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m 28 candidate events are

observed with 6.39x10%°pot

20.44%+1.80 ( =0.1)
s Significance=7.5c
= M.Friend (WG1) / A.Kaboth (J12) Open door to CPV searches

M.Wilking (EPS-HEP2013) ) i
T1 (KEK seminar) by super-beam experiments

http://jnusrv01.kek.jp/public/t2k/sites/default/files/130719-KEK-seminar.pdf
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(?-& T2HK: Future LBL plan using J-PARC
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=Lol: The Hyper-Kamiokande Experiment
http://arxiv.org/abs/1109.3262
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©.. T2HK: Tokai to Hyper-Kamiokande "
o

s Natural extension of the technique being proven
by the success of T2K

¢ Off-axis narrow band beam, E, ~0.6GeV, 750kW~1MW
¢ Hyper-Kamiokande: HUGE water Cherenkov detector

s Mainly focus on measurement of CP asymmetry
¢ 295km baseline (=less matter effect)

s Complementary to >1,000km baseline
experiments (LBNE/LAGUNA-LBNO)

¢ Sensitivity (CP/MH), technology (WaterC./Liqg.Ar)

s Rich programs with both near and far detectors
¢ Proton decay/atm.v /solar » SNv/ vinteraction:---
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@-g Candidate site AR
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e m 8km south of Super-K

Mozumi

m Same off-axis and baseline as T2K

m Horizontal access from entrance

m 648m of rock (1750m.w.e.) overburden

= 13,000m3/day natural water (1Mt/80days)
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The Hyper-Kamiokande detector

Nufact2013, IHEP, Beijing, China, 19th - 24th August 2013

Inner Volume
=0.74 Mton

(0.056X10)
x25 of Super-K

Outer Volume
=0.2 Megaton

Photo-sen

(%]

ors

for Inner Det.

25,000 8" ®PMTs
for Outer Det.



m Geological survey, cavern stability

tank liner, PMT support
s Water purification, quality control

s New sensor: High-QE PMT / Hybrid "<}

Photo Detector (HPD)
s DAQ electronics (water tight?)
Calib. source deployment system
Software, physics potential studies
s Near detector design
= R&D budget approved in July

¢ 1kt Hyper-K prototype etc.

Inner PMT (20”)

A LA A
| P LS £, Bedrock
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On-going R&Ds

Detector shape, segmentation wall,

T. Ishida
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KEK

2ch HV ~,
(5V->8kV,
300V)

Amplifier -2

9 HPDs were prepared
with waterproofing
inJun 2013.
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(E) Target schedule "5-paRe
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= T.Nakaya / M.Yokoyama, Snhowmass on the Mississippi, Aug.1, 2013

Ver. 2 [Aug.21] Nufact2013, IHEP, Beijing, China, 19th — 24th August 2013 9




'B\
= Normal
_'é hierarchy
S

sin22 6 13=0.1
6=m/4

D VT BRI AP ,
1 EV(GEV}

8inZ2043=0.1
— §=0
— d=1/2a
— d==a

— 8=-1/2x

2

Ver. 2 [Aug.21]

T. Ishida
J-PARC
KEK

CPV eg

sin@ 12X -XsinB
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At maximum violation,
~+25% difference expected
from 6=0

| Anti-neutrino  siv2s.s=0.
— 0=0
— 6=1/2x
— 8==a

-1/2x
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° J-PARC
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= Further BG suppression expected with reconstruction improvement
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@;g CPV discovery sensitivity
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High sensitivity to CPV w/ <~5% sys. Error

s To go to CPV discovery, intensity upgrade of J-PARC is the key together
with the efforts to reduce systematic errors

= Required run-time in LOI: 7Z.5MW x years
e /50kW (J-PARC MR design power): 10 years =3yrx v+ 7yrx v bar

® Ver. 2 [Aug.21] Nufact2013, IHEP, Beijing, China, 19th - 24th August 2013 12
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2. Operation status of
J-PARC MR / neutrino
experimental facility
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Hadron Experimental Hall =~ . : “=-- January"2008

