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Long-Baseline Experiments
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To achieve sufficient statistics:
beam power
detector mass
To control systematic uncertainty:
near detector
hadron production experiments (nu flux)
neutrino cross section experiments
Energy spectrum:
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Long-Baseline Experiments

An essential part in a complete suite of experiments that is responsible
for establishing our picture of neutrino oscillations.
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Also important: solar neutrinos, atmospheric neutrinos, reactor neutrinos.



Precision Measurements
and Missing Measurements
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Lists of Long-Baseline Experiments

Past
K2K — First confirmation of atmospheric neutrino oscillation

MINQOS (just finished) — Precision measurement of parameters,
dedicated antineutrino measurement

Present

ICARUS — LArTPC technology

OPERA —tau neutrino appearance

MINOS+ - Sterile search using NOvVA beam

T2K — Electron neutrino appearance

NOVA — Electron neutrino appearance with sizeable mater effects

Future (the future is uncertain)
LBNE — Wide band beam to LArTPC
T2HK — Narrow band beam, low matter effects, enormous WC

v, CC Events / GeV

Simulated v Beam
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Europe — Many options considered under LAGUNA study + ESS nu source idea

Speculative or far future
CHIPS, nuSTORM, neutrino factory, beta beams



Tau Neutrino Appearance

Third t candidate: T —»
LNGS 2013
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Every prediction must be tested, even when we think we know the answer!



Three Neutrino Oscillation

Pv, —-v,)=T sin® 26,3 — Tharsin 2613 + Thasin 2013 + Tya?

2
B Ams,

sin? [(1 — z)A)] @ = Am2,

T1 = SiIl2 923 (1 — :l’)2

atmospheric

sin(zA) sin [(1 — z)A]

15 = sinodcp sin 2019 sin 2695 sin A
_ x (1 —2)
interference . .
, , sin(zA) sin [(1 — z)A]
15 = cosdcpsin 269 sin 2055 cos A
x (1 —2x)
)
, sin“(zA
solar Ty = cos®0ygsin® 20,9 (2 )
X

A = Am%lL/llE r = 2\/§GFN€E/A772§1 >~ F/12 GeV

matter effects: for anti-neutrinos, sign of x and sin 6Cp is changed
hierarchy inversion also exchanges role of anti-neutrinos and neutrinos

There are similar formula for v, disappearance
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Muon Neutrino Disappearance
Results from MINOS
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Phys. Rev. Lett. 110, 251801 (2013)

Unique contribution from antinu running
and magnetized detector



Muon Neutrino Disappearance
Results from MINOS
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Electron Neutrino Appearance
Data and Results from T2K
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Are hints of CP 0 emerging?

Slide inspired by Nakaya, ICFA Japan 2013

MINQOS combined T2K Super-K
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Hmmm. But being forced by maximal oscillation effects.



How about octant of 0,7

Slide inspired by Nakaya, ICFA Japan 2013
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Combination of T2K plus NOVA
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This Generation of Experiments
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Long Baseline Neutrino Experiment
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Long Baseline Neutrino Experiment

Normal

Inverted
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Hyper-Kamiokande (with J-PARC)
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CP Precision
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Is there a benchmark for CP Precision?

15 degree precision allows for discrimination of some selected sum rules
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Conclusions

A standard picture of 3-flavor neutrino oscillation exists.

The role of long baseline experiments is to clarify that picture
in combination with independent measurements by
Independent experiments (sometimes with the same detector!)

Hints are already starting to emerge for the remainder of
our to-do list: MH, octant, and CP-delta.

We should look for every feature we expect ...

... and keep our eyes out for the unexpected, while we
work on this list!



