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Quarks,Neutrinos,and then Charged Leptons
N SND e 7C

Quark mixing

\j observed

Neutrino mixing observed

‘ g% Last 6,5, observed by Daya Bay
ﬂﬂ Charged lepton

mixing not observed
Is it p0881ble‘? Do LW —e7y, T Uy exist?
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Muon-to-electron flavour violation

Minimal SM: m ,= 0 = strictly zero transitions between lepton flavours
SM extensionto m, =0 = unobservable tiny cLFV rates predicted (GIM)

$ SM + simple v Oscillation & beyond SM (SUSY-GUT etc.)
® chargcd LFV is possiblc ® charged LFV is largely enhanced
e.g. T

L4
,
,
*

e.g. ‘/T
"X i e
Ve = Ve M %O &

v v oscill. e

® put extremely rare ® still rare but observable level
i mZ, | “sﬂggﬁ
f V= = * [ i e
Bkiu — &, 3277 - uy_iu& m%? . B(P - E’}") G%ﬂ"’l'i
¢ B(u—er) = 1041 ® B(u—er)=101°~10-11lI
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L —€~ conversion

L—e~ conversion

1s state in a muonic atom

[\”\

U 2> evy

I @7 (D
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Neutrino-less muon
nuclear capture
(= -e conversion)

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

v Signal:
monoenergetic electron
104.96 MeV for Al, 95.56 MeV for Au
vMain background:
Muon Decay in Orbit (10-16)
Radiative muon Capture

p‘,_(A? Z) — P)’(A:Z_ 1)*1”&

Radiative pion capture
T+(AZ) = (AZ-1)— r+(AZ1)
Y —>ete

No limit from random background,
higher beam intensity!
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* % % Large effects

o
*

Not observable

Theoretical models

AC [10]

RVV2 [11]

AKM [12]

SLL [13]

FBEMSSM
[14]

LHT [15]

RS [16]

RH currents & U(1) flavor
symmetry

sU(3)-flavored MSSM

RH currents & SU(3) family
symmetry

CKM-like currents
Flavor-blind MSSSM
Little Higgs with T Parity

Warped Extra Dimensions



Previous measurement

SINDRUM-II (PS] Published Results (2004)
B(p~ 4+ Au—e 4+ Au) <7x 107"

A exit beam solenoid F inner drift chamber

B goid target G outer drift chamber
C vacuum wall H superconducting coil Class 1 events: prompt forward removed
D scintillator hodoscope | helium bath 1
E Cerenkov hodoscope J magnet yoke ] -+ - t
] 4+, e  measuremen
10 %+ & .
E {j{}{} e" measurement
. — 7 MIO simulation
10 2+ = o
_Duﬂmﬂm ue simulation
1 o, . p
L 10 L I
o B i =
& © :
= £ H
o (&) *.
N EOE a 1@
2 Il 2 L
SINDRUM Il 5 o —ee L L
% 80 90 100
Class 2 events: prompt forward
PSI muon beam intensity ~ 107-8/sec Lt

beam from the PSI cyclotron. To eliminate 0

ofe, M
omemed e ez e | JLE

could not work at a high rate. 80 100

momentum (MeV/c)
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u—e- historical limits
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u—e conversion: COMET(E21) at J-PARC

.8GeV proton beam
| Iw .._ . ' il g_a’

. " W=

® Pulsed proton beam

® 10! muons/stops/sec. for 56kW

proton beam power
(~850 protons required to produce
1 muon)

®Curved solenoids for muon charge and
momentum selection
® C-shaped transport for better Pu selection

® C-shaped detector section eliminates
low-E DIO electron and protons.
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CLFV Sens1t1v1ty of COMET

. L s )
_LCLFV = 1+ r A2 pro*eL by, + 1+ HAQ (Bry*ew)( Q'L’YML)

A: Effective mass scales

W () €

I"‘ B l f)\ e~ L _
. ! P PRI Wl e et ;
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Photonic Four fermi

\-'uﬂU‘(
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I

WY

Brlp™ @7y} < 1.0x10°

N/ [TeV »>

UM - Brlp- a"y)<20610°2
103TeV now — * :
SINDRUM-II
Br{p-Au o-Au) < Tx10-12
Excluded

ottt - IO
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R&D milestones for mu-e conversion

» Reduction of backgrounds with
pulsed proton beam:
measurement is done between

beam pulses to reduce beam
related backgrounds. And proton
beam extinction of

< 1072is required, 101 achieved!

