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FRFRT TR
TS THAAT Jard NeAAH dheg (IRTHF), 3aR
AW, HUT e IR wEfRd dleafafesi &
JgaTe, e R e & & #A I ae
arell 97T 5 &l

450 MeV g39-1 31X 2.5 GeV 35H-2 SoiFcisT fAshicTeT
T TS T Fhaer & w7 F Faifoa @ E
IIATT H 3581 F 7 N7 orset 3R g2 18
TS Are] &1 ST & fov fwgie fafetoer
RO T 3Tereyar 339-1 F 22 "e/feT 3R $39-2
FH 17 g/ W ¥ 140 & IS MY yheEAT F
FTY SIAHIT 1000 ITARTRAT FA9T fhw 1w g

§5H-1 & 3eeidel I Hedl-Hherlel dash farstell
3MYfct 9Te deald, dogH feed 3R sEweEes
QEcH & gou & afafafear o @ §

15 freitare 3itda afda & soacia o & fou
Teh TR yaur yame ed (Eseey) gelerciol cavolt
I @ f3ase 3R s frar o g1 foees
& fou wh gl wEOCleRR 3MURT gore
Tifed AFHIdT guTelr fGwfaa &1 a5 &

wRdTE Fua seecis fooe ganr 1.9 fAfegs
Rafercar susol @ fafeRa far o &1 s@ giaw
& 39T HIAD I & @1 gAT F v 8l
3N garT fRar arm B
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Executive Summary

Raja Ramanna Centre for Advanced Technology
(RRCAT), Indore is premier centre working in the
areas of Research, Development and applications
of lasers, particle accelerators and associated

technologies.

The 450 MeV Indus-1 and 2.5 GeV Indus-2 electron
synchrotrons are operated as a national research
facility. At present 7 beam lines in Indus-1 and 18
beam lines in Indus-2 are operational. The
availability of synchrotron radiation beam for users
has been 22 hours/day in Indus-1 and 17 hours/day
in Indus-2. Around 1000 user experiments have
been carried out with more than 140 research

publications.

Upgradation activities for Indus-1 have been taken
up with respect to power converters for multi-
function magnet power supplies, vacuum systems

and diagnostic systems.

A Constant Gradient (CG) type traveling wave (TW)
electron accelerating structure has been designed
and developed for electron linac rated for 15 kW
average power. A klystron amplifier based compact
pulsed microwave system has been developed for

the linac.

The electron linac facility is used for irradiating 1.9
million medical devices for Industry. The facility is
also used for colour modification of precious gem

stones by the industry
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WS F FqE F 3OS A are AAw
THERUT cehellh A AT el @ TH 3T B
THaTer-Aer gurehsfarcar AT wierddr Hiadr (HB92-
RRCAT-104) & Hhadqds aAgclelel 319 o
|

5-8ef SHiacr 3fHer ufshar ¥t g 718 &, forwe fifoas
3, 9ol AR wsicer Rar S "ehl A 3Hergd
HAET # wehrepa fovam I B

TegAATH a8 & F1 20 AeyAHS &TAAT F TH
gelesy e T U9 (TEITSY) fawfaa fear
AT §| FTer - & T VoA &1 39T
el & BRIG §: 7 AR, 7T I [AShA0T X aur
e aita WAufdar (=1 15 gard)|

2 fareftaTe 3iTel-wTss Yb-doped CW @SR &7 fasnrd
fohar I 1 gerd JEERT FAHEH e &
fIT oIER 3M3ege &l 20 HIeX & FarEsT selleh glost
(FgsTT) fSeltadl wiseR Hiftesd el & ATeTH &
t|§?.n'qT?R1T%I

AEY @ U WHABRR (TAND)
PIMeHINAA T 3YIART b 100 are iaa afFa
Yb-gIts Q-Fae8 WiseR ofEX &I A fohar amam
1 38 AW T 3T U] T H TEE F AU
fohar SITTaT|

THUS, TR A 3cdles g # NUHAINR Sere
et & afeser & fav wissR Fiewa wfed Nd:YAG
R yoter fashfaa 3 derra i a1 B

AR AT Foll v # Il od agat i
e & fov T oE IMTRa womel fashfad &
3l wgEa oY 1 Rheae 3tEa afFd @ wEe
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A high B single-cell
(HB92-RRCAT-104) was

successfully nitrogen doped as a part of R&D efforts

superconducting radio
frequency  cavity
to induct this processing technique in the standard

procedures followed at RRCAT.

The 5-cell cavity dressing process has been
completed involving the integration of components,
such as the helium vessel, bellow, and adopter ring,

into the bare cavity.

A prototype sputter ion pump (SIP) of 20 I/s capacity
made of Aluminium body has been developed in-
house. The advantages of using aluminum body
instead of stainless-steel body are: light weight, low
out-gassing rate and low induced radioactivity (low

Z material).

Development of 2 kW all-fiber Yb-doped CW laser
has been completed. Laser output has been
delivered through a 20 m long quartz block holder
(QBH) delivery fiber optic cable for material

processing applications.

Development of 100 W average power Yb-doped Q-
switched fiber laser has been carried out using
(MOPA)

configuration. This laser will be utilized for cleaning

master oscillator power amplifier

of metal surfaces.

Fiber coupled pulsed Nd:YAG laser system has
been developed and deployed for FF, Tarapur for

welding of PFBR fuel pins in production line.

RRCAT developed a laser based system for cutting
of recirculation loop pipes at TAPS, Tarapur. The
laser used is 1 kW average power fiber coupled

pulsed Nd:YAG laser developed in-house.
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gfeAa wifdd Nd:YAG awX & o weaesr & &
faefaa frar = g

USTEAT WAV Fofl Hg-3 #, WYGH  garT
fafid R 3maTRa gomelr &7 3T W TA-
A Fole Yool Roclddie (STAHMIRR) TR0 &
a‘frl?rmﬁ61zaa’r|%cré?s'a’lg‘raﬁrs?r-¥h§$ﬁﬁ
AheIdTqash &I g

R Uisfea fafaaTor gy & faw 10 fhdtare
BIESR X YR SRRFES Talelt  f3Ifarere
(352N womelr Rwfaa #1 oA 1o g @
foes e & @y ARG ardreRer & 3ugEd 500
W ol TR YI3sY §5 Fefel (TAHETH) JoTrell
fasfa &1 a1 B

Tsh Wigd BreaR AfAAT 3 (TaA3) fafad
frar = & Y el gy weger & R
HcTeq Therafdl 3cdead T &

BT As FoeR el @1 fesa ik foew
T & G Bl SH BT H WAUHR FE RISl F;
i frw s W 10 7 & cafasor ardy & g=ror
¥ Tgel AR FeIer T FAUT AUt F FGeT g1 39
EIPIHAIY & LIGO-9RA IRAS=T & fow weh
freror giawr & &9 7 i@ fmar s @ B

WYYlF garT ford o gifee e & fou
TH CO: ol 3uRa yumelr fawf@a 3R
dreauadr, IR fovasdwd # waifa i g |
JHIFsFX FalcA AT & fawa & faw
A1gerss Jf0ash A Uil (vAdS) H giaw
T & 915 Bl

T foFel-ard BRI HBA SHRE (THEIITEIN)
Teehdl gomell W JUAresh  9erdy fReAehT
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In RAPS-3, the in-situ cutting of all the 612 bellow
lip weld joints was carried out successfully during
the En-masse Coolant Channel Replacement
(EMCCR) operation using RRCAT developed laser

based system.

A 10-kW fiber laser based Directed Energy
Deposition (DED) System has been developed for
laser additive manufacturing applications. Similarly,
a 500 W Laser based Powder Bed Fusion (LPBF)
system with the controlled atmosphere and heating

build plate has been developed.

An ultrafast fiber Mamyshev oscillator (MO) has
been developed generating stable train of ultrashort

pulses with controllable diverse pulse patterns.

Design and Development of a triangular mode
cleaner cavity has been completed. The primary
function of this cavity is to enhance the mode quality
of the laser light before its transmission into the 10
m interferometer being developed at RRCAT. This
interferometer is being developed as a training

facility for LIGO-India project.

RRCAT developed and installed a CO:2 Laser based
system at VSSC, ISRO Thiruvananthapuram for low

power experimental studies.

A facility for nitride molecular beam epitaxy (MBE)

has been established for development of

semiconductor quantum structures.

A low temperature Fourier transform infrared (FTIR)

spectroscopy system has been made for to
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3TChel/FTsT HHAUT Foil SHRS (IMSIR) &7 &
I &, 3 aRFfFd e & T a7 B

FEd rer Aed faffes gan @ Asgee Hicer
Teretter 'RIa W 3maiRa IWrees ¢ (Tw) &
Mo gATERIRar & fou adeor fFar /=m I8
3cue IRVl HT SAFGEA AT & dgeT
efaa forar o T &l

AIC T-g8 RRCAT & &R 3MUIRd Aol Tisfea
Hrgtheraiar & goAFgaesl & HEgA § uisRed
AegtheraRaT cehelich & TaeRferior 1 feom & e
T SArET & foIw HRART dleaferhr deare aiFrd &
IRNTST TF @FAeA A FAEgEee #HeX 3% g
S WERR A FEATTACT foham arm|

AIC pi-Hub RRCAT 3R cither #MeT gl geiaie
a1 He-ldsfad #Aea 3D [ #AMa &
AMTECH-2023 & R dlea fohar amm|

10 d AI9Te A3l Al UG 3R1IT Teraar 2023' H
WISle & ggelell H AR WER & FEAE &
o faarer #sT Aoh 7 uw QR @ weATed
o arm)

TaTo FJaTT 2023 % ded §eR FaTo ars e &
RISl I Gl Fqes Hleilel HT RERR Hell &l

*kkk
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characterizing the semiconductor materials whose
optical/vibrational transition energy falls in the

infrared (IR) region.

Refrigerated truck (reefer) developed by M/s Tata
Motors Ltd based on liquid nitrogen cooling
technology ‘SHIVAY’ is tested for its cooling efficacy
performance. This product is being developed under
incubation activities of RRCAT.

AIC 1-Hub RRCAT has been conferred with
‘Incubation Centre of the year award in a
conference held at Indian Institute of Technology
Bombay for the efforts towards the indigenization of
additive

manufacturing  technology

based Metal

through

incubation of Laser Additive

Manufacturing.

Metal 3D Printing Machine co-developed by AIC pi-
Hub RRCAT and Lokesh Machine Tools Hyderabad
has been launched during AMTECH-2023.

In the "10th Bhopal Vigyan Mela & Arogya Expo
2023' the exhibition by RRCAT was awarded the
'First' position in the Vigyan Pavilion Prize category

for Government of India Institutions.

RRCAT has bagged cleanest Colony award in
Indore Swachh Ward ranking under Swachh
Survekshan 2023 conducted by Indore Municipal

Corporation.
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AT THeT Ford WieFH Feg (IRTIAF),
& e IR fawr qur g & fow
T AT deq ¢l a¥ 2023-24 &% fav A
RaE ST & 718 &

A. et wieafafaar, fafeor
sieaifafrar sk 3a% st

A1.838-1 EIFd BRI Hoddlel Haole &
foT 9y Feacy Fr fawm:

ssg-1 Qe f[Afewor @a &, de-Fer
a9 gur & AU 36 GgFT Bl
AT Hcle &7 U Je TATT fhar T @r
Bl Y% duh IR e &1 "eHh 3chedd
Feater / s gfayal favor s 3k
Feare/afas gfayde geal & AT wiged
Fr T I & o7, £12 A, +7 V & 3T9-
e, ie-3m3eqe f@afa efaydy afFa &
24 Fwacy fowfda v & § deacda
HIgeH & & T Hichel I WhT Aol &
fore 3iftisras 3m3eqe T 125 A/ 25V IR
+100 PPM & 33eqe R & & vaed
g} Feacy o fowfia Fa o €1 fawfa
26 UTaR hefacy T TG I weArerfeiar qof
hr =i
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Raja Ramanna Centre for Advanced Technology
(RRCAT), Indore is a premier centre for Research
& Development and applications of lasers, particle
accelerators and associated technologies. Annual

Report for the year 2023-24 is given below:

A. Advanced technologies, Radiation

technologies and their applications:

A.1. Development of power converters for Indus-1
combined function multipole magnets:

In Indus-1 synchrotron radiation source, a set of
eight combined function multipole magnets are
being installed to facilitate Closed-Orbit Distortion
(COD) correction. Each magnet will generate four
magnetic field components, namely, sextupole,
skew quadrupole, and vertical/horizontal dipole
respectively. To energize the coils for skew
quadrupole  and vertical/horizontal ~ dipole
components, 24 Nos of high-stability, output-
current controlled bipolar power converters rated
for£12 A, £7 V have been developed. Two unipolar
power converters of maximum output rating 125
A/25 V and output current stability of £100 ppm
have also been developed to energize the two
series circuits of sextupole coils. Installation and
commissioning of the developed 26 power

converter has been completed.




T A1 $58-1 GFFT BRI Hecrdel Hae IR
Feacy

A2.358-1 # g1 A & fou Feq omse
fhey 3R M3 &1 A

$58-1 # HAlgar derel g7 Ase RweA
(BTMS) 3IRU% #ih3im3e fafr o3 3meniRa &
St gpfd # tadicAs gl safeT, §s@-1 &
HieTellssl TeT AU & AT Teh 3oold BTMS
faefld fhar aar g1 3eid BTMS &1 grafas
3T Wéeh A g H A R el
arelel & 9Ra e & fov e Rgq amsa
fFa 3R Re-3r7 gz@-1 Fr Bamsa, [ator
IR whEd Fem a1 (RF A2)l FsE-1#
IRT® Igfd 31.6 MHz 81 BTMS & =¥
gAffA® Il 126.4 MHz R darfad e &
fow fBarsa fhar arar § aif3s f3amsa & 50
Q & e gfderar gaRaa &= & fav
STfAfd, A 3R FHe T A gl
3eald RBggennssT frae 3R Rep3ma &1 deela
T AT oTell & v $38-1 & Fa1fid 3R
FaRE foRar I g
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Fig. A.1: Indus-1 combined function multipole magnet
power converters

A.2. Development of Strip line Kicker and Pickup

for tune measurement in Indus-1:

The betatron tune measurement system (BTMS) in
existing Indus-1 is based on RF knockout method,
which is destructive in nature. Therefore, an
upgraded BTMS has been developed for online
measurement of tune in Indus-1. The primary
objective of upgraded BTMS was to design,
fabricate, and integrate a strip line kicker and Pick-
up in Indus-1 to induce controlled betatron
oscillations in the beam for accurate tune
measurement (Fig.A.2). RF frequency of Indus-1 is
31.6 MHz. The BTMS is designed to operate at 4th
harmonic i.e. 126.4 MHz The mechanical design
encompasses the geometry, dimensions, and
material selection to ensure the characteristic
impedance of 50 Q.

Upgraded stripline kicker and pickup are installed
and commissioned in Indus-1 for betatron tune

measurement system.




T A.2:338-1F fov gu amsst e

A.3. ToIFIIH qeer &1 3TANT i AeeAiss
1 f3ams IR fara:

Ar=zs & 39T AR ol ot
H 7T § 3T Foll deh calRkd geaele diF #
BlHd Fel & fow fhar St & 1 9@ A, 2
HIeleilss AT Jferdistel HFd did & Sel-
MNfdd ©ge gares ¥ o 4| 39 AfFd
IS & FRUT 37 did & AIelliss ST JaTeled
et e g1 Wwbls 7 Ad taeses
TogAfATd adell feed &7 3T ieh SF
ufFd Igemg g fREEIdY Aedrss @
fEomsar 3k o fFar sr &1 Rsfa
T R W B T W AT
39N e dehd &9 @ afFifeha B arr
gl 3 UogAlagA dielissd & Fedled
fBarsar fhu v ek & fr smaeEsharnst
I QT AT §, 5 Tl A FolaclT fIH W)
PR WA & U IUgFT g TogAIHIA
gaell fecq & 9o Alaaigs &1 AfFd rveag
W@ dis AIel=iIss &7 o919 1/5 ar fRear g1
zgeh  Jarar @t @ika AEor awa
TogHIfaH Hieeliss WEd i Aleeliss #
STITSTIT 3TENT B
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Fig.A.2: Strip line Kicker for Indus-1

A.3. Design and development of solenoids using

aluminium strip:

Solenoids are used for focus in the electron beam
when it is accelerated from low to high energy in
the industrial electron linacs. In the past, these
solenoids were made from imported oxygen-free
hollow copper water-cooled conductors. The
running cost of these copper solenoids is large due
to their higher power dissipation. Recently, RRCAT
has designed and developed cost-effective
solenoids having low power dissipation using wide
anodised aluminum thin strips. The developed
aluminum strip solenoids have been magnetically
characterised using a hall sensor. The
performance of these aluminum solenoids satisfies
the designed magnetic field requirements, suitable
for focussing the electron beam in the linac. The
power dissipation of solenoid made of aluminum
thin strips is about 1/5th of that of the hollow copper
solenoid. Also the fabrication cost aluminum
solenoid with material is about half of that of hollow

copper solenoid.




