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Brillouin microscopy has become an important tool for investi-
gating the mechanical properties of tissue. The recently devel-
oped Impulsive stimulated Brillouin Scattering (ISBS) promises
a label-free, non-invasive measurements of viscoelastic proper-
ties of transparent samples and offers the potential for a high
temporal resolution. However, the spatial resolution of ISBS is
currently limited, which hinders its transfer to real-world appli-
cations. Increasing the spatial resolution of ISBS leads to an in-
crease in the energy density of the pump beams, which requires
a balancing of the excitation parameters to stay below the photo-
toxic threshold. This paper focuses on the influences of different
excitation parameters on the spatial, temporal and spectral res-
olution and their optimal values. Combined with the adoption
of a noise suppressing window function, a measurement rate of
20µs/pixel in hydrogel is achieved, which is promising for fast
3D imaging. The presented advanced impulsive stimulated Bril-
louin microscopy can be applied for fast tissue elastography to-
ward disease studies.
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Introduction
The study of mechanical properties of biological material
provides important insights into its biological function (1, 2)
and can characterize the pathological states of tissue (3).
Consequently, mechanical mapping of tissue by medical
imaging is a rapidly developing field that has emerged as
a valuable tool in biomedical research and is already used
in clinical practice as organlevel diagnostic assistance tool
for various diseases such as prostate cancer (4, 5), liver fi-
brosis (6) and breast lesions (7). Many techniques have
been developed, such as ultrasound elastography (8) and
atomic force microscopy (AFM) (9). However, the acquisi-
tion of mechanical properties at sub-cellular resolution has
long posed significant challenges, primarily due to the re-
liance of traditional techniques on direct physical contact or
their insufficient cellular resolution. Optical elastography on
the other hand offer various advantages over classical meth-
ods, being non-invasive, contactless, label-free, and can pro-
vide cellular or even sub-cellular resolution (3).
An emerging optical elastography technique is Brillouin mi-
croscopy (BM) which is based on the interaction of light
(photons) with an acoustic wave (phonons) (10–14) and

has become a highly appreciated technique for studying
condensed matter systems (15–17). The spontaneous BM
(SpBM) offers high spatial resolution, but is based on the
interaction of photons with thermal noise which has a low
power spectral density. This leads to long integration times
and therefore SpBM making the application in clinics diffi-
cult. Despite these challenges line measurements at acqui-
sition times in the range of 100-200 ms, which effectively
equates to 1 ms/pixel, have been accomplished (18, 19).

The active stimulation of phonons, instead of the resonant
spontaneous scattering of thermally generated phonons, can
lead to an efficiency that is orders of magnitude higher and
thus to faster imaging. Stimulated Brillouin scattering (SBS)
utilizes two slightly detuned continuous-wave (cw) lasers for
phonon excitation (pump and probe technique) (20–24) and
achieves scanning times of ∼20 ms/pixel (22), but has limi-
tations because it still requires the scanning of one excitation
wavelength. Impulsive stimulated Brillouin scattering (ISBS)
holds promise for achieving measurement rates in the MHz
range, owing to the signal generation through the interaction
of ultra-short laser pulses (25–30). The higher temporal res-
olution of ISBS, facilitated by the interaction of two pump
pulses and a probe beam, can significantly reduce measure-
ment duration’s. This advancement is crucial for both rapid
imaging in clinical applications and fundamental research,
such as studying morphogenesis at the organism level during
gastrulation in Drosophila (19).