» Increase of Muon intensity:

High field superconducting
solenoid surrounding a pion
capture production target:

SIE-S.
B(u +Al —>e +Al) =2 61017 measurement of Muon yields at
5 ' MuSIC: 3x108 u*/s for 400W
B(ew + Al > e +Al)<6x10™ @90% C.L. 1 x108 u/s for 400W

PSI: 108/s for 1MW

iImproved by 1000 times.
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COMET Is separated into two Phase:
Phase-| and Phase ||

Got funding for Phase-I from KEK in the JFY 2012 budget

Construction has begun!

2013-8-21 Ye Yuan (IHEP)
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Starting in 2016
Measurement in 2017

COI\/IET(Phase-I )

S.E.S=3 X 10 Pion Ca P tiire Sae
e = —_— l----.---.h- 1 IUII vu LUl U Jo U I .
Frotons B A ini— Has a high(5T) magnetlc field to collect the
*.** et --"T"" low momentum, backwards travelling pions
-5 “-i-‘
e P roduction
Fions ;" Target
Muons

MR

1llllllt-'*

Jllll:li.

| REEREERENER

2013-8-21

' Phase-l Aims
Search for u—e conversion process with a
S.E.S. of 3 X101
Study the backgrounds for Phase-lI

= =
I E E I Stoppdng
= = Tame Phase-| Detector
s " / A cylindrical drift chamber (CDC) for the
=—F -"E'{ / L—>e conversion search
§ - § prototype ECAL and straw tube tracker
- : for the background studies
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Starting in 2020
Measurement in 2022 CO M ET(Phase'I I )
S.E.S=3 X 1017 S
Protons ——— = 1 WU Pion Capture Section
AR a‘** ”@; Has a high(5T) magnetic field to collect the
- Iov_v momentum, backwards travelling pions

; Target
| - e [

‘\\1
&*
N

_-Pions
Electron Spectrometer
Allow us to momentum and charge select
the 105 MeV electrons

T mm-uuuuuncctccnunamm }

Transport Section
Long enough so that pions decay to muons,
curved so can momentum and charge kbbb L,

select particles Detector
Straw tube

tracker and
ECAL

e rrrrrrT”

5m




J-PARC layout

= e = _

—— - Hadron Experimental
Material - Life Science Facility
Faclllty - -

- T 3 TR
- I—_.-"-"'u_ =

Accelerator-Driven
Transmutation

Exper imental
Facility
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Beamline Construction

v'$35M funding, will be completed in spring 2015

Experimental Hall
750kW
Beam Dump
““““““““““““““““ Secondary
. Aline - 30 GeV el
B line
High
Beam Switch Yard €-p Beam line
_____________________________ D
High-p
Beam Dump
s %,
@® T1 target to provide secondary beam ! ;
{ | comer , COMET
® B-line branch from A line Experiment ; Beam dump
@ COMET & High-p line switch ' COMET
® COMET pion production target . Experimental Hall
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Proton Beam
® Energy: 8 GeV
@® Power: 3.2 kW / 56 kW (Phase-I/Phase-Il)
® Pulsed

— Allows us to measure in a timing window and reduce
beam-related backgrounds

A 100 ns
MainBF’roton Pulse
|
- Prompt Background
ol For Al, 1, : 864ns
E Stopped Muon Decay
:é L_Timing Window ,
<C
Signal
»
Time (us) 1
1.1 us
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Bucket &

MR
h=9
4 filled and 5 empty

Bucket B

8GeV
¥ ,___.. SX

COMET
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Proton Beam Extinction
@ Extinction is the residual protons between pulses

number of proton between pulses
Rext=

number of protonin a pulse

@ Plan to use a novel kick injection method such that
residual protons don't enter MR Pulsed

* Double kick injection Single Bunch Kick injection

ioas s residual
/ I-*rrotons / protons
598ns shifted at
' primary injection

/\ ------- \

for injection for cleaning for injection

2013-8-21 Ye Yuan (IHEP)
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Proton Beam Extinction

@® Single bunch kick injection method successfully
demonstrated in June 2012 at J-PARC

| Extinciion Manftor Ghi, Shotd313853

2013-8-21

| Extinction @ J-PARC MR Abort |

Measured Extinction

10°®

10°

/|

10-11

10-12 I I

0

1 1 1 1 1 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 |
50 100 150 200 250 300
RF voltage (kV)
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Pion Production Target

COAT SOLITTICN

® Phase-l will use a graphite target =

TEME (AVG)

SMY =241.048
SME =921.656

-- Radiation cooling

Temperature

® Phase-Il will move to a tungsten Max = 921°C

s re ate r I O n I e 241.048 362,294 543,54 694,787 846.033
316.671 467.917 619,164 770.41 921,656
Team

