Plans for super-beams in Japan

J-PARC Accelerator and Neutrino Beam Facility
T2K as a first experiment utilizes J-PARC Neutrino Beam

Possible Future Discovery Experiment
with J-PARC Neutrino Beam

» Neutrino Beam Upgrade Plan (KEK Roadmap)
» Far Detector Options
Summary — Accelerator Based Neutrino Project in Japan—

What we think important for Accelerator Based Neutrino
Project in Japan

Takuya Hasegawa (KEK)
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Overview of MR
Circumference 1567.5m Beamabortline  _Fastextracion o ettt
Repetition rate = ~0.3 Hz@Start Up a8 TS Proerimental Facility
Injection energy 3 GeV
Extraction energy 30 GeV
Superperiodicity 3

Rf cavities

h 9
No. of bunches 8 (6in day 1)
Transition y 31.7(imaginary)
Typical tune 22.4,20.8
Transverse emittance
At injection ~54 tmm-mrad
At extraction ~10 mmm-mrad
Beam power 0.7SMW

Three dispersion free straight sections of 116-m long:

Fast extraction (beam is extracted inside/outside of the ring) and RF cavities
inside: Neutrino Beamline ( intense v beam to SK located 295 km west)




Commissioning of Neutrino Beam Facility
StartedApnl 2009

Neutrino monitor building

T2K Near Detector
in preparation

Beam dump installed
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Concept of J-PARC Neutrino Beam Facility

*  Preparation section: matching beam optics to arc section
e Arc section: bending the beam ~90° to SK with superconducting combined function magnet

Final focus section: matching beam optics to target (position and profile, level of mm control
is necessary which correspond to 1mrad v direction, also not to destroy target)

*  Graphite Target and Horn Magnet: produce intense secondary © and focus them to SK (3horn
system with 320kA pulse operation)

*  Muon Monitor: monitor u direction (=v direction) pulse to pulse with measuring center of
muon profile

*  On Axis Neutrino Monitor(INGRID): monitor v direction and intensity

*Designed to be tolerable up to ~2MW beam power
Limited by temperature rise and thermal shock
(Al Horn , Graphite Target, Ti Vacuum Window)
*Everywhere high radiation
Careful treatment of radioactive water and air (~10GBg/3week )is necessary
Maintenance scenario of radio active beam facility components is necessary



Brief History of
Neutrino Beam Facility Commissioning

o 23-April:
Neutrino facility beam commissioning started
19:09 Turned on superconducting magnet and proton beam reached target region
Neutrino production was confirmed by associated muon signal
e 24-April:
Proton beam was tuned to be target center with 9 shots after superconducting magnet
turned on
Confirming pion focusing with horn magnet
o 28-April:
Rehearsal for government inspection
e 22-27 May:
MR commissioning
Neutrino facility commissioning
- Check of the functionality of the beam monitors
- Check of the response function of the magnets
- Fine tuning of the primary proton beam orbit/profile
e 28-May:
Approval of the government inspection of the neutrino facility on radiation safety




J-PARC Neutrino Beam Facility Start Operation

First shot after turning on arc section superconducting magnets at 19:09, Apr.23, 2009

VNC: Agilent DSO5034A (MY48050020) Remote Front Panel
Run Control  Analog  Trigger  Horizoma | Measure  Waveform
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% | ™I Muon monitor signals & |

Neutrino production is confirmed by associated muon signal



J-PARC Neutrino Beam Facility Start Operation

After 9 shots for tuning, proton beam hits target center

Main Ring intensity as a function of time
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Neutrino Facility Commissionin
Achievement

* To avoid unnecessary activation of the Target Station, into which 2" and 3™ Horn installation is foreseen, integrated

©

proton power on target to be minimized. (single shot or at most 6sec cycle of 1.5-14.2 X 10!!'protons/pulse)

Stability of the extraction beam orbit from Main Ring is confirmed
Tuned within 0.3mm(position), 0.04mrad(direction) w.r.t. design orbit

Functionality of the superconducting combined function magnet is confirmed.

Beam is lead to the target center without significant beam loss
Tuned within 3mm level accuracy w.r.t. design orbit

Functionality of the beam monitors (beam position, beam profile, beam intensity, beam loss) are confirmed
Response function of various magnets are measured

Muon signal is observed which confirm neutrino production

(Muon direction correspond to neutrino direction and muon yield correspond to neutrino yield)

The effect of pion focusing with horn magnet is confirmed ( X 2 which is consistent with present horn configuration)
The information transfer from Tokai to Kamioka on the absolute beam time information is confirmed

J-PARC neutrino facility is approved by the government on radiation safety



Honshufsss
=

Fukushi

S BIUzRARC,

T2K 1s aiming for the first results in 2010
with 100kw X 107sec integrated proton power on target
to unveil below CHOOZ limit with v, appearance

Pointer 36° 23'41.58" N 139" |




Far Main detector: Super Kamiokande

~

S50kt Water
Cherenkov detector
20"PMT x 10,000
+Anti counter x 2000 y

New electronics installed

in summer of 2008. (SK-1V)
- Stable and dead time less DAQ
— e.g. improvement of
decay-e tagging efficiency