The interference fringes formed by two intersecting laser
pulses create phonons at the intersection point, where the
probe photons are inelastically scattered. The stiffness of the
material is linked to the Doppler frequency shift of the in-
elastically scattered photons. A investigation was performed
on the influences of the pulse and probe parameters on the
signal-to-noise ratio (SNR) and it was concluded that the
choice of high pulse energies offers the greatest leverage (31).
However, when focusing sharper to increase the spatial res-
olution, the increasing excitation energy density needs to be
taken into account to avoid phototoxic effects. Recently Li et
al. (28) performed a similar study, where they investigated the
influence of the probe beam parameters and acquisition time.
In this paper, we expand the investigation on optimizing the
ISBS excitation process, which requires balancing the influ-
ence of excitation parameters, like the repetition rate on the
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spatial and frequency resolution. The temporal resolution of
ISBS is increased by incorporating the exponential window
function (32) into the signal analysis process.

Results
The primary objective of this work is to find a balance be-
tween multiple experimental parameters that optimize the
SNR of ISBS, resulting in faster measurement rates while
simultaneously maintaining a high spatial and spectral res-
olution. The novel approach of using a exponential window
for the frequency analysis of Brillouin signals lowered the
required number of averages per measurement and thereby
increased the temporal resolution.

A. Exponential window function. Spectral leakage is a
fundamental problem of frequency analysis with the fast
Fourier transform (FFT), where the power of one frequency
leaks into its neighboring frequencies. This phenomenon
is attributed to the underlying assumption of the discrete
Fourier transform (DFT) that the acquired signal repeats it-
self infinitely, which can lead to abrupt transitions of the sig-
nal. Commonly a window functions is used, which weights
each time point with a value defined by the window function
and usually taper off to zero at the start and end of the signal,
thereby minimizing spectral leakage. However the benefit of
less leakage comes at the cost of a reduced frequency reso-
lution. There exist a plethora of different windows, each op-
timal for different use cases, for instance, the Hann window
is the optimal choice for two far apart frequency components
with unequal power (33). In the context of impact testing sig-
nals, the exponential window is a widely utilized option, be-
cause it minimizes the attenuation at its strongest point (the
beginning), while ensuring a gradual decline to zero at the
end. These characteristics can help improve the SNR (32)
and make the adoption of this window for the exponentially
damped ISBS signal an ideal choice.
The exponential decay of the signal defines the linewidth of
the resulting peak in the frequency spectrum, and by mul-
tiplying the signal with another exponential function, the
linewidth is changed. Assume you have the following inten-
sity signal

I(t) = sin(2πft)e−α1t (1)

with I(t), f and α1 being the light intensity at the detector,
frequency and the damping coefficient of the signal respec-
tively. When this signal is then multiplied with the exponen-
tial window the resulting signal will be

Iw(t) = sin(2πft)e−α1te−α2t (2)

= sin(2πft)e−(α1+α2)t (3)

with Iw(t), α2 being the windowed intensity signal and de-
cay coefficient of the exponential window respectively. The
linewidth of the peak in the frequency spectrum will now cor-
respond to the sum of both decay coefficients ∆f =

√
3(α1 +

α2)/π (34). But as α2 is known a priori the calculation of the
damping coefficient simply becomes α1 = π/(

√
3∆f )−α2.

To show the advantages of the exponential window in low
SNR situations, simulations were carried out with different
SNRs. The exponential window is compared with the results
with a recently proposed technique for the frequency analysis
based on adaptive noise suppression matrix pencils (ANMP),
which promises to work well at low SNR levels (34). For
each SNR level 100 signals are evaluated, allowing to es-
timate the variance of each method. The exponential win-
dow has the lowest variance both for the damping coefficient
and the Brillouin frequency for low SNRs (Fig. 1 stays stable
even for SNRs of -12 dB. At this SNR ANMP is not able to
determine the linewidth, but achieves comparable variances
compared to the exponential window at higher SNRs.
Simply shortening the time signal to increase the SNR is not
feasible, because under low SNR conditions the end of the
Brillouin signal is difficult to determine. This makes the ex-
ponential window work especially good in situations with
larger damping coefficients, where the signal decays quickly.
To experimentally verify that the exponential window can in-
crease the temporal resolution while accurately measuring
the viscoelastic properties at low SNRs, measurements on
ethanol were performed. A reference for the Brillouin fre-
quency and linewdith of ethanol was created by averaging
10k measurements, which where taken with a pulse energy
of 41 µJ. The averaged signal was evaluated with the FFT to
obtain both the Brillouin frequency and the linewidth. After-
wards measurements at a reduced pulse energy with 20 aver-
ages were taken and the results of the analysis with ANMP
and the exponential window are shown in Tab. 1. The ANMP
method is capable of measuring the Brillouin frequency with
an error margin of 10.53%, but it fails to accurately deter-
mine the signal’s linewidth. In contrast, the exponential win-
dow demonstrates the ability to measure both parameters, ex-
hibiting a significantly lower error of 0.79% for the Brillouin
frequency. This indicates that using the exponential window
requires a SNR as low as -12.1 dB, thereby substantially re-
ducing the required number of averages and optical power.

