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W* Production in pp Collisions
B Only Left-Handed Quark and Right-Handed Anti-

qgquark will contribute 4
B No Right-Handed Current Observed So far
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Polarized pp CoI||S|ons at 500 GeV!



The Sixth Workshop on Hadron Physws in

O Utl I n e China and Opportumtles in US

J-PARC as Intensity Frontier Faclility

Recovery from Accident

Physics
« Flavor Physics
« Strong Interaction

« Muon Physics
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# Completion of the Standard Model

‘\\ . >

Beginning of New Physics Era \

\

\

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

Why mass distributed this way?

Baryon number, Lepton number, Lepton
flavor violated?

What is Dark Matter, Dark Energy?
How we should understand the gravity:
Why our Universe is matter-dominant?
w IS super-symmetry real?

Dark Mo&&er

———————— -




Particle-Anti-Particle Symmetry right after .=~ &

Big-Bang !
Observation :1/10° Asymmetry
— Cosmic Microwave BG 1M, = (6.1j§) x1071°

— Nucleosynthesis n, =(2.6-62) %1071

CKM theory can explain ONLY ~ 10°%°
- need more asymmetry |
- need CP violation !

Three Conditions for BAU (1967 sakharov)
— Baryon # violation (ex.:proton decay)

—CP Violation :;;-r-%*f

— Out of equiliburium

Why No Antimatter?

ol

CPV



Flavor and Space-Time

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

1 a2 o2 1 0.2 0.008
Vowid| ~ | aggr 1 acur |~ n[:jgs n}:m U';M
1 . -

F—Theory Ut B, ~ gravity

zmatter

S.I'

Yukawa

\

0.97 0.23 0.004
Va2~ | 0.23 0.97 0.04
0.008 0.04 0.99

0.87 0.45 0.2
~ | 045 0.77 0.45

SU(5) 0.2 0.45 0.87
0.77—-0.86 0.50—-0.63 0—0.22
dim. | internal dim. feature VEiNs| ~ | 0.22—-0.56 0.44—0.73 0.57 — 0.80
10 6 = dim(Bs) gravity 0.21 —0.55 0.4—-0.71 0.59 —0.82
8 4 = dim(S) gauge fields
6 2 =dim(S NS matter F_th 5 .
0 =dim(S NS"NS") | interactions Jqu;rk ~ agoyr ~ 6 X 107

~ aqur ~ 4 X 102,
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Hydrogen nucleus

o

B Time  10-43 sec. 3 min. 300,000 yrs. 1 billion yrs.
= Temperature 108°C 10,000°C -200°C
2 | .
The cosmos A rapidly Still too hot Electrons Gravity makes
goes through qodhg to form into combine with hydrogen and
a superfast cosmos pbmﬁts: atoms, charged protons and helium gas
“inflalion,",. ¥ ol quarks to electrons and neutrons to form  coalesce to form
expanding fror electrons, e clump fnto protons prevent atoms, mostly the giant clouds
the size of an juarks and proionsand light from hydrogen and that will become
ne{mons shining: the helium. Light galaxies; smaller
;universe isa can finally clumps of gas
' superhot fog shine collapse to form
" e the first stars
_— N 5.
(q,’“ ,&3’; b .
;. &> i e
é""ﬁ . -‘. “., 'y c J ‘; .'-'b--n.
~—— ‘:.'}"‘\- _ [- - " -
? e T t:‘i :

15 billion yrs,
-270°C

As palaxies

clusler
tlapether under
gravity, the firsl
stars die and spoew
heavy clements
into space; these
will eventually
form intn new
stars and planets
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# Everything is composed of five

elements, which interacts through 6/'

# their changes tH4:
# their conflicts #H%l

# Ancient Chinese Natural
Philosophy A8 H [E 11 E
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L ear rom the past (ancient Greek Pilosoph) . .

The basm framework is identical; small number of elements interacts thru a
number of interaction to produce everything!

Our view is limited by what we can see, touch, and feel !

