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* KEK is Inter-University Research Institute Organization, first established
in 1971 as National Laboratory for High Energy Physics

* An International Center of Accelerator Science

* Cover wide range of scientific fields

e Construction of J-PARC started as a joint project of KEK and Japan Atomic
Energy Agency (JAEA) in 2001
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« Construction, maintenance, and
improvement of various accelerators

- R&D of Advanced accelerators
+ Colliding Accelerator
« Electron Accelerator
« Proton Accelerator
« Linear Collider
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- Hadron Physics
- Neutron Physics
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KEK Roadmap 2013

KEK established the 2" roadmap in 2013 for research strategies taking into
account input from relevant research communities such as particle and nuclear physics,
neutron, muon and photon science communities.

1. Preamble
2. Long-Term Prospects and KEK’s Role for Each Research Area

3. Strategy for Next Five Years (2014-2018)
3.1 J-PARC
3.2 SuperKEKB/Belle I
3.3 LHC/ATLAS
3.4 1LC
3.5 Photon Science (Synchrotron Radiation Research)
3.6 New Development of Accelerator and Detector Technologies

4. Summary
http://legacy.kek.jp/Roadmap/index-en.html
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HEP programs at KEK

* Neutrino program

* T2K long baseline neutrino experiment

J-PARC ----- > 295km ----> SuperKamiokande

e Future roadmap: 750kW upgrade and HyperKamiokande
* Flavor physics program

e SuperKEKB and Belle Il

Super high lum. B factory at 8x103°/cm?/s

~5x101° B, D, T sample expected in ~2024
* KOTO K; 2>nt’vv at J-PARC

* COMET u-2>e conversion search at J-PARC
. gM-Z/uEDM measurement at J-PARC MLF
* Neutron EDM measurement at TRIUMF

* Energy frontier program
* ATLAS at LHC
* |LC
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* Located in Tokai, 60km N.E. of - l"a

KEK
Completed in 2009
* Design goal
* RCS: 1IMW
 MR: 750kW

Goal
— MW-class proton accelerator
Target Nucleus e
Proton (p) O
Neutron (n)
) Kaon (K)

O»
~ Anti Protaon (p)

Proton (p)
b Neutron (n)

3 GeV, 30 GeV
Materials & Life Sciences at 3 GeV
Nuclear & Particle Physiés at 50 GeV

Joint project of KEK & Japan Atomic Energy Agency (JAEA)




T2K: Long Baseline Neutrino Experiment

Facility
C
A, Tokai)
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* Stable operation at ~¥230kW achieved

* 7.39x10%° POT by June

* >1.2x10ppp(1.5x10%3x8b) is the world record of extracted
protons per pulse for synchrotrons

* first anti-v running in 2014

The electron appearance
from muon neutrino beams

* Data :6.57x10*°POT by 2013 Discovery of the muon neutrino
1sp < +wwis | Qg candidates events were to the electron neutrino oscillation
- [ Osc.v, CC .
g | EHvemcc observed while background
2 oL M-Cﬁfsi;zefo_” expectation is 4.9
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Total Accumulated POT for Physics

e v-Mode Beam Power
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Latest nmbar disappearance results

¢ First physics result from Released on May 18, 2015
anti-nu data ’
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Long term goals

Long Term: ~5 years w/ 750kW beam

P@ Prog. Theor. Exp. Phys. 2013, 00000 (41 pages)
DOI: 10.1093/ptep,/0000000000

CPV up to a 2.50 level of significance

0 (Am?232) < 104eV2, 0O (sin?2 6 23) ~ 0.01, 623 octant determination
if | 6 23-45°|>4°

Various neutrino and anti-neutrino interaction measurements

Search for exotic v oscillation scenario: Sterile neutrino, Lorentz

Violation, CPT Symmetry, Neutrino mass by TOF. L.
90% CL CPV sensitivity

Contribution to the determination of mass hierarchy T2K —

0.65

Neutrino Oscillation Physics Potential of the
T2K Experiment 04 b

True sin2623
o
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1/

-150-100 -50 0 50 100 150
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Cavity.
(Lining)

m"”w)

with realization of
* J-PARC MR at beam power of ~IMW (>=750kW)

* New 1Mt Water Ch det: Hyper-Kamiokande
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ICRR-IPNS MoU on Hyper-K
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This does not mean that the HK
project is the main IPNS project,
(yet).

IPNS and ICRR are willing to help
the collaboration to prepare the

Kajita-san
ICRR dir.
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MEMORANDUM OF UNDERSTANDING
of the cooperation in the Hyper-Kamiokande project

January 31, 2015

THE INSTITUTE FOR COSMIC RAY RESEARCH OF THE
UNIVERSITY OF TOKYO and THE INSTITUTE OF PARTICLE AND
NUCLEAR STUDIES OF THE HIGH ENERGY ACCELERATOR
RESEARCH ORGANIZATION have reached agreement regarding
cooperation in promoting the advanced nucleon decay and neutrino
experiment program, Hyper-Kamiokande, by understanding that the program
would make significant progress in a wide range of fields in physics and
astronomy. It is also agreed to review and develop the program in its
comprehensive aspects including promoting organization and budget

measures.

