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A Warm Welcome from the Entire Staff of  RRCAT 
to 

Prof. B. V. Sreekantan, Former Director, TIFR

Scientific Accomplishments of the Last Year

Photograph when Foundation Stone 
of  (RR)CAT was laid on  19th Feb 
1984, by the then President of India

Photograph taken on  17th Dec.2005 
when the Prime Minister Dr. Manmohan 
Singh renamed CAT as RRCAT.



Indus-2 Status:~135mA accumulated@ injection energy ~550MeV.
Being operated @50 mA;2/2.5GeV; 3 SR beam lines operational.

TL-1

Booster Synchrotron
(700 MeV)

(Started in 1995)
Microtron
(20 MeV)

RRCAT is the home for 2 Synchrotron 
Radiation Sources: Indus-1 & Indus-2.

TL-3

TL-2

(20 MeV)
(Started in 1992)

Indus-2, 2.5 GeV SR
(Trials to store the beam began)

Indus-1 
(450 MeV, 100 mA)

(Working since 1999)

December 2005
Indus-1 is performing very 
reliably; we run it on a 2reliably; we run it on a 2 
shifts/day 5 day week basis. 
Have also run  at above 

SCHEMATIC VIEW OF INDUS COMPLEX

design current of 100 mA.



Typical Indus-1 operation  working 5 days/week and 2 shifts/day

Accumulation rate= 100μA/s
Booster current: ~1-2mA Accumulation rate=285μA/s

Booster current: 2 3mABooster current: ~2-3mA
Lifetime @100mA=73minutes
Lifetime @ 70mA=84minutes

Lifetime 
@100mA=75minutes
Lifetime @ 70mA=88minutes



Beam lost, while TL-2 P/S-1 (DP1) was 
getting ON for the set value of 10A

Microtron FCT:  650 – 700 mV
TL-1 FCT2      :  ~ 600 mV
Booster DCCT :  4-5 mA
On previous settings

Inj. Rate:  1244�A/s, 
Booster: 4-5 mA

Life Time @ 70mA: 
48 7min

Inj. Rate:  1276�A/s, 
Booster: 4-5mA

48.7min
Life Time @ 70mA: 
43.2min 



June 2008 : AERB permitted 2.5 GeV 50 mA operation.  Daily run on 2 shift basis 

Injection rate: 20 μA/s
Booster current: ~2 mA Beam lifetime @40mA, 2.5GeV: 157 min@ ,

Beam lifetime @20mA, 2.5GeV: 260 min
Total RF voltage: 1400 kV



Beam current and beam energy on 07-01-2009
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Beam current at injection energy on 13-10-08



Purpose of beam line Range (KeV) Institutions involved

Beam-lines Status (As of January  2009)

Already set up

Sighting beam line               (Installed) Uses a CCD RRCAT

EXAFS                                    (Installed) 5 – 20 BARC

Energy Dispersive XRD (Installed) 10 70 BARCEnergy Dispersive – XRD    (Installed) 10 – 70 BARC

High resolution XRD            (Installed) 5 – 25 RRAT

Under construction/partially installed

XRF-microprobe 2 – 20 RRCATXRF microprobe 2 20 RRCAT

Grazing incidence magnetic scattering 5 – 15 SINP, Kolkatta

PES  (With high resolution at ~6keV) 0.8 - 15 BARC

White-beam lithography 1 – 10 RRCAT

Protein Crystallography 6 – 25 BARC

Being designed

Small angle X-ray scattering (SAXS) 8 - 16 BARC 

MCD/PES on bending magnet 0 03 4 UGC DAE CSRMCD/PES on bending magnet 0.03 – 4 UGC-DAE-CSR

Medical imaging beam-line 10 – 35 BARC + UGC-DAE-CSR

Planned

Undulator-MCD 0.1 – 1.5 RRCAT

X-ray beam diagnostics 6.2 RRCAT

Visible beam diagnostics Visible RRCAT



Focussed beam at 
the sample position

Pictures of PSD-EXAFS Beam-line

SR beam footprint at beam viewer-1 
(before pre-mirror) on EXAFS BL-8. 
@5mA/2 GeV e- beam from Indus-2

the sample position
after horizontal 
focusing by bent @5mA/2 GeV  e beam from Indus 2 Si(111) crystal & 
vertical focusing by 
Rh–coated mirror  
recorded with 
7mA@2 GeV beam 
on 8 2 08 at BL 8Pic taken on on 8-2-08 at BL-8 
on Indus-2

