The COherent Muon to Electron
Transition (COMET) experiment

COMET experiment on the J-PARC

status and prospects
Zviad Tsamalaidze

21 February, 2024



OUTLINE

»Physics motivation, Mu-e conversion
»COMET at J-PARC

»JINR contribution and plans
»3Summary



Charged Lepton Flavor Violation ( CLFV) What is a Muon to Electron Conversion?

The Standard Model (SM) is very good,
however there are still such mysteries like

baryon/antibaryon asymmetry
dark matter

dark energy

particle mass prediction

no theory of gravitation
neutrino oscillations

w74: Brookhaven & SLAC | 1905: Fermilab

Charged Lepton mixing

U C t g observed
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— e s — Very small possibility in SM
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battom quark

08z CERN

:F z - LFV New physics in

The most sensitive probes of CLFV utilize high-intensity muon
beams.

Beyond the SM

W +(AZ) e +(AZ)

Forbidden by the SM, because
the lepton flavor is changed to p-flavor to e-flavor.

Event signature :

a single mono-energetic electron of 105MeV (for Al)

In the SM + v masses

L-& conversion can be occur via v-mixing, but

expected rate is well below the experimentally
accessible range. Rate ~O(10-54)

1s state in @ muonic atom

'ﬂUDFI decay in orbit

nuclear muon capture

Discovery of the p-e conversion is

a clear evidence of new physics
beyond the SM.

in the SM + new physics

A wide variety of proposed extensions to the
SM predict observable p-e conversion rate.
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The COherent Muon to Electron
Transition (COMET) experiment

We are in the project since 2008

COMET at J-PARC, Tokai)

' Materials and Life Science
~ Experimental Facility

Nuclear
Transmutation

(Phase 2)
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43 institutes, 17 countries Joint Project between KEK and JAEA
Still growing!

»

0 I J-PARC = Japan Proton Accelerator Research Complex

Including six JINR member states: Belarus, Czech Republic, Georgia, Kazakhstan, Russia and Vietnam



Two-phase realization

Phase-l 1 Single event sensitivity : 2x10-15
T power = _gkw—- a factor of 100 improvement

proton bez ot
e Running time: 0.4 years (1.2x107s)
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COMET Phase-l, 2025 - 2026
POT 3 x10 19

Stopped muons on target 1,5 x 10 16

Single event sensitivity : 2.6x10-17
; a factor of 10,000 improvement
Running time: 1 years (2x107sec)

Phase-l|

(109)
a factor of 100,000 improvement
Running time: 1 years (2x107sec)

L

COMET Phase-ll, 2029-2030
POT - 3x10 21

Stopped muons on target 1,5 x 10 18



COMET Detector

Beam Collimator Muon Target Disks
Beam Blocker

J"l

Muon-Target Solenoid

DIO Blocker

Muons

in vacuum under 1T magnet field

Detector Slenoid

Calorimeter

Cuwed Sn:‘:lencﬂd

Tracker



Straw Tracker: 5 station (Phase — )~ 2500 straw tubes, Electromagnetic calorimeter

9.75 mm diameter, 20 um thickness, Ar:CO, = 50:50 ECAL (crystal type LYSO, Lu, Y ,SiO;Ce)
e » Combination of around 600 (for Phase Il 2272) LYSO
e e [ e [ | crystals for Phase-|

I:: gl » Total size: diameter ~ 1m
= |- .- > Crystal size 20x20x120 mm? (11 radiation length)
» Photon detector: APD

e || e || | Requirements:
. > < 5% ER at 105 MeV

» <10 mm space resolution

» < 100 ns time resolution

» Work in vacuum and magnetic

field of 1 Tesla

f———

Requirements:

*\Work in vacuum, magn. field 1 Tesla
*Momentum resolution < 200 keV/c
*Space resolution < 200 um

Cosmic Ray Veto (CRV)

Requirement: Efficiency 2 99.99%.

2000 mm

Also used passive shields, 2 meter of concrete and 0.5 m thick steel.



