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Abstract

Q-switched lasers are compact, cost-effective, and highly pulse energy-scalable sources for
nanosecond-scale laser pulses. The technology has been developed for many decades and is widely
used in scientific, industrial and medical applications. However, their inherently narrow band-
width imposes a lower limit on pulse duration—typically in the few-hundred-picosecond range—
limiting the applicability of Q-switched technology in fields that require ultrafast laser pulses in
the few-picosecond or femtosecond regime. In contrast, mode-locked lasers can produce broad-
band, ultrafast (<1 ps) pulses, but are complex, expensive, and typically require a large foot-

print. To bridge the parameter gap between these two laser platforms—in terms of pulse dura-
tion and achievable peak power—we here propose a Herriott-type multi-pass cell (MPC) based
post-compression scheme for shortening the pulse durations of Q-switched lasers down to the
ultrafast, picosecond regime. We experimentally demonstrate post-compression of 0.5 ns, 1 mJ
pulses from a Q-switched laser to 24 ps using a compact glass-rod MPC for spectral broadening.
We verify this result numerically and show that compression down to a few picoseconds is possible
using the nanosecond MPC (nMPC). Through spectral filtering approaches, the nMPC suppresses
detrimental nonlinear processes such as stimulated Raman scattering, which have set severe limit-
ations for fiber-based post-compression of Q-switched lasers until today. Our results pave the way
to cost-efficient and compact ultrafast laser platforms based on Q-switched laser technology.

1. Introduction

The continuous development of lasers has had a profound impact on our society. In particular, laser
pulses with durations in the nano- (1ns = 10~%s) to femtosecond (1fs = 10~ '%s) range are routinely
employed for microsurgery [1, 2] optical gas sensing [3], high-precision surface and volume mater-

ial processing [4], or imaging of biological samples [5, 6]. Moreover, short-pulsed lasers are playing an
indispensable role in fundamental research with applications ranging from the ultrafast spectroscopy of
photo-induced electron dynamics in matter [7] via the manipulation of transient states in materials [8]

© 2025 The Author(s). Published by IOP Publishing Ltd
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to recent breakthroughs in nuclear spectroscopy [9, 10]. Depending on the laser parameters, in particu-
lar the required peak power and pulse duration, different pulsed laser technologies are used, employing
predominantly Q-switching or mode-locking schemes.

On the one hand, nanosecond pulses are typically generated using Q-switching methods [11-15].
Q-switched lasers can support high pulse energy (millijoule to joule), they are cost-efficient and can be
built as robust and compact modules. Their peak power, however, is limited, hindering their effective-
ness, for example, in material machining, dermatological treatment, or as driving light sources for non-
linear optical processes. On the other hand, shorter durations (pico- to femtoseconds) are the realm of
mode-locked lasers [14, 16—18]. Such light sources provide pulses that enable the analysis of ultrafast
phenomena at femtosecond time scales and furthermore support ultrahigh peak powers, which make
them ideal for machining applications, at the expense, however, of high complexity, large footprints
and much higher costs. In this context, the idea of compressing the duration of nano- to picosecond
or sub-picosecond laser pulses is particularly appealing, as it offers a route to bridge the gap—at least
in terms of pulse duration and achievable peak power—between Q-switching and mode-locking laser
technologies.

In the last four decades, post-compression methods, i.e. technologies employing nonlinear optical
processes to spectrally broaden and temporally compress the laser pulse, have tackled this challenge.
Self-phase modulation (SPM) in hollow-core capillaries/fibers [19-21], photonic crystal fibers [22—

24], or multi-pass cells (MPCs) [25-28] is used to compress mode-locked lasers even down to the
few-femtosecond range. However, the compression of Q-switched lasers has proven more challenging.
Compression methods exploiting stimulated Brillouin scattering (SBS) in bulk or liquid media or by
propagation in long (>100m) optical fibers, enabled to compress nanosecond lasers into the picosecond
regime [29-33]. However, these efforts were limited in performance by phonon lifetime constraints or
competing nonlinear effects—for instance, stimulated Raman scattering (SRS) - as well as in energy
scalability, especially for the fiber based approaches. As a result, post-compressing Q-switched lasers to
the parameter space of mode-locked lasers at millijoule-class pulse energies has not been achieved until
now. Figure 1(a) illustrates this discussion, showing a representative set of post-compressed Q-switched
and mode-locked lasers. The figure visualizes the input laser parameters (larger shapes) and the post-
compressed output (smaller shapes), connected with dashed lines. The distribution of the displayed data
points underlines a major parameter gap between the two laser technologies.

