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Physics

,_ g Ouarks =
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Flavors are mixed through CKM matrix in

the Standard Model, |
|Already confirmed

Flavors are mixed through PMNS matrix, |
Already conflrmed (extensmn of SM)
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‘* Leptons 3
rCharged Lepton FIavor Violation

'Forbidden in the Standard Model,
e 2 ? t B(u—ey)~0(10-%4) for SM+v oscillation,
\ Q, k Not observedsofar
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- Muon to electron conversion in nuclel

w/0 neutrino emission

. ~O(1O'54) In SM + v-oscillation
- Enhanced in many BSMs
- Observation @ New Physics

- Simple kinematics: E =

M,-B,~104MeV

- LHC, other CLFV searches, muon g-2

are complementary

q q
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Requirements

Signal and DIO (BR=3 x 10°") - High StatIStICS

%Zf Slgnal . 510 of stopping muons are required

§°f, - — High intensity proton beam @J-PARC
ZZ - — 1/ collection using capture solenoid
F - Background suppression

o002

s - Intrinsic BG: Muon DIO (Decay In Orbit)

Momomm\ IMo ]

- — Excellent momentum resolution

o Number of protons between 2 bunches L .
Extinction = —— e of protons in a bundh - Beam BG: Radiative pion capture, Muon
decay in flight, Antiproton, Proton leakage,

1.17ps . etc.
- — Pulse beam + delayed time window

-9
- — (Good extinction factor (less than 10 )
- — Curved solenoid

»+ Other BG: Cosmic ray
- — Add detector for cosmic ray veto

proton bunch

| | | |
Measurement time window
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- International collaboration
composed of 175+
researchers of 33 institutes
from 15 countries
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J-PARC

" Materials and Life Science
Experimental Facility

Lo

—— g —

Neutrino to
Kamiokande

3 GeV Rapid Cycle
MR Synchrotron
.Sy;nch. (25 Hz, 1MW) (0.75 MW)*

AR 3 R - N
= 103, i J-PARC = Japan Proton Accelerator Research Complex

Joint Project between KEK and JAEA | “design value g




COMET Overview

""" . Pion Capture Solenoid §

/'

T —

- Aiming O(10-17) sensitivity
- 10,000 times better than the current limit
- C-shaped p- transport solenoid

- For suppress beam BG
- Additional C-shaped e- spectrometer
- Suppress DIO+beam BG

 Detector Solenoid
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COMET Phase-l

Cylindrical Drift Chamber j Muon Stopping Target

Sl /
o : o //_
-~
///’-f -

< W T

Trigger Hodoscope

I -

i
o

- Construct the first 90 degree of the muon transport solenoig
- Perform the u-e conversion search with a sensitivity of 10 using CyDet

- Measure the beam directly using StrECAL as a Phase-Il prototype detector
Y. Fujii @ CLFV2016 10
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Beam and Facility



Overview of Hadron Beam
Facility

;

RCS
) Qed and 5 empty
BBBBB .

B:!‘ - "J-lllll.l-m'"

[ Extinction @ J-PARC MR Abort |
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g 1070 extraction timing : P4
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- Bunched slow extraction with a 3.2(56) kW operation in Phase-I(Phase-Il)
- Beam pulsing with a 1.17us interval using “Single Bunch Kicking” method
- Accelerate protons up to 8GeV in MR — Deliver them to COMET hall @ Hadron Beam

Facility
- Extinction factor already measured to be 3x10
Y. Fujii @ CLFV2016
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COMET Hall

April 20

]
',l

- COMET hall

- Construction completed in
last year

High-p/COMET beam line
- Construction and
Engineering design ongoing
Y. Fujii @ CLFV2016 13



OMET Proton Monitor/Target

_ A B
- Proton monitor
- Measure the beam profile/extinction in front of the capture solenoid lo
- Use the innovative diamond detector - .

