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Topological insulator (TI)/ferromagnet heterostructures hold immense application potential for spin-
orbitronic memory technologies owing to strong spin-orbit coupling of TIs combined with ultrahigh
spin-charge interconversion efficiency. Here, we use all-optical time-resolved magneto-optical Kerr ef-
fect magnetometry to demonstrate fluence-modulated spin pumping and ultrafast demagnetization in
Sub/BiSbTe1.5Se1.5(BSTS)/Co20Fe60B20(CoFeB)/SiO2 thin films. The effective spin-mixing conductance of
the BSTS/CoFeB interface is extracted, and the two-magnon scattering (TMS) effect is isolated to reveal the true
spin-pumping contribution to the damping enhancement at various laser pump fluences. The demagnetization
time and Gilbert damping are found to be inversely correlated in BSTS/CoFeB due to spin-pumping-driven
pure spin-current transport and interfacial spin accumulations. The fluence-dependent enhancement of spin
pumping at the BSTS/CoFeB interface, surpassing TMS losses, reveals enhanced spin absorption at higher pump
fluences, resulting in a factor-of-two enhancement of the spin-mixing conductance. This systematic study of
femtosecond to nanosecond magnetization dynamics and pump-fluence-tunable spin pumping in a BSTS/CoFeB
heterostructure can aid in the functionalization of TI-based spin-orbitronic devices and the integration of
topological spintronics with femtomagnetism.
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I. INTRODUCTION

The success of spintronics, using the spin degree of free-
dom of the electron to implement low-energy information
processing and memory technologies, is critically limited by
the speed and efficiency at which magnetization can be ma-
nipulated [1]. A large body of modern spintronics research
is devoted to the generation, control, and detection of high-
fidelity, dissipationless pure spin currents, which promise
more reliable, faster, and low-energy magnetization switch-
ing. So-called spin-orbitronic memory devices seek to utilize
the strong spin-orbit coupling (SOC) in certain materials to
generate spin currents and spin torques as opposed to elec-
trical generation of spin polarization, promising enhanced
durability and further miniaturization of nonvolatile mem-
ory architectures [2]. Topological spintronics seeks to utilize
topological states of matter to realize energy-efficient appli-
cations. Topological states of matter are attractive because
they are unusually robust and can persist without being de-
stroyed even in the presence of small perturbations to the
system [3]. Among the various classes of materials which can
harbor topological states, topological insulators (TIs) form a
paradigmatic realization of topological states in condensed
matter experiments and have been a subject of emerging in-
terest. Semiconducting in the bulk and possessing a bulk band
gap, these materials have linearly dispersing metallic surface
states maintained by time-reversal symmetry [4–6]. Time-
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reversal symmetry protects surface carriers from localization
by electron-electron interactions or scattering by nonmagnetic
impurities or defects, promoting long spin-coherence lengths
[7,8] and the possibility of long-distance, low-dissipation
transport in projected device applications [9]. Additionally,
the TI surface allows for more effective spin generation than
a regular Rashba-coupled two-dimensional (2D) electron gas
[10,11] and can provide for large charge-to-spin conversion
[12,13], efficient spin filtering [14], and spin-current detection
[15,16]. The strong SOC in TIs, large enough to result in
band inversions in the bulk, motivated investigations aimed at
harnessing the resulting large spin-orbit torque effects when
coupled to an adjacent ferromagnet (FM) [12]. Although the
exact manner in which magnetic films alter the topological
band structure is still a subject of debate, the gapless topo-
logical surface states have been shown to persist in their
presence, allowing for prospective functionalization of the
surface states in TI/FM heterostructures in topological spin-
tronics technologies [17,18]. Various spin-orbit effects such
as the spin Hall effect [19], the inverse spin Hall effect [15],
spin pumping [20,21], the Rashba effect [22], the inverse
Rashba-Edelstein effect, and the anomalous Hall effect [23]
have already been observed in TI/FM systems. Of these,
the spin-pumping phenomenon is particularly attractive as a
sensitive probe for spin injection and transport in TIs, being
free of the impedance mismatch problem [24], and provides
an efficient means for the generation of pure spin currents
without the requirement of a bias charge current. Here, the
precessing effective magnetization of a FM material acts as
a source of spin accumulation at its interface with another
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FIG. 1. (a) X-Ray diffraction pattern for BSTS (25 nm)/CoFeB(d) samples. The right panel shows Laue oscillations near the (0, 0, 6) peak.
(b) Micro-Raman spectrum for BSTS (25 nm)/CoFeB(d) samples as well as for a 25 nm BSTS thin film indicating the characteristic modes.
(c) A schematic of the BSTS/CoFeB samples with pump-probe measurement geometry. (d) Typical time-resolved magneto-optical Kerr effect
(TRMOKE) data showing temporal evolution of magnetization.