COMET phase-| detectors

COMET Phase-Il Detectors

Pion Capture

Trigger scintillator
Target Cherenkov counter

StrawkCA

Muon transport

COMET Phase-l system

» Asearch for y-e Conversion at the intermediate ..

sensitivity with would be 100-times better than
the present limit (SINDRUM-II) 3 x 10-1°

\

. Cylindrical Drift Chamber . Straw Tracker
[ . for physics search in Phase-| + Energy Calorimeter
Detector . muon stopping target at center - for background measurement

Background Study for the full COMET Phase-ll
> Direct measurement of potential background Section
sources for the full COMET experiment by using | *© Gas mixture Helium Based gas (Isobutane, Ethane or Methane)

the actual COMET beam line * The spatial resolution resolution < 200um
e The momentum resolution must be better than 200keV/c for 405 MeV

- ~20,000 wires with He base gas - also as R&D for Phase-ll




Cyllndrlcal Drlft Chamber (CDC) already at J- PARC
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To control the background

Signal and DIO (BR=3 x 107'°)
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%0.1 6 ; _:.-‘r.'.
— Mostly from muon decay in orbit (DIO) =™ "= / _
20.12- T P AU S— ) £ s
e Calculated by Czarneck: with radiative ° NS
correction. Branching ratio drops with F
order-5 function near end point. oo - DIOS ., 0 1
* Momentum resolution required to be better o 5— _ _
tllall 200 keV/C Q[M_E_ ............ ................ ............................. ............... , .............. . ,‘ ................
 Beam related background : ] .

i —_— L Il I L 'l 1 i + 4 | L 1 1
181 5 102 102.5 103 1035 104 104 5 105 105.5 1086
Momentum [MeV/c]

— Energetic particles in beam with
E>100MeV

* Mostly prompt. Can be suppressed by a
delayed measurement window (~700 ns)

----------------------

Main Proton Pulse
(10®% proton/pulse)

a. .
>

100 ns

* Some due to leaked proton. Proton
~10

extinction factor reauired to be < 10 o
actually achieved ~ 107" |

 Cosmic ray background

— Cosmic ray: cover the system with

cosmic ray veto detectors. - —
a LS 700
|nefﬁciency <104 Muonic atom lifetime for Al - 864 ns " 18

> Time (us)

The total estimated background events for a single-event sensitivity of 3 x 10-"> in COMET Phase — | with
a proton extinction factor 3 x 10-"" is 0.032 events (DIO ~ 0.001, RPC ~0.003, Cosmic < 0.01)



COMET Phase-| Sensitivity

Event selection Value

Online event selection efficiency 0.9

DAQ efficiency 0.9

Track finding efficiency 0.99

Geometrical acceptance + Track quality cuts 0.18

Momentum window (€., ) (@ signal acceptance) 0.93 103.6 < p, <106.0 MeV/c
Timing window (& ) 0.3 700ns<t, <1170 ns
Total (Signal Acceptance for the p-e conversion) 0.041

1
B(|J.'+A|—>€'+Al)= /
/[Nu }[Qap ' and ' EEu—e I

Number of muons stopped inside targets
N, =1.5x10°

Fraction of y-e conversion to the ground state = 0.9

Fraction of muons to be captured by Al target = 0.61

3 x 107> (as SES) achievable in ~ 150 days, or <7 x 10-'° (as 90% C. L/ upper limit)



=~ Wh =

JINR group’s contributions and responsibilities

Straw tracker
Electromagnetic calorimeter (ECAL)
Cosmic Ray Veto (CRV)

Software studies (simulations) for straw tracker,
ECAL and CRV



The manufacturing area for straw-tube R&D at DLNP

Completed real working machine for full dimension 12 um thickness and 5 mm diameter straw tube production with controllable parameters

Prototype straw parameters

O 3-4 years ago, the first R&D for 12
Mm straw tubes started

O In a scope of new straw tube mass
production for JINR straw tracker
prototype

o 140 pieces
o 70 cmin Length
o 4.98+£0.12 mm Diameter

1) New welding machine design and 5-th class clean room with
temperature and humidity control

2) 5 mm diameter and 12 uym wall thickness straw tube production a 12 ym Mylar tape thickness

3) Examination of straw quality control of tubes

4) Study straw tube properties

5) Precise measurements and monitoring of straw diameter with o Prototype working pressure 1 bar
optical methods, accuracy of 0.1 um

o Aluminum layer 70 nm

o Long term testing pressure 2 bar

4.930

st . a Max safe pressure 3 bar
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o Max load pressure 4 bar

Diameter {mm)

O Long term tests still ongoing
O Straws stably staying pressurized

}*
:E
L
z 3
é
P

4.870 = Scan 1 bar

- —senzer| O No any mechanical damages
T Q After while Only 5% of straws dropped pressure
» Diameter scan along straw tube length with different inner pressures
« Diameter deviation along the tubes is less than 20 um, 13

» Shape stays consistent under different pressures Great success in R&D, in the production of 5 mm diameter and 12 ym thick tubes



Main goal of this study is to see how

humidity affects tension force and

how well outside metallization can

shield straw tube from it.