22.11.2007

500µm

300µm
Pic of Mirror bender made at 

BARC for EXAFS station
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Data to illustrate of the performance of EXAFS beam line

3.0
Nb Absorption edge 
18987 V

Mo & Nb absorption edge obtained at 20 keV setting 
12.03.08 @ 4 mA/ 2 GeV

Calibration: 1.98 eV/channel
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Data to illustrate of the performance of EDXRD beam line

SR as seen 
on the Be 

i d fwindow of 
the EDXRD 
beam line 
(BL11).( )



Data to illustrate of the performance of EDXRD beam line



Accelerators for Radiation Processing Applications:
Steps initiated to set up ARPF at DAH Mandi, Indore. 

750 keV DC Accelerator was 
operated up to 12 mA current

Building designed 
to house two 

p p ,

operated up to 12 mA current accelerators in the 
Agricultural 
Radiation 
Processing Facility 
at DAH Mandi 
Complex, Indore. 
2.25 acres land for 
this facility  
allotted by MP 
State Government.
Goal is: Reliable 
operations of the ope at o s o t e
accelerators at this 
complex.



Geneva Lake
DAE- CERN Collaboration in Particle Accelerators
We have delivered subsystems & expert help for theWe have delivered subsystems & expert help for the

World’s Biggest Accelerator Large Hadron Collider (LHC) @CERN

due to start later this year with p p collisions of 7 TeV each

LHC tunnel
27kM ( 100 d

due to start later this year with p-p collisions of 7 TeV each 

~27kM ( ~100m under
ground)circumference

SPS Tunnel 
(~7 kM cir)CERN Prevessin  site ( 7 kM cir)

CERN-Meyrin site
St. Genis village (F)

Meyrin Village (Swss)



DAE-CERN Collaboration : LHC & Beyond
(RRCAT i th N d l DAE I tit t f thi C ll b ti )

# DAE has given subsystems & skilled manpower support of 

(RRCAT is the Nodal DAE Institute  for this Collaboration)

44 MCHF for LHC @ CERN; India is an Observer State.
# We continued helping CERN in LHC commissioning and 
# P ti i t d i CERN’ N l A l t P j t# Participated in CERN’s Novel Accelerator Projects :  
* Compact Linear Collider (CLIC)Test Facility CTF3.
*Linac-4, front end of Superconducting Proton Linac.Linac 4, front end of Superconducting Proton Linac.

# Reciprocally CERN has given hardware for our projects:   
One Klystron one circulator for our use has already reachedOne Klystron, one circulator for our use has already reached 
us. We had earlier received wave guide components. 
# Have made good progress in all collaborative programs# Have made good progress in all collaborative programs  
during the last year.



SM18 Hall at CERNQHPS @ ECIL

Precision Magnet Positioning 
System (PMPS) Jacks

MCS & MCDO Magnetic measurements 
teams- ~100 Man-years

To mark DAE’s contributions, CERN Gifted a Memento to Director, RRCAT on 20/3/07 

Local Protection 
Units  

Quench Heater Power 
Supplies( QHPS)   

DAE’s contributions  installed i
LHC Tunnel  at CERN



H/W Commissioning in LHC Tunnel
P ti i ti i• Participation in
• Hardware installation for quench 

protection systemsprotection systems

• Test setup installations

• Cooling stations’ adjustments Coo g stat o s adjust e ts

• Attending to faulty components



Hardware Commissioning in the CERN 
Control Centre

Participation in powering tests for all the sectors of LHC

P i f f li i t 4 5Powering of a group of supplies in sector 4-5 

The Control Panels

The Profile of currents in Magnets



History of Universe

LHC (in future possibly ILC/CLIC) will probe early universe 
and new energy frontiers in Elementary Particle Physics



DAE-CERN Joint Coordination Committee Meeting-March5, 08



CLIC TEST FACILITY3 @ CERN Aim: Establish principle of a 3-5 TeV e+-e-

Collider using (1) A “drive beam” to create 12 GHz RF source”,(2) Extract RF 
power via PETS & (3) Use RF power to accelerate e+ e beams that will collide

Drive Beam
Injector

Drive Beam Accelerator X 2 Delay Loop3.5 A - 1.4 μs
150 MeV16 structures - 3 GHz - 7 MV/m

power via PETS  & (3) Use RF power to accelerate e+-e- beams that will collide.

