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IndiaIndia--based Neutrino Observatory Projectbased Neutrino Observatory Project

•• IndiaIndia--based Neutrino observatory is a Mega Science Project based Neutrino observatory is a Mega Science Project 
f d d b D t f S i & T h l d D t f At if d d b D t f S i & T h l d D t f At ifunded by Dept. of Science & Technology and Dept. of Atomic funded by Dept. of Science & Technology and Dept. of Atomic 
Energy, Govt. of India . The project will lead to:Energy, Govt. of India . The project will lead to:

•• Creation of an underground laboratory in India for carrying out Creation of an underground laboratory in India for carrying out Creation of an underground laboratory in India for carrying out Creation of an underground laboratory in India for carrying out 
research in the emerging field of neutrino physics. Will develop research in the emerging field of neutrino physics. Will develop 
into a full fledged underground laboratory over the years for into a full fledged underground laboratory over the years for 
other studies in physics biology & geologyother studies in physics biology & geologyother studies in physics, biology & geology.other studies in physics, biology & geology.

•• Involvement of  Universities in a big way for carrying out large Involvement of  Universities in a big way for carrying out large 
basic science projectsbasic science projects-- healthy development of Universityhealthy development of University--
Research lab partnership.Research lab partnership.

•• A Centre for particle physics and detector technology and its A Centre for particle physics and detector technology and its 
varied applications in areas like medical imaging.varied applications in areas like medical imaging.varied applications in areas like medical imaging.varied applications in areas like medical imaging.

•• INO graduate training program will lead to Ph.D. in particle INO graduate training program will lead to Ph.D. in particle 
physics and more importantly creating highly skilled scientific physics and more importantly creating highly skilled scientific 

f i t l hi h d l h if i t l hi h d l h imanpower for experimental high energy and nuclear physics. manpower for experimental high energy and nuclear physics. 
Hands on training on all aspect of experiments with strong Hands on training on all aspect of experiments with strong 
emphasis on detector development.emphasis on detector development.
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INOINO ICAL CollaborationICAL Collaboration
• Aligarh Muslim University• Aligarh Muslim University

• Banaras Hindu University

Bh bh A i R h C

• University of Jammu

• Jamia Millia Islamia University• Bhabha Atomic Research Centre 

• Calcutta University 

y

• University of Kashmir

U i it f M• Delhi University 

• Harish Chandra Research Institute 

• University of Mysore

• Panjab University 

• University of Hawaii 

• Himachal Pradesh University 

• Physical Research Laboratory 

• Saha Institute of Nuclear Physics 

• Indian Institute of Technology, Chennai

• Indian Institute of Technology, 
Guwahati

• Sambalpur University

• Sikkim Manipal Institute of Technology
Guwahati

• Indian Institute of Technology, Mumbai

I di G dhi C f A i

• Tata Institute of Fundamental Research 

• Variable Energy Cyclotron Centre• Indira Gandhi Center for Atomic 
Research,

• The Institute of Mathematical Sciences

Variable Energy Cyclotron Centre

March 24 20093rd IDS-NF Plenary Meeting 3
• Institute of Physics 

25 institutions currently in INO-ICAL collaboration



Physics using atmospheric neutrinos during Phase IPhysics using atmospheric neutrinos during Phase I

•• Reconfirm atmospheric neutrino oscillationReconfirm atmospheric neutrino oscillation
I d f ill iI d f ill i•• Improved measurement of oscillation parametersImproved measurement of oscillation parameters

•• Search for potential matter effect in neutrino oscillationSearch for potential matter effect in neutrino oscillation
•• Determining the sign of Determining the sign of ΔΔmm22

2323 using matter effectusing matter effect
•• Measuring deviation from maximal mixing for Measuring deviation from maximal mixing for θθ2323g f g fg f g f 2323

•• Probing CP and CPT violationProbing CP and CPT violation
•• Constraining long range leptonic forcesConstraining long range leptonic forcesConstraining long range leptonic forcesConstraining long range leptonic forces
•• Ultra high energy neutrinos and muonsUltra high energy neutrinos and muons
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Beyond Superbeam  Beyond Superbeam  -- Neutrino FactoryNeutrino Factory