We need to extend our “sense” ; micro scope /ultra-sensitive devices

r———
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High Energy Frontier?
. new phenomena in the unprecedented
. energy region may provide an answer?
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Origin of Mass

R R R R R R R R R R RO

Origin of Universe

——

Unification of Forces

New Physics
Beyond the Standard Model

) 74 B Il Eal ™ Bl S~ W 4
TEAS

_ of New Ph

Proton Decay 8 7 Cosmic Particles

Cosmic Frontier

may provide a hint for
‘New Physics?

High Intens

———
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4 Measurement of position would disturb the

guantum state so that momentum measurement Ax . A p
would become inaccurate

# Time and Energy cannot be determined =™
simultaneously

# Energy conservation can
be violated if In a short
time interval
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% Beta decay of neutron to proton |
- 4% mediated by W boson

neutron mass ~ 1 GeV/c?

W boson mass ~ 80 GeV/c? SN —_—
- 4% Muon g-2 (anomalous magnetic moment) @
% measured value >the SM theory by 3

standard deviation --> possible explanation  .are1no-muon sneutrino |
Is NEW PHYSICS

muon mass ~ 0.1 GeV/c?
possible new physics scale ~ 1 TeV/c?
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BERKELEY CENTER ro
THEORETICAL PHYSIC

N uPower of Expedition .,

=% proton deay
» == Nneutrino

——" 7> quark.fiavor

- = === dark matter
—ee | H C

—> [evatron
S Tl i T
102 10* 10¢ 108 10 |0'2 |0'4 |0'6 |O'8
experimental reach [GeV]
(with significant simplifying assumptions)

Unified
Theories

courtesy Zoltan Ligeti
R —— a slide by
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~+ Neutrino #ﬁ\ '

Rep jon : 25 Hz

- -T1o Kamioka | ~ Design Power : 1 MW
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Main Ring

Max Energy : 30 GeV
Design Power for FX : 0.75 MW o
Expected Power for SX : > 0.1 MW
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Beam Power Expectation

Upgrade MR Power to 0.75 MW by high Repetition Rate

MR PS renew

——RCS fmwef High-rep rate
08 m— \[R power in/ex

Shield

] RF Core w/ hi
0.6

04

Beam power [MW]

02 |

0 g
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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the Accident at HD Experimental Hall
11:55 on May 23

* An abnormal proton beam was injected
to the gold target.

« The target heated up to a extraordinarily
high temperature.

 Radioactive material was released from
the target.

 The radioactive material was leaked into
the HD hall.
— Workers were exposed to radiation.

 The radioactive material was released to
the outside of the radiation controlled

area and to the environment outside of AV ,

the HD hall. S

=qold target

INSTR14

19



Origin of Matter :
Explored with High Intensity Proton Driver = J-PARC

Muon Fundamental Physics

~Flavor and CP are violated in the charged Leton sector? ~

Neutrino Experiment : T2K

~ Mixing Angle, CP phase, and Mass Hierarchy ~

‘ Origin of
Matter

Hadron Experiments

~ CP beyond CKM; Mass modification ~

Hadron properties in
Nuclear Matter

* Deeper understanding of Strong Int.
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Flavor Physics



T2K : Long Baseline Neutrino Experiment

SCIENCE FOR THE CURIOUS

Dlsovel‘

THE YEAR IN SCIENCE

Particle Finds
a New Identity

About 15 years ago, physicists discov-
ered that the neutrino, a subatomic
\\ particle, seems to be able to switch from

| one type, or flavor, to another while in flight. Last
" year, an international coalition called the Tokai

= to Kamioka (T2K)
collaboration pro-

danuary/February 20

Math and Physics

#7 Prime number puzzle cracked open ........ccceinininn 19 duced new evidence
#10 Stunning shape simplifies quantum equations .... 22 for this strange
— { #25 Untangling the riddle of entanglement ............... 38 <ot il
#37 Thirteen new answers to three-body problem ...... 46 MR w i£1 ights
~ | #66 Flavor-changing neutrinos .........cccuuaimeenin.. 69 90, i i SIg ‘ S
| #74 Meet superheavy ununNPentium ..........cccocecerinnennns 76 about why there is
— | #79 X-ray crystallography gets an assist ............ccccouenee. 81 more matter than

antimatter in the
universe,

| #93 Higgs boson confirmed ..., 88
| #98 Catching a pitch drop at last .......cccceeerieecicciaennes 91