- High radiation tolerance & Fast time response

. First beam test for diamond prototype is ongoing @J-PARC MR Geemetry of proton monitor
- Clear signals synchronized with beam bunch observed

- Proton target

- Graphite(or SiC)/Tungsten target for Phase-I/Phase-ll

- Geometry optimized to increase the stopping muon yields,
R=13mm, L=700mm

_’W__
Scintillator signal
| inside beam pipe




Magnets/Cryogenics

TS1 cold Mass CS cold Mass
(TS1 coils + Shell) (CSE&EMS colls 4+ Shell)
TS1 thermalshleld Vacuug: vessel / CS thermal shield

Pion capture solenoid
Coil winding almost done

» Mechanical design
completed

Muon transport solenoid

Completed, detailed tests
are ongoing

Detector solenoid

1 % ‘
N g 1113 =
| \ | \ J
TSle | Tsic | Tsia \ ! / /
|
TSIt TS1d TSIb Ms2 Ms2 cs1 cs0

&,\

- All 14 coils assembled as §°",“""°'
one
- Cryogenics

- Engineering design is in
preparation

Transport Solenoid Detector Solenoid

Y. Fujii @ CLFV2016



Muon Beam/Target

Muon stopping position

Muon transported in a curved solenoid w/ a dipole field )

. . O ‘500_—
- Reduce pions which can produce high momentum :
secondaries or

Momentum and charge selection
- Muons stopped inside the series of thm alummum disks & ¢
- Stopping rate for u/n are ~5x10 /3x10 " / POT :

-100[—
L 1 I ) N I | N I I | I I ) N I | I 1
7550 7600 7650 7700 7750

z/mm
M- stopping distribution
projected on the target plane

gl u” Longitudinal Distribution
< x10° hos5
O

TN Bl e ]

35__'"""'1""1" ........ l""J""l" ........ l"' Entries 51033
- : : : : : Mean 5933

count/p”

= RMS 242.8
30 __ ............................................................ e eeeseesprecceaaqanaessnncnnnans . ................ ,. ............ __

Saddle type coil is put
outside of each solenoid
coil to generate dipole field

PN A N R A -
Sl e -
_I LU | L1 1L 1Ll 1Ll 1Ll 1Ll 1L L1l
5%00 5600 5700 5800 5900 6000 6100 6200 6300 6400
L] L]

z position (mm)

20 :— ......................................................................................................... —:

.j / " of low momentum muons u- stopping distribution along the beam axis

Y. Fujii @ CLFV2016 16






CDC

sobutane=90:1( He:Ethane=50:50
: 0.0006797 /13 | v data [ 21 ndf 0.0007782/13 | v data
E PO 0.2239 = 0.00388 Primary ion §°-°’ - PO 0.148 = 0.006908 Primary ion
: p1 1.198 = 0.01002 Diffusion : i 0.7059 = 0.009734 Diffusion
3 p2 0.0457 = 0.000508 consbt ¢ LE P2 0.03571 =0.0005178 constant
- p3 23+ 0 "k p3 0= 0
p4 0.0575+ 0 | — Fitting azsF— pa 01= 0 |— Fitting
02
015 .
L v
v
0.1 :
0.05 E
N PP P P P P T P OFL N PP PP P PP TP e e
1 2 3 R 5 6 7 8 0 1 2 3 “ 5 6 7 8
DCA[mm)| DCA|mm)

Position resolutions of CDC prototype obtained in the beam test @Spring-8

Cylindrical Drift Chamber
Main tracker for Phase-| physics measurement
- All stereo wires enable to reconstruct 3D hit positions

- 20 layers consists of ~5,000 sense wires + ~15,000 field
wires

- Gas mixture, He:iC,H,,=90:10 or He:C,H =50:50
Both gas mixtures show good performance

* Required momentum resolution, o, ~ 200 keV/c
@p=105MeV/c, is achievable

Mass production/test of readout boards done @IHEP RECBE Board Mass Test @IHEP

Y. Fujii @ CLFV2016 18
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A |
ALY
AVATA

S Dec. 2015

- CDC construction completed
this month

- All wires are fine
- Inner wall installed
- Leak check has just begun
»+ Cosmic-ray test will be done soon

Y. Fujii @ CLFV2016



CTH

- Cherenkov Trigger Hodoscope

- Each Module consists of an acrylic Cherenkov
radiator and a plastic scintillator

- 64 modules arranged both upstream/downstream
sides

- Require the 4 hits coincidence to suppress the
accidental trigger due to y rays

- Better than 1ns time resolution obtained by using
the prototype detector for 100MeV/c electrons

- Preamplifier prototype produced and irradiation tests
to be done

. Fine mesh PMT

TOP: Plastic Scint.