- Ready for T2K experiment




Near Detector (ND280)

,,,,,,,

Detector
Off-Axis (=SK dir.)
Neutrino Detector

On-Axis Neutrino
Monitor (INGRID)

Monitor:

v beam direction measure:

- v flux/spectrum
- Cross sections



INGRID(On-axis neutrino monitor) is installed =~ TPC(2 out of 3) is ready for installation

were made by CERN TS/DEM qroup

SMRD
(muon catcher in york)
is installed

Cable extraction from magnet gap Il

Magnet is operational

Magnetic field measurement is done Down Stream ECAL

is ready for installation
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POD(pi0 detector)

FGD(active target) is installed

is ready for installation g




The T2K Collaboration
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Participants for T2K

K

USA
77 (16.1%)

Poland
ussia




CERN Support to T2ZK(RE13)

CERN experiment: NA61 Experiment

CERN test beam for detectors

Donation of UA1/NOMAD magnet

Micromegas production and test by CERN TS/DEM group

Various technical, administrative support on detector preparation,
especially for UAI/NOMAD magnet related issues

Infrastructure for detector preparation

CERN-KEK cooperation on super conducting magnet for neutrino
beam line



KEK feels grateful to CERN

Massage from Toru Ogitsu and Akira Yamamoto
For the T2K primary beam line construction;

Procurement of many components

for superconducting combined function
magnets (2.6T + 19T/m, 3.3m long)x28
chases large scale procurement for LHC,
with the same price!

We would thank CERN for the kindest
cooperation given during the cryostat
design and fabrication for the JPARC
Neutrino SC beam line, using much S
experience integrated with the LHC & 5C Busbar

accelerator construction and the
KEK-CERN technical collaboration on LHC.




Primary Motivation of T2K

Discover v —v, conversion phenomenon

prior to any other experiment in the world

Conclude Lepton Flavor Mixing Structure



T2K Proposal Accepted by J-PARC PAC

“We request total integrated beam power larger
than 0.75MW X 15000h at any proton energies
between 30 and 50 GeV. “

15000 h = 5X3000h
= 5X107sec
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Integrated power of 1 ~2MW X 10’seconds
1S

a turning point to decide

Next Project utilizing J-PARC Neutrino Beam



Future Investment for the “Discovery” in v Physics

If Significant v, Signal —
Proceed Immediately to CP Violation Discovery

MUST: Improve v Beam Intensity
MUST: Improve the Main(Far) Detector Quality
In terms of
Detector Technology, Volume and Baseline+Angle




Naturally, main neutrino detector

tends to be huge.

As a consequence, main neutrino detector gives
us rare and important opportunity to

Discover Proton Decay



Quest for the Origin of
Matter Dominated Universe

* Lepton Sector CP Violation

— Search for CP violation in Neutrino Oscillation Process
* Also examine mass hierarchy of neutrinos
* Also examine matter effect in neutrino oscillation process

* Proton Decay
— p—Vvk
- poemn

*Non-equilibrium environment in the evolution of universe i1s assumed



J-PARC to Somewhere
Long Baseline Neutrino Experiment
and
Nucleon Decay Experiment
with
Huge Volume Detector



Quest for the Origin of Matter Dominated Universe

One of the Main Subject of the
KEK Roadmap

Discovery of>

- Appearan e i :

\ Discovery of
Lepton CP Violation
Proton Decay

[ Neutrino y
Intensity Improvement N
stablis

-

uge Detectef| Construction of
echnolag Huge Detector/
d

yEter Cherenkov'! - N RGN

tr-|.l'lLI

t —— ptog-Tln




Future Investment for the “Discovery” in v Physics

If Significant v, Signal —
Proceed Immediately to CP Violation Discovery

MUST: Improve v Beam Intensity
MUST: Improve the Main(Far) Detector Quality
In terms of
Detector Technology, Volume and Baseline+Angle




J-PARC Neutrino Beam Upgrade Plan



MR Power Improvement Scenario
toward MW-class power frontier machine
— KEK Roadmap —
I
(up to Jul.2010)
0.1 0.45 1.66 ?
3.5 32 1.92
12X 1013 <4.1X10"3 83X 1013
7.2X1013 <3.3X 101 6.7 1014
181 181 400
RCS h=2 h=2 or 1 =1




Item to be Modified
from DAY1 toward High Intensity

No. of Bunch in MR(6—78)
— Fast Rise Time Extraction Kicker Magnet

— Installation is foreseen in 2010 summer

Increase Repetition Rate (3.5Sec—1.92Sec)
— RF and Magnet Power Supply Improvement
RCS h=1 Operation (longer beam bunch to decrease space charge effect)

— RF Improvement h=2: 2 bunches X 4cycle injection to MR
h=1:Single bunch with doubled no. of proton X 8cycle injection

LINAC 400MeV Operation (avoid severe space charge effect at RCS injection)