On picture one shown

« Temperature (23.7 C)

* Humidity ( )

* Mylar with one side
metallization(Blue)

* Mylar with Double
metallization(RED)

As graphs are showing, tension of

both straws strongly depend on

environment humidity.

Straw relaxation T=23.5:05C

Oneside metalization
Double metalization
Hurmnidity

5 L] 7 8 9 10



Frame build in progress

v' The assembly of the
main frame is completed
v" End plugs
v Gas supply

18.01.202216:14 |

In progress

Mixing gas system
assembly

ROESTI fixing system
Production of flexible
boards for signal
transmission from

Test setup for ROESTI (read-out) COMET board

Gas Mixture — Ar-70% CO2 — 30% , Straw tube 5mm, Anode wire — 50 ukm, HV — 1800 V

v The spectrum of the signal from
the electronics boards for the
comet experiment was obtained

A
M“"‘{wi“*j Gil WPC‘WW‘rw.huuMf"ﬂW'{’WhM’ﬁMﬁ%--'bﬁwﬂﬁ;ﬂ'va&w,l,.~,»L.a=4,;:_,$*.,°

In progress
= Assembly of the channel on a
wire of 20 and 15 microns

: [Ererary CHOEPOTSMESS m2os
i |Enties 2.444E5

Counts

1000 ....... ______________
800
o R
iNN TNREAR

z00f i

0 200 400 600 800 1000 1200 1400 1600 1800 2000
ADC channel

Straw 5mm; Monitor °°Fe + °’Co; Expos.100sec;
. HV-1680V; Gas 60:40(Ar:Co?); Anod 20mkm




Central part of the gas manifold is attached to the frame.

JINR straw module

View of the jig for assembling the module

View of the end-plug
16
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Straw Tracker Status — COMET Phase I

Towards future..

$ GTU group also makes efforts to develop new straws for Phase-II, with a lot of help
from Davit.

; § AtJ-PARC, construction on the prototype detector with new straw is ongoing.
Some parts were designed and processed with 3D printer.

COMET CM41

1st Iayer Completed '”

» First straw tracker module for Phase-a is on final stage of Modification is ongoing to be also used for Phase-a

. "\
\ﬁ

assembling
» 480 straw tubes already glued into the frame and wired

» Electronic boards “Roesty” are ready for installing

iy

( )

f
} } ”\
« After 7 year All straws are in perfect condition and ready to
be used for next modules [ wm"\ HW W
N I

w

\
« After that is planed system gas leakage and vacuum tests /
U

||'Hh mul

« Within working visit all straw tubes were checked for quality,
gas leakages and mechanical damages

» Future activities include conclusion R&D of new 12 ym straw
tubes and preparation for new mass production

Assembly for Straw Station #2 and #3




Electromagnetic calorimeter
R&D of the COMET calorimeter

R&D of LYSO crystals for COMET calorimeter:

1) simulation of the LYSO electromagnetic calorimeter for COMET experiment

2) optical parameters (relative light output, decay time, energy resolution) of LYSO:Ce crystals,
LYSO:Ce,Ca from Saint-Gobain (France) and LYSO:Ce from JT Technology (China) were
measured;

3) non-uniformity of the of light yield distribution along the length for these crystals, which is the
main reason for the deterioration energy resolution for the case of curvilinear electron tracks, as
Is the case in the COMET calorimeter located in a uniform magnetic field;

4) a method for optimal wrapping of crystals has been developed, which makes it possible to
improve the uniformity of light collection from crystals;

R&D of the COMET calorimeter:

1) measurement results of the detector response along the crystal length was obtained using
COSMIC muons:

2) measurement results of the detector response for angles of 0, 9 and 19 degrees was
obtained using cosmic muons:



R&D of LYSO crystals, LYSO crystal parameters investigation

Saint-Gobain has introduced
an engineered version of LYSO
which, compared to standard
LYSO, offers up to:

* 6% improvement in energy resolution

Three candidates vendors ® ZEEE Rl DD el
e 209% faster decay time
- ] ]
- Saint-Gobain (SG), Baseline e Pm—
LYSO LYSO
« OXIDE (OX), Japan Density fa/em®)
Hygrosco pic no
d SUZhOu JT Crystal TeCh nOIOgy Attenuation length for 51MkeV/ 1.2
(cm> )
(J TC) Eg\e/igy resolution [96] @ 662 a.s a
Ea':j/?;/]elength of emission max 420
Refractive index (@ emission 1.81
max.
Decay time [ns] 45 36
Light yield [photons/MeV]* 27600 33200
Average temperature coefficient _o.o8
from 25 to 50° C (2%,/°C)