X 5 
Combiner 

Ring

Two-beam 150 MV/m
DF DF DFDF DF DF DF DF

LIL -ACSLIL -ACS FD DF
DFD

DFD

DF F DF DFDF DF DF DF DFDF DF DF DF DF DFDF DF DF DF DF DF DF DF DF DF

LIL -ACSLIL -ACS FD DF LIL -ACSLIL -ACS FD DFFD DF
DFD

DFD

DFD

DFD

DF DFDUMP D F DD F DFFDDFF

D F DD F DDUMP D F DD F D
D F DD F D

TBL

30 GHz Teststand
D F DD F DTwo beam

Test Area

35 A - 140 ns
150 MeV

150 MV/m
30 GHz

30 GHz and
Photo injector test area

TL2

LIL ACSLIL -ACS FD DF LIL ACSLIL -ACS FD DF LIL ACSLIL -ACS FD DFFD DFD F DD F D

1m wide passage all around 

Probe beam injector
D F DD F D

D F DD F DDUMP ITB

Team with vacuum chambers 1/5 magnets for CTF3:Pic at RRCAT & CERN
CTF3 Hardware Designed & Made at RRCAT & Shipped to CERN



Vacuum Chambers installed in TL2 of CTF 3 at CERN 
Race Track Profile Vacuum 

Chambers installed

End part of TL2 
entering TL2’ in CLEX 

Circular Profile Vacuum 
Chambers installed

area at CERN CTF3 
Site



More pictures of RRCAT built CTF3 hardware installed @CERN



Power Extraction & Transfer Structure (PETS) bar



Benefits from CERN Collaboration for Our Programs
1) Exposure for our staff at forefront of accelerator technology

One klystron tested by CERN & Indian Team at SM18 in May 2008.

) p gy
2) Receiveing hardware for our programs

3 more klystrons tested by CERN team. 1 klystron & one circulator 
shipped by CERN & received at RRCAT. It will be used to test the 

d l b ilmodulator built at RRCAT.

 
 

PLC FRONT PANELSPLC FRONT PANELS

352.2 MHz LEP KLYSTRON IN THE SHIELDED CAGE 

Tests/dispatch of LEP equipment for use @RRCAT



LEP Klystron from CERN to India

As received Shifting to  truck

Receipt & unloading of klystron at RRCAT First LEP klystron & circulator 

Shock 
detectors 
are intact; 

Receipt & unloading of klystron at RRCAT y
from CERN have been received. 
Items are under installation in high 
power test stand set up at RRCAT 
to test these as well as  the Solid 

klystron is 
safely 
received

State Bouncer modulator for 
LINAC 4 and the components 
developed at RRCAT.



Towards LHC’s luminosity increase: Modulator for Linac 4 at CERN

 
Figure 2 – Simulated waveforms (referred to primary) 
left: full pulse and, right:  Zoomed at flat-top. 

 
Figure 3. Photo on left: Charging/Filament Supplies   
photo  on right: trigger, controls and interlock system of 
modulator at RRCAT. 

