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oscillations in accelerator
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precise measurement of mixing parameters

LBL accelerator value of
experiments violation in lepton sector

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

— T |
ry

1 & =l r.r:;..- = L._‘_‘_.__:._L?'_,_.
Super Kamickande 205k JAERI

¥ (Tokai)

3GeV P35
w tfTarget Station

off-axis  on-axis — OO A
TN

O e
400MeV LINAC

JPARC MINOS Opera
E(GeV) 50 120 400

Int(10*%ppp) 330 40 24
Rate (Hz) 0.29 0.53 0.17
Power (MW) 0.77 0.41 0.5

Dubna07 Yury Kudenko 5



Materials and Life
Experimental Hall

3GeV Synchrotron

(Circumference 350m)
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Possible Future -
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- heutrino decay
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005 1 15 2 25 3 35 4 45 5
E.(GeV)

Intrinsic background: ve /v, (peak)~ 0.002

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

- PID at SK
n/e identification
background suppression
in v, search (K2K)

Dubna07

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

by Far/Near ratio




- Search for
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| CHOOZ excluded

8(sin%26,;) ~ 0.01
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~ Neutrino Utility
. Building No.1 (NU1)

Installation Building
(NC)

o Neutrino Utility
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Target
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Target and horn magnets

1I=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
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Dubna07

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

Y
Neutrino flux measurement at ND280 with accuracy 5%
v,n—>p p CCQE En<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

Yury Kudenko
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NearDetectors at 280'm |~
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~ NL 80|T1lbff-axis detector

Conceptual design

UAi4agnet
02T

Inner volume:
3.5x3.6x7.0 m3

Pi-Zero optimized

for t° from NC

Tracker optimized
for CC studies

surrounded by
ECAL and

Side Muon Range
Detector

Dubna07

T~ i ——
SMRD  ECAL TPCs

Magnet
yoke \
Magnet

coils

v beam
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Work at CERN:
Sandblasting/Polishing

Painting

Measurements for SMRD installation
Support system

Preparation for transportation to Japan

bi'uc‘.gﬂ' stress
S

6 pancakes assembly

Instrumented with scintillators
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- measure their momentum before interacting with materials

g |
i y

= —
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8 Readout WLS fiber Y11, one end ﬁmf AR ) .

FG D*""_ ' Mechanical Design Overview

Two FGD’s 0
1st: x-y layers of scintillators

2nd: water rich detector

Sizeof FGD ~ 2.3 mx2.4mx36cm
with 1cm x 1cm scintillator bars p -
Total weight 1.2 ton / FGD T " Cooling lves e yien
Thickness 0.36 m

to make particles get out of FGD into TPC, especially for pions, to

#

e e e e

Cell size 1cm [ Beam 120MeVic-SiPM 1810-002, Bias=53V__|
lower particle detection threshold E ES T T 1 ) Black St one
for protons down to 200 MeV/c i TR St

by multi-pixel Si APD’s =y} Py

Back FGD 3 cm passive water layers WEEL 1 [T g 1 E g
between each x-y sci. planes| [ i [ | * + & |
water-based scintillator Rkl el a el i,

Diatance from SiPM in em
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Gas amplification
Micromegas

Dubna07

j"/

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

jrer e AR - 6 read-out planes (0.7x2.0 m?2)
] B - Maximum drift distance 1.0 m
- B=0.2T E=200V/cm
- Pad size: 0.6 to 0.8 cm
- ~100k channels

Prototype test:

o(p)/p~8% at1GeV/c

for 70 cm track

dE/dx ~ 12% for 34 cm track
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NC 7 measurement
ve contamination

Total mass ~15t _ :
Fiducial ~5 t 1.7 x 104 NC single =° events in water target

H,0 target ~1.7 t for 1021 POT

Approx volume 2x2x 2.4 m3

Expected parameters:

og ~ 5% /E +10%
efficiency for n0 reconstruction 50-60%

POD layer:

