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Why charged LFV is so attractive ?

 SM + simple ν Oscillation 

• charged LFV is possible 

• but extremely rare 

• B(μ→eγ) ≲ 10-50 !!!

μ e

w

ν oscill.

γe.g.

μ e

γ

χ0~
μ~ e~

e.g.

 beyond SM (SUSY-GUT etc.) 
• charged LFV is largely enhanced 

• still rare but observable level 

• B(μ→eγ) = 10-15 ~10 -11 !!!

 Why ? : Quark/Neutrino Flavour Mixing = ☺ / Charged LFV = ☹ ? 

νμ  →  νe
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“charged LFV”   =   “NEW PHYSICS”

BSM

TeV-scale New Physics

competitive & 

complementary to LHC !

via loop

l1 l2

γ
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What is the muon-to-electron conversion ?
✤ 1S state in a muonic atom

N
μ -

Muon Decay in Orbit (DIO)

Nuclear Muon Capture

or

e-

e-

Neutrino-less Muon Nuclear Capture

✤ If !-e Conversion is Occurred ...

e-

N
μ -

✤ Branching Ratio is Determined by
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Experimental signature and Backgrounds
✤ Backgrounds 

✤ Radiative Muon Capture 
✤ Radiative Pion Capture 
✤ Electrons from Muon DIF 

✤ Muon Decay in Orbit (DIO) 

✤ Cosmic Rays, etc.

✤ Signal

e-
N

μ -

νµ

νe

e-

N
μ -

✤ Ee=mµ-Bµ ~ 105MeV 
✤ Coherent Process (Zini=Zend)

 Signal : Single Mono-Energetic Electron 
 Sensitivity : Limited by Beam Quality 

 Wait until Pion decays 
 Pulsed Beam is the BEST
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Features
① powerful proton 
source by J-PARC ② high-eff !

"-capture system

③ “C-shape”  
long/bending !
"/# transport

④ high reso!
electron detector!

with 2ndary “C-shape” 
transport
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① powerful proton source at J-PARC
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Linac!
(330m, 400MeV)

3GeV Synchrotron (RCS)!
(350m ring, 25Hz, 1MW)

30GeV Synchrotron (MR)!
(1600m ring, 0.75MW)

Neutrino Experiment Facility!
(T2K, towards SK)

Accelerator-driven 
Transmutation exp facility

Material/Life-Science Facility (MLF)!
(muon source, pulse neutron source)

Hadron Experiment Facility
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COMET beam-line at J-PARC HD

 Hadron Experimental Facility is currently under modification to 
have more beam lines; High-p beam line & the COMET beam line.!

 Realized by putting a Lambertson magnet and extending the 
experimental hall.
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② High efficiency "-capture system
✤ Large muon yield by 

Large Solid Angle!
✤ Powerful Solenoid!
✤ Surround p target

PT (GeV/c) = 0.3�B(T)�
�

R(m)
2

�

B=5T, R=0.2 → PT=150MeV/c

✤ Super-conducting 
solenoidal magnet!
✤ 5T!
✤ 30 cm thick W shield.!

✤ Issue : Heat Load
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Demonstration of high-eff. capture solenoid

400MeV 1#A DC proton 
beam at Osaka Univ. using 
3.5T pion capture solenoid 

and graphite target!
→ 2000#’s / 6 pA !
already achieved.
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 Utilize C-shape long/bending magnet to reject background particles.

③ “C-shaped” Long/Bending "/# transport
Muon Transport Beamline

• Muons are transported from 

the capture section to the 

detector by the muon 

transport beamline.

• Requirements :

• long enough for pions to 

decay to muons (> 20 

meters ! 2x10-3).

• high transport efficiency 

(P!~40 MeV/c)

• negative charge selection

• low momentum selection 

(P!<75 MeV/c)

• Straight + curved solenoid 

transport system is adopted.

Select low-p muons 
(& reject high-p !) 
using C-shaped 

“transport” solenoid

Select high-p e- (& 
reject low-p BGs.) 
using C-shaped 

“transport” solenoid

Bmax=3.5T

Bmax=1T
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Secondary-bending for detector system

✤ Torus drift for rejecting low energy 
DIO electrons. 

✤ Rejection Power : ~10-6 !
!