B. Spatial resolution. The most straightforward approach
to increase spatial resolution is to decrease the size of the
focus by changing the focal lengths of the lens system. With
the configuration depicted in Fig. 9 we studied an excitation
cross-section diameter of 40 µm and a matched diameter for
the probe beam. The fringe spacing in the excitation volume
is 3 µm. The measurements were all conducted on a cuvette
with 500 µm axial extent and lateral dimensions of 5 mm. We
use signal strength, simply defined as the fitted peak height
in the Fourier spectrum, as a measure.
As already derived in our previous paper (31), the signal
strength dependence non linearly on the pulse energy and lin-
early on the probe power. The probe induced light power is
limited due to phototoxicity, making the increase of the pulse
energy more advantageous compared to the probe power. The
reason for this lies in the fact, that for the same average power
the pulsed excitation can have higher peak powers then with
the continues probe beam. We at first choose a repetition rate
of k = 1 kHz and averaged over N = 1000 samples. The sig-
nal strength increases non-linear with the pulse energy for
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C Temporal resolution

Fig. 1. The measured linewidth (top row) and peak frequency (bottom row) at different SNRs using the adaptive noise suppression matrix pencil (left column) or the exponential
window (right column). The dashed line indicates the ground truth. The insets show the same plot with a zoomed in y-axis. For each SNR 100 signals with different noise
are simulated.

Table 1. Experimentally determined viscoelastic properties of ethanol. The values in parentheses are the relative error to the reference.

Integration time (ms) SNR (dB) Spectral Analysis Method Brillouin shift (MHz) Linewidth (MHz)
1000 6 Standard 443.75 17.80
0.4 -12.1 Exponential window 440.25 (0,79%) 17.22 (3,26%)
0.4 -12.1 ANMP 492.06 (10,53%) N/A

all pulse lengths (Fig. 2 top left), making it advantageous
to work with high energy pulses. However, starting from
a certain peak power threshold we detect that for consec-
utive measurements the peak frequency started to fluctuate,
which we attribute to phototoxicity. Thus decreasing the ex-
citation volume size at constant pulse energies results in too
high peak power densities. The peak power P̂ can be calcu-
lated by P̂ = Ep/tp, with Ep and tp being the pulse energy
and pulse length respectively. As plotted in the top right of
Fig. 2, a good parameter choice for a high SNR is a long
pulse length while keeping the pulse energy high to reduce
the peak power. It should be noted, that all quantitative limits
derived in this paper are dependent on the sample and on the
sensitivity of the experimental setup.
Most importantly the behavior will be different for different
pump wavelengths. In the subsequent analysis, we employ
pulse duration’s of tp = 10 ps, while changing both the rep-
etition rate and the pulse energy to alter the average power
E = Ep · k. Both the pulse energy and the repetition rate
increase the signal strength, illustrated in the bottom left in
Fig. 2, which suggests picking the highest value for each pos-
sible.
But also for the average power a threshold is observed, above
which the peak frequency started to fluctuate with an added
drift of the peak frequency, which can be attributed to induc-
tion of heat. The repetition rate and pulse energy would be
selected in such a way that the average power remains below
the specified threshold, thus the determination of this thresh-
old for a given sample is important. The trade-offs between
choosing a high pulse energy or high repetition rate will be
discussed in the next section.
Further decreasing the pump-beam diameter would increase
the spatial resolution, but would elevate the danger of photo-
toxic effects in the sample.

