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Executive Summary

Raja Ramanna Centre for Advanced
Technology (RRCAT), Indore is premier
centre for Research and Development in
applications of lasers, particle accelerators
and associated technologies. The
synchrotron radiation sources (Indus-1 and
Indus-2) at RRCAT were operated as
National facility in round-the-clock mode for
334 days (beam availability: 20 hrs/ day)
and 332 days (beam availability: 17 hrs/
day) respectively. At present 7 beam lines
in Indus-1 and 18 beam lines in Indus-2
respectively are operational. Over 1047
user experiments have been carried out
with more than 120 research publications.
Pharma industry users have also utilised
the facility. MoUs have been signed with
each of the industry users.

A new X-Ray Magnetic Circular
Dichroism (XMCD) beamline has been
commissioned. Operational enhancements
for beam-lines have been carried out which
included Soft x-ray fluorescence and
absorption measurement setup on BL-03
and x-ray fluorescence and total reflectance
system on BL-16.

Three HB650 Super Conducting RF
cavities developed at RRCAT have been
Proton

qualified for assembly in

FEASN GRIA

TSl THeAT Jard Highae  sheg
(AIR3RHE) &R , o, T cala 3R
weftra siefaifenat & sreraere 3R faw
AT 3oTeh AN & SR 5T dog gl
uedr giawr fAwidie fAfor da gsa-1
3R 382 F HAT 334 feaAr (@F
3qeretrdr : 20 e/ f&a1) 3R 332 feat (fi#
3qcleydr: 17 g¢/ &) & feaw ¥ fga @
gaTfeld T =T add T H $889-1 7 7
drerse 3R g58-2 & 18 ST FEE
gl | oremerer 120 ¥ 31fs aer ghneEr &
g 1047 92N R fHe ST g g1 B
3T & IYAEThAT A o glaur @
39T fhar g 3R 39 & fov 39e Oy
FHSITT AT W geaerR fhw v g

T A Y HERE  EHeR
SEHISTH  (TFAUHEE)  AFAAST  Hl
FHARE fFar ar AR diTasar & O
qll\{umda?jrde%Ti?amﬁw_UW
ST BL-03 9 dive v gfadita iR
3GAMYUT ATYA  HSHT FAT BL-16 T THd-
¥ 9fddfea 3Rk qol wrader gome emfae
gl

deg A faRf@d @\ HB-650
sifcrarees WA g el ®AT o
JUET &, Weld SFqaHc WaA-ll &



Improvement Program-Il prototype Cryo-

Module at Fermi lab, USA.

The electron beam  radiation
processing facility (ARPF) has been offered
to industry under incubation activities. The
facility uses a 10 MeV, 6 kW in-house
developed electron linac. It has ISO 9001
and ISO 13485 certificates. Further FDA
licence along with AERB licence has been
obtained. The facility has been used by
industries from various parts of the country

for sterilization of medical items.

In the area of lasers, development of
engineered versions of 1.5 kW average
power and 30 kW peak power long pulse
Nd: YAG laser and 1 kW CW fibre laser
have been completed. Several laser based
systems for applications in the area of
They
include, underwater cutting of end plates of

nuclear energy are developed.
fuel bundle, welding of fuel pins, cutting 30
mm recirculation tubes etc. Development of
specialized lasers has been carried out
which includes, ultra-narrow line-width laser
(100 Hz), 2 W mode locked ultrafast fiber

laser etc.

Laser Additive manufacturing (LAM)
setup has been augmented with addition of
2 kW Fiber Laser for Directed Energy

Deposition System. Components from

Srefered FRI-FEE # Rt ¥ fv
e @ T B

3C3AeT (SIS Afafaferdr & g
goldclel oA Tafhor  gEERoT gl
(CHRAIUE) &l 31T & TIT 3qelets ST
AT B1 FE Giaer 10 MeV, 6 kW FfAfAd
Solaaisl folsleh &7 39T Har & 3R Jg
ISO 9001 3R ISO 13485 yarfoia ¢
SHG MA@l USHRET A3dT & AT THIT
ogdd oY uroe o6 o g &1 58 giaen
& 39T ¢ & fafdesr feedl & 3
Rl os T TAfhcadd a&gsi &
fRsigentor & forw fmar amr gl

X & a7 H, 1.5 kW 3itaa afea
3R 30 kW i erfFd &rer TOg Nd:YAG
T 3R 1 kW FOReRaT (CW) o (PISsR)
AT & AT FEHIOT T fahrd QT &
IAT &1 WA Fsit Jell 3regoranant & fow
FS T 3TUTRT yonfadr [Aefad v I8
g, TS Suar a5 fr 3icy Toer Y uer
F 37T Fers, SuaT aT Fr afeser, 30 mm
Ares f JaFdae cgat A Feas e
MAS &1 Toca T Gath arfdfafer & fow
100 Hz #faEder dEa-disE oY, 2 W
HIS dlieh egIhEC doq (BISEX) HET

erra forar aram g1

SANFCS Uodoil feUifore f@eed &
foIT 2 kW ded (FISsR) oI T AMHAST FT
R ufsfed A=gtheraRar (LAM) de3rd
Hafeia = &1 39 ¥ 39T F 39INRT Fh
U3 FIHH & WY ITeIT-3elT UTg3it -




dissimilar metals - Inconel-625 and SS304L

with graded interface have been developed
using this set up. Intricate conformal cooling
channels have been fabricated using
based Additive

Powder Bed Fusion

Manufacturing.

On the photonics front, several
research and development activities like,
development of machine vision based
automated metrology system for
measurement of dimensions of PHWR fuel
punches, development of GaAs and GaN
based detectors, investigations on antiviral

photodynamic therapy are carried out.

Under public outreach activities in

addition to the several programs to

celebrate Azadi Ka amrit Mahotsav, a
unigue museum to arouse interest among
the students in science, technology and
applications of light has been established in
the heritage building of ‘Sukhniwas Palace’

in the RRCAT campus.

o N

gARI-625 3 SS304L & HCH
fdf@a fer aw g1 9Esy 98 wEA
amRa ufsfed Aeygtherafier &1 39T
e Sffeel HEAT fNceldd  Ador AR T
T gl

ey & & H IegHue 3R
feprg  afdfafear &,  dieaseeg3m
(PHWR) %<1 Udi & 3TI#AT & HAGT &
forw meier fasrer smanRa saafera Agraren
(FATIT) 9oTell & faerE, GaAs 3R GaN
MURT dFaehl w1 fdomE,  TarRd
BIEBRATAS AT 317 afAeT gl

Strggs Ifafafaal & iddd Feg 7
" TSI 1 AT Helcqd " & 3Ucled A
geprel Fadr st |, i@ 9 38+
IR W MR ]S HIGTerd T
RS T a1 | g v "gafeara
A" & HaT & T fham a=ar &1 9T
3cced faemfdat & garr & fawy A
fSramar @ S Sied e g |







Descriptive Part
Raja Ramanna Centre for Advanced
Technology (RRCAT), Indore is a premier
centre for Research & Development and
applications of lasers, particle accelerators
Annual

and associated technologies.

Report for the year 2022-23 is given below:

A. Basic and Applied research

Indus Accelerators:

Operation and improvements:

The synchrotron radiation sources
Indus-2, at RRCAT were
operated as National facility in round-the-

Indus-1 and

clock mode for 334 days and 332 days
respectively At present 7 beam-lines in
Indus-2
respectively are operational. The availability

Indus-1 and 18 beam-lines in

of synchrotron radiation beam for users has

been of the order of 6800 Hrs. (20

hours/day) and 5620 Hrs. (17 hours/day) in
Indus-1 and Indus-2 respectively. Over
1047 user experiments have been carried
than 120

publications. Pharma industry users have

out with more research
also utilised the facility. MoUs have been

signed with each of the industry users.

7,._
A\ T Azadi
W Amrit Mahotsav

fAavoncA®  HTeT
IS THT Word dledfhr Feg |
SGR o, HUT e AR FEla
Weafaferal & eraueT 3R fAeE qur
IR & fAU UE HE Heq gl av
2022-23 & fow affs Rae AT & 715 &

A gfamdr AR st e
359 Al

m.‘iﬁTgﬂW

Rprela fafexor &g gsa-1 3k
gSH-2 @ USE AT & & A HAU:
334 et 3R 332 oot & fav fea-vra
yarfeld fhar | ada= # §39-1 H 7
NS AR 33T-2 F 18 NAASA HRRA
g1 339-1 3 358-2 § @eprela fafeor
dIFH I IUASAT FHU: HT 6800 T
(20 G¢ / f&a1) 3R 5620 T (17 we/fea)
T B 9T 120 & 3fF ey ghreEl
& @ 1047 wAer @ U ST gw §
AT 3T & IUAEThaI3 o o glae
T 39rer forar § 3R 39 & fov 39« @y
AT A9 W gEAeR o v g




Upgradation measures:

An Ultra-high vacuum compatible,
Fluorescent Screen Monitor (FSM) and a
Synchrotron Light Monitor (SLM) have been
developed for installation in Indus-1. These
will be used to observe the position and spot
size of the electron beam and continuous
visible SR light at 10° port of dipole chamber
DP-4 in the upgraded Indus-1 during the first

turn of beam injection.

T
Azadiy,
Amrit Mahotsav

3eddel 39T
g5H-1 H TUYT & v T 3fedr-
1S doFgH 3T®T  FoRibde TRl Hifeiel
(ThuaTH) 3R T Pl daBe Alle]
(TavetH) faefda R @ 81 soer
3TN 1T SAFUT F Ugel T o GRIA
3eaAd $39-1 7 gfaydia a1 Sid-4 & 10°
i W Solgerd a7 IR ARaR gdAeT
THIR gerer dr Fufa 3R wdic 3mer @ r
fadieTor e & forv foRam STwe

Fluorescent screen monitor.