Here, we introduce a novel technology based on a bulk-rod Herriot-type MPC, that opens a route to
compress lasers with few MW or sub-MW peak power into the pico- to femtosecond regime, approach-
ing GW power levels. We experimentally demonstrate the technique by compressing a 0.5 ns pulse to
24 ps using a 10 cm-long fused silica (FS) rod as MPC nonlinear medium. Our simulations demon-
strate that the method can scale to compression factors exceeding 100. Spectral filtering thereby prevents
the rise of detrimental nonlinear processes including SRS and quasi-phase-matched four-wave-mixing
(QPM-FWM). Our approach opens a perspective towards low-cost, compact, high-peak-power laser sys-
tems for novel implementations in science and industry. This includes, for example, the generation of
high-flux extreme-ultraviolet (EUV) light, high-precision laser-driven material machining, or damage-
free tissue treatment in dermatology.

2. Concept

Compressing the temporal duration of laser pulses relies on the concept of spectral broadening.
Nonlinear optical processes such as SPM are employed for this purpose, being implemented in a vari-
ety of post-compression schemes [27]. Typically, a suitable regime of SPM implies the propagation of
laser pulses at high peak power (usually ranging from 10s of MW to the GW level) in nonlinear media
such as gases or thin solid-state plates. To the best of our knowledge, pulses with a peak power down

to about 8.7 MW have been post-compressed through SPM with an MPC [27]. In this framework, the
post-compression of Q-switched pulses with nanosecond duration presents a main challenge: a typ-

ical Q-switched laser with a pulse energy of 1 mJ and a duration of 1ns provides a peak power of only
1 MW, which prevents the post compression in conventional gas-filled or solid-state MPC designs. Long
propagation in solid-core fibers with high optical nonlinearity may appear as a good mitigation strategy
and has been employed to successfully post-compress nanosecond pulses in the nanojoule-energy regime
[32, 42]. A different method involves using compression along with amplification in a fiber-based sys-
tem. In this approach the compression, of short Q-switched laser pulses (100 ps) with an amplified
energy of 0.1 mJ, to 2.7 ps has been demonstrated in a two stage setup [43, 44]. However, Raman and/or
Brillouin scattering typically deteriorate the spectral broadening process, limiting energy-scalability espe-
cially for nanosecond pulses.
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Figure 1. Post compression methods covering the parameter space from nanoseconds to femtoseconds. (a) Parameter overview
of representative laser pulse post-compression works. Q-switched laser systems (green) have been post-compressed via SBS (dia-
monds), while gas-filled (triangles) or bulk (squares) MPCs are widely used for compressing mode-locked laser systems (blue)
[26, 29, 30, 34—41]. Our work (purple) bridges the gap between these two laser regimes via post-compression of Q-switched lasers
in a Herriott-type, bulk-rod MPC. The experimental output data point takes into account the output pulse duration measured

at reduced energy, scaled to the full energy transmitted through the MPC. (b) Illustration of the proposed nanosecond MPC
concept.

In order to overcome the above-mentioned limitations, we introduce a new type of MPC made com-
pletely out of glass such as FS. The monolithic MPC is equipped with high-reflectivity coated, curved
surfaces acting as cavity mirrors (figure 1(b)). This type of MPC, dubbed nanosecond MPC (nMPC),
presents unique advantages for long (nanosecond to hundreds of picoseconds) driving pulses. First, it
provides both large nonlinear coefficients as well as long nonlinear interaction lengths while keeping the
overall footprint of the setup compact. Second, while input pulses with pico- or femtosecond duration
would suffer from the high dispersion in the bulk material, nanosecond pulses are insensitive to disper-
sion due to their narrow bandwidth. Third, the laser-induced damage threshold (LIDT) of the optical
coating of the curved surfaces is much higher for nanosecond lasers than for shorter pulses, with val-
ues in the range of 10s of Jem ™2 [45, 46]. Consequently, MPC configurations with small beam sizes on
the mirrors can be realized, thus allowing for many round trips and large spectral broadening factors.
Fourth, the optical coatings can act as a spectral filter at each round trip, suppressing competing nonlin-
ear optical processes such as Raman scattering and four-wave mixing that otherwise would strongly limit
the pulse compressibility (further details in the discussion).

