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Why charged LFV is so attractive ?

& Why ? : Quark/Neutrino Flavour Mixing = © / Charged LFV = @® ?

_________________________________________________________________________

. & SM + simple v Oscillation ¢ | & beyond SM (SUSY-GUT etc.)
® charged LFV is possible ® charged LFV is largely enhanced
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Why charged LFV is so attractive ?

& Why ? : Quark/Neutrino Flavour Mixing = © / Charged LFV = @® ?
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—~——TeV-scale New Physics
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What is the muon-to-electron conversion ?

* 18§ state in a muonic atom * If u-e Conversion is Occurred ...

N
™~

Neutrino-less Muon Nuclear Capture

4 (A Z) e + (A, Z)

. Muon Decay in Orbit (DIO)
‘ poo— e v,

.

or L 4 * Branching Ratio is Determined by

~ I'(w™N —e™N)
~ T'(u4~N — vN')

| Nuclear Muon Capture
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Experlmental sugnature and Backgrounds

% Radlatlve Muon Capture

+ Radiative Pion Capture

+ Electrons from Muon DIF
+ Ee=mu-Bu ~ 105MeV + Muon Decay in Orbit (DIO)

+ Coherent Process (Zini=Zend)

' Sensitivity : Limited by Beam Quality

& Wait until Pion decays

¢ Pulsed Beam is the BEST + Cosmic Rays, etc.
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Features

Primary proton beam

Muon transport

solenoid

Electron detectors

and solenoid
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COMET Experiment

Pion capture

solenoid

Muon stopping target

Electron transport

solenoid
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Features

Primary proton beam

@ “C-shape”

long/bending

m/u transport
[V ug -

solenoid

Electron detectors

and solenoid
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(D powerful proton
source by J-PARC
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COMET Experiment

2 high-eff
mi-capture system

Pion capture

solenoid

@ high reso

electron detector
with 2ndary “C-shape”
transport

Electron transport

solenoid
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(D powerful proton source at J-PARC
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. Material/Life-Science Facility (MLF)
(muon source, pulse neutron source)

Accelerator-driven
Transmutation exp facility

Neutrino Experiment Facility
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30GeV Synchrotron (MR)
(1600m ring, 0.75MW)
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(350m ring, 25Hz, 1MW)
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COMET beam-line at J-PARC HD

\A

® 50 GeV proton synchrotron Production target(T1)

Phase |l
Extension

50 GeV tunnel

L L T T =k o - axecks %
Tessans el ——
............- —ys - . 1~ &

High momantum RL **ee, [

o 1] T
10 20 TO 40 To AN i et Sk W S S S
TIIH| - Jemo 1R 1% P U I ‘ / b
Switch yard T

Hadren Hall Beam dump

& 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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COMET beam-line at J-PARC HD

® 50 GeV proton synchrotron Production target(T1) Phase I
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Hadren Hall Beam dump

& 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 m-capture system

* Large muon yield by
Large Solid Angle

Matching Solenoid

+ Powerful Solenoid

* Surround p target

Production Target ‘

| Pr(GeV/c) = 0.3 x B(T) x

B=5T, R=0.2 — Pr=150MeV/c |

* Super-conducting
solenoidal magnet

* 5T

* 30 cm thick W shield.
| | i . * ] : Heat Load

Pion Capture Solenoid Radiation Shield ssue : Heat Loa
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Demonstration of high-eff. capture solenoid

Pion capture solenoid

Max. Bsol: 3.5 T

Pion

“Max
/j)L% a € /sw
2 K -
a » )

3.5T pion capture solenoid QQZM&V ™.
and graphite target ol |
— 2000u’s / 6 pA |

already achieved.

S _ N
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3 “C-shaped” Long/Bending mt/u transport

& Utilize C-shape long/bending magnet to reject background particles.

