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Charged Lepton Flavor Violation (CLFV
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The Standard Model (SM) can explain most of the experimental results. However, there are

still many questions to answer. All these motivate physicists to go Beyond the Standard
Model (BSM) to explain this phenomenon.
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CLFV processes offer probes for new physics with discovery sensitivity. The most sensitive probes of
CLFV utilize high-intensity muon beams.

Bosons (Forces)

Leptons

Muon-to-Electron conversion mechanism
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New Physics Process

Neutrino-less nuclear capture of a muon

(= p-e conversion)
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Muonic atom Single mono-energetic electron

Ee -m, - Erecoil - Ebinding =104.97 MeV (Al)
coherent recoil of nucleus

t+N—= v+ N The fraction of coherent transition for Al

= 90-92%

[(u+NAZ)—e +N(AZ))
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Experimental Signal:
Measured emitted mono-energetic (~105 MeV) electron from muonic atom



The COMET collaboration

JINR has been involved in the project
since its establishment in 2008

43 Institutes, 17 countries

Still growing!

Including five JINR member states
Belarus, Georgia, Kazakhstan, Russia, Vietham

COMET at J- PARC
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Two-phase realization

| Single event sensitivity : 2x10-15
a factor of 100 improvement
Running time: 0.4 years (1.2x107s)

Phase-l Goal

. Single event sensitivity : 2.6x10-17
Phase " i | afactor of 10,000 improvement

pmj?ﬂ-p U Running time: 1 years (2x107sec)

Single event sensitivity : O(10-19)
a factor of 100,000 improvement
Running time: 1 years (2x107sec)
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b Search for py-e conversion

Search for y-e conversion at the intermediate sensitivity
which would be 100 times better than the present limit
(SINDRUM-II) 2 x 10715, For this measurement used
Cylindrical Detector System (CyDet)

b Background Study for the full COMET Phase-ll

» Direct measurement of potential background sources for
the full COMET experiment by using the actual COMET
beam line. For this measurement used Straw Tracker +
ECAL (StrECAL)

ierntt Pion Capture
4 HN Section

N oo duction | Trigger scintillator
Target | Cherenkov counter

StrawECAL

1T I
B-field j—=
= H . Cylindrical Drift Chamber . Straw Tracker
L | - for physics search in Phase-| + Energy Calorimeter
Detector - muon stopping target at center - for background measurement

. - ~20,000 wires with He base gas - also as R&D for Phase-l|
Section g



COMET Detector System and Requirements

Electromagnetic calorimeter

Straw Tracker: 5 stations (Phase-I) ~2500 straw tubes,
9.75 mm diameter, 20 ym thickness, Ar:C,H; = 50:50 ECAL (crystal type LYSO, Lu, ,Y,SiO.Ce)
T ——————————— » Combination of ~600 LYSO crystals for Phase-| (for Phase-ll 2272)
I T e [ A | R - » Total size: diameter ~1 m
S » Crystal size 20x20x120 mm3 (11 radiation length)
s [[E » Photon detector: APD

mmmmmm e " E Requirements:

iy = =" == ;o » < 5% ER at 105 MeV

—=— — — T > < 10 mm space resolution

» < 100 ns time resolution

» Work in vacuum, magnetic field of 1 Tesla

Requirements:

» Momentum resolution < 200 keV/c

» Space resolution < 200 pm

» Work in vacuum, magnetic field of 1 Tesla
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CyDet (Cylindrical Detector)
C o s m i c R ay Veto (C RV) Superconducting coils CDC inner wall CDC outer wall S;{;Ipn d,;; Cra(lc d[;icﬂ)

CDC endplat i
endplate i 1 Tesla magnetic
" field

//IMuon stopping targetl

Front view

a
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Requirement: Efficiency 2 99.99%

4000 mm

Cylindrical trigger
hodoscope (CTH)

\ 3210
Vacuum window Shielding Cryostat uit:mm Return yoke

* Cylindrical drift chamber (CDC)
surrounds the muon stopping
target under 1T magnetic field

Requirements:
» Spatial resolution < 200um
» Momentum resolution < 200 keV/c




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

Signal and DIO (BR=3 x 10™'°)
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* Mostly prompt. Can be suppressed by a .-::::::::::::::::::::--~:
delayed measurement window (~700 ns) ;;; s .