Figure 4 left: resistive load in oil tank (@110kv) 
connected to modulator; right: bouncer circuit elements 
pictures at RRCAT 
 

Figure 5 – Obtained output during initial run, at resistive 
load, representing klystron impedance. Waveforms 
represent C1:Output voltage C2: Bouncer voltage   C3: 
Output Load current C4: Main Capacitor voltage  
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DIRECTIONAL 
COUPLER  LOAD

TO PWR METERS

CONTROL  

INTERLOCK

Klystron handling
110kV, 24A  
Solid State  

FOCUSSING  
SOLENOID  
SUPPLIES 

ION PUMP 
POWER   
SUPPLY

H BEND

E BEND

DIRECTIONAL 
COUPLER

FILTER

E BEND

W/G 

TO PWR 
METERS

INTERLOCK  
DRIVE  
CTRL  

CHASSIS 

Klystron handling 
equipment & WR 2300 
waveguide components 
designed and developed 
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(COLLECTOR
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ISOLATION 
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SWITCH 
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                            Schematic of 1.3 MW 352.2 MHz Test Stand at RRCAT

Modulator that has 
been designed (& will 
be tested for CERN)be tested for CERN)
would also serve our
own proton accelerator 
development program

LEP Klystron and circulatorr received from 
CERN being integrated with test stand at RRCAT

development program.



DAE-Fermilab Collaboration :R&D relating to 
ILC/Project-X CM + Useful for 4th Gen LS

Collaboration focus: Value Addition to SC cavity & CM designs, 
reduce costs & enhance functionality.

S id h b d l d & i i M hiSome ideas have been developed & prototyping is on at Machine 
Shops in Indore.

At present we are working on 1.3 GHz SC cavities & plan to put upAt present we are working on 1.3 GHz SC cavities & plan to put up 
facilities for making single and multi cell Nb cavities and test their 
performance.

i d l i ff f hi h l SC i fWe intend to explore spin offs of this technology, eg, SC cavity for 
high current operation of Indus-2.

We are partnering other labs in India and USA in this regardWe are partnering other labs in India and USA in this regard.





Cavity Tooling, Forming and Half cell Machining at RRCAT

• Manufactured and qualified

Forming tooling Deep Drawing Formed half cell

one complete set of forming
tooling (center cell, Long end
cell, short end cell) for TTF
cavity.

• Formed, machined, inspected
(Profile inspection on CMM)
several Aluminum & OFE
copper half cells. Formed,
M hi d d i t d

Half cell machining CMM inspection

P T V l Ob i d V lMachined and inspected one
niobium half cell.

• One Center cell forming
tooling transported to Fermilab.

Parameter Target Value Obtained Value

Profile tolerance, mm ± 0.2 ± 0.2 

Parallelism of equator and iris faces,
mm

0.02 0.03
g p

• Cavity cell tuner under
manufacturing

mm

Roundness of equator ID, mm 0.05 0.03

Roundness of iris OD, mm 0.05 0.01



Pi t E d fl ldi

E-beam welding of “Single Cell Prototype Cavity”; Material : Al  
Facility used :Techmeta 6 kW (60kV-100 mA) at Coimbatore

Pipe to End flange weldingRolled & Welded beam pipes

Half cell Iris weldHalf cell Iris weld

Single Cell 1.3 GHz cavity



E beam welding trails on 1.3 GHz Single Cell;Material High RRR Nb 
Facility of IUAC New Delhi EBW M/c:Techmeta Make 15 kWFacility of IUAC, New Delhi EBW M/c:Techmeta Make 15 kW

Welding of Beam 
i t H lf C ll

Welding of Beam 
i t Flpipe to Half Cell pipe to Flange



Progress towards economic manufacture of SC cavities

Alternate way to make
the cavity “end groups” 

M/S 
CRISP BhopalCRISP,Bhopal

Approach
• Machine entire end group from a single cylindrical 

block. Use EDM wire cut process. Solid part will be 
used to make other components like form teil housing. 

• Extensive prototyping and testing. 
Status
• Prototypes in Copper and Low RRR niobium block 

completed.







Benefits we expect will accrue from SCRF collaboration

Technology development and setting up of an infrastructure
for the SCRF cavity fabrication chemical processingfor the SCRF cavity fabrication, chemical processing, 
cleaning, assembly & test at required accelerating gradient 
for accelerator applications like XFEL, SNS, ERLs etc. 
Establish Cryogenic Infrastructure to operate large systems.
Experimental research in bulk & thin film superconducting 
materials from the point of building accelerating cavitiesmaterials from the point of building accelerating cavities 
with high gradient and high quality factor. 
Exploit SCRF technology for building an infrared sourceExploit SCRF technology for building an infrared source 
providing coherent radiation at wavelengths down to 
around 30 microns, using superconducting post-accelerator 
and we will create a solid base for ADS program of DAE.and we will create a solid base for ADS program of DAE.