T A3(a) ool & faT Togdifaaw wedr @t
3TART e [Gefad iesiiss

Fig.A.3(a): Developed solenoids using aluminium
strip for linac.

A.4. TR ygur e aieT caiur EIGST I
3amsa 3R Awqor:

e somcla foeis & fou IWwwls 7
10 MeV, 2856 MHz TR 9Yaul (Constant
Gradient) S9THT @1 (Travelling wave) caxoT
W fBarss 3R faefaa &1 a8 &1 38 =
T o3 IMUE T &, S1e AT sarfafa
H G ale ¥ aRafda fear smar g1 s9
gAIYC RUG-UIaR TWAAT & AeH § fawror
AT g, Al AT Foll A caxor faegd &
R Tgar &1 g e H @ A fGHAa
TEU-gfaarer dvaer 1 Joren & 3t ol
g8 ST g1 58-¥el HIWAT I fSSlged it
& foT P e grahg e fae
ae| FHT gTHT F IRIUIR HRLTT H IR
foRar a3, St 10 pm & d9gR F&d Fedar Hr
3TERIFAT T G A A Th 3o4-g1390 fAfdia
dis qol Ae-3 (RT Ad(a)) FT 3T Hh
SITSIaT & Tgel Tehlehd EXHAT T HRTH-forwqor
foham arar o, Sret &t Y aquraEr + 5 3l (R
A4 (b)) & SB, el-g-Ael TOT A IAH e
6% ¥ d5eR &, 3N AT IRTE cgfeler
& ek sEd AR guR ghml gg ow A
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T A3(b): Aleigs & e 38T W Affiee arI3t
Ife Hres Bx (9M0) 3R By(a¥) e Hies AIhrse
Fig.A.3(b): Field profile of error fields Bx (Left) and By

(Right) on the central axis of solenoid along the length
for different currents.

A.4. Design and characterization of a constant

gradient type traveling wave accelerating structure:

A 10 MeV, 2856 MHz constant gradient (CG) type
traveling wave (TW) structure has been designed
and developed at RRCAT for industrial electron
linac. Itis a disk loaded RF structure, where the cell
geometry is varied in a precisely calculated manner
such that when the input RF power propagates
through the structure, the accelerating electric field
remains constant in consecutive cells. This makes
the structure more efficient compared to earlier
developed Constant Impedance type structure.
Complete end-to-end 3-dimensional
electromagnetic simulations were performed to
design a 58-cell structure. All the components were
fabricated at RRCAT workshop, meeting the strict
tolerance requirements of better than 10 microns.
RF characterization of the assembled structure
was done before brazing, using an in-house built
bead pull set-up (Fig.A.4(a)), where the field quality
has been found to be acceptable with error in cell-
to-cell phase better than + 5 degree (Fig.A.4(b)),
and amplitude error better than 6%, which is quite
good and will be improved further during post-

brazing RF tuning. This is the first CG type TW




HhoIaT de faehfid ggell CGTW 6T &, 3R
&g Il & fov gl gen|

Fleece Afste (dieh) ersy Eafer aa (&ssey)
TFHORTEST FgFaR &1 Afier i et & aTe,
ST Ugol GG §F W FHA GIBRR (1-2
geol) W &\ wlreor wer R aw 15
fraitate $r ofera di afea erfde $r 718, 31k
foeR-4 & Hifahr Bomsa &1 afdea g
& ACIH § Al fohar a=m|

RT.A4(a): TafRoT 3o & fow IRmie &
faerf@d CGTW caior Eaer &l dis-gor qlieioT|
Fig.A.4(a): Bead-pull test of the CG type TW

accelerating structure developed at RRCAT for
irradiation applications.

A5.  YITie caleh & he U ¢FC T3 & fow
fAFeT-FaT fA-gENE s (LEBT) &7 A
3Td Foll Weld caieh & folv Soldex YoTlell &
faera fr Gem &, IRutes & v he-us exe-
s fapfld fohar o @1 B 5894 3 4,
LEBT, 3 MeV f3ar WhiFddl Fagdia (RFQ)
3R e @7 U arfAe €1 3T dd ¥ RFQ
d& §F & JERUT & foT; td wiFdee -
Foll  dA-gEdE osd & Hifadr 3R
galtferafier f3ammge favw arv | Aelsissd, dogH
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structure successfully developed in the country,
and will be useful for several applications.

After completing the brazing of the Constant
Gradient (CG) type Traveling Wave (TW)
accelerating structure, beam test experiments
were first done at low PRR (1-2 Hz) on the test
bench. The targeted beam power of 15 kW was
achieved, and physics design of the Linac-4 was

validated through various experiments.

7.A.4(b): FARTT HIFAST & T Ifd FIfAHT ToT
garfa & festar
Fig.A.4(b): Variation in phase advance per cell along

the consecutive cells

A.5. Development of low energy Beam Transport

Line for front end test stand of proton accelerator:

Towards development of injector system for high
energy proton accelerator, a front end test stand is
being developed at RRCAT, Indore. It consists of
lon Source, LEBT, 3 MeV RFQ and a Beam Dump.
For transmission of beam from lon source to Radio
Frequency Quadrupole (RFQ) physics and
engineering design of a compact Low Energy
Beam Transport Line (LEBT) was carried out.
Engineering design and fabrication of solenoids,

vacuum chambers, beam diagnostic devices and




1 FolferaRer fEamssr AR faAor forar amm
Faeel &9 ¥ faf@d 3IRUE 3mend HomcAs®
gISEIST 3T W A AT gRageT 3R fAwqor
& fow LEBT & @y agr ar (R A5(a))l
LEBT & &g W Acifas we7 & Tufg &ia
NHBST Al W SIF Tie gof fhar amar
(R A5(b))l T N 3R Fe F1 IRMAF
fawgor 350 A T fafdies Aeeiss e @l
foRar aram o

AT fROT HeROT & fAT; Tarsadr & TR
HAIEST I gTS3Ioll 3 Yaig &, AelAiss 3R
TR gash AW S A6t & fav
3rgepferd foham I ATl fH 3cHoi & vad
R O 31T H 9w Uic 38T Alelel W/
Jrgdr WIS T 3UART Fah AT =T AT
AT Fid H3cele W AT AT AATHT
ARUATH 3cfoiel o@dar 2423 w fAA-
UHRUST 7|

fIFA5(a): LEBT & &g IJwdl RF3MERT
FHOTcHS §IS3Iole 3T Ald

Fig.A.5(a): RF based negative hydrogen ion source
coupled to LEBT

A6. TIETH gHY FHS & T H 650 MHz
R 32 kW 3F 3aFaT yade  (Solid State
Amplifier (SSPA)) & fasrra:

32 kW, 650 MHz 31 31a€aT a4 & ford, 85
Nos. 500 W Ja¥ish (3r8ay &fed), 80 fGamcas
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support structure was carried out. Indigenously
developed RF based negative hydrogen ion source
was coupled with LEBT for beam transportation
and characterization (Fig.A.5(a)). Beam spot was
recorded on beam profile monitor installed in the
diagnostic chamber at central location of LEBT
(Fig.A.5(b)). Initial characterization of beam profile
and current was carried out by varying solenoid
current up to 350 Amp.

For effective beam transmission the operating
parameters of LEBT were optimized for
parameters like hydrogen gas flow rate, solenoid
and steering magnet current. Beam emittance was
measured using a Pepper pot emittance monitor in
X and Y axis. Measured unnormalized rms
emittances at the ion source outlet were

approximately 24.23 1 mm-mrad.

fIFA.5(b):ON-position & TerdAlss & Ay Reprs fomar
T TI-3AT AIF Tic

Fig.A.5(b): Recorded H-ion beam spot with solenoid in
ON condition

A.6. Development of 32 kW solid state amplifier
(SSPA) at 650 MHz as second unit for HTS:

For the 32 kW, 650 MHz solid-state amplifier, 85
numbers of 500 W amplifiers (including drivers), 80

directional couplers, and a set of rigid line RF
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giA® 3R TE-ellgel 3IRVG Tehl & Uh AT
T 9A&TOT fRAT AT IRTE Gl & e,
gats #H faffiet DAQ ®5 & &MU FPGA
3meRa fAgor 3R e {Ted &1 gomel
& degdr TA&OT F §IE, FEHT 39T 3T
fFd W Facl & & AHfAd dg9mss vareey,
afEaR® 3fe & 97T & forw fomam e

& A.6(a): RRCAT & HTS-2&% faw 32 kW, 650
MHz SSPA

Fig.A.6(a): 32 kW,650 MHz SSPA for HTS-2 at RRCAT.

A7. 3IRTH 9a8ah & folT 50 V, 150 A STl
eficTersh DC 9TaX Aol 1 f3aimset 3N e
IS A 50 V, 150 A aleX FHes ST 91
AlSYel & & AT 1 3, fafastor 3k 150
A EAN-EE W odetor fRar a=m | g 9ra)
ASTA H ARCYEAT faegr@ # FARIR
Farfera fRar 3R 300 A 37 @3 o)X 9dieToT
f&ham Sirdr &1 aq¢ e THD 30%, 3M3eqe
dieest Ruer (dieh g 9h) < 175 mV, 3M3eYe
diecs FEITEr <0.8% 3 FHIT G&Tdr 290%
gIieer T 18 &

ardt 50 V/150 A UraX HIsgel 1 FAGAR &
Farferd X 16 9T 500 dic, 505.8 AdMecsT
WA smgfa yade & @y gderor fear |

q&TT & R, S araR Alsgell B sEedA
T I |
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components were individually tested and then
assembled in two cabinets. In addition to RF
components, the amplifier has FPGA based control
and interlock system with various DAQ cards. After
qualification of the system, it was used for the
testing of indigenously developed waveguide

adopters, circulator etc. at high power.

&7 A.6(b): 32 kW, 650 MHz Taugdit & faeta v/sS
30T efdd & qretor aRome

Fig.A.6(b): Test result as O/P V/S I/P power of 32
kW,650 MHz SSPA

A.7. Design and development of 50 V, 150 A water

cooled DC power module for RF amplifiers:

Two numbers of 50 V, 150 A water cooled DC
power modules have been designed, fabricated
and tested on 150 A dummy load at RRCAT. These
power modules are operated in parallel in master
slave configuration and tested on a 300A dummy
load. The input current THD < 30 %, output voltage
ripple (peak to peak) < 175 mV, output voltage
stability < 0.8% and overall efficiency 2 90% have
been achieved.

Both the 50 V/150 A modules were operated in
parallel to feed 16 numbers of 500 W, 505.8 MHz
RF amplifiers. During testing with RF amplifiers,

DC power modules were optimized.

11




A8. RFQ# faw 325 MHz 3IRU® 3faRfear
AT W s-3MURT Jed IR TH IR
gatish &1 3arse iR fawm:

AT, ThhrRIc, 3T G&Tdl, deolellcAs &7 &
faeT vals Qees e S faffies et
ﬁzmﬁr@ﬁgMOOkW/sstHzTHsm
egIs Ty TWidd IRUE fAEeH 1 FH0T O
foham 9rar T 38 fT, TH 391 2gls & 39gerd
ARUE Yatieh Hiac-afhe IReel &l Jar-ar
Mz Sw, FMs Fofad  HiewRAT &
Farfad #e & fav Bamss fear @ § 3k
g 10% & TR FIS-3Id & AT 325
MHz 3/RU® 3TgRd 9X 100 kW JeH 3HRUH
UlaR T FHT H HeTH gl Yahd T[T A
foFeT At &I T el Ao g WA
W sA9e IR 3MFege widerer fAo= &
g & v fRar srar #

=T A.8: TH eIz 3marRa 100 kW / 325 MHz 31RT%
PEICD
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A.8. Design and development of tetrode-based
pulse RF power amplifier at 325 MHz RF operating
frequency for RFQ:

Considering various advantages like compactness,
cost effectiveness, high efficiency, comparatively
lower anode voltage operation the work of 100
kW/325 MHz TH391 tetrode tube pulsed RF
system was taken up. To this end, RF amplifier
cavity-circuit assembly compatible to TH391 is
designed to operate the tube in grid-bias, class-B,
cathode driven configuration and capable to handle
100 kW pulse RF power at 325 MHz RF frequency
with a maximum duty ratio of 10%. Fabrication of
amplifier structure is done with help of local
industry. Low power characterization of the
amplifier cavity is done for verification of input and
output impedance matching, over the tuneable

frequency range.

Fig. A.8: TH Tetrode based 100 kW/325 MHz RF
amplifier

12




A9. 15kW soaeld foretreh & forw sietdee,
Tifed 3= AP ASHIAT Tl HT ZoseT
3R oo

e R RAfRcAT MARE yien arer
15 kW Soaeisl foloer & faT 2856 MHz
fFeregiar wate 3muRa d9«, 6.5 AemAre,
Tfed ASHIAT gumelr [AHiad &1 a5 &1 130
KV, 90 A fFelegial I IfhT i & folT T
Ffed HIggele, 20-stage PFN type URRICI
& FY ThIhd g1 Ig fawrE 10 MV 3T afed
fostea & forw Ageaqet Argswiaa deafadhr &
Tacelt faera &1 ARt gered S|

&7 A.9(a): ATSHIAT JOTET H T

Fig.A.9(a): View of the microwave system

A10. THd-BT UHNRUS JGT FT Bl
BIEMEERCIRDE

IR 7 TS ST dTell ATeTeh IihaT3 &
30 JEEIUT dohelldh I eMTAT el o folw
3qHYT Ud A garEl & §9 A, UF 3T
B Ushel-Hel guishsiarcar AT shierddr Hhiaér
(HB92-RRCAT-104) &I =gglold 3rcs  fohar
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A.9. Design and development of compact, pulsed
high power microwave system for 15 kW electron

linac:

A 2856 MHz klystron amplifier based compact, 6.5
MW, pulsed microwave system has been
developed for 15 kW electron linac meant for food
and medical product sterilization applications,. The
130 kV; 90 A pulsed modulator to energize the
klystron, is a classical twenty stage PFN type
Thyratron switched modulator. The modulator is
integrated  with  klystron  amplifier.  This
development will pave the way for indigenous
development of the crucial microwave technology

for 10 MeV, high power linacs.

=T A9(b): el e diecst (fiel) & TRI®T: ~
129.2 kVp, 1 URT (F[elle) : ~ 91.93 A, TYHAF URT
@) : ~ 1270 A, FeECieT dlees Jed 3TS: 13.8 us
(70% W)|

Fig.A.9(b): Waveform of klystron beam voltage (yellow)

: ~129.2 kVp , beam current (pink) : ~91.93 A, Primary

current (blue) : ~1270 A, Klystron voltage pulse width:
13.8 us (at 70%)

A.10. Successful nitrogen doping of single-cell
SRF cavity:

A high B single-cell superconducting radio
frequency cavity (HB92-RRCAT-104) was nitrogen
doped as a part of R&D efforts to induct this
processing technique in the standard procedures
followed at RRCAT. The cavity was then light
electro polished, followed by ultrasonic cleaning

13




ATl HAE A SolFer diferer fhar sr=m am,
$E% TE el HHS 3N Iec-atr
gl & JT HPR fRar 3@, IS 1SO Fare -4
FolleT®H A @ AR 3bwel fhar o, 2K
W 30 Hfdel & A AMFd IRTEH &0 &
18.8 MV/m T 3 x 10" & a[uradr &R (Qo)

& Y 24.7 MV/m T 3chte &9 3ol HeFc
YUl & Gl Tol St @A aer fafader @
e gl

R A0 518t 7 R The-der I[gT

A11. 3ead ararayer FEfRa o sSieg &
5-8eT 650 MHz THHIARUS [T i S

Hfadr e gfthar & foge g, e, 3k
tseex ReT, 5@ 650 MHz 3T dfer
THHIRUD IET S Teehl T TehlhioT TfAer
€, 30 T afesdr Ufshamr H @THIT 20 H
fam oo §1 3w &7 &, &¥ 50-60 A+ &
afeseT I & 91, oEreeT U u¢ Hr Aafaa
fiaersT 3aftr wauEyEs W@ a g e
TET T FIeACHS ISl 3R IRTH Fediel
8 W ¥ | T & e, HTAE F ASME
Fs & AR foad 3R geE Aewar a@fed
FOR ATYAT qUEToN F I[GRAT sl &l $Hh
AR, T & IRTG UM, S 7 3egeTe
3rgfar 3R fega & woleaw, T ST &Y Siel
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and HPR with ultra-pure water, drying and
assembly in an ISO Class-4 cleanroom. Low power
RF testing of this cavity at 2 K revealed excellent
field emission free gradient up to 24.7 MV/m with
quality factor (Qo) of 3 x 101° at 18.8 MV/m which
is comparable to typical worldwide bare cavity

specification.

