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CP
vV, — Ve < vV, — Ve
T :U: CPT across diagonals :U: T

CP

o First Row: Superbeams where v, contamination ~1 %

e Second Row: v-Factory or 3-Beams, no beam contamination

Even in matter, a vestige of CPT exists:
Instead of switch matter to anti-matter, switch neutrino hierarchy !l!
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In Matter:
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For L = 1200 km
and sin” 26,3 = 0.04
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T2K;
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T2K: E=0.6GeV and L=295km
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NOvA + T2K(nu):
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Bi-Probability
nu-antinu Vv nu-nu
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v: 295 km 2.5 deg (0.65 GeV)
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T2K

v: 295 km 2.5 deg (0.65 GeV)
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NOvVA + T2K Neutrinos Only:

Bi-Event Plots:
dmz; > 0
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Hierarchy Determination
using 2 dof: 90% CL 2.5 deg & 12 km
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5 times Statistics !!!
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Aihara for T2K, P5 talk

Narrow intense beam: Off-axis beam |

Anti-neutrinos by
reversing Horn current

Decay Pipe
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Suppose T2K ran @ 2.0 deg

<E>=0.75 MeV
same <E>/L as NOvVA |2km

® |ncreased Statistics:

e . 2
® |Improved sensitivity to  SII1 (913 207
(flux, cross section and backgrounds)

® smaller matter effects:



Beyond the First Oscillation Maximum:




[
-

son M

Options

ite.

IS S

ing 120 GeV NuMI beam with an off-ax

ISt

oEx

ide band beam over 2500 km

AGSW

*28 GeV BNL

MIWide Band Low Energy (WBLE)

beam to DUSEL @ 1300-2700 km

120 GeV FNAL-

axis 40-

*New on



Off Axis: T2KK

Some recent progress: detector in Korea
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Broadband Beam: Same L, Lower E Fermilab to DUSEL

Narrow Band Beam: Same E, Longer L T2KK

In VACUUM the SAME but NOT in MATTER
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In Matter:
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For L = 1200 km
and sin” 26,3 = 0.04
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WBLE to DUSEL(1300km) 3sig, 5sig discovery regions.

300 kT 60 10720 POT for each nu and anu

WCh  thl3 mass ordering CP violation
Stat+syst
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T2KK
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where \V Patm — S11 023 S111 2(913 (g?)l?’;::gl;) ) Agl
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depends on 013 |ndependent Of 913
amplification or suppression ~ independent of
by matter (E) matter effect

Suppression > Enhancement

L /E > significant fraction of 500 km/GeV

Event rate: E(E/L)?
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Neutrino Mass Squared

T :H: CPT across diagonals

VBHV/,L

e First Row: Supe W contamination ~1 %

e Second Ro
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CPV ?
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New Interactions and Surprises !!!
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