material. If the FM is interfaced with a high SOC nonmagnetic
material, the latter can act as a spin sink, providing channels
for dissipating the interfacial spin accumulation. This loss of
spin angular momentum from the precessing magnetization of
the FM due to pure spin-current transport across the nonmag-
net/FM interface manifests as an enhancement in the Gilbert
damping factor of the FM and can be detected by electrical or
optical means.

So far, electrical detection of spin injection and transport
[15,20,21] or magnetoresistance measurements [25,26] have
formed the basis of most reports of spin-to-charge intercon-
version mechanisms in TI/FM heterostructures. Reports of
the spin-pumping effect have mostly relied on spin-torque
FM resonance (ST-FMR) measurements [15,27]. In con-
trast with these electrical detection techniques, an all-optical
pump-probe technique, time-resolved magneto-optical Kerr
effect (TRMOKE) magnetometry [28], offers a noninvasive
all-optical detection scheme free from any complicated micro-
fabrication requirements, employing femtosecond laser pulses
both for the excitation of magnetization dynamics in a system
and for probing it locally [29,30]. Moreover, TRMOKE offers
a laser-pulsewidth-limited temporal resolution, which makes
it ideal for the simultaneous investigation and correlation of
the subpicosecond optical spin-manipulation processes such
as ultrafast demagnetization [31] and the nanosecond mag-
netization precession and damping. Motivated by the lack of
studies on picosecond ultrafast demagnetization and its corre-
lation with Gilbert damping in the presence of spin pumping
in TI/FM heterostructures, we carried out an all-optical in-
vestigation of laser pump-fluence-modulated picosecond to

nanosecond magnetization dynamics in heterostructures of
the quarternary TI BiSbTe1.5Se1.5 (BSTS) with amorphous
Co20Fe60B20 (CoFeB). BSTS has been identified to have a
near-ideal bulk insulating property [26] and has among the
lowest reported defect densities for specific compositions
[32–34], making it an ideal system for realizing the unique
advantages of TIs [35–37]. We have measured and charac-
terized both the laser-induced ultrafast demagnetization and
magnetic damping in BSTS/CoFeB bilayers at various pump
fluences using the TRMOKE technique. By studying the
modulation of Gilbert damping as a function of CoFeB thick-
ness, we have extracted the effective spin-mixing conductance
Geff which characterizes the efficiency of spin pumping at
the BSTS/CoFeB interface and isolated the role of the two-
magnon scattering (TMS) effect in the observed damping
modulation. The effect of BSTS on the magnetization dy-
namics has been underpinned by contrasting the results with
those obtained in reference CoFeB thin films without a BSTS
underlayer. Further, we have correlated the Gilbert damping
with the ultrafast demagnetization process to reveal that inter-
facial spin accumulations parameterized by the spin chemical
potential largely influence the ultrafast demagnetization in our
system. The pump fluence is found to effectively enhance the
spin-pumping effect and lead to enhanced spin absorption and
lowering of interfacial spin accumulations at higher fluences.