FARAT T Alfe

Eight sets of combined function

magnets have been developed for
performance improvement of Indus-2, these
magnets produce sextupole as the main
component along with producing skew
guadrupole and horizontal & vertical dipole

fields respectively.

Synchrotron Light Monitor
RApIela dAse AlfAex

383H-2 & e H 3ealdd & foU
Yl HeFleT AIeie & TS Y fahiad fhw
v § F Aeae wAT: foeT Fake 3R
aifrst 3R FeaTer gfaydrr st & 3cdreet
el o HIY-HTY HEY TCh & &9 H JoFegdrel
&I 3cUTe A & |
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The Combined function magnet on the measurement bench.
AT 89 W GIFd BRI ah

Development of power converter

cards

required for auxiliary coils of
Harmonic Sextupole Magnets in Indus-2
has been completed. The bipolar power
converter is capable of delivering up to 50
V DC output voltage, up to +15 A DC output
current, and up to 600 W output power, and
is capable of being operated in both the
polarities of output voltage and current, with
smooth zero cross-over. It is equipped with
precision current sensor, electronics and
on-board constant-temperature bath that
provides output current stability within £100

ppm of the full-scale current.

Power converter card.

qray FHeTdel F1S

gsH-2 # grHAllae Aaegilar Ao
% Tg$ s & T 3EWYH IR
Hheldcy HS H fhE G B IRT E
SISUIeR 9TeR Shefacy +50 V ST 3m3eye
dleest, 15 A ST 3M3eYe e 3R 600
W 3T3eqe araX 3 & @atd &, 3R faeher
AT HIF-3aR & HY IT3cYe dlecsl 3N
e el gdrar # wenfad g # weH
gl 9% Fée e YW, goacioad 3R
AT W +100 ppm T&RAT & MR

33EYE A YTl T &

Batch of power converters.

qiay Feded FT &



B. Operational enhancements

for Indus beamlines

Beam line (BL-03) Indus-2:

An energy dispersive soft x-ray

fluorescence measurement setup is
designed, installed and commissioned for
soft x-ray fluorescence and absorption
measurements on soft x-ray reflectivity
beamline (BL-03) of Indus-2. The setup can
be used to measure K emission line for
elements Z=7-14 and L emission line for
Z=20-37. This development will further

enhance the utilization of the beamline.

Beam Line (BL-16) Indus-2:

A vacuum  compatible  x-ray
fluorescence and total reflectance x-ray
fluorescence system has been designed,
developed and installed on the BL-16
beamline as an additional user facility. This
facility is extremely useful for enhancing the
capabilities of the beamline by extending
the detection capability to low Z elements
(Z <17) such as Na, Mg, Al, Si, S, and P in
trace amounts, which is important in many
fields such as semiconductor, biological and

environmental sciences.

o N

B. 38W ®HASAT HT IRETT
HacH

~

i ezt (froer -03) 859 -2

38g-2 & PIAA TFH-{ Wadehd]
AT (BL-03) W HIHAA TFAX
gfagIed 3R 3aeivor AT & T T Foll
TR HIHAT TFa-Y FaRTT AT JT3T
Fr fSors, Tuifd va FaARe fhar =
g1 JTHT FT 3YANT Z = 7-14 deal & fow
K 3c@olel @ 3R Z2=2037% fw L
3chol YW@T # AU & fow fFar S
TohdT &1 T8 T fAdET & 39T H
3R sgruem|

7 oS (BL-16) 389 -2:

T fAaTaeEy -y weRdd 3R
gt fafde teaY iy feed & s
yifaRerd giaemr & &7 # BL -16 SHcge
W B3s, [Aefad va g far amr
¢l Ig giaur 7 s d1 7g z drd
dcar oi& Na, Mg, Al, C, S 3R P & orer
AT 3UTEATT &I AT &THAT # ey
Tk g ITARN FoA &I S 3 e,
Sifded 3R AT faae S &5 e J
HAgcaqoT g




Beam Line (BL-20) Indus-2:

The X-Ray Magnetic Circular
Dichroism (XMCD) Beamline BL-20 has
been commissioned. This beamline is
developed on an APPLE-Il type helical
Undulator and is the second insertion
device-based beamline at Indus-2. XMCD
technique is used to determine element
specific magnetic properties of materials.
Measurements on standard samples have
been carried out to calibrate and establish

the performance of the beamline.

BL-20 experimental station

BL-20 YA+ €

T

Azadiy,
Amrit Mahotsav

G8

# e (fireer -20) g39 -2

TFEY HIAfeh THoR STShIgoA
(TFHTAHTE) dHS BL -20 T JdTelel
YT Y f&TT a1 §1 FE HAASA vol-ll
YhR & giclehel 3i8gelcy W fAsfdd i
TS § 3R $38-2 A wRa qEd wfafse
fSasa-3maiRa ddAcsa g1 TeauadEE
dehelleh & 39ART FHEA & ded-[adv
Hadlt aehrar ot # Feifia &= & o
T ST &1 fiHAesT & YesleT & S
3N vt aa & AU Ad J71 W/
AT fRU T g
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C. Advanced technologies,
Radiation technologies and
their applications:

C.1. Particle Accelerators:
Development of test stand, for 40 kW
CwW 505.8 MHz solid state RF
amplifier:

Development of Compact 40 kW
CW, 505.8 MHz solid state power
amplifier (SSPA) test stand, has been
successfully accomplished. The set up will
be used for high power characterization of
RF sub systems and components like RF
cavity, high power RF circulator, RF loads
etc. This is an important development
considering future commitments to Fermi
lab. Currently, 505.8 MHz RF circulator is
being characterized & tested with the help
of this SSPA at high power.

Further, the 40 kw, 505.8 MHz solid
state power amplifier which was supplied
to Fermi lab, USA under IIFC, has been
tested and accepted by the users.

Development of 90 kV, 500 Hz solid-
state hard switched modulator for
electron gun:

To bias the electron gun a hard
switched  solid-state  modulator is
developed with important specifications
90 kV switched voltage, 2 A peak current,

16 ps pulse-width, and 500 Hz pulse

_ 7! -
\JL@ Azadi,

\mrit pg | otsav

C.3wo1a leafafear, fafegor
sefafFar 3R 3o g

C.1. T ¢cdih:

40 kW CW, 505.8 MHz ®ifers ¥ee I3t amgfar
yatF & favw eve w3 &1 e

HIFdFC 40 kW CW, 505.8 MHz @ifels
T UIaR TFIIhRY (THUEYIT) & SFC ¥Cs
&l fahrd Fhelargas G fhar I m g @
HT H 3YINT IRCE T {EeA 3R geat
S RUG AL, g8 IR IIRTH Feholey,
ARTF ol 3f & 3= AfFd awgor & faw
frar Swem| wEf o9 & v sifasy &
IfASEd3t P @ §T Ig Th Hgcd ol
fdera &1 adA= A, 505.8 MHz 3MRUG
qRdleleh T 3Td UTFd I 36 THTHUT HT
A ¥ fA®9or 3T qdetor foRAT ST TET B

$Heh 37T, [IFC & d&d BAT o, JuaT
@I 3MYfct fhw arT 40 kw, 505.8 MHz |IfeS
T YA TFISBIRIN T G707 foham 9 &
IR 38 ITARTHATHT arT FHR faam ar=r
gl
goFeld AT & faT 90 kV , 500 Hz difas-
¥ee g5 aes Alsgaex w1 e

SoFele I B A I & AT T
g Fa<s difds-Fee AlSgelcy & AgcaqU!
fafadalt 90 kv Raes deesr, 2 A il ae,
16 ps Ted-aISTE T 500 Hz Tod JeRIGRY X
& oy efaa fear = g1 Alsgeel &

10



repetition rate. The modulator has been

used to test the electron gun.

9 PLILSI
- VTR AMNSFC

90 kV solid state pulse modulator assembly

90 kV BT IEEYT Jod HigFaeT Faell

Commissioning of Horizontal Test
Stand facility at RRCAT for testing of
jacketed superconducting RF cavities
at 2 K:
Horizontal Test
RRCAT

cryogenic test facility for RF cavities.

Stand (HTS)
developed at IS a unique
Commissioning of HTS has been carried
out. Various systems related to HTS
facility i.e. cryostat, cryogenic distribution
system, high power RF system, low level
RF control, RF protection & interface,
magnetic shield, control & safety system
were developed, deployed and operated
successfully to test the SCRF cavity at 2
This

cycle of

K  temperature. achievement

completes full fabrication,
processing, tuning, dressing and testing of

Superconducting Cavities at RRCAT.

(/LQ Azadiy,

Amrit Mahotsav

3T Soldelal I & GeToT H fohar = &

Testing set up for modulator assembly with electron

gun. $AFIA AT T AT IHATell gHaor d<

2 K aMAW W JFe FUHsiFear HRTH
et & afieor F fav wwE 7 afae
wdteTor ¥ FRAUT qw F@m:

Wsites & fGefad aifas weror s
(HTS ) 3RT® JEBI & fav e gfadg
FISfaIsh eToT FAeT &1 HTS T Jarelel
qe I feIr T g1 HTS ghawr § F&fd
faffeer gonfoat Il sRRce, FRNES
fIaRoT guTrel!, 3= ATFd IIRTE YoTTel, foldsT
S e, gaehrg shaw, =0T 3R & yorelr
I 2 K ATIHAT 9 THHIIRTE 6T T IIaTor
e & v G, dard 3R awadrgds
Tarfeid fhaT a7 | I8 39elfed IRWUlR H
ghsiacar Hfadel & AT, gEERT,
cgfeter, ofEer 3R odiefor & qul =% A qu
ERGINS
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5-cell cavity with tuner and power coupler
Y T I FIeR F W 5-0 e

20 keV, 2 kW thermionic DC strip type

electron gun for photon absorber:

A 20 keV, 2 kW thermionic DC strip
type electron gun-based test set-up was
designed and developed at RRCAT for
testing of Photon absorbers. These
Photon absorbers, also called crotches,
are used to absorb unused synchrotron
radiation (SR) emanating from bending
magnets in synchrotron radiation sources
(SRSs). The desired electron beam can
be extracted using settable filament and

variable powers respectively.