Analog FE prototype
Bottom: Acryl ' '

‘ ? = ’E. :
é g “ny- T g

Y. Fujii @ CLFV2016 20
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Straw Tube Tracker consists of ~2500 straw tubes

- Main tracker for Phase-| beam measurement / Phase-l|
physics measurement

- Operation in vacuum |
. 20/12um thick, 9.8/5mma straw tube for Phase-I/Phase-I| &
- Gas mixture candidates: Ar:C,H;=50:50, Ar:CO,=70:30
- Complete the mass production of Phase-| straw tube

Y. Fujii @ CLFV2016 22




ove1 R&D and Construction Status

- Maﬁy tests carried out using full-scale prototype

- Establish the construction procedure

- Evaluate out-gas rate of straw tubes

- No leak, no significant out-gas
- Beam test w/ 105MeV/c electron was done
0,~150um obtained — o ~180keV/c

- Operation in vacuum performed in success

. AII Phase-l straw tubes have been built already

q‘
y V- ,
Less than 200um §*

’ ! 4~ ‘
T w
, ." . :‘ e,

ox everywhere

150: ..................
‘/90—‘

100: ..............

50: ...........................................................

OOIIII0.5IIII1IIII1.5IIII2IIII2.5IIII3IIII3.5IIII4III!4.5IIII5

Position mm
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ECAL

Nal(TI) GSO LYSO

Density, g/cm3 3.67 6.71 7.1
Att. length, cm 2.6 1.38 1.12
Decay const., ns 230 30-60 |C 41 E
Max emission, nm 415 430 420

Relative LY 100 20 < 70-80 é

Comparisons of scintillator characteristics

- ECAL is an array of ~2,000 scintillator crystals to cover ~1m of radius
- Choose LYSO because of the higher light yield and faster time response than GSO
- Use in both Phase-l & Phase-l|
- Measure the energy deposit and trigger the event
- 10mmx10mm APD sensor attached to the back of each LYSO crystal
» Crystals and APDs inside vacuum

Y. Fujii @ CLFV2016 24



Status

-
=

wrapped with teflon

wrapped with
aluminized mylar

- Single crystal optlmlzatlons
- APD: 5x5mm — 10x10mm x3 photon yield
- Wrapping: Teflon+Al-mylar = ESR+Teflon, x1.3 photon yield
Vacuum test using 8x8 prototype detector newly manufactured
- Reach ~1Pa vacuum level
- Two candidates
Saint-Gobain and OXIDE, performance comparison ongoing

}x4 larger

Y. Fujii @ CLFV2016 25



Readout for StrawECAL

- New waveform digitizer boards being developed based on DRS4
- ROESTI: (Read Out Electronics for Straw Tube Instruments)
- EROS: (Ecal Read Out System)
- ROESTI/EROS are almost same except for the analog input

+ <1ns o7 obtained using ROESTI v3 by applying calibration

- “Real” daisy chain readout developed recently

I R e Trigger
e E < & & & &

12

o [ns]

ROESTI | ROESTI | ROESTI

- 11

11111111

DAQ Only 1 optical cable in between
chained ROESTI/EROS and PC!

Y. Fujii @ CLFV2016 26



8- 4

B\

. = -l 1

B e e

Straw Prototype Beam Define Counter (BDC) ECAL Preamp

- 1st beam test for Straw+ECAL combined system was performed in March 2016

- ROESTI/ERQOS prototypes are used as the readout
- Test the ECAL self-trigger using new preamp and front-end trigger boards
- Crystal comparison (Saint-Gobain & OXIDE)

Y. Fujii @ CLFV2016 27



Beam Test Results

ECAL waveforms in EROS

EROS Waveforn | ROESTI Wavetom | COTTRI Wavefom |

EROS Waveforn | ROEST) Waveforn  COTTRI Wavefoen |

2x2 analog sum from ECAL

ST g e ) [ = ] |
o] 9 s Fow]F | 8] T | — T == £ 3 l‘ﬂ
e T ool Tome] o] s T TOE || : ]
2 ! 3 9 $2220 = 5 s - I g2 : B 2 - SRR - pasd - ? r 7 3 i 4 8 1 12