II. RESULTS AND DISCUSSION

Since chalcogenides are prone to react with neighboring
transition metals, we first sought to confirm that the struc-
tural properties of the bilayers are as expected. Results of
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x-ray diffraction (XRD) and micro-Raman measurements car-
ried out on the BSTS (25 nm)/CoFeB(d) heterostructures
(d = 2−5 and 10 nm) are shown in Figs. 1(a) and 1(b). The
presence of characteristic XRD peaks at (0, 0, 3n) indices in
all the BSTS/CoFeB bilayer samples as well as the persistence
of Laue oscillations informs us that the structural integrity and
crystalline quality of BSTS is well preserved after deposition
of the magnetic CoFeB film. Similarly, characteristic Raman
modes were observed at 67.97, 112.03, and 172.27 cm−1,
designated as A1

1g, E2
g , and A2

1g modes, respectively,
in all the bilayer samples as well as a bare 25 nm BSTS
film [38].

Subsequently, time-resolved measurements of laser-
induced magnetization dynamics were carried out using a
custom-built two-color TRMOKE technique using a non-
collinear measurement geometry, as shown in Fig. 1(c)
[30] (see Supplemental Material [38] for details). A typical
TRMOKE trace showing the evolution of the local magnetiza-
tion over the picosecond-to-nanosecond time domain is shown
in Fig. 1(d). The picosecond time regime in this figure shows
the signature ultrafast demagnetization phenomenon [31], in
which interaction of a femtosecond laser with a FM leads to a
rapid quenching of its magnetization. In transition metal FMs
and alloys at room temperature and under low-to-moderate-
fluence laser excitation, the demagnetization generally occurs
over a period of a few hundred femtoseconds and is followed
by a slower, two-step recovery over a few tens to hundreds
of picoseconds [39]. At a microscopic level, the ultrafast
magnetization quenching is variously attributed to coherent
interaction of spins with laser field [40], local spin-flip scat-
tering processes mediated by electrons [41] and magnons [42],
impurity- and defect-mediated Elliot-Yafet scattering [39], or
nonlocal transport processes such as laser-induced ultrafast
superdiffusive spin transport [43]. On the other hand, a macro-
scopic, thermal description of the demagnetization process
is commonly adopted in the literature, which describes the
demagnetization process in terms of thermal exchange be-
tween the electron, lattice, and spin subsystems in the excited
magnetic material, while making no presumptions about the
details of the underlying microscopic mechanisms [31]. From
this three-temperature picture, by considering electron and
lattice specific heats constant and neglecting spin specific heat
and electron thermalization time, the following analytical ex-
pression can be derived for the magnetization evolution [44]:

−�Mz

Mz
=

⎡
⎣{

A1(
1 + t

τ0

)1/2 −
(
A2τE − A1τM

)
exp

(− t
τM

)
τE − τM

− τE (A1 − A2)exp
(− t

τE

)
τE − τM

}
�(t ) + A3δ(t )

]
∗ γ (t ),

(1)

where * denotes the convolution product, γ (t) is the Gaussian
laser pulse, δ(t) is the Dirac delta function, and �(t) is the step
function. The amplitude A1 represents the value of the normal-
ized magnetization after demagnetization has completed and
equilibrium between the electron, lattice, and spin systems
been reestablished; A2 is proportional to the initial electron
temperature rise and thus also to the maximum magnetization

