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Charged Lepton Flavour Violation

> FIavour vrolatlon in quark and neutrlno sectors but not observed in charged Ieptons -,‘

> SM physics = unobservable branching ratio for CLFV processes

§ > Observation of CLFV (such as u — e ) = clear signal for new physics!

> Dipole + contact operators in effective field theories

:> Probe new physics well beyond collider energy scales (/) i R SO : -

...........

¢ > Many specific BSM models (SUSY, leptoquark, Z’) 3 | <Tx 10718
. B COMET Phase~II
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9, - T T T il - A T i B Pl . A a9 -8 e b A a D PR " -~ A = s -8 AT A AT Tt RS R - = B 3 i . AT T TS N - y - L .S . A e ST ST =
e - L — " PNy S - - PPN O NPBTIDY P S U, Py _~ g 4 L m - - U o T o Nea B _ N DA .- . R N g A =~ L . - e S N m = LS N

~Photonic =~ Four-Fermi | i C°”%Jx£’::3:a>'

- — —
P

<r><l()l

MEG (Previous) SINDRUM-II
BR(u* — e™7) B(u~Au — e~ Au)

Excluded

Photonic Four—-Fermi

10

Dol 0 1 10 100 |




DIO SM Background Captured Muons
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E& Nuclear Muon
Capture
(61%)

CLFV Signal
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Muon to Electron Conversion

} Monoenergetic | §
fig 1high momentumi §

g | electron signal ] £+ Excellent momentum resolution (< 200 keV/c)
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(u"+N —>e +N)
Some Present Upper Limits (SINDRUM Il)

' Year |CR Bound (90% CL

2006 7.0 x 1071
1998 6.1 x 10713
1996 4.6 x 101

Sources: A search for u-e conversion in muonic gold, The SINDRUM Il Collaboration, Eur. Phys. J. C 47 (2) 337-346 (2006)
Wintz P. et al. SINDRUM Il Collaboration, Proceedings of the First International Symposium on Lepton and Baryon Number Violation (1998)
Honecker W. et al. (SINDRUM Il Collaboration), Phys. Rev. Lett., 76 (1996) 200.
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The COMET
Experlment

COMET (Coherent Muon to
Electron Transmon)

u~ + Al > e~ + Al with
iIncreased sensitivity

200+ members over 48
institutes in 18 countries

Construction happening

Hadron Hall at J-PARC in
Tokal, Japan
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The COMET Experiment

Staged Approach Ph a S e-I (202 4) Phase-ll Y @y Pion Capture

Solenoid

ses Sax105 ¥ Laxio7

Detector
N, . SOlEnoid

Proton Beam 8 GeV (3.2 kW) ¥ 8GeV (56 kw)
Transport
Solenoid

90° bend C-shape
Stopped Muons 1.5 X% 1016 n 1.6 X 10'°

%1 90° Muon Transport ,
Solenoid /,
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Runtime  § 150 days 260 days

CyDet (physics)
StrECAL (beam + background)
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Proton Beamline Proton Target

Phase-| Overview S =

Pion Capture Solenoid

150 days of data collection beginning in 2024 1

90° Muon Transport
Solenoid

Single event sensitivity = 3.1 X 10713

Important design factors to improve sensitivity:

> Intense muon beam - ©(10'®) muons

oroduced — results in ~ 1.2 X 10” muons
stopped per second!

Cylindrical Drift Chamber (CDC)
Muon Stopping Target

> Pulsed beam structure excludes prompt
backgrounds — Al stopping target works

with O(1 us) bunch intervals

¢ >Momentum selection in curved solenoid
with optimised dipole fields

'l r “ COMET Phase-I Layout

CyDet Detector +
Detector solenoid



Phase-l Sensitivity Expectations

Single event sensitivity expected in Phase-I:

B(u=+ Al - e +Al) =

1

N, = 1.5 x 10'°: muons stopped in target

fena = 0.9: fraction of muons transitioning to ground state
fcap = 0.61: fraction of stopped muons captured

A,_, = 0.041: acceptance of u — e signal

Table 13: Factors contributing to the u—e conversion signal acceptance value.

