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Goals for the Future / Plan of Talk

@ Confirmation of oscillations of atmospheric neutrinos
@ Precision measurement of Am3; and 6,3

@ Measuring the deviation of 6,5 from its maximal value
@ Determining the octant of 63

@ Determining the sign of Am3,

@ Compare and contrast the capabilities of large water Cerenkov
(SK50) and magnetized iron detectors (INO-ICAL) for all of the
above. (See hep-ph/0604182 for discussion on Liquid Argon.)
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Goals for the Future / Plan of Talk

@ Confirmation of oscillations of atmospheric neutrinos
@ Precision measurement of Am3; and 6,3

@ Measuring the deviation of 6,5 from its maximal value
@ Determining the octant of 63

@ Determining the sign of Am3,

@ Compare and contrast the capabilities of large water Cerenkov
(SK50) and magnetized iron detectors (INO-ICAL) for all of the
above. (See hep-ph/0604182 for discussion on Liquid Argon.)

@ Using atmospheric neutrinos to constrain new physics
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Confirmation of Oscillations of Atmospheric Neutrin;!
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Confirmation of Oscillations of Atmospheric Neutrin:!
@ Smoking Gun Signal for v, — v, Osclillations
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@ Its important to observe the characteristic “dip” in L/E
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Confirmation of Oscillations of Atmospheric Neutrin;!
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Confirmation of Oscillations of Atmospheric Neutrin;!
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@ The first oscillation dip should be clearly observable |\ colaboration
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Precision Measurement of Am3, and 0,3
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Precision Measurement of Am3, and 0,3

V SANDHYA CHOUBEY
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Precision Measurement of Am3, and 0,3

Experiment | |Am2,| sin® 63
Current 30% 34%
13% 38%
6% 22%
13% 42%
Combination 4.5% 20%
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Precision Measurement of Am3, and 0,3

Experiment |Am32,| sin® 03
Current 30% 34%
13% 38%
6% 22%

13% 42%
Combination 4.5% 20%

SK20 (1.84 MTy) | 17%  24%

Huber et al hep-ph/0403068
Gonzalez-Garcia et al, hep-ph/0408170
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Precision Measurement of Am3, and 0,3

Experiment |Am32,| sin® 03
Current 30% 34%
13% 38%
6% 22%

13% 42%
Combination 4.5% 20%

SK20 (1.84 MTy) | 17%  24%

INO (250 kTy) | 10%  30%

Huber et al hep-ph/0403068
Gonzalez-Garcia et al, hep-ph/0408170
INO Collaboration
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Three Generation Oscillation Probabilities
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Muon Neutrino Survival Probability

lim P, (L,E)=1-P,,(L,E)-P;,(L,E)—P;,(L,E)

Amgl — 0

A+ Am,) — (Am2)Y
P;M(L,E) — sin20%81n2292331n2( T m31§E( M) L
A+ AmZ,) + (Am2)Y
P2(LE) = cos®0Msin® 20y sin? 2T m31§; Bmg) p
Amz )"
P;’M(L,E) = sin229%sin4923sin2( M) L

41F
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Muon Neutrino Survival Probability

lim P, (L,E)=1-P,,(L,E)-P;,(L,E)—P;,(L,E)

Amgl — 0

, . o (A+ Amdy) — (Am3)"
P;M(L,E) —  sin® #4sin” 2603 sin® ( 31§E (Ams) L
M
, .5 (A+ Am3,) + (Am3,)
PiM(L,E) = cos” f12sin? 203 sin? 318E 7
Am3 )"
P;’M(L,E) = sin” 260{4sin® 0y5 sin® (Am) L

41F

@ Dependence on 6,3 in the form sin® 05
@ Octant sensitivity is expected to be good
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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 v, Survival Probability
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Large Matter Effects in v, Survival Probability
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| MAX (SPMIN) due to matter effects

@ Sign of the earth matter effects
~ depends on both £ and L
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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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@ Most important to choose the bins properly in both £ and L
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Very Large Matter Effects in v, < v, Probability
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1

Very Large Matter Effects in v, < v, Probabilities

, 5 (Am3)ML
Amlglfﬂ_} OPW(L E) = sin? 6,3 sin? 2673 sin” 4311?
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Very Large Matter Effects in v, < v, Probabilities

Am2Z ML
lim P, (L, E) = sin” 0,3 sin” 2673 sin* 2 (Am3))
2
Ams, — 0 4k
0.5
sin 623—0 5(matter)
I sin®6,,=0.5(vacuum)
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1

