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From the Director's Desk

| am glad to see that Issue 1 of RRCAT Newsletter
for 2008 is ready. Editorial Board has done very well to
compile a good account of many recent achievements of the
Centre,

Owver the past & months operation of Indus-2 has
improved and we are now at the threshold of starting a user
programme with 2 or 3 beam lines nearly ready to produce
data. In parallel, we have developed some beam diagnostic
devices that will help us track the electron beam as it passes
through the Indus accelerator structures and the transport
lines. This issue contains a glimpse of these activities, as
well as some other accelerator component development
useful for upcoming programmes in the X1 plan, In the area
of materials the progress made on study of magneto-caloric
materials, nano-particles and quantum well structures have
been reporied upon.

In the field of lasers, activities related to the
development of laser marker systems, capillary discharge
based x-ray sources, laser wake field based electron
acceleration experiments and other laser plasma related
studies are covered in this issue, Infrastructure
developments linked to computers, networking and major
facilities, like, vacuum brazing furnace (which will be used
for making accelerator components) are also discussed, The
three theme articles cover the Bose-Einstein condensation
{on which activities have been going on in this Centre for
some time), modification of metallic surfaces with high
power CO, laser, where our Centre has been a pioneer, and
radiation protection issues in high energy electron
accelerators.  As usual, other news items and events have
been also added.

I wish to compliment the Editorial Board Members
for their dedicated efforts in  bringing out this issue so
speedily. L hope this pace will be continued in future also.

V.C.Sahni
February 25, 2008
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From the Editorial Board

The editorial board is happy to be able to bring out
the first issue of the Newsletter of 2008 in the first quarter of
the year itself. This trend can certainly be sustained, and we
will strive to achieve it through the continuous involvement,
active participation and support of the scientific community
of RRCAT.

This issue contains many interesting news items
covering various areas of Laser and Accelerator Programme
of RRCAT. Tt is heart warming to see continuation of this
Centre as a cradle where exciting developments take place
regularly, Since the flow of information is a prerequisite for
progress of any socicty, in our view, this Newsletter is a vital
element in the dissemination of information pertaining to the
scientific and technological developments in the Centre.
The editorial board believes that if the contributions to the
Mewsletter are backed up by intensive scientific seminars on
the developments, then the information exchange could be
even more effective,

The theme articles in the present issue cover two
interesting areas of our activities, namely, “Bose-Einstein
condensation in a dilute atomic gas” and “Modification of
metallic surfaces with high power CO, laser”. Dr. G. Haridas
has contributed to the Young Scientists Forum of this issue
with an article on  “Radiation physics studies at Indus-1
synchrotron radiation source™. The editorial board is quite
pleased to see that the younger members of the RRCAT
community are enthusiastically contributing to the
MNewsletter, Such enthusiasm is quite essential for the
betterment of the Newsletter.

Last but not the least, the editorial board would like
to express its gratitude to all the members of RRCAT
community and Director, RRCAT, for their kind help and
support.

Editorial Board
March 2008
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A.1 Development and installation of multi-
functional beam diagnostic device in TL-1 of
Indus

A beam slit cum profile monitor has been installed in
transfer line 1 (TL-1} of Indus. It is a multifunction
diagnostic device. While it can be used as a slit with
adjustable aperture to define the beam (similar 1o a beam
scraper), it can also be used to determine the horizontal and
vertical beam profile by measuring the current captured by
the slit blade as it scans the beam in transverse direction. A
fluorescent screen (Cr doped alumina) is mounted on each
blade of the slit (Fig.A.1.1) which enables it to act like a
conventional fluorescent screen for visually observing the
beam profile by stopping the beam on one blade. As an
adjustable “Hole™ monitor, it allows a portion of the beam to
pass through, while one can view the beam edges falling on
the blades.

Fig.A.l.1: See through view of the monitor. The four blade
movement mechanisms as well as the window for CCD
camera placement are seen,

The device has four independent blades. two blades
moving in opposing horizontal direction and the remaining
two moving in vertical directions. The vertical blades have a
linear stroke of 60 mm, and the horizontal blades 40 mm,
This arrangement allows for positioning of the hole (and slit)
in a field of 60 mm x 40 mm around the theoretical beam
centre line.  All the parts near the beam line are made of
vacuum compatible, non-magnetic materials. The device
operates under a vacuum of 107 mbar. The movement
mechanism has a guiding arrangement to precisely maintain
the orientation of the blades. It also has an anti-collision
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arrangement for the blades. The operation is done remotely.
The work involved precision machining and welding. Its
manufacturing, integration, testing and qualification were
done in RRCAT.

Control system for TL-1 beam slit

Aremote control for the blade movement is developed
(see Fig. AL1.2). A VME based system with serial interface to
PC was realized to control and position the blades. The
system consists of a clock generator board, a de-multiplexer
board, a relay output board, an opto input board, and a 12-hit
ADC board. Eight opto-isolated clock signals are given to
the stepper motor driver for clock-wise [ anticlock-wise
motor rotation. For each motor, two clock signals are
required. The position of each blade is read from linear pot
through ADC board.

EGFT, CONTROLLES [VRE|

Fig.A.1.2: Block diagram of the slit control system.

Interface

B R e s e gras e

TR FHCHT DarT

T PCLTE

DOwH B THIWN DT

Fig A 1.3: A sereen-shot of the PC display showing conirol
system GUIL

The interface box consists of stepper motor
drivers, interlocks, and signal conditioning for position
sensors. It provides 20 ppm stable reference to
position sensors for long-term repeatability, In the
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interface box, hardwired logic was developed for providing
safety interlocks to beam slit assembly. A GUI was
developed in LabVIEW for remote control of the blade
positions, display of the positions, and avoiding collision.
Fig. A 1.3 shows a screen-shot of the PC display showing the
UL The blades can be positioned in automatic or manual
modes.

Qualification

The system was qualified for the movement range and
smooth operation under actual conditions of use. It was also
tested for its overall accuracy which 15 better than 0.1 mm.
The system was also operated for large number of cycles to
test the robustness of the design. The overall calibration
factors (for converting positions into voltage and vice versa)
for each blade were included in the system,

Installation

The Beam slit cum profile monitor, along with its
control system, was installed in TL-1 in the first half of
November 2007 (Fig.A.1.4) and it is being successfully used
since then for its various functions, from the Indus control
room.

Fig A 1.4: The monitor integrated in the TL-1. The microtron
{blue) is seen on the lefi.

Utilization

An initial experiment was conducted to measure the
horizontal beam profile. Right hand side blade of the slit was
moved towards the beam in steps of 0.5 mm in the range of 6
mm to +2 mm keeping other three blades in OUT condition,
Fig.A.1.5 shows the plot of signal level of blade current and
two fast current transformers (FCT1 and FCT2) located
downstream of slit in transfer linel (TL-1) as a function of
the blade position. Fig.A.1.6 shows the beam profile
obtained by differentiating blade signal curve with respect to
blade position.
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Fig A 1.5 Variation of the slit blade current (B), FCTI (C)
and FCT2 (D) signals as a function of the blade position.
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Fig.A.1.6: Horizontal beam profile obtained by
differentiating the blade current signal curve with respect to
the blade position,

The development and installation of this device was
done by a team of engineers from Industrial & Medical
Accelerators Section, Beam Diagnostics Section, RF
Systems & Controls Division and its manufacturing was
done by the Accelerator Component Engineering &
Fabrication Division of RRCAT. The ceramic fluorescent
screen was precision cut using Nd:YAG Laser in Solid State
Laser Division of RRCAT,

Contributed by:

R_S Sandha, §.G. Goswami,

J. Dwivedi (jishnu@cat.ernet.in),

A.C. Holikarti, TA. Puntambekar A. M. Gupta,
and K. Saifee
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A.2 Indus-2 beam line front end control
system : Design, development & commissioning

Indus-2 is a third generation synchrotron light source
with 27 beam lines planned for utilization of the synchrotron
light. The equipment assembly called beam line front end
{BLFE) is used to interface the beam lines with the Indus-2
ring. The BLFE fulfils the following important
requirements:

1. Provides protections consequent to vacuum failure on
either side (Machine or beam line).

2 Provides interlocks for the safety of sensitive frontend
devices.

A Provides radiation safety interlocl.

4. Provides the photon beam conditioning for heam

lines,

In order to facilitate and co-ordinate the operation and
control of the BLFE from the main control room, a control
system has been built by the Controls Laboratory, The BLFE

control system is based on the three-layer architecture of

Indus-2 conirol system. The lowermost layer (Equipment
Control (EC) layer) interfaces the signals from field devices;
the middle layer (Supervisory Layer) collects all the signals
and passes it to the uppermost layer, the operator interface
layer.

The EC layer caters to approx. 600 signals, in all (400
status signals, 100 digital controls and 100 analog input
signals). Beam Energy and Beam Current information can be
provided to all the beam-lines from this system. The
Supervisory Control And Data Acquisition (SCADA)
software at the operator interface layer provides the
graphical user interface (GUT), which shows the signals both
in tabular as well as in a synoptic form. This software is
designed on a client server model. The GUI server
communicates with the middle layer using PVSS API
manager over Ethernet and collects the data and computes
system state variables. The APl manager interacts with the
hardware (layer-2 server) to get the data and set the physical
devices. This periodically polls the L2 server to get current
parameter values and set them in the PVSS database (DB).
Engineering data value to physical signal value conversion
and scaling is done in the APl manager. When user wants to
set /control any parameter, the corresponding value change is
given to APl which sends them immediately to L2. GUI
server synthesizes present system state according to the
system pre-selectable configuration and previous state
variables of the system. Accordingly events are generated
which trigger automatic actions and alarms,

All events and actions (either automatic or user
initiated) are logged along with user name. All user actions
need authentication. There are three levels of authentication,
the first level provides the operation rights, second level
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provides the configuration change rights on vacuum limits
and third level is the administrator level. Alarms on device
malfunction are displayed in the main Indus alarm panel as
well as on the BLFE GUI panel with the device blinking to
highlight the erroneous device. Presently few beam line
controls are functional and others will be coming up in near
future. The software is designed to allow the stepwise
addition of the new upcoming beam lines with minimal
configuration changes.

The control system provides the vacuum interlock by
monitoring the vacuum level on both sides of the front end. It
withdraws the open permission on gate valve GV
connecting the front end to the ring periphery to protect
vacuum in case pressure increases beyond the set limit. There
are separate limits for alarm generation and automatic action,
which are user changeable. This is done with proper user
authentication,

Radiation safety is assured by interlocking the safety
shutter {35) open permission with electron beam injection.
When the electron beam is stored and ramped to the desired
level the operator can give S8 open permission to the beam
line users after proper authentication, The radiation level is
continuously monitored and software withdraws the 88 open
permission in the case of radiation exceeding the safe limits.
The operation limits of 55 for alarm generation and
automatic action are provided to operator with
authentication,

Various devices are protected against damage by
continuously monitoring the system stale and in case of
system entering undesired state the software initiates the
beam dump. The GUI panel and mimic for the BLFE are
showninFig.A2,1,A.2.2.
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Fig A.2.2: Synopiic view of a Beam Line Front End,

Contributed by:
EF Fatnani (fatnaniicat.ernet.in)
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A.3 Physics design and modeling of H ion
source

Power Supply Division of RRCAT has initiated the
development of an arc discharge driven cesiated H™ ion
source for the high current, high energy (50 keV) H™ injector
for a spallation neutron source. Both surface and volume
production of H ions will be used to increase the yield.

The plasma will be produced by arc discharge with
multiple filaments and confined by multi-cusp magnetic
field configuration. The design of this magnetic field and
heat removal system for the H ion source plasma chamber
has been carried out through mathematical modeling using
finite element analysis. A cylindrical plasma chamber of 12
cm inner diameter and 12 cm length has been considered.
The magnetic field is assumed to be produced by equal
strength permanent bar magnets of dimension 12 x2.5x 2.5
cm, of coercivity (H) 5.7 x10° A/m and remanence of 0.8 T.
The results (Fig.A.3.1) indicate that the magnetic field near
the chamber wall is 00.23 T, which is desirable for the plasma
confinement in the ion source. The field free region (|B| < 10
Gy with 12 bar magnets is about 50 mm diameter surrounding
the chamber axis. Considering a duty factor of ion source =
10% and peak power dumped in the chamber not exceeding
60 kW, the cooling system parameters have been worked out
hath for 55 and OFHC Cu plasma chamber.
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Fig. A.3.1: ja) Multi-cusp magnetic field lines with 12
permanent magnets placed along the cylinder length. (b)
Magneiic field intensity variation along a radius that passes
through the cusp for different combinaiions of magnets.

Computer simulations have also been performed using
fluid model considering sheath formation near the boundary
wall of the plasma chamber under electro-negative plasma
equilibrium conditions to get an estimaie of the spatial
density variation of different species in the H™ plasma. The
average cross-sections for various reactions responsible for
H™ ion formation and their destruction have been taken into
account. The total power requirement for the 1on source has
been computed using energy and particle balance (Fig.
4.3.2). Finally various parameters of the are discharge and
RF discharge have been computed by modeling the plasma
generation mechanism through arc and RF discharge. The

required plasma density is found tobe ~10"'m™,
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Fig A.3.2: Variation of RF power absorption in the H ion
source plasma with H ion current ai different gas pressure in
the plasma chamber.

A Particle-In-Cell (PIC) Monte Carlo Computation
(MCC) code has been developed to take into account
numerous reactions taking place inside the plasma chamber,
The PIC code incorporates elementary module of the MCC
algorithm. The extraction code is functioning and has been
tested for H ions as shown in the Fig.A.3.3 A fast Fourier
transform (FFT) based Poisson solver has been used coupled
with capacitance matrix to incorporate any arbitrary
electrode geometry. In order to overcome the limitations of
the FFT solver, a matrix decomposition based Poisson solver
has been developed.
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Fig.A.3.3: Extraction of negative ions, through tetrode
geometry is shown. The red dot represents the H ions and 1,
2, 3 and 4 represent plasma, extractor. accelerator and
screening elecirode respectively.

Further, the exiraction and optimization of H ions
through various electrode geometries from an ion source has
been studied using the IGUN software. The extraction setup
shownin Fig. A.3 .4 gives an rms emittance of 0. 182 cm-mrad
and an angular divergence of 6.2 mrad. Sharp corners and
steep inclined edges are avoided in the high potential drop
region between the puller electrode and the ground electrode
to reduce the possibility of electrical breakdown. This study
also helps in the understanding of H™ ion extraction.
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Fig.A.3.4: The five electrode extraction system for obtaining
high gquality ion beam using the IGUN code.
Contributed by:
VK. Senecha (senechal@cat ernet.in)




A.4 Large magnetocaloric effect in the Heusler
alloy Ni,Mn,In,,

Among the various off-stoichiometric Heusler alloys
studied in the Magnetic and Superconducting Matenals
Section (MSMS) of MAASCD, RRCAT, the Ni,Mn,, In,
system has shown much promise. The high temperature (1)
Austenite phase of these alloys undergoes a first order
transition into a Martensite phase with the lowering of T and
the transition could be induced by both T and magnetic field
{H). Very large magnetoresistance and magnetocalonic effect
{MCE) has recently been observed across this phase
transition in Ni,Mn,In, alloy [V. K. Sharma et. al. Appl.
Phys. Lett. 89, 222500 (2006); 1. Phys.: Condens. Matter 19,
496207 (2007); 1. Phys. D: Appl. Phys. 40, 1869 (2007)].
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NigMn, tn,, obtained in different experimental protocols. (c)

Temperature dependence of isothermal entropy change of

Ni Mn In, becawse of applied magnetic field.

Recently the MCE of Ni,Mn,In,, in the Austenite-
Martensite phase transition region has been studied in
MSMS with different experimental protocols to reach this -
regime. Fig.A.4.1(a) depicts the magnetization (M) vs, T
characteristics of Ni, Mn, In , for H= 10kOe. The sharp drop
in the M(T) curve below 250 K marks the Austenite-
Martensite phase transition in this alloy, and the associated
thermal hysteresis confirms the first order nature of this
transition. Fig.A.4.1(b) shows the isothermal M7H)
characteristics of MNi,Mn,In,, obtained at 242 K after
reaching the temperature in three different protocols P1, P2,
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and P3. In P1, the sample 15 first cooled in zero field from 305
K to 150 K and then gradually warmed up to 242 K while
doing isothermal M wvs. H experimenis al increasing
temperatures. In P2, the sample is cooled in zero field
directly from 305 K to 242 K. In P3, the sample is cooled in
zero field to 30 K, and then warmed up to 242 K before
switching on the measuring field. [sothermal MyH) curves
were obtained in 4 K temperature interval in the T-regime
150-280 K in the three protocols described above, The M(H)
response was found to depend strongly on the protocol used
toreach the target temperature,

The 1sothermal entropy change AS,, due to an applied
field 15 a measure of the MCE in a material. The AS,, for
Ni Mn,In,, was estimated from M(H) isotherms using the
Maxwell's relation:

|' a8, (T.H)) _ I: M (T.H }'|
Ak aT i

Fig.A4.l{c) shows that AST) is significantly
influenced by the experimental protocol, though all the three
protocols lead 1o very high values of AS, To judge the
effectiveness of a potential magnetic refrigerant, the material
needs to be characterized in terms of refrigerant capacity
(RC) and field hysteresis losses. RC is the heat transferred

between the hot and cold reservoirs in an ideal
thermodynamic refrigeration cycle. Itis defined as:
I,
RC = |i."|..‘1'|,1lf ] ¥
T

The magnetic hysteresis losses in the T-regime 150-
280 K is calculated from the area enclosed within the
isothermal MyH) loops. The average hysteresis loss (LOSS)
is subtracted from RC to get the effective refrigerant capacity
{RC,,,). The results of these calculations are summarized in
Tablel.

TABLE 1: Ni, Mn,In,, as a magnetic refrigerant.

Protocol [T, |7, RC  |LOSS " [RCu ‘
K) [(K) |(Vkg) |(Vkg) |(Mkg) |

Pl 2336 2441 163 103 |60 |

P2 2086 [2400 (367  [141  [226

P3 12307 (2474 156 119 |37

[tis concluded that Ni Mn,, In, 15 most effective as a
magnetic refrigerant, when the working temperature is
reached by unidirectional cooling in zero magnetic field; and
in this mode, it is comparable to that of the well recognized
giant MCE material Gd.Ge,Si,. [For details see, M. K.
Chattopadhyay, V. K. Sharma and 3. B. Roy Appl. Phys. Lett.
02022503 (2008)]

Contributed by

M. K. Chattopadhvay imaulindu@cat.ernet.in) and

V. K. Sharma
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A.5 Development of efficiently cooled drift-
tubes for high energy SFDTL RF cavities

The drift tubes are very important components of a
typical SFDTL type of accelerating structure, as the beam
passes through the center of the drift tube and the beam
accelerates between the gaps of two drift tubes. The drift tube
receives the maximum heat flux; hence development of
efficient cooling schemes for drift tubes needs a combined
approach of thermal design and fabrication feasibility.
Difterent types of hydraulic channels for increasing over all
heat transfer coefficient were siudied at Advanced
Accelerator Module Development Division of RRCAT. A six
cooling channel drift tube was fabricated using hydrogen
brazing and subsequently vacuum brazed and tesied for
UHV compatibility. The brazing of such drift tube is difficult
because of six precision components are to be joined
simultaneously to meet UHV requirement. Fig.A.5.1 shows
cut section of the optimized design for six channels cooling
in one brazing step fabrication.

Fig. A.53. I Cot view of the six-channeled drifi-tube.

