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Experimental 
Limits on Lepton 
Flavour Violation
● 90% C.L. upper limits on 
the branching ratio

● Will focus on muon decay 
channels today, which 
have the largest scope for 
improvement

● For ¿ leptons, 
improvements from future 
b factories and LHCb
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Predictions for Charged
Lepton Flavour Violation

● cLFV ≡ 0 in the Standard Model
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Predictions for Charged
Lepton Flavour Violation

● cLFV ≡ 0 in the Standard Model

● If SM is minimally extended by inserting neutrino masses 
and oscillations, for muons, for example:

● Br(¹ → e + °) ∼ 10{50 ⇒ unambiguous signal 
for further new physics if seen
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Main Muon Flavour Conversion Channels
● ¹+ → e+ + °  (MEG at PSI, running)
● coincident, back-to-back e+ and ° 

● ¹+ → e+ e+ e{ (PSI early proposal, feasibility to be 
demonstrated)
● coincident particles, kinematic constraint

● ¹{ + N(A, Z) → e{ + N(A, Z)  
● single electron of E ∼ m¹ 

● for loop dipole processes, ∼ 1/100th of ¹+ → e+ + °  
(N-dependent)

● ¹{ + N(A, Z) → e+ + N(A, Z { 2)  
● single electron of E ∼ m¹ 

● ¹{ + e{ → e{ + e{ 

See, e.g. Marciano, Mori, & Rony (Annu. Rev. Nucl. Part. Sci. 2008.58:315-341)
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Predictions for Charged
Lepton Flavour Violation

● Beyond the Standard Model physics predicts cLFV scales

● For example, if new states exist at the mass scale M, and cLFV is 
photon mediated, effective Lagrangian via loops gives:

(For this case,  O(100) smaller than ¹ → e + ° [Ndependent])



Lepton Flavour Violation 
from New Physics
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JHEP 1010:104,2010



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)



LFV in tau and muon decays within SUSY seesaw
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MSSM with Large tan ¯ & Heavy Squarks

● Accommodates g { 2 
signal
● Predicts ¹ → e + ° at 
10{12 

● further factor 1000 
for ¹ + N → e + N 

Isidori et al Phys Rev D75 (2007) 115019



The relative 
dependences of 
the muon-to-
electron 
conversion 
branching ratio on 
the target 
nucleus, for 
different models 
of New Physics 
interactions

Cirigliano, Kitano, 
Okada, and 
Tuzon, 
arXiv:0904.0957

(Predictions for
¹  →  e  ° also given) 
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Dipole: photon 
& loops—also 
seen by 
¹ → e + ° 
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Charged Lepton Flavour Violation
● Probes the lepton sector, where neutrinos have given us direct 
evidence that the SM is incomplete, and that cLFV must happen

● Theoretically clean processes
● Complementary to the LHC

● next generation can probe EW and TeV mass scales and 
beyond

● sensitive to flavour physics at GUT and Seesaw scales
● Need to measure multiple channels, multiple observables

● to disentangle flavour sector of BSM physics models
● ...but we are in the discovery phase

● first observed cLFV lays down a marker for all other 
processes

● muon-to-electron conversion is an excellent channel
● 4 to 6 orders of magnitude improvement feasible
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MEG (¹  →  e  ° ) at PSI
● Aiming for 
sensitivity 
down to 
branching 
ratio of 10{13 

● Physics 
runs since 
2009

Latest results shown
last summer

Coincident, 
back-to-back 
52.8 MeV
e+ and ° 

¹+  beam

¢E° / E° 

     = 4.0% 

¢Ee / Ee 
     = 0.8% 

¢µ =19 mrad
¢t =150 ps

Coincidence requirement makes 
further improvements in sensitivity 
with intense beams very difficult



Yoshi.Uchida@imperial.ac.uk Intense ¹ Physics (COMET)—PPAP September 201221

MEG (¹  →  e  ° ) at PSI
● Aiming for 
sensitivity 
down to 
branching 
ratio of 10{13 

