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Abstract

The quest for advanced sgiased computational technologpartedas chargédased technology could

not keep up with increasing demands for energy efficiency, tunability, and miniaturizakien.
continuous and confined magnetic thin fiimave emerged asrong contendsifor nextgeneration
spintronics and magnonidsi. this thesis, we aimed to explore spin and-spave dynamics in various
ferromagnetic thin film heterostructures and nanostructures, employing wave vector domain
(conventional Brillouin Ight scattering), time domain (timresolved magnetoptical Kerr effect

microscopy), and frequency domain (broadband ferromagnetic resonance) measurement techniques.

Wefirst examinel therole of defect densitgver the Rashba shift SLG/CoFeB/SiQ heterostructures
from asymmetric sphwave dispersion measuremerithis revealed a significant defeotluced
interfacial DzyaloshinskiMoriya interaction (iDMI) and spimixing conductance, demonstrating the

potential of SLG for engineering interface gnatism

Next we investigatd femtosecond lasenduced ultrafast demagnetization and transient
magnetization enhancement (TME) ofGo/Ptk. multilayer sampleat in-plane saturated statdC-
demagnetized state afalr different remaneindomainstatesWe found that the spitransportdriven
magnetization dynamics undergo a phase transition from pure demagnetization to pure TME with a

coexistence state, and can be tuned across domain walls.

Furthermore we demonstratk reconfigurability of magnetizationdynamicsas well as avoided
crossing by tuning magnetic field orientati@if) in triangularshaped NioFexo nanodot arraysere,

two lower frequency modes showed mutual coherence due to anisotropic dipolar interaction, leading
to significant modification in the magnetization dynamics for a range eplame orientations.
Subsequentlywe studied the magnonic band structuref a two-dimensionalarray of rounded
rectangular nanodots madeNikoFex for three different spin textureBspecially foranidentical field
value,we achievedboth "S" and shiftegore vortex stateand observea significant change in the

magnonic band.

Finally, we investigated thepinwave dynamicsin a square artificialspinice (ASI) nanostructure
madeof NigoFexo by tuningli. We observe a transition fronw-shaped modsoftening to monotonous

dispersionoflowf r equency mode as (iAdditlrmlygve troducddypelll0 A t o



ASI, and topological defects (magnetic vortices) into a-ly#e&s| system in five different wayd his
allowed for precise control over mode frequency shifting, microstageific anticrossing gap

opening, and the number of dominating spiEve modes.
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film of 20-nm thickness at excitation powerBf= 1 1 5 The Kittel fit is shown by
white line.
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bias field atli of 0° and P =15 dBm for regular triangle dot array (e) and deformed tria
dot array (f). Inset shows representative magnified view of triangular dot array.
Figure 6.3: (a) Re(21) parameter as a function of bias magnetic fieldl at0° and P =15
dBm for sample S1. (Ke) Surface plots of biafseld-dependent SW mode frequencies
4 = (b) 0° (c) 15°, (d) 165° and (e) 195°, respectively, at B5=dBm. Simulated SV
frequences are shown by symbols. The color map of experimental surface plot is sh
the bottom of the figure.
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of simulated stray magnetic field distribution witHor (i = 15°.
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(b), 30° (c), 45° (dand 90° (e). Simulated SW frequencies are shown by symbols
color map of experimental result is shown at the side of the surface plots. (f) Schen
the BLS measurement geometry.

Figure 8.4: (a)(b) Simulated spatial distribution of power gpltase of the SW modes f
different magnetic fields dt = 0° (a) and 45° (b), respectively.

Figure 8.5: (a)(c) Linescans of the simulated demagnetization field compdigait (i =
0°, 15° and 45°, respectively. The linescans direction is shown in the inset of {{f).
Linescans of the simulated demagnetization field compdAgnat (i = 0°, 15° and 45°
respectively. The linescans direction is shown in the inset of (e). Hea gectangula
dashed box indicates the inner region of the nanobars.

Figure 8.6: (a)(e) MFM images for different ACD state such as [83] state,
respectively. () Magnified views of those MFM images. {{f) Representative BLS
spectra measad at wave vectckd 0 f -{BB] sthteS, Idspectively.

Figure 8.7: (a)-(e) Biasfield-dependent SW mode frequencies for [{83] states. (f(h)
Simulated SW field dispersion for pure vortex state, T3 and T2 ASI microsta(k)
Representative vortex, T3 and T2 microstate.