✤ Good Acceptance for signal electrons 
(w/o including event selection and 
trigger acceptance)!
✤ ~20%

D(m) =
1

0.3�B(T )
� s

R
�

P 2
L + 1

2P 2
T

PL
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④ High resolution electron detector

to detect and identify 
100 MeV electrons

to eliminate low-energy beam 
particles and to transport only 

~100 MeV electrons

to stop muons
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Electron Detector (Tracker + Calorimeter)

✤ Crystal calorimeter for trigger (ECAL)!
✤ LYSO crystal + APDs
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✤ Rate ≲ 800 kHz!
✤ Straw-tube tracker to        

measure electron mom.!
✤ 5 stations (super-layers)!
✤ σP < 200 keV/c!

✤ 4 planes/ super-layer!
✤ 5 mm diameter straw-tube with 

12 #m thick Mylar & 70 nm Al.!
✤ different for phase-I!

✤ should be operational in vacuum!
✤ <200μm spacial resolution
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Staged approach
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Staged approach

full COMET (phase-II)(phase-I)
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Goal of COMET phase-I

① Background Study for the full COMET (phase-II)!

 direct measurement of potential background sources for the full 
COMET experiment by using the actual COMET beam line

 ② Search for #-e Conversion!

 a search for μ-e Conversion at the intermediate sensitivity which 
would be 100-times better than the present limit (SINDRUM-II)

Hajime NISHIGUCHI (KEK)                                                        COMET Experiment                               EPS-HEP2015, 22-29/Jul./2015, Vienna
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Background measurement
 Measure almost all particles!
 Same detector technology for 
phase-II!

 SC spectrometer solenoid!
 Straw Tube planner Tracker!
 Crystal Calorimeter!

 Particle ID with dE/dx and E/p 
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• However π and µ 
spread up to ~ 100 
MeV/c and more.

• E/p and TOF cannot 
distinguish 
sufficiently.

• Need much broader 
ability of PID.

3

by standard readout electronics. Finally, the TOF is determined by the time difference between the
hit timing in first (i.e. the most upstream) straw-tracker module and the hit timing in ECAL.
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Figure 167: Obtained E/p distribution for electron, muon and pion

Figure 167 shows the obtained E/p distribution for electrons, muons, and pions, with momenta of 20,
30, 40, 50 and 60MeV/c. A clustering method is employed to collect the energy deposit in ECAL in
order to suppress background events. For events of 20 and 30MeV/c, only the electron distribution
appears because only an extremely small fraction of muons and pions at these momenta will reach the
ECAL. Even at 40MeV/c, no pion achieved ECAL at this statistics, instead most of muons and pions
are trapped by the material of straw-tracker components. However, for events higher than 50MeV/c,
the E/p distribution of muons and pions can be seen, and there is a separation between these and
electrons at ≈ 0.6. However although this should be sufficient to make an electron identification it is
not enough to distinguish between muons and pions.

In addition to this E/p method, particle time-of-flight can help to perform further identification.
Figure 168 shows the mass distribution, mTOF, which is reconstructed by using TOF and momentum
information. The reconstructed mass for each particles is little smaller than the intrinsic mass due to
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Figure 168: Obtained mass distribution, reconstructed by using TOF, for electron, muon and pion. Only the
right-bottom plot shows mass distribution with anti proton.
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Search for μ-N→e-N by the COMET phase-I

 Dedicated CDC-type tracker → a large bore CDC in a 1T solenoidal magnet 
 all stereo-wire base 
 helium-based low mass gas 

 with a combination of trig. hodoscope (Cherenkov radiator + plastic scinti.)

CyDet Features

a large bore CDC in a 1T solenoid magnet 
all stereo wire 
He based low mass gas

proton absorber
Trigger hodoscope (Plastic scintillator + Cherenkov)

for the photon readout: Avalanche photodiodes (APDs) and Multi Pixel Photon Counters (MPPCs).
APDs, with typical gains of 50–100, are now generally available but require an amplifier to get a
sizeable signal and whose noise output depends on the APD size. Two strategies to optimise the light
collection from APDs are being pursued: one using a diode with a wrapped/coated crystal and the
second using a diode with a wavelength shifter on the crystal.