Coincident, 
back-to-back 
52.8 MeV
e+  and ° 

¹+  beam



Marco Grassi

Currently analysing 2011 data, to double the statistics
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●

● COMET aims to improve sensitivity to 10{16 
● MUSIC is a COMET prototype

(and a muon physics facility in its own right)
● PRISM extends this to a sensitivity of 10{18

Coherent Muon-to-Electron Conversion

muonic
atom

● Muon-to-Electron Conversion

● The present limit is about 

for the branching ratio on Gold (Sindrum II)
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Use of a Pulsed Primary Beam
● Large backgrounds occur promptly with incoming muons
● Signal events occur with a delay

⇒ Pulse primary beam to separate prompt backgrounds 
from signal

● Use energy and 
time to separate 
signal from 
backgrounds

● Muonic atom 
lifetimes vary due to 
nuclear muon 
capture
● Al: 880 ns
● Ti: 330 ns
● Au: 73 ns



Basic concept
from 1989



Mu2E at Fermilab
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J-PARC
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8 GeV 
Proton 
Beam

Pion Production Target and
Superconducting Pion 

Capture Solenoid

Pion 
decay 
section

Muon
transport section with 
curved solenoids for 
momentum selection

Muon stopping target and
momentum selecting solenoid

Detector section for 
signal electrons
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J-PARC
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After 90 Degrees of Curved Solenoid
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3 T solenoid 
field, 

0.018 T 
dipole field 

(tunable) 



Available at http://www.hep.ph.ic.ac.uk/muec 12

CDR submitted to
J-PARC PAC in June 2009

Stage-1 Approval (of two 
stages) granted July 2009
as a potential flagship 
experiment at J-PARC

http://www.hep.ph.ic.ac.uk/muec
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Prototype ring at
Osaka University
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 Benefits:
● narrow momentum spread allows for 
thinner, optimised stopping target
● long path length makes residual 
pions negligible (<1020)

● muon beam inter-bucket extinction
● allows higher intensity running

● lower duty 
cycle to 
reduce 
cosmic 
backgrounds

● stopping 
target 
materials 
with larger Z

15

PRISM/FFAG
Muon Storage Ring

● high acceptance
H: 40000  π mm mrad
V: 6500  π mm mrad

● phase-rotation 
produces mono-
energetic beam

● 8 turns gives 
a 150m path 
length 
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 PRISM Task Force
● Formed in 2009 to tackle 
outstanding issues
● Targetry, pion capture, 
superconducting solenoids

● FFAG ring design, 
injection and kicker design

● Potential for non-scaling FFAG use etc
● International membership with participants from: 
● UK: Currently RAL and Daresbury  labs, ASTeC,
Cockcroft Institute,  the John Adams Institute, Imperial and UCL

● Osaka, Kyoto, KEK & possibly the US, France etc
● Led by Jaroslaw Pasternak
● Report from Task Force could bring forward plans for PRISM
● Also being considered as option for muon beamline at Project-X 

(Fermilab)

Recent PRISM/FFAG Workshop
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The MUSIC 
Project at 
Osaka

● Identical physics principles 
as upstream parts of 
COMET

● Much lower power
● High muon intensity

● Prototype studies 
for COMET

● Pion-capture 
solenoid/muon 
transport line 
studies

● Muon physics
● UK on-site activity 

at MUSIC since 
2009



Yoshi.Uchida@imperial.ac.uk Intense ¹ Physics (COMET)—PPAP September 201237

New Since January 2012:
COMET Phase-I

● Decision to “phase” the construction of COMET
● Start with the proton beamline from the J-PARC MR 
Synchrotron, pion production target & solenoid, full 
experimental hall, and first half of pion/muon transport 
solenoid

● Experimental & funding benefits
● Will allow for a full evaluation of the novel pion production 
solenoid + curved solenoids with dipole momentum 
selection, physics processes and backgrounds

● Also allows for cLFV measurements

● ×100 previous for ¹{ + N(A, Z) → e{ + N(A, Z)

