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Charged lepton flavour violation search: Motivation
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Complementary to “Energy Frontier”
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cLFV searches with muons: Status and prospects

90% C.L. Limit

In the near future iImpressive sensitivities:

Current upper limit

Future sensitivity
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Strong complementarities among channels: The only way to reveal the mechanism responsible for cLFV
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cLFV: "Effective” lagrangian with the k-parameter
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cLFV searches with muons: Status and prospects

In the near future impressive sensitivities: Set at PSI

Current upper limit Future sensitivity
p— e ~ 4 x 1014
p — eee ~1.0x 1016
uN — eN’ few x 10-17
Strong complementarities among channels: The only way to reveal the mechanism responsible for cLFV
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Seam features vs experiment requirements

Dedicated beam lines for high precision and high sensitive SM test/BSM probe
at the world’s highest beam intensities
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Seam features vs experiment requirements

Dedicated beam lines for high precision and high sensitive SM test/BSM probe
at the world’s highest beam intensities
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The world’s most intense continuous muon beam

e PSJ delivers the most intense continuous low momentum
muon beam in the world (Intensity Frontiers)

e MEG/MEG II/Mu3e beam requirements:

® T ideal probe for NP e |Intensity O(108 muon/s), low momentum p = 29 MeV/c

w. r. 1.

e Smaller GIM
suppression

e Small straggling and good identification of the decay

590 MeV proton

e Stronger coupling | ' | ring cyclotron

e Many decays

® U most sensitive
probe

e Huge statistics

=== WIR SCHAFFEN WISSEN - HEUTE FUR MORGEN
e, - -
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The world’s most intense continuous muon beam

e PS| High Intensity Proton Accelerator experimental areas

Neutron spallation
source SINQ

Neutron
experimental hall ;

Lu

= Muon & Pion |
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‘ —]

o L Injector |

870 keV
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Injector Il
72 MeV
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The M

Gl and Mu3e beam lines

MEGII and Mu3e (phase |) similar beam requirements:

Intensity O(108 muon/s), low momentum p = 28 MeV/c

- Small straggling and good identification of the decay region

A dedicated compact muon beam line (CMBL) will serve Mu3e

Proof-of-Principle: Delivered 8 x 107 muon/s during 2016 test beam

The Mu3e CMBL




setup and result

MEG: Signature, experimental

A. Baldini et al. (MEG Collaboration),
Eur. Phys. J. C73 (2013) 2365

A. Baldini et al. (MEG Collaboration),
Eur. Phys. J. C76 (2016) no. 8, 434

e The MEG experiment aims to search for yt = e+ y with a sensitivity of ~10-13 (previous
upper limit BR(u+ = ety) < 1.2 x 10-11 @90 C.L. by MEGA experiment)

e Five observables (Eg, Ee, teg, Feg, Peg) t0 Characterize y— ey events

Signature
et ut

0<<Q >/

Backgrounds

im

COBRA Magnet

Drift chamber

]
—

Liquid Xenon
Scintillation Detector

Best fltted branchlng ratlo at 90% C L

Full data sample: 2009-2013

13



A. Baldini et al. arXiv:1301.7225v2

The MEGII experiment

New electronics:
Wavedream
Liquid xenon photon detector

COBRA 2ATN (LXe)
ducting magnet A'Q /

supercon o680
f060§4§“, ¢

x2 Resolution x2 Beam Intensity

everywhere

Pixelated timing counter

Updated and
g (pTC)

new Calibration

methods Muon stopping target
Cylindrical drift chamber
Radiative decay counter (CDCH)
(RDC)

14



The M

—G experiment vs the M

=Gl experiment
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The M

—G experiment vs the M

=Gl experiment
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Where we will be

SES~6 x10-

14
-k factor (x 1011)
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MEGII: The upgraded LXe calorimeter

. . . 2
e Increased uniformity/resolutions new 12x12 mm

normal | Xe SiPM

¢ |ncreased pile-up rejection capability SiF’MQ MEG MEGI
¢ |ncreased acceptance and detection o = u [mm] 5 2 4

efficiency v [mm 5 """"""""""" oo
e Assembly: Completed w [mm] 6 """"""""""" 31 """"""
e Detector filled with LXe E [w<2cm] 24%11% """"
e Purification; Ongoing / Nem Ews2em] | 1.7% | 1.0%
e Monitoring and calibrations with——— t [ps] 67 60

sources: Started

—



MEGII: The upgraded [LXe calorimeter

Final aim: To confirm with data that
the expected detector performances §
will be achieved and maintained over
the time