; Maln Rin - =
e I\ggterlals and Llfe ane g 45;_- _ Pf__.f__:

Near Neutrino
Detectors

3GeVRCS |
A round=348m

ik .Transmutatlon

’ ;Expem@ntal Fag;hﬁm

FYOl~Meﬁstructnon :
Nov. 2006~ LINAC

Oct. 2007~ RCS
May 2008~ - MLF/MR
Dec. 2'0@8“MR”@30GeV
Jan. 200 Hadron

Apr. 2009 Neutrino
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Service Pit

Conlcrete blocks

Beé&n window Tron block$

Ti=akloy

Horn-1 Horn-2

Baffle OTR Target
Graphite
Collimator

= 3 horns / a baffle are supported from the wall of
vessel by support modules.
s Apparatus on the beam-line are highly irradiated
after beam. Remote maintenance is key issue.
An experience in 2011 summer= Tl (WG3-NuFact2012)
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In TS-He/ VeSS

T. Ishida

Electromagnetic Horns

2M(sparg) Horn=-252-
At hordtestfactiity (KEK)

s Aluminum alioy A60
¢ Inner conductor: t3mm, outer: t10mm.

s 320kA pulsed current (rated), 250kA in use
+ Max field: ~2.1T, pulse width: 2~3ms
¢ Operation cycle: 248 s> 1.28s

= Spraying water to inner conductor

_ Alignment: 0.3mm(x), Tmm(y,z) ¢ 15kJ (beam) + 10kJ (Joule)=25kJ

Current stability ~2%

Ver. 2 [Aug.21]

= T.Sekiguchi (WG3)
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@-g Target (He-cooled graphite)

26mmo x 910mm ey CFX analyses

G rap h |te ‘Stre??:ate‘joz
1G-430U |

—2.988e+02

I1 .992e+02

—9.962e+01

Id.OSde-OZ

[m sh-1]

«ONmM3/min

AT—~200K ~7MPa (Tensile strength 37MPa)

= Remote maintenance = C.J.Densham (P#3)
Ver. 2 [Aug.21] Nufact2013, IHEP, Beijing, China, 19th - 24th August 2013 18
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0& ° ° ome J-PARC

i’; Delivered POT to neutrino facility KEK
Rep=3.52s 3.25s2>3.04s 2.56s 2.48s
1019 >50kW >145kW >190kW >235kw |
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m Stable operation at —~220kW (235kW for trial)

¢ =1.2x10"ppp (1.5x1013x8b) is the world record of extracted protons per pulse
for synchrotrons.

= Accumulated pot : 6.63x102%° by May.8 (6.39x102°pot by Apr.12).

Accumulated # pulses : 1.2x107, no replacements for horns/target
Ver. 2 [Aug.21] Nufact2013, IHEP, Beijing, China, 19th - 24th August 2013 19
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accelerators /neutrino
experimental facility

http://indico.ipmu.jp/indico/contributionDisplay.py?contribld=13&sessionld=3&confld=7

Neutrino experimental facility upgrades:

Tl (WG3-NuFact2012)

Tl (2" Hyper-K open meeting, Jan.2013)
http://indico.ipmu.jp/indico/contributionDisplay.py?contribld=29&confld=10
M.Tada (37 Hyper-K open meeting, Jun.2013)

http://indico.ipmu.jp/indico/contributionDisplay.py?contribld=42&confld=23
Ver. 2 [Aug.21] Nufact2013, IHEP, Beijing, China, 19th - 24th August 2013 20
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181 MeV LINAC

31m 27.1m 91.2m

T. Ishida

LINAC Upgrade

Repetition: 25Hz, Pulse width: 0.5ms

(Two SDTL tanks are used as a debuncher temporally.)