SiPM MPPCs are a novel form of multi-pixel photosensor where each pixel is an APD biased to be
in the Geiger mode. When all the pixels are connected together in parallel they can provide photon-
counting with gains of the order of 106, which is comparable to that achieved with PMTs. They also
provide similar or better photo-detection e�ciencies and response times, and excellent linearity (when
the number of hit pixels is small). They are also practically immune to magnetic fields and require
a bias voltage of less than 100 V. Typical devices have dimensions of one to a few mm squared, and
pixel counts ranging from a hundred to the tens of thousands.

11.3 Readout Electronics

The readout electronics for the electron calorimeter system is chosen to be ROESTI, which has wave-
form digitizer chips (DRS4) . The DRS4 is a switched capacitor array running with fast sampling.
It has been developed at PSI for the MEG experiment. The ROESTI prototypes that were tested
at KEK used an amplifier-shaper-discriminator (ASD) ASIC which had been developed for a drift
chamber. However, for the application of the electron calorimeter readout, a new ASD with di↵erent
time constant to integrate signal charges will need to be developed for either the APD or MPPC
photo-detector.

12. Cylindrical Detector System (CyDet)

12.1 Introduction

Solenoid yoke
Detector solenoid coils

Beam pipe & Collimator

Collimator solenoid 

Cylindrical drift chamber (CDC)

Trigger hodoscope

Proton absorber

Stopping target

Figure 42: Schematic layout of the CyDet.

The cylindrical detector system (CyDet) is the main detector system for the µ�e conversion search in
the COMET Phase-I. It consists of a cylindrical drift chamber (CDC), a trigger hodoscope, a proton
absorber, and a detector solenoid. It provides the primary momentum measurement for electrons from

41

1.5m

14年5月8日木曜日
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Physics Sensitivity for COMET phase-I

 8GeV, 3.2kW proton beam is assumed 
 2.5×1012 protons/sec 
 <10-9 of extinction is supposed, at least  

 110 days (9.5×106 sec) running time 
 Expected single event sensitivity 

 B(µ-+Al→e-+Al) = 3.1×10-15  
 Upper limit at 90% C.L. 

 B(µ-+Al→e-+Al) < 7.0×10-15  

 cf. present limit < 7×10-13 (SINDRUM-II)

B(µ� + Al� e� + Al) =
1

Nstop
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• 8GeV, 3.2kW proton beam 

• 2.5x1012 proton/sec

• 12 days (106 sec) running time

• Single event sensitivity

• B(μ-+Al→e-+Al) = 3.1x10-15

• Upper limit at 90% C.L.

• B(μ-+Al→e-+Al) < 7.2x10-15
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Figure 6.2: Distributions of reconstructed µ−−e− conversion signals and reconstructed
DIO events for the case of trigger counter of 5 mm thickness. The vertical scale is
normalized so that the integrated area of the signal is equal to one event with its branching
ratio of B(µN → eN) = 3 × 10−15. The momentum cut of 101.9 MeV/c is used in this
report.

Table 6.1: Momentum cut values and their efficiencies for different thickness of trigger
counters. The net efficiency below is the product of the geometrical acceptance and the
efficiency of the momentum cut.

trigger geometrical momentum momentum net
counter & tracking threshold cut efficiency

no 41 % Pe > 103.5 MeV/c 70 % 29 %
5 mm 40 % Pe >101.9 MeV/c 66 % 26 %
7.5 mm 38 % Pe > 100.4 MeV/c 55 % 21 %

6.2.2 Signal sensitivity for cylindrical detector

The single event sensitivity is given by

B(µ− +Al → e− +Al) =
1

N stop
µ · fcap · Aµ-e

, (6.1)

where N stop
µ is the number of muons stopping in the muon target, fcap is the fraction of

muon capture and Aµ-e = 0.09 is the signal acceptance. The fraction of muon capture for
aluminum is fcap = 0.61.

By assuming a proton beam of 8 GeV with 0.4 µA, a total beam power is about
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Table 6.4: Summary of estimated background events for a single-event sensitivity of
3× 10−15 with a proton extinction factor of 10−9

Background estimated events
Muon decay in orbit 0.05
Radiative muon capture < 0.001
Neutron emission after muon capture < 0.001
Charged particle emission after muon capture < 0.001
Radiative pion capture 0.024
Beam electrons < 01
Muon decay in flight 0.0004
Pion decay in flight < 0.0001
Neutron induced background 0.024
Delayed radiative pion capture 0.002
Anti-proton induced backgrounds 0.007
Cosmic ray muons 0.0001
Electrons from cosmic ray muons 0.0001
Total 0.11

COMET of 2 × 107 sec. Therefore, the estimated background events are about a factor
of 20 less than that of the full COMET experiment.