#1 | -
@ 7500 JTC & D i"‘i..\i SG
ks ——#1 R s M —r— :3 |F—{
2 L - R .
9 7000 - =2 4 A~3Y% E— } - T .
5 R LSHEEEER = 7000 0 7&\%“"; i""i"“if;‘_;:-ﬂ Linear Fit
R . ha PR = <N 4
S | c ] = h '-!-'.'.' N =
= A~10.1% 5, 6500 i .*"'*----; &3 é‘-{.? ¢
XY .
e > = ¥1
6000 + 6000 - f
| A~5.3%
5500 - x 5500 -
H"f‘lﬁ?
5000 ) " 1 * ) 4 I ' I 4 ] ' I ' 5000 i I i I i I i I v I i I
0O 20 40 60 8 100 120 0 20 40 60 8 100 120
a) Length of the crystal, mm b) Length of the crystal, mm

Light yield distribution along the LYSO:Ce crystals length for two positions
of the photodetector (left and right) relative to the length of the crystal: a)

JT Technology crystal; b) Saint-Gobain crystal 19




G4 simulation of the LYSO calorimeter: energy resolution

- — Iyso1 05 _nocut
_‘3_:'_'2[":'— fi Enfries 168788
~ “AYSO n Mear 95.67
— — MS 10.66
= 1000— w2 J i 7326198
= - l Prob 0
= 800— Constant 1273 = 4.5
t - Maan 1012 =00
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4I:|D —_ “JJI’E INIEATY = 4 I-ﬁ {}{j
200
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Me\/

Energy resolution of calorimeter prototypes
at the 105- MeV electron beam (measurement, Tohoku)

(7] [
= !
E } Histogram
T -
— - | Enters 200000
= !
E eoo— | Mean 1.572e+04 LYSO
E RMS T71.2
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S
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Energy resolution of the calorimeter on LYSO crystals

E100ns

12

100mA

at the 105 —MeV electron beam (simulation using optical model)

0. 0000s

DStop  [E]1024/1024 B3 59%

Cursors

Comparison between
simulated and measured
LYSQO spectrum arrived

Amp | i tude

Cursorl

I+ Cursor?
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| - - - - Gauss Fit of simulation
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Energy, MeV

Comparison between simulated and measured
energy spectra of LYSO crystal



Studying of the light yield distribution along the crystal length

© 8500 LYSO:Ce, E =1274 KeV 22Na
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a) Light yield non-uniformity along the LYSO:Ce,Ca crystals length of (scintillator
responses); b) scintillator responses non-uniformity




Development of the optimal wrapping of crystals

FWHM=8,12% FWHM=7,36%

Distribution light yield along the crystal length Energy spectrum on the center of crystal
' LYSO E=1.271 MeV

£ 9000  F— (v, ) 450
= _ _ F T —==—3 —3 E ,of Co E1=]173.2keva E,=1332.5 keV
[ <b] = -
—= @ = h2 h2
g 8000 ~ ‘5 3°°E [Entries 29878 Entries 29878
© - = | Mean 174.9 Mean 174.9
i o | rus 29.43 RMS 29.43
w 7000 - - osoF_| X2/ ndf 8.992 /15 x2 I ndf 39.57 / 40
= 3 - | Constant 277.7+5.4 Constant 221+ 3.5
) 200:_ Mean 162.1+ 0.6 Mean 184.3+ 0.1
e 6000 - | Sigma 5771+ 1.262 Sigma 6.296 + 0.225
= —— 2Teflon+ESR 1s0F-
< 6Teflon 1005_

5000 - 4Teflon _
2Teflon 50
no wrapping | N T P
4000 I r I v I T T . I . 00 50 100 150 200 250 300 350
20 40 60 80 100 Energy, mV
Length of crystals, mm
Light yield non-uniformity along the crystal length Energy spectrum of a crystal with optimal wrapping

for various types of reflective materials

Energy resolution

Wrapping (L=60 mm), [%]
1 Without wrapping 60 11.37
2 2Teflon 74 11.44
3 4Teflon 79 10.59
4 6Teflon 83 9.5
5 Z2Teflon+ESR ~98,5 8.1



Measurement of parameters and estimate of the energy resolution of the
calorimeter prototype using cosmic muons

LYSO

b) Measurement scheme

a) Measuring setup
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a) Light yield distribution along the crystal length (scintillators responses) measured with
cosmic muons; b) Mean value of response and response non-uniformity for each scintillator
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a) Scintillator responses of the calorimeter prototype for angles of 0, 9 and 19
degrees ; b) Detector response non-uniformity for angles 0, 9 and 19 degree



Cosmic-Ray Veto (CRV)
COMET CRV major goals

» Muons from cosmic rays mimic the 105 MeV conversion electrons and, as a major source of background,
would reduce the experiment overall precision. So, to suppress the cosmic muons, the Cosmic-Ray Veto
(CRV) system becomes as an essential part of the COMET experiment. It will cover around of the
COMET other systems and will acting as an active shielding and efficiency to record the muon is required
on 99.99% level.