This agreement is effective for two years from January 31, 2015 and is able to
be updated upon the discussion between the two organizations.

7 oy L0 Yo e

Prof. Takaaki KAJITA Prof. Masanori YAMAUCHI

Director Director
Institute for Cosmic Ray Research, Institute of Particle and Nuclear Studies,
The University of Tokyo High Energy Accelerator

Research Organization
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® Csl calorimeter to measure 0 _, ”
® background rejection:
hermetic extra-particle detection ( “veto”)

® Trigger/DAQ (37k channels):
waveform digitization (14bits, 125MHz ADC), pipeline readout ;



COMET Experiment at J-PARC

Muonic Atom (Al) production

proton pulse
/

prompt background

muon decay

@,

i
\

T +(AZ)—~(AZ1), (AZ1) = r+(AZ1), roete
Prompt timing

Other sources
u- decay-in-flight, e~ scattering, neutron streaming

number of proton between pulses
Rext=

number of proton in a pulse
nuclear muon Capture P P

<109

SINDRUMII  BR[u-+ Au —e + Au] < 7,x,10°13
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13 e ation
A_ 1o dmuation st Bt

u-*+(A,Z) 2vu+(A,Z -1)
L -€ conversion
W +(A,Z)>e +(A,Z)
* Eea) ~ M,-B,=105MeV

—B ,: binding energy of the Ts muonic atom

ETOT (MeV|

0

J100 keV

NS




daSe

* Phase |

* Detailed understanding of the beam g "
background and achieving the sensitivity of < pr— j_—_-
10'14%100 better than the current limit) ra

 8GeV, 3.2kW beam, ~90-days DAQ (Graphite as Phase |
a primary target) |‘

\ i Phase |l

» 8GeV, 56kW beam, 1-year DAQ (Tungsten as a ‘\;‘3\ o A b

primary target) =1/, -

* COMET final goal Sensitivity < 1016

* Proton beam extinction (w/o extraction) of —

10-12 has been already achieved (Req. < ==
10°9°10) sqii |\

Phase | backgrolind|Phase |
0.03 BG expected 2013-2015
In 7.8x10° sec running time  [Fa¢jlity construction
— Magnet construction &
installation

2016-2017

Eng. run & Physics run
Phase ||

Eng. run in 2020(?)




Muon g-2 @ J-PARC

( 333 UA)
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Resonant Laser lonjzation of
Muonium (~10° p*/g)

New Muon g-2/EDM Experiment at
J-PARC with Ultra-Cold Muon Be_am

*  Muonium production is improved by > 10 ! Intended Schedule

Laser-drilled aerogel produces more muonium! | 2013 | 2014 | 2005 | 2016 | 2017 | 2018
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Trtegrcted Lupaosity (pd*-273

Achievements of KEKB and Belle

World average by CKM fitter in 2011
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S U p er K E K B Colliding bunches

Belle Il
S A
New IR

——

\ New superconducting /
permanent final focusing
quads near the IP

~ New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

: H:I‘:HMH:‘*:H.:NH: — Low emittance positrons
to inject

Redesign the lattices of HER & LER Damplng fing ”\

to squeeze the emittance ‘l

Low emittance gun

Add / modify RF systems
for higher beam current

Positron source

New positron target /
capture section

TiN-coated beam pipe with

antechambers Low emittance electrons
to inject RL
[NEG Pump])
() R .
L=8:10%° s'cm~ )

x 40 Gain in Luminosity



D

Belle Il Detector Upgrade <2

Csl(TI) EM calorimeter: < _____________________ 74m -~ RPC u & K; counter:
waveform sampling g o -, scintillator + Si-PM

electronics, pure Csl a/ for end-caps
for end-caps

4 layers DS Si Vertex .
Detector — 5S0m
2 layers PXD (DEPFET),, B
4 layers DSSD
PID system i
' Time-of-Propagation counter
Central Drift Chamber: " (barrel), |
smaller cell size, prox. focusing Aerogel RIC
long lever arm (forward) 22v
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600 collaborators from 100 institutions in 23 countries

1000 Bottomed tetra=quark Zb?@_/ a b'1 :1000fb'1
800 B—1v.decav 70

& Spokesperson: Tom Browder (Hawaii)

& Series of open collaboration meetings in 2008.03
~2015.