● and other channels 



Now approved:
construction effort under way



COMET Phase-I



e

COMET Phase-I
to include construction
of underground experimental
hall and counting rooms





COMET Phase-I Detector for 
Beam Physics and Backgrounds Studies

also a prototype for detector section for the full COMET experiment



COMET Phase-I Detector For
Lepton Flavour Physics Studies

an updated SINDRUM-style design 
(currently undergoing simulation studies and optimisation)
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COMET Phase-I Timeline

● [2012—] Test beams for calorimeter, tracker prototypes

● also DAQ vertical slice tests

● [2012—] Civil construction at J-PARC

● [2013—] Superconducting magnet cable production

● [2014] Campaign at DeeMe (secondary beam 
experiment at J PARC 3 GeV hall) for measurements ‑
supporting COMET, followed by analysis and 
publication

● [2015—] Integration in detector hall

● [2016—] Data-taking



Longer-term potential for UK



Longer-term potential for UK
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Collaborations
● SINDRUM II (2000)
● 12 members, 3 institutions: Aachen, PSI, Zurich

● Brookhaven (g { 2)¹ Collaboration (2001)
● 68 members, 11 institutions: US, JP, RU, DE

● MEG (2009)
● 69 members, 13 institutions: IT, JP, CH, US, RU

 

● MECO (1999, proposal)
● 26 members, 9 institutions: US, RU

● COMET (2012—proto-collaboration)
● 109 members, 23 institutions, JP, RU, UK, GA, CN, DE, 
CN, VN, MY

● Mu2E (2012, CD1)
● 138 members, 25 institutions: US, RU, IT
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Some Comments
● MEG is the only running ¹FV experiment, since 2009
● the previous SINDRUM experiment  last took data in 2000
● ¹ + N → e + N , using very different principles to COMET

● New experiments use larger, custom-built beamlines
● no-one has actual experience with these

● We can become a leader in this newly-reinvigorated field by 
participating now
● as well as leadership in individual projects
● many UK technical strengths to be utilised

● Internationally, individuals frequently work on multiple projects 
(e.g. ¹ → e + ° & ¹ + N → e + N ,or (g { 2)¹ &  ¹ + N → e + N 
etc) simultaneously
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Current COMET/PRISM Work in the UK
● Active work on leading simulation development, design 
optimisation of overall experiment, and the Technical Design 
Report and MUSIC beam studies

● Implementation and testing of realistic solenoidal field maps 
from manufacturer

● Design studies for an in-situ late-arriving
particle monitor detector

● Leading DAQ and Software 
requirements specification

● High-power proton beam targetry
● Next-generation experiment work
● PRISM FFAG design / Fermilab Project-X muon beamline

COMET
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Some Applicable UK Strengths
● Accelerators
● FFAGs (EMMA, NF)

● solenoidal channels (MICE)
● muon beam dynamics / diagnostics (Neutrino Factory,  
PASI etc)

● Proton beam targetry / high radiation engineering (T2K, 
NF, Mu2E etc)

● Detectors (tracking, calorimetry, silicon....)
● Software & analysis (expect very intense analysis efforts)
● Electronics and DAQ
● Integration engineering (J-PARC experience with T2K)



Yoshi.Uchida@imperial.ac.uk Intense ¹ Physics (COMET)—PPAP September 201251

COMET / PRISM : UK Status
● Participating in the programme since 2007
● COMET CDR (2009, obtained Stage-I PAC approval)
● Phase-I EOI & LOI (2012, approved and in construction)
● Leadership in several areas within COMET

● SOI submitted to STFC (2012, as “Muon Physics in UK”)
● “a strategic fit with the STFC Science Roadmap”

● COMET:
● academic and technical support at Imperial, Manchester, 
Oxford and UCL

● STFC RAs and PhD students at Imperial and UCL
● PRISM:
● PRISM Task Force exploiting synergies with UK 
accelerator R&D
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Conclusions
● Intense muon physics, especially flavour violation, is highly 
promising as a probe into Beyond-the-Standard-Model 
physics, which is complementary to the LHC