Helium Cooled +1;7g:.t(=,n, 56 kW power

-- Requires helium cooling e

Von Mises stress

Max = 63 MPa

T | ]
L214R+0T _ . 158E+08 o ZORRRIR AZIEH08
LBITEHDT 226E+08 .3E63LH08 LA99E408

.SHEE+DE o
i 0 .63
Helium Cooled turgsten, 58 kW beam power

GE+08
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Pion Capture Solenoid

Shielding Target goes here

N
of ST " Density [g/em?] | = Tq@mbfme——— -
o o
S gI Cu: 892 8 Y o=
-------- AN-18002 18002 Y ______ T
O ——————
-
200 1605 ' 750 " 250 800
= S |
=3
= 4
=
=
5b 2
= 3 |
0 L ' ) . I L \ L L | ' L N ' 1 ' | L . L
-100 O 100 200 300

Z position along solenoid axis (crn)
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Neutron Backgrounds of Phase-|

— 0

: Ceiling thickness 1st Floor (25 uSv/h) (11)

o ReQUIatlonS is different between ¢ 7 Mach )
3.2kW and | \ Machine room
R “SV/h at1F 56KW (10)(controlled)

-- <11 mSv/h in iy Sl
underground soil
.................................................. E)

Machine room 1
(controlled)

@® Performed calculation Exp. Area
. (controlled)
with Moyer modle

Beam Area

@® \Will calculate with ()d d(5)o|( " o -
underground soil (11000 uSy, unit : uSv
PHITS and MARS m @ @ @ @6 © O @ © @ @) @12

32kw 48 35 69 248 360 42 1.2 378 485 83 13 11

56kW 44 69. 56.8) 2038 2964 345 9.7 3107 3988 683 103 9.2
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Muon Transport for Phase-|

@ Bending to 90 degree
@® Collimator to reduce high momentum muons and all pions

Detector Section

Collimator

Muon-Stopping Target

Pion-Decay and
Muon-Transport Section

2013-8-21 Ye Yuan (IHEP) 25



Muon Transport for Phase-|

| Muon Distribution (before collimator) |

£

o
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5f .
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S e
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Number of Negative Muons
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300
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Shape of Collimator
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Y

—— Before Collimator
—— After Collimator
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Momentum / MeV

40 60 80
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Stopping Target

e Currently 17 Al disks but also looked at double cone
e Radius:10cm, Thickness:200 um, Length:80cm

2013-8-21 Ye Yuan (IHEP)
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Phase-| detector: Cylindrical Drift Chamber

@® Requirements
-- Gas gain >10°
-- Position resolution(x,y) < 150 um
-- Position resolution(z) <2 mm
-- Reduce multiple scattering for good momentum resolution
@® Small prototype at Osaka shows that this is achievable
@® Current simulation suggests the resolution will be ~410 keV/c

2013-8-21 Ye Yuan (IHEP) 28



Cylindrical Drift Chamber

Drift Chamber
Radius: 50-80cm
Length:150cm
Drift Gas: He:C,H,, (90:10) &

Detector Solenoid
Magnetic Field:1T

topping Target

Trigger Counters
Material: Scintillator & Cherenkov Counter
Length:20cm

Thickness:5mm

2013-8-21 Ye Yuan (IHEP) 29



Background estimation for COMET Phase |

Source of backgrounds: beam-related prompt backgrounds
beam-related delayed backgrounds
intrinsic physics backgrounds
cosmic-ray and other backgrounds

‘ Background ‘ estimated events ‘ Assuming B(M_+A|—)e_+A|)
Muon decay in orbit 0.01 =3x10-15
Radiative muon capture < 0.001 BR=3X10°15)
Neutron emission after muon capture < 0.001 h _ _ _
Charged particle emission after muon capture < 0.001 3 >
R_a.dia.tive iO]_’]_ ca; )t'l_]_]:‘(‘, 00096* 50.12__ ........ - ................... ‘ ..................
Beam elecfrons : 2 01— Ilmln ary
Muon decay in flight < 0.00048* 30082_ __________________
Pion decay in flight o >
Neutron induced background ~ 0 e E L
Delayed radiative pion capture 0.002 o N |
Anti-proton induced backgrounds 0.007 - Ll_
Electrons from cosmic ray muons < 0.0002 D02 g =
TOtal UUB 'Pfl:;'_'_'_'_'_'_:_:_'_:_: = 5 :.5 - I10i31 o 1ID\|55I_|_:_|1_05

Momentum [MeVic]

* Proportional to proton extinction factor.

