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Raja Ramanna Centre for Advanced Technology

Inauguration of CAT by President Giani Zail Singh. Seen along with him (L to R) are—Dr. R. Ramanna,
Chairman, Atomic Energy Commission: Shri P.C. Sethi, Union Home Minister; Shri Arjun Singh, Chief Minister
of M.P.; Shri Bhagawat Dayal Sharma, Governor of M.P.; Shri Shivraj Patil, Union Minister for Energy; Shri
Rajendra Dharkar. Mayor, Indore Municipal Corporation & Shri C. Ambasankaran, Chairman, P&IC, CAT.

Foundation Stone of (RR)CAT was laid on  Prime Minister Dr. Manmohan Singh

19" Feb 1984, by the then President of visited RRCAT on f1Dec.2005, and
India, Sh. Gyani Zail Singh renamed CAT as RRCAT.

wScientificactivitiescommencedrom 1987,

wMajor activities are on Accelerators (Synchrotron Radiation Resources)
LasersCryogenicsMaterials,Superconductivity

Courtesy: Dr. P.D. Gupta



Indus Accelerator Comple*

Indus;1l and Indus2 synchrotron radiation

sources are national facility.

Indus2
2.5 GeV, 150 mA
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Both Indugl and Indus? are
operated in threeshift mode
since February 2010

Courtesy: Dr. P.D. Gupta




Indus2 Operation with Support of Solid State RF Amplifiers

A In-house developed high power solid state RFamplifiers (150 kW CW

output power) have been deployed to replace two non-functional
Klystrons

A Indus2 currenthasbeenenhancedo 158 mAat 2.5 GeVenergy
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Protein crystallography Beamline at Indis

DCM |] ™ |] Sample

Energy Range -26 keV
Energy Resolution ~5I 105 enabling
MAD experiments

Source

Spot Size 0.4 x 0.4mm
Photon Flux > Y @Photons/sec at
CM-Cylindrical Mirror, DCM-Double crystal monochromator, TM-Toroidal mirror
the sample

Several high precision components such as a variety of slits, beam position viewers, hexapod:
mirror alignment, mirror chambers etc were indigenously designed and fabricated

=

Slits, Mirror (mounted on
hexapod) and DCM in optics
hutch

Experimental station with 1.4 A data recorded on
CCD detector and sample Single crystal of Lysozyme
cooler head etc Exposure time: 30 secs

Countesy: Dr. SM. Sharma



X-Ray Diffraction setup at Bl1
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BL-11 adapted to measurements on materials under high pressures and
high temperatures (upto 1200C). Several studies of importance to the department,

such as EOS of Uranium (shown), its alloys etc have been carried out.
Countesy: Dr. SM. Sharma



Indian Beamline at Photon Factory (BL18B) KEK, Japan

Several Indian Institutes are
using this facility

(a) Powder diffraction from (nano)materials as a function of Temperature and high-
pressure¢ Phasetransition studies. Singlecrystalmeasurements

(b) Reflectivity and diffuse scattering from solid and liquid surfaces decorated with
nanoparticlesand buried interfacesof nano-structured materials

(c) Small angle x-ray scattering (SAXS)experiments within a limited range ¢ both in
transmissionand reflection geometry

Courtesy Prof Milan Sanyal



Superconducting RF Cavity Development

A A comprehensiveprogram for design, development, manufacturing and testing of
SuperconductingRF cavitiesand cryomodulesis under implementation at RRCATor
settingup a highintensity 1 GeVproton acceleratorfor SNS

A Twosinglecell 1.3 GHzcavitiesfabricatedand tested
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Courtesy: Dr. P.D. Gupta




Superconducting Corrector Magnets for LHC

LHC has Dipole magnets distributed in the 27 km circular tunnel in 8 sectors
Superconductingcorrector magnets are required for correcting the systematic field
errors of main superconducting dipole magnets of LHC Thesecorrector magnets are
installed with, eachdipole magnet in the samecryostat. The prototypes were developed
and tested by Raja RamannaCentre for Advanced Technology (RRCAT))ndore and
production was done by M/s KEClunder RRCABupervision