Belle Il

Targeted luminosity

600 A E

T

Goal of Belle ll/SuperKEKB /=

4 N ~ .
B+Kll dew Direct CPV in B— K .
0 i

1998 20004 2002 2004 2006 2008 2010 2012 x10%

8

6

Belle 4

2

Discovery of 0

CP violation in B decays

b—dyt t - 50
40
400 3
First tetra-quark /0/ 30
200 | X(3872) \ LN 20

vv]vrrr]vv

Commissioning starts
in early 2016
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80 times luminosity scale
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LHC detector/accelerator

Contributions to the LHC accelerator Cooperation in the HL-LHC accelerator
. . . . . Irrl‘emnﬂoPal collaboration has started for
Participation in the ATLAS experiment | the designuorkcofthe mognet systen e |

ATLAS o aei e Sogm

Cooperation toward the HL-LHC and
ATLAS upgrade

g | |

. e 7L —Tadistion test at J-PARC
Challenges:

Lm'ze aperture (130~150mm) 6 Teslamagnet: saturation, flux leakage

High radiation dose: selections of rad-hard materials

Tile Calorimeter Liquid Argon Calorimeter
|

RF Amplitiers:
Passible KEK conributions

Magnetic arroys in the RF cavity.
{developed at | PARC)

/ | \
/ \ R
Toroid Magnets @ Solenoid Magne@d @ el Detector TRT Tracker



Collaboration between Canada and Japan for the neutron EDM experiment

UCN — EDM apparatus

UCN source

Ramsey resonance UCN source [ e ;
y *He cryostat . LI from spallation neutrons
'./"- -’\‘ 2 !

at RCNP (Osaka)

Permalloy / —H.V.

shield . —3 ‘\_,
e, UCN Density (2011) \
EOM | 26 UCN/cm? @ 0.4 kW proton 00 moderator ]“-

Liq.He E‘“ D,0 Moderator (Cf. ILL: ~1UCN/cm® at EDM cell)

neutron life time in Hell: T = 81 sec

o

J

— fllpper ?CM U (0] a.rlzerA. §5
analyser rg polarizer SE magnet §= 100
=-va

E

UCN detector

NEDM search at TRIUMF i
" Sensitivity

history of nEDM search h
Og = o
- 2aEtNN
% s cold n beam UCN density (o< proton power X 1)
i "'": N 800 Pol. UCN /em? @TRIUMF
Lple proton beam : 20 kW
2 st 1:81sec > 100 sec
o = ' a = 0.8 (visibility)
104 e 5 E=10kV/em
Joe - upper limit @ t. = 130 sec (precession time)
3x10*ecm d
T @ ILL2006 €

1950 60 70 80 99 2000 mrl ()-d=2_0)(:l()'26 ecm/day

o =1.0X 107 ecm/ 400MT day
T 25

\ \ 8 UCN source installation will be started from late 2015




International Linear Collider (ILC)

The next generation e+e- collider (500GeV, upgradable to 1TeV)
Design work and accelerator R&D have been carried out in a global framework.

The ILC TDR was completed by Global Design Effort (GDE) in 2013 and the next phase

of design and R&D works has started under the leadership of Linear Collider
Collaboration (LCC).

Discovery of a Higgs particle at LHC in July 2012 set a clear physics target of the initial
stage of ILC.

e+ bunch
Damping Rings IR & detectors compressor
Organization
ICFA
Program Advisory Linear Collider Board FALC
Committee
e- bunch e+ source . ) — {
compressor pQSItrOI] \ 2km Reg'::; F[ils:(:::tom Directorate Deputy (Physics)
main linac Harry Weerts Lyn Evans Hitoshi Murayama
11km Akira Yamamoto
1
central region
5km ILC cLc Physics & Detectors
electron Mike Harrison Steinar Stapnes Hitoshi Yamamoto
main linac ‘
11 km

.2 km

26



Higgs coupling determination Top anomalous coupling
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In 2012

 Japan Association of High Energy Physicists (JAHEP)
subcommittee report on Future Projects on High Energy
Physics in February 2012.

e Discovery of a Higgs boson in July 2012

e JAHEP “A Proposal for a Phased Execution of the
International Linear Collider Project” October 2012

“... JAHEP proposes that ILC be constructed in Japan as a

global project with the agreement of and participation by the
international community.....”

Since then, the Japanese HEP community and KEK have been vigorously promoting the
ILC project to the academic sector, the industrial sector, policy makers in Japan and the
international HEP community

Statements on ILC hosted in Japan

The European Strategy for Particle Physics Update 2013
ACFA/AsiaHEP Statement on the ILC (September 2013)
P5 report (May 2014)

ICFA statements (January and July 2014)



KEK’s efforts toward realization of ILC

* KEK proposed to host ILC in Japan, which is under
careful consideration in the Japanese Government.

e KEK’s role to push the ILC project forward

* Continue accelerator R&D program at ATF, STF and CFF
facilities collaborating with the international team.