Fig.A.10 : Single-cell cavity loaded in furnace.

A.11. Dressing of five-cell 650 MHz SCREF cavity in

upgraded environment controlled glove box:

The cavity dressing process involves the
integration of components, such as the helium
vessel, bellow, and adopter ring, into the bare 5-
cell 650 MHz high beta SCRF cavity. This precision
welding procedure takes around 20 working days.
Notably, after every 50-60 mm of welding run, a
controlled cooling period of about one hour was
meticulously observed, safeguarding the cavity's
structural integrity and RF performance. Post-
dressing, the cavity undergoes rigorous
qualification tests, including vacuum and pressure
qualification in accordance with ASME codes.
Additionally, the cavity's RF properties, such as
resonating frequency and electric field flatness, are

examined and found to be well within the
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£ 3 R A11(a) 3R =T A11(b) #F gaff$ o
feTRa @t & aw @ arar &1 3 g9
SfFaTd 3R oETT aEr B Rreaweiar 3R
3afet 2 K gRarelel 8 3 HTeTshl shl 3fe]dTelel
g a3 &

R3.A11(a): 3ifa# 31 & a1 Telg alFw &
el arell Sfohes hiacr
Fig.A.11(a): Jacketed cavity after final dressing

coming out of glove box

A12. UegAfagd & ae1 20 Ne/Ahs &THdT
& T I 99 (SIP) & TUH AT I
$1-g138 faehr:
TogHITAIA(A) & TeT 20 FeV/AFS (Ips) &THAT
& 9fdAT FTIEX 3T 99 (SIP) &I SA-g13d
farfla forar amr & 3R aRfAs gderor &
g 150 °C @ d$-3M3¢ & o6 A &
dIAT W ~ 5 x 1010 fANIR &1 WA gd
gider fohar aram @1 vogAlfags @ sa
TEIMSW ¢ H gl aR ARfAa fFar = g1
SR T @ 39AT 9RURe & A
TEIEW §ae & AU fFar Sar & S e
A faFew g SR F SO
TogATATH FT 3TN el & BRIG o HA
YA (Low-Z T13al) |

ITSIT T W91 SRt e, SSR

Raja Ramanna Centre for Advanced Technology, Indore

arffes ufdde 2023-24
Annual Report 2023-24

prescribed limits as shown in Fig.A.11(a)&(b).
These comprehensive procedures and tests
collectively ensure the cavity's reliability and
adherence to stringent standards for its intended

2 K operating conditions.

A 11(b): 3T & a1 ez Felcaw AT IROUTH|

Fig.A.11(b): Field flatness measurement result after

dressing

A.12. In-house development of first prototype of
sputter ion pump of 20 I/s capacity made of

Aluminum body

Prototype sputter ion pump (SIP) of 20 I/s capacity
made of Aluminum body has been developed in-
house and ultimate pressure of ~ 5 x 101 mbar at
room temperature has been achieved after bake-
out at 150 °C during preliminary test. SIP made of
Aluminum body has been developed first time in
the country. In the industry, stainless steel is
conventionally used to manufacture SIPs, which is
an expensive option. The advantages of using
aluminum body instead of stainless-steel body are:
light weight, low out-gassing rate and low induced

radioactivity (low Z material).
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T 12(a): T&TOT Fe3T F Al T &= SIP (20 Ips)

Fig.A.12(b): Ultimate pressure shown by BA Gauge
controller

A13. Tfhcar 3usor fAsiqetor & faw
goldrelel dH TATROT FEERIOT Fidem:

9.5 MeV, 6 kW foremeh @R 3menRa Selergled &
fafesor  geeRtor ghawr A 1.9 MAfoE
Fafehcar susoll i1 §-fe fosiqasor #xdh T
& 3Taty g H ¥ A wE Rk
3YHI0T AATABT & Y 3A% 3cUrer, oY
A Hefen AR AN A W oEYeH
giiuifegsh fafdor @ar 9ol & & felu
faferor Frsilal o geaar fhw a1 g

ISO 13485, ISO 11137, ISO 13004, I1SO 51649
HToTehl I I[UTaT AT I G Al &
foe gfaer & weh @31 U FRFA o]
frar amr §1 ddraden R S
EaRT 1SO 9001: 2015 3R 1SO 13485: 2016 &
fow glaer i aif¥e BereEn sitfse & 8 2
fafororaArdy aRomaT &1 faeervor @efr s &
T fhar s 3R AdiveAs 9T I g,
ey gffc & ¢ @& e & & 1 AT
fASIIeRToT AT & 38 AT 38 N & 3R
JfOerda T AT ¥ 31fE T8 B

39 d& 19 or@ RAfehcar 3uavlt (~ 16 T=) &
$-dle Z@RT AL foham arar § 3R 3oer
& foT Sy R am= g
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T A12(b): BA IS e garr fR@mr & A g
Fig.A.12(a): Prototype SIP (20 Ips) made of Al body in
test setup

A.13. Electron beam radiation processing facility
for medical device sterilization

Electron beam radiation processing facility at
RRCAT, Indore based on 9.5 MeV, 6 kW Linac has
reached a new milestone by carrying out e-beam
sterilization of 1.9 million medical devices.
Irradiation agreements have been signed with two
major medical device manufacturers for providing
commercial irradiation service on chargeable basis
to their products, IV cannula and PP vials,
respectively.

Stringent quality assurance programme has been
implemented at the facility to meet the quality
requirements of ISO 13485, ISO 11137, I1SO
13004, ISO 51649 standards. Annual surveillance
audit of the facility for 1ISO 9001:2015 & ISO
13485:2016 have been carried out by CDSCO
notified body. Analysis of dosimetry results has
been carried out for all batches and is found
satisfactory, which confirmed that the dose
delivered to the product is greater than or equal to
sterilization dose (Dster.) and does not exceed the
maximum acceptable dose (Dmax,ac).

So far 1.9 million medical devices (~16 Tons) have

been e-beam sterilized and released for use.
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f.A.13(a): $-her FafahoT gEeRtor gl

Fig.A.13(a): E-beam radiation processing facility

Rfhcar  3ueRor  TRSIgHOT & 37,
UREIUE o AT Tead TR o W1 TqLTEA
& fou affcas 3R W I 35T &
fafeRRor dar werer i €1

A14. 2 kKW Yb-3l'8 CW WEEX oldX &l
ICEDE:E

975 aAeAteTex IfaT ST 3T ek 2 kW 3iTel-
g Yb-31c8 CW e &1 fashrd 3-Alsgel
AT T 3UAET b QAT I F1 AW
3M3eYe FHA JEERT I & forw 20
HeX o9 FaEST selid glesX (QBH) fEeliadr
wIga 3w Fae & AreTd ¥ Raka fwn
T gl

f.A.13(b):ARPF, $aR & foars carr fAsleged
RIfehcar el 1 For dear

Fig.A.13(b):Total number of medical devices sterilized by
LINAC at ARPF, Indore

Apart from medical device sterilization, ARPF has
provided irradiation services to gem industry on
commercial basis for colour modification of

precious gem stones.

A.14. Development of 2 kW Yb-doped CW fiber
laser:

Development of 2 kW all-fiber Yb-doped CW laser
using 975 nm pumping has been completed using
a three module configuration. Laser output has
been delivered through a 20 m long quartz block
holder (QBH) delivery fiber optic cable for material

processing applications.

R A14: BIER o¥R Al 3R W fIA7 FaSeR F ANy IR

Fig. A.14: Schematic of individual fiber laser modules and laser beams combiner.




A15. 3ua T T X afesr & faw 500
W T 91X BIge’ AT TAfed ND:YAG
SR &7 faera 3R Turger:
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A.15. Development and installation of 500 W
average power fiber coupled pulsed Nd:YAG
lasers for laser welding:

Fiber coupled pulsed Nd:YAG laser system of 500
W average power and 10 kW peak power have
been developed. This system is deployed for FF,
Tarapur for welding of PFBR fuel pins in production
line. Laser pulse energy can be varied by changing
the current in the range of 100-300 Amp, pulse
duration in the range of 4-40 ms and repetition rate
in the range of 1-100 Hz. Laser output has been
delivered efficiently through 600 pm and 400 pm
core diameter optical fibers with 90% transmission
efficiency and each laser has been equipped with
three time shared fiber ports. At the exit fiber ends,
welding heads of 0.5”, 1” and 1.5” optics have been

attached for welding of fuel pins.

T A15: FF aRTqT & guer 7 fesar &g vea 500 W 3iierd erferd 3R 10 kW Tdfee o afd 1 ND:YAG oieR
Fig. A.15: 500 W average power and 10 kW peak power pulsed Nd:YAG laser for fuel pin welding at FF, Tarapur.

A.16. 100 W 3ad 91X aa-8hs Q-Raes
FEeR ofEX FI [dhT:

AR 3f¥eex 9 TFaBR - (MOPA)
TIAT T 3ANT H¥h 30 kHz TRIGRT & T
180 ns Jed 37T & @MY 100 W 3iad 9rax
Yb-gics Q-Facs wEgeR ok &1 fasra forar
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A.16. Development of 100 W average power ns Q-
switched fiber laser:

Development of 100 W average power Yb-doped
Q-switched fiber laser with 180 ns pulse duration at
30 kHz of repetition rate has been carried out using
master oscillator power amplifier (MOPA)

configuration. Maximum average output power of
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T g1 100.8 W Aftehad tea 3msege
fF 30 kHz TrRIGRT &Y 3R ~ 64% T g&td
% WY, 140 W &I $oqc 9T ATl TR gIidel
g ATl 3.3 mJ T IHWRAH ToH Foir R 18
KW 3Tzdd uTaR giiae &1 15 Y| 38 s
H, 3AT GaEie, TFTerR 3R 3iiffeier avolt
1 gfdfed AR HcH-FIeT & FROT JHeT &
Uehel, IR INET T3l AT HH FAT 97
gelfaar A1 58 o 6% &1 3T a1 B Hder
$r Fwrs & fav e smeem

a3 A.16 (a): 100 W 3iraa orfdd Yb-3ics Q-Razs

HISSR AT F Il ARG

Fig. A.16(a): Schematic of 100 W average power
Yb-doped Q-switched fiber laser

A17. YTy JEERIYT I & faT o
SIS 99 1 kW BIseR o & oIt 91w dearg
T FaoN faehr:

AT 1 kW Yb-81t8 CW HI8eR ol & oIt 3-
kW araR Teerrs T Tacelt e fomar amam &
| S0 UG HCTS H 7 R SIS 1 A@elr H
Telll & fow 270 vV & 3fOhad  3feydreret
dledsT W 1-11 A @ FHARST 9aT8 &l a6
SIS & ATY UYIaY Hoalls T GLI&ToT foham aram
¢ 3R davee® T § FH W @ L
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100.8 W was achieved at 30 kHz of repetition rate
and input pump power of 140 W with a conversion
efficiency of ~64 %. Maximum pulse energy of 3.3
mJ and 18 kW of peak power was achieved. In this
development, thermal management, preventing
amplifier and oscillator stages from damage due to
back reflection and self-pulsing, and mitigating
nonlinear effects were the major challenges. This

laser will be utilized for cleaning of metal surfaces.

=T A.16(b): 100 W 3i1a 21fFd Yb-3its Q-fEa=s wrssk

[Sracy

Fig. A.16(b): 100 W average power Yb-doped Q-
switched fiber laser

A.17. Indigenous development of power supply for
laser diode pumped 1 kW fiber laser for material
processing applications:

Indigenous development of a 3-kW power supply
for the existing 1 kW Yb-doped CW fiber laser has
been carried out. This power supply has adjustable
current from 1-11 A at the maximum compliance
voltage of 270 V to drive a stack of 7 laser diodes
in series. Power supply has been tested with laser

diodes and is working satisfactorily.
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A.18. 3TT oIl R HIHA & fov 12-Feh
Nd:Glass TFIelIhIAR I Tahr:

3T Foll AR Alsgel # Nd:Iemrd H
12 5%, Sl Feler 9, sefalege RoFeacy,
3R sare TomE oS s fBEhes ¥d Sidhe
#F g g1 9\ o 3k Tl AR &
foT 15 AleX @9 ATATE H & JoTRR HEIT
I eheal [l IT §| FT AR Yollell & Th
Nd:YLF 3ifreex enfder & S 10 mJ / 10 ns
oY 9l &I 1053 nm 3cToed AT g1 3o o
Ted & AecaE yatd f=ama & 10 J d&
SEIT ST § | woler o7 i o, TafAfEd, 10
kV $9f&eT =ifsier 91y |oalts, qa-3maeiiehior
frar Srar &1 12 Nd:Glass 3% 1 3iifteana
gier & fF 400 mm 37F €TS arel 72 et
T ST @ 3uAeT AT IR §l HA AW
SoTTell, AITAUS 3R f3h TFuelwRR & geI
&1 37T: 890 (PR-Bles Foiareled) Alolell GarT
Thishel foham amam &

RAT.A.18(a):12-3TF ND:7ealTH TFTellhRR 3rdeal
Fig. A.18(a): 12-disc Nd: Glass amplifier assembly
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A.18. Development of 12-disc ND: Glass amplifier
for high energy laser program:

The high energy amplifier module comprises 12
numbers of ND: Glass disks, Xenon flash lamps,
involute reflectors, and blast glass shields
assembled in a desiccated SS housing. A 15-
meter-long arm VSF, having two cylindrical
chambers for beam injection and steering mirrors
has been assembled. The seed laser system
comprises of an Nd: YLF oscillator to generate 10
mJ/10 ns laser pulses at 4=1053 nm. These laser
pulses are further amplified to 10 J, in multi pass
amplification configuration. The flash lamps are
energized by six, in house developed, 10 kV
capacitor charging power supplies, pre-ionization
units and a control system. The optical pumping of
12 numbers of Nd:Glass discs has been realized
by using 72 numbers of 400 mm arc length xenon
flash lamps. The seed laser system, VSF and disc
amplifier are integrated by far field injection

scheme.

T A18(b):12-8FF ND7oH THIIBRR  dogH
Taifae fiheey & @1y

Fig. A.18(b) :12-disc Nd: Glass amplifier with long arm
vacuum spatial filter

20




A19. F3-dlieh wrssR AfAAT 3iifAeex (MO)
a1 faera 3R aRereor:

s Jfadig ®wssR #AfRAT 3o [Awfaa
frar mar & oY Aol f_fdy gew deat &
Y 3 oy gew i R & Y1 e €
MO & 9o 9ed 9.6 MHz T GeRIgf X &
Y WS R (THUANR ~ 65 el &
ST 112 mW 3itaa afda ~ 12 nd & ged
Foll o 3T UTed I STl g

RATA19 : BER MO AT 3IRG

A20. 1 pJ FaT Hr, ~ 750 fs, 1 pm T
SET JoH F IcUed e & faw IHifFeex

TFIHIRI HeHT &l faard:

3cTeY TUET &1 Hecl-hieled ATShIEhITl, Télh
AshI-ANHT, 3T uerat v afeser anfe
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T 98T fhar STaT &1 TFIEBRR WO &
3 A, gAY AT W IR T Ted
HFUTX A~ 260 mW Fr it afFa F g
< 750 fs 3af¥ $r §Nfsd ded & 3ot

TSIT T W SNt s, 3R

Raja Ramanna Centre for Advanced Technology, Indore

arffes ufdde 2023-24
Annual Report 2023-24

A.19. Development and characterization of mode-
locked fiber Mamyshev Oscillator (MO):

An ultrafast fiber Mamyshev oscillator (MO) is
developed generating stable train of ultrashort
pulses with controllable diverse pulse patterns. The
pulses from MO are highly stable (SNR~65 dB)
with a repetition rate of 9.6 MHz. About 112 mW of
average power is obtained corresponding to pulse

energy of ~12 nJ.