Xe Light Yield and purity

Photosensor behaviour (gain, PDE/
QE) at high beam intensity

Evaluation of the gamma kinematical £
variables with the whole TDAQ: Ly L
Energy (O(4000 channels)), Time and =

File Draw

Positions. Low level noise crucial (i.e. || a»|m»| 5|¢|

E3TRG
£Monitor for Trigger Rates
JMonitor for Trigger Hit F
¥enon Trigger
£ Trigger type of recorded
Monitor for trigger gener

®
' ' Run ¢ 307024 : ® I EE R K |

coherent contribution) o Mi% sesssese
vent step = 2000 ® ®
Current study: Based on a limited |/ s e ecececs
amount of channels o s Losseenes
103 L¥e High EGamma 200 R K ]

E3EventDisplay2ld : : : : bt

2® ®

®

®

£ TRGWaveformtoni tor
£5YNCHonitor
£ ClockMonitor
ENHEC

EIMEC2D




MEGII: The new single volume chamber

e |mproved hit resolution: or ~< 120 um (210 um)

e High granularity/Increased number of hits per MEG MEGil
track/cluster timing technique o [keV] 306 100
e | ess material (helium: isobutane = 90:10, 1.6x10-3 0 [mrad] 94 63
Xo) ¢ [mrad] 8.7 5.0
e High transparency towards the TC o el | 0 | -9 |
rift tube

e Assembly: Completed!

() It includes also the matching
with the Timing Counter




MEGII: The new single volume chamber

CDCH working point search

» During 2018 run we collected important data with CDCH integrated into » 216 FE cards mounted on the US
the MEG |l experimental apparatus for the first time side for the HV test
* We experienced electrostatic instabilities @ +3.8 mm (2018 run » Each HV channel can drive 1 layer

configuration) of wires elongation in 1 sector: 2 FE cards = 16 cells
» We decided to reopen CDCH to perform several HV tests @ different

lengths/wires elongation with the aim to find the final stable working
point configuration
1. @ +4.8 mm (+1 mm)
2. @+5.6mm (+1.8 mm) &
» We set the new CDCH
lengths together with the
PSI survey group
e =~ 20 um accuracy

» CDCH temporarily
sealed with CF + Al tape
» Nitrogen flushing

21



MEGII: The new single volume chamber

Ready for the RUN2019 |

Mmmq,

iy

RESULTS
» Safety HV values
27 /384 cells (20 for L9 + 7 for L8) don’t reach it (7 %)

« 8/27 cells (6 for L9 + 2 for L8) almost reach it
o 5=+ 20V discrepancy

» Working point
» 12/384 cells (8 for L9 + 4 for L8) don’t reach it (3 %)
11/12 cells (6 for L9 + 4 for L8) have permanent shorts

CDCH @ +5.6 mm elongation fulfils the MEGII requirements

22



MEGII: the pixelized Timing Counter

e Higher granularity: 2 x 256 of BC422 scintillator Pilot run 2016
plates (120 x 40 (or 50) x 5 mm3) readout by 1007 — T T T T T
AdvanSiD SIPM ASD-NUMS3S-P-50-High-Gain \ x*/ ndf 8.537/3
o . 30 single  92.62 +0.6224 | _|
* Improved timing resolution: from 70 ps to 35 ps : const 043032

(multi-hits)

¢ | ess multiple scattering and pile-up

Resolution (ps)
=2
T

=
—
T T ]

e Assembly: Completed

¢ Expected detector performances confirmed with
data




iIng Counter

1M

ol

lize

IXE

. the p

=Cl|

M

Ready for the MEGII physics run !
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MEGII: The Radiative Decay Counter

e Added a new auxiliary detector for background rejection purpose. Impact into the experiment:

Improved sensitivity by 20% LYSO 2 x 2 x 2 cm3
e Commissioning during the 2016 pre-engineering run BC418 MPPC S12572-025
e Status: Ready MPPC A A

