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The Unknowns...after 0,;

@ The neutrino mass ordering (MH)...
& CP violation in the lepton sector...
% Octant of the mixing angle 0.; ...

% Beyond 3-flavor oscillation physics..
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The Unknowns...after 0,;

We will cover in this talb
St cover n thiaRy

& The neutrino mass ordering (MH)...

& CP violation in the lepton sector...

& Octant of the mixing angle 0.; ...

& Beyond 3-flavor oscillation p;«tsmg atmospheric neutrmoss’

3 posters and a talk on details of INO

by Kaur; Laksmi, Meghna Plenary talk by Naba Mondal on Friday
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Matter Effects in Neutrinos
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& Large ﬂuctudtzons in. AP in both E as well as © |
& Need good reconstruction in both E as well as © - resolutzom
@ AP opposite for neutrino and antineutrino - charge id
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Matter Effects in Muons

PW(NH)-PW(IH)
Oscillated v, only disapp channel
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& Smearing due to the v-nucleon. cross-section.
& Smearing due to presence of both v, and v. in the atm flux
& Smearing due to finite detector resolution.
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Matter Effects in Muons

PW(NH)-PW(IH)
Oscillated v, only disapp channel
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Oscillated v, only disapp channel
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& Smearing du®0 ﬁresence of both v,

& Smearing due to finite detector resolution.
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MH @ INO (Only Muons)

INO u angle resoln s good+
‘% tdk(’/ Gcos@=0.02
Bl

| For os/E<4%0 and &>95%
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Reconstruction efficiency A 2>8 (muonS)
Gbhosh, SC, arxiv:1306.14
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Matter Effects in Neutrinos

P, (NH)-P_(IH)
Oscillated v, events
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& Detector resolutions *extremely cructal*

Sandhbya Choubey g Nulct 2013, August 21



Matter Effects in Neutrinos
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& Net matter effects in neutrinos and muons is the same after
putting detector resolutions - even for very optimistic

neutrino resolutions
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Matter Effects in Neutrinos

—— = Binned in 80 u zenith angle, 20 v, energyJ
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Matter Effects in Neutrinos

—— = Binned in 80 u zenith angle, 20 v, energyJ

Binned in 20 v, zenith angle 20 v, energ

=9 for 21% E-resoln..
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Matter Effects in Hadrons

Hda’rons are tdgged with the muon direction.

P,.(NH)-P (IH)

« Oscillat d lyd sapp channel
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- Smea dhd wh i, /By =0.8/\E+0.2

Smeared hadrons witho /E 056/F002
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& Matter effects in hadrons present.. will gtve MH sensztzwty

& Though significantly less than in muons
& Detector resolution. less important for hadrons
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MH@INO(Muon+Hadron)

Hadrons are tagged with the muon dz’rectz'onFO r 05/E<4% and £>95% 4
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MH@INO(Muon+Hadron)

Hadrons are tagged with the muon dzrectzon:FO -
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Ayz>10 (muons)
- Sandbya Choubey 14 Nukact 2013, August 21




MH - u+b vs v Analysis

& Muon+Hadron analysis gives Ay?=16 for or(w=6%E

and 0o(W=0.025 in cosO .... both are realistic for N0/
MIND

+ 10 get the same Ay>=16 using the neutrino analysis, one
needs or(W)=10%E and co(v)=7.3°....the energy resol

requirement not possible at. INO/MIND

& Better to use the hadron data separately in the y? than.

using it to reconstruct the neutrino energy and angle
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Octant @ INO

NORMAL HIERARCHY|
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Conclusions

& With §% E,resoln and 90% efficiency, INO will have

Ay>=12 in. 10 years from. muon data alone

& If we tag the hadrons with the muons and add the

hadron data separately into a combined analysis, then.
with % E-resoln and 90% reconstruction efficiency

INO could bave Ay>=9 in just § years

+ Using the badrons to reconstruct the neutrino energy and

directions will always yield poorer results
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