Very Large Matter Effects in v, < v, Probabilities

Am2Z ML
lim P, (L, E) = sin” 0,3 sin” 2673 sin* 2 (Am3))
2
Ams, — 0 4k
0.5
sin 623—0 5(matter)
I sin®6,,=0.5(vacuum)

Lc?_Above ~ 3 GeV, matter effects increase P, for all £ and L
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1

Very Large Matter Effects in v, < v, Probabilities

Am2 ML
lim P, (L, E) = sin” 0,3 sin” 2673 sin* > (A1)
Am3, — 0 Ak
0.5
sin 623—0 5(matter)
R sin“6,,=0.5(vacuum)

Lo_Sub—dominant Amj3, oscillations in P, is also crucial
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Atmospheric Neutrino Events

=
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Atmospheric Neutrino Events

Change in number of muon events:

0 0
1 N,
NS [P/m + ;Peu] . (where r = Ng))
N 1
1-~6 = (Puu+Pu)+ (P)'s3s(s35 — -)
m
M
' . o (AmZ))
(P3,)" = sin® 26075 sin’ 4;’?1 L

@ Can be used to study maximality and octant of 6,3

@ Can be used to study the neutrino mass hierarchy

@ Am3, and dcp bring in small effects

=
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
NO 1 ~ sin®26}4 sin (( Trzfé) ) x (1 cos® fgz — 1)
Am2 ML
+  sin” 2004 sin? (( Wifé) > x (rsin® fy3 — 1)

+ sin 923 COS 1923 r Re [AT3A12 exp(—i&cp)]

=
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
Ao 1 ~ sin®26)4 sin (< Wifg) ) x (1 cos® fgz — 1)
Am3 ML
+  sin” 2041 sin? (( Trifé) ) x (rsin® fy3 — 1)

+ sin 923 COS 1923 r Re [AT3A12 exp(—i&cp)]

@SANDHYA CHOUBEY WHAT CAN WE LEARN FROM ATMOSPHERIC NEUTRINOS Neutrino 2006, 16.06.06 — p.16/41



Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
Ao 1 ~ sin®26)4 sin (< Wifg) ) x (1 cos® fgz — 1)
Am3 ML
+  sin” 2041 sin? (( Trifé) ) x (rsin® fy3 — 1)

+ sin 923 COS 1923 r Re [AT3A12 exp(—i&cp)]

@ Ams3,-driven oscillation effect
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
Ao 1 ~ sin®26)4 sin (< Wifg) ) x (1 cos® fgz — 1)
Am3 ML
+  sin” 2041 sin? (( Trifé) ) x (rsin® fy3 — 1)

+ sin 923 COS 1923 r Re {AT3A12 eXp(—iécp)]

@ Ams3,-driven oscillation effect

@ Brings an excess (depletion) in the sub-GeV electron event
sample for sin? 6,3 < 0.5(> 0.5)
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
Ao 1 ~ sin®26)4 sin (< Wifg) ) x (1 cos® fgz — 1)
Am3 ML
+  sin” 2041 sin? (( 77132) ) x (rsin® fy3 — 1)

+ sin 923 COS 1923 r Re [AT3A12 eXp(—iécp)]

@ Ams3,-driven oscillation effect

@ Brings an excess (depletion) in the sub-GeV electron event
sample for sin? 6,3 < 0.5(> 0.5)

@ Can be used for studying maximality and octant of 63

=
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
NO 1 ~ sin®26}4 sin (( Trifll?) ) x (1 cos® fgz — 1)
Am2 ML
4+ sin” 2044 sin? (( mfg ) x (rsin® a3 — 1)

+ sin 923 COS 1923 r Re [AT3A12 exp(—i&cp)]
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
NO 1 ~ sin®26}4 sin (( rm;fll?) ) x (1 cos® fgz — 1)
Am2 ML
4+ sin” 2044 sin? (( WZ%) ) x (rsin® a3 — 1)

+ sin 923 COS 1923 r Re [AT3A12 exp(—i&cp)]

@ 0,3-driven oscillation effect
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
NO 1 ~ sin®26}4 sin (( Trzfé) ) x (1 cos® fgz — 1)
Am2 ML
4+ sin” 2044 sin? (( WZBE) ) x (rsin® a3 — 1)

+ sin 923 COS 1923 r Re [AT3A12 exp(—i&cp)]

@ 0,3-driven oscillation effect

@ Reduces the excess (depletion) in the sub-GeV electron event
sample for sin® 6,5 < 0.5(> 0.5) — thats the bad part!!
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Atmospheric Neutrino Events

Change in number of electron events:

N, Am2 VML
NO 1 ~ sin®26}4 sin (( 422) ) x (1 cos® fgz — 1)
Am2 ML
4+ sin” 2044 sin? (( WZBE) ) x (rsin® a3 — 1)

+ sin 923 COS 1923 r Re [AT3A12 exp(—i&cp)]

@ 0,3-driven oscillation effect

@ Reduces the excess (depletion) in the sub-GeV electron event
sample for sin® 6,5 < 0.5(> 0.5) — thats the bad part!!

