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• Brief introduction. 

– Motivation. 

– History. 
 

• Focus on muon based experiments. 

– Muon to electron conversion, i.e. 𝜇− + 𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍) 

• COMET, Mu2e, PRISM. 

– 𝜇+ → 𝑒+𝛾 

• MEG 

– 𝜇+ → 𝑒+𝑒+𝑒− 

• Mu3e 
 

• Summary. 

Outline 



Page 3 NUFACT14 29
th

 August 2014 Ajit Kurup 

• See these for details. 

– Monday: 

• “The search for CLF violation in the MEG & MEG II experiments”, F. Tenchini. 

• “The Mu3e Experiment - Introduction and Current Status”, M. Kiehn. 

• “tau cLFV decays”, G. Onderwater. 

– Tuesday: 

• “Search for muon to electron conversion at J-PARC MLF : Recent status on 

DeeMe”, Y. Nakatsugawa. 

• “Status of the Alcap experiment”, P. Litchfield. 

– Thursday 

• “Status of MuSIC facility”, Y. Matsumoto. 

• “COMET Phase-I”, P. Litchfield. 

• “Mu2e”, Y. Kolomensky. 

• “PRISM”, J.Pasternak. 

– Friday 

• “Backgrounds studies for the COMET Phase-I and Phase-II”, A. Sato. 

• “COMET Phase-II”, A. Kurup. 

• Thanks to everyone for the material I’ve used for this talk! 

Related Talks This Week 
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• Neutrinos in the SM are massless but observation of neutrino 

oscillations is direct evidence that neutrinos have mass. 

– Proof that neutral lepton flavour number is not conserved. 

 

 

 

 

• Simplest extension to the SM to include neutrino mixing 

– e.g. BR(𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍)) = O(10-54) 

 

• A number of BSM models predict 

rates to be much higher 

–  e.g. BR(𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍)) = O(10-13 – 10-15) 

 

Physics Motivation 

? ? 

Q(m /mW)4
 

W 
e  

 e 

mixing 

– 𝜏 → 𝜇𝛾 

– 𝜏 → 3𝜇 

– 𝜏 → 3𝑒 
 

– 𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍) 

– 𝜇+ → 𝑒+𝑒+𝑒− 

– 𝜇+ → 𝑒+𝛾 
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Previous Experimental Searches 

First CLFV search by Hincks 

and Pontecorvo in 1947 for 

𝜇+ → 𝑒+ + 𝛾 

“Search for gamma-radiation 

in the 2.2-microsecond meson 

decay process”.  

Phys. Rev. Lett. 73, 257–258. 
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Previous Experimental Searches 

With advances in 

accelerator and 

detector 

technology we can 

expect to probe as 

low as here (i.e. 

10-16– 10-19). 

First CLFV search by Hincks 

and Pontecorvo in 1947 for 

𝜇+ → 𝑒+ + 𝛾 

“Search for gamma-radiation 

in the 2.2-microsecond meson 

decay process”.  

Phys. Rev. Lett. 73, 257–258. 



MUON TO 

ELECTRON 

CONVERSION 

EXPERIMENTS 
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• Use intense muon beam (1011 muons/s) with P~40±30MeV/c. 

– Start with a proton beam (~8GeV) and collide with a target. 

– Capture and transport beam line aims to deliver as many muons 

as possible while removing background particles. 

• Acts as the decay channel for pions – Length is important. 

• Performs charge and momentum selection. 

• Synergy with the Neutrino Factory. 

General Principle 

Intense, pulsed 

proton beam. 

Typically 8GeV. 

Target. 

Carbon or 

Tungsten. 

Pions 

(and other 

particles) 

Capture, decay 

and selection 

beam line. 

Intense muon 

beam.  

1011 muons/s  
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• Stop muons in a target (Al or carbon)  muonic atoms. 

– SM processes produce intrinsic backgrounds. 

– BSM processes can lead to conversion. 

