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Science with X-ray Free Electron Lasers
Jaydeep K Basu

Department of Physics Indian Institute of Science Bangalore.

Advent and development of X-ray free electron lasers (FELs) have led to emergence of
new paradigm in probing matter with ultra-short time and length scales. In particular, XFELS
can provide X-ray beams with unprecedented of brightness and properties and raise the
possibility of studying matter at atomic-level spatial scales and femtosecond timescales for the
first time. Here we discuss basic aspects of generation of X-ray FELs using self-amplified
spontaneous emission (SASE) method and seeded lasing method and discuss parameters and
status of various active XFELs around the world. We discuss various applications of XFELs in
exploring new regimes of matter ranging from atomic and chemical sciences to materials and
biological systems. We also discuss the new emergent frontier of ultra-fast science achievable
with table-top Attosecond pulsed laser sources and discuss some current applications in
chemical and materials sciences. Finally, we discuss the new exciting possibilities which
emerge with the development of Atto-second pulses in XFELSs leading to creation of the most

brilliant radiation sources in the laboratory.
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Far-Field, Near-Field and High Field Terahertz (THz) Spectroscopy of
Materials

S. S. Prabhu

Department of Condensed Matter Physics and Material Science,
Tata Institute of Fundamental Research, Mumbai 400005, India

Terahertz (THz) spectroscopy offers large opportunities in the ultrafast study of
materials of various kinds. There are no cheap and compact high-power sources or sensitive
detectors of THz radiation. They are either expensive or difficult to fabricate. Using Laser
driven THz sources and detectors, we can build THz time domain spectroscopy (TDS) setup.
We have used several different designs to fabricate laser driven high power THz sources and
detectors. The pulsed lasers have given rise to ~4-5 THz bandwidth while Continuous Wave
(CW) THz has given rise to ~2-3 THz range with very high (MHz) resolution. While these
systems are with powers of the order of few micro watts, there are THz sources which uses
Synchrotron or similar resources and generates extremely high-power THz Radiation which
gives rise to very high THz fields. These fields are so high that they can alter the properties of
solid materials at very short time scales. We have developed several Terahertz (THz)
spectroscopic techniques to study different materials from single crystals to metamaterials. We
studied THz optical properties of Vanadium doped [100] B-Ga203 using THz-TDS.[1] The V-
doped B-Ga203 crystal shows strong birefringence in the 0.2-2.4 THz range. We measured
phase retardation over the whole THz range by developing THz Time-Domain Polarimetry
(THz-TDP). It is observed that the V-doped p-Ga203 crystal behaves both as a quarter
waveplate (QWP) at 0.38, 1.08, 1.71, 2.28 THz, and a half wave-plate (HWP) at 0.74 and 1.94
THz, respectively. [2] We have also studied Metamaterials of different types for various
applications. Polarization dependent transmission through an array of subwavelength apertures
can have practical applications. Such metasurfaces can be deployed as Intelligent Transmitting
Surface (ITS) for 6th Generation (6G) short-range communication. We studied THz
transmission through such surfaces. We developed a Near Field Scanning THz Microscope for
this purpose. Several interesting Metamaterials were studied using this unique THz Microscope
of its kind. Whatever is seen by using Computer simulation, those near field patterns can be
observed using this unique microscope. These are however, micro watt THz power applications.
There are huge number of high field or high-power THz applications in the study of materials.

For example, Graphene shows high harmonic generation under FEL generated THz. The FEL
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THz can act as a Pump to create Faraday Rotation in Mn3Ga material. Several such phenomena

can be studied. We will briefly touch many of these issues.

References:

[1] A. Punjal et al., “Terahertz optical properties and birefringence in single crystal vanadium
doped (100) B-Ga 2 O 3,” Opt. Mater. Express, vol. 12, no. 7, p. 2870, Jul. 2022.

[2] M. Narayanan et al., “Semi-insulating B-Ga203 single crystals through vanadium doping:
Growth, Optical and Terahertz characterization,” J. Cryst. Growth, vol. 637-638, p. 127719,
Jul. 2024.

Email: prabhu@tifr.res.in, shriganesh.prabhu@gmail.com



Theme meeting on “Science with Free Electron Lasers and High-Power IR-THz Sources”, RRCAT Indore, 20" and 21 August 2024

Probing lattice instabilities, thermal transport, and spin-phonon coupling
using X-ray free electron lasers, THz, and IR spectroscopy

Dipanshu Bansal

Department of Mechanical Engineering, IIT Bombay, Mumbai, MH 400076

Coupling of charge, orbital, spin, and lattice degrees of freedom (d.o.f.) are essential to
realizing various functional properties such as ferroelectricity, thermoelectricity,
magnetoelectric effect, metal-insulator transition, superconductivity, and charge-density-wave
(CDW). However, the relative contribution of the competing orders to controlling the desired
behavior is challenging to decipher. A detailed experimental and theoretical mapping of
electrons, electron spins, and lattice vibrations is necessary to decipher the governing
mechanism(s). In this talk, 1 will describe our recent efforts to identify electronically driven
lattice instabilities and photoexcited interatomic force constants using X-ray FEL in
thermoelectric SnSe [1-5], the role of phasons in controlling thermal transport in the
incommensurate CDW state of Zintl-like semiconductor TlInTe2 using Raman, IR, and THz
spectroscopy [6], and spin-orbital-phonon coupling in chromium vanadate by experimentally
(Raman and IR spectroscopy) and theoretically mapping the phonon, electron, and magnon
quasiparticles [7]. Moreover, | will discuss examples from nuclear [8], ferroelectric [9], and
magnetoelectric [10] materials where high-power and pulsed IR/THz FEL could provide
decisive information on quasi-particle coupling (spin-phonon, electron-phonon, and phonon-

phonon) and phase transitions.
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FEL Activity at RRCAT