Contributed by
V. Jain (vikasi@eat.ernet.in), PK, Kulshreshtha,
and A. Kak

A.6 Experimental setup for RF
characterization of pillbox cavity

Most cavity resonators used in electron and proton
accelerators are derived from the simple cylindrical or
pillbox cavity, Comparison of the results for RF frequencies
and other parameter are done between numerical techniques
and experiments at Advanced Accelerator Module
Development Division of RRCAT. Further, a piston tuner
arrangement as shown in Fig. A.6.1 is attached to this cavity
through vertical port. This tuner system has 30 mm diameter
piston attached to the stepper motor. This arrangement can
give 25 micron movement in one step. Total stroke length is
70 mm. Here 50 mm inward and 20 mm outward movement
is set. Results of fundamental frequency perturbation and
theoretical magnetic field calculations are shown n
Fig.A.6.2.
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Fig A.6.1: Experimental setup of Pillhax cavity RF testing.
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Fig.d.6.2: Displacement of piston tuner vs. fundamental frequency

in pillbax cavity compared with caleulated magnetic field inside the
cavity

Contributed hy;

¥ Jain (vikasi@eat. ernt.in) and G, Mundra

A.7T  Prototype compound motion compact
precision jacks

FigA.7.1: Performance testing of prototype precision
movement compact jack svstem, mounted helow a
guadrupole magnet,

Prototype compound motion compact precision jacks
(each of capacity 300 kg) have been developed at Advanced
Accelerator Module Development Division of RRCAT, for

Vol. 21, Issue 1-2008
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positioning and alignment of small accelerator components
such as quadrupole and sextupole magnets, SFDTL tanks
ete, These jacks can be anchored below the components and
positioned (its magnetic axis and mid plane) precisely with
typical accelerator alignment tolerances of 0.1 mm in linear
and 0.2 mrads in rotational position w.r.t their true position in
the ring. The designed movement system uses combination
of three identical compound motion precision jacks similar
to the support system of main dipole magnets of Indus-2.
Fig. A.7.1 shows the performance testing of precision
movement jack system, mounted below the quadrupole
magnet

Contributed byv:
K. Sreeramulu fsreeramicicat. ernei.in)

and PK. Knlshreshtha

A.8 Design and prototype fabrication of an
eccentric wheels based motorized alignment
mechanism for accelerator components

Aremote alignment/ or alignment correction becomes
essential for proton LINAC components of medium and high
energy, as they become source of radiation because of
residual radioactivity and hence become inaccessible, Very
high order of alignment accuracy is required to meet the
stringent requirement of beam loss. An eccentric wheel
mechanism based alignment system has been fabricated at
Advanced Accelerator Module Development Division of
RRCAT asshowninFig A 8.1,

Fig A& 1 SFOTL supported on eccentric wheel hase alignment
Fystem.

The mechanism consists of two sets of two eccentric
wheels, one at each end. With the combination of the
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movements of these wheels it is possible to have very precise
movement in a small area in front and in the back plane. With
the combination of these movements, two linear (X-Y) and
two rotary (pitch and vaw) degrees of freedom is achieved,
which 15 highly suitable for such applications. The eccentric
wheels are moved by stepper motor through precision worm
and wheel to achieve high resclution of movement. If we
operate the eccentric wheels within the range of 43,26 degree
to 223.26 degree (in this combination/ design), the direction
of force on the worm-wheel does not change and hence the
backlash effect can be avoided.
(.4'J.l'f|‘."|"l"
. Mundra (mundrai@eat ernet.in) and L. Singh

ied by:

A9 Stranded water-cooled cables for rapid
cveling magnet coils

The presence of eddy currents in low frequency (~ 100
Hz) rapid cycling magnets is a source of technical difficulties
and the key issue is the reduction of eddy current loss, In
order to keep the magnet coil losscs at reasonable levels, it is
generally necessary o use a special water-cooled stranded
cable for operating frequencies above 10 Hz as the
macroscopic eddy current losses are proportional to the
square of the frequency and the square of the magnetic field.
The magnetic field inhomogeneity resulting due to eddy
current loss is less and also low operating costs of magnets
with stranded coils. Few prototype 6 meters length stranded
water-cooled cables using bare / enameled aluminum strands
for testing have been indigenously developed at Advanced
Accelerator Module Development Division of RRCAT,
Fig A.9.1 shows the details of water-cooled stranded cable
showing aluminum strands in various layers. The
development of 50 meters continuous length water-cooled
aluminum stranded cable is in progress.

Fig A9 Warer-coolfed stranded cable, showing strandsy in
VEFIony |'£.I_'|'i:'.|".'-'.

Contributed by

K. Sreeramulu (sreerami@eat. ernet.in)

and PK. Kulshreshiha
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LASER PROGRAMME

L.1 Diode-end-pumped Nd:YVO, laser
marker system

Laser marking is a non-contact, permanent and
indelible marking process. 1t is highly flexible compared to
any other marking process. It can mark alphanumeric, 2D
matrix codes, bar codes, logos, serial numbers and any
pictures and images. Solid State Laser Division of RRCAT
has developed a compact laser marker system using a ()-
switched Nd:YVO, laser, in collaboration with the Laser
Electronics Support Section of RRCAT. The maximum
average and peak power is 5 W and 40 KW respectively. The
scanning of the laser beam has been done by galvanometric
x-y scan mirror assembly with a flat field objective of 163
mm focal length having marking field of 110x110 mm’. The
focussed spot size 1s around 50 pm and the marking speed
close to 2.5 m/s can be achieved. The pulse parameter of this
laser is ideal for ablation marking, and precipitation marking
such as surface etching and surface annealing.
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Fig. L. 1.1: Schematic of the laser set up :

The system consisis of an acousto-optically ()
switched laser and control electronics. The laser gain
medium is a rectangular Nd:Y'VO, crystal doped with (1.5%
Nd (atomic). The pump source is an 808 nm, 30 W fiber
coupled laser operating at 25'C. The pump beam is
collimated and focussed by two plano-convex lenses on the
crystal to a spot size ~ 400 pm. The resonator is formed by
high reflecting rear mirror and 80% plane output coupler.
The cavity length is 130 mm. Fig.L.1.1 shows the schematic
of the laser set-up. The active Q-switching is accomplished
by a high efficiency acousto-optic Q-switch operating at a
carrier frequency of 41 MHz. The maximum diffraction
efficiency produced by the Q-switch is = 70% for the RF
power of 5 W. Such high performance (Q-switches are
essential for laser system with high gain crystal like
Nd:¥YVO,. For the extraction of maximum power in TEM,,
mode, the ratio of the cavity spot size to pump spot size is set
to be 0.8. An 8x beam expander was used to reduce the
divergence of the beam before the scanner. The typical
repetition range for marking application varies from 15 kHz
to 40 kHz depending upon the material 1o be marked.

The control electronics consists of a micro-controller
based control module interfaced to PC through RS-232 serial
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port. The control module has an 'Application Specific
Integrated Circuit' (ASIC) based interface to XY scanning
head. It also controls the laser On/Off while marking through
the acousto-optic (-switch. A Labview based drawing editor
is developed to create a combination of text, bitmap images,
geometrical shapes etc. for marking. The editor is specially
designed to map the screen drawing pad area to the marker
co-ordinate system. It visually indicates the graphic cursor
position directly in the marker co-ordinates for editing. The
editor provides an intuitive user friendly GUI with horizontal
and vertical scales along the drawing pad. All the graphic
editing features such as object selection, moving within the
drawing area, scaling and MS-Windows™ supported text,
fonts, styles, sizes, ete, are available for the user. The editor
accepts all the standard image file formats e.g. BMP, TIFF,
JPG, ete and internally converts them to bi-level images after
suitable image processing. The user can save the drawing for
later use in proprictary marker file format.

T

Fig L. 1.2: Photograph of the system and some of the marked
samples.

High quality pictures were marked on anodized Al-
plates using raster scanning techmique. FigL.1.2 shows
some of the marked samples. In order to make this a compact
and portable system, several improvements are being carried
out. The overall size and power consumption of the system is
around 230 mm x 260 mm x 485 mm and 300 W respectively

Contributed by
K. Ranganathan (ranga@cat.ernet.in),
PP, Deshpande (ppd@cat.ernet.in), and S.M. Oak
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[..2 Generation of flattened Gaussian beams
from Gaussian mirror resonator

Laser beams of {lat top spatial intensity profiles, are
atiractive for many applications like non-linear optics,
holography, lithography, material processing, optical data
storage and spectroscopy ete. Several technigques to generate
flat top or uniform intensity beam profiles external to the
cavity are reported in the literatures. However, in this case
there 1s a substantial loss of energy compared to the original
beam energy. In an active resonator configuration, super
Gaussian beams (SGB) of flat top intensity profile can be
generated by using super Gaussian mirrors. Flattened
CGaussian beams (FGB) are another class of beams, which
also exhibit uniform intensity profile. Though SGB and
FGB look alike and are experimentally difficult to
distinguish, mathematically they are quite different. Theory
for FGB was first proposed in 1994, and the beams with such
profiles were demonstrated external to the cavity, Practical
realization of FGB in an intra-cavity setup was not reported.
Generation of FGB in an active resonator configuration
using a variable reflectivity mirror (VEM) with Gaussian
reflectivity profile has been recently demonstrated at the
Solid State Laser Division of RRCAT. The system was an
electro-optically Q-switched Nd:YAG laser in positive
branch unstable resonator configuration

Generally VEMs are fabricated based on three
important parameters. These are : Gaussian order, peak
reflectivity and coating spot size. Once these parameters are
decided then the resonator magnification is fixed to yield a
Craussian output profile. Therefore such a VREM mirror can
be used only in a particular resonator. The transmission
profile of such a VRM is given by

[i P | [
I (ry=41-R expl —2(M* =) | [}, expl 2|

- Lo, ) Lo, )

where M is resonator magnification and r is the radial
co-ordinate, w, the incident spot size and n the Gaussian
order. In the present case n = 2 (Gaussian), R, is the peak
reflectivity. From the above equation one can see that, the
output profile will be flattened when the resonator
magnification M value is changed from the designed value
calculated for a Gaussian profile. This is shown in the
Fig.L.2.1.

Experiments were conducted using a 2m convex VEM
mirror with Gaussian reflectivity profile coating. The spot
size of the coating was 1.8 mm and peak reflectivity of 30%.
The rear mirror was 3 m concave and separation between the
mirrors was 0.5 m. This results in a resonator magnification
of 1.5 for which the output is of Gaussian spatial profile,
which is shown in (Fig.L.2 2). The resonator magnification
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was changed by changing the mirror curvature and resonator
length. Output spatial profiles were generated for
magnifications 1.5, 1.8 and 2. Generated profiles were fitted
with FGB equation [See for details: R.Sundar,
K.Ranganathan, and 5.M.Oak  Applied Optics 47, 2, 147,
2008]. FGBs of order 3 and 4 were generated by changing the
resonator magnification as shown in Fig.1..2.3. The output
energy had a marginal drop as the reflectivity and hence
output coupling was not optimum for different resonator
configurations. However, the pulse width did not change
appreciably. This technique has an advantage of generating
various spatial profiles which include Gaussian, flat
Gaussian of different orders and annular like profiles using a
single VRM Gaussian mirror,
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Fig.L.2.1: Theoretical transmitted  profile from Gaussian mirror

for various resonator magnifications.

Fig L.2.2: Gaussian outpur spafial profile  generated  from
resonator magnification M= [.5.

Fig L. 2.3: Cutput spatial profile of FGB order 3 generated
from resonator magnification M = 1.8 and FGB order 4 for
magnification M = 2 respectively.

Contributed hy:
R Sundar {sundhuicat.ernet.in), K Ranganathan, and
S.M.Oak
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L.3 Carrier dynamiecs in surface quantum
wells

GaAsP/AlGaAs quantum wells are utilized in diode
lasers, detectors and modulators,  We have probed the room
temperature carrier dynamics in GaAsP/AlGaAs single
quantum wells by transient reflectivity measurements. The
quantum wells were grown by SLS, RRCAT. A single, 13 nm
Gads, P, well was grown with a capping layer of Al ,Ga, As
(Fig.L.3.1). For sample A this layer thickness (1) is 50 nm
whereas for the sample B it is reduced to 5 nm. The eel-hhl
transition for the quantum well is at 158 eV, Surface photo
voltage  (SPV) measurements of the two samples show
significant difference in the energy range 1.53-1.58 ¢V, which
comes from the different contribution of surface states in the
two samples. The laser wavelength was set to 1.56 eV, which
iz slightly below the quantum well ee1-hh1 transition. Pump-
probe reflectivity measurements were done hy splitting the
output of a 100fs, 82 MHz Ti: Saphhire laser into a strong
pump and a weak probe and impinging them on the sample
with a variable delay between them. The photo-induced
carriers generated by the pump pulse cause a change of
absorption due to effects like band filling, band gap
renormalization, screening and free-carmier absorption. The
change in absorption causes a change of refractive index
which gives rise to reflectivity change. The magnitude, sign
and the decay of this transient reflectivity change depend on
the relative contribution of the above processes. This, in turn,
depends on various factors like the material properties
including transport, lattice temperature, excitation and
detection wavelengths and the excitation power.

The reflectivity dynamics for the two quantum well
samples is shown in Fig.L.3.2. For sample A the reflectivity
change was positive, There is a fast decay (-5 ps) followed
by a slower rise which lasts which lasts for more than 50 ps.
For sample B, on the other hand, the reflectivity change is
negative though it also shows a fast and a slow component.
As the wavelength is just below the quantum well eel-hhl
transition but above the GaAs band gap, we expect the
AlGaAs/GaAs interface will also contribute to the signal
along with the quantum well states, GaAsP/AlGaAs
interface states and surface states. Therefore measurements
were also done on GaAs as well as an AlGaAs film deposited
on GaAs. GaAs showed a positive reflectivity change
(Fig.L.3.3a), which decayed exponentially with a time
constant varying between 1-2 ps, depending on the pump
energy. This matches with earlier reports. The AlGaAs/GaAs
thin film, however, showed a slow rise (1-2 ps) followed by a
much slower decay (Fig.L.3.3b). For semiconductors, carmier
cooling and carrier decay govern the transient reflectivity
behaviour, Carrier cooling can lead to a reflectivity rise time
much slower than the excitation pulse width. The sign of the
reflectivity change at a given excitation wavelength and
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pump energ is poverned mainly by the relative
contributions from band filling, band gap renormalization
and free carrier absorption. The interface also plays a
significant role in heterojunctions. For example, the
AlGaAs/GaAs heterojunction has been shown to possess a
high mobility two-dimensional eleciron gas and therefore a
transient reflectivity dynamics very different from bulk
GaAs. From these observations it is apparent that in our
quantum  well samples all the interfaces need to be
considered along with the quantum well states o explain the
carrier dynamics in these quantum wells, Theoretical
analysis and further work is in progress.

Alsads it

GaAsf 13nm

AlGads  211lnm

GaAs

Fig L.3.1: The quantum well structure. The thickness, {, is 50
nm (sample A) or 5 nm (sample B),
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Contributed bv:
8. Khan, JJavabalan, and R Chari (charii@cat. ernet in)
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L.4 Development of high current fast
capillary discharge plasma setup

Discharge created plasma systems are very allractive
as gain medium for coherent amplification of XUV-soft x-
ray radiation. In particular fast capillary discharge plasmas
have been used in setting up table-top soft x-ray lasers. A
high current fast capillary discharge plasma device has been
set up for pursuing R&D work in soft x-ray lasing at Laser
Plasma Division and Laser Electronics Support Section

%

Fig L.4.1: Photograph of the capillary discharge system.

Main components in capillary discharge setup are 400
kV, 750 ] Marx generator, a water capacitor, a SF, spark pap,
a pre-pulse power supply and a capillary. A photograph of the
full system is shown in Fig.L.4.1 and the schematic diagram
of the set-up is shown in Fig.L.4.2. The Marx generator is
made of 10 stages, with each stage consisting of a 60 nF
capacitor, spark gap and two 6 k{2 charging resistors, All the
capacitors can be charged up to 50 kV by means of a dc power
supply. The controller sets charging voltage of the Marx
capacitors and gives trigger pulse. A water line capacitor is
used because water has a high dielectric constant of 81. This
reduces the dimensions of the capacitor for a given capacity,
and its equivalent inductance becomes small. A pre-pulse
generator is connected to the electrode of the spark gap al the
capillary end, through a 1 k£ liquid resisior fed into the
chamber. This resistor is made of a Delnn cylinder filled with

copper sulphate solution, and fitted with copper electrodes at
both the ends. Pre-pulse generator consists of a de charging
power supply of 20 kV, which charges a capacitor bank of
400 nF which is discharged into the capillary through an
inductance of 120 pH and CuS0O, resistor of 1 k£2.This
generales a current pulse of around 20 A for a duration of
100ps. The capillary is filled with argon gas and its pressure
is kept in the range of 0.2-0.5 mbar. The setup also includes a
CuS0, voltage divider and a Rogowski coill for voltage and
current measurements respectively.
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Fig.L.4.2: Schematic diagram of the capillary discharge
plasma setup.

I'he pre-pulse supply is triggered to create pre-plasma
in the capillary for few microseconds before the Marx
generator 15 fired. Marx generator in turn charges water
capacitor up to selt breakdown voliage of SF, spark gap. Due
to breaking of spark gap, the water capacitor discharges into
capillary and generates peak current required for capillary
discharge plasma experiments,

his sctup has been assembled and tested in our
laboratory up 1o 250 kV (with 25 kV /stage of charging
voltage of the 10-stage Marx generator). The pre-pulse
generator is being coupled to the setup. Voltage and current
pulses recorded with the Marx bank charged 1o 18 kV /stage
are shownin Fig.L.4.3.
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Fig L.4.3: Voliage from a divider at Marx generator {upper
trace) and the currvent through the capillary (fower trace).

Contributed hy:
& Nigam (snigamiccat.ernet.in), Y.B.5.R Prasad,
and C. F. Navathe
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L.5 Aggregation and de-aggregation of metal
nanoparticle colloidal solutions

Manoparticles start aggregating when the volume
faction of nanoparticles in a nanocolloidal solution is high. In
case of spherical nanoparticles, this aggregation has been
reported to lead to the appearance of a new surface plasmon
peak and increase in background extinction at the red end of
the spectrum. We report for the first time a study of optical
properties of aggregates of nanoplatelets carried out at the
Laser Physics Applications Division of RRCAT. The
stability of the aggregaled sample against laser irradiation
was also studied.

A colloidal solution of silver nanoplatelets was
produced by salt-reduction method followed by photo-
induced conversion using a 532 nm laser. This solution was
kept in the dark for a few months. Afler this aging time the

b show the extinetion spectra of the initial (solid line) and
aggregated colloid (dashed line). For the nanoplatelets, the
strong peaks at 596 nm and 445 nm are from the in-plane
dipole and in-plane quadruple resonance while the weak peak
at 336 nm is due to the out-of-plane quadruple resonance,
Comparing the extinction spectrum of the aggregated colloid
with this we find that the overall extinction at the red end of
the sample has increased, which is an indication of presence
of random aggregations. All the SPR peaks were broadened,
The out-of-plane quadruple resonance at 336 nm has blue-
shifted by 4 nm, while the SPR peak at 596 nm has shified by
about 69 nm,

To understand effect of aggregation on the extinction
spectra of nanoparticles we have done some preliminary
calculations and compared extinction spectra of single and
double truncated triangular-shaped platelets. In a colloidal
solution the nanoplatelets can get attached to each other in
any possible orientations. The calculations were done for few
of such possible orientations of two interacting platelets.
Though the amounts of shifts in various possible orientations
are different, all of them show large red shift of in-plane
dipole resonance and small blue shift of out-of-plane
quadrupole resonance. This shows that the observed changes
in the extinction spectrum are caused by aggrepation.
Fig.L.5.1{c) shows the TEM of the aggregated colloid.

The agpregate sample was again exposed to 532 nm,
250 ns, 7 kHz laser pulses. The average laser power was 50
Wiem'. Fig.L.5.2 shows the transmission spectra of the
sample during the exposure. During the initial stage the peak
at 663 nm reduced in strength and also shifis to blue side of
the spectrum. On further exposure the peak further blue shifts
to 396 nm. The TEM of the sample at this stage is shown in
Fig.L.5.3. Almost all of the nanoplatelets have separated.
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Both the extinction spectrum results and the TEM show that
nanoplatelets have been de-aggregated. It is interesting to
note that at similar irradiation levels aggregates of silver
nanospheres were unaffected. This shows that, in colloids,
the aggregation of nanoplatelets is weaker as compared to
nanospheres, Therefore in case of undesired aggregation,
laser irradiation of suitable power can be used for de-
aggregation.
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Fig.L.5.1: (a) Calenlated extinction spectra of two separated
fsolid fine) and joined (dashed line) nanotriangles. (h)
Measured extinction specira of a nanotriangle colloid (volid
line) and aggregated nanotriangles (dashed line). (c) TEM
pictures of aggregaied nanotriangles.
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Fig L.5.2: The transmission of the nanoplatelet sample at
various fimes during exposed fo high power nanosecond
laser. The values shown are exposure fime in minutes,

Fig L.5.3: TEM aof the nanaplatelets after exposure to high

power laser: There were very few particles that are close to
each cther

Contributed by:

JJayabalan (jjava@cat.ernet.in),

A. Singh, and R.Chari
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L.6 Sorting and guiding of micro- objects with
evanescent optical field

Optical micromanipulation can provide a non
invasive means for sorting of microscopic objects for further
evaluation and analysis. One approach used for such sorting
involves the use of multiple optical traps arranged in linear or
three dimensional arrays. Objects of different size or
composition, flowing past such trap array get sorted out due
to a difference in the magnitude of optical gradient forces on
these. Other recent approach uses the evanescent field
generated at the surface of the Y-shaped optical waveguide.
By adjusting the relative power distribution in the two
branches of the waveguide, the particles could be selectively
guided down the desired branch. Laser Biomedical
Applications and Instrumentation Division of RRCAT has
shown that microscopic objects can be sorted in a much
simpler and efficient manner by use of the gradient of optical
evanescent field at refractive index interfaces, The approach
exploits the fact that heavier particles reside closer to the
interface compared to lighter particles and therefore interact
strongly with the evanescent field to experience larger
optical forces.
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by the evonescent field surfoce

Fig L.6i.1: Experimental set-up.