@ Contains big earth matter effects resulting in sizable change in

multi-GeV electron event sample, with the change being sin? 043
dependent — thats the excellent part!!
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
NO 1 ~ sin®26}4 sin (( Trzfé) ) x (1 cos® fgz — 1)
Am2 ML
4+ sin” 2044 sin? (( WZBE) ) x (rsin® a3 — 1)

+ sin 923 COS 1923 r Re [AT3A12 exp(—i&cp)]

@ 0,3-driven oscillation effect

@ Reduces the excess (depletion) in the sub-GeV electron event
sample for sin® 6,5 < 0.5(> 0.5) — thats the bad part!!

@ Contains big earth matter effects resulting in sizable change in

multi-GeV electron event sample, with the change being sin? 043
dependent — thats the excellent part!!

@ Can be used for studying maximality and octant of 63
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
NO 1 ~ sin®26}4 sin (( Trzfé) ) x (1 cos® fgz — 1)
Am2 ML
4+ sin” 2044 sin? (( WZBE) ) x (rsin® a3 — 1)

+ sin 923 COS 1923 r Re [AT3A12 exp(—i&cp)]

@ 0,3-driven oscillation effect

@ Reduces the excess (depletion) in the sub-GeV electron event
sample for sin® 6,5 < 0.5(> 0.5) — thats the bad part!!

@ Contains big earth matter effects resulting in sizable change in

multi-GeV electron event sample, with the change being sin? 043
dependent — thats the excellent part!!

@ Can be used for studying maximality and octant of 63
LG).Can be used for studying the neutrino mass hierarchy
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
NO 1 ~ sin®26074 sin (( Trifll?) ) x (1 cos® fgz — 1)
Am2 ML
+  sin” 2004 sin? (( Trifé) ) x (rsin® fy3 — 1)

+ sinfy3 cosbos r Re [AT3A12 eXp(—i5CP)]
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
NO 1 ~ sin®26074 sin (( Trifll?) ) x (1 cos® fgz — 1)
Am2 ML
+  sin” 2004 sin? (( Trifé) ) x (rsin® fy3 — 1)

+ sinfy3 cosbos r Re [AT3A12 eXp(—i50P)]

@ “Interference” term which depends on - p
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
A0 1 ~ sin®26}4 sin” (( szll?) ) x (1 cos® fgz — 1)
Am2 ML
+  sin” 2004 sin? <( 771322) ) x (rsin® fy3 — 1)

+ sinfy3 cosbos r Re [AikgAm eXp(—i50P)]

@ “Interference” term which depends on - p

@ It might cancel the effect of the Am3, and 6,3 terms depending on
the value of 6p — bad bad bad...
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Atmospheric Neutrino Events

Change in number of electron events:

Ne Am3 ML
A0 1 ~ sin®26}4 sin” (( Trzfé) ) x (1 cos® fgz — 1)
Am2 ML
+  sin” 2004 sin? (( ﬂzfll?) ) x (rsin® fy3 — 1)

+ sinfy3 cosbos r Re [AikgAm eXp(—i50P)]

@ “Interference” term which depends on - p

@ It might cancel the effect of the Am3, and 6,3 terms depending on
the value of 6p — bad bad bad...

@ But it might tell us if 6cp =0 0or = (Fogli et al. hep-ph/0506083)

=
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Atmospheric Neutrino Events in MTon Water Detect;F

=
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Atmospheric Neutrino Events in MTon Water Detect:F
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h}These are just 2-gen v, — v, oscillations
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Atmospherlc Neutrino Events in MTon Water Detect-F
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@ Am3,-driven oscillations bring in octant sensitivity in SGe events
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Atmospherlc Neutrino Events in MTon Water Detect-F
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LQ.(913 brings in more octant sensitivity through matter effects
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Atmospheric Neutrino Events in INO-ICAL
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Atmospheric Neutrino Events in INO-ICAL
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L S.C and P. Roy hep-ph/0509197
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Testing Maximality of 63
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Testing maximality of fo3 L