- co-extruded triangular
polystyrene bars with TiO2
reflective layer

- central hole with WLS fiber

- thin (0.6 mm) lead sheets

WLS fib
DubnaO7 Yury Kudenko e 19



ECAL functions:

n° reconstruction around tracker
charged particle identification
energy catcher around POD

= Incoming activity veto

- Ecal around tracker

6 sci layers
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

h DownStream
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Sci Slab:

Length = ~ 87 cm
Width = ~ 18 cm
Thickmess = 10 mm

S-shape grooves
Depth 4 mm
Length ~2.5m

Y11, double clad,
1 mm diameter

Dubna07

" SM RD rMagnet yoke: 17 mm air gaps between iron plates

: 6 layers of the gaps instrumented with scintillator slabs
about 4000 slabs

S-type configuration for fiber readout

both-end readout using multi-pixel Si APD’s

Beam test with 1.4 GeV/c pions
Light yield 15-20 p.e.
Timing (o) 1.5—-2.0ns
space resolution 10-11 cm
efficiency (MIP) > 99%

a(ns) 6162
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_B

SMRD/INGRID/Ecal Modules . _ -‘q
: tic scintillator ey _
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hotosensors

ND280m: -~ afew 105> m WLS fibers
individual fiber readout

magnetic field and limited ipace

Compact multi-pixel Si APD’s

operating in limited Geiger mode
lamamatsu,Japan) MRS APD (CPTA, Moscow)

00 pixels 556 pixels

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.)
Dubna07 Yury Kudenko 23
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Photosensors -
. ) _ —
| - New compact packages

100 and 400 pixels 556 pixels

Nf crostructure of 100 pixel device

=i -

100 um new design
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Total weight 50 kt - 2
Fiducial 22,5kt i A /a..p to ceverage

.
A e PNEIE Lok

11146 20" PMT

8" PMTs

Dubna07 Yury Kudenko 26



Detector at 2 km

Water Cherenkov Detector Muon Ranger

Liquid Argon Detector B g,.,0 gerector target/technology Measure high
exclusive final states as SK energy tail of

frozen wate:; iarget ~ 1 interaction/spill/1kton neutrino spectrum

-9 . ¥
v spectrum at 2 km
similar to S
v spectrum at SK \ ‘ l | ] I
without oscillations

| uncertainties of

8 Far/Near ratio

possible future extension of the T2K complex
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RSENSItIvIty

5x1021 POT Am?2,3=2.5x10-3 sin220,;=1

—L
2T '|‘| arations

- Background uncertainty 10%

0

=n/f2
=-n/2
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Sensitivity

Amm® (eV2) CC-QE CC-nonQE  NC | Allw,
No oscillation | 3.620 1.089 96 | 4.805
2.0x 10~ 933 607 96 | 1.636
2.3 10" 723 5325 0p | 1.344
37w 1078 GR] 446 96 | 1.223
3.0 108 R0 414 96 | 1310

E, spectrum

ALLCHAW

(/50MeVi22.5kt/5yr)
=
(5] L]
[ [

(%]
=
TTT

1223,

Dubna07

ratio
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S
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g ‘;‘ I/

ﬁ [ Y

.510-2 \
101 '2'

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

Requirements for systematics
Energy scale
Non-QE/QE
Neutrino flux
Spectrum width 10%

2%

5-10%
< 10%

= el

2 3 4

am? (10 evd
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Beam line construction started in April 2004 on schedule
Start of ND280m detectors manufacturing Spring 2007

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 .....
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Dubna07

T2K: second generation long baseline experiment
capitalizes on experience of SuperK and K2K

§ Main features: off—-axis intensive v, beam from

SuperK and Near Detector
Complex

Main goals: search for v, — v, and measurement of
0.5

Yury Kudenko 32



	Status of the long baseline T2K experiment
	T2K (Tokai to Kamioka)
	T2K principles
	Physics Goals
	T2K beam line
	Requirements for Near Detectors
	Near Detectors at 280 m
	On-Axis Neutrino Monitor (INGRID)
	ND280m off-axis detector
	ND280m tracker
	Pi-Zero Detector (P0D)
	SMRD/INGRID/Ecal Modules
	T2K schedule

