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The average polanzation P,, of the re
measured by the muon spin resonance my
maintained completely under a longitudir
excited-state contributions of **B, P, (gr
almost consistent with the prediction of |
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Fig. 1. The spectra of nuclear magnetic resonance of **B taken
at different directions (90°, 57° and 45°) of the c-axis of
Grafoil with respect to the external magnetic field, where clear
electric quadrupole effects are observed. The solid lines are the 0 = 45°
best fit of the experimental data to the theoretical curves which y
consisted of a single-crystalline pattern and a powder pattern. Ho =

No dependence of the residual polarization of '*B on the angle Af =100 kHz
between the field and the ¢-axis was found. The relaxation of
2B was also measured in a separate experiment and it was
found to be 480 + 92 ms.

N> T CD
Graaff laboratory of Osaka University. From a

survey experiment on various carbon matenals,

% %ﬁ ﬁ{\:l: Grafoil was adopted as the carbon target in the = e v ,_,k A
R IVE] E'% present experiment. It is a thin sheet of pyrolitic 3000 e

graphite, whose c-axis is well aligned, and it FREQUENCY (kHz)
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The Standard Model of

Particle Interactions

Three Generations of Matter

I II III

Leptons Quarks

Force Carriers
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n Capture Section CO M ET

Pio
A section to capture pions with a
large

* Muon Particle Physics
- Search for charged lepton flavor
violation (CLFV) with muons L
* Physics Motivation
- COMET@J-PARC (in preparation)
* MuSIC@RCNP (2009~) D ——
+ COMET Phase-I| (2013~) Eﬁm...'::D::J:::::::::::nuuuuuuuuuuuumuuuwuﬂdﬂDDHHHHUUHHHHHHHHH.J‘z’

Pion-Decay and
Muon-transport Section

« Summar
A section to collect muons

from decay of pions under a
solenoidal magnetic field.
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Many applogies if heard in the past.
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History of the Universe [ETS (o ooy ' 1 Ratsielci sl
- scale scale Higgs particles

Supersymmetry

Unification Epoch

T 1013sec IO CTE\Y

25
bt

= RN (10°GeV oo

¢« Energy of about

107 GeV is important
" to answer the previous
big questions

Quantum Gravity

Epoch

Superstrings

1019GeV
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The Intensity
Frontier

use intense beams to
observe rare processes
and study the particle
properties to probe
physics beyond the SM.

Matter/Anti-matter \\
Asymmetry Dark Matter _

Origin of Universe

Unification of Forces

New Physics ;
Beyond the Standard Mode

‘ Neutrino Physics

31

O/ \I\ Dark Energy .
¢(' Proton Decay y Q&
QO\S‘ b <4 P | O

Fr C,0
Rare Decays ontier The




New physics effects may be very small.

SM

Standard
Model

SM contribution is
dominant.

SM contribution is
highly suppressed.

SM contribution is
forbidden.
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with new physics contributions

/\ IS the energy scale
of new physics

C,ue —
A2 L

A>2x105TeV x (Cle)? .

UPVMR(I)F/)I/

A > O(109) TeV

The constraint in CLFV is even more severe than in the quark flavour.



/\: energy scale of new physics

4

Can we improve the /A reach by an order of magnitude ?

must have at least 10* times the number of parent
particles in rare decays.
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Sensitivity to Different Muon Conversion Mechanisms //[2

MECO

Supersymmetry
Predictions at 10-1°

Compositeness

A, = 3000 TeV

Heavy Neutrinos Second Higgs

. doublet
|U uN UeN|2 = "
e 10_13 gHue =[O gHuu
Heavy Z',
Leptoquarks Anomalous Z
coupling
W M. = 3000 TeV/c?

3000 (A ghoo)'2 TeV/c? B(Z — ue) < 1017

After W. Marciano

W. Molzon, UC Irvine The MECO Experiment to Search for Coherent Conversion of Muons to Electrons September 27, 2002 3



| supersymmetric model | = ey

Osaka University

---------- =10 :
o : oy :
3 | - 12| SINDRUM-I( Now)’ ! 7%
g | £ . |
— | SNORUN-INow) || = o
QT) . GTJ -14 i3 !

