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(Q)KEK High Energy Accelerator Research Organization (KEK)

Research Organization

m KEK s an Inter-University Research Institute Corporation, first established
in 1971 as National Laboratory for High Energy Physics.

B Now, KEK covers a wide area of scientific fields from particle and nuclear
physics to materials and life sciences by constructing and operating large
accelerator facilities.

m We have about 700 permanent staff, 100 students, and 8,000 users/year.
m KEK is one of leading accelerator science centers worldwide.

More than 25,000 person-days
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About 3,700 users and collaborators come
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@ KEK

High Energy Accelerator
Research Organization

Pursuing fundamental laws of nature
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@) KEK SuperKEKB and Belle I

High Energy Accelerator
Research Organization

Belle, along with BABAR/SLAC,
discovered CP violation in B mesons,
and confirmed Kobayashi-Maskawa
theory.

The apparatus is now being upgraded to | :
search for new physics beyond this
theory.

The phase 1 accelerator commissioning
was successfully completed in 2016.

As of Sep, 2017

The Belle Il detector was rolled in April,  “4..« o

2017, o
The phase 2 commissioning without the mmme . . '
vertex detector will start soon. rsoresearchers NN

Full physics run will begin early in 2019. r——
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@@ KEK Accelerator upgrade

High Energy Accelerator
Research Organization

Low emittanqe lattice

IR with B,*=0.3mm
Lo

SC final focus system

&

Add RF systems for
higher beam current

Damping ring for lo
emittance positron
injection : Positron

capture section

........
........
........



<P KEK
() Belle Il Detector

' Russia, USA, Japan
K, and muon detector:
Resistive Plate Counter (barrel outer layers)
» Scintillator + WLSF + MPPC (end-caps, inner 2 barrel layers)

Russia, Italy, Korea, Japan

EM Calorimeter:
Csl(Tl), waveform sam
(opt.) Pure Csl for end-c Japan, USA, Slovenia, Italy

r itcle Identification
-of-Propagation counter (barrel)
ox. focusing Aerogel RICH (fwd)

Japan, Germany /)

Beryllium beam pipe
2cm diameter

-.-

positron (4GeV)

Vertex Detector
2 layers DEPFET + 4 |

Central Drift Chamber
He(50%):C2He(50%), Small cells, long.
lever arm_fast electronics

' Japan, Taiwan,
Yasuhiro Okada, AFA[® 2018
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®KEK New Measurement Map

LHCb@CERN

~ [T i P i

>>analyses LHCb is good at >>analyses Belle Il is good at

SUSY,
charged

Higgs
Inclusive analysi

b-> s/d y
b>ulv

e final states

AKn

B> Kgn°
B2>hvv,tv

SUSY,
Charged
Higgs

Charged

* Higgs
Charged

Higgs

right-
handed
weak

interaction

Yasuhiro Okada, AFAD 2018



@KEK KEKB/Belle to SuperKEKB/Belle I

SuperKEKB/Belle Il is 40 times more powerful machine compered
to the previous B factory experiment, KEKB/Belle.

Belle Il

1
fb | ab-1 =1000fb-L

1000 Bottomed-tetra-quark Zb?d_'
800 B—o1Vv dﬂf‘ﬂy
56

\/z;l \DOEO mixing

400
First tetra-quark /0/
000 | X(3872) _ LN

Eﬁ” N Direct CPV in B—Kn

Targeted luminosity

Assumptions:

: Goal
= 9 months / year
op [ 20days/month

7

600 b—dy transition

B-~KIl decay —y
0 —

1998 2000 2002 2004 2006 2008 2010 2012 8-
6
4
2

Discovery of Ot Z01e 2020 2022 2024
lation i Luminosity (/cm?/s)

cp V|olat|on in B decays Yasuhiro g/kada, AFAD 2018 11



@KEK

High Energy Accelerator
Research Organization

L

m Located in Tokai, 60km N.E. of SRS — 5 S g oo
the KEK Tsukuba campus ’ -
m Completed in 2009
m Design goal
» RCS: IMW
» MR: 750kW

Goal
— MW-class proton accelerator M e
Target Nucleus Pion. () :
o L=y
Proton (p) ) )
Neutron (n) © Neutrino (v)
D) Kaon (K)
O b .
~  Anti Protan (p)
Proton (p)
3 GeV, 30 GeV )
bNemmn ") Joint project of KEK & Japan Atomic Energy Agency (JAEA)
12

Materials & Life Sciences at 3 GeV
Nuclear & Particle ﬁhVSiés at 50 GeV

Yasuhiro Okada, AFAD 2018



«©) KEK T2K Neutrino Experiment

High Energy Accelerator
Research Organization

T2K precisely confirmed Dr.Kajita’s experiment, and discovered yet
another phenomenon with neutrino oscillation.