6.3.5 Summary of background estimations

Table 6.4 shows a summary of the estimated backgrounds. The total estimated back-
ground is about 0.11 events for a single event sensitivity of 3.1 × 10−15 with a proton
extinction factor of 10−9. If the proton extinction factor is increased, the expected back-
ground events are further reduced.

supposing  beam extinction factor of 10-9 

Selection Value Comments
Geometrical Acc 0.53 tracking eff. included
momentum 0.50 pe>101.9MeV/c
Timing 0.39 same as COMET

Trigger and DAQ 0.9 same as COMET
Total 0.09
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Facility Construction
 Construction of the COMET building has been already completed.!
 Underground structure, beam line construction is ongoing.

Hajime NISHIGUCHI (KEK)                                                        COMET Experiment                               EPS-HEP2015, 22-29/Jul./2015, Vienna

COMET hall
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Beam line construction
 Main part of pion/muon transport solenoid is already installed

Hajime NISHIGUCHI (KEK)                                                        COMET Experiment                               EPS-HEP2015, 22-29/Jul./2015, Vienna
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Accelerator-preparation status for COMET
 8 GeV operation with 3.2kW has been already tested/tuned.!
 Extinction studies already involved J-PARC accelerator group.

Hajime NISHIGUCHI (KEK)                                                        COMET Experiment                               EPS-HEP2015, 22-29/Jul./2015, Vienna

 Obtained best extinction = O(10-12) !!, Good enough for COMET !!

with 8GeV proton, at FX

 Miss kick injection method; Special Thanks to J-PARC Accelerator group!
 Fail injection in purpose to make the completely empty bucket
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CDC
General Structure is already completed, Wiring just started, Will complete in December

Hajime NISHIGUCHI (KEK)                                                        COMET Experiment                               EPS-HEP2015, 22-29/Jul./2015, Vienna

Wire Stringing for the CDC Started !

Wire stringing started in May at the Fuji hall.
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Straw Tracker
 Straw Mass Production is ongoing with a strong help from JINR group!
 Tracker-stations assembly will be done in 2015-2016
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Straw mass 
production by 

JINR group

after closed 
and pumped

~1.5m
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ECAL
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Summary of COMET phase-I/II
COMET-‐‑‒Phase-‐‑‒I COMET-‐‑‒Phase-‐‑‒II

experiment  starts  (*) in  ~∼2016 in  ~∼2019

beam  power 3.2kW  (8GeV,400nA) 56kW  (8GeV,7μA)

running  time 9.5  x  10^6  (sec) 2.0  x  10^7  (sec)

#  of  protons 2.4  x  10^(19) 8.5  x  10^(20)

#  of  muon  stops 1.2  x  10^(16) 2.0  x  10^(18)

muon  rate 5.8  x  10^9 1.0  x  10^(11)

#  of  muon  stops  /  proton 0.00052 0.00052

#  of  BG 0.02 0.3

S.E.S. 3.1  x  10^(-‐‑‒15) 2.6  x  10^(-‐‑‒17)

U.L.  (90%CL.) 7.0  x  10^(-‐‑‒15) 6.0  x  10^(-‐‑‒17)
*  including  the  engineering  run
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General Schedule for Phase-I and Phase-II

JFY 2013 2014 2015 2016 2017 2018 2019 2020 2021

COMET 
phase-I

construction

data taking

COMET 
phase-II

construction

data taking

COMET Phase-I 
- 2016~ 
- S.E.S. ~ 3×10-15 
-  for 9.5×106 sec  
- with 3.2kW proton beam

- COMET Phase-II 
- 2019~ 
- S.E.S. ~ 3×10-17 
- for 2×107 sec 
- with 56kW proton beam
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The COMET is a search experiment for μ-N→e-N at J-
PARC with an excellent sensitivity of O(-17) which is 
four orders of magnitudes better than the present limit.!
The COMET experiment employs the staged approach!