Kamal Kumar Pant
kkpant@rrcat.gov.in

Free Electron Laser and Utilization Section (FUS)

Raja Ramanna Center for Advanced Technology, Indore 452 013, India.
The first saturated lasing of a Free Electron Laser in the country was achieved on the Infra-red
Free Electron Laser (IR-FEL) setup at RRCAT in 2020, which was followed by a period of
optimization of its operation parameters to achieve the design goal of wavelength tunability
from 12.5 - 50 micrometers with an out-coupled Continuous Wave (CW) average power up to
30 mW. Concurrently with this, a user facility for IR-THz spectroscopy has also been
successfully developed and commissioned at RRCAT, which initially used lab sources for
spectroscopy experiments. Recently, light from the IR-FEL has been delivered at the user
station leading to the successful completion of first experiments using FEL light. This has led
to the establishment of a unique facility for FEL as well as lab-source based IR-THz
spectroscopy under different environmental conditions of temperature and magnetic field. This
talk will cover different aspects of the FEL activity at RRCAT leading to the setting up of this
FEL based user facility.

With the successful commissioning of the IR-FEL based user facility, the focus now is on
augmentation of the machine for enhanced utilization, and on planning for the short-term,
medium-term and long-term future for the activity. Some ideas on these aspects will also be

discussed briefly in the talk.
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Delhi Light Source — A Compact FEL-THz facility at IUAC, New Delhi

P.Patra?, J.Karmakar?, B.Karmakar?, M.Aggarwal?®, A.Sharma?, B.K.Sahu?, S.Ghosh?,
A.Aryshev®, P.K.Mukhopadhyay®, T.Rao9, R.K.Bhandari?, and A.C.Pandey?

qInter University Accelerator Centre (IUAC), Aruna Asaf Ali Marg, New Delhi, India
High Energy Accelerator Research Organization, KEK, Tsukuba, Japan
‘Raja Ramanna Centre of Advanced Technology, Indore, India
dBrookhaven National Laboratory,USA

A compact THz-FEL facility, named as Delhi Light Source (DLS), is being
commissioned at Inter University Accelerator Centre (IUAC), New Delhi. The design of the
DLS is based on pre-bunched FEL where a train of electron micro-bunches with a maximum
energy of 8 MeV will be injected into a compact undulator to produce intense coherent THz
radiation in the range of 0.18 - 3.0 THz. The facility consists of RF photocathode electron gun,
high power RF system, femto-second (fs) Fibre laser system, the undulator magnet, the
Photocathode deposition systems, various electromagnets, the beam transport and the beam
diagnostic devices.

An advanced Fibre laser system producing ultra-short pulses with energy of a few pJ has been
developed in collaboration with KEK, Japan and is already commissioned at IUAC. A
photocathode deposition system also has been developed in collaboration with BNL, USA and
being commissioned. At present, the electron beam of ~ 6.2 MeV has been produced from
metal (copper) photocathode by using fs fibre laser system. Soon the undulator which was

already tested and made operational, will be operated to produce the first THz radiation.



Theme meeting on “Science with Free Electron Lasers and High-Power IR-THz Sources”, RRCAT Indore, 20" and 21 August 2024

Challenges in building short wavelength FELSs

Vinit Kumar

Accelerator & Beam Physics Section, Proton Accelerator Group
Raja Ramanna Centre for Advanced Technology, Indore

Short wavelength Free-Electron Lasers (FELS) in the VUV and X-ray region, based on
the principle of Self-Amplified Spontaneous Emission (SASE) were conceptualized in 1980s.
After detailed theoretical investigations, and successful demonstration of proof of principle
experiments at IR/UV wavelength in the next decade, projects towards development of X-ray
FELs (XFELs) were undertaken in different laboratories around the word. Era of XFELSs started
after successful commissioning of Linac Coherent Light Source (LCLS) at Stanford Linear
Accelerator Centre (SLAC) in USA in 2009, which was world’s first hard X-ray FEL, operating
at 1.5 AO. Since then, during the last 15 years, around half a dozen XFELs have been successful
built worldwide, which are being used for ground breaking research; and R&D has been
continuing to improve the source properties. XFEL is challenging to build, as it requires
mastering several new technologies and concepts, such as photocathode e-gun for generation
of high brightness electron beam, bunch compressor to generate ultrashort electron bunches,
several novel beam manipulation techniques, a highly stable high energy linac that preserves
the beam quality, low gap undulators with stringent magnetic tolerances, high precision beam
diagnostics, etc. In this talk, we will discuss these challenges, and attempt to evolve a roadmap

for short wavelength FEL R&D in India, to meet these challenges.
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Development and commissioning of the Fiber laser system for Delhi Light
Source

B.Karmarkar'*, A.Aryshev?, Madhuri!, J. Karmalkar?, P. Patral, B.K.Sahu', S.
Ghosh?!, R.K.Bhandari?, J.Urakawa?, P.K.Mukhopadhyay?, T.Rao*

YInter University Accelerator Centre (IUAC), Aruna Asaf Ali Marg, New Delhi, India
2High Energy Accelerator Research Organization (KEK), 1-1 Oho,
Tsukuba, Ibaraki 305-0801, Japan
3Raja Raman Centre for Advance Technology (RRCAT) Indore, MP, India
4 Brookhaven National Laboratory, Upton, NY 11973, United States
*E-mail: bappakarmakar88@gmail.com