quenching; while A3 represents the magnitude of state-
filling effects present during the onset of demagnetization.
The state-filling or bleaching effects are eliminated in a two-
color pump-probe experiment and are not relevant in the
fitting. The time constants τ0, τM , and τR represent the heat
diffusion time scale, the demagnetization time, and fast mag-
netization recovery time, respectively. In our experiments,
we used TRMOKE magnetometry to measure the ultrafast
demagnetization in the BSTS (25 nm)/CoFeB(d) samples, fol-
lowed by the coherent magnetization precession superposed
on the slow magnetization recovery. The experimental de-
magnetization traces are fitted to Eq. (1) to extract τM . Prior
to the fit, all the traces are normalized by the value of total
Kerr rotation signal under the saturating magnetic field in the
absence of laser excitation. Figures 2(a) and 2(b) show the
experimentally obtained ultrafast demagnetization traces for
a set of reference CoFeB(d) and BSTS (25 nm)/CoFeB(d)
samples, respectively, from which the faster demagnetization
in the latter set is readily apparent. To quantify this change, the
values of τM for each sample series extracted from the fits with
Eq. (1) are shown in Fig. 2(c). Here, τM is much less in the
presence of a BSTS underlayer, serving as the first indication
that BSTS acts as a spin sink, facilitating spin transport and
reducing τM . Moreover, τM is found to increase with CoFeB
thickness d in the presence of a BSTS underlayer, while in
its absence, it is relatively uncorrelated with d . Figures 3(a)
and 3(b) show the ultrafast demagnetization traces at different
pump fluences for BSTS/CoFeB (2 nm) and BSTS/CoFeB (5
nm) thin films, from which an increase in τM with increase of
fluence is apparent. This effect can be attributed to enhanced
spin-fluctuations at elevated spin temperatures for higher
fluences [45,46].

To investigate whether the spin-sink nature of BSTS is
responsible for the accelerated demagnetization in the pres-
ence of a BSTS underlayer, we investigated the precessional
magnetization dynamics for both the CoFeB(d) and BSTS
(25 nm)/CoFeB(d) sample series, as shown in Figs. 2(d) and
2(e). In the presence of a magnetic field, the magnetization
dynamics of a FM system is governed by the dual action
of the Landau-Lifshitz torque which leads to the precession
of the magnetization direction around the effective field di-
rection and the material-specific intrinsic Gilbert damping,
which results in the decay of the precessional oscillations to a
time-independent equilibrium magnetization direction. On the
other hand, gyromagnetic precession in the FM can generate
a nonequilibrium spin accumulation at its interface with an
adjacent nonmagnet [47], acting as a spin source or generator.
If the interfacing nonmagnetic material has high SOC, it can
act as a sink for the dissipation of spin-angular momentum
from the precessing magnetization in the FM, which manifests
in an enhancement of the effective damping [47–49]. In the
presence of the spin pumping, the Landau-Lifshitz-Gilbert
equation is modified by an additive component, according to
[48,49]

dm
dt

= −γ (m × Heff ) + α0

(
m × dm

dt

)
+ γ

V Ms
I0

= −γ (m × Heff ) +
(

α0 + γ h̄Geff

4πV Ms

)(
m × dm

dt

)
,

(2)
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FIG. 2. (a) Ultrafast demagnetization traces for CoFeB(d) and (b) BSTS (25 nm)/CoFeB(d) samples under pump fluence 10.3 mJ cm−2.
Solid lines are fits to Eq. (1). (c) Variation of demagnetization time τM as a function of d with and without BSTS underlayer. (d) Precessional
Kerr rotation data for CoFeB(d) and (e) BSTS (25 nm)/CoFeB(d) samples at an external field of 1.9 kOe and pump fluence 10.3 mJ cm−2.
Solid lines are fits to a damped sinusoidal function [38]. (f) Modulation of damping constant αeff with d with and without BSTS underlayer.

where γ is the gyromagnetic ratio, Heff is the effective mag-
netic field, α0 is the intrinsic Gilbert damping of the FM,
while V and Ms denote its volume and its saturation magneti-
zation, respectively. The total pumped current I0 is the sum of
the forward spin current Ipump pumped into the nonmagnetic
layer and the backflow current Iback which returns to the FM.
The material-specific effective spin-mixing conductance Geff

[50] of the FM/nonmagnet interface acts as a measure of the
net transfer of spin-angular momentum and self-consistently
accounts for the spin backflow, thus quantifying the efficiency
of spin pumping in a given nonmagnet/FM system. The value
of Geff governs the modulation of damping by the thickness
of the FM layer d according to the functional relationship
[29,49]:

