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INntroduction

Why Should Anyone Here Care
About CLFV?

* Technology is linked:

 \When you make muon neutrinos, you make muons.
Neutrino factories/nuSTORM, for example, make muon
beams we can use for muon CLFV.

* Physics is linked: (Ana’s talk! much deeper than this)
e oscillations are neutral lepton flavor violation

e explanations for neutral lepton mixing make predictions for
charged lepton mixing; I'll show you examples.

e g-2: can think of it as probing diagonal elements of a matrix;
CLFV studies the off-diagonal

R. Bernstein (FNAL) 2 NuFact 2017



cLFV evidence: A clear signature of New Physics

SM with massive neutrinos (Dirac)

too small to access experimentally

SM extensions

y B(ut —etvy) > 1074

€

an experimental evidence:

a clear signature of New Physics NP
(SM background FREE)

to unveil behind SM physics .
via virtual particles e

to probe otherwise unreachableare™™, |
unexploited NeW-pstS ener




cLFV searches with muons: Status and prospects

In the near future impressive sensitivities: BR( (1 — ey ) <4 10 ; BR(u — €eee) <
11078 CR(uN — eN') <1077

Strong complementarities among channels: The only way to reveal the mechanism
responsible for cLFV o

| MEG Final result: '
| B(u™ —ety) <42 x 103
improvement by a factor ~ 30
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The MEGII experiment

A real “upgrade”; kept the skeletron of the experiment/key ideas and refurbished
beam line and all sub-detectors

New electronics:

Wavedream
Liquid xenon photon detector

(LXe)

COBRA

superciductmg magnet »w::\ e ‘;
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new Calibration
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Pixelated timing counter
(pTC)
Muon stopping target

Cylindrical drift chamber

Radiative decay counter (CDCH)
(RDC)



MEGII| Status

- Pre-engineering runs ongoing. Full engineering run [2018] followed by data acquisition

Optimum beam and calibrations: Ready

new MPPC in the VUV:

Ready
i — new Beam detector
§=\= 34 new AUX detector  (Online profile and
S8 (<< BKG): Ready rate): Ready

L

new DAQ + TRG (6 Gsample/
s). Mass production Jan 2018

(multi-hits):
Ready



The Mu3e experiment

Tile detector

Superconducting

solenoid Magnet
Fibre hodoscope

MIDAS DAQ and Slow
Control

Muon Beam and
target
Mupix detector




The Mu3e experiment: Status

* The Mu3e experiment is completely based on new detector technologies and strongly
connected with new beam line projects (HIMB at PSI aiming at 10/A9 muon/s)

e The R&D phase for all sub-detectors and beam line has been concluded proving that
the expected detector performances can be achieved

e Construction and characterisation of all sub-detector prototype are extensively ongoing
e A full engineering run is expected for 2019 followed by data acquisition
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U= N = e~ N experiments

Signal of mu-e conversion is single mono-energetic electron
Backgrounds:

Beam related, Muon Decay in orbit, Cosmic rays
Stop a lot of muons! O(10'8)

- Use timing to reject beam backgrounds (extinction factor 10-19)

Pulsed proton beam 1.7 ps between pulses
Pions decay with 26 ns lifetime
Muons capture on Aluminum target with 864 ns lifetime

- Good energy resolution and Particle ID to defeat muon decay in orbit
- Veto Counters to tag Cosmic Rays
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The MuZ2e experiment

Three superconducting solenoids: Production, Transport and Detector solenoids
Muons stop in thin aluminum foils

High precision straw tracker for momentum measurement
Electromagnetic calorimeter for PID
Scintillators for the Veto
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MuZe status

- 2021: Detector and Beamline commissioning; 2022-2024: Data taking

Building: Completed Beamline and Solenoids:

Accelerator work ~50% complete;
solenoid work ~60% complete
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Straw Tube Tracker Cosmic Ray Veto module Calorimeter Crystal Test
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Detectors:

Pre-production versions have
been fabricated and
successiully tested
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The COMET experiment

Stage phase approach: ultimate sensitivity with phase |l [Data taking in: 2021/2022]
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The COMET experiment

Stage phase approach: phase |
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COM

— [ Status

Stage phase approach: phase |. CR data STARTED [August 2017]. Data taking from 2019!

