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L B N F / D U N E  S C H E D U L E
Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

LBNF

PIP II (1.2 MW)

PIP III (2.4 MW)

LBNF

Excavation, construction commissioning

First 10kT module complete

Full 40kT fiducial mass

• 2021 Q4: start of operations with 0.7 MW  and 10 kT mass 

• 2024 Q4: start of operations with  PIP II (1.2 MW) and 40 kT mass 

• 2030 Q4  start of operations with  PIP III (2.4 MW)
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I N  TA B U L A R  F O R M
Table 1

Year Calendar year power 
(MW

detector 
mass (kt)

operational 
time years

Incremental 
exposure

Net exposure

0.0 2021.75 0.7 10 0.25 1.75 1.75

0.25 2022.00 0.7 10 0.25 1.75 3.5

0.50 2022.25 0.7 10 0.25 1.75 5.25

0.75 2022.50 0.7 10 0.25 1.75 7

1.0 2022.75 0.7 10 0.25 1.75 8.75

1.25 2023.00 0.7 10 0.25 1.75 10.5

1.50 2023.25 0.7 10 0.25 1.75 12.25

1.75 2023.50 0.7 10 0.25 1.75 14

2.00 2023.75 0.7 10 0.25 1.75 15.75

2.25 2024.00 0.7 10 0.25 1.75 17.5

2.50 2024.25 0.7 10 0.25 1.75 19.25

2.75 2024.50 0.7 10 0.25 1.75 21

3.0 2024.75 1.2 40 0.25 12 33

3.25 2025.00 1.2 40 0.25 12 45

3.50 2025.25 1.2 40 0.25 12 57

3.75 2025.50 1.2 40 0.25 12 69

4.0 2025.75 1.2 40 0.25 12 81

4.25 2026.00 1.2 40 0.25 12 93

4.50 2026.25 1.2 40 0.25 12 105

4.75 2026.50 1.2 40 0.25 12 117

5.00 2026.75 1.2 40 0.25 12 129

5.25 2027.00 1.2 40 0.25 12 141

5.50 2027.25 1.2 40 0.25 12 153

5.75 2027.50 1.2 40 0.25 12 165

6.00 2027.75 1.2 40 0.25 12 177

6.25 2028.00 1.2 40 0.25 12 189

6.5 2028.25 1.2 40 0.25 12 201

6.75 2028.50 1.2 40 0.25 12 213

Table 1-1

7 2028.75 1.2 40 0.25 12 225

7.25 2029.00 1.2 40 0.25 12 237

7.5 2029.25 1.2 40 0.25 12 249

7.75 2029.50 1.2 40 0.25 12 261

8 2029.75 1.2 40 0.25 12 273

8.25 2030.00 1.2 40 0.25 12 285

8.5 2030.25 1.2 40 0.25 12 297

8.75 2030.50 1.2 40 0.25 12 309

9 2030.75 2.4 40 0.25 24 333

9.25 2031.00 2.4 40 0.25 24 357

9.5 2031.25 2.4 40 0.25 24 381

9.75 2031.50 2.4 40 0.25 24 405

10 2031.75 2.4 40 0.25 24 429

10.25 2032.00 2.4 40 0.25 24 453

10.5 2032.25 2.4 40 0.25 24 477

10.75 2032.50 2.4 40 0.25 24 501

11.00 2032.75 2.4 40 0.25 24 525

11.25 2033.00 2.4 40 0.25 24 549

11.5 2033.25 2.4 40 0.25 24 573

11.75 2033.50 2.4 40 0.25 24 597

12 2033.75 2.4 40 0.25 24 621

12.25 2034.00 2.4 40 0.25 24 645

12.5 2034.25 2.4 40 0.25 24 669

12.75 2034.50 2.4 40 0.25 24 693

13 2034.75 2.4 40 0.25 24 717

13.25 2035.00 2.4 40 0.25 24 741

13.5 2035.25 2.4 40 0.25 24 765

13.75 2035.50 2.4 40 0.25 24 789



M H  A N D  C P V  S E N S I T I V I T Y

• MH: min. sig.100% δCP coverage: 

• 2σ: ~30 kT x MW x yr  = 2024 Q4 

• 3σ: ~65 kT x MW x yr  = 2025 Q2 

• 5σ: ~180 kT x MW x yr = 2028 Q1 15  

fits. 
 
 

3.1.4  Systematic Uncertainties 

As described in Section 3.1.2, the effect of systematic uncertainty on experimental 
sensitivity is approximated using signal and background normalization 
uncertainties. In the sensitivities presented here, the normalization uncertainties on 
the νμ and ν̄μ samples are 5% on signal and 10% on background. This section 
considers the effect of varying the size of the residual normalization uncertainties on 
the νe and ν̄e samples, which are 100% uncorrelated from each other and from the νμ 
and ν̄μ uncertainties. Figure 8 shows the sensitivity to neutrino mass hierarchy and 
discovery of CP violation as a function of exposure for several levels of this 
uncertainty. 
 
As seen in Figure 8, for early phases with exposures less than 100 kt-MW-years, the 
experiment will be statistically limited. In the full experiment, signal and 
background normalization uncertainties remain relatively unimportant for the mass 
hierarchy measurement, when considering minimum sensitivity for 100% of δCP 
values, because the minimum sensitivity occurs in the near-degenerate region 
where δCP is near π/2. In this region, much of the sensitivity to mass hierarchy 
comes from spectral analysis of the oscillations and is therefore less sensitive to 
normalization uncertainty. It is important to note that the sensitivity calculations 
presented here do not consider the effect of energy scale uncertainty, which may 
have a more significant impact on mass hierarchy sensitivity. Studies of the impact 
of energy scale uncertainty are in progress and will be included in future analyses of 
experimental sensitivity.  
 