7000 k7000 km
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INOINO ICAL Detector ConceptICAL Detector Concept
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ICAL detector StructureICAL detector Structure
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ICAL Detector SpecificationsICAL Detector Specifications

No  of modulesNo  of modules 33

Module dimensionModule dimension 16 m X 16 m X 12 m16 m X 16 m X 12 m

Detector dimensionDetector dimension 48 m X 16 m X 12 m48 m X 16 m X 12 m

No of layersNo of layers 140140No of layersNo of layers 140140

Iron plate thicknessIron plate thickness 6 cm6 cm

G f RPCG f RPC 2 52 5Gap for RPC traysGap for RPC trays 2.5 cm2.5 cm

Magnetic fieldMagnetic field 1.5 Tesla1.5 Tesla

RPC unit dimensionRPC unit dimension 2 m X 2 m2 m X 2 m

Readout strip widthReadout strip width 2 cm2 cm

No. of RPCs/Road/LayerNo. of RPCs/Road/Layer 88

No. of Roads/Layer/ModuleNo. of Roads/Layer/Module 88No. of Roads/Layer/ModuleNo. of Roads/Layer/Module 88

No. of RPC units/LayerNo. of RPC units/Layer 192192

Total no of RPC unitsTotal no of RPC units 2700027000
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Total no of RPC unitsTotal no of RPC units 2700027000

No of Electronic channelsNo of Electronic channels 3 6 X 103 6 X 106 6 



Construction of RPCConstruction of RPC

T 2 hi k fl GlT 2 hi k fl Gl

Pickup stripsPickup strips

Two 2 mm thick float GlassTwo 2 mm thick float Glass
Separated by 2 mm spacerSeparated by 2 mm spacer2 mm thick spacer2 mm thick spacer

Pickup stripsPickup strips

Glass platesGlass plates
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Resistive coating on the outer surfaces of glassResistive coating on the outer surfaces of glass



T d f RPC iTwo modes of RPC operation
Avalanche mode Streamer  mode

•
• Gain of the detector  << 108

• Charge developed  1-2pC

• Gain of the detector  >  108

• Charge developed  100-200pC
• No need for a preamplier• Needs a preamplifier

• Longer life
• Typical gas mixture 
F iB SF6 94 5 4 0 5

No need for a preamplier
• Relatively shorter  life
• Typical gas mixture Fr:iB:Ar::62.8:30
• High purity of gases

B Satyanarayana INO 10

Fr:iB:SF6::94.5:4:0.5
• Moderate purity of gases

High purity of gases
• Low counting rate capability



Early  resultsEarly  results
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LongLong--term stability tests of RPCsterm stability tests of RPCs

• Two RPCs (J2 & J3) built using 
2mm glass for electrodes2mm  glass for electrodes

• Readout by a common G-10 
based signal pickup panel 

d i h d b t th RPCsandwiched between the RPCs
• Operated in avalanche mode 

(R134a: 95.5% and the rest 
i b t ) t 9 3KVisobutene) at 9.3KV

• Round the clock monitoring of 
RPC and ambient parameters –
Temperature, Relative humidity 
and Barometric pressure

• Under continuous operation for p
more than two years.

• Chamber currents, noise rate, 
combined efficiencies etc are co b ed e c e c es e c e
stable
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RPC building blocksRPC building blocks
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Making of RPC gapMaking of RPC gap
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RPC fabricationRPC fabrication
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RPC FabricationRPC Fabrication
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Prototype RPC Stack at TIFR tracking MuonsPrototype RPC Stack at TIFR tracking Muons
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Some interesting cosmic ray tracksSome interesting cosmic ray tracks
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Performances of RPCsPerformances of RPCs
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INOINO--ICAL Prototype Magnet now at VECCICAL Prototype Magnet now at VECC

•• 12, 1m12, 1m22 RPC layersRPC layers
13 l f 5 thi k ti d i l t13 l f 5 thi k ti d i l t•• 13 layers of 5 cm thick magnetised iron plates13 layers of 5 cm thick magnetised iron plates

