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Neutrino oscillations today

Mass hierarchy
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Main T2K Science Objectives

: search for non-zero
- Increase current sensitivity by ~10
- Qutcome crucial for international neutrino programme planning
- Opens up search for neutrino and

* Precision: 6,5, Am?,,
- World's most precise measurements

sin®260,, > ~1% Ami, — =~ 2%
- Is 23 oscillation maximal?
of Nature?

* Neutrino scattering below 1GeV
- Precision measurements necessary to achieve previous goals
- Interesting physics in itself (nuclear models)

* Clarify mass hierarchy (together with external
measurements)



T2K strategy

» Conceptual innovation: of f-axis beam

+ Technological innovation: highest power pulsed
proton beam at J-PARC (5x102! P.O.T., K2K x 50)

- Powerful Near Detector: ND280
- Extendable: 2km
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Off-axis neutrino beam
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* Quasi-monochromatic v, beam
* L/E tuned for max sensitivity

+ Reduced high-E non-CCQE
backgrounds



Main T2K measurements

v, appearance
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The challenges:
Knowledge of initial beam content and kinematics
Knowledge of backgrounds



The near detector:

Off-axis detector

On-axis Detector
INGRID



INGRID: beam direction monitor

16 modules

11 layers scintillator bars
10 layers iron

2 surrounding veto planes
5ecm x 1cm bars
Wavelength-shifting fibre

I/

IXT

X

INININ

|
|
|
|
|
|

Hamamatsu MPPC
TRIP-t electronics
Tested with 3GeV electrons

Construction on schedule

Ready for first neutrino beam in
April 2009
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Off-axis Detector

* Measure v, flux: <5%
* Measure v, energy scale: <2%
* Measure intrinsic v, content of beam: <10%

* Measure non-CCQE backgrounds for both v,
disappearance and v, appearance: <10%

* Magnetic field, fine segmentation, excellent
tracking

* Major non-Japanese contributions
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The off-axis detector

UA1 Magnet Yoke

Fine-Grain
TPCs Detectors IESSSESQ
TPCs Deleciols,

IS
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Magnet Coils

B=0.2T
0 Instrumented

volume: 3.5m x 3.5m
x 7.0m

POD optimized for
NC =0

Tracker optimized
for CC events

Barrel ECAL

Muon ranging:
instrumented yoke
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UA1 magnet

CHF 6M European contribution
8x2 "C"s: 55 ton each

Dismantled, treated,
measured

4 Alu coils
Pressure tested
New slow control fitted

Magnet moving system from
DESY

Installation: May-June 08




P10 Detector

. Scinl‘rilla’ror bars - lead/brass sandwich - water targets. Mass: 17.6ton
total,

-+ Optimized for production measurements

*  Runs with/without water: C/H,0 scaling

17,000 NC 17° events/year in water

l D I-i A
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MINERVA bars, WLS fibres, MPPCs, TRIP-t electronics

@ 3 Super-PWDules
<+ Upstream ECAL (3200 kg)
= 7 P@Dules
= 7 4Amm-thick lead radiators
+ Target (11000 kg)
+ 2857.3 kg water
=+ 26 P@Dules
= 25 1.6mm brass radiators
= 25 Water target layers
= Split into 2 sub-units for pre-
installation handling
¥ Central ECAL (3200 kg)
=+ 7 P@Dules
= 7 4mm-thick lead radiators

@ Total Mass 1s 17600 kg




Fine Grain Detectors

- 2xlton active target in tracker volume: scintillator bars - water only in
FGD2: 40,000 neutrino interactions/year

* Recoiling proton reconstruction
« 1lcm x 1cm bars, WLS fibres, MPPCs, AFTER electronics

Simulated CCQE interaction

. TPC2

-10(

TRIUMF
Beam tests

Resoltion (ns)




TPCS

3 Time Frojection Chambers, readout (8mm x 8mm pads)
10% momentum resolution for p<1GeV, ~10% dE/dx resolution

2,000 neutrino interactions/year in the gas

MicroMegas prototype tested in HARP TPC, construction at CERN

2 TPCs ready for summer 2009, 374 on critical path

elding
> mm pilla
i CBs e area/le



Electromagnetic CALorimeter

Reconstruct =0, identify e/p/n
Lead-scintillator sampling calorimeter

4cm x 1em scintillator, WLS fibre, MPPCs,
TRIP-t readout

32 layers, 1.75mm Pb, 10X,

DS ECAL ready for installation summer 2009;
Barrel in 2010




Side Muon Range Detector

- Scintillator slabs in 1.7cm iron yoke gaps

* Muon detection, incoming activity veto, cosmic
trigger

+ 7mm scintillator - WLS fibre in surface
groove - MPPCs - TRIP-t readout

» Ongoing production, installation summer 2009
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Integration

