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Physics motivation

e Observing charged lepton violation is a clear sign of new physics.

Standard Model: Beyond Standard Model:
through neutrino mixing e.g., SUSY-GUT
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Sensitive to high mass scales
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History of muon CLFV search
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MEG result and upgrade

e Current limit: B(u™ — e*tv) < 5.7 x 10713 using 3.6 x 10
stopped muons.

. . . s —
e Background is dominated by accidentals. :
o 561 -
Nace & R, X AEy* X APe X A®F, X Atey X T :
e Upgrade: target sensitivity ~ 6 x 10~ .
based on ~ 3.3 x 10'® stopped muons. .
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How to improve beyond MEG upgrade?

One of the limiting factors of u—ey search is the photon energy resolution
in calorimeter.
2

+ Accidental background dominates: Nacc < R, X AEy> X APe X A®F, X Afey X T
(et from Michel decay, y from radiative muon decay)

A pair spectrometer (reconstructing ete~ pair tracks from photon
conversion) can improve photon energy resolution significantly.

Other improvement such as fiducial volume, positron/photon angular
resolutions, muon decay vertex detection ability, etc. should also be
considered.

The use of converted photon were recently mentioned by Fritz DeJongh in
his talk at 2012 summer study. Here we use the SuperB FastSim
framework to take a detail look.
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Brief introduction to FastSim

e Born from BABAR offline software framework.

e Developed primarily for SuperB; extensively used for physics
studies and detector optimization.

e Detectors are modeled with 2D shells of cylinders, planes, and
cones; configured by xml files, very easy and quick to modify.

e Event 4-momenta are generated by EvtGen

e Particle scattering, energy loss, secondary particles, etc.
(Compton, Bremsstrahlung, conversion, EM /hadron showers),
are simulated at the intersection of particle at each shell.

e Tracks are reconstructed with a Kalman filter into piece-wise
trajectories. No pattern recognition, but can artificially confuse
hits to mimic inefficiencies.

e High level physics candidates are built and analyzed with BABAR
framework.
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Detector geometry

e Take note from Mu3e proposal:

+ Similar event topology
e Cylinders of thin silicon sensors
e Thin cone-shape target

e Scintillator timing devices (not
implemented yet in this study).

e We need to add thin and dense
materials to convert photons.

Recurl pixel layers

Scintillator tiles

/3
Mus3e proposal arxiv:1301.6113v1

Scintillating fibres
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FastSim setup

e 6 layers: R=1.5, 2.3, 8.5, 9.3, 12.0, 13.0 cm
e Sithickness= 50 um, plus 50 um kapton.

e Pb photon converter: 0.56 mm thick (~10% Xo) at R=8.0 cm,
covering 180° azimuthal angle.

e Target: double-cone Aluminum. Z vertices at +5 cm; R=0.5 cm
centered at z=0; thickness= 50 um.

+ Muons are generated just inside the surface of the target.
e Polar angle coverage: [0.2, m—0.2] rad
e BField=1.0T

e Silicon layers are modeled after SuperB double-sided striplets.
+ Hit resolution: 8 um, plus some fraction of a 20 um tail.
+ Hit efficiency: 90%.
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FastSim geometry
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Event display

Thin red curves: generated helices; magenta curves: trajectories
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Analysis

e Generate 10° u*—e*y uniformly under the surface of target.

e BABAR algorithm to find/vertex converted y—e*e™ pairs.

e Extrapolate primary e* onto the target surface; use the intersection to
constrain the muon candidate decay vertex and refit the decay.

+ If more than one intersection is found, choose the one such that e and y have a largest
opening angle (closest to back-to-back).

o ~1.8% are reconstructed.
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Energy momentum resolutions

e Selection: |cosBe|<0.7; |cosBy|<0.7; —3<@Pe<0O; Py>0

e Efficiency ~ 1.25%.
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ety Invariant mass resolution
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Positron angular resolution
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Photon angular resolution

e After vertex constraint: ~7 time better than positron angular resolution.
+ (Betore vertex constraint: similar to positron.)
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Resolution of e-y angle

e Dominated by positron angular resolution.
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Comparison

e We use SuperB FastSim and BABAR framework to study a
conceptual design of a detector for u*—e*y (—e*e")

TABLE XI: Resolution (Gaussian o) and efficiencies for MEG upgrade

o Comp dI'1SOIl Wlth MEG) MEG PDF parameters Present MEG Upgrade scenario
upgrade and MUSG. e energy (keV) 306 (core) 130
et 0 (mrad) 94 5.3
e* ¢ (mrad) 8.7 3.7
ThlS WOI'k MEG et vertex (mm) Z/ Y(core) 24/1.2 1.6/0.7
v energy (%) (w <2cm)/(w >2cm) 2.4/1.7 1.1/1.0
De 200 keV 305 keV v position (mm) u/v/w 5/5/6 26/22/5
Ey 0.37% 1.7-2.4 % y-e* timing (ps) 122 84
Effici %
Mey 340 keV ciency (%)
trigger ~ 99 ~ 99
(Pey 10 mrad 9 mrad y 63 6
Oey 9 mrad 16 mrad et 40 88
. arxiv:1301.7225v2
eff1C1€ncy 1.25% ~2% 1600 RMS: 0.42 MeV/cz
1400F o,.0.24 MeV/c
2 o,: 0.51 MeV/c?
Mu3e phase II 0, 0.34 MeV/c?
muon mass
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200F
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Background study

e The dominant background in MEG is accidental background (>90%).
+ Positron from normal Michel decay; photon from radiative muon decay.