Capture Sclenoid

Matching Solenoid Preduction Target

Transfer Solenoid

Target Solenoid 1-3

i

%g

Decay Solenoid

Select low-p muons

(& reject high-p u)

using C-shaped

“transport” solenoid

Detector Solenocid

N

Select high-p e (&
reject low-p BGs.)
using C-shaped
“transport” solenoid

- N N N N N N N N N N NN N
.-------'

LR

Bmax:1T

- N N N N N N N N N N NN N
--------'
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Secondary-bending for detector system

60-MeV/c DIO electrons
* 'Torus drift for rejecting low energy

DIO electrons.

\

L T
AL L AA RARRRZEZZ
* Rejection Power : ~10

105-MeV/c u-e electron

* Good Acceptance for signal electrons
(w/o including event selection and
trigger acceptance)

* ~20%
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@ High resolution electron detector

' to stop muons L

. e Colhmat Muon Target Disks
Beam Blocker

Jv‘l

Muon-Target Solenoid

DIO Blocker

Detector Slenoid - L 8 |

to eliminate low-energy beam |

',

to detect and identify | ter Tracker | particles and to transport only
100 MeV electrons | [ ~100 MeV electrons

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



16

Electron Detector (Tracker + Calorimeter)

+ Rate = 800 kHz

§ Straw tracker

N
> TR
g /ll‘Q

+ Straw-tube tracker to
measure electron mom.

A

D
W,

+ 5 stations (super-layers)

+ op<200keV/c N A
* 4 planes/ super-layer [N\ | \
\
+ 5 mm diameter straw-tube with \ 9

12 um thick Mylar & 70 nm Al N/
+ different for phase-I

* should be operational in vacuum

* <200um spacial resolution

ECAL

* Crystal calorimeter for trigger (ECAL)
* LYSO crystal + APDs
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COMET Collaboration

The COMET Collaboration
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E. Kulish™, Y. Kuno?, Y. Kuriyama'®, Y. Kurochkin®, A. Kurup'!, B. Lagrange'!: '8,
M. Lancaster®®, H. B. Li2, W. G. Li?, A. Liparteliani®?, R. P. Litchfield3>, P. Loveridge?3’,
G. Macharashvili*, Y. Makida'®, Y. Mao?, O. Markin'?, Y. Matsumoto??, T. Mibe!,
S. Mihara'®, F. Mohamad Idris?!, K. A. Mohamed Kamal Azmi?!, A. Moiseenko!'4,
Y. Mori'®, N. Mosulishvili*?, E. Motuk®®, Y. Nakai'®, T. Nakamoto!®, Y. Nakazawa??,
J. Nash!!, M. Nioradze®?, H. Nishiguchi'®, T. Numao3*, J. O'Dell??, T. Ogitsu'®, K. Oishi'?,
K. Okamoto??, C. Omori'®, T. Ota?!, H. Owen??, C. Parkes??, J. Pasternak!!, C. Plostinar3’,
V. Ponariadov?, A. Popov®?®, V. Rusinov'®?3 A. Ryzhenenkov® 28 B. Sabirov!?,
N. Saito'®, H. Sakamoto??, P. Sarin!?, K. Sasaki'®, A. Sato??, J. Sato3!, D. Shemyakin® 2%,
N. Shigyo'?, D. Shoukavy®, M. Slunecka’, M. Sugano'®, Y. Takubo!®, M. Tanaka'®,
C. V. Tao?0, E. Tarkovsky!®23, Y. Tevzadze®?, N. D. Thong?’, V. Thuan'?, J. Tojo!?,
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* IBS, KAIST (Korea), CC-IN2P3(France) and Georgian Technical Univ. joined recently
* 179 collaborators (32 institutes, 13 countries), FTE ~30
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Staged approach

19

Pion Capture Section

A section to capture pions with a large
solid angle under a high solenoidal
magnetic field by superconducting
maget

Detector Section

A detector to search for
muon-to-electron conver-
sion processes.

