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MESSAGE

| am happy to note that the 69" DAE Solid State Physics symposium is being
organised by Bhabha Atomic Research Centre at the Indian Institute of Technology,
Roorkee, Uttarakhand, India during December 19-23, 2025. This symposium over the
years has kept its high scientific standard as well as has maintained its popularity in the
condensed matter physics community of the country, particularly among the PhD students
and young researchers. The interest can be judged by submission of a large number of
papers in this symposium by researchers from across the various institutes and
universities of the country, among which 680 papers selected by peer reviewing will be
presented in the symposium in the form of poster and oral presentations.

The platform provided by this symposium is used not only to present the latest
experimental and theoretical scientific findings but also to facilitate scientific interactions
and foster discussions between young researchers and eminent senior scientists and it is
also nice to see that this year over 40 eminent scientists from India and abroad will attend
this symposium to deliver plenary talks, special evening lectures and invited talks.

| send my best wishes to all the delegates of this symposium for fruitful scientific
interactions over this five day event and a grand success to the symposium.
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MESSAGE

It gives me great pleasure to note that the DAE Solid State Physics Symposium (DAE SSPS)
has entered into the glorious 69" year of successful organisation. DAE SSPS is among the
oldest scientific events of the country and among the most prestigious in the field of
condensed matter physics. Particularly, PhD students and young researchers look forward
to attend this symposium every year to present their latest theoretical and experimental
results in this field. The symposium is organised by Bhabha Atomic Research Centre every
year in different parts of the country and this year it is being held at the Indian Institute of
Technology Roorkee, Uttarakhand, India during December 19-23, 2025.

| am happy to see that more than 680 papers will be presented in this symposium by
researchers from various DAE institutes, Universities and other premier institutions of the
country and will cover a broad range of topics including phase transitions under high
pressure and temperature, physics of soft matter including biological systems, nano-
materials, novel experimental techniques and devices, physics of surfaces, interfaces and
thin films, computational condensed matter physic, physics of functional materials including
ferroelectrics, piezoelectrics, semiconductors and topological insulators, spintronic
materials, materials for energy and environmental applications and quantum materials. The
best thesis and young achiever categories have also received significant response showing
the popularity of these events among the young scientific community of the country. It is
also nice to see that over 40 eminent scientists from India and abroad will deliver plenary,
special evening lectures and invited talks in this symposium and will interact with the young
researchers over the five-day event.

| wish a grand success to this event and fruitful scientific deliberations among young
researchers and eminent scientists during the symposium.
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Message

It is with great pleasure that | extend a warm welcome to all delegates, participants, distinguished guests,
and invitees attending the 69th DAE Solid State Physics Symposium (DAE-SSPS 2025), hosted by the
Indian Institute of Technology Roorkee from December 19 to 23, 2025.

The Department of Physics at IIT Roorkee is truly honored to host this prestigious event, organized under
the auspices of the Bhabha Atomic Research Centre (BARC) and the Department of Atomic Energy (DAE).
This symposium serves as a testament to the ongoing commitment to excellence in solid state physics,
bringing together leading scientists, researchers, early-career scholars, and students from across India
and beyond. It provides a platform to share groundbreaking advancements in condensed matter science,
materials research, and related fields that are crucial for our nation's scientific and technological
advancement.

At lIT Roorkee, we are proud to foster an environment that encourages intellectual exchange on diverse
topics in condensed matter physics, including quantum materials, nanomaterials, spintronics, topological
phases, and emerging technologies in energy and electronics. These areas not only align with our
institute's legacy of innovative research and education but also contribute to solving real-world
challenges in sustainable development and high-tech industries. IIT Roorkee has a long-standing tradition
of close collaboration with BARC as well as DAE institutions, with our researchers extensively using
national facilities for neutron, x-ray, high magnetic field, and pulsed-current sources to carry out cutting-
edge experiments in condensed matter physics.