The experimental set-up i1s shown i Fig.L.6.1. The
output from a 1064 nm, cw laser was made to undergo total
internal reflection at the boundary between glass (refractive
index 1.51) and water (refractive index 1.33) atop a right-
angle crown glass prism (Fig.L.6.1a). To construct the
microfluidic channels, strips of thin (~20 pm) aluminium
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foils were used as spacers between the top surface of the
prism and a glass cover slip. The gaps between the
aluminium strips were adjusted to form a T-shaped junction
as shown in Fig.L.6.1b. Typical widths of such channels were
measured to be ~ 30um. Due to oblique incidence, the cross
section of the evanescent wave on the prism interface was
elliptical and should result in a force along the surface as
shown by the straight upward arrow, A 40X ohjective lens
and a CCD camera were used to monitor the suspended
microscopic objects in the aqueous medium flowing inside
the channels. The bright field illumination was obtained
using a 50W, fiber light guide illuminator placed below the
prism,

Fig. L.6.2: Sorting of 2 um diameter polvsivrene micro-spheres
from a —50: 50 mixture of | and 2 pm diameter microspheres, a) 2
pm  microspheres are shown by curved arrow and [ opm
microspheres by straight arrow. b) The bright spots are coming from
the scattered evanescent field by the microspheres, o) Sorting of 2
pm microspheres info the upward channel by the action of the
evanescent field, ncreased population of these microspheres can be
geen in the encircled region. Scale bar, ~15 pm.

In FiglL.6.2 we show sorting of 2 um polystyrene
microspheres out of a 50:50 mixture of 1 and 2 um diameter
microspheres When a small volume of micro-particles
suspension was injected into the input channel (A), heavier
particles due to their interaction with stronger field got
deviated by larger angles and thus got directed into the
upward output channel (B). The light particles, suffering
small deflection, continue to flow to the output channel (C).
The power of the optical beam used for the results shown in
Fig.L.6.2 was ~ 300 mW. The sorted 2 pm microspheres
could be further guided along the channel B by translating
the evanescent field. The population of 2 pm microspheres in
channel B could be increased from ~50% to ~ 80%. The use
of this method for separating red blood cells (RBCs) from
white blood cells (WBCs) was also investigated. The RBCs
are much heavier (specific gravity (~1.08)) than the different
type of WBCs and platelets (specific gravity (~1.07-1.03)).
Therefore, a larger optical foree is expected on RBCs under
the influence of evanescent field. It was found that at an
incident power level of ~ 400 mW (1064 nm), the WBCs
were observed to be nearly unmoved whereas the velocity for
RBCs was ~ 6 um/s. Therefore RBCs could be preferentially
directed in the channel B.

Contributed by:
R. Dasgupta, 8. Ahlawat (rsunital@cat ernet.in),
A. Uppal, and F. K. Gupta
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L.7 Dependance of high order harmonics
intensity on laser focal spot position
in pre-formed plasma plumes

High order harmonic generation using ultra-short
pulse lasers is an attractive method of generating coherent
radiation in the XUV region, as an alternative to soft x-ray
lasers, and to achieve attosecond duration soft x-ray
radiation. For practical applications, it is desirable to have
high conversion efficiency from the driving laser beam to the
harmonic radiation. While most studies have been
performed using gas jets, pre-formed plasma plumes have
been used recently to generate high order harmonics, The use
of plasma plumes is attractive for resonance intensity
enhancement. However, it may adversely affect the
conversion efficiency due to phase-mismatch problem,
Since the plasma refractive index depends on the electron
density, which in tum is governed by the laser beam
intensity, the amount of phase mismatch would depend on
the laser intensity, the length of the plasma plume, and the
plasma refractive index profile. The laser focussing
conditions may therefore play an important role in governing
the efficiency of harmonic generation.  Hence it is important
to optimize the focussing conditions of the laser beam w. r. 1o
the location of the plasma plume to oblain maximum
intensity of the harmonic radiation,

At Laser Plasma Division, an experimental study of

the dependence of harmonic intensity on the laser focus
position w. 1. to the plasma plume has been carried out in pre-
formed plasma plumes. The laser used in this study was a
Ti:sapphire laser system operating at 10 Hz rep-rate. A part
of the uncompressed laser radiation (energy : 30 mJ, =300
ps) was split from the main beam by a beam splitter. This
beam was focussed at normal incidence by a 500 mm focal
length spherical lens on a planar silver strip of 2 mm width,
kept in a vacuum chamber evacuated to 10" mbar. This beam
{pre-pulse beam) created a plasma plume to serve as the
medium for harmonic generation. The laser intensity on the
target was ~3x10" W/em’. After a time delay of 60 ns, the
main laser pulse, compressed to 48 s (energy: 120 mJ), was
focussed in the above pre-formed plasma plume from a
direction parallel to the target surface at a distance of ~ 100
pm, using a spherical lens of 500 mm focal length. The peak
intensity at the best focus position was ~10" W/em'. The
high-order harmonics were analyzed by a home-made flat-
field grazing-incidence XUV spectrograph based on a
variable line spacing prating. The spectrum was recorded on
a multi-channel plate detector, the output of which was
imaged onto a 12 bit digital CCD camera connected to a PC.
The best focus position was varied from -7 mm to +9 mm
from the plume centre by moving the focussing lens, The
femtosecond laser intensity at the centre of the plasma plume
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for different locations of the best focus varied from ~10
Wiem' to~10" W/iem®
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Fig L.7.1: Vartation of the 237 harmonic intensity with the change
in focus position of the femtosecond laser beam w. v t. the centre of
the plasma plume

The harmonic intensity nearly vamished when the
laser beam was focussed at the centre of the plume (see
Fig.L.7.1). Further, the harmonic intensity showed peak
when the best focus was located on either side of the plume
centre. The peak harmonic intensity was higher when the
laser beam was focussed after the plasma plume as compared
to the opposite case, and this difference decreased for higher
harmonic orders. Moreover, the distance of the best focus
position corresponding to the peak harmonic intensity
increased for higher harmonic orders. The results have been
explained in terms of variation in coherence length for
harmonic generation, relativistic drifi of electrons, and
defocussing of the harmonic radiation due to the radial
ionization gradient in the plasma for different positions of
the laser focal spot. | For more details, please see H. Singhal
etal, J. Appl. Phys. 103,04 3107 (2008) ]. The study can be
useful in optimizing laser focus position for achieving
maximum intensity for various harmonic orders,

Contributed by,
H. Singhal (himanshuw@car.ernetin) and PA. Naik

L.8 Spatial profile of laser wake-field
accelerated electron beam

Conventional accelerators are large size systems
because the accelerating clectric field has to be kept
below ~50 MV/m to avoid electrical breakdown in the
accelerating structures. On the other hand, laser wake-field
generated inside a  plasma can give extremely high
accelerating field ~100 GV/m, and this may pave way for
developing very compact accelerators in future, Laser
Plasma Division of RRCAT has recently initiated
experimental investigations in laser wake-field electron
acceleration, in collaboration with scientists from KEK,
Japan. Initially, a scintillator (NE102) photo-multiplier tube
combination was used to detect the high-energy electrons
[RRCAT Newsletter 20, 1, p.10, 2007]. Now, the spatial
profile of the electron beam has been measured using DRZ
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phosphor and CCD camera combination,

Fig,L.8.1 shows a schematic of the experimental setup
used to measure the electron beam profile. At a gas jet
pressure of 37 bar and laser intensity of ~2 x 10" W/em', a
collimated beam of electrons with a low-divergence (~10
mrad}), with few tens of MeV energy was observed. A typical
electron beam profile recorded on DRZ phosphor screen is
showninFig L.8.2.

The experiments were carried out using the 10 TW
Ti:sapphire laser facility at RRCAT. This provides laser
pulses of maximum energy of about 450 mJ in 45 f5 pulses.
The laser beam was focussed on a helium gas jet using a 40
cm focal length gold coated off-axis parabolic mirror. The
gas Jet was produced by a shock wave-free slit type (10 mm x
1.2 mm) supersonic Laval nozzle. Helium gas was puiled
using a fast solenoid valve and its density was varied by
changing the backing pressure of the gas. The Ti:Sapphire
laser beam was focussed at the entrance edge of the gas jet,
about 1.5 mm above the nozzle entrance. The focal spol
diameter ofthe beam was | Bpm (FWHM).
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Fig L8 1: Set-up for measurement of beam profile of the laser
aceelerated electrons,

Fig L.8.2: Electron beam profile recorded wsing DRZ phosphor, on
a CCD camera,

Contributed by,

P A Naik {panaikigeat ernet.in) and A, Moorti

L.9 Improving performance of porous silica
sol-gel anti-reflection coated optics for high
power Nd: glass laser

Porous silica sol-gel coated optics iz used in high
power laser systems becausc it has high laser induced
damage threshold (LIDT) and  has high spatial uniformity
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over large diameters. High power laser systems have MOPA
{master oscillator power amplifier) architecture and use
sequential optical relaying using vacuum spatial filters to
overcome laser wavefront distortions caused by self-
focusing of the laser at high intensities. In order to use the
sol-gel AR coated optics in spatial filters, the degradation of
optical performance and LIDT of the coatings at the laser
wavelength upon exposure to the vacuum oil vapours is an
important consideration. Laser Plasma Division of RRCAT
has developed a technique using hexamethyl-disilazane
(HMDS) vapour treatment of the coatings to overcome the
degradation of optical performance [R. Pareek et al Optical
Engineering (in press)] of sol-gel AR coatings. The
degradation in the optical quality of the coatings occurs
mainly due to the adhesion of contaminant vapours to the
polar silica nano-particles in the coatings. The polar nature
of the silica coatlings can be reduced if the coatings are
exposed to HMDS wvapours. This may prevent the
degradation of the coatings upon exposure (o contaminant
vacuum oil vapours.

Twao sets of single laver AR coatings, namely silica
and ammonia and HMDS treated porous silica were
prepared and exposed to rotary pump oil vapours in a
vacuum chamber. Fig.L.9.1 shows the reflection spectra of
a) porous silica coating, and b} the same coating exposed to
oil vapours. It is seen that for the silica coating not exposed to
oil vapours, the spectrum has a minimum of its reflectivity
spectrum at k. = 1054 nm (lasing wavelength) with a
reflectivity of R =0.26%,. Itis also observed from Fig.L.9.1b
that the minimum of reflectivity shifts to a higher
wavelength by 122 nm as compared to the minima of the
coating not exposed to oil vapours, A substantial degradation
of the reflectivity occurs for vapour exposed silica coating
giving a reflectivity of 2.1% at 1054 nm in comparison to the
0.26% reflectivity of the coating not exposed to oil vapours,

Brfleyvinigi 1%
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Fig L 9.1 Reflection spectra of a) porous xilica coating and b) the
same coating after exposure to oil vapour,

Figure L.9.2 shows reflection spectra of a) a porous
silica coatings treated with ammonia and HMDS, and b) the
same coating exposed to oil vapours. Itcan be seen that there
15 only a marginal shift of ~20 nm of the &, value between
the oil vapour exposed and un-exposed coatings that were
treated with ammonia and HMDS. The shift in the minima of
the spectra of treated coatings is much smaller than that of
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untreated coatings in Fig.L 9.1. The change in reflectivity of
the oil vapour exposed and unexposed HMDS treated
coatings 15 small (~0.01). It was also observed that the
ammonia and HMDS treated coatings have a higher LIDT at
the lasing wavelength in comparison to untreated coatings
after exposure to the ol vapour. This finding agree well with
the measurements of imaginary part of refractive index at
1054 nm.

s [ s ]

TP T —
Fig L.9.2: Reflection spectra of a porous silica coating treated
with ammonia and HMDS and b) the same coating after exposure (o
ol vapour
Contributed by
R. Paveek (rpareckiglcat ernet in) and A. 8. Jozhi

L.10 High voltage programmable ramp
generator for high speed streak camera

Streak camera is a high speed recording instrument,
used as a diagnostic tool for studying very fast events,
especially in the field of intense laser-matter interaction,
Streak camera consists of a streak tube which has a
photocathode, deflecting plates and a phosphor screen,
When the light from the event is incident on photocathode, it
eenerates photoelectrons, which are deflected by deflecting
plates and an image is generated on the screen. For this
reason, streak camera requires a high voltage and fast ramp
generator of amplitude of +/- 300V and rise time of | ns.
However, it is also necessary to vary the slope of this ramp so
that the event can be analyzed properly. In this article, we
have presented a high wvoltage ramp generator with
programmable slope and microprocessor based control,
developed for this purpose. The ramp generator consists ofa
high voltage step generator, followed by an integrator. The
components of the integrator are designed such that they can
be varied by a microcontroller. The unit generates two
bipolar ramp voltages with fastest speed of < Ins and
provides continuous slope variation from 6 ns to 30 ns for a
ramp voltage of 500 V. This is developed by Laser
Electronics Support Section, RRCAT as a part of automation
of streak camera,

The step voltage is generated by two stacks of
avalanche transistors connected in series to minimize the
jitter. The stacks are biased by applying positive ramp bias at
one end of the first stack and negative ramp bias at the other
end of the second stack. Both the stacks are triggered through
a pulse transformer having one primary and two secondary
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windings (1:1:1), The outputs thus generated are connected
to two integrator units through two high voltage de relays.
By activating these relays, the step voltages can be
connected to the integrator units, thus getting slower slope of
ramp voltages decided by the value of R, L, and C.

Variable and high voltage capacitor and inductor
required for this unit and which can be controlled by
microprocessor were developed in-house. For variable C, a
gang capacitor with two identical capacitors variable from
47 pF to 253 pF was used. The shaft of the same is rotated by
a stepper motor. For variable L, two solenoid coils are used
and the inductances are varied by moving the ferrite cores by
another stepper motor. The inductances vary between 3 pH
to 15 pH. A resistor of 110 £ is used for all the values of L and
C as it provides overall satisfactory performance. A
photograph of the variable slope ramp generator module
showing its constructional features is shown in Fig.L.10.1.
Fig.L.10.2 shows the ramp output waveforms with variable
LandC.
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Fig L. 10.2: Vaviable slope ramp ouwiput wave forms.

For controlling various operations of the ramp
generator, a micro controller ADpCE3 1 (Analog Devices) 1s
used, This microcontroller is programmed to drive hoth
stepper motors described above and is interfaced to the PC
using RS232 link. A LABVIEW based graphical user
interface (GUI) is developed in persomal computer for
operation of the instrument.

In fastest mode, two step voltages with < Ins rise time
are generated. The rise time is calculated for a variation of
500 V in linear part of the ramp. The ramp speed can be
adjusted to any desired value within the range 6 ns 1o 30 ns by
changing L and C, with the help of stepper motors.

Contribmited by
J. Upadhyay (jankyi@cat.ernet.in) and C.P Navathe
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I.1 Computing and information management
developments at RRCAT

A)  Commissioning of 16 nodes (32 processors) Xeon
based HPC cluster Aryabhatta:

Sixteen nodes (32 processors) Intel Xeon based High
Performance Computing (HPC) cluster named as
'Aryabhatta’, is commissioned for computing applications.
HPL (High Performance Linpack) benchmark for this cluster
resulted in 262 gigaflops peak computing power. The cluster
is configured with 64 bit Red Hat Enterprise Linux AS4
operating system, resource manager "Torque' and job
scheduler "Maui'. Each node contains two dual core Xeon
processors (@ 3.73 GHz with 4 MB L2 cache per processor, 4
GB memory and Gigabit network interface. The total number
of processors on this cluster is 32 and each processor is dual
core with hyper threading. All the nodes are HP DL 380 GS
Series Servers.

- e

Figl1.1; I6-nodes HPC cluster-Aryabhatia.

Intel Fortran compiler (ifort), GNU Fortran 77
compiler (g77), GNU Fortran 90/95 compiler (gfortran),
Intel C Compiler (ice), GNU C & C++ compiler (gee & g++)
are installed on this cluster. Parallel processing libraries
installed on this cluster are mpich2-1.0.5 for g77, gfortran &
ifort and mpich-1.2.7 for g77, gfortran & ifort. In addition to
these compilers and parallel processing libraries, parallel
numerical libraries including Intel Math Kernel Library,
LAPACE, CBLAS, f7TTBLAS, ATLAS are also installed on
the cluster.

As per the user requirements, parallel applications
WIEN97 [computation of electronic structure of solids
within density functional using Linearized Augmented Plane
Wave (LAPW) method] and CPMD (Car-Parrinello
Molecular Dynamics - Electronic Structure and Molecular
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Diynamics Program) are successfully ported and running on
'Aryabhatta’.

B) Commissioning of HPC clusters as part of
DAEGrid:

Two cluster have been installed and made operational
as part of DAEGrid. The operating system is Scientific
Linux version 4.4 on both the clusters. Intel Fortran V 9.0,
gee, gfortran compilers, Math Kernal library v 8.0, parallel
processing library mpich-1.2.7 are installed on both the
clusters. Genius based grid-portal on Scientific Linux has
been installed on these clusters. Users from RRCAT can
submit their parallel and sequential applications on the
resources available under DAEGrd, using grid-portal made
operational in User Hall of Computer Centre.

Daksha: Eight node cluster named “Daksha™ has been
installed and made operational as part of DAEGrd. Each
node contains Intel dual core Xeon processor (@ 3.60 GHz
with 2 MB cache, 4 GB memory and gigabit network
interface.

Fig.I.1.2: 8-nodex HPC cluster - Dakxha

Ramanujam: Sixteen nodes (32 processors) high
performance computing cluster “Ramanujam™ has been
installed and added to the DAEGrid. Each node comprises of
two dual core Xeon processors (@ 3.73GHz, 4 MB L2 cache
per processor, 4 GB memory and Gigabit network interface.
The total number of processors on this cluster is 32 and each
processor is dual core with hyper threading. All the nodes are
HF DL 380 (15 senes servers.
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Figd 1.3: l6-nodes HPC cluster-Ramanujam.
C)  Configuration of MRTG on all computing servers:

Multi Router Traffic Grapher (MRTG), an open
source web based software has been configured for all
computing servers to monitor the load of CPL, memory
usage, hard disk usage and network traffic. The data is stored
in round-robin database, so that system storage footprint
remains constant over time. The software records the data in
a log on the client along with previously recorded data and
creates the HTML document detailing the traffic for the
devices such as CPU, memory and network in graphical
form.
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D) Migration of existing client / server based

Information Systems to web / n-tier based architecture :

Various information management systems for
RRCAT Administration, Accounts, and IRPSU are
developed and maintained by Computer Centre. These
systems were working on client/ server (two-tier)
architecture. These days zero client deployment concept
{(web based platform using n-tier architecture) is being used
world-wide, as it provides a platform which is simpler to
implement, administer and accessible to wider user base.

Hardware infrastructure required for migration to n-
tier architecture was procured and commissioned. Two Xeon
(e 3.4 GHz with 4 GB RAM as Oracle 10g Database Servers,
two Xeon (@ 3.4 GHz with 4 GB RAM as Application
Servers and one Xeon (@ 3.2 GHz with 2 GB RAM for
Identity & Access Management were installed. Software
products including Oracle Standard Database 10g (10.1.2)
for backend database, Oracle Developer Suite 10g (10.1.2)
for development and Oracle Application Server 10g (10.1.2)
for deployment were procured. The planning related to
deployment topologies, which included application
deployment, central services and administration, unified
login across information management system of Oracle 10g
infrastructure and mid-tier was done. Migration of data of
purchase mformation system from Oracle 7.3 database to
Oracle 10g SE database was done as proof of concept. Then
migration strategy for successful web-deployment using
Oracle platform was finalized.

Migration of forms and reports, application
deployment, central services and administration, unified
login across information management system of Oracle 10g
infrastructure and mid-tier were completed. Migration and
re-engineering of all applications related to Administration,
Integrated Purchase-Stores-Audit and Integrated
Accounting System to Oracle 10g platform was completed
with single sign-on functionality. Single sign-on feature was
implemented using Oracle Identity Management which
provides the infrastructure to centrally manage user and
application identities, their authorizations and other policy
decision points. Data was migrated from Oracle 7.3 to Oracle
10g database and Oracle Interet Directory was configured
for authentication.

