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Overview

• Personal Background

• Target Fabrication

• Experimental Setup for Laser shooting

• Analysis

• Research experience in other areas

• Discussion/Outlook



Professional Background & Expertise

Experience

• Current Role: Postdoctoral Researcher, 
Philipps-University Marburg, Germany 
(12/2022 – Present)

Previous Roles:

• Postdoctoral Researcher, Wigner 
Research Center for Physics, Budapest, 
Hungary (09/2021 – 11/2022)

• Research Associate, Indian Institute of 
Technology (IIT), New Delhi, India 
(11/2020 – 03/2021)

Education

• Ph.D. in Physics, University of 
Hyderabad, India (2015-2021)

• Thesis: Raman, Time-Domain 
Photoacoustic, and Terahertz 
Spectroscopy of Inorganic, 
Organic, and High-Energy 
Materials

• M.Sc. in Physics, University of 
Hyderabad, India (2013-2015)

• B.Sc. (Hons) in Physics, St. Xavier’s 
College, Kolkata, India (2010-2013)
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Key Achievements & Skill Sets

Research & Experimental Expertise

• Extensive experience in Femtosecond, nanosecond and CW laser systems

• Proficiency in Laser Plasma Generation and analysis, pump-probe THz generation, 
Raman, FTIR, and Photoacoustic Spectroscopy

• Research on Laser Induced fusion reactions, ultrafast photochemical dynamics, 
charge transfer, laser-induced plasma and LIBS

• Hands-on experience with building and designing ultra-high vacuum chambers, LIBS, 
and nonlinear optics related experimental setups

• Developed a polymer optode sensor for high-energy materials detection (0.2 ng 
detection limit) during Ph.D. and worked on portable systems too 4



Major Projects & Collaborations (Highlights)

•Plasma-CAIT Project (Philipps Universität,Germany) – Conducting research on 
electrical conductivity in ion-conducting solids using fs laser plasma generated in 
gaseous mediums (H₂, O₂, Ar, D)

•NAPLIFE Project (Wigner-RCP, Hungary) – Nanoplasmonic Laser Inertial Fusion 
Experiments  (Experiments performed at ELI-ALPS)

•THz Generation Project (IIT Delhi, India) – Designed experimental setup for THz 
generation using ZnTe

•Laser-based Spectroscopy Research (University of Hyderabad, India) – Extensive work 
in LIBS, photoacoustic, Raman, and THz spectroscopy 
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Target Fabrication
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AIM

To increase energy absorption 
by the target by using Plasmonic 

Enhancement 

To investigate how 
resonant nanorod 
antennas can be 

tuned/aligned/designed 
to increase optical 

absorption of ultrashort 
laser pulses

Experimental 
Observations so 

far

Need of the 
Hour

Randomly oriented 
nanorods embedded in 

polymer were tested

Targets with nanorods 
both parallel as well as 

orthogonal to Laser 
beam were studied 

• Redesign the target to:
 orient the nanoparticles in a unique 

direction
 Have thicker targets to sustain higher 

laser energy; 1 J
 Have cost-efficient substitute for EBL 

(Electron Beam Lithography)
 Find methods to increase ion 

acceleration within the target
 To increase plasmonic enhancement 

as well
 To have suitability for double-sided 

laser shooting
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Important considerations while designing the target:

 Shape & size

Resonance

Orientation of the nanorods

Density and distribution of nanorods

A method to reduce Doppler shift and peak broadening/stark broadening (observed 
during experiments)

(will explain how this can be reduced at the sample preparation stage itself)
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Sample (UDMA:TEGDMA) Preparation Method Used: Sandwich Method

UDMA(Urethane Dimethacrylate), 
C23H38N2O8

TEGDMA(TriethyleneGlycol Dimethacrylate), C14H22O6

Nanocomposite: UDMA:TEGDMA mixture (3:1) + Au 
nanorods
Size of Au nanorods: 85nm x25nm, 
Plasmonic resonance to 795nm
UDMA: MMA-D mixture (3:1), also known as Deuterated 
Sample
MMA-D (Methyl methacrylate): C5D8O2



10

Major Challenges faced during sample preparation:

• Viscosity needs to be controlled

• Layer uniformity during pressing must be maintained

Challenge Mitigations

• Challenge:1 : Viscosity

• Viscosity=resistance to flow: we want a consistency of the nanocomposite polymer 
mix to be more ‘honey-like’.