In Phase-I, ‘beam measurement’ and ‘μ-N→e-N search 
with an intermediate sensitivity’.!
Phase-II = ‘Full COMET sensitivity’!

Construction for COMET Phase-I beam-line is fully 
supported by KEK/J-PARC as a first priority project for 
the J-PARC facility upgrade.!
We’re ready for the COMET Experiment phase-I.!

Thank you !!!

Summary
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“μ→eγ” vs. “μN→eN” Physics      
  

Point of view

✤ Sensitivity for “photonic” and “non-photonic” processes is different.

µ→eγ µN→eN
photonic 

(eg. SUSY-base models, etc.) YES (on-shell) YES (off-shell)

non-photonic 
(eg. Extra-D, Little-Higgs, etc.) NO YES !!

 eg. SUSY-based case, B(µ→eγ)/B(µN→eN) ～ O(100) (depends on N)

vs.
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“μ→eγ” vs. “μN→eN” Experimental        

Point of view

µ→eγ µN→eN
Dominant B.G. Accidental Beam related

Challenge Detector Performance Beam Quality

Suitable Muon Source DC Muon Beam Pulsed Muon Beam

Beam Intensity (almost) Limited No Limitation

 µ→eγ : accidental B.G. ∝ (rate)2 
 MEG (and its upgrade) may be the final experiment 

 µN→eN : Required Beam is recently / finally achievable 
 Once we get a required beam, µN→eN experiment 

might be a next experiment after the MEG.

discovery

measurement
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History of muon LFV search experiment

✤ Long Tradition on 
the μ→eγ	
  /	
  μN→eN 
Search Experiment !

✤ Started right after 
the muon discovery!

✤ μ→eγ has already 
entered the 
predicted region !!!

✤ μN→eN is sitting at 
just in front of the 
predicted region !!!

✤ NOW VERY VERY 
ATTRACTIVE !!!!!

10-15

1950 1970 1990 2010

10-13

10-11

10-9

10-7

10-5

10-3

10-1

Ex
pe

rim
en

ta
l U

pp
er

 L
im

it 
on

 B
ra

nc
hin

g 
Ra

tio

10-17

Past μ→eγ Experiments#

Past μN→eN Experiments#

Best Limit on μ→eγ BR#

Best Limit on μN→eN BR#

Expected Reach on μ→eγ BR#

Expected Reach on μN→eN BR

Predicted Region for μ→eγ

Predicted Region for μN→eN
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✤ SINDRUM-II experiment (1989-1993, PSI)!

Present best limit on BR(μN→eN)
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✤ SINDRUM-II experiment (1989-1993, PSI)!

 DC muon beam with veto counter#

 Results:#
 B(µ-Ti→e - Ti) < 6.1×10-13 (1993)#

 B(µ - Au→e - Au) < 7×10-13 (2000) 

 Limited by Significant BG Rate 

Present best limit on BR(μN→eN)
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Linac Choper at J-PARC

Two Cavities
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Proton beam at J-PARC
 A pulsed proton beam is needed 

to reject beam-related prompt BG#

 Time structure required to be;#

 Pulse separation ~1μs or more 
(muonic atom lifetime)#

 Narrow pulse width ~ 100ns

• A pulsed proton beam is 
needed to reject beam-related 
prompt background. 


• Time structure required for 
proton beams.

• Pulse separation is ~ 1μsec 

or more (muon lifetime).

• Narrow pulse width (<100 

nsec)

!
!
!
!
!

• Pulsed beam from slow 
extraction.

• fill every other rf buckets 

with protons and make slow 
extraction


• spill length ~ 0.7-3 sec sec

• good to be shorter for 

cosmic-ray backgrounds.

Proton Beam at J-PARC

1.17 µs (584 ns x 2)

0.7 second beam spill

3.64 second accelerator cycle

100 ns

RCS#
(3GeV, h=2)

MR#
(30GeV, h=9)

598ns
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Extinction measurement at J-PARC

✤ Extinction =                                                
“# of residual proton” / “# of main proton”, 
should be < 10-10 !!!#

✤ Should be realized with the COMET 
operation mode;#

✤ 8GeV (56kW), bunched slow extraction

FX

SX

•Abort monitor!

•dynamic R ~ 1012 counts!

•Direct measurement!

•2010-Dec., @ FX abort line!