 

General Principle 

Al 
𝜇− 

Mg* Nuclear capture 

BR~ 60% 

Al 

𝑒− 

𝜈 𝑒 

𝜈𝜇 
Decay in orbit 

BR~40% 

Al 
𝑒− 

Muon to electron 

conversion. BR<10-13 

𝑛 
𝑝 

𝛾 

CONVERSION 

SIGNAL 

DECAY IN 

ORBIT 

DECAY IN 

ORBIT 

𝜈𝜇 
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• Beam related backgrounds requires using a pulsed beam. 

• Muon lifetime is dependent on the stopping target material.  

– Defines the time between pulses. 

 

Time Structure of the Proton Beam 

100ns 
• Extinction is defined as the 

ratio of protons in the main 

pulse to the protons between 

pulses. 

– Required to be <10-9 

• May need special device in 

the proton delivery line 

depending on intrinsic 

extinction of the beam 

extracted from the ring. 

• Important to measure this. 
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• COherent Muon to Electron Transition experiment 

𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): COMET 
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• The experiment will be built in two stages. 

– Allows important measurements of the beam. 

• Understand muon yields and background rates. 

• Validation of simulations. 

– Test prototypes of the detector systems. 

• Sensitivity of 3x10-15 with 90 days of running. 

𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): COMET Phase-I 

CDC Prototype test 



Page 14 NUFACT14 29
th

 August 2014 Ajit Kurup 

𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): COMET 

Beam extinction 

measured in May 

2014. 8GeV beam 

without the slow 

extraction. 

Construction of COMET experimental 

hall and proton beam line. 
Construction of solenoids. 
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𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): COMET 

STRAW TUBE TRACKER R&D 

20-100 cm straw tubes produced by ultra-sonic welding at 

JINR.  Seam width is 0.6 – 0.9mm, which will not 

deteriorate the electric field. 

Investigating thicknesses 12-36𝜇m and Cu+Au and 

Al+mylar coatings. 

Prototype construction at KEK 

Straw tube tensioning tests 

SEAM WIDTH 

Requirements 

– operate in a 1T solenoid field. 

– operate in vacuum (to reduce 

multiple scattering of electrons). 

– 0.4% momentum and 700m spatial 

resolution. 
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𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): COMET 

• Calorimeter crystal choice: GSO or LYSO 

– Size: GSO 20x20x150mm3, LYSO 20x20x120mm3 

– Radiation length: GSO 10.9 X0, LYSO 10.5 X0 

– Light yield: GSO ~ 1 3 × LYSO 

– Cost: GSO ~ 1 2 × LYSO 

• Test both crystals meet <5% resolution requirement. 

Trigger 

counters  

Fibres to measure 

beam size and position 

e- 

Crystals 

APDs 

PreAmps 
e- 

CALORIMETER R&D 

2x2 crystal 

module 

Prototype 2x2 

crystal module 

wrapped with 

teflon and Al-mylar 

and 4 APDs. 

• Beam tests in Tohoku March 2014. 
• Preliminary results are promising. 

• Final analysis results will be available soon. 
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𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): COMET 
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𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): Mu2e 

4.7 T 

2.5 T 

2 T 

1 T 

1 T 

105 MeV electron 

Tracker 

Calorimeter 

Stopping Target 
Production Target 

Production 

Solenoid (PS) 
(magnetic mirror) 

Transport Solenoid (TS) Detector Solenoid (DS) 

Detector region: 

uniform field 1T 
field gradient 

to 

dump 

Collimators 
(to select µ-) 

Single event sensitivity 

of 2.4x10-17. 
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𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): Mu2e 
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𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): Mu2e 
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• Order for final solenoids being placed. 

𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): Mu2e 
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• P5 recommendation 

– Highlights the importance of muon to electron conversion 

searches and that Mu2e is considered a flagship experiment 

𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): Mu2e 
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• Joint experiment at PSI between COMET and Mu2e. 

