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Charged Lepton Flavor Violation ( CLFV) 

WHAT IS THE NEXT STEP ? AND WHERE?
Frontiers of particle physics

a. Energy Frontier 
using high-energy colliders to discover new particles and directly probe the architecture of the 
fundamental forces. Many theories predict particles with masses > 1 TeV. CERN, FCC (2040?)

b. Intensity Frontier
using intense particle beams to uncover properties of neutrinos and observe rare processes that will tell 
us about new physics Beyond the Standard Model (BSM). J-PARC, Fermilab, PSI.

c. Cosmic Frontier
using underground experiments and telescopes, both ground and space based, to reveal the natures of 
dark matter and dark energy and using high-energy particles from space to probe new phenomena.  
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Charged-lepton flavor-
violating (cLFV) 
processes offer probes 
for new physics with 
discovery sensitivity.

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



Muon decay in orbit
µ- e- νµ νe

Nuclear muon capture 
µ- + (A,Z)       νµ + (A,Z-1)

Neutrino-less nuclear capture of 
a muon 
(= µ-e conversion)
µ- + (A,Z)→e- + (A, Z)
muonic atom single mono-

energetic electron. 
Ee = mµ - Erecoil – Ebinding = 104.97MeV (Al)
Muon lifetime in Al ~ 864ns 

61% in Al

39% in Al

∆Lµ,e = 1 
∆L = 0

Lepton flavors change 
in this process

µ-e Conversion 

Standard 
Model 
Processes

New Physics  Process

B(µ- N → e- N) =  
Γ(µ- N → e- N)
Γ(µ- N → νN´)

 Measure the ration of conversion relative to ordinary muon capture on the 
nucleus:

, (where N´ = (A, Z-1); or (A’,Z’) + protons,
neutrons, gammas)
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The COMET collaboration

Including five JINR member states countries
Belarus, Czech Republic, Georgia, Kazakhstan, Russia 

Still growing!
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Two-phase realization

Muon beamline up to the 
end of the first 900 bend

COMET Phase-I COMET Phase-II
Start from 2022 Start from 202?5



COMET at J-PARC 

Proton  beam and power
for COMET Phase – I and Phase - II           

8GeV                8 GeV    
3.2kW                56kW

Joint Project between KEK and JAEA
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A new beam line is built 
(B-line) for COMET



COMET phase-I

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

Search for µ-e conversion
 A search for µ-e Conversion at the intermediate sensitivity with would be 100-times better 

than the present limit (SINDRUM-II) 3 x 10-15

1
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COMET Phase-I system

Muon transport

COMET Phase-I serves several roles that are highly complementary to the
Phase-II experiment. It provides a working experience of many of the components to be used
in Phase-II and enables a direct measurement of backgrounds. Significantly it will also produce
competitive physics results, both of the μ−e conversion process that is the primary focus of
COMET Phase-II, and of other processes that COMET Phase-II cannot investigate.
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COMET Phase-I Requirements and Detectors

Drift chamber

Trigger scintillator
Cherenkov counter

1 2

For Phase-I a total number of 
protons on target (POT) of 3.2 ×
1019 is planned which will
provide around 1.5 × 1016 muons 
stopped in the target

COMET Requirements:
How to reach unprecedentedly high sensitivity (7.0 x10-13 → 10-15,-17)

1. Reduce Beam Associated Background
Pulsed proton beam with high proton extinction and used the long µ lifetime

2. Highly intense muon source 
High Intensity Pion Production (µ from π decay) 
Use magnetic solenoids to capture, transport, charge and momentum selection, detect µ

3. Curved solenoids for charge and momentum selection, electron Energy Resolution and Timing 
Excellent calorimeter and tracking detectors,
employ new electronic technology to handle higher rates.
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One advantage of a graphite 
target is that it is a refractory 
material and so is tolerant to 
high Temperature (175-190) 
operation



Cylindrical Drift Chamber

,momentum resolution <200 keV/c
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Requirements:
•Work in vacuum, magn. field 1 Tesla
•Momentum resolution ≤ 200 keV/c
•Space resolution ≤ 200 µm

Straw Tracker: 5 station  (Phase – I)~ 2500 
straw tubes, 9.75 mm diameter, 20 µm 
thickness, Ar:C2H6 = 50:50

Electromagnetic calorimeter

Requirements: 
 < 5% ER at 105 MeV
 1 cm space resolution
 < 100 ns time resolution 
 Work in vacuum and 

magnetic field of 1 Tesla

ECAL (crystal type LYSO, Lu1.8Y.2SiO5Ce)
 Combination of around 600 (for Phase II 

2272)  LYSO crystals.
 Total size: diameter ~ 1m
 Crystal size 20x20x120 mm3 (11 radiation 

length
 Photon detector: APD

Cosmic Ray Veto (CRV) 

Requirement:
Efficiency ≥ 99.99%. 