Comprehensive training to all the users was provided
and now the information management systems of
Administration, Accounts and IRPSU are successfully
running on Oracle 10g platform. The whole exercise has
resulted in sustainable information systems compliant with
international standards.
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E) Enhancements to RRCATInfonet:

Authenticated module for Project Monitoring has
been released on RRCATInfonet, which provides various
reports for monitoring the procurement status of X1 Plan
projects. The online information is made available from the
Integrated Purchase-Stores-Audit System and Integrated
Accounting Software. The access is authenticated and only
the authorized persons will be able to access the information
related to their respective projects.

Modules for logging network related complaints and
viewing complaint status, have also been added to RRCAT
Intonet. Changes were carried out on RRCAT Infonet server
to incorporate connection pooling feature for connectivity to
Oracle 10g database. This has resulted in increased number
of concurrent users for the services provided by
RRCATInfonet.

F) Enhancements to RRCAT Website:

RRCAT website has been enhanced with new look and
-feel. The web pages have been re-designed and re-arranged
with updated contents. The look and feel has been changed
using pull down menus and cascading style sheets. The
contents for RRCAT Newsletters from the year 1988 to 2007
are provided in electronic form by conversion from paper
copy. The contents of divisional pages have been re-arranged
as per the changes in organizational structure.

G)  Deployment of APAC-07 Proceedings:

Proceedings of APAC-0T ( Asian Particle Accelerator
Conference 07 )were generated electronically and deployed
on hitp://jacow.org website. Contributions to the conference
were classified into different groups based on invited papers,
contributed papers, and poster presentations. Proceedings of
conference can be viewed based on Session, Classification,
Author, Keyword or Institute. All the contributions are
available in PDF format.

H) Deployment of JAS-08 Website:

A website for Joint Accelerator School 2008 has been
developed and deployed on http://jas08 cat.ernet.in. This site
contains information related to Programme schedule,
Registration details, Committee details and Contents of the
delivered talks, in PDF format,

Contributed by:
A. Rajan (alpanai@cat.ernet.in) and A. Rawar

RRCAT NEWSLETTER

1.2 Development in
communication at RRCAT

networking and

A)  RRCATNet planning, expansion and upgradation:

Under phase IV of network expansion, internal -
CATSE based - networking of few buildings namely, Laser
R&D H - Block, Fire Station, AECS, TSH, and Old
Production building was completed. In all, 200 nodes were
added to RRCATNet. All the above mentioned buildings
have been connected to the RRCATNet using DSLAM links
and CAT6 cables. The commissioning of optical fiber
backbones to various buildings under phase IV is underway
and is expected to be completed in few months time.

B) Enhancementsto RRCAT Data Centre;

The data centre at RRCAT, houses all the shared
computing and I'T resources of our centre. Due to addition of
maore number of such resource over the past few months, the
electrical and AC facilities of the data centre had to be
augmented. Necessary augmentation was carried oul to
support the requirements and thereby ensure smooth
operations of the data centre.

User data on the email servers at our centre is
increasing day by day, hence the backup related setup has to
be constantly revamped. Backup of the various email server
related log files and user data is currently being performed on
network attached storage using the ethernet connectivity,
The backup is performed using the tar and gzip wutility over
the network, with a full backup being performed on Sunday
morning and incremental backups on other week days,
Enhancements were made to the backup setup, for reducing
the backup window from the previous duration of more than
24 hours to about 9 hours at present in full backup mode and
to 2 hours in incremental mode. This has resulted in faster
access of email services during working hours.

C)  Email and Internet access setup enhancements:

Designing of a new email setup, utilizing fast and high
capacity SAN based disk storage systems in cluster mode
was completed and necessary hardware and software has
been processed for procurement,

The current email setup at our centre was further
enhanced to include facilities for forwarding of emails
received in INBOX folder only, thereby excluding all
unwanted DETECTED SPAM folder emails from being
forwarded, thus increasing our usable internet bandwidth,

Various unified threat management products were
evaluated for incorporation in our network, to provide clean
virus free traffic flow from and into our network. The
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selected solution is now under implementation.
D) Anunet and DAEGrid Setup:

DAEGnd network was secured from external
networks by the commissioning of a firewall based on
unified threat management product from Fortinet Inc.. This
implementation has allowed us to build customised firewall
for using various applications with varied security
requirements on the DAEGrd setup, thus enhancing the
security of the setup on the whole.

E)  Inter DAE Video Conferencing setup:

Promotion interviews were successfully conducted
for the first time ever in RRCAT, using the video
conferencing facilities, commissioned at RRCAT and
BARC, The process involved setting up a video conference
between BARC and RRCAT with an interview commitiee
attending the video conference at BARC and the candidate
and his DR attending the video conference at RRCAT. Inall,

14 candidates were successfully interviewed.
F) Expansion of the telecommunication network:

Telecommunication facilities were extended to the
new Laser R&D block H and Alignment Lab buildings.
Mobile access facilities were enabled on 20 extensions and
80 new telephone connections were installed inside RRCAT
campus. To take care of near future requirements, two
number of 400 pair cables were terminated at laboratory area
exchange, Revamping of 40 number of TDPs was carried out
to strengthen the telephone cabling network in our campus,
thus increasing the uptime of the telephone network.

) Workshop on Unix operating system:

Unix is a preferred operaling system in any R&D
organization. Two weeks workshop on Unix was organized
by Computer Centre during 9-20 July 2007 at User Hall,
workshop was aimed at providing basic understanding of the
Unix operating systermn and user level commands, useful to
perform day to day operations on the Unix systems.
waorkshop was attended by 24 candidates nominated from
various Divisions/ Sections in RRCAT.

H) ANSYStraining programme:

The resources in User Hall were utilized by engineers
of our centre to conduct ANSYS training programme lo get
updated about the latest features available in this software
package. About 3 participants from wvarious Divisions/
Sections of RRCAT benefited from this training,

Contributed by:
5. 8. Tomar (tomariecat.ernet.in) and A. Rawat
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I.3  Development of vacuum brazing furnace

Fig 3.1 Photograph of the vacuum brazing furnace.

In joining of components, where welding process is
not possible, brazing processes are employed. Value added
components, high quality RF systems, UHV components of
high energy accelerators, carbide tools etc. are produced
using different types of brazing methods. Furnace brazing
under vacuum atmosphere is the most popular and well
accepted method for production of the above mentioned
components and systems. For carrying out vacuum brazing
successfully it is essential to have a vacuum brazing furnace
with latest features of modern vacuum brazing technology.,

A vacuum brazing furnace has been developed and
installed at Accelerator Components Engineering &
Fabrication Division, RRCAT, for carrying out brazing of
components of copper, stainless steel and components made
of dissimilar metals/materials. The above furnace has been
designed to accommodate jobs of 700 mm diameter x 2000
mm long sizes with job weight of 500 kgs up to a maximum
temperature of 1250°C at a vacuum of 5x10° Tomr Qil
diffusion pumping system with a combination of rotary and
mechanical booster pump have been employved for obtaining
vacuum. However, this pumping system will be replaced
with a dry vacuum pumping system in the near future for

Vol. 21, Issue 1-2008



better and clean brazed components. Molybdenum heating
elements, radiation shield of molybdenum and stainless steel
- 304 have been used. The above fumace is computer
controlled with manual over ride facility. PLC and Pentium
PC are integrated together to maneuver steps of operation
and safety interlocks of the system. Close loop water supply
provides cooling to the system,

Many components have been vacuum brazed
successfully including vacuum brazing joints of copper to
copper and stainless steel to copper components. Main
components vacuum brazed include : safety shutter, fixed
mask, collimator ete. These are components of the front end
of beam line. Test cup assembly of LINAC with six joints of
copper to copper is also vacuum brazed. Vacuum brazing of
Ceramic-to-metal is under progress. After vacuum brazing,
these components are leak tested up to 510" mbar L/s. The
above facility has further augmented the development and
manufacturing capability of RR CAT.

Contribmted by,
R.V. Singh {rvsinghi@cat.ernet.in),
K. Yedle. and A. K. Jain

I.4 Automization of management of receipt
and distribution of water using SCADA in
RRCAT

RRCAT receives water from two water sources viz
Marmada authority and some tube wells located in and
around colony area. The water from these sources is
collected into under ground water sumps located in colony
area and another set of sumps near guard house. This stored
water is then pumped to 15 m high overhead tanks located in
the colony area as well as in the laboratory area. There are
two pumping stations : one in the colony area and other near
the Guard House, Overhead tanks are at three locations : 1)
near Indus building, 2) opposite Community Centre and 3)
one at the new efficiency apartment complex. The water
collected in overhead tanks is distributed to the users in
colony and laboratory areas by gravity flow. The distribution
to each segment is camied out by operating number of
distribution valves installed at various locations in the
premises. In order to efficiently carry out management of
receipt and distribution of water, number of operators are
required to work round the clock in the shifis and physically
move to all locations wherever valves, pumps etc exist at
discrete locations.

In view of non availability of requisite staff;
engineers from Construction and Services Division and
Laser Electronics Support Section of RRCAT have

successfully commissioned a water automation system by
which entire operations related to management of receipt
and distnbution of water are now performed from main
control room located in colony pump house area. At this
control room, a Supervisory Control And Data Acquisition
(SCADA) system has been installed using PLCs to automate
the entire operation. Now any pump or valve located in the
laboratory area or in colony area can be operated by click ofa
mouse. Water level in the sumps as well as overhead tank is
constantly monitored and updated on PC panel. To make it
convenient for operator, the control system has a graphic
user interface and a Hindi panel. Apart from this, water
which is received from the Narmada Authority is now
metered using an electronic flow meter and data is logged on
daily basis. The system has manual, semi automatic and fully
automatic modes so that one can select a mode depending on
the situational demand. This system is operational since
MNovember 2007 and operators have been trained. A layout of
the automated water distribution system in the colony area is
shown in Fig.1.4.1. Presently new colony area comprising of
new efficiency apartment complex is not covered under
automation.

Computer Centre, RRCAT has provided required

telephone connections and allowed the use of existing
telephone cables in the above set-up.

Colony Pump House

Praanes Satch

Fig£4.1: A layout of the awiomated water distribution
system in the colony area.

Contributed by:
L. Jain and 5. Farkya (sunilfarkyaidcat.crnet.in)




T.1: Bose-Einstein condensation in a dilute
atomic gas

8. R, Mishra {srm@car.ernet.in),
8. P Ram, and 8. K. Tiwari

1. Introduction

Since the first observation of Bose-Einstein
condensation (BEC) in a dilute atomic gas of "Rb at JILA
{Colourado, USA) in 19935 [1], the research in this field has
exploded in several directions and is providing deeper
ingight in atomic physics, coherent matter waves, atom
optics, many-body physics, ultra-cold collisions, degenerate
fermions etc. Besides the basic research, the implications to
future devices such as atom laser, atom-gyroscope, precision
measurements ete. have also received a considerable thrust.

In Laser Physics Applications Division at RRCAT, we
have developed a set-up for achieving BEC of "Rb atoms to
learn the technology as well as to explore its applications
such as an Atom Laser. The work 1s at an advanced stage. In
this article, we discuss briefly about the process of Bose-
Einstein condensation, and then describe some details of our
experimental set-up such as the experimental scheme,
milestones achieved, and direction and efforts in progress to
complete the remaining task.

2. Bose-Einstein Condensation

Though the experiments in 1995 on alkali atoms
should be considered as a milestone in the history of BEC
[1,2], the experimental and theoretical research on this
unigue phenomenon predicted by Einstein (1924, 1925)
using Bose statistics ( 1924) for particles with integer spin has
attracted attention of researchers for a long time. In
particular, super-fluidity in helivm was considered by
London (1938) as a possible manifestation of BEC.
Similarly, narrow line-width emission observed from
excitons in semiconductors has also been attributed to BEC
of excitons in the ground state. A striking difference between
BEC observed in 19935 in samples of dilute atomic gases and
that in others 15 due to weak interactions in dilute atomic
gases, The BEC thus observed in these gases can be
considered as a purely quantum statistical process as
predicted by theory of Bose and Einstein. Since the first
ohservation of BEC in an alkali vapour sample ("Rb) in 1995
at JILA, many groups have succeeded in achieving BEC in
atomic gases of different elements such as “Na, 'Li,"Rb, "K,
H, He,"Cs, Cralong with BEC-BCS transitions in fermionic
systemns of "Li, "K, and Yh.
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In a sample of indistinguishable particles having
integer spin, ie. bosons, BEC occurs when thermal de
Broglie wavelength (=h/(2xmkT)"”) becomes comparable
to the inter-particle separation. This essentially requires that
temperature should be so low that kinetic motion diminishes
to the extent that all particles are in the ground state of the
system, Mathematically, it is expressed in terms of phase-
space density as nA’">2.61, where 'n’ is number density of
bosons. The phenomenon of BEC is a purely quantum
statistical effect, and is specific to the indistinguishability
and bosonic nature of the particles under consideration. In
real systems such as a gas of atoms, because of finite
interactions, observation of BEC is difficult due to
requirement of very low temperature (typically T-100-500
nK at density n~10"-10" em™ for "Rb) to reach the above
phase-space density condition. Increasing density for sake of
a higher temperature, the condensed phase (Le. solid or
liquid) is reached before the BEC phase due to increase in the
interaction energy.

With the advent of cooling of atoms using lasers, the
path to reach BEC has become much easier than before.
Using a laser cooling sct-up known as magneto-optical trap
(MOT), it is possible to reach temperature typically as low as
~1-10pK in a gas of atoms. Bevond this wvalue, the
temperature is lowered by evaporative cooling. In majority
cases, to achieve BEC in dilute atomic gases, atoms are
initially trapped and cooled in a MOT and then subjected to
evaporative cooling in a trap to reach BEC transition. During
the evaporation, atoms are trapped either in a magnetic trap
tformed by an inhomogeneous magnetic field or in a dipole
force trap formed by a non-resonant laser beam. To avoid
loss of atoms from the trap due to background collisions,
evaporative cooling is performed in a UHV chamber at
pressure of ~10™" to 10" Torr. In a magnetic trap, evaporation
of atoms is forced by an appropriately designed radio-
frequency (RF) field which flips the spin of higher energy
atoms selectively and ejects them from the trap. In an optical
dipole trap on the other hand, evaporation is executed by
lowering the intensity of the trapping laser. Both these
methods involve considerable complexity and require an
expertise in different areas of physics and engineering.

Since formation of a MOT from vapour needs a larger
pressure (~10" Torr) than that is required in the evaporation
chamber (~10"-10"" Torr), double-MOT systems are built in
which atoms are first trapped in a MOT in the vapour
chamber and then transferred using a push laser beam to
another MOT in a UHV chamber to perform evaporative
cooling [3]. Alternatively, now a days, single MOT based
BEC systems are also becoming popular, in which a MOT is
formed directly in a UHV chamber from the jet of atoms
using a Zeeman slower [4]. The Zeeman slower however
involves a complex design of magnetic field used in it.
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3 BEC set-up at RRCAT

At RRCAT, we have chosen to build a double-MOT
system to achieve BEC of "Rb atoms. A schematic of the
system is shown in Fig. T.1.1. In the following we present the
details of design, operation of the system and its present
status.

| Pash beam
Upper MOT
% B
Quadrupole Coils
Upper MOT
=y Rb getiers, SIP 20 Is
L & T™P
ceo
SIP 150 U's I o
and NEG || L BA gauge
/|
o Duadrupale Codls

Fig T1.1: A schematic of double-MOT set-up develaped in
our laboratory at RRCAT for BEC of ™ Rb atoms.

3.1. Vacuum System

Fig. T.1.2. A photagraph of the set-up for BEC

In our set-up (see photograph in Fig.T.1.2), the
vacuum system consists of two parts (upper part and lower
part) having different vacuum levels. The upper part is an
octagonal chamber of stainless steel (SS) in which upper

RRCAT NEWSLETTER

MOT is formed from the background Bb-vapour at pressure
of 2x10” Torr. The lower part is connected to the upper
octagonal chamber by a differential pumping tube which is
tapered in shape with inner diameters of 5.0 mm and 12,0 mm
at ends and length 70 mm. A chamber in the lower part has
connections to a combination pump (a 150 L/s SIP and a
NEG module), BA gauge, tapered tube and 25x25x75 mm
dimension quartz glass cell (Optiglass, UK). The lower MOT
15 formed inside this cell afier atoms are pushed to the cell
from the upper MOT by a push beam. The vacuum chamber
was fabricated in Workshop-B of RRCAT.

We use a 70 Lfs turbo-molecular pump (TMP) for
roughing of the whole vacuum system. A gate-valve is used
between the pump and the chamber to isolate the vacuum
system from the atmosphere when TMP is off. We have also
connected a 20 L/s sputter ion pump for pumping the upper
octagonal chamber, in addition to combination pump used in
the lower part. The roughing of the vacuum system using
TMP was done in presence of mild baking at temperature of
100-150 °C for a prolonged time. Then, at base pressure of
107" Torr in the system, both the ion pumps were switched-on.
After removal of degassing from ion pumps, the gate-valve
was closed and TMP was switched-off. With both the ion
pumps on, we achieve a pressure of [x10” Torr in the upper
chamber and 1.2x107 Torr in the lower chamber without
operating the NEG module, When we activated NEG module
for about 20 minutes, the vacuum got improved to ~1x10™
Torr in the lower chamber,

3.2. Operation of Double-MOT system

In our system, upper MOT is formed in the octagonal
chamber having Rb-vapour in the background, and lower
MOT is formed in the quartz cell. The upper MOT and lower
MOT positions are vertically separated by -340 mm. For the
formation of upper MOT, the Rb-vapour was generated from
a getter source (Varian, [taly) which was inserted in the
chamber after fixing it on a two-pin feed-through. A DC
current of ~3.6 A was supplied to the getter to generate Rb-
vapour. With Rb-vapour, the pressure of the upper chamber
changes from 1x 10" Torr to 2x 107 Tor,

The cooling laser beams for the upper and the lower
MOTs were obtained from two separate grating controlled
external-cavity diode lasers (DL-100, TOPTICA, Germany),
whereas re-pumping laser beams were obtained by dividing
output from a single laser of similar configuration
(SACHER, Germany). For each MOT, cooling beam and re-
pumping beam were first mixed, and combined beam was
then expanded and split into three MOT beams (MB) which
entered the chamber. After retro-reflection of each of these
three beams from a mirror at exit of the chamber, required six
MOT beams for each MOT were obtained.
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For the upper MOT, total power in the three MOT
beams entering the chamber was ~26 mW (with ~17 mW in
cooling part and ~9 mW in re-pumping part). The diameter of
each MOT beam for upper MOT was ~10 mm. For the lower
MOT, the total power in the three MOT beams entering the
cell was ~27 mW (with ~ 18 mW in cooling part and ~9 mW
in re-pumping part). The diameter of each MOT beam for
lower MOT was ~7 mm. All the lasers were frequency
stabilized and locked wusing saturated absorption
spectroscopy (SAS). The cooling lasers were locked at ~12
MHz to the red of 55, F = 2—55P,, F' = 3 transition of “Rb,
whereas re-pumping laser was locked at peak of'its 55 , F =
1-5P,, F' =2 transition. The required polarizations of the
MOT beams were set using quarter-wave plates, The
quadrupole coils (QC) for upper MOT generated the axial
magnetic field gradient of ~12 Giem at DC current of 3.1 A,
and those for lower MOT generated the axial magnetic field
gradient of 10 G/em at current of 2.8 A

The push beam (PR) was a continuous wave (cw)
Gaussian laser beam (~100-200 pW) and resonant to 55, F
1—=5P,, F' =2 transition. It was focused to 1/e’ size ~100pm
on the upper MOT position, which corresponds to an
intensity of ~10' mW/em® at the upper MOT and ~13
mW/cm’ at the lower MOT position for a power of ~150pW.,

In absence of the push beam, the upper MOT captures
-1.4x10" atoms whereas the lower MOT does not have any
measurable number. After applying the push beam, due to the
push beam acceleration (~1.1x10" m/s’ at ~160uW), the
atoms from the upper MOT are gjected in form of continuous
flux, and are captured again in the lower MOT inside the
glass cell. The number of atoms in the lower MOT varies
with the push beam power, and was found to be maximum for
a push beam power of ~160puW, This optimum power can be
correlated to the trap depth of upper MOT and capture
velocity of the lower MOT.

We have estimated the number of atoms in a MOT by
fluorescence imaging technigue using a digital CCD camera
(PixelFly, PCO, Germany). From the fluorescence image of
a MOT cloud, the number of atoms (N) can be obtained using

the relation,
FAY I

I'Eﬁf' nikf,
L ,f__l"_| y

where N, is total number of counts in the image, ¢, is CCD
exposure time, 1% quantum efficiency of CCD, [, is
saturation intensity for atomic transition, f, is the total
intensity of cooling beams in the MOT, I'=2rx5.9 MHz 15 the
“Rb natural line-width, A is detuning of cooling beam and 2
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is solid angle for the collection of fluorescence from atoms
on CCD. The number (N) obtained by this method was found
comparable to that measured by collecting the fluorescence
on a high sensitivity photodiode [5].