• Thick while resting, thin when pressed between two glass slides (η₁/η₁₀₀ ≥ 2)

• Ratio of the mixture of UDMA:TEGDMA, presently 3:1
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• Maintaining same temperature of the mixture and the mixture, slide and 
frame; sometimes temp. of the nanocomposite increases when stirred

• Providing shear-thining without affecting optical clarity

• Use of Photoinitiator/inhibitor

• Nano-filler surface treatment

• Order of addition:(i) TEGDMA + initiator/amine → (ii) add treated 
nanoparticles and disperse → (iii) add UDMA last

• Acceptance: η in target window; no visible haze; no. of bubbles per cm² 
after rest in the frame.
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Challenge:2 : Layer-thickness and uniformity control (fixture + pressing + cure)

• Geometry of the rigid spacers and 3D Frame

• Pressure-sensitive Film

• Edge-insertion/edge mask

• Irradiance Mapping

• Two-sided cure (Flip and post-cure 30–60 s to equalize polymerization through 
thickness, especially if filler absorbs/scatters)

• Sputtering/Spin-coating? (I used it during Ph.D)
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Another Challenge Observed during Experiments (In LIBS Spectra): Shifting H-α Line

• Doppler shift and Doppler broadening due to 
fast plasma moving towards or away from the 
detector

Sample Modifications that could reduce this effect:

Make the surface more uniform and denser:
 Rough/porous samples cause micro-explosive ejection

and local jets that create large local bulk velocities (larger
Doppler shifts and shot-to-shot variability). Studies
explicitly show surface roughness/relief and porosity
change plasma morphology and spectra

Remove volatile species / moisture
 Drying or pre-baking samples reduces vapor

explosions and reduces early fast expansion of
components when subjected to high intensity Laser
Shots
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Reduce ablated mass per pulse:

 Lower laser fluence (closer to threshold)
 defocus slightly
 use smaller spot sizes so less mass is ablated — the plume is less dense and often cooler, lowering

both Stark and Doppler (via lower T and fewer hydrodynamic jets).
 Trade-off: lower signal / higher shot noise.

Geometry: observe transverse / 90° to plume axis and control laser incidence

 The Doppler shift is proportional to the velocity component along the detection direction (cosine of
the angle)

 Observing side-on (≈90° to main expansion) minimizes net Doppler shift;
 the sensitivity vector (bisector of illumination and viewing directions) determines the component

of the sample
 keeping incidence near normal and avoiding steep surface slopes lowers variability.
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Orientation of the Au nanorods

Diffused Orientation of gold nanorods in the sample:

Gold nanoparticle have the following important properties:

• High conductivity

• High surface to volume ratio

• High surface energy

• Bare nano-structured gold exhibits intrinsic ferro- and 

super magnetic behavior.

• However, magnetic properties are strongly affected by the 

surface and the size of the nanomaterials in question

Gold nanorods with conjugated polymer ligands: 

sintering-free conductive inks for printed electronics†
B. Reiser,a L. González-García, *a I. Kanelidis,a J. H. M. Maurera and T. Kraus*a

https://pubs.rsc.org/en/content/articlelanding/2016/sc/c6sc00142d#fn1
https://pubs.rsc.org/en/results?searchtext=Author:B. Reiser
https://pubs.rsc.org/en/results?searchtext=Author:B. Reiser
https://pubs.rsc.org/en/results?searchtext=Author:L. González-García
https://pubs.rsc.org/en/results?searchtext=Author:I. Kanelidis
https://pubs.rsc.org/en/results?searchtext=Author:I. Kanelidis
https://pubs.rsc.org/en/results?searchtext=Author:J. H. M. Maurer
https://pubs.rsc.org/en/results?searchtext=Author:T. Kraus
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• Now, following the concept that
electric field can change the
orientation of the charged particles,
we can change the orientation of
the gold nanorods.