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

• The whole detector will be shielded from cosmic rays 
by 4 layers of plastic scintillators (active shield).

• CRV consists of 8 supermodules
• The modules are formed from 15 strips
• Strip sizes: 0.7 x 4 x 220 cm3, 1.2 mm diameter WLS

COMET Collaboration will be pleased if JINR team  participates 
in the development and production of CRV system for Phase-I.
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The total estimated background events for a single-event sensitivity of 3 x 10-15 in COMET 
Phase – I with a proton extinction factor 3 x 10-11 is  0.032 events

Inefficiency < 10-4
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COMET Phase-I Sensitivity

Event selection Value
Online event selection efficiency 0.9
DAQ efficiency 
Track finding efficiency 
Geometrical acceptance + Track quality cuts
Momentum window (εmom ) (a signal acceptance)
Timing window (εtime )   

0.9
0.99
0.18
0.93
0.3

Total   (Signal Acceptance for the µ-e conversion) 0.041

103.6 < pe < 106.0 MeV/c 
700 < te < 1170 ns 

B (µ- + Al → e- + Al) = 1
Nµ · fcap · fgnd · Aµ-e

Number of muons stopped inside targets 
Nµ = 1.5 x 1016

Fraction of muons to be captured by Al target = 0.61

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

3 x 10-15 (as SES) achievable in ~ 150 days, or < 7 x 10-15 (as 19% C. L/ upper limit)  
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Straw tracker

Straw module design
Straw tubes production and testing in Japan
The study of the properties of straws
The manufacturing area for straw-tube R&D at DLNP, JINR
The simulation of straws

JINR group’s contributions and responsibilities 
We are in the project since 2008 

1. Straw tracker
2. Electromagnetic calorimeter
3. Software studies (simulations) for straw tracker and ECAL

1. A large amount of work on simulation of processes in crystals and straw detector has 
been done. This work continues.
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Straw module design 

Design of support structure Schematic view of the ROESTI boards

Module contains about 1000 straws with the diameter of 5mm 
(500 in horizontal direction + 500 in vertical direction) which in 
its turn means 60 ROESTI boards for both direction have to be 
allocated along the circular surface which are cooled down by 
cooling gas

• Next to final design of the straw module for the 5mm diameter
straws is developed

• Complete construction documentation for production is in progress
• Also full documentation on the ROESTI board, we will try to

produce in RUSSIA, 60pcs.
• If we are lucky to produce the module in time, it can be used for

Phase-I measurements
14

Design of a complete module



The complete set tubes for Phase-I 
has been produced and tested:
 2700 tubes of 20 µ wall thickness, Ø 9.8 mm 

120 and 160 cm length have been produced
 These tubes passed all the tests and have 

been sent to Japan

For Phase-II we need even thinner and less diameter tubes:
5 mm diameter and 12 µm  wall thickness.
For this purpose we prepared a new straw production line in our laboratory. 

Straw tubes  
prepared for 

shipping
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Straw tubes production for Phase-I



Straw tubes testing in Japan

J-PARC Clean room in experimental hall Left: Construction of ready straw tube Pressure measure device: designed and developed at JINR

Initial pressure in the tubes and after two years. Pressure loss for 2 years 1 mbar per day.

Unit Diameter Working pressure Max pressure
2700 9.8 mm 1 bar 6 bar
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The study of the properties of straws

Developed stand’s general view

The following mechanical properties of the 9.8 mm straws have been measured:
• the range of elastic deformation of the straw 
• the influence of temperature and the dependence of the elastic properties of the straw on its thickness
• The tubes aging 

The influence of temperature and the 
dependence of the elastic properties of the 
straw on its thickness.