[
Azadiy,
W i Amrit Mahotsay

Cavity in HTS cryostat with high power coupler
3% AfFd IIAF F WY HTS R & HRd

|
Bl gANed & faw 20 kev, 2 kw
gffiafas It e sase I=:

WIcle 37aATHh o IGAGT & fou
IR 7 TH 20 keV, 2 kw afFaifas S
T solagial  I9-3MaTRT 9A8ToT  [e-319
fSomssr 3R faf@a fear aam s wield

379N, S g Y FgT Jar §, F7 YA
f&spIgial fafeior Alat (SRS ) # Fohel Ydeh
O el arel 31gerd f&ishieler fafeton(SR)
Al TN et & forw fovar Srar g1 aifea
SolFCled S I HAA: Jeddl Thadie 3R
aRadt afFd &1 3uahr e @Aefaa fmar
ST FehaT B

. E e
e e i

Huotrh for radiation

=haeldx # _-"

el == —

20 keV, 2 kW thermionic DC strip type electron gun.
20 keV, 2 kW gfFffa® SRt Rea  gdwel =
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Design, development of first gBfeE AT 9T F ygd Wy F1 BT
prototype of hybrid getter pump: e fwmE:
A prototype hybrid getter pump for 3fecT g5 aaf‘qy (UHV) & foT w

Ultra High Vacuum (UHV) has been HeieET e X v RJwfad R 3k
developed and tested successfully in- IS F FredTdE qieTor R I &
house at RRCAT. This advanced o "

Ug 3oold dohelleh Ay & & 30Telr e
technology is essentially required for next O )

& T&sicied fafeor didi, UHV 3meTiRd ddg
UHV based surface science study et JTEaiet 30T 3R RspIcl daTee
instruments and synchrotron beamline gdur & AT 3maRas § | Tg dehelichr faehrd

mirrors. This technological development Tch Hscd‘j\ucl AT faded § 3R AS oo
is an important import substitute and vital  $f3aT AT $r fGem F FgcayEt AerET B

contribution towards Make in India

generation synchrotron radiation sources;

mission.

Hybrid Getter Pump Residual gas spectrum
grsfas dex ug rafdrse I Waew

Design, development and deployment F RAfFOr gaEFHor gider (ARPF) # Y
of dual channel Faraday cup ° >

electrometer at agricultural radiation deTe IS FT FOHIEY &1 e, s
processing facility (ARPF): ErdGGIGIR
In the field of pulsed -current o fAegor & v Tofed e AYT
measurement for linac characterisation a F a7 F UF Ty WD FT soaHeR
state of art Faraday Cup Electrometer () @ E?;ﬁ T ¥ o, Refad
(dual channel) has been indigenously X . ’ . !
IR HY fAfeRor gwEERor giawr, sek &
e foRam T g1 RIS &Y SelerciAeY ST
3fagor gumell  (TwHS-3vey)  aedids

designed, developed and deployed at
agricultural radiation processing facility,

Indore. The Faraday cup electrometer
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data acquisition system (FCE-DAS)
monitors important parameters in real
time. They include charge content per
pulse in pC, pulse repetition rate in the
range of 1 to 300 Hz, beam current from 1
to 300 mA and the integrated charge in
Coulomb  for characterization and

qualification of the linac.

/
G [z

Amrit Mahotsav

AT # FAgcaqoT ATIGs! I R & g
gt Tl Fored A Iid Iod TTel, 1§ 300
Hz &7 AT & Jed IRER &, 1 F 300 mA
ds &7 ae IR e & Awger 3k
fafrsedr & v serFa # vdhisha arel anfde
gl

Dual channel Faraday cup electrometer.

s B3 F7 saFeEi

C.2. Lasers R&D

Following lasers and laser-based
systems have been developed for industrial,

nuclear applications and applied R&D:

Development of narrow linewidth all fiber
amplifier in master oscillator power
amplifier (MOPA) :

Engineered version of narrow linewidth
all fiber amplifier is developed in Master
Oscillator ~ Power  Amplifier  (MOPA)
configuration to deliver 5 W output at 1550
nm. Optical to optical conversion efficiency of
the system is ~15 %. No significant increase

in the Ilinewidth was observed on

C.2. AW ITaYT vq fawr
IUgFT  ITEYU Ud faew & fav
farafaf@a aav 3 aaR-3maa gonferar
faa i 715 &

AT JTRAAET IET TR (MOPA)
# FhoT daEaAfasy 3l vEeR TFUEeRR
&1 Ao

T STSATIsYT FT SAFAIT FEoT
QUGS TFOolhRI & AR Ao
g/aR TFTeTBRR (MOPA) ®ifehaRelsT
farfaa forar arar & arfes 1550 nm @ 5
W 3TT3eqe feam Sif @eh| faees &1 ificeshe
q  Jiftchel FUAROT G&TaT ~ 15% g
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amplification compared to the seed source

where linewidth was measured using

delayed self-heterodyne technique.

YhiEr Co-Doped
DC Fiber=2m

Er Doped Fiber YbiEr Co-Doped
~T5em DC Fiber~1m

1550 nm
10mW power
~ 800 kHz)

MPC

Collimator

Isolator

Isolator MPC

Pre-amplifir N Amplifier Stage ! Amplifer Stage

W

“" Pump Diode
976 nm, 500 mw

seed ||
[ |

Pump Diode

Pump Diode
976 nm, 30W

976 nm, 9 W

Schematic of all-fiber MOPA
TA-PIBER MOPA &1 @R

Elemental analysis using Laser Induced
Breakdown Spectroscopy :

A Laser Induced Breakdown
Spectroscopy (LIBS) set up has been
developed using a 1064 nm, 6 ns, 10 Hz, 450
mJ (max.) laser plasma. The plasma
emission is dominated by the continuum
emission at the beginning and by the
characteristic line emission after a few
microseconds. Therefore, the spectrometer
signal acquisition was triggered by the laser
pulse with some suitable time delay so as to
minimise the continuum emission
contribution. The setup was used to analyse
and differentiate between various
metal/alloys samples. This system uses a
calibration free method which is based on the

assumptions of stoichiometric laser ablation,

'ate 7/_
UL@ Azadiy.

L AMnt Mahotsav
ASATdSY &I [deifad Ta-geUSST dohelleh
q AT W ga¥d & 3IWd o7 ST S
JoreTT # ABARIST H HS SooEed gefy
T8l & S|

Developed MOPA
R&RAT MOPA

AT IRT dFeET WFAERdT FT IGNT
Fh deal HT  fAeawor ;

Y $3YTS  ShS3d  TUFEIERIUT
(LIBS) ¥eHT 1064 nm, 6 ns, 10 Hz 450
mJ (3fFRdHA) S TATSHT FH 33U
o, [Opfaa AT =T &1 SIS AT 3chad
A YEAd A RR 3cdoit IR Fo
ASHIAHS & d1¢ [afrse drsd 3cholel Hl
Y¥ca glaT g1 SafdU, TagiHIey faerel
HTAITETT T oW Jod IR F& 39gaFd
fera & Ty for fear s/@ar ar arfe
faaX 3caold INE & A R o
Teh| fafdest urq / & urg e & 9"
39T 3R 3T L & fav eq &1
39T fRAT IRAT | IE WOl Teh 3{RATehed
AqFa fafer &1 39der e § S arg /
fAsErg & el & AElcAs faeawor &
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optically thin plasma and local thermal

equilibrium in  plasma, adopted for

guantitative  analysis of  metal/alloys
samples. An algorithm is developed to apply
the calibration free method to analyse the
major components of stainless steel SS-304
and SS-316 and the concentration of Fe, Cr
and Ni could be determined with a relative
standard deviation of ~1%, 8% and 10%,

respectively.

Tz

A A1
Azadi

: AmIit Mahotsav
T 33U IS ToleAT H TEseAReH
o) Usol2le, iiftcarel 9 & Udel TolloAT
IR T YA Tl H AIABT T
3R &1 TeTord el SS-304 3K SS-
316 % Y@ TThl HT fARRITOT & 3NRITehad
AFd A & om] &&= & v s
TeanikeA TaRfad fohar amam § 3R Fe, Cr
3R Ni T Figdr s ~ 1%, 8% 3R 10%
& UeT AlH faas & @iy [uiRa
ST gahell B

G268

LIBS set up
LIBS orTelt

Development of 2 W mode locked
ultrafast fiber laser:

A mode Locked Yb doped fiber
oscillator-amplifier set-up operating at 1030
nm is developed. The oscillator-amplifier
system provided 475 fs duration pulses at 37
MHz

compressed output power.

repetition rate, ~2 W average

x10t . .
3 U ool
2 | 55304 e
E21 wi Fo Fo
8 ‘ I L I M T
1 | Ni fo i Mo
[ PR okl i} ..ﬂ I e A
a0t v .
* (i) $5316 =
8., 5533 nm
€21 160,
3
o, | il
@14 i \ 552 353 354
0 Hﬂu obl il uJ(\l | 1 4 -
200 300 400 500 Y 600 700 800
Wavelength (nm)

Spectra based on Mo .in SS304 and SS316
Mo 3menita SS-304 3K SS-316 T FiweT |

2 W HAES Al HeeIPRE BISal o @Y &l
ILEar:p

1030 nm IR HdTfeld T A8 dish Yb
38 FIESR A AR-TFTellhRRX  He-31T
faefaa forar amam 81 3iifeet-tFaelvR
f%ed, 37 MHz TR &X @ 475 fs
afy fr ged  vd ~ 2w aa TdfEza
et afFa i & |
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986/1030

[= o
amplified pulse

VBG

Mode locked fiber oscillator-amplifier-Schematic

AT diFs FER ATAAT-TFTIPRR-INT |

Engineered version of 1.5 kW average
power; 30 kW peak power long pulse Nd:
YAG

applications:

laser for material processing

Development of an engineered version
of 1.5 kW average power and 30 kW peak
power long pulse fiber coupled Nd: YAG
laser using ceramic reflector based pump
chambers has been carried out. This laser
will be useful for remote cutting of upto 40
mm thickness of SS and welding up to a

depth of 8 mm in SS.