Fig. A.19 : Schematic of fiber MO setup

A.20. Development of oscillator amplifier setup to
generate 1 pJ energy pulses of ~750 fs duration at
1 pm wavelength:

Ultrashort pulses find applications in multi photon
microscopy, precision micromachining, welding of
dissimilar materials etc. In RRCAT, a mode locked
(ML) fiber laser is developed based on Yb doped
ML fiber oscillator as a seed source and
amplification of the seed pulses in multi-stage fiber
amplifier based on chirped pulse amplification
(CPA). At the end of amplifier stage, a pulse
compressor based on transmission gratings is
developed to generate compressed pulses of < 750
fs duration, with an average power of ~260 mW

resulting in >1 uJ pulse energy.
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= & fov Refta &Fr & G
IROTHAETET >1 pJ o8 Foll 3c9eT aiar gl

f7.A.20(a): Als-dle 3Tl TFIhRR FT3T
H NG

Fig.A.20(a):Schematic of mode-locked oscillator
amplifier setup.

A21. 1p a7 & 1 nd FoIT Yl et arel
< 300 fs Jo¥ WssR &Y f@TeH &1 AFh:

T&h AlS-dlich Yb 3I°8 Aia-wigeR Aiffeey #r
qd AR & HUR W QU1 YA qof
feYqur fBammeer 3R fawfaa fhar =r &1 Rers
fFT v A-dlE Ted A 3R TEgHA T
] ¥ " 1 pm W W gew IR amus
3iifCehel TIFEH &1 Thd d g1 oer 3R
ol Tof & RF ¥9erel S/N 3iedre & fow 3es
Hohd 3R 23.7 MHz W AlS & Jed & &R
HaTeleT I Y&l &l gl Ted Fol ~ 2 nd
A gl
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&7.A.20(b): FIs-clleh TR TFTTHRR AT

Fig.A.20(b): Mode-locked oscillator amplifier setup.

A.21. Development of engineered fiber laser
system delivering < 300 fs duration pulses and 1 nJ
energy at 1 um wavelength:

A mode-locked ytterbium doped all-fiber oscillator
in all-normal dispersion configuration is designed
and developed based on prior simulation. The
recorded mode-locked pulse train and optical
spectrum clearly indicate stable pulse operation
and broad optical spectrum at ~ 1 um. Short- and
long-range radio frequency spectra exhibit good
signal to noise ratio and stable operation of the
mode locked pulses at 23.7 MHz. The individual

pulse energy is measured to be ~ 2 nJ.

AC: Auto Correlator

LD: Laser Diode

WDM: Wave Division Multiplexing
YDF: Ytterbium-Doped Fiber
BPF: Band Pass Filter

ISO: Isolator

G1 & G2: Grating 1 & 2

PC1 & PC2: YdIeiuT fodaeh 182

PBS: ¢dIsIuT Beam Splitter

Fig. A.21: Schematic of the mode-locked laser setup
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A22. 30W #HIS dlh HEER  3HoclhRT
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SH W39 H UH QU AT qof fasigor
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¥ FfoAes 3m3ege (3 W) &fea (f = 100
mm) ¢ 3N Yb-8Its s Wiger I HAISIA &
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R o TR Sl g1 Jaftid 3m3eqe @ater
F VBG 3IMUTRA FUEX (G&Tar ~ 70%) H
Tqfsd forar STar 81 ssead ded wdSA &
o 3ifer Fowey W FAf3d god @ TR
A AT CFBG & gfadw 3R g s &
qul faeIqor & fAeeiar gl &1 =geide qifsa
Ued 3afer 3 W ER W 445 fs AT a7 B
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A.22. Development of 30-Watt mode locked fiber

ultrafast oscillator-amplifier system:

The set-up consists of an all-normal dispersion
mode locked fiber oscillator (seed signal 20 mW),
a chirped fiber Bragg grating (CFBG) based fiber
stretcher (for stretching the pulses to 500 ps), an
Yb-doped fiber-based pre-amplifier (scales seed
signal to 100 mW), a double clad Yb-doped fiber-
based amplifier (scales signal to 3 W), an Yb-
doped rod fiber amplifier and a volume Bragg
grating (VBG) based pulse compressor. The
collimated output (3 W) from Yb-doped fiber
amplifier is focused (f=100 mm) and coupled into
core (80 um) of Yb-doped rod fiber gain module.
The signal is amplified to a 30 W level. The
amplified output signal is compressed into VBG
based compressor (efficiency ~70%). For optimum
pulse compression the second and third order
dispersion of CFBG are varied while monitoring the
compressed pulse at Auto Correlator. The
minimum compressed pulse duration is measured
to be 445 fs at the 3 W level.

Fig. A.22: Mode locked fiber oscillator-amplifier set-up of
30 W average amplified signal
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3R 50 p & MR TEHAT It R & fow
250 mm x 250 mm &r Tl IW 10 mm x 10
mm x 5 mm & 16 solishl & AATOT FF
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A.23. Development of 10 kW Fiber laser based
Directed Energy Deposition additive manufacturing
System for large size component fabrication:

A 10-kW fiber laser based Directed Energy
Deposition (DED) System is developed by
integrating 10 kW fiber laser, beam delivery
system, 5% axis workstation, twin powder feeder in
a controlled atmosphere chamber. Further rotating
wheel-based powder feeder, purging system are
assembled in the controlled atmosphere chamber.
The built volume of 500 mm x 500 mm x 500 mm
is achieved in a closed chamber having 1400 mm
diameter and 1600 mm height. The developed
system is characterized by building 16 blocks of 10
mm x 10 mm x 5 mm on a plate of 250 mm x 250
mm to check the dimensional tolerance of the built

part and accuracy within 50 microns is achieved.

Fig. A.23: 10 kW fiber laser based directed energy
deposition system

A.24. Development of 500 W fiber laser-based
powder bed fusion additive manufacturing system:
A 500 W Laser based Powder Bed Fusion (LPBF)
system with the controlled atmosphere and heating
build plate is developed by integrating 500 W fiber
laser system with Galvano scanner, PBF main
structure, PBF controller, inert gas regeneration

and purging unit and software control unit. The
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% @Y 500 W HIseR o fAFed &l vhishd
P ARAT T 715 §1 PBF gomelr & fafa
el #H fa-greer 3T 3 & 5 mbar HeTcHR
g W AT AR FAH F TR AT SHA
5 ppm S§ATC @A T &TACT gl foes voe &
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T A24: ARG ardeRer & @y fasf@d LPBF
EHiC

A25. 1064 nm NPRO o®X & fau s
o #ls Foller afgT @1 3eirse 3R fawhra:
3TETURYT 3T Al YUl & Y o TehIm
Aid Atk Rar 3iffeer (NPRO) &
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#Hifrs TEM o |15 & AT fady &9 & 3rferrdy
¢, [ 58 Als &I FaRd & & fow 3o
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controlled chamber of the PBF system has
capability to maintain the oxygen and moisture
level about 5 ppm at 5 mbar positive pressure of
ultra-pure Argon gas. The heating of the build plate
is controlled with coil heating element and the
maximum temperature is achievable up to 350 °C.
The developed LPBF system is characterized by
building 13 square blocks of 10 mm x 10 mm x 5
mm on a plate of 150 mm x 150 mm at different
location both X and Y directions and an accuracy

within 50 microns is achieved.

Fig. A.24: LPBF machine developed with controlled
atmosphere

A.25. Design and Development of a triangular
mode cleaner cavity for 1064 nm NPRO laser:

Laser light source with exceptionally high mode
purity is prerequisite to achieve high fringe contrast
and a high signal-to-noise ratio at the Michelson
Interferometer's output in  Non-Planer Ring
Oscillator (NPRO). This specific triangular Fabry-
Perot cavity is exclusively resonant for the
fundamental TEMyy mode, designed to transmit
this mode while efficiently reflecting and
attenuating undesired higher order modes by a

substantial factor. The design and optimization of
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the cavity were conducted using Finesse software,
chosen for its triangular geometry that mitigates the
risk of back coupling the reflected higher order
mode light back to the laser. The resultant
optimized design was materialized in Aluminium
6061 T6 alloy, ensuring prolonged stability and

minimal thermal drifts over time.

T A.25: SolidWorks & ffel Hiftearer d3mse 3N fasf@a Bl aer 6 aedl
Fig. A.25: Optical layout with SolidWorks and the photograph of the developed triangular cavity

A26. SRR SueT R SAHAT wRAT]
ST Thol TCH! & IUTEdT AT & oI I-
e 3maa Agarst ik Aderor gonfert
Fr G

Wl # 3o 3R Aef@a s—r aw
dehelleh 9 3MaTRd Agialion fFea DAE &1
faffe sogal & TaRa fro oo €1 s
PHWR & $ust udl & faw, 3=a aReewar
IS Ao’ (HPTR) & fat, Faarfad su= dele
TS TAA BRE X ¥ Rueex (FBTR) &
fow 3R grfed wree sy Rusex (PFBR) &
ool AT & NAH AT A g1 5o yonfordt
#F£10 p 3R 10 p & ERESNTA §1 585
3temar, PHWR 9+ §5ai &1 3ifas cael «®
ST IeEEARE At B e & T T
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A.26. Development of machine vision-based
metrology & inspection systems for quality control
of nuclear fuel & nuclear fuel assembly

components:

Metrology systems based on shadow graph
technique designed and developed at RRCAT
have been installed at various units of DAE. These
include, for fuel punches of PHWR, for high
precision tube roller (HPTR), for automated fuel
pellet sorting station fast breeder test reactor
(FBTR) and for dimension measurement of tool set
of pressurized fast breeder reactor (PFBR). These
systems have an accuracy of *#10 p and
repeatability of 10 u. Also, an optical character
recognition (OCR) / optical character verification
(OCV) system is developed to read alphanumeric

characters engraved on end plates of PHWR fuel
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A.27. PW Ti: sapphire @& @Rl Seolecid
TaROT X 91T

IRste & e PW Ti: sapphire oRiX f@EeH
(Make- M/s Thales LAS France SAS,
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bundles. Machine vision-based system reads

these  engraved alphanumeric  characters
simultaneously and prints an appropriate QR code
on a tag. These tags will be attached to the bundle
for identification in successive stages of
transportation using QR code scanner. RRCAT

has developed 2 such systems for NFC.

Fig.A.26: Metrology system for pressurized fast breeder
reactor (PFBR) tool-set

A.27. PW Ti: sapphire laser experiments on
electron acceleration:

A PW Ti-Sapphire laser system (Make- M/s Thales
LAS France SAS, Elancourt Cedex, France
Model: ALPHA 0.1 x S 1 PW) has been
commissioned at RRCAT Indore. The PW laser
vacuum beam line and beam line accessories have
been commissioned and coupled to the vacuum
Plasma Chamber. The PW beam of 220 mm
diameter is propagated through vacuum beam line
and it is focused in the vacuum plasma chamber
using large aperture dielectric concave mirror of
focal length 4 m. The beam focus is characterized
and it is measured ~ 30 microns (FWHM). The
experiments on the laser Wakefield acceleration in

gas jet (Nitrogen at gas density ~10"gm percc)
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using PW laser beam have been carried out at
laser intensity of ~2 x 10" W/cm?. The laser was
operated at power of 400 TW and subsequently its
power is increased to ~ 530 TW. The well
collimated electron beam of < 10 mrad divergence
with a maximum beam energy > 500 MeV is

achieved.

AT A.27: PW OIT golacle S Whsd 3R FeT e (a) 400 TW,(b) 530 TW
Fig .A.27: PW laser electron Beam profile and Energy Spectra (a) 400 TW and (b) 530 TW

A.28. IRFEL # A RN A Uraw
goats T TATT 3R HaAfET;

IRFEL # solagial i\ & ol TR # Jef
T A & fAv vh Fud dg e gaw
qTaR TCTS FT 3aegshar At Ig AT ffer
& NI R G&TAT T AT oo H Heq
FITM| Th Hhl Tod & Foll faTdR HT AT
el & fov I & Fealer afayda fhes
dash @ Gihd a & fAT vh 9 gears
feomesr, fawfaa, Tdetor 3R waRE f T8
Y| fasrelr 3mqfd fafader & 3==aq omm: 2.6
kA, @18 9hea: 0.2 pH, Jed YeRIGN &T: 1
Hz, 37 37 Qf@*): 7 ps 3R 0 3131 500
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T F Fodl URT Jod 3cdeod I & foU
CHBER & GIafdAs W Teh WO dlecsl o]
foRaT /T §1 o3 URT T e TABER ¥ AT
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A.28. Installation and commissioning of fast
steering magnet power supply in IRFEL Tunnel:

A compact fast steering magnet power supply was
required to measure the increase in energy spread
of the spent electron beam in IRFEL. This
measurement will help estimate the laser efficiency
during lasing. A power supply was designed,
developed, tested and commissioned to energize
fast vertical dipole kicker magnet to study the beam
energy spread within a macro pulse. The power
supply specifications are: Peak current: 2.6 kA,
Load inductance: 0.2 pH, Pulse Repetition Rate: 1
Hz, Ramp up (linear): 7 pys and Ramp down: 500
Us, peak current stability + 0.1%. A step voltage
has been applied across the primary of transformer
for generating a linearly rising current pulse in the
magnet. The load current has been measured with

current transformer
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o A.28: IRFEL Q&1 & O TEIRET gae & e 3mgfed 3R gt amr adar

Fig. A.28: Fast steering magnet power supply in IRFEL Tunnel and its current waveform

A29. TAPS-1 3R 2 Ruser Rapelere ofd
& gfaeus & fau SR & desiien Hr
deTe:
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A.29. Deployment of laser cutting technology for
replacement of TAPS-1&2 reactor recirculation
loop:

TAPS-1&2, started their commercial operation in
1969 and are in shut down for maintenance since
Jan. 2020. Replacement of TAPS-1&2 reactor
recirculation loop is to be carried out. Due to high
radiation dose involvement, space constraints,
several equipments falling in the path, large
thickness and diameter of 30 mm and 682 mm
respectively, laser cutting was found to be
appropriate solution. For this purpose, RRCAT
developed 1 kW average power fiber coupled
pulsed Nd:YAG laser with variable pulse energy,
pulse duration and pulse frequency was installed at
site. Design and development of a novel motor
driven tool based on five trolleys was carried out.
This tool was mounted in a 150 mm straight section
of the pipe and speed of rotation is in the range of
5to 100 mm/min. Single pass laser cutting process
for 30 mm thick SS316L tube has also been
optimized and deployed successfully for in-situ
laser cutting of one of the most complex locations
of TAPS-1 Loop-A weld joint between secondary
steam generator (SSG) and pump with minimum

radiation dose consumption.
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Fig.A.30(a): Assembled structured packing catalyst
module.

TSIT T W SNt s, 3R

Raja Ramanna Centre for Advanced Technology, Indore

arffes ufdde 2023-24
Annual Report 2023-24

Fig. A.29: In-situ laser cutting of Loop-A weld joint
between SSG and pump in TAPS-1.

A.30. Development of Platinum loaded carbon
aerogel (Pt-CA) coated structured packing catalyst
modules for CECE based heavy water

decontamination application:

The development of Platinum loaded carbon
aerogel coated structured packing catalyst
modules is aimed at enhancing specific Platinum
loading per volume of the exchange reactor
thereby reducing the size of decontamination plant.
The work involved synthesis of Pt loaded carbon
aerogel (Pt-CA) in collaboration with HWD, BARC.
Testing of these modules in the hydrogen-water
exchange column at RRCAT showed good
catalytic activity with deuterium enrichment
measured in terms of D/H value from 44 ppm to

106 ppm at H, gas flow of 15 Ipm.

= A30(b): 45 91 TRIR W AT 3R Alsga|

Fig. A.30(b): 45 nos. of finished structured packing
catalyst modules.
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3R T fmar @ g

T A.31(a): AF0T goTTell & &Y FAdleihd T
TIS-3TRAT CO2 olel|

Fig.A.31(a): Refurbished glass tube-based CO:
laser with Control System.
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A.31. Development of refurbishment technology for
aged sealed-off glass tube CO;, lasers and 150 W

RF excited sealed-off CO» laser:

An indigenous refurbishment technology has been
developed for aged glass tube based sealed-off
CO:2 lasers. A refurbished 80 W glass tube laser,
along with in-house developed control system, has
been installed at VSSC, ISRO
Thiruvananthapuram for rocket fuel testing
application. The refurbished laser has been
working satisfactorily. In addition, a non-functioning
imported 150 W metal-tube based RF-powered
sealed-off CO, laser, received from VSSC,
Thiruvananthapuram has also been refurbished

and deployed.