Proton beam line: under construction

Pion capture Solenoid: DS ready,
US under construction

Transport Solenoid: Ready

Trigger/DAQ/Analysis: in very good shape

Trigger scintillators + Cerenkov detector:
Ready
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The DeeMe experiment

Aiming at using different targets: SES < 1013 with C, SES < 2 10 with SiC target
Data taking in the near future

Experimental Concept

Signal: delayed monoenergetic e

st production target with 105 MeV/c
= -decay & u -transport section 6 U N—=e N
= 1~ stopping target Nucleus

4 ?
in DeeMe experiment C‘jf

Target 1010 muonic atoms/s with RCS 1 MW
Pulsed proton beam /7 .\

Tracking detectors e
(four MWPCs)

Low momentum background

1. s~ production
m decay-in-flight into u”
3. Muonic atom formation

Secondary beamline H-Line
to transport electrons near 105 MeV/c Magnet

PACMAN

Magnetic spectrometer 15



The DeeMe experiment and Status

| 5 MWPC manufactured DIO spectrum measured at 556MeV/c (D line)

-l

W Superconducting

H experimental area: Spectrometer magnet (from TRIUMF):
under construction Installed and tested
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New proposal: e~ — e~e~ in muonic atom

/,lE——>€€

electron 1S orbit

Interaction rate
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gu-2 Motivation

Dirac's relativistic theory predicted muon magnetic moment “g” = 2
Experiment suggested that g-factor differs from the expected value of 2
Standard Model prediction: a(SM) = a(QED) + a(Had) + a (Weak) + a (NP)
BNL E821 result: 3.30 deviation from SM prediction

u

QED EW QCD UNKNOWN

15-year, persistent |
discrepancy |

................. T -11
116591800 116591900 116592000 116592100 N X 10
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gu-2 In numbers and experimental approaches

Anomalous magnetic moment (g-2)
a,= (g-2)/2 =11659208.9 (6.3) x 1010 (BNL E821 exp) 0.5 ppm

11 659 182.8 (4.9) x 10-10 (standard model)
Aa = Exp - SM = 26.1 (8.0) x 10-10 30 anomaly

In uniform magnetic field, muon spin rotates ah
e - = = — — = -

2-0 |

ead of mo
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m -1} ¢ 2 c
BNL E821 approach J-PARC approach
=30 (P=3 GeV/c) E=0atanyy
- el . g T - - el = - 7
W=-— EgJB+n B x B+— W=-— aMB+T—](ﬁ><B
m 2 C m 2

Continuation at FNAL with 0.1ppm precision Proposed at J-PARC with 0.1ppm precision
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gu-2 at FNAL: Experimental setup READY

—3p» Muon momentum

* o, Is the proton Larmor frequency measured in a field B —% Muon spin

Bl

« IS the precession frequency measured with decay positrons

Cyclotron motion w,

. ' ' ' I and spin rotation w,,
1 /i, magnetic moment ratio from muonium hyperfine ? 4l i orm storege fo 15 W
measurement in lab frame (top view)
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gu-2 at FNAL: Engineering Run phase

- First evidence of precessing muons
- Physics Run: THIS WINTER; First Results: 2018 [1-2 x BNL statistics], 2019 [5-10 x
BNL statistics], 2020 [5-10 x BNL statistics]

Number of high energy positrons as a function of time
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9.-2/EDM at J-PARC

Put E = 0O;
Weak B field focusing: Need low emittance cold muon
Uniform tracker detector throughtout stored orbit

3 GeV proton beam
(333 uA)

surface muon beam R
(28 MeV/c, ~108/s) resonant laser ionization of

/muonium for low emittance p*
N (~108 p*/s)

\ 7 . ad Iy
" - ~\ h - muon storage ring
T . \'\. (3T, r=33 cm, 1 ppm local)

.‘::.:~§

muonium production
(300 K, 25 meV=2.3 keV/c)
muon acceler
(Soa, RFQ, IH, DAW, DL
(thermal to 300 MeV/c)




gu-2/EDM at J-PARC: Status

- Progress in all aspects. From phase | to phase 2
- New experimental methods and source-limited schedule requires fours years prior
data taking

H line > 108 surface muon/s Several silica-aerogel samples test at T

RIUMF this summer
,,,«-. "{' i ¥

“Peowa gy

MUuSEUM (Mu-HFS, /i)
DeeMe (mu-e conv.)

7 ey o =/
on-BEQ gc/oeli’féiﬁh 1gSth, = Spirakinjection with mini-solenaid

l

: \ ”'.}--’_-4“ * ' -
Laser available ‘ By g October Progress



The MuSEUM experiment

* High precision measurement of muonium hyperfine structure
(MuHFS) in Zero field & High field
« Stringent test of bound state QED by comparing to the theoretical

calculation
Avprs (theo) = 4 463 302 891(272)Hz (63ppb) n G
D. Nomura and T. Teubner, Nucl. Phys. B 867, 236 (2013). éﬁ
4463 MHz
Avgrs(exp) = 4 463 302 765(53)Hz (12ppb) i |