Delhi Light Source (DLS), at Inter University Accelerator Centre is at its final stage of
commissioing which will generate coherent THz radiation using the principle of prebunch FEL.
In DLS, a proper laser system was required which could deliver ~300 femtosecond pulses with
an energy of a few micro-joules at UV (258nm) to generate pre-bunched electron beam. For
this purpose, a Yb-dopped fiber based laser system with enhanced tunability and stability has
been developed in collaboration with KEK, Japan. The system can deliver Multi-micro bunch
sequence of femtosecond pulses which repeats every machine cycle (10 Hz rate) to RF
photocathode gun and can generate electron beam of the similar time structure. Recently the
system has been commissioned sucessfully at IUAC and femtosecond electron bunches are
being produced from the Cu Photocathode by using the laser system as Master. In this talk, the

detail design , challeneges and the present status of the fiber laser system will be presented.
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Superconducting RF Free electron lasers: Present status and future
challenges

“Sanjay Chouksey

Head, Superconducting Cavities Development Division
Proton Accelerator Group (PAG),
Raja Ramanna Centre for Advanced Technology
Indore- 452 013, India

Free-Electron Lasers(FEL) are a source of high-power, tuneable, coherent radiation.
Compared to a typical storage ring beamlines, the radiation pulses from FEL have much higher
peak power, higher brightness and better coherence. The RF linear accelerator (Linac)
parameter plays an important role in FEL design. Recent developments in accelerator
technology indicate that RF linacs may be a strong contender for driving high average power
FEL amplifiers. Now as FEL facilities are being constructed in the far-infrared (IR), vacuum
ultraviolet (UV) and X-ray region, there is renewed interest in the special characteristics that
superconducting RF linacs offers which include long pulse or CW operation, feedback
regulation of accelerating fields, high efficiency, and availability of high gradient, low
impedance structures. As progress in RF superconductivity continues to be dramatic, it is
expected that SRF linacs not only will play an important role in future FEL development, but
they may become the technology of choice for FEL driver accelerators. Because of their
capability to provide higher cavity voltage, superconducting radio frequency (SRF) modules
can be shorter, more compact and thereby impose less disruption on the beam. RRCAT has
made substantial progress in SCRF infrastructure development. A state-of-the-art infrastructure
has already been developed at RRCAT for fabrication, processing, dressing and testing of
single cell and multicell superconducting RF cavities. SCRF technologist worldwide are
working on several recent breakthroughs in superconducting radio-frequency (SRF)
technologies to hold the key for enabling the new technologies. These technologies will further
improve cavity performance; specially reduce/remove field emission (FE) from cavity surface.
Few laboratories are working on cavity development using thin film technology on bulk
niobium material to obtain higher quality factors and higher accelerating gradients at a higher
operating temperature. In this talk, review on the existing and planned SRF based FEL facilities

worldwide will be presented with overview of the superconducting development at RRCAT.
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Recent efforts towards implementation of future technologies and SCRF cavities fabrication in

industries will also be presented.

RF Systems for the IR-FEL at RRCAT.
Mahendra Lad

RF Systems Division
Raja Ramanna Centre for Advanced Technology, Indore- 452 013, India

Raja Ramanna Centre for Advanced Technology is playing leading role towards
research and development of particle accelerators in India. Synchrotron radiation sources
Indus-1 and Indus-2 are national facilities, being operated in round the clock mode for over a
decade now. In last few years, Infra-Red Free Electron Laser (IR-FEL) has been commissioned

and is being operated regularly.

The RF system is complex sub system of IR-FEL and plays key role in providing high-
precision electron acceleration required for lasing.Central to the RF systems is the
synchronized RF signal generation unit that provides RF reference signal at 476 MHz for the
electron gun and Sub-Harmonic Pre-Buncher (SHPB) along with 2856 MHz reference signal
for Linear Accelerator (LINAC). SHPB is a crucial component that utilizes velocity modulation
for effective bunching of the electron beam before it enters the LINAC.Adaptive feed-forward
based digital Low-Level RF (LLRF) system is implemented for SHPB that ensures amplitude
and phase stability within £0.1% and +0.1° respectively. Such high precision is critical for
maintaining the quality of the bunched electron beam and ensuring reliable lasing.10 kW/476
MHz planar triode-tube based pulsed RF power amplifier provides the necessary power to
SHPB cavity. 15 MW/ 2856 MHz RF system is employed to accelerate the bunched electron
beam in LINAC to relativistic speed. The high-power S band microwave system, equipped
with a 250 kV pulse modulator, delivers the high power required for electron beam
acceleration. S-band RF system consist of 300 W SSPA klystron driver for 25 MW klystron
based amplifier and 2 kW SSPA for pre-Buncher and giant waveguide based distribution
system. The integration and optimization of all the above sub systems enable the IR-FEL to
achieve consistent lasing performance. By careful tuning of RF parameters and maintaining
stringent stability criteria, the facility successfully produces high-quality infrared radiation on

a regular basis. Overall, the sophisticated and high precision development of RF system of IR-
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FEL enables the successful operation of the IR-FEL. This paper describes S band LLRF
system, digital SHPB LLRF system with synchronization unit, 10kW/ 476 MHz Sub-Harmonic
Pre-Buncher and 15 MW/2856 MHz Linear Accelerator Klystron RF system .Operational

aspects along with results are also presented.
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RF System and Control Scheme for the IUAC FEL Facility
Bhuban Kumar Sahu*

(On behalf of the FEL Group, RF Group and Remote Control Group)
Inter University Accelerator Centre, New Delhi
*bhuban@iuac.res.in