After ten yvears

True value of [Amg, | [107° eV*]
(]

i3 (.4 5 {6 {7
True value of sin” i

D] within 14%
LBL combined
Antusch, et al,
hep-ph/0404268
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Testing maximality of 093

After ten yvears
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LBL combined |D| within 19%
Antusch, et al, SK50
hep-ph/0404268 Gonzalez-Garcia, et al,
hep-ph/0408170
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True value of [Amg, | [107° eV*]

Testing maximality of 093

After ten yvears

I

i3 (.4 5 ihf {7
True value of sin” i

| D| within 14%
LBL combined

Antusch, et al,
hep-ph/0404268

% SANDHYA CHOUBEY

1

sin2913(true):0.00

am ; m 3
4 O I
s I
o 3l .
- . i ;: =
- I 1 <
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s : i - d
N | . 1 | | | |
0.3 04 0.5 06 0.7 025 0.35 Oé45 055 065 0.75
20 sin°0,(true)
sSin 923 23
o _ 0
| D| within 19% |D| within 25%
SK50 INO-ICAL 500 kTy

Gonzalez-Garcia, et al,
hep-ph/0408170
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True value of [Amg, | [107° eV*]

I

Testing maximality of 093

1

After ten years sin2913(true):0.00
a0 - i T 3 ‘ ‘ ‘
s [ v N
Uy o I O
= F i 11 =2
B : 1 @
NEE . :_ \\ E j;., ? %
= - Hh [# 1 & 500 KTy
'8 : £ 2 <
03 04 05 06 07 0.3 04 05 06 0.7 025 035 045 055 065 075
True value of sin® : S sin’d (true)
FRRE Sin 923 23
|.D| within 14% o e p—
LBL combined | D] within 19% | D] within kO
INO-ICAL 500 kT
Antusch, et al, SK50 y
hep-ph/0404268 Gonzalez-Garcia, et al, S.C. and P. Roy,
hep-ph/0408170 hep-ph/0509197

@ Sensitivity to |D| = |(sin” 655 — 0.5)| comparable to LBL expts
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True value of [Amg, | [107° eV*]

Testing Maximality of 63

After ten yvears

i3 04 (L5 ihf {7
True value of sin” i

|D| within 14%
LBL combined
Antusch, et al,
hep-ph/0404268

Am231(true)[10_3eV2]

1

sin”@,(true)=0.00 sin”@,(true)=0.00
3 3 ‘ ‘ ‘
2
2 | | 921
B
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b2 035 045 055 065 075 025 035 045 055 065 0.75
sin”0,4(true) sin 0,(true)
| D| within 20% | D| within 25%
SK50 INO-ICAL 500 kTy
preliminary S.C. and P. Roy,

hep-ph/0509197

@ Sensitivity to |D| = |(sin” 653 — 0.5)| comparable to LBL expts
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True value of [Amg, | [107° eV*]

Testing Maximality of 63

After ten yvears

i3 04 (L5 ihf {7
True value of sin” i

|D| within 14%
LBL combined
Antusch, et al,
hep-ph/0404268

Am231(true)[10_3eV2]

$in”0,(true)=0.00
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. 2
sin"0,,(true)

| D| within 20%
SK50

preliminary

N

1

1

sinzels(true):0.04

500 KTy

025 035 045 055 065 075

sinzezs(true)

| D| within 23%
INO-ICAL 500 kTy
S.C. and P. Roy,
hep-ph/0509197

@ Sensitivity to |D| in INO-ICAL improves marginally with 6,5
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Testing Maximality of 6,3 L

True value of [Amg, | [107° eV*]

After ten years sinzels(true)=0.04 sin2913(true):0.04
5 : 3 3 ‘ ‘ ‘
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B 2
N<E]m Ng 500 KTy
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Antusch, et al, i Sc and P. Ro
hep-ph/0404268 prefiminary - e

hep-ph/0509197

@ Sensitivity to |D| in INO-ICAL improves marginally with 6,5
Ls)_Sensitivity to |D| in SK50 improves remarkably with 6,3
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Resolving the 653 Octant Ambiguity
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Resolving the 65,35 Octant Ambiguity with INO-ICAL

Normal Mass Ordering Inverted Mass Ordering
12 T T T T T T T T T T T T T T T T T T i T T T T T T T T T T T T T T T T T T T T T
B 5 sin2913(true)=0.04
B i f R e sin“6,,(true)=0.03
N /’: Ry sin2613(true)=0.02
10 p e O it sin“@, (true)=0.01 7