W. Liu et al., Phys. Rev. Lett. 82, 711 (1999).

* Relative uncertainty of 1.7 T measurement at LAMPF
MuHFS : 12ppb, y./ pup and m,/ me:120ppb

W. Liu et al., Phys. Rev. Lett. 82, 711 (1999).

« MuSEUM's goal : improve the precision by a factor of 10
MuHFS : ~1ppb, u,/ ue and m,/ me:10ppb

24



The MuSEUM experiment and muon g-2

~30 discrepancy between theory and experiment

a,(exp) — a,(th) = 250(89) x 107! femcooamaota

Hu/ Mo : essential parameter for muon g-2 experiment

(9—2), R/R = w,,/wp (540ppb)

a m (6:13 p) — G.W. Bennett et al., Phys. Rev. D 73 072003 (20086).

2 (ALR
A= pu/ tp (30ppb)

W. Liu et al., Phys. Rev. Lett. 82, 711 (1999).
D. E. Groom et al., Eur. Phys. J. C 15, 1 (2000).

R : Planning 140ppb measurement at J-PARC

M. Otani, JPS Conf. Proc. 8, 025008 (2015)

a n d Fe rm i | a b J..Grang;e Fermilab .g-2 e).(périment technicr;ll design report (2015).
A : 30ppb (indirect) -> direct 10ppb measurement
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The MuSEUM experiment: Status

- Extensive measurement campaign with ZERO magnetic field at JPARC

1st Beam time [June 2016]: proof-of-principle CONFIRMED, first muonium HF
resonance observed

- 2nd Beam time [February 2017]: IMPROVED setup (reduced statistical

uncertainty)

- 3rd Beam time [June 2017]: Larger cavity
- Next measurement in 2018. Aim: to improve the current best measurement

- Measurement with magnetic field in preparation:
- Magnet available, high precision NMR probe R&D in progress

Spin flip signal (%)

Preliminary

' l ' ' A J A — l A A A l d A ' i l ' A
-1000 ~-500 0 500 1000

Frequency detuning (kHz)
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Muonic hydrogen

Proton Radius Puzzle

[~ $ $ of : :
- - :

- muonic measurement | | muonic measurement
| | ' to be improved

" 4%, 7o discrepancy
— —_—

- electronic measurement | | electronic measurement

l s 1 s . A

| | | | | A A A l L 1 1 1 1 1 A A 1 A A
0.84 0.86 0.88 1.04 1.06 1.08 1.1 1.12

Charge radius (fm) Zemach radius (fm)

There is no definitive interpretation of the puzzle and
new, independent experiment is needed.

Our goal is a factor of three improvement; 1% precision.

R. Pohl et al., Nature 466, 213 (2010). A. Antognini et al., Science 339, 417 (2013).
J. C. Bernauer et al., PRL. 105 (2010).
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Muonic hydrogen

Muonic Hydrogen Spectroscopy n

F=2
2P3/2 T
Fine Structure : 8.4 meV
2Py - F=1
F=0 | amb Shift : 206 meV=6 pm
Finite size effect 3.7 meV
-> Charge Radius
1 (Experiment at PSI)
2S1/2 —<: 2S-HFS : 23 meV=54 um
F=0

T 1S-HFS : 183 meV=6.8 ym
1S+, _vC Finite size effect 1.3 meV
1/2

->Zemach Radius
F=0 @ (Our experiment)
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New muon facllities

Next generation of muon cLFV searches, g-2/EDM, muonium etc.



Music at RCNP

- In view of COMET preparation

Experimental port

DC Muon Beam Line @RCNP

u/e/n

M1 Beam Line

+/- 400 kV / 15cm gap

“' BM1 L=1.8m

ST1ST2 . « muon / electron separation
Triplet-Q o
* rotate spin with 80 degree for surface muon
PIOn Capture SOIEnOId ":‘.',, Y . NOW in Commissioning
.' : w® :ﬁ:’ - WSS Beam Line to p
uou))- 6:.- I::"Ru Q;—%
Dai Tomono Nufactl7 @ Uppsala, Sweden 6

26th Sep. 2017
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Music at RCNP

— Conventional muon beamline —

proton beam
Ex. J-Parc MUSE

1000 kW proton beam
20mmt graphite target
graphite capture magnet
target

L ‘ .r\bend (m selection)
— s

Proton beam decay volume

loss ~ 5%

bend (u selection)

to neutron facility

* Thin target (~ 20mmt)

* Small solid angle

* Separate pion and muon momentum selection
(obtain highly polarized muon beam)

MuSIC beamline

muon proton beam

Ex. MuSIC

0.4 kW proton beam
200 mmt graphite target

Transport
solenoid

Capture solenoid

Collect w/ n
with 3.5T solenoidal field

to dump

* Thick target ( 200mmt )
* Large solid angle, good collection efficiency

* No muon spin selection ( no selection of pion /

muon momentum )

