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LFV of neutrinos Is confirmed.
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Upgraded COMET-] "

O(1)TeV

Flavor mixing
couplings
gives additional
reduction on
the A reach.

Br{u™ e7y) < 2.0x10~ 2

Br(p-Au e Au) < 7x10713

<3x10716

COMET-I

Photoni €-<——— > Four-Fermi







Loop

For loop diagrams,




Loop

For loop diagrams,

Physics at about 10'® GeV

+

2 2
(2 )1 ~ 20 A hgfmdms,_n]‘]{;w SUSY-GUT model

slepton mixing 7 R.
(from RGE) ) 3mg + A§ ;5 Meau SUSY neutrino
(Mm% )21 ~ 57— h:Us1Uss
87 Mg, seesaw model
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separated, CLFV is small.
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In supersymmetric models,
even If the two scales are well
separated, large CLFV is
expected.



If the two scales are well
separated, CLFV is small.
~0O(10°9)

In supersymmetric models,
even If the two scales are well
separated, large CLFV is
expected.

Even without supersymmetric
models, the two scales are
close, large CLFV is expected.
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u-e Conversion in a
Muonic Atom




Neutrino-less muon
nuclear capture

u +((A,Z)—e +(AZ)

1s state In a muonic atom

Event Signature :
@ a single mono-energetic
& electron of 100 MeV
% % Backgrounds:

(1) physics backgrounds
muon decay in orbit ex. muon decay in orbit (DIO)

(2) beam-related backgrounds
U ex. radiative pion capture,

nuclear muon capture muon decay in flight,

u +(AZ) = v, +(AZ-1) (3) cosmic rays, false tracking
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® for aluminum, about 1/390~0.003

If photonic contribution dominates,
® for titanium, about 1/230




B(p~ +Au —e 4+ Au) <7 x 1071

A exit beam solenoid F inner drift chamber
B gold target G outer drift chamber L
C vacuum wall H superconducting coil Class 1 events: prompt forward removed
D scintillator hodoscope | helium bath .

E Cerenkov hodoscope J magnet yoke

e measurement

e” measurement

MIO simulation

ue simulation

100

Class 2 events: prompt forward

configuration 2000

SINDRUM I

events / channel

PS| muon beam intensity ~ 107-8/sec
beam from the PSI cyclotron. To eliminate
beam related background from a beam, a
beam veto counter was placed. But, it
could not work at a high rate.

momentum (MeV/c)



To achieve a single sensitivity of 10/, we need

10" muons/sec (with 107 sec running)

whereas the current highest intensity is 10%/sec at PSI.

Guide s until decay to p’s .

7”7);

. )




Beam-relatea measured
between beam
backgrounds Suses

proton extinction = #protons between pulses/#protons in a pulse < 10-°

Muon DIO mprove
electron energy
background resolution
Muon DIF eliminate
energetic muons
background (>75 MeV/c)

base on the MELC proposal at Moscow Meson Factory



.8GeV proton beam

5T pion
capture Experimental Goal of COMET
solenoid

B(p~ + Al — e + Al) =26 x 1077
B(py~+ Al —e +Al) < 6x107'" (90%C.L.)

3T muon transport
(curved solenoids)
e 10" muon stops/sec for 56 kW

proton beam power.

electron e C-shape muon beam line and C-
shape electron transport followed by
.. transport .
0177/ electron detection system.

e Stage-1 approved in 2009.

muon stopping

electron tracker
and calorimeter |
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J-PARC at Tokai, Japan
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« Muonic lifetime is dependent on

target Z. For Al lifetime is 880ns.
Bunch Structure

Bunch Separation 1.3 us

Bunch Length 100ns ea
Protons per Bunch 1.2x108 ;
Bunches per Spill 5.3x10° g
Spill time 0.7s i
Extinction 109

Background rate needs to be low in order
to achieve sensitivity of <10-16.

Extinction is very important.

— Without sufficient extinction, all
processes in prompt background
category could become a problem.