• What needs to be figured out is
whether the same electric field can
be used for orientation of the
nanorods

• as well as defining the direction
of the plasma plume or we need to
redesign the experimental setup
involving two different strengths of
the electric field.
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Experiments and Experimental Design
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EBL(Electron Beam Lithography) VS Femtosecond Lithography

• Past experience of fs-lithography during Ph.D for making nanoparticles of a Polymer, PEDOT (Poly-
3,4-ethylenedioxythiophene )**
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Aspect
Electron Beam Lithography 
(EBL)

Femtosecond Laser / LIBS 
Lithography

Resolution Ultra-high (sub-10 nm)
High (100 nm – µm), diffraction-
limited

Throughput Low (serial writing, slow)
High (parallel processing, fast 
scanning)

Material Scope
Requires e-resists, indirect 
transfer

Broad (polymers, metals, 
dielectrics, semiconductors)

Processing Vacuum-based
Ambient, liquids, or controlled 
atmospheres

3D Structuring Not possible (2D surface only)
Possible (due to nonlinear 
multiphoton absorption)

System Cost
Very high (multimillion, 
cleanroom required)

Moderate (tabletop laser 
systems, <$1M)

Ease of Use Specialist operators required
Easier integration in general 
labs

Additional Functionality Pure patterning only
Fabrication + in situ analysis
(with LIBS)
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Future Designs for Practicality 

From Lab to Market



Future Designs for Practicality 
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From Lab to Market

Thin metallic plate/disc

++ +

--

• Limitations of Thomson Parabola for Plasma Plume Collection

Impractical in powerplant settings: 

 Current design collects plasma plume directly into the parabola.

 Scaling this up for a functioning reactor would be unrealistic due to complexity and bulk.
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Alternative approach

More feasible to redirect plasma plume toward a detector using guiding fields 
(magnetic/electric), as illustrated in the diagram.

Scientific disadvantages of Thomson Parabola in this context

•Line-of-sight limitation: Only measures ions moving directly into the entrance slit, 
missing large portions of the plume

•Low throughput: Small acceptance angle → collects a tiny fraction of emitted particles, 
reducing statistical significance

•Space charge effects: High-density plasma streams distort ion trajectories, leading to 
poor resolution
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•Charge state / mass ambiguity: Overlapping parabolic traces for ions with similar 
mass-to-charge ratios make identification difficult

•Detector degradation: Constant bombardment from high-energy ions could rapidly 
damage MCPs or scintillators

•Maintenance complexity: Precision alignment of slits, fields, and detectors 
becomes increasingly challenging in reactor-scale environments

•Vacuum / contamination issues: Debris from plasma-wall interactions could clog or 
coat the entrance slit, compromising measurements
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Introduction to PEDOT (Poly-3,4-ethylenedioxythiophene): Alternative Substrate

• Poly-3,4-ethylenedioxythiophene (PEDOT); is a conjugated polymer that carries a positive charge

• Upon doping, has small band gap, high conductivity and high stability.

• in neutral state, the electrons are delocalized along the chain and by doping, we either remove or add an electron. These two processes 
create cations and anions on the polymer which are called polarons and a pair of polarons is known as a bipolaron.

• up and down movement of the bipolarons as a pair on the polymer chain is responsible for the good conductivity of PEDOT.
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Feasibility:
•Deuterated PEDOT (PEDOT-D):
Replacing hydrogen (¹H) with deuterium (²H) does not change 
the bonding pattern, but it increases the mass. This is often 
done in polymers and organic molecules for:

• Spectroscopic studies (e.g., distinguishing vibrational 
modes in IR/Raman, or NMR labeling).