To 3-GeV RCS
I8l RFQ DTL [SDTL —+ — 81 — b2 :

30mA MElB” (32fMHz>

L3BT
(Linac 3-GeV Beam Transport)

400 MeV LINAC

MEBTT  324MHz)

50mA

3MeV 50.1 MeV 181Mev

159 m

I8 rFa DTL [SBTL|-B1,2 -

| MEBT2
190.8 MeV

~

108.3 m To 3-GeV RCS
_ACS |—DB12 —

(972MHz) | L3BT

400MeV

MEBT2

ACS L3BT

Two bunchers| |21 Acc. Moduies| | Two debunchers )

Ver. 2 [Aug.21]

= New accelerating
structure, ACS, will be
installed to increase the
extracted beam energy
from 181MeV to 400MeV

s Front-end part (IS+RFQ)
will be replaced to increase

peak current from 30mA to
50mA

SACS, Annular Coupled Structure linac




© 78 To achieve 750kw rated power AR
) /-
Tracking simulation of MR FX

with space charge effect Number of particles in one

NP=2.2 % 104 pop pulse is limited by the
o Beam power: 435 kW at 30 GeV / 0.4 Hz 1 beam loss due to the
® 0.99 Beam loss ~ 1.3 kW space charge effect
© ¢+ ~450kW is estimated upper
P limit with current apparatus
S5 098 ¢+ Tace 1,251 240kY*SIN(0, 5665)=240KV*SIN( D, E121 )-10kISIN(2%1,0) 1 )
U) =240kV*SINC 0, 5735 - 10k WS IN(2*1,5) n TO aChIeve rated power :
\ =240k V*SIN(D, BEES) -LUKVS NG 2#P 12} ] 1. Higher beam energy than
0.97 | : 30 GeV (Original plan)
2. Higher repetition rate
than 0.4 Hz
0.96 ' ' ' ' ' : —
0 0.1 0.2 0.3 Time (s)
" m For =>30GeV, saturation
(50GeV, 3.5s cycle, 3.3x10™ ppp ) effect deteriorates the field
I f the main magn
= 30GeV, 2.1s cycle, 3.3x10' ppp quality of the main magnets
= [otal magnet power consumption
=) | 30GeV, 1.3s cycle, 2.0x10" ppp Psocev=2Paocev = 4P306ev

Ver. 2 [Aug.21] Nufact2013, IHEP, Beijing, China, 19th - 24th August 2013 22
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MR 1Hz Operation

FX/RF section
PS BuildinQ#B\ . AN
(3) Upgrade of injection < N4
and extraction devices N (2) Replacement of
f Mo the rf cavities
AN New magnetic core

material, which has x2
times higher
impedance than
present one, is

/
New PS
Building

developed.
(4) Upgrade Of I’Illg Condenser bank
coliimator section For energy
recovery

2kW->3.5kW

gig) 1111 =

D Transformer

(1) Replacement of
All the main magnet power supplies will be replaced
with newly developed high rep./low ripple PS. A new PS

! building to be constructed.
013, IHEP, Beijing, China, 19th - 24th August 2013 23
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The midium-term plan of MR-FX 3-PARC
ST
JFY 2011 2012 2013 2014 2015 2016 2017
LINAC IS/RFQ
FX power [kW] 150 200 300 400 750

Cycle time of main magnet PS 3.04 s 256 s 24 s Manufacture 13s
New magnet PS for high rep. installation/test

Present RF system Install. #7,8 Install. #9 Manufacture
New high gradient rf system 4 installation/test

Additional Add.collimators  Add.collimators
Ring collimators shields and shields (3.5kW)
(2kW)
Injection system New injection A Kicker PS improvement. Septum 2 manufacture /test »
FX system kicker q LF septum, PS for HF septa manufacture /test »

= Rep. rate will be increased (0.4Hz =1Hz) by replacing magnet PS’s and RF cavities
¢+ A new budget is needed for replacing MR main magnet power supplies.

= Note this is a possible schedule before the Hadron-hall accident (May 2013).
+ We are making the best efforts to investigate the cause / prevention of recurrence
¢ Schedule of beam restart / LINAC upgrade are both not yet determined.