The RF system for the Free Electron Laser facility is designed for production of electron
beam having maximum energy up to 8 MeV using a 2.6 cell normal conducting RF
photocathode gun operating at 2860 MHz. The RF Gun is operated in pulse mode for 4 us
duration with estimated field gradient of 110 MV/m with maximum 50Hz repetition rate. The
high-power RF system for the gun consists of a solid-state pulsed modulator-based Klystron
system rated for 25 MW peak RF power for the desired pulse duration and repetition rate. The
RF System was installed without any RF circulator and tested up to full rated power with a
vacuum based waveguide system connected to water cooled matched load. When the matched
load section was replaced with the actual RF gun, the RF power was limited up to 1 MW due
to high value of the reflected power during RF conditioning in absence of the high-power
Circulator. Although installation of high vacuum-based Circulator was planned initially due to
technical reasons it could not be installed and a SFs Gas based circulator was installed along
with the Vacuum based waveguide system. After installation of the Circulator the RF
conditioning of the photocathode gun could be carried out at high RF power level for the entire
4pus pulse duration and RF gun could be conditioned at high field gradient. At higher field
gradient, due to excessive electron discharge or arcs at the RF junctions, several anomalies
occurred that causes high reflected power, which in turn affected the cavity or waveguide
vacuum conditions and caused the system to trip. In order to prevent such incidents and to
reduce the frequency of system trips, a model based on machine learning algorithm has been
developed that can predict a sustainable and stable vacuum / pressure levels at different RF
power levels and if the vacuum level ever tries to go out of control, then it can reduce or control
the power level automatically to prevent the system from tripping. The implemented model is
based on the use of an unsupervised learning model called K-means Clustering, a supervised
linear regressor and a Decision tree classifier. This model is being deployed in the control
scheme of RF system for uninterrupted RF conditioning of the photocathode Gun. Now the
system is being conditioned up to the desired level of 85 MV/m to produce 6 MeV electron

beam using fibre based laser beam. Synchronization of laser reputation rate with RF system is
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being carried out using laser repletion frequency as master reference. An EPICS GUI is also
developed for monitoring and recording of various parameters during RF Cavity conditioning
and also during beam operation. A customized control scheme for the FEL operation is getting
ready along with GUI and logging facility of the operational parameters. The modules for
vacuum system control and read-back are being controlled using VME interface and control
modules developed in house. The magnet power supplies are integrated with RS 232 based
control scheme in an Orange Pi machine. EPICS based client server architecture is being
implemented for LLRF, BPM, and Gigabit Ethernet based camera for beam viewing. The
control modules along with distribution racks are finalised and the instrumentation racks are
placed at appropriate locations. Development of client GUI interface is being worked out

taking care of operational requirements of the facility.



Theme meeting on “Science with Free Electron Lasers and High-Power IR-THz Sources”, RRCAT Indore, 20" and 21 August 2024

Development of undulators for accelerator based light sources
Gautam Sinha
MDCL, RRCAT, Indore 452013

A diverse array of undulators is utilized in synchrotron radiation sources (SRS) and
free-electron lasers (FELS), each designed to meet specific needs for high-intensity radiation
production. Advances in undulator technology have enabled accelerator-based light sources to
generate radiation across a wide energy spectrum, supporting various scientific and industrial
applications. This presentation will provide an overview of the technological developments in
undulators, focusing on four primary types: Permanent Magnet Undulators (PMUs), In-
Vacuum Undulators (IVUs), Cryogenically Cooled Permanent Magnet Undulators (CPMUSs),
and Superconducting Undulators (SCUs). Key features and limitations of each type will be

discussed.

The presentation will cover the ongoing development of PMUs at the Raja Ramanna Centre
for Advanced Technology (RRCAT), focusing on design strategies, challenges, and solutions.
We will discuss the statistical methods used to understand electron trajectories within
undulators, including correlated and uncorrelated random walk models. Emphasis will be
placed on the importance of precise assembly and fabrication procedures to achieve desired

magnetic field characteristics, with a presentation of measured magnetic field data.

Additionally, the basic requirements for undulator properties necessary for effective operation
in both SRS and FEL applications will be addressed. Specifications of undulators used in the
Infrared Free-Electron Laser (IR-FEL) facility at RRCAT and those proposed for the Terahertz
(THz) FEL will be presented. The presentation will also provide a brief overview of current x-
ray FEL facilities around the world, highlighting their technological innovations and

advancements which may provide insights into the future direction of undulator development.
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Undulators at DAVV-Indore
G. Mishra, Saif Mohd Khana, Mona Gehlotb , Rohit Kamle

School of Physics, Devi Ahilya Vishwa Vidyalaya, Indore ,452001
Madhya Pradesh, India

Over the years, Devi Ahilya Vishwa Vidyalaya (DAVV) has developed undulators and
its measurement systems. Today the laboratory is equipped with Hall Probe bench, Pulsed wire
bench and Stretched wire bench. Here we present the salient features of our measurement
systems and ongoing design, development of a prototype asymmetric magnet pole undulator.
The upper and lower magnet arrays of the magnet structure will have 25 mm period length and
50 mm period length with the lower magnet array has a provision of mechanical displacement

of 50 mm to introduce phase shifts between the two magnet arrays.

