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 Multi-purpose research
facility with hi-intensity
proton.driver:
— Material and Life Science
— Particle and Nuclear Physics
— ADS R&D
* Jointly operated by two
organizations:
— KEK, and
— JAEA

* " For origin of
— Matter and Universe Proton
— Diversity of material and life

For loP-J-PARC Collaboration
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here did we come from? What are we?

ov Vene

¥

A NS »

Where do we go?

P. Gauguin 1897, Boston Museum

For loP-J-PARC Collaboration
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Timé 10-43 sec.
¥ Temperature
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1 billion yrs. 15 billion yrs,
-200°C -270°C

3 min. 300,000 yrs.
108°C 10,000°C

The cosmos A rapidly Still too hat Electrons Gravity makes As palaxies
goes through - qoo!lng to form into combine with hydrogen and cluster

a superfast o 2, cosmos permitlc atoms, charged protons and «  helium gas tapether under

“inflation,” 2 . quarlcs to electrons and neutrons to formt  coalesce to form gravily, the first
' clump fngo protons prevent atoms, mostly the giant clouds stars die and spew
prolonsand light from hydrogen and that will become heavy clements
. neutrons. shining: the helium. Light galaxies; smaller into space; these
5 * ‘universe is a can finally clumps of gas will eventually

‘superhot fog shine collapse to form form into new
! , the first stars stars and planets
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# Completion of the Standard Model

Beginning of New Physics Era

| 3% gen

Why 3W
Why CP violates? (particle-anti-particle
asymmetry)

Why mass distributed this way?

\L/ mown| | Baryon number, Lepton number, Lepton

_ “/ 2 Iwu Y T o Weak Forc flavor violated?
lepton | g f i é r; What is Dark Matter, Dark Energy?
: @ @ @ - Why our Universe is matter-dominant?
Weak boson

Is super-symmetry real?

x~100 heavier L s bosst



Matter = Remnant of 1/10° Asymmetry

Matter-Antimatter Asym.

CPV and Flavor Mixing
CPV beyond CKM
Role of muon as a charged Lepton

Bl Role of Strong Interaction
Pl Strangeness and Charm

Explored with SuberKEKB and LHCb

Explored with J-PARC/PSI/Fermilab Intense Beams

O ur Sta b | e WO rl d For loP-J-PARC Collaboration
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Uncover SUSY
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Hi-power Beams

for the Next Stage of Our Life

e Safety vent
PTC ~—S5S

Why no anti-matter? Our view is limited by
(matter and “anti-matter” are twin) “what we can feel and touch”
How a life emerged on the earth ? To elucidate the truth in the nature, we need
(Anthropology) “better eyes to investigate more fine structure
How the diversity of the matter and life emerged? more precisely with more sensitivity”
(What a beautiful world!)

Hi-power beams for the NEXT




A Quest for High Intensity

E N
f\ N A Design
: A‘ C Materials, Life ® Achieved
—_ 10 f\LEDA h ~ Science, ADS chieve
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Beam Kinetic EnergygEIA) GeruJ ,
FOr loP-J=PARC CollaBoration

Jie Wei/ Y. Yamazaki

High Intensity

High Statistics

More Precision

More Rare Searches
More Materials

v

Discovery!




Beam Power : Plan vs Reality

RCS ::1 MW achieved in Jan, 2015

MR::so far 0.38 MW for FX ; 0.9 MW reachable with new PS

........ m—— RCS power
0.8 _MR power

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

i MLF one shot R

@ MLF achieved
- (user operation)

04 _OF)( achieved
"""" ~ (user operation) ~

0.6

Beam power [MW]

0

12008 2009 2010 2011 2012 2013 2014 2015 2016 2017

For loP-J-PARC Collaboration JFY



J-PARC Main Ring (30 GeV) operates beyond 1 MW

1T T 5L

RF anode power supply upgrade
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e Elucidate Origin of Matter and Universe

* Explore Origin of Diversity in Matter and Life

— Neutrino Oscillation and its CPV search

— Charged Lepton and Quark Flavor studies and

CPV search
— Strong Interaction studies

— Neutron as penetrating and hydrogen sensitive

probe

* Energy materials (e.g.bettery), Life and soft matter

(e.g. proteins, polymer), Hard matter (e.g. super

conductor)
— Muon as a micro magnetic probe

/‘

neutron

* mSR, X-ray from muonic atom, muon micros~nn=

* Fundamental physics

— Industrial Application

» Synergetic use of SPring-8/PF and J-PARC, Si
Computer “Kei”

R&D for Nuclear Transmutation

muon

positron |

T —

atom

nuclei
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Accelerator Based Neutron Source in the World

ESS
“(Sweden)

20

B ¢
D

SIS, RA

(Uk) B '
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(dapan)
‘2008~
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World Highest Intensity of
18 Neutron Pulse Beam!

&

anced Mercury i~ < Sa

'} | 4.0

1,000 kW (Design)

500 kW

(2015.4)
1,400 kW
(Design)

J-PARC SNS ISIS

For loP-J-PARC Collaboration
Unit: 1072 n/(sr-pulse)







Neutron Instruments at MLF

NOBORU (JAEA)

SHRPD(KEK)

VIN_ROSE
(KEK, Kyoto Univ.)