Stopping

M Target

ﬁu:nnuuuuuuuaamuuunuuuduuuuﬂuuunﬂiﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Pion-Decay and
Muon-Transport Section

A section to collect muons from A AnA
decay of pions under a solenoi- |:r| | H“ | U
dal magnetic field. Il
Weil u
5m
i

Hajime NISHIGUCHI (KEK) COMET Experiment

EPS-HEP2015, 22-29 /Jul. /2015, Vienna



19

Staged approach

.
\

| R | ‘
| Protons ] Pion Capture Section
\\ A n to capture pions with a large
\\\\\ solid gngle under a high solenoidal

magndtic field by superconducting
% Production mageg

Target

/
- "’
Production | ——
dl [ S—

Target “ I =

Pions

Detector Section
A detector to search for

| S—— )

| — )

[ _——— )

| s— )

[ ——1

[ s )

== = muon-to-electron conver-
§ sion processes.

| Muons

Stopping |

Target | ' o
e | Pion-Decay and
| Muon-Transport Section e

A section to collect muons from

decay of pions under a solenoi- I ‘ ’

dal magnetic field. ‘
CEEEEEEEE

I i

(phase-T) full COMET (phase-IT)
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Goal of COMET phase-I

— = e — = e ——— - e —— _

(D 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

—— e R ——— — E—————— S B —

|

| :
(2) Search for u-e Conversion

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

—— — — — ——————— —
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Background measurement

21

Cryo-cooler

Antiproton
stopper

Detector
Vacuum
Vessel

Sensor feedthru

Signal readout &
Voltage supply
feedthru port

Vacuum port

Crystal

Strawtube .
B Calorimeter
Arrav
| Total momentum vs Y for u” at monitor45 I
—~ 200 . :
g - . | = |,
E 150 - =00
) - - -
100 = 180
- 4 —160
50F= I
0]= —

-50 —
100F .
150F =
_200 - 1 | | 1 ;I | 1 | 1 | -I | -| 1 1 |- |-|:

0 20 40 60 80 100 120 140

P, (MeV/c)

& Measure almost all particles
& Same detector technology for

phase-II

& SC spectrometer solenoid

& Straw Tube planner Tracker

¢ Crystal Calorimeter

Counts / Initial Proton / 2 MeV/c

1072

10_3
10 ¢

10°

¢ Particle ID with dE/dx and E/p

50 40 60 80 1001201'40160180
P (MeV/c)
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Search for y"N—e"N by the COMET phase-1

Cylindrical drift chamber (CDC)

Beam pipe & Collimator | b \ Proton absorber

Collimator solenoid

. ' L 7
Stopping target 4 ; Trigger hodoscope

& 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.)
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Physics Sensitivity for COMET phase-I

& 8GeV, 3.2kw proton beam is assumed
Pion Capture Section Detector Section

& 2.5x10'? protons/sec \\
& <10 of extinction 1s supposed, at least \\

N/

& 110 days (9.5x10°¢ sec) running time

Y

& Expected single event sensitivity

/

Pion-Decay and
Muon-Transport Section

1

B(p= 4+ Al — e + Al) =

N st op . f . A c 12 :
M cap H—E€ W Signal Acceptance
% B DIO Contamination
© s 1 |- 5% Contamination
@ @('L[_{—Al%e"'_AI) = 3. ] X 1 0_15 g ——_\ |- 50% Acceptance
s L Ty | 101.8MeV Energy threshold

©
®

€ Upper limit at 90% C.L.

o
o)

§ B(u+Al—=e+Al) < 7.0x10°15 B

_ assuming B(u-e)=3%10"15

o
~

— 0.05 BG events

o
N

™ cf present limit < 7x10-13 (SINDRUM-II) T B S B ]

1 1 1 1
% 99 100 101 102 103 104 105
Eth (MeV)
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Facility Construction

& Construction of the COMET building has been already completed.
& Underground structure, beam line construction is ongoing.
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Beam line construction

& Main part of pion/muon transport solenoid is already installed
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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.

