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Outline

(Charged) Lepton Flavour in the Standard Model
Observables towards new physics

The “classical searches”
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e p—3e

e pN—eN

Status and perspectives




Flavor in the SM

e Unlike the quark sector, lepton flavor transitions are forbidden in the SM due to the
vanishing neutrino masses

e Charged current interaction with the W field

Jh = dyy UL TUM, + ey U Tug

e In the SM lepton flavor transition are forbidden

e Nevertheless neutrino oscillations were observed

- Flavor transitions in the (neutral) lepton sector
- VSM




charged Lepton Flavor Violation

e cLFV decays in the SM is radiatively induced by neutrino masses and mixings at a negligible level
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relative probability ~ 104

e All SM extensions enhance the rate through mixing in the high energy sector of the theory (other
particles in the loop...)

e C(Clear evidence for physics beyond the SM
— background-free

. . | T T T 0 T 0
* Restrict parameter space of SM extensions The unified third generation Yukawa coupling (Mg)




Many processes

e LFVisrelated to “new” lepton-lepton couplings and effective operators
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e A wide field of research

-~ LFV decays

— Anomalous magnetic moment for the p, T
-~ Muon-to-electron conversion

— (LFV in B-meson decays)
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Processes are correlated

* Model-dependent correlations
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Connections

[ — e~y at tan 8 = 40

L]
i PMNS-case
i H(,‘}\'v.“_d-c:.‘s‘.sc .

Collider physics
e itis Super Symmetry + Grand Unification that
predicts new particles in the loop.

e alternate search for (E/Msusy)N suppressed effects

neutrino oscillations

* mixing matrix in charged sector
proportional to okt e T g

_ PMNS o 51 b
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muon g—2

e ga,is the “diagonal” term

I//

e u—ey diagram is the “off-diagona

SUPER Flavor factory
e Investigates LFV in the T—p,e y decays
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Experimental effort

Dedicated Multi-purpose
experiment experiment
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Experimental effort

Dedicated Multi-purpose
experiment experiment

T QY

H= T — ey

Exotic Searches 1L — eee ;
New Physics if seen K; — pe
Experiment limited /AN el

T — 3

R —N 1111

BSM physics | will concentrate on
NP if deviations from the “classical”

SM ok
Theory limited S€arches
_|_

K™ = 1y




65 years of searches

Hinks & Pontecorvo
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e FEach improvement linked to beam and detector technology
e Trade-off between sub-detectors to achieve the best “sensitivity”




Complementarity

e Capability of different measurements to discriminate between models

de Gouvea and Vogel, 2013
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“Classical” search

e Widespread in the world

0 capture pions with a large
lid angle under a high solenoidal
superconducting
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Pion-Decay and
Muon-Transport Section
A section to collect muons from
de I -

fecay of pions under a solenoi
dal magnetic field.

* MEG
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Kinematics
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Kinematics Kinematics Kinematics
. 2-body decay + Quasi 2-body decay + 3-body decay
- Monoenergetice’, y - Monoenergetic e’ . |Invariant mass constraint

+ Back-to-back . Single particle detected - 2p,=0




Background
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Kinematics Kinematics Kinematics
+ 2-body decay + Quasi 2-body decay + 3-body decay
- Monoenergetice’, y - Monoenergetic e - Invariant mass constraint
+ Back-to-back . Single particle detected - 2p,=0
Background Background Background
. Accidental background . Decay in orbit - Radiative decay
- Antiprotons, pions . Accidental background




Beam requirements
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u—ey signal and background

“Signal” “RMD” Vev\Accmlental”
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The accidental background is dominant and it is determined by the
experimental resolutions
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MEG experimental method

PAUL SCHERRER INSTITUT

8 BS

Q" _ Easy signal selection with e L stopped beam of 3 x 107 Y /sec in
H U+ at rest a 205 pm polyethylene target

- PSI nE5 beam line: 29 MeV p*

et detection

magnetic spectrometer composed by
solenoidal magnet and drift
chambers for momentum

++— Liquid Xenon
'/ Scintillation Detector

plastic counters for timing

e v detection

Stopping Target Liquid Xenon detector based on the

Timing Counter s | scintillation light
Muon Beam ;’ : : Ay all Wl N7
- fast: 4/22 /45 ns