Yo
Azadiy,
Amrit Mahotsav

G8

-

e T

[
Pulse train |
r l. CEem—
i | o
" ) -
. AC 3 e

ol
- - |CFBG

# s

== Pre-amp

Mode locked fibre oscillator-amplifier-Set up

AlSdTFs FIEaT ATAAR-TFCABRR  Ae3T|

A JEERIOT AguAE F AT 1.5 kw
sdtaa afFa; 30 kw diF 9Ew i god
Nd:YAG ST &1 JfAIIRF  TTHIoT:
s Roreierex 3maTRa 9 wveft &
39AET Feh 1.5 kw 3raa erfea 3R 30
kW dieh qraX iledl Jod ®IssR JaAd
TS AT X & Tah ATAAIES GEhor
&1 fasra forar arar 81 I8 oY vaud &
40 mm ACE d& RAle & IR wavg
H 8mm Fr WS d& dfessr & fow
3931 ghem|

1.5 kW/30 kW, Nd:YAG laser for material processing applications
WET THEROT WA & AT 1.5 kW /30 kW, Nd: YAG a8
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Engineered version of 1kW fibre laser for
material processing applications:
Development of an engineered version
of monolithic 1 kW Yb-doped CW fibre laser
at 1080 nm with compact packaging and
QBH
completed. This laser is capable of cutting up

connector interface has been

to 8 mm thick SS and welding SS up to a
depth of 4 mm.

flam—
Azadiy,
Amrit Mahotsav

GL
A JEEROT HqwAE & fAw 1 kw
FIEaT WY T AAANF FEHIT:
FiFtFe UG 3 FgdTa wade
SeThT & ITY 1080 nm W AATaf@® 1
KW Yb3le CW WEsk ol & UHh
HAGTTAF HERLOT T TahrE QU &1 917 B
Jg X SSH 8 mm d&h HIesT iR 4 mm
T IS deh Afeser e F HeTH &

1 kW all-fiber Yb-doped CW fiber laser at 1080 nm.
1 kW 3ife-%18ear Yb-8rcs Hisseq ®Iga S| 1080 nm

Development of 500 W Nd: YAG laser for
underwater cutting of end plates of 19-
element fuel bundle with central Cobalt
element:

Development of a ceramic reflector and

double lamp pump chamber based 500 W
average power and 10 kW peak power
pulsed Nd: YAG laser has been carried out.
An underwater laser cutting tool operable
remotely from top of 5 m deep spent fuel
storage bay water pool has also been
developed and underwater cutting of Zircaloy
end plates of 19-pin fuel bundle has also
been successfully performed during mock
trials.

¥y Faee ded & WY 19-Re §ue
5 1 3Hd: Tolel AT Gl F el FeS
& faT 500 W w8 IreT SR &1 e

500 W 3t afda 3R 10 kw @

UieR FEfgd TAST ART AW W OIMTRA
fafAs Rorcterey 3R 9 ofw 99 dev =
faera fRam s &1 5 m B U HIROT
ST $S Ul & 3feel ok Hicar gof ot
fasfaa forar o § 3R Al graa & elie
19-TaT 8T §5d & ORI U Toler Hr
Ul & 3eed s T Ahadqdes $H TS|
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Laser Power Supply

e Output

Laser Head

Optical Fiber Ports

Power S pply
contreller

T
Azadiy,
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(@) 500 W/ 10 kW, Nd:YAG laser (500 W/10 kWp Nd: YAG &&RI)

(b) laser cutting tool for central Cobalt element (FET FaTee To FICA FT AT FYHIVTI)
(c) Underwater laser cutting ( &8 & ST Her$| )

(d) 19-pin fuel bundle and cut piece of web. (19-ReT §¥eT a5e T a9 F1 FeT TH3I)

Development of laser cutting process and
thick

recirculation tubes at TAPS-1&2 reactor:

laser cutting tool for 30 mm

Design and development of a remotely
operable laser cutting tool for recirculation
loop of TAPS-1&2 reactor has been carried
out. The tool can be mounted in a minimum
of 150 mm straight section of the pipe. This
laser cutting tool and process will be
deployed at TAPS-1&2 reactors for cutting

and replacement of recirculation loops.

b,
Laser cuttiy
nozzle

TAPS-1 3R 2 Rugex & 30 mm A
qAdHOT AT F AT AW Fwers i ufwar
3 Iu=or F1 RFE:

TAPS-1 3R 2 Rueey & qerdishor o

& fov g3ey ®7 & Farfed R & g
1 f3omeeT 3R Ao fohar aram g1 39aon
N UBY F TgAdH 150 mm Y W3 A
ST ST HehdT g1 $H o &icaT gol AR
TfshaT T TAPS-1 R 2 Rueredt & qeaishor
o I Fers AR gfdeue & fav derd
fepar S|

Laser cutting tool and mock trial for cutting of recirculation loop at TAPS-1&2.

TAPS-1 3R 2 R AW FEr g 3R GAIHT G F Fea FT Ak |
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500 W Nd: YAG laser systems for welding
applications:

Development of 500 W average power
and 10 kW peak power ceramic reflector
based fiber coupled pulsed Nd: YAG laser
system is completed. There are three fiber
ports in each system and welding nozzles
have been attached at the exit fiber ends for
welding the jobs. The laser system will be
used for high performance, leak tight welding

applications.

Tz

Azadi

Amrit Mahotsav

\TL 3

afeser eyt & faw 500 W Terst: amr
JuT REes:
500 W 3iga afead 3R 10 kw 9=

gax  fRfAe Reeeer  3maRa wER
gTAd Tfed TSt Irer o &A@
faera @ & I g1 Ychd ulell A A
w9 § 3R e & afesar & fow
fIPrT Bl ©R X AfesdT slstel SeT 1T
gl IR R{EeH F 39T 39 fsures,
Rara g afessr sl & fow o
SITEaT|

500 W/ 10 kW, Nd: YAG laser for welding application.
afesar srqwalr & fT 500 W/ 10 kW, Nd: YAG |

Development of power supplies and
control system for 360 kJ capacitor banks

for high energy Nd: glass laser:

360 kJ capacitor banks for high energy
Nd: glass laser have been developed which
included development of six power supply
units with capacitor banks and their charging
supplies, flash lamp trigger circuits and PXle
based control system. Resonant converter

based scheme has been adopted for

3T Fl TSl AT a8 & faw 360 kJ
qorTell T fA1:

3T Fol & foT 360 kJ HFI{eX §h
TSI O 9efaa fev v § Sad
Faffey doi 3R 3erhr anfSier 3mqfd, weler
o feer wfde 3R duFwsngs smaRa
AT gomel & Wy g el 3mgfd
shrsal T faerd enfAe g1 Huffex S« #r
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charging supply with approximately 250 mA
constant current output to charge capacitor
banks to maximum 10 kV. The capacitor
banks can drive 36 pairs of Xenon filled flash
lamps of arc length 400 mm to optically pump

Nd: glass laser amplifiers.

UL@ Azadiy,

Arrit Mahotsav

HOHIA 10 kV T T@el A & A
I 250 MA RN ddH 313 &
Y 3MYf AT A & AT 3Heflle hedacy
TR AISTAT 39S T8 &1 T HFAfAeX o=
TASN T oIHT TFIRThIRIY 1 3ifCeahel ®9
d 99 A & T 400 mm Fr &€ &
AT @ Y Tler o7 & 36 SIS Tl Fohdd
g |

i Flashlamp Triggering - ¢
& Preionization Unit ",/

360 kJ Pulsed power supplies for Nd: Glass disc amplifiers.
TAS): T 3EF vEaeleraRt & fAw 360 kI gew fagge amqfet

C.3. Laser Applications

Conformal Cooling Channel fabrication
by Powder Bed Fusion based Additive

Manufacturing:

A die with conformal cooling channels
is built using laser powder bed fusion at the
optimized parameters of 300 W, 0.08 m/s,
80 um layer thickness, 0.250 mm hatch
spacing. The built component is tested for
effective cooling using experiments and

simulation.

C.3. AW AHFTANT

UEst 43 Wud amuiRa fdfew
Aeghrafer qarr e dfide dew
fasoT:

3789 eNclelal HeTell & @Y Uh 315 300
W, 0.08 m/s, 80 um Wd Hierg, 0.250 mm
&7 W & 3Tgiad ATEst W A a1Es
S8 UgSlel @ 39U i ST T g
AffT ges a1 gaeE 3R g & ganT
gardr efidee & fow gdetor foRar T g
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Conformal Cooling Channel ( 39 afigersr dater)

CAD models for (a) external (b) internal
LAM built parts (c) external (d) internal

Development of dissimilar metal
components - Inconel-625 and SS304L
with graded interface:

Bimetallic structures of IN-625 and
SS304L with graded

fabricated at optimised laser power of 1150

interfface were

W. The developed bimetallic structures are
successfully deformed up to maximum
strain of 55% without any crack and
delamination at different temperatures.
These materials have applications in
nuclear industry to meet the extreme

environment conditions.

