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NEEM Tor new Atmosphneric Neutrno
DELECIorS
 Experimental field of Neutrino Physics has moved to

the phase of decisive and precision measurement of
oscillation parameters.

* New and planned long base line experiments will
provide bulk of the data necessary to achieve this.

e |s there still need for new atmospheric neutrino
experiments?




PRYSICS With Atmospneric Neutrines

e |t span alarge range of L/E .

e Oscillation can be seen as a function of L/E.
 Possibility of observing matter effect .

» Sensitivity to the sign of Am?2,,
 Measuring 6,5

e CP Phase measurement.







ndia-vbased Neutrinoer Opsenvatony: (INO)nitiative

Goal:

e Two phase approach:

Physics studies,

Detector R & D, Physics with Atmospheric Neutrinos
Site survey,

Human resource Physics with Neutrino beam from
development a factory

Construction of the
detector



Cholce o Neutrine Seurce and Det
e Neutrino Source
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construction of RPC

Two 2 mm thick float Glass

2 mm thick spacer Separated by 2 mm spacer

Pickup strips
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Glass plates

Resistive coating on the outer surfaces of glass



(CAL Detector Speciiications

No of modules 3

Module dimension 16m X16m X 12 m
Detector dimension 48 m X16m X 12m
No of layers 140

Iron plate thickness 6 cm

Gap for RPC trays 2.5cm

Magnetic field 1.3 Tesla

RPC unit dimension 2mX2m

Readout strip width 3cm

No. of RPCs/Road/Layer 8

No. of Roads/Layer/Module 8

No. of RPC units/Layer 192

Total no of RPC units 27000

No of Electronic channels 3.6 X 106



~EC K & D

« Built RPCs of different sizes % =~ _/ .
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Cosmic Muon Test

Telescope




_ocation of the Unaergrounad Lanoratory.
e Studies were performed on two potential sites.

 INO Site Selection Committee after thorough evaluation have
now recommended PUSHEP at Tamilnadu as the preferred site
for the underground lab.

INO at PUSHEP
levationin meters abave BAE]




Unaderground Cavern

Experimental Hall | Layout of the Underground Cavern

Size of the experimental hall
150m X22m X 30m

Access tunnel

.......

Electronics




PRYSICS USINGg atmoespneric neutrines auring Pn

ase |

Improved measurement of oscillation parameters.
Search for potential matter effect in neutrino oscillation.
Determining the sign of Am2,, using matter effect.

Is 8,; maximal ? If not ,; <4 or > /4 ?

Probing CPT violation in neutrino sector.

Ultra high energy muons in cosmic rays.




Physics with Neutrine beam firom NUEACT — Phias
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Determination of ,;
Determining the sign of Am2,,
Matter effect in v, 2 v, oscillation.
Probing CP violation in leptonic sector.
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DiSappearance oi v, VsS. L/

The disappearance probability
can be measured with a

N (L/E)

N ,...(L'/E)
I - sin? (20) sin? (1.27 Am? L/E)

Events ratio (up/down)

4
log,(L/E) km/GeV log, (L/E} km/GeV
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Viatter Eflect

b/

Total no. of v, charge current events:

Neglecting A,,

L=6000tc 2700 km , E=5 fo 10 GeV

8500 9000 9500




VIass FHierarchy: irom; matter induced
asymmetry

1000 =000




Deviation rrom; maximality: ot &5,

1000 kton Yr




P \Vielation

The expression for survival probability for the case of CPTV 2-flavour oscillations

and

ah=0
3h=7X 107

— sb=0 sb=0
‘= 8b=3X 10" ) = sb=1X10"

Log, (L [km])
R. Gandhi et al, Phys. Lett. B597, 356 (2004)
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~1 Mton water Cherenkov detector at Kamioka

Outer Detector Plat form

Inner Detector Opaque Sheet
Access Drift Liner

Water Purification System
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Height 54m
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Width 48m




Water depth <50 m

Linear dimensions for light path < 100 m
Optimization of Mg p/M1q7a
Rock stability

Single Cavity or Twin Cavities?
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AWater Eherenkﬂ'-.-' Detector . e NOCollz horation
optimized for: 3% B h‘j’SIEI !

* Light attenuation length limit = o 4[] Insiltutlﬂn i

= PMT pressure limit

» Cost (built-in staging)

ol -" 60%60x60m3x3
'i;‘ -.-": Total Vol: 650 kton
N\, | Fid. VoI 440 kton (20xSuperK)
= Only optical =~ # of 20" PMTs: 56,000

separation I # of B PMTs: 14 900




VIEMPIEY'S

Present Tunnel
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Octant of 8,4

Nonzero 6,

oCP




Sclllation: effiects I ve

LMA

Iinterfererce

9, resonance




$22012=0.825
S$2023=0.4 ~ 0.6
$2013=0.04
ocp=45°
Am?212=8.3e-5
Am?223=2.5e-3

no osc. with 20yrs stat.error

. §273=), 40

0.45
0.50
0.55
0.60
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PIscrimination of &2z octant

$22012=0.825
S2023=0.4 or 0.6
$2013=0.00~0.04
dcp=45°
Am?212=8.3e-5
Am?223=2 5e-3

With 20yrs SK,
discrimination
IS possible for
large 013.




PIscrimination ol &3 octant

$22012=0.825
$2023=0.45 or 0.55
$2013=0.00~0.04
dcp=45°
Am?212=8.3e-5
Am?223=2 5e-3

s2023 = 0.45 or 0.55
<= s522023=0.99

With 20yrs SK,
discrimination
Is very hard.




DiScrimination o1 62z octant, SKXs0yrs

$22012=0.825 80yrs SK ~ 4yrs HK

S2023=0.40 ~ 0.60

S2013=0.00~0.04

oCcp=45°
Am?212=8.3e-5
Am?223=2 5e-3

With 80yrs SK, discrimination
IS better and possible for many test points.




$22012=0.825
$2023=0.40 ~ 0.60
$2013=0.00~0.04
dcp=45°
Am?212=8.3e-5
Am?223=2.5e-3

SIgNITIcance 10 NeNZEro fis

Positive signal for nonzero 613 can be seen if 013
is near the CHOOZ limit and s2623 > 0.5



[LIVIT 80yrs SK ~ 4yrs HK

$22012=0.825
S2023=0.5
s2013=0.00~0.04

dcp=0°~360°
Am?212=8.3e-5
Am?223=2 5e-3

CP phase could be seen if 613 is close to the CHOOZ limit.




« A large magnetised detector of 50-100 Kton like INO is needed to

achieve some of the very exciting physics goals using atmospheric
neutrinos.

« Itwill complement the existing and planned water cherenkov
detectors.

« Can be used as a far detector during neutrino factory era.
« R & D for setting up such a detector in India is in progress.