Report the progress related to

Developments in the area of lasers.



Development of Tunable Narrow Line Width Dye Laser
Dye laser oscillator amplifier system developed at RRCATDye laser oscillator - amplifier system developed at RRCAT

The laser system is pumped by in-house developed copper vapor lasers.y p p y p pp p
It provides tunable laser of average output power of 1 W with line width ~200 MHz.

Output power of above laser will be increased to 5 W Two suchOutput power of above laser will be increased to 5 W. Two such
systems will be made for application in laser isotope separation.



Recent Developments of More Powerful Laser Systems

High repetition rate, high pulse energy line tunable TEA CO2 laser 
A view of 880 W cw Nd:YAG laser



A 60 W prototype version CuHyBrID laser



Development of CW Semiconductor Diode Lasers

CW semiconductor diode lasers have been demonstrated at RRCAT with
output power of 250mW at ~981nm.
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Next target :CW output power ~ 500-1000 mW. Facet
coating/wire bonding of these devices is planned forg g p
making usable CW operating devices.



(a)

(b)

Photographs of red laser diode (a) showing emitting light g p ( ) g g g
from both facets. (b) photograph of laser diode beam



Nd:YAG Laser based bellow-lips cutting & welding set up for use 
in PHWRs. (Successfully used at NAPS will be deployed at KAPS)

Salient featuresSalient  features
MANREM reduction
Ease   in system  
handling
Time saving

Separated bellow lip

Reliable operation

Laser cutting mock up for bellow lipLaser cutting mock-up for bellow lip

Welded bellow lipWelded bellow lip

Bellow lip cutting fixture



Laser : 10 TW, 45 fs
IL ≈ 1.8 x 1018 W/cm2

Ti:Sapphire laser system for laser-
plasma acceleration experiments.

Helium gas jet 2 ms duration
Slit-type supersonic  nozzle

 

Diagnostics for electron beam characterizationDiagnostics for electron beam characterization
ICT Magnetic energy spectrograph Electron beam profiler

for measuring e- beam charge Permanent magnet  0.46 T DRZ-phosphor and CCD camera

Laser plasma electron acceleration experiments @RRCAT



Energy spectrum of electron beam
Electron energy spectrograph : Energy range : 6 – 50 MeV

Continuous energy spectrum Monoenergetic spectrum

13.5 MeV

Divergence   = Lase

Q ~ 10 pC

er axis

Monoenergetic beam at  ne ∼8.5 x 1019 cm-3 ( ∼ 20 % of shots )

Peak energy (E): ~ 10 – 20 MeV;   Energy spread (ΔE/E ) : ~ 4 – 8 %

Divergence (2θ) : ~ 4 – 7 mrad; Beam charge   : ~ 10 – 60 pC

Geometric emittance      : ~ 0.02 – 0.03 π mm.mrad



Spin offs of Plan Projects : Laser based systems 
developed by RRCAT for societal needs & local industry

Fibre coupled Nitrogen laser developed for MY Hospital, Indore for 
treatment of TB of lymph nodes

p y y

A compact fiber coupled nitrogen laser has been 
developed for use in the treatment of tuberculosis 
of the lymph node and delivered to MY Hospitalof the lymph node, and delivered to MY Hospital, 
Indore for clinical trials. Transfer of technology 
for manufacture of this system is on course.

Green laser photocoagulator with advanced features (Unit-II) developed 
for diabetic retinopathy for M/s Aurolab, Madurai.

Output power >1 W
Sealed laser cavity

TEC

TEC

Nd:YVO4

KTP

M1F = 25 F = 50

d3

AIMING 
DIODE

PHOTODIO
DEM2M3

TEC

TEC

Nd:YVO4

KTP

M1F = 25 F = 50

d3

AIMING 
DIODE

PHOTODIO
DEM2M3

Delivery probe identification
On-line power monitoring

FOCUSING 
LENS

Beam 
delivery

FCLD
TEC

FOCUSING 
LENS

Beam 
delivery

FCLD
TEC



Retina affected due to diabetic retinopathy

Green laser photo-coagulator Mark II developed to treat Diabetic Retinopathy 

C lRetina affected due to diabetic retinopathy Complete system
with output beam.

