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Introduction

« Evidences of v oscillation
— Atm v (SK,1998) & solar v (SK+SNO,2001)

— First evidence beyond SM

* Definite confirmation w/ diff systematics

— Present (18t generation) long baseline (LBL) experiments (for atm v)
— Players: K2K (1999~), MINOS (2005~), ICARUS/OPERA(2006~)

 Next steps
— Understand whole structure of v mass/mixing

— How similar/different from quark sector?
« “Standard” mixing w/ 3x3 matrix?
» Mass hierarchy?
« CP violation?
Would lead physics beyond SM
— Next generation LBL experiments and reactor exp.
« w/ High statistics and small systematics

* New era of precision “Neutrino Flavor Physics”
— Cf. Have been done last ~40yrs for quark sector
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The K2K (KEK-to- Kamloka) Experlment

The first & only running LBL v
osc. Experiment (1999~)

v, beam (99%) with <E> ~
1"3GeV w/ KEK 12GeV-PS

Confirmation of atm v results

v, disappearance and v,
appearance

Neutrino Oscillation (Am2=0.003eV2)
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Signature (V-2 else)
*Reduction of # of events
*Spectrum distortion
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events/0.2[GeV]

Latest Results on v, disapp.(June 2004)

8.9x101% POT (1999Jun~2004Feb)
(1029POT proposed)
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Best fit in phys. (all) region
— sin220 = 1.00 (1.53)

Am?2 [eV?] = 2.73x1073 (2.12)
Confirmed v osc at 3.9¢ level



Squared Mass Difference Am? (eV?)

Comparison w/ other results
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MINOS

Soudan « wide band v, beam w/ FNAL 120GeV Main

M{ Injector (0.4RW)
~ « (magnetized)lron-scintillator sampling calorimeter

d ,‘i
Maditcn
o

— 5,400tons @ far, 980tons @ near
v, CC int/MINOS/yr ~ 2,500 (LE beam)
* High precision v, disappearance
« Far detector fully operational since 2003
« Beam line almost completing
« Start from 2005
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CERN Neutrino to Gran Sasso (CNGS)

GRAN SASSO

Wide band v,, beam
w/ CERN 400GeV
SPS <E >~17GeV

Two experiments

— OPERA: 1.7kt
Emulsion cloud
chamber

— ICARUS: 3kt Liq. Ar
TPC

~5300v,, event/kt/yr
v, appearance
Under construction

First beam to GS
May 2006



Expected sensitivities
v, disappearance

v, appearance

% 26x10® p.o.t Expected signal
0003 Sig |BG
9
WEEl X |OPERA [17.2]1.1
e , ICARUS |11.9|0.7
MINOS 5yrs ‘u
90% and 99% CL
0.001 TIRETIRTPRALY ._l Am?=2.5x10-3eV?

06 07 08 09 1

. Full mix.
For Am? = 0.0025 eV?2, sin? 20 = 1.0 $in'29 Syrs of running
o(AmM?)~2x10-4eV? ICARUS: 1.5kt fid mass

0(sin?20)~5%

read from above plot



3 flavor mixing

If neutrino have finite mass, weak and mass eigenstates can differ

v)=2U,|v

Weak Mass eigenstates

l.> m;: 3 masses, 4m;: 2 differences

Maki-Nakagawa-Sakata Matrix s;=sing,, c¢,=cos6;

U, U, U,k) 3mixing angles and 1 CPV phase
U=lUu U Uy Unknown 2 parameters
Uz'l UTZ Uz'3 \
¢, s, OWfl 0 0Y(1L 0 O
=| =8, ¢y O : 0 ¢y 8y
0 0 1){l0 —s,5 cy
(Solar (Atm v) Reactor

LBL reactor) LBL acc. experiments




What’s next?
0??=|U_3|2=sin6,52 Am}, << Am3, = Am
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2 "Normal" hierarchy ————— "Inverted" hierarchy

Which one?