Measurement of the elastic and plastic deformation’s area.
The limit value of the straw tension is obtained 1.85kg

Stress relaxation on time. The service life of straw detector is 9 years.

Also continues the simulation of the straws and studying the straw parameters
17



New straw tubes production facility
1) New welding machine design and 5-th class

clean room with temperature and humidity
control

2) 5 mm diameter and 12 µm wall thickness straw
tube

3) Examination of straw Quality control at CERN, 
Straw tube

4) Study straw tube properties   
5) Precise measurements and monitoring of straw 

diameter with optical methods, accuracy of 0.1 
µm 

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

1) 3)

2)

The manufacturing area for straw-tube R&D at 
DLNP, JINR
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Straw tubes

Already have a 5 mm diameter and 12 µm tube

High Precision Ultrasonic Welding 
Machine, for the production of straws 
tubes



Parameters 20 µm 
thickness

12 µm 
thickness

Diameter 9.8±0.04mm 4.8-6 mm
length 1200-1600 mm 50-1600 mm
Test pressure 2 bar absolute 2 bar absolute
Max. pressure 7±1.2 bar 

absolute 
4 ±1  bar 
absolute

Width of seam ~500 µm ~ 350 µm 
Produced 
amount

2700

 4 bar - test pressure before 
mechanical damage

Results and measurements of first in the world ultrathin 12/20 μm 
thick wall 4.8/9.8 mm diameter straw tubes made by using 

Ultrasonic welding technology 
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Samples of straw tubes pressurized at 3-4 bar

New design straw, welded by one seam without using glue

Scanning straw tube with a diameter of 5 mm, a 
thickness of 12 and 60 cm long



Assembly for 1st Station is ongoing
Straw Tracker Status — COMET Phase-I
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Taking into account the success of JINR, DLNP COMET group in R&D and production of thin-
wall tubes with 5 mm diameters, and development of straw station design,
the COMET collaboration supports the idea of JINR group to use an additional station

with new tubes at Phase-1.



Straw schedule
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Electromagnetic calorimeter
R&D of LYSO crystals, LYSO crystal parameters investigation
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 Simulation of processes in crystals
 Comparison of the crystal types 
 Simulation of optimal structure of the 

calorimeter 
 Simulation of the calorimeter geometry in 

framework ICEDUST 
 Experimental study of the main parameters 

(uniformity, light output) LYSO crystals on a 
precision JINR stand 

 Calibration of 64 crystals of LYSO at the JINR 
stand for Beam Test (Tohoku)

 Participation in a calorimeter design 
 Quality control (certification) of all crystals will 

be tested in JINR (full responsibility)
 Calorimeter assembling, testing, calibration and 

installation at setup. (In the near future)

The test bench has been prepared in DLNP
Three candidates vendors
• Saint-Gobain (SG), Baseline
• OXIDE (OX), domestic candidate
• Suzhou JT Crystal Technology (JTC) 



The LYSO crystal certification

Radiation test 3 crystals 

Repeated measurements of 

irradiated crystals were performed. 

They confirmed the return of the 

characteristics to the original ones

6·1011 n/cm2

A stand was created for certification of the crystals for the COMET calorimeter
Passport for every crystal

 The bench is made of a precision 
system for moving a radioactive 
source,  a set of detection equipment 
and a DAQ system.

 The light output and the losses of the 
light along the crystal length for each 
crystal are measured. 

 About 200 (in total we have more than 
300 crystals) were tested. Checking of 
a new batch of crystals continues.
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• Light output increased by about 1.1-1.2
times, but after 3 months returned to
almost the initial value.

• Own radioactivity increased from 12 kHz to
30 kHz, but after 3 months fell to 15 kHz.



Data files

The light attenuation. The example of the losses of light output along the crystal length for two of the LYSO(Ce) 
crystals. The good crystal 35LYS027-02 has the light attenuation ~0.6 %/cm with good linearity. 
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The light output and the losses of the light along the crystal length for each crystal are 
measured. The data for the crystals are stored in the paper and electronic formats. 

The spectrum of Na-22 obtained on one of the crystals

Not wrappedWrapping effect



StrECAL system integration tests at ELPH in Tohoku Univ.
• with prototype of Straw tube Tracker and prototype of ECAL
• 100 MeV/c electron beam
• successfully triggered by the ECAL and the electron track was 

reconstructed with the Straw tube Tracker.
• The prototype of trigger system was tested.

