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Atmospheric Neutrino Oscillation Parameters
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Combined Allowed Areas from SK+K2K
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Future Precision Measurement
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Potential of Long Baseline Experiments

Experiment | |[Am3,| sin® 0o
Current 44%  40%
13%  38%

6%  22%

13% 42%

Combination | 4.5% 20%
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Constraints from Future SK-like Atmospheric Data
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Measuring the Deviation of sin? @3 from Maximal
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Measuring the Deviation of sin® fy3 from Maximal

@ Define: [D = 1 —sin” 923J
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Measuring the Deviation of sin® fy3 from Maximal

@ Define: [D = 1 —sin” 923J

Q (|D| gives the deviation of sin” A3 from its maximal vaIueJ
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Measuring the Deviation of sin® fy3 from Maximal

@ Define: [D = 1 —sin” 923J

.
Q k|D| gives the deviation of sin” A3 from its maximal vaIueJ

Q [sgn(D) gives the octant of sin? f3 J
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Measuring the Deviation of sin® fy3 from Maximal

@ Define: [D = 1 —sin” 923J

.
Q k|D| gives the deviation of sin” A3 from its maximal vaIueJ

Q [sgn(D) gives the octant of sin? f3 J

@ Current 30 limits on the magnitude and sign of D:
* |D| < 0.16 at 30 from the SKI data
x No robust information on sgn(D)
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Problem of Measuring the Deviation 1D from Maximal
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Problem of Measuring the Deviation 1D from Maximal
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Problem of Measuring the Deviation 1D from Maximal
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Muon Neutrino Survival Probability
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Muon Neutrino Survival Probability
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Muon Disappearance in Long Baseline Experiments
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@ No matter effect for sin® 655 = 0.5
@ Very small matter effects for sin® 6535 # 0.5
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Muon Disappearance in Long Baseline Experiments

@ The v, survival probability can be written as
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Muon Disappearance in Long Baseline Experiments
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S.C. and Roy, hep-ph/0310316

( Not feasible to measure in any proposed experimentj
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Muon Disappearance in Long Baseline Experiments

@ Survival probability in vacuum:

Am3, L
Iy, 2 = (c15 sin® 2093 + sin” 203555 ) sin* T;jl
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Muon Disappearance in Long Baseline Experiments

@ Survival probability in vacuum:

Am3, L
Iy, 2 = (c15 sin® 2093 + sin” 203555 ) sin* Tgl

@ Dependence on 6,3 in the form sin? 26,5
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Muon Disappearance in Long Baseline Experiments

@ Survival probability in vacuum:

Am3, L
Iy, 2 = (c15 sin® 2093 + sin” 203555 ) sin* T;’jl

@ Dependence on 6,3 in the form sin? 26,5

@ Measurement expected to be harder near maximal mixing
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Muon Disappearance in Long Baseline Experiments

@ Survival probability in vacuum:

Am3, L
Iy, 2 = (c15 sin® 2093 + sin” 203555 ) sin* Tgl

@ Dependence on 6,3 in the form sin? 26,5
@ Measurement expected to be harder near maximal mixing

@ No octant dependence expected
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Muon Disappearance in Long Baseline Experiments

@ Survival probability in vacuum:

Am3,L
P, ~ 1 — (cj3sin” 2043 + sin® 26,3555 sin” Tgl

@ Dependence on 6,3 in the form sin? 26,5
@ Measurement expected to be harder near maximal mixing
@ No octant dependence expected

@ Best measurements on |D| expected near SPMIN where

. 9 Am2, L
sm2%—>1
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Muon Disappearance in Long Baseline Experiments

@ Survival probability in vacuum:

Am3,L
P, ~ 1 — (cj3sin” 2043 + sin® 26,3555 sin” Tgl

@ Dependence on 6,3 in the form sin? 26,5
@ Measurement expected to be harder near maximal mixing
@ No octant dependence expected

@ Best measurements on |D| expected near SPMIN where

. 9 Am2, L
sm2%—>1

@ For a given L and E, measurement sensitive to Am?%, (true)
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Large Matter Effects in v, Survival Probability
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Large Matter Effects in v, Survival Probability
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Large Matter Effects in 1, Survival Probability
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Large Matter Effects in v, Survival Probability
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@ Largest effect for L ~ 7000 km and E ~ 5 GeV = (Espmax ~ Fres)
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Large Matter Effects in v, Survival Probability
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@ The spectral shape changes due to earth matter effects
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Large Matter Effects in v, Survival Probability
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@ Sign of the earth matter effects depends on both £ and L
@ Most important to choose the bins properly in both £ and L
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Large Matter Effects in v, Survival Probability
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@ Matter effects depend on the value of sin? 6,3
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Muon Neutrino Survival Probability

lim P, (L)=1-P;,(L)—P:,(L)— P, (L)
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Pgu(L) — sin? 29%sin492331n2( mis1) L

1F
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Muon Neutrino Survival Probability

lim P, (L)=1-P;,(L)—P:,(L)— P, (L)