-15 P s k2 I I =N —W 7_\/\
g 77 1 %, CONET/Muze g-w v 7~ E EEH:H :E J )l/ Lj: 7( g J]
O Ev Eg . PRIME/Projct X | () : i 2 |3 COMET/Mue
= -20 v = !

o0 2 10 [0 80 _1g bt ‘ _§- . _F —
3 P S 12 |2 PRIME/Project X ujij:b BE1 | 0) <‘ % -% —
w0 m . | —

e TSRy SR -2 — - -

-20 -18 -16 -4 -12 -10 -8 -6 -18 -16 -14 -12 -10 -8

Log[BR(u-ey)] Log[BR(u~ey)]

_ 1-:[3].: = 10 TeV lg— 16 10~ 14

(extra dimension model) 5

1o —
20 10 =
% 107 E E
T .
¢ i 3
2 1e? | . =
1_; E Sl

1wl E": —

BR(p—~evy) = 101
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W. Altmannshofer, A.J. Buras, S. Gori, P. Paradisi and D.M. Straub

AC RVv2 | AKM oLL | FBMSSM | LHT RS
D" — DY %k k * * * * ke ?
€ K * Lo & dh & & ¢ * * * % * % K
Swe e db o & db & & 1 * * Ak | hkk
SeKs *kk | Kk * *kh | hkk * ?
Acp (B — Xs7) * * * *hkk | Kkk * ?
Arg(B— K utp ) | % * * | kkk| khkkx | h%k
Ao(B = K*ptp™) * * * * * * ?
B — K*vp * * * * * * *
B, — ptu *kok | ok | ok | ke | hokok * *
K" —mvw * * * * * k| ok k
Kp — w'v * * * * * * k| kK
H— e oo db oo db o6 A & & ¢ Kk ok [ ok
T — [ ok ok | kK * %K kK dok ok | ok k
u+N—=-e+ N oo db oo db o6 d 6 & ¢ kK ok k | ok k
d, L e db o & db & & ¢ * & K * * % K
d, ko | hkk | Kk * * &k * * ok
(g —2), *okok | kokk | Kk | hkk | ko * ?

These are a subset of a subset listed by Buras and Girrbach
MFV, CMFV, 2HDMy, LHT, SM4, SUSY flavor. SO(10) — GUT,

~SSU(5)yn, FBMSSM, RHMFV, L-R, RS, gauge flavor,

The pattern of measurement:
* % % |arge effects

* % visible but small effects
* unobservable effects

IS characteristic,

often uniquely so,

of a particular model

GLOSSARY

RH currents & U(1) flavor
AC [10] symmetry
RVV2 [11] SU(3)-flavored MSSM

RH currents & SU(3) family
AKM [12] symmetry
OLL [13] CKM-like currents
FBMSSM .
[14] Flavor-blind MSSSM
LHT [15] Little Higgs with T Parity
RS [16] Warped Extra Dimensions

18
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First cLFV search

Pontecorvo in 1947
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current

Process Major backgrounds Beam Issues

nut — ety accidental DC beam detector resolution
ut — etete™  accidental DC beam detector resolution

W N — e N beam-related beam qualities
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\ \V 0.
ICE M, YT FIVERIE N &
105 MeV/cDEFHED
Ao muon decay in orbit

u —evy

nuclear muon capture

a single mono-energetic -
electron of 100 MeV u +A2)—=v, +(AZ-1)

22

Event Signature :




normal muon decay s T ER AR &

ARIE & SN

LU-e conversion

A l A A A A ]

52.8 MeV
electron momentum spectrum

Sa—AVERICBE=NT ICKBEE—LZFEZS




beam-related
backgrounds

Intrinsic physics
backgrounds

cosmic-ray and other
backgrounds

Radiative pion capture
Beam electrons
Muon decay in flights

Neutron background

Muon decay in orbit (DIO)
Radiative muon decay

neutrons from muon nulcer capture
Protons from muon nulcear capture
Antiproton induced background

Cosmic-ray induced background
False tracking
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If we like to achieve a search of SES < 10"/
(with 10% acceptance)

10’8 muons in totoal needed.

With the PSI muon intensity of 108/s
(1T MW), 1000 years are needed.




beam power

time structure

muon Yyield

PSI

1200 kKW

DC

108/sec

TRIUMF

RAL

75 kKW

DC

oulsed (50 Hz)

10°/sec

2x10°/sec

J-PARC (MLF)

oulsed (25 Hz)

2x107/sec




Conventional muon beamline

J-PARC
MUSE
proton beam

-1000kW
target
graphite
t20mm
®/70mm

proton beam

Capture magnets

proton beam loss
< 5%

SuperOmega
Q2:400mSr

Osaka University

KEK 0.5GeV proton Muon facility

S00MeY FEFE' - 4L 5+ S00MeV proton beam line
P

u;.-" T aAERE -y b
g m.'l"f : o 15% arge
Jl'~ ;

_ o T
; oo d S A )
a beafn dump
2L — & &
a0 ¢
[

eparator

o OFBEE Y L /A FaA
ereghnducting

v

M SRFEGE i

4 SR detector
TR
dilution




Novel muon beamline

e A |ong pion production
target of 1.5 interaction

<\ length is used.