Michel spectrum ) Radiative muon decay photon spectrum

(arbitrary unit)

dN/dE

. ) N3 a n e ( 7 1 N a 10

10

e BF(Michel)~100%; BF(u——e Vevuy; Ey>10 MeV)= (1.4 + 0.4)%.

e We can generate uncorrelated pairs of e* and y (assuming no polarization),
limiting ourselves to around the signal-like phase space, to simulate the
equivalent background from 10'° stopped muons in a short time.
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/ \ / R ..........................................................................................
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tlme VVlIldOW ......................................................
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Toy validation with MEG

e Use R, =3x10"/s, R,T =3.6x10",

2.2% overall efficiency, and MEG’s

resolutions to generate accidental background toy events

Tby sample
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(MeV)

E.

Background in future facility

e Assume single event sensitivity ~2x1075,

e Signal efficiency 1.25%.

e Need ~4x10'° stopped muons.

e Assuming data taken in 1.5 DAQ years = R,=8.4x108/s.

e Use resolutions similar to those found in FastSim, and timing resolution of 100 ps.

54.5 ¥
Count events in
4.0 +1.64-0 windows
35| i (90% for a Gaussian
' g distribution) in E,
= . Ey, Ocy, ey, and At.
3 Found 20+3
2 £ 2 ‘1 st ot background events.
54.5 -1.0000 -0.9998 —0‘99?‘(6)39—‘(.).9994 -0.9992 -0.9990 magnitude tO go.
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Vertexing power

e Converted photon has an angular resolution ~10 mrad in ¢ and 0 (before vertex constraint).

e Positron and photon in accidental background come from different points on the target.
Forcing the production point of the photon to be that of the positron will change the photon

direction.
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Another approach: large drift chamber

e Consider a large volume solenoid,

such as KLOE, run at 0.6 T.

e Fill it with a low mass drift chamber,
subdivided in concentric stereo super-
layers separated by thin shells of W

photon converter.

The drift chamber

Inner chamber radius =
10 cm
(Pyrin = 9 MeV/c)

to allow for vertex detector

Outer radius R = 245
cm

15t super-layer up to R = 60
cm

to fully contain p, = 53 MeV/c
100 = stereo layers
radially

Successive super-layers of
16 stereo layers of increasing
cell size (from 0.8 to 2.2 cm)
separated by a radiator shell

to track electron pairs from
photon conversion
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Large drift chamber approach

The drift chamber

Inner chamber radius =
10 cm

B = 9 MeV/O The photon converter

to allow for vertex detector

Outer radius R = 245 A 53 MeV/c p, track

o leaves

15t super-layer up to R = 60 > 400 hits per turn
cm in the

to fully contain p, = 53 MeV/c first
100 + stereo layers super-layer

radially Momentum

resolution

dominated by mult. scatt in

 Franco Grancagnolo :
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Successive super-layers of
16 stereo layers of increasing e
cell size (from 0.8 to 2.2 cm) Anim: <200

separated by a radiator shell P/ Py

tn trark alartran naire fram KeV/C

The vertex detector - | Many kinematical

constraints:
vertex (within
converter)
photon invariant

« 80 um x 80 um
(occ. < 0.5% for 109 u/s at 10

cm)
(3 ps double pulseresolution)

* Only 2 layers: Much higher photon conversion

no standalone tracking

required. efficiency ~90% (many converters).
c¢m long:

to match drift chamber Great p. and angular resolutions.

f acceptance. . .
ekl * 7 x 10° pixels/layer Could reach <1075 limit.

no standalone tracking
required.

« Total of 2 x 1073 X,,.
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Summary

e Reconstructing e*e™ tracks from converted photons can
significantly improve photon energy resolution, and can provide
photon direction independently; both improve u—ey search

sensitivity significantly. FastSim study demonstrates the
principle.

e Toy study shows that an order of magnitude improvement from
MEG upgrade sensitivity is possible (as long as the muon
stopping rate is achievable, and target/detector can tolerate it).

e Further improvement:

+ Loss of efficiency due to photon conversion probability could be
partially recovered by adding more layers of converters.

+ Target optimization; active (silicon) target.
+ Detector layout optimization.
+ Optimize for both y—ey and u—eee simultaneously fro Project-X.
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