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Chapter 1: Executive Summary
[bookmark: _Ref151194703][bookmark: _Ref151194725][bookmark: _Ref151194737][bookmark: _Ref151194749][bookmark: _Ref151194809][bookmark: _Toc165011042]Executive Summary
[bookmark: _Ref146961404][bookmark: _Toc165011043]Introduction
Fermi National Accelerator Laboratory and the Mu2e Collaboration, composed of about 155 scientists and engineers from 28 universities and laboratories around the world, have collaborated to create this technical design for a new facility to study charged lepton flavor violation using the existing Department of Energy investment in the Fermilab accelerator complex.

[image: ]Mu2e proposes to measure the ratio of the rate of the neutrinoless, coherent conversion of muons into electrons in the field of a nucleus, relative to the rate of ordinary muon capture on the nucleus:

The conversion process is an example of charged lepton flavor violation (CLFV), a process that has never been observed experimentally. The significant motivation behind the search for muon-to-electron conversion is discussed in Chapter 3. The current best experimental limit on muon-to-electron conversion, Re <  7  10–13 (90% CL), is from the SINDRUM II experiment [1]. With 3.6 1020 delivered protons Mu2e will probe four orders of magnitude beyond the SINDRUM II sensitivity, measuring Re with a single event sensitivity of 2.87  10–17. Observation of this process would provide unambiguous evidence for physics beyond the Standard Model and can help to illuminate discoveries made at the LHC or point to new physics beyond the reach of the LHC.

The conversion of a muon to an electron in the field of a nucleus occurs coherently, resulting in a monoenergetic electron near the muon rest energy that recoils off of the nucleus in a two-body interaction.  This distinctive signature has several experimental advantages including the near-absence of background from accidentals and the suppression of background electrons near the conversion energy from muon decays.

At the proposed Mu2e sensitivity there are a number of processes that can mimic a muon-to-electron conversion signal.  Controlling these potential backgrounds drives the overall design of Mu2e. These backgrounds result principally from five sources:
 
Intrinsic processes that scale with beam intensity and include muon decay in orbit (DIO) and radiative muon capture (RMC). 
Processes that are delayed because of particles that spiral slowly down the muon beamline, such as antiprotons.
Prompt processes where the detected electron is nearly coincident in time with the arrival of a beam particle at the muon stopping target. 
Processes that mimic conversion electrons that are initiated by cosmic rays.
Events that result from reconstruction errors induced by additional activity in the detector from conventional processes. 

A general description of these backgrounds can be found in Section 3.2 and a detailed description combined with estimates of background rates in Mu2e can be found in Section 3.6.
[bookmark: _Toc165011044]Scope
To achieve the sensitivity goal cited above a high intensity, low energy muon beam coupled with a detector capable of efficiently identifying 105 MeV electrons while minimizing background from conventional processes will be required. The muon beam is created by an 8 GeV proton beam striking a production target and a system of superconducting solenoids that efficiently collect pions and transport their daughter muons to a stopping target. The scope of work required to meet the scientific and technical objectives of Mu2e is listed below.

Modify the accelerator complex to transfer 8 GeV protons from the Fermilab Booster to the Mu2e detector while the 120 GeV neutrino program is operating. To accomplish this the existing Recycler and Debuncher Rings will be modified to re-bunch batches of protons from the Booster and then slow extract beam to the Mu2e detector. 
Design and construct a new beamline from the Debuncher Ring to the Mu2e detector.  The beamline includes an extinction insert that removes residual out-of-time protons.
Design and construct the Mu2e superconducting solenoid system (Figure 1.1) consisting of a Production Solenoid that contains the target for the primary proton beam, an S-shaped Transport Solenoid that serves as a magnetic channel for pions and muons of the correct charge and momentum range and a Detector Solenoid that houses the muon stopping target and the detector elements.
[bookmark: _GoBack]Design and construct the Mu2e detector (Figure 1.1) consisting of a tracker, a calorimeter, a stopping target monitor, a cosmic ray veto, an extinction monitor and the electronics, trigger and data acquisition required to read out, select and store the data. The tracker accurately measures the trajectory of charged particles, the calorimeter provides independent measurements of energy, position and time, the cosmic ray veto identifies cosmic ray muons traversing the detector region that can cause backgrounds and the extinction monitor detects scattered protons from the production target to monitor the fraction of out-of-time beam.
Design and construct a facility to house the Mu2e detector and the associated infrastructure (see Figure 1.2). This includes an underground detector enclosure and a surface building to house necessary equipment and infrastructure that can be accessed while beam is being delivered to the detector.
[bookmark: _Ref166559850][bookmark: _Ref166559646][bookmark: _Ref166299284][image: ]Figure 1.1. The Mu2e Detector.  The cosmic ray veto that surrounds the Detector Solenoid is not shown.
[bookmark: _Ref166559862][bookmark: _Toc166232179]Figure 1.2. Depiction of the above-grade portion of the Mu2e facility.  
Mu2e is integrated into Fermilab’s overall science program that includes many experiments that use the same machines and facilities, though often in different ways.  Because of the overlapping needs of several experimental programs, the scope of work described above will be accomplished through a variety of mechanisms.  The NOvA and g-2 experiments both require upgrades to the Recycler Ring that will be used by Mu2e. Infrastructure required by both Mu2e and g-2 will be funded as common Accelerator Improvement Projects (AIPs) and General Plant Projects (GPPs). These common projects will be managed by Fermilab to ensure completion on a time scale consistent with the Lab’s overall program plan and to guarantee that the needs of the overall program are satisfied.  
[bookmark: _Toc165011046]Cost and Schedule
The total project cost for Mu2e is $271M. This includes the base cost plus contingency and overhead, escalated to actual year dollars. A duration of 76 months, from CD-3a to CD-4, is required for the construction phase of the Project.
[bookmark: _Toc165011047]Acquisition Strategy
The acquisition strategy relies on Fermi Research Alliance (FRA), the Department of Energy Managing and Operating (M&O) contractor for Fermi National Accelerator Laboratory (Fermilab), to directly manage the Mu2e acquisition.  The design, fabrication, assembly, installation, testing and commissioning for the Mu2e Project will be performed by the Mu2e Project scientific and technical staff provided by Fermilab and the various Mu2e collaborating institutions.  Much of the subcontracted work to be performed for Mu2e consists of hardware fabrication and conventional facilities construction.
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Rµe =
µ− +A(Z,N)→e− +A(Z,N)



µ− +A(Z,N)→ νµ +A(Z −1,N)
.