» CRV will consist of two major parts: scintillator based (SCRV) and GRPC based (GRPC-CRYV)
subsystems. The SCRYV subsystem placed on top, sides and back of the COMET and based on extruded
plastic scintillation strip with WLS fiber glued to the strip groove. The GRPC-CRYV will be placed in hottest
area at front of the COMET and will be consists of array of GRPC.

» The JINR group is the leader in R&D, in design and in development of the SCRV subsystem. This activity
includes two parts: to finalize design of the SCRV with providing scintillation strips production, testing,
CRV modules creation schedule and to design/create/test the electronics embedded to the scintillators.

» We proposed the final designs of the strip and CRV module were discussed during the COMET
Collaboration Meeting 34 and 35 and it was approved for SCRV-LS-0.

» First 3.2-meter long CRV module already created and sent to J-PARC

25



Scintillation strips as a base element of the COMET SCRV modules

Design of the strip

EF-<>-=EMi

3203 AAAA

S

LT

Sketch of the strip with SiPM board and housing.
The real look of the SiPM PCB inserted to the .
housing

_ - MPPC/SiPM S14160-
Real strip 3050HS in housing

Whitin of this search (including the aging (deterioration of the light yield
by time) effect prediction based of our previous research) we
investigated the different configurations for strips: with one or two
Wave-Length Shifting (WLS) optical fiber in parallel grooves, with
different WLS fibers diameters, combination of it.

The investigation included a search of the best values for the shift layer
to each other (so called pattern) by simulation with GEANT-4 and it
tested on 4x4 module.

We found the reasonable compromise between the strip’s geometry,
number of WLS fibers, its diameter and SiPM type should be attached

design of SCRV based on 4-layers array of plastic scintillator strips of
7x50 mm? in cross section and with two 1.2-mm (for sides) and 1.4-mm
(for top) in diameter WLS fiber glued in the groove along the strip

With this geometry it will be possible to achieve required up to 99.99%
efficiency for cosmic muon registration.

The light collection will be done with Hamamatsu MPPC/SiPM S14160-
3050HS since it have up to 50% of quantum efficiency on required
green light area thus ensuring maximum efficiency of the strip to detect
the cosmic muons



Strips test stand

To create of this, first CRV module, we needed to provide a
proper procedure of the mass production of the strips,
including the quality check on each step of the production. At
first, we need to choose the optical glue to fix the WLS fiber
in grooves. Next, we need to check the WLS fiber state
before its gluing into grooves. Then, we need to check the

strips in geometry and light output prior of the CRV module 2D portal in the table
creation. Diagram for DAQ
 To test the strips, we created the lightproof 6-m-long test S
stand with 2D translation stages (so-called 2D-portal). The Q =
collimated by 1 mm diameter radioactive by %0Sr/?0Y f3- t;‘
source with 0.06 mCi beta-source was used to exam the - = |
strips along the distances. Light from SiPMs were collected saac 5
using Front-End based on CitiROC. D e
* 100 strips were produced, and quality test was provided. 64

o best of them were selected to create the first CRV module . L
Test stand full assembly DAQ layout for strips quality

test using collimated beta-
Layer Iull Tapr el wuinl wins rigf
* U source.

Tap, L4 7 31 5 82 40 52 - B I 46 B F B 9 1z 3 48
Aiddle (3 | 97 33 50 47 58 35 a7 53 2 1] 43 11 23 d 21 m

Middle, L2 | 63 6l 54 a7 3 1z a2z ) it 1 26 3 13 13 a3 43
Hoitom, (1 | 55 54 a0 a7 58 5 5 10 17 da 0 52 15 24 aE 22

64 for strips order for first CRV module



First CRV module assembly and prellmlnary test on cosmic

502

M 59 166w o | « The mix of the optical epoxy with TiO2

e meeao in proportion of 1:1 was found as best
569 WBEEa | solution to glue the CRV module and

P be prevented of light loss due to gluing

and to establish the necessary bonding

SCRYV design strength for CRV module.

 We used the vacuum to provide
equivalent to 25-ton force_ over the total . ¢
CRYV surface to prope_rly fix the CRV Compressed by 1 bar CRV CRV module
module geometry while epoxy cures module
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45.5

44.5
330

205

Cosmic muon

CRV module ready to send

Reddail
side

2800 mm

Trigger counters

Assembly of CRV module

First test of CRV module with Meteor 32 provided at JINR



StrECAL system integration tests at ELPH in Tohoku Univ.

