
IL NUOVO CIMENTO Vol. ?, N. ? ?
J-PARC Kaon and Muon ProgramsS. Mihara(1)(1) KEK, High Energy A

elerator Resear
h Organization - 1{1 Oho, Tsukuba, Japan

Summary.| J-PARC has re
ently 
ommen
ed operations. A variety of programsin parti
le and nu
lear physi
s are planned to be 
ondu
ted here. Among these, thekaon and muon programs are introdu
ed in this presentation.PACS 11.30.Hv { Flavor symmetries.PACS 14.40.Df { Strange mesons.PACS 14.60.Ef { Muons.
1. { Introdu
tionThe J-PARC, Japan Proton A

eleration Resear
h Complex (J-PARC) is a jointproje
t between the Japan Atomi
 Energy Agen
y (JAEA) and the High Energy A
-
elerator Resear
h Organization (KEK) and is a new and ex
iting a

elerator resear
hfa
ility. The ultimate goal of the proje
t is to generate a megawatt-
lass high-powerproton beam at both 3 GeV and 30 GeV. In this fa
ility, various types of se
ondaryparti
les su
h as neutrons, muons, kaons, and neutrinos are produ
ed in proton-nu
leusrea
tions for use in materials and life s
ien
e experiments as well as parti
le and nu
learphysi
s experiments.J-PARC is 
omposed of three a

elerators, as illustrated in Fig. 1. The lina
 a
-
elerates the beam (H�) up to 181 MeV. Then, the beam is transferred to the RapidCy
le Syn
hrotron (RCS), a booster after passing through a foil to strip the H� beamof ele
trons. In the RCS, the proton beam is a

elerated to 3 GeV and extra
ted by fastki
kers to the Material Life S
ien
e Fa
ility (MLF), an experiment fa
ility where muonsand neutrons are produ
ed on graphite and mer
ury targets.Part of the proton beam a

elerated in the RCS is transfered to the Main Ring(MR), another syn
hrotron.The MR a

elerates the beam to 30 GeV and supplies it to aneutrino fa
ility by fast extra
tion using a series of ki
kers and to a parti
le and nu
learphysi
s fa
ility by slow extra
tion using ele
trostati
 septa and septum magnets.From 2008, J-PARC began produ
ing four di�erent types of se
ondary beams ons
hedule. The �rst was the neutron beam in May 2008 and the se
ond was the muonbeam in September 2008 at the MLF. Kaon beam produ
tion was su

essfully 
arried outin May 2009 by using a proton beam extra
ted from the MR. Neutrino produ
tion was
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Fig. 1. { J-PARC a

eleratorsthen 
on�rmed in April 2009 by using the MR proton beam. Currently, the a

eleratorgroup is attempting to improve the beam power while minimizing the beam loss; thisshould lead to less diÆ
ulty in ma
hine maintenan
e in the future.The a
hieved beam powers are listed in Table I. Fig. 2 shows the expe
ted beampower improvement. It is planned to upgrade the lina
 to a

elerate H� up to 400 MeVin 2013, thus enabling a further improvement in the beam power in both the RCS andthe MR.As already mentioned above, two extra
tion methods are used at the MR. One isthe fast extra
tion method that supplies the proton beam all at on
e to the neutrinoexperiment (T2K) without destroying the bun
h stru
ture ne
essary for beam a

elera-tion. The other is the slow extra
tion method that supplies the proton beam to produ
ese
ondary parti
les other than neutrinos. In this extra
tion mode, a part of the beamTable I. { J-PARC beam power as of February 2010A

elerator Energy Power Proposed ExperimentsLina
 181 MeV 113 kW neutron EDMRCS 3 GeV 120{300 kW muon/neutron physi
s experimentsMR Fast Extra
tion 30 GeV 50{100 kW neutrino programMR Slow Extra
tion 30 GeV 1.6 kW se
ondary beam experiments
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Fig. 2. { Expe
ted beam power improvement of J-PARCin the MR is extra
ted turn-by-turn in order to suppress event overlap in the experi-ments. Most of the experiments 
arried out using this extra
tion mode require a beamwith a 
attened time stru
ture. Due to this, the a

eleration RF is swit
hed o� duringbeam extra
tion. An ex
eption is the �-e 
onversion sear
h experiment that is des
ribedlater. This experiment requires a slowly extra
ted proton beam without destroying thebun
h stru
ture in the MR. This method is 
alled bun
hed-slow extra
tion. The fastand normal slow extra
tions have already been tested and their performan
e is beingimproved, whereas the bun
hed-slow extra
tion for the �-e 
onversion experiment needsto be proved operationally.2. { Kaon programsTwo parti
le physi
s experiments using the kaon beam have 
urrently been proposedat J-PARC. One is the TREK experiment to measure the T-violating muon PT in K+ !�0�+�� de
ays, and the other is the KOTO experiment to study KL ! �0��� de
ays.2.1. TREK . { Time-Reversal violation Experiment with Kaons (TREK) aims to mea-sure a T-odd K+ de
ay parameter, the transverse muon polarization PT in K+ !�0�+��(K�3) de
ays, with a sensitivity of 10�4 [1℄, where PT is de�ned asPT = �� � (p�0;
 � p�+)j(p�0;
 � p�+)j :



4 S. MIHARA

0
 

.
 

