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Quark sector:

* Flavour violated by charged current interactions ViCKMWiC_]iCIj
- Observed in oscillation/decay processes K° — K°, b— sy, Dt = atutu~ (cd — ud)

Lepton sector:
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* Massive, oscillating neutrinos — flavour violation Upyivs W=lv
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sector beyond minimally extended SM !
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if cLFV observed = New Physics in the lepton :
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) Signal:
coherent process ~Z5 (maximal for 30 < Z < 60)

Decay In Orbit yN — evvN

Muonic atoms a single mono-energetic electron of ~105 MeV at well
defined time determined by the lifetime of the

muonic atom (864 ns for Al)

U stopped in a target — 1s bound state
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H# — € conversion Lin muonte atoms :: COMET strate L_EQ
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) CR(pz — e, N) bound | material | year

S0 T 1993 B B N(e™ candidates) — N(background)

4.6 x 10~ Pb | 1996 BR(u=+Al - e= + Al) ~ . —

7« 10-13 As | 2006 N(stopping muons) X capture probability

A 100 ns
_~ Main Proton Pulse .
~" 10 plpuls .
~ S Improve by at least a factor 10000 the present limits :
. . * Increase the muon capture rate
= _—~— Frompt Sackground - decrease the (beam induced) backgrounds
- | measurement
g Stopped Muon Decay * window Material target | Atomic number (Z) | Muonium lifetime (ns)
£ __Timing Window _ 0.7 - 117 US Aluminum 13 864
< _— Titanium 22 330
79 Lead 82 74
Al target = good tradeoftt between CR and muonic atom lifetime

0 Time (us) 1 ‘

1.1 us pulsed, intense, momentum

__optimised & clean p beam |
Very precise
measurement of

the electron
momentum
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OMET COMET @ JParc Facility (KEK /)AEA)
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400 MeV — 3 GeV

Material & Life Science
_ Facility
“fiimuon & pulsed neutron sources

)

Main Ring
1.6km Sync, 0.75 MW

‘JPARC—Tokai

.
Tokyo
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H COMET Phase-I :: Muown Stopplng Target LBQ
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.._;f.f-..v.fv-e Baseline configuration: 17 Al disks (100 mm radius, 200 um thick)
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No photons and neUtrons from
the target getting to the
detector!

No low momentum charged
particles either ...
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p COMET desigwn :: detection section LBC/'
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Beam Collimator Muon larget Disks
Beam Blocker

Muon-Target Solenoid

.8GeV proton beam DIO Block
P 5T pion 7 ‘ 1dds SR
. capture « \
solenoid s

3T muon transport
(curved solenoids)

Detector Slenoid

Electromagnetic calorimeter

» trigger & timing: response time
faster than 100 ns

- electron energy : AE/E < 5% (@105
MeV)

Straw tubes tracker

- operates in vacuum @ 1T

« Ap = 150~200 keV/c (@105 MeV/c)
« 12 um thick, 5 mm diameter for Phase-l|

- at least five stations

» cluster position: ox<1 cm

* 50 cm of radius

- made of 1920 LYSO crystals
2x2x12 cms3 (10.5 Xo)

- read out by APDs (operates @ 1 T)

C. Carloganu, Nufact21, 8.09.2021 9
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COMET , a 2-stage expertment LEQ
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Pion Capture Section

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

Production capture maget
Target solenoid

Detector Section

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

Muons

L ]

Stopping

\

'I;ion-D?cay ang Sout 8 GeV proton beam (56 kW)
uon-fransport Section _ Tungsten proton target

A section to collect muons from
1.2 101 StOpped muons/s

8 GeV proton beam (3.2 kW) decay of pions under a solenoi-
dal magnetic field.

Graphite proton target | —
1.2 109 stopped muons/s | S5m | Expected limit : 710 7@ 90% CL
— Total background: 0.32 events
Expected limit : 710 5@ 9o% CL Running time: 1 yr (2 1075)
Total background: o0.01 events
Running time: 0.4 yrs (1.2 107 s)