Based on this concept, simulations with an input pulse energy of 1 mJ, an input pulse duration of
0.5ns of a Gaussian laser pulse and 150 round-trips (N = 150,k = 91), are carried out to demonstrate
the potential of the nMPC. The simulation is performed using a symmetric split-step Fourier algorithm
to solve the Unidirectional Pulse Propagation equation in (241) dimensions, assuming radial symmetry
[47]. We consider a FS glass block with curved surfaces of R=10cm, length L =25.43 cm and an MPC
configuration parameter k=91 [27]. The in/out coupling can be achieved through a small uncoated spot
in one cell surface. By using a diameter of 3 inch (7.62 cm) for the curved surfaces, the necessary 150
reflections can be fit onto the curved surfaces. As an alternative route, a more dense round-trip pattern
can be employed, overcoming geometric limitations of a simple circular pattern [48]. Figure 2 shows the
results of the simulation. The spectral bandwidth of the input AXjogg = 6 pm increases by a factor of
220 to A)jggp = 1.32 nm, supporting a pulse duration of 2.2 ps (figure 2(a)). Following second-order
phase compensation (103 ps™!), a compressed pulse with a duration of 3.1 ps is obtained, showing very
good compressibility. This results in a temporal compression by a factor of 161 and a final peak power
of 82 MW (figure 2(b)). We note that large compression factors typically lead to the emergence of pedes-
tals and limit the energy content in the main pulse, as shown in figure 2(b). However, strategies exist to
mitigate this effect and optimize the pulse contrast, see the discussion section for more details.

Due to the inherent property of input-to-output beam imaging in MPCs [27], fluctuations in the
input beam pointing are not amplified inside the nMPC, even for a large number of round trips (here
N =150) and the resulting long propagation distances. MPCs have been demonstrated to exhibit high
stability even with a large number of reflections and long propagation distances [49]. Additionally, the
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Figure 2. Simulated post-compression using the nMPC concept. (a) Input and output spectra demonstrating a high compression
rate in the proposed full-bulk nMPC. (b) Corresponding compressed pulse, where the phase is compensated using GDD only.

all-bulk geometry mitigates the effects of ambient airflow as well as mechanical instability of the optical
mounts, further increasing the stability of the system.

In the all-bulk scheme, the main sources of loss are the coated end facets of the bulk material and
the absorption in the medium. With modern manufacturing methods, these losses can be kept very low,
allowing the realization of such an MPC with an efficiency >90 %. Considering commercially available
transmission gratings with efficiencies of >98% the total transmission of the setup can be in the order
of 90 %. Alternatively, slightly less efficient but very compact compression can be achieved using a dis-
persive volume Bragg grating. The efficiency in the required parameter regime is >90% [50]. This allows
for a total post-compression efficiency of >80% while maintaining a very small footprint.

The nMPC can potentially be further scaled to higher pulse energies and longer pulses, within lim-
itations imposed mainly by SBS and the critical power of the material. While SBS imposes limits on the
pulse duration and intensity, critical self-focusing can lead to beam collapse when the critical power of
the material is exceeded. In the current nMPC configuration, the input pulse energy can be scaled up
to 10 mJ when using a 4 ns long pulse, where the peak power is roughly half the critical power of FS
(Perit,rs =~ 5MW) and the SBS limit is still not exceeded (see figure S4).

3. Experimental demonstration

We experimentally demonstrate the nMPC concept using a simplified setup which is schematically depic-
ted in figure 3(a)). We employ a commercial Q-switched diode-pumped Nd:YAG laser (MPL2310, QS
Lasers), emitting at 1064 nm. The passive Q-switching is achieved by a Cr:YAG crystal, resulting in the
generation of pulses with a duration full-width at half maximum (FWHM) of 0.4 ns. With an ultracom-
pact footprint (10 x17 cm), the laser features a pulse energy of 2 m] at a repetition rate of 100 Hz. The
laser cavity is operated in single-mode emission upon thermal stabilization, yielding only (<0.1%) of
energy in adjacent longitudinal modes. The single-mode contrast is further enhanced by using an Etalon
filter with a free spectral range of 230 pm and a finesse of 41, resulting in an additional reduction of
24 dB for the adjacent modes, leading to a mode contrast of < 0.001%. The effect of multi-mode opera-
tion on the performance of the nMPC is discussed in detail in the supplemental (section S2).

