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Neutrine mixing

0 cosfy) O sing,e<? N cosd, sing, 0 v,

cosd,, sind,, 0 1 0 -sing,, cosé, 0 | v,
-Sin@,; €0sb,, )\ -sinde™ 0 cosd,
|
-| SK, K2K, MINOS Solar, KamLand
-:_ 923 ~ 450 320
B Am2,; ~ 2.5x10-3 eV? ~ 8x10-5 eV?2
Mixing Quarks Leptons
1-2 912 130 320
2-3 923 2-30 450
1-3 913 ~ 0-50 <12°

ICHEP'06 Yury Kudenko 2



roscillations in accelerator

o T
0 05 1 15 2 25 3 35 4 45 5
GeV

Ev®

LBL accelerator
experiments

ICHEP'06

® MINOS Best Fit
[ mivos so% c.L.

1
o
=
)
—

.fd
<]

%]

-y

15
Reconstructed Neutrino Energy (GeV)

2 4 o MINOS Preliminary
|ﬂm§2 =2.72" % (stat) x 107 eV? e 12710 POT

sin”20,, =1.00 ,,,(stat)
Normalization = 0.98

precise measurement of mixing parameters
value of

violation in lepton sector
mass spectrum:

Yury Kudenko


http://neutrino.kek.jp/k2k/official/2006.01.cm/osci-numu/figures/fit_out.0x03.cmb.free.1.shape.3.eps

JPARC faCIIlty Pacific Ocean

off-axis on-axis

JPARC MINOS K2K
50 120 12

Int(10*%ppp) 330 40 6
Rate (Hz) 0.29 0.53 0.45
Power (MW) 0.77 0.41 0.0052

ICHEP'06 Yury Kudenko 4



Materials and Life
Experimental Hall

3GeV Synchrotron

(Circumference 350m)

50GeV Synchrotron

(Circumference 1600m})

400MeV LINAC from FY2011

400 MeV Linac (200 MeV)
1 MW 3 GeV RCS

"
commissi

v line oning

const. v phys run

—_—r——

0.75 MW 50 GeV MR (30GeV)

Beam Power (MW)

Japanese Fiscal Year (Apr-Mar)

ICHEP'06 Yury Kudenko 5



Possible Future

AL

TR

Tracker

Pi-zero
Detector

ICHEP'06 Yury Kudenko 6



005 1 15 2 25 3 35 4 45 5
E.(GeV)

Intrinsic background: ve /vy (peak)~ 0.002

- E, reconstruction using
CCQE kinematics v ,n —» pp

- PID at SK
n/e identification

background suppression
in v, search (K2K)

ICHEP'06

T2K principles

'0s 6 4 2 0 2 4 10
PID likelihood

Yury Kudenko

- v spectrum at SuperK
predicted by correction
of v spectrum at
Near Detector (ND280m)

by Far/Near ratio



- Search fo

10~ [HE fyear. .
~—— WBB
——  OAB 2deg.
. _NBB 2GeVn
| CHOOZ excluded

8(sin%26,;) ~ 0.01

1 1900 DD 2E00 3000 JBDD SO0 48000 3300
&

ICHEP'06

8(Am?,;) < 1x10* eV?

Yury Kudenko



2K beam line

Components

> Prirnary oroios) ezl

) : . ™ Neutrino Utility
 INGrnelfconducting magnets 7 4 “_Buiding No1 (NU1)
. - = = " ’ Installation Building
> Supercornductirief e = bt . SV -~ e

Neutrino Utility

MBRILeYS ~~_Building No.2 (NU:

>
ETEWHGI system

1 station

SUGeVS nchrotron

e NN
IUBINTIBIILONS & A2
P NEarnentrine detector (ND280m)
e T i

e ' PN Meutrino Utility
p— ! \Building No.3 (NU3}

Meutrino Monitor

SUPercondUCting Gy Buiking & hols (NM)
magnets 50 100.m
Off-axis beam
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Target and horn magnets

|I=320kA
2500

3rd Horn

Graphite target
Prototype

- thermal shock resistant
to 0.75 MW
- He-gas cooling system

1st Horn excitation May 2006
Operation at 320 kA July 2006
Production of 1, 2, 3 Horns 2007
Installation 2008

ICHEP'06 Yury Kudenko 10



——

Profile of v beam - determination of off-axis angle
and fluxes, charged current processes
production cross sections