Energy range: 65 -145 MeV

Strawprototype

Sigma vs Position for A/C2H6=50/30, 2000V
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The energy resolution at 105 MeV for
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At 105 MeV/c, the energy resolution varying from
3.8% to 4.8%, depends on where the electron
hits (center, border, corner) on the ECAL

The LYSO crystals are to meet the
required for ECAL, ER and PR of better
than 5 % and, <10 mm accordingly at
105 MeV in all the area



Schedule of works on the project in 2025-2029

Participation in the preparation, engineering and physics run, the data acquisition and analysis of Phase-Il, 2025-2027

*R&D program for production of the straw tubes of 12 ym wall thickness and 5 mm diameter. Measuring of all mechanical
properties and development of standards for quality control of manufactured of the 5 mm brand-new straw tubes, 2025
*Finalization assembling, testing, calibration, installation, cosmic test and maintenance of the straw detector (3,4,5) for Phase-l,
2025-2026

*Production of straw tubes (about 1000 pcs) for full-scale prototype, 2026-2027

*Production of a full-scale straw station in JINR, with new tubes (12 ym, 5 mm), and measurements on the beam, 2027-2028
*Preparation and mass-production and testing of straw tubes (around 1000( for Phase-Il, 2028-2029

*Production of a full-scale straw station at JINR with new straw tubes (12 um, 5 mm), and test on the beam, 2027-2029
*Preparation for mass production and testing of straw tubes for Phase-Il, 2028-2029

Development and optimization of a crystal calibration method for a COMET calorimeter, given the features of the experiment:
the presence of a magnetic field and high resolution calorimeter, 2025-2026

Participation in the full calorimeter designing, assembling, installation, cosmic test and maintenance, 2025-2029

*Participation in the assemble and maintenance of the CRV for Phase-l and Phase-Il, 2025-2029

*Participation in the beam tests of the detector components for Phase | and Phase-Il, 2025-2029

Participation in assembling, testing, installation and maintenance of whole detector system for Phase-l and Phase-Il, 2025-
2029

«Complex detector system (tracker, calorimeter, etc.) simulation, 2025-2028

Participation in the engineering and physics run for Phase |, 2025-2027

Participation in the data acquisition and analysis for Phase-l, 2025-2028



The responsibility of the JINR in the COMET

The JINR group is a single one in the COMET collaboration, which is capable to produce thin-wall straw tubes. Therefore, we are fully responsible for
manufacturing of all straw tubes. Different procedures of the tube tests on pressure, gas leakage and elongation have been also updated in
accordance with the COMET requirements and new test standards have been established.

JINR takes full responsibility for the next step to this direction, carrying out of R&D works of straw tubes for the COMET Phase-Il, with the tubes of 5
mm diameter and 12u wall thickness. For this purpose, we are preparing a new straw line in DLNP.

JINR physicists together with the KEK colleagues take full responsibility in assembling, tests and installation of the full-scale straw tracker for Phase-l.
Appreciating the crucial contribution of the JINR to the creation of the straw tracker, a member of JINR-COMET team was elected as one of the
coordinator for the straw tracker system.

JINR takes full responsibility in production of a full-scale straw station for Phase-|, with new type of straw tubes.

JINR takes full responsibility for development and optimization of a crystal calibration method for the calorimeter to be used in COMET Phase | and
Phase-lI.

Physicists from JINR take full responsibility for the certification of crystals, and are the leaders in the R&D work.

JINR together with KEK and Kyushu University takes full responsibility for assembling, testing, installation and operation of the calorimeter.

JINR physicists have implemented a full-scale R&D program to create a cosmic veto system. The program was completed successfully, and the
results were reported at the collaboration meetings. Based on these results, all the parameters and methods for creating the CRV are determined.
Also, the main responsibility in the assembly, testing and installation of the CRV for Phase-| will be on scientists from JINR. Based on these, a

member of JINR-COMET group was elected as the CRV team leader.