2015 Noble Physics prize

== 2010~ (Running)

Dr. MacDonald Dr. Kajita

......

Super-Kamiokande
(ICRR, Univ. Tokye)
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@KEK

High Energy Accelerator
Research Organization

FITTED DATA DISTRIBUTIONS TZ/k\

CCQE 1p Ring CCQE 1e Ring CClm 1e Ring
2K Preiimina"rﬂ

T2K Pr i’i‘miua"ry T2K El’relimina;'y =
1

=
(=8
- i
—
=

- intrinsic

Number of Events

Neutrino mode

o T RS A P e
15 ] 25 3 0 02 04 06 08 1 12
v Reconstructed Energy (GeV) v Reconstructed Energy (GeV)

Antineutrino mode
T2K P:"eﬁm'nur_yl == T2K F"reiim‘inary

p-value = 0.42

of Events

calculated using
posterior predictive
method

Number

15 2

04 06 08 1 1

v Reconstructed Ei 7eV) v Reconstructed Energy (GeV)

Posterior probabilities (with reactor constraint)

sin?03<05  sin?B;> 0.5

NH (Am?Z3;>0)

IH (AmZ3; <0)

Sum

470kW stable operation achieved

Twice larger statistics than 2016 release
» x1.5POTthan 2016
v' v-beam: 14.9 X 102° (~doubled)
v' V-beam: 7.6 X 10%°
»  +33% higher efficiency (new sample, enlarged F.V.)

Still consistent with maximum 23 mixing
CPC excluded at 95% !
Weak preference on NH (~87%)

Latest Results from T2K
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@ KEK Hyper-Kamiokande (U. of Tokyo)

High Energy Accelerator
Research Organization

2.5deg circle

B Next-generation Water Cherenkov
detector
» 260kt (190kt fid. mass) x 2
» Staging
m Detector location (candidate) - R |\
» ~8km south of SK — oy T
» 295km from J-PARC, @ same off-axis 2 g
angle
» 650m overburden (1755m W.E.)

m  Physics goals
» Accelerator neutrino
v" CPV in neutrino
» Non-accelerator/Astroparticle
v' Discovery of proton decay
v’ Atm-nu
v Solar-nu
v’ Supernova (relic) nu
m |CRR/UT will take primary
responsibility
m Listed in the 2017 MEXT Roadmap
of the Large Research Infrastructure

g -PARC Main Ring
(KEK-JAEA, Tokai)

*

Yasuhiro Okada, AFAD 2018



@ KEK Nuclear & Particle Physics with J-PARC Hadron Beam

High Energy Accelerator
Research Organization

A variety of nuclear and particle physics experiments are carried

out at the hadron experimental facility.

K1.8 Strangeness Nuclear
[@ﬂﬂ—’ N

ngh Momentum BL

COMET BL

Yasuhiro Okada, AFAD 2018

International Collaboration
Experiments

KOTO
Search for CPV in KL->mtvv
(Physics Run)

COMET (Phase I)

Search for Lepton Flavor
Violation

(Under construction)

Muon g-2/EDM
(R&D phase)

16



@ KEK J-PARC KOTO experiment

High Energy Accelerator
Research Organization

New

“Inner Barrel”

&% shower counters
| were

successfully

installed

into

the vacuum tank

-Csl calorimeter to measure T° — Yy

*hermetic extra-particle detection (“veto”) - in 2016.
XIomRunﬂS Runjs2 Run63 Run64 Run65 Run690
H 5[]'_: a : T = 'E;_5 E
. . e F __Frst Physics R =
- stable data taking in 2015 and 2016 : R ® 405
L 2 [ ; ; ] N 3
x20 more stajclst!cs thz?m .the 2013 data, < 30 Operation of Hadron Facilty | .. h_gui
to break the indirect limit (1.46 E-9). g o0  Wasstopped BNy
< | =
10 4510
- start the 2017 run from April 15 (Sat) S U N 5 | |

with the 44kW slowly-extracted beam. owada arap 2018 013 2013 W14 2014 015 2006 3016
’ Jul Dec Jul Dec Jul Jan ul



High Energy Accelerator C O IVI E T
Research Organization

m Search for mu-e conversion with sensitivities

of
» <1014 Phase-l starts after 2019 proton beam______Pion capture
» < 10°'® Phase-Il starts after2023 R
m J-PARC high power proton driver to generate /' oh |
“clean” pulsed muon beam i ase |

» Beam extinction factor < 10-10, confirmed in
the abort line measurement

» 8GeV acceleration and extraction test in 2017
spring
B Superconducting magnet to
» Capture pions/muons
» Transport muons
» and select electron momentum (in Phase Il)

analysis

B Radiation Effects in Superconducting Magnet
Material ( RESMM’17 ) workshop in progress
at J-PARC, 19-20/April.