Figure 8.8: (a)(b) Simulated spatial distribution of power and phase of the SW mod
vortex (a) and T3 ASI state (b) ldt=-100 Oe and 0 Oe respectively.
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Chapter 1

1. Introduction

The chargebased electronic industry is one of the most we#d industries in modern world and
consumer electronics are products for daily use, most often in communications, entertainment, and
office purposégl]. The invention of the transistor was a revolution that made this technology inevitable
in everyday lifd2,3]. The concept of a fieldffect transistor was first proposed in 1926. However, the
discovery of the first workindorm of a transistor was made in 1947. The most widely accepted type

of transistor is the metabxidel semiconductor fielgffect transistor (MOSFET) since 1959. Here the
main carrier is an electronic charge in the form of an electron or hole insidenti@séuctor
components. The number of transistors fabricated on the sbi@eed wafer in the form of an
integrated chip (IC) with metallic connectors almost doubled on a fixed chip area every 18 months
foll owing Moor ebs | a4y Meaets taw is soimingl td ap entl sinmply Heeatise d e
the technocrats are unable to develop chips with smaller (and more numerous) trgb$isidrs
integration of the thermal runway process of all transistors presents inside any IC circuit can generate

enormous heat which is an additional amfierent drawback of chardemsed technologig].

The field of spintronics promises to solve the abmentioned bottlenecks arising from chaiigsed
electronicd7-10]. The central idea behind this field is to utilize the sgigrde of freedom of electron

in a material for nanoscale signal processing and storage of information. Since spins can propagate
without any Joule heating loss, this is the main advantage of spin over charge. The first experimental
observation of electrospin was made by Stern and Gerlach in 1822 and theorized by Uhlenbeck

and Goudsmit in 192@.2]. Later, Dirac gplains the origin of spin as a consequence of the union of
guantum mechanics and relativity with the help of the orbital motion of electrons in magfi&jsm

This rotational motion can either be clockwise (assumed to be thed®pim configuration) or
anticlockwise (known to be the spup configurat n) whi ch can store one 0
in a storage device. In 1958, a pioneering work on chiral spin texture by DzyalosfiAd$kind
Moriya[15] opened a new field of research and it arises from the symmetry breaking at the ferromagnet
(FM) and nonmagnet (NM) interfa¢&6-21]. Later, the evolution of nanotechnology and nanoscience
opened the path for the exploration of the universe of nanomgggét&\n important breakthrough

in magnetic thin film research was the discovery of giant magnetoresistance (GMR) in 1988 by Fert
[23] and Grunberd?24], for which they were awarded the Nobel prize in 2007. This discovery

revolutionized the hard disk drive (HDD) where GMR is now used as a read head. Current HDD has a
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data density of more than 1024 GB/[@5]. The GMR deals with interactions between transported

el ectrondéds spin and orientations of the magne
spintronics field have been triggered. This leads to the desighiagother aspect of this field, the
magnetic tunnel junction (MTJ) where two magnetic layers (reference and free layer) are separated by
an insulating layer (metallic layer used in GMR}]. The MTJs has created opportunities for new
types of norvolatile magnetic storage such as magnetimdoaraccess memory (MRAM) and
magnetic hard disk drives (HDDs), which could be used as primary memory in compatersthe
introduction of spin transfer torque (STT) was made in 1996 where the flow edrsgimar momentum
through a sample is not coast, but has sources or sifjR3]. The STT is a direct and effective method

to switch magnetization and control the bit states in MRAM, like-8TRAM [28,29] The spirorbit

torque (SOT) is emerging as the transfer of angular momentum from the lattice to the magnetic layer(s)
as an alternative for ST[BO]. The hypothesis of SOT was first recognized for the modulation of
magnetization dynamics in dFed/Pt bilayerg31], and the modulation of magnetization switching

in diluted magnetic semiconductor (Ga,Mn)@&]. The lowpower and higfspeed switchingising

SOT are promising for SOMRAM [33]. The generation of SQihducedspin current through
(inverse) spin Hall effect ((I)SHEB4,35] spin pumping effedB6], and spin Seebeck effect (SSE)

[37] have added interesting perspectives where heavy metal, topological insulators and noncollinear

antiferromagnet are promising elements for advanced development to the field of spifd&jnics