& presently at Soleil Synchrotrone, France

b presently at DESY, Hamburg, Germany
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Proposed fields of research at Delhi Light Source, New Delhi

Subhendu Ghosh”*

(on behalf of DLS team and other collaborators who are constantly contributing to develop the
experimental facilities for DLS)

Inter University Accelerator Centre (IUAC), Aruna Asaf Ali Marg, New Delhi, India
Email: ghosh64@gmail.com

A compact THz-FEL facility, named as Delhi Light Source (DLS), is commissioned at Inter
University Accelerator Centre (IUAC), New Delhi. The design of the DLS is based on pre-bunched
FEL where a train of electron micro-bunches with a maximum energy of 8 MeV will be injected
into a compact Undulator to produce the THz radiation in the range of 0.18 - 3.0 THz. The electron
energy about 6 MeV has been produced so far and the beam is being delivered to perform scheduled
experiments at a few locations of the beam line. The beam is being injected in to the undulator to
check the first lasing of THz radiation and the first signature is expected very soon. The
experiments with electron beam have already been started and lot of initiative are taken to develop
the experimental facility by using the THz radiation. To plan for the experiments with THz and
electron beam, a series of workshops by inviting the national and international experts were
conducted in the past and another one will be conducted in Oct. 2024. Terahertz radiation has got
immense potential to perform cutting edge research in various fields of Biological Sciences like
Plant biology & Agriculture, Clinical applications like Cancer treatment, Dentistry, Protein
detection, Anti-microbial study, Food quality, etc. THz radiation has also gained tremendous
popularity in various fields of Physical Sciences like THz time domain spectroscopy, THz
tomography, imaging, Materials Physics, Device Physics, High altitude communication, Security,
Electro-optics, Coherent Quantum control, and in so many other fields. The electron beam can be
used for many fundamental and applied researches like Atomic Physics, Material modification,
material/food sterilization, life time measurement of solar cells and other electronic devices being
used in space, Cancer therapy, Water and biosolids treatments, cargo scanning, etc. By using the
synchronized laser beam along with the THz radiation or the electron beam, many interesting

pump-probe experiments can be performed at DLS.
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Development of IR-FEL based experimental facilities

M. K. Chattopadhyay?:2

'Free Electron Laser Utilization Laboratory, Raja Ramanna Center for Advanced Technology,
Indore 452 013, India.
2Homi Bhabha National Institute, Training School Complex, Anushakti Nagar, Mumbai 400 094,
India.

An infrared free electron laser (IR-FEL) is now in operation at RRCAT, Indore. Presently,
it is operating in the wavelength range 12 to 54 microns, and is delivering highly intense,
monochromatic but continuously tunable pulsed radiation to the user laboratory in the adjacent
building. In the user laboratory, facilities have been established (along with ample scope for future
expansion) for the utilization of this FEL light for doing materials research and trial experiments
have started for studying selected functional materials as functions of temperature and IR-FEL
wavelength. The initial results shall be presented and scope for the utilization of this IR-FEL light
for experimental research in different branches of science shall be discussed to motivate user-
requirement driven development of future experimental facilities around the IR-FEL.
Experimental facilities complementary to such studies, already established in the user laboratory,
shall be discussed, and the the future developmental ideas for the next 3-4 years on the building of

additional experimental facilities shall also be shared.
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Terahertz magnon spintronics with non-collinear antiferromagnets:
Exploring nonlinear interactions with intense radiation

Dhanvir Singh Rana

Department of Physics, Indian Institute of Science Education and Research (IISER) Bhopal,
India

The terahertz (THz) spectrum (0.1-10 THz) offers promising opportunities in the
evelopment of next-generation data processing and quantum memory technologies. These
aspirations are driven by simultaneous developments in the THz spectrum and, the area of
spintronics, magnonics, caloritronic, and many more [1]. In magnetic systems, magnons-the
quanta of spin waves-in a spin ordered state envisage the prospects of non-Boolean-based spin
wave computation, magnon logic gates, and so on [1]. However, magnonics has been widely
explored in ferromagnets resulting in gigahertz magnons. However, the area of magnonics can
be extended to ultra-low dissipation and ultrafast THz region as the antiferromagnets have
magnons in this region. This offers THz radiation-based tools play a prominent role in
exploring the technological utility of antiferromagnets which, so far, have played only a passive

role in the emergence of magnetic devices.
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The THz radiation mainlycouples with the magnetic-dipole moment of the spins unveiling not
only the low-energy antiferromagnetic magnons but also its interplay with distinct
quasiparticles such as phonons, photons, polaritons, and many more. Recently, for the first time,
magnons sum and difference generation was demonstrated in YFeO3, thus, raising the
importance of algebraic operations of different THz frequency magnons [2, 3]. This study
necessitates the exploration of antiferromagnets possessing closely spaced magnons in
terahertz region (0.1-2 THz) for their potential in THz magnon algebraic logic operations [3].
Such control over spin-waves/magnon can be contemplated in magnetoelectric/multiferroic
systems, in which the spin and electric orders are entangled, resulting in electric as well as

magnetic control of magnons. In this work, I’ll present our recent work in exploration of a
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variety of non-collinear magnets for magnon and magnon-phonon excitation modes in the THz
spectral region, considering two examples. First, I’ll show that A4B209 (A=Co and B=Nb, Ta)
family of non-collinear magnetoelectric antiferromagnetic [4, 5] exhibit i) a multitude of
lowenergy antiferromagnetic resonances comprised of magnons, phonons, and hybridized
spin-phonon coupled modes and ii) the notion of beyond conventional magnon, that is,
electromagnon. The second example is based on RCrO3 (R=rare-earth) orthochromates in
which weak magnetic moment is accompanied by sub-THz magnon modes along with complex
crystal-field excitations. Finally, I’ll present the need for intense THz radiation to drive non-
linear interactions between magnon-magnon, magnon-phonon and other quasiparticles in this

spectral region.
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Magnetic Ordering in Antiferromagnetic topological insulator, MnBi.Tes
investigated using time domain THz spectroscopy and Pump-Probe
Spectroscopy