We are deeply grateful to BARC and DAE for their steadfast support and for entrusting IIT Roorkee with
the responsibility of hosting this landmark symposium. This partnership exemplifies the collaborative
spirit that strengthens the condensed matter physics community in India, fostering deeper connections
among our faculty members and the esteemed participants.

We are confident that this symposium will serve as a fertile ground for intellectual exchange, sparking
new ideas, forging innovative partnerships, and making meaningful contributions to the field. On behalf
of the entire IIT Roorkee community, | wish you a productive, inspiring, and memorable experience that

will leave a lasting impact.
CHERS—

S iy
(K K Pant)

LEADING THE FUTURE
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It gives me immense pleasure to greet the organizers and welcome all the participants of 69
Symposium organized by the Department of Atomic Energy. Popularly known as the DAE-Solid
Staté Physics Symposium, SSPS is a flagship national symposium organized by the Physics Group
of Bhabha Atomic Research Centre. This symposium holds a special place for the solid-state
research community of India, especially young students and researchers. With a view of
recognizing and nurturing talented scientists, it has been a practice to hold this symposium in
different part of the country. This year it is organized at IIT-Roorkee, which has a very rich history

as a premier institute for engineering & technology.

I am very much hopeful that, as in the past, the 69" DAE SSPS 2025 would give a scientifically enriching
experience to all the participants, serve to motivate several new discoveries, and also bring about
networking among research groups. I would like to thank and acknowledge the team at IIT Roorkee
and my colleagues from Physics Group of BARC, who have worked hard to bring out an excellent
scientific program along with all the hospitality arrangements for the participants. I also take this
opportunity to thank the Director IIT-Roorkee and Director, BARC for their encouragement and
strong support. My best wishes for the grand success of DAE-SSPS 2025.

Hohunile

(T. Sakuntala)
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This is the 69" glorious year of the Department of Atomic Energy - Solid State Physics Symposium
(DAE SSPS), one of the most prestigious scientific conferences in the field of condensed matter
physics and this year it is being held at the Indian Institute of Technology Roorkee, Uttarakhand, India
during December 19-23, 2025. It is a matter of great privilege and also of big responsibility to serve as
a convener of the 69" DAE SSPS 2025.
This year, we had received nearly 800 manuscripts from various DAE institutes, Universities and
other premier institutions across the length and breadth of the country under the 11 categories
covering almost all important topics of current importance viz., phase transitions under high pressure
and temperature, physics of soft matter including biological systems, nano-materials, physics of
surfaces, interfaces and thin films, computational condensed matter physic, physics of functional
materials including ferroelectrics, piezoelectrics, = semiconductors and topological insulators,
spintronic materials, materials for energy and environmental applications and quantum materials.
Nearly 33 coordinators and around 431 reviewers from across the country helped us to review these
manuscripts and finally around 680 manuscripts have been selected for presentation in this
symposium. The best thesis and young achiever categories have also received significant response
manifesting the impact of these events among the young scientific community of the country. Over 40
eminent scientists from India and abroad have accepted our invitation to deliver plenary, special
evening lectures and invited talks in this symposium. We urge all young researchers and PhD
students to use this opportunity to interact with the experts to scientifically enlighten themselves
further and to initiate possible collaborations.
| would like to acknowledge the efforts of Dr. Himal Bhatt and Dr. Niranjan S. Ramgir, the scientific
secretaries of the symposium who have worked very hard to chalk out the well-planned scientific
program spreaded over the 5 days. | sincerely thank the local convener Prof. V.K. Malik of IIT
Roorkee and his colleagues for their tireless effort in making all the arrangements for hosting the
symposium successfully and making the stay of the delegates comfortable.
| look forward to see the 69 DAE SSPS 2025 a great success with enriching scientific deliberations
and fruitful interactions among the delegates during the symposium.