V. Appearance at T2K Established 0,70

BAs of summer 2013, 28

f&\ 1_ 1 !...l' LA LI L EEELELEEELELERLY
electron appearance events & ¢ ]
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v, Disappearance at T2K Determined 0,3

BPublished in Phys.Rev.Lett. 112 (2014) 181801
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Hadron Hall in 2016

KT
2 - \. Strangeness

s~z Nuclear Physics

"
Hadron Physics £

g v o
AN
"

N

>

High Momentum
Beamline

Hadron Mass Shift kN ]
N\ JCOMET Beamline

mu-e Conversion Search
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J-PARC Step1 Experiment, E14 Rp —mwvp

® new beam line

imv/.{‘ 65 participants from Japan, US, Korea, Taiwan, Russia

® Moved and modified E391a detector

® (sl calorimetgr
—
to measure’” 7Y

®  background rejection:
hermetic extra-particle detection ( “ve

o : .
meIbAQ: ~ &Fermilab .7
waveform digitization o* \
pipeline readout o " 2716 ;
o’ Crystals' =

CCOS CCO6 BHPV

Im oy {m 2m 2m dm Sm Hm m S Um I iim
]

Csl Crystals (KTeV)
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Strong Interaction



Quark-Gluon Matter Physics

= 0
LQCH e Z Fﬂ; FA : + q“ (IB = m)uﬁ qf}

flavors

Simple Equation

Variety of
Emergent
P h enomena | : Duark—Gluon Plasma

Quark
confinement Earty Unsive,

hadron mass

ultra-high density
matter N v




Kaonlc Nuclel as UItra ngh DenS|ty Matter

NUG e Rt PR, o
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E19: Search for pentaquark, ©+,

byt p —> K X reaction ~2GeVic

= Exotic five quark state (qqqqq) 0 ii':;f Ejﬁ
c.f. meson(qqg), baryon(gqgq) u i :
A

ey i B |

m Existence/No existence is not establishe
» Positive results at low energy
LEPS, etc
» Negative results at high energy
» Acceptance is different . LEPS .vs.

(%]
wn
[=]

o
Q

Counts/MeV/c?
on
L]

= Very narrow width. Why 7

50
Search for ©* by hadronic reaction, AN W
:ﬂ:—p - K— H,+ channel with Liq. H2 ‘842 144 146 148 1.5 152 154 1.56 1.

Missing mass [Gsegﬂc}].6
high resolution of ~2MeV

hlgh Statlstl':s Df E‘EU FIG. 2. The missing mass spectrum and the background

shape for the = p

» K X reaction at the beam momentum
of 1.92 GeV /e, The black points with error bars are the exper-

_ _ ) _ ‘ imental data. The contribution of the simulated background
1 week {:l'ata—takmg with Tﬂ“fEID.'.I'Jr beam is indicated by red histogram.
based on KEK-ES522 result

Day—1 experiment:



P40: Xp scattering

K+ @ Momentum analysis by
spectrometers '

Earger repulswe core X
Origin of short range core LH2 target ~.
decay
scattering

§:+1) 1 | A P Tt
S0 qhanne E

Region2  Region S

repulsive

P e Cylindricai Fiber Tracker
(particle trajectory)

Ve (r)[MeV]

BGO Calorimete
(Kinetic energy)

2012710705
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New Activities



| Lepton and EDM Physics at Intensity

and more

ke Frontier Machine @ J-PARC

Search for Charged Lepton Flavor Mixing -
Charged Lepton Flavor Mixing and Origin of Matter {

\_

g—z 0.1 ppm

Precision Measurement of Anomalous

Magnetic Moment
Muon Precision Experiment to search for New Physics

“

and more
(1x10%Y-2%e cm)

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

Electric Dipole Moment' f

Time

Reversa. .n

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




Origin of EDM and CPV

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

Energy ,- -
fundamental CP—odd phases K
TeV In"quark sector
CPV
u d IN neutrino

QCD de ]

[C "qu] [ 0 ,dc; (Z/, 2% ]