C. Temporal resolution. The achievable measurement rate
is limited by the usable repetition rate and the required num-
ber of averages to create an adequate signal quality. For all
aforementioned results, N = 1000 averages were used. Al-
though the SNR increases with

√
N during averaging, the

measurement time increases proportionally to N . Therefore,
it is crucial to optimize the SNR of a single measurement
to minimize the overall measurement time. Therefore, it is
optimal to select the highest pulse energy possible and pick
a repetition rate accordingly, which together stay below the
threshold.
We found that single-shot measurements are possible at pulse
energies of Ep = 35,µJ and a pulse repetition rate of 50 kHz

with and without the exponential window. A relative preci-
sion of 0.3% is achieved, which we define here as adequate
measurement quality, but the average power is very close to
the maximum applicable dose. In order to not to impair the
sample a 20 µJ pulse energy and 50 kHz repetition rate were
chosen as parameters. Only when the single-shot measure-
ment (Fig. 3a)) is evaluated with the exponential window
(Fig. 3b)), it is possible to acquire the peak frequency and
linewidth. There is still a peak present at the frequency of
hydrogel in the spectrum when no window is used, but the
SNR is too low for a reliable result.
We applied stage-scanning to record 2D images of a
hydrogel-cube, freshly located in water with a coarse spatial
resolution of 100 µm (Fig. 4). The hydrogel and the water
frequencies can be clearly distinguished, see Fig. 4 on the
right. With the measurement point rate of 50 kHz the the-
oretical frame rate for this 24 pixel image is 0.48 ms corre-
sponding to a pixel measurement rate of 20 µs/pixel, which
is around two orders of magnitudes faster then current then
SpBM techniques.

D. Spectral resolution. The last subsections showed that
ISBS has the potential to enable high-speed Brillouin mea-
surements. However, due to the desired small measurement
volume, the extent of the signal is also short in time, last-
ing approximately 40 ns in this example. According to the
Cramer-Rao lower bound (CRLB), this short signal dura-
tion fundamentally limits the obtainable spectral resolution.
Specifically, the CRLB indicates that the minimum variance
of any unbiased estimator of the frequency is inversely pro-
portional to the signal duration (35). The spectral resolution
should not be confused with the resolution of the Fourier
sampling, which can be enhanced by zero padding and im-
proves the peak determination accuracy.
Hence, a small measurement volume is usable mainly in ho-
mogeneous media, where one frequency is present. If two
materials are located in the measurement volume and the
spectral resolution is not high enough to distinguish the cor-
responding two peaks, the measurement will be distorted by a
shifted peak position, as the two peaks will merge to one peak
with broader bandwidth. A high enough spectral resolution
would enable resolving the two peaks. The only way to en-
hance the spectral resolution and to enable measurements of
more complex samples is to increase the duration of the time
signal, which can be achieved by sacrificing the resolution
in x-direction(Fig. 5). Phonons across the whole cross sec-
tion are excited and the ones created outside of the probe area
propagate into the probing area and thereby extent the time
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Fig. 2. The dependence of the normalized signal strength on (top left) different pulse energies and pulse lengths, (top right) different peak powers and pulse lengths, (bottom
left) different pulse energies and repetition rates and (bottom right) different average powers and repetition rates. For the top row the repetition rate was set to 1 kHz and in
the bottom row the pulse length was kept constant at 10 ps for all measurements.
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D Spectral resolution

signal. The extent of this effect strongly depends on the at-
tenuation of the phonons and coupling efficiencies between
the different media. The expansion in x-direction can be
achieved by using a cylindrical lens to focus the pump beam
on the grating. The expansion of the pump beam geometry
does not only lead to higher spectral resolution as recently
published in (36), but higher pulse energies can be used, as
the expanded pump geometry spreads the deposited energy
over a large area. The probe beam can keep its symmetric
profile, which in our case has a full width at half maximum
(FWHM) of approximately 40 µm (Fig. 5).