A view of internal 
assembly of full 
system with beam y
transferring optics.

Treated retina with unit made at RRCAT. Photo 
by Aravind Eye Hospital, Madurai.





RRCAT Built Systems for Inspection & Metrology Purpose

Mixed Carbide Fuel Metrology

Range: 10mm

Resolution: 1µm

Accuracy: ±2µm

This instrument 
h b i t ll dhas been installed 
at RMD BARC for 
the metrology of 
mixed carbide fuel 
pellets 



Nd:YAG laser system for decontamination built @RRCAT

Fluence :100mJ-1J/cm2

Pulse duration range :10ns-200μs

Rep. rate : 1Hz-50Hz or higher

Free running and Q-switched fiber based resonator

After cleaning

Rust layer cleaning with RRCAT pulsed Nd:YAG laser 
52



On way to development of lasers for decommissioning (ctd)

Trial runs to study how the 880 W laser affects a RCC brick

y p g ( )

(Sample brick supplied by H. S. Bhambra 
R&D Nuclear Systems, NPCIL)



On way to development of DP lasers for decommissioning 



Laser Rapid Manufacturing of Colmonoy Bushes

* C l b h d id t i l i*  Colmonoy bushes are used as guide materials in 
Control Rod Drive Mechanism (CRDM) & Diverse 
Safety Rod Drive Mechansim (DSRDM) of PFBR. 

*  Imported cast colmonoy bushes are very expensive.

*  Existing methodology for fabrication of Colmonoy 
bushes: GTAW-assisted deposition of Colmonoy on SS p y
rods followed by precision machining (Fab time ~ 70 hr)

*  LRM offers a faster and economical fabrication route 
for Colmonoy bushes (Fab time ~ 32 hr)for Colmonoy bushes. (Fab time ~ 32 hr)



Laser Rapid Manufacturing of Bimetallic Components

Bimetallic tubular bush: Outside surface - Type 316L SS;

Inside surface - Stellite21 (Wear-resistant Co-base super alloy)

Laser used:

3.5 kW CO2

OD: 32.5 mm

Stainless tube with internal step of Stellite 21 

ID:  25 mm

OD: 38 mm; ID: 34 mm; Step thickness: 1.5 mm; 
Step width: 8 mm  

This kind of insert may find application as 
an insert for Grid Plate Sleeve in FBR.



Samples of picture transferred to 
metal plates using laser marker

A general view of  laser marker

Laser 
cutting of 
FBTR fuel ) A f l i b dl b iFBTR fuel 
subassembly 
in a hot cell 
at IGCAR

a)  A fuel pin bundle being 
extracted from a fuel 
subassembly; b) A cut sample at IGCAR
of the hexagonal fuel 
subassembly 



New Pt loaded carbon aerogels developed for very efficient H/D isotopic  
reactions – Could prove useful  for a good route to making heavy water

Pt-Loaded Carbon –silica composite cylinders and disc Carbon Foam Electrode ( 125 x 80 mm) 

Raschig Ring Morphs of Pt-Carbon
Composite Catalyst.

TEM of Pt loaded Carbon Foam 
showing 2-3 nm clusters of Platinum



Other activities & photo gallery 
# We organized BRNS supported 4th Indiang pp
Particle Accelerator Conference, InPAC2009. 400
persons attended the meeting. Inaugural session
was presided over by Dr. A Kakodkar and Key
Note talk was delivered by Pier Oddone DirectorNote talk was delivered by Pier Oddone, Director,
FNAL.
# On National Science Day neighborhood school
students were given tour of labs.students were given tour of labs.
# Scientific staff continued giving help to many
national labs/agencies for laser & accelerator
based programs. Dr. K. Kasturirangan & Prof P.
Rama Rao were amongst the distinguished visitors
to have visited our Centre this year.




