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2. 
2.1. 
APPENDIX I. Beam transport to the upgrade of Mu2e experiment

The Mu2e experiment, to be hosted at Fermilab, will search for the charged-lepton-flavor-violating process of coherent muon-to-electron conversion in the presence of a nucleus with a sensitivity of four orders of magnitude beyond current limits [1]. 
Mu2e will take a portion of the proton beam from the Booster at 8 GeV and after some RF manipulations will create pulses of 3∙107 protons and total width of around 250 ns, at intervals of 1.7 s, and transport them along an external beamline, named M4 line, to the production target inside a high-field superconducting solenoid. The proton beam power on the target will be around 8 kW. 
[bookmark: _GoBack]Studies have been carried out to explore the possibility for an upgrade path of the Mu2e experiment exploiting the PIP-II beam [2-3]. Thanks to the chopping system in the MEBT section of the SC Linac it is simple to create beam pulses of width equal to about 100 ns at intervals of 1.7 s. Operations of the ion source at 5 mA and the SC Linac in CW mode will generate a beam power of 100 kW at 800 MeV to send to the Mu2e experiment upgrade. With minor changes to the Mu2e facility this would increase of a factor 10 the sensitivity of the Mu2e experiment, regardless of its outcome.  
[bookmark: Figure_2_29][bookmark: _Toc426115931][image: ]Figure A1.1: CAD drawing of the PIP-II Linac with enclosure, Transfer line to Booster (red), Dump (red) and Mu2e upgrade (green) on the Fermilab site. 
The beam transport from the PIP-II SC Linac to the production target is realized by connecting the switch system described in section 2.2.2 with the straight section of M4 line. In Figure A1.1 a drawing of the Transfer Line to the Booster, Dump Line and to the Mu2e upgrade is showed on the Fermilab site. The field in the fast corrector of the switch can deflect the beam to a trajectory symmetric to the one leading to the dump, sending it to the Mu2e target. Also for the transport line to Mu2e the lattice has FODO cell periodicity, but because of the geometrical constraints the cell length and quadrupole strengths are different from those of the Booster transport. The focusing (defocusing) quadrupoles of this line are powered in series from a different power supply respect to the ones in the Booster transfer line. The cell length results to be 11.1 m while phase advances per cell are 105 and 80 deg. (horizontal and vertical). The corresponding strengths of the quadrupoles are about 0.27 m-1 and -0.24 m-1 for focusing and defocusing quadrupoles, respectively (L=20 cm, G=0.66 and -0.59 kG/cm at Ekin = 800 MeV).
After the Lambertson magnet of the switch system the transport to the Mu2e upgrade continues with a (horizontally) defocusing quadrupole and a second half of a regular FODO cell followed by another cell, with no bending dipoles. At this point there is enough horizontal separation from the Booster transfer line. The following 2 cells cross the Tevatron tunnel in the same way used for the transport to the Booster, using 4 rolled dipole magnets to raise the beam elevation near the ceiling of the tunnel. After the crossing this line is not going back to the elevation of the SC Linac/Booster since to reach the Mu2e upgrade area it needs to cross also MI-8 line that transports the 8 GeV proton beam extracted from the Booster to the Recycler. The elevation of MI-8 line is around 3.23 m below the SC Linac, while the elevation of the beam at the crossing with the Tevatron tunnel is around 1.27 m above the SC Linac. The elevation of line M4 at the joining point with the Mu2e upgrade transport line is around 1.80 m above the SC Linac. With these geometrical constraints the choice in the design is to keep constant the elevation of the Mu2e upgrade transport after the crossing with the Tevatron tunnel until it arrives in proximity of line M4. The vertical separation with line MI-8 at the crossing is then around 4.5 m that should be enough to keep their enclosures separated. An engineering study needs to be performed to check the feasibility and cost of this choice. A third arc with rolled dipoles connects the Mu2e upgrade transport to M4 line. 
The 2 FODO cells that cross the Tevatron tunnel have dipoles of the same family used in the Booster transport. The following 9 cells form a straight transport with no dipoles and cross line MI-8, as explained. The next 4 cells form a third arc that connects the Mu2e upgrade transport to M4 line. This arc is realized with 7 rolled dipoles of the same type used for the other transport lines but with a magnetic field of 2.38 kG. At the end of this arc the horizontal and vertical dispersions are both negligible. The strategy adopted for the upgrade of line M4 is to keep it as close as possible to the design of the Mu2e experiment with same element types and configurations. PIP-II H- beam has smaller geometrical emittance compared to the 8 GeV proton beam from the Booster so that keeping the same optics of the original M4 line will not require bigger apertures of elements and vacuum chamber. To this end the magnetic field needs to be scaled down proportionally to the momentum of the PIP-II beam at 800 MeV from the momentum of the Booster beam at 8 GeV. 
In order to match the beam parameters to the required values along the transport the first 4 quadrupoles after the Lambertson magnet and the last 4 before the junction with line M4 have different strengths and will be each powered by a single power supply. 
Figure A1.2 shows the complete optics of the PIP-II beam from the end of the SC Linac to the end of line M4 when the fast corrector in the switch is used to direct the beam to the Mu2e upgrade.
[image: ]
[bookmark: Figure_2_30][bookmark: _Toc426115932]Figure A1.2: Optical functions of the beam from the end of the SC Linac to the end of line M4 when the fast corrector of the switch is set to direct the beam to the Mu2e upgrade.
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