/ \\\ y

nuclear
CSPTJ | [gnNN] neutron EDM
Y Y N \ oy
EDMs of EDMs of
atomic paramagnetic diamagnetic 35

atoms (T1) atoms (Hg)

S
e —




g-2, EDM and cLFV
Ml arge g-2 2 Large cLFV - Large EDM

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

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

1 adyr adir 0.2 0.008
F-Theory GUT B, ~gravity  |Vexum|~ | ador 1 acur | ~ 0. {14
3 / 1 0. 'D[IIB 0. D-';l
matter
S’ 0.97 0.23 0.004
Yukawa ~ | 023 097 0.04
0.008 0.04 0.99
S
0.87 0.45 0.2
\ Viunsl ~ | el Usp ot | ~ | 045 0.77 045
SU(5) u2 U, 4 0.2 0.45 0.87
0.77—0.86 0.50—-0.63 0-—0.22
dim. | internal dim. feature ~ | 0.22-0.56 0.44 —0.73 0.57— 0.80
10 6 = dim(Bj) gravity 0.21 —0.55 0.4—-0.71 0.59 —0.82
8 4 = dim(S) gauge fields
§ 2 =dim(S NS’ matter F_th 3 .
4 0 =dim(S NS"'NS") | interactions Jquark ~ agcyr ~ 6 X 10

~ aqur ~ 4 X 102




Muon g-2/EDM




“Final Report” of Anomalous MDM
BNL- E821 Experiment : Phys.Rev.D73:072003,2006.

Aa'"™ = q'P® a[isw = (295 = 88) x 1__()‘11

u uw
Prd o ohG
BMES821 at BNL-AGS a= [T~ ggz—vs
measured down to 0.7 2 mo

ppm for both [+ and - .

1[34 ' deviati (10 ppm) (34 °PM - CERN
HS. Sigma eviation (13 ppm) — |y B — CERN -
from the SM o, lem €821 (97)

: % 2 PPm [

BSM prediction OK? P ng; < o219 }
! m 1 .

BNew Physics? ' N+ Esay §8$> -

BNeed to explore further
Preferably by
NEW METHOD!
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SM Contribution to az0

BAnNny particle which couples to muon/photon
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Simulated “Wiggle Plot” for This Experiment

-

o
-—d
o

P, =100%

-h b
QO
® ©

TTOEF T TTITW T 1170 IIIHU|

[l Ill

decay e’ counts per i A
—
o
\‘

10*E

S T e |

10

S S N —

15

| SN N . S B

N.=15x10"
Aw,/w,=0.1 ppm

[ R N TN (O /8

20 25 30
Time modulo 5 T (33 [usec]))

Resonant Laser lonization of
Muonium (~106 [ 4s)

g
Asymmetry

x107°

o
&

0.3 x1
E d, = 2.0E-20 e.cm
0.2 u* 1E+13 events
0.1
_ ! o ,! i | i.ll
0 ] --:!||
.I"I I ﬁrﬂ
o1 i
0 22_ fit:d,=(2.1= 0.1DE-20 e.c [
"L %¥ndf=1.05
_I | | | | | | | | | | | | | | | | | | | | | | | .l-l | | | | | |
-0.% 5 10 15 20 30

Sec




Magic vs “New Magic”
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BNL, FNAL, and J-PARC

BBoth Fermilab and J-PARC intend to start
physics run around 2015

Table 1.1: Comparison of the previous experiment BNL-ES821, FNAL-E989, and this experiment.

BNL-E821 FNAL-E989 This Experiment
Muon momentum 3.09 GeV/e 0.3 GeV /e
vy 29.3 3
Polarization 100% > 90%
Storage field B=145T B=307T
Focusing field Electric Quad. very-weak magnetic
Cyclotron period 149 ns 7.4 ns
Anomalous spin precession period 4.37 us 2.11 ps
# of detected et 5.0x 107 1.8x 10! 1.5x1012
4 of detected e~ 3.6x 107 — -
Statistical precision 0.46 ppm 0.1 ppm 0.1 ppm

Spin Flipper |




u-e Conversion Experiments
COMET




N ..