In our efforts to improve the number in the lower
MOT, we found that a weakly focussed hollow laser beam
propagating vertically upward from the lower MOT side to
the upper MOT can enhance the number in the lower MOT.
This enhancement depends upon the detuning of the hollow
beam from 58 , F = 2—5P,, F' = 3 transition [6]. Fig. T.1.3
and Fig.T.1.4 show the observed enhancement results for
number in lower MOT for different values of hollow beam
detuning. The hollow beam was generated using a home-
made metal axicon mirror as reported earlier [ 7],
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Fig T'1.3. Measured variation of number of atoms in lower
MOT with hollow beam detuning.

Dtuning

Fig. T.1.4. Images of lower MOT cloud for different hollow
beam detuning values (some images showing enhancement
in mumber).

The emperature of the atoms in MOT was measured
by free expansion method which was to be ~200-400 pK in
both the MOTs, It can be reduced further by applying

molasses for some time on the atom cloud.,

3.3, QUIC Magnetic Trap

For magnetic trapping and evaporative cooling of
atoms trapped in lower MOT, we use a Quadrupole-loffe
Configuration (QUIC) trap, first proposed and demonstrated
by the Esslinger er a/[#]. This is a simpler magnetic trap than
time-averaged orbiting potential (TOP) trap and loffe-
Pritchard (1P) trap, and operates at lower current than IP trap.
A QUIC trap consists of two 1dentical quadrupole coils and
one loffe coil, which is conical in shape at one end. Ina QUIC
trap, as current in loffe coil is increased, the magnetic field
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along the axis of the Ioffe coil (and hence the trapping
potential) starts deforming and finally gives a nearly
harmonic feld distribution with nonzero off-set field to
prevent Majorana spin flips.

The schematic of the QUIC trap, which we have
developed for our BEC set-up, is shown in Fig.T.1.5. The
cotls dimensions were fixed by the simulations of magnetic
field for the geometry appropriate fo our set-up. The
quadrupole coils have inner diameter of 34 mm, outer
diameter of 69 mm and length of 37.5 mm. The loffe coil has
a conical section of length 14 mm, minimum diameter of &
mm {inner) and maximum diameter of 35 mm (outer), The
straight section of the loffe coil has length of 21 mm with
inner diameter of & mm and outer diameter of 35 mm. Each
quadrupole coil has 184 turns and the loffe coil has 214 turns
{160 in straight section 54 1n conical section). The separation
between the quadrupole coils was kept 50 mm. The distance
between the end of the loffe coil and the symmetry axis of the
quadrupole coils was kept 24 mm.

L HSmm Z

Fig. T 1.5, Schematic of arrangement of coils in QUIC trap
o our set-up

The coils were cooled by chilled water flowing in
jackets surrounding them to remove the dissipated heat. The
binding of coils was done in such a way that after every two

layers, a spacer was positioned to create a gap for flow of

water between the layers,

As expected, with increasing current in the lotfe coil
i1}, the zero of the net magnetic field is shifted towards the
loffe coil (Fig.T.1.6). The measured magnetic field of the
trap for different values of 1, 15 as shown n Fig. T.1.6. Al
loffe coil current [, = 29 A and quadrupole coil current |

23 A (Fig.T.1.6 b), we observed net field distribution
becoming nearly harmonic with ~7 gauss as off-set field at
the trap minimum [9]. The continuous curves in Fig.T.1.6
show the results of simulations, and experimental results
were found in good agreement with it.
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14. Radiofrequency (RF)evaporation system

The RF evaporation of atoms in a magnetic trap is a
stimulated emission process which can be imitiated by RF
field of appropriate frequency such that photon energy (hv,)
matches with the magnetic splitting between sublevels (as
shown inFig. T.1.7).

F
me=2
—_ mg = |
=
o
o
E p
=.]
g = - k"
0 r ¥

Position in the trap

Fig. T 1.7, Schematic of the RF field stimulated transitions
leading to ejection of an atom during RF-evaporation
PrOCess.
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To remove more energetic atoms from the trap, the
frequency is swept in a calculated range from high to low ina
spectfied time duration. In our RF evaporation system, we
have planned to use a commercial RF synthesizer combined
with a home-made amplifier system. The synthesizer can be
controlled by LabVIEW on a PC to scan RF frequency in the
desired range. The amplifier (developed at RF Systems &
Control Division, RRCAT) amplifies the synthesizer signal
upto ~2W, For our trap, the required scan range of RF is from
~14 MHz to 2 MHz, which is likely to get changed as the trap
parameters and the initial temperature of atoms change.

3.5, Control system

Making Bose condensate in laser cooled atomic gases
is a involved process which requires the operation of both the
MO Ts, the magnetic trap, the RF-evaporation, and detection
and imaging, in a well controlled sequence of events. Step-
wise, we have to perform laser cooling in the upper MOT,
transfer the atoms to the lower-MOT, do optical pumping, do
magnetic trapping in a QUIC trap, perform RF evaporative
cooling, all in sequence, and then do detection and imaging
to observe BEC., In order to accomplish the above events in
the precise sequence, we need to activate and control several
instruments within a short duration. The required precision in
their activation time can be as short as few microseconds,
which needs the control system to be accurate to that time
scale. For this purpose, an electronic controller {18 output
channels) compatible with LabVIEW and PC has been
developed and programmed (by Laser Electronics Support
Section, RRCAT) to provide appropriate switching pulses to
activate different instruments and devices, Various devices
controlled here include acousto-optic modulators for
switching the MOT laser beams, power supplies for current
in coils, RF synthesizer, CCD camera etc, to execute the
sequence of events from MOT formation to RF-evaporation
and imaging. The control system has been tested. Using this
system, efforts to operate magnetic trap for atoms are in
Progress.

4, Conclusion

To conclude, we have developed a double-MOT set-
up for BEC of "Rb atoms and made both the MOTs
operational. We have gained expertise in characterization of
the cold atoms, designed and tested a QUIC trap for magnetic
trapping of the atoms, and got developed and tested control
system and RF system. Presently we are in the process of
loading atoms in the magnetic trap, a stage just before the
RF-evaporation to form BEC.
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their continuous support and help in all this development.
Specially, we would like to thank Mrs. L. Jain, Mrs. S
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Tiwari, V. Bhanage, P. P. Deshpande, M. A. Ansari, H. R,
Bundel and C. P. Navathe, all of Laser Electronics Support
Section, RRCAT, for development of control system for the
set-up, and M. Lad, P. R. Hannurkar and their colleagues at
RF Systems & Control Division, RRCAT, for development
of RF amplifier system. We are also thankful to C. Rajan and
F. Kumar, LBAID, RRCAT, for development of high current
switching circuits, 5. Raja, LBAID, RRCAT, for fabrication
of the tapered tube used in vacuum chamber, and H. 5. Vora,
LSED, for his help in CCD image processing. Finally, we
thank Dr. 8. C. Mehendale for a critical reading of the
manuseript,
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T.2 Modification of metallic surfaces with
high power CO, laser

Rakesh Kawl (rkaulidicat.ernet.in)
Introduction

Many of the life-limiting mechanisms of engineering
components originate from associated surfaces. These
include corrosion, wear, stress-corrosion cracking, fatigue,
corrosion-fatigue etc..  Material's susceptibility to these
degradation mechanisms is strongly influenced by surface
characteristics including chemical composition,
microstructure, hardness, state of stress, roughness, nature of
previous processing etc. A suitable modification of the
character of the surface, without changing bulk of the
material, provides an effective way to modify material's
response to these unwanted effects. Surface modification
can be in terms of change in composition, microstructure,
topography, hardness, state of stress, cleanliness etc, The
broad area of surface modification, now popularly known
“Surface Engineering”, has vast potential for providing cost-
effective solution to enhance/extend life of enginecering
components operating under susceptible conditions. Laser,
with its wide range of characteristics (e.g. wavelength and
mode of operation - continuous wave/pulsed) and associated
flexibility to manipulate with the help of optics, has emerged
as a powerful tool to precisely control desired surface effects.
Lasers are capable of inducing different kinds of surface
effects including thinfilm deposition, solid-state
transformation hardening, melting, alloving, cladding,
surface cleaning/decontamination, shock peening etc.
Compact lasers with the flexibility of transportation through
fine optical fibers (e.g. diode, fiber and Nd:YAG lasers) are
attractive industrial tools for processing in hostile
environments or in the regions with limited access. With the
integration of highly automated workstations with lasers,
which are cost effective, powerful, reliable and compact,
laser material processing (LMP) is set to become tomorrow's
processing technology.

Realizing the important role that lasers can play in
shaping Indian industry, CO, laser program was initiated at
RRCAT, with the objective of developing high power
industrial CO, lasers.  Subsequent years witnessed
development of high power lasers, ranging from 10 kW 10 20
kW. During late-90s, activities were initiated towards
material processing with in-house developed CO, lasers. For
material processing applications, 3.5 kW and 10 kW
transverse flow CQ, lasers were integrated with beam
delivery systems and computer numerically controlled 3-
axis workstations. Recently, a 5-axes CNC workstation has
also been integrated with 3.5 kW laser system for laser rapid
manufacturing (LRM). During last couple of vears, a variety
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of laser processing studies have been carried out and
forthcoming part of the paper describes a few important laser
surface treatment studies performed at Laser Material
Processing Division of RRCAT.

1. Laser hardfacing to suppress dilution in
Colmonoy deposit on austenitic stainless steel

Nickel-base alloys, “Colmonoy”, have been selected
as hardfacing material for many austenitic stainless steel
(35) components in 300 MWe Prototype Fast Breeder
Reactor (PFBR) at Kalpakkam [1]. Hardfacing is intended
to impart enhanced galling resistance to the mating surfaces
and to avoid self-welding in the Nowing sodium environment
at a temperature of about 823 K. A major problem associated
with Colmonoy hardfacing of 88 components is extensive
dilution from the base metal. Due to large difference in the
melting temperatures of Colmonoy and 55, Colmonoy
deposits pick up significant amount of dilution from S5 base
metal. C.R. Dasctal [2] reported that Colmonoy 6 deposits
on type 316LN 55, made by Gas Tungsten Arc Welding
(GTAW), carry extensive dilution from the base metal, which
significantly influences their microstructure and hardness up
1o a deposit thickness of 2.5 mm."! For overcoming adverse
cffects of dilution, it is essential to increase thickness of post-
machined Colmonoy deposit, which not only adds to the cost
of fabrication but also causes greater distortion of the
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Fig T2.1: Comparison of hardness profiles across transverse
crass-sections af Colmonoy deposits made by GTAW and laser,

Low heat input characteristics of laser cladding
process has been exploited to suppress dilution in Colmonoy
6 deposits on type 316L S5 base metal. Very low degree of
dilution was achieved in laser-deposited Colmonoy by
carefully controlling process parameters. Fig.T.2.1
compares hardness profiles across the cross-sections of
Colmonoy 6 hard-faced 55 specimens made by GTAW and
laser. Crack-free Colmonoy 6 deposits were obtained by
keeping the specimens undergoing hardfacing in a specially
made sand bath maintained at 673 K and leaving the hard-
faced specimens buried under sand for about 15 minutes [3]
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r Laser-assisted graded hard facing of Stellite 6

Co-based alloys “Stellite” are extensively employed
as hardfacing material for many engineering applications for
enhanced resistance against high temperature wear,
oxidation and corrosion. In Fast Breeder Test Reactor
(FBTR.), there are many applications of Stellite overlay on
austenitic S8 to obtain enhanced galling resistance at
elevated temperatures of about 823 K[4,5]. Large difference
in the coefficients of thermal expansion between austenitic
55 and Stellite often causes cracking of Stellite hardfaced 5SS
components. Cracking resistance of Stellite 6 clad S8
components can be effectively enhanced by providing
smooth transition in chemical composition across
substratefclad interface.  Present work describes laser-
assisted graded deposition of Stellite 6 overlays on type 304
55,
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Fig.T.2.3: Comparison of micro-hardness profiles  across
iransverse cross-sections of graded and direct Stellited deposited
austenitic 58 specimens,

The process of laser cladding has been employed to
deposit 3 and 4-layered graded Stellite 6 overlays on 85,
Multiple clad layers of graded composition were deposited
by laser cladding with pre-mixed alloy powders of dilferent
compositions, In contrast to abrupt transition in chemical
composition and micro-hardness across substrate /clad
interface of directly hardfaced S5 specimens, graded
hardfaced specimens exhibited gradual transition in
chemical composition and micro-hardness across
substrate/clad interface. Both, the composition and micro-
hardness measuremenis on graded hardfaced specimens
exhibited stepped profiles, with each step coinciding with the
interface between successive graded layers, as shown in
Fig.T.2.2 and T.2.3. Graded overlaid specimen demonstrated

higher cracking resistance under thermal cycling conditions
than that of directly overlaid specimen [6].

3 Laser surface alloving with Cr, Ni and Mo to
enhance pitting resistance of anstenitic 55

Austenitic stainless steels are susceptible to localized
corrosion in chloride bearing environment [7].  Super
austenitic 88, with high concentrations of Cr (=25%) and Mo
(=6.5 %), exhibits superior corrosion resistance than the
popular 18/8 variety of S8. Surface alloying of 85 with Cr
and Mo, therefore, offers an economical means of enhancing
corrosion resistance of relatively cheaper type 18/8 88, The
method of laser surface alloying, achieved by melting of
powder-coated substrate, does not result in uniform chemical
composition of the modified surface [8,9] In the present
study, desired surface alloying was effected by laser cladding
type 3041 85 substrate with pre-mixed powders of type 3161
5% and Cr. For controlling ferrite content in the weld metal,
arising out as a result of addition of ferrite stabilizers like Cr
and Mo, laser cladding was also performed with pre-mixed
powders of type 316L 55, Cr and Ni. The average chemical
compositions of resultant {Cr+Mo) and { Cr+Ni+Mo) alloyed
surfaces, as found out by Quantitative Energy Dispersive X-
ray Fluorescence (EDXRF) (in wit%) were: 24.2 Cr; 9 Ni; 2
Mo; 0.6 Mn and 244 Cr; 21.7 Ni; 1.4 Mo; 0.3 Mn,
respectively.  Potentio-dynamic polarization studies
performed in 0.5 M NaCl solution demonstrated that the
combined effect of Cr, Mo and Ni alloying in raising pitting
resistance was more pronounced than that produced by
alloying with Cr and Mo, as shown in Fig. T.2.4. Laser
surface alloying with Cr, Mo and Ni brought about more than
3-fold increase in pitting potential over that of the untreated
substrate (from 310 mV to 980 mV) whereas pitting potential
for Crand Mo alloyed surface was found to be 780 mV [10].
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Fig T2.4: Potentiodynamic polarization plots of laser surface
treated Cr+ Mo and Cr+Nit+ Mo alloved and untreated type 3041 55
{substrate) specimens in 0.5 M NaCl solution.

4. Laser surface alloying with Si for improved
corrosion resistance of type 304L. 85

Type 304L S5 is a major material of construction in
chemical and reprocessing plants involving extensive use of
nitric acid (HNO,). Normally protective Cr,0, film on the
surface of S5 is rapidly dissolved under aggressive HNO,
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environment or at temperature above 353 K [l1]. The
stability of Cr,0, film is enhanced by Cr and Ni addition. Si
is another important alloying element influencing corrosion
resistance of austenitic 88 in HNO, environment.  Si offers
excellent corrosion resistance when its concentration is
either below 0.2 wi%s or above 1.6 wi%. With 0.4 -1 wi% Si
content, the alloy suffers excessive inter-granular corrosion
(IGC) [12]. ASTM specifications allow upto 1 wi% Si in
type 304L 55. Hence, surface ennchment of Si above 1.6
wit%a is an effective means of enhancing corrosion resistance
of type 304L 58S in concentrated boiling HNO, environment.
Laser surface alloying with 81 was achieved by laser
cladding type 304L S8 substrate with pre-mixed powders of
type 304L SS and Si. The results of polarization study
performed on Si-alloyed specimens in 6N HNO, solution
demonstrated that in contrast to untreated substrate, laser
surface-alloyed specimens exhibited significant reduction in
passive current density from lp Aem’ to less than
0. 1pAfem’, as shown in Fig. T.2.5, signifying greater stability
of protective film on laser alloyed surface [13].
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Fig. T.2.5: Potentiodynamic polarization plots of Si-alloved and
untreated type 304L 88 (substrate) specimens.
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5. Laser surface treatment to enhance inter-granular
corrosion resistance of type 304 85

Austenitic stainless steels, in spite of having good
general corrosion resistance, strength, and formability [14-
1 6], are particularly prone to localized corrosion like crevice,
pitting, inter-granular corrosion (IGC) and stress corrosion
cracking (SCC). In nuclear fuel reprocessing, waste
management industries and in many chemical industries,
using nitric acid as the process fluid, the main corrosion
problem is 1GC [17,18]. The basic cause of 1GC is
sensitization of 55, 1GC of austenitic S8 arises from inter-
granular precipitation of Cr-rich carbides M,,C, during
exposure to the temperature regime of 773- 1073 K. Inter-
granular carbide precipitation is accompanied by the
development of Cr-depleted zones adjacent to grain
boundaries., Cr-depleted, zones, being anodic with respect to
grain interior, are preferentially attacked in the corrosive
environment leading to 1GC [14-18]. Sensitization 15 also a
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main reason for inter-granular stress corrosion cracking
(IGSCC) of 55 weldments in certain environments e.g.
oxidizing water chemistry in boiling water reactors [19].

Present study demonstrated that laser surface melting
(LSM) treatment of type 304 55 brings about significant
mcrease inits resistance against sensitization and 1GC during
subsequent exposure to susceptible temperature regime [20].
Fig.T.2.6 compares exposed surfaces of base metal and laser
treated specimens after undergoing ASTM A262 practice B
test. Degree of sensitization (DOS) of laser surface melted
specimens remained largely unaffecied by exposure to
severe sensitization heat treatment at 923 K for 9 hours. In
the best conditions, laser melted surface, cven after
undergoing this heat treatment, exhibited comparable or
even lower DOS than the base metal in as-received condition
(refer Table-1). Figure T.2.7 compares Double-loop
Electrochemical Potentiokinetic Reactivation (DL-EPR)
plots of base metal and laser melted specimens after
undergoing 9-hour long sensitization heat treatment at 923
K. Enhanced resistance against sensitization of laser-treated
surface is attributed to its duplex microstructure {involving
austenite and -ferrite) and higher fraction of low angle grain
boundaries (refer Table-2). The message of the investigation
is that LSM treatment of unstabilized austenitic 85 brings
about significant reduction in its risk sensitization and IGC,
arising out as a result of subsequent exposure to susceptible
temperature regime.  The technigque has also been applied as
a pre-welding treatment to suppress sensitization in the heat-
affected zone (HAZ) of type 304 88 weldment [21].
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Fig.T.2.6: Transverse cross-sections of heat-treated (923 K for 9
howrs) base metal and laser swface melted specimens afier
undergoing ASTM 4262 Practice B test. Clear 1GC attack on the
exposed base meial surface (lefl) is in contrast to un-attacked laser
treated surface (right).
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Fig. T.2.7: Comparison of DL-EPR plots of hea treated (923 K for 9
howrs) base metal and laser surface melted specimens.
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Specimen Without heat Adfter heat
treatment treatment
Base metal (.36 452
Laser treated | 0.09 0107
Laser treated 2 0.24 0.327

Tabie-1: Effect of heat treatment on degree of sensitization (DOS) af
base melal and laser surface melted specimens

Mature of grain boundaries Base Laser
metal melted
surface
Low angle grain boundaries, 0.042 0.17
A P

Table-2: Grain boundary chavacter distributions, as determined by
arientation imaging microscopy, in base metal and on laser treated
surface.