- high LY: ~ 0.8 * Nal

\

Drift Chamber

- short X,: 2.77 cm




Some detector pictures

DC system .
s —— Beam Line




Calibration & Monitoring

Li Be .
LiF target at Alpha on wires
COBRA center

17.6MeV y
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Calibration & Monitoring
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MEG schedule

2009+2010 analysis: BR(u—ey)< 2.4 x 10-"? @ 90%C.L.
2011 data
e Doubled the statistics

— Improved trigger and reconstruction efficiency
e Hardware modification

-~ BGO for calibration
— Laser tracker system for drift chamber alignment

2009-2011 Analysis improvements
e Reconstruction improvements

— Y-ray pileup unfolding
— e*waveform FFT noise reduction + revised track fitter

2012 in progress

Detector R&D

Detector construction
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2009-2011 fit result

Blind- box analysis strategy

— off-time sideband
- off angle sideband

Three independent analyses
- different pdf implementation
— Fit or input Nrmp, Nag
- Different statistical treatment (Freq. or Bayes)

Use of the sidebands
-~ our main background comes from accidental coincidences
— RMD can be studied in the low Ey sideband
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2009 - 2011

* 90% C.L. Feldman-Cousins upper limit ]_"(Iu-l- N e—l_V)

Combined 2009 + 2010

Data set B, X 102

2009-2010 0.09
2011 —0.35
2009-2011 -0.06

. ° o BV ~
-1 -0.9995

cos 9,

< 57x10713

- 8 x 1073 expected for no signal (sensitivity)

['(pu™ — etvp)
week ending

PRL 110, 201801 (2013) PHYSICAL REVIEW LETTERS 17 MAY 2013

New Constraint on the Existence of the u* — ey Decay

J. Adam,"? X. Bai,” A.M. Baldini,*”* E. Baracchini,””® C. Bemporad,**® G. Boca,”*’® P.W. Cattaneo, * G. Cavoto,**
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Present & Future

e We have just started the 2013 data-taking (last year)
e MEG is expected to saturate its sensitivity with this year’s run

e In the meanwhile an upgrade was presented and accepted by PSI laboratory

. Increasing p*—stop on target
. Reducing target thickness to minimize e+ MS & brehmsstrahlung

. Replacing the e+ tracker reducing its radiation length and improving its granularity and

resolutions
. Improving the timing counter granularity for better timing and reconstruction

. Improving the positron tracking-timing integration by measuring the e+ trajectory up to
the TC interface

. Extending the y—ray detector acceptance

. Improving the y-ray energy and position resolution for shallow events

. Integrating splitter, trigger and DAQ maintaining a high bandwidth




Upgraded
MEG

I 4. |




MEGY" sensitivity

e Ultimate sensitivity at the few x 10-'* level
* Engineering run 2015
e Data taking 2016-2018

A. Baldini et al., MEG Upgrade Proposal, arXiv:1301.7225 [physics.ins-det] |
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http://arXiv.org/abs/arXiv:1301.7225
http://arXiv.org/abs/arXiv:1301.7225

Mu3e at PSI

e Searchforp—eee

— 107> sensitivity in phase | o . e’

- 107'° sensitivity in phase || R / PAUL SCHERRER INSTITUT
e Project approved in January 2013 | LI: —1

— Double cone target —

— HV-MAPS ultra thin silicon detectors

— Scintillating fibers timing counter 2
e’

Recurl pixel layers

Scintillator tiles

Inner pixel layers

1 Beam Target $
/A

Scintillating fibres

\ 7
\/ Outer pixel layers




HIMB at PSI

. Muon rates in excess of
10"/s in acceptance

. 2:10%/s needed for
u->eeeat 10

. Not before 2017
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UN — eN

Coherent muon capture on nucleus (Al is the candidate)
Single mono-energetic electron

-~ Ee = mp - Bp —recaoil
Only one particle in final state

No (accidental) background limited

I//

Unlike p—ey and p—3e there is no experimental “wal
until conversion rates O(10-19)

It is anticipated that will provide the ultimate sensitivity to
CLFV

Background comes from

e p decay-in-orbit (DIO)

e radiative muon capture

— bkg n and y-rays are produced

e beam related background (zm and e contaminations)
high purity environment
curved solenoid (Dzhilkibaev and Lobashev, 1989)
pulsed beam with challenging extinction

(Arbitrary Units)
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NN
nZ—-vZ
nuclear muon capture

H—evV

muon decay in orbit

Free Y- decay

Conversion

(x10'%)