S13360-3050PE

Wi ~22 cm
s v detector |
COBRA magnet 2. : '

VI TT TS L LSS LA LIS AL LSS LA LA A A A I /, AL LSS LIS LIS LL L LIS LA LL L LLAAAS A S A A S, +
//////,////////‘/////// e | I | 1,
v (RMD)*,
N et (RMD) e

,U+ beam ﬁ

et (Michel)




M

—G: The calibration methods

et
[—4
(=

Multiple calibration and monitoring methods: detector resolution and stability
are the key points in the search for rare events over the background
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MEGII: new calibration methods and upgrades

e CEXreaction: p(rt,mo)n, mo, yy

e 1MV Cockcroft-Walton accelerator

¢ Pulsed D-D Neutron generator

e NEW: Mott scattered positron beam to fully exploit the new spectrometer

e NEW: SciFi beam monitoring. Not invasive, |ID particle identification, vacuum compatible, working in
magnetic field, online beam monitor (beam rate and profile)

e NEW: Luminophore (Csl(Tl) on Lavsan/Mylar equivalent) to measure the beam properties at the Cobra
center )

e NEW: [ Xe X-ray survey Me E;giiliﬁafiig §b265r2 dm .
e NEW: Laser system for the pTC B Rt -

MatriX
Monochromatic e-line

350

Luminophore

300

hBeamProfile2D
Entries 4194304

250
N Meany 04034 | — 1000 < I
StdDevx 1587 Lo
StdDevy 1547 40 v‘ ot P!
800 Lo TN
300
! I

zm: S N

150~

600

Rate [kHzf0 g
10,

400

200

I I 1 I
40 60




MEGII: The new electronic - DAQ and Trigger

e DAQ and Trigger
e ~9000 channels (56 GSPS)
e Bias voltage, preamplifiers and shaping included for SIPMs

e 256 channels (1 crate) abundant tested during the 2016 pre-engineering run; >1000 channels
available for the 2017 and 2018 pre-engineering run

¢ Trigger electronics and several trigger algorithms included and successfully delivered for the test
beams/engineering runs
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Mu3e: The u™ — eTete™ search

e The Mu3e experiment aims to search for y+ = e+ et+e- with a sensitivity of ~10-1° (Phase |)
up to down ~10-16 (Phase Il). Previous upper limit BR(u+ = etete ) <1 x 10-12@90 C.L. by
SINDRUM experiment)

e Observables (Ee, te, vertex) to characterize y— eee events

Signature Background

_|_
OV.

_|_

‘ 29




Mu3e: Requirements

Signal

Lu — eee

Rare decay search: Intense muon
beam O(10*8 muon/s) for phase |

High occupancy: High detector
granularity

Three charged particles in the final
state: allowing for high detector
performances vs the case of
having neutral particle

Background

1. u — eeevv

Missing energy: Excellent
momentum resolution

2. W — evv, L — evv, €+

- Coincidence and vertex: High timing
and position resolutions

o
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The Mu3e experiment: Schematic 3D

Tile detector

Superconducting

solenoid Magnet
Fibre hodoscope

MIDAS DAQ and Slow
Control

Muon Beam and
target
Mupix detector

31




The Mu3e experiment: R&D completed. Prototyping phase

Tile detector

Superconducting

solenoid Magnet
Fibre hodoscope

MIDAS DAQ and Slow
Control

Muon Beam and
target
Mupix detector

32




=Gl and Mu3e experimental area:

Pctures




The M

Gl and Mu3e beam lines

MEGII and Mu3e (phase |) similar beam requirements:

Intensity O(108 muon/s), low momentum p = 28 MeV/c

- Small straggling and good identification of the decay region

A dedicated compact muon beam line (CMBL) will serve Mu3e

Proof-of-Principle: Delivered 8 x 107 muon/s during 2016 test beam




Efficiency

Target and magnet: Status

Target: Mylar double hollow cone (L =100 mm, R =19 Stopping efficiency: ~ 83%,
Vertex separation ability (tracking) < 200 um / NeW

Magnet from Cryogenic. Delivering Time at PSI: This yea
Field Intensity: 1T; Field description: dB/B < 10-4; Field stability: dB/B(100 d) < 104
Dimensions: L<3.2m W<20m, H<3.5m