With proton extinction factor of 3x10-11

Expected background rate is 0.03 @ SES of 3.1x10-%°
2013-8-21 Ye Yuan (IHEP) 30
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Muon transport system for Phase-l|

Pion production target Radiation shield

» The muon transport system
consistent of curved solenoids:

bore radius: 175 mm

magnetic field: 3T
bending angle: 180 degrees
radius of curvature: 3 m

» Dispersion is proportional to
bending angle

» Muon collimator after 180
degree bending

> Elimination of muon momentum
>70 MeVI/c

Good charge and momentum
selection and no high energy
muons

Calorimeter Tracker

2013-8-21 Ye Yuan (IHEP) 32



Electron tr ansport sectlon for Phase |

Pion produ t ntarget  Radiation shield

magnetic field: 1 T
bending angle: 180 degrees

090609.001

»Elimination of negative-charged |-
particles less than 80 MeV/c

»Elimination of positive-charged

| or Muon stopping target

particles: proton from muon
capture

Reduction of detector rates
No protons in the detectors

» Detectors are placed in
a straight solenoid after the
curved spectrometer.

2013-8-21 Ye Yuan (IHEP)



Electron spectrometer

60-MeV/c DIO electrons

105-MeV/c p-e electron

®1T solenoid with additional 0.17 T dipole field

® Vertical dispersion of toroidal field is able to remove electrons
with P<80 MeV/c, so that reduces rate in tracker to 1kHz.

2013-8-21 Ye Yuan (IHEP) 34



Final Phase-Il Detector

® Consist of a straw tube tracker and an electromagnetic
calorimeter

® Phase-l will develop prototypes of these for background

measurements

Background ECAL

Blockers

Straw Tube Tracker

2013-8-21 Ye Yuan (IHEP) 39



Straw Tube Tracker

® Proposing to use the same straws
developed at JINR for NA62

® COMET straws will probably be
thinner to improve resolution

® KEK-JINR collaboration setup to
develop the COMET straw tube
tracker

® Prototype will be built with NA62
straws for detector R&D

® Current design is to have 5
super-layers each with 4 layers
of straws

2013-8-21 Ye Yuan (IHEP)



Electromagnetic Calorimeter

@® Requirements
-- Resolution: <5% at 105MeV/c
-- Trigger Rate: <5 KHz
-- Spatial resolution(z): <1.5 cm
-- Response: <100ns

@® Two candidate crystals
-- GSO and LYSO

@ Beam test at KEK(28™ Apr -2"d May)
-- Both crystals used
-- 7X7 crystal array

@® Planning future beam

test(KEK and BINP)

2013-8-21 Ye Yuan (IHEP) ' Sk
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Timeline

Design, R&D

COMET Phase-Il
S.E.S < 3x10°1°

Eng. Phys.
Run Run

Design, R&D

COMET Phase-Il
S.E.S = 2.6x1017

Eng.

Run Physics Run
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Summary

We all are passionately following LHC in their direct searches for EW symmetry
breaking remnants and new physics at the TeV-scale energy frontier

Probing new physics orders of magnitude beyond that scale and helping to
figure out possible TeV-scale new physics requires to work hard on the
Intensity and precision frontiers

Charged leptons offer an important spectrum of possibilities:

v' CLFV has SM-free signal for New Physics
at low energy and complementary to LHC physics.

lﬂ Alm-nﬂ o~ ~ )

v'COMET at J-PARC is aiming at S.E. sensitivity of 3x10-17.
v The COMET Phase-l is aiming at S.E. sensitivity of 3 x1071> (in 2016).

v'Design and R&D is well underway

v'Funding secured and construction started for COMET Phase-I

2013-8-21 Ye Yuan (IHEP) 40
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Comparison: COMET vs. Mu2e

Mu2e@FNAL

COMET@J-PARC

muon beamline

S-shape

C-shape

electron
ShiceliEmeic

Straight solenoid

Curved solenoid

r . N
Selection of
low
momentum

L MuUons

eliminate
background from

mi 1inn Aoaravy
[ A AN By | \JGUCAY

in flight

Selection of

( eliminate protons from nuclear muon capture. J

100 MeV electrons ( eliminate low energy events to make the detector quiet. j

b
2013-8-21
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Schedules for COMET and Mu2e

-------------------------------------------------‘

Design, R&D Co M ET :

Construction

Final Design

Eng. Phys. COMET Phase-|
Run Run S.E.S < 3x10-1°

 E B B O O O Ny

Design, R&D

COMET Phase-ll

Construction e
5 | |

&= = o=

-----------4-------------------------------------

Design, R&D M u 2e

S.E.S =2.4x10-7

L 4

Final Design
E = E = =

‘4-3@ 3a

Engineering Run Physics Run

PEE B T I O O N O Ny
O,

\'--




Superconducting coils

Fion Capture Solenoid

Pion production target

» diameter 740mm Transport Solenoid

« SUS radiation shield Radiation shield
« Transport SC solenoids Iron yoke _

+ 2 T magnetic field S Muon oeam

8 thin solenoids _ Proton beam
* Graphite target for pion |

production
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Measurements on June 21, 2011 (6 pA)



