COMET-2 4 cLFV

Charged Lepton Flavour Violation
with COMET2, and other projects



Why looking for cLFV?
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Neutral Lepton Flavour Violations(/transitions): exist!!!

Why not charged LFV? (local, L=0, version of neutrino oscillation)

Truly rare processes: €.2. BR(u— e y) < 10-12
« No » SM background: e.g. BR(u— e y)sm ~ 10->4

Crucial to reveal or discriminate certain mechanisms of neutrino
mass, €.g. involving sterile neutrinos




V. and cLFV in muonic atoms: U-e conversion

» Muonic atoms: 1s bound state formed when p~ stopped in target

SM processes: u~ — e v,Ue (decay in orbit); u~ + (A, Z) — v, + (A, Z — 1) (nuclear capture)
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coherent conversion, increases with Z (maximal for 30 < Z < 60) /
» Event signature: single mono-energetic electron H a
: /
E). =mu, — Eg(A,Z)— Er(A,Z), EL™ " ~0(100 MeV) q
» Backgrounds = only physics (e.g. u decay in orbit); beam (purity), cosmic rays, ...
Experimental status (present bounds and future prospects):
CR(x — e, N) bound | material | year Experiment (material) future sensitivity year
4.3 x 10712 Ti 1993 Mu2e (Al) 3 x 10~17 ~ 2021
4.6 x 10711 Pb 1996 COMET (Al) - Phase | (Il) | 10715 (10717) | ~ 2018(21)
7x 10713 Au 2006 PRISM/PRIME (Ti) 10~18
DeeMe (SiC) 1014
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Muon capture: tremendous progress on the way
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Experiment (material)

future sensitivity

year

Mu2e (Al)

COMET (Al) - Phase I
COMET (Al) - Phase 11
PRISM/PRIME (Ti)
DeeMe (SiC)

3 x 10717 [360]

3 x 1071 [362]

3 x 10717 [362]
10718 [364]
10~ [365]

~ 2021

~ 2021

Table 3.8: Future sensitivities for CR(u — e, N).
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Muon Target Disks
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Detector Section

A detector to search for
muon-to-electron conver-
sion processes.
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Pion-Decay and
Muon-Transport Section
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6x10° stopped muon/sec decay of plr uncer e soloc: NNNNN\®

with 3.2 kW w w ?

A section to collect muons from MMMMMFMM




JFY

construction

COMET
Phase-| data
taking
construction
COMET
Phase-l|
= data taking I
T I
COMET Phase-| : COMET Phase-ll :
2018 ~ 2022 ~
S.E.S. ~ 3x10°1° S.E.S. ~ (1.0-2.6)x10°17

(for 150 days
with 3.2 kW proton beam)

(for 2x107 sec
with 56 kW proton beam)
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V., and cLFV in muonic atoms: p+e — ete

> u e —e e [Koike et al, '10]

Initial = and e : 1s state bound in Coulomb field of the muonic atom’s nucleus
» Coulomb interaction increases overlap between ) .

¥ ,- and V.- wave functions

D(p e —e e, N) X Opesseetrel [(Z — 1) ame]g/ﬁ

(1 —
» Clean experimental signature: back-to-back electrons, .- ~ m,, /2

larger phase space than u — 3e

10
» Rate strongly enhanced in large Z atoms 9 / Y,
8
‘ /
F/Po 2> (Z — 1)3 [Uesaka et al, '15-'16] _ ; ’ /
= yay4
Consider experimental setups for Pb, U !? = yd
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Experimental status: New observable! 0 — =
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Hopefully included in COMET's Physics programme
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V. and cLFV in muonic atoms: prospects

cLFV muonic atom decay u" e~ — e e~ vs u — e conversion (Aluminium target)

Log BR(ue — ee)
S S T 15

CR(u-e, Al) +
BR(we —ee,Al OTHER BOUNDS

|
—
O|

a

10° t

| I )
: -21

102 10° 1
m, (GeV) my (GeV)
“3+1" toy model [Abada, De Romeri and AMT, '15]

» Sizeable values for - potentially within experimental reach! [COMET]
probe “heavy mass” regimes unaccessible for SHiP, FCC, LHC, ...

» For Aluminium [COMET], CR(ux — e) appears to have stronger experimental potential

. consider “heavy” targets to probe
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