[ (@) 9T (b) 3TaAR®, & AT &z #AEA]
[ (c) gl (d) 3maRe®, a7 @AfFAaT s |
IYAT U] & 9 gehl F1 [ - wAF
ST F WY SAFAA-625 3T SS304L :

HfAF SIHT & AT IN-625 3R
SS304L #Fr gfaenfeas @@= & 1150W
I JeTpfad R AfFd W AT I AT
@i gfaerg Exa=n3it i afdes avams
WX fordr o IR 3R fSafAsiersT & foar 55%
& JfUhdH T T bl ds fdehd
T STar §1 WA gAEei oRfEufaal
ael AR 3e@T A ST aEgIn A
3G &l

(a) (b)

I

Substrate

P T g
IN 625
Gra dient Zone

ss 304L

Substrate Substrate

Deposited bimetallic structure of SS304L-IN625 with graded interface
TR BT F FIY THUH 304 UA-HTEUA 625 HT STAT gfaurg aT=ar
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Development of machine vision based
automated metrology system for

dimensions of PHWR fuel Punches:

The components used in nuclear
industry have very complex geometry and
must be manufactured with tight tolerance.
RRCAT has developed machine vision
based non-contact metrology system to
inspect dimensions of fuel punches, used
for manufacture of nuclear fuel.

Ta 71‘:1; =
L& Azadiy,

— AT peny
divaseegiT §U 99 & AA@AT & AT
¥ v 37 TRe smuRa w@afea agarsh
JUTTell T AT

AT SeT F ST FRT S A
aza#ﬁagﬁaﬁﬂ?aﬁ%@?ﬁ%ﬁ?@
gAdH 39T I F Fry AT fRar s
AMET| IRTHSIh & GAY] Su & AT &
Ry 3or B0 S 5 Su o 6 yara
Fr 0T e & v I7 gfve 3maRa
fdud Agerst gomer Rsfaa i 8

Metrology system photograph
AT RAFeA weRne

Gold-hydrogen analogy in small-sized

hydrogen-doped gold clusters:

The gold-hydrogen analogy, where
the chemistry of the gold atom resembles
that of a hydrogen atom, is a subject of long
standing debate. To resolve the issues
associated with this debate, the electronic
and chemical properties of sub-nanometer
hydrogen-doped gold clusters were
examined systematically. The genetic
algorithm coupled with a density functional
theory based method has been used to

Photograph of 6 variants of fuel punches.
§YeT 9T & 6 PRI A JER
BIC WFHR F FEo-APBT FGOT oo #
Mes-gIEIoT HEdT :

Mes-gISsleld  Teerdl, ogl I &
UTATY] HT THA GISZIold  GLA]  SiET
fe@ar & o 7T & 997 & fawg @
SH 9gH ¥ 3 Heal A gol el & AT,
3U-AAAHCY BISSISTA-TAAT FaoT Teal &
goldeliorh AR TErEfAe ol H cgaredd
T A ST AT IS | Gelcd FIATCHD QUi
maa fafr & @y gEwa s
TGINRLTHA T 39NN TI-3108 A & HHGI
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exhaustively search and identify the
energetically low-lying structures of each of
the H-doped gold clusters. The lowest
energy structures of H-doped and pristine
gold clusters are then employed to carry out
the calculations of their electronic
properties, their stabilities as well as their
reactivity towards the adsorption and
activation of CO and O2 molecules. The
study shows that in line with the gold-
both

properties and the adsorption/activation

hydrogen  analogy, electronic
characteristics of H-doped gold clusters
remain very similar to those of pristine gold
clusters. These findings clearly suggest that
the gold-hydrogen analogy is valid for the
energetically most stable isomers of Aun-1H

(n =2 -10) clusters.

_ 7/ -
UL@ Azadi,

Amrit p g | otsav

H I IAF & Foidled & F fAger Tax &
T3 A QU e § Tl AR gg=iieiat
& fov fhar o m ve-gics 3R Ho @Ol
TSl H o HH Foll AT H A
3eTeh goldglioleh UM, SoTehl TEURCAT & Y-
T FIeT A 3Fass 3R 3ifEdeT
3Bt & @A AR AR & gfa 3o
gfafsear & 30Er W & for @Eafea
feha araT | 31ETTST @ 9T el § o Mes-
gISgIolel HEAAT & 3eT&U, goldclioieh 0T
AR TS des FokeX & JAAWOT /
TihAUT &T0T el Hel TOT [eoT & FHAT
g1 ¥ sy Foe &9 @ § o w907 grssie
FEUAT FollcAs & T R AupaH (n=2 -
10) #ATEIT  Teol & AT d Bl

Hydrogen Mimics Gold
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Direct laser writer-based photo-
lithography unit for patterning feature
sizes ~10 pm on thin films:

A direct laser writer (DLW) -based UV
photo-lithography setup with provision for
angular and spatial alignment of multiple
lithography stages has been developed for
patterning thin film structures. MoSi and TiV
superconducting alloy thin film patterns for
superconducting micro wire single photon
detector (SMSPD) applications have been

deposited using this laser writer.

(i) SMSPD structure
under micr npe

ULQ Azadiy,

AmIit Mahotsav
qdell oAl W ~ 10 pm defefor d=R &
AT gcgar WX d@a 3uRa wle-
g sFrE:

gdell hed XT3N H oot el &
for % foumdr ot & @i 3k
T TEXGOT & UGl & A1 Th JogaT
WY o@edh (DLW) -3eTRd Fdr Bl
foemhr e Gefda frar r g
gRhsiFar  Agh-ay  fHarer  wield
3¢ (SMSPD) 3qwlail & faw MosSi
3R TiV geRehstacer s arg gael hed
F ool 3T W @S FT IYATT aleh STHAT
frT a1 gl

Controller

Direct laser writer based photo-lithography unit and deposited patterns

TcgeT Y @ ITUTRT Pre)-frgemd s+ 3 = e

Growth of largest KDP single crystal in
the country:

Single crystal of potassium di-
hydrogen phosphate (KDP) of dimension
160 mm x 155 mm x 120 mm with mass of
5.5 kg was grown using indigenously
developed solution crystal growth facility.

This is the largest crystal KDP grown in

U & IW 3 KDP Uk fheed &I
g

5.5 kg & gegHATT & AT 160 mm x
155 mm x 120 mm 3ITH & GRRTH 13-
gSaels] Biehe (KDP) & TUehdl foheed &I
Taceht e [ @ gafta T = §
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India. Such crystals are required for the
high energy laser program and these are

commercially not available.

g
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G268
| Ig YR # Tatid §e«d 937 fsheed KDP
gl 3T I oW FRIHH & T W@
foheeel &1 3MaeIdhar gy g IR X

GRS & & 39aley a7 &1

Water bath containing 50 L crystallizer

50 L forreamser god STd $3

Magneto Optical Trap (MOT) activities:

The working of cold atomic fountain
has been improved which is an integral part
of a Cold Atom Gravimeter (CAG) setup for
precision measurement of  earth’s
gravitational acceleration (g). The source of
this atomic fountain is a magneto-optical trap
(MOT) of 8’Rb atoms which involves three
pairs of counter-propagating beams in a
three-fold symmetry around the vertical axis.
The pressure in the CAG chamber was ~ 3 x
101° Torr with Rb vapour. The temperature
and number of cold atoms in the MOT cloud
were ~ 300 pK and ~5 x 107 respectively.
The cold atom cloud in the MOT was further
cooled to ~ 24 uK in optical molasses. Then,
the cold atoms from molasses were
resonance

launched by increasing the

KDP crystal
KDP feee

HFAA sifera o (T3 afafafe=r:

MNT WA Bear HT wRAGOT H
FUR fhar a7 § S g2l & JRcdrehyor
TaROT (g) & Tlh AT & folv Fles TeHA
ATAAT (CAG) ATHY HI Teh HiHewd 37T
€1 3§ TRATY B HT I *'Rb GRATUL3
HT Teh Hisler-3fCedhal eI (MOT) § oras
FEATER 36T & URT 3R BT foeq wafafa
A ufd gardt 7 & A Ferer afArer €
HosiT 6T 7 gard ~ 3 x 1070 Torr Rb arsq
& H1Y UT| TANE Folr38 A Mol wATIr3i
FT d9AT 3R FEAT FAT: ~ 300 pK 3R
~5 x 107 A1l MOT & efidel WATY] Fo133
Fr Jifteha AET H ~ 24 pK d& a1
fohar aram ar| O, AefdE @ &3 wATog3
# IO AT fded 7 @F Hr AR
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frequency detuning (8viuncn) Of upper three
cooling beams (directed downwards) while
keeping the detuning of lower three cooling
beams (directed upwards) unchanged. A
probe beam was passed horizontally at the
height of 9 cm from MOT centre to detect the
cold atoms launched in vertical direction in
the fountain. A probe beam, aligned
horizontally at fountain height of 9 cm to
detect cold atoms in the fountain, showed
significant flux of atoms in the fountain at that

height.

Cold atomic fountain

Oscilloscope

Probe m--4
PD
1 'd =9 cm
—— ~_Cold *Rb
‘L atomic cloud

MOT beams

Cold atom fountain geometry-
Schematic. ffd AT HearT

safafa-3m |

Single beam pyramidal magneto-optical
trap (MOT):

A magneto-optical trap (MOT) for 8’Rb
atoms has been developed by using a
pyramidal mirror for generating required six
laser beams for the MOT. Using the
pyramidal mirror, the MOT can be operated
by a single input beam without requirement
of optics for splitting and polarization

purpose.