● Currently a gap in the UK physics programme
● Strong synergies with UK strengths
● COMET/PRISM to probe muon-to-electron conversion to the 
10{18 level, starting with Phase-I in 2016/17

● A positive discovery will be one of the most significant in the 
history of particle physics, and open up an entire new field of 
precision cLFV measurements across many channels
● c.f. neutrinos pre-1980s and now

● Modest UK support now will ensure we stay one of the 
leaders in the field 





End of Talk—Spare Slides Follow
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¿ LV at LHCb
cLFV Review Talk by M. Grassi
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Coherent Muon-to-Electron Conversion

muonic
atom

● Search for the process
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Coherent Muon-to-Electron Conversion

muonic
atom

time available after stopping     (Ndependent)

● Search for the process

● Entirely non-existent in the Standard Model
● ∼10{52 when extended to include neutrino mass
● Ee is muon mass less the atomic binding and
recoil energies
● binding energy on Al: 0.5 MeV
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Searching for Muon-to-Electron 
Conversion

● Produce muons and stop them on a target
● Muonic atoms form and cascade to 1s state and then take a 
microsecond or so before being captured—so watch over 
several hundred ns

● Observe the 
emitted electron 
spectrum over 
about 100 MeV/c
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●

● ¹2e and COMET aim to improve sensitivity by ×10,000
● PRISM extends this to a factor of 1,000,000

Coherent Muon-to-Electron Conversion
● Search for the process

● The present limit is about 

for the branching ratio on Gold (Sindrum II)

muonic
atom
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Muon Flavour Conversion Channels

● ¹+ → e+ + ° 
● 

● ¹+ → e+ e+ e{

●

● ¹{ + N(A, Z) → e{ + N(A, Z) 
● 
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Coherent Muon-to-Electron Conversion
● Search for the process

● The present limit is about 

for the branching ratio on Gold (binding energy 10MeV)

muonic
atom
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SINDRUM II
at PSI

MeV/c

● 107 –108 ¹ /sec
● Effectively a “one-by-one” 
measurement

● Total rate limited by beam 
veto counter
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●

● COMET aims to improve sensitivity to 10{16 
● MUSIC is a COMET prototype

(and a muon physics facility in its own right
● PRISM extends this to a sensitivity of 10{18

Coherent Muon-to-Electron Conversion

muonic
atom

● Muon-to-Electron Conversion

● The present limit is about 

for the branching ratio on Gold (Sindrum II)
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Design Considerations
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Background Event Categories

● Intrinsic physics backgrounds

● electrons from muons stopped in the target

● Beam-related prompt backgrounds

● due to protons which arrive outside of their beam buckets 

● Beam-related delayed backgrounds

● from on-time protons, but producing delayed events

● Cosmics and other backgrounds
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Intrinsic Physics Backgrounds
● Muon Decay in Orbit (DIO)

● ¹  + N → N + º¹ + ºe + e{  
● muon decay kinematics modified by atomic environment

● Radiative Muon Capture

● ¹  + N → N´ +  º¹  ⇒  N´ → N +  °  ⇒  ° → e+ + e{    

● Muon Capture with Neutron Emission

● ¹  + N → N´ +  º¹  ⇒  N´ → N + n ⇒  neutrons produce e{  
● Muon Capture with Charged Particle Emission

● ¹  + N → N´ +  º¹  ⇒  N´ → N + X ⇒  X (protons, deuterons, 
alphas etc) produces e{  
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Decay-in-Orbit 
(DIO) Electrons
● For Al, 40% of muons 
decay “in orbit”

● Free muon decay has 
end-point of 52.8 MeV

● Nuclear recoil modifies 
the energy spectrum for 
DIO

● End-point can reach up to 
¹e conversion energy

● ∝ (E¹e { E)5 near end-
point

● Crucial to understand 
spectrum near 105 MeV

● New calculations available 
(autumn 2011)