31



Music at

D

RCN

Muon intensity [muon/sec/uA proton]

Ready for muon physics at RCNP

Inflight-decay muons (u

Negative muon

x10°

~1x10°p—/s @60MeV/c
with 1pA pm*ton beam

140

120 P

80|
60— i
40

20 o

0 10 20 30 40 50 60 70 80 90 100

Muon momentum [MeV/c]

*)
= .\
S Positive muon
O L000x12"
o ~ c
< 7x10°u+ /s @60MeV/c
g 900 with 1pA proton beam
8 800 *
S~ C
c X
S 700 .
& -
— 600f .
& 500
[T = o
+— C
< a00F
c - .
= 30012— o
2 C

[ ]
[ ]
[ ] [ ]

0
0 10 20 30 40 50 60 70 80 90 100

Muon momentum [MeV/c]

Muon intensity [muon/sec/uA proton]

Surface muon (n*)

Succeed in observing surface muons (~28 MeV/c)

)

(=]

- N W s O O~ 0 D
Y 1T T T

%10
~3 X
with

.........

Target position tuned
for surface muon

10% surface p+/s @ 28 MeV/c
1 mA proton beam

SR Inflight-decay muons

oo daaaa ey Lol aaad el l.A..}
20 30 40 50 60 70 80 90 100

Muon momentum [MeV/c]



The PRISM project

Detector Solenoid

- FFAG ring designed at RCNP, Osaka Uni.
Spacitanate Soltnal - FFAG magnet designed, manufactured and
tested
Phase rotation principle demonstrated with
alpha particles
rnanamion  * PrODIEMS if injection/extraction
N . A possible new solution under

Muon Storage Ring
(Phase Rotator)

investigation: it looks promising (concept of
inflector effectively switching off one of the
Pion Capture Solenoid magnets followed by vertical kicker)

-300

ll]lllTlllll|Ill|

~400

100

. 63 .0 Me¥/c : :
PO ] R R PR e AR
1 | i | I | ]

i i < Ml

Illllll!lllllllllllll
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The HIMB project at PSI

Aim: O(10'% muon/s); Surface (positive) muon beam (p = 28 MeV/c); DC beam

Slanted E target test (“towards the new M-target”): planned for next year
Time schedule: O(2025)

1.2 x 10" p+/s 1.3 x 10" p+/s W TgM*

Source

7.2x109 ut/s
C ~6%

3.4 x 1010 /s

Capture C — 26%

 Proposed

| Existing uE4 | | —
beamline i solenoi

Gain due to high capture beamiine |

and transmission efficiency

5x 108 ut/s 1.3 x 1010 /s
T~7% Transmission T ~40%
Total ~ 0.4% Total ~ 10%
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The muCool project at PS

Aim: low energy high-brightness muon beam

Phase space reduction based on: dissipative energy loss in matter (He gas) and position
dependent drift of muon swarm

Increase in brightness by a factor 107 (taking into account an efficiency of 10-3)

1st stage 2nd stage

B

E

Tertiary u* beam
OUT D < 1 mm
F < eV
tagged beam
Secondary p* beam

D = 10 mm
E = 4 MeV IN

continuous beam

293 K

D. Tagqu, PRL97, 194801 (2006)
Y. Bao et al., PRL 112, 224801
(2014)

y’ —> Transforms a standard u ¥ beam into
X
2

a high-brightness low-energy u ¥ beam .



The muCool project at PSI: Status

Separately longitudinal and transverse compression: PROVED

Very good agreement between data and simulations + 4 Jdata

~— ~ Siontedionm

Detector 2

Detector 1

S

& 4000 +
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| Pl PSR Y
10 15 20 0J o e e e e e by |
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The muCool project at PSI: Status

Next step: 1st stage + 2nd stage
Test beam scheduled by the end of THIS YEAR

Contour: Electric potential (V)

E




SuperKEKB accelerator and the BELLE |
experiment

Located in KEK, Tsukuba, Japan

Increased luminosity: 40x ; Beam energy changed to reduce beam background

Belle Il is built on basis of Belle: Main structure, magnet, ECL and KLM reused; vertex
detector, DC, PID, upgraded; All electronics replaced.

