
Charged Lepton Flavour Violation
  

—COMET & PRISM—

 
25 September 2015 

Yoshi Uchida
 

PPAP Community Meeting at Imperial
 



Yoshi.Uchida@imperial.ac.uk  COMET, PRISM, CLFV—PPAP Community Meeting 2015

The First PPAP Community Meeting
The experimental intense muon physics 
session at the 2009 meeting:
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Muon CLFV: Global Activities

● MEG
● MEG Upgrade
● Mu2e
● COMET
● DeeMee
● Mu3e

 

● PRISM

https://indico.fnal.gov/getFile.py/access?contribId=207&sessionId=17&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=208&sessionId=17&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=310&sessionId=17&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=210&sessionId=17&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=211&sessionId=17&resId=2&materialId=slides&confId=8903
https://indico.fnal.gov/getFile.py/access?contribId=212&sessionId=17&resId=0&materialId=slides&confId=8903
https://indico.fnal.gov/contributionDisplay.py?contribId=137&confId=8903
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Lepton Flavour Conservation 
in the Standard Model

● In the Standard Model:

● Lepton flavour is conserved absolutely
● not through a fundamental principle, but 
through the choice of fields

● an accidental symmetry

● Deviations from the SM can introduce 
Lepton Flavour Violation
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Charged Lepton Flavour Violation
● Beyond-the-Standard Model Physics can cause CLFV
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Charged Lepton Flavour Violation
● Beyond-the-Standard Model Physics can cause CLFV
● e.g. introduction of non-zero neutrino mass

● but this is GIM-suppressed:
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Charged Lepton Flavour Violation
● Beyond-the-Standard Model Physics can cause CLFV
● e.g. introduction of non-zero neutrino mass

● but this is GIM-suppressed:

● if CLFV seen, unambiguous signal for new physics 
 (beyond Dirac mº > 0)

● without such cancellations, CLFV signal can be much larger
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Muon-to-Electron Conversion
● Search for the process

● Time available after formation of muonic atom:
  up to about 1 microsecond (Z-dependent)

● Ee = m¹ 

{ Ebind { Erecoil
 

● observed signal is 
smeared because of 
detector effects

muonic atom mono-energetic electron
 105 MeV

m¹



Yoshi.Uchida@imperial.ac.uk  COMET, PRISM, CLFV—PPAP Community Meeting 2015

90% C.L.
upper limit on 

branching ratios

1E-12

1E-10

1E-8

1E-6

1E-4

1E-2

1E+0

μ→eγ
μN→eN
μ→3e

1940 1960 1980 2000 2020

1E-12

1E-10

1E-8

1E-6

1E-4

1E-2

1E+0

S

S

Cu

TiTi
Ti

Pb

Pb

Au

Cu

CuCu

Cu,Sn

Cu

μ→eγ
μN→eN

Year

1 

10 −2 

10 −4 

10 −6 

10 −8 

10 −10 

10 −12

Charged 
Lepton 
Flavour 
Violation



“MELC”
proposal

from
1980s





Mu2E

COMET

Experimental
Layouts

Similar nominal target 
sensitivities of about 10−17

(10,000 improvement on 
current world record)
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COMET Phase-I
● COMET is the first experiment of its type to be built
● strong desire to study pion/muon production in detail

● Decision in 2012 to build and run the first 90 degrees 
of the beam line
● to study beam characteristics and perform CLFV physics
● 1/100th of the sensitivity of the full COMET configuration

Detector systems:
 Cylindrical Drift Chamber,

Triggering Hodoscopes
 Straw Tracker,

ECAL
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MUSIC Facility at Osaka



Yoshi.Uchida@imperial.ac.uk  COMET, PRISM, CLFV—PPAP Community Meeting 2015

The COMET Collaboration
● Belarus
● Canada
● China
● Czech Republic
● France
● Georgia
● India
● Japan
● Malaysia
● Russia
● Saudi Arabia
● South Korea
● United Kingdom
● Vietnam

● Recent new participation from Germany (Kai Zuber)

