
2.3.5 [bookmark: _Toc411265087]Estimation of Protons on Target (call it instead section 1.2.5)
The goal for accumulating 120-GeV protons at the neutrino target with beam power of 1.2 MW is 1.1×1021 protons-on-target (POT) per year. This assumes 7.5×1013 protons per MI cycle of 1.2 sec [1-POT-new]. The total LBNF efficiency used in the POT calculation and discussed below includes the total expected efficiency and up-time of the accelerator complex as well as the expected up-time of the LBNF Beamline. 

The total accelerator operational efficiency is the product of efficiencies of the Proton Source, Linac, Booster and MI. The product of the first three stages (Proton Source, Linac and Booster) is expected to have average efficiency of 0.85 [2-POT-new]. The number of protons delivered from the MI to NuMI has been limited by delivery to other programs (anti-protons source for collider operations and test beams). The MI efficiency is expected to be approximately 0.93 in the PIP-II era [3-POT-new]. The annual scheduled maintenance, a facility shutdown, averaged 2 months (60 days) on the basis of historical data (annual fraction of 0.84). 
The estimated unscheduled down time, using data from the operation of NuMI, including power failures and down-time for chillers, dehumidifiers and tritium mitigation systems, is small; the efficiency is 0.97. Assuming that LBNF target and horn replacements take 30 days per year in addition to the facility shutdown, the LBNF efficiency/up-time due to component replacement is estimated to be 0.92. This efficiency takes into account two target replacements per year and 0.67 horn replacements per year where the target/horn replacement takes 2.5/3.5 weeks respectively including the cool down period. It is assumed that one of the two target replacements will take place within the scheduled annual shutdown and that the horn replacement has 50% probability to take place within the scheduled shutdown. An additional 0.95 efficiency is assumed due to programmatic issues and very short downtimes (less than a few minutes). Thus, the total efficiency for LBNF is estimated to be approximately 0.85×0.93×0.84×0.97×0.92×0.95=0.56. It is also assumed this overall efficiency can be maintained from beam startup to completion of the oscillation physics goals. 

The total expected POT per year, given above, is thus the product of the total efficiency (0.56), the number of protons per second (6.25×1013) and the number seconds in a (perfect) year (3.15×107). 
The reliable delivery of higher than NuMI/MINOS beam to the target should be aided greatly by the operation of NuMI/NOvA, which will test the proton slip-stacking in the Recycler Ring. The reliability of very low-loss transport through the LBNF section will be enhanced from the one for NuMI by state-of-the-art beam monitors and an active control-feedback system. With deliberate beam commissioning and start-up, the efficiency in the LBNF primary beam should be very high taking into account that the corresponding operating efficiency for the NuMI primary beam over a nine-year period has been greater than 0.99. 
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