& Miss kick injection method; Special Thanks to J-PARC Accelerator group
¢ Fail injection in purpose to make the completely empty bucket

Extinction @ J-PARC MR Abort

c

=] B .

I : with 8GeV proton, at FX

B 0710 extraction timing : P4

8 - T

.

8 .

= 10 e TT ......... T .......... f ....................................................................
10—125__ ................................................................................................... T .......... T ................ T ..............
qotB b Lo L L L L

140 160 180 200 220 240 260

RF voltage (kV)

& Obtained best extinction = O(101?) !!, Good enough for COMET !!
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CDC

&General Structure is already completed, Wiring just started, Will complete in December

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

v
\ N
) .
¢ — |}
\

Straw mass |
' production by | W

|
AAAAAA

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



29

Event Sample (105 MeV/c runs)

e ® Ty
' I | ! I ‘
'-t\—-vl . | o S S P l—‘-—l [ — l’--" by
et 4000F 4000F e |
3500F 3500F
== 3000} 3000 e
2500} 25001
== 2000F 2000} A = |
- = [
1500 /n\ 1500 | \\
1000}- | oo |
- . : |
500F f \\"\M 500( ™
0 L I‘ TR | L MAW” OI el ffﬂl | IR |
W w0 100 0 200 400 600 800 1000
time (ns) time (ns)

LYSO is clearer than GSO.
(Amp. gain 1/4 in LYSO runs to compensate light yield difference.)
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Summary of COMET phase-I/II

30

COMET-Phase-I

COMET-Phase-11

experiment starts (*)

in ~2016

in ~2019

beam power

3.2kW (8GeV,400nA)

56kW (8GeV,7pA)

running time

9.5 x 1076 (sec)

2.0 x 10N7 (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”M(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

Hajime NISHIGUCHI (KEK)

COMET Experiment

EPS-HEP2015, 22-29 /Jul. /2015, Vienna
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General Schedule for Phase-I and Phase-II

JFY

2013 2014 2015 2016 2017 2018 20192020 2021

COMET -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
phase-l data taking

COMET construction

phase-ll

data taking

COMET Phase-I
2016~

S.E.S. ~ 3x1015
for 9.5x10° sec
with 3.2kW proton beam

COMET Phase-II

2019~
S.E.S. ~ 3x10"7
for 2x107 sec
with 56kW proton beam

Hajime NISHIGUCHI (KEK)
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Summary

¢ The COMET is a search experiment for y"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 ‘#"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 !!!

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

photonic _ _
(eg. SUSY-base models, etc.) YES (on-shell) YES (off-shell)
non-photonic NO S 11

(eg. Extra-D, Little-Higgs, etc.)

@ eg. SUSY-based case, B(u—ey)/B(uN—eN) ~ 0(100) (depends on N)

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

& u—ey : accidental B.G. « (rate)2
& MEG (and its upgrade) may be the final experiment

& uN—eN : Required Beam is recently / finally achievable

& Once we get a required beam, uN—eN experiment
might be a next experiment after the MEG.

Hajime NISHIGUCHI (KEK) COMET Experiment EPS-HEP2015, 22-29/Jul. /2015, Vienna
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History of muon LFV search experiment

—_
<

10

1077

Experimental Upper Limit on Branching Ratio

EEEEE S EEEEEEEEEERN FESEEEEEEERESR QESEESEEEEEEEEEEER ' |

. @ Past u—ey Experiments

0 A : . .

| .

A Past uN—eN Experiments
® Best Limit on p—ey BR
~ A Best Limit on uN—eN BR
® Expected Reach on p—ey BR
% e , : | A Expected Reach on pN%eN BR !

|

Long Tradition on
the u—>ey/uN—eN
Search Experiment

Started right after
the muon discovery

n—ey has already
entered the
predicted region !!

