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INO: the physics



e physics motivation

! ospﬁerlc neutrinos provide a wider range for ‘E and L
 than any artificial neutrino source

* Anability to discriminate between neutrinos and
. antineutrinos enables efficient determination of neutrino
. mass ordering

Magnetized iron calorimeter (ICAL): excellent muon energy
easurement, muon direction reconstruction and charge

ron shower reconstruction allows access to neutrino
and high-energy cosmic rays



0: the physics goals

St » determination of the atmospheric parameters
Y tﬁeta23 octant, deviation of theta23 from maximality)

* Determination of neutrino mass hierarchy (large thetal3 is

. good news !)

- ll etermination of CP violation in the lepton sector (with a
future long baseline experiment with a neutrino factory)

\b-standard interactions, C'PT violation, long range forces,
ahigh-energy muon fluxes, ...



INO phase 11: with a
em  Meutrino factory?
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INO: the location



INDIA

PAKISTAN L v Shimia,
g?anmqm;f P
..+ PUNJAB.  ~wDehmduir, ;-
i, (UTTARAKKARD
€ ]

CPRADESH

CHINA
(TIBET)

L'

T il TS
_', Fmr

= TN SIKKI

L

I T
. UTTAR PRADESH ~“777%
B . :
- ; Lucknow Fl

o a6 et —-—-— International Boundary

4 State Boundary
Puducharry [§ Mational Capital

AN th* Y ® GState & U.T. Capital
il
P
" llaEm'lttl Scale
,—-'5"*: \!ﬁ k) Copyright & 2011 wew mapsofindia com
J f' SRI\L‘L This map is updated as on April 15, 2011
4

State and Union Territories

=

nearest major city:

Madurai

Karnataka

E.an%alc:re Chennai

Tamil Madu

o Madurai
Kera

S5k kankan12 Google

2012 Google

e South India,
120 km
from the
temple city
of Madurai
(has airport)




S Pakapai
sl Sk
Samama 7

R - (9580 77 16'E)
g i ” . * Pottipuram village
* Theni district

o Tamil Nadu state




ACCESS TUNNEL 7.5m, 'D' SHAPED :1966.0m
ADDITIONALLY DRIVEN INT. TUNNEL 5.5m 'D° SHAPED: 173.4m
AUXILARY TUNNEL 7.5m 'D' SHAPED i 224.6m

INTERCONNECTING TUNMNEL 3.5m ‘D' SHAPED { T.5m
ADDITIONAL TUNMEL 7.5m ‘D’ SHAPED (future expn) : 50.0m

CAVERN -1: 132m x 26M x 32.5m
CAVERN -2 : 55m x 12.5m x 8.6m
CAVERN -3 : 40m x 10m % 10m
CAVERN -4 : 10m x 10m X 10m

The caverns

* Accessible through a
2km tunnel

* Cavern 1 will host
50Kt ICAL (space for
100 kt)

* Other caverns

available for multiple

experiments (NDBD,
dark matter, ...)
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Jeography of the site

e Cavern set in CharnocKite rock.
under the 1589 m peak.

o Vertical cover: 1289 m, all-round
cover ~1000m

o Warm, low-rainfall area, low
humidity throughout the year,
unusual wind speed in some

SeAasomns
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inization at the site

t terrain with good access to major roads

-, All major components to be located underground , Small
o surface lab on the outside (Pottipuram)

. nnel and cavern under forest on the surface, but the portal
 outside the reserve forest boundary

7 faci [itieS not on tﬁe forg St [an([, SO 1o ][ orest c[earing
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es on the site front

i -? approved by the Indian funding agencies

. Enwvironmental and Forest Clearance for the site obtained. 26 hectars of land
vrovided free by Tamil Nadu state government

L i preparation works are being tendered

. «®Plans are being prepared for construction of approach roads, water and
~ electricity connections to the INO site

o of an INO Centre: National Centre for High Energy Physics

D) planned at Madurai, land available against payment
13



NO-ICﬂL: The detector



netized Iron calorimeter
(ICAL)
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n plates separated by resitive plate chambers
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features of the detector

. M wnetized iron as target mass and glass RPCs as the active
detector

Modularity and ease of construction

 * Good energy measurement through tracking of muons

 bending in the magnetic field
’ irectionality through tracKing and timing (~1ns resolution)
Charge identification through bending of muons

nplementarity to existing and future detectors

16



Detector factsheet

No. of modules 3

Module dimensions 16m x 16m x 14.5m
Detector dimensions 48.4m x 16m x 14.5m
No. of layers 150

