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IIMu2e-II: 2022 Snowmass Contributed Paper

Future Muons at Fermilab Workshop: Mu2e-II Sensitivity Summary

2-year long effort resulted in Snowmass Contributed Paper
~100 co-signed
34 institutions
6 countries

8

https://arxiv.org/abs/2203.07569

Background Mu2e Mu2e-II
(5 years)

Decay in orbit 0.144 0.263

Cosmics 0.209 0.171

Radiative Pion Capture (in-time) 0.009 0.033

Radiative Pion Capture (out-of-time) 0.016 < 0.0057

Radiative Muon Capture < 0.004 < 0.02

Anti-protons 0.040 0.000

Decays in flight < 0.004 < 0.011

Beam Electrons 0.0002 < 0.006

Total 0.41 0.47

𝑵 (𝒎𝒖𝒐𝒏 𝒔𝒕𝒐𝒑𝒔) 𝟔. 𝟕 × 𝟏𝟎𝟏𝟖 𝟓. 𝟓 × 𝟏𝟎𝟏𝟗

𝑺𝑬𝑺 𝟑. 𝟎𝟏 × 𝟏𝟎$𝟏𝟕 𝟑. 𝟐𝟓 × 𝟏𝟎$𝟏𝟖

𝑹𝝁𝒆 (𝒅𝒊𝒔𝒄𝒐𝒗𝒆𝒓𝒚) 𝟏. 𝟖𝟗 × 𝟏𝟎$𝟏𝟔 𝟐. 𝟑𝟒 × 𝟏𝟎$𝟏𝟕

𝑹𝝁𝒆 (𝟗𝟎% 𝑪. 𝑳. ) 𝟔. 𝟎𝟏× 𝟏𝟎$𝟏𝟕 𝟔. 𝟑𝟗 × 𝟏𝟎$𝟏𝟖

Assumed:
§ POT = 4.5 x 1022

§ 5 years of running
§ BaF2 calorimeter crystals -

same dimensions as CsI
§ Straw tube tracker - no 

gold layer and 8 µm straws
§ Carbon production target, 

conveyor design.
§ No 𝑝̅ windows in TS.
§ Mu2e Al stopping target 

with foil design.
§ Mu2e reconstruction and 

trigger algorithms.
§ Mu2e IPA dimensions.
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Sensitivity Sessions Agenda
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II
Stopping Target: A,Z Dependence (Leo Borrel)
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Previous work (Kitano et al, Cirgliano et al, Heeck
et al) uses electron scattering data only.  Data is 
limited and doesn’t take into account permanent 
quadruple  deformations, Al-27 has large.

Caltech group have added in muonic x-ray data



II
Stopping Target: A,Z Dependence (Leo Borrel)
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Caltech group have:
1. included muonic X-ray determinations of the

nuclear charge distributions
2. explicitly accounted for permanent quadrupole

moments
3. used a collective model for neutron distributions.

Slides give nice 
details of 
method:



II
Stopping Target: A,Z Dependence (Leo Borrel)
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Paper out soon!

Here: new work offset by 0.5 in Z, clear differences from earlier work



II
Normalization: How to present our results 
(David Hitlin)
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• Gave a comprehensive discussions of the origins of how CLFV searches present results.
• He emphasized that when we  use the convention of dividing by capture, we introduce an 

incoherent process and structures into our Z dependence plot.
• It is lifetime we care about, why use capture rate? It is just convention, and we should re-think!



II
Normalization: How to present our results 
(David Hitlin)

Future Muons at Fermilab Workshop: Mu2e-II Sensitivity Summary 29 March 2023 8

• We should present what we calculate
• Instead we should present a conversion fraction normalized to free muon decay rate, or just the conversion 

rate.
• How to convince other experiments?



IIPhysics Signatures (Ryan Plestid)
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Use 𝝁!channel

Mu2e and Mu2e-II can also probe light new physics, 
examples listed here.



IIPhysics Signatures (Ryan Plestid)
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HNLs are an active area of research, with Mu2e we 
could ne competitive to upcoming projections in 
mixing between HNL and electron neutrino in MeV 
range. With Mu2e-II being able to do even better.



II
Implications of Production Target Design 
(Michael Mackenzie)
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Production target design practicalities need to also consider 
effect on sensitivity – further studies needed!



II
Implications of Tracker Design
(David Brown)
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Target, IPA and tracker design all effect resolution. See list of future project!



IIHow to get involved? Next Steps
§ Projects (in order of priority):

§ Stopping target studies – extrapolating tracks to ST using KinKal – contacts: Sophie*, Dave Brown
§ Incoming muon beam studies – play with absorbers, wedges, cooling and TS (as below) to alter incoming 

muon beam. Contacts: Sophie*
§ PS and TS field studies – for the PS what about radiation levels? For the TS main study is just playing with 

incoming beam via changing currents. Contacts: Sophie*
§ Production target studies – simulations based on on-going R&D. Contacts: Vitaly
§ Tracker Design – alternative designs modelling in G4. Contacts: Dave Brown.
§ Physics studies – contacts: Sophie*, Ryan Plestid
§ Notes: 

https://docs.google.com/document/d/1A9Svwji3Bg4WVGkR1S0fIciyRWj7YsnN_uQwfCF742Y/edit?usp=shari
ng

§ Please add if I missed anything. Plan to hold a simulation meeting at some point for people involved in 
projects listed, so get in touch if you’d like to be involved. Several projects good for graduate students and 
summer students. Still many opportunities to help mold design of the Mu2e-II experiment!

*email: sophie@fnal.gov (also Yuri Oksuzian & Lisa Goodenough)
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https://docs.google.com/document/d/1A9Svwji3Bg4WVGkR1S0fIciyRWj7YsnN_uQwfCF742Y/edit?usp=sharing
https://docs.google.com/document/d/1A9Svwji3Bg4WVGkR1S0fIciyRWj7YsnN_uQwfCF742Y/edit?usp=sharing
mailto:sophie@fnal.gov