AN |

H?I

Only unkn

own mixing 0

— Only upper bound from CHOOZ reactor exp
— At the same Am? as v, disapp. ->Support 3gen. mix. framework

— Open possibility to search for CPV (6

=0 > No CPV)

any

Mass hierarchy (sign of Am?)

CPV

Approaches

— LBL experiment: Multi purpose (8,5, sign(Am?),CPV, 6,,,Am,,?)
— Reactor-based Vv, disappearance: single purpose (0,;), complementary
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v, V, appearance in LBL exp
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Size of 6,5 critical !
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T2K experiment (approved & start in 2009)

Long baseline neutrino oscillation experiment
from Tokai to Kamioka.

S Nf .;M-
Super-K: 50 kton ~1GeVW ‘beam J-PARC
Water Cherenkov 0.75MW 50GeV PS
: r Kar iu::nlmnd % =1 :
: Kamm’ﬁ el
v %Tokal '
Phase2: Mton ﬁ:ﬁ \ _ Phase2:
Hyper-K? E& ‘ 4 MW ?
Draka ' ru:a._m

Physics motivations
eDiscovery of V- Ve appearance
ePrecise meas. of disappearance Vu—Vx
eDiscovery of CP violation (Phase2)

T.Kobayashi (KEK) 12



Japan Proton Accelerator Research
Complex (J-PARC)

Materials and Life

Co ns ‘ 1 8 on ,, Exper|r?1(;i:trla(;eFaCIllty
2001

e Nuclear and Particle
Expermental Facility

, \ | \‘
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N Neutrino to
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(25 Hz, 1MW) = Y)
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r
H
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J-PARC Neutrino facility

Approved in Dec. 2003 . ;
: I t
for 5 years construction r'"’i?émrﬁnoe" _

o /

(2004~2008JFY)
50GeV

Components . |

»>Primary proton beam line

" f§=Target/Horns
Target station

>»Target/Horn system

. \,/
»Decay volume (130m) Decay
> volume
>

>»Near neutrino detector (280m) $§
»Second near neutrino detector
(~2km): not approved yet

X=496,000

| .
T Kobayashi (KEK) SK di reCt'On = 15



king of v facility @ J-PARC

w

* Decay volume part
 July, 2004




Off Axis Beam

TargetHorns
— =i B
14 |-

E, (GeV
[

1

(ref.: BNL-E889 Proposal)

Quasi Monochromatic Beam ¢
x 2~3 intense than NBB o5 E
First real application 04 |

1 F

Tuned at oscillation maximum“‘j

Super-K.

Decay Pipe e

On-axis

0AR 2 degre
CAR 2.5 degree
DAB 3 degree

I

0 1 2 3 O‘:fA 5 ) B 7 8 b (QGerc‘;D
-A XIS beam
Statistics at SK T
(OAB 2 deg,1 yr,22.5kt)y & [
~ 4500 v, tot 8
o 40 —
~3000 v, CC =
Ve ~0.2% at v, peak S 2o | - OAB2.0deg
% ~ OAB2.5deg
" e - OAB3.0deg
0 0.5 1 1.5 2
Ev (GeV) 17



2K sensitivity on v, appearance

90% C.L. sensitivities

1 \ at () Offaxis 2 deg, 5 years
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Sensitivity for CPV in T2K-II

JHF-HK CPV Sensitivity
4MW, 540kt o
2yr for v, §oaaf - CHPOZ excluded -
6~7yr for v, @ ‘sin5~2613<0 12@Am3 ~3x1o 3ev2
0.12 "1 R F——
Am,,2=6.9x10-5eV/2
2=9. -3a\/2 01 b S T —
3::3_53‘? x107eV Y stat+5%syst
0,,=T/4 , stat+2 /osy,st/ -
0.08 o
. , (S|gnaI+BG) stat only
Ay~ Armyy S 200 inS 006 | S 50 Y 0 S S
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noBG oo [V Y
signal statonly ., ' :
ol ™ L '.,,T2Ki30dlscoverYT ,,,,,,,,,,,, |
T2K-190% ——, e L
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Sind

3o CP sensitivity : |0|>20° for sin?260,;>0.01 with 2% syst.
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NOVA

Use Existing NuMI beamline

New 50kt fine grained
detector @~800km and @
12km off axis Medlum Energy NuMI BeamlTlune |

Lig scint. tracker & particle 30 —mfesforL rgjo;fm oo :
board absorber (1/3X;)

(Alternative:full active lig.sci.)