=T A.31(b): H?:ﬂ?hib—cr RF F@ifaad 150 W CO, o
83| Fig.A.31(b): Refurbished RF-powered 150 W CO2
Laser Head.

A.32. Laser cutting of all the 612 bellow lip weld

joints  during coolant  channel

replacement (EMCCR) campaign at RAPS-3:

en-masse

RAPS-3 reactor started its commercial operation in
June 2000 and after an operational life of ~22
years, based of life assessment studies, AERB
decided to go for en-masse coolant channel
replacement (EMCCR) campaign in 2023. In May-
June 2023, laser based cutting technology for
bellow lip weld joints was deployed and in-situ

cutting of all the 612 bellow lip weld joints was
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Ti Tolc W Cu WRd & TaHhH:

qRARS gfshar &1 39T Ad gU Ti (>400
&) T 931 97 vl IR FreaeT 500 um AlCrS
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carried out successfully and separation of all the
bellow rings was ensured for all the bellow lips.
Two indigenously developed 250 W average power
Nd: YAG laser systems with fiber optic beam
delivery were utilized for remote cutting from north
and south vaults. Radiation dose consumption was
minimized with remote operation by means of fiber
optic beam delivery and remote control of tool
rotation and laser system. The time required was
one weeks as against the estimated requirement of

3 months.

Fig.A.32: Laser cutting mockup of bellow lip at RAPS-
3&4 site

A.33. Development of Cu clad Layer on Ti Plate
using laser directed energy deposition:

Development of Cu clad layer of thickness around
500 um on large base plate of Ti (>*400 mm), using
conventional process, is challenging due to
delamination of clad layer. To overcome this
challenge, advanced manufacturing process such
as laser directed energy deposition is highly
suitable. For this project, an indigenously
developed 2 kW fiber laser based LDED technique
with controlled atmosphere is employed. For the
laser cladding, gas atomized Cu powder with
spherical shape and particle size in the range of -

106 to 45 pym is used. To achieve crack and defect
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3R &UT 3MFR & T1Y AT veAsss Cu U3t free clad layer of Cu on Ti plate different process
T 3TTT AT ST &1 Ti ) Cu i &R 3R parameters such as laser power, scan speed and

powder feed rate are optimized. The thickness of
A HFT W Ied A & fAv da oy,

clad layer is turned out to be of the order of ~500

Thet a1t 3R 913t s e S [Affe gfsear

. pm.
AYCST T IeThiod fhar Sar g1 Fdts
$r Ales ~ 500 pm F I & ST &l
=T A.33: §3 Ti Oskee (sTr e 450 ﬁp:ﬁ) a3 AT Fig. A.33: Cu clad layer deposited on large Ti substrate

diameter 450 mm).
Cu Foig Tl (d )
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AT AHeAT Word Me@RT Feg & Rswiera
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2024 T ST TEAT ST 1000 g1 31T B
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AT a1 ISt §58-1% faw ~5700 8¢ 3R
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R B.1(a): FMNT 3M€TIT TARN FT 559-1 TFAT IYASFAT
Ayl

Fig.B.1(a): Typical user mode operation of Machine
studies experiments Indus-1
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B. Basic and Applied Research:

B.1. Indus Synchrotrons facility for research
applications:

Synchrotron radiation sources, Indus-1 and Indus-
2 at RRCAT, constituting a national facility, are
operated for the synchrotron radiation (SR) user
community in round-the-clock mode. Eighteen
beamlines on Indus-2 and seven beamlines on
Indus-1 are operational which are being utilized by
a large number of researchers from universities,
academic institutions, national laboratories and
industries. The total number of user experiments
carried out on Indus beamlines have been more
than 775 and expected to be around 1000 by the
March 2024.

The availability of SR beam for users has been
around 22 hours/day in Indus-1 and 17 hours/day
in Indus-2. With this performance, the projected
beam availability for the year 2023-24 is expected
to be ~ 5700 hours for Indus-1 and ~ 5600 hours
for Indus-2. This performance is at par with similar
synchrotron radiation sources operating in other
countries. A typical user mode operation of Indus

machines is given in Fig. B.1(a) and (b) below.

RIT B.1(b): 33H-2 T YFUT IUANFAT AT TATel=T

Fig.B.1(b): Typical user mode operation of Indus-2
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Two days are reserved every month for
experiments related to machine studies and
improvements. The experiments carried out in
Indus-2 during this year are: (a) Broadband
impedance  measurement  experiment  (b)
Calculation of alignment offsets of BPIs using BBA
address the

technique (c) Exercises to

temperature rise issue of dipole vacuum
chambers, (d) Operation of machine at the
minimised closed orbit distortion (COD) orbit, and
(a) Trial operation at low emittance optics. These
experiments are aimed towards enhancing the

performance of Indus-2 and its sub-systems.

Training & qualification of operation staff:

The Training, Qualification and Licensing
programme for 5th batch of operators has been
completed in June this year. In this batch, a total
of 39 operators have been trained & qualified at
levels 3, 4 and 5. These personnel have been
deployed for round-the clock operation of the Indus

facility.

B.2. Testing and calibration activities of various on-
board instruments at Indus beamlines by ISRO

research group:

Users from ISRO have used Indus-2 beamlines to
perform calibration of various detectors related to
their space missions. Solid state drift (SDD)
detectors identical to the ones on the SoLEXS
(Solar Low Energy X-ray Spectrometer) payload,
on-board the Aditya-L1 satellite, have been tested
in the energy range 6 - 22 keV. Cadmium telluride
(CdTe) and Cadmium Zinc Telluride (CZT)
detectors, installed on the HEL10S payload, on-
board the Aditya-L1 satellite have been tested in
the energy range of 10 -27 keV. HEL10S payload
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is a hard x-ray spectrometer that is designed to
study solar flares in the energy range of 10 — 150
keV. Swept Charge Device (SCDs) detectors,
which are designed to perform spectral studies on
celestial bodies, will be mounted on the XSPECT
payload of the upcoming XPoSat mission, and
have been tested in the energy range of 0.5 — 16
keV.

Fig. B.2: Swept Charge Device (SCDs) detector of ISRO
mounted on BL-03 of Indus-2 for soft x-ray testing.

B.3. Installation and commissioning of mechanical
loading stage for in-situ x-ray diffraction at

Engineering Applications Beamline, BL-02, Indus:

Deforming metals during the recording of x-ray
diffraction patterns, is a useful tool to get a deeper
understanding of the coupling between
microstructure and mechanical behaviour. A
mechanical loading stage for in-situ x-ray
diffraction measurements was installed and
commissioned at Engineering Applications
Beamline, BL-02, Indus-2, for carrying out the
studies. The mechanical loading stage is capable
of applying compressive and tensile load in the
range 0-5000 N with a maximum sample size of 70
mm in length, 5 mm in width and 3 mm in

thickness.
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TIGAT AT & T @efeh HFd Golcd  Bolelld

B.4. Installation and commissioning of new
Transmission Electron Microscope, Talos at
RRCAT:

Talos F200X is a state-of-the-art transmission
electron  microscope (TEM) that combines
outstanding high-resolution (S)TEM and TEM
imaging with energy dispersive x-ray spectroscopy
(EDS) for compositional mapping and selective
area electron diffraction capabilities. This system
has been installed and commissioned in Indus

Complex.

Fig.B.4(a): Transmission Electron Microscope (TEM)
installed in Indus Complex

Fig.B.4(b): High resolution TEM image of Gold cross
grating demonstrating the point resolution better than
0.25 nm

B.5. Development of Neural Network-based Pauli
potential for the advancement of orbital-free
density functional theory:

The Pauli kinetic energy functional and its
functional derivative, termed as Pauli potential,
play a crucial role in the successful implementation

of orbital-free density functional theory for
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electronic structure calculations. To exploit the
advantages of neural network models, a feed-
forward neural network based representation for
the Pauli potential has been developed. Using the
neural network-based representation of the Pauli
potential, the ground-state densities of the 1-D
model system by

exploiting the energy

minimization principle are calculated.

Fig B.5: The degree of match between the exact (black
line) and expected (red line) density for three different
ground-state configurations: (a) two spin-less particles
singly occupying two lowest energy states, (b) three
electrons (spin-1/2) occupying two lowest energy states
according to the Pauli exclusion principle, and (c) three
spin-less particles singly occupying three lowest energy

states

B.6. Bulk electronic structure of martensite phase

of stoichiometric Ni;MnGa Heusler alloy:

Density functional theory (DFT) study, using the
available theoretical model structures as well as
various experimentally determined modulated
structures of Ni,MnGa alloy, has been carried out.
For the obtained atomically modulated periodic
structures, all of the characteristic features in the
theoretically obtained valence band (VB) specira,
calculated from the density of states using DFT,
are in excellent agreement with the low
temperature hard X-ray photoelectron

spectroscopy results. The existence of a charge
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density wave (CDW) state in the martensite phase
from the shape of the VB near the Fermi level is
established. The work emphasizes that the atomic
modulation plays an important role in hosting the
CDW phase in the bulk NizMnGa alloy.

Fig.B.6: Comparison of experimental (photoelectron
spectroscopy) valence band spectra with the DFT-
simulated ones for the cubic austenite and martensite
phase of Ni;MnGa alloy

B.7. First set of experiments using light from the
IR-FEL:

After optimization of the operation parameters of
the infra-red free electron laser (IR-FEL) at
RRCAT, Indore to obtain an output power ~20 mW
with power stability of £5 % in the previous years,
the 45 m long dry-Nitrogen flushed optical beam
transport line has been optimized to transport ~4
mW IR power up to the user area using 17 large
size mirrors. First experiments to study the
transmission of FEL radiation through a standard
TPX material and a standard silicon sample have
been done by tuning the IR-FEL wavelength from
15 - 30 um, and a good agreement with the
measurements using a Fourier transform infra-red

(FTIR) spectrometer have been obtained.

Iron oxide thin films of different compositions have
been deposited, and characterization of these

films for structural and electrical properties has
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K dIAT # degd IR 3R REES (0.2-1.2
THz) TTelhdl I ST 3oTch  HATSHIFCFI, UGN,
FHUTHIAT, WI-that A3 3R ofew sfa & FRor
dofta AR & Heet # & TS| I DT Tder
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F FRUT TSl FTARIROT & Hhd @ T, S
g Rdeifaa & 3 TrbfAiehar &1 Tohd &
g1 aRumAT & 9ar gofar § 7 Fe,03/Fe;0, AT

been completed to establish their suitability for
their study using the IR-FEL radiation.

Fig.B.7: Transmission of FEL radiation through: (i) a
standard TPX material, and (ii) a standard silicon
sample.

B.8. Studies of iron oxide thin films for potential

spintronics and other applications:

The dielectric permittivity and terahertz (0.2-1.2
THz) conductivity in the temperature range 2- 300
K [Fig.B.8(a)&(b)] of a series of iron oxide thin films
of different compositions and thicknesses
deposited on Si substrate were investigated in
terms of their microstructure, grain size, presence
of grain boundaries, anti-phase boundaries and
strain disorder due to lattice mismatch, with an aim
of future IR-FEL utilization. Signature of charge
localization due to impedance mismatch between
the grains and grain boundaries were observed in
these magnetic thin films, indicating their

relevance in terahertz spintronics. The results
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reveal that Fe,0O3;/Fe3z0Os composite thin film
exhibits a very large absorption coefficient
[Fig.B.8(c)] and a reflectance < 8% [Fig.B.8(d)] for
a film thickness as low as 20 nm. This indicates the
utility of this composite for stealth technology. The
study also indicates that optimizing the Fe*? /Fe*?
ratio in the films during the deposition itself is the
key towards realizing their full technological

potential.

f24.8.8: Fe, 05 /Fe; 0, HFATIC (60/40 TT0Tcl) TcTell fthes
&1 CTEES TrIer

B.9. ArH-2NT5 reATA-NE R F @Y Rz
aEdr (seacieidea) fSasy -

sociiieiaded et & IR F1 FRUT ST
Sonforafier rquaien # AH-AGREE & w9 #
3eTohT HHTTAT 39T g |STa-degd Tdcieh i fdegd-
fawdY gads ganrr sfaeurfa o o @1 & #=ifs
faegd fawdl yacdet & faegd & 3chaAT & 8ol
arell Ao g1fa & I &, 3= fawrde gidr &,
QIS ' 3TaRTRAT et gichr 8, 3R gfafshar stecr
gicd 81 goifdeeh Bles $3gFs dleRmsa 3R o
feafdier I g1 areh e arfer esraa &1 3aRs
Tfd dedaa-aics. NuaATa-fd MFF T 9
U Sodcliiciaea f3arsq &1 &Y A#wr forar =
¢ 3R 10 kv/em ST facgd &9 Fo oo Gl

ITSIT T W91 SRt e, SSR

Raja Ramanna Centre for Advanced Technology, Indore

Fig.B.8: Terahertz properties of Fe;O3/Fe;04

composite (60/40 ratio) thin film.

B.9. Electrostrictive device based on La-doped
PMN-PT ceramics:

Interest in electrostrictive materials is due to their
possible use as micro-positioners in precise
engineering applications. Piezoelectric actuators
are being replaced by electrostrictive actuators
because the later have low hysteretic losses under
electric field reversal, high displacements, no need
of poling, and very fast response times. Electric
field induced polarization and strain switching has
shown minimal hysteresis loss [Fig.B.9(a)]. An
electrostrictive device based on in house
synthesized La-PMN-PT

fabricated and tested up to 10 kV/cm external

ceramics is also

electric field. Maximum polarization (Pmax) is

increased approximately five times compared to
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the ceramic at the same external electric field.
Fig.B.9(b) compares the P-E loop of a ceramic disk
against the electrostrictive device which also
reveals minimal hysteresis loss. The external field
is switched at 1 Hz. This material is promising for

adaptive optics and micro-positioner application.

Fig.B.9: (a) Field-induced polarization switching of
8/65/35 ceramic and (b) its comparison with
electrostrictive device - Electric field switching: at 1 Hz

B.10. Development of a low-intensity pulsed
ultrasound source to study the effects of low-
intensity ultrasound on the mandibular growth
modulation therapy:

A portable Low-intensity pulsed ultrasound source
(LIPUS),

piezoelectric ceramic discs was developed to

carrying the in-house fabricated
study the effects of low-intensity ultrasound on the
mandibular growth modulation therapy. It involved
fabrication of PZT (53/47) based customized
piezo-electric ceramic discs by solid-state reaction
route. The geometry of the discs was optimized to
achieve thickness mode resonance frequency in
the range 1.48 to 1.50 MHz The ceramic discs
were used to develop a portable battery-operated
electronic drive along with two channel probe to
generate bursts of 1.5 MHz ultrasound pulses of
intensity 30 mW/cc at programmable repetition
rate (Fig.B.10). The complete module, comprising
of piezoelectric discs, two channel probe and
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driving electronics is being used at Government
College of Dentistry, Indore for clinical work and

testing.

Fig.B.(10): (Left) In-house developed module for low
intensity ultrasound generation and (right) magnified
view of ultrasonic heads, carrying piezo-electric disc

B.11. Development of ultrafast self-powered
visible blind UV photodetectors based on MgZnO

vertical Schottky junction:

Visible blind UV photodetectors with fast response
that can work without external bias (self-powered)
are useful for a number of specialized applications
like UV communication, early missile detection and
astrophysical UV imaging. Fig.B.11(a) shows
schematic diagram of the Au/MgZnO/ITO Schottky
junction in crossbar geometry. The vertical
geometry of the crossbar pattern and the
associated small device cross-section results in a
low junction capacitance of the devices of ~ 27 pF
at zero bias, which in turn produces extremely fast
visible blind self-powered ultraviolet (UV) photo

response with both the rise and fall times of ~ 1.5

us.
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Fig.B.11: (a) Schematic diagram of the Au/MgZnO/ITO
Schottky junction in crossbar geometry, (b) The
normalized responsivity spectra of the device showing
visible blind UV photo detection, and (c) the temporal
photo response showing fast response

B.12. Development of a cold atom gravimeter:

The accurate measurement of earth’s gravitational
acceleration (g) has several applications in mineral
exploration, geology and monitoring of seismic and
tidal activities. In this regard, a gravimeter for
accurate measurement of g has been developed
using a cold atom interferometry technique. The
setup has a magneto-optical trap (MOT) for 87Rb
atoms which has three pairs of MOT beams in
three-fold symmetry [111] geometry around the
vertical axis (Fig.B.12(a)). Cold 87Rb atoms at
temperature of ~ 25 pK were launched vertically to
form an atomic fountain. While atoms are in the
fountain, the Raman pulses (connecting F = 2 and
F = 1 of ground state of 8’Rb) are applied for atom
interferometry with a sequence as 1/2-T-11-T-11/2
(1r-pulse duration was 12 ps). The Raman beam
frequency requires to be chirped to compensate
the changing Doppler shift due to gravitational
deceleration “g” experienced by upward moving
atoms. This Doppler sensitive Raman excitation is
monitored by measuring the atomic population in
F =2 state as a function of Raman frequency chirp,

called interference fringes. The fringes are also
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I g, oad sexaiAfes et gred gidr g1 T
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Fig.B.12(a) : Schematic of the cold atom gravimeter.