BField Simulation

1 wl T 06
B e o Lo a L Ll 28 = .
0.9 e = 08T Target prototype
0.8 e s 050 — 10T ——
0.7 A < S 2T
' R 0.8T S 04f I LT
06  +° 5 F —15T ——
0.5 ++: 1-0T § 0.3:_ —_— ’
0.4 # 4 12T =~ - e R —
03fF ' € o2f =S5 ‘
0.2 @
£ 0.
01 " S
0 3 WP IS A I T A A A AT AR A AT AT I AT A A 2
10 15 20 25 30 35 40 45 5

30 a0 50 60
Track transverse momentum [MeV/c] Track momentum [MeV/c]

£
|

Cly
N
o
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The pixel tracker: Overview

Central tracker: Four layers; Re-curl tracker: Two layers
Minimum material budget: Tracking in the scattering dominated regime

Momentum resolution: < 0.5 MeV/c over a large phase space; Geometrical
acceptance: ~ 70%; X/Xo per layer: ~ 0.011%

Recurl pixel layers

Scintillator tiles Inner pixel layers '
.\

M Beam Target

-
_—
-
_—
-
_—
-
-
>

et

Scintillating fibres

(T T T T T I I T I I T T T I TT]
—

/ \_/

Re-curl stations Central stations

Outer pixel layers
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The pixel tracker: The MuPix prototypes

lvan Peric, Nucl.Instrum.Meth. A582 (2007) 876-885

Based on HV- MAP: Pixel dimension: 80 x 80 pm2, Thickness: 50 pm
Time resolution: < 20 ns, Active area chip: 20 x 20 mm2, Efficiency: >
99 %, Power consumption : < 350 mW/cm?2

MuPix 7: The first small-scale prototype which includes all Mu3e

functionalities i = 4
Active
Prototype Area
[mm?] MuPix7 Extensively tested along beams
MuPix1 | 177 . ERERE: s 3

MuPix2 1.77

MuPix3 9.42

MuPix4 9.42

i

MuPix6 10.55

MuPix7 10.55 =

37




The pixel tracker: Current and future plan

e After an extensive test beam campaign, achieved milestones
e A fully functional HV-MAPS chip, 3x3 mm2. Operation at high rates: 300 kHz at PSI; up to 1 MHz at SPS

e Crosstalk on setup under control, on chip seen. Mitigation plan exists (MuPix8), Routinely operated systems of up
to 8 chips in test beams reliably

e Data processing of one telescope at full rate on GPU demonstrated

e Next steps / Am

e MuPix 8, the first large area prototype: from O(10) mm2to 160 mm2: Ready and extensively tested!

e MuPix 9, small test chip for: Slow Control, voltage regulators and other test circuits. This year test beam
campaign

e MuPix 10, the final version for Mu3e: 380 mm?Z

MuPix8

38



MuPix 8: First Results

H. Augustin wt al. Nucl. Instr. Meth., A936 681 (2019)
H. Augustin et al. arXiv:1905.09309

Extensive beam test performed during 2018

Some preliminary results o
IS
O
NG iy ©

41131 ¢ IIIIIIIIIHH H!H

& ZA Je=

4=

lllll | |IIIIIIIIHHIIIIIJff 3

l \\‘"“l'”u

1 :_ © 00 0 0 0 g4,
095 - |
" High efficiency
09 - )
0.85 —
0.8 &=

40 60 80 100 120 140 160 180
threshold / mV

N
o

complete chip row = 20

_.
©
l
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— o delay corrected ¢ delay corrected

!
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https://doi.org/10.1016/j.nima.2018.09.095

The timing detectors: Fibers and tiles

* Precise timing measurement: Critical to reduce the accidental BGs
o Scintillating fibers (SciFi) O(1 ns), full detection efficiency (>99%)
e Scintillating tiles O(100 ps), full detection efficiency (>99%)

Recurl pixel layers /\
A N

Scintillator tiles

Inner pixel layers
by 4

U Beam Target ¢
/

oy cpulating fbies

A. X

Scintillating tiles cintillating fibers

T Iy

/

Outer pixel layers
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The timing detectors: Fibers and tiles

* Precise timing measurement: Critical to reduce the accidental BGs
o Scintillating fibers (SciFi) O(1 ns), full detection efficiency (>99%)
e Scintillating tiles O(100 ps), full detection efficiency (>99%)