* Some due to leaked proton. Proton | R e
extinction factor required to be < 10710,

. | actually achieved ~ 101" ! ¥ T e .
* (Cosmic ray background 1 U g
— Cosmic ray: cover the system with
cosmic ray veto detectors. - A > Timegs
Required InefﬁCienCy <104 Muonic atom lifetime for Al - 864 ns is good 18

The estimated background events for a single-event sensitivity of 3 x 10-'> in COMET Phase — | with a proton
extinction factor 3 x 10-"" are DIO: 0.01, RPC: 0.01, anti-protons: 0.01, cosmic rays: < 0.01, Total: 0.032 events



COMET Phase-l 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 (e, ) (@ signal acceptance) 0.93 103.6 < p., < 106.0 MeV/c
Timing window (g, ) 0.3 700<t,<1170ns
Total (Signal Acceptance for the p-e conversion) 0.p41
1

B (U +Al > e +Al)=

[Nu ] [fcap ' [fgnd ' M

;

Number of muons stopped inside targets

_ Fraction of y-e conversion to the ground state = 0.9
N, =1.5x 108 1 J

Fraction of muons to be captured by Al target = 0.61

3 x 1015 (as SES) achievable in ~ 150 days



Comparison of Phase-l and Phase-Il parameters

Parameters Phase-l| Phase-ll
Beam power 3.2 kW (8 GeV) 56 kW (8 GeV)
Running time 150 - 200 days 1 year
Target materials graphite tungsten
#protons 3.2 x101° 6.8 x 1020
#muon stops (N,) 1.5 x 1016 1.1 x 1018
Muon rate/s 5.8 x 10° 1.0 x 10"
#muon stops/proton 0.00052 0.00052
The detector acceptance (A ) 0.06 0.04

S.E.S (single event sensitivity) 2.0 x 101 2.6 x 1017
Measurement start 2025-2026 2028-2030




JINR group’s contributions and responsibilities

Straw tracker

Electromagnetic calorimeter (ECAL)

Cosmic Ray Veto (CRV)

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

=



Straw tubes mass-production for Phase-|

The complete set of tubes for Phase-| | e e

- production by
has been produced and tested: - JINR group

» 2700 tubes of 20 um wall thickness, @ 9.8 mm,
120 and 160 cm length have been produced

» These tubes passed all the tests and have
been sent to Japan

W/ 11+ ——

‘ ‘ Straw Tracker Status - COMET Phase-I
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The study of the properties of straws

The following mechanical properties of the 9.8 mm
straws have been measured:

 the range of elastic deformation of the straw
* Results: The limit value of the straw
tension is obtained 1.85 kg (in COMET up

)

st layer; completed !!!

to1k
« the influer?c)e of temperature and the «  First straw tracker module for Phase-a is on final stage of assembling
dependence of the elastic properties of the « 480 straw tubes already glued into the frame and wired
straw on its thickness +  Electronic boards ROEST]I are ready for installing
 Results: The maximum tension of the +  After that is planed system gas leakage and vacuum tests
straw is provided at temperature from 10 +  Within working visit all straw tubes were checked for quality, gas leakages and
to 20°C mechanical damages
« The tubes aging «  After 7 year All straws are in perfect condition and ready to be used for next
- Results: The service life of straw modules
detector is 9 years «  Future activities include conclusion R&D of new 12 ym straw tubes and preparation

for new mass production



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

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

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

Cabability of the 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 um wall thickness straw tube production

3) Examination of straw quality control of tubes

4) Study straw tube properties

5) Precise measurements and monitoring of straw diameter with
optical methods, accuracy of 0.1 ym

4.930

« Diameter scan along straw
tube length with different inner
pressures

» Diameter deviation along the
tubes is less than 20 um,

4.920 -

491Di

Produced straw parameters

£ 4900 [

Diameter ( mm)
e
=
S

2 140 pieces « Shape stays consistent under
o 70cmin Length different pressures
. 4.98+0.12 mm Diameter IR W A