Dy’ [sin,true) - sin'®false)]

0.35 04 045 O05 055 06 06535 0.4 045 0.5
sin“e_,(true) sin“6_,(true)

S.C and P. Roy hep-ph/0509197
@ sin” Ay5(false) can be excluded at 3o if:

sin” fp3(true) < 0.402 or > 0.592 for sin® #;3(true) = 0.02,
sin” O3 (true) < 0.421 or > 0.573 for sin® 63(true) = 0.04.
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Resolving the 695 Octant Ambiguity with SK50

'.IIIlIIIIIllllIIII[I

15y =

disc
IIII|||II||||I

4]
03 04 05 06 0
in"0
sin 6,,

Gonzalez-Garcia et al, hep-ph/0408170
@ sin” 0,5 (false) can be excluded at 3¢ if:
sin fa3(true) < 0.36 or > 0.62 for sin® #;3(true) = 0.00.
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Resolvmg the 6,3 Octant Amblgwty with SK50

Dashed Lines: external priors

- Solid Lines: no priors,
,,,'3,',9?,,':,'(‘?5,?,0,9,s,(,t,FFJ?),,,,Q,QQ ,,,,,,,,,,, R?qF,',,F‘???,’19,3@@?),,,9,9? ,,,,,,,,,
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15 - ! ; .
I 1
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10 ~ 8
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<
5 L _
O I
0.7

0.3 : :
s n2923(true)

@ sin” Ay5(false) can be excluded at 3o if:
sin” fgs(true) < 0.384 or > 0.601 for sin® #;3(true) = 0.00.

sin fa3(true) < 0.438 or > 0.574 for sin® 6;3(true) = 0.02
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Resolvmg the 6,3 Octant Amblgwty with SK50

Solld Lines: no priors, Dashed Lines: external priors
Blue Llnes sin els(true) O OO Red Llnes sin 913(true) 0. 02

Sensitivity to octant of 0,3
Improves remarkably as 65
Increases from zero.

s n2923(true)
@ sin” Ay5(false) can be excluded at 3o if:
sin? fa3(true) < 0.384 or > 0.601 for sin® 6;3(true) = 0.00.

sin” fp3(true) < 0.438 or > 0.574 for sin® f3(true) = 0.02.
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Resolving the sgn(AmZ,) Ambiguity



Resolving the sgn(Am3,) Ambiguity with INO-ICAL

1

osc. params. fixed, external prior information, osc. params. free
solid: true hierarchy normal, dashed: true hierarchy inverted
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(Thomas Schwetz)

Petcov and Schwetz, hep-ph/0511277
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Resolving the sgn(Am3,) Ambiguity with INO-ICAL

osc. params. fixed, external prior information, osc. params. free
solid: true hierarchy normal, dashed: true hierarchy inverted
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Rl | | |
% | p-like 1/
i 15
S 20
S
o 10
2
o 10
£ 5
=
>
= 11| | | |
O | | | | | | | | | | | O O | | | | | | | | | | | |
0 0.05 0.1 015 O 0.05 01 O 0.05 0.1 0.15
. 2
truevalueof sin"26,, (Thomas Schwetz)

Petcov and Schwetz, hep-ph/0511277

@ The wrong hierarchy can be ruled out at 20 with 4000 upward
going events for sin” 20,3 = 0.1(sin* 615 = 0.026) and sin® fy3 = 0.5
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Resolving the sgn(Am3,) Ambiguity with INO-ICAL

osc. params. fixed, external prior information, osc. params. free
solid: true hierarchy normal, dashed: true hierarchy inverted
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. 2
truevalueof sin"26,, (Thomas Schwetz)

Petcov and Schwetz, hep-ph/0511277
@ The wrong hierarchy can be ruled out at 20 with 4000 upward
going events for sin” 20,3 = 0.1(sin* 615 = 0.026) and sin® fy3 = 0.5
Polamares-Ruiz,Petcov (2003)
Indumathi, Murthy (2004)

Ghoshal,Gandhi,Goswami,Mehta,UmaSankar (2004)
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Resolving the sgn(Am3,) Ambiguity with INO-ICAL

osc. params. fixed, external prior information, osc. params. free
solid: true hierarchy normal, dashed: true hierarchy inverted
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Petcov and Schwetz, hep-ph/0511277

@ The wrong hierarchy can be ruled out at 20 with 4000 upward
going events for sin” 20,3 = 0.1(sin* 615 = 0.026) and sin® fy3 = 0.5