 

   
FIGURE 8: Expected sensitivity of ELBNF to determination of the neutrino mass 
hierarchy (left) and discovery of CP violation, i.e. δCP z 0 or π, (right) as a function of 
exposure in kt-MW-years, assuming equal running in neutrino and antineutrino mode, 

• CPV: min. sig. for 50% of δCP 

• 2σ: ~85 kT x MW x yr = 2026 Q1 

• 3σ:~210 kT x MW x yr =  2028 Q2 

• 5σ:~750 kT x MW x yr=  2035 Q2



Θ 2 3

• precision on sin2θ23 (assuming sin2θ23 = 0.5) 

• δ(sin2θ23)~0.030: ~100 kt x MW x yr = 2026 Q1 

• δ(sin2θ23 )~0.020: ~450 kt x MW x yr = 2032 Q1 

• δ(sin2θ23 )~0.015: ~825 kt x MW x yr = 2036 Q1
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Figure 4.21: The expected 1‡ resolution on different three-flavor oscillation parameters as a function of
exposure in kt · MW · years, for true NH. The red curve indicates the precision that could be obtained from
LBNE alone, and the blue curve represents the combined precision from LBNE and the T2K and NO‹A
experiments. The width of the bands represents the range of performance with the beam improvements under
consideration.

The Long-Baseline Neutrino Experiment

• precision on Δm2
32 (x10-3 eV2) 

• δ(Δm2
32)~1.5: ~130 kt x MW x yr = 2026 Q4 

• δ(Δm2
32 )~1.0: ~290 kt x MW x yr = 2030 Q2 

• δ(Δm2
32 )~0.7: ~621 kt x MW x yr = 2033 Q4
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number violation, is a hallmark of many Grand Unified Theories (GUTs), theories 
that connect quarks and leptons in ways not envisioned by the Standard Model.  
Observation of proton or bound-neutron decay would provide a clear experimental 
signature of baryon number violation. 
 
The superior detection efficiencies of a large LArTPC for decay modes that produce 
kaons[16] compensates for the lower mass compared to water Cherenkov detectors. 
The liquid argon TPC can measure the specific ionization of the kaon, distinguishing 
its track from protons or muons and pions. Because the LArTPC can reconstruct 
protons that would otherwise be below Cherenkov threshold, it can reject many 
atmospheric neutrino background topologies by vetoing on the presence of a recoil 
proton. Due to its high spatial resolution, the LArTPC reconstructs detailed event 
topologies such as displaced vertices and kinks due to charged particle decay. All of 
these factors enable nearly background free searches with signal efficiency in excess 
of 90% for modes such as p Î ν K+ and p Îμ+ K0, which are preferred in SUSY GUTs. 
Some other decay modes for which the LArTPC performs well are (same list as in 
current draft). Figure 10 shows the expected limit as a function of time for p Îν K+. 
The upper curve shows the 90% CL limit under the scenario of a 5-year early science 
program using an initial 10-kton module. 
 
Figure 10 shows the expected limit as a function of time for 𝑝 → 𝐾+𝜈̅ . According to 
this plot, approximately 10-kt of LAr will improve the limits significantly beyond 
current Super-K limits. Other modes for which this technology has an advantages 
are 𝑛 → 𝑒−𝐾+, 𝑝 → 𝐾+𝜇−𝜋+, 𝑛 → 𝑒+𝜋−, 𝑝 → 𝑒+𝐾0. 
 

 

 

• Lifetime sensitivity at 90%CL 
(x SK limit of 6x1033 years) 

• 1x: 4.75 years  ~ 2026 Q3 

• 3x: 8 years  ~2029 Q4 

• 10x: 20 years~  2041 Q4 

• (with faster 40 kT deployment) 

• 1x: 3.5 years  

• 3x:  6.5 years 

• 10x: 18.5 years

P R O T O N  D E C AY  ( p→K + ν )

• Note difference in staging strategy 

• Here, 10 kt inital phase for 5 years followed by 40 kt 

• LBL assumes 10 kt for 3 years, followed by 40 kt



N O T E :

• Note: 28 kT x MW x yr of  LBNF operation 

• 4 years with 10 kT detector @ 0.7 MW 

• roughly equivalent in CPV sensitivity to T2K/NOvA
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experimental configuration (see Figure 14). The addition of NOvA and T2K data 
improves the reach in this region of δ slightly and gives a significant contribution for 
δ ≥ 0. 

 

 
FIGURE 14: Expected sensitivity of ELBNF28 to the determination of the neutrino 

mass ordering (left) and discovery of CP violation, i.e. δ z 0, π, (right), alone (red), and 

in combination with NOvA and T2K (blue). In the top panels, the ELBNF28 data is 

divided equally between neutrino and antineutrino mode while for the bottom panels 

data is in neutrino mode only for the same exposure. Expected sensitivity for a 

combination of NOvA and T2K without ELBNF28 is indicated by the gray line. The T2K 

sensitivity is based on 7.8 × 1021 protons-on-target (POT) in neutrino mode. The NOvA 

sensitivity is based on three years of running in neutrino and three years in 

antineutrino mode, where 6 × 1020 POT per year are expected. The systematic 

uncertainties quoted are the uncorrelated signal/background normalization 

uncertainties for the νe and ν̄e samples; each configuration also includes 5%-10% 

signal/background normalization uncertainty on the muon neutrino and antineutrino 

samples. The curves on each band represent a range of beam designs and levels of 

systematic uncertainty, ranging from the 120-GeV FNAL beam with 10%-15% 