6. Laser surface treatment to suppress sensitization
in mod. type 316({N) 55 weld metal

AISI 316 LN S8 with 0.024-0.03% C and 0.06-0,08%
N is the primary structural material for 500 MWe PFBR.
Welding of this material is being carried out using modified
E316-15 electrode with 0.045-0.055% C and 0.06-0.10%N.
Welded S8 components are subjected to solution annealing
heat treatment for achieving full stress-relief and restoration
of mechanical properties and corrosion resistance. Higher C
content of the filler metal makes the weld metal prone to
sensitization during cooling from the solution annealing
temperature. It has been shown that in order to avoid
sensitization of the weld metal, weldment needs to be cooled
at a rate higher than 75 K/h. However, rapid cooling of the
weldment carries associated risk of distortion and
reintroduction of residual stresses. A study had been taken
up to develop a laser surface treatment to evolve a surface
microstructure which would be more resistant against
sensitization during post weld solution annealing treatment
with coolmg ataslow rate of 65 K/h

Fig. T.2.8: Comparizon of the microstructures of solution annealed
as-deposited (BM) and laser surface melted 316(N) weld metal
specimens, Discomiinuily in inter-gramilar carbide metwork in
laser-melted specimen reflects its lower susceptibility to IGC.
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Experiments involving LSM were carmried out with
[ 50 W average power pulsed Nd:YAG laser and 10 kW CO,
laser, in both continuous wave (CW) and pulse modulated
(100 Hz) modes. LSM treatment parameters have been found
to have a profound effect on the IGC resistance of the
resultant microstructure after subsequent solution annealing

treatment. Best results were obtained when LSM was
performed with high frequency pulse modulated CO, laser
beam, Laser treatment of type 316(N) S8 weld metal with
high repetition rate pulse modulated CO, laser suceessfully
induced greater resistance against 1GC during solution
annealing treatment involving cooling at the rate of 65 K/h
Laser treated weld metal remained un-sensitized after
solution annealing involving slower rate of cooling at 65 K/h
[22]. Figure T.2.8 compares microstructures of unireated and
laser treated 316(N) weld metal specimens after undergoing
solution annealing treatment. Mumerical simulation study
performed with ANSYS 7.0 software to understand the
physical reason behind difference in sensitization behavior
of laser surface melted specimens under CW and high
frequency pulse modulated conditions and the predictions
were subsequently validated by electron back scaltered
diffraction (EBSD) analysis. Incontrast to formation of long
columnar grains growing from the fusion boundary in CW
laser surface melted region, LSM with high frequency pulse
modulated laser beam resulted in the evolution of fine grains
near the fusion boundary region which is believed to be the
cause for enhanced resistance against sensitization. The
direct implication of these resulis is that the a laser surface
melted type 316LN S5 weldments can be cooled at a slower
rate during subsequent solution annealing with reduced nisk
of sensitization and thus minimizing distortion and
reintroduction of thermal stresses,

7. Laser beam shaping for improved microstructure
during laser surface melting

Circular

Square

...-...-..,.55,.-,.-".-.- e P
fﬁﬁ/fﬁf’ flfll/[/" (et
"-'I ’ Uu-nl.nl"-' \ "-..'!
LA LiA “"-"'l.'; \
N Qx.\l\ L\\Z‘-. ALY
Fig.T2.9: Comparison of the shapes of solidification fronts
produced during LSM with circular and square shaped laser beams.
Re-constructed profiles of associaled solidification fronts are
provided on the botiom of the figure.

Laser surface melting of austenitic 55 at high-speed
carries the nsk of centerline solidification cracking due to the
formation of tear-drop shaped melt pool. Laser beam shaping
can be effectively employed to engineer surface
microstructure of laser-melted region by controlling the
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shape of associated melt pool, Results of the present study
demonstrated that by using a square laser beam in place of a
circular one for LSM, the orientation of the solidification
front associated with the resultant melt pool can be made
[atter and more steeply oriented with respect to the direction
of laser scanning (Fig.T.2.9). Development of this kind of
melt-pool during LSM results in the growth of smoothly
curved columnar grains with broader region of axial grains at
the centre-line of laser surface melted track, as shown in
Fig. T.2.10.  Surface microstructure generated by LSM
treatment with square laser beam should enhance resistance
of against centerline solidification cracking (over that
obtained with circular laser beam) even at higher processing
speed [23].

Fig. T2 10 Comparison of surface microstructures produced by
LSM with circular and square shaped laser beams. {4 axial
grained region; C: columnar grained region)

8. Laser surface treatment to control end grain
corrosion of austenitic stainless steel

Apart from IGC, another form of corrosion to which
particularly bar, wire, and tubular products of S5 are
susceptible to in nitric acid environment, is end-grain
corrosion. It takes place on the tubular and forged surfaces
that are perpendicular to hot-working direction and occurs as
localized pitting like attack that develops along the hot-
working direction and finally corrosion occurs as
intergranular attack [18, 24-27]. Tt has been identified as a
major form of corrosion in those components in which cross-
sectional surfaces are exposed to oxidizing process [25]. In
reprocessing plants, using sensitization resistant low carbon
grade or nitric acid grade (NAG) stainless steels, end-grain
corrosion is shown to be a major degradation mode in
components like instrument tubing and tube-to-tube sheet
welds. There are also reports of end grain corrosion in
forgings and set in pipe branches [24). Exposure studies
carried out in a dissolver in a reprocessing plant (in vapor
phase) showed wvery heavy corrosion rates of 0.2-0.6
mm/year even for NAG grade of 58 and this was attributed
mainly to end-grain corrosion [24].  Directional nature of
end-grain attack has been explained by the dissolution of
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aligned sulphide inclusions along the hot-working direction
[18,24-27]. Segregation of P, Cr and Si along the flow lines
during the fabrication stage is another proposed mechanism
for end-grain corrosion [ 18, 26-28). The end-grain corrosion
of a material is related to the defect in manufacturing and
processing stage such as a high-inclusion content in the
material or use of an improper solution annealing heat
treatment. Instead of discarding these defective materials
against end-grain corrosion, some suitable methods can be
used to avoeid or minimize such type of attack

In the present work LSM treatment was evaluated for
its effectiveness to reduce end-grain corrosion in type 304
88. Laser surface treated specimens of two heats (A and B)
were subjected to ASTM A262 practice C to find out the
susceplibility of these materials against IGC, LSM brought
about significant reduction in the corrosion rates of both the
heats with respect (o corrosion rates observed for
corresponding specimens in as-received conditions (refer
Tahle-3). The reason for improvement in the resistance
agamst end-grain corrosion is brought about by removal /
redistribution of elongated MnS inclusions (refer Fig T.2.11)
and elimination of segregation of Cr, 81, and P along the flow
lines. Another contributing factor for increase in 1GC
resistance is the presence of S-ferrite on the laser treated
surface, which makes the austenite grain network
discontinuous [29].

Fig T2 11:  Transverse cross-section of laser surface melted
specimen of heat B, Arvows indicaie change in the morphology of
MnS inclusions by laser melting. Laser melted region iz on the lefi
side af the photomicrograph,

Specimen As-received Laser melted
surface
Heat A 1.858 0.185
Heat B 3.5763 (after 3 periods)| 0,208

Table-3: Corvosion rates (in mmir) measured after 5" period of
ASTM A262 practice C test for type 3041 88 specimens
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Conclusions

Laser surface treatment studies performed so far have
demonstrated unigue capability of laser to exercise control
over surface composition and microstructure for yielding
enhanced performance characteristics.  After building this
initial foundation, our present research activity focuses on
developing laser surface treatments for enhancing or
extending life of engineering components operating under
fatigue and corrosive conditions through modification in
surface microstructure and state of stress.  Efforts are also
being made to couple laser with conventional processes (o
make resultant hvbrid process more capable and versatile.
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T.3: Radiation physics studies at Indus-1
synchrotron radiation source for radiation
protection in high energy electron accelerators

Haridas. G. (haridas@cat.ernet.in)
1. Introduction

Electron accelerators are widely used world over for
various applications in industry, medicine and in basic and
applied research. The electron energy used for industrial and
medical applications is up to ~10 MeV. For research
applications, the energy may extend to very high values
(hundreds of MeV, GeV or TeV). High energy accelerators
are on the rise as they are powerful tools to search the yet to
be seen elementary particles, thereby unraveling the hidden
realities of the universe. Livingston in 1962 in his famous
“Livingston Plot” predicted a ten-fold increase in particle
energy, every six years, which was confirmed by Panosky [ 1]
two decades later who brought out a revised plot, which is
showninFig. T.3.1.

D T T T T ™

Lo . |

T e me e wm e e
TEAR
Fig T'3.1: Livingston Plot: Envelope of the curves suggesis a ten-
feld increase in particle energy, every 6 vears.

High energy electron acceleralors are widely used at
several laboratories in order to produce intense synchrotron
radiation from storage rings [2]. High energy electrons are
preferred for the production of synchrotron radiation due to
its very low rest mass, in comparison with other fundamental
particles and hence they can be accelerated to relativistic
velocities easily unlike other charged particles,

When the high energy elecirons interact with
accelerator structures, residual gas molecules in the vacuum
chamber, experimental targets etc, bremsstrahlung x-rays
[3.4] are produced [5]. These x-rays have a broad spectrum
extending up to the kinetic energy of the electron beam.
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Bremsstrahlung x-rays are the main radiation hazard in any
high energy electron accelerator. These x-rays may further
induce photo nuclear reactions within the interacting
material and as a result several secondary particulate
radiations like neutrons, protons, muons etc. may be
generated. Thus the increase in the primary particle energy
poses a great challenge in radiation protection due to the
complex radiological conditions existing in such
accelerators and lack of proper dosimetric systems [6].

Conventionally, radiation dosimetry and shielding
aspects had been limited to radiation of few MeV, whose
prnimary sources were mainly, naturally oceurring radio-
isotopes, nuclear fuel cycle operations like mining, milling,
nuclear reactor operation, fuel reprocessing and x-ray
generators used in diagnostic radiology and research. With
the increase in the electron energy and the subsequent
production of high energy bremstrahlung x-rays, the
conventional dosimetric and radiation shielding concepts
may not provide adequate safety to personnel in such
accelerator environment. This is basically due to the
difference in the interaction mechanism of this high energy
radiation with matter, as compared to low energy radiations,
up to few MeV.

When a photon with energy far above the pair
production threshold { 1.02 MeV) is incident on a medium, an
energetic electron and photon are formed, as pair production
is the dominant interaction mechanism at high photon
energies. Subsequently, the energetic electron and positron
radiate out photons and these photons in turn produce further
pairs giving rise to a cascade (or shower) of electrons,
positrons and photons resulting in an eclectromagnetic
shower [5]. H.J. Bhabha, in his work on theory of cosmic ray
showers, calculated the number of particles {electrons and
positrons) emerging from a lead plate of 5 em on 100 GeV
¢lectron bombardment to be 1000 or more [6]. An example of
a massive shower generated when a 10 GeV electron is
incident on a target of tungsten is shown in Fig. T.3.2.

Fig.T.3.2: A massive electromagnetic shower simulated in o Mock
af tungsien targeton [0 GeVelectron incidence.

As a result of the shower generation, the particle
fluence increases with depth of the interacting medium and
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their mean energy decreases. Therefore the energy
deposition in the medium increases with depth, giving rise to
a build up in the radiation absorbed dose (energy absorbed
per unit mass of the medium). As the mean energy of photon
in the medium reduces to a low value, the pair production and
Compton scatlering compete at certain depth [7] in the
medium, beyond which dose build up dose not take place and
hence the dose will Tall off almost exponentially owing to
Compton and photoelectric effect. The whole process would
therefore result in a depth dose curve in the interacting
medium with a rising and falling edge. The depth at which
the maximum dose () cccurs is the shower maximum
_____ )of'the electro-magnetic shower.

Conventional radiation monitors, usually calibrated in
terms of personal dose equivalent, £ (1) [8] when used to
monitor such high energy photon radiation do not indicate
the true dose received by the worker as they show only the
dose equivalent at a depth of 10 mm in tissue. Thus the
absorbed dose and hence the dose equivalent (a quantity used
in personnel radiation protection) in a high energy photon
field would be higher than the dose equivalent indicated by a
conventional radiation survey meter.

Studies were carried out at in the high energy photon
radiation field at Indus-1 Synchrotron Radiation Source
{SRS) to find out the dose equivalent build up factor
experimentally with conventional survey meters and water
phantom, simulating a human body. Emphasis has been
given to measurements using water phantoms, as human
body contains about 62 % water [9], and can be applied for all
practical radiation protection purposes. Monte-Carlo
simulations were also carried out to simulate the
experimentally observed dose build up factors. Dose build
up factors as a function of the depth in water phantom was
then estimated from which a high energy correction factor
for radiation monitors is deduced.

2. Preliminary observations on cascade development
around Indus-1

A set of 31 observations on the electro-magnetic
cascade development and the subsequent radiation dose
build up in different media were made with three different
radiation monitors around Indus-1 SRS, The following three
radiation monitors were used for the measurement:

1. Victoreen survey meter (Model 450P, USA),
2. Pulsed x-ray monitor (Model WMI10, ED, BARC,

India) and
34 RADMON survey meter (Model 701, MNucleonix,

[ndia).

All these monitors have a tested, near flat energy response
from~60 keVto 1.25 MeV.
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In the experiment, a number of observations were
made within the shielded enclosures at various locations
around the storage ring of Indus-1 during the storage mode of
operation. To see the dose build up, various media were
interposed between the source (storage ring) and the
monitors and the response was noted. The dose rate build up
factors were then found out from the response with build up
medium to the response from the bare monitor, It has been
observed that all the monitors showed dose rate build up with
the build up medium in front of the monitors. The measured
dose rate build up factors [10] varied in the range 1.9 to 4.5,
which are pictorially shown in Fig T.3.3. These observations
refer to various values of stored current on different davs and
for different build up media like water phantom, tissue
phantom, steel of few mm ete, This clearly demonstrated the
shower generation within the media and indicated that all the
radiation monitors studied are underestimating the radiation
dose within the shielded enclosure,

am

Dhiersatan points

Fig. 133 Dose build wp factors observed for 31 observations
avonnd fnds-1.

3 Systematic measurements on radiation dose
build up

Based on the preliminary observations on the
radiation dose build up around the storage ring, systematic
measurements were performed at the front-end (the interface
between the storage ring and a beam line) exit and near the
bending magnet-3 (BM-3) using water phantom and
Victoreen survey meter,

adrakr

Fig. T.3.4: Schematic diagram of the experimental set-up for depth
A05E MEAsUPEMEnTs.




The Victoreen survey meter was used to get the depth
dose profile in water so as to see how the dose profile varies
with depth of a human body when exposed to the photon
radiation, Measurements were done at 10 mA of stored
current in the ring. The schematic diagram of the
experimental set up for studying the depth dose profile is
showninFig. T.3.4,

In the radiation field near the bending magnet, the
survey meter response was noted by varying the thickness of
water slab. Since it was difficult to surround or immerse the
instruments in water, as it is to be done ideally, water slabs
were kept in front of the survey meter. Similar experiment
was carried out at the front-end exit. The depth dose profiles
obtained near the bending magnet and at the front- end are
showninFig T.3.5[11].
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Fig T.3.5: Depth dose curves measured af bending magnet
and front- end (of BM-3) of Indus-1 SRS.

The depth dose profiles indicated that at the bending
magnet, the maximum dose equivalent rate occurred at about
15 em, giving a dose build up factor of 2.5 w.r.t. the bare
monitor, At the front-end location, the dose equivalent rate
peaked at a depth of 20 cm, with a dose build up factor of 3.3,
To confirm the dose build up in another medium and with
other type of detectors, measurements were performed with
copper as the build up medium and CaSO,(Dy) TLD as the
detector, which confirmed the same [ 12].

4, Monte Carlo Simulations of depth dose around the
Storage Ring

Experimental observations discussed above were
simulated using the Monte Carlo codes : EG5-4 [13] and
EGSnrc [14]. Experimental depth dose curves obtained from
the measurements with Victoreen survey meter indicated
spectral vanations at different locations around the storage
ring. Therefore a different approach was adopted to simulate
the experimental conditions which enable explain the
experimental results,
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A pencil beam of 450 MeV electrons is allowed to be
incident on different thicknesses of semi-infinite copper
target and the emergent bremssirahlung spectra are scored in
air in the forward direction with a central axis scoring radius
of 5 mm. Copper is selected because the structural materials
in and around the accelerator are of medium atomic number,
The bremsstrahlung spectra obtained from 3 mrm, 50 mm and
100 mm copper targets are shown in Fig. T.3.6. (Spectra from
other thicknesses are not shown due to mix-up of spectral
data in the figure).

100
=3 mm
10 = S0 mm
& 00 mim
1

01

o.om

0.0

Photon fluence (photon/c me fe)

0.0001

O 100 200 300 400 S00
Phaton energy (AeV)
Fig. T3.6; Simulated  bremsstrahlung  spectra oblained  from
different thickness of Cu target on 450 MeV eleciron incidence
feesing ECS-4).

It can be seen from Fig. T.3.6 that the spectrum from
3mm Cu (thin target) is more populated on the high energy
side compared to the other two. For thick targets, the low
energy component dominates due to the spectral degradation
on account of interaction within the Cu target itself. These
spectra of photons are allowed to be incident as a broad
parallel beam on water phantom and the depth dose in water
15 scored, For the depth dose calculation, total histories of 10
millions are used to have better statistical accuracy. For
electron and photon transport, cut-off’ energics used were
0.521 MeV for electrons and 0.01 MeV for photons. The
statistical accuracy obtamed in all the simulations was within
+1 %. The simulated depth dose curves obtained is shown in
Fig.T.3.7. The top curve corresponds to spectrum from 3 mm
Cu and the bottom one is from 100 mm thick Cu,

One can see from the depth dose curves that dose
maximum () and the shower maximum (X)) decreases
as one moves from a thin target to a thick target. The dose
build up factors are calculated as the ratio of D to the dose
at 1 cm depth in water from the simulated depth dose curves
The X coresponding to £ is also noted in cach case, The

£t
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different thickness obiained from 4350 MeV eleciron incidence
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average cnergy of the incident photon specira and the
calculated dose build up factors plotted as a function of the
shower maximum, X isshowninFig T.3.8
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Fig. T 3.8 Calewlated dose build up factor & average energy
of incident bremsstrahlung spectra as a function of the
shower maximum.

5. Resulis of the simulations and comparison with
measurements

From Fig. T.3.%, the shower maximum and the build up
factor 15 seen to increase with the average energy of the
incident photon spectrum. Moreover, as the shower
maximum increases, the build up factor also is seen to
increase. An exponential fit to the average energy as a
function ofthe X assumes the following form.

E,, (MeV)=341e""" = (1)
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It tollows that,

0.07 | 341 (2)

The above equation says that at an average energy of 3.41
MeV, X =0 and hence dose build up in water does not take
place below this energy.

Similarly the exponential fit to the build up factor
assumes the form,

1
|

BF = ].ivﬁt.xp:_ 169 } (3)

where X is the shower maximum in water in cm. The
simulated build up factor enables us to compare with the
experimental values. Table T.3.1 gives the comparison of the
experimental and the simulated build up factors as a function
of the shower maximum, X

max’

Table. T3.1: Comparison of dose build up factor from
experiments and simulations.

[ Shower Build up factor o
Location l maximum |cm)
o : Measured Measured= E
Bending | 15.0 23 [
IMAENET l
Frontend | 200 3 3____1_ e

* Froon Fig. T.3.5 ** From E(lU.i.ltJU'I'I.-:.‘:“

It 15 seen from the table that the simulated and
experimental build up factors are in very good agreement.
The difference in the average energy (representing the
incident spectrum) explains the different shower maxima
and build up factors observed during the measurement. Due
to electron interaction within the accelerator structures
(thickness of the absorber may vary depending upon the
angle of incidence, position of the beam about the closed
orbit, beam current etc.), the emerging spectra would be
different and hence the depth at which dose maximum occurs
will vary. Since the minimum vacuum envelope thickness
the electron beam encounters is about a few millimeter, the
average encrgy of the photons is about a few tens of MeV. For
instance, from 3 mm Cu, the value is ~33 MeV, which gives a
shower maximum beyond 30 cm in water. Therefore at X =
30 cm in water, the approximate size of a human body, a dose
build up factor of 6.4 is obtained from equation 3. This build
up factor can be used as a conservative high energy
correction (multiplication) factor for the monitor reading in
the high energy photon radiation field within the shielded
enclosures of Indus- 1,

A thought was given to surround the ion chamber
detectors used within the shielded enclosures of the monitor
by a proper build up material with thickness giving rise to the
same build up factor. But it was felt that it could give rise to
underestimation in a photon field where the spectrum 13
softer, Therefore it is safer to correct the instrument response
manually with the suggested correction factor.




. Effectiveness of the correction factor outside the
shield

In order 1o see the applicability of the high energy
response correction factor for the radiation monitors outside
the shielded enclosures of Indus-1, the energy specira in the
direct and the transmitted photon field were measured using
a 2" x 2" BGO (Bismuth Germanate) detector during the
storage mode of Indus-1 operation. The direct spectrum was
obtained from the storage ring through a hole (~100mm dia)
in the shielding and for the transmitted spectrum, a lead block
of 80 mm thick was used to block the hole in the shielding.
The spectra obtained are presented in Fig. T.3.9[15]
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Fig.T.3.9: Measured direct and transmitted bremssirahlung specira
{througeh 80 mm Ph) from Indus-1 (BM- 1 side).