COMET Phase-| Facility Construction Schedule

Detector Schedule R R R e,
Cradle conztruction

CyDet Wi" be ready by the DS construction h DS tezt at Tozhiba

end of June, 2025 BS & DS inztallation and test BS & DS ready

StrECaI should be ready by Cradle installation test and alignment

Cradle (CyDet) Setup CyDet ready tn install

the end of January, 2025 SoEor] Comotrostion

StrEcal read'_.' for beam meazurement

CRV should be ready by the  |[csonstruction
end of September, 2025 CS inztallation

CS atand alone test

Magnet Syztem Total test COMET Phaze-l magnet ready
CS radiation zhield conztruction _
COM ET Phase_l is C5 radiation zhield inztallation

CS ready

Primary target inztallation

ready at March, 2026. Beam line shield installatior Beamlien ready

Muon Beam Monitor inztallation
CyDet inztallation to DS

Muon ztopping target inztallation
DAQ & Trigger inztallation

CyDet test in DS - CyDet ready to start phyzics
Ge inztallation

CRV inztallation

r
* Mar. 2026 Phaze-| ready




PRISM (=Phase Rotated Intense Slow Muon source), PRISM/PRIME

Detector Solenoid PRIME detector

Spectrometer Sclencics

After 2030

PRISM-FFAG
muon storage ring

Nuon Stopping
Targ et

"

Muon Storage Ring

(Fhase Rotator) Pian and Muon

Transport Solenoid
a few MW proton

beam

Pizn Praduction
Target

stopped muons
~0O(102Y)/year

Pion Capture
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Summary

» The COMET is a search experiment for y-e conversion at J-PARC
« aiming improvement the sensitivity x 10,000 better than the past limit, 1.0 x 10-17
 staging approach called Phase-| (under construction) / Phase-ll

» COMET Phase-l is now under construction

rased soal: B(u~+ Al — e +Al) =30 x 10" 15 (SES) | Up to 1015 — sensitive
(in 150 days operation) | p— L Al — e+ Al) <7 x 10715 (90%C.L.)| t© ‘new physics

* The creation of CDC detector for physics search is already finished
* The other system is under construction
* We plan to be ready in the beginning of 2026.

» |n parallel preparation and carrying out Phase-I|, will go work on creation of a full muon bunch,
R&D for COMET Phase-ll is underway. After completion of Phase-I, will immediately begin
installation and assembly for Phase-Il. Expecting to start in 2028-2030

» JINR plays a leading role in preparation of this experiment of fundamental importance.



Thank you for attention!
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Mu2e Run 1 Timeline

-~

p

Closed caption box size

"I.b‘l

,; Mu2e Timeline

MuZ2e Project is fully funded and 85% complete

High priority and high level of support from Fermilab
Aiming for Project early completion date Dec 2025

Begin Run 1 data taking mid- CY2026 - for about]6 months

Detector Solenoid Project

FY2026 /Y2027

Mu2e construction (Project)

Mu2e final installation & prepare for beam
Mu2e commission with beam + data taking
Accelerator shutdowns

Detailed field

map complete Detector
train inserted

installed

Resume data collection after shutdown and collect data for

Request P5 endorsement of physics and for operations and collaboration support

1. Miller, MuZe/Mu2e-lI

KPP (PP complete  Beam ontarget
F

External CRV modules
shielding  installed

of data collection

FY2028

Run 1

August 2026 -
April 2027

Run 2:
FY2029-FY2032
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 Detectors

* Proton-beam diagnostic detectors around the target area
« Secondary-beam measuring detectors in the exp. area.

« 10" proton-on-target (POT) events.

« 10°%- 105 magnitude smaller yields than Phase-|

Phase-a (2023)

« Alow beam intensity run, without Pion Capture Solenoid (PCS)
« Athin (1 x 20 x 20 mm?3) graphite plate as a pion production target.

Simulation Study (GEANT4)

Proton Beam Parameters

Secondary beam yield measurement with simplified
geometry & magnetic field at both TS ends

Energy (GeV)

Beam Power (kW)

Spill Cycle (sec)
Extraction Period (sec)
# of Bunches / sec

# of Protons / Bunch
# of Protons / Spill

Particle Yields per POT at both TS ends

Phase- «

1.9e+12

Phase-1

0.26
.2 e

3.2
2.48
0.5
7.6e+5
4 9e+6 1.6e+7
6.2e+12

The proton beam characteristics such as the bunch length, extinction, time structure

of 1.17 -1.75 psec bunch-to-bunch are identical to COMET Phase-I.

Pion production target

Particle TSentrance TS exit
e 83x107° 46x107°° _
e+ 3.2 x 10—8 3.3 x 10—8 Transport Solenoid (TS) Proton beamline
' ) |
IJ_ 20x 10_8 6.9 x 10_9 Beam pipes
u* 28x 1078  1.1x 1078
m 52x 1078 1.7 % 1079
+ -8 -9
m 73 X 10 28 X 10 Vacuum windows
p 1.6%x 1077  4.0x 10710
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e~ 4.6e-08 Particles at The End of Capture Section (75 cm from Target Center)
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Phase-a (2023)

. Measurement w/ PID

Detectors

« Combination of fibre plastic scintillator hodoscope and
COMET ECAL

Particle Identification (PID) method and performance

* Multi-variate analysis (MVA) with three observable
parameters

« dE/dx in the hodoscope
« ECAL prompt energy deposit (< 10 ns after hit)
« Time-of-flight (TOF) between both detectors

The results: PID efficiency for e™, u=, and 1.

e : Good ~ 100% for.