Event selection Value Comments

Online event selection efficiency 0.9

DAQ efficiency 0.9

Track finding efficiency 0.99

Geometrical acceptance + Track quality cuts  0.18

Momentum window (€nom) 0.93 103.6 MeV/c < P. <106.0 MeV/c
Timing window (&ime) 03 7OOns <r < 1170 ns

Total 0.041

Phase-I i1 — ¢ conversion signal acceptance factors

Nﬂ X fmp X fg,,ld X Aﬂ_e

=3.1x 1071

Type Background Estimated events
Physics Muon decay in orbit 0.01
Radiative muon capture 0.0019
Neutron emission after muon capture < 0.001
Charged particle emission after muon capture < 0.001
Prompt beam * Beam electrons
* Muon decay in flight
* Pion decay in flight
* Other beam particles
All (*) combined < 0.0038
Radiative pion capture 0.0028
Neutrons ~ 1077
Delayed beam Beam electrons ~ 0
Muon decay in flight ~ 0
Pion decay in flight ~ ()
Radiative pion capture ~ 0
Antiproton-induced backgrounds 0.0012
Others Cosmic rays' < 0.01
Total 0.032

T This estimate 1s currently limited by computing resources.

Phase-I background events
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To |n following Phase-| with 260 days running time

Phase-ll Overview

7- Slngle event senS|t|V|ty further |mproved to 1 4 >< 10_
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Further deS|gn factors to =l oSty | Electron Spectrometer ~IT
5 |mprove sensitivity over F ' Muon Stopping Target | | to select ~100MeV/c charged particles |

C-shaped muon ‘ ? Muon Transport Solenoid ~3T i
transport solenoid  § ! to select low momentum - (S

— further \ me | and suppress TI-
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> Additional curved

Electron
Spectrometer ..
— suppression of DIO | \
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> StrECAL detector
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Phase-ll Sensitivity Expectations

Single event sensitivity expected in Phase-ll (recently studied by K.Oishi, PhD Thesis, 2021)
1

B(u + Al > e+ Al) = =1.4x 107"
(I,/€) X trn X Ry X Beaprure X Ay
Acceptance Value Comments
(1) Geometrical acceptance 0.18
. y (2) Trigger and DAQ acceptance 0.43
Phase-1I ;1 — ¢ conversion sensitivity factors Timing window acceptance 0.49 600 <t < 1200 nsec
Parameter Value Comments Energy threshold acceptance 097 E >70MeV
I, 7 uA 8 GeV proton beam current in the Phase-1I beam DAQ efficiency 0.90
trun 2x 107 sec  One-year live time of the data taking (3) Reconstruction efliciency 0.77  Chapter 7
R, p 3.8 x 10™*  Muon stopping rate per POT ECAL reconstruction 0.92 Section(7.2.6
B apturc 0.61 Branching ratio for muon capture in Aluminum Straw tracker reconstruction 0.84 Section(7.3.6
Ao 0.034 Total signal acceptance (4) Quality cut efficiency 0.94 Section (/.4
The number of hits in the track 0.96 Ny = 12
p-value of the track fitting 0.98 p-value > 0.001
E/p 1.00 0985 < E/p<1.015
(S) Momentum cut acceptance 0.62 104.2MeV/c <p < 105.5MeV/c
«  Total of (3)—(5) 0.45
Phase-II i1 — ¢ conversion signal acceptance ™ Total acceptance 0.034

factors
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Proton Beam
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4 filled and 5 empty

Bucket A

Bucket B

Proton bunch structure
v1a empty buckets

analysis

/’\

“Pulsed beam structure in both phases
I Phase-l: 8 GeV (3.2 kW)

i« Beam commissioning recently performed with
| @(1010) statistics

e / interbunch counts determined to be background from

. @(10_10) extinction protons (90% C.L.) meets Phase-I |
' requirements - further measurements in Phase-a :
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Pion Capture and Muon Tr

L 0.035

sport
HEEE

— Backward - Graphite

0.03 —— Forward - Graphite

—— Backward - Tungsten

0.025
—— Forward - Tungsten
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0.015
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Pions per proton per 20 MeV
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High momentum track
0 | e | I L1 1 l L1 — a_ - J JLListie= L A l ! l ! l D

0 200 400 600 800 1000 1200 1400 1600 1800 2000 — low momentum track
Pion momentum [MeV/c]

1: Pion yields for graphite and tungsten targets |

Beam collimator

2: Compensatmg field and collimators at end of transport solenoid

' -.' - m;' - d - " -.‘ g B q.' . i e 55 :-.‘ gl - - ;-—>,‘ .

o Graphlte plon productlon target used in Phase—l W|th 5 T capture ’.
solenoid. ]

— Upgraded to tungsten for Phase-ll|

§* Pions decay within curved transport solenoid delivering intense muon §
§ beam to stopping targets.