Pixels: O(50 ns) Scintillating fibres O(1 ns);
Scintillating tiles O(100 ps)

41



The timing detectors: Impact

* Precise timing measurement: Critical to reduce the accidental BGs
o Scintillating fibers (SciFi) O(1 ns), full detection efficiency (>99%)
e Scintillating tiles O(100 ps), full detection efficiency (>99%)

Mu3e Phase | /

Different signal BR

o, 10

= L — eee
2 10 < at 1072
S L — eee
i at 10°
o 1

» U — eee
e -14
L%) 10—1 at 10

L — eee

at 10°"°

107 Combinatorial BKg

Irreducible Bkg

Additional suppression
107°

due to Timing detectors

96 98 100 102 104 106 108 110
Mo [MeV/c?] 42



The Fiber detector (SciFi): Overview

Parts
e cylindrical at ~ 6 cm (radius);
e length of 28-30 cm;
e 3 layers of round or square
e multi-clad 250 pm fibres
* fibres grouped onto SIPM array
« MuSTIC readout

J

Constraints
high detection efficiency € > 95%

time resolution c < 1 ns

< 900 pm total thickness

< 0.4 % Xo

rate up to 250 KHz/fibre

very tight space for cables, electronics and Cooﬁng



SciFl prototypes: Results

Studied a variety of fibres (SCSF 78 MJ, clear; SCSF 78 MJ, with 20% TiO2; NOL 11, clear; NOL 11,
with 20% TiO2; SCSF 81 MJ, with 20% TiO2; BCF12 clear; BCF12, with 100 nm Al deposit)

Confirmed full detection efficiency (> 96 % @ 0.5 thr in Nphe ) and timing performances for multi-layer
configurations (square and round fibres) with several prototypes: individual and array readout with
standalone and prototyping (STiC) DAQ

X
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SciFl prototypes: Results

Studied a variety of fibres (SCSF 78 MJ, clear; SCSF 78 MJ, with 20% TiO2; NOL 11, clear; NOL 11,

with 20% TiO2; SCSF 81 MJ, with 20% TiO2; BCF12 clear; BCF12, with 100 nm Al deposit)

Confirmed full detection efficiency (> 96 % @ 0.5 thr in Nphe ) and timing performances for multi-layer
configurations (square and round fibres) with several prototypes: individual and array readout with

standalone and prototyping (STiC) DAQ

Now

—

mean u Ops
Ocore 359ps
Upase 811ps
N core/ N base 10.54

Osingle 389 ps

—

Texp - gauss 2984 ps
Oexp - gauss 300ps
fwhm/2.35 366 ps

tleﬂ‘ . tright [nS]

SiPM Array: Hamamatsu S13552-HQR



The Tile detector: Overview

Parts

e cylindrical at ~ 6 cm (radius)

e l|ength of 36.4 cm

e 50 Xx 56 tiles of 6.5 x6.5x5 mm3
e 3 x3mm2single SIPM per tile
 Mixed mode ASIC: MUuTRIG

Requirements
high detection efficiency e > 95%
time resolution o < 100 ps
rate up to 50 KHz per tile/channel
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The Tile detector: Overview

Cooling

Pipe Support

Scintillator Structure

Parts
e cylindrical at ~ 6 cm (radius) .
+ length of 36.4 cm Requirements
e 56 x56tiles of 6.5 x 6.5 X 5 mm?3 * high detection efficiency e > 95%
.« 3 x3mm2single SiPM per tile * time resolution o < 100 ps

« Mixed mode ASIC: MUuTRIG e rate up to 50 KHz per tile/channel 47



Tile Prototype: Results

Mu3e requirements fulfilled: Full detection efficiency ( > 99 %) and timing resolution O (60) ps
4 x 4 channel BC408

7.5x8.5x 5.0mms

Hamamatsu S10362-33-050C (3 x 3 mm?2)

readout with STiC2

2 % N
:u:J 25/ \ —NoTWC | —
205_ 6= (56 x \2) ps////\ _E

: \ z

151 / \0=(70>< \5) ps

10 / \\\

: \ E

//
5 (/ \ \\\
O _ I I l | | | | \v&L—‘

-400 -200 0 200 400
Time Difference [ps




MuTRIG

 Mixed mode, ~ 50 ps timestamps, high impedance, optional differential
e Commissioning started!

