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First Bulletin – 9 October 2023 
 
Dear participants of the 13th ICFA Seminar, 
 
we look forward to welcoming you in Hamburg from 28 November to 1 December 2023. All 
information about the seminar can be found on our Indico page 
https://indico.desy.de/event/38293/ 
 
In this bulletin, we summarize the most important practical information to guide you through that 
page. 
 
 
Timetable and Registration 
 
The seminar will start on Tuesday 28 November at 8:30 and will end on Friday 1 December at around 
12:45. All talks will take place in the main DESY Auditorium (Bdg 5, see map at the end of this 
brochure, you can also ask for a printed map at the DESY entrance). 
 
Pre-registration will be possible on Monday 27 November from 14:00 to 18:00 in the Foyer of the 
main Auditorium. The normal registration will be starting from 8:00 on Tuesday, and coffee will be 
served. 
The registration fee of 180 Euros covers the coffee breaks, 3 vouchers (8 Euro each) for the lunches 
on Tuesday, Wednesday and Thursday, the reception on Tuesday evening, and the dinner on 
Thursday evening. 
 
 
Coffee Breaks and Lunches 
 
Coffee will be served in the Foyer of the main Auditorium during the coffee breaks and after lunch.  
 
The vouchers for lunch can be used for three different options: 

• a limited number of lunch bags with sandwiches will be in the Foyer of the Auditorium; 
• due to renovations, the main warm lunches are offered in a tent in front of the cantine 

terrace. Two menus and soups are available (https://desy.myalsterfood.de/). A free 
dispenser for water is also there at the beginning of the queue; 

• a salad bar with warm and cold dishes and a cafeteria are available in the cantine extension 
(Bistro). This option is recommended for participants with dietary restrictions. 
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Symmetry in Physical Laws from “Feynman Lectures“
Copyright © 1963, 2006, 2013 by the California Institute of Technology



The “Flavour Symmetry” of Elementary Particle
4

✤ Fermion 
✤ Quarks & Leptons 
✤ 6 Flavours 

✤ Introduced due to new 
symmetry 

✤ Symmetry violations 
have been observed in 
“Quarks” and 
“Nuetrinos”
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　「クォークでのフレー
バ混合」「中性レプトン

Quarks (Charged) Leptons (Neutral) Leptons

✤ Known as CKM, Found in 
B-Factories. Nobel Prize in 
2008

✤ Observed in Solar 
Neutrino Oscillation. 
Nobel Prize in 2015WANTED !!
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Lepton Flavour Violation among Charged Leptons
5

✤ eg. Muon Lepton Flavour Violating Decay

SM Flavour violated
(Forbid in SM)

B(μ→eγ) in SM w/ mν assumption
→  < 10-54 due to tiny ν-mass

B(μ→eγ) in New Physics (NP)
Naturally causable at 10-17 ~ 10-13 
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Lepton Flavour Violation among Charged Leptons
5

✤ eg. Muon Lepton Flavour Violating Decay

SM Flavour violated
(Forbid in SM)

B(μ→eγ) in SM w/ mν assumption
→  < 10-54 due to tiny ν-mass

B(μ→eγ) in New Physics (NP)
Naturally causable at 10-17 ~ 10-13 

✓ Flavour mixing in “Quarks” and “Neutrinos”, 

Possible in SM
✓Already confirmed experimentally

✓ Flavour mixing in “Charged Leptons”, Not 

possible in SM (Unmeasurable), Only possible 

in NP
✓Never been observed
➡  Unambiguous evidence of New Physics !!

➡  Even higher energy scale physics than LHC 

is accessible by searching for smaller BR.
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Decay Searches
6

✤ Most major channels to search for muon LFV decay

Search for 
μ+→e+γ

Search for 
μ+→e+e-e+

• MEG II (PSI), Successor to MEG(2009-2013)
• MEG set the current UL, < 4.2x10-13 (90CL)
• MEG II sensitivity ~ 6x10-14 
• Enabled by;

• World most intense DC muon beam @ 
PSI

• High resolution detectors; Liquid xenon 
gamma-ray detector, gradient B-field and 
low-mass e+ spectrometer, etc.