For the sake of simplicity of this first test setup, we decomposed the monolithic bulk-rod nMPC into
a set of two cavity mirrors, a large glass block, and an in-coupling scraper mirror. We use a 10 cm long
block of anti-reflection coated, UV-FS as nonlinear medium, placed in the center between two concave
mirrors with a radius of curvature of 0.1 m (figure 3(b)). The input beam is mode-matched to the MPC
by a 3-lens telescope and is coupled into the cell by the scraper mirror with a width of 4 mm. The laser
pulse undergoes 62 passes in the nMPC. Specifically, the MPC is configured with N = 31 and k = 24,
where N defines the number of round trips and k specifies the chosen configuration which fulfills the
re-entrance condition [27]. In this configuration, the linearly mode-matched MPC mode corresponds
to a fluence of 0.3]cm™2 on the cell mirrors and a peak intensity of 1-10'W cm~—2 at the focus. LIDT
measurements have been conducted on the glass block, showing laser-induced damage inside the bulk
for a driving peak intensity of 2-101°W cm™2. The in-coupled pulses have an energy of 0.94m]J and a
duration of 0.47 ns (FWHM), measured with an in-house developed second-order autocorrelator. The
MPC transmission efficiency is measured to be 83%. This value is in good agreement with the calculated
efficiency of 86%, considering the reflectivity of the cell mirrors and the FS bulk surfaces as specified
by the manufacturer. The beam spatial quality is measured before and after the nMPC, showing a slight
degradation of the mean M-square from 1.31 to 1.45 (see figure S1).

4
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Figure 3. Experimental setup and results. (a) Schematic experimental setup including in particular an MPC using a 10 cm FS

rod as a nonlinear medium. (b) Spectral broadening characteristics obtained via numerical (241)D simulation mimicking the
experimental conditions. (c) Autocorrelation (AC) of the MPC input and compressor output pulse, along with the AC of the
GDD-compensated simulated output. The pulse durations 7 are obtained by fitting a Gaussian (input) and a Lorentzian (output)
to the experimental data, taking the corresponding deconvolution factors into account.

Figure 3(b) shows the simulated SPM-driven spectral broadening occurring in the nMPC for the cur-
rent experimental parameters. Starting from an input bandwidth of around 6 pm, an output bandwidth
of 155 pm is obtained through SPM, corresponding to a transform-limited duration of 20 ps (FWHM).
The spectral phase of the simulation output is compensated via GDD compensation (—1370 ps~2), res-
ulting in a pulse duration close to the Fourier-limited value and an energy content of 60% in the main
pulse. Experimentally, spectral broadening is monitored using an Echelle spectrometer with a resolu-
tion of 35pm at 1064 nm. Although this instrument is sufficient to show a signature of SPM, it is not
able to resolve the broadened spectrum. For this reason, only the simulated spectra are reported in
figure 3(b), while the experimental characterization of the input and output pulses was performed in
the time domain. Following spectral broadening in the nMPC, the output beam is collimated and sent
to a transmission-grating compressor, where the pulse is compressed in the time domain [27]. The com-
pressor consists of two gratings with a line density of 1740 1mm ™!, resulting in a total chirp of approx.
—1100 ps—2 and a limited efficiency of 7 = 12%). We note that this compressor was used simply for
availability reasons to demonstrate compressibility, disregarding efficiency. The used gratings can easily
be replaced by tailored transmission gratings or by a chirped volume Bragg grating (CVBG). A CVBG
can provide the required chirp while offering high efficiency ~90%, supporting high pulse energies and
average powers exceeding 1 mJ and 250 W in a single compact optical element measuring a few centi-
meters in length [50].

The duration of the compressed pulses is measured to be 24 ps (FWHM), which is close to the sim-
ulated transform limit of 20 ps (figure 3(c)). The compression ratio, based on the measured input dur-
ation of 0.47 ns (FWHM), is approximately 20. This result demonstrates the effective compressibility of
single-mode g-switched lasers in SPM-driven MPCs.

4, Discussion

Our proof-of-principle experiment demonstrates the nMPC concept and shows the first MPC-based
compression of nanosecond-class laser pulses. The compressed pulses which can be obtained in

our experiment using an improved compressor setup match the driving peak power range of post-
compression setups already demonstrated in literature [26]. In addition, compression factor up-scaling to
reach shorter output pulses in a single stage using our scheme appears feasible (see figure 2). Combining
an nMPC with a conventional compression method thus holds promise to fully bridge the gap between
nanosecond and femtosecond pulse durations, opening up a new class of femtosecond lasers.

5
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Figure 4. Simulated nMPC post-compression using a parabolic temporal pulse shape. (a) Spectral broadening of a temporally
parabolic shaped pulse in comparison to a Gaussian pulse (identical to the data displayed in figure 2). (b) Corresponding GDD-
compensated pulses, along with the energy fraction contained in the main pulse.