UN—eN is sitting at
just in front of the
predicted region !!

107 Predlcted Region for uN—>eN NOW VERY VERY
U PN IR (PR RPN U R R B | ATTRACTIVE !
1950 1970 1990 2010
Hajime NISHIGUCHI (KEK) COMET Experiment EPS-HEP2015, 22-29/Jul. /2015, Vienna



37

Present best limit on BR(uN—eN)
+ SINDRUM-II experiment (1989-1993, PSI)

B dipole magnet
1 quadrupole magnet
| sextupole magnet
c | concrete block
3
n| £
gl s
&l 2
o 2
E ‘ T -f‘--._,f‘--._,f“v*\;_.ff\\
8 i _ - :‘j
Q : o O
5 transport solenoid SINDRUM I
A Jn,
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Present best limit on BR(uN—eN)
+ SINDRUM-II experiment (1989-1993, PSI)

/ 1arget B dipole magnet
; 1 quadrupole magnet
sextupole magnet

concrete block

& DC muon beam with veto counter |

|
\
i
& Results: |
~ B(u'Ti—e Ti) < 6.1x10713 (1993) E
¢ B(u-Au—e-Au) < 7x10713 (2000) \J

MIO simulation

ue simulation

$
¢ Limited by Significant BG Rate %I
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Linac Choper at J-PARC

- | 90-deg dump Two Cavities
Beam dumps 0-deg 30-deg 90-deg 100-deg 100-deg dump :

1st stage:
Until Jul., 2007 06kW 0.1kW NA N/A

2nd stage:
\From Sep.,2007 O06kW 54kW O06kW 2kW

/

Fr?; t:)nd Debuncher 2
> e OTL phe SOTL > Debuncher 1
(27 m) (84 m)
E I X
2 l - ‘om R i S
3 MeV 50 MeV 181 MeV 0-deg dump
Front-end = IS + LEBT+ RFQ + MEBT o T e e}

Absorb deflected beams

Deflect the beams v
RFQ transversel ey SCraper
y 2716
' DTL
p| SCT1 0  SCT2 _us SCT3 g 258 14k SCT4 98 120 110 | 16
: | v 1
| | ’ U :
: & & 5 ] 1 A
{3 ARt ARRE
[ 5 ;!‘ = J
: : \/2 . | :
A< = 4 - SR - L
RHQ : Q1 Q2 Q3 Chopper 4 ! |\“:!I » 06 y Q8 - -
- cavity
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Proton beam at J-PARC

¢ A pulsed proton beam is needed
to reject beam-related prompt BG

. , RCS
¢ Time structure required to be; 5.y 2

T
g en?®
A 3 .®
«®

. ..,
. ~ s “ b ®
¥ Pulse separation ~1us ormore ; ‘xf’%:p
% .: “‘ “\‘p

(muonic atom lifetime)

¢ Narrow pulse width ~ 100ns VK

1.17 us (584 ns x 2)

A /th L A /L a5

-

100 ns

0.7 second beam spill

3.64 second accelerator cycle
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Extinction measurement at J-PARC

RCS s By s S o o
\ j iy e + Extinction =
e 0 A, T “# of residual 7 | “# of mai g
B L 7 oo of residual proton of main proton”,
‘ﬂ:‘a:"; R l:')l -
N should be < 10-10 I!!
N MR . .
N * Should be realized with the COMET
4 batch injection h=8 (h=9) .
4 bunches operation mode;

/ * 8GeV (56kW), bunched slow extraction
E E E IMI Entri hmcs311059 E
: e Abort monitor i + ®Beam counter at T .0
: . D li wE L e o
e dynamic R ~ 10'? counts : : secondary beam line el | B I
: : . 1 ®Direct measurement [ = | | [ :
: ® Direct measurement P 10 :
: . +1  02010-Oct, @SX :
! e2010-Dec., @ FX abort line : 010-Oct, @5 v :
: ' 1 eResult: s ;
: ® Result: L esult 102 :
: o Ext. < 5.4x107 1|
; Ext. <~ O(-7) ;| LSBT, N
: . 1 o Consistent with oty b Rl g e |
1 ;) ! 0 1000 2000 3000 4000 5000 '
. 1 measurement at abort. Timensec]