Waveform Generators=as
|

Jumpers to select

N,
channel under test

§ FLYSP|S—

.\ ] ) 3 V88, : ‘;?3‘ : | FPGA board

MuTRiG

| | J\_V_ Monitor - Scope
Ij + Output

Seral | b FPGA —» PC




The High intensity Muon

Beam (HIM

3) project at

PO

Aim: O(1019 muon/s); Surface (positive) muon beam (p = 28 MeV/c); DC beam

Strategy:
Target optimization
Beam line optimization
Time schedule: O(2025)
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The High intensity Muon Beam (HIMB) project at

PO

Back to standard target to exploit possible improvements towards
high intensity beams:

Target geometry and alternate materials
Search for high pion yield materials -> higher muon yield

relative u”yield o m*stop density - u"Range - length

<n-o -SP . 1 .Pc(6/12)0
A ‘S:Du+ p(Z]A),

run
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The High intensity Muon Beam (HIMB) project at PS

Back to standard target to exploit possible improvements towards
high intensity beams:

Target geometry and alternate materials
Search for high pion yield materials -> higher muon yield

Standard Slanted _—_ 10.007 =
Q b —=— Pion Yield . G
- S 2.5 _ _ . =
c B —— Relative Muon Yield —0.006 =
S N N B,
= 2k —0.005 2
o) i ] QL
g F 10.004 -
— I~ __ . O
(?) 1'5: _ o
2 T 0.003
s 1 N
S .
c —0.002
0-50] du Ap T —0.001
:I 11 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | 11 I_
0O 10 20 30 40 50 60 70 80 90

Atomic Number Z

50% of muon beam intensity gain, would corresponds to effectively raising the proton beam power at PSI
by 650 kW, equivalent to a beam power of almost 2 MW without the additional complications such ad

increased energy and radiation deposition into the target and its surroundings >z



The High intensity Muon Beam (HIMB) project at PS

Aim: O(1019 muon/s); Surface (positive) muon beam (p = 28 MeV/c); DC beam
Time schedule: O(2025)

Put into perspective the beam line optimisation the equivalent beam power would be of
the order of several tens of MW

1.2x 101 ut/s Source 1.3 x 101 ut/s W TgM*

7.2x109 ut/s
C~6%

3.4 x 1010 pyt/s

Capture C ~ 26%

| Proposed
solenoid

ifxisting HE4 |
| ' beamline

beamline

Gain due to high capture
and transmission efficiency

5x 108 ut/s 1.3 x 1010 p+/s
T~7% Transmission T ~40%

Total ~ 0.4% Total ~ 10% 53



Slanted target: Prototype test this year

Expect 30-60 % enhancement

Measurements foreseen in three directions in 2019
+35%

+60% @

@ . / +30%

0 \ D
+30 %3 \ —
> ' Neutron spallation 5 ‘
\ source SINQ - ! u
‘ \ § B 'l G —— y } N { —
| \! ; Neutron
—— ; 'u‘ ' - O ' 4 experimental hall , |
Cockeroft-Walton ?Jze&g:, = /i -7 Beamdymp LV i -
870 keV ' - R s
//’/& \
L = ==
> MUE1
o L:mx\\ Muon & Pion J
‘ . / experimental hall
7 b == :
Bt Secordary
. mlines '
= Injector I

72 MeV

Ring cyclotron
590 MeV

Comet |
§ 5o, Ear] N
v w = [r—

Proscan — —
cancer therapy ’

Ultra cold neutron
source UCN
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DC and

L. Calibbi and G. Signorell, il
Nuovo Cimento 41 (2018) 71

Pulsed muon beams - present and future

Laboratory

Beam Line

DC rate (p/sec) Pulsed rate (p/sec)

PSI (CH)
(590 MeV, 1.3 MW)

nukE4, mES
HiMB at EH

24 x10° (u™)
O(10'%) (u*) (>2018)

J-PARC (Japan)

MUSE D-Line

3 x 107 (ut)

(3 GeV, 210 kW) MUSE U-Line 6.4 x 107 (™)