 M7: Good > 90% but drops at high momentum.
« T117: Still low over the range, need improvement

.'_"'-. T
ll-:-" 1
= 08 —§— 1
i N ]
06F + }__—I
04f -
- + el -
0.2 ol T B
- o
N A EPEE PR EPEEE BP T B P

o

~20 40 60 B0 100 120 140
Momentum (MeV/c)

dEdx (MeV)

Transport Solenoid (TS)

Plastic Scintillator
Hodoscope

_fé \ Electromagnetic
Calorimeter (ECAL)

Baseline Detector Layout

dEdx vs TOF Prompt Energy vs TOF
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1.8F BE I U . o -
160 3 2 140k ¢ e E
r - - r ]
1.4F 4 92 120 E
g 3B 80¢ -
0.8F 1 6 B60F =
0-6:_ B o : u
0.4F 3 40 E
02F .- = 20F S I
R TR - M- VR O T %5710 15 20 25 30 3& 40 45 50
TOF (nsec) TOF (nsec)

Next steps and Prospects

Large-scale MC production

Exploration of different detector configurations
Optimization of geometries, measurement schemes
Antiproton measurements

“Beam blocker” studies for Phase-l beam

measurement programme.
39



|IHadron Hall in 2016
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Calibration of the 50 samples of LYSO crystals for calorimeter prototype

1,20 -
116 = ) il i
Parameter Mean Value 4 ™~ Losses of light oulput along the crystal length 1.15 < Nonunitarmity of LYSO crystal
118 =3 1 Linear Fil of nonuniformity
Palynomial Fit 1,10 coaficient of nonuniformity = 1.1
- lossas CoaSciant =1 ]
2 114 - :-:i —
Coefficient nonuniformity, % cm’! 1.25+0.15 : . g 1" . -
o 113 & 1004 = -
= =t ] = .
- g 112 = E E 0895
Energy resolution, % 8.85+0.06 3 E
’ §_ - =
= 111 E 0,50 -
- - :;E: 1104 - 0,85
Relative light output, phe 9926.75 £1000 _ .
0,80 S —_— T T
108 = v i ¥ = v T r T r T r T ¥ 3 & L. [ T 8 =]
. ¢ o ;anc:-e ":m - ’cm ? g Distance fram PMT, cm
e Relative light output of 49 crystals LYSO 1055, LYSO L=120 mm (y, E=1.271 MeV) |~ N3
- L= 60 mm (v, E=1.271 MeV) o =t
= —— Gauss Fit of light output s
Q + 1,00
© | Model Gauss g_
|Equation  y=y0 + (A/(w"sqrt(pii2)))exp(-2"((x-x | =
10 4 | |Reduced 0,75112 | © p954
|Chi-Sar E ¢
|Adj. R-Squar  0,95934 5
Value Standard Err =
Y0 -0.41485 0,71754 g 0,90
xC 6541,6366 2552188 =
w 881,19282 88,7007 %
A 12823,9549 1766,96279| |
S sigma 44050641  44,35035 oz 0,854
FWHM  1037,52526  104,43709 |
Height 11,61157 0,78976
T ' 0,80
0 T -l T | T [ .z T - | 0,75 ] N L] v 1 v ] v ]
4800 5600 6400 7200 8000 8800 20 40 60 80 100
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b)

Fig. (a) Light yield measured at the center (L = 60 mm) for 49 LYSO:Ce crystals by the gamma spectroscopy; (b) Normalized distribution of the light yield
along the length (light yield was measured by the gamma spectroscopy)



Detector single rate: tracker and calorimeter

Timing | Tracker | Calorimeter | Energy
kHz) | (kHz) (MeV)

DIO electrons Delayed | 10 10 5060
Back-scattermg electrons Delayed | 15 20 < A40)
Beam flash muons Prompt | < 150¢ | < 1508 15-35
Muon decay m calormmeter Delayed < 1508 < D)
DIO from outside of target Delayed | < 300 | < 30 < 5l
Proton from muon capture Delayec
Neutron from muon capture Delayed 10 ~ 1
Photons from DIO e~ scatterme | Delayed | 150 G000 E)=1
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