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Beyond the Standard Model (BSM)

The discovery of the Higgs boson at the LHC in 2012 provided
the missing piece in the Standard Model (SM) to explain
electroweak symmetry breaking.

However there remain many shortcomings in the SM’s description
of nature, notably :

the lack of a dark-matter candidate;
no explanation for the observed
matter antimatter asymmetry
in the universe;
no quantum theory of gravity;
and no explanation for smallness
of neutrino masses, · · ·

⇒ All these phenomena highlight the
need for physics beyond the SM (BSM)
and many of these models predict
charged lepton flavour violation (CLFV) and (g − 2)µ contributions
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DNA of New Physics

⇒ good candidates to probe NP :
Lepton Flavor Violation (LFV) of Charged Leptons, (g − 2)µ , · · ·

Wilfrid da Silva IHEP 17 december 4 / 46



(g − 2)µ

Standard model can predict g
with ultra high precision

anomalous magnetic moment :
a ≡ g−2

2

g = 2 from Dirac equation (point like,
1/2 spin particle) but g 6= 2
due to quantum-loop effects
(vacuum polarization)

Useful in searching for new particles and/or interactions
and experiment has reached the sensitivity to see such effects · · ·
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Comparison Theory and Experience (example) aSM
µ − aExp.

µ

Extract from Maurice Benayoun (Lpnhe/Paris) from Second Plenary
Workshop of the Muon g-2 Theory Initiative (18-22 June 2018)

Sign of New Physics ? ⇒ very exciting !
Statistical fluctuation ? ⇒ redo a measurement !
Systematic error issue ? ⇒ g-2/EDM at J-PARC
(very different systematic errors)
· · ·
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muon g-2 and EDM measurements

In uniform magnetic field,
muon spin rotates ahead
of momentum due to
g − 2 6= 0

µ+ → e+νe ν̄µ

High energy positrons are
larger due to larger phase
space.
Positrons tends to be emitted
in the muon spin direction.

High energy positron Time Spectrum

N(t) = N0 exp
(
− t

γτ

)
[1− cos (ωat + Φ)]

General form of spin precession vector :

~ω = − e
m

[
aµ~B −

(
aµ − 1

γ2−1

)
~β×~E

c + η
2

(
~β × ~B +

~E
c
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BNL E821 - FNAL E989 approaches
γ = 30 (P = 3GeV/c)

~ω = − e
m
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aµ~B + η
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J-PARC E34 approach
E = 0 at any γ
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FNAL E989 : Analysis effort on-going for the first publication scheduled
next year
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g-2/EDM at J-PARC The Collaboration : 99 "current members" from 41
institutions, 7 countries signed up for the collaboration bylaws (2017)
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g-2/EDM at J-PARC : "A New Approach for Measuring the Muon’s
Anomalous Magnetic Moment and Electric Dipole Moment"
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g-2/EDM at J-PARC: the H-line

A 3 GeV primary proton beam with 1 MW beam
power from the Rapid Cycle Synchrotron hits a 2 cm
thick graphite target to provide pulsed muon beams.
The experiment uses a surface muon beam.
Surface muons are nearly 100 % polarized positive
muons from pions stopped at and near the target
surface. The H-line extracts muon beams.
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g-2/EDM at J-PARC : Thermal muonium production - µ+ production -
µ+ acceleration (linac) - µ+ spiral injection and storage

µ+ are slow down and thermalized in silica aerogel.
Most of the muons form muonium atoms (µ+e−).

µ+ are accelerated to a momentum of 300 MeV/c in
a sufficiently short time compared with the µ lifetime.
Another essential requirement for the acceleration is
the suppression of transverse emittance growth.

Muonium formed will diffuse to the surface of the slab
and escape to vacuum with thermal energy.
Intense laser beams strip the electron from muonium.
The maximum polarization is 50 %.

A new method to inject the muon beam !
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Particles to be Measured

Wilfrid da Silva IHEP 17 december 13 / 46



Muon Beam
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Key Issues for muon g-2 Measurement
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Track Finding : hough transform
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Track fitting unsing GENFIT package : why ?
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GENFIT development for very low momentum curler tracks

Track Fitting in the positron detector with GENFIT Shobhit Gupta , Wilfrid da Silva , Tsutomu Mibe
(technical E34-NOTE-0033)

Low momentum regime e+ are tangent to the vane,
leading to multiple hits on the same vane. =⇒
Extrapolation method in GENFIT have been modify
in order to take multiple

GENFIT can fit a positron track with two hits
in the same vane now.ww�
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Angular Velocity Vector Tilt

Wilfrid da Silva IHEP 17 december 19 / 46



Up/Down going Positrons Asymmetry⇒ Asymmetry Oscillation
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Summary of statistics and uncertainties
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Institute of Particle and Nuclear Studies (IPNS) gives
g-2/EDM stage-2 approval
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Lepton Flavor Violation (LFV) of Charged Leptons

Neutrino Mixing
(confirmed)

Charged Lepton Mixing
(not observed)

Contribution to lepton flavor
violation of charged leptons

from Neutrinos

Very Small (10−54)

Sensitive to new Physics
beyong the Standard Model

Observation of CLFV would indicate a clear signal of
physics beyond the SM.
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Searches in the Past

A long history of the LFV search,
which started from the experiment
with cosmic rays
by Pontecorvo et al. in 1947.