While spintronics deals with spitmansport, magnonics deals with the wave motion of spins in a
magnetic system. Magnonics has been considered a key candidate to meet some of these inherer
drawback of chargbased technology using spin waves (SWSs) (the quanta of SWs are called magnon
with spin It following BoseEinstein statisticg89,40], a ®herent propagation of magnetic excitation
originating from the collective precession of magnetic moments in an ordered magnetic system. The
concept of spin wave was first proposed by F. Bloch in 198D SWs, magnetic analogue of photon

or phonon waves, show similar type of wave characteristics, namely: propdgatid3), reflection

and refractiorf44], injection[42], interferencé45], diffraction[46], tunnelling[47] and Doppler effect

[48]. These wave properties of spiraves have assisted the emergence of magnonic crystals (MCs),
which is an artificially patterned periodic FM nanostructures, composed of two or more FM materials
arrarged in a periodic manner. These MCs can also be designed by periodic modulation of external
parameters such as strfdi®], electric currenf50], voltage[51], and magnetic fielf47]. Besides the

fundamental interests, SWs exhibit a diversity of dispersion characteristics as opposed to other waves.
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For example,the dispersion of dipolamediated SWs in continuous FM film depends on their
propagation direction and applied magnetic field direction, giving rise to different SWs modes such as
DamonEshbach mode, backwawlume mode and forwardolume mode. Overallcontrol and
propagation of SW mode devoid of Joule heating, can potentially fulfil tharesreasing demand for
energyefficient information carriers for information transmission and stoj4Q&2]

In the succeeding paragraphs, a brief overview of few aspects of spintronics and magnonics are

presented which have motivated this doctoral thesis work.

1.1 Interfacial Properties of NonmagnetFerromagnet Heterostructure:

The understanding and manipulation of interfacial effect at the FM/NM interface is an emerging topic
due to various reasons such as the generation of pure spin curremtttbéptorque and SW nen
reciprocity [53]. To this end, Co, Fe, YIG, Ni, CoFe, £Ba&0B20 (CoFeB hereafter), Permalloy
(NisoFexo, and NéiFerg Py hereafter), ferromagnetic Heusler alloys etc. are somasaiFMs, while

Pt, Pd, Ta, W, Hf, twalimensional materials such as graphene,W8Se, MoS, MoSe and
topological insulators are some important NMs that have attracted intense interest in engineering the
interface magnetisril8,20,5460]. These NM/FM heterostructures with large interfacial SOC can
exhibit a range of interfacial phenomena such as spin purfgéhgspin Hall effec{61], inverse spin

Hall effect[34,35], spin caloric effects, Rashiialelstein effecf18], inverse Rashb&delstein effect

[62] etc. which are also crucial for generation of pure spin current for developirgerexiation spin

orbitronic devices.

The interfacial DzyaloshinskiMoriya interaction (iDMI) is a phenomenon that introduces SW non
reciprocity in NM/FM system in presence of SOC and inversion symmetry breaking at the interface
[17,54,55,63,64] Several reports have been made to estimate the value of the iDMI constant for
different HM/FM heterostructures which is a crucial parameter for stabilization of chiral spiretgex
including magnetic skyrmions. Some popular HMs are Pt, Pd, Ta, W and Hf for hosting skyrmions
[65-68]. Recently twedimensional materials such as graphene,.,W8Se, MoS, MoSe and
topological insulators have attracted intense interest in engineering interface mapir&asnsd457).

A monolayer graphene revealsntp spin diffusion length (+im) [59,69,70]and prolonged spin
relaxation time (+8)[71] at room temperature which helps spin angular momentum fordistgnce
propagation through graphene. Although graphene has low intrinsic SOC, its extrinsic S@Qyis hi

sensitive to defects and impurities which can be controlled through processes like proximity to
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ferromagnet (FM)72], Rashba effectl8,73], absorption[74], intercalation[75], fluorination[76],
hybridization[73] etc. The SOC of graphene gives rise to +mamo effective mass of electrons and
induces a bandgap in its electronic dispersion. In addition, graphene/FM heterostructure shows SHE
[77], anomalous Hall effed2], iISHE[78], large PMA[79], enhancement of the Rashba S[§],
spindependent Klein turelling [80], defectinduced iDMI[54], spin pumpindg19] etc. which make

these heterostructures important platforms for novel spintronic applicg&@jns

1.2 Femtosecond. aserInduced Ultra fast Demagnetization and Transient
Magnetization Enhancement:

The magnetization of an FM can be manipulated via different mechanisms such as optisékinter
spin transfer (OISTRB1,82] ultrafast demagnetizati¢d3] and transient magnetization enhancement
(TME) [84-86]. The mechanisms of femtosecond laseluced ultrafast demagnetization are still being
debated over two decades since its discovery in 1996 by the pioneering experiment of Beairepaire
al. in ferromagnetic nickel thin filnj87]. A wide range of theoretical and experimental investigations