Operation

AMATERAS
(JAEA)

I Operation | »

TAIKAN =

(JAEA)
Operation
Operation
SOFIA (KEK) SHARAKU
(JAEA)

Operation

ANNRI

(Tokyo Tech. U.,
JAEA,,
Hokkaido U.)

poLano | Construction |

5 : X RADEN

(JAEA)

3l

\ Operation

(Tohoku Univ,, KEK)

Operation

i -J-PARC Co
SENJU (JAEA)  TAKUMI (JAEA)

Operation

OVA
(NEDO, KEK)

Operation

IMATERIA
(Ibraki Pref..)

B The first neutron in May, 2008
B 23 Neutron Beam Ports

B From Fundamental Physics to
Industrial Uses

B Operation: 19 (Apr., 2015)
Construction/Commissioning:2

B Constructed by

-KEK
-JAEA
-Ibaraki Prefecture
-Universities, Institutes &
Government organizations...
B Yearly Operation Days
-~180
B Yearly Guest Number
=731 (2014)
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”Muon Beam

H-Line

S-Line

Superconducting
Transport
Solenoid
Magnet

to Neutron

3 GeV Proton beam Sgiirce

>

Muon target

MIC Solenoid Magnet

Superconducting
Curved Transport

Solenoid Magnet UpSironducting

Decay Solenoid

U-Line

For loP-J-PARC Collaboration

H-Line

3 GeV proton-beam at 25 Hz

e Large Acceptance Beamline

‘DeeMe g-2/EDM

Experiment to search for Measure spin precession precisely
n::o-eeomevdon inthe Parallel to Magnetic Field - g-2
CREEIATCE Orthogonal to Mag. Field > EDM

Fundamental Science
with a large scale
international coll.




Industrial Use of MLF blooming g@o

A.
« A new framework for material development using J-PARC was press-relessea o
Tokyo Motor Show by CEO of Sumitomo Rubber Industries.

s | FRILTIHEGRSN P#A+TsT PEBLADE PEngish  XFHAX AN bl K] 8% | BROALT

SUNZHRAR SUHREMRYT-/END REFS-RA RARA/AUT-EN0 L LUEER )

e,

SUhY hI—DE8 SUHKEARYY—ERD

E

roABRSY

For loP-J-PARC Collaboration P eyn
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Science Groups in MLF

resuator

* En glneé rmg Iv,taﬂtle’ria“l‘“( *

aliner

— Residual stress / Stru%,%gre sen:

* Muon Science (Y. Miyake
— Muon funda&ental science /

* Life Scienc

YA ~Fh  diostoigy | LUHOER | LUheHT— AUw-tRed

* Industrial Application
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 Thirteen press releases in 2016 ( five in 2015)
Solid electrolytes open doors to solid-state batteries
Hydride-ion conduction makes its first appearance
Development of whole-solid ceramics bettery with super-ion conductor

<
=

<
=

<
e

B8 B BA
M - M ‘

—

SIEI<Z
=y [= =

Discover abnormal behavior of "pathological condition" protein molecule [eading
to the development of Parkinson's disease

SEI coating that affects the characteristics of the battery ~.Develop method to
approach its identity

Observation of the quantum’'mechanical phaseiof the electronic:staterasaspin
motion for the first time using metal ferromagnetic material SrRuO,

Successful analysis of internal-behavior of charging /discharging lithium battery--
realized by non-destructive and real-time observation using neutron beam —

Discovering a new order.condition on high-pressure ice - Solving one of the five
unsolved problems of ice —

T2K:Experiment took the first step to elucidate neutrino's "CP Symmetry breaking”
Elucidation of the unique structure of ice containing large amounts of salt

Development:of high-speed texture measurement system of metallic materials by
neutron diffraction

And, two more

MERERIN-E oflabokation 2>

St

K

%D

lity

lokai)




Water in the inner-earth

Investigate the mystery of light elements in the early
history of the earth — hydrogen in the ferroic materials
probed by pulsed neutron beam at J-PARC

- U. Tokyo, U. Ehime, U. Okayama, JAEA, J-PARC

r core

Inner core 2.9 GPa,
364/GPa + > 5000 3C ?ma
329/GPa + 5000 °C &7
i XD fec-
FKD bcc
Mg(OD)
4.9 GPa. ul|
’ - __MJ__,V\_ Y 208 K| |k
- ¥ B,
DEALEELIZEKIEYIMg (OD) ,DBIKEIR T, 8540 MM.JJ,LLL |« k Y2 F | | snuaskk
beckB (BHR :298-802K) M ifectl (FR#R : 867-1000K) ~BERFE 9 T . . '
Sk Fard B\ 2—CDRREZE L, For loP-J-PARC Collaboratison L 15 20 25x10°

RITEFRE (usec)
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N ADS Test Facility for Nuclear Transmutation

TDR being developed for construction start in JFY 2018

i )

