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Optimizing the Tracker (and 
Related Elements) for 

Improved Mu2e-II Sensitivity
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• Decay In Orbit (DIO) and Cosmic Rays 
contribute ~equally to the background

• Sensitivity optimization requires Nbkg <<1

Mu2e Sensitivity (SU2020 Paper)
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Table 8. Background summary and SES using the optimized signal momentum and time window,
103.60 < p < 104.90 MeV/c and 640 < T0 < 1650 ns.

Channel Mu2e Run I

SES 2.4 ⇥ 10�16

Cosmic rays 0.046 ± 0.010 (stat)± 0.009 (syst)
DIO 0.038 ± 0.002 (stat) +0.025

�0.015 (syst)
Antiprotons 0.010 ± 0.003 (stat) ± 0.010 (syst)
RPC in-time 0.010 ± 0.002 (stat) +0.001

�0.003 (syst)
RPC out-of-time (z = 10�10) (1.2 ± 0.1 (stat) +0.1

�0.3 (syst))⇥ 10�3

RMC < 2.4 ⇥ 10�3

Decays in flight < 2 ⇥ 10�3

Beam electrons < 1 ⇥ 10�3

Total 0.105 ± 0.032

Figure 20 shows the momentum and time distributions for the µ� ! e� signal and individual
background processes corresponding to the optimized signal window.
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Figure 20. Electron momentum (left) and time (right) distributions after optimization of the signal
momentum and time window. The CE signal distributions correspond to Rµe = 1 ⇥ 10�15. The
background estimate numbers are the integrals over the optimized signal window, 103.60 < p < 104.90
MeV/c and 640 < T0 < 1650 ns. The error bars represent statistical uncertainties only.

9. Summary
We present an updated estimate of the expected Mu2e sensitivity to the search for the

neutrinoless µ� ! e� conversion on an Al target. Mu2e Run I, the first part of the Mu2e
data-taking plan described in Section 2.4, assumes an integrated flux of 6 ⇥ 1016 stopped
muons. The discovery Rµe corresponding to a 50% probability of observing the µ� ! e�
conversion signal at a 5s significance level is R5s

µe = 1.2 ⇥ 10�15. Reaching the 5s significance
level requires observing 5 µ� ! e� candidate events in the two-dimensional search window
103.60 < p < 104.90 MeV/c, 640 < T0 < 1650 ns. The corresponding expected background is
0.11 ± 0.03 events, significantly lower than one event.

In the absence of a signal, the expected 90% CL upper limit on the µ� ! e� conversion
rate is Rµe < 6.2 ⇥ 10�16, a factor of ⇠103 improvement over the current experimental limit
Rµe < 7 ⇥ 10�13 at 90% CL [13].

In the second part of the data-taking plan, Run II, Mu2e is expected to improve the
experimental sensitivity of the µ� ! e� conversion search by another order of magnitude.
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• Requires 10X stopped muons (assuming Nbkg<<1) 
• Assume 3X from increased rate, 3X from increased duty factor

• The DIO background scales with the muon stops
• Will increase by 10X
• To keep Nbkg<<1 the DIO rejection must be improved by a factor of ~5
• The track momentum resolution must be improved

• The cosmic ray background scales with livetime
• Will increase by 3X
• Cosmic rays will no longer be the dominant background
• Some rejection improvement will be needed to keep Nbkg<<1 (X2?)
• Tracker/tracking improvements could help

• Improved momentum resolution ⇒ smaller selection window

• Improved upstream track finding ⇒ better reflection background rejection

• Other track⇔CRV correlations might also be helpful

10X Improved Sensitivity Goal for Mu2e-II
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• The Mu2e DIO background comes roughly equally from 
(Gaussian) core and high-side momentum resolution tails

• The resolution core is dominated by material effects:
• Energy loss in upstream passive material

• Stopping Target and Proton Absorber (IPA)

• Multiple scattering in the straw walls
•⇒ Improving the core resolution requires reducing or 

mitigating the effect of materials

• The high-side tails are caused by reconstruction effects:
• LR ambiguity mis-assignment
• Non-Gaussian time-to-distance response
•⇒ Reducing the high-side tails requires improving the 

reconstruction algorithms and/or the data they are fed
• General tracking resolution improvements will also help

Tracker Momentum Resolution
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• Plots are from the detailed G4-based Mu2e simulation of Conversion electrons (Ce)
• Δmom = MC true change in the Ce momentum getting to (going through) the tracker

• The core peak width defines the momentum resolution
• Negative tails cause efficiency loss

