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What’s up with the Muon?
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Mu2e Collaboration, November 2013

1936:  Anderson and Neddermeyer discover the muon

*Taken from a talk by
Roni Harnik

Many mysteries still surrounded the muon:
• Anomalous magnetic dipole moment deviation from theory > 3σ
• Quarks mix, Neutrinos mix, charged Leptons???

Which led Rabi to take to social media:



Charged Lepton Flavor Violation(CLFV)
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*Physically unobservable

Any observation of CLFV must be new physics!

With neutrino mass, we know that 
lepton flavor is not conserved.

The SM CLFV process would be :



 𝑒

Current Constraints on CLFV
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Muon conversion in the field of a nucleus

MEG: ℬ 𝜇 → 𝑒𝛾 < 5.7 × 10−13

SINDRUM-II:

PRL 110, 201801 (2013) 

EPJ C 47, 337 (2006) 

𝜇𝑁 → 𝑒𝑁

𝜇 → 𝑒𝛾

SINDRUM-I: ℬ 𝜇 → 3𝑒 < 1 × 10−12

Nucl. Phys., B 299, 1 (1988)

𝜇 → 𝑒𝑒𝑒



Long History of Searches for CLFV
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Mu2e Collaboration, November 2013

μN→eN

μ→eγ

μ→eee

Loops dominate 
for κ << 1

Contact terms 
dominate for κ >> 1
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Sensitivity to High Mass Scales



Can we test many models?
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W. Altmannshofer, A.J.Buras, S.Gori, P.Paradisi, D.M.Straub

Mu2e is sensitive to many new physics processes

Mu2e’s Capacity:
2.5 ×10-17 single event sensitivity
Λ𝑐between 2000 to 7000 TeV

YES!

arXiv:0909.1333 [hep-ph]

Estimates from Flavour Physics of Leptons and Dipole Moments, Eur.Phys.J.C57:13-182,2008

http://arxiv.org/abs/0909.1333


Mu2e Concept
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Mu2e Collaboration, November 2013

• Generate a beam of low momentum muons (

• Stop the muons in an Aluminum target

• The stopped muons are trapped in orbit around the 
nucleus

• Look for events consistent with NeN

• We measure :

Numerator:
Muon to electron conversion in the presence of a nucleolus

Denominator:
Nuclear captures of muonic Al atoms



Creating and Decaying Muonic Atom
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Mu2e Collaboration, November 2013

61%

39%
<7x10-13

*Image from talk by Kevin Lynch



Experimental Signature
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Mu2e Collaboration, November 2013

• When captured by a nucleus, a muon will have an enhanced probability of exchanging a 
virtual particle with the nucleus.

• This reaction recoils against the entire nucleus, producing a mono-energetic electron 
carrying most of the muon rest energy.



Decay–in-Orbit: Dominant Background
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DIO tail 

Mμ

Free muon decay

DIO shape
Mμ

Mμ / 2 

Reconstructed Momentum (MeV)
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DIO Endpoint

Czarnecki, Tormo, Marciano
Phys.Rev. D84 (2011) 013006 

• Tail of DIO falls as (EEndpoint – Ee)5

• Separation of ~few 100 keV for Rμe = 10-16

Experimental effects



Summary
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• There is a lot of excitement about theoretical model 
discrimination afforded with a 4 orders of magnitude 
improvement on muon conversion sensitivity.



Thank you
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