The trend of the direct spectrum indicates that it is
extending to very high energies. However, the average
energy of the transmitted spectrum was estimated to be 3.3
MeV, which is less than 3.41 MeV, below which no build up
takes place in water (from eq.3). Therefore, the correction
factor suggested for the monitor response within the shielded
enclosures does not apply behind the present hybnd
shielding (80 mm lead + 80 mm mild steel) of the storage
ring. Bremsstrahlung x-ray energy estimation outside the
shield was also carned out using TLD badge, which gave an
effective energy of 2. 183 MeV [16]

7. Dose build up experiments outside shielding of
Indus-1

Aset of dose build up study was carned out outside the
shielded enclosure of Indus-1 to ensure no dose build up in
the transmitted photon field through shield as predicted by
eq. and the spectrum measurements. For this study,
integrating type of dosimeters were used with different build
up media for sufficiently large time in order to obtain
meaningful results. Table. T.3.2 summaries the results.
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Table. T.3.2: Mesured dose build wp factors in the divect and
transmitted bremsstrahlung photon field at Indus- 1

Dose rate Dhose rate with
Field conditions without buildup / Buildup
buildup material factor
Direct photons 1.0 mKR/h J0mRh 3.0
the forward Smm iron
direction from
SEOTAgE ring
(BM-1 =ide) 1.0 mR/h 20 mih
100 mum water 2.0
I'ransmtted (.5 mR/'h 0.4 mih .5
photons through 5 mm iron
5 em concrete 255 mR* 185 mRL* 0.73
in the forward 100 mm water
direction. .
(BM-1 side) JE0 mR* 280 mR* 0.74
106 mm water

*Data from DRD (Integrating type)

It can be seen from the table that the dose build up
factor is greater than 1 in the direct photon field, whereas it is
less than | in the transmitted photon field, through 50 cm
concrete. Compared with concrete, the present hybrid
shielding comprising of mild steel and lead has higher atomic
number and hence energy degradation will be more
dominant. Therefore the build up factor would be much more
less than what 15 observed for concrete,

8. Summary and conclusions

The experiments on radiation dose build up in and
around Indus-1 storage ring was carmed out with different
radiation detectors and build up medium. The results show
that radiation dose increases in the build up medium up to
certain depth and declines thereafier in the radiation field
around the storage ring within the shielded enclosure and in
the streaming radiation field, in accessible areas. Specific
studies with a 30 cm water phantom, simulating a human
body in the high energy photon radiation field from Indus-1
suggests that conventional radiation monitors when used for
radiation dose measurements in high energy bremsstrahlung
radiation field, the dose received by the radiation worker is
underestimated many fold than H (1{), the personnel dose
equivalent measured by the conventional monitors. The
build up of radiation dose was attributed to the generation of
electro-magnetic shower within the build up medium,
usually imitiated when a high energy photon or electron far
above the pair-production threshold is incident on the
medium. Based on the dose build up experiments and Monte-
Carlo calculations, a high energy correction factor of 6.4 was
obtained for the radiation monitors within the shielded
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enclosures and in the streaming high energy field. This
correction is only for application in personnel radiation
protection as the factor is deduced based on dose
measurements and simulations in water phantom,
Applicability of the correction factor was checked outside
the shielding by spectrum measurements and dose build up
measurements, It is found that no correction needs to be
applied for radiation monitors outside the shielded enclosure
except at streaming bremsstrahlung photon field. It s
concluded from the study that

I.  Conventional radiation monitors and dosimeters

underestimate dose in high energy photon radiation

environment near high energy electron aceelerators by
many factors.

Proper correction needs to be applied to the monitor

reading when measured within the shielded enclosure

or in the streaming radiation field in order to estimate
the dose equivalent correctly.

3. Since radiation dose build up takes place in a material
medium when high energy photons are incident,
shielding should be sufficiently greater than the
shower maximum (X)) in the shield material.
Otherwise, high energy photons contribute to the
radiation field significantly in accessible areas, which
is not desirable.

4. Any non-uniformity or gaps in the shielding structure
around the ring can result in streaming of high energy
photons to accessible areas.

5. The present study suggests that the presence of high
cnergy photons in accessible areas can be detected by
observing radiation dose build up in radiation
detectors with proper build up media thereby adequate
control measures can be enforced.
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AICTE Sponsored Winter School on  Ferroic
Ceramics, Kharagpur, 5-16 Nov. 2007

Shinde R.5.

Challenging scenario in design of magnetic ceramics-
ferrites & its measurement technigues in magnetic
ceramic

AICTE Sponsored Winter School on Ferroic
Ceramics, Kharagpur, 5-16 Nov. 2007
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Agnihotnn V., Ranganathan K., Hedaoo P, Misra P,
Kumar M. Arya R Oak S.M.

Diode-end-pumped, A-O g-switched Nd:Y'VO, laser
for marking applications

Alimardani M. *, Paul C.F., Toyserkani E.*

Effects of the geometrical and temporal thermal
variations on the stress fields formed in automated
laser fabrication process

Ansari M.S_, Singh B., Chandra R., Navathe C.P.
Development of pulse forming network for large size
disk amplifiers in Nd:glass laser chain

Arora V., Singhal H., Naik PA., Khan R.A., Gupta
PD.

Experimental study of K-shell line emission from
magnesium plasma produced by ultrashort laser
pulses
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Arora V., Singhal H., Naik P.A., Kumbhare S.R.,
Cupta P.ID.

Optimization of the K, radiation produced by
interaction of high intensity femtosecond laser pulses
with thick titanium foils

Ashok P.C., Dasgupta R., Gupta P.K.
Measurement of axial position spectrum of trapped
microspheres using image correlation technique

Bhandare R., Dave ., Raja 5.5.
USB: a better choice for automation and control of
tabletop instruments for physics based experiments

Bhatnagar P., Benerji N.S., Shrivastava B.B.. Mittal
LK.

A generalized diffraction filtered resonator with a KrF
excimer laser

Biswal R., Agrawal PE, Dixit 8 ¥, Mittal 1. K.
On the production and use of fractionally distilled
HBr gas to improve Cu:HyBrlD performance

Chakravarty U., Upadhyaya B.N., Kuruvilla A., Oak
S.M,

A high-power superfluorescent fiber source using Yb-
doped double-clad fiber

Chakravarty U., Naik P.A., Khan R.A., Gupta P.D.

A novel method of intense keV x-ray generation from
in situ produced silver clusters using Tizsapphire laser
pulses

Choubey A., Agrawal DK, Vishwakarma S.C,
Upadhyaya BN AL S, Jain R K., Sah S K Arya R,
Joseph J.* Kashi V. K. V.* Oak S M.

Laser cutting of fast breeder test reactor fuel
subassembly in hot cell

Choubey A, Jain R.K., Agrawal D.K_, Vishwakarma
S.C.,Upadhyaya B.N., Oak 5.M.

Effect of pulse duration and spot overlap on laser
cleaning with Nd: YAG laser

Daulatabad S.R., Subramanyam V.V., Chakraborty
A, Singh B.

CAT-EYE resonator for high power copper vapour
laser

Dubey V.K., Singh LI, Jain R., Saxena P., Vora H.5.,
Mittal LK.

A 6 channel nanosecond programmable time delay
generation unit for a CVL MOPA system

George M.*, Munnera C.1.*, Singh C.P., Bindra K.5.,
Oak S.M.

MNonlinear optical studies in neutral red dye under
nanosecond laser pulse excitation
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25.
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30,

George ., Oak 5.M.
Effect of first oscillating mode location drift on single
longitudinal mode performance

George |, Oak 8.M,
Effect of pump spectra on single longitudinal mode
performance

Jain L., Palod 5., Bhanage V.P., Bhujle A.G., Navathe
C.E
Control system for experiments with laser cold atoms

Joshi MLJ_, Deshpande P.P.,, Navathe C.P.
Control system for laser marking system

Jayabalan J., Singh A., Chari R.. Mukhopadhaya PK.,
Srivastava H., Oak 5.M.

Manosecond laser induced de-aggregation of silver
nanoprism aggregates

Kar 5., Verma S., Patoliva N.*, Bartwal K. 5.
Growth and characterization of pure and Mn doped
Li.B,0.single crystals

Khan S.. Jayabalan J., Chari
Sharma T.EK., Oak S.M.
Transient reflectivity in GaAsP/AlGaAs quantum
wells

RE., Pal 5., Porwal 5.,

Kumar A, Upadhyaya B.N._, Oak S.M.
Real time analysis of laser weld pool characteristics

Kumar P.*, Moorthy Babu 5.*, Ganesamoorthy 5.,
Bhaumik I., Kamal A K., Kanjilal D *

Effect of H ion implantation on the surface and
structural properties of lithium niobate for optical
waveguide application.

Mahakud R., Prakash O, Dixit S_ K.
Analysis of the fiber Bragg grating written using
second harmonic of copper vapor laser

Malik A., Sundar 5.5 Raja 8.5,
Alignment tolerancing in pre-aligned sealed nitrogen
laser tube

Mendhe G., Rao B.T., Tiwari P, Kaul R_, Shenoy
MN.M., Nakhe 5.V, Oak S.M.

Experimental study on laser marking and micro-
drilling with copper vapor laser

Mishra 5. K., Ancesh K, Nigam S., Navathe C.P.

An air-core differentiating Rogowski coil for
measuring fast high current in capillary discharge
plasma experiment

MishraS.R., Ram S.P., Tiwari S.K., Mehendale 5.C.
Use of a hollow laser beam to improve atom transfer in
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adouble-MOT system

Mokhariwale A., Bahadur B, Nakeh 5.V,
Development of a capacitor charging power supply
for excimer laser

Mukherjee C., Rajiv K., Mital LK.
Effect of moisture on thin film Fabry-Perot filter

Nakhe 5.V., Mishra R.K., Tiwari G.N., Miital J.K.,
Sinha A K., Bhatt 5.*, Vohra B.S.*, Jawale S.B.*,
Sutha RL.* Singh 5.* Paramjit*, Mishra S.K.*,
Gantayet L. M.

Development of 40W copper vapour laser operating at
9 kHz pulse repetition rate

MNayak 1., Mishra R.K., Tiwari G.N,, Nakhe 3.V,
Mittal 1K,

Development of 4 watt sealed off copper bromide
laser

Nigam 5., Mishra 5.K., Prasad Y.B.S.R.. Tnipathi
PEK., Aneesh K., Kushwaha R.P., Navathe C.P., Naik
PA. GuptaPD.

Development of a high current fast capillary discharge
plasma system

Palod 5., Deshpande P.P., Bhanage V.P., Navathe C.P.
Virtual instrumentation for automating laser based
experiments

Pathak A.K., Oak 5.M.,
Data acquisition software for laser material
processing

Patidar R.K., Sharma A K., Raghuramaiah M., Joshi
R.A., Naik PA., GuptaP.D,

Development of an Nd:phosphate glass laser system
delivering 11/1ns laser pulses for prototype study of
optical parametric amplification of chirped pulses

Rajan C., Malik A., Dobale A.R.*, Sundar 5.5.
Amplifier circuit for pulsed photo-acoustic
spectroscopy system

Ram S.P., Mishra S.R., Tiwari S K.

Generation of optical pulses with a variable delay
from a single beam using AOMs in tandem:;
application to temperature measurement of cold
atoms

Ram S.P., Tiwari 5.K, Jayabalan I., Mishra 5.R.
Measurement of a narrow spot-size by scanning of
single pixel of a CCD camera

Ranganathan K., Sundar R., Hedaoo P, Oak 5.M.
Thermal characteristics of flashlamp-pumped
MNd-YAG laser : Heat-capacity mode of operation
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54.

RaoB.T., Singh].*, Nath A K.*, Oak S.M.
Effect of CO, laser pulse parameters on cut edge
quality of mild steel

Rao B.T., Singh C.H.P., Kaul R., Nath A K., Oak 5.M,
Characteristics of laser cut stainless sieel edges
produced by pulsed mode CO, Laser

Samuel P.*, Senthil K. A. *, Moorthy Babu 5%,
Ganesamoorthy S., Kamal AK., Bhaumik [,
Palanisamy P.E.*

Growth and characterization of Nd:KGW laser
material.

Saxena P, Sharangpani K.K., Jain R., Talwar S.,
Dubey V.K., Singh 1.1, Vora H.5.

S5V a real time integrated control electronics for
automation of a CVL MOPA system

SharmaA., Arya R., Oak 5.M.
Energy meter circuit for quasi-C'W lasers

Sharma A.K.. Patidar R.K., Raghuramaiah M., Naik
P.A. Gupta P.D.

Anew and simple method of temporal shaping of laser
pulses

Sharma S.K.. Singh A.L* Mukhopadhyay PK.,
Ranganathan K., Oak S.M.

Reduction of fall time of intracavity frequency
doubled AO g-swiiched green laser pulses

Sharma S K., Singh Y.
In-situ investigation of saturation temperature of KDP
solution for bulk crystal growth

Sharma T.K, Rawat P.*, Dixit V.K., Ganguli T., Jangir
R., Pal 8., Porwal S., Kumar R., Khakha A., Kheraj
V.* Singh S.D., Oak 5.M.

Development of red laser diodes utilizing MOVPE
grown InGaP quantum wells

Shenoy MN.M., Sharangapani K.K., Tiwari G.N.,
Nakhe 5.V, Mittal LK.,

Precision marking on metal surfaces using 8 W Cu-Br
laser

Sheth 5.5., Joshi O.P., Oak S.M.
DSP based embedded PMDC motor drive for laser
material processing

Shukla S.*, Verma Y., Sahu K., Rao D.K., Dube A.,
Giupta P.E.

Effect of He-Ne laser irradiation on hair follicle
growth in testosterone treated mice investigated with
optical coherence tomography and histology
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Singh A.L* Sharma S5.K., Mukhopadhyay PK.,
Ranganathan K., Oak S.M.

Efficient and high power green beam generation using
water cooled non gray track resistant KTP crystal

Singh B., Subramanyam V.V, Daulatabad S.R.,
Chakraborty A.

Development of near 100 watt copper vapour lasers
{KE-CVLs)

Singh B., Subramaniam V.V, Daulatabad SR,
Chakraborty A

Output characteristics of a
enhanced copper vapour laser

77 W kinetically

Singhal H., Chakravarty U., Rao B.5., Arora V., Naik
PA. GuptaP.D.

Dependence of high order harmonic intensity on the
length of plasma plume : phase matching and
absorption effects

Shukla P., Mishra G.K., Saxena P., Srivastava VK.,
Talwar S., Khare R.

A novel confocal scheme for temporal stretching of
laser pulses

Shukla 5.*, Verma Y., Sahu K., Rao D.K., Dube A.,
Ciupta P.K,

Effect of He-Ne laser irradiation on hair follicle
growth in testosterone treated mice investigated with
optical coherence tomography and histology

Shukla V., Bindra K.S.
Synthesis of Si nano-particles by laser ablation and
optical limiting studies

Sudagar R.*, Chari R.
Ultrashort pulse diagnostics using a single mode fibre

Sundar R, Ranganathan K., Oak S .M.
Flat top beams from Gaussian mirrors: an
experimental study

SundarS.5.*, Rajan C., Raja 5.5,
Alternative excitation sources for fluorescence based
trace detection of uranium

Tiwari §.K., Ram 5.P., Mishra S.R., Mchendale 5.C.
Generation of a narrow non-diffracting beam using a
metal axicon mirror

Tiwari V.B., Singh 5, Rawat H.S., Singh M.P,
Mehendale 5.C.
Cold atomic pulses from a magneto-optical trap

Upadhyaya B.N., Vishwakarma 5.C., Ali 5., Bhawsar
V.. Sah S5.K., Arva R., Agrawal DK., Jain RK.,
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4, Mondal .. Manekar M., Kumar R., Ganguli T., Roy 5.

Development of an efficient 880 W CW Nd:YAG E.
laser Structural and superconducting properties of as-cast
Nb,Al
68.  Upadhyay 1., Joshi M., Deshpande P.P.. Sharma M.L.,
Mavathe C.F. 5. Samuel P.* Senthil K. A. *, Moorthy Babu S.*,
A programmable high voltage variable slope ramp Ganesamoorthy 5., Kamal A K.
generator Growth and characterization of Nd and Yb doped
: KGdiWO,), single erystals,
69, Vachhani D.M., AryaR., Oak 5. M.
Constant current capacitor charging power supply 6.  Sharma V. K., Chattopadhyay M. K., Chouhan A.,
based on high-frequency, zero-voltage switched LCL- Arora P, KumarR., Ganguli T.. Roy S. B.
T resonant converter Effect of annealing on the martensitic transition in
) Ni Mn,In,, alloy
0. VermaR.S., Swami M.K., Manhas S., Gupta PK.
Mueller matrix based optimization of reflective type 7. Sharma V. K., Chattopadhyay M. K., Chouhan A..
twisted nematic liquid crystal spatial light modulator AroraP, Roy S.B. '
for phase only modulation Field induced martensite to austenite transition in
Ni Mn,,In,, alloy
7. Verma$S. wMn, :
Development and application of optical diagnostics 8 Sokhey K. 1. S., Manekar M., Chouhan A.. Choudhary
forimaging crystal growth from solution (Ph.D. thesis © RIAG u;:;la: P. Phase D. M * Lodha G S.. R oy S.B.
summary) Electrical transport study of laser ablated Co,TiSn thin
72.  VermaS.,DeptyE.* filats
Influence of pH on the growth rate and morphology of 9 Verma S., Depty E., and Gupta PX
KDP crystals Strength of free convection during KDP growth and
73.  Vishwakarma S.C., Jain RK., Upadhyay BN., its relation to crystal quality
Choubey A., Agrawal LK., Oak S.M. C.3 © ‘Other Seminars Conference Preseatations. - - -/
Development of in-situ laser based cutting technique c3 S Confe rem entatibis. - vy
for shock absorber rear nut in pressurized heavy water I Adhi K.P*, Jejurikar S.M.*, Koinkar PM.*, More
TR M.A_* Joag D.S.*, Kukreja L.M.
74.  Vishwakarma S.C., Jain RK., Upadhyaya B.N. Sﬂ;ni{zz:uctur:d GaN and InN films for field emission
Choubey A Agrawal D K., Oak S.M. . .
Development of in-situ laser based cutting technique Froc. IUMRS-ICAM 2097, Bangalore, Oct. 2007
for shock absorber rear nut in pressurized heavy water 2 Agrawal S.*, Borage M., Tiwari S., Saxena R.*
reactors [ssues in the application of lossless turn-off snubber in
[ e s S AR high-power, high-frequency applications

CRE s :

Arora P, Chattopadhyay M.K., Roy 5.B.

National Systems Conference, Dec. 2007

3. Bansod T.*, Shukla 5 K., Kumar KVANPS_ Kotaiah

F . Ly : : S'
Magnetocaloric effect in MnSi : magnetization and Study of initial dynamic pressure rise behaviour in
heat capacity Indus-2

International Symposium on Vacuum Science &

2 K?ma] C., Banerjee A., Cl_mkr:lbam ’h Technology, Mumbai, 28-30 November 2007
Time-dependent density functional theory
calculation of van der Waals coefficients of small 4, Bhardwaj S.*, Borage M. Tiwari S.
sodium and carbon clusters and C,, Simplified loss analysis and comparison of full-
bridge, full-range-ZVS, DC-DC converters
3. Kumar P*, Moorthy Babu 5.*, Ganesamoorthy S., National Power Electronics Conference, December

Bhaumik ., Karnal A.K_, Kanjilal D.*
Development of proton implanted optical waveguides
in lithium niobate,
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3. Chakrabarti A, Kratzer P* Liu K K. *, Scheer M.*
Evidence of shape transition of InAs quantum dots on
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11,

In,.Ga, As/InP{001) from theoretical study
TUMRS-1CAM 2007, Bangalore, October 2007

DasA K. *, Singh BN, Misra P, Kukrejn LM,
Studies on Si doped ZnO thin films grown by
sequential pulsed laser deposition

4" National Symposium on Pulsed Laser Deposition
of Thin Films and Nanostructured Materials,
Rajkot, 3-5 Oct, 2007

Dev V., Haridas P., Nayak M.K., Verma D3, Haridas G.
Response check of ambient synchrotron radiation
monitors

National Symposium  on  Radiation Protection,
Kolkata, Naov, 2007

Dev V., Nayak M. K., Kumar V., Sahani P.K., Verma
D., Haridas G., Thakkar K. K., Sarkar P.K.., Sharma
[N,

Effect of storage ring shuidown on radiation level
around Indus- 1 synchrotron radiation source
National Symposium on  Radiation Provection,
Kolkata, Nov. 2007

Dixit VK, Ganguli T., Sharma T.K., Singh 5.D.,
Kumar R, Porwal 5., Tiwari P., Ingale A., Oak §.M,
Two step growth process of GaP epitaxial layer grown
onn-type Si (001)using MOVPE
TUMRS-1CAM 2007, Bangalore, October 2007

Dixit VK., Singh 5.D., Sharma T.K., Ganguli T.,
Jangir R., Pal 5., Khattak B.Q)., Srivastava AK.,
Srivastava H., Oak S.M.