Experimental setup — MOT
yrafs de3q - MOT

V4

Azadi

2 Amrit Mahotsay
FERIE) & egee Ingfy fSegfaar
e died fohdT IT AT, Siafeh foldel died
el A (IR &1 3R AERT) & [gea
&l FIRATAd @I 3T AT| FeaTer fgem
diled fhU 9T &3 YA T Ial ol &
forT MOT &g & 9 cm & FA18 W T UiF
d7 afasr &7 @ 9ag fear mam Saa
AT & 3eel@ed STRYAT I e
T 39 FA18 W AR |
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Signals for launch velocities

YHTEe 391 gaely o |

thd dH ARIAE  #Re-difesa O
(MOT):

MOT & fIT 3T ©F &l &iH
3ol e & TAT OfAs guor &1 3uer
wh YRb AR & fAv vw Haee-
Jffeeshel €T (MOT) fasf@a fRar ar=m gl
$H%h SaRT MOT &I fafsiel 3R ¢eehtor
36T & ToU Yemrfhr & HEedhdr &
foeTr Tehel go19e A arT Farferd fohar S
Hehell &

27



V4

Azadi

Amrit pMahotsay

\TL 3

. w
Anti-Helmhoktz coil &

(a)

Pyramidal
mirror
_— e

(b) (c)

20

15

10

Fluorescence signal (my)

0 200 400 600 800 1000

Time (ms)

MOT setup ( TH3E AT )
(a) Schematic of single laser beam using pyramidal mirror (RRIfAS gdoT Jora Ther AW T & INA)

(b) View of pyramidal mirror ( RRIfAE ador #1 727 )

(c) Signal measuring MOT cloud fluorescence. ( MOT Fd138 FaRAW & HAGar arer fRAaaAer )

Raman Spectroscopic investigation of
effect of varied nucleation kinetics on
the evolution of defect-mediated higher-
index facets in GaP/Si(001):

The surface nucleation kinetics play a
vital role in establishing the charge neutral
interface for further two-dimensional growth
the

attributes of polar/non-polar GaP/Si hetero-

and hence determine crystalline
structures. Taking these into consideration,
the influence of different nucleation kinetics
on GaP/Si(001) overgrowth layers quality
has been assessed in non-destructive and
Raman

The
defect-exposed non-(001)

expeditious manner via polar

Spectroscopy measurements.
evolution of
facets is ascertained, and subsequently the
best (~525 °C) nucleation condition in the
given temperature range is determined.
established Raman

These findings

spectroscopy as a quick alternative to other

GaP/Si (001) & F&* Ffeaa 3eT-ga*iH
et & Rem w R gfFadee
hdlFH F UHIT FT AT TFCHAH
qYa&ToT:

TG el $oAdierd gfaer fasma
& T arel sggel ST T el H
HecaqUT #ffAeh e § 3R safav ¢y
| R-YdT GaP / Si FRA-EITABT
frecea faAvansit & uTRa #d &1 5w
T H TG GO, YA TAT FHFEIEepdr A
& ATEIH @ GaP / Si (001) 3ifadefer et
1 IOTaT R Ao wgfFerRereT Hadiad
& GHIT T Hodihel 3eTlellcHs 3 e
adieh @ o arm B Q9-3=Arde IR-(001)
UgeI3i & a7 9T e I IR A
HA QU v auAT @A H OHEH S
(~525°C)=gfFerdere fFufd fAuiRa & a5
gl 37 fashul o IAGT TUECRDIdT i
v sgfFedes =oT 3R ardids
TR fasr & 3ffdhed & faU 3%
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standard techniques for the optimization of
pivotal nucleation step and actual epilayer
growth.
Development of GaAs based x-ray
detectors:

Gallium arsenide (GaAs) is among the
best-suited materials for x-ray photon
detection and three-dimensional imaging
under direct photon counting mode over a
broad energy range. Therefore, GaAs-
based detectors are developed and their
response in the x-ray region is probed using
low brilliance lab-based Cu-ka source and
high brilliance synchrotron source. The
developed detector is used to measure the
characteristic lines of various transition
metals such as Mn, Fe, Ni, Cu, and Zr at
6.5 7.1, 83, 89, and 179 keV,
respectively. Higher atomic numbers with
greater absorption cross-section open up
the possibility of the replacement of Si by
GaAs technology for high Z material
characterization. Such detectors can find
important  applications in  synchrotron
radiation facilities, nuclear reactors, and

safeguard applications.
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GG

Ald® deellehl & cdRd [dhed & & H
T fhar gl

GaAs HTURA TFAE-Y THAF H1 A

g IA188 (GaAs) TaE-Y Hield
HT IdT ol 3R T a9 Far 9AT W
e8] BIcled Peidl Alg & dgd &H-3mareT
SAfSHT & foT ded 39gFd gedl # § UF
gl sdfav, GaAs -3mua wgas &
faefla famam Sar § 3R vea-Y &1 & 3t
gfafshar & ST 3769 &ied Cu-ka @d 3R
3T givd  THICT AT T 3YTRT dleh Sl
STt 81 faenfad dqee &1 3uder f&affies
HHHAUT T3 S Mn, F, Ni, Cu 3R zr
faQwar omgar A FHAT: 6.5, 7.1, 8.3, 8.9
3R 17.9 kev W AN & fow fRar amar
g1 3% HIANOT HiF-Hed & qY 39
A8 AT [Aw9er & T GaAs ddelleh
SaRT Si & YFATATIST T FHIGT TeraT gl
WA Ruaet 3R Fraw  Aquaen A
FAgcaqUT g Hehd &
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Development of GaN based ultra-narrow
band UV detector with Simple Device
Architecture:

An ultra-narrow band ultra-violet
(UV) GaN detector having peak spectral
response at 366 nm with only ~ 5 nm width,
a UV-visible rejection ratio of > 2 x 10° and
detectivity of 1.3 x 10%° Jones at room
temperature is developed by an innovative
methodology. The device displays three
orders of UV-to-visible rejection ratio over a
wide temperature range of 150 — 350 K
showing great potential for narrow-band UV

detection.

Investigations on antiviral photo-

dynamic therapy for inactivation of
corona viruses in clinical samples:

The possibility of using low intensity
Photo
Dynamic Therapy (APDT) for inactivation of
SARS-CoV-2

samples has been explored on sixty viral

and low fluence Antimicrobial

using clinically isolated
swab samples suspended in viral transport
medium at different BSL-2 facilities. For all
the RTPCR

expression of the E-gene, open reading

samples, analysis  for
frame 1 ab (ORF lab) was carried out. To
ascertain the effect of APDT, the samples
with Ct values > 35 for the two marker
genes were considered as negative. The

increase in Ct value following APDT

o N Azadi,
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W fBasd nfdesar & HY  GaN
amRa  sfa-gdot d5 @ R @
faera:

T Afa-FheT §F  3ecr-arree (uv)
GaN gae [IgH shdel ~5 nm &R
& Org 366 nm W MY TWegar gfaferar
gicr 8, > 2 x 10° &I gdr-eed 3IEdiehia
U R ®AM & YA W 1.3x10"
Jones I TR Teh HiHeTa Geuid garr
fasfaa & =it 1 Ig 150 - 350 K &H Th
foegd doaEs daAr # A AT gd-g-
fafSiaer IFd 3qaTd &7 JeRid e ¢
St Ghrot-ds gt & dHae 7 & geraer
@ gl

Aerferd Tl A FRAT aRRE A AR
% T tdarRd BREmERE RNd 9w
gy

faffiest BSL-2 &al H arRRe gRage
ATEIA A AT A6 a—Rel T a1 T
JaIfd  § JUF Al H STANT FH
SARS-CoV-2 & fafSeaar & fou A
digar 3 A FHAGR TEASHIaTS B
AT HS AT (APDT) &7 39T el I
THTEAT T Il @111 17 g Ffl et &
for, s & ffalFa & fov
IRETABR faeewor, 3fua {fFar e
1ab(ORF 1lab) f&har ar ar| wdiEEr &
HTT T IdT oMY & T, &7 AT St &
fT Ct AW > 35 ard Al A ThRIcHS
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suggest damage and inactivation of the

virus.

o N

AT a7 AT| TREE & &g Ct AT H defer
IR & &fa 3R ASHTar g s &

Table-1: APDT induced damages to SARS CoV-2
arferent -1: THEET IR ard H3Er -2 FI glet arelr hdar

Ct (Meant £ Standard Deviation)
HET (AR fadeleT + Adald)

N-Gene ORF-1ab
Untreated control (without light and drug)
W foriFoT (ST 3R gaT & ) 27.2+2.9 26.3+2.5
Photodynamic treatment
AR Es 3TOR 33.8+2.9 32.4+3.1

Raman studies on single red blood cells:

Studies at the single cell level can help
in both better diagnosis and comprehension
of diseases. Raman spectroscopy in this
regard can facilitate such studies with its
rich information content and suitability of
operation in the native aqueous
environment of the cells. However, owing to
its extremely weak nature and inherent
motility of cells, an optical tweezer is often
required to hold on to the cells during the
in-house

period of observation. An

developed resonance Raman optical
tweezer has been set-up which can provide
an ~100 times enhancement of the Raman
optical tweezers signal when used for

analysis of single red blood cells.

