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Funding for High Energy &
Astroparticle Research In India

Departiment of Science & Technology, Govi. of lndia
(DS
Main funding agency for Universities and institutes under

DST. It is also the nodal agency to coordinate international
agreement for cooperation in science research with other

countries.

Department off Atomic Eneray, Govit. of India (DAE)
Main funding agency for autenemous institutes under DAE
like TIFR, SINP, VECC etc.

Department off Space (threughi ISRO)

Mostly for satellite based astronomy: e.qg. ASTROSAT
Project.




Funding Procedure

Small University groups can apply: for
funding any time te DST.

PAC appointed by DST recommends funding
after reviewing proposails.

Large fiunding are usually linked to) India’s

5 yearly plan period. Project can start at
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Recent MoU between DAE & DST

The science & technology base set up In the country has new
reached a stage where India can plan to take up mega science
projects in the country and also participate in similar projects being
Implemented at the internatienal level by consortia of nations. Of
particular interest to both the departments are researchi projects in
such advance areas as accelerator technologies, expernmental high
energy physics, grid computing), medical and other imaging
technigues, communications technologies, simulation and
visualization and the develepment ofi new energy. technologies to
exploit domestic energy resources.

This however reguires networking of research and higher
educational institutions in the country. To derive maximum benefit
from the investment made and to ensure sustained availability of
necessary expertise in coming decades, HRD activities at higher
levels of education and research are of particular impoertance.

It iIs DAE’s and DSTI’'s earnest desire to act synergistically terraise
India’s research capabilities in areas of mutual interest, specially in
e alkoeve mentiened advancead areas; and e partners inftne ever
glewinieir'S & IHinrthe countny.




Astroparticle Physics Iniindia

Early expernments:
Kolar Gold Fields (KGF) underground Facility
KGFE Air Shower Array
Ooty gamma ray Observatory
Ongeingl Experiments:
Ooty GRAPES Air Shower Array
Gamma Ray Observatory at Pachmarhi
TACTIC (TeV Atmospheric Cherenkov Telescope with Imaging
Camera) at Mt. Abu
Euture Facilities:
Centre for Astroparticle Physics at Saha Institute, Kolkata
High Energy Gamma Ray Observatory at Hanle
India-Based Neutrine Observatory At Masinagudi, TN




Atmospheric neutrino detection at KGFE in 1965

Physics Letters 18, (1965) 196, dated 15th Aug 1965




Pachmarhi Array of erenkov Telescopes (PACT)




TeV Astronomy Programme at Mt. Abu

TACTIC (TleV Atmoespheric Cherenkev: Telescope with
Imaging Camera.

Location: Mt.Abu, Western India (24.6 N,72.7 E, 1300m asl)

Trigger threshold :

Light collector area :

Pixel size: 0.31 degrees

Number of pixels:

Sensitivity for Crab Nebula




Atmospheric Cherenkov Experiment
at Hanle ( altitude - 4.3 km)

Higher Cherenkov photon
density at higher altitude

~ Lower energy threshold
at higher altitudes

Phase 1: HAGAR (IIA+TIFR) 7 element WS
array; Now operating
more sources can be Observed’ Phase 2221 m Dia MACE (BARC) Imaglng Tel.

cutoffs in spectra of Active Expected in 2011
Galactic Nuclei, pulsars Phase 3:MACE-II Stereo imaging; 2012+




Present Status of HAGAR

Latitude: 32 46 46 N
Longitude : 78 *57 51 E
Altitude : 4300 m

All 7 telescopes are commissioned.
Array is just operational.




HAGAR Performance Parameters

Energy threshold

Cosmic ray trigger rate : 72 Hz
@gray rate from Crab : 44/min

Sensitivity off HAGAR and
other experiments  — —u

Sensitivity of HAGAR with

98% cosmic ray rejection and

35% acceptance fograys :
7.7 In one hour for Crab




MACE Gamma -Ray Telescope

MACE (Majer Atmospheric
Cherenkov Experiment).

Location: Hanle, North India.
(32.8 N, 78.9E, 4200m; asl).

Tirigger threshold : ~20/ GeV.

Light collector : 356 sg.m.

Pixel size : 0.1 d.

Number of pixels : 1408.

Cost : 10m USD: . (fully funded).

Status: Mechanicall design at
advance stage.

Installation; 2011.




GRAPES Air Shower Array at Ooty.

Objectives:

Origin, acceleration & propagation of UHE ( > 104 eV) particles
In the galaxy & beyond through the study of the “knee” in energy.
spectrum and the nuclear compaosition.

Production and acceleration of highest energy: particles in
cosmic rays through the study of diffuse > 100 TeV grays flux.

Astronomy at multi-TeV using grays from neutron stars and
other compact objects.

Sun the clesest astrophysical source and accelerator of
energetic particles and Iits effects on the earth.




Centre for AstroParticle Physics (CAPP)
at Saha Instiutute , Kolkata

A new Centre of Saha Institute, Kolkata.