14 countries,
32 institutes,

about 170
collaborators
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COMET Construction Status
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Phase-I Drift Chamber Status
● Four prototypes built, beam-tested
● All Front-end Boards built and 
undergoing testing (IHEP)

● Full detector ready Summer 2016
● Wires about 60% strung
● to be completed later this year

● Triggering algorithm being developed in UK
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Phase-I Straw Tracker Status
● Straw Tubes produced at JINR (based on NA62)
● all 2,500 Phase-I straws delivered (20 μm walls)
● Phase-II straws (thinner 12 μm design) being developed

● Testing and enclosure development underway
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Proton Beam
● Beam extinction (critical
for ¹-e conversion) reduced

 to O(10−12) at 8 GeV
● Graphite target for 
Phase-I, Tungsten for 
Phase-II (UK concept)

● Shielding designed for 
56 kW (Phase-II specs) 

Magnets
aligned

Septum
magnets
delivered
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¼/¹ Transport Solenoid
● Experimental hall completed March 2015, and first 
curved solenoid installed
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¼/¹ Transport Solenoid
● Undergoing extensive testing this year
● Close R&D partnership with manufacturer (Toshiba)

● proprietary technology to superimpose a vertical 
dipole field on curved solenoid

● ongoing iterative 
testing and 
feedback with 
Toshiba

● Gain experience 
towards rapid 
production of 
Phase-II solenoids
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Trigger/Fast Control/DAQ
● UK-designed Fast Control/Trigger/DAQ systems to be 
used across all subdetectors

● Prototype custom “FCT” boards and FC7 boards 
(developed here for CMS upgrade) distributed 
to/purchased by Japan, China, India, Russia, South Korea
● interfaces with subdetectors being developed

● Performing radiation tests at Brunel and ISIS

FC7 Testing in KoreaRussian interface with FCT
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Software
● Decision made in 2013 to build dedicated 
software framework ICEDUST
● based on T2K ND280 software, re-organised from the 
bottom up

● truly UK-led effort, coordinating work across the 
collaboration
● highly active participation in software effort from 
other nations

● has become a very substantial and high-quality 
software suite 
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Timeline
● J-PARC radiation accident (May 2013)
● COMET, being under construction, impacted directly

● J-PARC/KEK Stakeholders (all experiments) 
agreement to prioritise funding for COMET
● budget profile for “baseline” funding scenario shown 
below

● more optimistic 
scenarios move 
data-taking forward

⇒ Data-taking in 
2018 or 2019
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Phase-I to Phase-II
● Rapid transition from Phase-I to 
Phase-II (about two years)
● same pion capture solenoid
● same detector solenoid, with extension
● re-use of Straw Tracker components
● re-use of ECAL

● Main new component: electron 
spectrometer solenoid
● build on Phase-I experience; 
superconducting cable can
be produced in advance

● UK-led Phase-II physics 
studies ongoing
● to be reflected in Phase-I 
running and analysis

● sensitivity improvements
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COMET & Mu2E Comparison
● COMET has tunable, vertical dipole fields to 
select particle charge and momentum
● “C-shaped” solenoids v “S-shaped” solenoids
● muon beam momentum selection
● electron spectrometer for background rejection

● Different beam power (pion production solenoid 
design):
● 56 kW for COMET, 8 kW for Mu2E
● 3 years v 1 year data for full sensitivity

● “Phased approach” for COMET
● to study partial beam line while preparing full 
experiment

● Also planning PRISM to allow precision 
measurements of CLFV 
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AlCap
● Support experiment at PSI to measure particle 
emissions when muons stop in Al

● Charged (Runs 1 & 3) 
and neutral emissions

● Joint COMET/Mu2E
effort

UK involvement in all 
AlCap runs; publications 
forthcoming
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PRISM



PRISM
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UK Timeline
● Participation since 2007; before the start of COMET
● Contributed to approval of Phase-I construction in 2012
● In 2013, had Subproject Manager roles in:
● Trigger DAQ hardware/firmware
● DAQ Readout
● Software
● Proton beam target
● (Muon monitor detector)

● Inaugural Collaboration Board Chair

● Phase-I recommended by PPRP for funding in 2013
● Science Board: “proposal fits well within the STFC 
Roadmap and that the Particle Physics Advisory Panel’s 
2012 report had concluded there was a strong science 
case”