Taking into account future parameter scaling approaches, it is important to discuss the accessible
parameter space supported by an nMPC. In this context, it is critical to consider that multiple detri-
mental processes can be triggered upon extreme spectral broadening in bulk media, and their contribu-
tion depends on the bandwidth of the input pulse. In this framework, we identify five major phenom-
ena: temporal quality of post-compressed pulses, longitudinal mode beating of Q-switched lasers [51],
SBS [52-54], SRS [54], and degenerate QPM-FWM [55]. We discuss the impact of these processes for
post-compression in an nMPC along with suitable mitigation strategies.

The degradation of the temporal quality for high post compression factors in a single stage is a
well-known challenge [56]. This effect is also seen in our simulations: it leads to a low energy content
in the main pulse of only 28% for a compression factor of 161 by considering a Gaussian input pulse
shape (figure 2). This effect results from the strongly modulated spectral shape and phase of an SPM
broadened Gaussian pulse [57]. However, the temporal characteristics for large compression factors can
be improved by separation into multiple stages, enhanced frequency chirping or nonlinear polarization
ellipse rotation [57-59].

Another option is shaping the temporal intensity profile of the input pulse into a parabolic shape,
which can lead to a high-contrast SPM-post-compressed pulse [60]. In the femtosecond regime, this
is commonly realized by means of a spatial mask in the Fourier plane [61, 62]. In contrast, operating
in the nanosecond regime makes it possible to employ direct temporal pulse-form shaping technology,
which is readily available at sub-ns levels with ps resolution [63, 64].

Figure 4 shows this approach in a (2+1)D simulation with an input pulse energy of E, = 0.5m]J, 225
round trips through the MPC and a B-integral per pass of B, = 0.27. The number of round trips N
has been chosen to match the Fourier transform limit of the broadened spectrum displayed in figure 2
for direct comparison. All parameters not specified above are kept as in figure 2. The parabolic input
pulse generates a much smoother output spectrum, increasing the energy content of the main pulse by
a factor of 2. Our simulations indicate that a further improved energy content in the main pulse can be
achieved for decreasing Bp,s, compensated by an increased N.

The next challenge for Q-switched laser pulse compression is longitudinal mode beating, which can
occur due to additional longitudinal modes emitted from the laser itself, a typical phenomenon for Q-
switched lasers [65]. The resulting modulation of the temporal profile of the pulse occurring due to tem-
poral mode interference can distort the phase of the SPM-broadened spectrum, degrading the compress-
ibility of the pulse, as observed in our experiments (see section S2). Our numerical simulations reveal
that an additional mode with an energy fraction of only 10~ of the main pulse can already have severe
effects on the output spectrum. Thus, mode cleaning before coupling into the nMPC becomes necessary.

Another challenge is SBS, which arises from the nonlinear interaction of an incoming light wave
(pump) with the acoustic modes of the medium via electrostriction, generating a periodic modulation
of the material density. For pulse energies exceeding a material-dependent threshold intensity, the laser
pulse releases energy into a backward-propagating Stokes wave, which is frequency-shifted by a few GHz
relative to the incoming wave [52-54]. SBS thus represents a potential loss channel for an nMPC. The
SBS frequency shift is a material-dependent property. For FS this shift is equivalent to 16.3 GHz [66].
Following the formalism of transient Brillouin scattering (7 <100 ns) in fibers [67], it can be shown
that the effective intensity for the nMPC example reported above is two orders of magnitude lower than
the threshold intensity required for SBS, i,e. I, /It = 0.013 (see figure S4). For the same intens-
ity, the SBS threshold is instead surpassed when the input pulse duration is increased to 7~5ns. In

6



10P Publishing

J. Phys. Photonics 8 (2026) 015013 P Biesterfeld et al

(a) nMPC without spectral filter (b)  Output pulse without filter

0.01 - LA
—-800 —600 —400 —200 0 200 400 600 800
Time (ps}

(A output pulse with filter

1.0

= Pulse
= Stokes
m— COMPT.

=08
£

E
g 0.6
T 0.4
=

£ o2

0.0 1
—800 —600 —400 —200 0 200 400 600 800
Time (ps)

Figure 5. Impact and suppression of SRS in nMPC post-compression. (a) and (c) Illustration of the nMPC with (c¢) and without
(a) spectral SRS filter. The transmitted Stokes components are pictorially indicated with arrows. (b) and (d) Corresponding sim-
ulated temporal pulse shapes following spectral broadening in the nMPC. Without filter, the pulse transfers energy to the Stokes
field, leading to a distorted temporal pulse shape (b). This effect can be suppressed (d) using a suitable MPC mirror design, acting
as spectral filter suppressing the Stokes pulse.

this case, SBS can be suppressed by reducing the peak power at the expense of the single-pass spectral
broadening.