To consolidate and augment AstroParticle Physics
related facilities and expertise within the country.

o make optimum use ofi the existing and upeceming
facilities e.qg. HAGAR, MACE @ Hanle, GRAPES@
Ooty, GMRT, INO ete.

To support both experimental as well as theoretical
activities.

Strong Visitors” pregram.
Initial funding of US$ 3.5 million over next 5 years.




India-based Neutrino Observatory

In; early 2002, a document was presented to the Dept. ofi Atemic
Energy (DAE), Govt ofi India with' a request for fund te carnry out
feasibility study/ for setting| up an undergreund neutrno laboeratery: In
India.

In' August 2002, an MeU was signed by the directors of seven
participating DAE institutes towards working together on the feasibility
study for such a laboratory.

A neutrino collaboration greup was established with members mostly
from Indian: Institutes and Universities.

A sum of 50 million INR (1 M USD) was allotted by DAE to carry out
the feasibility study.

Considering the physics pessibilities and given the past experience at
Kolar, It Was agreed te carry out the feasibility study: for a large mass

magnetised Iron calerimeter which will compliment the already existing
water cherenkov based Super-K experiment in Japan.




Justification for INO

India Is contributing significantly inf HEP research abroad but dees not
currently have any In-house HEP research preject ofi world standard.

India was earlier involved in Neutrino Physics.

Determination off neutrno masses and mixing parameters IS one ofi the
most significant open problems, in particle physics today.

INO could in future house more than one type of detector. A neutrino
less double beta decay experiment IS under active consideration.

PossIbility of getiing neutrine beam frem a far away accelerator
( neutrine factory).

Project will'also lead to:
Human Resource development in basic science research.

Invelving the Universities inia big way: for carrying out large hasic
sclence projects- healthy development ofi University-Research lab
partnership.

Development of strong industrial base in detector technology and
related spinofifs.




INO Project

LLargest basic Sscience preject in the country.
Total cest — USS$ 210 Million.

Construction off an underground laboratery & surface
facilities at Masinagudi, Tramil Nadu;

Construction of a massive 50 kton detector (ICAL) for neutrino

physics.
Setting up INO Centre at Mysore te act as hub for all INO
related activities (| Centre for Particle Physics & [Detector
Tlechnology).

Base station for INO physicists & Engineers.

Development of various particle detectors.

INO Graduate School for Human Resource Development.

INO Centre for detector development.

Industry Interface.

INO visitors from India & Abroad.




Physics using atmoespheric neutrines during
Phase |

Reconfirmm atmespheric neutrne escillation

Impreved measurement off oscillation parameters
Search for petential matter effect in neutrino oscillation
Determining the sign of £n?,; using maitter effect

Measuring| deviation fren maximal mixing for g
Probing CP and CPI vielation

Constraining leng range leptonic forces

Ultra high' energy neutrnnes anad muons




Beyond Superbeam - Neutrino Factory.




INO Underground LLaboratory.




INO Detector Concept




Engineering drawing of the INO-ICAL
detector




RPCR & D




Prototype RPC Stack at TIER tracking Muons




INO Time Line

INO! Interim Project Report was presented tol DAE and
DS on 1 May, 2005.

A presentation on INO proposal was made to SAC-PM
In August 2005.

TThe propesal was recemmended! by the Indian HEP-NP

community at a meeting at Mumibai in March 2006
spoensered jointly by DAE and DST te define the road
map for High Energy and Nuclear Physics researnch in
India.

It was discussed in the Mega Science Committee set up
by Planning Commission in September, 2006 and
recommended for funding in the Xl th 5 year plan
starting from April O7.




Appreval Status

The reguested funding for the current plan peried ending in
Mareh 2012 has been allocated by Indian Planning
Commission.

DAE has given its approval for the project. This IS an “in
principle™ approval.

Detailed Preject Report giving our year wise funding
reguest Is reguired for the sanction of the construction
money.

DPR Is in the approval chain.
DAE-DSTI apex commitiee approval received.

Final approval ( from central cabinet) expected to take few
more months.




Concluding remarks

India had a streng presence: in cesmic ray research for several decades.

Two Indian funding agencies DAE & DS'T are now acting synergistically to
raise India’s research capabilities in several frontline areas of research
including Astroparticle Physics. Several small & large projects are at various
stages of approval.

Because of the collaberative nature of these projects, it allews us to develop
networking| of researnch and higher educationall Institutions In the country
and abread. Such networking are encouraged: by our funding agencies.

While developing our own research capabilities in the country in some ofi the
frontline areas that we are discussing here, we are also keen to be partner
oft major international projects ( e.g. LHC, FAIR, ILC). We also welcome
International community to join our projects.

\We should look for synergies In various projects, operationall or under
consideration In different regions of the world and' I possible should' find
ways fer common R & Ds fer various sub areas connected to these projects.