D
ec

ay
 F

ra
ct

io
n 

/ 
M

eV

DIO Energy Spectrum

Shanker, Watanabe
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Background Event Categories

● Intrinsic physics backgrounds

● electrons from muons stopped in the target

● Beam-related prompt backgrounds

● due to protons which arrive outside of their beam buckets 

● Beam-related delayed backgrounds

● from on-time protons, but producing delayed events

● Cosmics and other backgrounds



Yoshi.Uchida@imperial.ac.uk Intense ¹ Physics (COMET)—PPAP September 201269

Prompt Backgrounds
● Radiative pion capture

● ¼{ + N  → ° + N´ + ...  ⇒  ° → e+ + e{

● Beam electrons
● e{ scattering off a muon stopping target

● Muon decay in flight
● ¹ decays in flight producing e{

● Pion decay in flight
● ¼{  decays in flight producing e{

● Neutron induced backgrounds
● neutrons hit material producing e{
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Background Event Categories

● Intrinsic physics backgrounds

● electrons from muons stopped in the target

● Beam-related prompt backgrounds

● due to protons which arrive outside of their beam buckets 

● Beam-related delayed backgrounds

● from on-time protons, but producing delayed events

● Cosmics and other backgrounds
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Beam-Related Delayed Backgrounds

● Antiproton interactions

● interactions of p̅, which travel slowly, producing e{

● Radiative capture of pions

● very large number of pions produced – some may result in 
late radiative captures

Beamline design critical
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Backgrounds Strategy
● Discriminate using energy and timing, but...

● Dependent on tails of distributions of ∼1018 particles
● Influence experiment design and eventual analysis

● Modelling / Simulations critical
● proton beam / target interactions
● MARS, Geant4 QGSP, etc, external experiments 

● beamline optics (solenoidal channels)
● experimental geometries (cosmics and neutrons etc)

● But ultimately, the measurement of backgrounds will be 
critical
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Curved solenoids + dipole field 
select momentum as pions 
decay into muons

several ×106 pions per bunch

6.4×1013 
8 GeV
protons 
per beam 
spill, in 
5.3×105

bunches 
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Curved solenoids + dipole field 
select momentum as pions 
decay into muons

several ×106 pions per bunch

6.4×1013 
8 GeV
protons 
per beam 
spill, in 
5.3×105

bunches 

Vertical Drift due to solenoidal field:
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Curved solenoids + dipole field 
select momentum as pions 
decay into muons

several ×106 pions per bunch

6.4×1013 
8 GeV
protons 
per beam 
spill, in 
5.3×105

bunches 

Vertical Drift due to solenoidal field:

Compensation field to
keep particle on-axis
(µ :original pitch angle)
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Fluxes at Entrance to Curved Solenoid
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The COMET / 
PRISM Programme



Early Theoretical Implications

with Nishijima,
Schwinger
and others
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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
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LFV in tau and muon decays within SUSY seesaw





● 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
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MELC / MECO / ¹2e
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MECO Proposal 
at BNL → ¹2e at 

FNAL
● MECO was
proposed at Brookhaven, but cancelled
in 2005 after 10 years of preparation∼

● ¹2e aims to implement MECO at Fermilab
● Construction start in 4 years, data 4 years later ∼
● ¹2e and COMET* share basic principles, 
but some significant design differences
● muon sign/momentum selection through 
collimation (“S-shaped” solenoid)

● no sign/momentum selection after 
stopping target 

*MOU signed in 2009
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● Of the Imperial HEP programme, muon physics offers a unique 
combination of hardware, software, analysis and phenomenology 
that will help shape future cutting-edge particle physics experiments

● The broad range of topics and nature of the work provides extra 
flexibility for students to find the perfect contributions to their 
training and PhD study

● This will lead to highly diverse training as a PhD studentship, an 
authorship on an impressive range of refereed papers

● We work with several smaller groups of highly committed 
physicists, who have been extremely welcoming to young 
colleagues—(arguably) leading to greater research impact, juicier 
research topics, and less large-collaboration distractions