* Provide the ILC committees with appropriate information
to help their timely conclusion.

* Develop a KEK’s evolution plan to prepare for green light
given by MEXT.




ILC Recent progress of KEK-ATF

ATF2: Final fo

cus Test beamline

Goal-1: Develop final focus system for ILC

- 37 nm vertica

| beam size at IP

Goal-2: Develop beam position stabilization

in a few nm
- Study of Intra-tr

ain feedback has been started.

History of measured minimum beam size

400 !
350 [ -pec2010- * 44 nm was achieved
§ R S in June 2014
:g g 250 Lo e, § ........ Y still being improved
E :5 200 Lo ; .............................................................................................
T4 = Feb-Junz.. ?
5 % 150 Forr oo T R W
29
S 100 Lo - S Mar 2008 % ... ..
= ol = Dec20120 o AP’ZOI‘}M 2h14
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: < un 2014
0 w

Presented by K.Kubo at IPAC2014
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— - \\ng—//
rwmg, UUUEUEREE S Y b~ ST S e S ,,j
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‘ e B \ATF):7 4 .
*  Small beam size (<50
nm) was recovered in a
day from an accelerator
1000
* shutdown.
4 og sge
800 [ :, * Good reproducibility
“ ; and stability was
£ . confirmed.
g w0 i e
L e e . Wbt it
10 20 30 40 50 60 70

Time (hours) from operation start

after 3 days shutdown 30




ILC STF Accelerator under construction "lg

Beam

“. Dump

Chicane 2

!
1 é

STF Accelerator parameters

Beam Energy -418MeV

Beam Charge - 2nC/bunch, 2437bunch, 0.9ms, 5Hz
Beam current: 5.7mA in train

Bunch train: 369ns spacing

+

half-size Cryomodule (CM-2a)
(4 SC cavities)

Plan of STF Start-up schedule

Chicane 1 2013 I 2014 2015 2016
M CM-1+CM-2a assembly
- assembly
A - Capture Cryomodule gy, Beam-line
iti T Installation
o LR (2 SC cavities) facility
Photo-cathode RF-gun "

ol




Actions on the ILC project in MEXT

MEXT= Ministry of Education, Culture, Sports , Science &Technology in Japan

e On May 27, 2013, the DG of Research Promotion Bureau, MEXT,
sent a letter to the President of Science Council of Japan (SCJ) and
asked for advice on ILC project promotion in Japan .

* In response to this letter, SCJ set up a special committee to
investigate requirements for construction and operation of the
ILC, its scientific merits, and its role in science in general.

* Areport from SCJ was sent on September 30, 2013. SCJ agreed
scientific importance of the ILC project, and recommended to
study issues to be clarified to host the ILC with involvement of
the government as well.

 MEXT has set up an ILC Task Force chaired by MEXT State
Minister for the investigations.

e Special Committee for the ILC Project by academic experts was
established under the ILC Task Force in May 2014.



Special Committee on ILC Project in Japan

MEXT Under ILC TF headed by
| State Minister of MEXT
Research Contract on Special Committee
External Impact on ILC Project

Established in May 2014

| |

Particle and Nuclear TDR Validation Working
Physics Working Group Group
Established in June 2014 Established in June 2014

Reports from both WG were presented at the 3 Special committee meeting on April 22, 2015.
Human resource issue, technical feasibility, and R&D status are investigated this year.

Based on SCJ’s recommendations, Special Committee investigates critical issues
required to judge hosting ILC or not by 2016.




Active supports from policy makers, industrial sector in Japan

* Federation of Diet Members for ILC (since 2008, more than 150 members)
The third visit to US in April 2015 to discuss promotion of the ILC project

e Advanced Accelerator Association Promoting Science & Technology (AAA)
(since 2008, 100 companies and 40 universities and research institutions)

ILC Tokyo Event on April 22, 2015 during Asian Linear Collider Workshop 2015

ILC Tokyo Statement
http://www—conf.kek.ip/alcw2015/Tokyo Statement.html

Mr. Ryu Shionoya
Diet member
Former MEXT M3i£1ister

Dr. Lyn Evans
LCC Director




(Q)KEK Summary and conclusions

m KEK has diverse program in particle physics.

» Long baseline neutrino program with upgrade plan to
HyperKamiokande.

» Flavor physics program at SuperKEKB and J-PARC.
» Energy frontier program: ATLAS and ILC

B Hosting ILC has been proposed to Japanese
government, which is being intensively investigated at
the special ILC committee. KEK will :

» Continue accelerator R&D program at ATF, STF and CFF facilities
collaborating with the international team.

» Provide the ILC committees with appropriate information to help their
timely conclusion.

» Develop a KEK’s evolution plan to prepare for green light given by
MEXT.
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