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Motivation for LBL Exper




Neutrino (lepton) mixing in 3 -paradigm

Squared-mass splittings
2
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Neutrino (lepton) mixing in 3 -paradigm

Squared-mass splittings
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Where is the first oscillation maximum for m§2?
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Am3, ~ 1077 eV?
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L
=~ 10% to 10° km/GeV

Hundreds of kilometers away with  GeV energies
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Neutrino Beams




Neutrino beam

Beam Rock
Horns Decay pipe stop
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Neutrinos come from decays of secondary and K produced in collisions of
high-energy protons with a target (graphite)

K ¥ + =

Switching polarity of the focusing horns to select oppositely charged particles means
e [edtively switching between and dominated beams
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Neutrino beam energy spectrum
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The source is not point-like, at least from the perspective of the near detectors.
There is also extra contamination from K and secondary

decays.



Why use neutrino beams?

Dominant direction, not isotropic like natural neutrino sources

Precise timing helps with backgrounds

Multi-level monitoring via beam monitors and near detectors

Can be tuned to the desired neutrino energy

Beam intensity is a matter of technological advancement, not natural occurrence

CONS: It is sort of expensive
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LBL Concept




Overview OV Far Detectr
TAE

Find a lab to provide neutrino beam

Build a huge detector about hundreds of
kilometers away, while a smaller one nearby

Shoot neutrinos, see what happens

Super-Kamiokangde
(ICRR, Univ. Tokyo)H




Measurement concept
conS
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(and anti-neutrino counterparts)
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Disappearance oscillation probabilities
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Max sin?2 ,3 =1 corresponds to max mixing of ,3 = 45°
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Appearance oscillation probabilities
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+ cp dependent terms violating CP .

+ cp dependent terms conserving CP 0.04

+ other terms 0.02
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Matter e [Ledts

e coherent forward scattering on pseudo-free electrons of matter
Modify ¥ ., depends on the sign of m3, (mass ordering)
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LBL experiments with L=E  10%? ® km/GeV are sensitive to

m3,, NO/I0

What is the ordering of the
Normal (NO) or inverted (10)?
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Is there significant CP violation
in the lepton sector?
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Recent LBL experiment




LBL generations

Next Generation

Previous Generation Current Generation .

.y DEEP UNDERGROUND
MINOS TZ’E\ @ <\ M =\ et
K2K AO~vA < Hyper-Kamiokande
OPERA
2010 i 2030
i NOVA collects first
v beam data. 1
T2K collects first H
beam data. H
1
v

We shall gather the most mature fruits
of this generation in the coming years!
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