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Charged Lepton Flavor in SM
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Role of low-energy charged lepton physics in LHC/ILC era

e Direct search * Indirect search
(Energy Frontier) (Intensity Frontier)
E, E; Ey > > E,
S M M
E,—> ~—E,
E, E,
e LHC, ILC * Charged LFV/g,-2
—Higher energy for heavier L = Loy + Lasu
new particle “Slight” difference from SM

prediction



New Physics Search in Lepton Flavor

- SM+v mass+New physics contribution

\: scale of
new physics
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cLFV & new physics
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1 —e search using pulsed muon beam

proton pulse
/
prompt background

-~

muon decay

i

T +(AZ)—(AZ1)* (AZ1) = r+(AZ1), r —ete
Prompt timing

Other sources
u - decay-in-flight, e- scattering, neutron streaming

A

R number of proton between pulses

- - ~ ext=

M 9 e vv number of proton in a pulse
SINDRUM Il BR[u"+ Au —e  + Au]l < 7 x 1013

run2000 on gold SINDRUM II
.

W +(A,Z) 2Vu+(A,Z-1)

- +~_ Measurement

ue2v simulation

A ue simulation at B=10™"

- conversion

events /100 keV

W +(A,Z) > e +(AZ)

* Eue(Al) ~my,-B,=105MeV |

— B,: binding energy of the 1s muonic atom 70 80 90 100




u-e conversion with different Z

Even without u->eyr signal

>
»~
-
-

! B(u— c;Al)

B(u— ¢7Z)

20 - 40 60 k0
Al Ti z Pb

CIRIGLIANO, KITANO, OKADA, AND TUZON PHYSICAL REVIEW D 80, 013002 (2009)



Theory Models

1 m k1
L Phinoter F + — (Y er ) (G .,
SUSY-GUT, SUSY-seesaw (Gauge Mediated proces: 1+ r A2 HR L5 A2 (e )(ar ' 1)

1+ K
BR=10"=BR(u—er) x O(a) () N
e = m—m====-- I
7 * Tree
T—lr -
Am?_
I s 08 =2 —
a % e —’___,-—-"""_Iir(u'Ale‘AI)<7x10"9 PRISM
q q ot T .
MEG 2013 | T coMER ]
Little Higgs Model with T parity 5.4x10-13
BR = 10°9~101°
Penguin or Box

Fourth Generation of Leptons

A new heavy charged lepton & a (Dirac) neutrino

Buras AJ, et al. J. High Energy Phys. 1009:104 (2010)

and many others

Andre de Gouvea, W. Molzon, Project-X WS
(2008)
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COMET facility & detector



COMET at J-PARC

. J-PARC pulsed proton beam to produce pulsed muon beam PS

Pion production target Radiation shield

. 8GeV, 3kW-56kW

. Beam extinction factor study
o TS
. 30GeV w/o extraction, Rext < 1.5x10

il " Late-arriving particle tagger

. 32m long chain of SC solenoid magnets

. pion collection (PS)

Beam collimator Muon stopping target Beam blocker

« muon transport (TS)
. muon focusing on the stopping target (ST)
. electron momentum selection (SS)
. electron spectrometer (DS)
. Electron spectrometer

. 1T solenoidal field, Multi-layer straw tube tracker, crystal
calorimeter |

/@\ g [ Extinction @ J-PARC MR Abort |
e 20 shimator Muon Target Disks

Bucket A 5 - Beam Colimate XS
3 = / L Beam Blocker .
Q é | I ST % 1 o 1 0 W, DO Blocker
g )
RCS E L } T, 3,
[} -9 - At Sa -
— © 0T oo Muon T.lfL]L‘. Solenod 3
h=2 = -
: 4 filled and 5 empty o . - E—
Bucket B . E
A 10—11 s ’ ................. .
§ Curved Solenoid
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Hadron Hall & COMET Facility
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COMET Hall & Beamline

D-magnet

Lambertson magnet
, A-line \l'
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Branch for COMET and high-p is realized by normal dipole magnets.
(No simultaneous operation of COMET and other hadron-hall experiments)

high-p line
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COMET Phase | & |