N. Kamaraju

Department of Physical Sciences, Indian Institute of Science Education Research Kolkata
Email: nkamaraju@iiserkol.ac.in

MnBi2Tes, an intrinsic antiferromagnetic topological insulator, has garnered significant
attention due to its involvement with exotic quantum phenomena such as anomalous quantum
hall effect and axion insulator state. The Fermi level of MnBi,Tes can be tuned across the bulk
band gap via Sb-substitution, yielding phases with enhanced topological functionality and
facilitating its implementation in device fabrication. In this study, THz time-domain
spectroscopy was employed to investigate MnBi2Tes and Sh-substituted MnBizTes thin films,
which were grown using the pulsed laser deposition technique. THz conductivity spectra (in
the 0.4-2 THz range) at various temperatures (from 7K to room temperature) were obtained
from our measurements. The THz studies [1] indicate metallic behaviour for both samples,
while the transport studies reveal a metallic nature for MnBi,Tes and a semiconducting nature
for Mn1.7Sbo7Tes. The THz conductivity spectrum, fitted with a Drude-Fano-Lorentz model,
reveals a strong IR active Eu phonon absorption peak and its significant changes around the
Néel temperature of ~25K, indicating a coupling between magnetic ordering and electronic
band structure. The frequency of the Eu phonon shows an anomalous blue-shift with increasing
temperatures for both materials, more pronounced in the Sb-doped MnBi2Te4. This suggests
that both anharmonicity and electron-phonon coupling contribute to the higher anomalous blue
shift of phonons in Sh-doped MnBi2Te4. Additionally, pump-probe reflectivity measurements
[2] reveal the presence of a Raman active Alg coherent phonon mode with normal temperature

dependence.
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Application of FEL for investigating carrier dynamics in
semiconductors

Prof. Jayeeta Bhattacharya

Department of Physics
Indian Institute of Technology Madras, Chennai

We used free-electron laser (FEL) emitting inthe midto FIR ~ range  to  probe
intersubband transitions We used free-electron laser (FEL) emitting in the mid to FIR
range to probe intersubband transitions in I11-V semiconductor heterostructures. In this talk 1
will discuss the method of transient photoluminescence (PL) quenching in semiconductor
quantum wells and quantum dots. | will emphasize on the techniques of performing transient
PL measurements in presence of a delayed FEL pulse tuned to the intersubband
transition energies. The dynamics of the carriers, excited to higher excited states by the FEL
pulse as they drop back to the lowest conduction band state, contributing to the recovery of the
PL was studied. This gave insight on the lifetimes associated to intersubband transitions and

the possibility of coulomb mediated interactions in the system.
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Ultrafast Phenomena: Conventional Femtosecond Lasers and Future
Prospects with IR-FEL

Praveen Kumar Velpula

UGC-DAE Consortium for Scientific Research, Indore

In this talk, I will present a comprehensive overview of our research on ultrafast
phenomena, focusing on ultrafast imaging in bulk dielectrics and the dynamic processes in
semiconductor materials using conventional table-top femtosecond laser systems. These
systems have enabled us to probe and understand intricate ultrafast dynamics at the microscopic
level. In the latter part of the talk, | will explore the future prospects of Infrared Free-Electron
Lasers (IR-FELSs) in advancing ultrafast phenomena and vibrational/Raman spectroscopy.
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Why & how to use IR-THz radiation sources in R&D
Abhishek Singh?:2

1 Centre for advanced electronics, 11T Indore, India
2 THz-Innovations Private Limited, Lucknow, India
Email: asingh@iiti.ac.in

Investigating the light-matter interaction at the THz frequency has been at the forefront
of the research from decades. THz radiation has been relatively less explored radiation than
other side bands in the radiation spectrum. At the same time there are several interesting
physical phenomena taking place in the scientifically attractive materials like graphene,
topological insulators, 2D materials, semiconductors, superconductors, etc. at the THz photon
energy level of the order of 10 meV. Therefore, use of THz (also known as FIR) radiation has

been increasing in R&D activities.

To extract the useful information out of the THz/FIR light-matter interaction several
experimental methods and tools have been developed. Among the THz sources, the free
electron laser-based THz source has been highly desirable due to its high THz power and large
wavelength tunability range. In recent years several new and highly important studies have
been done including observation of transient magnetic fields in graphene induced by THz
pulses, giant THz nonlinearity in HgTe-based heterostructures, transient trion-exciton
conversion in monolayer MoSe; induced by THz pulses from FEL THz sources, etc. [1-3] At
the same time, developing and operating a FEL based THz source is extremely challenging due
to its size, cost and radiation safety concerns. Therefore, only a few number of FELs are
operational/under-development world-wide, and two of them are in India at RRCAT Indore
and IUAC Delhi.

Apart from the FEL THz source, several other supporting instruments and experimental setups
are required to perform the useful measurements. Some of the most common techniques are
pump-probe (optical pump-THz-probe, THz pump-optical probe, single colour and two-colour
THz pump-probe), THz time-domain spectroscopy, transient photoluminescence, etc. Since the
photon energy of THz radiation is of the order of meV that is much smaller than the thermal
energy at room-temperature, many times these measurements are performed in a cryostat at

low temperature.
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Scope of IR-FEL for Biomedical applications: An Overview.