TFHd Tl IFd FIAFIBT 9T AT ITeqIA:
Tehol PITAPT TAX T EIIA, SIATRAT

& gk THgT 3R e g & Acg
Thdl gl 30 TEY H AT TUFCITHITT
RPN & HA TN aTATGOT H 3=l
THCY I FHA IR FEre
IYYFAAT & Y §H W F NETTA HI
giaer gerel T Fohcll B ETellh, SHAT dge
HASIR THfd AR AR 1 afied
Ifaelerdr & RUT, 3dellehel T 3afT &
aRTeT HIRABI3T I Tehsed & fIT 3rFET T
3iffeeshel TdloR &1 TaThdT gidl &l T&h
$1-g13d  TAHhfAd 3fle T HiiTesho
AR TUIaa fohar o/ ar § St Tehel dTel
IFd RGBT & faeewor & e 3u3er
fPrT I W A e cdiey @eda
dr ~ 100 [T JEfer yerel T Fehl gl
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Raman optical tweezer Schematic
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C.4. Radiation Technologies
Agricultural Radiation Processing
Facility — ARPF, Indore:
The
processing facility (ARPF) has been offered

electron beam radiation

to industry for terminal sterilization of
medical devices (surgical gloves, syringe,
l.V. cannula etc). It can sterilize the medical
devices in their final packing (without
opening boxes), thereby eliminating any
chances of re-infection. The facility has FDA
licence for radiation processing of Risk
Class-B medical devices and AERB license
for operation. The facility also has 1ISO 9001
and I1SO 13485 quality management system
certifications. This is the first facility of its
kind in

sterilization service to the medical device

India for providing e-beam
industry. The sterility test on the irradiated

items has confirmed successful
achievement of desired sterility assurance
level. The facility also caters to gem industry

for colour modification of the gems.
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IR T HAT FhaFeT

C.4. fafevor vzt
P faferor gaestor glawr - wamdies,
sl

gordrelel e fafehor gEERIoT giaer
(ARPF) & Rfecar 3uaon  (afoiwd
o=, faRer, Jmgdr heem  3nfe) &
e & v 3c@er &9 gq 3udsy
AT AT gl I8 Rfkcar 3gaoi Fr
St R A & (sew @ foe)
faEshfAT Y Fhar §, fwd g1 Tshaor dr
fordT ot THTa=T At gATCT TRAT AT Fehcl
¢l 38 glaur & AfEs gl & Rfscar
3YHIUTT & TATRIOT JHERUT o TolT THSTT
rsdd 3R Fatee & AT TSR asdd
Te &1 giaer 7 1SO: 9001 3R 1S0:13485
IUTEAT Yt YoTell YA 8 81 Rifshear
3UEIOT 3T I $-S1H TIHHHACT {T UeTe
T F fIT I8 ARG #F 39T aE Fr gger
glawr &l ffedd aegst w fawsao
qETOT o ST TR T el 3TciieeT Hr
qiSe 1 §1 FE Glawm At & W7 g &
forT Tt 3cter &1 o 39t g
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Development of 9.5 MeV, 10 kW Linac for

food irradiation:

RRCAT has developed a 9.5 MeV; 10
kW linac for food irradiation. This linac has
maximum electron energy limiting system to
meet the regulatory limit of 10 MeV for food
irradiation. This linac has been tested for
non-stop operation of 32 hours at full rated
beam power for food irradiation using
volumetric dosimetry on coriander powder
and Poha.

An incubation agreement has been
signed for technological scale performance
studies of RRCAT industrial linac, KIRTI-
1010, (at 10 MeV, 10 kW rating) for E-beam
sterilization of medical devices in Indian

industrial environment.
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g fafdror & faw 9.5 Mev, 10 kw
Linac &T s :

Wgdis F @eg fafeor & v 9.5
MeV; 10 kw foie faefaa frar g1 &
foster # @reg fafetor & AT 10 Mev &r
s WA 1 Q@@ A F v dfsdH
SoFelel Foll 0T YoTTell & efaar 91353
3R Oigr W alegAfes AL &1 a2t
e ey fafetor & foav qur Ws @\
gra} WX 32 °g9¢ & 3fad yared & fov g8
forter &1 qdieTor faRar I B
RfFcar 3yl F - R[emar F T
ARARFE 3 foams, Fifd-1010, (10
MeV, 10 kW e 0X) & AR 3caiaes
ITATaRUT H cehsilehl YA & IRETOT & folT Teh
ST FASIA TR EEAER T a0 & |

il

Scanning

g Quadruple
doublet

KIRTI - 1010
AT -1010

9.5 MeV, 10 kW food irradiation Linac
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D. Technology transfer and

collaborative research

Chinese patent for "Portable
refrigeration system based on liquid
Nitrogen for transporting refrigerated
goods”

A certificate of invention patent has
been granted to DAE. The invention relates
to a new technology developed at RRCAT
for transportation of fruits and vegetables,
carried out in a specially developed
refrigerated container which is cooled by
using liquid Nitrogen. New technology is
highly eco-friendly. The technology has
been proven to be quite economical during
road trials as compared to the refrigerated

trucks prevailing in the industry.

Agni Rakshak - Raman optical fiber
based distributed fire sensor system :
'‘Agni-Rakshak’ is a Raman optical
fiber distributed temperature sensor system
that can detect distributed and local fire
events over long lengths. It basically
measures the distributed temperature over
long lengths (up to few hundred meters or
more) along the sensing fiber. Here, the
optical fiber itself acts as an array of
distributed sensing elements. The system is
very useful in detecting the onset of fire by
sensing the heat. It has the capability to
provide the information about the location,

width and temperature of the fire zone to

e Tam

UI—«SI& Azadi i,
T oot AMrit Mahotsav
D. wleafrehr gwararor 3 wgaah
T .

"gefifad avgat & aRaear & v @«
ATgeISel OX MR Giéasr gafiaer yorrel”
& Qv @ R

USTd H AT A FH FMISHR e
GAOT 97 AT IR™T §1 TG AASHR Hedl
AR afsaar & aRaga & fov womts &
fTrfa e a5 deeles & Hefd &, S
9w ¥7 & fawfaa weifaa seaw & fosar
ST & T dRT ASeISl T 3UAR[T e
33T T STl 8| oIS ohoileh GATAROT oh
el g1 HsH qleiol & R Fefeld
TRl gohl T Jolell & Tg cleheileh hIchT
frrac ey g3 &1

HT &TF - T WA A fochd BrgaR AaRd
ATIATT HAGH TOTTe :

'HIA-TaTH U (HA SHifCedhd BIgR
faaRa dr9AeT Fdew yormel § S ofsl gt
X faaRa 3R FUET AwT i geAt F
Ol @ Hebcl &l Ig HT & & AfFT
WIS & WY T S (PT H FHex A1
389 3% d%) # [TdRd avAe i A
g1 gl 3iifcaha BIBsX & AdRd Tdeed
dq3it @ Teh AR & & H SR HT B
FSAT I HTT T 3ET o9l I IdT o9l
H YOSl SE 3N 1 SHA 3T &7 &
T, FAR 3R AT & TR H IRy
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which the sensing fiber is subjected to. The
system can generate the audio-visual
alarms for various fire zones in the fiber.
'‘Agni-Rakshak’ has its applications in fire
monitoring in hospitals, buildings, road & ralil
tunnels, stations, cable trays of power
cables, high capacity transformers, coal
conveyors, warehouse and storage, cement
industry, oil & gas Industry, Nuclear industry
and sensitive installations etc.

The technology was transferred to
“Technica Fibre Tech Pvt. Ltd., New Delhi”
on Feb. 215t 2023.

 plariy 7f_. o
ULQ Azadiy,

AmIit Mahotsav
el el I &FACT §, 18 BEsX H
faffiee R e & v T seg 3T
3ol BT Tohdl gl EIATel, SARL, T3
3R Y G, T, fosTell dherell & eharer
¢, 3T &ACT dTel SRR, Tl HedR,
3egeT, WA 3T 3R Hdewrde
gfasared 3nfe & 3mr T FeRET 7 31fPa-
T & TS §

HeT T&Th  HiGIEIhr @ eTdeTenr
R ¢k ur. fo. fofdes &8 o
21 B 2023 Ff gEATARA fohar Imm |

4T Hehdh faefer T3 & O F ATHA

Agni-Rakshak developed at RRCAT
Wt # Refda afa we

Technology of Sheetal Vahak Yantra
(SHIVAY):

The technology of Sheetal Vahak
Yantra (SHIVAY) was transferred to
“Furmech Engineers, Indore” Ltd., Indore
on March 14" 2023. This technology
transfer will facilitate the development of
Liquid Nitrogen based refrigerated

containers. They have targeted the

AUdID alarm System temperature for
1 HTAH (GUI) | dynamic self-calibration
+
b Agni-Rakshak g O LR Temperature -

% 100105

Graphical user interface of Agni-Rakshak

#fFT-terw w1 Mivwa o Sbw
ffaer aw a9 Hr i@ (Ram):

fider ages oF (o) A defrhr
14 &Y 2023 & "wHe Soifagd, SR
faffes, sek & geaaRa & 71§ & | T8
GIeANART FEATAROT el ATSCISAeT TR
weffaa el & fara & glaer e
HM| Fell JR afeeral & gehfad aRaes &
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refrigerated transport of milk products with TY-TTY ST el I Heg I gIY Icqrar &
the help of theses containers as well as weffaa gRaege a7 o ofea far 2

manufacturing these containers for fruits

and vegetables transport.

Sheetal Vahak Yantra (SHIVAY) on road trials.
ofiaer arger I (FRramrr) wss gdietor @)

Technology under incubation vigafdr 3gerae ¢
e The technology of “Laser additive o tfefeg A=ahaaRer {eea o a3st-
9 N

manufacturing system using powder-fed e SRNEC Teloll SUIfolRE (TAUTH-NTH-

Direct Energy Deposition (LAM-PF- B"’Ié‘s"’f)" s Er glealE des Aeed
¢ N

AegthaaRor ur. fafAcs siarer, "3msfsarsr

incubation with 3 agencies viz., “Vfuse AM RIEEH (iAMS) Has' 3R o Hehe

Metal4 Manufacturing Pvt. Ltd. Bhopal”, .
_g _p RS, FeEIg" A FAFIHAT hg, INTTHI
“Ideas AM System (IAMS), Mumbai” and e
GART gEAIART &I 7S |

“Lokesh Machines Limited, Hyderabad”

DED)"(Twashta <cd%a) is  under

respectively.
e The technology of Circumferential TIG "R FhaAIRITe fear  afesaredere -
Welding—Special Purpose Machine (CHNUA-Adssey)  WOsl AR

(CTW-SPM)is under incubation with AR FT FEATOT AT TS AFsod "
“Metal and Membrane Pvt Ltd. Rau l;rl'g',ét e s 37»‘3@ ey sFIEFCI'q‘QIFT "
Indore”. "

& ded ¢l
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Development of =0.92 650 MHz
RRCAT's
Cavities for assembly in prototype
Cryo-Module of PIP-II at Fermi lab:

Superconducting RF

RRCAT has developed Super
Conducting Radio Frequency (SCRF)
various and

related technologies

infrastructures for future
accelerators of DAE. Three HB650

cavities have been qualified for assembly

proton

in Proton Improvement Program-Il (PIP-
Il) prototype Cryo-Module (pCM) at Fermi
lab. Successful integration of 650 MHz
cavities in pCM is an important milestone
towards development of superconducting

technologies for accelerator.