C. Carloganu, Nufact21, 8.09.2021



COMET Phase |
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Physics
measurements

- -

Trigger Hodoscope

Straw Tube Tracker

Beam i T B
measurements :

C. Carlogan




e - COMET Status :: StrawECAL LE:Q
- y StrECAL =
( Straw tracker+ECAL (for beam
measurement)

Please refer to

Hajime Nishiguchi's talk

.........
IIIIIIIIIIIIIII

Straw Tracker
Assembly

+ Hive statons 1N tot. |
' P

* ECAL prototype
successfully
completed.

* Detector assembly
will start soon.

S ————— s e e
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Superconducting coils

-
N

CDC endplate

|
Collimator

CDC 1nner wall

\

.//

./

CDC outer wall Cylindrical drift
chamber (CDC)

-1 Tesla magnetic

/ field
- Muon stopping
/ target

//

Cylindrical trigger

Vacuum window

C. Carloganu, Nufact21, 8.09.2021

Shielding

3210

T
M hodoscope (CTH)
\ N \

Cryostat unit: mm Return yoke
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COMET Phase-1 :: Electron Detectors ::

CTH
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Superconducting coils CDC inner wall CDC outer wall Cylindrical drift

/ chamber (CDC)
CDC endplate 1 Tesla magnetic
" field
- Muon stopping
\ -~ / _— target
* o«

Collimator Cylindrical trigger
hodoscope (CTH)
\ 3210 ~ \

Vacuum window Shielding Cryostat wnit:mm Return yoke

Four-hold

coincidence provides
trigger and PID

C. Carloganu, Nufact21, 8.09.2021

2-rings of Cherenkov counters (acrylic plastic,
300x90x10 mma3) to be added in a second step
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COMET Phase-| :: Cylindrical Prift Chamber
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» 20 concentric sense layers

* mechanical design based on Belle || CDC

- all stereo layers = 70 mrad (alternate)
* Helium based gas (He:iC4H10=90:10) to minimise multiple scattering
- large inner bore (~500 mm) to avoid beam flash and DIO

sense wire | 25 um, gold-plated tungsten
field wire 126 um, pure Aluminium
inner wall 0.5 mm, CFRP

outer wall 5.0 mm, CFRP

- signal tracks (~100 MeV/c) contained inside the CDC for better signal resolution

- triggered events : 60% single turn tracks & 40% multiple turn tracks

C. Carloganu, Nufact21, 8.09.2021

Momentum resolution: better than 200 keV/c @ 105 MeV/c

17



y’ COMET Phase-1 :: CDC :: Track Funder ;EQ;
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Blue hits correspond to the Red points are hits caused from

a0

signal electron. background processes

,_.‘_ W

E 18
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16

Total energy deposits per ,
¥ cell for signal electrons |,
and noise hits i

J}ﬂ
proon
lon
— e et
T ==—=—— 105 MeVk electron

CyDet event. This is a projected view
from the central plane of the detector

. 10°.
blue: signals Energy Depo sit [keV]

red : backgrounds

95% background rejection for 99% hit efficiency

C. Carloganu, Nufact21, 8.09.2021 18



COMET Phase-1 ::FPGA-based Trigger System with online Track Recognision LEQ

Hit selection using Gradient Boosting Decision Trees (GBDT)

Classify hits using their local neighbours, charge and layer
information

Lookup table stored in a FPGA on the trigger board COTTRI.