•Result:!
              Ext. <~ O(-7)

COMET R&D Status
• Proton beam study (Extinction 

Measurement)

• Measurement at MR abort line 
(Fast Extraction) and Secondary 
beam line (Slow Extraction)

• Both provided consistent result

• Extinction: (5.4 ± 0.6)!10-7

• Further improvement expected (O
(10-6)) by double injection kicking

• External extinction device 
improves even more (O(10-6))

• US-Japan cooperative 
research program
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/(.#%6)"B&C()*7D%(&E&F2G2'@&
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&+IG3&J&KGL1&M&2K>N&

•Beam counter at 
secondary beam line!

•Direct measurement!

•2010-Oct., @ SX!

•Result:!
         Ext. < 5.4×10-7 #

• Consistent with 
measurement at abort.
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Proton beam at J-PARC

RCS#
(3GeV, h=2)

MR#
(30GeV, h=9)

【Normal Operation】

12

3

4

RCS#
(3GeV, h=2)

MR#
(30GeV, h=9)

【COMET Operation】

1196ns

Hajime NISHIGUCHI (KEK)                                                        COMET Experiment                               EPS-HEP2015, 22-29/Jul./2015, Vienna



42

Miss-kick method
✤ Miss kick injection method; Special Thanks to J-PARC Accelerator group

kicker excitation 
for injection

residual 
protons

✤ By shifting the kicker timing 598ns forward/backward, residual protons 
are originally not injected into MR.#

✤ Completely empty bucket should be realized !

shifted 598ns forward

residual 
protons

would not 
be injected !
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Miss-kick Demonstration
 Miss-kick methode was successfully demonstrated

before miss-kick after miss-kick

 This was done w/o acceleration…
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Test Beam Campaign 2015
 Five test-beam experiments are planned in 2015 towards finalising  

the setups for the COMET phase-I. 
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PID demonstrations at PSI 
* PID among π/µ/e beam by waveform 
difference in LYSO signal 
* 28/June-05/July

ECAL Test-Beam Campaign 2o15 at PSI
 Purpose ; Demonstrate PID by ECAL only using π±/µ±/e± beam  “dE/dx”, “E/p” and “TOF” are not sufficient enough to achieve a reasonable PID power for COMET phase-I 

 Try to distinguish particles looking at pulse-shape difference of LYSO crystal signal  Performed at PSI πM1 beam line, 29/June~05/July, 115MeV/c pion beam with several thickness degraders to obtain 40-100MeV/c π±/µ±/e± 

positive pion negative pionpositive muon negative muon

setup primary PID is done by TOF

TOF (Trg.-RF) [ns]

e+ π+
µ+

π+
µ+

e+

e+

e+ µ+
e+

π-

π- π- µ- µ-

e-

DAQ/elec.

ECAL

beam 
window

 Demonstrated Successfully, detailed analysis is just starting

ECAL Test-Beam Campaign 2o15 at PSI
 Purpose ; Demonstrate PID by ECAL only using π±/µ±/e± beam  “dE/dx”, “E/p” and “TOF” are not sufficient enough to achieve a reasonable PID power for COMET phase-I 

 Try to distinguish particles looking at pulse-shape difference of LYSO crystal signal  Performed at PSI πM1 beam line, 29/June~05/July, 115MeV/c pion beam with several thickness degraders to obtain 40-100MeV/c π±/µ±/e± 

positive pion negative pionpositive muon negative muon

setup primary PID is done by TOF

TOF (Trg.-RF) [ns]

e+ π+
µ+

π+
µ+

e+

e+

e+ µ+
e+

π-

π- π- µ- µ-

e-

DAQ/elec.

ECAL

beam 
window

 Demonstrated Successfully, detailed analysis is just starting

Proton emission measur. 
* After muon capture 
* AlCap experiment at PSI

StrECAL Test 
* 105MeV e- beam @ Tohoku Univ 

* Integrated test (Straw+ECAL

+Trig+FE) 
* To be done in beginning of 2016

CDC performance at Spring8 
* tracker test by e- beam 

* 09-12/July

Prototype IV Beam Test at SPring-8

CDC prototype IV was designed to have the final wire configuration. 

The purpose is to examine different gas mixture with different HV and 

different TDC thresholds. The gas mixtures tried were (He:CH4=80:20, 

He:C2H6=50:50, He:iC4H10=90:10) .