In addition to SBS, SRS can severely limit spectral broadening. SRS is an inelastic, stimulated scat-
tering process in which photons are downshifted in energy by an amount determined by the vibrational
modes of the medium [54]. In FS, the Stokes wave is frequency-down-shifted by about 13.6 THz [68].
Similar to SBS, the magnitude of SRS becomes important after exceeding a certain intensity threshold.
Due to the large frequency shift, dispersion between the original pump pulse and the Stokes pulse can
influence the dynamics of SRS [54]. SRS has been the major limiting factor of spectral broadening in
fibers [69]. Although large broadening factors up to 80 have been demonstrated in fibers [32, 42], SRS
limits the possible pulse energies to far below 1 pJ. While in our proof-of-principle experiment we did
not observe any significant SRS onset, in the case of the upscaled simulation reported in figure 2, SRS
becomes prominent (see equation (S6) in section S5). However, within the nMPC scheme the SRS con-
tribution can be suppressed by using suitable MPC mirror coatings, acting as spectral filters for the
Stokes pulse at each reflection.

Using FS as nonlinear material, the Stokes pulse of a laser pulse centered at 1064 nm appears at
around 1112 nm and thus far outside the spectral range covered by the SPM-broadened spectrum, mak-
ing spectral filtering possible. Figure 5 shows two simulated spectral broadening scenarios in an nMPC
using 500 ps, 1 mJ pulses. Attenuating the Stokes field by only 30% per mirror reflection completely sup-
presses SRS and results in clean, compressible pulses (figures 5(c) and (d)).

Another limiting nonlinear effect is QPM-FWM, which can occur in MPCs with large broadening
factors [55]. Similar to SRS, this effect can severely limit spectral broadening due to the generation of
spectral side-bands, introducing strong modulations on the pulse in the temporal domain. We analyze
this effect numerically and estimate its impact for nMPC post-compression (section S5), identifying a
simple mitigation strategy. The location of the spectral side-bands depends on the dispersion properties
of the nMPC, including the nonlinear medium and the mirrors, as well as on the MPC configuration.
For the considered example case with the laser pulse centered at 1064 nm, the first QPM-FWM peaks
appear at 1047 nm and 1082 nm. Similar to SRS, suitable optical coatings can be used to filter out both
QPM-FWM induced spectral side-bands at each reflection and fully suppress their effect (see figure S7).

In the presented experiment, the moderate broadening factor of 20 resulted in the absence of the
majority of the aforementioned detrimental effects, including SRS and QPM-FWM. However, our sim-
ulations reveal the importance of SRS and QPM-FWM suppression via spectral filtering for large spec-
tral broadening factors (figures S5 and S7), indicating the importance of suitable mitigation strategies.
We note that the (2+1)D simulation results presented in figures 2 and 4 do not include the effect of
SRS and QFM-FWM for computational reasons. However, we also performed (14+1)D simulations with
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the same parameters, while also considering SRS and QFM-FWM (see figure S7). In particular, we show
that the use of suitable optical coatings effectively filters out and suppresses the contribution of SRS and
QFM-FWM even for large compression factors, while maintaining a very high reflectivity (>99.98%)
around the center wavelength of the laser.

5. Conclusion and outlook

We introduced a novel approach to compress Q-switched laser pulses using an nMPC, which uses a long
glass rod as the nonlinear medium, as well as spectral filtering concepts to suppress detrimental nonlin-
ear effects. Our approach enables efficient spectral broadening of low peak-power sources and extremely
high compression factors, while also overcoming key limitations observed in fiber-based spectral broad-
ening, such as SRS. Our proof-of-concept experiment demonstrates the compression of a 0.5 ns long
pulse to a duration of 24 ps, with numerically validated scalability down to 3 ps. When combined with a
second post-compression stage, the nMPC provides a bridge between nanosecond Q-switched lasers and
femtosecond pulses. Our results open perspectives towards low-cost, high-peak-power ultrafast sources.
Ultimately, the nMPC technology is promising to support a range of advanced applications, includ-

ing the generation of high-flux EUV light for material characterization and ultrafast laser spectroscopy
research, high-precision laser-driven material machining for industrial manufacturing, and damage-free
tissue treatment in dermatology.
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