— Phase-l uses 90" curved solenoid, upgraded to full C-shape for ]
Phase-li

| - Muons follow helical trajectory through curved transport solenoid
’ “F § —Additional dipole field used to compensate for this drift

F {* Collimators optimised to select for low momentum muons !




CyDet Detector -

(Cylindrical Detector) :
o Stopping

Targets

¥ Main physics detector for Phase-1 §

§ Two major detector components:

§ . Cylindrical Drift Chamber
K (CDC) - tracking and
momentum information

» Cylindrical Trigger Hodoscope
(CTH) — selective for high
momentum particles,
prowdes tlmlng mformatlon
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Surrounded by 1 T magnetlc solen0|d charged partlcles foIIow hellcal trajectory towards ends

4

.° High radiation levels expected in detector region

i 1012 Mo,/ cm” neutrons, 1 kGy gamma rays
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17 aluminium disks (100 mm radius, 200 ym thickness) at centre of §
| detector region

- Muons from transport solenoid captured by aluminium stopping
i fargets

g

- Al provides good tradeoff between muon capture rate, DIO
i endpoint tail and lifetime (864 ns)

acame Sl g T i e o £au 8 Lacam poama o saa o =

- Production of stopping target holder prototype currently underway  {
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Phase-I stopping target holder
prototype progress and design
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Phase-I stopped muon distribution

0
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CDC (Cylindrical Drift Chamber)

- 20 concentrlc Iayers W|th alternatmg posmve and negatlve
¢ stereo angles (4986 sense wires + 14562 field wires) 3

- _'-.‘ el

L RR SISV

LLLL oL
LEEE LLLE LA
vore Teee
pPove vove

Large inner radius suppresses DIO electrons reaching
¢ sense layers

' Signal electrons contained within CDC for better
3+ momentum resolution

§+ Better than 200 keV/c momentum resolution for signal
¢ electrons

k. Completed in 2016, read out and testing since 2019,
scheduled to be moved on S|te to J PARC early August

~ s"} -
_'- , . _ . .' 4 ,<..-. - Py O o . - -,‘ . @ Ng A .‘ﬂ_‘ .. — N - _-;‘. S L. N g

Gas He |C4H1o (90 10)
Layers 20 (2 guard layers)
Some select Sense Wires 25 um, gold-plated tungsten
CDC Field Wires 126 //m, pure Aluminium
parameters Inner wall 496 mm
(radius)

Stereo layers +- 70 mrad (alternate) CDC front end electronics cooling tests
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. Important for suppressmg many backgrounds and provld,n-—

better timing information for signal measurements

- 2 x 64 concentric scintillator counter rings at either ena
§ of CDC each with MPPC for readout

£ Tilted support structure optimised for signal acceptance
¢° Time resolution requirement better than 1 ns

f. 5-10m optical fibre readout used to remove MPPC from

{ highest radiation levels

Saint-Gobain BC-408 Scintillator
Inner: 375 x 80 x 5 mm
Outer: 350 x 90 x 10 mm 15

80 Xx 5-10 m plastic
optical fibre bundle

Main Principle: 4-fold coincidence

High momentum particles penetrate 4 layers

.....
JE A

W
23N E
WP

Suppress low momentum
backgrounds e.g. pair
production events

Outside high radiation level
detector region

Hamamatsu
S14161-3050HS-04

Trigger Electronics
(COTTRI)

Preamplifier +Timing/Energy |
Readout



C I H Cyllndrlcal Trlgger Hodoscope) Hamamatsu —-:
S$14161-3050HS-04 Tl
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Prototype evaluatlon ongomg photon yleld tlmlng I 2 BBt R | § =
resolution, preliminary beam tests with 100 MeV electrons i0 S e TR
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t* First prototypes of readout electronics being evaluated
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i+ MPPC cooling and neutron irradiation test performed recently §+