B.13. @@l FRIfAE gqur & g3leT & Fiedae Hvael-
3fffeeehel &9 (MOT) &1 faerra:

Hrer-3ifeaer T (MOT) B3 H RIfAT gqor &1
3YYRT s AifCehel OTahl T IMALThHdT T TATdT
€1 FE TH MOTHCHT &I Farfsa o aalrar &1 39
3¢5 & v wa w@fAffd 40 mm x 40 mm @reer
RfAs Wrads F1 39T MOT de3™ & fow fRar
IR §l UHV ET & 3HeX FOfAsaAr gdor wumidd
fohar a1T| 58 a7 & Shael Teh JelhR Ydlshd oI
A @t fgse famar Srer § 3R fOfAs gdor W @A
& gRUTATE®RT 91 MoT & faAoT grar &, s&fs
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sensitive to pulse separation T. The common
maximum of interferometric fringes for two values
of T, enabled us to know the central chirp rate (ac)
required to compensate the phase shift due to “g”.
As shown in the Fig.B.12(b), this chirp rate is
estimated to be 25.08499 MHz/s, which gives
acceleration due to gravity ‘g’ as 9.78617+0.00003

m/s2.

T B.12(b): g AT & AT T Tow A STTHUALT
T
Wﬁ?:é@ﬁﬂﬁa(ac)ﬁmmm
EX &1 gAY ThieieT H FAMcHS ST

Fig.B.12(b):Raman pulse atom interferometry fringes for
g measurement.

Inset: Experimental data for precise scanning of the
frequency chirp rate around the central chirp rate (ac).

B.13. Development of a compact magneto-optical

trap (MOT) using a hollow pyramidal mirror:

The use of pyramidal mirror in a magneto-optical
trap (MOT) setup saves requirement of many
optical components. This also makes a MOT setup
compact. For this purpose, an in-house fabricated
40 mm x 40 mm hollow pyramidal reflector, has
been used for MOT setup. The pyramidal mirror
was installed inside the UHV chamber. Only one
circularly polarized laser beam directed into the
chamber and incident on pyramidal mirror results
in formation of MOT, without the requirement of six
beams as needed in a conventional MOT.

(Fig.B.13(a)) shows the photograph of the atom
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B.13(a)) FORITAS EUUT & 3ieX 9 MOTH B8 AT
dTeeT T aEdR #1 g2ar &1 (R B.13(b)) MOT &NfSar
3T @ geiar &, S THET & Ty MOoTH gt
# gefa gufar g1 BIcsrs & MOT & GATIL3T &
Tear & fav Ffose fhar ar gqa ¢@r fF 45A
& fEEdaT e 9 9T 2 x 10° YTATY] (87Rp) MOT
H H gU 91T AT | HET A JUAT G & A &
fere MOT fSaT Ser (eNfSer |oy 3R ATV
Hod H&an) 1 39Aer (e B.13 (b)) A foam arar
ATl 45AF f3EIEY T W a1 ST 6 x 108
torr 9TAT I1AT|

IEE) B.13(a):fE|Tlﬁ3?f=lT MOTH faurfara efaer XA A

Fig.B.13(a): Trapped cold atoms cloud in the pyramidal
MOT

B.14. 13¢18s 3MUifdes (Aifeleger) oA wiuderd
(MBE) giaem shr T

Arserss 3Muifas (Alfaager) dF Tfadsdr (MBE)
& forw uen glaer wurfid &1 15 & STel AT (W)
FET H 1x10™ (2% 10™) torr &I 3HAH JegH ured
frar s 38 MBE A # we F3-aT EXTeT gar
¢ S ad dud 1 gehig gEdickoT Us I HAeg &
Heel-grs dagn fRufaat & dga wueaia fear
ST 81 39 graur & 3uder & e aRfeufaa
# S fon fasra arv#Ae, 1)/v rerere 3reTdTd, fasra
&Y 3R W W & AT, 3fe, H AreA0or Fsace
W GaN TGPl 363 nm W WIEIAfAFEH (PL)
TIFCH # UF 3T GhIvT RI@T FWHM & 619 &@r
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cloud trapped in the MOT formed inside the
(Fig.B.13(b)) shows MOT

which

pyramidal mirror.

loading data, shows increase in
fluorescence from the MOT with time. The
photodiode was calibrated for number of atoms in
the MOT. We observed that nearly 2 x 10% atoms
(87Ry) were trapped in the MOT at a dispenser
current of 4.5 A. MOT loading data (loading time
and saturated number of atoms) was used in
(Fig.B.13(b)) for measurement of UHV pressure in
the chamber. The pressure was found out to be

nearly 6 x 10-® Torr at dispenser current of 4.5 A.

T B.13(b): MOTWRATTHE & gfadifta dgfaa sar
BIer-3/ES fAaeTer

Fig.B.13(b): Photo-diode signal detecting fluorescence
from the MOT atom-cloud

B.14. Establishment of a nitride molecular beam
epitaxy facility:

A facility for nitride molecular beam epitaxy (MBE)
has been established where an ultimate vacuum of
1 x 10" (2 x 1019 Torr in the growth (buffer)
chamber was achieved. It has a triple-chamber
configuration, and the sample is transferred across
the three chambers under ultra-high vacuum
conditions with the help of a magnetic transfer rod.
Several GaN epitaxial layers have been grown on
Sapphire under different conditions, such as
growth temperature, IlI/V flux ratio, growth rate,
and buffer layer thickness, etc. An intense PL peak

at 363 nm with a narrow full width at half maxima
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37T, BT TAEH A & @S &t arel fasr
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gafar § | R & vFa-Y fdade deet &1 gdelr (¥350
arcsec) g1 T GaN fthear &I 3TT Tarehr Tohecald
IoTaRT T ST AT §1 IR H Hers H A
1% ¥ SR &, ST MBE fashre wfshar & 3cpee
foor & gfSe &Xell &1 R faewf@d & s &)

T B.14(a):=T3¢Tgs MBE giawm

go18C:GaN (2"dia) 3R GAN / AlGaN (3"dia)a§-aaizu¢ T &H
Al #r Bia

Fig.B.14(a):Nitride MBE facility,

Inset: Image of GaN (2" dia) and GaN/AlGaN (3” dia) multi-
quantum well samples,

B.15. ATY-fAR BRI THBA S3hRS FareiEehidl

fves $r TUrgE:

fAFTarT BRAT HGA PR (FTIR) FIFEIEhIdT
JuTTell 3rtTares iy & RAfgad e & fow a8
TS § TS AHifteehor / sueh HHHAUT Foll ralerd
(IR) & & 37 &1 Y &7 @ Fhiot Jsotg gered
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TS giauT & Fefdid R g, STel 83 A9 1 Ar
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(FWHM) is observed. Furthermore, the defect
feature which is seen in the visible range is
considerably suppressed, indicating a low density
of defects in the layer. A low FWHM (~350 arcsec)
of the x-ray diffraction pattern of the layer confirms
high crystalline quality of GaN layer. Thickness
non-uniformity of the layer is better than 1%,
which confirms an excellent control of the MBE

growth process.

I B.14(b): 6.7 fAET A GaN R FT PLTUFCH, ST
38 FHA HT HRXRD deat

Fig.B.14(b): PL spectrum of 6.7 mm thick GaN layer,

inset shows HRXRD pattern of the same sample.

B.15. Establishment of a temperature-dependent
Fourier transform infrared spectroscopy system:

A low temperature Fourier transform infrared
(FTIR)

characterize the semiconductor materials whose

spectroscopy system is made to
optical/vibrational transition energy falls in the
infrared (IR) region. A low temperature FTIR is
helpful for obtaining a high signal-to-noise ratio by
minimizing the thermal broadening, in particular for
narrow bandgap materials. In order to make a
robust and reliable system, various components
like FTIR, CCR, Chiller, TMP and temperature
controller are procured from reputed vendors. A

sharp transition in the transmission spectra refers
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B.16. HIAIIIX &l o T T geAGT A
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to the band edge feature of the InAs sample,
where the measured value of band gap varies from
0.34 to 0.38 eV when the temperature is lowered
from 300 to 10 K. The facility can be used to
characterize any semiconductor material whose
optical/vibrational transitions occur in the IR
region, and is open to users from RRCAT and

other institutes.

Fig.B.15: (a) Temperature-dependent FTIR
measurement system. (b) Temperature-dependent
FTIR spectra of ~300 ['m thick InAs sample.

B.16. Development of a microscopic mechanical
exfoliation setup for monolayer preparation:

Monolayers of two dimensional (2D)
semiconductors  find great potential as
optoelectronic and flexible electronic devices.
However, the synthesis of 2D MoS2 is a major
challenge. Several methods have been
developed, but mechanical exfoliation is the most
effective route for creating high-quality, atomically
thin layers. At RRCAT, a mechanical exfoliation
setup with a PDMS-gel dry transfer stamping
method is developed to prepare 2D MoS2. An
optical microscope and a stamping stage to
transfer monolayer MoS:2 onto SiO2/Si substrate
by identifying the optical contrast are integrated.
AFM analysis confirms the height of 2D MoS2 to

be 0.8 nm. Raman analysis of E2g1 (383.7 cm™")
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and A1g (403.9 cm™') modes, with a difference of
20.2 cm-1, confirms the pristine 2D nature of
MoS2. For preparing larger flakes, gold-assisted
exfoliation is performed, which is an effective
method for producing large-area monolayers.
Sulphur has a strong affinity for gold, hence gold-
assisted exfoliation works very well. Graphene
peaks were also observed at D (1348.7 cm') and
G (1585.6 cm") bands. The observed broadening
and enhanced defect states in the MoS;/graphene
hetero-structure provide compelling evidence of
interaction between MoS:2 and graphene, which

alters its optical and electronic properties.

Fig.B.16: (i) An in-house developed microscope along
with stamping mechanism to prepare monolayer, (ii)
Optical microscope image of prepared monolayer, (iii)
The AFM measurement on the prepared monolayer, (iv)
Raman spectrum of large sized MoS: monolayer
prepared by gold assisted mechanical exfoliation,

Inset shows the optical image of sample.

B.17. Ultrafast carrier dynamics in InGaN QW

based high electron mobility transistor structure:

InGaN ternary alloy is a highly sought-after
material for high electron mobility transistors
(HEMT) due to its exceptional properties such as
high saturation velocity of electrons and large
bandgap. These properties make it a promising

candidate for the development of next-generation
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B.18. STEYhUT HHHAUT & 3UAR & ToIU FEASIARILT
WIS HS 2T T 3YIIT:

ﬁﬁﬁ%%mﬁraﬁr@ﬁg&m%mw
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Uoel DAE RUIE & 3Jeor@ fFam @ g,
HHAAIMNR W HRG  died  IURRITHT 3R
IursurRieat ¢l # 9 Srar g Sed 3=
ARG &I IR o9 TAT dh R areasha
giaT Bl FeHeNaRIE gar foRiY A HIAd &
STST & folT T arenm &1 AR & ffsd
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high-frequency and high-power applications at
room temperature. To measure the transit/capture
time of electrons from GaN buffer layer to InGaN
channel layer, ultrafast pump-probe
measurements are performed on InGaN quantum
well (QW) channel-based HEMT samples. This
work provides important information of the
capturef/transit/localization time parameters that
can help to control the modulation of carrier
dynamics in InGaN/GaN-based HEMTs and other

high-speed optoelectronic devices.

B.18. Use of antimicrobial photodynamic therapy

for treatment of external ear infection:

In continuation with the previous report, validation
of antimicrobial photodynamic therapy (aPDT)
based device for treatment of ear infections was
carried out in clinical setting. For this specific
application, one LED was encased in an ear plug,
compatible to the anatomical shape of external
ear. The power output and wavelength were, 50
mW and ~660 nm, respectively as mentioned in
the previous DAE report. Otomycosis is a common
fungal ear infection, usually found in tropical and
subtropical countries including India, with a high
recurrence rate and prolonged therapeutic course.
Antimicrobial drug resistance poses an
impediment to cure of Otomycosis. Clinical studies
were carried to evaluate fungal burden reduction
following aPDT in subjects suffering from
Otomycosis. The study was conducted in the
Department of Ear, Nose & Throat, Maharaja
Yashwantrao (MY) Hospital, Indore. The study
included 50 patients with clinically diagnosed
Otomycosis. Subjects were randomly grouped into
two groups of twenty-five each; (i) conventional

treatment and (ii) aPDT group. Conventional
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treatment includes antifungal and antibiotics
course treatment for a week. aPDT was given
either once or repeated for 3 consecutive days at
24 h interval. For, aPDT, the target sites were
applied with an optimized photosensitizer
formulation prepared by us followed by 3 min
exposure to red light. Red light delivery was done
with help of the LED based ear plug device.
Primary outcomes based on Otoendoscopic
examination was reduction in fungal load. Fungal
hyphae clearance and improvement in clinical
symptoms was observed in 95% of the patients
treated with aPDT by day 3. A total of ~ 72 % of
subjects showed improvement within 2 days. In
contrast, in case of patients receiving convention
treatment minimum 12-20 days are required for

clearance of infection.

Fig.B.18: Endoscopic image before aPDT (left) and after
aPDT (right) on day 3.

B.19. Azadirachta Indica (Al) leaf extract coated
ZnO-Al nanocore-shell particles for enhanced
antibacterial activity against Methicillin-Resistant

Staphylococcus aureus (MRSA):

Two major approaches being adopted worldwide
to overcome antimicrobial resistance are use of

plant leaf extracts and metallic nanoparticles, but
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3% AT St Fol Hr ShavRer aHdr W FS
RAE 3uerer A8T &, 8T TFHAUT & STl & a0
F 8 Tha &1 ZnO IlhUT (ZnO NPs) & Jidfaifgd
SHATURIET 90Tt AT o187 3GTehY ToTTTSXerer ST3ehT ol
& 3 b AU FASE H SEORIELT SRl S
RfR == & fav ve 3ffaa fiewhor fwfaa
fhar arr a1, 9 aRumETasT  SiamoRE
THGHIRAT H [T §§ M| zno NPs T quor fafer
CaNT ™A fhar a=—r a1 3R 91 H ZnOo-Al
AATRR-LAeT FITATHT T 3cUTeed I & foIT Al Tl
e & @ afda fRar =@ aml zno Nps 3R
ZnO-Al lSIhR-Ael  HUNT Al HI SHATORIE
THIEHIRAT & Hodiche  ATATATA-giae
Frelrend 3RTT (MRSA) & favey vy wa
F & FT 3UAT aF fHar =7 ar| Asehst & gar
e § o Y 817 & <urd # AR THEIar-
%ﬁ??@%gé%mﬁ ZnO-Al AATPR-AT HUT JgR
SMETURIE Ui T Felel A &, ST Zn0 NPs 3R Al
oelt & 3% 7 Alg diel fheller & wgFd 9T &
HROT I & |

T B.19: AITY 3% & U & &G ZnO NPs T T The
¥ & @ H 9ol AT gl
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no report is available on the antibacterial potential
of the plant extract coated nano particles, which
may lead to novel ways of treating infections. An
innovative approach was developed to engineer
antibacterial nanoparticles by leveraging the
inherent antibacterial properties of Zinc Oxide
nanoparticles (ZnO NPs) in combination with
Azadirachta indica (Al) leaf extract, resulting in
enhanced antibacterial efficacy. ZnO NPs were
synthesized by precipitation method and
subsequently coated with Al leaf extract to
produce ZnO-Al
(Fig-B.19). The antibacterial efficacy of both ZnO

NPs and ZnO-Al nanocore-shell particles were

nanocore-shell  structures

evaluated against Methicillin-Resistant
Staphylococcus aureus (MRSA) using zone of
inhibition assay. The findings showed a
nanoparticle concentration-dependent increased
in the diameter of the inhibition zone, with ZnO-Al
nanocore-shell particles exhibiting superior
antibacterial properties, owing to the combined
effect of ZnO NPs and the poly phenols present in

Al leaf extract.