_- Main Proton Pulse __

10 p/pulse

__— Prompt Background

_Stopped Muon Decay

Timing Window

-
-

Time (us) 1

M



¢ A pulsed proton beam is ¢ Pulsed beam from slow
needed to reject beam-related extraction.
prompt background. o fill every other rf buckets
® Time structure required for with protons and make slow
proton beams. extraction
® Pulse separation is ~ 1usec e spill length (flat top) ~ 0.7
or more (muon lifetime).
e Narrow pulse width (<100

nsec)

1.17 us (584 ns x 2)
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0.7 second beam spill

3.64 second accelerator cycle







Measured at abort
beamline (2010)

- Measured at secondary
h=0 beamline (2010)

3 filled and 4 empty

J-PARC MR proton
extinction




Measured at abort
beamline (2010)

MR Measured at secondary
h=0 beamline (2010)

4 3 filled and 4 empty | /

J-PARC MR proton g 7
extinction 0(10 )

Double Injection Tested at the abort (2010)
Kicking x additional O(10°)




Measured at abort
beamline (2010)

MR Measured at secondary
h=0 beamline (2010)

4 3 filled and 4 empty | /

A Y ’ \

Kl il
I"Ill IIII"II II ND filter

f ‘1 ﬂ Lightguide
Scintillator 12

J-PARC MR proton
extinction

~ 0(107)

Double Injection Tested at the abort (2010)
Kicking x additional O(10°)

External Extinction JAC dipole magnet R&D

Device x additional O(10-3)




Measured 2

Bucket A

h=9
3 filled and 4 empty | /

AN

(10°7)

Tested at the abort (2010)

x additional O(10)

External Extinction JAC dipole magnet R&D

Device x additional O(10-3)




Muon Beam



e A center of helical trajectory of
charged particles in a curved
solenoidal field is drifted by

D 1 1
D = —0pena= 0
qB vend o (COS " cos@)

D : drift distance

B : Solenoid field

Ovena : Bending angle of the solenoid channel
p . Momentum of the particle

q : Charge of the particle

O : atan(P1/PL)

e This can be used for charge
and momentum selection.

e This drift can be compensated
by an auxiliary field parallel to
the drift direction given by

p : Momentum of the particle

q : Charge of the particle

r : Major radius of the solenoid
0 : atan(P1/PL)




e For helical trajectory in a
curved mag. field, a
centrifugal force gives E
In the radial direction.

® To compensate a vertical
shift, an electric field in
the opposite direction
shall be applied, or a
vertical mag. field that
produces the desired
electric field by v x B,
can be applied.

vertical shift

3 (perpendicular to screen)




* The muon transport system
consists of curved solenoids.

* bore radius : 175 mm
 magneticfield: 2T
* bending angle : 180 degrees
 radius of curvature : 3 m

» Dispersion is proportional to a

bending angle.

 muon collimator after 180
degree bending.

 Elimination of muon momentum
> 70 MeV/c

Beam collimator Muon stopping target Beam blocker
= e
i DIO blocker

good momentum selection

no high-energy muons




* The muon transport system
consists of curved solenoids.

* bore radius : 175 mm
magneticfield: 2T
bending angle : 180 degrees
radius of curvature : 3 m
 Dispersion is proportional to a

bending angle.

 muon collimator after 180
degree bending.

 Elimination of muon momentum
> 70 MeV/c

i r Muon stopping target Beam blocker

good momentum selection

no high-energy muons




# of muons /proton 0.009

| Ptot for Mu- before stopping target | # of stopped muons | 1
z /proton '
o # of muons of py>75 0510
2 rlJ UL COMET MeV/c /proton
10°F i ~ | gdbeamiie 1.15
B ‘ 4x10° protons on Au target
- Il n QGSP
[ L poreliminary
10
1
il N(p>75MeV/c)<2x10*4
'-: | l | | | 1 { Il | | | | l |
0 20 40 60 100 120 140 160 180

P(MeV/c)




The electron transport
* bore : 700 mm
* magnetic field : 1T
* bending angle : 180 degrees

Electron momentum ~ 104 MeV/c :

Elimination of negatively-charged
particles less than 80 MeV/c

Elimination of positively-charged
particles (like protons from muon ;
Ca ptu re) ‘ Beam collimator Muon stopping target Beam blocker

no protons in the detectors

 a straight solenoid where detectors
are placed follows the curved
spectrometer.




The electron transport
* bore : 700 mm
* magnetic field : 1T
* bending angle : 180 degrees

Electron momentum ~ 104 MeV/c :

Elimination of negatively-charged
particles less than 80 MeV/c

Elimination of positively-charged
particles (like protons from muon
capture)

 a straight solenoid where detectors
are placed follows the curved
spectrometer.

no protons in the detectors

i r Muon stopping target Beam blocker
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105-MeV/c p-e electron 60-MeV/c DIO eleg,ti"nns

One component that is not included in the Mu2e design.
1T solenoid with additional 0.17T dipole field.

Vertical dispersion of toroidal field allows electrons with P<60MeV/c to be
removed.

— reduces rate in tracker to ~ 1kHz.



