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Description of Experiment

Goal: Design a long baseline experiment to determine if CP is violated
Beam: 2 MW, 2E21 POT per year

Far detector baseline: 3000 km

Near detector baseline: ~ 1Tkm

Peak neutrino energy: 6 GeV

Off-axis angle: 4 mrad

Detector tech: Liquid Argon TPC

Detector size: 100 kt



Neutrino Oscillation Probability (First Maximum)
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Part 1: Choose Baseline

° 6CP information is from the difference in
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The Beam: 2MW, 2E21 POT/yr

Eproton = 2 - 107 /s x (2 - 10*! protons/year) ™ x 3.15 - 107 seconds/year x 65% uptime x 6.24 - 10° GeV/J = 127 GeV /proton
E,~02E, = 25.4 GeV
El/, on axis’ peak — 0-43E7r ~ 11 GeV

The limit on the neutrino energy limits the baseline to less than about 5,500km

for the first maximum. For a shorter baseline, we need to tune it using an off axis
angle.



Part 2: Choose Angle

E - 0.43E v = E./m,
e As off-axis angle increases, neutrino Y1+ P
energy becomes more sharply
peaked )
e Need Ev=6 GeV o=
e Choose off-axis angle of 0.004 mrad o
— 0230 0.6+
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o More sharply peaked neutrino flux ool
e Off-axis cons
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Part 3: Flux Estimates
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Part 4:

PV, ~0e) [%]
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Matter Effect

L= 3000 km, E=6.08 GeV

- Normal ordering

&cp = 0.00
6cp= 3.14
6cp= 1.57
bcp=4.71
- Inverted ordering
6cp = 0.00
bcp=3.14
Ocp=1.57
bcp=4.71
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From slide 42 of Zoya Vallari’s presentation

CP violation causes difference in
neutrino vs antineutrino oscillation
probability

Matter effect causes a shift in the
number of neutrino vs antineutrino
events in opposite directions



Part 5: 0, Sensitivity

Can we exclude 6., = 0 or 1r at 5 sigma?

- Pick a true o, and mass ordering

- Find event counts for those values

- Find the best combination of mass ordering and 5, = 0 or 1 to fake the event
count given the true values. Significance comes from ability to differentiate
between the two situations.

- Repeat for all true values to get sensitivity spectrum



Part 5: 0, Sensitivity

CP-violation discovery sensitivity, L=3000 km, 3 years neutrino + 7 years antineutrino

o . . . 81 —— true ordering = NO
Sensitive to maximal CP violation at 5 — trueardering = 0
sigma, and can see CP violation at most 71 S~ \ 3 sigma

values to 3 sigma.

Obviously, a low true value of delta CP
makes our significance for CP violation
discovery very low.
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