Fig.B.19: Change in colour of ZnO NPs from white to
green after Al leaf extract coating.
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c. vlgAfardr gFararor dR wEANTeHS
HAHYT

9

cl W ’R afssat & o siefos s &
faerfaa e arseieeT 3maiRa wifaa ¢ &1
B TIETOT:

R gl 3maTiRa w2iifad aRage dea gomelr
fMder aeswr I3 (Ram) & far di@f@dHr
IRIRhe carr faspf@d g d9éc & |
Hiefhr A geageRe A A A T Ay
fafAcs (Tmy) &1 gearaRa fear amam| g dieaif@dhr
d ATMLEART [Asfad Wheres g (Aw) & gaa
WHHE H HRANHE H TAhad s Temor fawar
AT FH YU I Hcaqol s SHAI FITaRoT
ITHA §, FIS TqUF 3ceT G F, ey af
#H gfd W ~37 MtCO2e 3cdalel Il ST FehdT ol
$H YUl H "Ad 3o 33U dehelleh "ofd & ofs”
3R "ave & Jey" @ ot gre gdr §, Fifh O’
ATSEISTeT 2T 7 TR AT F 3T 3G §1 FHH
A1 gge] g ¢ o PV Scurel I gsedd Iaedr
H 1/kg T FA FT gidd oRTT & T ~1000 km

g of SR ST HehdT 21

f c.1. A9 crer Acy ffAcs ganr [Rsfda dieersa
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C. Technology transfer and

collaborative research:

CA1. Successful Testing of, Industrially
Developed Liquid Nitrogen based refrigerated
truck for fruits and Vegetables:

Technology for Liquid Nitrogen based Refrigerated
Transportable system, Sheetal Vahak Yantra
(SHIVAY) was developed and patented by RRCAT.
Technology was transferred to M/s Tata Motors
Ltd. in incubation mode. Refrigerated truck (reefer)
developed by them using this technology has been
successfully tested at RRCAT for its thermal
performance. A significant advantage of this
system is 100% Eco-friendliness and generation of
no pollutants, which could lead to savings of ~37
MtCOze emissions from one reefer in a year. This
“Make in India” technology complies with the
ideology of “Lab to Land”, and “Wealth from Waste”
also, as liquid nitrogen is a by-product available
abundantly in the country. The most significant
aspect of this system is that the farm products can
now be taken to ~1000km with refrigeration cost of

less than %1/kg under optimum conditions.

Fig.C.1: Prototype developed by M/s Tata Motors Ltd
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C2.  AICT-E RRCAT & SAFIENT HeX 3F &
ST I GIEHR:

sl & fav RIem 3R gau & A@egH ¥ 3-D
AT F1 NhcHaor v ) Higd ImSInser
JiFe H T FFHA ARASIT fohar a=m an| saEeh
a9 feEeR, 2023 1 ufsfem A=gtheaRer
HAATS SAFYSAT &g & & H AIC ni-Hub RRCAT &I
3-D Ihr FofaaRer 3R ARFa 3@s 2023 &
FFEATIT fRaT ITAT| RRCATH oloR MR 3RS
Teslt 3SR 3R uI3sY 95 wgee fweA o
Fr Faclt ¥ ¥ fasfaa fFar = gl

2T C.2: AIC n-Hub RRCAT &I HIATS Feehgaielel HeX
ERR

Pl

C3.  AMTECH-2023 & gRTT alther #Mew fafdes
geIeTG GaRT gsfe9s DED Aol (UITSE! ngd &
Y eiFgaes AR He-Tahfad) &I dlifeadr:

IRT H I 97 3-D T wedehl vHe®H-2023 &
&RTT AIC m-Hub RRCAT SoTergeRlel HeX 3R olleher
AT Tl FedIaTe GaRT He-Tantad Acel 3-D fHfear
AMT Hr 1 fEH, 2023 FI FECHFH TN Fg,
geeTe H diea fomar arar gl
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C.2. AIC m-Hub RRCAT conferred with
Incubation Centre of the year award:

In a conference held at Indian Institute of
Technology Bombay with a prime focus on
'Democratizing 3D technology through education
and research for the all' on December 9, 2023, AIC
m-Hub RRCAT is recognised for the efforts towards
the indigenization of additive manufacturing
technology through incubation of Laser based
Metal Additive Manufacturing and was conferred
with 3D GRAPHY ENGINEERING AND MEDICAL
AWARD 2023 as the best Incubation centre in
Additive Manufacturing. It is worth mentioning that
RRCAT has indigenously developed both Laser
based Directed Energy Deposition (DED) and

Powder Bed Fusion Systems.

Fig.C.2: Award for Best Incubation Centre to AIC -Hub
RRCAT

C.3. Launching of hybrid DED machine
(incubated and co-developed with AIC 11-Hub) by
Lokesh Machines Limited Hyderabad during
AMTECH-2023:

Metal 3D Printing Machine co-developed by AIC pi-
Hub (Incubation Centre at RRCAT) and Lokesh
Machine Tools Hyderabad has been launched
during AMTECH-2023 (the largest 3D Printing
Exhibition in India) at Hitex Exhibition Centre,
Hyderabad INDIA on December 1, 2023.
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T C.3: gTFgaeT # e-lAadhf@d 3-0 A Wiear #@der

C4.  AICT-Hub 3T MAFIRG ATHISE HT YHRE:
AIC -Hub FI 3NfFIRE dedse & diea F Ty

Aarar 3R 3T & &7 A U AgcaquT 3uafeyr
g 1 a1 ¥ TRAY] Foll AT & HeFeT qur
TRATY] Foll [T & FfEa ST, Tah. A o 677408,
2023 3T ITSTT AT FaTcd eI hegy & IS
UF HEFHA H JGHST F gHIe ATl dgAsT B
https://aicpihub.in T SW@T ST FhdT gl

C.5. RRCAT H "SAETSCIUISAT 1.0" & 3TATST:
AIC t-Hub o7 fherhRI-ThUer3 3eik deex & |galeT &
19 feEeR, 2023 &I "SAFBAAEZAT 1.0" FHT TITSTT
fharl 58 FRFH #1382 TSAT THeT HIrd
ST dhoe (RRCAT) GaRT Tahfad  fcareisieh
dhellhl & TR H SRESRAr YT e AR 37
s & & gfaeqdt 3cuel R fanst &
gRafdd e ATl 38 IR # qeX Hr darehd
Afgem 3eafAdt & #mer form|

SHRIhH HT HEY ITHYT, GIAHIEIE gaRT heg
fAfFear g3t &1 gRT a1 f9we e ATseisT-
3menRa gefiast, eieR ufsfea fafastor, oer &fider-
afeser 3R gl [_feor @a (359-2) eanfae
x|
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Fig.C.3: 3-D Metal Printing Machine co-developed under
Incubation

C.4. Launching of the official website of AIC T-Hub:
A significant milestone in the field of innovation and
entrepreneurship was achieved with the launch of
the official website of AIC T-Hub. Dr. A K Mohanty,
Chairman AEC, and Secretary DAE, inaugurated
the website in a limited event held at Raja
Ramanna Centre for Advanced Technology
(RRCAT) on November 6, 2023. The website can

be accessed at https://aicpihub.in.

C.5. "INSIGHTOPEDIA 1.0" at RRCAT :

AIC 1-Hub, in collaboration with FICCI-FLO Indore
Chapter, organized "INSIGHTOPEDIA 1.0" on
December 19, 2023. The event was aimed at
creating awareness about the cutting-edge
technologies developed by Raja Ramanna Centre
for Advanced Technology (RRCAT) and fostering
their translation into commercially competitive
products and services. The event had participation
of forty-five women entrepreneurs from the city.

The highlight of the event was the guided tour of
the participants to various RRCAT laboratories,
including liquid nitrogen-based refrigeration, laser
additive manufacturing, laser cutting and welding,

and the synchrotron radiation source (Indus-2).
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gaavie 3R HarereAs d@3 & RRCAT, AIC n-Hub,
fheFhT THUSI3T 3G dvex 3R HIET ot el Afgelr
3cafAAt & d g A & EE-Yae AR g &
foT e gea fharl FE ST Slefareh-
Harfard 3eaffar vd segaue AR s (R&D)
aofSTed 3curel # deelel & AT 3Hefehel ATATaROT
@I 9gaT S & HHRH TATH T 3G60T Bl

C.6. Ylefaehr gEdicaRor:

el STaraR 3R Facel fAAweAar 1 Ferar &
1 feer # Tk HAgeaqul WIfd & T H, IcAgfih
Wedfafral yaE wRd Hufadl @ awdargEs
gEalaRd @ a8, foad JfPe-avar 3R fega
gonferdt & U AT ZoT B I 8 &

1 3173 T&Th - I e wrssaR 3maRa faaRka
PRI AW {Ter - A9y iy STTHcH (3MS)
wrsde faffAes, seaR
2 3113 TeTh - I 3t wrssR 3meanRa fAaRka
BRR T REeA - Aa8 I TFaaee usde
fofaes, sarer
3 31f3T T&Teh - T 3ifCeahel Wwsar 3mana faaRka
4 goFeIHTACH & faU Tu-fEwRdr, faegd-faafid,
FIE-IMURC, T-aUeR, Taa-AlE grax FeAd -
ATy wg A feufeg sddciiaed fafdcs,
EIECIC
5 goldeideed & T 3Tu-fERdr, fdegd -
HIS-3MUTRA, IfAGeR, Eau-#Hs grer hedacd -
aud ww A fufea semcifaew fafAcs, asoa
6 WIfIs-FeC HRUH TEIAHER A - AGH
CHAIITER SeTRAeTA, HIAS
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The insightful and interactive sessions provided a
platform for knowledge exchange and collaboration
between RRCAT, AIC 11-Hub, FICCI FLO Indore
Chapter, and the
entrepreneurs. The event exemplifies a collective
effort to

entrepreneurship,

participating ~ women

promote technology-driven
fostering an environment
conducive to the translation of research and

development into tangible commercial products.

C.6. Technology Transfer :

In a significant stride towards advancing
technological innovation and promoting indigenous
expertise, three cutting-edge technologies have
been successfully transferred to prominent Indian
companies, heralding a new era in fire safety and
power systems:-

1 Agni Rakshak - Raman Optical Fiber Based
Distributed Fire Sensor System:- M/sTempsens
Instruments (1) Pvt. Ltd., Udaipur

2 Agni Rakshak - Raman Optical Fiber Based
Distributed Fire Sensor System:- M/s BC
Technomation Pvt. Ltd. Bhopal

3 Agni Rakshak - Raman Optical Fiber Based
Distributed Fire Sensor System :- M/s Indiyo,
Indore

4 High-stability, Current-controlled, Card-based,
True-bipolar, Switch-mode Power Converter for
Electromagnets :- M/s S M Creative Electronics
Limited, Gurgaon

5 High-stability, Current-controlled, Card-based,
Unipolar, Switch-mode Power Converter for
Electromagnets :- M/s S M Creative Electronics
Limited, Gurgaon

6 Solid-state RF

Technopower International, Mumbai

amplifier modules :-M/s
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D. =TT SlgPd e Rem: D. Information Technology Application
N ~ )
Development:

D_lgq'%ﬂg At & v dgigs amaRa U & D.1.  Development of Android based app for
e diabetic patients:
AAE AT F T vsias smaRa 0w cafFdera Android based app for diabetic patients has been
Pl
YIHISe, 5078 PR, <l , 2o NEd, [ARE NwEd developed for maintaining details related to
3R a > = it Y ¥ fav e personal profile, blood sugar, medicine, health
profile, lipid profile and weight. Using this app,
fFar T §1 56 VT & 3TN FF AYAp AN
SIS >N # o ! different types of Blood sugar readings — Fasting,
e, TeETdr AR YsH @ smEeh @ R @ PP, HBA1C and Random, which can be presented
Thd § 3R sReentaw & fov sieey @ aedd graphically to doctors for diagnosis. Record for

FX Fohd &1 gansit 3R s Nrwse s 1 R medicines and lipid profile tests can also be
ofY T@r ST FGhar gl maintained. This app has been developed on

diabetic patients can easily maintain record of their

Android Studio platform using Kotlin language,
Gradle library with Google authentication for user

authentication and Firebase as database.

R7.D0.1: solg PR AT 3R AR Az Fig.D.1: Blood Sugar Module and Medicine Module
> SN 2




E. SaFgs afafafea:

E1l 109 H9rer o Aem U9 IRET vFadl-
2023 H JUYH REFR:

RRCAT & 109 #Hiarel faae Aol Ud 319y vaFaal,
2023 # HET fo A Fer F A &R,
gl AR FaeR 97 g FREA 7 Affes
TEUTAT & APTGTAT T G2ITAT ITAT| RRCAT GART NS
TS Yot F AT wEford § 9Rd WHR &
HEAT T A0 H GUH REPR Fred g3

RI9.E.1: 10d 9Tl faaT AT U9 3RIT TFHY,
2023 H YA [EHR

E2. U oo fGaa & Amae :
"3fRaes Fearor & fov ARG Faa" $r s N

W T faareT feaw 2023 #1 M fRar )
SHH 57 Tholl & 850 & 3iftrh o 3R Rath, 750
FeTfacarer s o7 3 R gur 3000 & 3few
AT o 3careqds #Aer form 5@ wEA A
ATSshiad, HAvele, ATY € ITAHEA IR F&T ggefsit
¥ gefua dicaif@ifeal & veded X arer 40 @
3O gedt W v o |
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E. Public Outreach Activities:

E.1. First Position Award in the 10th Bhopal
Vigyan Mela & Arogya Expo-2023:

RRCAT actively participated in the '10th Bhopal
Vigyan Mela & Arogya Expo 2023,' conducted in
Bhopal (MP) from September 15 to 18, 2023. The
event, themed 'Science, Technology, and
Innovation for Amrit Kaal,' showcased contributions
from various institutions. Notably, the exhibition by
RRCAT was awarded the 'First' position in the
Vigyan Pavilion Prize category for Government of

India Institutions.

Fig.E.1: First position in the 10th Bhopal Vigyan
Mela & Arogya Expo 2023

E.2. National Science Day Celebration:

RRCAT celebrated National Science Day 2023,
with the overarching theme of "Global Science for
Global Wellbeing." The
enthusiastic participation, with more than 850

event  witnessed
students and teachers from 57 schools, and over
3000 individuals from the public, including 750
college students and teachers. The program
featured over 40 exhibits showcasing technologies
related to accelerators, lasers, cryogenics,
superconductivity, RF and Microwave, magnets, as

well as demonstrations on fire and safety aspects.
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TG faste feaw wARE & 50 fecgior ot o o
afrr & @ T form 3mee dfafa & aRss
Tt afgd e, RRCAT & ©El & ATy aTa<did
Fr iR Seoe-Nen i A T 3 UEAT H
gAY fhar) @it ufasnfadl & fov I8 ue
AT 3R 3T 3eTHa el

ot a¥ & o, Reret, e aftwREl, srsdea
AR, 3T & QA R Ad13 7 RRCAT
P SRT T F AT HT 197 38T T eR o dhael
SfFad & eyEs s ik T@ @
IFEUW & aX A Heddd AN Gl A @
gfer MuHhanRt F v Y amve ga &1 s
FRIGAT & ACTA A, MUl SeIdl T Thiemm3it
& aR H SRR UIed W §, i T FHET H
JHTAT 9T F TAT el & [T 37T HH A dgaX
X Hhl
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A special segment of the National Science Day
celebration involved the active participation of 50
specially-abled students. Director, RRCAT, along
with senior members of organizing committee,
interacted with students and addressed their
queries with the help of interpreter-teachers,
ensuring an inclusive and engaging experience for
all participants.

RRCAT facilitates diverse visits from a wide range
of segments. In 2023, students, faculty, defence
officers, IPS officers, industry professionals, and
leaders availed the opportunity to visit RRCAT.
These visits not only provide individuals with
valuable insights into cutting-edge technology and
ongoing research but also prove beneficial for
Through

researchers gain insights into the aspirations of the

researchers. these engagements,

public, enabling them to better tailor their work to

serve the community effectively.
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E. TEIHAT - F. Infrastructure:

F.1 AT Td Qar e afatafea: F.1. Construction and Services Activities:

FeeI-Thd [aEdR, THENRUTG OO Hdol TaEdR Construction activities including electrical and air-
pel LN

- conditioning systems have been completed for

3R 500 KLD & STeHel 39aR #I7 & fav fega o 9 |y e A b
Rt wRa O entral Complex extension, uilding
N >° €Y T €1 i extension and a 500 KLD Sewage Treatment Plant

TFERIT hell St eaferes 3Tar R o 3R JAfdea

H SRI © A T El 3 furbished with Acoustic treatment and upgraded
Wm U5 FT FAHHOT A T :«a M HX illumination in various buildings. Old Multipurpose
T FATAT F AR Weicke GOt A Jaf e Sheds have been refurbished for setting up Atal
& fow fmar = g Incubation Centre and augmenting the sports

respectively. Seven Conference rooms have been

facilities respectively.