- » I 1 I - -ﬂ -~ - K =L - = - aand - -~ -ﬁ
: = — : — | = Sl M = =
| B e einca@ oty 3obened G 374 ° 52 83 | |- - 3 1 C 1 I% E .
iE==s 7 T B B ) B B | - o -
: ' : = i 3 : == - =2 : = 1 : Eore3 : z “F 1 l 5 1 9 ) 13
- : : d " - : s -~ £ 1—* - T '-I - = = - -~ = T -i
: — : = _ A ) = - ~ = = = =
: 8 BT 2| T =T e T «||T s =57 || Il e | s | =
: 1 3 = = S 3 = 3= = 3 : -3 : == 1 lw- = NufF\g — I--- e l-o— e
c:x______ S l.':l——--; :-_‘;.__"; = __-; :—_-;___‘_~ ::x__ﬁ__ C:)——V-; 1 F 1 1
1o 10 w26 0 274 421 0 43410 S8 . 59 | - +
. : - _-J\'-—- 1 —— - s Secee 1 L .-‘ ~ * 6‘-I L -

I R —— ey ey e e S ——— | E— ) (=) (s

i 3] T = T 2] T T & T e 1] [ =1 =
£ 14 15 4 30 31 9 46 47 - 62 - 63 -
. 4 — e 4 4 4 - . -4 4 4 — 4 4 1 3
: - - - - b : . 1-‘ 7|-. s - -

- Success to take data w/ ECAL self-trigger using COTTRI*+FCT

- Analysis ongoing

-+ We also took data for Straw w/ ECAL self-trigger mode successfully

*COTTRI is a front-end trigger system for
CyDet and backup solution for StrawECAL

Y. Fujii @ CLFV2016
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Beam Test Results

" 22 1 ndf 19.63/6 |
_| sto 17.15 = 5.426

{ 442 + 0. « 1 Timing-Resolution . Timing Resolution
const 3 2 .° 1219 B fO re Ca I | b I‘aﬁl O n hTresSameEROS Af e r Ca I | b ra Fl 8 n hTresSameEROS
noise 180 = 25.91 0 it > b Emr{ias) 850 - Entries 476

V[ -1.586 Mean -1.579

pa— ern Ssame bo aRFL 3.143 10° = RMS 0.4874
C 2/ ndf 269.6 /35 E % [ ndf 7.082/7

height 23.91+1.15 height 1142+66

mu -1.814 + 0.182 mu —1.578 +0.023

sigma 3.449 + 0.147 sigma 0.4927 + 0.0174

=3 f -
Y~ 5 3 =+
3.8 $TT—

" i . 1 ] t1-t2 [ns] t1-t2 [ns]
60 80 100 120 140 160 180
Epeam [MeV]

- Demonstration of MIDAS DAQ with ROESTI &

Straw Position Resolution

EROS successfully done <
© 4.2% of o/E obtained for ECAL (preliminary) & wa- 0,=200um
- ECAL o7 calculated to be 0.19, 0.35 and 0.42ns _

for same chip, same board and diff. board, ot Very Pr hmmary :

respectively (preliminary) - E
- StrawTracker shows 200um g, including track ‘ Y F

length uncertainty
Ritrack-Rnit [mm]
Y. Fujii @ CLFV2016 29







Trigger Overview

Accelerator clock

[‘?

a FCT ' COTTRI
1 FE
- ] (x16-40)
C—f\ X 3 f
2DC FC Interface
“fanin/Out
X
e d FCT

e @ -T2y MoONitor trigger system

Using COTTRI as
- CDCTrigger board
- Hodoscope TDC and Trigger board

— C« smic trigger system

COTT 31 MB (x1-2)

"

MIDAS base

x3

COTT 31 MB (x1-2)

| r« |
FCT = I COTTRI j

==

Y ~ Common for CyDet and StrawECAL




\ \

- Fast Control and Timing system

- Central FC7 controls trigger signals and provides 40MHz common clock

- Communications between FC7 and each readout/trigger board handled by the
intermediating board, FCT

- FC7-FCT bi-directional link established recently

- 125ns latency for oneway is obtained, should be short enough
» More FC7 will be purchased for COMET in this year

