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We present time-resolved scanning x-ray microscopy measurements with picosecond photo-excitation via a tailored
infrared pump laser at a scanning transmission X-ray microscope. Specifically, we image the laser-induced demagneti-
zation and remagnetization of thin ferrimagnetic GdFe films proceeding on a few nanoseconds time scale. Controlling
the heat load on the sample via additional reflector and heatsink layers allows us to conduct destruction-free measure-
ments at a repetition rate of 50 MHz. Near-field enhancement of the photo-excitation and controlled annealing effects
lead to laterally heterogeneous magnetization dynamics which we trace with 30 nm spatial resolution. Our work opens
new opportunities to study photo-induced dynamics on the nanometer scale, with access to picosecond to nanosecond
time scales, which is of technological relevance, especially in the field of magnetism.

I. INTRODUCTION

Studying magnetization dynamics on the nanometer scale
is important for our fundamental understanding of magnetic
materials and their use in technological applications "> Soft-
x-ray microscopes using synchrotron radiation (SR) can re-
solve these dynamics down to a few nanometers with element
specificity employing the x-ray magnetic circular dichro-
ism (XMCD) as magnetic contrast mechanism > The time-
resolution of these microscopes is limited, on the one hand,
by the duration of the SR bunches to typically 30 ps to 100 ps,
depending on the storage ring and the mode of operation. On
the other hand, additional restrictions arise from the pulse du-
ration of the excitation, which, today, is almost exclusively re-
alized electrically, typically on a time scale longer than 100 ps.
Ultrashort laser pulses are able to trigger magnetization dy-
namics down to the pico- or even femtosecond regime and
provide access to photo-induced magnetization phenomena,
such as, e.g., ultrafast demagnetization and all-optical magne-
tization switching,>' topological phase transitions,”® optical
spin wave excitation®" or the control of spin torques 112 In
addition, laser pulses can also be used to generate significantly
shorter electrical excitation pulses than typically feasible with
purely electronic signal generators 34 Therefore, the inte-
gration of short-pulsed lasers into x-ray microscopes at SR
sources pushes these nanometer-scale imaging instruments to
better time-resolution and extends their scope towards sub-
nanosecond magnetization dynamics that are only accessible
via ultrashort photo-excitation.
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While lasers with high repetition rates have already been
employed for studying magnetization dynamics with photo-
emission electron microscopy (PEEM) 12110 they have not yet
been implemented in a scanning transmission X-ray micro-
scope (STXM). One reason is the typically extremely limited
space between the x-ray lenses and the sample, which makes
the integration of a pump laser beam into a STXM very chal-
lenging. Furthermore, the laser must be synchronized to the
bunch clock of the storage ring, which is particularly demand-
ing when, in addition, gapless tunability of the pump repeti-
tion rate is needed for the highly efficient asynchronous exci-
tation schemes used for time-resolved measurements in mod-
ern STXMs 17118

Complying with the orbital frequency of the storage ring
and ensuring reasonable data collection times, time-resolved
imaging at SR sources is best performed at MHz repetition
rates. However, at such high repetition rates, the extreme ther-
mal load on solid-state samples poses an additional dilemma
to laser-based pump—probe experiments as it can change the
sample’s magnetic properties and, ultimately, lead to perma-
nent degradation or even destruction. In general, the heat load
on the sample can be reduced by shrinking the spot size of
the pump beam, maintaining an identical excitation fluence
with lower average power incident on the sample. However,
in order to probe an almost homogeneously pumped area,
the probe beam size has to be reduced accordingly. In this
work, we use a STXM to probe our samples, which is based
on an x-ray beam ultimately focused down to a few nanome-
ters. This technique, therefore, allows reducing the effectively
pumped area to micrometer size and, in this way, minimiz-
ing the heat load. As a result, we demonstrate destruction-
free time-resolved imaging at pump—probe repetition rates of
up to 50 MHz at fluences exceeding 3mJcm~2. The photo-
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excitation is realized using a custom-developed infrared (IR)
pump laser newly installed at the MAXYMUS microscope—a
STXM at the SR facility BESSY II (Berlin, Germany).