• Physics run started in 2021, and expect to 
continue data taking by 2026

• Mu3e (PSI)
• Present UL, 1.0x10-12 (No update since 1988 )
• Mu3e sensitivity 10-15 (Phase-I), 10-16 (II)
• Enabled by;

• World most intense DC muon beam @ 
PSI

• High resolution and High granularity 
tracking and vertex detectors

• Physics run will start in 2025 and continue 
by 2026 (Phase-I), & achieve final sensitivity 
after muon beam upgrade (Phase-II)

BG dominated by 

Accidental Overlaps

DC-beam Suitable
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Conversion Searches
7

✤ Most promising channel to search for muon LFV process in near future

Search for μ-N→e-N

Coherent μ- to e- conversion 
from a muonic atom that 
captures μ- instead of e- 

BG dominated by 

primary-proton related

Pulse-beam Suitable

• COMET (J-PARC)
• Enabled by;

• Very intensive pulsed muon beam
• Long/Curved solenoid to suppress BG
• Low mass / high reso. e- spectrometer

• Staged approach; Phase-I searches for mu-e 
conv w/ sensitivity of 10-15, and perform 
beam measurement incl. BG. Then Phase-II 
will search mu-e w/ full sensitivity of 10-17.

• Phase-I will be ready by 2025 and start 
physics run in 2026.

• Mu2e (FNAL)
• Enabled by;

• Similar concept to COMET
(Originate from same experiment; MECO)
• But beam handling is different

• Searches for mu-e conv w/o staged approach
• Expects 2.4x10-16 by Run1 (starts in 2026) and 

x10 sensitivity in 2029.
• Mu2e-II will follow, after 2030, with a new 

linac and alternative targets.
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Latest Update — MEG II, Status —
8

✤ MEG II finally resumed the physics-run after a 10-year upgrade period.
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Latest Update — MEG II, First Result —
9

✤ MEG II is running from 2021 
✤ The 1st result have been published just last month !▎Beamtime 

1 2 3 4 5 6 7 8 9 10 11 12

Accel. shutdown MEG II beamtime (6.5 mon)
Other exp.

MPPC annealing Detector/beam 
commissioning

Physics run
（４ mon）

Calib. run

Accel. shutdown MEG II beam time (4.5 mon)Other exp.

Elec.
installation

Detector/elec.
commissioning

Physics run
（1.5 mon）

Calib. runDetector
installation

Beam
tuning

Engineering run

Detector
maint.

2021

2022

Accel. shutdown
(longer to save electricity)

MEG II beamtime (6.5 mon) Other
exp.

MPPC annealing
completed

Detector/beam 
commissioning

Physics run
（~5 mon）

Calib. run

2023
5/16 11/29

2023

2022

2021

2012 (MEG best)

Unblinded 2021 Data

✤ Only 7 weeks of physics run in 2021 = Almost equivalent to MEG data 
✤ No excess of events over the expected background is observed 

✤ Upper Limit (90CL), B(µ+→e+γ) < 7.5 x 10-13 , c.f. MEG result : < 4.2 x 10-13  

✤ Combined (MEG II 2021 + MEG): B(µ+→e+γ) < 3.1 x 10-13 (90% C.L.)

The most stringent limit to date !
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Immediate Outlook (1) — MEG-II —
10

✤ Latest release (2021 data) is 
just 10% of MEG II data taken 
already for 2021-2023. 

✤ Next release (2022 data) is 
planned in spring 2024. 

✤ Results are expected to be 
updated one after another from 
next year onwards. 