Trigger rate is reduced from 91 kHz to 13 kHz for 96% efficiency
and 3.2ps latency

after GBDT

®* Y. Nakazawa, PhD thesis, Osaka University 2020
® Y. Nakazawa et al. IEEE NS, 2021

-

COTRI Trigger Board
C. Carloganu, Nufact21, 8.09.2021 19
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Radiation levels for COMET
Phase-|, studied by PHITS, MARS
and Geant
In the detector regions for 150
days, including margin of safety:
e Neutrons: 1012 n/cm?
e Gamma rays: 2 kGy
Radiation issues
® Flectronics components

® Regulators, optical

transceliver etc.

e FPGA

e SEU, MBE etc.
Irradiation tests carried out

C. Carloganu, Nufact21, 8.09.2021
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COMET Status :: CDC PC~

1000
eoof—
6001
wf » CDC completed in 2016
200 - fully read out since 2019
o
-200f- : Spatial resolution of 170 pm,
- Currently at KEK being including tracking uncertainty,
-e0of commissioned with achieved.
;Z:;O“lmlmlmh,,..“1,1..1“11,111“. cosmic rays e Hit efficiency of 98% achieved
1000500 600 00 200 0 200 400 600" 800 1080 Significant noise reduction achieved
Detail study of detector response
® space-charge effects
® crosstalks
Tost of & smal Water cooling testing of the CDC
prototype of the I’eadOUt Underwav
COMET
Cylindrical drlft L8000 ' | %2/ ndf 1;350;37
chamber !50 S 000 Constant 7047 2 252
Nucl. Inst. Meth | 5 o 0168000
A 1015 (2021) o %00 | |
165756. | 5000/
> 4000F
| P 3000
HV=1850 V I
He /i-C4H1o 9o/10 . S | e | N\ |
100 cc/min 105360300406 506600 700" = G5 -1 05 0 05 1 5

drift time [ns]
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COMET Phase | :: ®Backrounds LE%

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 ~ ()
Muon decay in flight ~ ()
Pion decay in flight ~ ()
Radiative pion capture ~ ()
Antiproton-induced backgrounds 0.0012
Others Cosmic rays' < 0.01
Total 0.032

Summary of the estimated background events for
a single-event sensitivity of 3 x 1071

C. Carloganu, Nufact21, 8.09.2021
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COMET- Phase l:: habri«d CR\/ p applic

Scintillators CRV

. polyethylene 10 cm

a module (1900x600 mm?2):

G R PC C RV two single-gap GRPCé

A tracker module: 7 detector modules (baseline) PCB with common readout

Y7,
OMEI

float alass

C. Carloganu, Nufact21, 8.09.2021 Al Honeycomb cassette
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A Backward MC to Estimate the Atmospheric Background LEC/

Non analog simulation using Importance Sampling and Backward

Monte Carlo

- Run a standard SimG4 simulation with primary muons generated
close to (and illuminating) the CDC

- Select candidate events using COMET signal selection criteria

- Backward propagate the selected primary muons up in the
atmosphere

The corresponding MC rate (in Hz) is given by the ratio of the flux to
the bias generation PDF

CPU time needed to simulate the transmitted flux with 1% accuracy
V. Niess et al, CPC 2018, 229, pg 54

10° y
| ———  forward detailed '
. backward detailed L/
10-1 | forward hybrid o /1
T E . ( .1
79 &  backward hvbrid o 4
~—r ' 0000000055000 2 mmmf b I—
. | © Geantd (10.01) R
= ot L ° il
— 21 »  MUM/(vIrd) P
= 107 | : . ‘-' { 100x speed up
E  © &
- r n S
b, S e ramme ¥
g .... ~h 1
— T e A { | 1000x speed up
‘-0'3 () ! o . ‘
10 ": A A A A ‘:* 9»-&"1.‘ ‘ ............................ % ..........
T Caant 1
revesartmsssanesnasseat A :
AAAAAAMLNN DA AN Qaaan AAda 1
1072 — |

1010721070 10° 100 10 10° 10*
path length. s (m)
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COMET Status :: FaciLi’ca Constructlon
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MR (30GeV proton synchrotron)

Hadron
Experimental
Facility

, -I-I-
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* The upstream of the proton C line
has been completed in 2021.

* The proton beam area in COMET
hall to be completed in 2022.