● Science Board decision to not fund



Yoshi.Uchida@imperial.ac.uk  COMET, PRISM, CLFV—PPAP Community Meeting 2015

UK Status
● Reduced UK role significantly
● cannot reduce further

● Closely coordinating with other countries to cover 
UK responsibilities
● UK-designed trigger hardware and readout, proton 
targetry etc, being built by other groups

● Current UK positions in collaboration:
● (new) Collaboration Board Chair
● Physics Analysis Coordinator
● Software Coordinator

● UK GridPP expertise, working with CC-IN2P3
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UK Status
● Reduced UK role significantly as requested by STFC
● cannot reduce further

● Closely coordinating with other countries to cover 
UK responsibilities
● UK-designed trigger hardware and readout, proton 
targetry etc, being built by other groups

● Current UK positions in collaboration:
● Collaboration Board Chair
● Physics Analysis Coordinator
● Software Coordinator

● UK GridPP expertise, working with CC-IN2P3
● Continued AlCap/MUSIC exploitation

● Participation in AlCap runs in 2013 and 2015
● Leadership of PRISM Task Force
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Complementarity of CLFV Channels

● The various CLFV channels complement 
each other
● CLFV muons and tau decays
● different muon-to-electron conversion 
nuclei

● CLFV decays of heavier particles
● mesons, vector bosons, Higgses....

● The relative rates can tell us the nature 
of the BSM physics



Yoshi.Uchida@imperial.ac.uk  COMET, PRISM, CLFV—PPAP Community Meeting 2015

Complementarity of CLFV Channels

● The various CLFV channels complement 
each other
● CLFV muons and tau decays
● different muon-to-electron conversion 
nuclei

● CLFV decays of heavier particles
● mesons, vector bosons, Higgses....

● The relative rates can tell us the nature 
of the BSM physics
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Relative 
dependences 
of the muon-
to-electron 
conversion 
branching 
ratio on the 
target 
nucleus 

For different 
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different
size of nucleus,
radius of orbit,
u- and d-quark 

composition
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Conclusions
● An exciting time for muon CLFV experimentation
● a thriving global effort to probe beyond the SM

● COMET on track to perform world’s first new muon-
to-electron conversion experiment since SINDRUM-II 
(which last took data in 2000)
● First example of novel, pulsed-beam measurement
● Also considering other BSM physics channels
● Phase-II to follow Phase-I within about two years

● significant opportunities for UK leadership
● based on Phase-I experience
● if STFC agrees CLFV is worth it after all

● experimental design allows for further improvement
● PRISM presents unique future possibility within 
muon CLFV of a factor 1,000,000 improvement 
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Prediction of the muon-to-electron conversion 
branching ratio in the SUSY-seesaw models as a 
function of SUSY neutralino mass scale (Masiero, 
Profumo, Vempoti, and Yaguna JHEP 0403:046)



JHEP 1010:104,2010



JHEP 1010:104,2010













LFV in tau and muon decays within SUSY 
seesaw







Yoshi.Uchida@imperial.ac.uk  COMET, PRISM, CLFV—PPAP Community Meeting 2015

MSSM with Large tan ¯ & Heavy Squarks

● Accommodates g 

{ 2 signal
● Red points satisfy 
B-physics 
constraints
● Predicted ¹ → e + 

° at 10{12 
● further factor 
O(100s) for ¹ + N 

→ e + N 

Isidori et al Phys Rev D75 (2007) 115019

●g { 2





new physics  →



observables
 ↓



● AC: Abelian model by Agashe and Carone based on a U(1) 
flavour symmetry
● RVV2: the nonAbelian model by Ross, VelascoSevilla and 
Vives 
● AKM: Antusch, King and Malinsky model based on the 
flavour symmetry SU(3)
● δLL: flavour models predicting pure, CKMlike, lefthanded 
currents
● FBMSSM: flavourblind MSSM
● LHT: Littlest Higgs Model with TParity
● RS: Randall–Sundrum model with custodial protection

SUSY models nonSUSY models