We apply this pump—probe imaging method to detect ul-
trafast photo-induced demagnetization and magnetization re-
covery in GdFe alloys with 30 nm spatial and down to 50 ps
temporal resolution in standard multi-bunch operation mode
at BESSY II. Rare-earth transition metal alloys such as
GdFe are known for their intriguing all-optical magnetization
switching phenomenal??) making these materials attractive
for potential data storage applications, as well as a model
system for distinct multisublattice spin and orbital moment
dynamics21"23 As detailed below, time-resolved imaging with
high spatial resolution allows us to reveal nanometer-sized ar-
eas created by the pump laser that show very different magne-
tization dynamics compared to the rest of the film. Our results
demonstrate that STXM is a highly valuable tool to image
photo-induced pico- to nanosecond magnetization dynamics
on the nanometer scale, which is of high relevance in view
of future spintronics applications, e.g., to study the dynamics
of photo-induced magnetic texture formation”%* or collective
excitations. 1!

Il. EXPERIMENTAL DETAILS

The experiments were conducted using
Ta(3)/Gdy9Fe71(20)/Pt(3)  (thicknesses in nm) and
Ta(3)/Gdy7Fe73(20)/Pt(3) films, deposited on 150nm
thin silicon-nitride membranes via magnetron sputtering.
The films exhibit a perpendicular magnetic anisotropy and
a typical square-shaped out-of-plane magnetic hysteresis
with a coercive field of 30mT and 45mT, respectively.
Magnetic-contrast images of the samples were acquired
with circularly polarized soft x-rays tuned to the Gd Ms
edge (1190eV), providing sensitivity to the out-of-plane
magnetization component of the Gd sublattice. We record
a complete XMCD data set (I (x,y), I_(x,y)) by switching
either the helicity of the x-ray probe or the polarity of the
applied out-of-plane field of 200 mT, provided by four
rotatable permanent magnets. > The normalized out-of-plane
magnetization my(x,y) is retrieved from the XMCD contrast
D(x,y) which in turn is calculated from the two images
(I, 1) by D(x,y) = log (I (x,y)/I-(x.y)). Each XMCD
image is then normalized to a pixel row at the edge of the
scanning area, which is unaffected by the laser excitation.
This procedure also corrects small intensity line artifacts from
the scanning mode of operation. The scanning field of view
is 2.4x2.4 um? with a resolution of 30 nm.

The ultrafast demagnetization process was induced via
photo-excitation using a 1039-nm IR pump laser. The laser os-
cillator is passively mode-locked with a laser-diode-pumped
Yb:KGW crystal as active lasing element, operating at a tun-
able repetition rate of 48.5 MHz to 50.5 MHz. After ampli-
fication in a Yb-doped fiber amplifier to a maximum pulse
energy of 50n]J the repetition rate can be flexibly reduced
down to single pulses via fast acousto-optic pulse selectors.
The laser is synchronized to the BESSY II bunch clock with
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FIG. 1. (a) Sample layout (vertical cross-section) for the time-

resolved measurements (not to scale, layer thicknesses in nm). (b)
Simulated vertical IR absorption profile within the Gd,Fegp_, film
after IR propagation through the aperture, incident under 26° with
respect to the sample normal. The absorption was normalized to
the absorption in the film without the Cr/Al mask. (c) Non-dichroic
STXM image, (I (x,y)I_(x,y))"/2, of the Cr/Al mask with aperture.
Scalebar, 500 nm.