αeff = α0 + gμB

4πMsd
Geff . (3)

In the presence of interfacial defects and inhomogeneities,
the TMS effect leads to the scattering of the uniform FMR
mode into degenerate magnons [51,52], which can dispro-
portionately enhance damping at lower FM thicknesses. TMS
arises due to a combination of interfacial SOC and magnetic
roughness at the interface [16,53,54]. In the presence of both
spin pumping and TMS, the total damping modulation can be
expressed as [55,56]

αeff = α0 + gμB

4πMsd
Geff + βTMS

d2
. (4)

The precessional data taken at 1.9 kOe saturating field
for BSTS (25 nm)/CoFeB(d) are given in Fig. 2(e). The
effective Gilbert damping parameter αeff for a sample can
be extracted using its effective saturation magnetization Meff

and the decay time τ of observed precessional oscillations as
αeff = 1/[γ0τ (H + 2πMeff )]. For our films, sources of inho-
mogeneous broadening apart from TMS were effectively ruled
out (see Ref. [38] for details). Here, αeff is found to show a
sharp increase with the inverse of CoFeB layer thickness d ,
consistent with the presence of a strong spin-pumping effect
in our systems. The observed dependence is fitted with the
sum of linear and quadratic scaling with d−1 given in Eq. (4),
arising from spin-pumping and TMS effects, respectively.
From the fit, a high effective spin-mixing conductance of
Geff = (1.19 ± 0.024) × 1015 cm−2 was obtained while the
TMS coefficient βTMS was found to be (7.74 ± 0.704) ×
10−17 cm2 at a pump fluence of 10.3 mJ cm−2. The value
of Geff we obtained is of the order of values previously re-
ported in other TI/FM systems [15,21]. In the case of TIs,
the surface states can constitute an additional spin relaxation
channel. The pumped spin current from the FM generates
both a three-dimensional (3D) charge current in the bulk due
to the inverse spin Hall effect and a 2D charge current in
the topological surface states due to the inverse Edelstein
effect [20,21]. While the former contribution dominates in
room temperature spin-pumping experiments, charge-to-spin
conversion in bulk insulating TI is significantly larger than
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FIG. 3. (a) Ultrafast demagnetization traces for BSTS (25 nm)/CoFeB (2 nm) and (b) BSTS (25 nm)/CoFeB (5 nm) samples for various
pump fluences F. Solid lines are fits to Eq. (1). (c) Variation of τM as a function of CoFeB thickness d for various values of F. (d) Precessional
Kerr rotation data for BSTS (25 nm)/CoFeB (2 nm) and (e) BSTS (25 nm)/CoFeB (5 nm) samples for various values of F at an external field
of 1.9 kOe. Solid lines are fits to a damped sinusoidal function [38]. (f) Modulation of damping constant αeff with d as a function of F. Solid
lines are fits to Eq. (3) and dashed lines are fits to Eq. (4).

that observed in 5d transition metals [57], which can explain
the large Geff values obtained in this paper. Figures 3(d) and
3(e) show the background-subtracted precessional Kerr signal
for BSTS/CoFeB (2 nm) and BSTS/CoFeB (5 nm) at differ-
ent pump fluences. Evidently, increase in fluence results in
an enhancement of αeff , but the extent of this enhancement
is much more prominent in BSTS/CoFeB (2 nm) than that
in BSTS/CoFeB (5 nm). The fact that the fluence depen-
dence of αeff depends on the thickness of the CoFeB layer
allowed us to ascribe it to a thickness-dependent interfacial
mechanism, which could be well described by the model
outlined in Eq. (4), which considers a sum of spin-pumping
and TMS contributions. Figure 3(f) shows how the thickness-
dependent modulation of αeff is tuned by the laser pump.
Although αeff is found to increase with increase in laser
fluence for all the samples, the degree of increase is higher
for films with lower d , showing that the thickness-dependent
damping modulation is dependent on the pump fluence. Fit-
ting the data in Fig. 3(f) with Eq. (3), the spin-mixing
conductance Geff is extracted as a function of fluence, as
shown in Fig. 4(a), showing a considerable fluence-dependent
enhancement (1.19 ± 0.024) × 1015 cm−2 at 10.3 mJ cm−2