Reactor

- R . o] 3 = > N - . - 1 _— =~ .:.‘A
s 7‘. | Ly ’ vt 1] ,,.‘.;’-‘ - , -
| pes 4 | ‘_'}4“ l' = ‘-q
= b - "
Sub-critical > \ I Multi-purpose ]

' 2 Experimental Area §
&7 . N

Laser for e-
Strip

Proton Beam
P &

For loP-J-PARC Collaboration




Particle-Nuclear Physics explored at J-PARC

Search for CPV beyond CKM theory

I NAB2, LHCb at ¢
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Neutrino Mixing thru PMNS matrix
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% L EL
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b B i
T2K Exp_ NOvVA and more at

CPV in neutrin # Ferm
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» Kajita-san and Murayama-san
gave a lectures to 700 audienge Y TiEM

4

e 200 primary.and Junior-hi
students actively'involved

— “What is the origin of mass?”

* Neutrino is now recognized as the special
product beside sweet potato.

ﬁﬁﬁﬁﬁﬁ
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Lepton and EDM Physics at Intensity
Frontier Machine : J-PARC

Search for Charged Lepton Flavor Mixing
Charged Lepton Flavor Mixing and Origin of Matter Anomalous
Lepton Flavor Violation

EDM « Im(mﬂp) {
cLFV x Améﬂ + Am;é
g-2xRe(m;,)

\_

g—2 \ J

Precision Measurement of Anomalous

Magnetic Moment
Muon Precision Experiment to search for New Physics

-

mz  Amg;  Amg;
2 2
M=, = | Amz; m. Amm

T ue i

Am_, Amw it

- -
SUSY Mass Matrlx

LUEDM

Search for Electric Dipole Moment
Space-time Symmetry and Origin of Matter

+ D

Electric Dipole Moment

-

-
Search for Electric Dipole Moment \ I *
Space-time Symmetry and Origin of Matter . oot

-




“Final Report” from BNL E821
Ag‘eday) _ (Exp) _ (SM) _ (295 + 88) x 107!

H E821 at BNL-AGS
measured down to
0.7 ppm for both

-
)
Q
)
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w0
©
L
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116 591 000
S—-M Theory
116 592 000
116 593 000
116 594 000
116 595 000




SM Contribution to a#0

BAnNy particle which couples to muon/photon
would contribute : QED >> Hadron > Weak

/&\ * + higher order terms

'Y 'Y
11 658 470.57(.29) X 10 © é'_

a@éé& ™

692.4 {(6.2) X].O _101( 6)X 10 12(40] Xll)

W Y

e w w + higher order terms
a uw/ v n Wz u WO H \HM

74 +38.9 -19.4 < 0.1

1st + 2nd Order Weak = 15.i (&) X10 Courtesy Lee Robert:




John Ellis, March 14, 2016 (Nagoya)
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muon g-2/EDM

BNL E821 measured the muon g-2 with 0.54 ppm precision.
More than 3o deviation from the SM.

Muonium Production
K (300 K~ 25 meV=22.3 keV/c)

age Magnet
cision)

2 Super Precision Stor
g I % (3T, ~1ppm local pre:

N

Photos from G. Venanzoni,fP§ 2015

Higher precision with the magic  Completely different technique with
momentum technique established by ultra-cold muon beam
BNL ES21 (compact storage ring, spin flip)

* Independent test of BNL E821
Muon storage magnet was moved .
 TDR under review

from BNL. Now cooling down. * Also, prepares to measure Mu-HFS

Data taking expected in 20 - and /1, (MUSEUM exp).
Slide by Tsutomu MIBE
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Simulated “Wiggle Plot” for This Experiment
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Magic vs “New Magic”

B Complimentary!

=293

},ma gic

66 cm diameter




Off Magic Momentum?

B Tertiary Muon Beam

B Widely spread over phase space | —.-eiilen Slellehieldgeleiyinte
B Contamination of pion = Magic Momentum

; Electric Focusing

No Focusing
= Any Momentum

» TN S T, -
ey,

_5 BorloP-J=PARC Collaborati
S(p;) p, =10 ’ * <"10’cm spread over 10 km travel




The collaboration

« Collaborators

— Proposal (2009) 72
— Conceptual Design Report (2011) Q2
— Technical Design Report (2015) 1 36 (16 graduate students)

(27 also in COMET)

« 9 countries, 49 institutions

— Canada, China, Czech, France, Japan, Korea, Russia, UK, USA (in

alphabetical order)
J-PARC 2015.6

J-PARC 2014.9

-
by
)

sl
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KAIST (Korea) 2014.11
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Summary