• Measure particle emission rates for muon nuclear capture in 

Aluminium. 

 

 

 

 

 

 

 

 

• Details in Phil’s talk on Tuesday. 

AlCap 

Initial analysis. 
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• Details in Nakatsugawa-san’s talk on Tuesday. 

 

𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): DeeMe 

MWPC 3GeV, 25Hz, 

200ns width, 

600ns interval 

Currently carbon. 

Upgrading to 

Silicon Carbide 

Sensitivity <10-13 

MWPC 

Spectrometer 

magnet shipped 

from TRIUMF. 

Prototype chamber 
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• Phase Rotated Intense Source of Muons. 

• Single event sensitivity <10-19. 

• Can look at different stopping target materials. 

 

 

 

 

• Accelerator challenges: 

– Matching and injection 

to the ring. 

– High voltage, wideband 

RF cavities. 

• PRISM task force addressing these issues. 

𝜇− +𝑁(𝐴, 𝑍) → 𝑒− +𝑁(𝐴, 𝑍): PRISM 

Cirigliano, Kitano, Okada 
and Tuzon, 
arXiv:0904.0957. 
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Accelerator Technology R&D 

PRISM Prototype Cavity 

1.0m 

1.8m 

0.33m 

Sawtooth Approximation 

kV 

nsec 

1.4m 

2m 

k=4.6 DFD triplet scaling 

FFAG magnet 

6-cell demonstration ring at 

RCNP, Osaka University. 

First demonstration of 

longitudinal phase 

rotation with an FFAG. 
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Simulation Studies 

Alternative ring designs 

Horizontal (red) and vertical (blue) betatron 

functions in the PRISM front end.  

Matching into the ring 



𝜇+ → 𝑒+𝛾 
 

MEG 
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𝜇+ → 𝑒+𝛾: MEG 

𝑃𝜇 = 28MeV/c 

𝐼𝜇 = 3 × 107𝜇+ stopped/𝑠 
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𝜇+ → 𝑒+𝛾: MEG 
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𝜇+ → 𝑒+𝛾: MEG 
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𝜇+ → 𝑒+𝛾: MEG 
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𝜇+ → 𝑒+𝛾: MEG-II 

MEG 

MEG-II 
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𝜇+ → 𝑒+𝛾: MEG 
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𝜇+ → 𝑒+𝛾: MEG 



 𝜇+ → 𝑒+ + 𝑒+ + 𝑒− 

 

Mu3e 
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• Aim for sensitivity of 10-14 –10-16. 

• Approved in Jan 2013. 

𝜇+ → 𝑒+ + 𝑒+ + 𝑒−: Mu3e 
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• Continuous beam is best to reduce combinatorial backgrounds. 

𝜇+ → 𝑒+ + 𝑒+ + 𝑒−: Mu3e 
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𝜇+ → 𝑒+ + 𝑒+ + 𝑒−: Mu3e 
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𝜇+ → 𝑒+ + 𝑒+ + 𝑒−: Mu3e 

Pixel Tracker 
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𝜇+ → 𝑒+ + 𝑒+ + 𝑒−: Mu3e 
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• Upcoming experiments will have significant improvements in 

sensitivity. 

– 𝜇+ → 𝑒+𝛾: 10, MEGMEG-II. 

– 𝜇+ → 𝑒+𝑒+𝑒−: 103 for Mu3e. 

– 𝜇− + 𝑁(𝐴, 𝑍) → 𝑒− + 𝑁(𝐴, 𝑍): 104 for COMET and Mu2e. 
 

• Future experiments such as PRISM can make use of 

advances in accelerator technology to deliver intense muon 

beams with a small energy spread. 

– Sensitivity <10-18 for muon to electron conversion. 
 

• Synergies with neutrino factory accelerator complex. 
 

• Very exciting potential for discovering new physics! 

 

 

Summary 