Corrector magnets in LHC dipole Decapole & Octopole corrector magnets

Superconducting corrector magnets supplied to CERN
Sextupole (MCS) 1146
DecapoleX Octupole(MCDO) 616

(Courtesy: DrrP:D: Gupta)



BBjiISgen&e- Faxihites O

Inputs from Advanced Technologiesinto
Equipmentare neededfor doingwhattoday
one calls 0 BiSg | d&Accete@torsand
ResearchReactors Synchrotron Radiation
Sourceslike Indus2, Optical, Radio and
Gamma Ray Telescopes Neutrino
Observatoryand so on. These are Mega
Sciencerojectsatoneendof the spectrum

From / KA Rl Y0 lcoldmeér®sion IPA Theme
meetingond { & y B Rsicsand L Y R dzahéld\ah £
22.1.2013



Ramantktfect tanddines Higgs

X+ For discoveringhe RamankEiffect a physiciswas
enoughywith afewstudents

X+ To look for the HiggsBoson we havethe multi-
billion dollar precisiond engineered.arge
Hadron Collider andteamdanvolvinghundredsof
scientists acressnternationaborders---studying
the datafrom variousdetectors And we needan
e-sciencanfrastructure

X+ S0 the waywe do sciencehas changedand the
ecosystermust adjusto thisfact




EXCPEEVRITMIE 811G SCIEINON
There areothertechnologynputsneededior
experiments,e.g beamline instrumentsfor
SRSs Most of theseare built by scientists
from DAE Laboratoriesjustlike the neutron
spectrometersand diffractometers and the
equipment neededto work in the nuclear
physicsand acceleratofields, we havebeen
building over the last five decades,with
progressivelyncreasingophistication

meetingon & { & y B RiggicaandL y R dzahaldNE
on 22.1.2013



High Power Nd:Glass Laser Chain

2-arm high power Nd:glass laser Studies of laser plasma interaction in

Master Oscillator Power Amplifiers hydro-dynamic regime
configuration ATemperature ~ 1 million K

200 J / beam, 600 psi 2ns APressure ~ 100 million atmosphere

CourntesyDr. P.D. Gupta



Laser Driven MultMegabarShock Generation

De/lay\l:me

Streak
Camera

L Optical fiber

Computer Controlled OpticalZ® Streak Camera

Peak intensity ~1014w/cm?

Target : Al + Au foils
Velocity = 12 x 16 cm / sec
Pressure = 612 Mbar




RESEARCH AND INNOVATION

Resaarklinvolvesganenatiarof new knowletigeand
Innovaiian requires addiing ecananiic value (or
sodieihbendfitor strategivalueor a mix of them)to
knowletige, evan knowletige not genenaieédby
yourséff The border betweampplied Resaaitl{ &
alsp what [ call DODectdd eBasic R@esrcd’)a a@nd

Innovaiiay), when dewdlgping -cuitingedge
tedhndlogiehecamasfuzay

Prime Minister ManmehanSinghhas dedlareldthe
presendecatiaasthe DEralcobfldnemivy.at | 0

R. Chidambaram



LED based Portable System for Diagnosis of Oral Cance

An LEDbased,USBpowered diagnosticsystemhasbeen developedfor field
trials on patientswith oral cavitycancenn Ratnagirdistrict, Maharashtra

Technique based on detecting
small difference in spectral
characteristics of fluorescence
radiation emitted by normal and
cancerous cells when illuminated
by a laser beam.

A Thesystemis presentlybeingvalidatedat TMH,Mumbai
A More than 200patientsstudiedsofar.