If the excitation cross section overlaps at an interface of two
different materials, it will create phonons in both materials
with the same wavelength, because the same interference
grating is imprinted in both materials. However, due to dif-
ferent sound velocities in the materials the phonons will have
different frequencies. When phonons transmit through an
interface they change their wavelength, but their frequency
will stay constant. This frequency will be detected when
the phonon passes through the probe area (Fig. 6a)). The
detection of the frequency depends on the transmission effi-
ciency of phonons through the interface and the attenuation
of the phonons, rendering it therefore sample dependent. If
the probe beam is in close proximity to the interface, the in-
tersection between the probe and the interference grating un-
der an angle also leads to the detection of both frequencies
(Fig. 6b). The probe beam gets reflected from the grating pe-
riods in both materials. The strength of this volumetric effect
depends on the intersection angle and the axial extent of the
interference fringes.

To verify the transmission of phonons, the measurement of
a hydrogel cube in water was repeated, only with the line-
shaped excitation profile. To study the behavior of the sig-
nals for different distances to the interface, we scan the sam-
ple laterally, thereby changing the relative position at which
the probe beam enters the sample. The resulting spectra of
the horizontal scan are shown in Fig. 7. Starting far from the
interface, the ISBS signal shows only the frequency of hy-
drogel f = 500 MHz. Moving closer to the interface, the ex-
cited phonons in water transmit through the water/hydrogel
interface and propagate through the probe area, leading to
the detection of the water frequency (493 MHz). The posi-
tion, where the two peaks are of equal height, corresponds to
the interface position. In our case this would be at the po-
sition x = 90 µm. In the vicinity of the interface, both the
volume effect and the crosstalk effect superimpose, whereas
in the outer regions only the crosstalk effect exists. The data
suggest that the crosstalk in that sample is limited to ∼90 µm
around the interface, because at x = 190 µm only the water
frequency is detected. This indicates a strong attenuation of
the acoustic waves or a weak coupling between the two mate-
rials. The two different materials can be clearly distinguished
after ∼180 µm, corresponding to the effective spatial resolu-
tion along the x-axis.

Discussion

The noise suppression capability of the exponential window
comes at the cost of a reduced frequency resolution of the
system. The reduction in frequency resolution depends on
the decay coefficient of the exponential and can be tuned, re-
sulting in a frequency resolution which is up to 3 times larger
compared to the analysis without a window. By tuning the
decay coefficient you trade off a higher frequency resolution
against the noise suppression capability and spectral leakage.
Small decay coefficients offer a higher frequency resolution,
but increased spectral leakage, while using larger decay coef-
ficients improves noise suppression but at a lower frequency
resolution. Thus, according to the SNR of the signal the de-
cay coefficient should be picked. For low SNR signals a high
decay coefficient is beneficial due to the noise suppression,
but for higher SNR signals a lower decay coefficient can be
viable.
Crucial parameters for measurements are the maximum al-
lowable light dose and the sensitivity of the detection. These
parameters limit the usable peak and average powers of the
pump laser and thus the SNR and the achievable measure-
ment rates. It is generally desirable to approach the imposed
limits of the sample in order to obtain the best possible SNR.
For long-time observations, the pulse energy should be re-
duced because at a repetition rate of 50 kHz and a pulse en-
ergy of 20 µJ the induced heating changes the speed of sound
inside the sample.
For a fixed frequency resolution the speed of sound resolu-
tion could be further improved by decreasing the interference
fringe distance d. This changes the expected frequency fe