Detector



Electron Tracker to measure electron momentum Under a solenoidal
e\work in vacuum and under a magnetic field. magnetic field of 1 Tesla.
e Straw tube chambers
e Straw tubes of 25um thick, 5 mm diameter. In vacuum to reduce
efive plane has 2 views (x and y) with 2 layers per view. multiple scattering.

e Planar drift chambers

Electron calorimeter to

measure electron energy,

make triggers and give

additional hit position.

e Candidate are LYSO, GSO
Trigger Calorimeter o \MPPC or APD readout




Requirements
— operate in a 1T solenoid field.
— operate in vacuum (to reduce multiple scattering of electrons).
— 800kHz charged particle rate and 8MHz gamma rates
— 0.4% momentum and 700um spatial resolution.
Current design utilises straw tube chambers
— Straw tubes 5mm in diameter. Wall composed of two layers of 12um thick metalized
Kapton glued together.
5 planes 48cm apart with 2 views (x and y) per plane and 2 layers per view
(rotated by 45°to each other).

Straw-Tube Tracker . .
W ' m . \
: 1 | N

\ ( )

] ‘
/

'y _ .
Tl Dl fimeir 350mm long seamless straw tube prototype.




Measure energy, PID and give additional position information. Can be used to
make a trigger decision.
5% energy and 1cm spatial resolution at 100MeV
— High segmentation (3x3x15 cm? crystals)
Candidate inorganic scintillator materials are Cerium-doped Lutetium Yttrium
Orthoscilicate (LYSO) or Cerium-doped Gd,SiO, (GSO).
Favoured read out technology is multi—pixel photon counters (MPPC).
— high gains, fast response times and can operate in magnetic fields.
R&D by Osaka group. Further beam tests planned for November.

(size d1m, 11Xo)

100 MeV electron beam tests at Tohoku University




« Candidates of scintillating crystals are GSO(Ce), LYSO, LaBr3 and
others.

e Candidates of Calorimeter readout of MPPC and APD.

 The beam test of GSO with either MPPC and APD was done with
electron beam at Tohoku Univ. in 2009 and 2010.

» Data analysis goes underway.

signal from MPPC for
GSO(Ce)

GSO(Ce) Crystals MPPC and readout



* The active cosmic ray veto
system has been designed and

tested by the BINP (Novosibirsk)
and ITEP (Moscow) group.

* Plastic scintillators with fiber
readout by SiPM or APD.

* The light yield at a far end is
even 15 pe. The counter

WLS fiber

15x40=600

efficiency for MIP is 99.7% with
55 pixel threshold. 21300026000

10x600=6000

Plastic scintillators with fiber readout
(basic module).

I IS ST U B R
50 100 150 200 250
Distance (cm




* To monitor a number of stopping
muons, muonic X-rays from the muon
stopping target (made of aluminum)
IS to be measured.

Al 347keV|413keV|436keV|66keV | 89keV | 100keV

(0.811) | (0.058) | (0.019) |(0.422)|(0.072)| (0.031)

EURORAD,Ohmic type Ortec,POPTOPtype,GMX

» Two different detectors, Ge and CdTe | ;ommxiommsamm & —50mm Jength50mm
were tested at the J-PARC MLF
muon facilities in fall, 2010.

* Detector efficiencies and transition
rates are studied.

 R&D on Multi-pixel detectors is being
done.

 Location of the muonic X-ray
detectors at COMET is being studied.

-
g
-
g

Measured muonic X-rays from aluminum



Sensitivity and Backgrounds






¢ Single event sensitivity

e N, iIs a number of stopping
muons in the muon stopping Rl Reteitess
target. It is 2x10'8 muons. muon transport efficiency
e foap 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.




BG with asterisk needs
beam extinction.




BG with asterisk needs
beam extinction.

Backgrounds Events Comments
Muon decay in orbit 0.051230 keV resolution
Radiative muon capture <0.001
(1) Viuon capture with neutron emission <0.001
Muon capture with charged particle emission | <0.001
Radiative pion capture® 0.12|prompt
Radiative pion capture 0.002[late arriving pions
Muon decay in flight* <0.02
(2) |Pion decay in flight™ <0.001
Beam electrons™ 0.08
Neutron induced” 0.024 [for high energy neutrons
Antiproton induced 0.007 |for 8 GeV protons
3) Cosmic-ray induced 0.10]10% veto & 2x107sec run
Pattern recognition errors <0.001
Total 0.4
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Reduction of Backgrounds

Beam pulsing

measurement is done between
beam pulses to reduce beam
related backgrounds. And
proton beam extinction of
<107 is required.

28 Increase of Muon Intensity

B(u~ + Al — e + Al) < 1071 Pion capture system X 1()3

single event sensitivity: 2.6x10-1/ high field superconducting
solenoid magnets surrounding a

pion production target






Research Center for Nuclear Physics (RCNP),
Osaka University

Research Center for Nuclear Physics (RCNP), Osaka University
has a cyclotron of 400 MeV with 1 microA. The energy is above
pion threshold.




