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Roadmap for Today

Lepton Flavor MuZ2e MuZ2e AlCap AlCap
Violation Experiment Backgrounds Experiment Results
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Lepton Flavor Non-Conservation

Lepton number conservation is an accidental symmetry of the SM broken by
neutrino mixing. Neutral flavor violation induces charged lepton flavor violation,

albeit at vanish:
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Too small to measure. So what would a signal mean?
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Charged Lepton Flavor Violation: y—e

New Physics
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Muon to Electron Conversion Experiments

1. Proton beam incident on muon
production target

2. Graded B-field focuses muons
downstream

3. Curved section selects negative
muons

4. p- stop in aluminum foil target

5. Monoenergetic 105 MeV
conversion electron detected in
tracker and calorimeter
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Muon to Electron Conversion Experiments

Mu2e and COMET are looking: Mu2e @ FNAL
1. For a rare uAl interaction mm—— e T g
(R _(Au)<7 X103 Ca= " DRy, NY
ue == 7 e, 4
2. Through a /ot of uAl (>107°) ' aoil
generated noise, background, and Stopping Tt
damage COMET @ JPARC [TDR]

detector for Muon transport Pion production
u-e conversion

Consequently, must understand
muon-aluminum interactions

[1] W. H. Bertl et al. (SINDRUM I1), Eur. Phys. J. C47, 337 (2006)
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Muonic Atoms
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Atomic Capture
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Nuclear Capture
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Issues for MuZ2e

Heavy Charged Particles:

e Optimal thickness of inner proton absorber
(IPA)?

e Will Mu2e’s tracker be capable of recovering - 1
quickly after a hit?

e Lifetime of the tracker?

M. MacKenzie Internal 2018
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Work Packages

WP1: Protons WP2: Photons WP3: Neutrons
e Determine proton e (Gammas from nuclear e Determine neutron
emission rate following capture and activation spectra from aluminum
muon aluminum e X-rays and gammas and other material used
nuclear capture to from other targets for shielding in
assess tracker noise e Noise hits Mu2e/COMET
and damage e Normalization e Cause noise hits,
corrupt electronics’
memory
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Work Packages
Today

John Quirk DPF 2019

BOSTON

UNIVERSITY




AlCap: The Aluminum Capture Experiment
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AlCap Setup

Key

Plastic Scintillator
= Silicon Detector

Wire Chamber
== Liquid Scintillator
Germanium Detector
Lead Shielding
Stainless Steel

Particle Identification Package E

Target

Dli— Vg’:o

John Quirk Departmental Seminar 24 May 2019

Beam counte

Collimator

PID Package

| ” Target

Punch through veto
detector

~30cm
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Chamber

e Cylindrical

e Stainless steel

e Under vacuum

e Diameter ~30 cm
e Height ~60cm

~60cm
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AlCap Setup
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Muon Count from X-rays

: X-Ray Spectrum (AI50 Target) £200ns
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Raw Spectrum and PID

SiR Proton PID Cut (50um Al Data) Measured Proton Energy
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e Plot thin silicon energy vs total energy e Left/Right differences:
e Particles lie in telltale bands o Target stopping distribution
e Distributions fit to data slices and used for o Detector positions
selection cut o Third silicon detector on right increases
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Unfolding

Target Self-Absorption (MC)

e Geometric efficiencies

S _
based on target position 8 s~
and stopping distribution 3 I
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Unfolding

Simulated Right Telescope Proton Response
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Results

Lower rate than expected Unfolded Proton Spectrum
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Includes only statistical, unfolding, and PID errors
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Impact for Mu2e

Inner proton absorber (IPA): Antiproton

Window
e Reduces proton detector hit
rate
o Increase lifetime of the straws
o Decrease noise hit rates
e Degrades conversion e signal

o Degrades signal momentum resolution
o Reduces signal energy

IFB Support

Collimators

AlICap has found a (preliminary) reduced rate by a factor of 3, allowing
reduction of mass of the IPA and therefore less degradation of signal energy

resolution.
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Status

e Hammering down systematics
o Beam characterizations/stopping distribution (how sensitive are we?)
o PID efficiency
o  Normalization