following the equation for excitation fe = vu/d, with vu be-
ing the ultrasonic velocity. This is a linear equation which
grows steeper with decreasing interference fringe spacing,
see Fig. 8. Following the equation of the fringe spacing
d = λpump/(2sinθ), with θ being half the intersection an-
gle of the pump beams, d is at its smallest value when the
angle between the pump beams is increased to 180°, leading
to counter propagating pump beams. When two materials
exhibit similar vu’s, it is easier to distinguish both materi-
als with small fringe distances because a small change in vu

leads to a larger difference in frequency compared to bigger
fringe distances, which in theory is easier to detect.
The advantages of the steeper slope are two-fold regarding
the spatial and speed of sound resolution respectively. Under
the assumption that the phonon attenuation is approximately
constant for the frequency range used, the signal duration for
a given spatial resolution is constant. This means that the
spectral resolution is also constant, resulting in a higher speed
of sound resolution. There exists a relationship of the phonon
frequency to the attenuation of phonons in solids (37), but it
has to be investigated on how it affects the signal duration
in liquid or biological samples. If on the other hand the im-
proved speed of sound resolution is not required, the smaller
fringe spacing has the benefit of requiring shorter time sig-
nals to achieve the same resolution in the speed of sound. In
the case of a hydrogel cube embedded in water, which have a
difference in the speed of sound of ∼17 m/s(1,1 %), the fre-
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quency difference between the two materials in the crossed
beam setup would be 7 MHz and in the counter propagating
setup would result in 29 MHz (Fig. 8 on the right). Mea-

surement of such a difference would require a ∼140 ns long
signal in the crossed beams setup, compared to only 35 ns in
the counter propagating setup. This would allow for a higher
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D Spectral resolution

spatial resolution, because the time signal shortens with de-
creasing focus size. For a given speed of sound resolution, the
counter propagating setup thus enables a higher spatial reso-
lution. But the approach with the counter propagating pump
is harder to align than the setup depicted in Fig. 9, where the
probe and pump beam automatically fulfill the Bragg condi-
tion if focused correctly at the grating.
When modifying the pump beam profile for a better spectral
resolution and SNR, it is crucial to bear in mind the impact
on the spatial resolution. Altering the initial pump profile by
expanding it along the x-axis using a cylindrical lens leads
to enhancements in spectral resolution and spatial resolution
along the y-axis. However, it also results in a notable de-
crease in spatial resolution along the x-axis. This decline
is mostly influenced by the crosstalk of the different media
and strongly sample dependent. The transmission efficiency
of the interface and the attenuation of the material affect the
amount of crosstalk. In our case this leads to a spatial resolu-
tion of ∼180 µm in x-direction.
The final challenge to enable fast imaging is to find an alter-
native to stage scanning, which limits the frame rate at the
moment. The hurdle is, that during scanning of the probe
beam the Bragg condition needs to be fulfilled. Thus, the
beams incident to the grating should just shift laterally or-
thogonal to the grating, which can be realized with a 2D galvo
scanning system.

Conclusion
In this paper we investigated the influences of the excitation
parameters of ISBS on the SNR and how this effects the tem-
poral and spatial resolution. High temporal resolution is im-
portant to achieve high-throughput measurements. The pulse
energy and average power are the most significant excitation
parameters for increasing the signal strength. Using longer
pulses length lowers the peak power of the pulse, which in-
creases the maximum allowed pulse energy. Through the in-
troduction of an expanded pump profile in the x-direction the
spectral resolution got improved by a factor of ∼4 with probe
beam size of ∼40×40 µm2. The probe beam size is currently
limited by the focal length of the used optics, but can be fur-
ther improved to ∼14×14 µm2 with lenses with shorter focal
lengths (28). By also spreading the pulse energy over a larger
area, higher pulse energies are possible, which positively in-
fluence the SNR. The here presented temporal resolution of
20µs/pixel of ISBS is already two orders of magnitude faster
compared to SpBS. In combination with a detector array, line
measurements of 100 pixel would result in an effective mea-
surement rate of 200 ns/pixel, which would enable real-time
imaging. Therefore, the here presented work brings ISBS one
step closer to real world applications.