CountesyDr. P.D. Gupta



Ophthalmic Green Laser Fiber- Coupled Nitrogen Laser

for Treatment of Tuberculosis

A laser photo-coagulator
developed to treat Diabetic
Retinopathy and given to
Aravind Eye Hospital, Madurai

Technology for manufacture
of this system transferred to
Nexus Mechatronics, Pune

Dr. P.D. Gupta




Opthalmic Green Laser

A laserphoto-coagulatordevelopedto treat DiabeticRetinopathyand givento

AravindEyeHospital, Madural

Treated retina with unit
madeat RRCAT

Courtesy: Dr. P.D. Gupta



APEX COMMITTEE FOR AN INTEGRATED
PHOTONICS INITIATIVE

U Constituied on a recommendationof the Saientific Advisory Commiiitee to the Cabinet
(SACO), by the Psf’d Qifige, on the 29th of Jully,2010. Chairetby Dr. A.K. Seodl

U TheCommiitiee hasrecommendeditie following :

i. Settingup of a National Centre on Diode Lasets; lead organizaiion the SSRL
DDRE New Delhi

ii. Creation of a Cenire for studies on plasmonics for high harmonics
generation, plasmoniclasersand the development of table top EWY& soft X-ray
sources; lead arganization the NPL DSIRNew Delhi.

lii. Creation of a National Programme on Fibre Lasers; lead organizations the
RRCATDAE Indore andthe CGCRDSIRKolkata

Iv. the DSTshall considerfunding projects and programmesin the above areas as

areasof priority, when Universitiesare involved.

Thet { !d&e is following-up with the said 5 Departmentsfor the funding of
the project proposals




The Components of an

X+ Talentedyoungpeople(andthe Gifted)

S 2

X+ AdegquateFunds

X+ Strong Infrastructure, including e
infrastructure, (mainly the National Knowledge
Network NKN)

X+ Appetitefor RiskTaking

X+ Leaders



The lleaders
(They create: theiowrt Ecosystems)
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R. Chidambaram



Miecbalviants ifs @aisiblishing fCohersnit Sybekgl” $Snhthie n ¢
Ecosystem for Technology Developmenh andDelineryry

(Industriah Developmentnt vs Rurall Development) )

Thi@igth imwaitice Academia-Indlisgstyy Ihitvecition hhitvffoeas for
(Pre-competitice Applked Re&earehd and nti@igth Directed Basie d
R&earehd, for lidbisitidal Devellipneastit

Examples: CAR, CMIAT and CAREL of PSS Offfice

Thieughh  Innovativee Technologyy
Deliveryy Systems  forr Rurall
. . Developmentt. RuTAG. (of PSSVA O
Synetgyiis:enhancedyby@nnectivity Office)) is an open platform
innovationn strategy. RuTAG.; Centies

are tiere im seven llMTs:



‘Developing’ & ‘Developed’ Couniries : A Basic Ditierence

Thermodynamic  Equilibrium between
Knowletige in the Academic System &

Knowledgecreatedn or transferredo Industry
(in DevelopedCountries)

Lack of such Equilibrium (in Developing
Countries)

That is whythe R&I Ecosystemaredifferentin
India at presentand,saythe U.SA .

But Thingsarechangingapidlyin India

R. Chidambaram



“Being m the forefront n Advanced Technologies™

dAfter the secondworld war,the U.S é. led the world é..€ through
the Departmentof De-f:e:nBc@dentralrole in technology
development To supportthistechnologyasethe DoD investedn
emerging fields .Resulting waves of innovation created whole
industrieghat helpedto fuel the US economy.. The attributeshat
accountedfor the miicliis suacesgaiireluded),in particular,its
focused mission €. é.é. and its role as an early customerfor

advanced-e.cl/h:nal ogi es 6
DanielSarewitz Nature471, 137(9 March 2011)

India, | think, should alsobe in the forefrontasa first introaducer
of new advanced technologies The socalled G’ Piriov
Technalogies, unless followed by continuous evolutionary
Improvementsareoftena synonymfor 6 )O.b/:s- adachmdlogiés

R. Chidambaram