Straw Tracker Test 
* 105MeV e- beam @ Tohoku Univ * To be done in late half in 2015 
* Performance studies

done
done

done
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Front-end Electronics R&D
✤ Own Front-end electronics is 

under development!
✤ ROESTI : ReadOut Electronics 

for Straw Tube Instrument!
✤ power consumption#
✤ # of feedthrough#
✤ space limitation#
✤ pile-up elimination (WF)#
✤ picking up a small charge / 

timing resolution, etc.!
✤ Pre-amplification→Pulse 

shaping, discrimination is 
done by ASD and Waveform 
digitization is done by DRS4, 
controlled by FPGA-based 
local bus control system on the 
board.

ASD

ASD

DRS4

DRS4

ADC

ADC

FPGAst
ra

w
 I

/
O

st
ra

w
 a

no
de

s

S
F

P
 I

/
O

Rx

Tx

NIM input NIM input (x2)

200

80

prototype#
ver.2
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ROESTI prototype
✤ Two prototypings were done, and ver.3 is under development which 

will be the final prototype.

200

80

Input charge [fC]
-300 -250 -200 -150 -100 -50

Ou
tp

ut
 p

ul
se

 h
eig

ht
 [m

V]

-300

-250

-200

-150

-100

-50

ROESTI gain  / ndf 2r  0.2265 / 2
Prob   0.8929
p0        9.644± 1.106 
p1        0.04448± 1.029 

 / ndf 2r  0.2265 / 2
Prob   0.8929
p0        9.644± 1.106 
p1        0.04448± 1.029 

ROESTI gain

time [nsec]
-2 -1.5 -1 -0.5 0 0.50

50

100

150

200

250

ROESTI timing resolution  / ndf 2r  12.91 / 7
Prob   0.07436
Constant  10.0± 248.8 
Mean      0.0052± -0.9086 
Sigma     0.0041± 0.1602 

ROESTI timing resolution

prototype#
ver.2

σt=160ps

WF output timing reso. calibration
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Funding for Phase-I

 Almost secured…

Proton beam-line#
supplemental-budget-JFY2012

COMET building#
suppl-bdg.-JFY12 / project bdg.

Detector (CDC+trig.+elec.) + Solenoid#
Grant-in-Aid JFY2013-17#
Detector (Straw+ECAL+elec.)#
Partially secured by another Grant-in-Aid.#
Remaining cost would be covered by efforts from 
other countries, eg. UK, JINR, etc.
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Background list for Phase-I

Tau 2010 13th September 2010Ajit Kurup Page 11

The COherent Muon to Electron Transition 
(COMET) experiment

Proton Beam for COMET

• 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.

0.7sSpill time

5.3x105Bunches per Spill

1.2x108Protons per Bunch

100nsBunch Length

10-9Extinction

1.3 µsBunch Separation

Bunch Structure

• Muonic lifetime is dependent on 
target Z.  For Al lifetime is 880ns.

Proton Beam for COMET

Background List

prompt and delayed  
backgrounds

16.2 Background Estimation with the CyDet

Potential background sources for the search for the µ−N → e−N conversion are grouped into four
categories. They are intrinsic physics backgrounds, beam-related prompt backgrounds, beam-related
delayed backgrounds, and other backgrounds including cosmic ray induced backgrounds and false
tracking, respectively.

Table 25: A list of potential backgrounds for search for the µ−N → e−N conversion at the COMET experiment.

Intrinsic physics backgrounds
1 Muon decay in orbit (DIO) Bound muons decay in a muonic atom
2 Radiative muon capture (external) µ− +A → νµ +A′ + γ,

followed by γ → e− + e+

3 Radiative muon capture (internal) µ− +A → νµ + e+ + e− +A′,
4 Neutron emission after µ− +A → νµ +A′ + n,

after muon capture and neutrons produce e−

5 Charged particle emission µ− +A → νµ +A′ + p (or d or α),
after muon capture followed by charged particles produce e−

Beam related prompt/delayed backgrounds
6 Radiative pion capture (external) π− +A → γ +A′, γ → e− + e+