5 1
 

 
 

M

C
 

r
 

y
 

o
 

s
 

t
 

a
 

t

Iron Pole

L
 

e
 

a
 

d
 

 

S

 

h

 

i

 

e

 

l

 

d

+

C
 

2

C
 

3

C
 

4

T
 

O
 

F

M
 

u
 

o
 

n
 

 
 

D
 

e
 

g
 

r
 

a
 

d
 

e
 

r

M
 

u
 

o
 

n
 

 
 

S
 

t
 

o
 

p
 

p
 

e
 

r

e+ 
 

C
 

o
 

u
 

n
 

t
 

e
 

r

T
 

a
 

r
 

g
 

e
 

t
 

 
 

F
 

i
 

b
 

e
 

r

R
 

i
 

n
 

g
 

 
 

C
 

o
 

u
 

n
 

t
 

e
 

r

D
 

e
 

g
 

r
 

a
 

d
 

e
 

r

B
 

0

K+
γ

γ

C
 

h
 

e
 

r
 

e
 

n
 

k
 

o
 

v

ZZZZ
YYYY

XXXX P
 

o
 

l
 

a
 

r
 

i
 

m
 

e
 

t
 

e
 

r
 

 
 

T
 

r
 

i
 

g
 

g
 

e
 

r
 

 
 

C
 

o
 

u
 

n
 

t
 

e
 

C
 

1

C
 

s
 

I
 

(
 

T
 

l
 

)

PT

+

≠0BWD

PT

+

≠0FWD

0 0 5 1 0

�
�

     

   
 

       

   

  
    

 
    

      

       

≠0 
 

f
 

o
 

r
 

w
 

a
 

r
 

d

≠0 
 

b
 

a
 

c
 

k
 

w
 

a
 

r
 

d

A = 
NCW - NCCW

NCW + NCCW COIL
GAP

IRON POLE

+ STOPPER

e+ COUNTER

TARGET

CsI(Tl)

End view

0 0.5 1.0 m

Side view

Fig. 3. { TREK spe
trometer
Here, p�0;
 and p�+ denote the �0 (or 
) and �+ momenta, respe
tively, and �� denotesthe spin of the � to be measured using the a
tive polarimeter equipped in the setup.The e�e
ts of �nal-state intera
tions on PT are expe
ted to be as small as 10�5. Inaddition, the Standard Model (SM) 
ontribution to PT is 
al
ulated to be smaller than10�7. Thus, PT measurement in the region of 10�3 �10�4 
an searve as a sensitive probeof CP violation in the SM be
ause T violation is equivalent to CP violation a

ording tothe CPT theorem.Fig. 3 shows a s
hemati
 of the TREK spe
trometer. The spe
trometer is 
omposedof an a
tive polarimeter to measure muon polarization, a tra
king system to tra
k �+ andto measure its momentum, a CsI(Tl) 
alorimeter surrounding the target region to identify�0 (or 
) and to measure its energy. In this experiment, the magneti
 �eld to measuremuon momentum is applied in the azimuthal dire
tion parallel to the PT 
omponentand 
w � 

