laboratory ——
mall antineutrino rate, and small x-section: with Water Cerenkov Detectors

ed long antineutrino run (8 out of 10 years)

o For Cerenkov detector option:
e and n° BG commissioning with beam by 2015-2017



eta-Beam option s,
18 Vi § 32

for iﬂ);r He n:r; Ne S - / 2
( ) < ey, W )5

dega}r Shield ng 94— T q .

1.5

inal idea born at CERN (P.Zucchelli) 5
yactive ions produced, boosted (y ~ 100) and stored 05

n: focused, known energy, pure flavor composition
eam BG

om Ne'® ~ 2-10x10"%s v, from He® ~ 10-30x10"%/s
ions can be stored at the same time

ronmental issues (radiation)

EURISOI
arch for v, v, oscillations: |
5 SPL '
isier detector task (u detection) § |
;Isoltargs:t |

ywever, need good event reconstruction:
s in NC can fake muons

energy makes pion production below
enkov threshold

=

—_ _SPL:
—_ SPL\

Beta

Beta

yd

| ] | | — | | I | |

DECAY
RING

B=5T
L =2500m




Performance

R

:Choozéexc:luﬂaﬂ

5 years run at 6=0 (90% CL)

P
Sin“20,

Am2 (x10) eV

0.5

Hope: realize the SPL and/or the Beta-Beam fror
2009 to 2015 and then commission for physics

5 4 2 3
] 1 —— Nufact
y R — BetaBeam
T — SPL SB
4 SPL+Beta
5 —— SB+BB, 1Mt

\ Best LMA after SNO !

o
€ """ Pare sensitivity
1 1 - I] L 1 Ll 1.1 | 1 | 1 1 - -
-4 -3 -2
10 10 m2
sin“E

3o sensitivity to maximal CP violation (10 years’




Ign energy beta-beam </ iImproved periormance

1.1 x 10'8 8Ne and 2.9 x 1018
W baseline: L = 130, 400, 950 kr
vy =75, 250, 600

h-energy (y) Beta-Beam can be realistically made
ing an upgraded super-conducting SPS (1 TeV)

1000
fx . "Ne, 100 kt, 10" decays 5=90°
-y =175, 250, 600
I 18
800 v, appearance rate

-t
2]

- forAm*=2.5107° eV?, 8,,=3°

s00 —[ Stat. error around 8=0

=y
o

cIII|III|III|III|\II|III|III|III|I\I

vy CC evts in 3 years
—
s

i =901 10
400

L 8

§=-901
6
200 100 kton 4
LAr TPC ,

U 1 1 1 | 1 1 1 | 1 1 1
Q 200 400 G800 ao0 1000 0

L (km)

If high energy would be chosen, possible far sites exist:

e.g. LNGS, Oulu (Finland), Cuprum salt mines (Poland), etc.



Protons MU - Y T
ﬁ I - M ﬂ""“--..H #,-f"'?f' L “H ,-»"'H

cool.accelerate  Shielding W over W
decay ——_q

yviously, a great opportunity for neutrino physics!
uge neutrino fluxes, increasing with muon energy

v may range from 5 to 30 GeV, 1022 muon decays/year

nly two flavors for a given polarity: v, and v, or v, and v,

r a massive, coarse-resolution set-up: u detection easier than e ID over n° BG (wrong sign muor
ossible to use large mass detectors already exploited for Super- Beta- Beams (magnetic analysis
otector can be simple, but don’t forget unexpected, new physics events to be studied in great dei
principle ‘very’ low beam and detector BG

from ~ 1000 to 8000 km (international enterprise by definition!)
2ry complex accelerator facility: R&D needed and being pursued worldwide (EU, USA, Japan)
e first accelerator stage could be a proton driver for a Super-Beam

xtremely challenging project: target, muon cooling, radiation and environmental issues, cost, etc.
GGG



(personai) conciuding remarkKs

he glory of the massive neutrino! The evidence for neutrino oscillation mostly built-up with sol
Imospheric and reactor neutrino experiments is today very robust. This has opened the way to
recision studies of the mixing matrix with accelerator neutrino experiments, together with future
rojects on direct mass measurements, double-beta decay, reactor, solar and atmospheric neutrir

he mass of neutrino is the first (and so far the only) indication of physics beyond the SM. If
eutrinos are Majorana particles this gives clues to the questions of fermion masses, to the questi
hy 3 families, to mass hierarchy. Lepton number violation could explain the baryon asymmetry
rough leptogenesis. Massive neutrinos may contribute to the energy density of the Universe. A
1Iscinating study has just started and must be vigorously pursued in parallel to collider EV
hysics.

unning and planned experiments will contribute to narrow-down the errors on the oscillation
arameters and with some chance to prove that the mixing matrix is indeed 3 x 3. The next gener:
ill need high intensity facilities to pin down a non vanishing value of 6,5. Advanced detector techr
ill be required to keep BG low for a real improvement of the sensitivities. This physics subject is
utstanding importance ‘per se’ but also because it will drive future initiatives.

he detection of matter and of CP violating effects will likely require a further generation of
xperiments using high intensity (> 1 MW) neutrino facilities with more massive detectors. At pres
vo options are being considered: a 500-1000 kton water Cerenkov detectors (a la SK) and 50-1(

on liquid Argon TPCs. Solving degeneracies calls for different experiments with different
Arametfarc



(personal) conciuding remarkKs (cont.)

In addition to the need of large mass, the detectors have to be ‘general purpose’ (think of
tomorrow’s physics), must have good energy resolution (measure oscillation parameters), good
granularity (to measure channels involving e, u, t,...) and adequate NC/CC separation for BG
suppression. They will need to be as good for astroparticle physics (underground or at shallow
depth) and they have to employ cost effective technical solutions/technologies.

Concerning the neutrino beams, a factor ~10 boost in the intensity is required. Super-Beams ¢
the natural approach, based on improved LINAC or Boosters. Synergies are expected with othel
fields and this can increase the probability of success (funding). As far Europe (CERN) is
concerned, the possibility of building Beta-Beams (of low and/or high energy) must be explored
being peculiar and complementary to other approaches (1 appearance). Regardless the neutrin
source, the final choice of L/E must come from a global, physics driven optimization of facility
and detector.

The issue of a Neutrino Factory (no more than one!) has to be considered with care. It
constitutes the ultimate neutrino facility with unprecedented features but its construction would
represent a huge investment for the entire community. This must be well motivated considering
the state of the field at the moment of the decision to go and the synergy/competition with other
possible schemes/approaches and with other large projects in particle physics (e.g. muon or
electron collider). Its main task must be the precision study of CP violation, whereas the
discovery could well be made with Super- o Beta-Beams, with an eye to the unexpected.



(personal) conciuding remarkKs (cont.)

'he neutrino community is very active and many ideas and proposals are on the floor both for th
acilities and for the detectors. However, for the next (next-to-next) generation we will have to de:
vith 100-200 M€ (500-800 M€) experiments and with 300-500 M€ (1000-1500 M€) beam facilitie:

'he cost and the complexity of these projects demand a strong worldwide coordinated effor
etween researchers and agencies, similarly to what occurs in other fields, e.qg. for collider physic
'here will be resources available for a very small number of large facilities/detectors in the world.
>omplementarity of approaches and techniques is mandatory.

herefore, choices on projects beyond the experiments presently running or being built must
yragmatically take into account (and use, as far as possible) existing facilities and infrastructure
detectors, beams). The international competition should not be neglected: one has always to |
ittention to it aiming at performing (in time) good quality measurements.