(8 GeV, 56 kW) COMET 1 x 10" (17)(2020)
FNAL (USA)

(8 GeV, 25 kW) Mu2e 5 x 10" (17)(2020)

TRIUMF (Canada)
(500 MeV, 75 kW)

M13, M15, M20

1.8 =2 x 10°(u™)

RAL-ISIS (UK)
(800 MeV, 160 kW)

EC/RIKEN-RAL

7 x 10* ()
6 x 10°(u™)

KEK (Tsukuba, Japan)

(500 MeV, 25 kW) Dai Omega 4 x 10°(7)(2020)
RCNP (Osaka, Japan)  MuSIC 10%(n™) + 10°(p™)

(400 MeV, 400 W) 10 (1) = 10%(p™)(>2018)

JINR (Dubna, Russia) Phasotron

(660 MeV, 1.6 kW) 10° (™)

RISP (Korea) RAON

(600 MeV, 0.6 MW) 2 x 10% (™) (>2020)

CSNS (China) HEPEA

(1.6 6eV, 4 kW)

I x 10% (™) (>2020)
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DC and Pulsed muon beams - present and future

| &
It :‘
s PRRC
b
’ :F?':, ¢
[ 4
LS |
% MUSIC
\ ‘ . { MUon Science Innovative Commission
€ o N at RCNP, Osaka University
~. . “\‘ ‘\‘\
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A.M. Baldini et al. arXiv:1812.06540v1

Outlooks

* Astonishing sensitivities in muon cLFV channels are foreseen for the incoming future
- cLFV remains one of the most exciting place where to search for new physics

e Submitted inputs to the European Strategy Committee

Searches for Charged-Lepton Flavor Violation in Experiments using Intense Muon Beams

2e-1l with PIP-II

Sensitivity: 10" 10" 10 10"
g
Sensitivity: 10 10" 107 10" or smaller
e T
Sensitivity: 10™ 10™ or smaller
20 20 20 0%
- :):;:;z:/':;gExperiments) - Proposed Future Running

Thanks for your attention!
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Sack-up



—Gll: The new single volume chamber

HV test @ +1.8 mm
e |0 |51l 5 s ] |se s s ] s sl su

9 (1500V) 1500 1500 1500 1500 1500 1430 1500 1500 1500 1500 1500 1500

8(1510V) | 1510 1510 1510|1500 1510 1510 1510 1510 1510 1510 1510|1510

7 (1520V) | 1520 | 1520 1520 1520 1520 1520 1520 1520 1520|1520 1520 1520

6(1530V) | 1530 1530 1530 1530 1530 1530 1530 1530 1530 1530 15301 1530

5(1540V) | 1540 | 1540 1540 1540 1540 1540 1540 1540 1540|1540 1540 1540

4 (1550V) | 1550 1550 1550|1550 1550 1550 1550 1550 1550 1550 1550 | 1550

3(1560V) | 1560 | 1560 1560 1560 1560 1560 1560 1560 1560|1560 1560 1560

2(1570V) | 1570 1570 1570|1570 1570 1570 1570 1570 1570 1570 1570 | 1570

1(1580V) | 1580|1580 1580 1580 1580 1580 1580 1580 1580|1580 1580 1580



MEGII: The new single volume chamber

HV test cell-by-cell L9+L8 @+1.8 mm (US endplate)

— 300
£
£ I1soc
200
145C
RESULTS
» Safety HV values 100

» 27/384 cells (20 for L9 + 7 for L8) don’t reach it (7 %)
e 8/27 cells (6 for L9 + 2 for L8) almost reach it
o 5=+ 20 V discrepancy 0
» Working point
12 /384 cells (8 for L9 + 4 for L8) don’t reach it (3 %)
11/12 cells (6 for L9 + 4 for L8) have permanent shorts

140C

135C
-100

200 n ’ L 130C

_ L1 1 1 | N I | | I I I T T | | L1 1 1 | I |
Mo 200 -100 0 100 200 _ 300 2

[mm]