to (2.32 ± 0.024) × 1015 cm−2 at 18.2 mJ cm−2. On the
other hand, increasing laser fluence can also result in a
larger number of scattering events at the interface, exac-
erbating the dissipative effect known as spin memory loss
(SML), in which the spin-pumping-induced spin transmission
is reduced by spin-flip scattering events at the interface me-
diated by the interfacial SOC [58,59]. To verify whether the

fluence-dependent damping modulation is driven by SML,
we measured precessional data after introducing a 1 nm Cu
spacer layer between the BSTS and CoFeB layers as a control.

FIG. 4. (a) Variation of effective spin-mixing conductance Geff

with pump fluence F by neglecting or considering two-magnon
scattering (TMS) losses. (b) Enhancement of TMS coefficient βTMS

with increasing F. (c) Correlation of ultrafast demagnetization rate
�(1/τM ) with Gilbert damping αeff as a function of F. Solid lines
show fits to Eq. (5). (d) Variation of the spin chemical potential μs

with F.
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Cu has low spin-flip scattering probability and a very long
spin-diffusion length, so SML is minimal at the Cu interfaces,
while spin current generated by spin pumping transports bal-
listically through it. Comparative TRMOKE traces for the
BSTS (25 nm)/CoFeB (5 nm) and BSTS (25 nm)/Cu (1
nm)/CoFeB (5 nm) samples are shown in Fig. S4 in the
Supplemental Material [38], showing that the damping modu-
lation is nearly identical for both samples, showing that SML
has a minor role to play in the fluence dependence of damping.
However, higher fluences may also lead to a more prominent
interfacial TMS effect, which may contribute to the observed
damping modulation. To isolate this effect, the data in Fig. 3(f)
are fitted with Eq. (4), revealing a fluence-dependent enhance-
ment of the TMS coefficient βTMS, as shown in Fig. 4(b).
However, even when the enhanced TMS is accounted for,
Geff still shows a factor-of-two increment within our exper-
imental fluence range. This fluence-dependent tunability of
spin pumping provides a route for ultrafast laser control of
spin current and magnetic damping in high-performance spin-
tronics devices. The possibility of isolating the surface-state
contribution to the fluence dependence of damping can be
explored in future work.

Although the characteristic time scales of ultrafast de-
magnetization and the precessional magnetization dynamics
in FM thin films differ by many orders of magnitude, sev-
eral works have established that the correlation between τM

and αeff can shed light on the dominant microscopic mecha-
nisms underlying the ultrafast demagnetization. In simple FM
systems, an inversely proportional relationship between τM

and αeff was analytically derived from quantum mechanical
considerations [60]; however, it failed to be experimentally
validated when both τM and αeff were tuned by transition
metal and rare-earth doping [61]. It was later proposed that
the nature of the correlation between τM and αeff depends
upon the major microscopic contribution to the damping. A
linear relationship between τM and αeff indicates a dominating
conductivity-like contribution to the damping due to intra-
band electron and hole scattering, whereas in the presence
of dominant resistivity-like damping arising from interband
scattering, an inverse correlation emerges [62]. Zhang et al.
[63] later established that the breathing Fermi surface model
is valid in cases where local spin-flip scattering processes
dominate the demagnetization process, predicting a propor-
tional relationship between τM and αeff . On the other hand,
they have been demonstrated to be inversely related to the
material spin polarization at the Fermi energy [64]. Likewise,
an inverse correlation between τM and αeff may also arise in
the presence of SOC in magnetic bilayers and multilayers.
Here, nonlocal spin transport provides an additional relaxation
channel, resulting in an enhancement of the magnetic damping
accompanied by an acceleration of ultrafast demagnetization
at the femtosecond time scale [63].