Studies on GaAs/AlGaAs based (p and n-type)
quantum well infrared photodetector structures grown
using metal organic vapour phase epitaxy

XIV International Workshop on Physics of
Semiconductor Devices, Mumbai, Dec. 2007

Ganguli T., Kadir A.", Gokhale M.", Kumar R., Shah
AP’ AroraB.M., Bhattacharya A’

Study of the microstructure in MOVPE grown InN
epitaxial layers by high resolution X-ray diffraction
XIV International Workshop on Physics of
Semiconductor Devices, Mumbai, 17-20 December
2007

Gilankar S.G., Kush P.K.

Experimental verification of capture coefTicients for a
cylindrical eryopanel of closed cycle refrigerator
based cryopump

International Symposium on Vacuum Science &
Technology, Mumbai, 28-30 November 2007

Haridas G., Nayak MK, Dev V., Thakkar K.K.,
Sarkar P.K., Sharma D.N.
Electron depth dose a tool for radiation safety

programme in high energy electron accelerators
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National Symposivm  on Radiation  Pretection,
Kolkata, November 2007

loshi P., Chaubey 5., Kher S,

Influence of boron co-doping on temperature
sensitivity of long period gratings in optical fibre
FCMAT 2007, Singapore, July 2007

Kamal C., Chakrabarti A

Interesting trends in electronic structure of ultra-small
carbon nanotubes: a first principles study
TUMRS-1CAM 2007, Bangalore, October 2007

Kher 5., Joshi %, Chaube 5., Qak S.M,

Design and development of compact sensing head
based on single long period fiber grating for
simultaneous temperature and straim measurements
National Conference on "Advances in Sensors for
Aerospace Applications. Hyderabad 14-15 December
2007

Krishnan S.R.* Bindra K.S., Oak S.M.

Development of sensitive photo diode based high
dynamic range laser power meter using
microcontroller

National Symposium on Instrumentation,
Tiruchengode. 24-26 October 2007

KumarA., Senecha VK., Kotaiah S.

Cusp magnetic field configuration and heat removal
system design studies for the H- jon plasma chamber
DAE-BRNS-PST Symposium on lon Beam
Technology and Applications (SIBTA07),, Mumbai,
Sept. 2007

Misra P.*, Sharma T.K.*, Prinz G.M.*, Thokne K_*,
Kukreja L.M.

Photoluminescence [rom  ultra-thin - Zn0y/ZnMgo
quanturm wells

Proc. IUMRS-1CAM 2007, Bangalore, Oct. 2007

Misra P., Sharma T.K., Kukreja L. M.

Basic photoluminescence processes at  different
temperatures in Zn0 / {0001) sapphire thin films
grown by pulsed laser deposition

4" National Symposium on Pulsed Laser Deposition
af Thin Films and Nanostructured Materials,
Rajkot, 3-5 October 2007

Moorti A., Naik PA., Gupta P.D.

Expenimental study of high-energy ion generation ina
vacuum discharge triggered by multi-ps laser pulses
22" National Symposium on Plasma Science &
Technology, Ahmedabad, Dec. 6-10, 2007

Moorti A., Naik P.A., Gupta P.D_, Bhat R K.
Intense x-ray emission from plasma pinching in a
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23

26,

28.

multi-ps laser-triggered vacuum discharge in non-
coaxial geometry

22" National Symposium on Plasma Science &
Technology Ahmedabad, Dec. 6-10, 2007

Nayak MK, Verma D., Dev V,, Kumar V., Sahani
PK., Haridas G., Thakkar K.K., Kumar M.*, Prasad
L.C.*, Sarkar PEK.*, Sharma D.N.*

Radiation energy estimation during Ti-sapphire laser
plasma experiments at RRCAT, Indore

National Symposinm on  Radiation Protection,
Kolkata, Movember 2007

Pal 5., Ingale A., Dixit V.K., Sharma T.K., Porwal 5.,
Mukharjee C., Oak 5.M.

Comparative studics on as-grown and nanotextured
GiaM:Mg epilayer

XTIV International Workshop on Physics of

Semiconductor Devices, Mumbai, 17-20 Dec, 20007

Petwal V.C., Rao LN, Bapna 8.C., Subbaiah K. V.*
Dose profiles for EB radiation processing: comparing
Monte Carlo simulation and experimental data

17" National Symposium on Radiation Physics,
Kolkata, 16-18 November 2007

Prasad Y.B.5.R., Nigam 5., Mishra 5 K., Ancesh K.,
Tripathi PK., Kushwaha R.P, Naik P.A., MNavathe
C.P, Gupta P.DD.

Initial results from the high wvoltage capillary
discharge experiment

27" National Symposinm on Plasma Science &
Technology, Ahmedabad, Dec, 6-10, 2007

Rao B.S., Arora V., Naik PA., Khan BLA,, Gupta P.ID.
Energy spectrum measurement of fast electrons
produced in ultra-intense laser-plasma interaction

22" Natienal Symposivm on Plasma Science &
Technology, Ahmedabad, Dec. 6-10, 2007

Rao B.S., Nak PA. Singhal H., Arora V,
Chakravarty U., Khan R.A., Gupta P.D., Nakajima
K. *, Kameshima T.*

Initial experiments on laser based electron
acceleration at RRCAT, Indore

Laser and Plasma Accelerators Workshop 2007,
Azores, Portugal, 9-13 July, 2007

Rathore §.5.*, Das A K.* Singh B.N.,, Misra P,
Kukreja L.M.

Studies on CoZnO thin films grown by pulsed laser
deposition,

4" National Symposium on Pulsed Laser Deposition
af Thin Films and Nanostructured Materials,
Rajkot, 3-5 October 2007
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Ratnakala K.C., Tiwari 5.K., Shukla 5 K, Kotaiah 8.
Out gassing rate measurement of copper plated
stainless steel

International Symposivm on Vacuum Science &
Technology), Mumbai, 28-30 November 2007

Rawat A, Gupta A * Gupta S.*

Evaluation of Sybil attack prevention in SRP for
MANETSs

International Conference on Sensor and Related
Networks 2007, Vellore, Dec 2007

Rawat A Vyavahare PD.* Ramani A K.*

Improved system components for secure data
communication in MANETs using secured DSR
TEEE Third International Conference on Wireless
Communications and Sensor Networks,
Allahabad.13-15 December 2007,

Rawat A., Vyavahare P.D.*, Ramani A K_*
Implications of  proactive route discovery in
MANET's on-demand routing protocols
International Conference on Sensor and Related
Networks 2007, Vellore, Dec. 2007

Sahu K., RaiR., Sharma M., Bansal H., Gupta P.K.
Effect of methylene blue photosensitization on
antibiotic resistance of E. coli

International conference on frontiers of Radiation
Biology, 175-176, Kottayam, February 8-11, 2007

Sahu K., Sharma M., Gupta P.K.

Effect of incubation time on photodynamic
inactivation of human colon adenocarcinoma cells
due to endogenously synthesized protoporphyrin IX
induced by delta-aminolevulinic acid methyl ester
International Symposinm on Light and Life -2007,
50, Hyderabad, August 29- 31,2007

Saxena M. K_, Joshi P, Kishore I, Kher 5., Oak 5.M.
Microcontroller and LabVIEW based automated set-
up for calibration of fiber grating based strain sensors
National Symposium on Instrumentation,
Tiruchengode, October 2007

Singh B.N., Misra P., Das A.K.*, Kumar R.*, Kailath
B.J.*, Mishra M.*, Phase D.M.*, DasGupta A.¥*,
DasGupta N *, Kukreja L.M.

DC-Discharge assisted pulsed laser growth of ultra-
thin silicon oxynitride films

4" National Symposium on Pulsed Laser Deposition
of Thin Films and Nanostructured Materials,
Rajkot, 3-5 October 2007

Singh B.N., Misra P., Das A.K.*, Kumar R.*, Kailath
B.1*, Mishra M.*, Phase D.M.* DasGupta A.¥,
DasGupta N * Kukreja LM,
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40,
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45,

Growth of ultra-thin silicon-oxinitride films using
DC-discharge assisted pulsed laser annealing of
silicon

Proc. IUMRS-ICAM 2007, Bangalore, October 2007

Singh 5.D., Sharma T.K., Mukherjee C., Oak 5.M.
Impact of growth parameters on the structural
properties of InP/GaAs type-11 quantum dots grown
by metal-organic vapour phase epitaxy

XIV International Workshop on Physics of
Semiconductor Devices, Mumbai, 17-20 December
2007

Sridhar R., Ramnakala K.C., Sindal B.K., Tiwari 5.K.,
Malviya K K., Bhatnagar P, Shukla 5. K., Kotaiah S.
Ultra high vacuum testing of the new RF cavity of
Indus-1

International Symposium on Vacuum Science &
Technology), Mumbai, 28-30 November 2007

Suhane S.K.. Nayak M.K., Bhatnagar V., Chouksey
5., Kotaiah 5.

Design and development of 700 MeV electron beam
shutter for transfer line-3 of Indus-2 SRS

17" National Symposium on Radiation Physics,
Kolkata, 14-16 November, 2007

Thota S.*, Misra P, Kukreja L M., Kumar J.
Characteristics of pulsed laser deposited

Zn, Ni, 0/Zn0 bi-layer thin films

4" National Symposium on Pulsed Laser Deposition
af Thin Films and Nanostructured Materials,
Rajkot, 3-5 October 2007

Upadhyay A.. Patel K.*, Naik P.A., Gupta PD.,
Gantayat L. M. *

ID-PIC simulations of laser plasma based
acceleration schemes

22" National Symposium on Plasma Science &
Technology, Ahmedabad, Dec. 6-10, 2007

Vadjikar B.M., Senecha VK., Kumar A, Hannurkar
P.R., Kotaiah 5.

Simulation of beam extraction from ion source
DAE-BRNS-PST Symposium on Ton Beam
Technology and Applications (SIBTA07), Mumbai,
19-21 September 2007

Verma D., Nayak M.K., Dev V., Kumar V., Sahani
P.K., Haridas G., Thakkar K. K., Sarkar PK_*, Sharma
DN.*¥
Radiological
COMIMISSI0NInE
National Symposinm on  Radiation Protection,
Kolkata, November 2007

status during Indus-2 SRS
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Yadav D.P., Shiroman R., Shukla 5.k, Kotaiah 8,
Development of UHY compatible machined diamond
profile gaskets for Indus-2

International Symposium on Vocuum Science &
Technology, Mumbai, 28-30 November 2007

Yedle K., Singh Rajvir, Jain A K.

Successful vacuum brazing

International Symposivm on Vacuum Science &
Technology, Mumbai, Nov, 28-30, 2007

Note: ™' indicates author affiliation other than
RRCAT, Indove,

I/Ir','.-

1

BRNS National Laser Symposium-2007 at Vadodara
(Dec. 2007) received the “Best Poster Award” of the
Indian Laser Association for the year 2007, Each paper
received a cash price of Rs. 1,500 and a certificate.

Best Poster Awards

Two papers from RRCAT presented in the DAE-

The award winning papers are ;

A novel method of intense keV x-ray generation
from in sitw produced silver clusters using
Ti:sapphire laser pulses,

Chakravarty U., Naik PA_  Khan R A GuptaPD.

Effect of He-Ne laser irradiation on hair follicle
growth in testosterone treated mice investigated
with optical coherence tomography and histology.
Shukla S.*, Verma Y., Sahu K_, Rao D.K., Dube
A GuptaPIK.
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N.1 Agreement signed between RRCAT and
CERNonTL-20of CTF-3

An agreement was signed between RRCAT, Indore
and CERN, Switzerland under Novel Accelerator
Technology Programme (NAT) for Compact Linear Collider
(CLIC) Test Facility3 (CTF-3). This agreement was signed
on October 19, 2007 at CERN by Dr. V.C. Sahni, Director,
RRCAT and Dr. F. Aymar, Director General, CERN.

R

D K.C. Sahni, Dirvecior, RRCAT and Dr: R, Avmar, Director
General, CERN, signing the agreement.

Under this agreement, for CTF-3, complete physics
design of transfer line-2 (TL-2), mechanical design of
components, fabrication, vacuum testing, and supply to
CERN will be responsibilities of RRCAT. Physics (optics)
design of TL-2 has already been completed and approved by
CERN.

TL-2 will consist of five dipole magnets (two will be
long magnets and three will be short). Mechanical design of
magnets has already been completed. Magnets are under
various stages of construction.  Five dipole vacuum
chambers and 56 straight vacuum chambers (both,
cylindrical and racetrack profile) will be fabricated, All
vacuum chambers will be made from aluminium alloy 6061-
T6. Design of vacuum chambers has been completed and are
under fabrication.

T L

il | *ﬂ

RRCAT delegation with CERN counterparts af the time of

signing the agreement,
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N.2 Director RRCAT signs MOU with SLAC,
U.S.A.

Dr. V.C. Sahni, Director, RRCAT visited Stanford
Linear Accelerator Centre (SLAC), U.S.A., with Fermulab's
Dr. Shekhar Mishra and signed an agreement with SLAC
Director Dr. Persis Drell.

The agreement is an addendum to a pre-existing
Memorandum of Understanding between U.S. and Indian
universities and accelerator centers that specifies
collaborative activities on accelerator R&D and high energy
physics projects. As a result of the addendum, SLAC and
Indian institutions will work together to further develop a
beam dump design and prototypes for the International
Linear Collider (ILC). Additionally, Indian institutions will
work with both SLAC and Fermilab to develop an [LC radio
frequency unit.

The addendum specifies collaborative activities
between SLAC and four Indian R&D centres : Raja
Ramanna Center of Advanced Technology (RRCAT),
Indore, Bhabha Atomic Research Centre (BARC), Mumbai,
Variable Energy Cyclotron Centre (VECC), Kolkata and
Inter University Accelerator Centre (IUAC), New Delhi.

Dy V.C. Sahni, Director, RRCAT, signs an agreement with
D Persis Drell, Divectior, SLAC.

N.3 Activities of the Women's Cell in RRCAT

Women's Cell of RR.CAT has been actively engaged in
the empowerment of women in the Centre. It has been
organizing Women's Day function for last three vears, as
mark of celebration and for enhancing the communication
amongst women emplovees of the Centre. Further in this
direction, special efforts are being made to open an intranet /
e-mail route of communication for women within RRCAT, as
a confidence building measure.
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The Cell organized a special lecture by Ms. Smita
Gate, IAS officer of the 1992 batch, the then Chairperson,
Finance Corporation of M.P, on 24" Aug. 2007. Ms. Gate
delivered a scintillating lecture on the topic “My experiences
of bureaucracy”. As the Cell members felt that
empowerment of women cannot be achieved without
participation of the men, this lecture was kept open to all.

Ms. Gate described her experiences of implementing
the water shade management project, which she had
executed for the rural women for the villages in Shujalpur of
M.P. in the capacity of SDM. It was heartening to hear how a
single person can inflict confidence in so many to achieve the
nearly impossible. She emphasized the fact that although
society does not welcome changes, they are necessary for the
progress of the society, She also noted that learing goes a
long way and can be achieved at any age. Her experience in
controlling of the mob gave a fine example of courage and
importance of timely measures in achieving success, She and
her project got a special award from the President of India for
its successful implementation. It was a success story against
all odds and gave an account of how women can empower
themselves with the help of other men and women.

Communicated hy.

A. Ingale (alkai@oat. ernet.in
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N.5 Largest Rose Garden Award - 2008 for
RRCAT

RRCAT has bagged 1" prize for Largest Rose Garden for
the year 2008, together with 25 prizes under different cut rose
flower entries under Institutional category, in the “26" All
India Rose Convention and Rose Show" organised by the
“Malwa Rose Society”, Indore from 19" to 21” Jan 2008 at
Gandhi Hall.

The trophy and the certificate.

The prize consists of a trophy and certificate of
appreciation which was given jointly by Shri. Kantilal

N-E WS

Bhuriya, Hon. Minister of State for Agriculture and Smt.
Sumitra Mahajan, Lok Sabha MP from Indore.

- = -~y

A photograph of the prize-winning rose garden.

On behalf of RRCAT, the prize was received by Mr. RV
Joshi Head, Horticulture Cell on 20" January 2008.

Communicared hy:

RV Joshi (rjoshif@cat.ernet.in)

N.6 RRCAT scientists bag the “Best Thesis
Award” of the Indian Laser Association

Two young laser scientists from RRCAT received the
“Best Thesis Award " of the Indian Laser Association for the
year 2007. Each of them received a cash price of Rs. 2,500

and a certificate.

Dr. Jogy George of Solid State Laser
Division of RRCAT got the award for his
Ph.D. thesis entitled “A study of diode
pumped solid state lasers”. He received
Ph.D. degree from L1T. Bombay and the
thesis work was carried out under the
supervision of Prof. B. P. Singh (Dept. of
Physics, [.LI.T. Bombay) and Prof. S. C. Mehendale (Head,
Laser Physics Applications Division, RRCAT).

Dr. Sunil Verma of Laser Materials
Development & Devices Division won the
award for his Ph.D. thesis entitled
“Development and application of optical
diagnostics for imaging crystal growth from
'Y solution”. He got his Ph.D. from L.1.T. Kanpur

under the supervision of Prof. K. Muralidhar,
(Head, Department of Nuclear & Mechanical Engg, LLT.
Kanpur), and Dr. V. K. Wadhawan (Ex-Head, LMDDD,
RRCAT, currently “Raja Ramanna Fellow™ at Bhabha
Atomic Research Centre, Mumbai).
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Invitation to pursue Ph.D Programme
in specialized areas of Physics & Chemistry

at the Raja Ramanna Centre for Advanced Technology, Indore

Raja Ramanna Centre for Advanced Technology (RRCAT) (formerly called Centre for Advanced
Technology (CAT)), Indore, was founded in 1984 by the Department of Atomic Energy (DAE) for
dedicated pursuit of R&D in the areas of Accelerators, Cryogenics, Lasers, Plasma Physics, Vacuum
Technology etc. Since then, the Centre has set up two Synchrotron Radiation Sources Indus-1 &
Indus-2, which are National Research Facilities, and many smaller accelerators for radiation
processing applications. The Centre has excellent cryogenic facilities as well as state-of-the-art
equipments for low temperature physics measurements. Variety of laser systems, particularly high
power lasers have been built and are being used for a wide range of applications. These include gas
lasers (like copper vapour lasers, CO2 lasers) solid state lasers (like diode pumped solid state lasers,
semiconductor lasers). They have been deployed for the studies in the areas like biomedical
applications of lasers, and laser-plasma interaction. The Centre also has long standing programme in
the areas of RF-superconductivity, low-temperature physics, material science, cold atom physics,
non-linear optics, opto-electronics, nano-science efc.

RRCAT is a Constituent Institute of the Homi Bhabha National Institute (HBNI,
http://www.hbni.ac.in), a Deemed University, and invites students with appropriate qualifications to
pursue Ph.D programme in various specialized areas of physics and chemistry listed above. As per the
rules of HBNT, the Ph.D. programme consists of course work of one year duration and research work
of up to 4 years duration. The Ph.D. programme will commence in September 2008. DAE Junior
Research Fellowships will be offered to those selected for the pursuit of Ph.D. programme. The
fellowship amount is Rs. 12000 per month for the first two years and Rs. 14000 per month for the
next three years subject to satisfactory progress.

Persons having M.Sc. degree in Physics/Chemistry with minimum 60% marks and who have
cleared one of the national level screening tests listed in the 'Selection Process’ described at
http://www.cat.ernet.in/hrd/advt/phdad.html, are eligible o apply. The applicants should have also
scored minimum 60% marks in B.Sc. Those applicants whose final results of M.Sc. degree are awaited
canalso apply. Inthe event of selection, mark sheet of the final result would have o be submitted by
November 1, 2008. Continuation in the programme will be subject to the candidate obtaining
minimum 60% marks.

Please visit above mentioned URL for further details related to Eligibility Criteria, Application
Procedure, Selection Process etc.

The last date for receiving applications at RRCAT by post : April 15, 2008.

Application complete in all respects should be sentto:
Assistant Personnel Officer (Recruitment),

Raja Ramanna Centre for Advanced Technology,
P.O.:RRCAT, Indore- 452013 (M.P.)

RRCAT Newsletter is a publication of Website: www.cat.gov.in/newsletter/NL
Raja Ramanna Centre for Advanced Technology, Printed at : Naidunia Printery
P.O. : RRCAT, Indore - 452 013, M.P., India Indore, Ph.: 0731-276-3121

For private circulation only
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