CDCH @ +5.6 mm elongation fulfils the MEGII requirements



MuSIC at Research Center for Nuclear Physics (RCNP), Osaka University

Aim: O(108 muon/s); Surface (positive) muon beam (p = 28 MeV/c); DC beam

— Conventional muon beamline —

proton beam

Ex. J-Parc MUSE
1000 kW proton beam
20mmt graphite target

capture magnet

\ Y .|\bend(nselection)
TS

decay volume

graphite
target

Proton beam
loss ~ 5%

bend (u selection)

to neutron facility

* Thin target (~ 20mmt)

* Small solid angle

* Separate pion and muon momentum selection
(obtain highly polarized muon beam)

MuSIC beamline

muon

proton beam

Ex. MuSIC

0.4 kW proton beam
200 mmt graphite target

Transport
solenoid

Capture solenoid

Collect w/ p
with 3.5T solenoidal field

to dump

* Thick target ( 200mmt )
* Large solid angle, good collection efficiency

 No muon spin selection ( no selection of pion/

muon momentum )
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cLFV search landscape

‘ Muons - 250 Rough estimate of ‘ Kaons - 100
numbers of researchers,
* MEG, PSI in total ~ 850 (with some e NA48,CERN
e VEGII, PSI overlap) e NAG2,CERN

® Mu3e, PSI o KOTO, J-PARC
® DeeMee, J-PARC . 5 . |
e MuSIC, Osaka >

e Mu2e, FNAL ~ 250
e COMET, J-PARC
e PROJECT X, FNAL @cLFV @ LHC
e PRIME, J-PARC e ATLAS,CERN
~  ® CMS,CERN
" ="+ | HCb, CERN
-2
@ Taus 100

e BABAR, PEPI|
e BELLE/BELLE I, KEKB/SuperKEKB @® J/\y @ BEPCI

e BESIII, Beijing
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cLFV best upper limits

Process Upper limit Reference Comment
Ut -> ety 4.9 % 10-13 arxiV:1605.05081 MEG
Ut -> e et e 1.0 x 10-12 Nucl. Phy. B299 (1988) 1 SINDRUM

u-N -> e N 7.0x 1018 Eur. Phy. J. ¢ 47 (2006) 337 SINDRUM ||
T->ey 3.3x 108 PRL 104 (2010) 021802 Babar
T->UY 4.4x108 PRL 104 (2010) 021802 Babar

T ->e ete 27 x10-8 Phy. Let. B 687 (2010) 139 Belle

T > Ut U 2.1x108 Phy. Let. B 687 (2010) 139 Belle

T ->ute e 1.5x%x 108 Phy. Let. B 687 (2010) 139 Belle
Z->ue 75%x 107 Phy. Rev. D 90 (2014) 072010 Atlas
Z->ue 7.3x 107 CMS PAS EXO-13-005 CMS
H->T1uy 1.85 x 102 JHEP 11 (2015) 211 Atlas (*)
H-> T 151 x 102 Phy. Let. B 749 (2015) 337 CMS

KL->pe 4.7 x 1012 PRL 81 (1998) 5734 BNL

*BH->pe)<O(108) frompy->ey
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The role of the low energy precision physics

The Standard Model of particle physics: A great triumph of the modern physics

but not the ultimate theory

(1enew-pue g+)

(sogew-nueg+)

sysenb g

suojdal 9

12 fermions (+12 anti-matter)
' —

increasing mass

5 boSONS (+1 opposite charged W)

| Gravity

y Dark Matter

Dark Energy

Low energy precision physics: Rare/forbidden decay searches, symmetry tests,
precision measurements very sensitive tool for unveiling new physics and

probing very high energy scale
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The role of the low energy precision physics

-+ Iwo main strategies to unvelil new physics
Indirect searches

Precision tests
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The role of the low energy precision physics

-+ Iwo main strategies to unvelil new physics
Indirect searches

Precision tests
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Charged lepton flavour violation

‘ . 105. "M 1.777G
electron . !JOn tau
>2 ‘ " <0.17M < 15.5
V. 'Vu V.
neutrino H-neutrino 4 | t-neutrino
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Charged lepton flavour violation

Neutrino oscillations: Evidence of physics Behind Standard Model (BSM)
Neutral lepton flavour violation

AN; # 0 withi=1,23
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Charged lepton flavour violation

Neutrino oscillations: Evidence of physics Behind Standard Model (BSM)
Neutral lepton flavour violation

AN; # 0 withi=1,23

Charged lepton flavour violation: NOT yet observed
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