● The Imperial group is in a position to provide top-quality guidance 
and support
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Next Generation Muon-to-Electron
Conversion Experiments

● Brief historical background

● Theoretical implications

● The nextgeneration

● making the most of modern highpower beams

● COMET and Mu2E

● Signal and Backgrounds

● Technologies

● The COMET/PRISM Programme



Lepton Flavour Conversion 
 and COMET/PRISM

 
Sussex University

11 November 2010

Yoshi Uchida
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SINDRUM II
at PSI

MeV/c

● 107 –108 ¹ /sec
● Effectively a “onebyone” 
measurement

● Total rate limited by beam 
veto counter
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COMET
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Heavy metal (W, Au, Pt....) target

5 Tesla superconducting pion capture solenoid

R&D for Aluminium-stabilised 
superconducting coils 
ongoing 
(Manufactured by Hitachi, 
winding at Fermilab)

6.4×1013 
8 GeV
protons 
per beam 
spill, in 
5.3×105

bunches 
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Intrinsic Physics Backgrounds
● Muon Decay in Orbit (DIO)

● ¹ + N → N + º¹ + ºe + e{  
● muon decay kinematics modified by atomic environment

● Radiative Muon Capture

● ¹ + N → N´ +  º¹  ⇒  N´ → N +  °  ⇒  ° → e+ + e{    
● Muon Capture with Neutron Emission

● ¹   + N → N´ +  º¹  ⇒  N´ → N + n ⇒  neutrons produce e{  
● Muon Capture with Charged Particle Emission
● ¹   + N → N´ +  º¹  ⇒  N´ → N + X ⇒  X (protons, deuterons, 
alphas etc) produces e{  
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Background 
Production 
Studies
at PSI● Measurement programme at 
PSI ¼E3 muon beam, led by 
¹2e group

● To directly observe charged 
particle emissions from 
stopping target materials

● First runs conducted this past 
summer, with some UK 
student participation

● Initial focus mainly protons

Peter Kammel, ¹2e, IIT

10 July 2009
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Before Stopping Target

{20 0 20
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       x 
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20

0

{20

20

0

{20

Ben Krikler

after 
collimation of 

high-
momentum 

muons
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several ×106 pions per bunch

11

∼1011 muons arrive at
stopping target per bunchStopping target

(0.2 mm thick Aluminium discs)

about 75% geometrical 
acceptance for signal electrons

6.4×1013 
8 GeV
protons 
per beam 
spill, in 
5.3×105

bunches 
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 Momentum and charge 
selection for signal electrons, 

to reduce background

∼106 muons arrive at
stopping target per bunch

several ×106 pions per bunch

6.4×1013 
8 GeV
protons 
per beam 
spill, in 
5.3×105

bunches 
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 Momentum and charge 
selection for signal electrons, 

to reduce background

Particles seen after the curved solenoid
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Tracking detector for 
momentum measurement, 
calorimeter for energy and 

triggering redundancy

10

103 104 105 [MeV/c]

Muon decayinorbit electron
Muontoelectron conversion

Relative signal and background 
spectra for branching ratio of 10−16 
statistics ×100 (including energy 
loss and tracker resolution)
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8 GeV 
Proton 
Beam

Pion Production Target and
Superconducting Pion 

Capture Solenoid

Pion 
decay 
section

Muon
transport section with 
curved solenoids for 
momentum selection

Muon stopping target and
momentum selecting solenoid

Detector section for 
signal electrons

5 Tesla

Muon Stopping
Target

Momentum/
Sign Selection

Pion
Capture

Detector Solenoid
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J-PARC

Slow-
Extraction

Fast-
Extraction
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J-PARC
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Possible 
Acceleration 
Schemes

T2K operates at h=9,
with 8 bunches filled
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R&D Status
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Beam Extinction