~ What is mu-e conversion?

1s state In a muonic atom

| ——

l Muon Decay In Orbit

> eid

nuclear muon capture

[ (4,2) D+ (4.2 ])

Neutrino-less muon
nuclear capture
(=u-e conversion)

(D_|_(A,Z) > e _|_(A,Z)

lepton flavours
changes by one unit

* Epe~my-B,

— B, binding energy of the 1s muonic atom




mixing

W
Very Small (10>%)

large top-Yukawa coupling

mixing

€

B

Sensitive to new Physics
beyond the Standard Model
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If photonic contribution dominates,

B(uN — eN) GEmy,
B(p — ev) 06713
B(A, Z)

428

® for aluminum, about 1/390~0.003
® for titanium, about 1/230

x 3 x 10"*B(A, Z)
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SIN DHUM_” (PSI) Published Results {20{}4}
B(p~ +Au — e + Au) <7 x 10713

A et Baam solaroid F irmer drift chamber
B pold target G outer drift chamber

i - 1
C vacuum wall | superconducting coi Clazs 1 events: prompt forward removed
[ scintillator hodoscope | helium bath -
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MID simulation
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100

Clazs 2 events: prompt fonward

PSI| muon beam intensity ~ 107%/sec
beam from the PSI cyclotron. To eliminate JrHJr

1 fe T
beam related background from a beam, a : ‘f T Iﬁ ﬁ H J[ J[ L:T 1L J[
beam veto counter was placed. But, it | I N 1 S (O 1 .
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# Search for LFV process, u-e
conversion with a sensitivity of 1016

.~ # Utilize J-PARC Hi- Intensity proton &
beam g | Pion production target
= | ‘Muon stopping target
4 8GeV, TpA 5
=

# Innovative apparatus
# Pion collection

# Muon Transport

# Electron Spectrometer

Electron
Spectrometer
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SRS

COMET Hall & Beamline

D-magnet
L ambertson magnet

A-line

Branch for COMET and high-p is realized by normal dipole magnets.
(No simultaneous operation of COMET and other hadron-hall experiments)

—-—
-
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Detector Section

Pion Production Target ‘ ,#'J
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Collimator
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Proton Beam %, : _ ——-

u\"

Muon-Stopping Target

Pion-Decay and
Muon-Transport Section

COMET muon beam-line : COMET Phase-| detector -
(1~3)x10% muon/sec with 3kW About 10'® muons are stopped in
beam produced. The world highest the target. Electron from p-e
intensity. conversion will be measured




Summary

We investigate the origin of matter from various
aspects at J-PARC

J-PARC provides exciting opportunities in
Fundamental physics !

Physics Production Dt
We Invite young

Hadron & Nuclear Physics e
colleague to join our

Neutrino Physics challenges to explore

Kaon Rare Decays origin of the matter at
J-PARCI!!

Muon Physics
Including young at heart!

And more!



J-PARC Accelerators and Beam Extractions

40 milliseconds

600 nanoseconds > to MLF @ to Hadron Experimental Facility
g A — % A
S ‘ ‘ - Slow extraction
qé g ~ 6 seconds
g c R 3 >
£ . > ~ 2 seconds
3 Fast extraction = < - i

/ Time

to Neutrino Experim

~ 2 seconds

A 600 nanoseconds

Ty

Time structure of the proton beams

Number of protons

NSTR14 58




Nonorenzl Sezirr

« At around 11:55 on May 23, the power supply system of a
special magnet in the 50 GeV Synchrotron malfunctioned.

— 2x10%13 protons were extracted in a very short period of 5 milliseconds,
while in normal operation 3x1013 protons should have been slowly

extracted over 2 seconds.
Abnormal beam
Normal beam | T 250 times of peak
intensity

R
N

//
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c
O 4 e 4
O
= Ny
- 25
S 2 second 25 1/200 of a second
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Target Temperature (Simulation Results)

temperature
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COMET Collaboration

Proposal 2007
— 18 members from 3 countries

CDR 2009
— 48 members from 4 countries

Phase | Lol 2012

— 106 members from 11 countries
Phase | Proposal 2013

— 110 members from 11 countris

Phase | TDR 2013
— 131 members from 12 countries

Collaboration growth
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Intended Schedule