Belle Il Detector

KL and muon detector: ]

New interaction region

Resistive Plate Counter (barrel)
“Scintillator + WLSF + MPPC (end-caps)

[EM Calorimeter:

......

e-of-F agation counter (barrel) ]

electron (7GeV) ox. focusing Aerogel RICH (fwd)

Beryllium beam pipe
2cm diameter

Add / modify RF systems {
for higher beam current [

Vertex Detector
2 layers DEPFET + 4 |ayers'D

Positron source:

- 2 positron (4GeV)
new target/capture [Central Drift Chambe

Inject low emittance
positrons / electrons

. 0/ [v)
Sectlon He(SOA:)Csz(SOA), SmaII ce
lever arm, fast electronics

New
TiN-coated beam p
with antechambe

Damping ring
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90% C.L. upper limits for LFV t decays

SEL

I: Prospects

Belle, being an e+ e— B-factory experiment, is a t-factory experiment at the same time
With nearly 1 billion T+ T— sample, Belle has obtained most stringent upper limits in most of the T LFV,

LNV and BNV decays, with 90% UL of O(107%)

For very clean modes (e.g. T+ = £+£0—£+), cLFV upper limits are expected to improve linearly with

luminosity

With ~50 billion T+ 1— events expected in the upgraded Belle Il experiment, B-physics searches will be
R(D")]; LFUV, LFV involving EW penguin B decays

greatly improved: LFUV involving B decays to 1 [R(D),
R(K*) for LFUV, B = K(*) | T, K(*) e mu etc. for LFV]

[R(K),
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= CLEO
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LHCb
e Belle Il

R(D*)
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0.35
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Belle Il Projection
—— Belle Combination
—— Babar

LHCb
—— World Combination

« SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)
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LHCb: Lepton universality

In the SM couplings of leptons to gauge bosons are independent of the lepton flavor
Violation of LFU: clear sign of NP
Semi-leptonic decays:

Decay rate can be factored (weak and strong); theoretically simplified

Study ratio of BR to cancel theoretical hadronic uncertainties

At LHCb measurement performed for both tree-level and loop-level processes

VT
W
B ,7° \‘\ K*0
T I \
5

B D /D' | .
q

p
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L HCDb: Lepton universality HFLAV R(D*) and R(D) combination

0.304 + 0.015 (4.10 from SM)

g 05 C_ e B.':lBarl, PR'L10I9,10I1802I(201I2) ' sz 10 clont;)urls S —_
= - ——— Belle, PRD92,072014(2015) =1 .
(%) B(B — D(*)TV) 7 C LHCb, PRL115,111803(2015) SM Predicti N
R(D ) = 045 - Belle, PRD94,072007(2016) — edictions .
B (B — D(*)gl/) "B ——— Belle, PRL118211801(2017) R(D)=0.300(8) HPQCD (2015) .
. ——— LHCb, FPCP2017 R(D)=0.299(11) FNAL/MILC (2015) -
04 - D Average R(D*)=0252(3) S. Fajfer et al. (2012) _]
(Precise) SM prediction = 0.252 + 0.003 (PRD 85 (2012) 094025) 035 - N .
SO _ —\“\\4‘9\ -
R(D*) = 0.336 = 0.027 (stat) = 0.030 (syst) 03f1 l e
: N 025 e ——
2.10 away from SM prediction :
- ]
02 | | | P(X2)=71.6;%;—_
02 03 04 0.5 0.6
R(D)
[ I I I I I I I I I | I I 1 I | I I I I | I I I I | I 1 I I | |
) S ]
Rewe — B(BY — K*%ut ™) B(B? — K*%¢te™) o Ve -
K=o = B(BY — K*0J/¢p(— utu=)) B(BY - K*0J/1)(— etTe™)) 08L b
: | I I :
0.6610-41 (stat) = 0.03 (syst) for 0.045 < ¢ < 1.1 GeV2¢* 0.6 l ]
K7 0.697%4 (stat) + 0.05 (s 2 2¢4 ‘ ® LHCb i
697007 + 0. yst) forl.l < g° <6.0GeV<c L BIP 4
0.4 |- ]
- Compatible with the SM at 2.10 - 2.30 (2.40 - 2.50) in the low - v CDHMV
. B B EOS i
central) g2 bin - -
( ) g | B | 0.2 |- ® flav.io ]
- Measurement is statistically dominated - LHCb e JC 4
00 I B S B T R SR A ST A AR A A O B R A I
0 1 2 3 4 5 6

¢ [GeV?/et  ©



CMS - LVF in Z decay: Z -> ej

6 CMS Preliminary 19.7 b (8 TeV)
> 1 O g T T T | T T T T I T T T T T T T T I T T T T | T T T T E
8 - ¢ Data Bkg uncertainty 1