<\\> Sl ¢ Pions coming out from the

solenoid side of a long target are
captured and transported to
a muon beamline.

Pion : .
capture ®Pions and muons (from pion
solenoid decays) are transported

Sl through solenoid magnets.
by 3.5T solenoidal field

Beam intensity improvement of about 1000 expected




Sa—FAYVE—LFE? -
Research Center for Nuclear | =5 |

Physics (RCNP), Osaka
University has a cyclotron of

7 Cyclotron Osaka Unlver3|ty,
i 1uA 400 I\/IeV (4OOW)
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MusSIC: Present Layout

GM cryocooler

SUS radiation shield

Beam Dump

Graphite target

Pion Capture Solenoid
3.5T

Iron yoke

Osaka University

Transport Solenoid
2.0T with 0.04T dipole field

Proton beam line
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Many users, increasing, Prof. H. Ejiri, Prof. A. Shinohara et al.




' Time spectrum - Run 499, Cu target, By=0,6 pA | h1

i Entries 799527
[ x\ 12 | ndf 2228 /191
— ) " | BG 1599 + 6.1
A1 6310 £ 55.5
A2 7553 +1392.4

T

2000 4000 6000 8000 10000 12000
Time (ns)

ener spectru | hist
Entries
[ RM
[ \aracter |
' energies from Pb
: e*/e- Annihilation
: Muonic Mg decay l

Mmmmxmmmm Linkd
0 200 30

0 400 500 600 700
Energy [keV]

00

Measurements on June 21, 2011 (400pA)

preliminary

—

MuSIC muon yields

ut ~3x108/s for 400W
u- ~1x108/s for 400W

cf. 108/s for 1MW @PSI
Req. of x103 achieved...

The muon beam intensity
needed for COMET is

guaranteed.



beam power

time structure

muon Yyield

PSI

1200 kKW

DC

108/sec

TRIUMF

RAL

75 kKW

DC

oulsed (50 Hz)

10°/sec

2x10°/sec

J-PARC (MLF)

oulsed (25 Hz)

2x107/sec
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8GeV proton beam

proton target

|

3T muon transport
U (curved solenoids)

muon stopping

electron tracker
and calorimeter '

ST pion
capture
solenoid

B(p~ +Al — e + Al) =26 x 1077
B(u~+Al — e +Al) < 6x 107 (90%C.L.)

« 10" muon stops/sec for
electron 56 kW proton beam
transport power.

« C-shape muon beam line
and C-shape electron
transport followed by
electron detection
system.

- Stage-1 approved in
20009.




.8GeV proton beam

< 3T muon transport
Surved solenoids)

muoristopping
arge

electron tracker
and calorimeter |

ST pion

solenoid
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* Single event sensitivity

* Ny Is a number of stopping
muons in the muon stopping Rl Reteitess

target. It is 2x10'® muons. muon transport efficiency
» fcap IS a fraction of muon muon stopping efficiency
capture, which is 0.6 for # of stopped muons

aluminum.
* Ac Is the detector acceptance,

which is 0.04.

By~ +Al — e +Al) =26x10""
Bpy~+Al —e” + Al) <6 x 107" (90%C.L.)




Radiative Pion Capture

Beam Electrons

Muon Decay in Flight

Pion Decay in Flight

Neutron Induced

Delayed-Pion Radiative Capture
Anti-proton Induced

Muon Decay in Orbit

Radiative Muon Capture

p~ Capt. w/ n Emission

p~ Capt. w/ Charged Part. Emission
Cosmic Ray Muons

Electrons from Cosmic Ray Muons

0.05

< 0.1%

< 0.0002
< 0.0001
0.024
0.002
0.007
0.15

< 0.001
< 0.001
< 0.001
0.002
0.002

Total

0.34

I Monte Carlo statistics limited.

beam-related prompt
backgrounds

beam-related delayed
backgrounds

INntrinsic physics
backgrounds

cosmic-ray and other
backgrounds

Expected background events are about 0.34.
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Osaka University
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July 15,2012

J-PARC Program Advisory Committee
for the

Nuclear and Particle Physics Experiments at the J-PARC 50 GeV Proton
Synchrotron

The COMET experiment aims to improve the experimental sensitivity to detecting
muon-to-electron conversion by four orders of magnitude beyond the current
measured limit. Measurements at this sensitivity level would probe the region
expected by many well-studied new physics models such as SUSY-GUTs in a
perspective different from the LHC. As such COMET could become one of the
flagship experiments for J-PARC and Japanese physics later in the decade.