Iron plate thickness g6mm

Gap for RPCtrays Lomm

Magnetic field 1.3Tesla

RPC dimensions 1,950mm x 1,840mm x 24mm
Readout strip pitch 3omm

No. of RPCs/Road/Layer 8

No. of Roads/Layer/Module 8

No. of RPC units/Layer 192

No. of RPC units 28,800 (97,505m?)
No. of readout strips 3,686,400

.
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Two 2 mm thick float Glass

Separated by 2 mm spacer Pickup strips

Resistive coating on the outer surfaces of glass 18



the ICAL
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RPC 1 |
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; ray trac ks in the
RPC stand

strates tracKing capability of the INO RPC system
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"Bakelite RPC RerD

an (VECC groups in Kolkata developing bakelite RPCs in streamer mode

't surface of baKelite coated with PDMS (silicone) to make the surface smooth
Efficiency plateau over 96% obtained with reduced noise rate and long term stability
o INO-ICAL being modular, can use both, glass and/or baKkelite RPCs
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prototype (40 ton)
in Kolkata

* Both, glass

and bakelite
RPCs tested

in this

magnetized
ICAL

prototype

28



etector development

o & ethiods, machinery and production optzmisation for large scale production of RPCs are being
" developed with the help of an industry

Electronics for ICAL
Design and prototyping of electronics, trigger and data acquisition systems progressing well.

: 5 First batch of ASIC front end designed by the INO electronics team ¢ fabricated by Furo Practice IC
. Serwvices being tested in the RPC lab
€ ASIC developed at 11T Madras

. Mg, et for ICAL
ype magnet running at VECC, Kolkata

x 20 layer engineering module (800 ton) being planned



\  INO: Simulations



view of simulation
framewor

Simulation Framework

Neutrino Event Generation Output:
v+ X->A+B+ .. i) Reaction Channel

ii) Vertex Information
lii) Energy & Momentum of all
Particles

NUANCE Generates particles that result from a

random interaction of a neutrino with
matter wsing theoretical models .

J L Event Simulation Output:
A + B + ... through RPCs + Mag.Field ) x,y,z,t of the particles at their

Simulate propagation of particles through the interaction point in detector
detector (RPCs + Magnetic Field) il} Energy deposited

|_| iii) Momentum information
{L Event Digitisation Qutput:
(x,yv, 2,00 of A + B + ... + noise + detector i) Digitised output of the previous
efficiency stage (simulation)

Add detector efficiency and noise to the hits

Event Reconstruction Output:
(E.p)of v+ X =(Ep)of A +B + ... i} Energy & Momentum of the
Fit the tracks of A + B + ... to get their energy initial neutrino
and 31

momentum.



~ energy and direction resolution, but improvements still
& '::'__: :' 0SS ible

FHadron energy resolutions available (but not used in the
ylts shown in this talk)

trino energy reconstruction using muon and hadron
ta possible

ization of iron plate thicKness in progress 2



' performance:
efficiencies
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Jetector performance:
resolutions
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ic parameters with
INO-ICAL
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terarchy with INO-ICAL

- o Normal Hierarchy]  »f " Inverted Hierarchy
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b years (2022), 2 sigma sensitivity to MH

10 years (2027), 2.7 sigma sensitivity to MH
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mpact of CP phase on
Mﬂ‘[ sensztwtty
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INO: Timeline



i
(%

LV INO-ICAL timeline

2 SN | Description of work 2011-12 | 2012-13 | 2013-14 | 2014-15 | 2015-16 | 2016-17
i Civil work at Pottipuram
£ ] 1 Land acquisition and pre-project work +—
fr.q 2 Architectural and Engineering consultancy | 4——
E.fﬂj_h 3 | Tendering and award of contracts <>
%5 4 | Mining of access portal >
i 5 Excavation of tunnel “
'5__-1_; 6 Excavation of caverns »
i 7 Installation of services, cranes, lifts etc. « »
il 8 Civil work for magnet support bed P
9 Surface facilities 4 >
2 Magnet
10 | Procurement of steel plates < >
11 | Machining job for steel plates <
12 | Transportation of machined plates at site “>
3 | Procurement of copper coils < >
14 | Assembly/erection of magnet (3 modules) « >
RPC
15 | Finalization of all design details, tendering |« »
16 | Procurement of components < >
17 | Fabrication and assembly of 30000 pcs < >
18 | Transportation to site and tests < >
19 | Procurement of electronics, gas handling il -
20 | Installation and commissioning < >
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Collaborators are welcome !

40

kitp://www.ino.tifr.res.in/ino/
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