• Stability modification (the C–D bond is slightly stronger 
than C–H, slowing down some degradation pathways).

Methods:
•Deuteration is usually done at the monomer synthesis stage:

• Replace ethylene dioxy groups (–O–CH₂–CH₂–O–) with
–O–CD₂–CD₂–O– before polymerization.

• Use D₂O or deuterated reagents in synthesis steps.
•Polymer post-exchange: Some hydrogen positions (especially
on heteroaromatic rings) can undergo H/D exchange under
acidic/basic conditions in D₂O, but it’s less complete.

Effect on properties:
•Electronic/optical properties: Essentially 
unchanged (since isotopes don’t affect 
electron orbitals directly).

•Vibrational properties: IR/Raman shifts 
because C–D vibrates at lower frequencies 
than C–H.

•Stability: Deuteration can slow down 
oxidative degradation and increase lifetime 
in devices.

We can replace the hydrogens in PEDOT with their 
isotopes (deuterium, D = ²H, or tritium, T = ³H).
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Additional Research Experiences collected over the Past



27

Experimental Design

For fs-Plasma-CAIT: Germany



Instrument Development for Vacuum Chamber and Plasma!28



• NAPLIFE: Nano-Plasmonic Laser Induced Fusion Energy

• To explore alternative routes to existing fusion experiments

• To increase energy absorption by the target by using Plasmonic Enhancement 

• To investigate how Au nanorods embedded in the target can be tuned to increase 
optical absorption of ultrashort laser pulses

• To achieve simultaneously ignition by two-sided laser shooting on the target to 
achieve fusion without thermal equilibrium

• To avoid hydrodynamical instabilities in fusion plasma

29Work done at Wigner RCP,Budapest

NAPLIFE Project (Hungary) – Nano-Plasmonic Laser Inertial Fusion 
Experiments 

NKFIH



NAPLIFE Project (Hungary) – Nano-Plasmonic Laser Inertial 
Fusion Experiments NKFIH
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For other papers with this collaboration: https://csernai.no/naplife/en/index-news.html



Side View Top View
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Instrumentation for LIBS

Applied Laser System:

Femtosecond Ti: Sapphire chirped-pulse amplifier 

● Max. Laser Pulse Energy: 30 mJ

● Pulse length used: 40 fs

● Range of the pulse length: 40-120 fs

● Central wavelength: 795 nm

● Max Peak Power:1 TW

● Focused max. Peak intensity:1018 W/cm2

Spectrometer:

LTB Demon spectrometer (Double Echelle Monochromator)  

• Detector: ICCD

• Wavelength range: 190-900 nm

• Spectral resolution: 2.5-12 pm

• Simultaneous inspection range: 3 nm
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Requirements for the LIBS measurement

• Selecting the Laser pulse duration and energy

• Optimizing the delay and gate width for optimum signal 

• Selection of the Balmer 𝛼 line of Hydrogen for electron transition

• Hydrogen H𝛼: 656.28 nm

• Deuterium D𝛼: 656.11 nm

• Estimation of D/H ratio by integrating the spectra peak areas

33



concentration of Au in UDMA: 0.05204 m/m%
concentration of Au2: 0.10408m/m%
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Typical fs-LIBS spectrum of a partially deuterated UDMA-MMA sample

Scientifc Reports | (2024) 14:18288 | https://doi.org/10.1038/s41598-024-69289-4



Scientifc Reports | (2024) 14:18288 | https://doi.org/10.1038/s41598-024-69289-4
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Craters in the targets without gold (above) and 
with gold nanoparticles (below). The laser shots 
were at 45° and the volume of the right figure is 
about 3.8 times larger

Laser pulse energy dependence of the D/(2D+H) line 
intensities in percents. Two sets of the newly created 
deuterium atoms from two different measurement 
series are plotted. Data points are averages are based 
on calculations for 100 measurements



THz Generation Project (IIT Delhi) – Designed 
experimental setup for THz generation using ZnTe