{  MPPCPCB
Constructlon in early 2023 \-

0pt|cal Fibres: Plastlc PMMA flbre bundle

>40 p.e. mid counter

103 -

u=183.43 =+ 1.0

W
' l]'""ﬂp

102 1

M"'H'Hw

Counts

101

109 -

0 100 200 300 400

Peak Voltage (mV)

CTH counter prototype test at Australian  Cosmic ray photon yield measurement MEOSSSSEES
Synchrotron IMIPPC cooling prototype at

16 irradiation tests
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C RV (Cosmic Ray Veto)

First module constructed

90° Muon Transport

Y s 1 T o

Solenoid

Necessary to exclude
atmospheric muons

Cosmic Ray Veto ﬂ:())RV) %
detectors used in Phase-|
and Phase-l|

Phase-| coverage includes . Phase-I CRV Geometric Coverage
CDC and bridge solenoid (at § _ v _— SiPMs
end of muon transport

solenoid)

Requires 99.99% efficiency
and less than 5% dead time

160 cm

beamzI

Active and passive shielding

-
\J v -

)

| ‘.
IR
] .

SRR AN TIOR3 CRV Left Side Module CRV Layout Diagram
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Trigger/ DAQ Q -\ TP i , : I\Ilqe detalls |n Yuk| Fu1|| s talk on Frlday (WG4+6)|
SyStem A Acceleranr clock.

i Trlgger rate
suppressed to 13
kHz with 96%

efficiency and 3.2 ys §
latency using GBDT %
hit classification

COTTRI FE

FC7

—

|

DAQ

11
£ Preliminary chain test o “T
i+ More machine 3 trigger system
¥ learning based i 1
systems are currently§ < = =
{ being explored for  §:°
further
iImprovements

Overview of CyDet
Trigger System for
Phase-1

@( CTH .
- 256 ch

masked area

l »

-
LT

- 105-MeV e-
+ background

» MIDAS based DAQ §{——— - D N /
¥ system with total  }§ ANCE LR

| it o1 cers

active
area




Software o | joRooTracker  Tha |[CEDUST Framework

PHITS

truth particles

"

o AMARS SimG4 | _[ SimHitMerger | [ SimDetectorResponse

" . CO M ET uses Offl I n e SOftwa re i Geant4-based [P Resampling of truth hits [P|  Gas avalanches, crystal showers, Calibration

2 Fluka particle tracking) | to build bunch events y % and electronics simulation ) Constants

framework called ICEDUST A ¥ ey

Pimulations CalibGlobal ;
X Main control for sub-
detector calibration CalibSubDetA

v

oaEvent

« Based on ND280 detector software [oaRawEvem

: Data decoding library e Geometry description,
framework from T2K experiment « Fieldmap description, - ( ReconGlobal 13l s
* Data: truth, hits, digits, !

Main control for sub- —W
1 ReconSubDetA

¥ MIDAS data [oaUnpack

' e [ull P hyS Ics simulation with realistic from detector C::\:’Ve;g‘;"n‘:?‘lz? reconstructed objects detector reconstruction
' . . 7‘ Fast and slow *
¥ geometry and magnetic field § control data from detectors, r . N
3 . . ¥ monitoring, and beam group A: ?i);SISTOOlS
% uild histograms,
: Im p I eme ntat ION f‘: eroduce oaAnalysis ﬁlesj oaAnalysis

Simplified ROOT tree
for stand-alone analysis

§ + Calibration, reconstruction and analysis %

B. Krikler, June 2016

C
o
—_
oo

...............................................................................................................................

o
—
(o)}

o
—
N

e Currently progressing on sixth
mass production of simulation
data

o
—
N

o
o
®

Counts per 0.1 | MeV/

o
o
g

t+ Offline reconstruction and
traCkiﬂg WOrk aISOOngOing o 181.5 102 1025 103 103.5 104 I\;Iog;]é;;stu&(;s_(sMé(c/C)

19 Phase-I Reconstructed Momentum Distribution




StrECAL Detector

; . Straw tu be tracker

I (momentum) 1
Electromagnetic calorimeter §
(energy, timing + position) ;