✤ MEG II will continue data-
taking by 2026 
✤ Expected goal : 6x10-14  
✤ PSI schedules a long shut-

down 2027-2028 to upgrade 
beam line (100-times muon 
intensity: HiMB)

Time to consider new 
experiment that can 
handle 100x beam
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Immediate Outlook (2) — Mu2e / COMET / Mu3e —
11

✤ Preparations for 3 experiments (Mu2e, COMET, Mu3e) are in the final stage

✤ Detector and Super-conducting Solenoid construction, on going. 
✤ Detector Solenoid, Delivery in mid 2024 
✤ Run1 (2.4x10-14) in 2026, Run2(10x sensitivity) after long shutdown
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Immediate Outlook (3) — Mu2e / COMET / Mu3e —
12

✤ Preparations for 3 experiments (Mu2e, COMET, Mu3e) are in the final stage

✤ Two detectors, for physics and BG, Ongoing and will be ready in 2025 
✤ Beam-line commissioning w/ low-intensity proton beam, completed 
✤ Pion Capture and Detector Solenoids, will be installed in 2026 
✤ Engineering/Physics Runs are expected to start in 2025-2026, after radiation 

shield construction which leaves uncertainty in schedule.

CDC under Cosmic-ray Tests

Cylindrical drift chamber (CDC) 
takes more data 

at the Fuji experimental hall

2a.		Cabling		(HV	side)

7

HV: 1850 V 
Gas mixture: He/i-C4H10=90/10 
flow rate: 100 ccm

JFY2023 JFY2024 JFY2025 JFY2026 JFY2027
Detector for mu-e Search
Detector for beam measurement
Beam line construction
Engineering & Physics Runs

Ready

Ready

Magnet Installation Shield 

Eng Physics Run
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Immediate Outlook (4) — Mu2e / COMET / Mu3e —
13

✤ Preparations for 3 experiments (Mu2e, COMET, Mu3e) are in the final stage

✤ Detector development, completed. Construction, ongoing. 
✤ Installation/commissioning in 2024, and Physics run (Phase-I, 10-15) expected 

in 2025-2026 by PSI HiMB upgrade (Same as MEG-II). Needs to share 
secondary beam-line (πE5) with MEG-II.
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Tau Lepton Flavour Violation Experiments
14

✤ Attractive to search for cLFV at e+e- collider 
✤ Many channels, Valuable inputs for New Physics Considerations
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Figure 7. Current status of observed upper limits at CLEO, BABAR, Belle, ATLAS, CMS, and LHCb
experiments [92] and projections of expected upper limits at the Belle II experiment [40].

Figure 6. Current status of observed upper limits at CLEO, BABAR, Belle, ATLAS, CMS, and LHCb
experiments [92] and projections of expected upper limits at the Belle II experiment [40].

✤ So far, Belle and BaBar experiments 
performed so many searches
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Tau Lepton Flavour Violation Experiments
14

✤ Attractive to search for cLFV at e+e- collider 
✤ Many channels, Valuable inputs for New Physics Considerations
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Figure 7. Current status of observed upper limits at CLEO, BABAR, Belle, ATLAS, CMS, and LHCb
experiments [92] and projections of expected upper limits at the Belle II experiment [40].

Figure 6. Current status of observed upper limits at CLEO, BABAR, Belle, ATLAS, CMS, and LHCb
experiments [92] and projections of expected upper limits at the Belle II experiment [40].

✤ So far, Belle and BaBar experiments 
performed so many searches

✤ Belle II updated B(τ→eα) & B(τ→µα) 
recently (α = invisible boson) 

✤ Belle II / LHCb opening up a new era
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Tests of Lepton Universality
15

✤ Anomalies in b → c Decays  
✤ The BaBar, Belle and LHCb have observed excess of                              decays in 

R(D(*)) measurements by 3.2σ in the SM

✤ Updated !! by Belle II; Consistent w/ SM prediction and HFLAV average. 
✤ The new HFLAV average increases the tension with the SM from 3.2σ to 3.3σ 

✤ Lepton Flavour Experiments have high 
affinity w/ tests of Lepton Universality 
✤ τ LFV Search → Test w/ R(D*) 
✤ µ LFV Search → Test w/ B(π → eν)

2

ceded by two thin plastic scintillators (T1 and T2). Two
concentric layers of pure CsI crystals [12] (9 r.l. radi-
ally, 97 crystals total) surrounded the NaI(T!) crystal to
capture electromagnetic showers. Positron tracking was
done by an (x, y) pair of Si-strip detectors (S3) and wire
chambers (WC3) in front of the NaI(T!) crystal.