Dr. S. K. Majumder

Director, Material Science & Advanced Technology Group
Raja Ramanna Centre for Advanced Technology
(Email: shkm@rrcat.gov.in)

The Infrared Free Electron Laser (IRFEL) facility at RRCAT has opened up a plethora
of opportunities at our disposal to explore the relatively unchartered territory in the Mid-
Infrared Radiation (MIR) domain. The continuous tunability of IRFEL within its working range
along with high photon flux offers an unprecedented advantage not only in basic spectroscopy,
but also it offers an opportunity towards targeted radiation therapy. This talk will present an
overview of the recent works in the fields of biomedical applications where IRFEL has played
crucial role. Considering the present working range of IRFEL at RRCAT, this talk will also
propose schemes of operation which can make it readily applicable in the field of biology with

a few examples.
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IR/THz Spectroscopy under Extreme Pressure and Temperature
Himal Bhatt

High Pressure & Synchrotron Radiation Physics Division, Bhabha Atomic Research Centre,
Trombay, Mumbai INDIA 400085; Homi Bhabha National Institute, Anushaktinagar,
Mumbai INDIA 400094

hbhatt@barc.gov.in

Infrared spectroscopy is among the techniques that have shown tremendous growth
during the last century in terms of sources, instrumentation and hence the applications. The
transition from black body sources, giving excellent flux in mid — infrared regions (600 — 6000
cm™) to synchrotron radiation sources from electron storage rings witnessed a manifold
increase in the brilliance, thus opening an opportunity to address many challenging questions
utilizing IR micro-spectroscopy and more recently SNOM techniques. The brilliance as well
as flux in the far- infrared regions have further seen a multifold increase with the development
of Free Electron Laser (FEL) based source. In addition, the FELs provide a unique time
structure from microseconds to sub-picoseconds regime. These newer opportunities are poised
to unfold many new discoveries using the grand old infrared spectroscopy technique. In
particular, the dynamical motions that take place in these timescales can now be studied using
a high fluence source. Hydrogen bond dynamics in a strongly hydrogen bonded material is one
such example, having a very wide range of applications domain. Our recent studies on simple
molecular systems such as formic acid, oxalic acid, glycine systems in conjunction with the
simplest system, i.e. ice, have provided the glimplse of a highly delocalized nature of proton
through the study of hydrogen bond dynamics under extreme pressure, temperature conditions,
thereby tuning a double well potential. Current studies being carried out at other FEL facilities
to understand the proton dynamics in such hydrogen bonds will also be discussed. Another
important problem which can be solved using IR/ THz frequencies is the understanding of
carrier dynamics in low dimensional quantum materials. Our recent studies on a charge density
wave molybdate system and few layer graphene using synchrotron infrared and THz will be
presented. This will be followed by the THz studies carried out in similar 2D system black
phosphorous by the Italian FEL group where the carrier dynamics could be tuned by changing

the applied electric field of THz photons by tuning the fluence of FEL source.
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Ultrafast Dynamics of Hydrogen Bond Reorganization: Femtosecond

Infrared Spectroscopy

Rajib Ghosh
Radiation & Photochemistry Division, Bhabha Atomic Research Centre, Mumbai 400085

Homi Bhabha National Institute, Anushaktinagar, Mumbai 400094

Solute-solvent hydrogen bonding plays important role in chemical reactivity of many
condensed phase reaction. Thus elucidation of molecular level picture of site specific hydrogen
bonding and their dynamics is of relevance to chemical and biochemical reactions. Perturbation
of hydrogen bonding network by electronic excitation of the solute gives the opportunity to
monitor the site-specific hydrogen bond reorganization event in real time scale with
femtosecond visible infrared probe pulse. In this talk, I shall discuss hydrogen bond breaking
and reorganization dynamics in the excited state of a few organic chromophores in protic
solvents. The photoinduced cleavage and reorganization of hydrogen bonding between the
fluorophore and solvent molecule is captured in real time by probing the time dependent
evolution of carbonyl stretch frequency. * Comparison of spectral dynamics in nonprotic and
protic solvents can disentangle timescale of vibrational cooling process, solvation and
hydrogen bond reorganization.>® Dependence of hydrogen bond structure and dynamics on the

nature of electronic state of the solute in excited state will be discussed.
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e Marketplace
Digital Multimeter

Our digital multimeters (DMMs) and basic capacitance meters address the test and
measurement capabilities you need to complete your tasks on the bench or in the field.
Capture measurements quickly with graphics display, on-screen analysis, and auto

calibration.

Keysight U1233A : 3.5 Digit 6000 Display Count True RMS Handheld Digital Multimeter
Keysight U1252B : 4.5 Digit 50000 Count True RMS Handheld Digital Multimeter
Keysight U1242A : 4.5 Digit 10000 Count True RMS Handheld Digital Multimeter
Keysight U1272A : 4.5 Digit 30000 Count True RMS Handheld Digital Multimeter
Keysight U1252B : 4.5 Digit 50000 Count True RMS Handheld Digital Multimeter
Keysight U1282A : 4.5 Digit 60000 Count True RMS Handheld Digital Multimeter

Benchtop Digital Multimeter

Keysight 34461A : 6.5 Digit 200000 Count Benchtop Digital Multimeter
Keysight 34450A : 5.5 Digit Benchtop Digital Multimeter

Keysight 34465A : 6.5 Digit Truevolt DMM, Benchtop Digital Multimeter
Keysight 34460A : 6.5 Digit Basic Truevolt, Benchtop Digital Multimeter
Keysight 34470A : 7.5 Digit Truevolt DMM, Benchtop Digital Multimeter
Keysight 3458A : 8.5 Digit Benchtop Digital Multimeter

Function-Arbitrary

Waveform Generator

Validate the most challenging designs with true form arbitrary waveforms,
modulation, and two channel synchronization.