£« Main physics detector for  §
}'.. Phase-lI | char
§+ Will perform beam + ;
} background measurement }

¥ in Phase-| — construction to §
be completed end of 2023 §

B > T g

StrECAL



¥

¥+ Averaged spatial resolution less than 150 um —better than 200 keV/c i

Gas

StrECAL: Straw Tracker e e
- —| E— : :
o - 5 s s V s . : ‘Signal Lines
] R -: ;;:: Eg MaGr::_“d E::: Front-end Ei F:l))?:-cl:ianlk E Feeﬁr’:ﬁfoeugh
e 5 straw statlons W|th 4 straw planes (2 N X- plane 2 N y plane) : -+ H Boards || B Feedthrough ||
2 - Straw || -2 ; :
Planes ||
£ Phase-l: 20 um mylar + 70 nm Al thickness, 9.8 mm¢ straws $- X4 ||E g .
¥ Phase-ll: 12 um mylar + 70 nm Al thickness, 5.0 mmg straws ¥ Beam |
$+ Ar:Ethane (50:50) gas used e ||H Fromtena ||EE OPT® 1IE Anode
[ E QE Manifold :5 Boards ;:5 Feedthrough | | O Feedthrough
" ‘ T o = D S 1 /AN o . Signal Lines

Gas

resolution

£+ Currently one Phase-I straw station completed and second in progress §

- e B S W i R kY- K~
d % : <
= Tz g, L4 z .

. B it . i 2 P 3 - =P gx- - T bt -y e g 8 . R B ’ @ Pt > B
< - . _~<_ s % . PPN NP P OO, T P o L O - o vea =

Averaged spatial resolution a vs Posmon (Ar.C2H6 (50 50), 2000 V)

0.2:

5 147 g |
@ B <
1.2_....§.......§ ....... ....... ...... ...... ...... 5 .
B o — : = 5
: Ox=143um | ¢
1 -SSP SO SUPPE g
; 200
0.8_
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0.6_
04} 100
L0 | ] | 4
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35 4 45 5
Position (mm)

0708060402 0 0204 06 08 1

Residual (mm)

Inlet

Straw Tracker Overview

First Completed Straw Station
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i Phase-Il will extend ECAL coverage

StrECAL: ECAL

‘ Lyso| | APD i
Y Syt »

g

"”DeS|gned for good tlmlng, posmon and « energy
resolution in 1 T magnetic field

ECAL Components

£+ Uses LYSO crystals and silicon APDs

§+ 105 MeV electron prototype tests meet reqmrements
o/l E =4 %

8 0, =0.6cm

i 0,=0.5ns

1+ ECAL Phase-I support structure complete, crystal

§ installation and detector construction to begin as well
§ as readout electronics production Vacuum
¥ § _ Pump

¢+ Phase-ll structure extends LYSO crystal coverage § ‘

DR e R TOPD - ) DD ol 2N BV, o B T C
¥ i ; e 1 8IS *o 2% ‘4& Cabkx2
< - . _ > . - - . a .

ECAL 8x8 Prototype w/
test vacuum chamber

ECAL Prototype Detector

22



Phase-Alpha

———

£+ Low intensity beam run

b o

P v
& o
AL

Muon Beam Monitor

1

Hodoscope (Backup)
/ Range Counter

Particles

T i R
’ P s ~ P> ¥

secondary .
particles s

1 4444 V4TI 9778

|,

] 90° Muon Transport
¥ Solenoid

Transport Solenoid

Straw Tube Tracker

\

. g k R . B N STl ok s Dol S B
o' Lo2r 0> £F

g

in 2023 taking
advantage of proton beam facility being
almost ready

E - AR ~ PRl , ~ Ze e a A

Aims of Phase-a:

* Proton beam commissioning and further
extinction measurements

* Properties of COMET muon beam

* Pion yield/cross section and secondary
particles measurements

Validation of simulations

* Transport solenoid selection capabillities

%
r

J
;
ge
.

{ performed in July

Beam test for Phase-a detectors was

,,,,

.