S LX) F—YBREETERTT/NEES

YR 1262811H
Vaven
EH

T, 10-16&EE % Hig L CR&D T D J-PARCHOCOMETSER & Fermilab®mu2e 3%
B, p-—eluBf g RADBEL2 oo Tws & 2605, EHICHI)TBeam
extinctionZg E3ER TR I FAMTVERED D O . EEE N & EF ok iR RS
HHIZ T2 2 LB ETH S, COMETIZOWTIEFH LW TFE—AI9 A4 v E S a—
F VAR OEE BEEEATE D, EETIII-PARCTOR YD 7 7 7
Py 7ERBRELDEGLLDTH B,

Erice, 25 January 2013

Proposed Update of the European Strategy for Particle Physics

h) Experiments studying quark flavour physics, investigating dipole moments, searching for charged-
lepton flavour violation and performing other precision measurements at lower energies, such as those
with neutrons, muons and antiprotons, may give access to higher energy scales than direct particle
production or put fundamental symmetries to the test. They can be based in national laboratories, with
a moderate cost and smaller collaborations. Experiments in Europe with unique reach should be
supported, as well as participation in experiments in other regions, especially Japan and the US.

E © JapanldCOMETEE R ED &

Rk 2541 H 31 H
KEK m— R< v 72013 (KR

KRR HBEBIE N & L X — R 2e i SertE
3. 5 WFEWITERES (2014-2018)
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Protons . Pion Capture Section
\\\ \ N A section to capture pions with a large
\\ Ll L Ll L solid angle under a high solenoidal
roduction roducti
arge arge

magnetic field by superconducting
ion Maget

Detector Section

aAnAnAnnn

&HHWWWH

WLLLLLELLLELLY.
b

Pion-Decay and
Muon-Transport Section

decay of pions under a solenoi-

muon beam“ne up 'to 'l'_he end dal magnetic field.
of the first 90 degree bend [ |

A section to collect muons from [MMMMMF

W




1 COMETPra o)y 5 7TV KIE

direct measurement of potential background
sources for the full COMET experiment by using the
actual COMET beamline constructed at Phase-|

2 SaAYRTBRBRORR (0L

a search for y——e~ conversion at intermediate

sensitivity which would be more than 100 times better
than the SINDRUM-II [imit
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’ M KY 7 kFz>/\— (CDC)
el G I —AVEIENNSOBTFOESHBE T, I 21—

RN e » Y BFHIBEDETF THNIL105 MeV/cDEBNE Z D,

By S o —AVEIEEDN

S A EFESEBEHDOTILIERN, IS5V T

FILEFIRET ZHHAND,

CDC kYU H—%

BFZHALUTCCDCOT—FEUSD M) A—1E5Z1ER.

BEEY L /1 Riga

BHEHE ICHEREIZZRET D,

COMET Phase-| (1.5x10#) D 3£ 5&HAE )
1BERFEERE | 3x1015/3 2 —A VigkE
90% _EPR{E : 7x10°1%/2 2 —A V&

INSDEEIFIFR2TFEEX TR 28FEI(C IHIED90% FRRIE : 7x1018/3 1 — A VigfE
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Event selection Value Comments

Geometrical acceptance tracking efficiency included
Momentum selection 104.1 MeV /e < P. <106 MeV/c
Timing selection same as COMET
Trigger and DAQ same as COMET

 Single event sensitivity

1

B(M_+Al—>€_‘|—A1)NM—A,
uw - Jcap * <{le

* Ny Is a number of stopping muons in the muon stopping target. It

is 8.7x10" muons.
+ 5.8x10° stopped p/s with 3 kW proton beam power, with 1.5x10°

sSec running.
* fcap IS @ fraction of muon capture, which is 0.6 for aluminum.

* Ac Is the detector acceptance, which is 0.06.

B(p~+Al —e + Al)=3.1x10" "

B(u~+Al —e” +Al)<7x 10" (90%C.L.)




Background

estimated events

Muon decay in orbit

0.01

Radiative muon capture

< 0.001

Neutron emission after muon capture

< 0.001

Charged particle emission after muon capture

< 0.001

Radiative pion capture

0.0096*

Beam electrons
Muon decay in flight
Pion decay in flight

< 0.00048*

Neutron induced background

~ 0

Delayed radiative pion capture

0.002

Anti-proton induced backgrounds

0.007

Electrons from cosmic ray muons

< 0.0002

Total

0.03

with proton extinction factor of 3x10-"
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Expected BG events are about 0.03 at S.E.S. of 3x10-'°.
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