The results of straw efficiency and
spatial resolution
 ε > 96% 
 σ ~ 100 µm  

Current Status
Straw tube Tracker
• the straw tubes were already mass-produced and checked.
• the 1st station of the straw tracker system has already begun

ECAL
• in the process to purchase ~500-600 LYSO crystal for Phase-I
• the design work for the real detector is also ongoing

ECAL modules

ECAL prototype 64 (8x8) JINR cryst.

Straw prototype
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Schedule of works on the project in 2021-2023
Straw tracker
• Finalization assembling, testing, installation, cosmic test and calibration of the straw 

detector for Phase-I, 2021 -2022
• R&D program for production of the straw tubes of 12 μm wall thickness and 5 mm diameter 

for Phase-I (about 1000 pcs), production of prototypes and their measurement on beam, 
2021 -2022

• Measuring of all mechanical properties and development of standards for quality control of 
manufactured of the 5 mm brand-new straw tubes, 2021 -2022

• Production of a full-scale straw station for Phase-I, with new tubes (12 μm, 5 mm), 2021 -
2022

• Preparation for mass-production and testing of straw tubes for Phase-II, 2023
ECAL
• Test (certification) of the crystals in JINR to be used in the calorimeter, 2021-2022
• 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, 2021 – 2023

Common task
• Participation in the calorimeter designing, assembling and cosmic test, 2021-2022
• Participation in assembling, testing and installation of whole detector system for Phase-I,

2021-2023
• Complex detector system (tracker, calorimeter, etc.) simulation, 2021 - 2022
• Participation in the engineering and physics run for Phase-I, 2022-2023
• Participation in the data acquisition and analysis, 2022-2023
• Participation in the beam tests of the detector components for Phase II, 2021 -202326



Name FTE Positon Work (apart common duties like shifts)

G. Adamov 0.7 Junior researcher
PhD student

Software tools development, analysis

D. Aznabayev 0.2 Junior researcher
PhD student

Theoretical issues, physics analysis

D. Baygarashev 0.2 Junior researcher
PhD student

Data quality control, calibration, physics analysis

V.N. Duginov 0.5 Head of sector Calorimeter development, analysis

T.L. Enik 0.2 Head of sector Hardware development and support

K.I. Gritsai 0.2 Senior scientist Software tools development

I.L. Evtoukhovitch 0.7 Senior engineer Hardware support

P.G. Evtoukhovitch 1.0 Senior scientist Hardware development and support

V.A. Kalinnikov 0.9 Leading scientist Calorimeter development, MC, analysis

E.S. Kaneva 1.0 Engineer MC development, analysis

X. Khubashvili 0.7 Engineer Hardware support

A. Khvedelidze 0.3 Leading scientist Theoretical issues, models development

A. Kobey 0.5 Master student Calorimeter development, MC, analysis

G.A. Kozlov 0.2 Leading scientist Theoretical issues, models development

M.D. Kravchenko 1.0 Junior researcher
PhD student

Hardware development, data quality control, analysis

A.S. Moiseenko 1.0 Scientist Hardware development and support

A. Issadykov 0.2 Senior scientist Theoretical issues, physics analysis

A.V. Pavlov 1.0 Junior researcher
PhD student

MC, Data quality control, physics analysis

B.M. Sabirov 1.0 Scientist Hardware development and support

A.G. Samartsev 0.2 Senior engineer Hardware development, detector design

Z. Tsamalaidze 0.7 Head of sector Project leader

N. Tsverava 1.0 Junior researcher
PhD student

Hardware development, calibration, analysis

E.P. Velicheva 1.0 Senior scientist Calorimeter development, MC, analysis

A.D. Volkov 1.0 Scientist Hardware development 

Total FTE 15.4

Estimation of human resources
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18. COMET Phase-I. Technical Design Report 2018 (prepared with participation of the JINR physicists).
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Development of an extremely thin-wall straw tracker operational in vacuum – The COMET straw tracker system. NIM. A845

(2017) 269-272. 
22. H. Nishiguchi, P. Evtoukhovitch, A. Moiseenko, Z. Tsamalaidze, N. Tsverava, A. Volkov, et al. 