an accuracy of 0.3 ps for time-resolved pump—probe experi-
ments, which are carried out in standard multi-bunch opera-
tion of the storage ring. The time resolution of these experi-
ments is limited by the x-ray pulse duration of 50 ps (fwhm)
which is not variable in the normal user operation mode of
BESSY II. Different pump—probe delays can be retrieved via
an asynchronous excitation scheme 18 which allows record-
ing all time delays without the need for an optical delay stage.
However, as the initial phase between pump and probe is un-
known, time-zero has to be determined from the dynamic
effect observed, leading to a systematic error of +0.5 time
steps. A 8 m long fiber delivers the laser pulses from the opti-
cal laser table to the vacuum chamber of the STXM micro-
scope. At the microscope, the pulses are temporally com-
pressed to any chosen duration between 2 ps and 30 ps, with
the minimum duration also depending on the pulse energy.
The pulses are then fed into a 0.5 m long in-vacuum fiber that
transports the pulses inside the STXM instrument. All optical
fibers preserve the polarization of the laser pulses. A custom-
developped micro-optics system focuses the pulses onto the
sample with a spot size of 6.5 um (fwhm) via a micro-mirror
attached to the mechanics of the order-sorting aperture. The
pulses thereby impinge under a nominal inclination angle of
(20 £ 8)° in the vertical direction, depending on the beam po-
sition on the micro-mirror.

The high pump—probe repetition rate of up to ~50 MHz
poses particular challenges to the heat management in the



sample. For example, a laser peak fluence already on the
order of 1 mJecm ?—as commonly used to excite magne-
tization dynamics—results in an average power density of
50 kW cm 2, corresponding to an average power of 24 mW in-
cident on the sample within the micrometer-sized focal spot.
We took several measures to reduce the thermal load on the
actual thin magnetic film and improve heat dissipation as
sketched in Fig.[T(a):

* The whole sample is masked with a reflective
[Cr(3)/Al1(50)] 0 film (thicknesses in nm) including an
aperture with 1.4 um diameter, fabricated via focused-
ion beam (FIB) milling. We geometrically estimate that
the aperture selects only 3.2 % of the IR beam. Other-
wise, the Cr/Al mask reflects 95 % of the incident IR
radiation while maintaining a high transparency for the
soft x-rays (see Fig.[I{c)). The remaining absorbed heat
is dissipated within the mask layer itself due to thermal
isolation by the silicon-nitride membrane. This isola-
tion prevents heat and hot-electron transport into the
GdFe layer which otherwise would lead to an additional
indirect excitation of demagnetization effects 2

* The IR pulse first traverses the IR-transparent silicon-
nitride substrate before hitting the magnetic layer, re-
sulting in a refractive-index matching reducing the re-
flectivity of the layer structure. The magnetic film
absorbs 26 % of the incoming laser power compared
to only 10% if the film was exposed to the IR di-
rectly, which helps reducing the overall pulse energy
for photo-excitation 2/

* We use a 500nm thick Al heatsink layer directly de-
posited on the GdFe layer to effectively conduct the heat
away from the magnetic film.

e The STXM vacuum chamber is filled with He gas under
a pressure of approximately 10 mbar to promote sample
cooling.

The near-field diffraction at the edges of the circular aper-
ture leads to an inhomogeneous excitation of the magnetic
layer?® Finite-element simulations (COMSOL multiphysics)
of the wave propagation predict two distinct maxima of the
energy absorbed within the GdFe layer inside the aperture as
shown in Fig.[T(b). In this panel, the absorption is normalized
to the absorption simulated without mask, showing an actual
enhancement of a factor of up to almost 3 at the main peak and
a pronounced quenching in between. In the following, how-
ever, we refer to the laser fluence via the incident peak fluence
of the Gaussian laser focus.

