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India-based Neutrino Observatory Proposal

U Goal : To build an underground laboratory for science with neutrino
physics as the major activity

U The detector: Magnetized Iron CALorimeter detector (ICAL) for
detecting atmospheric neutrinos

U Detector choice based on
A Technological capabilities available in the country

A Complementarity to planned/existing neutrino detectors in the world
A Modularity and possibility of phasing
A Compactness and ease of construction

U Other Possibilities
Neutrinoless double beta decay, Dark Matter e é é
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The INO Collaboration

e N Ahmadabad: Physical Research
; ..s:;-.:-ﬂg}-;:: ; INDIA Laboratory ’
Aligarh: Aligarh Muslim University
Allahabad: HRI
Bhubaneswar: IoP, Utkal University
, Calicut: University of Calicut
go=LAN <" 72 Chandigarh: Panjab University
" - 2 < Chennai: IIT-Madras, IMSc
DS et N J 7 Delhi: University of Delhi
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8 ‘|I;”.; LKATA 31, Calcutta
| Lucknow: Lucknow University
: § CIECANE Sl Madurai: American College
MRS .5 Mumbai: BARC, IIT-Bombay, TIFR,
CMEMS
Mysore: University of Mysore
Srinagar: University of Kashmir
Varanasi: Banaras Hindu University
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INO : Mandates

U0 Construction of an underground laboratory

U Construction of a 50 kiloton magnetized Iron calorimeter (ICAL) detector to
study properties of neutrinos

U Construction of The Inter-Institutional Centre for High Energy Physics
(ICHEP) at Madurai

U Human Resource Development (INO Graduate Training Program)
U Detector and Instrumentation R & D

U Development of simulation framework and consolidate the physics goals.
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INO: Location
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U Land area 26.8 Ha

U Warm low rain-fall area, low humidity through out the year

U Flat terrain with good access to major roads

SrubabatiGoswami The status of INO 5



Inter Institutional Centre for High Energy Physics
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U 13 Ha of land at Madurai city for IICHEP (Surface Lab)

U Itis planned to build an ICAL Engineering Module at IICHEP
U To have facility for R & D activities (RPC detector etc. )

U Academic activities, INO graduate training school
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INO@ Theni

Pirvery Commic Rays
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Underground Laboraotory Layout

U The Cavern-l is set under 1589m peak with vertical rock cover of 1289m
U Accessible through a 1.9km long tunnel

U Cavern-1 will host 50 kt ICAL detector. Space for a second 50 kt detector
U Cavern-2 and 3 for other experiments ( NDBD, Dark Matter & . )
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Activities@theTheni site
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Activities at the IICHEP site
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ICAL@INO
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ICAL@INO : Salient Features

Magnetized Iron Calorimeter Detector

°

Sensitive to muons

°

Good Energy determination from
e Track length

e Track curvature in a magnetic field

°

Directionality from tracking and ns timing resolution

°

Charge identification from track curvature in magnetic field

°

Hadron Shower reconstruction enables to determine the neutrino energy
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ICAL@INO : Physics Goals

0

0

0

0

0

0

Reconfirmation of atmospheric neutrino oscillations
using neutrinos and antineutrinos separately

Improved precision of atmospheric oscillation parameters

Neutrino mass hierarchy using matter effects via charge

discrimination

Measure the deviation of 2-3 mixing angle from maximal value

and determine its octant

Testing new physics scenarios like sterile neutrinos, CPT

viol ati on, NSI |, | ong range

Indirect searches of Dark matter, Magnetic Monopoles €&

f or ces
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|CAL detector

U0 Rectangular detector
U Modular structure
U Active Detector Element : Resistive

E Plate Chambers (RPC)
2 0 151 layers of iron plates interleaved
with RPCs
__fem | tem . wm
__::_ disi
L 5.6cm ICAL
. No. of modules 3
Module dimension 16 m x 16 m x 14.5 m
Detector dimension 48 m x 16 m x 14.5 m
No. of layers 151
Iron plate thickness 5.6 cm
Gap for RPC trays 4.0 em
Magnetic field 1.5 Tesla
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Resistive Plate Chamber (RPC)

Two 2 mm thick float glass
separated by 2 mm spacer
U Operated at a voltage of 10 kV in Avalanche mode

Pickup strips

—x .

?__f_'_-j_f Signal pickup

Glass plates

Graphite coating on the outer
surfaces of glass

Schematic Diagram of a 30 cm X 30 cm RPC
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Resistive Plate Chamber (RPC)

U RPC dimension : 2m X 2m (approx.)

0 3 mm thick glass plates with 2 mm

Spacers

Insulator—

/
Graphite /
coating
\

0 Signals of a high energy charged

particle will be read by the orthogonal
X and Y pick up strips

RPC unit dimensions

195ecm X 184 cm X 24 mm

Insulator "\__

Readout strip pitch 3cm

No. of RPCs/Road/Layer 8

No. of Roads/Layer/Module 8

No. of RPC units/Layer 192

Total no of RPC units 28,992 (= 104,023 m?)
No of readout strips 3.710,976 (3.7 million)

Readout strips (X)

High resistivity electrode

A

Gas gap T

High resistivity electrode

Readout strips (Y)

Strip width: 3 cm
Timing resolution: ~1ns

Position resolution: 5 mm
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ICAL Magnet

Copper coils

Copper colls carrying direct currents are
/ I \{dto magnetize the iron plates

(I » 5.6 cm thick iron plate U Soft Iron Plates
— U Copper Coils
= » 4 cm air gap for RPC detector U Power Supply

A 4 (i Coil Cooling

51 kt world’s largest electromagnet System
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|ICAL Magnet

Magnetic field map generated
by MAGNETG6 software
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