» Participants from COMET (J-PARC) and mu2e

Beam line construction started in 2016.

Yasuhiro Okada, AFAD 2018




({4 KEK Wako Nuclear Science Center at Riken, Wako

High Energy Accelerator
Research Organization

A
KEK il
KISS project: how are gold and platinum elements synthesized in the universe? 'Ssjgifa‘iion w )

* nuclear properties of N=126 neutron-rich unknown isotones as progenitors in the r-process System
* precise spectroscopy at newly constructed ISOL facility: KISS (KEK Isotope Separation System)

a measurement

ﬁ E3 hall

2012-2014: Construction and development of KISS
Pilot exp. of MNT reactions at GANIL

2015- : Wako Nuclear Science Center at Riken (WNSC) MRTOF-MS
User organization (SSRI-pns) (Muli-Refledion Time-of-Flight
Direct mass measurement using MRTOF-MS Mess Spectrograph)
2016-  : First PAC of KISS experimental proposals at RIBF NP-PAC

IBS(Korea)-KEK collaboration for mass and decay spectroscopies
2017- @ KISSstage I'tostage Il e Close collaboration with Korea (RAON/IBS)

9 subjects ~60 users
80 HfS rlnela S ' I mfl,&? e, )0l M+
~ 10f 99 : o o Sk, 512 1037 01 Masseé:tn 205 +
5 "[for 9% mpt, " o= Imore tan 205_ . At _ :
. 601196, 197, 198 3% | 100+ 205..+ PO Comprehensive 4/
'g KISS . 1, 180RIs Bi study of element \pp |
w 307 Hf-structure '\m-. s g & 804 MRTO F'M%‘ '/ SyntheSiS with ] r process I
gyl o N[ mg - Byt precise :
g collective nat{i¥es \ el ~ 60+ accuratesc_eterm| ation e’ spectrosccn)( I
2 90! of heavyRis ]/ ‘ 2 |Rn>1070f Wr@516Meviu |
i proved by magnetic 3 gpdVvarious RIS T n=223|aps pure RI
2 20t momentsand . '} #awae {8 fincluding spectroscopy line
o charge radjfshift . ° of Pt 0 the superngavy X
@ 10 / / i QMP Fmﬂf Qngp :?05 stellar buning { Supemovae
S oSy 17 Po g PO 2 . ‘
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@@ KEK Material and Life Science facility at J-PARC

High Energy Accelerator
Research Organization

2 8]

[RF
" ,ﬁ?& = ('L:‘ >
T ) ‘
A
K‘\;
A
Neutron
Sensitive to light Muon
elements,

Sensitive to magnetic

Complementary to field in matter

photon factory

B First Neutron Beam: 30 May, 2008
E First Muon Beam: 26 Sept., 2008
B First User Program: 26 Dec., 2008

B Running at 500kwW

B ~200 day/year (176 days in JFY 2012)




@ KEK Light source facilities at KEK

High Energy Accelerator
Research Organization

PF:2.5 GeV, 450mA e
PF-AR : 6.5 GeV, 60mA e’
Exp station: ~50, Users: >3000/year

I : Experimental Stations for Hard X-rays
I : Experimental Stations for VUV and Soft X-rays




@ KEK Symphonic use of photon, neutron and muon

High Energy Accelerator
Research Organization

KEK=Institute of Materials Structure Science \
Structural Biology Research Center S
Condensed Matter research Center IMSS

Muon Positron

D B8 Tokai Campus
Tsukuba Campus =8| Neutron & muon
Photon & j  atJ-PARC
slow positron
at PF and PF-AR

Slow positron
Surface structure

' LA F|‘.

ol
el Muon
heta (deg) .
Local magnetic moment

Crystal structure

3 [ : Neutron N Electronic structure
z 100 .., Magnetic structure | ' 2 ...,j—:/' /x o :

% s “‘m\‘  Excitations <l / i :

E i..l »

‘E? 0.0

L ‘ Nl .
o Yasuhiro Olad minnheetl 18
T (K)



@ KEK Japanese Activities at LHC/ATLAS

High Energy Accelerator
Research Organization

Tie Calorimeter Uquid Argon Calorimeter

Q magnet near the
interaction point

N

30% hamer, | |
100% ASIC for electronicsl

Critical contributions |
- p'XEl/SCT Dperatiﬂn Toroid Magnets @ Pixel Detector TRT Tracker
— muon trigger responsibilit o ™ RO
ek d _am 100% 20% I@PRE 7

- computing

— physics analysis

— trigger coordinator

— collaboration board chair

Solenoid at CERN §
before installation

<

module assem-t;]y
by KEK robot

23



@ KEK Contribution to HL-LHC

High Energy Accelerator
Research Organization

2m Model coil production and test at KEK

N e

i\/Vind‘i_ng mandrel[]

e
et A

\
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Turn tableC]

-

2016 Feb

Yasuhiro Okada, AFAD 2018
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@@ KEK International Linear Collider

High Energy Accelerator
Research Organization

There is a consensus among the world high energy physics community that an ete~ linear
collider should be the next collider. The rationale is even stronger after the discovery of the
Higgs particle at CERN.