5
- From one-loop decay with flavor-oscillating neutrinos : E (@) 1 O E_ —— Signal, B(Z— Eu)=1x10'6 y - —E
Predicts LFV in Z decay, Br(Z—ep)<10%° () — ’ -
- In BSM scenarios : 4 d\) 1 04 - ff, tw, Ttw - Diboson, Z— ee/uu —
Br(Z—ep) can be enhanced to 108 or 10° ) = . L -
ex : Models with massive Dirac — — Misidentified leptons ) i u
or Majorana neutrinos, extended gauge models, w L, GC) 1 03 S]gnal W]th —
or RPV SUSY arXiv:hep-ph/0010193 S 6 3
LI Br(Z—en)=10"° :
- Indirect constraint from low energy experiment : 2 ]
p—3e: Br(Z—ep) < 5x10°13 10 =
worth to check if this hold at high energy _
- Limit from LEP : Br(Z—ep) < 1.7x10°6 @95% CL 10= =
e :
Limits @95% CL : Br(Z—ep) < 7.3 107 (Observed) 21.5F T ]
-7 a8] - e oo Lot -+ e
6.71077 (Expected) 3 1574 e
S el . | | | 4
D 0-5 :""I ----- L o i- m'I"ml-""Im"I'""‘"";”";" | | | 1 | I"' | | 1 | | | I" ‘I" | | |_

70 80 90 100 110 120
me, (GeV)
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CMS - LVF in H decays

Results : H—put & H—et

BDT-fit analysis results for the 8 categories :

CMS rreiiminary 35.9 fo' (13 TeV) CMS Preliminary 35.9fb" (13 TeV)
prhad’ 0 Jets LI i 'I LI I LI I LI | LI | L I LI I LR I eThad‘ 0 Jets H I I I I l ] I I
0.51% (0.43%) i hosyt: BDT Fit B 0.73% (0.79%) B h—et: BDT Fit
w1 Jet ® Observed eT 0 1 Jet l ® Observed
0.53% (0.56%) l X Median expected 0.81% (1.13%) X Median expected
e c 2 Jets B I 68% expected | v 2 Jets B I 68% expected |
Strong constraint: ' .Eigsf/o\:o;@/o) ' [ ] 95% expected ; 3’4:1‘11.;9%) . [ ] 95% expected
from searches for p—ey w . T .
W o €Thag:
Br(H_)eu) < 0(10-8) @ 95% CL 051% (0.58%) | H_)pt 140% (0.74%) .. H_)et
wt, 0 Jets l- et,, 0 Jets l
. . 1.30% (0.83%) 1.22% (0.90%)
Weaker limits on - . = .
o o we, 1 Jet . et 1 Jet .
Br(H—e/ut) < 0(10%) @ 95% CL
from searches for 7—e/py and w20 | 5 i o2 | ol h
2.27% (1.98%) 2.25% (2.54%)
H/e g-2 measurements u . u |
mi.'/\'lgif (1.62%) . et:l.} ZS ’1:1 84%) ..
“eown | K R N N SN B i * R B D S
0O 2 4 6 8 10 12 14 0O 2 4 6 8 10 12 14
— direct search for H—=et and H—uprt: promising 95% CL Limit on BF(H—)}L‘C), Y% 95% CL Limit on Bf(H—) e'c), %
Upper limits @95% CL :
Br(H—pt) <0.25% (0.25% exp.) Br(H—eTt) <0.61% (0.37% exp.)

— Clear improvements compared to results from 2012 and 2015 data analyses
The 2.4 sigmas excess (Run1) is now excluded by the 2016 data analyses
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CMS - Heavy neutrinos

« Search for LFV in the decays :
Z—eu, X—el, and H—et and H—put

E:;‘élrttse o Br(H—T) < 0.25% (0.25% €Xp.) i <aoiio <isr 1o
(highlights Br(H—et) < 0.61% (0.37% exp.) VIYer P+ Vo2 <245x107° <226x10°°
b « Search for a heavy neutrinos:
32ir?pt|?e - LRSM scenario right-handed N, and a heavy W,
S For the ppjj channels : M(W) > 3.5 TeV
2016 dataset) For the eejj channels : M(Wg) > 3.3 TeV
- Heavy composite Majorana neutrino (HCMN): M>4.5 TeV

- Type lll seewsaw mechanism

Multilepton final state : M(Z) > 840 GeV (Be=Bu=Brt)

- Prospects:

« Some of the analysis of the 2016 dataset: to be released soon

« more data to come to perform precision measurements

Run2 (2015-2018) and Run3 (2021-2023): about 120 and 300 fb' expected

HL-LHC (2026-2036): about 3000 fb-! expected
Challenge : higher pileup (tracking, isolation, ...)
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ATLAS - LVF In Z decay: Z -> ey

iw ¥

- Branching ratio estimate as ratio

of 95% limit on Z — ep events
and total Z production:

N 95%

BR(Z —

(Z = ep) < e N
Nz estimated as weighted average
from dilepton decays

Relative ratios Z — ee and Z —
from events in window between
70 and 110 GeV

- Resulting limit:

BR(Z — ep) < 7.5x 1077

Events / GeV

Data - Fit
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ATLAS Z—uu
BZ-w
{s=8TeV,203fb" mw
[ Diboson
M Top

..‘“0... ¢ Data

e

75 80 85 90 95 100 105 110

m,, [GeV]
III"IIIIIIIII!IIIIlllllllllll!llI_
ATLAS -
+ Data ]

{s=8TeV,203 b’ ]
— Fit i

---B=75x107 _:

x*/DOF = 0.75 E

"|""|m_lIII|IIII|IIII|IIII|IIII|I

-10

208 . . . . . .
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ATLAS

/ —ee

{s=8TeV, 203"

¥ Diboson
M Top

®s, ¢ Data
.0

......
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LI | LI I T T l L

CL,
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ATLAS - Taus decays

arXiv:1601.03567

Neutrinoless T — 3p decays

Use decays W — v — 3pv

Tau lepton produced with a transverse
momentum, typically 25 to 50 GeV

Muons from tau decay close in space
Neutrino carries away missing transverse

energy
Region Range in ms, [MeV]
. . Signal region [1713,1841]
Basic selection: 3 muons from same Blinded region  [1690, 1870]
vertex with [ m(3p) — m(T1)| <1 GeV Sideband region  [1450, 1690] and [1870,2110]

Training region  [750, 1450] and [2110, 2500]

Require m(3u) < 2.5 GeV; pT(p) > 2.5 GeV

Rely on several multi-muon triggers

> 1055I—I | T T T T I T T T T | T T T T T T T T | T T T T _E

E —¢— Data (loose) 3

§ - —e— Data (tight+x>x,) ATLAS 3

B Signal (loose) P

. ) o 10t slgﬂil (t?gc;;ix>x0) s=8 TeV, 20.3 fb" _]

Events then categorised accordingtom(3p) < "™ E :
2] - .

Loose selection to train BDT & 100 ]
> = E

Study rejection in sidebands; tighter selection % E :
O 0000050 o500 0.5 00 00O

defined through optimisation on limit 102

é;% 10

—

[ITTT

Gt o D

1600 1700 1800 1900 2000 2100 46
mg, [MeV] ®*—

—
o
o
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The BESIII experiment

- The BESIII experiment at BEPCII in Beijing is designed to provide a comprehensive
world-class physics program in the charm threshold region

Beam energy:
1-2.3 GeV

Compton back-scattering L“;‘:;‘gss;ty‘ L
for high precision beam cm s

energy measurement " Optimum energy:
| 1.89 GeV

Energy spread:
5.16 x10+

No. of bunches:
93

Bunch length:
1.5 cm

Total current:
0.91 A

SR mode:

0.25A @ 2.5 GeV
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cLFV via J/Y — ep,et,ut at BESIII: Status

- With the world largest e+ e- annihilation J/{ data including more than 225 million J/
events, the BESIII collaboration got the leading upper limit on J/{p — ey decay

- Better sensitivities on J/P — et and J/P — pt based on 1300 million J/p events are
coming soon [beginning of 2018

- J/ radiative decays will be studied as well J/ip — yeT, yut

Jb—ren  11x10°(58M) 16x107(225M) |

JJ— et  8.3x10° (58M) 6.3x10-8 (1300 M)

J/— ut  2.0x10° (58M) - © 7.3x10% (1300 M)
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Heavy neutrino search with the NA62 experiment

* If mn < Mg+, heavy neutrinos observable via production in:
(Kt - ITN) =T(Kt = 1Ty) pi(my) |Usl®
* This talk: search for peaks in Mmiss (Ki2) = \/(Px — P;)?

* NA62 2007 data sample: [ = p
* NA62 2015 data sample: | — ¢

e Other searches look for decays of heavy neutrinos (HN), e.g.

N = n*lF . N - 7%, ...

* Kaon decays in fiducial volume: Nx = (3.01 £ 0.11) x 108

* Heavy neutrino (HN) MC simulation
> Acceptance vs. HN mass: A (m )
> Missing mass resolution vs. HN mass: o (mn)

©

w

a
il

0.25[

K*—e*N acceptance
o
w

o
[\
T
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L1114

v b b b b e b g L
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N N
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_|IIIIIIIIIIIIIIlI\lI|IIII|IIII|

1 1111l 1
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Signal region: Mmiss € (170,448) MeV /c?

Squared missing mass: Mz, = (Px — Pe)?
B —e— Data
et || At St [ K >’y

500

400

300

200

100

e’V
T K —py (n"—e'vy)
B K —up'v (no p decay)

[ JK'—e'v(y)

IIII|IIII|IIII|IIII|IIII

...................................