Since then, the upper limits have
been improved by two orders
of magnitude per decade
with muons that are created
by accelerators
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Various Models Predict CLFV ......

Such a sensitivity could be translated into probing many new physics construction
up to O(104) TeV energy scales, which would go beyond the level that can be reached
directly by collider experiments. The search for CLFV µ→ e conversion is thus highly
complementary to BSM searches at the LHC.
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List of Lepton Flavor Violating Processes with Muons

The neutrinoless muon to electron conversion process has
a sensitivity to BSM physics from both dipole (loop) and
non-dipole interactions.
This is in contrast to the µ→ eγ process which is only sensitive
to dipole interactions and
B(µN→eN)
B(µ→eγ) ∼

1
100
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Muon-to-Electron (µ− e) Conversion

One of the most prominent muon CLFV processes is
coherent neutrinoless conversion of muons to electrons conversion.
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µ− e Conversion Signal and Backgrounds
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Present Experimental Status of searches for µ− e conversion

The latest search for µ− e conversion was performed by
the SINDRUM II collaboration at PSI.
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The COMET experiment : a staged approach

First stage - Single Event Sensitivity (SES) : 3.0× 10−15 (Phase-I)
Second stage - SES : 2.6× 10−17 (Phase-II)

Phase-I layout of the COMET experiment,

showing the first 90o bend of the muon transport

beam line. The detector will be placed

at the end of the muon transport section.

(under construction )
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ICEDUST COMET Simulations (for more see Ewen Gillies seminar)
⇒ require a lot of CPU and Storage
⇒ Mostly Official COMET simulation hase been done at the French
computing center CC-IN2P3 (see next next slides)
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e− Track Fitting using GENFIT (can benefit of g-2 tracking synergy)
Fitted Momentum minus 105.0 MeV Distribution (for the µ− e conversion signal)

Leading track fitting Team :
Osaka University and IHEP↘

Lower momentum side tail due to :
energy loss in the muon stopping target

Higher momentum side tail due to :
energy straggling in the muon stopping
target and the CDC inner wall

Momentum resolution is important :
for eliminate intrinsic backgrounds
from regular muon decays (in particular
on the higher momentum side)

Multiple turn tracks are treated initially
as a set of a few single turn tracks,
and then they are combined to form
one multiple turn track. To fit all hits
same GENFIT developments in
extrapolation method like g-2/EDM
at J-PARC are under studied (in FCPPL)
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National Institute of Nuclear and Particle Physics Computing Center
(CC-IN2P3)
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Paris : Track Finding Study using Apollonius’s circle (very preliminary)

Test the Apollonius method on
signal + background event seems
promissing but consuming computing time
analysis ongoing in the framework
of FCPPL agreement.

Build all Apollonius circles using all
COMET Drift Chamber (CDC) drift
distance hit triplets and vote↘
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Paris : Track Finding Study using Persistent Homology (preliminary)
Vertices : replace data points by vertices
Edeges : link two vertices if their distance
is lower than the ball diameter
Increase the ball diameter · · ·
To fill the loops :
Vietoris-Rips rules : fill the triangle
notion of peristence (see main loop )⇒

Build the Persistence Diagram and have
a look on loops having the larger lifetime
Analysis ongoing in the framework
of FCPPL agreement. ↘
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After COMET-PHASE I and COMET-PHASE II : PRISM Muon Beam
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PARIS : "Muon Cylindric Converter" as a futur COMET PHASE X=3 ???

Explore the possibility of :
Silicon radial vanes for Stopping Target (yellow)
Silicon vane detector for the tracking of electrons (gray)
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MCC : a radial Stopping Target Vanes and a radial Detector Vanes

µ− beam injection " à la g-2/EDM"
(nominale trajectory)

Distribution of e− hits in 8 silicon radial
detector vanes (after the decay of
the muon in the stopping target) (in gray⇒)

Distribution of entrance and
stopping µ− hits in 4 silicon radial
stopping target vanes (in yellow

w�)

Fitted e− trajectory with GENFIT

Wilfrid da Silva IHEP 17 december 44 / 46



MCC : fitting e− from µ− conversion with GENFIT (study ongoing)
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Summary

g-2/EDM
COMET
CC-IN2P3
LPNHE/Paris FCPPL-FJPPL
· · ·
Thank You Very Much
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