of ultrafast demagnetization have been accomplished and several models have been developed by th
researchers for developing andapth understanding of thertdabution of the spin transport (ST)
[84,86,8890] and spinflip scattering (SFSJ91-96] to ultrafast demagnetization. SFS events are
originally considered to be the primary channel for angular momentum transfer at ultrafast timescales
via Coulombscattering91], Stoner excitationf95], phonormediated ElliottY afet process€93,96],

or relativistic quantum electrodynamic proces§@4]. Koopmanset al first explained ultrafast
demagnetization via phonemediated ElliottYafet type of SFS (EYSFS) by sparbit coupling due

to the transfer of angular momentum between the electrons and the [Bijicé large degreefo
tunability of the spin manipulation mechanism time has been achieved experimentally, varying from
the femtosecond time scale to 100s of picoseconds by varying material parameters such as the degre
of spin polarization and chemical ordering or experirleparameters such as the laser pulse width
and excitation fluence. In 2008, Malinowski al. first demonstrated a channel for ST to control
ultrafast demagnetization in antiferromagnetically coupled [Coft]tilayers through an insulating

NiO spacer ad metallic Ru spacdB8]. Later, a new model based on sug#fusive spin transport
(SST)[89] was proposed for layered structures such as ferromagnet (FM)/metal, FM/semiconductor
(SC)[84] and FM/metal/FM86] heterostructure. The ultrafast demagnetization through SST across

the domain wall was found to be accelerated in nanoscale domain network as opposed to uniform



domain because of the direct transfer of spin angular momentum between neighboring domains
[86,90,97] Rudolfet al. reported that depending upon the longitudinal parallel and antiparallel spin
configuration, transient enhe@ment of magnetization or decrement of magnetization occurs due to
SST of excited spin majority electrons from the Ni layer to the buried Fe layer through the Ru spacer
layer [86]. Moreover, TME has been reported in the Fe layer of a Ni/Ru/Fe layered structure due to
SST when Ni layer was excited by femtosettaser pulsef86]. Very recently, Jiangt al. have aso
demonstrated TME mechanism along with the demagnetization mechanism via SST in SC/FM systems
from low conducting SC layer to FM layg4]. Furthermore, the dynamic TME exhibits a maximum
below the Curie temperature. @iue to the photoexcited therhzad holemediated ferromagnetic
ordering and dominates over the demagnetization component closg t6aAMnAs[85]. A detaled
understanding of these ultrafast mechanisms will play a key role in the technological development of

spintronics devices in ultrafast timescg@s].

1.3 FerromagneticNanostructures: Dot and Connected Nanodot Lattice:

Nanomagnetism is one of the subfields of magnetism dealing with the magnetic phenomena specific
to size reduction, i.e., structures having dimensions in the submicrometer to nanomet¢g@9pange
Patterning of those nanomagnets can lead to connected and disconnected structasesaumthot,
antidot, nanoring, bcomponent, and binary nanostructures which have huge potential to act as
building blocks of the magnonic devices. These structures are also known as magnonic crystals (MCs)
in analogy with photonic or phononic crystals @@hich are the building blocks of optoelectronics

or acousteoptics. MCs have several advantages over PCs in terms of lower heat dissipation, shorter
wavelength, anisotropic properties, negative group velocity to name a few. Magnonics deals with the
exdtation, propagation, control, and detection of SWs through those MCs. In 2001, Nikéabfirst

named periodic multilayered structures with layers having the same thickness but different
magnetization as the magnon crystal (D MC) [100]. A flurry of reports have been published on
investigaton of novel SW dynamics in a variety of nanostructures, suckDabIC, pseudel-D MC,

2-D MC, and 3D MC [39,40,52] These are important from the technological point of view to design
magnonicwaveguideg101], filters [102], splitters[103], grating coupler$104], SW emitter4105],

SW amplifierd106], SW multiplexer$107], transistof108,109] logic gate$110], phase shiftgil11]

and SW interferometef412]. In the case of reconfigurable or dynamic MC, which forms a fascinating
class of MC, it is possibleo realize universal data processing units with switchable SW properties.