Y. Fujii @ CLFV2016
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lover  Frontend Trigger System

==

‘Prototype v.2 of the Pre-trigger board and

digitizing board o |
R0 80— Altera, Cyclone I\
B - Connectors
w» digitizing— p:etréger f“v : ' - 5
S| g -9
Lg) J _‘ XC?A?O[;:TP-?:FC‘H‘GC ,
| - «o_ -‘
x _' o ¢ - @50
- ECAL pretrigger being developed @ BINP - COTTRI being developed @ KEK
- Dedicated trigger front-end for ECAL - General purpose trigger front-end
+ 40MHz, 10bit ADC - 100MHz 8bit ADC
- Cyclone |V (Altera) for processing ADC - Artix-7 (Xilinx) for processing analog/digital
data signals
- Data transfer to FCT through FMC - Data transfer to DAQ PC and FCT/FC7
connector

- ~150ns latency measured, demonstration in

- Succeed to observe the signal StrECAL beam test succeeded

Y. Fujii @ CLFV2016 33



Software




oaRooTracker

4 Y
PHITS ROOT Tree with
\ truth particles

r N
MARS SimG4

% Geant4-based

particle tracking

" Fluka |

Production Target
Simulations

oaRawEvent
Data decoding library

MIDAS data oaUnpack

from detector | Convertraw datato

new oaEvent files

\OMIE'E' ICEDUST Overview

The ICEDUST Framework

SimHitMerger

Resampling of truth hits
to build bunch events

oaEvent

Fast and slow
control data from detectors,
monitoring, and beam group

Y. Fujii @ CLFV2016

* Geometry description,

* Fieldmap description,

* Data: truth, hits, digits,
reconstructed objects

~

SimDetectorResponse

Calibration
Gas avalanches, crystal showers,
and electronics simulation Constants
i Database
CalibGlobal
Main control for sub-
detector calibration CalibSubDetA

v

ReconGlobal

Main control for sub- Aoonsanl dark
detector reconstruction ReconSubDetA
Y o
: =~
AnalysisTools >
Build histograms, : S
produce oaAnalysis files Oa,Aha|YS|s -
@
Simplified ROOT tree =
for stand-alone analysis 4
o0
35



0.035

0.025

0.015

.
~=

Based on Geant4

Simulation

- DIO and proton emission from muon capture refined based on the paper*/AlCap result
- Events can be merged to simulate the bunched beam structure
- Detector response has been implemented as well (version 1)
- Large scale MC samples have been produced for several important study items
- Trigger study, tracking w/ pileup, beam measurement, etc.
- ~18,000 bunch trains for CyDet generated on Yandex machine
+ ~100TB data stored on iRODS@CCIN2P3

—4—— Input Digitised Gzamecki Spectrum G e a n t4
————  SimG4 Output

Czarnecki et

al. 2011

Geant4

Czarnecki et
al. 2011

—#— Input Digitised Czarnecki Spectrum

SimG4 Cutput

Original SimG4 Output

60 80
Momentum (MeV/c)

60 ‘ ‘?"3 I 80
Momentum (MeV/c)

o - [N w

-5

—— Spectrum From Alcap R13 10 :E
—— SimG4 Spectrum F

AlCap PO ot
Geant4 v10.0.p2 E
data &

Geant4

—— Spectrum From Alcap R13
— SimG4 Spectrum
Geant4 v10.0.p2

Geant4

AlCap data Event display w/ merged particles

o
II\I|\IH|\\I\|IHI‘IHI|\I\I|I\I\

25 30
Kinetic Energy (MeV)

Y. Fujii @ CLFV2016
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Reconstruction

Typcial Event at 12% Occupancy Output of Track-Level GBDT
%0* %0
£« al
ol RN N
133, e & ey 4 u‘)_, A
-

..' g Yi““i‘l . ,. :q‘ i
ST TS am -
kg ': i ,
o4 )/ o
N\ ~ 450 et
o o Yellow: MC 105MeV e-
Signal track with BG After apply track finding based on
Blue: signal 1. Gradient Boosted Decision Tree
Red: BG 2. Hough based

- Development of reconstruction in ICEDUST is underway

- All standalone studies to be migrated to ICEDUST soon
- Track Fitting based on GENFIT2 is fully functional in ICEDUST