(Station #1)

|4 1

To Beam
Loss
Monitor

[ <
. "'
-

A
4

/

4

‘ .-"'-/',,-‘"‘"' ‘ -s‘/ f/ ‘,)/ ) :
‘ Beam Test in July 2022

Range Cbuhter Prototyp

Phase-a |
Target ‘
Holder

at Beam Test
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Facility and Magnets

- C Llne under constructlon for COMET beamllne up to Hadron HaII (Iocatlon of COMET) completed

l Muon Transport Solenoid first cooling and excitation test performed recently

o Preparatlon for plon capture solen0|d assembly ongomg

Pion captu solenoid (CS) cold mass and muon transport solenoid (IVITS)

. 2 W | : ?'l:b::l
Main Ring . - AN Rprtes
7 = '
o/ :
| 1 A-Line %
- ’ &
2222772737, : A

B-Line ,?1% 1 ;
— 222U J /74

D magnet

Ljﬁﬁr wl | IH-CLme .\*?\

J-PARC Facility Layout - COMET located at end of C-Line C-Line beamline '}equipment in Hadron Hall installed




Muon to Positron Conversion

- u d d u

i COMET can also be sensitive to additional phy3|cs
£ 3 W W
| < e > &
$+ Positron conversion search complementary to Ovff }
i search ] Xv=v Xv=7v
? § v—os — €
¢+ Could be facilitated by addition of Majorana neutrinos § W W
§ orexchange of SUSY particles
{ . . fu d d u
§¢ Current work being made on precise measurement of ; . . .
} radiative muon capture photon spectrum plus § Muon positron conversion and 0v/j diagrams
‘ Slmulatlon Work on ChOICe Of Stopplng target materlal Source: MJ.Lee an M.Mckenzie, Muon to positron conversion, arXiv:2110.07093
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.E ’b . .E E + = : ource: ee et al. Search for Muon to Positron Conversion in
q>, 40 } ‘\‘\?\‘ d>) 30 :_ \\ o .E. S ; .“Fe S,u‘ —> Zﬂj.zonvers;c.j EporJicme//\vﬂts, Snom//DMaSSZOZCl—Letter of
L i = L . 5 N i | Interest

. e 20 [ : C 2k ¢ 500y

A?\ ] \\ - ¢ = :°Ca 7.9 x 107®

) u PPN PR IRTTY PETTY CUPRY PPN e :J}H_.‘_LI‘J%L ST P T P Y P P T
905 91 915 92 925 93 935 94 100(),5 101 101.5 102 102.5 10 16 18 20 22 24 26 28 30 32 34
E,. (MeV) E,. (MeV) 25 Atomic Number



Timeline

C-Line Construction _
* All key facility and detectors on schedule PCS Construction
for Phase-a (2023) and Phase-| (2024) PCS test
PCS Installation
« Facility beamline to be ready for Phase-a PCSRGt“;"CZ‘;"ea”"SStagIe Phase-
ower Supply
(2022) Cryogenics

)
e Phase-| detectors: o

Air Sealing

° CyDet _ CDC mOVing .to J'PARC Experiment Area Construction

Radiation Shield for Phase-alpha

(2022) and CTH construction (2023)

Radiation Shield for Phase-I
Beam dump

PCS Cu Shield Construction

 Phase-| StrECAL (2023)

PCS Cu Shield Installation

. CRV (2023)

Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24

* Phase-ll following on from Phase-l, R&D Facility timeline in lead up to Phase-a and Phase-I
efforts progressing now
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Sum mary Recent Progress Recap

Thanks for listening! + COMET proton beamline (C-Line) almost
completed, on schedule for Phase-a

§- The COMET experiment is
¥ searchingforu™ +Al - e~ + Al

with increased sensitivity using a
staged approach.

- Beam tests in preparation for Phase-o
completed

 Phase-l detectors all on schedule for 2024

‘ Phase-l will start physics run in _1s § * Sixth mass production from COMET software
2024 with sensitivity of 3.1 X 107"~ § group currently progressing

{+ Phase-Il will begin shortly after
# Phase-l increasing sensitivity to
1.4 x 1071

1+ Phase-a low intensity beam run

¢ will begin at the start of 2023, an  §
} important milestone in preparing for §
t physics data collection!
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Overview of DAQ System for Phase-I