@ Sensitivity increases with £ and L resolution
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Resolving the sgn(Am3,) Ambiguity with INO-ICAL

osc. params. fixed, external prior information, osc. params. free
solid: true hierarchy normal, dashed: true hierarchy inverted
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Petcov and Schwetz, hep-ph/0511277

@ The wrong hierarchy can be ruled out at 20 with 4000 upward
going events for sin” 20,3 = 0.1(sin* 615 = 0.026) and sin® fy3 = 0.5

@ Sensitivity increases If it were possible to detect electrons
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Resolving the sgn(Am3,) Ambiguity with INO-ICAL

osc. params. fixed, external prior information, osc. params. free
solid: true hierarchy normal, dashed: true hierarchy inverted
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Petcov and Schwetz, hep-ph/0511277

@ The wrong hierarchy can be ruled out at 20 with 4000 upward
going events for sin® 26,5 = 0.1(sin” #13 = 0.026) and sin® A3 = 0.5

@ Sensitivity increases with sin? 6,3
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Resolving the sgn(Am3,) Ambiguity with SK50
8223(true)20'4 5223(tl’ue)20.5 Szzs(true):O.ﬁ
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Resolving the sgn(Am3,) Ambiguity with SK50
soI|d6 """ =0 d ashedé—free
3(true) 04 523(true) 05 s 3(true) 06

" ; True H|erarchy IsNormal

0 O 01 e O 02 0.03

13

@ Sensitivity drops appreciably due to é¢p
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Resolving the sgn(Am3,) Ambiguity with SK50

SOlld O=0

dashed O.—free

3(true) 04 523(true) 05 s 3(true) 06

" ; True H|erarchy IsNormal

-

0 001 e

13

O 02 0.03

1

@ Resolving param degen:

T2K+ATM:hep-ph/0501037

Bbeams+ATM:hep-ph/0603172

@ Sensitivity drops appreciably due to é¢p
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Searching for New Physics
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Searching for New Physics

Non-Standard neutrino-matter Interaction
Violation of Equivalence Principle
Lorentz Invariance Violation

Violation of CPT Symmetry

Neutrino Decay

e P PP PP

Quantum Decoherence

(This list is not exhaustive.)
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Searching for New Physics in INO-ICAL/SKS50 like E%ts

Non-Standard neutrino-matter Interaction
Violation of Equivalence Principle
Lorentz Invariance Violation

Violation of CPT Symmetry

Neutrino Decay

e P PP PP

Quantum Decoherence

@ Each one has a distinctive L/E behavior

@ Oscillations go linearly as L/FE

@ Atmospheric neutrinos have a very wide range of L/E

@ This L/FE data can be used to probe new physics — INO-ICAL

@ Comparison of contained events and upward going muons in
water Cerenkov detectors can also be used
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Searching for New Physics with Neutrino Telescopes

@ Neutrino Telescopes have atmospheric v's as background
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Searching for New Physics with Neutrino Telescopes

@ Neutrino Telescopes have atmospheric v's as background
@ The atm v's seen will be of highest energies: (10~'-10%) TeV
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Searching for New Physics with Neutrino Telescopes

@ Neutrino Telescopes have atmospheric v's as background

@ The atm v's seen will be of highest energies: (10~'-10%) TeV
@ At these energies, standard neutrino oscillations are negligible
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Searching for New Physics with Neutrino Telescopes

@ Neutrino Telescopes have atmospheric v's as background

@ The atm v's seen will be of highest energies: (10~'-10%) TeV
@ At these energies, standard neutrino oscillations are negligible
@ Any FE or L dependence in the data will signify new physics
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Searching for New Physics with Neutrino Telescopes

@ Neutrino Telescopes have atmospheric v's as background

@ The atm v's seen will be of highest energies: (10~'-10%) TeV
@ At these energies, standard neutrino oscillations are negligible
@ Any FE or L dependence in the data will signify new physics
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Searching for New Physics with Neutrino Telescopes

@ Neutrino Telescopes have atmospheric v's as background

@ The atm v's seen will be of highest energies: (10~'-10%) TeV
@ At these energies, standard neutrino oscillations are negligible
@ Any FE or L dependence in the data will signify new physics
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Conclusions
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@ Octant of 53 can be determined with SK50 If
sin® a3 (true) < 0.38 or > 0.60 for sin? #3(true) = 0

@ Sensitivity to octant for SK50 improves remarkably if 8,5 # 0
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