Based on Pump-Probe
Mechanism:
• Used a 90:10 Beam 

splitter
• 90% reflected beam for 

Pump
• 10% transmitted beam 

for Probe

Dimension of the entire setup:
60 cm X 40 cm

A delay line in the path of
the probe beam enables the
spatio-temporal overlap of
the pump and probe for the
experimental study.
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Laser Spectroscopy Research: Ph.D. (India)
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Photoacoustic

Spectroscopy

• Detection of HEMs  

with the help of 

PEDOT  polymer as 

an optode

sensing medium

Raman Spectroscopy

Raman Spectroscopy  

provides mostly 

chemical  analysis of 

samples

Re-establishing the Charge-transfer

Phenomenon Observed in case of PAS with

the help of standard Raman Spectroscopy

Modified UV-Vis-NIR  
temperature-

dependent 

spectrometer

Explains non-linear  

absorption during  

generation of THz 
from  Crystals

Application of THz in  

studying polymorphic 

forms  of molecules
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established

using FTIR

The Connection between Different Techniques (Ph.D. 

Thesis)
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Photoacoustic Spectroscopy

1. A. Kumari et al Spectrochim Acta A Mol Biomol Spectrosc. 241, 118597 (2020) 

2. A. Kumari et al Spectrochim Acta A Mol Biomol Spectrosc. 119360, (2020) 

3. A. Kumari et al Pramana – J. Phys. (2021) 95:160 © Indian Academy of Sciences https://doi.org/10.1007/s12043-02102191-0

4.   A. Kumari et al AIP Proceedings, 2265, 030691 (2020) 
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THz Spectroscopy

1. A. KumariAppl. Opt. 59, 3417-3421, (2020) 2. A. Kumari Optical Society of America, 2016), paper W3A.6. (2016) 41



• Study of Non-linear Crystals:

FS LASER

Oven Containing CdTe Crystal

Lens

OPO Power Sensor

Temperature controller

• CdTe (II B-VI A):
• 1.5 eV Band Gap Energy
• Doping is p-type
• 2nd most utilized solar cell in the world
• CdTe solar panels are the only ones that 

have surpassed the cost efficiency of 
polycrystalline Silicon solar panels.

• Recently First Solar cell set the world 
record for thin film CdTe solar panel 
efficiency at 18.7%! They believe they can 
achieve up to 23%.

• Damage Threshold is 1.2GW/cm^2 for 
139μm.

42
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Comparison between THz Spectroscopy and Raman Spectroscopy

44
1. A. Kumari et al Spectrochim Acta A Mol Biomol Spectrosc. 119360, (2020) 



High-Energy Density Physics

•Laser-Driven Ion Acceleration: Insights into ion acceleration mechanisms can contribute to developing novel 
attosecond pulse sources and enhancing SHHG efficiency. (4 publications related to this topic):
1. Scientific Reports | (2024) 14:18288 | https://doi.org/10.1038/s41598-024-69289-4

2. Phys. Rev. E, 108(2), 025205 (2023) 08/2023

3. PRX Energy, 1, 023001 (2022) 07/2022

4. Frontiers in Physics, 11, 1116023 (2023) 02/2023

Spectroscopic Techniques for Extreme Conditions

•Time-Resolved Raman and THz Spectroscopy: A. KumariAppl. Opt. 59, 3417-3421, (2020) 

• Laser-Induced Breakdown Spectroscopy (LIBS): 1. Phys. Rev. E, 108(2), 025205 (2023) 08/2023

2. PRX Energy, 1, 023001 (2022) 07/2022

• ToF (Time of Flight ) Mass Spectroscopy

Adaptive Optics and Beam Shaping

•Optical System Design for High-Power Lasers: Designing and implementing adaptive optics systems, Trained in 
Optical Metrology, DST India

•Adaptive Optics Techniques: My skills in adaptive optics can enhance beam quality and focus, directly impacting the 
generation of high-intensity attosecond pulses. Trained by KM fs-Laser Company, Germany
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