5-cell 650 MHz SCRF bare cavity.
5-8e 650 MHz, 3aTge 5-Wel SCRF 7@T |

g
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A T # PIP-Il F Wy FR-ATIT #
el & fAT B =0.92, 650 MHz IRTIGISH
¥ GRASHA IRTE FRAAST F1 AT

IRGIF o I5d & AfTST & Al caleh
& forw guX wsfFcer AT hredd (SCRF) &
I Tahfad fhar &1 AT o 7 diei gur
SRAEA-Il (PIP-Il)  WERST  HR-AlSIS
(dreee) & 3@del & fow dier HB650 TreTait
P AT §1AT AT g1 pCM FH 650 MHz,
TEIHT HT Fhel THUT s & fow
guehsiacar diegfaifeat & o & feer
# Uh HAgcayul Hiel HT YW g

String assembly for pCM of PIP-Il with 3 cavities
from RRCAT, India and 3 from Fermi lab, USA .

RRCAT #r 3 3k waff d, USA #r 3 Te1st we
di3médi-1l & pCM &t Rear riwelt
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E. Infrastructure

Deployment of parallel scientific
computing applications:
Deployment of various software

packages for parallel scientific computing
applications on Kshitij-5 High Performance
(HPCC) has been

completed. Important ones are Comsol 6.0

Computing Cluster

for Synchrotrons Utilization, Amber version
22.0 for BARC Beam

Espresso with GPU support version 7.1 for

lines, Quantum

Theoretical, Computational Physics and

Smilei version 4.7 for Laser Physics
Applications, WIEN2k-21, PHONO3py,
BoltzTraP2, Xmgrace - 0.26, XCrySDen,
Vasp-5.4.4 with wannier 90-2.1.0 and

Siesta-4.1.5.

Development of Indigenous gas
tungsten arc welding (GTAW) process

for austenitic SS:

RRCAT has developed a GTAW
process to produce fully austenitic weld
metal only by addition of controlled amount
of Nitrogen in the shield gas (Argon) while
joining austenitic stainless steels. A low-
cost industry deployable binary gas mixing
system (BGMS) has also been developed

so as to fully indigenise the technology.

E. 39U

FATAER o SR et
=T

fafer-6 3o Yedldl  wEcgfear
FoeeX (HPCC) W FHAWIRK JAlfels
shegfear w & for f[affea arreaR
St S AT ol & a1 ¥ e Rt
39T & folT Comsol 6.0, fIT3RAT &1
asal & foT Amber F&IOT  22.0,
Heenifae, Hrcgeesd Hifdd & fau s
FAST FEHOT 7.1 F F@Y Quantum
Espresso 3iR &R siifdehr seqwet & faw
TAGST  HEOT 4.7, WIEN2k-21,
PHONOS3py, BoltzTraP2, Xmgrace-0.26,
XCrySDen, Vasp-5.4.4 & HIT wannier
90-2.1.0 X Siesta-4.1.5 , AgcaqoT &1

At waww ¥ v el dw s
3T afeser (GTAW) 9fhar &1 fawm:

Wl 7 ifeefafes wadw wed
@SS gd Mes A (M) H AT
1 g #mr @ o @@ @@ @
Hreefafed des urq &1 3cdIesT et & fow
T GTAW 9ishar fasfaa &1 g1 Sieaifae
Al U G ¥ F@eRll s & fov veh &
AT dTel 36T dATdl AR a3l A
AfFTT fTea (BGMS) o awfaa fhar
T gl
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GTA welding of vacuum chamber using Binary Gas Mixing System (BGMS)
agert A ARFET RAred 1 3w FF d9gw Far A Hdv afesr

Fabrication of coaxial triple walled

discharge tube:

Fabrication of coaxial triple walled
discharge tube for development of glass

tube based COz2 laser was carried out.

ARy v AR des Tgg @1
fasor:

T TS TR CO2 A & Ay
& fov #ART fiud dies fSErel cgg &
fe#ToT foham arm|

Full length tube developed for CO Laser
CO, awT g RA=fa gt afdw

End joint showing Tungsten Electrode

TIFSST FAFCIS Tl Hoecd AT
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F. Other activities:
Activities of BARC Training school:

14 Trainee Scientific officers (TSOs)
from the batch OCES-2021 have completed
one-year orientation program and have
been placed in RRCAT, BARC and VECC
respectively. In the new batch (OCES-2022)

there are 6 TSOs.

Activities of Homi Bhabha National
Institute (HBNI) :

14 Ph.D. degrees and 10 M. Tech.
degrees have been granted under HBNI
program of RRCAT. New 14 students have
joined as JRF for Ph.D. program. Presently,
51 external students are pursuing Ph.D.
program in different disciplines. 20 officers
are pursuing M. Tech. Degree program from

RRCAT.

G. Public Outreach activities:
Setting up of Light Exploratorium at
RRCAT:

Under Azadi ka Amrit Mahotsav, a
‘Light
Exploratorium’ has been set up so as to

state-of-the-art museum named
inspire the students for research in the field
of “light science” and to kindle the curiosity
of the young minds. It was inaugurated by
Padma Vibhushan Dr. Anil Kakodkar,

Chancellor, HBNI on Friday, 8th July 2022.

\JLM Azadi i
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F. 3 IrfafafoT:

dreamd wfderor wwar fr afafafiar

MASTH-2021 ST F 14 g
Jarfae 3fRRET (TSO) o T ay¥ &
AfIeTor qreTshA A foram g 3R 3%
HAT: VS, fvsmEr ik a7
fAged foar arm g1 AT S (3EsTE-
2022) # 6 9fe] Bl

gl T ISE wEU (TTdiveAsns) @
afafafea

IR & TIEITINS HIHH & ded
14 Ph.D. 33t 3R 10 M. Tech. &r fafr
Y&l &7 5| Ph.D. d%H & foT JRF &
¥ A AT 14 BE AAS gU §| IAAET #,
51 aredr o1 f[affiesr TAwAT & Ph.D. FRIHH
# gfFafaa &1 W gbie & 20 3 M.
Tech. 33t v & enfaAer &1

G. asfad JAAaFIs Ifafafer:
IR 7 A5 TFACRARIH Y TYT:

HTSIIE! T 3T HEIcHd & T8, A8
HIgTery TG forar a/ar & arfs ot &t
gl faaer & & A ey & fav
IR forar S @ 3R gar AT @ S
deT T ST Fh| FHHT 3cHICA YshdN, 8
SeS 2022 H YeH fawor st A
HIhISHT, Felald, TIITAITS o fhar|
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Light Exploratorium inaugurated by Dr. Anil Kakodkar at Sukhniwas Palace, RRCAT, Indore.

gafaaw 43w, 8k & 3t sfae FrHEe @R are TFECAReRTHT F 3qEeT
DAE Iconic Week Celebrations at IRyl & U5 TEHF TodE FARE:
RRCAT:
DAE Iconic Week was celebrated HTSTEY &I 3HA Helcqd & T8 I3

under Azadi Ka Amrit Mahotsav. Talks on
“Indian Freedom Struggle and Science” and
“Satyagraha of Indian Scientists during
British Rule” were arranged during the
inaugural session. A meeting on DAE
incubation program was organized where
around 70 representatives from MSME
participated.  Another  meeting  was
organized at RRCAT to introduce farmers to
the liquid nitrogen based refrigerated
transportation technology developed at
RRCAT and named as Sheetal Vahak

Yantra (SHIVAY).

Several teams from RRCAT visited
different schools in Indore district during
DAE Iconic Week to spread scientific and
health awareness. More than 1000 school
students of 13 schools participated in
program. A separate camp was organised

in which the photonics based compact and

HISPIAch ACAlg HAIT IAT| 3cdead aF
& SR "HRAT Fadadr arH AR A=
3R "fofeer st & g HARAT daATfoient
F FAEE" W adr IAfad fr a5 AN
U3 SAFGEAT HRHA W TS doh
3mfaa i 15 o, [ gH MSME & SfaTs7aT
70 gfafafar o smer form am| IWwmils &
TRATAT I, T dABeratd 3meRa weiifad
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portable  cancer  screening  device
“Oncodiagnoscope”, developed at RRCAT
was used to screen over 150 individuals.
RRCAT celebrated
Science Day - 2022

under the “Azadi Ka Amrit Mahotsav”. More

the National

in an online mode

than 650 students and teachers participated
from 42 schools and 12 colleges in and

around Indore through the online program.

_ 7/ -
UL@ Azadi,

Amrit p g | otsav

a ¥ IiFaar & Shifer & fav fear
IgT AT

IRIYGIF & "3TAET T 3T Hgleda” &
agd TS faae fgaw- 2022 3ifeanssT A
H HART| TS FIHA & ATEIH F §aR
3R 3 A & 42 Tpell R 12 Sietsit
& 650 & 31T omEr iR et o sreT form|
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Awareness camp at Gawali Palasiya, Mhow
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Homi Bhabha Birthday celebration:

A six-day event beginning on 30
October, 2022 was organized jointly by
RRCAT and Vigyan Bharti (VIBHA)
commemorative of Dr Homi J. Bhabha's
The

concluding event was held on November 