As seen in Figs. 2(c) and 2(f), for the BSTS/CoFeB bilayer
system, it is observed that τM and αeff are inversely correlated
as a function of d , i.e., while αeff increases with decreas-
ing d , τM decreases. Since the CoFeB thickness-dependent
modulation of αeff arises from spin pumping according to
Eq. (3), it can be inferred that faster demagnetization occurs
at lower d due to additional dissipation channels provided by
the spin-current transport across the BSTS/CoFeB interface.

According to a model based on the theory of laser-induced ul-
trafast superdiffusive spin transport, at a particular excitation
fluence, the change of the rate of ultrafast demagnetization
�(1/τM ) and the modulation of Gilbert damping �α of
CoFeB in the presence of a BSTS underlayer show an ap-
proximately linear relationship, which can be fitted using the
following equation [63]:

�
1

τM
= 1

τM
− 1

τM[CoFeB]
= μs

h̄
(αeff − α0), (5)

where τM[CoFeB] and α0 are the values of demagnetization
time and the intrinsic Gilbert damping factor of CoFeB in the
absence of a BSTS underlayer, and μs is the spin chemical
potential which is proportional to spin accumulations at the
BSTS/CoFeB interface. According to this model, interfacial
spin accumulations at the BSTS/CoFeB interface play a major
role in the acceleration of ultrafast demagnetization in the
CoFeB layer as well as the Gilbert damping enhancement.
Taking the value of τM[CoFeB] = 362 fs, μs is extracted for
various pump fluences by fitting the curves shown in Fig. 4(c)
with Eq. (5). Figure 4(d) shows the values of μs at various
fluences, showing a 56% decrement from 248 to 108 meV
within the experimental fluence range. This decrease indicates
that spin-angular momentum dissipation in the ultrafast chan-
nel becomes less efficient with the increase of laser fluence
due to the emergence of enhanced spin fluctuations at higher
fluences [45].

III. CONCLUSIONS

In conclusion, we used an all-optical TRMOKE tech-
nique to investigate laser-induced ultrafast demagnetization
and Gilbert damping in BiSbTe1.5Se1.5(BSTS)/Co20Fe60B20

(CoFeB) heterostructures with varying thickness d of the
CoFeB layer. In the presence of a BSTS underlayer, the ul-
trafast demagnetization time τM is found to increase with
d , signaling the opening of additional relaxation channels
which gain prominence as d is lowered. The modulation of
Gilbert damping αeff with thickness of the CoFeB layer is
characteristic of the presence of efficient spin pumping in
these heterostructures and reveals that the interfacial spin-
accumulation-driven spin-current transport is the origin of
acceleration of the demagnetization process at lower d val-
ues, where the effect of spin-current transport becomes more
prominent. Thereby, an inverse relationship between τM and
αeff is established in these heterostructures as a function of
d . By modeling the CoFeB-thickness-dependent variation of
αeff for various laser pump fluences, we extracted the effective
spin-mixing conductance Geff at the interface and isolated
the TMS coefficient βTMS at each pump fluence. Even when
higher TMS is accounted for, increasing pump fluence leads to
a factor-of-two enhancement of Geff within our experimental
fluence range. The inverse correlation between τM and αeff

in BSTS/CoFeB signifies that transport of pure spin currents
generated by the interfacial spin-pumping mechanism dom-
inates the demagnetization process in these heterostructures,
in agreement with the model proposed by Zhang et al. [63].
Our systematic study of magnetization dynamics across a
wide time domain allows us to establish clear relationships
between ultrafast demagnetization, Gilbert damping, and the
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experimental laser pump fluence which can help in the design
and implementation of pure spin-current-driven topological
spintronic devices and propounds a path toward the integra-
tion of topological spintronics with femtomagnetism.
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