HeT FocFy FT [AEART Fa=T IoR AT &7 faeaia srae 500 KLD HrasT Eiedie ol
Central Complex extension building User’s lab extension building 500 KLD sewage treatment plant
HEE HaeT A Adehhd FFAe HeT Hed Seargae HeX
Refurbished Conference room in IT building Atal Incubation Centre

o .1 s1ae f#ToT 3 giawr Seerae
Fig F 1: Building Construction and Facility upgradation




e Soagaeel Hed-fAend H AT Si3egrarel fAamardr wREe T
AIC — Development Work RCC Boundary wall Miyawaki forest plantation

R F.2 98T IEEtET dUr 3eanfehr

Fig F.2: Outdoor Infrastructure and Horticulture Works

Ua@gm:‘[\ HIT, oo U3R ST 537 3R 339 Major upgradation of Electrical power system for
g A F v sofFeerd gk R{TeH F1 ag«w the LCW Plant, Central Air-conditioning Plant and
ool FRUNC S forr o/ g1 s8H Al S Indus substation has been completed including
e T FTAEUTIA, TEPFR &THAT H Jeftr Hialm 3R replacement of Moto Control Centre, Transformers
giqR fT=or Aeger F1 (TR 3nfe enfaer g1 der addition and Power Control Centre extension etc.
gy $r farar afafafaat & 10 kwp AeR & 3R Solar power augmentation activities included
Thol #del & FUX 30 kWp T T Tellc ofaTlalT QATTHS installation of 10 kWp solar tree and 30 kWp roof
gl top plant over the School building.

Tordseey €I # AT vAAE 10 kWp &THAT aTell Hort & 30 kWp &% 219 e’

o F.3 faegd raeesm g 4R Sl dath s

Fig F.3 : Electrical Infrastructure and Solar Energy related works




G. 3=g afafafaam

G.1. IR3Rehe aRT faHhfd "IHehIseahd
q Hg & FE A S

RRCAT a1 fasflid wieifdea 3maia siedace
AR aréaa A "IeiseaR” H 33T
eh 3T SITQH arell e # #g & Haw &
S & fow R Thifer RAfay eene v I Fa
Ehifelar RIfAT saer: gedee $ear wEseH, Hes,
afar s1ae 3T 3R $3F AT o, e
& HIY-HIY 3 3Eqdrell & siaed AR Rfecar
HAA & HEAET ¥ ST AV FE AV
eXeTon/3nfeardr et Jfge 23 s & S hal W
~900 cAfFadl # Hg I ST WA & fav
HTeRISITARTRIT I 39T fhar |

JTRIBATATHIT T Biciadd maRd HiFdec
& He B IWHAGIAST H T W g S
$HET B FhaT gl I & IRIRS ufshar #,
Tsh Sicleh o wAHel @l fAehTorehy IHeRT STrer hl STelt
g, [OTs 91s7er 48 € FT FHI 9T g1 FAdfH
TR & e, 3NePIBREAIEHIT AT-3aF &
¥ cafed i e ar srgfawr der fe faar &% 10
¥ 15 fAde &1 v o gfharcas 3afer # #g
& Fadl, a8 FE @ FHAT § A IRFAS
AT HT IAT o9 Fhl § | 3T TR, Tg
3UOT HEX S oIeToT IR g & uger &
wenfad cafeadt $1 Sra H graer gare Far g
HTeRISTITATRIT I dehsilch AR 3R I
eI &l TS|
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G. Other Activities:

G.1. Screening of oral cavity cancer using the
“‘ONCODIAGNOSCOPE?”, developed by RRCAT:
Cancer screening camps were organized for
screening of oral cavity cancer in the high-risk
population using the photonics based compact and
portable device “ONCODIAGNOSCOPE”, developed
by RRCAT. These cancer screening camps were
organized in association with Impact India
Foundation, Mumbai, Geeta Bhavan Hospital and
Index Medical College, Indore respectively along with
the doctors and medical personnel from other
hospitals as well. ONCODIAGNOSCOPE was used
to screen oral cavity of ~ 900 individuals this year at
multiple centers across the country including
remote/tribal areas.

It is mention  here  that
ONCODIAGNOSCOPE is

compact and portable point-of-care device that

pertinent to
a photonics based
screens individuals for abnormalities of the oral cavity
that may lead to cancer. In conventional approach of
biopsy, a tissue sample has to be excised and
examined resulting in a total time of around 48 hours
to arrive at a diagnosis. However, unlike biopsy,
ONCODIAGNOSCOPE can non-invasively detect
initial abnormalities in the oral tissue that may lead to
cancer within a short procedural time of just 10 to 15
min without causing pain or discomfort to the person
being investigated. Thus, this device facilitates
screening of susceptible individuals even before the
development of cancer-like symptoms. The
ONCODIAGNOSCOPE  was

transferred to the

technology  of
Indian  industries, the
ONCODETECTO is the commercial model of the
ONCODIAGNOSCOPE manufactured by Applied

Optical Technologies Pvt. Ltd, Thane.
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fI9.G.1: ONCODETECTO - 3TeehISTIaIEhIT T
griofegs Alge

G.2.  UUEIUA3TS-RRCAT frust ot o fafdesr
WEHR 3R FEAT AT el AT 3R ar
USET GRS # 9T FIASS T JEHR, a
G Noesl NEE [RERR 9o fhe| s0d 4@
TF HAWeT FFAed A 3R gEw wAdr e
Hisfere Hd qTEhR oIl

G3. faeg gaTavor feaw 2023 &1 A

FIfHF v gferor fawmer & el & e faeg
aTeRuT fead 2023 1 AT 05 e, 2023 &N
fohar arar| AT arsw & e oOf - “fAe asw
FT FHT TARUT & AT ASHECTST”

S A SRTER A AR IS geufadt @
I F AT WieaRd A & far [Afde
FIIHAT HI ARSI haT 3T et arees, Tollerat
3R fasey gfaaf@ae anfaer off 59 Fea &
HRIREHS & HAARAT 3R R[efddat o g¢ =9¢
X AT FORAT| U gediar 3R off e o
Shldc carl fFdard  9fd=r ol & foiw |l &l
GicdTied fohdm I-T| Foldd/deR & T comiees
& TUTT U TSl T 3TANT Fla & [T TgoT T
TS|
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Fig.G.1: ONCODETECTO - the commercial model of the
OncoDiagnoScope

G.2. HBNI-RRCAT PhD students bagged various
awards and recognition namely five Best Poster
Awards in three international and two national
conferences, two best PhD thesis awards where one
was in international conference, and one MP Young

Scientist Congress Award.

G.3.  Celebration of World Environment Day 2023
on 05th June, 2023:

As per directives of Department of Personnel and
Training, World Environment Day 2023 was
organised on 05th June, 2023. The theme was
Mission LiFE - “The mantra of Mission LIiFE is
‘Lifestyle for Environment’.”

Various programmes were arranged to spread
awareness and encourage best practices on LiFE,
viz., Poster Competition, Slogan Competition, and
Essay Competition. The participation of RRCAT
Employees and students for events was
overwhelming. A Signature Campaign was also
organised which received great participation from all
employees/trainees/new recruits. All were
encouraged to take pledge on Mission LiFE by
displaying the same on the Infonet accounts of all
employees. An initiative was taken to use paper
instead of plastic for flex / banner and for the

signature campaign.
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G.4. TaTodr IfFIT 3.0:
3T FRIGH 3.0 & Th HET & &7 # Feafaf@a

aifafafear 15 fAdFeR & 5 FaFeR, 2023 T
ImAfST Fr 9

1) TaTSdT GfOd Ifafafedl W Fast &1 mael
o arm|

2) gI38 Hfer e & fov “ada= aReey &
gISollel T Fawodl AVl I AR & 3Tl |
3) AT &1 H Faoodr |

4) s 9ET & HaadAr & 39S FRETEEr &
TIEUT AR A% e & fav fFdw sifdamE

5) Faesdl ot v W Fhs Aeeh|

6) SoifFeifae 3R [AvH 3R & 39fdIse &
FIEuT & fav fadw 3ifdame)

7) e dar @l AR v Ja dean) & aw
gws & for Gy sfaamE

RRCAT URER & geR 9N fo9rd g@arr 3mafoid
TaTo ITUT 2023 & dEd e EaTo ars feher
# GaY TaTS dlcilel HT RERR IIod 6T S8
28 Sf¢T, 2023 I HEIIR, $aR IR fAITH earr Th
SRITET I 3R Scpsedr YATOT 9= fer arm|

7 G.4: 38R TR e garr gea guifed 97 3k
3ceal JAOT 9
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G.4. Special Campaign 3.0 for Swachhata:

As part of special campaign 3.0, the following
activities have been observed during 15th September
to 5th November 2023

1.Total 69 cleanliness drive in the Technical Area

including all Division, Administration, Accounts,
Purchase, and Stores were undertaken in RRCAT.

2. Quiz on “Swachhata related activities was
conducted

3. Workshop for house-keeping staff “Hygiene &
Swachhata issues in the current scenario”.

4. Cleanliness drive in the residential area was
undertaken.

5. Special drive for collection of waste paper from all
Divisional buildings and its disposal.

6. Street play on Swachhata related topic

7. Special drive for collection of electronic and odd
size wastes

8. Special drive for cleaning of water bodies (lakes
and rain-water channels).

RRCAT has bagged cleanest Colony award in Indore
Swachh Ward ranking under Swachh Survekshan
2023 conducted by Indore Municipal Corporation.
The award was presented by the Mayor, Indore
Municipal Corporation on June 28, 2023 which

included a citation and certificate of excellence.

Fig G.4: Citation and Certificate of Excellence for Swacchh
Survekshan 2023
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G.5.  Hd%dl SIITRehdl HCATE-2023 :

HAhdT IATERAT TCdlg “HSeraR &l oy FY;
e & gfa gafda ® fr B w A 30
HFISR 8 5 AdFR, 2023 deh HARAT IAT| HSCAR
F yfad FAaRAT F FEE Fer IR FddeaTNe
Tl & AT fefafEd fawal W carears J@en
F NS RAT ATl SAH SRR 70
JifIRE /TRt & swwer form -

1) qToT/Ede

2) Afa g e

3) HI&ST T JoTrelr § Ufshary

4) TSR gT8olel R gRam

5) TSN/ wiRveTor

G.6. AT HOUST Qs afafafodt & iaea
fAffea sRdr TEaEr & deedt 3R O
gigcRel ©MET @ gRieTr fGam aam fruadr
FEHA & ded oererer 7 faga@fddt Rk 4
ITEU THRITE & §7 & 3H g H B
IRFEH fRar 11 duast & Sy A &
ded ATfAe fham 3| doR 3rafed gfevafor Thre
& ded 2 GRIETOTRIAT & 58 Fea # IWREE Y&
fru| faffiest ¢8F A TR & 145 UGl & A ¥
FT ST g1 Areft o7l & dgd 6 FAARAT o Feg
H FYAR TgoT R

G.7. oW § wedr faffes afafafean

fetih 28.04.2023 & Fg H TSHWT ardi FT
TSt R I oA e Shaer el &
TAEY @l & T AT &7 Agea vy W &Y. .
di¢ gaRT rEdrs fear | f§dr gw@arsr-2023
FI AR fGeTieh 14/09/2023 & 28/09/2023 dH
fRar =T 39 AW W 6 FAAIEIaT Imafad
T 918, THFH 9T 240 UeIfAeRIRAr ¥ #eT foram
| TSTHVT FreadsT AT T deT dooh 3maAfaa
N 7E| s geR A FafAa B Frdemensit #r
RS foRar I fSetd A 20,22 dAT 16
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G.5.  Vigilance Awareness Week-2023 :

Vigilance Awareness Week was observed with the
theme “¥sc@AR &I g &Y, g & gfad AT
Tg’/“ Say no to Corruption; commit to the Nation” from

30th October to 5th November, 2023. In order to
spread knowledge and sensitize the employees a
lecture series by experts was arranged on the
following topics with the participation of around 70
officers/employees:

a. Procurement

b. Ethics and governance

c. Systems and procedures of the organization
d. Cyber hygiene and security

e. I0/PO training

G.6. HRD activities of RRCAT include imparting
training to PhD scholars and Postdoctoral students
from various Indian institutes. Around 7 students
have joined as JRF under PhD programme and 4
Research Associates have joined the Centre. 11
TSOs have been inducted under OCES scheme.
Under the TASAR Apprentice Training Scheme, 2
Trainees have joined. Action is also in hand for filling
up of 145 posts of TASAR in various trades. Under

Direct Recruitment, 6 persons have joined.

G.7. TS ¥ Fefaa fAffes afafafemrn
On 28.04.2023, Rajbhasha Varta was organized at

the Centre in which a lecture was delivered by B. K.
Bandre on the topic 'Importance of Yoga for Healthy
Living in Modern Lifestyle'. Hindi Pakhwada-2023
was conducted from 14/09/2023 to 28/09/2023. On
this occasion, 6 competitions were organized, in
which about 240 officials participated. Three
meetings of Official Language Implementation
Committee were held. Similarly, three regular Hindi
workshops were organized in which 20, 22 and 16

officials respectively participated. Under the Atomic
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verftmRat & smer forr| Ay ISt e
Frleadsl Aefell (Jecerd) & cdfiad Fo 133
eIt o #eT foram aur 72 et &
WchTEe REPR Jeld fhU 70| Ald JH
TSTHYT FAfT & ggel 39-AfATT o o 22
3TE, 2023 FI TS THeAT YTd SeAifrenr g
(IRT9SI), SR 1 et fadiator fanam qer fare
ST g FrAt AT TRIEAT F

G.8. 3R3IRhc TTIH FoId I ITATATEAT:
. HRIRHE B Fold o 06 HAS T 09 [T,
2023 doh d<di & foU IfcASTCT HFT @]
SUH 18 3ToraT-37er9T IfAfafedl & e 339 sedl
¥ AT forT| I8 Seo@ard g o 58 INsHFIeT
FFT & SRIA CTHIT Al T FHraRmen 3R
HECYE HISIT g sleeh & TIT HETMIT HT Ao
ot fohar I

. SEAIHANT  (ABCI) & AT & &
ATFARTST @R f&siieh 11/05/2023 &I HIEGRTST
ardt SEqd @ S| Rewy A ganr feiw
10-17 SfeT, 2023 deh ST HGoAl I TSl
foar aram| 9F FAWTSE AT fead & 3 W
UTe: AT HF HT IS 2150, 2023 AT fRAT
T

. HRINHE FI6 FoId & Faedl iR e
godl of T TR N dia a9 7 #mer
forar 3R 3gAcEe # 01 fEFR ¥ 03 fRHFR,
2023 d& 3T Fr T W TET Rap
I AfFTEERT & fow T gUI F8 T
ATPTFATAT H 37T 3refer AT A 33
TIH Fod & FeEdr & godi o 02 FOT, 01 Io9d
YT 03 HIEY Y Shd|
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Energy Official Language Implementation Plan
(ATOLIS), a total of 133 officials participated and 72
officials were awarded incentives. The first sub-
committee of the Hon'ble Parliamentary Committee
of Official Language inspected the Raja Ramanna
Centre for Advanced Technology (RRCAT), Indore
on August 22, 2023 and appreciated the work being

done.

G.8. RRCAT Staff Club Activities:

. RRCAT Staff Club organized a summer
camp for children from 06th May to 09th June, 2023.
A total of 339 children have participated in 18
different activities. More importantly, telescope
making workshop and classes for computer coding
and drama were also organized during the summer

camp.

. A motivational talk by Shri B. K. Shaktiraj of
Brahmakumaris (Mt Abu) on 11/05/2023, a lecture
series by Chimaya Mission (10-17 June, 2023) and
Early morning yoga session (on 21 June 2023) were
organized under the aegis of the 9th International
Day of Yoga (IDY).

. RRCAT Staff Club members and their
children have participated in State-level Pickle ball
championship and got selected for the 3nd National
Pickleball championship held during O1rdto 03th
Dec., 2023 in Ahmedabad. A total of 06 medals viz.,
02 gold, 01 silver and 03 Bronze were won by wards
of RRCAT Staff Club members in different categories

in the national championship.
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