— Construction of necessary component is approved and started



Future Investment for the “Discovery” in v Physics

If Significant v, Signal —
Proceed Immediately to CP Violation Discovery

MUST: Improve v Beam Intensity
MUST: Improve the Main(Far) Detector Quality
In terms of
Detector Technology, Volume and Baseline+Angle

Depend on how to approach Lepton Sector CP Violation



Far Detector Options

How to approach Lepton Sector CP Violation



Lepton Sector CP Violation
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Angle and Baseline
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Comparison of Each Scenario

Scenario 1 Scenario 2 Scenario 3
Okinoshima Kamioka Kamioka Korea

Baseline(km) 295 & 1000
Off-Axis Angle(” ) O.8(almost on-axis) 2.5 25 1
Method v.Spectrum Shape  Ratio between v, v, Ratio between 15t 2"¥Max
Ratio between v, v,

Beam SYears v, 2.2 Years v, 5 Years v,

then Decide Next 7.8 Years v, 5 Yearsv,
Detector Tech. Lig. Ar TPC Water Cherenkov ~ Water Cherenkov
Detector Mass (kt) 100 2X270 270+270

Study 1s continuing to seek for optimum choice



Additional Requirement for
Far Detector Optimization

* Proton Decay Discovery Performance

* Realization of the Huge Detector
— Test of the key components

— Prove the detector performance experimentally
* 1f necessary, good prototyping
(to be able to predict Huge Detector Performance)

* Test with the particles 1s important

*KEK started R&D for Huge Liq. Ar TPC
— see Dr. Alberto Marchionni’s talk in Detector Session



Accelerator Based Neutrino Project in Japan

High Power KEK PS J-PARC MR J-PARC MR
Proton 12GeV 0.005MW 30GeV 0.75MW 30GeV 1.66MW
Synchrotron Existing Brand New Technically Feasible
Upgrade
Neutrino Beamline 1€ J-PARC J-PARC
Neutrino Beamline ~ Neutrino Beamline Neutrino Beamline
Brand New Brand New Existing
Far Detector Super Kamiokande  Super Kamiokande Brand New

Existing at Existing at -Detector Technology ?
KAMIOKA KAMIOKA -Place ?
(Angle and BaseLine)

15t Priority Neutrino Oscillation Neutrino Oscillation  Lepton Sector
Physics Case v, Disappearance v, 2V, CP Violation
+ Proton Decay Search

Able to concentrate on Far Detector issue toward the 379 Generation Experiment after T2K startup



Summary
Accelerator Based Neutrino Project in Japan

Short Term
* Beam commissioning of J-PARC MR has started May-2008
e Commissioning of J-PARC Neutrino Beam Facility has started in April-2009

« T2K is aiming for the first results in 2010 with 100kw X 10’sec integrated
proton power on target to unveil below CHOOZ limit with v, appearance

Mid Term

« T2K data with 1-2MW X 107sec integrated proton power on target will provide
critical information on 0,5, which guides the future direction of the neutrino
physics *In any case, complete T2K proposal of 3.75MW X 107sec

 KEK Roadmap: MR toward MW-class power frontier machine

e Submit proposal

“J-PARC to Somewhere Long Baseline Neutrino Experiment and

Nucleon Decay Experiment with Huge Detector’
and construct Huge Detector

Long Term
« Discovery of CP violation in Lepton Sector (also Proton Decay)



What we think important for

Accelerator Based Neutrino Project in Japan

Deliver high quality experimental output from T2K as soon as
possible

Quick improvement of accelerator power toward
MW-class power frontier machine

Validate beam line components tolerance (especially pion
production target related 1ssues) toward MW proton beam

R&D on realization of Huge Detector

— Li1q. Ar TPC
— Water Cherenkov Detector

We welcome cooperation in any aspects



Healthy Scientific Competition and Cooperation
Options for Europe

hetween Ontions for | ISA
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. U Far Detectors
AS 1a E Two far detector technologies considered for the future long-baseline neutrino program:
>

Water Cerenkov and Liquid Argon (LAr)

Water detector aiming for total fiducial mass of 300ktons, LAr aiming for 60 ktons.

® Both technologies can also potentially look for supernova neutrinos and proton decays.
a I I ® | BNE group also considering design of beams and near detectors.

Water Cerenkov L
imaging detector 'Liquid Argon TPC
7 o very fine-grained tracking detector

ICARUS event

Sunday, September 13, 2009

New LHC injection chain — |
S e ble e T hrce Possible Scenario Studied at NPO8 Workshop

with higher efficiency
»  More protons in SPS(FT) " CNGS
»  New FT programme based on 50 GeV P52 machine

Options for Japan ot =500k0m
s

e

iomeplace very deep (e.g. - Homestake Mine in South Dakota,
uce cosmic background.

ends intense neutrino beam 1300km to this far-site location.
y of massive detector at DUSEL:

P e Project X (starts with 700kW beam, and a large farsite detector module)
ol + more modules

: Report of the P5 Panel

reding now with an R&D program to design a nmlti-
e <€ { AP ‘milab and a neutrino beamline to DUSEL and recommends
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