In summary, this experiment intends to reach statistical uncertainties for muon g — 2 of 0.37 ppm and
for muon EDM of 1.3 x 10~2'¢ - cm, during an acquisition time of 2 x 107 seconds of high-quality data,
with a completely new experimental technique based on an ultra-cold muon beam and a compact
storage ring. We will show in this document that our current understanding of the available beam
power, the efficiency of the ultra-cold muon source, the muon acceleration, injection, and storage, and
decay detection, all indicate that this is achievable. The statistical reach in the quoted running time
is lower than we originally proposed. However, the g — 2 sensitivity, even at this level, should exceed
that of BNL E821 and provide an independent test of the three to four sigma discrepancy with the
Standard Model prediction. Moreover, it would reduce the existing upper limit for the muon EDM
by a factor of about 70. In the process of achieving these important goals, we would also be able to
identify and understand any systematic uncertainties that may have to be reduced before attaining
the final goal as originally proposed. In parallel, we will continue R&D, especially on the ultra-cold

Technical Design Report

for
the Measurement of the Muon Anomalous

Magnetic Moment g —2 and Electric muon source intensity, to further improve the sensitivity to the final goal of 0.1 ppm for g — 2
Dipole Moment at J-PARC ’ ' '

 TDR describes a technical design to
achieve measurement of muon g-2 and
EDM beyond BNL E821 precision.
BNL ES21 J-PARC E34
g-2: 0.46 ppm - 0.37 ppm (=20.1ppm)
EDM: 0.9 x 10° ecm = 1.3 x10%' ecm

e Discussions with the lab and PAC

May 15, 2015

prepared by 136 authors (IPNS,IMSS) are in progress.

For loP-J-PARC Collaboration



Surface muPns

3x108/sec IVIu production
y target

\

E T L L L L

Laser N\
122nm, 35!‘nm

3 I:> p (SS)UItra-cold

|
i
: 9x105/sec

y 4 ;

(Iaser-ablated S|I|ca aerogel)

o
%

<a8:>f

Surface muons

double pulses
(0.6 ps interval,25Hz)

o . 4]
G. Beer et al., Prog.Theor.Exp.Phys. (2014)091C01

t=-040us
“ ' Laser timing
:[ 3 12000F
g / \s(surfac:e u—~> Mu) = 3.8E-3
_E; 8000 [ \,
g coooF / N Simulation
S - / \ in J-PARC condition
8 4000} ~
s - /
‘c 2000
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-1 05 0 0.§ (cm} Time (us)
For loP-J-P, Cojboration Elapsed time
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Ultra-cold Muon Beam at H-line

Design of H-line and the muon acceleration test

Bending Beam - Injtia]
Solenoid 13
Magnet Blocker Q—magnet dacce|!




NLPARCMLE .0
Design of H-line and the mu KR

/ PTEP-103C01 (2013)

“ , / y
Y/ . S 5 G

] Mu productlon target test

(gl B ‘ Ve

Mmm mrad)

Bending pemmrd ey - A ial IS Beam
magnet [ o _ ¥ A ¥ . [ ‘RE ¢ seama R Ofile
VE 3 & . 2 b J il ' : Monitor

M. Otani et al., Phys. Rev. Accel.
Beams 19, 040101 (2016)
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World First Muon Acceleration to 200 MeV

5.6 keV 0.34 MeV 5.1 MeV 42.3 MeV 200 MeV
$=0.01 $=0.08 B=0.3 B=0.7 $=0.94
l Bunching Sectionl Low-[3 l Middle-3 l High-3
RFQ Interdigita-H DAW Disk loaded structure
(324 MHz) (324 MHz) (1300 MHz) (1300 MHz)
s High capture High shunt External coupling High gradient
efficiency impedance structure for Middle-p (4 structures)

200 Me

Bunching Hioh hunt imped External coupling Similar to electron
Section igh huntimpedance g cture for low-p accelerator to obtain
M. Otani et al., Phys. |R&v.FAc€elo!laboration high gradient.

Beams 19, 040101 (2016)



Horizontal injection + kicker 3D spiral injection + kicker

(BNL E821, FNAL E989) (J-PARC E34)
Inflector Slide by Lee Roberts \)j\oe'é‘(\
7 7 (1 45T) 4 Upper plate tunr‘el g
7 Injection orbit (pure iron) y
Pole tip (pure iron)
sssS
" : — Return yoke
Stqrage I\KAIg'(;lejlre S‘ (pure iron,
R=711.2cm cylindrical shap
oo ~
Main coil
B:di=0.1 Tm
Electric Quadrupoles
Injection efficiency : 3-5%(*) Injection efficiency : ~90%

(*) PRD73,072003 (2006) ﬁ pap(?r was submitted to NIMA in Oct 2015
y H. linuma et al.



B-field uniformity
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m‘gg SR ..." (. (I :I (I (| I: Il
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azimuthal position [deg]

After shimming

B(uT)

0 6 i card s . -v.-! ""’ S 4;

Y 0
5 .‘_ ‘ ‘(v,
7 A

' ﬁ"&:
77N

ll’
</

;Ezé- %5 0.5 ppm
&

axij '
r=140 mm ' positj,,

P-J-PARC Collakgratlon .