Construction on vacuum-compatible straw tracker for COMET Phase-I. Accepted NIM, 2019.
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CLFV Schedule in the near future

Searches of Charged-Lepton Flavor Violation in Experiments using 
Intense Muon Beams
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Summary

 The COMET is a search experiment for µ-e conversion at J-PARC
• aiming improvement the sensitivity x 10,000 better than the past limit, 1.0 · 10-17 

• staging approach called Phase-I (under construction) / Phase-II
 COMET Phase-I is now under construction  

• aiming improvement the sensitivity x 100 better than the past

Phase-I Goal:
(in 150 days operation)

• CDC detector for physics search is under construction now
• the other system is also under construction
• We plan to be ready in 2022.

 In parallel preparation and carrying out Phase-I, will go work on creation of a full muon 
bunch, R&D for COMET Phase-II is underway. After completion of Phase-I, will 
immediately begin installation and assembly for Phase-II. Expecting to start in 202X?

 JINR plays a visible role in preparation of this experiment of fundamental importance.

Up to 10-15 → sensitive 
to “new physics”
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Estimation of costs and resources
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Thank you for attention!
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BACKUP
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Demonstration of the Pion Capture  System for COMET 

A muon beam intensity of 108 muons/sec with a proton beam of 400MeV energy 
with 1µA beam current from the RCNP proton ring cyclotron.

This beam intensity is almost the same as in PSI. 
10-4 muons/proton/GEV for MUSIC, RCNP

10-7 muons/proton/GEV  for PSI
The muon production efficiency per proton is about 1000

3.5 Tesla, DC

It is very important that this is experimental confirmation
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2021
or 
2022

2018-2019 
Phase-I
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ICEDUST Study 
on COMET Phase-II

COMET Phase-II
SES sensitivity / 2x107 sec = 2.6 x10-17

Mu2e
SES sensitivity / 2x107 sec = 7.5 x10-17

COMET Phase-II
SES sensitivity / 2x107 sec = 1.0 x10-17

J-PARC advantage is 56kW
In contrast to 
8kW in FERMILAB 
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Detector single rate: tracker and calorimeter
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Comparison of Phase-I and Phase-II parameters
Parameters Phase-I Phase-II
Beam power 3.2 kW (8 GeV) 56 kW (8 GeV)
Running time 150 days 1 year
Target materials graphite tungsten
#protons 2.37 x 1019 8.5 x 1020

#muon stops (Nµ) 1.5 x 1016 2.0 x 1018

Muon rate/s 5.8 x 109 1.0 x 1011

#muon stops/proton 0.00052 0.00052
#BG events 0.032 0.34
The detector acceptance (Aµ-e) 0.041 0.04
S.E.S (single event 
sensitivity)

3.1 x 10-15 2.6 x 10-17

U.L. (upper limit, 90%CL) < 7.2 x 10-15 < 6.0 x 10-17

Measurement start 2018-2019 2021

COMET Phase-II
SES sensitivity / 2x107 sec = 1.0 x10-17

ICEDUST Study on
COMET Phase-II 39


	Слайд номер 1
	Слайд номер 2
	Слайд номер 3
	Слайд номер 4
	Слайд номер 5
	COMET at J-PARC 
	COMET phase-I
	Слайд номер 8
	Cylindrical Drift Chamber
	Слайд номер 10
	Слайд номер 11
	COMET Phase-I Sensitivity
	Straw tracker
	Слайд номер 14
	Слайд номер 15
	Слайд номер 16
	Слайд номер 17
	Слайд номер 18
	Слайд номер 19
	Слайд номер 20
	Слайд номер 21
	Слайд номер 22
	Слайд номер 23
	Слайд номер 24
	StrECAL system integration tests at ELPH  in Tohoku Univ.
	Слайд номер 26
	Слайд номер 27
	Слайд номер 28
	Слайд номер 29
	CLFV Schedule in the near future
	Слайд номер 31
	Слайд номер 32
	�Thank you for attention!�
	Слайд номер 34
	Demonstration of the Pion Capture  System for COMET 
	Слайд номер 36
	ICEDUST Study �on COMET Phase-II
	�Detector single rate: tracker and calorimeter�
	Слайд номер 39