•• About 1000 readout channelsAbout 1000 readout channels
•• RPC and scintillation paddle triggersRPC and scintillation paddle triggers
•• Hit and timing informationHit and timing information
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Making 2m × 2m  RPCs
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Status of RPC R & DStatus of RPC R & D

• R & D for Large size glass RPC is in good shape.f g g g p
• 1 m2 size RPCs are now made routinely in the lab.
• 100 % success rate.100 % success rate.
• All the components needed are locally developed.
• Prototype electronics including FPGA based self trigger system• Prototype electronics including FPGA based self trigger system 

is operational.
A t k f 12 RPC ti l di i• A stack of 12 RPCs are continuously recording cosmic muon 
tracks ( ~ 90K/day).
T i i l li i d b h DAQ b d id h• Trigger rate is currently limited by the DAQ band width.

• Data available on line on the Web.
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Proposed Front End Electronics: Triggered schemeProposed Front End Electronics: Triggered scheme

RPC , a unit for front-end 
processingp g

Conventional architecture

Dedicated sub-system blocks 
for performing various data 
readout tasks

Need for Hardware based on-
line trigger system

Trigger latency issues and 
how do we take care inhow do we take care in 
implementation

Synchronisation of  
t i / l b l l k i ltrigger/global clock signals
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Trigger-less scheme

Suitable for low event 
rate and low 
background/noise rates

On-off control and Vth
control to disable noisy 
channelschannels

Clock frequency 
considerations
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INO Detector simulation & reconstruction

• Nuance Event Generator.
GEANT4 f i l i• GEANT4 for simulation.

• Track finder algorithm based on triplet formation.
• Kalman filter based track fitting algorithm.
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INO Underground LaboratoryINO Underground Laboratory
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Location of INOLocation of INO
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Project StatusProject Status
•• A prototype RPC stack is now operational at TIFR. A second prototype A prototype RPC stack is now operational at TIFR. A second prototype 

i h h i i d VECCi h h i i d VECCwith the magnet is getting ready at VECC. with the magnet is getting ready at VECC. 
•• Electronics DAQ for the prototype is operational. Final electronics for Electronics DAQ for the prototype is operational. Final electronics for 

the 50 the 50 KtonKton detector is under design.detector is under design.
•• A gas purification & recirculation system is under test.A gas purification & recirculation system is under test.
•• Long term stability test of RPCs  continuing.Long term stability test of RPCs  continuing.
•• INOINO Engineering task force has prepared a Detailed Project Report (Engineering task force has prepared a Detailed Project Report (•• INOINO--Engineering task force has prepared a Detailed Project Report ( Engineering task force has prepared a Detailed Project Report ( 

DPR) on the INO cavern and surface lab . DPR) on the INO cavern and surface lab . 
•• Detailed Project Report for the detector structure with all engineering Detailed Project Report for the detector structure with all engineering 

d t il i dd t il i ddetails is ready.details is ready.
•• We have  approached environment and forest departments  for necessary We have  approached environment and forest departments  for necessary 

clearances.clearances.
–– MOEF clearance obtained.MOEF clearance obtained.
–– State forest clearance awaited.State forest clearance awaited.

•• Environmental Impact Environmental Impact AssesmentAssesment & & EnviornmentalEnviornmental Management Plan Management Plan pp gg
for the INO lab at for the INO lab at SingaraSingara, , MasinagudiMasinagudi has been prepared  by reputed has been prepared  by reputed 
enviornmentalenviornmental organisationsorganisations. . 

•• EMP compliance report submitted to local  state Government.EMP compliance report submitted to local  state Government.p pp p
•• Identification of sources for various components needed for  mass Identification of sources for various components needed for  mass 

production of glass RPCs is in progress.production of glass RPCs is in progress.
•• Land for INO centre at Mysore will be provided by Karnataka GovtLand for INO centre at Mysore will be provided by Karnataka Govt
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•• Land for INO centre at Mysore will be provided by Karnataka Govt.Land for INO centre at Mysore will be provided by Karnataka Govt.


