India based neutrino observatory (INO)

 Create experimental facility in the country where we can carry
out front ranking experiments in the field of particle &
astroparticle physics.

« Underground laboratory with ~1 km all-round rock cover
accessed through a 2 km long tunnel. A large and several smaller
caverns to facilitate many experimental programmes.

 Frontline neutrino issues e.g., mass parameters and other
properties, will be explored in a manner complementary to
ongoing efforts worldwide.

» The ICAL detector, with its charge identification ability, to
address questions about the neutrino mass ordering.



Proposed India based Neutrino Observatory at BodiHills
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ICAL : Physics goal for a large mass detector with
charge identification capability,,
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A fully assembled RPC

Single ended to DAQ Interface
differential converter NINQ: A3l Connector
Assembled RPC on table The digital Front-End Board

Ethernet Port

- Global Services
Cable Connector

TCP/IP
Ethernet
Controller
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Development of RPC detector

1mx1m magnetised RPC stac

2mx2

T
g
1

mx2m RPC stack
magnetised iron at ICHEP, Madurai




Close loop gas recirculation and purification system
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Few clean muon trajectories INn MINIICAL
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Running Prototype RPC Stack at TIFR/IICHEP

Inefficiency due to button, dead

Position resolution ~7mm,

strip, but edge effect also present ~ Multiplicity better than strip width/v12
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Cosmic muon spectrum

Zenith angle of muon, measurement of cosmic
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INO-ICAL e-ICAL & m-1CAL Detector
Parameter ICAL e-1CAL m-1CAL
No. of modules 3 1 1
. . 8mMx8mx2m Amx4mx1im
Module dimensions | 16.2mx16mx14.5m (90:1) (720:1)
Detector dimensions | 49mx16mx14.5m 8mx8mx2m Amx4mx1m
No. of layers 150 20 10
Iron plate thickness | 56mm 56mm 56mm
Gap for RPC trays | 40mm 40mm 45mm
Magnetic field 1.3Tesla 1.3Tesla 1.3Tesla
RPC dimensions 1.950mx1.91mx24mm | 1.95mx1.91mx24mm 1.95mx1.91mx24m
Readout strip pitch 30mm 30mm 30mm
RPCs/Road/Layer 8 4 2
Roads/Layer/Module | 8 4 1
RPC units/Layer 192 16 2
No. of RPC units 28,800 (107,266m?) 320 (1,192m?)  (90:1) | 20 (74.5m?) (1440:1)
No. of readout strips 3,686,400 40,960 (90:1) | 2,560 (1440:1)




INO-ICAL e-ICAL & m-I1CAL Detector

Parameter ICAL e-ICAL m-1CAL
No. of modules 3 1 1

Module dimensions | 16.2mx16mx14.5m E(ngﬁ%)mem 217r26<:41r;1x1m
Detector dimensions | 49mx16mx14.5m 8mx8mx2m 4mx4mx1m
No. of layers 150 20 10

Iron plate thickness | 56mm 56mm 56mm

Gap for RPC trays | #" 40mm 45mm
Magnetic field 1.3Tesla 1.3Tesla
RPC dimensions ‘ 1.95mx1.91mx24mm | 1.95mx1.91mx24m
Readout strip pitch 9" |1 30mm

RPCs/Road/Layer H

Roads/Layer/Module

RPC units/Layer

No. of RPC units

No. of readout strips 3,686,400




Detector simulation and event reconstruction

GENIE : modified Neutrino Event Generation Output:
3D neutrino flux, vVt X->A+B+ .. i) Reaction Channel
Weighted evt Generates particles that result from a ii) Vertex Information
random interaction of a neutrino i) Energy & Momentum of
with matter using theoretical models all Particles
Event Simulation Output:

Geant4 _ i) x,y,z,t of the particles at their
A+ B + ... through RPCs + Mag.Field : : _
Interaction point in detector

Simulate propagation of particles through i) Energy deposited

the detector (RPCs + Magnetic Field) iii) Momentum information
Event Digitisation Output:
(x,y,z,t) of A+ B + ... + noise + detector i) Digitised output of the

efficiency + time resolution from
operational RPC in Mumbai/Madurai

previous stage (simulation)

Event Reconstruction Output:
(E,p) of v+ X =(E,p) of A+ B +... Energy & Momentum of the
Fit the tracks of A+ B + ... to get their initial neutrino

energy and momentum.



Determination of neutr
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Challenge from other experiments on mass hierarchy measurement
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Immediate plan

* A new site for setup the Engineering Module (EM)
— Most of the iron plates and copper coil are in hand
— Electronics are prototyped

— RPC Tray and pickup panels are being fabricated at
factories

— New vendor for RPC production

« EM : Only 20 layers of
RPC, but Iron in 23 Iaye
but height is able to
accommodate upto 70 layers

X

wwds



Ultimate goal

« Choose an alternate site for the INO project

— Site selection committee Is formed to search and identify an
alternate site



Backup



- Neutrino mode Antineutrino mode
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Jiangmen Underground Neutrino Observatory
The JUNO experlment

700m underground

?ﬂ
VO - i} ‘Muon tracker

Neutrino Rates A

v'g: FAY

’ AL TN

Atmospheric v / /' \
several/day '/ |/
ey

Supernova v
~ Sk in 10s for 10kpc

Solar v
(10s-1000s)/day

Cosmic muons
~ 250k/day

0.003 Hz/m?
215 GeV
10% multiple-muon

36 GW, 53 km

Geo-neutrinos
1-2/day

reactor v, ~ 60/day

Estimated numbers of neutrino events in JUNQ (Supernova)

Events for different (E,) values

Channel Type

12 MeV 14 MeV 16 MeV
Ve+p—et +m ce 4.3 x 10° 5.0 x 107 5.7 x 10°
v+p—v+p NC 6.0 x 102 1:2:%:10° 2.0 x 103
v+e—vte NC 3.6 x 102 3.6 x 102 3.6 x 102
v+ 12C = v+ 12C+ NC 1.7 x 102 3.2 x 102 5.2 x 102
ve+ 12C s e+ 2N ce 4.7 x 10! 9.4 x 10! 1.6 x 102
Ut ¥0yet4-12B Ge 6.0 x 10! 1.1 x 10° 1.6 x 10?




First atmospheric neutrino was reported from
Kolar Gold Field (KGF) at a depth of 2.3km way
back in 1965 by the TIFR-Osaka-Durham group.

« TIFR had a long tradition of carrying out
experiments deep underground.

« KGF laboratory was the deepest underground
laboratory during the period 1951-1992.

« KGF by TIFR-Osaka collaboration to look for * -

proton decay.
« KGF mines closed

~30 muon /year/m?/sr "
at KGF, increased by |}

a factor of ~100 at
INO

Kamioka

INO at Bodi West Hills Grar Sasso

Baksan
Moni Blanc

KGF

7 80 2 3 T TH T R B
10° 1
Depth (metres water equivalent)




Building blocks of detector and electronics
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