● Very high beam 
extinction performance 
necessary between 
proton pulses

● 109 extinction needed
● Methods undergoing  

R&D
● Internal extinction
● remove off-pulse 

protons during 
circulation

● External extinction
● AC dipole on proton beamline to experiment
● joint Mu2E / COMET R&D

Beam Monitor for Beam Extinction
Tests and Measurements at J-PARC

KEK & Osaka
K. Yoshimura

(2010 preliminary result 107  ⇒
109 goal or better achievable with

internal and external extinction)
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COMET Detector Section
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COMET Detector Section

● Straw-tube electron tracker in 1 Tesla field

● 800 kHz charged particle and 8 MHz gamma rates

● 0.4% momentum and 700 micron spatial resolution required
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Straw Tube Tracker R&D
Prototype at KEK (7 straw tubes)

Front-end 
electronics R&D, 
leak, deformation, 
gain and timing 
tests
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COMET Detector Section

● Crystal calorimeter
● for energy and position measurement, PID, trigger signal
● 5% energy and 1cm spatial resolution at 100 MeV
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Calorimeter R&D
● GSO / LYSO crystals with APDs tested 2011
● Vertical slice tests this year

● Design being finalised for 50-
crystal / APD prototype
● beam tests later this year at 
BINP Novisibirsk

LaBr3  LYSO
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Superconducting Solenoid R&D
Neutron irradiation tests performed at KURRI reactor, Kyoto University

2  Days

Demonstrated that Al stabiliser tolerates COMET
radiation environment
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Industrial Design 
Studies

Sv/h

Realistic solenoidal
field map implemented

in simulations
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A 56kW, 8 GeV proton beam 
with <10{9 extinction between 
slowextracted bunches

Bunch separation 1.3¹s

6.4×1013 protons per spill,
in 5.3×105 bunches over 0.7s
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A 56kW, 8 GeV proton beam 
with <10{9 extinction between 
slowextracted bunches

Bunch separation 1.3¹s

6.4×1013 protons per spill,
in 5.3×105 bunches over 0.7sSolenoidal field along the 

length of COMET [Tesla]
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A few ×1012 pions produced per 
spill (some physics uncertainty)

lowerenergy, backward pions 
captured and sent to transfer 
solenoid

6.4×1013 
8 GeV
protons 
per beam 
spill, in 
5.3×105

bunches 
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1.6×1013 
8 GeV
protons 
per beam 
bunch

a few ×1012 pions per bunch

M
eV

/c

MeV/c

Transverse v
Longitudinal 
muon 
momentum

10

 1010 to 1011 muons
below 85 MeV/c arrive at

stopping target per spill
(current best is 108/sec at PSI)
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∼106 muons arrive at
stopping target per bunch

10

∼3.8 signal events
/ 2×107  seconds

6.4×1013 
8 GeV
protons 
per beam 
spill, in 
5.3×105

bunches 
several ×106 pions per bunch



Background Breakdown from COMET CDR (July 2009)



Commissioned April 2010—
The world’s first superconducting

pion capture solenoid



Yoshi.Uchida@imperial.ac.uk Intense ¹ Physics (COMET)—PPAP September 2012134

PRISM/FFAG
Muon Storage Ring

● high acceptance
H: 40000  π mm mrad
V: 6500  π mm mrad

● phase-rotation 
produces mono-
energetic beam

● 8 turns gives 
a 150m path 
length 

15
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PRISM/FFAG
Muon Storage Ring

● high acceptance
H: 40000  π mm mrad
V: 6500  π mm mrad

● phase-rotation 
produces mono-
energetic beam

● 8 turns gives 
a 150m path 
length 

Phase rotation

Time (Phase) [10ns]
E

ne
rg

y

15
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●  10 ns proton
beam time profile

● 2MW-range
proton targetry

●  High load
capture solenoid

● FFAG beam 
injection 
design

● Kicker magnet 
design

● Dispersion 
matching

● Lattice design
● Insertions
● Non-scaling FFAGs

● Injection / extraction 
power supplies

PRISM/FFAG
Technology

15

Many strong
areas for the UK