2 12 ym Mylar tape thickness
2 Aluminum layer 70 nm
o Prototype working pressure 1 bar

o Long term testing pressure 2 bar

. Max safe pressure 3 bar O Long term tests still ongoing

U Straws stably staying pressurized

O No any mechanical damages

U After while Only 5% of straws dropped pressure

o Max load pressure 4 bar

Great success in R&D, in the production of 5 mm diameter and 12 ym thick tubes



Straw tube tension versus humidity

590

540

580

550

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 below:

Temperature (23.7 C)

Humidity (Yellow)

Mylar with one side metallization (Blue)
Mylar with Double metallization (RED)

As graphs are showing, tension of both straws strongly
depend on environment humidity. This study still
ongoing.

Straw relaxation T=235+05C

Oneside metalization
Double metalization
Humidity




Electromagnetic calorimeter

Three candidates vendors cainteCobain hat introduced R&D of LYSO crystals  The test bench has been prepared in DLNP
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. Suzhou JT Crystal ¢ Gl L e The LYSO crystal certification
Technology (J7C) REC e i e s More than 200 crystals have
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Density [g/cm?] 71

Hygroscopic no

étrtne)nuatlon length for SllkeV 12 y » .

koo [esotien e @ 662 85 s The samples of the two companies SG and JTC have comparable scintillation parameters: high light
s 420 output, short flash time and suitable energy resolution.

e oo @ emisser 81 The uniformity is better in Saint-Gobain crystals.

Pecay time fnel * * Despite the fact that the optical properties of SG crystals are slightly better than those of JTC, under
;g"‘;st'tdr;;“‘:t(//’:)“;t 27099 _0‘2:32“ certain conditions, both crystals can be used in the COMET calorimeter of the experiment.
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Measurement of the electromagnetic calorimeter prototype parameters on cosmic muons
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One layer of paper Non-uniformity of the prototype response
Thickness = 200 um along the crystals measured using Non-uniformity of the LY along the crystals
cosmic muons length, measured at an energy of 511 keV

Measuring setup: measurements under the angels
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Plan for further work is continuation of work on the development of a calorimeter
calibration technique:
1) measurement of the calorimeter prototype parameters at electron beam ;
2) calculation of the energy resolution of the calorimeter prototype..
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Simulation of processes in crystals, ongoing
Comparison of the crystal types, finished
Simulation of optimal structure of the
calorimeter, ongoing

Simulation of the calorimeter geometry in
framework ICEDUST, ongoing

Experimental study of the main parameters
(uniformity, light output) LYSO crystals on a
precision JINR stand, ongoing

Calibration of 64 crystals of LYSO at the JINR
stand for Beam Test (Tohoku), finished
Participation in a calorimeter design, ongoing
Quality control (certification) of all crystals in
JINR (full responsibility), ongoing
Calorimeter assembling, testing, calibration
and installation at setup, in the near future




StrECAL system integration tests at ELPH in Tohoku

Energy range: 65 -145 MeV

Straw prototype
Sigma vs Position for A/C2HE6=50/50, 2000
£300, Efficiency for Straw : Ar/C2H6=50/50
- >
E E % 1 - . .
E2s0 s L e
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ECAL prototype 64 (8x8) JINR cryst.

The results of straw efficiency and spatial resolution
HV 1800- 2000) for Argon/Ethan

= €£>96%
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= Momentum resolution ~ 180-200 keV/c

? ECAL modules
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The position resolution is 5.8 mm

70 7
25 6.5 -
N [
6.0F o
- L]
5.50 .
- .
5.0F .
: L
T s

P (MeV/c)

The position resolution varying from
5.3 mm to 8.5 mm, depends on where
electron hits (center, border, corner)

The energy resolution at 105 MeV for
« GSO-5.5+0.02 (stat) +0.04 (syst) %
* LYSO -4.91+0.01 (stat) + 0.07 (syst) %