------------------------------------------------------------------------------------------------------------------
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Proton beam at J-PARC

RCS RCS
(3GeV, h=2) .. 59 (3GeV, h=2) 1196ns
L

es®”®
«®
.

=~ 7
A

ue : 5.
ne . ne
Yy e Y
“ “ ' “
* g *
LY .0 . * ’. ) Y, . .
* N * 8 * *
. N . . .
% N . ., R .
[ & ° . L .
. .
A .
. .
. .
K MR K MR
. .
. .
t‘ < “ []
* [ ] : * :
. n . .
* n . .
] - .
.

0‘ ’0
0. .0
* *

[Normal Operation] [COMET Operation]
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Miss-kick method

* Miss Kick injection method; Special Thanks to J-PARC Accelerator group

H residual H residual
o rotons o rotons
v / P ro / P A
! > o I >
> ’
----- . ‘- Il E W
Y 4 ) 3

'---
ez
e
.
R
I\—lo
; @
Bl
r (D
1 Q.
| [
‘.--

kicker excitation shifted 598ns forward
for injection

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

* Completely empty bucket should be realized !
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Miss-kick Demonstration

¢ Miss-kick methode was successfully demonstrated

[t
(1) J| - b : .0mvQ 0.0mVQ (1.25GS/s H Aux 5 1.00V ’
(@D A 22.29nVs A ing negative JA*Y21.6000us L points | ) q rea =17.78nvs a neqative Jlm+v21.6000us |10k points || J

10.0mv2 @) 10.0n ns S
rea o

! Z A A ‘obe Slope R Mode )
| 9 May 2014 Type UL lles £ [ 9 May 2014
04:36:10 g ux ¢ e : . Holdoff ‘\04:43:53 |

‘Illllllllllllllllllllll.

before miss-kick

.lllllllllllllllllllllll'

¢TI N NN NN NN NN ENEEEEEEEEEERE)y

after miss-kick

.lllllllllllllllllllllll'

amm®

eNEN
eNEYy
Qum?®

& 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 -1.

1

‘PID demonstratlons at PSI
| © PID among w/p/e beam by waveform | | * After muon capture \
difference in LYSO signal | * AlCap experiment at PSI |

* 28/]une 05/July W W |

-t |
Tt Tagtrn “ | Straw Tracker Test I
e‘ “ | * 105MeV e- beam @ Tohoku Uniyv |
| | * To be done in late half in 2015 |
] * Performance studles

| CDC performance at Spr1ng8

| * tracker test by e ‘beapn

StrECAL Test ‘
% 105MeV e  beam @ Tohoku Univ \

* Integrated test (Straw+ECAL

| +Trig+FE)
1‘ * To be done in begmmng of 2016 |

\‘

|

——— =
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Front-end Electronics R&D

* Own Front-end electronics is NIM input NIM nput (2
under development

---------

b Y
1
24

* ROESTI : ReadOut Electronics 0 Y ;TX
for Straw Tube Instrument 3 | FTel
+ power consumption % FP(! Al é
+ # of feedthrough % N
+ gpace limitation
+ pile-up elimination WF) 7~ T T |
* picking up a small charge / | S A

timing resolution, etc. e

* Pre-amplification—Pulse
shaping, discrimination is 3
done by ASD and Waveform g S W,
digitization is done by DRS4, N (W g S iRl Lt 3 |
controlled by FPGA-based P il R

{ prototype i

local bus control system on the |
\, ver.2
board. Ve
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ROESTI prototype
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+ Two prototypings were done, and ver.3 is under development which

will be the final prototype.