The external magnetic field strendfii3] and orientatiorfl114], voltage[51], stain[49], electric field

[115], spintexture[116], element shapg§ll7], lattice symmetry{118], base material, and lattice
constan{118] are few important parameters which can introduce reconfigurabilities in SWs dynamics.
Apart from those MCs, hybrid systerfis19-124] form another important class of MC which are
important forthe fundamental development quantum information processing using a combination of
different carriers such as superconducting qubits, phod@&, plasmong126,127] photong128]

and magnon§l20]. During the last decades, a periodic arrangement of ferromagnetic nanodots and
physially connected nanodots (known as connected dot, CD) have attracted intense interest in field of
nanomagnetism due to their inherently large shape anisotropy aiding efficient transfer of energy
[113,114,129]The primary difference of the CD system from antidots (ADs) is that the latter generally
does not have regulahaped connector channels. However, CD systems can sustain properties of dots
as well as ADs the latter shows a relatively larger SW propagation velocity as well as a longer
propagation wavelengfi20]. Further studies promise different phenomena such as bang gap opening
at the boundary of Brillouin zone, mode conversion, positive and negative group velocity of spin wave,
mode hopping, moder@ssover, mode softening, etc. which are important for transmission, storage,
and processing of data. The year 2021 is remarkable for the field of magnonics because its progresse
and perspectives in fundamental science as well as applications have Hedwrcwaented in two
road maps, namel y @AThel[40 0 2aln dMafigTnhoen i2c0s2 1R or aodanuanpe

ma g n o fb2].c s O

1.4 Nanoscald-erromagnetic Spin Textures: Magnetic Domain, Votex, Artificial

Spin Ice

Magnetic spin textures are nonuniform, stable and flexible spin configurations, which possess a
remarkable degree of tunability and scalability. Interactions between spin textures such as vortices,
skyrmions, magnetic bubbles, roas, domain walls, monopole defects in artificial spin ice (ASI), and
different types of quasiniform states (e.g., S state, leaf state, flower state, C state, onion state, etc.)
with propagating SWs are important to reconfigure SW dynamics. The cordipuiogreasing
quantity of information poses a major challenge for data processing and storage. The spi texture
driven magnonics has the potential to handle this problem efficiently by creatdenmnd magnonic
crystals[116]. Furthermore, these spin textures allow for-jeswer operation due to their low SW

impedance. This makes them attractive for use indower applications such as mobile devidds].



1.4.1 MagneticDomain:

In order to minimize the magnetostatic self ene@ "OBP a magnetic material breaks into the
Amagnet i d13@. shea anrexdednal field is applied to a mualtimain ferromagnet, saturation
magnetization is achieved through the motion of domain walls, which is energetically inexpensive
compared to magnetization rotation, which carries a large anisotropy energy penalty. Domain walls are
boundaries between two ihains in which all the magnetic dipoles are aligned in the direction of the
easy axis. The magnetic domain wall is mainly determined by the ratio of exchange constant and
magnetic anisotropy of the system. Electric figlduced curving, bending, branchjrand elongation

of magnetic domains have been reported in various st[idés] 33]. The magnetic domain wall and

its motion can b play important role in SW propagation and the dynamics of [3844. Recently, it

has also been observed that periodic variations of magnetic domains camdmsehaynamic magnonic
crystal [135,136] Here, the spatial periodicity of this magnetization serves as a periodic magnetic
potential for SW propagation, similar to the laterally confined geometry of MCs. Magnetic domain
wall and its popagation can be controlled by the magnetic field,-ppiarized current pulse, spin

orbit torque, electric field and strain. So far, the formation and evolution of magnetic stripe domains
and their SW excitations are reported for NiE&7], Co [138], CoFeSiB[139], FeSiB [140],
FeCoAION [141], FeCoZr[142], and FePd143] thin films. Furthermore, the interaction between
magnetic domain walls and SWs can induce a phiagege when they pass through domain walls
[111], which can help nanoscale ferromagnetic devices to perform logical operations based on SW
propagation.

1.4.2 MagneticVortex:

Magnetic vortex (topological charge = +Q1314]) is a curling configuration in ferromagnetic materials

with negligible magneterystalline anisotropy comes due to competition between exchange and
demanetization energy. In the curling spin configuration, the direction of spin changes gradually along
the in-plane direction so as not to lose too much exchange energy, but to cancel the total dipolar energy
and the oubf-plane vortex core is located aethentre of the system. Magnetic vortex can be used to
store data, process logic operations, and act as transistors in magnonic [dif&yitg¢5] Many
theoretical and experimental observations have shown that the magnetic vortex core polarity and
chirality can be controlled by the excitation of SW, the geometry of nanodtsjecurrent pulse,
resonant excitation with rf current and applied magnetic fied®,147] So far, It has been observed

that static properties are essentially independent of core polarization, while dynamical behavior can be



controlled by core polarizatigi48]. The timeresolved scanning transmissiorray microscopy has
reported the controlled manipulation of the vortex core polarization by excitation with small and short
in-plane bursts of 4 ns of an alternating magriatld [149]. More recently, Brillouin light scattering
experiments and hybrid micromagnetic modelling have observed the presence of azimuthal SW modes
in magnetic vortex states and backward voldikemodes in the saturated state in Py nangd&(3].