Resolution

w2 / ndf 0.07372/2

Sloyge  3252:16.02

constygy 3.535+0.7384

noisg yso  128.3+ ?88,9
bgc / ndf 6.206/3

stoge, 4214+ 1,648
conslys,  3.569+0.1488

N0iSeys, 0.004381+ 366.6

Requirement

4 EE * GSO o _ sto. ® const. & noise.
L8 LYS0 4912001 (stat)20,07 (systygg mer  VEmeen
40 60 80 100 120 140 160 180 200

Ppeam (MeV/c)

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 results of ECAL prototype test

Energy Resolution 4.8%
@105MeV

Position resolution <10 mm
@105 MeV

Timing resolution < 1.0 nsec

The results of StrECAL system integration beam tests meet all the requirements of the experiment




Cosmic-Ray Veto (CRV)

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.

CRYV will consist of two major parts: scintillator based (SCRV) and GRPC
based (GRPC-CRV) subsystems. The SCRV 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
SCRYV subsystem. This activity includes two parts: to finalize design of the
SCRYV 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-O0.

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



Scintillation strips as a base element of the COMET SCRV modules

- 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.

o 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 mm2in
cross section and with two 1.2-mm (for sides) and 1.4-mm (for top) in diameter WLS

\ J fiber glued in the groove along the strip

Sketch of the strip with SiPM o

o A e 1 PR With this geometry it will be possible to achieve required up to 99.99% efficiency for

inserted to the housing 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

Design of the strip

i

Strips test stand

Tongs tmznunel grssind wivee

5 _=.| 5 5 5 B - A
Top, L4 78 1 56 3] 40 52 g ] 45 B 7 I3 2 iz E 4g
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64 for strips order for first CRV module




CRV module assembly and preliminary test on cosmic

sketch of the first module

RS s

Cosmic muon

Readail
side

2800 mm

I
Trigger counters

CRV module ready to send

First test of CRV module provided at JINR

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



Schedule of works on the project in 2025-2029

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

Simulation of a complex detector system (tracker, calorimeter, etc.), 2025-2027

R&D program for the production of straw tubes with a wall thickness of 12 uym and a diameter of 5 mm
Measurement of all mechanical properties and development of quality control standards for manufactured
new straw tubes of diameter 5 mm, 2025

Completion of assembly, testing, calibration, installation, cosmic test and maintenance of the straw
detector for Phase-l, 2025-2026

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

Production of a full-scale straw station at JINR, with new tubes (12 um, 5 mm), and measurements on the
beam, 2027-2028

Preparation, mass-production and testing of straw tubes for Phase-Il, 2028-2029

Development and optimization of the crystal calibration method for the COMET calorimeter, considering
the features of the experiment: the presence of magnetic field and high-resolution calorimeter, 2025-2026
Participation in the design, assembly, installation, cosmic test and maintenance of the calorimeter in full,
2025-2027

Participation in the assembly and maintenance of the CRV for Phase-| and Phase-Il, 2025-2029
Participation in the beam tests of detector components for Phase-Il, 2028-2029

Participation in the assembly, testing, installation and maintenance of the entire detector system for
Phase-Il, 2028-2029



JINR'’s responsibility in the COMET experiment

eThe JINR group is the only one within the COMET collaboration capable of producing thin-wall straw tubes, so
we are fully responsible for their production. Various procedures have been updated to check tubes for pressure,
gas leakage and elongation in accordance with COMET’s requirements, and new testing standards have also
been established.

o JINR takes full responsibility for the next step in this direction by carrying out R&D work on straw tubes for the
COMET Phase-ll, with a diameter of 5 mm and a wall thickness of 12 um. For this purpose, we have prepared a
new straw production line in DLNP.

o JINR physicists, together with KEK colleagues, take full responsibility for assembling, testing and installing the
full-scale straw tracker for Phase-Il. Appreciating JINR'’s crucial contribution to the creation of the straw tracker, the
collaboration has elected a member of the JINR-COMET team to be one of the coordinators for the straw
tracker system.

o JINR proposed the idea and took full responsibility for the production of a full-scale straw station for Phase-l,
with a new type of straw tubes.

o JINR takes full responsibility for the development and optimization of the crystal calibration method for the
calorimeter to be used in COMET Phase-l and Phase-lII.