- Provide the same track fitting algorithm both for StrawECAL & CyDet
- Further detector optimizations are available with ICEDUST now

Y. Fujii @ CLFV2016 37



Phase-l Sensitivity
and Backgrounds




Single Event 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 (&m0m)
Timing window (Egime)

0.93 103.6 < pe <106.0 MeV/c
0.3 700 <t. <1170 ns

Total

0.041

B(p~+Al—e +Al) =

Number of muons stopped inside targets

1

Ry

.jlaé.{jéﬁg?./qﬂﬁ3,

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

Fraction of muons to be captured by Al target = 0.61

-15 16
- 3x10 S.E.S. achievable in ~150 days of DAQ time corresponds to N, =1.5x10

Y. Fujii @ CLFV2016
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Backgrounds

Background Estimated events

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 Due to incident protons

* Other beam particles arriving between the main

All (*) Combined < 0.0038 proton bunches
Radiative pion capture 0.0028
Neutrons ~ 107°

Delayed Beam Beam electrons ~ 0
Muon decay in flight ~ 0 Due to particles delayed
Pion decay in flight ~ 0 inside capture/transport
Radiative pion capture ~ 0 solenoids
Anti-proton induced backgrounds 0.0012

Others Cosmic rays! < 0.01

Total 0.032

1 This estimate is currently limited by computing resources.

5 11

5 i
- Normalized to a 3x10 of S.E.S., assuming extinction factor=3x10
- To be measured directly in Phase-l beam measurement
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Phase-ll Study



OME-E- P h ase- I I St u dy Forthcoming PhD Thesis

h. (Ben Krikler)

- Dipole field optimizations for muon transport solenoid and
Electron spectrometer

- Maximize the number of muon stopped in the target
- Maximize signal acceptance
- Collimator optimization

- Minimize the backgrounds while keeping the muon yield
high enough

- Careful study is needed
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Stopping Target Electron Spectrometer Detector

- Adjustable dipole field allow us to:
» Optimize the acceptance for 105MeV/c electrons

- Reduce the hit rate from lower momentum

electrons if it’s high
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Phase-ll S.E.S.

To be conservative, collimators in the muon transport solenoid are not
included yet

Muon stopping rate = 1 7x10 [ POT (5><1O iIn Phase-I|)
Backgrounds estlmatlon IS ongoing
SIELS. 0f 2. 6x10 Wlth ~240 days DAQ

‘ h P S.E.S. Curve as a function

X sof Beam of accumulated DAQ time
e | arrives

° ie { from

) I right

L ST W - —-——
sl o s d o oo bl s 2 1o S 2000l al
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Total Truth-level Signal Acceptance: 0.093 0 5 100 150 200 250 300 350 400 450 500

DAQ days

with CDR TDAQ + Recon. efficiency 0.046
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ver Summary of COMET Phase-ll

-
v

- COMET Phase-ll
- C-shaped transport solenoid with a tunable dipole field
- Can optimize later
- C-shaped electron spectrometer
-+ Can select electron momentum and suppress hit-rate in detectors
- Cannot share the beam with other hadron experiments compared to Mu2e

Y. Fujii @ CLFV2016 45



Summary



Schedule

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Phase-l (3.2kW)

Beamline High-p/COMET beamline

SC magnet nics

Detector World best sensitivity

measurement <1014

Phase-ll (56kW)

High Power Shield, Dump & Magnet
Facility extension

Start measurement toward
the target sensitivity <1016

Detector
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Summary

€& COMET searches for pi-e conversion with S.E.S of 3x10 ~ (2.6x10 ) in
Phase-| (Phase-Il) @J-PARC

¢ Phase-ll S.E.S. with 1 year DAQ is comparable to that of Mu2e
€ A lot of studies are intensively ongoing
€ Recent Highlights
¢ Completion of CDC construction
StrawECAL combined test
Daisy chain for EROS/ROESTI
Beam test for Diamond detector
Large scale MC production

Revisited Phase-Il study with updated magnetic fields / geometry /
software

¢ Data taking will start in 2018/2019 for Phase-|
€ Phase-ll can be a few years after Phase-|I depending on the budget
¢ Almost all R&Ds for Phase-Il will be completed in Phase-I

Y. Fujii @ CLFV2016
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