., . Neutrino spectrum at Far Detector is predicted by
_= correction of neutrino spectrum at ND280

by
| Neutrino flux measurement at ND280 with accuracy 5%
v,n—>p p CCQE Epn<1GeV,6,=0-180deg

Muon momentum scale uncertainty — 2%
Fermi motion = Muon momentum resolution — 10%

u*/u- identification

Detection of recoil protons

Charged pion measurement

Measurement of v, contamination with 10% uncertainty
Measurements of neutrino interactions in water target
Neutrino beam direction accuracy <<1 mrad

ICHEP'06 Yury Kudenko 11



Near Detectors at 280 m -

ND280m hall

3eam center

Muon ID hodoscope

Accuracy of v beam
direction 0.18 mrad

ICHEP'06 Yury Kudenko 12



 NLC 80;1 off-axis detector

Conceptual design

UAfmgnet
02T

Inner volume:
3.5x3.6x7.0m3

Pi-Zero optimized
for n® from NC

Tracker optimized
for CC studies

surrounded by
ECAL and

Side Muon Range
Detector

ICHEP'06

SMRD ECAL TPCs

Magnet
yoke \
Magnet

coils

v beam

Yury Kudenko =



2 YeYa PN .
ND 28( acker o —
A MK () IS Requirements :
Djection chamber modules (TPC)

o(p)/p <10 % at1GeV/c
dE/dx capability: separate e from p

INTERMEDIATE PLATE FOR
s_mwcerssomnoum\

COPPER CLAD INMER Bt
ALUMINUM OUTER STRUC

— ELECTRONICS COVER!
THREE TPC MODULES WITH TWO FGD
UNITS FOR THE ND280 EXPERIMENT

Gas amplification —

Micromegas L = - 6 read-out planes (0.7x2.0 m2)
- hy Maximum drift distance 1.0 m

B=0.2T E=200V/cm

Pad size: 0.6 to 0.8 cm

~100k channels

ICHEP'06 Yury Kudenko 14



N

EGD™

Two FGD's
=3 1st:
| 2nd: water rich detector

x-y layers of scintillators

Sizeof FGD 192 cm x 192 cm x 30 cm
with 1cm x 1cm scintillator bars

Total weight 1.2 ton / FGD

Thickness 0.3 m

to make particles get out of FGD into TPC, especially for pions, to
~_ measure their momentum before interacting with materials

1cm

— Cell size

| Beam 120MaVic-SiPM 1810-002, Bias=53V |

lower particle detection threshold i _ T
for protons down to 200 MeV/c ful Iy Rad gl

# Readout  WLS fiber Y11, one end Lf; e — P; =
by multi-pixel Si APD’s =m——p 1 . ' ; |
Back FGD 3 cm passive water layers IR N T
between each x-y sci. plane Ll 4 [T ME
Future upgra de 51 ;i; * **
water-based scintillator L e e e e s

ICHEP'06 Yury Kudenko
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L Pi-Zero'Detector (POD) T

ve contamination

Total mass ~19 1 ) _
Fiducial ~6 t - 1.7 x 104 NC single n° events in water target

H,0 target ~1.7 t for 1021 POT
- - efficiency for =0 reconstruction 50-60%

7~ Approx volume 2x2x2.4m3

76 Modules
. ~20,000 Channels

POD layer:
- co-extruded triangular
polystyrene bars with TiO2 [_ )

reflective layer 30 mm
- central hole with WLS fiber
- thin (0.6 mm) lead sheets

A;AVM VALl

WLS fibers
ICHEP'06 Yury Kudenko 16



ECAL functions:

n9 reconstruction around
tracker

charged particle
identification

enelrqgy co el arodna rocs

- Ecal arou“d braeXes activity veto E
6 sci layers DownStream
5 Pb layers (4.5X,)
20 cm wide sci slabs

- Ecal around POD

32 sci layers

31 Pb layers, 1.75 mm each (~10X,)

4cm wide sci slabs

crossed geometry
- Downstream ECAL

37 Pb/38 sci (~12X,)

crossed geometry
- Readout
WLS fibers
multi-pixel Si APD’s, ~20k devices

ICHEP'06 Yury Kudenko



SM RD LIMagnet yoke: 17 mm air gaps between iron plates
= : 6 layers of the gaps instrumented with scintillator slabs

Sci Slab: about 4000 slabs
Length = ~ 87 cm S-type configuration for fiber readout

Width = ~ 18 cm both-end readout using multi-pixel Si APD’s
Thickmess = 10 mm

Beam test with 1.4 GeV/c pions |
S-shape grooves il Light yield 15-20 p.e.
Depth 4 mm Timing (o) 1.5-2.0ns JJz ae) 49
Length w&sm spacegre:alution lb 11 ém & be) 0488
Y11, double clad, efficiency (MIP) > 99% time resolution

1 mm diameter

c(ns) = — +b
\J p.e.