25 S

Possible future upgrade of o o
MI (0.4MW->2MW):Proton 15 L © 7mrad
driver 0 | h T

Proposed. (20087~)

5 F 7 j
0o 25 5 75 10

15m ‘ E, (GeV)
180 m

Assuming Am?=2.5x10-3eV?
15 m 15m Messier, v2004

v, CC events/kt/3.7E20 POT /0.2 GeV

readout
readout
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NOvVA Physics Reach

v, appearance

[ - Py
3 ¢ Sensitivity to sin“(26,;)

[ L =810km, 12 km off NOVA

C Am,2=2.510" oV’

- 100x10%° pot

[ (Proton Driver)

T Am®> 0 g

L Am’< 0 K

- 50kton baseline T2K Phase 1

- detector

= o 20x10% pot

: 'I — Am?’> 0

- — Aam?< 0

:I :II : 1 1 1 1 | I I |
-3 2

10 10

sin’(260 11?
13

Fraction of 6
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Mass hierarchy

2 ¢ Resolution of the Mass Hierarchy

| L=810 km, 12 km off
. Amy2=25107 eV?

NOvA

Each v and v
- 12x10™ pot, Am? > 0
— 12x10”" pot, Am® < 0

— 60x10™ pot, Am® > 0
- ====== 60x107° pot, Am” = 0 .
{Proton Driver)

50kton baseline . 2
detector o

10 10

P
sin®(26,,)




Europe: SPL-2>Frejus

optimized for:

+ Light attenuation length limit
* PMT pressure limit

» Cost (built-in staging)

60x60x60m3x3
Total Vol: 650 kton
Fid. Vol: 440 kton (20xSuperK)

" (Snly optical v # of 20" PMTs: 56,000

separation . # of 8" PMTs: 14,900



(Ref: Diwan et al., PRD68, 012002, 2003)

BNL-Homestake

o 28GeV AGS upgrade to 1MW
(2MW) cf current 0. 1MW

« Wide band beam (0.5~6GeV)
o L=2,540km

« Mton detector

« ~13,000 v, CClyear/500kt

» Cover higher osc. maxima
Goa|S E 250 L BNL-HS 2540 km
sin’20,, = 1.0
Ve dppearance o | At =253 e
° S|gn Of Am23 1 MW, 0.5 MT, 5¢7 sec
150 L — No oscillations: 13290 evts
¢ C PV L With oscillations: 6538 evts
61 2 Am 1 2 100 | ________ Background: 1211 evts
Possible w/ only v run at certain w |
parameter region
0 —

« LOI written. Rl T T

Reconstructed v Energy (GeV)
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100 ||

-150 |

Brookhaven to Homestake Physics Reach

Even with only v data,
CP violation and mass hierarchy are visible
in some regions of parameter space.

Regular hierarchy vv and Antivv running

BNL-HS 2540 km oHS"
sin?20, (12,23,13) = 0.86/1.010.04, 5 ,=45° ——sin’20, (12,23,13) = 0.86/1.0lvaried
Am,2 (21,32) = 7.3e-512e-3 eV -150 Am,2 (21,32) = 7.3e-512¢-3 eV _ 1 5 O
1 m'v, 0.5 MT, 5e7 sec 1 , 0.5 MT, 5e7 sec |

