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Neutrino Mass Squared
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Fractional Flavor Content
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e Fraction v, in v3: sin” 043

e Mass Hierarchy:

e CP Violation:
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Vacuum: Vi — Ve
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where \/ Pgim = sin 023 sin 2013sin Ag;  and /P, = cos 053 sin 26015 sin As;

Atmospheric + Solar: Atmospheric + Solar + Inf.
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2 Flavor:

v, disappearance in Loooong Block of Lead: .
AN =55

1 — P(re — 1) = sin? 20V sin? Ay

same form as vacuum
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matter effects
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Matter
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Atmospherlc + Solar

Inf.
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Long Baseline v, — v, or v, — v,

e SUPERBEAMS: (0.4 to 4 MW)

® Counting Expts

® Spectrum Measurement

e NEW NEUTRINO BEAMS

® Neutrino Factory (muon storage ring)

® Beta Beams




On Axis Beams:

® 28 GeV protons. | MW beam power. Horn focussed _
BNL Wide Band. Proton Energy = 28 GeV

Distance = 1 km

® 500 kT water Cherenkov detector.

® baseline > 2500 km. WIPP, Henderson, Homestake

nw/GeV/m?POT at 1 km

ve/v“ =0.007

Brookhaven Proposal




Why Broadband Beam?

observe multiple nodes

extraction of oscillating v, — Vv, Oscillation

signal from background. z o1
- S 0.00 BNL-HS 2540 kmn, matter effects
Iarger energies g i 28, 5,233 = (0.86, 1.0, 0.04)
larger cross sections ~ £0.08 Iamgsifl =368, 2] e¥

less running time for 0.07

anti-neutrinos
Sensitive to different
parameters in different
energy regions: 0.04
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2450 km, 500 kt, IMW, 5+5 yrs, 95 % CL
Hierarchy resolved for sin® 265 > 0.008 for all 6.




1Mton (0.54Mton fiducial mass)
Hyper-Kagmiokande

Total cost must
be similar to the
baseline design.

Distance from
the target (km)
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Kamioka Korea
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Counting Experiments:

JHF — Super-Kamiokande

295 km baseline - ,156
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Study using fully
simulated and
reconstructed data
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20% spread
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Two functionally identical
neutrino detectors

L=810 km
|2 km Off Axis
<E>=2.0 GeV

5% spread

O,

,q




Py,—>e ~ ‘ \/Pa,tme—i(ASz:

<B,>= 2.3 GeV 1=

Vﬁb —> i7e)>57o

<P(

820.km

T T T T | T T T T | T T T | T T T

L | [

| [ [ [ |

~ sin A3s sin 0

vac

cos Agy COS 0

| | | | | | | (I | | | | |

3m/2

sin®26,3 = 0.05

| | | I | | | | I | | | | I | | |

| | | |

1 2 3
<P(v, —> v)> %

N

-0) ‘I‘ vV Psol |2




Mass Hierarchy:  — sign of dm3,

Matter Effects

v, > v, E,=13 GeV L=3000 km
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NOvA: E=2.3GeV and L=810km

NOvAE

NOvA 10km: <E>=2.3GeV L=810km
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NOvA: E=2.3GeV and L=810km
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Summary: v, — Ve

e Fabulous Laboratory for Neutrino Oscillations

e Sensitive to

o Fraction v, in v3: sin” 043
o Mass Hierarchy: sign dms3,
e CP Violation: sin dcp

o Atmospheric: 923 — T 923

2
o CPC: cosdcp
e Solar: dm2, sin? 20,

e Potential for Surprises!