* The Japanese HEP community proposed to host ILC in Japan, and this proposal was

welcomed by the worldwide HEP community, ex. in Update of the European Strategy for
Particle Physics, May 2013.

o e+ Main Linac
e- Main Linac

-

w,,\“““w

-

Superconducting
cavity Test Faciliﬂgé

ne
@ R/
’.'~‘ 4

Various R&D for ILC has
been conducted at KEK as
an international endeavor.




®KEK Recent developments

B MEXT, Japanese Government set up ILC Advisory Panel in 2014,
investigating issues to judge hosting the ILC in Japan.

B DOE-MEXT Discussion Group on the ILC was formed in 2016. US-Japan
cooperative R&D for cost reduction of the ILC was started aiming for
improvement of the Superconducting RF accelerator technology.

B A consensus has been built worldwide to start the ILC as a Higgs factory
with 250GeV CM energy .

(The cost can be lower up to 40% while energy extendibility is kept )

International Committee for Future Accelerators (ICFA) released its statement supporting
250 GeV ILC in November 2017.

“ICFA thus supports the conclusions of the Linear Collider Board (LCB) in their report
presented at this meeting and very strongly encourages Japan to realize the ILC in a timely
fashion as a Higgs boson factory with a center-of-mass energy of 250 GeV as an
international project, led by Japanese initiative.”
http://icfa.fnal.gov/wp-content/uploads/ICFA-Statement-Nov2017.pdf
http://icfa.fnal.gov/wp-content/uploads/LCB-Short-Conclusion-Nov2017.pdf

*The Japanese HEP community (JAHEP) statement in July 2017
http://www.jahep.org/files/JAHEP-ILCstatement-170816-EN.pdf

Vacubira Olad- _ALAD 2019 26
7
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) KEK Possible timeline in Japan

B The advisory panel in MEXT is now investing the revised plan of
the ILC. We expect to see some conclusion from the panel in a
few months timescale, which will be examined by the Science
Council of Japan (SCJ).

m |f the conclusion is favorable for pursuing the ILC in Japan, then
this year becomes a real critical time for realization of the ILC.

B [n parallel, discussions between the Japanese Government and
foreign partners are in progress beyond US-Japan.

Yasuhiro Okada, AFAD 2018 27



NS 2 A visit to Europe by a Japanese delegation

B A Japanese delegation consisting of Diet members, a
government official, representatives from the industrial sector,
and researchers visited Europe early January 2018 to discuss
cooperation on the ILC project.

m Several meetings were held in Paris, France (January 9-10)
and in Berlin, Germany (January 11).

B The meetings were quite successful in both countries. It was
agreed that we should continue discussions on the ILC at the
Diet/Parliament member level, the government official level,
the funding agency/laboratory level, and the researcher level.
The French (German) counterpart to Japanese representatives
at each level was identified at these meetings.

Yasuhiro Okada, AFAD 2018 28



ALCW2018 in Fukuoka, from May 28 to June 1

* Co-hosted by Kyushu-U, KEK, ACFA/AsiaHEP, and LCC

* Venue: Fukuoka International Congress Center
* http://www.marinemesse.or.jp/eng/congress/

* Located in the bay area close to the downtown, Fukuoka — Fukuoka o J
international airport, and Hakata station. y B

xR

e Registration will be open by mid February

ALCW2018 is the next in a series of regional linear collider workshops held around the world. The purpose of

the workshop is the continued development of the physics case, and the advancement of detector and
accelerator designs for a high energy linear electrenspeositroncotider.



http://www.marinemesse.or.jp/eng/congress/
https://agenda.linearcollider.org/event/7826/

m KEK has diverse science programs from particle and
nuclear physics to materials and life sciences based
on large accelerator facilities.

m |[n SuperKEKB/Belle Il, collision experiments are
about to begin aiming for discovery of new physics.

m KEK is also preparing for future. KEK is making
efforts to realize the ILC starting as a Higgs factory
with worldwide HEP communities.

Yasuhiro Okada, AFAD 2018 30