Submitted to IEEE Transactions of Appfi%cf Superconductivity, by K. Sasaki et al. (2016)



Muon storage magnet and detector

Cryogenics

Muon storage orbit

e+ tracking
detector

Table 1.2: Specification of the storage field.

specifications

field strength

field uniformity  locally
integral

uniform region radius
height

3T

< 1 ppm

< 0.1 ppm
33.3£t 1.5 cm
+ 5.0 cm

For loP-J-PARC Collabor

006¢



Construction of Silicon strip tracker in progress
(Kyushu Univ./KEK-IPNS)
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J-PARC: Next 5 Years

| - Achieve Design Intensity
*More Science Outputs
“Explore Intensity Frontier

Accelerator

*RCS:1 MW achieved

MR 0.75 MW~> 1.3 MW 4
Explore Multi- MW P055|b|I|ty |

Neutrino

" Established non-zero 0
*Constrain CPV. Hierachy?
* Prepare next gen. of EXp.

Hadron N &
* Restarted Phy5|cs Production
Hyp@cl/hadron physics,
K-rare decays

*Complete new beam line for

I -

.| Staged R&D approach from

ADS (Acc. Drlven System)

ADS Target Test Facility to |
Transmutation Exp. Facility I

MLF ‘ Stability and Intensity

*Neutron and Muon: Diverse
Material and Life Science

COMET/Hi-p BL and I°t resti!ts

Enhance Industrial Usage
*New beam lines to extend
Science Frontier (g-
2/EDM/HFS/DeeMe)




Domestic University

2016
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D A T E

radiate.fnal.gov

High Intensity Accelerator requires investigation of
radiation damage of target and beam window

= RaDIATE: an internat’l collab. of scientists and engineers
from acc. and reactor facilities to solve the problems

= J-PARC has joined the team since 2014. MOU is in

preparation.

2= Fermilab EO%TS

g Science & Technology nnoomm

Facilities Council AL LABORAT

A
Pacific Northwest - Los Alamos
AAAAAAAAAAAAAAAAAA
.
Ve (4 %\ '\ EUROPEAN
(€55 ) o
FRIB -
OAK Ciemat
R]I)Gl Centro de Investigaciones
,,,,,,,,,,,,,,,,,,,, Energéticas, Medioambientales
y Tecnologicas
20167x.. (FE)

° ;, NuMI graphite broken target NS ——
Argonne £ o¥ PostimadiaienSxamingtion (PIE) BNL (2017 February ~)
gonn ') at PNNL: Swelling effect observed y

AAAAAAAAAA
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J-PARC is a mUItu pwmw,. 30il]
high- lnten5|ty/pf2§§q o

— Particle and N,Qelear Bﬁ W

— Material and lrlfé Sc@'@ % _~ W
" / pm ,»p\ INT N

— R&D for nuclear*’t‘rthmutatiq %\ “,

 High power sCenano is r‘eflned vxéd n
REAL DATA : MR 0.75 N 2 113 Mw

o Multi- IVIW proposals are. belng;de\&e|09w :
~* We invite YOUNG sélentlsts to'share more

| : !
excitements! Including Young at Heart!

e ————e . P T 900 909090 =

-
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BERKELEY CENTER fo
THEORETICAL PHYSIC

Power of Expedition

» ==3 neutrino

» - » quark flavor
—~=-===» dark matter
gl g

» [evatron

P T T T R R P [ [ Y A R
102 10* 106 108 10 |02 |04 |O'6 |O'S
experimental reach [GeV]

(with significant simplifying assumptions)

Unified
Theories

courtesy Zoltan Ligeti
R —
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o

y L Ngp | Strangeness
#2% ~=| Nuclear Physics
e ,.:'; : '. Ty r;:,‘

Hadron Physics :

fr?® N 0]
o . e < 77
TR
s el K Rare Decay
) I‘; ,d"’/ . .
< A b : (CP violation)
\<<j¢g,~ /’_;» o _',‘:_:..,-.,' >S50 £z = ”T
% Ay —

&
(=]
N

High Momentum |
Beamline |

Hadron Mass Shift k "
\»” |COMET Beamline

atctot




Hi-Intensity P-driver
l1 MW class

-3:GeV RCS, 1 Mw i
&Gev MR , 750 kW

.‘7




Particle Dipole Moments

B Magnetic and Electric Dipole Moments are
related to Spin of the Particle: axial vector T

r
Fn=g( > )E d = h( d )r " "
2mc /) -

'2JfH Flt] [

= MDI\/I (Magnetic Dipole Moment)

| Contains contributions from = -
|ALL PHYSICS! |
~ |- EW, QCD, and New Physics
- | = precision test of the SM
.~ | = the most precise

determination of agy from | SEEIRi

| electron g-2 (0.37 ppb)

‘.