« Phasel

. Beam background study and achieving an intermediate
sensitivity of <10

. 8GeV, ~3.2kW, ~90 days of DAQ

. 8GeV, ~b6 kW, 1 year DAQ to achieve the COMET final goal of
<10"° sensitivity

- Momentum vs Y for muon- at bltO Momentum vs Y for muon+ at bltO
u »51 O S : T »51007
E 2 E E
= =) 80~
: n
Ee0 Phase |
£ £
= =
0.03 BG expected Phase |
in 1.5x10° sec running 2013-2015
time Facility construction
Pion Capture Section Detector Section %o.m; -l O4I\/Ie\//c 201 3-201 6
\ TH — Magnet construction &
D : installation
N ooel L e
T o " e 2016
XN Y - = 0.0aF 7 ] .
. - - 1 1 Eng. run & Physics run
6}’«),4* Muon-Stopping Target 0'02_ e =
Pion-Decay and 9;—fﬁ— —— ;I_‘_H_‘_j—m — o IL;“ Phase ”
Muon-Transport Section 02 1025 103 1035 104 1045 105 1055 106 ]
" |Eng. run in 2020(?)




COMET Phase | Setup

Transport solenoid

Detector solenoid Beam collimator

\ / / Capture solenoid ~5T
| ’ | \
I : v I

e

-

Radiatior’shield

COMET Phase-l Detector Pion production target
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Muon Beam and Stopping Target

« Search for muon conversion
IN Muonic aluminum
(different material in future)

* Stop as many muons as
possible on target disks

* Correct (only) low
momentum pion/muon CDC&TCHE
and transport to the
experiment setup

Momentum Amplitude Before Collimator
«10°

| ~ p aher colimalor

count/proton
o

« Stop muons on Al ) W oo
disks
« Diam.: TOO mm )
. Thickness: 100 um ’
*  Number of disks: 17 :

0 20 40 80 80 T 100

5t 'y Momentum Amplitude (MeV/c)
©OKEK 22205 mssemmms



Why CDC (CyDet) In Phase | ?

event
. Why CyDet? display
- No curved solenoid
to select |
momentum and |
charge Is available muon
in phase | collimator

. No beam particle
hits the detector in Prompt

CyDet geometry Timing

I AEAERBRREA

EN W E K
OKEK 2235 memmms



COMET Phase | Detector
Design

« CDC
« Belle Il CDC design

Superconducting Coil

« He-based low mass gas mixture
Drift Chamber

« large inner bore with a 0.5mm thick
CFRP inner wall

« proton emission from muon
captures

« construction starts in JFY 2013 in
parallel to prototype study

« Cherenkov Trigger counter
« Segmented

. SiIPM readout

« Collimator/target disk optimization as
well

©OKEK 22205 mssemmms

trigger counter



CDC Design and R&D

prototype

Outer wall:
CFRP t5.0mm

Inner wall:
CFRP t0.5mm

1620mm

OR0mn

]'an plate:
Al120.0mm

¢ Anode wire
® W plated Au,
¢30um
® tension 50g
® 4864 wires
¢ Field wire
® Al, 126um
® tension 80g
® 14016 wires
¢ Total tension
® 1.36ton

res_pa® 1000 {emmoreed & nfailleDR&_mumes] && chi2<1) &&chi>0)

Bz:Events which have 1*' and 2™ turns
Fit with 1*' and 2™ turns.

c1= 264 keV/c
62=2082 keV/c
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Belle Il CDC technology
- All stereo layers

-He based low mass gas

-large inner bore with a 0.5 um thick

CFRP inner wall



Cosmic Ray Veto Counter

. Cosmic-ray veto counter production based y 4400 < (4100)

on the technology developed for the Belle |l
muon system

. Efficient rejection is mandatory for
COMET hd

. Necessary to cover the detector
solenoid

. Scintillator bars with WLS fibers ready
by SIiPM

. Infrastructure for the Belle Il system will be
reused for COMET

sl
> ] 2
WLE fiber spcical gel :2‘

©OKEK 22305 mssmmrmn



Sensitivity & background
IN Phase |

Sensitivity . Background

Background estimated events

ACCG pta ﬂCe=0056 Muon decay in orbit

Radiative muon capture

Neutron emission aftcr muon capture

0.20 (geometrical) x 0.80(mom. sel.) x 0.39 (timing

Beam electrons (delayed)

sel.) x 0.90 (trigger) Muon decay in flight (prompt) <19x10°"
Muon decay in flight (delayed) ~ 0
Pion decay in flight (prompt) <22x104
. _ Pion decay in flight (delayed) ~ 0
¢ AtomIC Capture rate fcap—06 Neutron induced background ~ 0
Radiative pion capture (prompt) 1.4 x 1077
Radiative pion capture (delayed) 1.1 x 102
15 Anti-proton induced backgrounds 0.007
° N u =94X ] O Muons Jlectrons from cosmic ray muons < ().
Total 0.0285
(83days)
Intrinsic & beam related
15 ano
. S.ES.=32x10"",90% U.L. =