We have performed heat-flow simulations to estimate the
effectiveness of our measures to mitigate the heat load. As
explained in detail in Appendix A, we found that, in particu-
lar, the combination of confining the excited area to microm-
eter size and applying a heatsink layer conducting the heat
away from this area is highly suitable to ensure a moderate
constant heating of the magnetic layer by the laser excitation
during a time-resolved measurement. Using typical laser flu-
ences to excite magnetization dynamics, the temperature rise
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FIG. 2. (a) Transient magnetization of Gd integrated over the size of
the aperture in the Cr/Al mask in GdygFe7 after optical excitation at
t = 0, measured with time steps of 50 ps. The optical excitation has a
repetition rate of 50 MHz, the gray curve is a repetition of the black
curve indicating the repetitive pump—probe cycle. (b) Transient mag-
netization of Gd integrated over two separate regions as indicated in
(c), coinciding with the field enhancement from the Cr/Al mask. (c)—
(h) Magnetization of the sample at particular delay times as indicated
in (a) by the colored dots. The dashed circle in (c) shows the aperture
in the Cr/Al mask. Scalebar, 500 nm.

of the layer during the measurement will stay below 10 K even
at 50 MHz repetition rate. At the same time, the simulations
show that the picosecond photo-excitation still allows tran-
siently reaching high-temperature, out-of-equilibrium states
in the sample which are inaccessible with slower means of
excitation.

Ill. RESULTS AND DISCUSSION

We imaged the laser-induced de- and remagnetization of
a GdyoFe;; sample using a pump laser repetition rate of
50MHz, a pump pulse duration of 4.4 ps and an energy per
pulse on the sample of 1.5nJ corresponding to 3.1 mJcm ™2
laser fluence. Exemplary XMCD images are shown in



Fig. c)—(h) for different delays.

The transient evolution of the magnetization integrated over
the whole aperture (indicated by the dashed circle in Fig.[2]c))
is shown in Fig. JJa). On average, the sample demagne-
tizes by ~10 %, rapidly reaching the magnetization minimum
0.15 ns after the photo-excitation. However, limited by the x-
ray bunch duration of ~50 ps (fwhm), we are certainly unable
to resolve the dynamics of the Gd sublattice during the GdFe
demagnetization, which is known from XMCD and TMOKE
measurements with femtosecond temporal resolution to pro-
ceed on a sub-ps up to a few ps time scale *#2° After demag-
netization, the magnetization recovers within 2ns by 90 %.
We also observe that the magnetization level before time-zero
is already slightly decreased by 1.4 % with respect to the non-
excited sample areas, which we attribute to a small static heat-
ing induced by the absorption of the pump pulses. However,
we do not observe any further indication of magnetic alter-
ation or sample damage, which means that the sample with-
stood the photo-excitation at 50 MHz repetition rate for sev-
eral hours.

In addition to the well-known temporal evolution of the
photo-excited demagnetization of GdFe, the STXM images
provide nanometer-scale spatial information. We indeed ob-
serve laterally very inhomogeneous demagnetization ampli-
tudes (Fig. (b)), which is particularly prominent at 0.15ns
after photo-excitation, where the sample demagnetizes locally
by up to ~40% (Fig. 2[d)). This corresponds to the area
where the intensity of the incoming laser pulse is amplified by
the near-field diffraction induced by the aperture in the Cr/Al
mask?® The two prominent areas with increased demagneti-
zation observed in the STXM images fit well to the double
peak in the simulated near-field diffraction (Fig. (b)) when
assuming an incident angle of 26°. Furthermore we observe a
tilt of the maxima with respect to the vertical direction which
we attribute to an additional azimuthal tilt of the IR beam axis.

In order to investigate samples at even higher pump pulse
energy, we lowered the repetition rate to S MHz (18 ps pulse
duration) and performed measurements on the complementary
Gday7Fe73 sample. For a pump-pulse fluence of 5.2 mJcm ™2 or
below, we again do not observe any sample damage, resulting
in magnetization dynamics very similar to Fig. [2|(not shown).
However, further measurements at 8.8 mJcm ™~ permanently
altered the region of the sample exposed to the hotspot formed
by the field enhancement inside the aperture. Here we show
images of the sample from a time-resolved measurement (at
9.8 mJecm 2 IR fluence) recorded after this modification was
created (Fig. 3[b)—(g)).