KEK-wide contributions

Muon source
~_ Beamline design, Muon LINAC
construction, Detector

and operation
#8 Infrastructure

Muon LINAC design ' i
Beam Injection Storage magnet
; ' Field measurement

i
i

1
E

Muon LINA

A\

pr! Lnf

Detector mechanical
support, cooling
Precision alignment




Expected impacts to the Lab (and communities)

Nucloar Stures (e | TheoryCenter |
Nuclear Studies (IPNS}—

muon
microscope

| muon
acceleration
technologies

Established BSM evidence
(or limit)

rrecise dSivi preaiction

-

Muon LINAC

~

‘\ Storage magnet

Technologies for
high-precision
engineering

SUPPUI L, LOUIITIE
Precision alignment




Direct Access to J-PARC

-----

Local community fully
understands the need

Nuclear security is also
compromised due to many open
users who would just go through
JAEA campus to go to J-PARC
Discussion with Tokai Villageis £
resumed Y
Funding is an issue. = 28
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J- PAFC is |mpr0\ung operatlon efﬂuenc@
- -‘.:?NILF is recovered from neutron target troubl W‘
éepmg th@/d lor Hesearch Complex,

~ — Weintend to bring MLF power towardsgl
L3 efﬁaency > 90% ; Muon will be benefite

" MR needs improvements -

. H|gh power frontl)Miurther explored
— MLF would reach 600 kW in a year ing form the next summe
— MR-FX reached 470 kW! SX wi 50 kW soon.
— Targetry will be carefully st

e Limits of our progress v

— Budget .

. Operation“d (KEK si
* Upgrade (MR=new PS; MLF-
ADS R&D -> TEF constructlon s

a-l:uiOrganlzatlonaI %

: l?n search atmosphere : Direct Access Road - . .,
: ore un eration of MLF by JAEA / -- /4 \

* Stronger ties with Universities / O ituti dffstriesy P et 77
form more results and fosteri on W | = e

produce the

ity where the

|Hi-Power Beams for the next stage of our life! [...,,.

Y]




# of User Visits

MRS
8056\ B More than 160, 000 person*days

ML F About 50% international
g =3 Almost recovered from Earthquake and Accident

NnEay ENESE SUMF ENFOY EZa—pM)/
33,938 A H

115 170

947

Earthquake . I |m Accident
- |999|
=all H'| H |
5 | 112
Jsos
21
840

ml o J‘mrr

969 § 936 367
529 | 633

12 13|46 79 1012 13 |46 79 1012 1-3| 46 79 1012 13 |46 79 10-12 13 (46 79 1012 1-3| 46 75 1012 13
H20 H21 H22 H23 H24 H25 H26

SH20.1212 8 A . H21.1~H27. 3R 12 & MM 0 A gy © 0 00" As of March 31, 2016
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muon-to-electron conversion search

FNAL mu2e J-PARC COMET
° EprotonngeV 8 kW beam * Eproton =-8-GTEV, 3.2-56kW beam
— Sensitivity < 106 @ 90% C.L ~ censitvity @90 % ¢.L
y o L.L. — Phase I: < 10-14 (3.2kW)

* S-shape solenoid to transport and — Phase II: <10°(56kW)

momentum-separate muons * U-shape solenoid to transport and

momentum-separate muons in Phase |
* Ground-breaking in Apr.2015 — Additional U-shape solenoid in Phase |I
e Detector & beamline * Building const. completed in 2015
S : * Data taking (Phase-l) expected in
commissioning scheduled in 2020 2018-2019g( ) exp

production solenoid transport solenoid detector solenoid

proton beam po—

curved solenoid installation




Updates on g-2, cLFV, and EDM

B P. Paradisi s NP Proc. Volumes 248-250, March-May 2014, Pages 8-12

-
o

BR (1L — ey)

10

10 10 i '

b
¥
B R

10

10

8

10 10 10

Aa
For loP-J-PARC Collaboration u




g-2, EDM and cLFV
BLarge g-2 - Large cLFV - Large EDM

G. Isidori, F. Mescia, P. Paradisi, and D. J. Hisano, Nagai, Paradisi
Temes, PRD 75 (2007) 115019

p—y
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Muon magnetic moment

B Magnetic moment and spin can be related as

I e r m magnetic moment
i Ol e s : spin
. gyromagnetic ratio
B Dirac equation predicts g=2 _ a=0
eh O o=1.2¢-3 fore, |1, ..
JTRELY a)( Zm) ) a=1.8 for proton

B Radiative corrections (including NEW
PHYSICS) would make g#2 220

4

2 2
m,, m
( o ) =~ 40’000 Eﬁ—}PAﬁC%?IQboration

My,

e



SM Contribution to a#0

B Any particle which couples to muon/photon
would contribute : QED >> Hadron > Weak

<1 2 x 103 (o~1ppb)

11 658 470.57(.29) X 10~ '°

A A i \_: /4~69x10 (cs~041ppm) :

692.4 (6.2) XIO _101( 6) X 10 12 (4.0 )(1[)

W Y |

= ﬁ( /f&\ /5 ~1.5 x 10%(5~0.02ppm)
L M u U Z p M H : R———

¢ +38.9 ~19.4 <01 ° ' o

AT F
1st + 2nd Order Weak = 15.i (4) X10 From Lee Roberts




Updates on the SM Prediction

B Anomaly still alive!