Further experiments revealed azimuthal mode splitting into doublet due to the coupling between SWs
and the gyrotropic motion of the magnetic vortex daél]. Later, the dynamical operation of SWs
demonstrated the fAtr ansi s systemsbycontrollingthei reldtizecoreo u r
polarities[108,109,152] It helped the efficient energy transfer mechanics via the interaction of the
dynamical stray field mediated by antivortex solif@d5]. As a result, the utilization of vortex and

SW interaction can be used to design similar operations to those of semiconductor operations for the
next generation of loypower spintronics and magnonisviceq153].

1.4.3 Artificial Spin Ice

ASls are one type of metamaterial which recently attracted great interest to investigate the collective
dynamics of SWs in order to expose a variety of properties that are not inherently present in their
building blocks. Here lithographically patterned tdisnensional or thredimensional ferromagnetic
nanoislands nanomagnets are arranged in such a way that all possible interactions between the
nanomagnets cannot be satisfied simultaneofifiy]. As a result, it will create a tofpgically
disordered ground state or frustration with macroscopic degeneracy in-erdertd structure of an

FM nanodot system. That frustrated magnetic monopole andnantpole pairs of spin texture
(magnetic defect) arerliingkédi w[lEsnhéiBasiold l@tce | ¢ B
configurations to design ASI are the kagofhg6], triangular[154], squarékite tessellatiorf157],
squarg158], pentagonall59], quadrupolafl60] and brickwork arrangement$61]. The first work

on geometrical frustration was reported in 1935 by Pauling to describe themagrerature entropy in

water ice[162]. Later, Harriset al. explained geometrical frustration tihe ferromagnetic pyrochlore
Ho-Ti>O7 where spins are located at the corners of tetraH&86J. Wanget al. first explained the
possible interactions present in a square ASI nanomagnets and explore the effect of correlations
between different pairs of the islands with lattice consfat8]. In the same year, the spin ice
behaviour m a kagome ASI was also demonstrates6]. Thereafter, researchers observed a wide
variety of interesting phenomena in magnetic ASI including vesgesed frustration, magne
monopoles, phase transitions and chiral dynafi@®4166]. ASls are also important for SW dynamics



because of their potential applications as reprogrammable magnonic diys4alsurther, theoretical

calculations predicted that the band structure tunability could be achieved via the topological states in

a square AS[167]. It was also observed that the SW modes were strongly influenced by the ASI

geometry, irplane field strength and angle due to a changes in the magnetic midi&8heend that

will open an additional reconfigurability mn-demands magnonic crys{d64,169]

1.5 Objectiveof the Thesis

The objetive of this thesis can be broadly described as to explore the different fundamental as well as

technological aspects of tkpin dynamics an8W dynamics in three different possible domains, i.e.,

wave vector domain (conventional Brillouin lightattering), time domain (tirresolved magneto

optical Kerr effect magnetometry) and frequency domain (broadband ferromagnetic resonance) for

patterned magnetic nanostructures, magnetic thin films heterostructures and multilayers. The studied

systems cabe categorized as follows:

(1)

(I

(Il)

(V)

(V)

Observation of interfacial Dzyaloshinsioriya interaction and spin pumping in sindgser
graphene/CoFeB heterostructure: Here we have studied the role of defect density and Rashba
shift on interfacial DzyaloshinskMoriya interaction and spin pumping in monolayer
graphene/CoFeB heterostructures.

Magnetic domain driven transient magnetization enhancement and ultrafast demagnetization
mechanism: Here we have investigated the role of different magnetic domains in ultrafast
demagnetization mechanism and transient magnetization enhancement in Co/Pt multilayer.

Bias field orientation driven reconfigurable magnetization dynamics and magagmon
coupling in triangular shaped §¥Fexo nanodots: Here, we have presented the magmagnon
coupling in NioFexo made triangular nanodot arrays with differenplane bias field angles. In

this case, the inhomogeneous distribution of magnetic stray field is found to be responsible for
magnon mode re