& liife Experir \ - 2015 | 2016 | 2017 | 2018
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g,-2 : 0.94 ppm (current) = 0.1 ppm (x5)
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¥

Construction

~100 collaborators from 8 countries
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90% C.L. upper limitis 7x10713 (SINDRUM)

S.E. BG events running

at aimed .
sensitivity sensitivity time (sec)

Year Comments

COMET Proposal
Phase-| ' (2012)

COMET CDR
Phase-I| - (2009)

J. Miller’s
talk at

SSP2012




2. Main causes of the radioactive material leakage
Stage 1: Delivery of abnormal beam

Record of a normal beam shot

Normal beam shot profile

| E Wmmhmmmmm oo

#297302

T

-05-

| Record of the abnormal beam shot profile

The abn._gfmal beam shot with EQ MPS

ol M

it [y o ol MG, ol s

T

T T T T | T T T T T T T T | T T T T | T T T T | T T T T |
a as 1 15 2 25
time

—_—

2014/7/23

The monitor display for beam extraction

Cause

A power supply for driving a magnet, which controls the
slow beam extraction, did not properly respond to the
control signal during the first fraction of a second in the
designated period of beam spill, and then it abruptly

brought a large current to the magnet.
» Operation of the accelerator was automatically

stopped upon detection of the malfunction of the

power supply and of signals from the beam loss
monitors.

« While the operation staff of the accelerator
misunderstood that it was due to a malfunction
of the fast extraction kicker, a large fraction of
the beam in fact was delivered to the hadron
target.

» The accelerator staff did not recognize the
Incident as one which led to any possibility of
partial melting of the gold target.

red line: intensity monitor for the circulating-beam
. beam spill monitor
green line: preset value for the EQ power supply
blue line: output current of the EQ power supply
. preset value for the RQ power supply
. output current of the RQ power supply
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sol. w/ cos 29, <0
excl. at CL>0 95

Partlcle Nuclear Phy3|cs at J-PARC
Strong Interaction
CP Violation = T-Violation
Quark and Lepton Sectors
Lepton Flavor Violation

xcluded area has CL >0.95

=Q0rigin of Matter
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Origin of Matter :
Explored with High Intensity Proton Driver

— Muon Fundamental Physics

~Flavor and CP are violated in the charged Leton sector? ~

Neutrino Experiment : T2K
~ Mixing Angle, CP phase, and Mass Hierarchy ~

BB TOAROY
DERLILERARD

 [eeper understanding of Strong Int.



= f‘ 0- 2/ED|\/| (0. 1ppm/10 21e cm)

- Ultra-Cold Muon Beam

- Off-Magic Momentum

Ultra-Precision Magnetic Field
g-2 and EDM Simultaneously !!
% 2/EDM \
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Search for muon to electron conversion
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Muon Physics at H-Line

3 GeV proton beam at 25 Hz




Operation plan of RCS/MR-FX: made after the earthquake
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J-PARC Power Expectation [MW]
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PRL109,132002 (2012)
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Proton driver in the KEKB tunnel
KEKB tunnel:

Circumference ~3 km
LS section 200 m x 4

6.4 GeV

Proton linac:
E =9 GeV

- 509 MHz, 5 cell (TRINSTAN)
E0=10 MV/m
Real estate grad. ~3.2 MeV/m
9005 L LD 2
F—7ic®ER?. 2AUE?

- 1.3 GHz, 9 cell (ILC)
E0=37.5 MV/m
Heal estate grad. 13.3MeV/m

1.3 GHz

BOOEBIETI-1.2 Gey, PIT0I,9cel

FO#, 3DOEKREET 9 GeV. y
#1F—2 1650 MHz rebuncher x 3 | R
2. 3P7—%1c1.3 GHz rebuncherx 3 1.2 GeV
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Hypernuclei ? T-viola-
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K meson

Implantation of
Kaon and the
nuclear shrinkage

K-
) Kol
Xray H Why are bound quarks haevier ?
Kaonic nucleus Mass without Mass Puzzle

Kaonic atom