Summary: Standard MOd |IIIIIIIII|IIII IIIIIIIIIIIIIIlIIIIIIIII IIIIIIII

QED contribution 11 658 471.808 (0. 1MNT (06) Baa
EW contribution 15.4 (0.2) JN (09) '_._' ,
2 Hadronic contribution Davier et al, 7 (10) H_'
LO hadronic 694.9 (4.3 Davieretal e’e (10) H—' |
NLO hadronic ~0.8(0.1) J8(11) o e
light-by-light 10.5 (2.6) HLMNT (10) ,
Theory TOTAL 11 659 182.8 (4.9° HLMNT (11) i
Experiment 11 659 208.9 (6.3~ experiment """" """" """"" """"
Exp — Theory 26.1 (8.0) BNL '_H
(Number BNL (new from shift in A) l—*—'
n.b.: hadronic contributions: bbb b oo bonc Lo Loeoibe

LO a, x 10" — 11659000
“/i #QN.QP ﬂaﬁﬁﬁﬁﬁbomyon had.
had

D. Nomura (Tohoku U) Updates on the SM value of muon g — 2 June 29, 2011




Technically-driven schedule and cost

Assumption : Major construction fund becomes available in JFY201X

Installation  fabrication construction comissioning . physics run
Calendar Year CY201X I CY201X+1 CY201X+2 I CY201X+3 CY201X+4 CY201X+5
Japanese Fiscal Year JFY201X JFY201X+1 JFY201X+2 JFY201X+3 JFY201X+4 JFY201X+5
Month F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4 F1 F2 F3 F4

Beamline & Facility

12.7 Oku

Muon Source

3.3 Oku

Laser

1

Accelerator

7.9 Oku

High Precision Magnet
17.0 Oku

Kicker System

1

Beam Transport

1.0 Oku

Detector

4.3 Oku

(1.5 Oku secured

by Grant-in-aids)

Data taking
(3.8 Oku) €

Operation cost

Unit: Oku (108) yen




BACKUP



;e Search for Lepton Flavor Violation using
J-PARC high-intensity pulsed muon beam
the COMET Experiment

* International collaboration composed of
175 researchers of 33 institutes (including
JINR) from 15 countries

e Search for the p-e conversion process
violating lepton flavor number
conservation

— < 10 sensitivity in Phase | (2018-2021)
— < 10 ' sensitivity in Phase Il ( 2022 - )
— Current upper limit: 7x1013
»  Georgian contribution in Calorimeter, Cosmi
. . ray veto, tracklng & <) ) |
Sl Thilisi State University,
G”eorglan Tt-:'fhnlc | U‘nlverQy

Detector sclencid

femcs ; 3
fleae ‘ " S o - 2

nY ‘... = =
" ¥

S ?l_ <o
€oi_bona't|on, B ”"—-

e O 4hq§ted~by‘f5ﬂr§:r$taiﬁe UﬂlveF;LtT




Flavor and Space-Time

J.J. Heckman, C.Vafa, Phys.Lett. B694 (2011) 482-484

BCPV and Flavor Structure can be explained
from higher dimensions / higher energies?

1 adpr ador ( 1 02 0.008>

F-Theory GUT B.~graviy  [Vératl~ | ofor 1 acur 02 1 0.04
3 52 0.008 0.04 1

CYGUT CYGUT ].

zmatter

SI
obs

Yukawa |VCKM ~
4

\ /
S
N=1 \/ ‘S\U(S)

0.23 0.97 0.04

0.97 0.23 0.004
0.008 0.04 0.99

|

1/4 1/2

Ui  agur Qo (0.87 0.45 0.2)

F—th 4 1
Veuns| ~ a'gUT Uu4 adur 06425 812 8;3
. 49 .

1/2 1/
acpr cur Urs

0.77—-0.86 0.50—-0.63 0-—0.22

dim. [ internal dim. feature | VERYiNs| ~ | 0.22—0.56 0.44 —0.73 0.57 — 0.80
10 6 = dim(Bj) gravity . 0.21-0.55 04-0.71 0.59—0.82
8 4 = dim(95) gauge fields 4
6 2 =dim(S NS’ matter

F—th 3 , —5
4 0 =dim(SNS"NS") | interactions "]quark ~ XauT ~ 6 x 10

F—th
']1

epton

~ aqur ~ 4 X 1072,




Just a Dream of

”
an Experimentalist g
HBElucidate the relation btw flavour and“ .
space-time structure ==l N N @& @
HParticle, Force, and Space-tn:ﬂ1e Standard Model ,
EComments at the 2" WS on Particle ;= 71 ¢ 2%

Physics of Dark Universe ,
http://kds.kek.jp/conferenceTimeTable.py?confld=11916#20130404. detalled

5

B “Certainly flavor physics could provide some - &

-
Ol 2

-

constraints'for- compactification ... but not
enough’

B “Need to combine accelerator based results
and gravity, cosmology”

B L NN, Y o




High Intensity Proton Facilities
H1 MW class - Multi-MW potential
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B-field shimming test with a medical MRI
magnet (1.7 T) atJ PARC 'y

/A

Sh|m tray




Muon acceleration test

 World first muon accelerator!