Keysight 33622A : 120 MHz Two Channel Function-Arbitrary Waveform Generator
Keysight 33611A: 80 MHz Single Channel Function-Arbitrary Waveform Generator
Keysight 33612A : 80 MHz Two Channel Function-Arbitrary Waveform Generator
Keysight 33521B :30 MHz, Two Channel Channel Function-Arbitrary Waveform Generator

Spectrum Analyzers

1 GHz to 6 GHz- Different Configurations Available

Keysight N9000C #501 : 1 GHZ Spectrum analyzers
Keysight N900OB #503 : 3 GHz Spectrum analyzers
Keysight N900OB #506 : CXA Signal Analyzer, 9 kHz to 6 GHz

Hand Held Spectrum Analyzers
Vector Network Analyzers

9KHz to 3GHz and 9 KHz to 6 GHz

keysight N9913A : FieldFox Handheld Microwave Analyzer, 4 GHz
keysight N9912A : FieldFox Handheld RF Analyzer, 4 GHz and 6 GHz
keysight N9914A : FieldFox Handheld RF Analyzer, 6.5 GHz

keysight N9923A : Handheld RF Vector Network Analyzer, 4 GHz and 6 GHz

KEYSIGHT

TECHNOLOGIES

Premium Plus Partner

Signal Generator

Push your device within and beyond its limits with unmatched purity and precision.
Meet your test requirements with the widest selection of signal generators with the
best performance in every class, whether you need a traceable, metrology-grade
solution or cost-effective basic signal generation.

Keysight N5171B: EXG X-Series 9 KHz to 6 GHz RF Analog Signal Generator
(N5171B-506+ UNT)

Keysight N9310A : RF Signal Generator, 9 KHz to 3 GHz

Keysight N5171B: EXG X-Series RF Analog Signal Generator, 9 kHz to 3 GHz

Digital Storage Oscilloscope &

Mixed Signal Oscilloscope

Get your products to market faster with award-winning oscilloscopes that
offer the fastest update rates, the deepest memory, the industry's only
capacitive touch screen, and the most oscilloscope software options.

Mixed signal Oscilloscopes 8 or 16 digital channel available.
50 MHz to 1 GHz -Different Configurations with 2 & 4 channels.

1000 Series

2000 Series

3000 Series
4000 Series

Power Supply

Our broad selection of both bench-friendly and system ready instruments
can meet your testing challenges - from basic to complex - with a wealth
of available capabilities. Test confidently with clean, precise DC power
that fully specified and guaranteed. Enhance system flexibility with
built- in, DMM- quality measurement functions.

Keysight U8B002A : Power supply
Keysight U8B031A : Power supply
Keysight N5748A : Power Supply

Various configurations available in different power supplies with 1U Rack size.

Frequency Counters

Expand your measurement and analysis capabilities with histograms,
trend / strip charts, statistics, data logging and much more.

Keysight 53220A : Frequency Counters
Keysight 53220A : Frequency Counters With Ultra High-stability 0CX0 Time base

Many More

Data logging switch unit
TRMS Clamp meter
Power meter & Power sensor

2 Head Quarters

W SYNERGY

MEASUREMENT TECHNOLOGIES PVT. LTD.

Synergy Measurement Technologies Pvt. Ltd

10-2-157 Plot No: 41 Ram Nivas ,Ist Floor ,Road No 2

West Marredpally, Secunderabad-500026.INDIA

Phone : 040 - 4444 4040, 4444 4050,

Fax: 040 - 2795 0190 Mobile : 9989-312-307

Email: sales@synergytech.in, marketing@synergytech.in

@ www.syne

9 Branch Office (cujarat)

Synergy Measurement Technologies Pvt. Ltd
C-404, siddhi Vinayak Tower, Makarba,

SG Highway, Ahmedabad-380051

Landline: 079-48008714.

9 Indore (Madhya Pradesh & Chattisgarh )
Resident Engineer - Mobile:8886655762

tech.in H



ROHDE & SCHWARZ

Solving Complex Test And Measurement Challenges
Requires Innovative Solutions From A Reliable Partner

R&S®MXO0 5 /MXO 4 Oscilloscopes

Next Generation Oscilloscope: Evolved for More Challenges
O Bandwidth: 4 Channels: 350 MHz - 2 CHz | 8 Channels: 100 MHz - 2 GHz
O World's Fastest Oscilloscope with an Update Rate of > 4.5 Million Waveforms Per Second

O Industry Leading System Architecture: 18-bit Vertical Resolution/ 12-bit ADC

O Deepest in Class Standard Memory: 500 MPoints

O Industry-Leading Simultaneous Spectrum Acquisition Rate of 45,000 FFT/s and upto 4 80 L ‘ )
Spectra. == -

R&S®SMCV100B Vector Signal Generator

oy O Multi-Standard Platform for Broadcast, Navigation, Cellular and Wireless Applications

i O Full Software Option Defined Vector Signal Generator with 5' Touchscreen
O Modern RF Signal Generation Concept from 4 kHz upto 7.125 GHz

O High Output Power upto +25 dBm

O Modulation Bandwidth upto 240 MHz

O Frequency Range: 5 kHz to 20 CHz
O Optional Spectrum Analysis and Power Sensor Support up to 26.5 GHz
O CW Signal Generator Spectrum Analysis Option

O Cost-efficient, Portable (battery-powered option), Precise and Versatile

%{/ VVDN TOOLS www.vvdntools.com ROHDE&SCHWARZ
‘@, Powe

by VDN Technologies Put. Ltd Make ideas real