w positron asymmetry in the azimuthal dire
tion is measured dependingon whether �0 (or 
) is emitted forward or ba
kward. The most re
ent measurementof PT was 
arried out at the KEK proton syn
hrotron, as the E246 experiment. Thisexperiment provided the best limit of PT = 0.0017� 0.0023 (stat) � 0.0011 (syst) knownthus far [2℄.Currently, the 
onstru
tion of the beam line and the dete
tor system is in progresswith the goal of 
ommen
ing data a
quisition in 2012. It is ne
essary to realize a beampower of more than 100 kW to a
hieve the target sensitivity of 10�4 for two years running.
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Fig. 4. { KOTO dete
tor2.2. KOTO . { K0 at TOkai (KOTO) is an experiment to measure the bran
hingratio of KL ! �0��� that is predi
ted by the SM with a small theoreti
al un
ertaintyat (2.8 � 0.4) � 10�11 [3℄. This pro
ess is a CP-violating pro
ess and the bran
hingratio is proportional to the square of �, whi
h is one of the Wolfenstein parametersdetermining the imaginary 
omponent of the CKM matrix. Thus, the � parameter 
anbe determined through this measurement with a small ambiguity thanks to the smalltheoreti
al un
ertainty of the order of 1{2% [4℄. It is also important to note that, be
ausethe SM 
ontribution to this de
ay mode is small, the measurement is sensitive to a newphysi
s beyond the SM as predi
ted by many theoreti
al models [5, 6℄.The 
urrent best limit is set by the KEK-PS E391a experiment at 6.7 � 10�8 at 90%CL [7℄ without any event 
andidate. The bran
hing ratio of this de
ay mode is theoreti-
ally limited to be smaller than 1.46 � 10�9 at 90% CL; this is 
alled the Grossman-Nirbound [8℄. This indire
t limit is imposed from a measured bran
hing ratio ofK+ ! �+���(1.73 � 10�10, obtained by BNL E797/E949 experiments [9℄) assuming the isospin sym-metry.The primary goal of the experiment is to rea
h the limit predi
ted by the SM be-low the Grossman-Nir bound using a dete
tor system, shown in Fig. 4, integrated byupgrading the previous E391a dete
tor. A new CsI 
alorimeter will be 
onstru
ted by as-sembling 
rystals obtained from the KTeV experiment. All dete
tor signals are re
ordedusing waveform digitizers in order to improve the event re
onstru
tion reliability andba
kground reje
tion 
apability.A neutral kaon beam line has been newly 
onstru
ted in the parti
le and nu
learphysi
s experimental hall. At the beginning of 2010, a beam survey was 
ondu
tedutilizing a neutral kaon de
ay mode, KL ! �+���0 (13%), produ
ed by a 1-kW slow-extra
tion beam. A 
lear peak 
orresponding toKL was su

essfully re
ognized in a massspe
trum with two sets of hodos
opes and two arrays of pure-CsI 
rystal 
alorimeters.In 2010, KOTO plans to 
omplete the 
onstru
tion of the CsI 
alorimeter. An engi-neering run is s
heduled to study KL beam properties using the 
alorimeter. In 2011, itis expe
ted that the dete
tor will be installed, following whi
h a full engineering run willbe 
arried out. Data a
quisition (physi
s run) is expe
ted to start after this with 10%of the proposed beam intensity for one month. It is expe
ted that KOTO will rea
h theGrossman-Nir limit with these statisti
s.



6 S. MIHARA3. { Muon programsThe sear
h for lepton-
avor violation (LFV) pro
esses using muons is 
onsidered toplay an important role in revealing a new physi
s beyond the SM thanks to the uniquefeatures of muons. Extremely pre
ise measurements of well-known muon properties 
analso address possible new physi
s e�e
ts in 
omparison with those expe
ted from the SM.At J-PARC, two �-e 
onversion sear
h experiments and one pre
ision measurement ofmuon g-2 and EDM are planned to be 
ondu
ted by utilizing the superior 
hara
teristi
sof the primary proton beam.3.1. COMET . { The COherent Muon-to-Ele
tron Transition (COMET) experimentis planned to be laun
hed in the parti
le and nu
lear experimental hall [10℄. COMETaims to a
hieve a sensitivity of 10�16 to dete
t an LFV muon-to-ele
tron transition (�-e
onversion) using an aluminum target. Be
ause LFV pro
esses are stri
tly forbidden inthe framework of the SM, the dis
overy of the �-e 
onversion will serve as remarkableeviden
e of a new physi
s beyond the SM. Many theoreti
al models in
orporating theinsuÆ
ien
y of the SM predi
t the existen
e of the �-e 
onversion immediately below the
urrent experimental bound of 7�10�13 set by the SINDRUM II experiment [11℄.The proton beam used for the COMET experiment is extra
ted from the MR at8 GeV in order to suppress anti-proton produ
tion that may possibly 
ause an unwantedba
kground in the experiment. Extra
tion is 
arried out by employing the bun
hed-slow extra
tion method, as already explained. The extra
ted beam is transported to apion produ
tion target surrounded by a super-
ondu
ting solenoid magnet to 
olle
t andtransport pions toward the transport solenoid magnet. Most pions de
ay to muons (andneutrinos) during these 
apture and transport pro
esses, and these muons are transportedthrough a 
urved transport solenoid to be stopped at the muon stopping target. TheCOMET dete
tor lo
ated in a larger solenoid magnet is 
onne
ted to the stopping targetwith another 
urved solenoid. A s
hemati
 view of the experimental setup is shown inFig. 5.The signal of the �-e 
onversion will be an ele
tron emission with a 
hara
teristi
energy (105 MeV) as large as the muon mass from muoni
 atoms. Muons in muoni
 atomshave a lifetime of 880 ns when aluminum is used as a muon-stopping target. In order tomaximize the sensitivity of the experiment, two 
urved solenoids are used for transportingmuons and ele
trons with large momentum and spa
ial a