0 0.05 0.1 0.15 0.2
m2,.. [GeVZ/c]
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Heavy neutrino search with the NA62 experiment

Upper Limits on |U,, |2

B(KT —1ITN)

-5
Un|* = n T 10 KEK (1984) NA62-2007
B(K — 1 Vl) Pi (mN) 32 K'-ptv, K'—e'v . ll (2917)’
8 )4 K —-pu'v
* NA62 2007 data analysis: 5 . Jll
o Extends the maSS range for (}13_310 E_. ................................................................. ..... | r ....................................
- p O [ 1TRIUMF (1992) — 1
upper limits on |U 4| c [ |woen Pk
* Most stringent limit in 2

NAG2 (2017)
K'—e'v

my € (300,375) MeV /2 10

! IIIIIIII

* NA62 2015 data analysis:
e Reaches 1076— 107 limits 10
on |Ue4|” in the range

my € (170,448) MeV /c?

PIENU (2011)

E949 (2015)
K -ty

| IIIIIII

10'9 lllllllllllllIlllIllllllllllllllllllllllllll

50 100 150 200 250 300 350 400 450
HNL mass [MeV/c?]
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Th: SM Effective Field Theory

Typical interpretive approaches
Top-down, UV-complete extensions of the SM (see Plenary Talk: Ana Teixeira)
Bottom-up, effective field theoretical formulation

SM effective theory valid up to some scale Lambda. It can be extended to a field
theory which reduces to SM via decoupling of New Physics

(5) o) (6)(6) 1
L= LSM+AZC Q, AzZC Q). <A3>

C}l) — —% Cey (1 — ezcg,ly)) — Z e2c§1) C;
1F£ey
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Interplay of cLFV processes at

-\WSB

H =My H =My
T T T I T T I T T T T T T T T T T T T T T
CYRR : | = MEG (Br<4.2-107") CyRR — MEG (Br<4.2.107"% :
102 Ll ] == MEG (Br<4-107") 1102 10,1 == MEG (Br<4-107%)
. —12 2 [ e e
eI - - MudeBres 107 ) 163 | == Muse Bresa0)
= SINDRUM I (Brﬁ§167410 ) 107 H mmm SINDRUM I (Br<7.10718) [ | {rorrmemmiers i
. COMET (Br<10 ) . = = COMET (Br<10~1)
]_0' S A A 10’ 3 T T T T
................................................................ 10'5
10°®
A 107
------------ 10°
; i i 1
-10° -10* -10” -10° -107 -10® 10* 103
CSLL
ee
H =My
T T T T T
CoLR Lol = MEG@r<az07y ] fp 100
== MEG (Br<4-107%)
ot — SINDRUM (Br<10"") | (| & = o Lot
== Mu3e (Br<5-107")
R — <7.1071 R
1021 SINDRUM Il (Br<7-107%)| || & = 102
= = COMET (Br<107'6)
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Th: Rare and radiative lepton decay at NLO

Fully differential NLO prediction are available for both
¢ — lvv+~and £ — vy + 171~

10.79 -

Arbitrary cuts and arbitrary distributions are possible

10.M

. . . =
Radiative corrections can be extremely important when 2 o
unfolding fiducial acceptance to ‘PDG values’ ~
(cf. 3.50 deviation in 7 — evv + v @ BaBar) 0

MEG & Mu3e: Corrections are negative, normally small
(percent level) but can get larger O(10%)

\\\\\

L 1 L L L
10 15 20

E/MeV

10.975

10.95

10.925

10.9

10.875

10.85
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Higgs mediated CLFV processes

New studies:

Cross section vs beam energy for fixed target exp.

uN(eN) — X via gluon operators

=5 -
L0 1 Total
10-6 i lg — 79
' g — Tbb

101
— 10
107 | &
ool
T

-12 i

7
S,
o/ 1

Event rate/year (T,,: target mass)

. T
N ~ 1 _16N | (UZY,N—H‘X) m
610 “ 1fb 1 gcm—“4

10

E[%ab. [GCV]

10°

For a mediator interacting with gluon

= 0(10%) event@ILC (N, = 1022 /year)

0(10*) event@v factory (N, = 10%°/year)
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Higgs mediated CLFV processes
New studies: uN(eN) — tX via gluon operators

Cross section vs collision energy for collider exp.

T
™
10" - : —
: Total
s e
2| 7
05T g o 78F e
1 {g — Tbb
107 Flg —Tcc - - ¥
= 10 ] 1
S
103 M ttt channel dominates over
others for /s = 1 TeV
-6
10
®m Important to correctly calculate
107 2 e the cross section with g-number
i i 3GV . conservation
S|{ue

@ Assuming 0(1000) fb™!/year,
\ 0(10) event/year@VLHeC g
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