Yours sincerely,

Date: 09th December, 2025 b sty p—
(D. Bhattacharyya)

Convener, 69t DAE SSPS 2025
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Name

Affiliation

D. Bhattacharyya (Convener)

BARC, Mumbai

V. K. Malik IIT Rookee, Roorkee
(Local Convener)
Himal Bhatt BARC, Mumbai
(Scientific Secretary)
Niranjan S. Ramgir BARCMumbai
(Scientific Secretary)
A. Alam [ITB, Mumbai
A. Biswas BARC, Mumbai
A. Garg BARC, Mumbai
A. K. Chauhan BARC, Mumbai
A. Mani IGCAR, Kalpakkam
A. Singh BARC, Mumbai
D. V. Udupa BARC, Mumbai
G.D. Varma IIT Roorkee, Roorkee
J. Bahadur BARC, Mumbai
M. N. Rao BARC, Mumbai
N. Garg BARC, Mumbai
P. D. Babu UGCGDAECSR, Mumbai
R. Mittal BARC, Mumbai
R. Rao BARC, Mumbai
R. Chandra IIT Roorkee, Roorkee
S. Mitra BARC, Mumbai
S. Prabhu TIFR, Mumbai
T. Ganguli RRCAT, Indore
T. K. Saha BARC, Mumbai
V. K. Aswal BARC, Mumbai
V. Sathe UGGDAECSR, Indore

69" DAE Solid State Physics Symposium




SUBJECT CATEGORIES

Phase transitions and dynamics

Soft matter including biological systems

Nanomaterials

Experimental techniques and devices

Surfacesinterfaces and thin films

Computational, Al and ML methods in condensed matter physics
. Dielectric, ferroelectric and piezoelectntaterials

I G mmoOoOwm»

Transport properties and semiconductoinysics

Magnetism and superconductivity

“

Energy and environmental materials

K. 1-D, 2D and quantum materials

Award Categories

9 Ph. D thesis
1 Young Achiever
9 Best Poster
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Large facilities available with Bhabha Atomic Research
Centre for condensed matter research
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High Resolution Vacuum Ultraviolet (HRVUV)
Beamline (BL-01)

 — - Specifications
6.65 n‘oﬁ'—mtpectrometer Bending magnet (1.5T)
Wavelength 1200-3000 A
(Energy) Range: (3.5-10.3 eV)
Spectrometer: 6.65 m eagle mount
F : indigenously developed
= NN P spectrometer with a 1200
/9’—4:.~ lines/mm grating
ra . Wavelength ~0.1A
: m resolution:
: e =5
B =4 |8y Solar blind photomultiplier
: o ammbetector: P tube
Photograph
Scopes & capabilities
Sample Gas phase absorption cells with sample introduction

environment manifolds
available:

Experiments Gas phase photo-absorption studies of atoms and molecules
possible: for both ground and excited states

Research highlights

- Experimental VUV absorption
«T spectrum of n-dodecane (C,,H,)
4p

4
P=7x10 mbar

N-dodacane is used as

» Diluent for tributyl phosphate in
nuclear waste re-processing

» Possible surrogate for kerosene-

B3LYP/6-311G(2d,2p)+

Absorbance (arb. unts)

based fuels such as Jet-A
‘ \ VUV spectroscopy provides detail
L 1 I information about the ground
s f Ensrgy oV} i * and excited state structure of the
molecule .

Journal of Quantitative Spectroscopy & Radiative Transfer 236 (2019) 106582
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Angle Resolved Photoelectron Spectroscopy (ARPES)
beamline (BL-03)

Specifications
m Bending magnet (1.5T)
Energy Range: 12-300 eV

monochromator
Wavelength Overall resolution with
resolution: beamline of 140 meV-400
meV
Photograph
‘Scopes & capabilities

Sample » Electron Analyser : Phoibos 150
environment » Measurement temperature: Room temperature to 6 K
available:

» Base vacuum in measurement chamber: < 5x10-"" mbar.

> Alternate source: He discharge lamp & Twin anode (Al/Mg) X-ray lab
sources

> Prior to the measurements, samples can be scrapped, cleaved,
sputtered or annealed up to 800°C.