A positron signal, defined by a T1 and T2 coincidence,
occurring in a time window –300 to 540 ns with respect
to the incoming pion was the basis of the main trigger
logic. This was prescaled by a factor of 16 to form an
unbiased trigger (Prescaled-trigger). Events in an early
time window 6 to 46 ns and events with Ee+ > 46 MeV in
the calorimeter provided other triggers (Early- and HE-
triggers), which included most π+ → e+ν decays. The
typical trigger rate (including monitor triggers) was 600
Hz.

Energy in NaI + CsI (MeV)
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FIG. 2: Energy spectra of positrons in the time region 5 to 35
ns without and with (shaded) background-suppression cuts
(see the text). The vertical line at 52 MeV indicates the Ecut

position.

Events originating from stopped pions were selected
based on their energy losses in B1 and B2. Any events
with extra activity in the beam and positron counters
(B1, B2, T1 and T2) in the time region of –7 to 1.5 µs
with respect to the pion stop were rejected. About 40 %
of events survived the cuts. A fiducial cut for positrons
entering the NaI(T!) detector required a track at WC3
to be within 60 mm of the beam axis to reduce electro-
magnetic shower leakage from the crystal.

The summed NaI(T!) and CsI energy for positrons in
the time region 5 to 35 ns is shown in Fig. 2. The time
spectra for events in the low- and high-energy regions
separated at Ecut = 52 MeV are shown in Fig. 3. Events
satisfying the Early-trigger or Prescaled-trigger filled the
low-energy histogram (Fig. 3a) and HE-trigger events
filled the high-energy histogram (Fig. 3b). There were
4× 105 π+ → e+ν events at this stage. The raw branch-
ing ratio was determined from the simultaneous fit of
these timing distributions. To reduce possible bias, the
raw branching ratio was shifted (“blinded”) by a hidden

random value within 1 %. Prior to unblinding, all cuts
and corrections were determined and the stability of the
result against variations of each cut was reflected in the
systematic uncertainty estimate.

In the low-energy time spectrum, the main components
were π+ → µ+ → e+ decays at rest (L1), µ+ → e+νν
decays (L2, about 1 % of L1) after decays-in-flight of pi-
ons (πDIF), and decays coming from previously stopped
(“old”) muons remaining in the target area (L3):

L1: FL1 = λπλµ

λπ−λµ
(e−λµt − e−λπt) for t > 0,

L2: FL2 = λµe−λµt for t > 0, and
L3: FL3 = λµe−λµt for any t.
The distribution coming from the presence of plural
muons in the target area was estimated to be <0.01 %,
and was ignored in the fit. The low-energy fraction of
π+ → e+ν events due to shower leakage and radiative
decays was also negligible in the low-energy time spec-
trum fit.
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FIG. 3: (Color online) Time spectra of positrons (thin line
histograms) in the (a) low- and (b) high-energy regions sep-
arated at Ecut. The notches at t = 0 ns are due to a veto
for prompt pion decays, and the peak at –3 ns in (b) is due
to positrons in the beam. Each curve, labeled with the corre-
sponding component described in the text, indicates the am-
plitude in the fit. L1 and part of L3 significantly overlap with
the data. The thick solid line in (b) for t < 0 ns shows the fit.
The fit for the other regions is almost indistinguishable from
the data and is omitted here.

The primary time distribution component in the high-
energy region was the π+ → e+ν decay (H1: FH1 =

PIONEER@PSIPiENu@TRIUMF
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Future Prospects
16

✤ Time evolution of Charged LFV Search, from long time ago to future
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✤ Outlook for the 2020s

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
MEG II (PSI)

Mu2e (FNAL)
COMET (J-PARC)

Mu3e (PSI)

Physics Run

Run1 Run2

Phase-I

Phase-I Phase-II
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Further Future Prospects (1) — Theoretical Aspects —
17

✤ Whether cLFV is observed or not, there is a strong case to be made for further 
improving sensitivity, or for examining the process on additional target 
materials → Further upgrades incl Accelerator is under consideration !!