The magnetically altered region is marked with a dotted
line in Fig. Ekb) (denoted as “2”) and its magnetization tran-
sient is plotted in Fig. [3[a). Compared to a magnetically in-
tact region (dotted region “1” in Fig. [3(b) and corresponding
curve in Fig. 3(@)), the response to the photo-excitation is re-
markably different. Already the static magnetization (prior to
photo-excitation) in the altered area is reduced by ~20 % in
the out-of-plane direction with respect to the magnetization of
the sample in regions which are still intact. Static XMCD data
(not shown) taken after the time-resolved measurements con-
firm that this reduction is persistent and not induced by static
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FIG. 3. (a) Transient magnetization of Gd in Gd,;Fe73 after optical
excitation at r = 0, measured with time steps of 100 ps, and integrated
over the magnetically intact and the magnetically altered regions as
indicated in (b). (b)—(g) Magnetization of the sample at particular
delay times as indicated in (a) by the colored dots. The dashed circle
in (b) shows the aperture in the Cr/Al mask. Scalebar, 500 nm.

heating during the pump—probe measurements.

After excitation, both the intact and the altered region de-
magnetize, while a larger demagnetization amplitude is ob-
served in the altered region, which we mainly attribute to the
higher laser intensity incident on this area. Interestingly, the
magnetization in the altered region then recovers faster com-
pared to the unaltered region and even transiently increases
above the initial level. We observe this distinct dynamics in a
confined region with a size of roughly 600x240 nm?.

In addition to its confined size, the average power used to
create the modification (21 mW) is significantly smaller than
the average power used to record the data in Fig. 2[ (75 mW),
where such a local material modification was not observed.
From these findings, we infer that the creation of the modi-
fication is induced by the energy of a single laser pulse and
the corresponding highest temperature locally reached in the
magnetic film rather than by static laser heating. It seems that
the higher transient temperature reached in the second mea-
surement leads to an annealing of the region in the magnetic
alloy where most of the IR is absorbed.

To explain the untypical magnetization dynamics, we spec-
ulate that the magnetization in the altered region is canted
towards the in-plane direction due to a canted effective
anisotropy? This magnetization canting would explain the



lower out-of-plane magnetization before the pump pulse ar-
rives. It is known, that rapid thermal annealing of GdFe alloys
reduces the perpendicular magnetic anisotropy and for high
temperatures even completely switches the magnetic easy axis
from out-of-plane to in-plane*!*% When compared with un-
altered regions, the remagnetization dynamics in the altered
region provides some interesting insights on how the excited
spin system is driven back to its initial state. Apparently, the
spins first follow the applied field while the anisotropy seems
to be suppressed during this early, hot phase of the magne-
tization recovery up to ~0.5ns. The strong temperature de-
pendence of the anisotropy is already known from static char-
acterizations of GdFe alloys”? Only at later times, when the
film has further cooled down, the spins again align along
the reestablished anisotropy axis. The ability to detect such
distinct dynamics with a spatial resolution of 30 nm show-
cases the potential of SR-based x-ray microscopy to study
photo-induced magnetization phenomena. Laser-based time-
resolved x-ray microscopy provides access to the picosec-
ond to nanosecond time scale where magnetic order typically
reestablishes after photo-excitation 72! This regime is of high
relevance for technological applications as the speed of photo-
induced magnetization switching is typically limited by the
recovery process and nanometer-scale heat dissipation rather
than the initial ultrafast transition to the excited state.?*