Materials and methods
ISBS microscopy relies on creating a transient density grat-
ing using an ultra-short pulsed laser and probing it through
Bragg diffraction with a continuous wave (cw) laser. The
pulsed laser beam is divided into two coherent beams via a

diffraction grating. The interference of these coherent laser
beams forms an interference fringe system (38), with fringe
spacing d determined by the excitation beam’s wavelength
λpump and the half-crossing angle ϕpump:

d =
λpump

2sinϕpump
(4)

The impulsive excitation of a standing acoustic wave is in-
duced by either electrostrictive or thermal coupling of the
laser pulse to the material within the measurement volume.
This density variation also alters the refractive index. Con-
sequently, a portion of the probe beam is diffracted at a tem-
porally varying refractive index grating under the Bragg con-
dition, resulting in intensity modulation. For electrostrictive
excitation, the expected modulation frequency is f2 = 2cS/d,
where cS is the sound velocity in the sample. If the signal is
thermally excited, the expected frequency is f1 = cS/d (39).
Electrostriction exerts a force on matter along the gradient of
the absolute electric field strength (40), causing displacement
of matter towards regions of high light intensity. Thermal
excitation heats the matter in regions of higher light inten-
sity, leading to impulsive expansion. The resulting tempo-
ral changes in matter are governed by thermodynamic mate-
rial equations. Heterodyne detection can also be employed in
ISBS microscopy (41). In this scenario, the probe beam re-
flected by the standing wave and another coherent part of the
probe beam are superimposed on the photodetector. This ad-
ditional part can be intentionally generated or arise inadver-
tently in the setup. For purely electrostrictive excitation with
heterodyne detection, the expected frequency is f1. Both fre-
quencies can be utilized to measure sound velocity and, con-
sequently, deduce mechanical properties.
The experimental setup is depicted in Fig. 9. It is essentially
the same architecture that was used in our previous work (31),
with the only difference being that we now use pump laser
with λpump = 1035 nm, while the probe beam is still at
λprobe = 895 nm (DL100 Toptica Photonics). The pump laser
is a Coherent Monaco, which offers a tunable pulse-length,
repetition-rate and pulse energy. The probe beam diffraction
orders propagate between the diffraction orders of the grat-
ing for the pump laser. Both pump and probe beams are fo-
cused on the diffraction grating (GT) and the ±1 diffraction
orders are focused with the 4f-system to create the measure-
ment volume. The choice of lenses is essential for the ISBS
process. The −1 diffraction order of the probe beam is used
to adjust the optical setup, but is later blocked to only detect
the Brillouin scattered light. After the measurement volume,
a long-pass filter removes the remaining pump light in the
optical pathway and the Brillouin scattered probe beam is fo-
cused on an avalanche photodiode (APD). The oscilloscope
(Tektronix MSO64B) reads out the time signal from the APD
and sends it to a PC for analysis.
At this stage the signal contains a damped oscillation with
an added decaying DC term. The exponential decaying DC
term should be removed by fitting an exponential decaying
DC term to the data, because it leads to a broad peak around
the DC in the frequency spectrum, which makes the detection
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Fig. 9. ISBS microscope setup: PUL excitation laser (1035 nm, Coherent Monaco); PRL probe laser (895 nm, DL100 Toptica Photonics); DM dichroic mirror (DMLP650
Thorlabs); COL collimator; L1 to L6 achromatic lenses (AC245-Series Thorlabs); GT grating (custom, grating constant 8 µm); SC sample container (Fused Quartz Cuvettes
Thorlabs); ID iris diaphragm; LP long-pass (FEL0850 Thorlabs); DET detector (APD, Femto Berlin); OC oscilloscope.

of Brillouin peaks difficult.
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