Experiments » ARPES measurements on thin films, single crystals and sintered pellets

possible: > Band offsets in hetro-junctions

» Sspectroscopy of buried interfaces with depth profiling

» Elemental composition and cchemical state information

» Phase transition studies as a function of temperature

The change observed in Y
3d core level for the film
deposited at 100 sccm O, 1
pressure is due to structural !
phase change of the sample

Narrow scan XPS core Research highlights
level spectra recorded ST @ e I L I e
o 0, ? ik
on a series of | . *
= - 8 Oy
Hf; 90Y 0,100 thin films A
deposited N 38 o 4o
- (—— Backg 164 N Y
function of oxygen I & . a4
partial pressure ~ =4 o ﬁ - . il
s 4 s 225 S
"516 30 scem) 51(4.; 525 249 70 scem)
£,
8 8
4
20 4

Intens
% 8
Intensi
FN EN
S ®

35| i %

3.0
4.4

A
30 scem X
! ~ 3.0
2.5

10 scem)

P -
r @ DD

2.5{

from orthorhombic to cubic 72 20 18 16 14 534 532 530 528 526 162 160 158 156 290 288 286 284 282 280
phase. BE. (eV) BE. (eV) BE. (eV) BE. (eV)

Vacuum 221 (2024) 112882
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Photophysics Beamline (BL-05)

= —a] q c Specifications
A\

Bending magnet (1.5T)
1050 — 3000 A

-l Resolving ~1500
" Power
solar blind VUV
Photograph photomultiplier tube
Scopes & capabilities

Sample Gas phase absorption cells with sample introduction
environment manifolds

available: Stainless steel absorption cells of various lengths and
designs are connected after the post-optics section.

Experiments Gas phase photo-absorption studies, Solid phase
possible: transmission/ fluorescence

Useful for photo-absorption studies of polyatomic molecules
of importance in atmospheric physics, astrophysics, biology,
nuclear fuel cycle and various industries.

Research highlights

VUV absorption spectrum of 6.82 7.44 s.?sEnergy:;;I o930 992 1084
propionaldehyde showing ol ¥ | 'L‘"f'«ﬂll“ g Ju L.,v’i}l o
Rydberg series converging to L . o I””"‘ Gaahs
the first lonisation Potentials s ”‘,J, “;J:J | & ”J:'Jl

of its cis and gauche o o 1 5 ,;
conformers ) l

Propionaldehyde is a molecule
of interest in atmospheric
physics and astrochemistry,
and interesting conformational
effects in its the electronic — ; ; "
excited states were observed SO0 RS emiambet el

Cross section/Mb

J. Chem. Phys. 159 (2023) 144301
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Infrared (IR) beamline (BL-06)

o L Bnb? ]| B P Specifications
(1.5T)

Spectral range: 600-6000cm-’
(Mid-IR: 0.07 — 0.7eV)

Energy 0.07 cm' (max.)
Resolution
(E/ AE):

=lesl g 200pm x 200pm
sample:
Scopes & capabilities

Sample Microscope: Hyperion2000 with 4X, 15x, 36x objective
environment High Pressure: Type-lla Diamond anvil cell 40 GPa
available: Low Temp.: 4.2 - 500K continuous flow Liq. He

Continuous flow
Lig. He Cryostat

IR
b microscope

Transfer line
[
v

Cryostat
Evacuation

Temperature
Controller showing T(K)

e S B

Experiments: ATR, Diffuse, Specular (11°, 30°)
IR microscopy

In-situ high pressure studies
In-situ variable temp. studies
Polarization dependent studies

Absorption, reflections modes

VVYVVVVY VVYVY

Research highlights

A new polymer (ether)

0.2GPa
phase of formic acid \//\/ —
(the simplest acid) e S s |
discovered under high § w/\/\/umefa\/\
pressure : a k\/*J\Jj\;
o 1
2

® ® ® ® ® 1616Pa  ;

r 4.9GPa
¢ 1 1 1 |
& I—' . 1000 1500 2000 25003000

Wavenumber (cm™)

Chemical Communications 59 (2023) 9888
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Photo Absorption Spectroscopic Studies (PASS)
beamline (BL-07)

‘ SEEIAGENEEEN 55 eV — 840 eV
VU lellelegielziie i Plane Grating
Monochromator

~1.5 eV at 284 eV

Photograph

Resolution
(E/ AE):

SlEl R a1 mm (V)X 2 mm(H);

sample:

Detection Total electron yield

method: by measuring
sample current

Experiments » Absorption spectra of solid samples both in thin film as

possible: well as bulk form.
» XANES & EXAFS measurements at K edges of low Z-
elements like C, N, O etc. and atL and M threshold of 3d

elements such as Ti, V, Fe, Cr etc.