+ Complex dependencies and
intferactions in space and time

- Technical Board, installation co-
ordinators

+ Central project file
+ Seismic studies

* Environmental studies
(temperature, humidity)




MPPC

*+ HPK MPPC: production started

* Prototype tests in labs and beam tests in
Japan, Canada, USA, UK

- Cross-talk, after pulsing measured and
included in ND280 simulation

(] JIC
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Readout electronics

- Two solutions for Front End Electronics:

- UK system using FNAL : INGRID, POD, ECAL, SMRD
- French system using Saclay : FGD, TPC

* Prototypes for both systems operational
ack =nd Poards and DAQ system by RAL (common ’ro all)
» Slow Control: MIDAS (TRIUMF)

highGalnADC[0][0] {cycle==1

i sensor h61(70.55V)

- agllent supply 73V

Pulse generator | |
g » e
3000

-

. PSfor LVDS-to-TTL
\ converter converter (trigger)

trim 125
integration 25

. preamp reset 4

2000

1500

Blue LED 2.22V
1000 10nS width

240 nS delay

d=55mm

MPPC spectrum with prototype
TFB, BEB, and DAQ

AFTER chip and card

transformer Capacitive coupling (50Q & 22 pF)

TFB system in US lab




SuperKamiokande

- Refitted SuperK, major next upgrade: (higher
dynamic range - faster - no dead time - stability >10 years)

- Installation starting September 2008

* New Online, spill time information transferred from J-PARC over
private line, allow to flag and record +500us around each spill

 Reconstruction and simulation will be adapted

Front End computers

¥ -Fthemet

28 Readout ~850MB/sec
50~100MBi/sec
Preparation of the new system is on schedule! ~ HEESESEEHE
i o desion Normal data taking @sK [ I superrl(m
Install new electronics modules - T e : e
and DAQ system
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SPS Heavy lons and Neutrino Experiment

. dedicated experiment using
the NA49 detector at CERN SPS and

IM event recorded in 2007 (3 days)
- Full programme planned for 2008 (45 days)
* Will provide 30GeV and 506GeV data for T2K beam simulation
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SciBoone

FNAL E-954, K2K SciBar detector in Booster neutrino beam

1029 POT, both neutrino and anti-neutrino: half already collected!
Major input (cross-sections) for T2K

ND280 software validation!

Muon Range
Detector (MRD)

1L T2k

| [Samane]

SciBooNE detectors during

Electron ! ' ‘?"IRD
ol o

Catcher (EC) ~ SciBar/EC ||



Analysis plans and readiness

* Integration of simulation, data, and analysis from

Beam, ND280, (2km), SK, as well as SHINE, SciBoone

» High statistics regime requires control of systematic
errors to unprecedented levels

* Global Analysis Group, Analysis conveners per group
(Beam, ND280, 2km, SK)

+ To define T2K physics plan and prepare for timely
production of highest quality results

+ To co-ordinate manpower and resources for optimal
execution of physics plan

* To integrate groups with diverse backarounds (SK,
other neutrino experiments, other high energy
physics)

* Already a lot of activity
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Conclusions

+ T2K has very ambitious programme

+ The T2K collaboration is poised to dominate neutrino
physics in the next five years and beyond

+ Excellent progress in experiment matches that of J-
PARC Facility

* Phase 2 could push into CP territory!

» Stay tuned!
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Expected flux

Expected Beam Power at 3 GeV

400 MeV.

on Day 1\ Vs
A/
¢ .
/

200|MeV
on Day 1

KEK PS JFY2008 JFY2009 JFY2010 JFY2011 JFY2012 JFY2013
Power ]

Nominal: 10%! p.o.t. per year, total
in five years

28



	The T2K experiment
	The T2K Collaboration
	Neutrino mixing
	Neutrino oscillations today
	Main T2K Science Objectives
	T2K strategy
	Off-axis neutrino beam
	Main T2K measurements
	The near detector: ND280
	INGRID: beam direction monitor
	Off-axis Detector
	The off-axis detector
	UA1 magnet
	Pi0 Detector
	Fine Grain Detectors
	TPCs
	Electromagnetic CALorimeter
	Side Muon Range Detector
	Integration
	MPPC
	Readout electronics
	SuperKamiokande
	SPS Heavy Ions and Neutrino Experiment
	SciBoone
	Analysis plans and readiness
	Conclusions
	END
	Expected flux