0 002 004  0.06  0.08 0.1 0.12 0 002 004 006  0.08 0.1 0.12 : 50O onD S oo

Reversed hierarchy 150
100

' 68,90 % C.L. 50 -
Ny eversed mass ordering
%\_ '1\D,sigma — T 5 O I

—_— B

- ~ (ol
Regular hierayhy Solutions OOU 0 _
=50
—100

- Normal hierarchy

(T

Reversed hierarchy Solutions

-50

-100

ok

00O 00O«

BN O LD DD EC
NEAWANAVOINSNATe S
DN\VAR VAN G ARV ALV I AN

BN SIS S = N

Sin?20,, sin’2e,, 0 0.04 008 o 012
Diwan, 3/2004 APS study meeting sin” 26, ,

But with both v and V running, CP precision much higher
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Reactor v, disappearance

v, from nuclear reactor <E>~3MeV

pure 0,3

Small systematic error (<1%) required
Ident|cal near det @ O(100)m & far det @a few km

o Detection Rate per Power Gen

Am%, = 7.2 10°° eVZ; cose,, = 0.8; sin6,5 = 0.23

Tetal P 43 (1981) Am3,; =2.5 102 eVZ;, Am3; = 2.0 1072 eV?
r et al. ( ) b
12} lapdor 22(19 I
G é 3 0.8 i
I |
! |
=2 0.6 | |
0.8 = oal : I : |
0.6 0.2 Near detector I , Far detector
1 I |
04 | o
/ 10’ 107 | 102 1! 10%
02 : LE vy |
0 / ‘ ‘ ‘ 10’ 107 10° 10*
o 1 2 ﬂ' 5 6 7 8 9 10 , L Im] (B =3MeV) |
nergy (MeV) ( ) 10°% 10’ 10° 107",
Ev (MeV E [MeV] (L = 1.050 km ) 6. Mention (APC)

> 2y
(E, — 0.8 MeV )
n+ Gd - Gd'+7S(ZE:8MeV )

V., signature

Signal Property

8MeV
30us 7

1" 8MeV

!
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Complementarity of Reactor-Accelerator Meas.

Reactor Measurement= Pure sin’2 §,; measurement

Reactor-Accelerator combination
=> a lot of physics potential

* Answer to
0,, degeneracy

J-PARC

Measurem

P(vﬂ — ve]

. 29 _
S5 70039

* If accuracy
1s good enough

— [sind |

0 0.02 0.04 006 008 0.1 0.12

0.14

Reactor
Measurement

- 2
sin” 26,,
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Reactor experiment proposals

; “Daya ba sl
% Kr‘dsnoyar'sk L ; Y'

+Kash|wasak|

Taiwan



Double-CHOOZ
Twin reactor cores ST

— P=2x4.2 GWth i 8
Two 10 tons detectors

— 80% dodecane + 20% PXE +
0.1% Gd

— Near: 100-200 m — 60-80 mwe
— Far: 1.05 km - 300 mwe

3 years Sensitivity

— 0.6% systematics

— No signal: sin?(26,;) < 0.02-03
(90% C.L.)

— Signal: sin?(20,,) > 0.04-05 (30)
Prospect (approved & funded
in France)

— 2007: far detector running

— 2008: near detector running

— Cost ~7Meuros + civil constr.




Summa
First 1st generation experiment K2Kry

— Confirmed v oscillation observed in atm v at SK @3.96
— Waiting precise meas. from MINOS(2005~), v, app. from CNGS(2006~)

Next important issues

— Discovery and measurement of only unknown mixing 0,5
— Mass hierarchy

— CP violation

Next generation LBL experiments covers most
— T2K using J-PARC and SK started construction. Start exp. In 2009
0,, sensitivity ~0.006 (90%CL), ~0.018 (30)
* |0|~20deg in phase 2

— NOVA proposal w/ similar potential to T2K

Pure 0, measurements by reactor experiments

— complementary to disentangle parameter relations

0,5 sensitivity 0.01~0.03 (90%)

— Systematic error (<1%) is key issue

— Double-CHOOZ is partially approved

Neutrino field will continue to be very exciting for coming
decades
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