Can Seek Very 
High Energy World

Even Λ>103TeV 
accessible

Synergy w/ (g-2)μ 
in New Physics

LFV has strong 
correlation w/ g-2

Important inputs to 
NP Model Studies

eg. Nuclear 
dependence of
μ-e conversion

Even unknown 
phenomenon 

Invisible boson can 
be investigated
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Further Future Prospects (2) — w/ Stronger Beam —
18

✤ Whether cLFV is observed or not, there is a strong case to be made for further 
improving sensitivity, or for examining the process on additional target 
materials → Further upgrades incl Accelerator is under consideration

>2030, FNAL >2030, J-PARC

>2029, PSI

Mu2e-II, based on PIP-II Linac

Beam power improve 

8kW → 100kW !!

So many challenges are 
under consideration

Aims 2 x 10-18 

COMET Phase-II

Beam power improve 

3kW → 56kW !!

Detector R&D, OK 
Only radiation issue

Aims 1 x 10-17 

MEG III(?) and Mu3e Phase-II, based on HiMB 

New Target 
100x muon !

1st beam 
in mid 2028

MEG II and Mu3e considering their 
upgrades, key = rate capability 

Expected starts in ~2030

Hajime NISHIGUCHI (KEK)                                              ”Lepton Flavour Experiments”                                                                    13th ICFA Seminar



Further Future Prospects (3) — Brand-New Technologies —
19

✤ “Muon Cooling”,  One of the most interesting key item for next decade

MICE, based on ionization cooling
muCool, based on gaseous 
phase space compression

J-PARC muon g-2/EDM, 
based on Muonium re-acceleration

✤ Attractive also for muon LFV experiments
PRISM, based on muon phase-rotation 

PRIME, New generation mu-e conversion experiment using PRISM 
beam 

Thanks to cooled beam, achievable even better sensitivity than 10-18 

✤ Muon phase-rotation is also a kind 
of “Muon Cooling”

Muon Cooling is becoming a Reality

(important)
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Further Future Prospects (3) — Brand-New Technologies —
19

✤ “Muon Cooling”,  One of the most interesting key item for next decade

MICE, based on ionization cooling
muCool, based on gaseous 
phase space compression

J-PARC muon g-2/EDM, 
based on Muonium re-acceleration

✤ Attractive also for muon LFV experiments
PRISM, based on muon phase-rotation 

PRIME, New generation mu-e conversion experiment using PRISM 
beam 

Thanks to cooled beam, achievable even better sensitivity than 10-18 

✤ Muon phase-rotation is also a kind 
of “Muon Cooling”

Muon Cooling is becoming a Reality

Muon cooling is one of the key components of muon 

accelerator/collider development.

Now is a good time to further consider “ν-factory” 

and “muon collider” with LFV synergies for the 

coming decades.

(important)
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— Conclusions —
✤ Charged Lepton Flavour Violation = Clear evidence of New Physics BSM 

✤ Muon is one of the best probe to explore New Physics. 
✤ eg. µ+ → e+γ, µ-N → e-N, µ+ → e+e-e+, et al. 
✤ MEG II, Mu2e, COMET, Mu3e, et al. 

✤ Tau LFV has many channels to provide valuable inputs. 
✤ Belle II, LHCb et.al.  

✤ Synergy with precision tests on Lepton Universality 

✤ Within the coming decade… 
✤ In particular later half of 2020’s, many experimental results are 

expected. Should be fruitful period. 
✤ Upgrades of the current experiment including accelerator/beam-line 

upgrade will start → Important whether cLFV is observed or not, there 
is a strong case to be made for further improving sensitivity.  

✤ Further future… 
✤ The synergistic effect with muon cooling will open up a new era of LFV 

experiments and make further dreams come true with the ν-factory/
muon collider!   (just my personal perspective…)