7 Radiative pion capture (internal) π− +A → e+ + e− +A′

8 Beam electrons e− scattering off a muon stopping target
9 Muon decay in flight µ− decays in flight to produce e−

10 Pion decay in flight π− decays in flight to produce e−

11 Neutron induced backgrounds neutrons hit material to produce e−

12 p induced backgrounds p hits material to produce e−

Other backgrounds
14 Cosmic-ray induced backgrounds
15 Room neutron induced backgrounds
16 False tracking

The list of background sources are summarized in Table 25. The intrinsic physics backgrounds come
from muons stopped in the muon stopping target. Most of them should be rejected only by the detector
resolution, such as excellent momentum resolution in the CDC. The beam-related prompt back-
grounds are background events originating from protons between beam pulses. The beam-related de-
layed backgrounds are backgrounds originating from the main proton beam pulse and coming at a later
time within the measurement time window. The beam-related prompt backgrounds are suppressed by
the proton extinction factor, whereas the beam-related delayed backgrounds are suppressed by a
total length of the muon beam line and a delayed time window of the measurement.

One should note that the intrinsic physics backgrounds of 4 and 5 in Table 25 will not produce
100 MeV/c electrons but accidental tracks and hits in the CDC may produce fake high-momentum
electron.

16.2.1 Difference of background sources between COMET Phase-I and Phase-II

The major difference between COMET Phase-I and Phase-II is a total length of the muon beam line.
Because of a shorter length of a muon beam line, the pion survival rate will be larger in the COMET
Phase-I than that in the COMET Phase-II, where the pion survival rate is determined by a pion

100
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Background estimation for Phase-I

Background Estimate with CyDet

Table 26: Summary of the estimated background events for a single-event sensitivity of 3.1 × 10−15 with a
proton extinction factor of 3× 10−11.

Type Background Estimated events
Physics Muon decay in orbit 0.01
Physics Radiative muon capture 5.6× 10−4

Physics Neutron emission after muon capture < 0.001
Physics Charged particle emission after muon capture < 0.001
Prompt Beam Beam electrons (prompt) 7.1× 10−4

Prompt Beam Muon decay in flight (prompt) ≤ 1.7× 10−4

Prompt Beam Pion decay in flight (prompt) ≤ 2.0× 10−3

Prompt Beam Other beam particles ≤ 2.4× 10−6

Prompt Beam Radiative pion capture(prompt) 4.24× 10−4

Delayed Beam Beam electrons (delayed) ∼ 0
Delayed Beam Muon decay in flight (delayed) ∼ 0
Delayed Beam Pion decay in flight (delayed) ∼ 0
Delayed Beam Radiative pion capture (delayed) ∼ 0
Delayed Beam Anti-proton induced backgrounds 0.007
Others Electrons from cosmic ray muons < 0.0001
Total 0.019

17.2 Muon decay in orbit

There are no measured data of the muon decay in orbit (DIO) at the momentum region of the endpoint
energy. This measurement cannot be done at an existing muon facility since the number of muons
required cannot be obtained. In the COMET Phase-I, the CyDet will be used to measure the DIO
electron spectrum with a momentum resolution of about 200 keV. This measurement can be compared
with the theoretical prediction. Once the DIO rate and spectrum are precisely measured, they can be
used to monitor the total number of muons stopped in the muon stopping target [62].

17.3 Radiative muon capture

There are no measured data of the radiative muon capture (RMC) at the region of photon energy
at the endpoint for aluminium. Again this measurement cannot be done at an existing muon facility
since the number of muons required cannot be obtained. This measurement needs an energy resolution
less than 1 MeV since the endpoint is about 3.06 MeV lower than the µ−N → e−N conversion signal.
In the COMET Phase-I, the CyDet can be used as a pair spectrometer with a photon converter to
measure photon energies of 100 MeV with an energy resolution of about 200 keV [63].

17.4 Other background assessments

There are no measured data of proton emission and neutron emission after nuclear muon capture.
These measurements can be done at the existing facilities. The COMET collaboration will carry
out the proton emission measurement after muon capture on aluminium at PSI (the AlCap experi-
ment) [64]. The measurement of neutron emission after muon capture on aluminium is planned to
be done at the same time. There are no measured data on the radiative pion capture on aluminium.
This measurement can be made by the ECAL part of the StrEcal.

102

Hajime NISHIGUCHI (KEK)                                                        COMET Experiment                               EPS-HEP2015, 22-29/Jul./2015, Vienna