Research Center for Nuclear Physics (RCNP),
Osaka University

Research Center for Nuclear Physics (RCNP), Osaka University
has a cyclotron of 400 MeV with 1 microA. The energy is above
pion threshold.
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Accelerator R&D







Conventional muon beam line

proton beam

proton beam loss
<5%

muons



. . . . MuSIC,COMET,PRISM,
Conventional muon beam line @Much efficient Neutrino factory,

Muon collider

proton beam loss
<5%

muons

Large solid angle & thick target



» Pion Capture SC Solenoid : Superconducting coils
e 35T at central ‘ Pion Capture Solenoid
: Pion production target )
* diameter 740mm Transport Solenoid
» SUS radiation shield Radiation shield
* Transport SC solenoids iron yoke ST
» 2 T magnetic field =% j [ Muon beam
» 8 thin solenoids Proton beam

« Graphite target for pion
production

GM cryocoolerl

1.5Wx2 + 1W ; Y . .
SUS radiation shie|d| o P & Transport Solenoid

2.0T with 0.04T dipole field

Proton beam line

Beam Dump

{ Graphite target

Pion Capture Solenoid

3.5T
Iron yoke




proton beam line

pion capture
superconducting
solenoid

muon transport
superconducting
solenoid




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

; Entries 799527
9000} e %2 | ndf 222.8 /191

i BG + A; x exp | ' BG 1599 + 6.1
H , : A1 6310 =+ 55.5
7000 Az x exp [ —— | 7553 + 1392.4
6000

ao0o) |

5000
4000/
3000
2000?

0 2000 4000 6000 8000 10000 12000
Time (ns)

219703+004 163.5 + 1 20263+ 1.5

energy spectrum | hist
i 8193

Entries
| Mean 206.6
60/ RMS 159

e*/e- Annihilation

Muonic Mg decay l
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100 200 500 600 700
Energy [keV]

preliminary

Measurements on June 21, 2011 (6 pA)



" Time spectrum - Run 499, Cu target, By=0.l 6 pA | h1 - p rel i m i n a ry

; Entries 799527
gmmf_ o 7 %2 | ndf 222.8/191
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A e MuSIC muon yields
\\ u* : 3x108/s for 400W
= N u- : 1x108/s for 400W

0 2000 4000 6000 8000 10000 12000
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I T T
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Measurements on June 21, 2011 (6 pA)



" Time spectrum - Run 499, Cu target, By=0, 6 pA | h1 - p rel i m i n a ry

; i Entries 799527
9000‘5*5 o e\ %2 | ndf 222.8/191
i s e el (e Bl 7 1599 + 6.1

A ea0ssss MuSIC muon yields

| = : q ut : 3x108/s for 400W
m S -+ 1x108/s for 400W

2000} . lJ .

0 2000 4000 6000 8000 10000 12000

cf. 108/s for 1IMW @PSI
) ™ Req. of x10° achieved...

60:

naractel 1

jj 7 o Great opportunities to
Ml carry out muon particle
i" Mmmmm " ohysics from NOW!

500 eoo 700
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COMET Phase-|
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e Phase-| would cover ....
eproton beam line
emuon beam line up to the end of the first 90° bend
®No detector

ounding starts in JFY2013

e Experiment may start in JFY2016/177

Pion Capture Section Detector Section

Pion Production Target

Muon-Stopping Target

Pion-Decay and
Muon-Transport Section




Muon-Stopping Targe

e COMET Phase-I| (LOIl) aims ....
oBG studies for Phase-l|
emini Full COMET detector
ecxtinction measurement
eintermediate sensitivity
ecylindrical drift chamber (copy
of BESS-II CDC)
o SE sensitivity~3x10-1° for 10°
s (12 days) with 3 kW proton
beam power (with 5x10°
stopped p/s).
oif no BG, keep running for 10’ s.
® Detector cost should be covered
by the collaboration.
® [ he proposal submitted soon.







e CLFV would give the best opportunity to
search for BSM. (So far, no BSM signals at the
LHC.)

* The field of CLFV gets important and exciting.

e COMET at J-PARC is aiming at S.E. sensitivity
of 3x10-17.

e The COMET Phase-l is aiming at S.E.
sensitivity of 3x10-1° and hopefully the
construction will start in 2013.

e R&D on PRISM/PRIME for S.E.3x10-"%is going.

e and ... MuSIC@0Osaka ~108 p/s with 400 W.

e New collaborators are welcome....




