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@ The MuZ2e Experiment

e Primary Physics goal: search for u{” N — e™N.
e Charged Lepton Flavor Violation (CLFV)
* Process allowed under the standard model, but at undetectable rates.

e Muons are captured by a nucleus N(A,Z) into atomic orbits.

* Muon ends up in a 1S state. P _ W ANAZ) e +NAZ)
* Normal decay: p~ — e™v,U, O+ NMAZ) >y, +NAZ-1)
e Nuclear Capture: u_N(A’ Z) — e_N(A’ Z) SINDRUM Il (Au target) R/,te <7 x10713
e OrpyN—e N muon conversion
e Coherent process: nucleus does not change
e Conversion electron energy monochromatic: H o

° Eu—e = muC u(Z) _ C(A)
* B,(2) muon binding Energy
. C(A) recoil nucleus kinetic energy

R ing 27 Fo_ _ —
Muz2e stopping *’Al Target: El‘ € 104.97 MeV Mu2e Single Event Sensitivity 3 X 1

e Observation: new physics Less than % background events
3 years running

0—17
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.
C-M;_e Search for n”N(A,Z) — e™N(A,Z — 2)

e Example of both Charged Lepton Flavor Violation (CLFV) and Lepton
Number Violation (LNV).

* Most stringent limits on Lepton Number Violation double (3 decay: (Ov[3[3):

. Tlo/vzBB > 1.07 x 102%°yr for 136Xe (KamLAND-Zen)

e Current limits on u”N(A,Z) — e*N(A, Z — 2) from SINDRUM |1 Collaboration
[Phys Lett B 422 (1998) 334-338 ]:

. I(n"Ti—etCa®) 12 ;
I'(n~Ti Capture) <17x10 (90% CL)

e Parent and daughter nucleus in Ground State (GS).
. I‘(u_Ti—>e+CaGDR) ~11 0
F(n=Ti Capture) <3.6x107(90% CL)
e Daughter nucleus in excited state: Giant Dipole Resonance (GDR).
 GDR 20 MeV wide: focus on ground state.

* Not a coherent process!
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@ Lepton Number Violation Models

 Double charge exchange process: Involves two nucleons.

e If LNV mediated by light Majorana neutrinos
* OvBP rates much larger than p~ — e rates

e Other mechanisms could have p~ — e™ rates > Ovf3f3 rates

e Double charged singlet scalars: S~ doubly charged scalar
e R-parity Violation SUSY

Majorana Neutrino

R-parity Violation

Majorana Neutrino m B e __via gluino exchange

nucleus
Nucleus

Phys Rev C 70, 065501 (2004) Phys Rev D 95, 05509 (2017)

Phys Rev D 95, 05509 (2017) Phys Lett B764(2017)157
Phys Rev D 95, 055009 (2017)

e Any observation of AL = 2 process; the neutrino has a Majorana mass (Black Box Theorem)
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M .u2 . . ) .
C-M ie Conversion Positron Energy: Daughter Nucleus in

— Ground State: p™N(A,Z) — e*N(A, Z — 2)
* Mono-energetic conversion positron.
*E -+ =m, + M(AZ) — [M(A,Z—-2) + 2m] — B, — C(A)
* B, : muon binding energy.

° -l 1 Initial Final
Hydrogen-like atom 'S energy level Daughter Nucleus in
* C(A): Kinetic energy of recoil nucleus T . ground state

K o, e
. b P1 P
e Al stopping target: Eﬂ—e+ = 92.32 MeV . ] <—. o—»z
* According to Nucl Phys A 767 (2006) 259-270  -.>—. H mp=Me

this process occurs 42% of time for muon - My; +m
. . Al
to positron conversion.

e (model dependent)

my =My -
1 1= M27\2
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LiRIVERS ’

HEITY OF 200U TH ALVRAM S

Production Solenoid

Production

Mu2e Spectrometer

8 GeV pulsed
proton beam

Detector Solenoid

Charged particles
travel in helicies

1T

||||||||

Calorimeter

Target i
gollimator Tracker 1,348 crystals
Muon 21,000 wires
Stoppin
upstream Targzt ] downstream
Charge symmetric!
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M U
_/__""zz  Important Background

e Radiative muon capture
IJ._N(A, Z) — N(A’ /. — 1) ‘Y Uu Radiative Muon Capture

(with Y converting in material)

Yy —> efe”
e For asymmetric conversion, the e* is reconstructed and e
is not.
v kinematic endpoint for 2’Al: 101.32 MeV

 The endpoint overlaps the

Y

material

LW"N(A,Z) — e*N(A,Z — 2) signal (92.32 MeV). Hponvy
e I[mportant to know the value of the end point.
e Muon capture, internal conversion Muon Capture

Internal Conversion

e Off shell gamma is produced.

e v* converts to e* e pairinside nucleus. PN

 Muon internal conversion fraction is not known.

* Using the fraction calculated from pion internal 2Tmg V“
conversion.
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W 428/ Measurements of Radiative Muon Capture

—° Endpoint

100 . ' : ! *

e Experimental measurements for (a) Z'Al -
endpoint vary and depend upon 8O i [85 Mev |
modeling of nuclear excited states: > . " } oo ey

« Phys Rev C 59, 2853 (1999): 90.1+ 1.8 MeV = * | . "
e Phys Rev C 46, 1094 (1992): 90 + 2 MeV E 4ol M )
o

e Closure approximation: final state ©
energy is an average of all excited =7 |
states. 0 _ i

50 60 70 80 Q0 100 110
 Mu2e would like to see a more
modern calculation from the D. S. Armstrong Phys Rev C 46, 1094 (1992)

theoretical community.
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@ Looking Ahead

 Mu2e will search for CLFV transition: y” N — e N.

 The Mu2e stopping target is 2’Al:
e u= Al > e” %7Al
e Signal: mono-energetic 104.97 MeV/c electron.
 Expect a single event sensitivity for this channel of 3 X 10717 with less than 1/2 background event

e MuZ2e will also search for the CLFV and LNV transition: pn™N(A,Z) — e*N(A, Z — 2)
e u” “7Al > e* %’Na

e Signal: mono-energetic 92.32 MeV/c positron
e Estimate of a single event sensitivity is in progress.
e Observation of either process is an indication of new physics
e Mu2e expects to take beam in 2022.
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