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CLFV experiments using muons
DC muon beam experiments
Pulsed muon beam experiments

( CLFV experiments at colliders)
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cLFV Search Experiments
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PS| DC Muon Beam

Injection Energy 72 MeV
l( Extraction Energy 590 MeV
W
s Extraction Momentum 1.2 GeV/c
| Energy spread (FWHM) ca. 0.2 %
Beam Emittance ca. 2t mmxmrad
Beam Current 2.2 mA DC
Accelerator Frequency 50.63 MHz
'T _ Time Between Pulses 19.75 ns
Bunch Width ca. 0.3 ns
Extraction Losses ca. 0.03%
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Pulsed Muon Beam Facility

800MeV Proton

RIKEN-RAL muon facility — (HPE——8) ”ﬁ“&’f\mw.gn
] DD" e
. 800MeV-300 A, 50Hz \

Superconducting
Solenoid

Cryogenic System

Surface mu: 1.5x10° /sec

DC Separator

- J-PARC MLF
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MEG & MEG |l

Signal Background
180° + MEG Muon Statistics
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Search for u —e'r using 3x1 0'Hz muon beam

Liquid Xe photon detector & COBRA positron spectrome __.
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MEG I

Im prove reSOI Utlons by Liquid Xenon Gamma-ray Detector
about factor 2 everywhere coBRA

uperconducting

Magnet

1 beam rate of 7x107 Hz
to reach the sensitivity
of 4x10-14

Muon

Drift Chamber

Positron

Positron Timing Counter
Radiative Decay Counter

—ngineering run in 2016
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MEG |l LXe Upgrade

2" PMT V!
UV-sensiti

Replace 2-inch PMTs with VUV-SIPM

to cover the front face
4000 SiPM with minimum material
Installation completed July/2016
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MEG |l Positron Spectrometer

- Drift chamber

Single volume, 2m long stereo wire & low mass

More hits provides better resolutions

OEe — ]30keV, Oangles — 5mrad
- Timing counter
- Pixelated plastic scintillators read by SiPM

- Best resolutions 0~30psec anticipated
for multiple counter hits events

. & Upgrade of Trigger / DAQ
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Mu3e: u—eee Search using DC Muon Beam

Another channel sensitive to

cLFV with DC muon beam a e
{ jc"l\}\
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Goal: 10 in 3 steps

Signal Acc. Overlap
Phase | in 2018-2020 2 p=0 > px0

Sensitivity:~10-1° At=0 K e’ Atx0

Measure all electron tracks g1
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Mu3e: Detector Technology

High voltage monolithic active pixel
sensors - lvan Peric

thinned down to < 50 um

Logic on chip: Output zero suppressed

NIM A 582 (2007) 876 hit addresses and timestamps
ST MuPix2 !
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5 generations of prototypes, MuPix7 is
current generation with all features of
MuPixd final sensors
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Mu3e: Timing Measurement

. Precise timing measurement is | -
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. Scintillating fibers O(1nsec)

. Scintillating tiles O(100psec)
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u-e Conversion Searches

- J-PARC
HS2.

DeeMe

» Beam transportation
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Experimental Techniques

SINDRUM I
. Process: u +(AZ) —e +(AZ) | £ g “' TR
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DeeMe at J-PARC

mu-e conversion search at

J-PARC with a S.E.S. of 1014

Primary proton beam from RCS
. 3GeV, IMW

Pion production target as a muon
stopping target

Beam line as a spectrometer

. Kicker magnets to remove prompt
background

Multi-purpose beam line for DeeMe,

HFS, g-2/EDM is under construction
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Principle of DeeMe

Production Target
Protons N
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Principle of DeeMe

Production Target - DeeMe
Protons ‘ N
\\ /7P|on Collection Muon-Stopping Tae
v /
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COMET at J-PARC

e Target S.E.S. 2.6x107!"

Pulsed proton beam at J-PARC

. Insert empty buckets for necessary pulse-
pulse width

. bunched-slow extraction
. pion production target in a solenoid magnet

« Muon transport & electron momentum analysis
using C-shape solenoids

. smaller detector hit rate Transport \\‘wfi

. need compensating vertical field S SO|eﬂOId / “
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. Iracker and calorimeter to measure electrons

. Recently staging plan showed up. The
collaboration is making an effort to start physics
DAQ as early as possible under this.
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MuZe at FNAL

. Target S.E.S. 2x10™"’

uses the antiproton accumulator/debuncher rings to
manipulate proton beam bunches

No interference with NOVA experiment e 5% s T4

MuZ2e uses beam NOVA can’t

pion production target in a solenoid magnet : ( et o SEEESL

>N\ / | |
S-shape muon transport to eliminate BG and sign-select S ) 317 G
Tracker and calorimeter to measure electrons e Tracking and Calorimeter

* Decay into muons and
transport to stopping
target

e S-curve eliminates
backgrounds and sign-selects

* Production: Magnetic bottle traps backward-going =
that can decay into accepted u's
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Muon Stopping Target
Dependence ... .

D M i C & S of y — e conversion in nuclei
ee e . ( l ) Vincenzo Cirigliano®, Ryuichiro Kitapo""‘“,

Yasuhiro Qkada®, Paula Tuzon™"

COMET & MuZze: Al
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time window 0.3 0.2 Dipole
Scaler

signal 1 1.5 \_/A,P | ——
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. cLFV searches

cLFV Searches and Lepton
Universality Tests at Colliders

>
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cLFV experiments using muons

MEG new result

Briu—eyr) <4.2x1013@ 90% C.L.

MEG Il, DeeMe, COM

Mu3e in preparation

New results from L

experiments and
Belle
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