= For more info, http://j-parc.jp/HDAccident/HDAccident-e.html

Ver. 2 [Aug.21] Nufact2013, IHEP, Beijing, China, 19th — 24th August 2013 24



SQ/& Doubled rep.rate: Impact to target e
z’f KEK
E; P I B
% 400}- H\mm @
Temperature of target AARRRR TR

as func. of time

100l T, 2, (Equilibrium) =502.50
T, @su rface (Equilibrium) =394.08

Instantaneous heat deposit / thermal shock will be reduced feed
¢ With 750kW beam (30GeV,3.3x10™ppp): AT = 200K/spill, 0 ,,=7.2MPa
+ Safety factor = Strength(37MPa) / Stress x fatigue(0.9) = ~3.5 (e< 1/ppp )

Keep temperature of graphite around 400~800°C
¢ Slow down degradation of thermal conductivity by rad. damage (0.25DPA/yr)

Oxidization due to contamination in He gas reduces graphite strength
+ Assuming O,=100ppm and temperature =700°C, safety factor >2 for 5 yrs.

= T.Nakadaira, talk at Neutrino Beam Instrumentation WS (NBI2010)
http://kds.kek.jp/materialDisplay.py?contribld=7&sessionld=4&materialld=slides&confld=5611
Ver. 2 [Aug.21] Nufact2013, IHEP, Beijing, China, 19th - 24th August 2013 25
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74 Doubled rep.rate: Impact to Horn

i/
@ 250 KA, 0.4Hz @ 320 KA, 1Hz
4.1 kV . 5.5 kV 5.8 kV iI.S kV \ .I4.3 kV \
S i — i

= Individual power supply for each horn
+ Reduce charging voltage, which greatly reduces risk of failure.
+ It will make possible to operate horns with rated 320kA.
= Various upgrades
¢ Forced cover gas flow for Hydrogen-Oxygen recombination system
+« Low impedance strip lines
+ Improvement for connection of strip line cooling ducts

= T.Sekiguchi (WG3)

Ver. 2 [Aug.21] Nufact2013, IHEP, Beijing, China, 19th - 24th August 2013 26
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©., 4. Summary
SERE
s J-PARC MR/neutrino exp. facility realized 220kW operation
¢« 30GeV, 2.5s cycle, 1.2x10"ppp: world record of extracted ppp for synchrotron.
« Thefirst set of 3 horns/target has been used w/o serious troubles for all periods.

= Upgrade plan of J-PARC accelerators towards rated 750kW oper.

¢ Increase #p/bunch:1.2x10' >2.0x10'* ppp
» MR collimator capability: 450W > 2KW > 3.5kW
» LINAC energy upgrade : 181MeV > 400MeV
» LINAC frontend (IS/RFQ) upgrade: 30mA - 50mA

¢« Double MR rep-rate: 2.5s >1.3s cycle
» Replace all magnet power supplies / higher gradient RF core etc.

¢ 5yrplan for MR upgrade to realize 750kW beam (before hadron hall accident)
» We are making the best efforts to investigate the cause / prevention of recurrence.
» Schedule of beam restart / LINAC upgrade are both not yet determined.

= Upgrade of neutrino beam-line to accept 750kW beam
¢« Doubled rep.rate is plausible to reduce thermal shock on target
¢ Individual 3 power supply for each horn make 320kA-1Hz oper. possible.

¢ Currentall 3 horns (target) to be replaced to ones with upgrades

» Hydrogen-oxygen recombination in coolant water / efficient strip line cooling
Ver. 2 [Aug.21] Nufact2013, IHEP, Beijing, China, 19th — 24th August 2013 27
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(?;g International Hyper-K meetings
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s Opened to the international community

s Three open meetings so far, very active working groups
¢ http://indico.ipmu.jp/indico/conferenceDisplay.py?confld=23

s Next meeting: Jan 27-28, 2014 @ Kavli IPMU, Japan
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Tao
~ the ultimate
principle of
the universe

The Tao of All Mattefr

Tdo creates matter,
Matfer generates Tqo.

N ILC]i't'f::'r f{jrm'i‘ The Cgmpleh@';'.

The Art of the universe is the ]

1.D . Lee
Apr. 10, 200]
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