2 5410715 « Measured in Phase |

Straw & Ecal for Beam

O related BG study
©OKEK 22205 mssemmms






Proton Beam
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Beam Optics (TRANSPORT)
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high-p/COMET
Lambertson branch

| /H
UUUUUUULU Wy Ul w uuuluu“u“'”' HUUMM

g Lo ol

| | Ll
Adjustable Proton target

tungsten ., .. ti:gx = 5.8 mm

n
L L R I colllmator SRS l;-cry 2.9 mm

J J0d ) a0 1%
q + o

g0 E-l]

L] nnn”ﬁnﬁﬁnn” :

Beam size at 8 GeV is estimated by 3.5-times emittance at
30 GeV beam.




y position (+ 25) (cm)

Beam Shift for Lambertson Magnet

Bars indicates 2-sigma of beam size
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= Lambertson high: /COMET

60 80 100 120 140 160 180 200

Beam shift of 53 mm was achieved at the entrance of
the Lambertson magnet. (with beam loss of 0.36%)
— Beam shift at A-line operation can be ~30mm.
We obtained 83mm shift in total between
COMET operation and A-line operation (76mm required)

220 240
Distance from injection (m)

N3l
n3al
a3
Q32
a3
a3

10781 m
11042m
1MN3.64m
12236m
12664m
1385m
14384 m
47.09m
15085m
16244 m
166.19m
944 m
17285m
17685m
Ma26m
183898m
18568 m
190.68m
137 1m
20 .44m
M8.04m

I 2ET4m

2H63m
21227m
21527m
22787m
2077 m
207.57m
229.78m




COMET Beam Parameters
(proton)

Bucket A R

* Phase | beam intensity 3.2kW o /
<RCS
h=2 P MR
* Acceleration (in MR) h=9
4 filled and 5 empty
12 13 Bucket B .
* 3.8x10 protons / backet, 1.5 x 10 protons in total in /
one Acc cycle DN
* After extraction - -
2 Beam Extinction

e 25x10 rotons/sec (hormalized
o ( ) Npg = NP X Ryt X Y, /P X A X P, X A

* 6 sec repetition period, 2.93 beam on, pulsed
NP : total # of protons (~10%%)

Rey:  Extinction Ratio (10°)

Y,/P : myield per proton (0.015)

A, : 7 acceptance (1.5 x 10©)

P, : Probability of y from s (3.5x10~)
A : detector acceptance (0.18)

N

100ns

2.93 second beam spill

BR=1O'16 bg ~0.1->
Extinction < 10~

6.0 second accelerator cycle

Extraction Acceleration




COMET Beam Parameters
(muon)

5x10 muons / proton on target |._.|

4 3
2.5x10 muons/sec, 1.5x10 muons / pulse

Same time structure with protons in

100ns

prl nC| ple 2.93 second beam spill
6.0 second accelerator cycle
More electrons and pions Extraction Acceleration

Momentum Amplitude Before Collimator

’ ’ ~ p aher collimator

W e

ST VAT ST S 0 N S ST 1Y O - e |

Momentum, p (MeV/c)

60 80 100
Momentum Amplitude (MeV/c)




Monitors using Silicon
Detector

* Proton monitor

* Beam intensity monitor

 Profile monitor

e Muon monitor

 Profile monitor

* (Active target -> Kyushu & Wilfrid’s presentation tomorrow)



g25in (profile)

h25in (profile)
before vertical shift before bending
\ COLin (profile)
g23in (profile)
after Lambertson

after vertical shift

Beam Monitor Location

q2ain (profile) DUMPIn (intensity)
hall entrance high-p intensity
g2ein (profile)
high-p profile

By Toyoda-san

g32out (profile, intensity)
COMET profile and intensity




Beam Monitor : RGIPM / RGICM

RGIPM : Residual Gas lonization Profile Monitor
RGICM : Residual Gas lonization Current Monitor

Readout ionized electrons (profile / current) from
beam interaction with residual gas

, ‘ | Permanent magnet RGIPM

Segmented Electrode

Both horizontal and vertical Stability of degree of vacuum is
beam profile are measured. important for precise measurement.



Summary

e COMET Phase | starts in 2016-2017
* Facility and detector constructions in progress

e Accelerator study dedicated for COMET will startein 2014