2 Am%l(f‘i +1) — (Amgl)M

P, (L) = sin®6@y35sin® 2653 sin . L
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PﬁM(L) = cos? 0}4sin® 2053 sin® M +8>E+( M31) L
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Piu(L) — sin? 29%Sin49238in2( mis1) L

1F

@ Dependence on 6,3 in the form sin® 6,5
@ Octant sensitivity is expected to be good
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Muon Neutrino Survival Probability

lim P, (L)=1-P;,(L)—P:,(L)— P, (L)

2 Am%l(f‘i +1) — (Amgl)M

P, (L) = sin®6@y35sin® 2653 sin . L
Am3, (A +1) + (Am3)"
PﬁM(L) = cos? 0}4sin® 2053 sin® M +8>E+( M31) L
M
. . o (Am3,)
Pgu(L) — sin? 20{4sin” 6,3 sin” 413?1 L

@ Dependence on 6,3 in the form sin® 6,5
@ Octant sensitivity is expected to be good

@ Need an experimental set-up that can see the matter effects
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Atmospheric v, in Large Magnetised Iron Calorimeter
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Atmospheric v, in Large Magnetised Iron Calorimeter

India-based Neutrino Observatory

—- 1.t URL:http://www.imsc.res.in/~ino

@ ~2200 meters underground
@ 50 kton detector

@ Very good energy and angle resolution
= fine binning possible in both energy and zenith angle

@ It will be magnetized = v,, can be distinguished from

@ Best place to look for matter effects in P,

Sandhya Choubey, London, 18.11.05 — p.17/2.



Atmospheric v, in Large Magnetised Iron Calorimeter
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Atmospheric v, in Large Magnetised Iron Calorimeter
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@ 60+60 bins of data @ define a x? taking all errors
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Is the Atmospheric Mixing Maximal?
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Is the Atmospheric Mixing Maximal?

v/ Using atmospheric neutrino data in INO

sin’@, ,(true)=0.0
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S.C. and P. Roy hep-ph/0509197

Q

|D| can be measured to ~ 17%(20%) at 3o for s2; = 0.04(0.00)
with 1 MtonY exposure and 50% detector efficiency
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Is the Atmospheric Mixing Maximal?

v/ Using long baseline experiments
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Antusch, et al, hep-ph/0404268

@ |D]| can be measured to ~ 14% at 30 for Am3,= 2.5 x 1072 eV?
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Is the Atmospheric Mixing Maximal?

v/ Using atmospheric neutrino data in SK-like detector

5 (A) Theo+Sys+Stat (B) Sys+Stat (C) Stat only
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Gonzalez-Garcia et al, hep-ph/0408170
| D| can be measured to ~ 19%(23%) at 30 with SK50(SK20)

Sandhya Choubey, London, 18.11.05 — p.19/2.



Resolving the Octant Ambiguity
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Resolving the Octant Ambiguity

@ For every nonmaximal sin® fy3(true), there exists a sin? 6,3 (false)

sin” fy3(false) = 1 — sin® fa3(true)

Q [Atmospheric neutrinos in magnetized iron detector)
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Resolving the Octant Ambiguity

Ax?

x? (sin? O3 (false), sin® 013, Am3,, Am3,, sin® 012|w(true))

—x?(sin? O3 (true), sin® O3, Am3z,, Am3,, sin® 12|w(true))

Q (Atmospheric neutrinos in water Cerenkov detector)
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Resolving the Octant Ambiguity

Ax?

x? (sin? O3 (false), sin® 013, Am3,, Am3,, sin® 012|w(true))

—x?(sin? O3 (true), sin® O3, Am3z,, Am3,, sin® 12|w(true))

Q [Long baseline experiments with accelerator (super)beam]

25 |
\ LBL+ATM ]
: - ATM only
20 - LBL only
g 15
Nx‘é
= 10

O e —— 1 - 1
0.3 0.4 0.5 0.6

.2
True value of sin 623

0.7

Huber et al hep-ph/0501037

Sandhya Choubey, London, 18.11.05 — p.21/2.



Comparing the Octant Sensitivity of the Experiments

@ Long baseline experiments
* No sensitivity at all

@ Atmospheric neutrinos in water Cerenkov detectors
xsin? O3 (false) can be excluded at 3¢ if:

sin® B3 (true) < 0.36 or > 0.62

@ Atmospheric neutrinos in large magnetized iron detectors
xsin? fy3(false) can be excluded at 3o if:

sin® fa3(true) < 0.361 or > 0.633 for sin #;3(true) =

sin” fys(true) < 0.402 or > 0.592 for sin? 6;3(true) = 0.02,

sin” A3 (true) < 0.415 or > 0.580 for sin? f;3(true) = 0.03,
(true) (true) =

sin? fo3(true) < 0.421 or > 0.573 for sin? H13(true
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Conclusions

©

Earth matter effects in atmospheric P,,, depends on 63
Binning in both energy and zenith angle is essential

It is also very important to distinguish neutrinos from
anti-neutrinos

Large magnetized iron detectors can achieve both

Sensitivity to |D| in INO comparable to 20SK/50SK and LBL
experiments

Octant resolution can be done best in INO if sin? 615 > 0.01

Sandhya Choubey, London, 18.11.05 — p.24/2.
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