C. Carloganu, Nufact21, 8.09.2021
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COMET Status :: Capture solenoitds Construction %

OMET P 8 0 c 0 o o Loberatoire de Physique d
rd

) TS1 Cold Mass CS Cold Mass
TS1 Thermal Shield Vacuum Vessel CS Thermal Shield
: a il * The pion capture solenoids (CS and

\\\\\\\\\ —— . e = o TS cold mass) will be delivered in
———T summer 2023. The cryostats are

—f '\:\:\:\::dﬁ" S under construction.
Pk Target Position * The pion capture system to be
L completed by summer 2022.
| : ]

TSte |TS1c [TS1a MS2  MS1 CS1  CSoO
TS1f TS1d TS1b Radiation Shield

ISE¢old-mass

CS cold-mass
C. Carloganu, Nufact21, 8.09.2021
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COMET Phasel:: Proton Beam Extinction L,Pr/

Pulsed beam to reduce the electron and pion beam background RCS R Case: COMET Phasel
h=2
Tiny leakage of protons in between consecutive pulses can cause a AN . . energy 3GeV
background through Beam Pion Capture process: . * J . power 3.2 kW
A7) 5 (AZ-1) — A 71 proton / bunch 1.6 x 10’/
T+(A,Z) = (AZ-1)" = y+(A,Z-1) J-PARC “. proton / shot 6.2 x 1012
— o+ e- ‘\\ .f' “'
y—ere N MR ; cycle 2.5 sec.
EhENecR. . h=9 . extraction 0.5 sec.
\N 4 bunches y
Requirement: g
@ .
extinction less than 10-10 to reach design sensitivity O(10-17) 8GeV
= IR
unit : msec beam on \\
| 1\
g 36V "0 | i100 wol {100 T Extraction: 0.5 sec.
oa S |
EOL fm ew dom e om ew o e SRS N U B SRR Bunched Slow Extraction
T T comoam o
3 I | J
3 J : )
“E Tested in February 2019 and May 2021, see K. Noguchi’s talk

5
Time ( psec)
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COMET Phase a

- Takes advantage of the early delivery (2022) of the 8 GeV
proton beam to COMET

Low intensity run (260 W) without Pion Capture Solenoid
Thin graphite pion-production target

Proton beam diagnostic detectors

Secondary particle detectors

To be performed end of 2022

Goals

® proton beam commissioning
@ COMET

®* proton beam diagnostic @ COMET

® measurements of pion and muon
yields in the secondary beamline

C. Carloganu, Nufact21, 8.09.2021
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Monitor

Hodoscope
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Muon Beam Monitor

Monitor for
beam loss
on target

Beam Dump

thick
graphite
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P Available lo use
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Drift Chamber
——— 4
- "t» - a
;
Dipole Magnet /
Range Counter

28



COMET Phase | Timeline
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* Facility:
* Proton beam for the COMET experimental hall expected be completed in 2022.
* The first commissioning of proton and muon beams ( COMET Phase a) planned

by end of 2022.
» Completion of pion capture system foreseen in 2023.

* Detectors:
» CyDet has been tested with cosmics at KEK and will be moved to J-PARC in
2022.
» StrCAL will be ready by summer 2023.
» CTH and CRV expected to be completed by end 2022 and 2023, respectively.

e Start of the COMET Phase-| engineering run foreseen for end 2023 followed
immediately by physics data taking.

e COMET Phase-Il expected to follow shortly COMET Phase-I.

C. Carloganu, Nufact21, 8.09.2021
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« COMET at J-PARC will search for neutrinoless muon to electron conversion with an expected
SES of 2.6 x 10-17 (4 orders of magnitude below the current limit) after 1 year of data taking
using a 56 kW, 8 GeV proton beam.

* The experiment will proceed in two phases, with Phase-| (currently in preparation) expected to
reach a S.E.S of 3 x 10-15 within 150 days of data taking using a less intense 8 GeV proton

beam (3.2 kW).

- COMET Phase-preparation (proton beam, experimental area and detectors construction)
proceeds rapidly and on schedule despite the pandemics

- COMET physics data expected in 2024.

C. Carloganu, Nufact21, 8.09.2021
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