0 35 40
Light yield (p.e.)

@
o

N
(4]

Light yield/MIP

Light yield, p.e./MIP
a8

-
o

(3}
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~afew 105 m WLS fibers
individual fiber readout

magnetic field and limited ipace

Compact multi-pixel Si APD’s
operating in limited Geiger mode

'C (Hamamatsu,Japan) MRS APD (CPTA, Moscow)
P00 pixels ey « & 556 pixels

ND280m:

I Active area 1.0-1.2 mm?
Gain ~106

PDE 10-16%

Bias voltage 25-70V

Dark rate < 1MHz (th = 0.5 p.e.)
ICHEP'06 Yury Kudenko 19



_ Phc os'e?fors

h

-k
o
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Entries
Mean

RMS

10000
297.2
105.7

&

ICHEP'06

W, (12 S R P e L W
100 200 300 400 500 600

Heat test at 80°C
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Dark rate (kHz)
=

p—
=]
[

MRS APD

OOOOOOOO

el

sl ¥

Dark rate vs threshold

1pe

OOO

10 £

2pe

3pc¢

100 200 300

400

Leng time stability test of photesensors

I500I 11 I600I 11
Threshold (mV)

700
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:]IIII

:]IIII

A
250
Time (days)

M -
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Total weight 50 kt
Fiducial 22.5 kt

rre
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Detector at 2 km

Liauid A Detact Water Cherenkov Detector Muon Ranger
lquid Argon LEtector B game detector target/technology Measure high
exclusive final states

as SK energy tail of
frozen water_ﬁ;rg et ~ 1 interaction/spill/1kton neutrino spectrum

v spectrum at 2 km
similar to

v spectrum at SK
without oscillations

- e —
- F‘ 'I-l —

smaller \ "
uncertainties of

Far/Near ratio

possible future extension of the T2K complex

ICHEP'06 Yury Kudenko 22



Ensitivity

5x1021 POT Am?2,,=2.

5x10-3 sin%20,;=1 sin220,;=0.1

=

1 CC signal
Fully-contained., £,;, = 100MeV
| ring e-like. no decay
0.35< e

e/m" separations

At (eVE)

0
=n/2
: =-n/2
: Ocp = T

-|—1—1-m_—|— '- =
1

0™
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Sensitivity,

Fiducial volume fully-contained, p-like, E;.>30 MeV events at SK
for 5x1021 POT

Am? (eVF) CC-0QFE  CC-nonQE NC | All g,

Requirements for systematics

No oscillation | 3.620 080 06 | 4.805 Energy scale 2%
2.0 = 103 933 607 96 | 1636 Non-QE/QE  5-10%
2.3 x 10-° 723 525 06 | 1344 Neutrino flux < 10%
2.7 x 103 681 446 96 | 1223 Spectrum width 10%

3.0x 107 800 414 96 | 1310

E “LLI:MN 1m E 1 L_] T T T T T |/|
= = g
=10 F U8 %10 \.‘ /
N : ==
S 75 ¢ }l m & N N
= = \
g = 10 "-..___:5
':f_'?'_ 5[:' — 1 +‘|; - ——
107 . g
1 2 3 4 I BT P P
Am? (x10° ev®) 1 2 3 4

am? (x10 evd
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Schedule

Beam line construction started in April 2004 on schedule
Start of ND280m detectors manufacturing Fall 2006
ND280 hall construction start April 2007
UA1 magnet installation May 2008

Complete ND280 building December 2008
~ 50 GeV MR commissioning 2008
- Begin installation of ND280 detectors January 2009
&= Neutrino beam line commissioning April 2009

T2K physicsrun 2009 .....

ICHEP'06 Yury Kudenko
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T2K: second generation long baseline experiment
capitalizes on experience of SuperK and K2K

J"_E' Main features: off-axis intensive v, beam from JPARC,
SuperK and Near Detector Complex

ICHEP'06

Main goals: search for v, - v, and measurement of 0,,
precise measurement of Am?2,, and 6,,

Neutrino beam is scheduled to start on 1st April 2009

Yury Kudenko
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