eptan
e. Be
ause the 
entersof the heli
al traje
tories of 
harged parti
le drift verti
ally as parti
les travel through
urved solenoids depending on their momentum (and 
harge), a 
ompensating verti
al�eld is applied winding super
ondu
ting wires with a small tilt. This feature of the
urved solenoid enables us to sele
t the momentum of parti
les by lo
ating 
ollimators atsuitable lo
ations. In the muon transport 
urved solenoid, high-momentum muons above75 MeV/
 are stopped by a 
ollimator, and in the dete
tor 
urved solenoid, ele
tronsbelow 60 MeV/
 are stopped and 60{100 MeV/
 ele
trons are redu
ed before enteringthe dete
tor.In this experiment, the pulse stru
ture of the proton beam is very important be
ausethe primary proton beam hitting the pion produ
tion target produ
es a large ba
kgroundwith prompt timing. To suppress this, the experiment opens the data a
quisition window600 ns after the primary proton pulse hits the produ
tion target. Thus, if any protonarrives at the target o�-timing, that 
an easily produ
e a ba
kground that 
an possiblybe misidenti�ed as a �-e 
onversion signal.Currently, the COMET 
ollaboration is studying the time stru
ture of the J-PARC
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Fig. 5. { Setup of the COMET experimentproton beam and also 
ondu
ting R&D on the dete
tor 
omponents in order to startphysi
s data a
quisition some time around 2016{2017 followed by an engineering run.3.2. DeeMe. { COMET is 
onsidered to have a real 
han
e of dis
overy if it 
an realizeits target sensitivity; however, the 
onstru
tion ne
essary to start the experiment 
antake as long as 5{6 years be
ause of the te
hni
al and �nan
ial requirements. Therefore,another �-e 
onversion sear
h experiment has been 
onsidered to study the physi
s withless sensitivity but with the earlier realization. DeeMe plans to attain a �-e 
onversionsear
h sensitivity of 10�13{10�14 by using 
arbon or aluminum as a target. The protonbeam at the MLF will be used in this experiment. DeeMe does not transport the muonbeam as COMET does but tries to measure only the delayed ele
trons emitted dire
tlyfrom a pion produ
tion target (
arbon) or from a muon stopping target (aluminum) thatwill be lo
ated very 
lose to the pion produ
tion target. A muon beam line in the MLFfa
ility is used as an ele
tron spe
trometer. The feasibility of this experiment is being
arefully 
he
ked by 
ondu
ting tests at the beam line.3.3. Muon g-2/EDM measurement . { An experimental proposal has been submit-ted to measure the muon g-2 and ele
tri
 dipole moment by using the J-PARC MLFmuon beam [12℄. In this experiment, the muon beam is generated by a

elerating muonsprodu
ed from muoniums. Those muoniums are formed by stopping the surfa
e muonbeam in a material and then shooting a powerful pulsed laser at a suitable timing toremove ele
trons. Thus, a muon sour
e with very small momentum dispersion, whi
h area
tually almost at rest, is obtained. Then, the muons are a

elerated by a muon lina
 to300 MeV/
 for the experiment. Thanks to this innovative method to generate a muonbeam with very small momentum spread in a transverse dire
tion, the experiment 
an
ondu
t a g-2 measurement using a 
ompletely di�erent 
on�guration from the previousmeasurement performed at BNL [13℄. This also enables the measurement of the muonEDM with the same setup be
ause no ele
tri
 �eld is required to fo
us the beam. The
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ollaboration is 
arring out R&D on 
omponents required to realize su
h an unpre
e-dented muon beam with an intensity of 106 muons/s and to start the experiment in afew years.4. { SummaryJ-PARC has re
ently 
ommen
ed operations and its power is 
urrently being up-graded. As des
ribed in this presentation, interesting kaon and muon programs areplanned to be 
ondu
ted using the high-performan
e beam available at J-PARC. Fruit-ful parti
le physi
s results are expe
ted as the ma
hine demonstrates a step-by-stepa
hievement of its primary performan
e. � � �This presentation was prepared with the valuable support of the J-PARC a

eler-ator group, TREK 
ollaboration, KOTO 
ollaboration, COMET 
ollaboration, DeeMe
ollaboration, and J-PARC g-2/EDM 
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