Plans to extend the energy range using veto silicon detector
Other targets (Al 100um, Ti 50um) for charged particle analysis
Photon and neutron measurements coming along

Current results already impactful for Mu2e and COMET

Public results planned for PSI2019 (@ PSI 20 Oct)
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Rate

Stopping Depth in Target

3.5-10 MeV rates as function of muon stop position 4-8 MeV rates as function of muon stop position
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While the effects on the individual detector arms is significant, averaging them cancels this out.
Ideally, the unfolded rates would agree in the left and right arms.
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R13 Setup

Plastic Scintillator
Silicon Detector
Wire Chamber
Liquid Scintillator
Germanium Detector
Lead Shielding
Stainless Steel

Beam counter

PID Package

!

Collimator

Target

Punch through veto

detector
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Chamber

. Stainless steel
Under vacuum
Diameter ~30 cm



Campaigns

Campaign R13 R15a R15b
Dates Nov 28-Dec 23 2013 Jun 8-21 2015 Nov 5-22 2015
Work Packages WP 1,2, 3 WP 2, 3 (Neutral WP 1 (Charged
particles) particles)
Beamline TE1 TES TE1
Al, Ti, Si (Passive) Al, Ti, H20, Pb, Steel Al, Ti, Si

Targets




Paul Scherrer Institut (PSI)

® Highest current, highest
power proton accelerator
(2.2mA, 590MeV cyclotron)

® Most intense muon beam

® Number of DC muon
beamlines to choose from
to balance rate and
momentum bite




Beamlines at PSI

Beamline E1 mE5
Campaign R13, R15b R15a
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Sanity Check: Lifetime = 864ns

w
=
o
-
—
802
c
>3
(o]
O

10

LR R

T T TTTT

1111

TME Time SiL AI50
Left

B Entries 33512
Mean 1355

Std Dev 812.9
E il x2 / ndf 453.7 | 447
E ¥y ikttt BG Flat 0.1797 £ 0.1862
L P iy Al Amp 304.3+58
F | Al Lifetime 8739+ 120
= |

I I\!_ |

i ’ | |

]
l
|H|| (il

b

1 S A e ) A 0

III[|IIII

lIIllI]I

IIIIIII]

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
t[ns]

BOSTON

UNIVERSITY
TME Time SiR AI50
A Right
2 Entries 37583
9 n Mean 1362
= Mg Std Dev 825.4
L™ x2/ ndf 476/ 447
% F | ) . BG Flat 0.5397 + 0.2040
8 ¢ v Al Amp 340.4+6.3
i il ”I“‘]” Al Lifetime 866.8+11.4
) i T
10 } |”|| It ‘
C oll (K \
- ol H
i Inl ||‘i"'| I! \
i LI
L W
:l 111 | I ] | 111 | I | 1111 e I ] 111 L1111 I
3.
2
01 .|v‘1 R ‘ ! | ‘,J.L' lll
I 'J’l‘| ]'I'H i IFI ll" 1 W\M'\” '! '”I HW"’ i LT ’

Il|IIlIIIlII|IIIIIIIl

IIlI]IlIIllI]I

_aEll il
gOO 1000 1500 2000 2500 3000 3500 4000 4500 5000

t [ns]



Hit

Time and Enerav

Silicon Pulse
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Pulse passes preset threshold,
triggering data taking in that
channel (each channel is
self-triggered)

Number of presamples before
trigger used to calculate
pedestal, preset number of
samples taken

Maximum height from pedestal
taken as energy

Interpolated clock tick where
pulse hits 10% of maximum
taken as time
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Charged Lepton Flavor Violation: y—e
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New Physics

N N N N

[conv(Au — eAu)
[capt (HAu)

W. H. Bertl et al. (SINDRUM I1), Eur. Phys. J. C47, 337 (2006)

<7x10713

Au __
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