) v SAE T W
Ao *
MLF MUSE H-line £ XSy $
Pl el g i) S T NS W4 P T% acceleration part ¥
Surface muon transport R E=4MeV E=25meV E=340keV |
~ S 1 - 1 =B e e = ST "
I - r—tan T T e
: : ]
\ installed '\ to beiinstalled in FY2016 L of this par |X

,\Reainstallatic

monitor

MCP + i

phosphor m | ccD
O\ B |camera

3 !

Mu/Mu- production
| Electro-static accel.

=

llaborati

ransport line’ ¥ shield will make this possible.







Industrial Use of MLF blooming g@o

A.
« A new framework for material development using J-PARC was press-relessea o
Tokyo Motor Show by CEO of Sumitomo Rubber Industries.

s | FRILTIHEGRSN P#A+TsT PEBLADE PEngish  XFHAX AN bl K] 8% | BROALT

SUNZHRAR SUHREMRYT-/END REFS-RA RARA/AUT-EN0 L LUEER )

e,

SUhY hI—DE8 SUHKEARYY—ERD

E

roABRSY

For loP-J-PARC Collaboration P eyn
@re7hs4¥)




3 GeV proton beam
( 333 uA)

-(G‘r’é’iﬂbfﬁite target
*M (20 mm)

2 ' Surface muon beam
s (28 MeV/c, 4x10%/s)

Muonium Production

Silicon Tracker

Super Precision Magnetic Field =
(3T, ~1ppm local precision)

Resonant Laser | ; ization of
Muonium (~10° ut/s)




Measured in g-2 experiment
B “Inclusive” precession frequency
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Origin of EDM

M.Pospelov and A.Ritz, Ann.Phys. 318 (2005) 119
Energy '

A

TeV ——

fundamental CP—odd phases

QCD —— [ 0 ,dg C?q, w ]

[ qu’cqq ]
. I R
N\ 1 ~
\ ! RN
\ [ t g
nuclear —— N l
[ Cspr J N : [ 8t NN ] neutron EDM
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g-2, EDM and cLFV
M Large g-2 - Large cLFV - Large EDM

G. Isidori, F. Mescia, P. Paradisi, and J. Hisano, Nagai, Paradisi
D. Temes, PRD 75 (2007) 115019
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A Large Muon EDM from Flavor?

Gudrun Hiller, (CERN & Dortmund U.) , Katri Huitu, Timo Ruppell, (Helsinki U. & Helsinki Inst. of Phys.) , Jari

Laamanen, (Nijmegen U.) . e-Print: arXiv:1008.5091 [hep-ph]

H Muon EDM is enhanced due to LFV

21
107 F 1072 (superflavor) = =« 3
10‘;1—'
'€10'22 % —_
g .
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\110'23 - ~
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102 -
/
l..11111lnlnl..1111.11;.111111;1[1.1
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Parameter to describe the Flavor mixing in the Slepton sector
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Muon g-2 in the LHC era

Form Fermilab proposal “New g-2”
H Even the first - '\'i'ﬁlﬁémé | I/l o
SUSY discovery 20| | aon
‘was made at LHC, 3 \

> 4 6 8 10 12 14 16 18 20
tan g



LHC Results and Muon Physics

B Large tanp?

BR(/_[.—a»e"}f) X 10“ tan 3 = 10

'(L\.’ pn =0, .“n: 0
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LHC Excluding “Hinted region”

B Precision frontier has its own value
B Connection with other physics is also important
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3 GeV proton beg
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New Muon g-2/EDM Experiment at
J-PARC with Ultra-Cold Muon Beam




BNL, FNAL, and J-PARC

B complimentary

Muon momentum 3.09 GeV/c 0.3 GeV/c

gamma 29.3 3
Storage field B=145T

Focusing field Electric quad

# of detected u+

5.0E9 1.8E11
decays

# of detected p-

3.6E9
decays

Precision (stat) For(pRG-PRR§ Collaborgiion ppm




Muon Physics at H-Line

3 GeV proton beam at 25 Hz

— .
\w’\q

DeeMe g-2/ EDN g

Experiment to search for Measure spin precession precisely
n:li’r:aio'::frzon 11 s Parallel to Magnetic Field 2 g-2
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For loP-J-PARC Collaboration
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Mu Target R&D S-1249

preliminary conclusions and outlook

B Experimental apparatus with
MCP(new!) worked very well.

T Mibe

Silica aerogel (27mg/cm

i Decay posutlon ai- 0~0 5 psec
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Laser R&D and lonization Test

N.F. Saito, O. Louchev, S. Wada, K. Yokoyama, K. Ishida, M. Iwasaki, P. Bakule,

D. Tomono Wy q =20, = W
B Laser Development at RIKEN (x100)  ® Lyman-a Generation in Kr
H Omega-1 Kr 4p55p
® Fiber Laser System \// @, : 840 nm
B Solid State Amplifier / @4 :212.55 nm
' ber
Wy - 12209 nm
@4 :212.55 nm Muon Lyman o
‘ 100 pJ
er Wr AnB

New setup to measure 122nm
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To be ready for Beam time
Lin October
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