= S

—
_ =5

/ I\
prototype
Hﬁ: & In T
i !’m : o
3
]
! P | —
!I%;- g —
"ul.j.J "] - 1 n. b, ' e
G._, pemllie nEn .
CDHE'I' EREAD v2
DEAK»\ KEK
— v
<. ~
~ 7
200
| ROESTI timing resolution | | x/ndf 129177
S' 100 Prob 0.07436
- Constant 248.8 = 10.0
E 50— ~ Mean -0.9086 + 0.0052
—_ C 250— Sigma 0.1602 = 0.0041
= C B
o]
> -
2005
150— —
: or=160ps
........................................................................... 100}
___________________________________________________________________________ 50|~
-350: i i i i B
0 20 40 60 80 100 120 140 oL+ 1 11 L1 I BT
-2 -1.5 -1 -0.5 0 0.5

time [ns]

output

- time [nsec]

(_timing reso. _

H x2 / ndf 0.2265/2

I ROESTI galn l Prob 0.8929
50 po 1.106 = 9.644

- L p1 1.029 + 0.04448

-100—

-150—

Output pulse height [mV]

-200}-

-250—

-300—

1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
-300 -250 -200 -150 -100 -50
Input charge [fC]

Hajime NISHIGUCHI (KEK)

COMET Experiment

EPS-HEP2015, 22-29 /Jul. /2015, Vienna



47

Funding for Phase-I

i Detector (CDC+trig.+elec.) + Solenoid  :
Almost secured... :
# : Grant-in-Aid JFY2013-17
: Detector (Straw+ECAL+elec.) :
:.. ...................................... : E Partially secured by another Grant-in-Aid. E
* Proton beam-line 1 Remaining cost would be covered by efforts from
: supplemental-budget-JFY2012 ; : other countries, eg. UK, JINR, efc. :
e W T L TR [ &7 pgy ’
......... RS e
d ., S e .
| ﬂ i
| 72 = " s . e ®
............................. L
. COMET building ._-___ SONOX%
i suppl-bdg.-JFY12/ project bdg. - :
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Background list for Phase-I
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Intrinsic physics backgrounds

1  Muon decay in orbit (DIO) Bound muons decay in a muonic atom
2  Radiative muon capture (external) W +A—->v,+ A+,

followed by v — e~ + e
3  Radiative muon capture (internal) p+A—-v,+et +e + A,

4  Neutron emission after W +A—->v,+A +n,
after muon capture and neutrons produce e~
5 Charged particle emission - +A—>v,+A +p(ordor a),
after muon capture followed by charged particles produce e~

Beam related prompt/delayed backgrounds

6  Radiative pion capture (external) T4+ A—>~y+ A,y —>e +et

7  Radiative pion capture (internal) T +A—et+e + A

8 Beam electrons e~ scattering off a muon stopping target
9 Muon decay in flight u~ decays in flight to produce e™

10 Pion decay in flight 7~ 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

Hajime NISHIGUCHI (KEK) COMET Experiment

EPS-HEP2015, 22-29/Jul. /2015, Vienna



Background estimation for Phase-I

Type Background Estimated events
Physics Muon decay in orbit 0.01
Physics Radiative muon capture 5.6 x 10~*
Physics Neutron emission after muon capture < 0.001
Physics Charged particle emission after muon capture < 0.001
Prompt Beam Beam electrons (prompt) 7.1 x 10~
Prompt Beam Muon decay in flight (prompt) <1.7x1074
Prompt Beam Pion decay in flight (prompt) <2.0x1073
Prompt Beam Other beam particles <24x107°
Prompt Beam Radiative pion capture(prompt) 4.24 x 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

49

Hajime NISHIGUCHI (KEK)

COMET Experiment

EPS-HEP2015, 22-29/Jul. /2015, Vienna