Research highlights
10xn| CHcedge of MoPe First result from the
a —absorption spectral |~ beamline:
. —— absorpton
B0 st denvalie C K-edge of Magnesium

Phthalocyanine
thin film

ﬂetal phthalocyanine

have emergedas an
alternative to inorganic

— —————— counterparts for their use in

275 280 285 20 295 300 i .

Binding Energy (eV) opto-electronic devices

Rev. Sci. Instrum. 92 (2021) 90151106

Sample Current Is (A)

o & o
g & ¥
S % 9

0.0
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BARC Beamlines at
Indus-2 Synchrotron
Source
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X-ray imaging beamline (BL-04)
'

Synchrotron source Bending magnet (1.5 T)
Operational modes Monochromatic and
White beam

8-35keV Monochromatic

AEIE
photograph calculated 12keV
Highest spatial 1pm 2D & 3 pm 3D
10 ms for 2D & 5s in 3D
resolution:

‘Scopes & capabilities
X-ray imaging techniques available:

Absorption and Phase contrastimaging, tomography

Real time imaging tomography

In-situ Imaging and tomography under compression
and tensile loads

K-edge subtractionimaging/CT
Fluorescence microscopy

(under progress)

Diffraction contrastimaging, topography
(Future development)

Research highlights
Role of graphene concentration on the porosity of collagen cryogels

50
45 ®EDC/NHS ®0.1% wivG ®0.5%w/v G

L ! -

I, {\“6\13" A DB L S, AR,
&~ ~

Pl i Y - PN O
RGN S R 0 P RO 0 -
& Y A 27 O AT 97 ¥ oY
» N \Y

Size Range (Volume)

Graphene promotes uniform pore
size, wall thickness and
connectivity for cellular
proliferation and tissue

regeneration

a) Control b) 0.1% w/v graphenec) 0.5% w/v
graphene ((top) slices images & (bottom)
full 3D images of cryogels) Micron 150 (2021) 103127
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Atomic Molecular and Optical Science (AMOS)
Beamline (BL-05)
' ’

Synchrotron source Undulator
o magnet type)
So00o-1
range 20000-15A

Monochromator Variable Line Spacing

Plane Grating
Monochromator
(4 gratings)
Resolving Power 10000
Photograph Photon flux at sample 10'2 photons/sec

theoretical

Detector Total electron yield,
PMT, Photodiode

‘Scopes & capabilities

Sample Gas absorption cell with differential pumping facility

environment

available: Sample mount for solid sample

S OISR > VUV-soft X-ray spectroscopy of molecules of interest in

possible: atmospheric physics, astro-chemistry, plasmas,
photobiology and various industries

» Photoionization and photo-fragmentation dynamics of
molecules using velocity map imaging and coincidence
techniques (under development).

» Soft X-ray XAS on samples with low Z elements like O,C,N
etc. and L edges of magnetic elements like Fe, Co. Ni.