Our approach to manage the heat load on the sample largely
builds on the reflection mask to confine the excitation to a
micrometer-sized area and reduce the absorbed power in the
actual sample. While we investigate a metallic thin-film sam-
ple, we consider this concept to be compatible with a vari-
ety of samples from materials science, chemistry and poten-
tially biology which have been prepared for x-ray microscopy.
The mask is highly transparent for soft x-rays (Fig.[I]c)) leav-
ing the area behind the mask observable with x-rays while
being almost unaffected by the photo-excitation (Appendix
A, Fig. f{b)). However, the masking of the sample also re-
sults in an inhomogeneous excitation of the sample due to
near-field diffraction, which requires customization and mod-
eling of the mask layout. On the other hand, tailored near-
field intensity distributions or plasmonic field enhancements
may be integrated to provide a structured and localized opti-
cal excitation 12/27128134132

IV. CONCLUSIONS

In summary, we demonstrated laser-pump—STXM-probe
measurements with picosecond photo-excitation, using a new
and now permanently installed fiber laser at the MAXYMUS
instrument. At incident IR laser fluences up to 3 mlJ cm 2,
we performed a destruction-free experiment on a magnetic
thin-film sample with a repetition rate of 50 MHz, studying
laser-induced demagnetization and recovery in GdFe alloys.
The repetition rate used here is orders of magnitude higher
compared to what is typically used in experiments on photo-
induced magnetization dynamics 222937 With our approach, it
is now possible to discern light-triggered picosecond dynam-
ics with 30 nm spatial resolution. As many classes of materi-

als are heterogeneous on a sub-micrometer length scale—be
it intentionally or inadvertently, we expect this to be a very
valuable capability to map out structural origins of a mate-
rial’s functionality coupled to its dynamic behavior. With a
potential upgrade of the BESSY-II storage ring to the BESSY
VSR concept (Variable pulse length Storage Ring)*® com-
bined with an upgrade of the laser at the MAXYMUS endsta-
tion, the time-resolution of the microscope could be improved
to 1 ps in the future. We also note that similar sample designs
to mitigate heat load and sample damage as demonstrated in
this work may also become important for experiments at x-ray
free-electron lasers operating at MHz repetition rates,>> allow-
ing the combination of highest spatial and temporal resolution
in the study of dynamic phenomena.
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APPENDIX A: SIMULATION OF THE HEAT
MANAGEMENT IN THE SAMPLE

The heat management during the time-resolved high-repe-
tition-rate measurements is the most critical aspect of our ex-
periments. We have performed a number of different simu-
lations to assess the effectiveness of the measures applied in
our experiments to mitigate the heat load on the sample from
the excitation laser. In particular, the simulations shed light
on the maximum temperature reached shortly after the laser
pulse, and the time scale of the heat diffusion into the depth
of the sample. Furthermore, we also simulate the lateral heat
transport and the static heating resulting from the continuous
high-repetition-rate excitation.

In the simulations, the magnetic sample is simplified
to a stack of [A1(530nm)]/ SizN4(150nm)/ GdFe(26 nm)/
Al(530nm), where the first Al layer is only present outside
of the aperture. Material parameters used in the simulation for
Al and Si3N4 can be found in Refs. 2735 For the GdFe layer,
material parameters of the alloy were used if available"; oth-
erwise they were substituted by values of Fe X% We used the
experimental parameters for the layout of the mask and the
laser excitation at 50 MHz repetition rate.

The response of the GdFe film to a single laser pulse at very
early times (<1ns) can be simulated in a one-dimensional
model neglecting the lateral heat transport, which drasti-
cally reduces the numerical effort. We have employed the
udkm1Dsim package*? based on a two-temperature model
(2TM) separating the response of electrons and phonons. The
results are presented in Fig. [f(a) for the GdFe electron and
phonon temperature. During the photo-excitation (centered
at 10ps in time), the temperatures increase almost instanta-
neously by about 300K and 200 K, respectively. Soon after
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FIG. 4. (a) Evolution of the electron temperature 7 and the phonon
temperature Tpy, in the GdFe layer after a laser excitation centered
at 10 ps (gray dashed line). The simulation includes heat transport
along the depth of the sample. For comparison, the duration of the
x-ray pulse is indicated as a Gaussian with a FWHM of 50 ps (dot-
ted gray line). (b), (c) Evolution of increase of the phonon temper-
ature (logarithmic pseudocolor scale) in the lateral direction within
the GdFe layer and along the sample depth, respectively. The laser
excitation is centered at 10 ps as indicated by the dashed white line.
The solid white lines mark the position of the aperture (b) and the
interfaces of the layers (c) as indicated.

