Search for Charged Lepton Flavor Violation
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Markus Rohrken

The Mu2e experiment being constructed at Fermilab will search for the coherent neutrino-less conversion of muons to electrons in the field of an atomic
nucleus. Mu2e will probe for this charged lepton flavor violating process at a sensitivity of a few parts in 10717, This sensitivity is an improvement of four
orders of magnitude compared to previous experiments and provides a unique probe for physics beyond the Standard Model up to the 10* TeV scale.

Charged Lepton Flavor Violation

In the Standard Model (SM), charged lepton flavor violation (CLFV)
can emerge by the intermediate mixing of massive neutrinos. Due to
the tiny finite mass of neutrinos, the SM rates of CLFV processes are
negligibly small, i.e. <10™° for both u* — e™~ and N — e~ N. Many
models of physics beyond the SM predict significantly enhanced
CLFV rates. Any experimental detection of a CLFV signal would point

to new physical phenomena.

Conversion of Muons to Electrons

The conversion of muons to electrons in the field of
an atomic nucleus is a coherent process and has
the kinematics of a two-body decay. The conversion
electron Is mono-energetic with an energy slightly
below the muon mass. Corrected for the nuclear
recoil and the binding energy In aluminum, the
experimental signature is a single 104.96 MeV

Eo = m,c® — (B.E.);5 — Erecoil

= 104.96 MeV electron.

Sensitivity to Charged Lepton Flavor Violation

Effective Lagrangian:

»CCLFV — A2 /]Ro-,ul/eLF'uV +

(1+ k)
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: : all limits @ 90% CL
Two types of amplitudes contribute to CLFV:
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The uN — eN and pu — ey processes have
complementary sensitivity to physics beyond
the SM. It is Important to experimentally
search for both CLFV processes to be able to
disentangle the underlying physics.
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Contact terms dominate for k > 1

Loops dominate fork < 1
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Muon Decay in Orbit
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The dominant irreducible background originates from the decay
of bound muons. The spectrum of the decays in orbit (DIO) falls
rapidly, approx. as (Egndpoint — Ee)? close to the endpoint.

Calorimeter

The calorimeter consists of two disks, each composed of ~900
BaF, scintillating crystals each read out by two avalanche
photodiodes. The calorimeter contributes to the PID and trigger,
and can independently confirm measurements by the tracker.
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Cosmic ray veto and beam monitoring systems not shown

Detection of the Conversion Sianal Tracker

Reconstructed e Momentum

- 3.6 x 102° Protons On Target Signal Window
- 6.7 x 10'7 Stopped 103.75 < p < 105.00 MeV/c
Ry = 10716

— CE SES = 2.9 x 10717

- [CE=35
f
t
Hﬂl‘l
ﬁ*}{m

| ’»"{NMM .
- '...M.'»,'m“."' Nl | W

IMGT A §

q’ »”( ﬁ‘ /’ rR A,x'{ * ;,’ ;4” ,'; ;“7} ‘i ,1'? 4," ,‘” ! gﬂ ﬂ ;ﬁ ,’1 ‘,ﬂ hﬁ

- [ DIO = 0.20
|

103

I 1 1 1
102 105

p (MeV/c)

Reconstructed simulated momentum spectra for DIOs (blue)

and conversion electrons (red) assuming R, = 10~ for the
final luminosity of Mu2e. The detection of the signal requires an
excellent momentum resolution of a few hundred keV/c.

Detector Solenoid

: #. ‘ Campus
The Mu2e detector building is currently being constructed.
Together with the g, —2 experiment it will form a campus
dedicated to the study of fundamental physics with muons.

The tracker consists of a low mass array of 21600 straw drift
tubes In 18 tracking stations to measure the trajectory of
charged particles in a uniform magnetic field of 1T.

Prospects of CLF Violation Searches

1
10" \ A

103

It

10°
107
10°
0™
10"

1 -15
Mu2e, COMET [
1 -17
FNAL Upgrades, PRIME [

-19 lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

Year

Branching Fraction Upper Lim

10

Further information is available at:
[1] http://mu2e.fnal.gov
[2] MuZ2e Technical Design Report, arXiv:1501.05241
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