Research highlights

Atomic absoption lines of Xenon
Spectrum form AMOS beamline, Indus-2 SRS

12| Oct 20, 2022: 03:30 am 10401 ev

10.0593 eV

8.436 eV
9.569 eV
11.162 eV

Reference Spectrum ¥ T

9 10 11 12
Energy / eV (Calibrated)

Rev. Sci. Instrum. 95 (2024)123307 Xe Spectrumrecorded in AMOS beamline

69" DAE Solid State Physics Symposium
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Energy Dlsperswe EXAFS Beamllne (BL-08)
A

Synchrotron source Bendlng Magnet (1.5

| Energy range | 5-20 keV
Elliptically bent crystal
polychromator
AE/E
Spot size at sample 0.1 mm (horizontal) x
0.5 mm (vertical) @10
keV

Sl s T 19-axix goniometer

cco
Photoaranh
‘Scopes & capabilities

Sample Heating Cell upto 1000 K under vacuum & various gaseous
environment ambience

avalkable: Cell for simultaneous measurements of XAS & UV-Vis
transmission

Peristaltic pump based flow cell

Magnetic field: 2T

High pressure Diamond Anvil Cell (uopto 50 GPa) with nano
polycrystalline diamond

S CEENIEEE Time-resolved XAS studies at 300 msec time scale on systems
possible: like heterogeneous catalysis

In-situ growth of nanoparticles from solution phase during one-
pot synthesis and flow-cell configuration

X-ray Magnetic Circular Dichroism (XMCD) under 2T magnetic
field

High pressure studies

Research highlights

0.6
szos ——O0GPa 304 GeL edge Ls0
0.5} p= |—1GPa ‘ =2
——2GP 24 ——XMCDugast |25
0.4l A 169GPa 3% G:a XMCD
—5.46 GPa 2 14 T
0.3} —7.6GPa g ‘?"
——10.69 GPa g1 :
0.2} —1232GPa i, -
01! ——16.9 GPa E
P=0GPa o0
0.0 FY] W -y
18980 19000 19020 19040 19060 - T T R
X-ray energy (eV) Phicton aneegy (&)
Nb K-edge XANES spectra for Nb,O; under XMCD signal of the Gd foil taken at 2T
high pressure magnetic field
J. Synchrotron Rad. 27 (2020) 988 J. Synch. Rad. 26 (2019) 445-449
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Energy Dlsperswe EXAFS Beamllne (BL-09)

3 Bending Magnet (1.5 )
> | Energy range 5-25 keV

3 B Monochromator Double Crystal
monochronmator

Energy resolution 1x104
AEIE

Spot size at sample 5mm x 5 mm
(typically)

Horizontal focussing
can be controlled by
sagittal bending of 24
crystal

Detectors lonisation Chamber,
Photograph - single channel & 4
channel Si drift
detector

‘Scopes & capabilities

Sample Low temperature cryostat (down to 5.4 K)

environment High temperature SS cells with Be windows for XAS measurements under
available: vacuum and various gaseous ambience (upto 1000 K in transmission mode) &
800 K in fluorescence mode

SS Cell with quartz window at 45 deg and Kapton windows for X-ray beam in-
and out for photocatalysis

Specially designed electrochemical cell with Kapton window for operando
studies on Li ion batteries

Teflon cell for electrocatalysis with provision for measurements with three
electrodes

Ultra-thin quartz capillary based chemical reactor bead with blower heater for
catalysis study under various gaseous ambience

Experiments XAS measurements all forms of samples including bulk, thin film, solution,
possible: powders, pellets, dilute samples (upto 0.1 % concentration)

In-situloperando studies on Heterogeneous catalysts, Electro-catalysts, Photo-
catalysts, Single atom catalysts & Li ion batteries

o ] Research highlights
- # 3 1 Fourier Transformed EXAFS 6. FeTFe I—
data taken on Mn doped Bi,Se; Fe Foll
T Py . crystals atBiL; and Mn K B8
e e ——————————— edges showing substitutional 3.0
Y doping at Bi edge upto 6% Mn
doping e Fe—N
5 2.0 4
BI‘ "MnmSo ”
g mnkedge |  Fourier-transformed Fe K 1.0
1 edge EXAFS spectra of a Fe 55
based single atom catalyst
(SAC) vis-a-vis that of Fe foil e : . . T .
clearly showing the 0 ! 2 3 A 4 s &
RA) monoatomic dispersion of the R&
Phys Rev. Mater. SAC Adv. Funct. Mater.
6 (2022) 114201 31 (2021) 2010916
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