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

o JINR physicists take full responsibility for crystal certification and are leaders in R&D work.

o JINR physicists implemented a full-scale R&D program to create a cosmic-ray veto system. The program was
successfully completed, and the results were presented at collaboration meetings. Based on these results, all
parameters and methods for creating the CRV were determined. Also, the main responsibility for the assembly,
testing and installation of the CRV for Phase-| will be on JINR scientists. As a result, a member of the JINR group
was elected the COMET-CRYV leader.



COMET Phase-| Facility Construction Schedule

Detector Schedule

CyDet will be ready by the
end of June, 2025

StrECal should be ready by
the end of January, 2025
CRV should be ready by the
end of September, 2025

COMET Phase-l is
ready at March, 2026.

2023

Cradle conztruction
DS conztruction
BS & DS inztallation and tezt

Cradle inztallation test and alignment

Cradle (CyDet) Setup

StrEcal Conztruction

CS construction

G5 inztallation

C5 stand alone test

Magnet Syztem Total tezt

C5 radiation zhield construction
C5 radiation zhield installation

D5 test at Toshiba
BS & DS ready

CyDet ready to inztall

StrEcal ready for beam meazurement

CS ready

-—l COMET Phaze-l magnet ready

Primary target inztallation

Beam line zhield inztallation

Beamlien ready

Muon Beam Monitor inztallation
CyDet installation to DS

Muon ztopping target inztallation
DAQ & Trigger inztallation

CyDet test in DS

Ge inztallation

CRV inztallation

CyDet ready to start phyzics

*

Mar. 2026 Phaze-| ready
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Conclusion

» 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-l / Phase-l|
» COMET Phase-l is under construction
Phase-l Goal: 2.0 x 107 yp to 1015 — sensitive to “new physics”
(in 150 days operation)
» 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.
» |In 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. Expecting to start in 2028-2030
» JINR plays a leading role in the preparation and implementation of this fundamentally
Important experiment.



Thank you for attention!



BACKUP



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

Detector Solenoid

PRIME detector

Spectrometer Solenoics

PRISM-FFAG
muon storage ring

Muon Stopping

After 2030

L

Muon Storage Ring

(Fhase Rolator) Pion and Muon

Transport Solenoid
a few MW proton

beam

Fizn Production
Target

stopped muons
~O(1029)/year

Pion Capture
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Mu2e Run 1 Timeline

s 3

Closed caption box size

1 ,,, Mu2e Timeline

* Mu2e Project is fully funded and 85% complete

* High priority and high level of support from Fermilab

Run 1
* Aiming for Project early completion date Dec 2025
P TTE EEEATE | August 2026 -
* Begin Run 1 data taking mid- CY2026 - for aboutfeé monthsjof data collection April 2027

Detector Solenoid Project
KPP KPP complete  Ream on target
)

FY2026 j;"wznz? FY2028

MuZe construction (Project)

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

Detailed field Detector External CRV modules
map complete V= hieldi -
train inserted  SMIEICINg  installed

installed
4 years

* Resume data collection after shutdown and collect data for
* Request P5 endorsement of physics and for operations and collaboration support

Run 2:
FY2029-FY2032

1. Miller, MuZe/Mu2e-Il 23

27



	Слайд номер 1
	Слайд номер 2
	Слайд номер 3
	Слайд номер 4
	Слайд номер 5
	Слайд номер 6
	Слайд номер 7
	COMET Phase-I Sensitivity
	Слайд номер 9
	Слайд номер 10
	Слайд номер 11
	Produced straw parameters 
	Слайд номер 13
	Слайд номер 14
	Слайд номер 15
	StrECAL system integration tests at ELPH  in Tohoku 
	Слайд номер 17
	Strips test stand
	CRV module assembly and preliminary test on cosmic
	Слайд номер 20
	Слайд номер 21
	Слайд номер 22
	Слайд номер 23
	�Thank you for attention!�
	Слайд номер 25
	Слайд номер 26
	Слайд номер 27