DIO tall

1 l L 1 | 1 1 !
40 60 80 1 00

Electron Energy / (MeV)
(Ey—Ee)

~10-17 of the spectum
wihin the last MeV 5 |




uN—=eN experiments: mu2e

e Mu2e @ FNAL and COMET @ J-PARC are quite similar in the outline

p-beam tracker and calo
capture target

2% Fermilab

transport

-

p-beam hits a target

solenoid collects 7= and let them decay to p-
Starts in 2020

Data in 2022
SES ~2 x 101

U~ are transported to the capture target
A pulsed beam allows a time window for events = needs high extinction

0.08
0.07
0.06
0.05
0.04

0.03 Selection Window

0.02
001  br o M. L
ob 1 ot _ , A S bl i Fer-r-p-p-g- :

i | ! 1 1 1 N N | 1 1 | N 1 | 1 N | 1 1 1
200 400 600 800 1000 1200 1400 1600 1800
Time (ns)

[ POT pulse
n arrival/decay time (x 1M)
u arrival time ( x 400 )
u decay/capture time ( x 400 )

LS UL L IlllIIlIIlIIIIlI




COMET: phase Il

e COMET @ J-PARC has some differences

Starts in 2020
Data in 2022
SES ~ 2 x 10717

S-shape instead of
C-shape

~_Pion
\ capture target
.,2“0”3 | detector has an extra

curved magnet
acting as an
D E R 00000000000000000EeRH electron spectrometer

/

transport —




COMET: phase |

e COMET @ J-PARC has some differences

Starts in 2016
Data in 2017
SES ~ 3 x 101>

target will be placed at

the center of the
detector (a la Mu2e)

RERARANAN

bany )l |

Phase-l Detector

A cylindrical drift chamber (CDC) for the
U-e conversion search

A prototype ECAL and straw tube tracker
for the background studies

u
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In the meanwhile: DeeMe

DeeMe at J-PARC aims at searching for yN—eN with a 10-'* sensitivity
production target and conversion target are the same

rotating silicon carbide target

physics data taking planned to start in 2015

Electron Spectrometer

N>

Tracke
Hodoscope

Secondary Beamline
SiC sample

Pulsed Proton |
SiC Primary Target

p—bﬂ:—bl_]—}e




Summary

CLFV activities in the World

Complements flavor physics from the lepton sector
MEG improved the limiton p 2 ey

e 5.7x10 @90% C.L.

e Further improvement expected

MEGYP

e Downto6x 1074

Mu3e @ PSI

e Staged approach waiting for a HIMB

e <107'° level

Mu2e, DeeMe and COMET

e intensive R&D for the realization of the experiments
e Staged setup to test part of the techniques

e 107" level

e towards 1078 with future muon campuses (Project-X and PRISM/PRIME)

Complementarity with T, meson and exotic CLFV




Branching Fraction Upper Limit

The future: stay tuned!
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Prospects for T LFV at Belle |

* Belle Il will collect
~10*! t-leptons (50/ab)

* Sensitivity depends on bt

m TOUN

the background level - i

— 1t — 3l still clean even
at Belle |l

— For T — uy better
understanding qf _ Super B factory
backgrounds, signal A
resolution and _ - -

. . : 10 10 I 0
intelligent selections Luminosity (ab™)

are needed
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Summary Belle T LFV results
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Super £7¢ factory sensitivity directly confronts New Physics models of CLFV
_—
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Summary of results in LFV searches

channel

limit

B(B~ — wre"e™)
B(B~ — K*e~e™)
B(B~ — K**e7e™)
B(B~ — pte7e™)
B(B~ — De"e")
B(B~ — Dfe ™)
BB~ = 7w pu”)
B(B~ — K u™p™)
BB~ — D fu7p7)
B(B™ — D" pupu7)
B(B~ = Dt~ p™)
BB~ — D’r—p—p™)

<P23x 10"
<38 x107°
<28 x10°°
28 % 10
<26x1075
<18 x10°%
<13x107®
<54 x10~7
<69 x 1077
<24 %10°
<58x 1077
18 x107°

@90 % CL
@90 % CL
@90 % CL
@90 % CL
@90 % CL
@90 % CL
@95 % CL
@95 % CL
@95 % CL
@95 % CL
@95 % CL
@95 % CL
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But also neutrinoless nuclear
capture pZ—el...

@ Only one particle in final state: no

4 . .