the maximum temperatures are reached, the temperatures of
both systems equalize and the common temperature rapidly
drops due to heat diffusion into the depth of the sample on a
sub-100-ps time scale. As indicated by the (schematic) pulse
shape of the x-ray detection, this very fast component of the

dynamics can hardly be captured in our measurements in de-
tail. However, we again note that the out-of-equilibrium high-
temperature state after excitation may cause magnetization
dynamics (also on longer time scales) that remains inacces-
sible with slower excitation.

In addition, we have performed two-dimensional simula-
tions to also include the influence of the lateral heat transport
and assess the impact of the Al heatsink layer. The simulations
are carried out with the COMSOL multiphysics package again
using a 2TM 2755 The geometry now includes the aperture in
the top Al mask and has a total lateral width of 10 ym. At the
left and right borders, the system is coupled to a heat bath at
room temperature. We show the results for the evolution and
spatial dependence of the phonon temperature in the lateral
dimension and the depth direction in Fig.[d{b) and (c), respec-
tively. We again observe a picosecond high-temperature state
during the photo-excitation and a very fast heat diffusion into
the depth of the sample. This diffusion leads to an almost uni-
form temperature in the entire sample volume below the aper-
ture after approximately 1 ns. Due to the larger dimensions
the lateral diffusion is much slower. Nevertheless, within one
pump—probe cycle of 20ns, the heat has almost completely
diffused from the excited volume into the whole sample. This
finding underlines the effectiveness of the heatsink layer for
our experiments.

In a last step, we further simplify the COMSOL model
to simulate the long-term heat diffusion and temperature in-
crease of the sample. The excitation is now simulated as con-
tinuous laser radiation with a power corresponding to the av-
erage absorbed power from our pulsed laser source inside the
aperture. The simulation reveals that, on longer time scales
(including many laser pulses), the temperature increases with
a time constant of ~100ns and saturates at an increase of 6 K
above room temperature inside the primarily excited area of
the GdFe film (not shown).

We compare this result with a simple analytical approx-
imation that is particularly suitable for practical purposes.
The heat-flow geometry in our sample can be perceived as
heat conduction through a cylindrical wall. The inner part of
the cylinder corresponds to the excited volume (r; = 0.7 pm),
the outer part corresponds to the macroscopic size of the en-
tire sample which stays at constant temperature, e.g., the lat-
eral size of the silicon-nitride membrane (r, ~ 100um). The
height of the cylindrical wall is given by the Al film (heatsink)
thickness of d = 0.53 um. The resulting heat flow through the
wall is:

AT
In(ry/ri)’

In equilibrium, this heat flow is balanced by the continu-
ous heating from the laser excitation, which we (geometri-
cally) estimate to an average absorbed power of P = 0.62mW
(see main text). Using the heat conductivity of Al of A, =
239WK~'m~! (Ref. 44), we obtain a temperature increase
inside the cylinder of AT ~ 4K. Strictly speaking, this value
corresponds to the temperature increase in the Al heatsink vol-
ume below the excited film area. However, as the GdFe layer
is in direct contact to the heatsink, we expect only a slightly

P =27dA, (D



higher temperature in the GdFe which is in agreement with the
result from the COMSOL simulation. We also note that AT
only weakly depends on the precise choice of r, and r;, mak-
ing this estimate very robust. In conclusion, the very moderate
temperature increase in the sample from the constant heating
by the laser pulses as derived from numerical simulation and
analytical approximation proves the performance of our con-
cept of confining the excited film area to micrometer size in
combination with using a heatsink layer to transport the heat
away from this area.
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