• minor impact on sensitivity

• The mean value is mostly irrelevant (can be calibrated out)

• The Upstream material impact is roughly equal to the tracker material impact
• Naively, both must be reduced to improve the resolution

Material Impacts
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• The upstream material resolution is dominated by the 
stopping target

• The muon stopping rate is proportional to the target mass
• We cannot improve the sensitivity by simply reducing the mass

Upstream Material Impact
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• Conversion electrons cross the IPA 2 ± 0.5 times
• Each intersection contributes a small amount to the resolution

• The net impact is small since the number of 
intersections is ~constant

IPA Material Impact
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• Conversion electrons intersect 3.1 ± 1.8 target foils
• Each foil intersection contributes a modest amount to the resolution

• The target resolution is dominated by the variation in the 
number of crossings
• Variation in the crossing angle (material path) also contributes

Target Material Impact
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• The core resolution (120 
KeV/c) is less than 
expected (270 KeV/c)
• The fit corrects for energy 

loss in each straw crossing
• Using the predicted trajectory

• This removes the (dominant) 
resolution contribution due 
to variation in the amount 
of material intersected 

• The resolution tails can 
be greatly reduced by fit 
quality cuts
• RMS after selection is ~2X 

core resolution

Momentum Reconstruction Resolution
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• Mitigate the target energy loss impact
• Predict the target material (number and paths of foil intersections) using the 

track fit
• Optimize the target geometry for predicting the target energy loss
• Investigate how to improve the # of μ-stops/gm

• Can the muon beam be optimized?

• Actively count the target intersections
• NB: the target foil energy deposition is not intrinsically useful as Ece > critical energy

• Reduce the reconstruction artifacts causing high-side tails
• Improve the hit information quality and quantity
• Improve the drift calibration (T2D)
• Improve the pattern recognition algorithm (LR ambiguity assignment)
• Improve the track selection algorithms

• Reduce the tracker (straw) mass
• Reduced mass will improve the fit quality and extrapolation accuracy

• Mitigate the IPA energy loss impact
• Predict the material path using the track fit

How to Improve the Sensitivity (Tracker)

10



Mu2e-II CalTech Workshop, Mar. 27, 2023David Brown

Backup
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Upstream Materials
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Muon Beamline – 55% Complete

15 J. Whitmore | Mu2e Director's Review Feb 21-23, 2023Several procurements are in process

Completed Scope
Detector support rail system delivered
Stopping target assembled

Fabrication of collimators completed

Fabrication of major Muon Beam Stop elements in progress

Designs of muon beamline vacuum system, stopping target 
monitor infrastructure, Detector Solenoid internal shielding, 
detector support system and shielding refined

Remaining Scope
Complete fabrication of COL3 drive system, antiproton 
window housing and muon beam stop components.   
Assemble and install.
Finalize designs, procure stopping target monitor 
infrastructure, remainder of DS internal shielding and detector 
support system.  Deploy detector support system.
Finalize design of muon beamline vacuum system, procure 
components.  Install DS end cap and vacuum bypass lines.
Finalize design and procure shielding and hatch blocks

Charge 6 & 7

Challenges & Plans
Continue to work with detector subsystem leads to clarify and 
finalize detector services, feedthroughs and infrastructure 
interfaces
COVID related component cost escalation captured in RLS. 
Residual risk captured in risk register
Continue to work with ALDs to ensure availability of high-
demand, key resources (MOA)
Continue to work with subsystems to identify and minimize 
potential for interferences during the installation process

Stopping Target (37 Al foils)Full-Size IPA Prototype

H. Glass | Director's BCP Review10 May 10-12, 2022

This prototype was mounted on 22 Feb 2018 and has been monitored for long-term durability. IPA is 
supported by tungsten wires, which are not visible. Visible cords are strings used for maintaining 
tension in the mounting box. 

Previous prototype was half-sized. Confirmed design principles. Full-size prototype demonstrates 
ability to maintain desired shape over large volume.

End ring support (white), polystyrene, final shape. Body is conductive polyethylene (black). Prototype 
meets design specifications. Final material will have better quality control to have smoother surface.

Proton Absorber (HDPE cylinder) 
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• Must be buildable and operable
• Acceptable radiation damage to wires

• Increase C/cm tolerance or reduce charge load

• Acceptable radiation damage to electronics
• Increase rad hardness or reduce (photon) fluence

• Acceptable pileup
• Increase TDAQ pileup tolerance or reduce pileup rate

Other Tracker Requirements
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