~ accidental background issue.
uZ—-v”Z

Background scales only linearly with

N\
1 nuclear muon capture beam rate — very big chance to

H—evV explore extremely low BR...
muon decay in orbit

Looking for single monoenergetic electron: Ec ~ Ey-B, (recoil energy negligible)

Background coming from: improving detector resolutions
* u decay in orbit high purity environment:
* radiative u capture >curved solenoid with gradient field

Beam related background: pulsed beam with challenging
® TT and e contaminations extinction time

M. De Gerone, FPCP201 |, May23-27




I
A exit beam solenoid F inner drift chamber i ‘ ‘ |
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B gold target G outer drift chamber | |

C u rre % I I m It q SI N D g C ;;(;uiur:::all oo H szpzﬁrrsogducting coil
e curren XI mit come rom INDRUM I E Corenko odoseope. ) magnelyoke

BR(HTI—_’GJRO_S 4.3x10-12
BR(pAu—eAu)< 7x10-'3

Beam intensity: 3x107 p/s (@PSI) —
Energy of emitted electrons is measured with

a cylindrical magnetic spectrometer: drift _ —
chamber and scintillators/Cerenkov o messuroment
hodoscope. Ty o

SINDRUM Il parameters:

beam intensity: 3x107 p/s
I momentum: 53 MeV/c
magnetic field: 0.33T 5 SR B promponer
acceptance: /%

momentum res.: 2% FWHM ; f }L T
S.ES 3.3x10-!3 e . s w0

p-’e COﬂV in gOld momentum (MeV/c)

=

-~
®

configuration 2000

SINDRUM Il

events / channel
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Mu2e

COMET

Proton Beam

8 GeV, 8kW
bunch-bunch spacing 1.69 psec
rebunching
Extinction: < 10710

8 GeV, 50kW
bunch-bunch spacing 1.18-1.76 psec
empty buckets
Extinction: < 10~

Muon Transport

S-shape solenoid

C-shape solenoid

Detector

Straight Solenoid w/gradient field
Tracker and Calorimeter

C—shape®».~-E oidwith.gradient field
“racker& calorimeter

=
—=
=
—=
—
—
==
==
=
=
=

=1
=
=1

=
==
—a
=
= =
—
‘L:;.

=

—

Sensitivity

SES: 2 x 101/
90% CLU.L.: 6 x 1017

SES: 2.6 x 101/
90% CLU.L.: 6 x 1071/




PRISM at J-Parc

Aiming for a 10-'® search with an extreme
high intensity (10''+10'2 u/s) beam with u storage ring.

PRISM at J-Parc il
( R& D P h as e) ’C):::uc rae’:tp:;:vcittl:: large

solid angle under a high
solenoidal magnetic field
by a superconducting magnet

Pion decay and

Fixed-field alternating Muon transport section

Collects muons from
decay of pions under a

gradient SynChrOtron solenoidal magnetic field
perform conversion from W
original short-pulse beam

with high momentum
spread (30%) into a long
pulse beam with narrow oRiE

A detector that searches

momentum spread (3%). for muon to-clecron

conversion processes

Muon phase-rotation section
Creates a high-luminosity and
high-purity muon beam, based

on the phase-rotation method

in a FFAG ring with large acceptance

M. De Gerone, FPCP201 |, May23-27




Key elements to MEGYF

. Increasing p*—stop on target
. Reducing target thickness to minimize e+ MS & brehmsstrahlung

. Replacing the e+ tracker reducing its radiation length and improving its granularity and
resolutions

. Improving the timing counter granularity for better timing and reconstruction

. Improving the positron tracking-timing integration by measuring the e+ trajectory up to
the TC interface

. Extending the y-ray detector acceptance

. Improving the y-ray energy and position resolution for shallow events

. Integrating splitter, trigger and DAQ maintaining a high bandwidth




CLFV Programs

Pion Capture Section
Asection to capture pions with a large
solid angle under a high solenoidal
magnetic field by superconducting
Production Maget
Target

Protons

Pions

Detector Section

A detector to search for
muon-to-electron conver-
sion processes.

Stopping
Target

! '::c:c:uwJu:nn::z:n::tcrt%él{ﬂﬂ

Muons

Pion-Decay and
Muon-Transport Section

A section to collect muons from
decay of pions under a solenoi-
dal magnetic field.

5m

on vanes

neutrino

neutrino




