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We show that the divergence of extreme ultraviolet pulses from high-harmonic generation, which is
directly linked to the shape and size of the refocused beam, can be controlled by the relative delay between
the fundamental and its intense orthogonally polarized second harmonic in two-color high-harmonic generation. We ﬁnd that the divergence is minimized close to the delays where the number of emitted photons
is maximized. These ﬁndings are rationalized as the suppression and enhancement of long and short
electron trajectories as a function of the phase of the two-color laser ﬁeld, respectively. The orthogonally polarized second harmonic introduces a lateral-momentum component that can select one trajectory,
whereas it deﬂects the other. At the same time, the second harmonic profoundly modiﬁes the tunnelionization process that initiates high-harmonic generation, which provides another trajectory gate. Our
scheme for controlling the divergence facilitates imaging and metrology of embedded structures through
the associated reduction of the focus size. In addition, the reduction of the focus size is beneﬁcial for
extreme ultraviolet nonlinear optics and spectroscopy.
DOI: 10.1103/PhysRevApplied.13.054029

I. INTRODUCTION
High-harmonic generation (HHG) [1,2] is the cornerstone of attosecond science [3–6] and equally important for
table-top coherent diﬀraction applications [7–10]. Many
spectroscopy, imaging, and possibly industrial-metrology
applications [11,12] strictly require small focus sizes. In
particular, semiconductor wafer metrology requires microfocusing with limited energy in the wings, which would
otherwise produce diﬀraction artifacts from metrology
targets that are oftentimes embedded into an integratedcircuit infrastructure [11]. Furthermore, larger divergent
beams reduce the numerical aperture of an optical system.
Microfocusing of broadband pulses from HHG can be
achieved by ellipsoidal [13] or multiple toroidal grazingincidence mirrors [14,15] and subsequent focus [16] and
wave-front sensing [17] for optimizing optics alignment.
However, the quantum nature of the HHG process poses
limitations to the focusing of the pulses from HHG:
when an electron is ionized in a strong laser ﬁeld, the
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electron accumulates an intensity-dependent phase during
propagation in the continuum, which is imprinted on the
emitted high harmonics following electron-ion recombination [18–20]. The typical Gaussian intensity distribution
of the driving ﬁeld in focus [Fig. 1(a)] therefore gives
rise to a double-Gaussian divergence-resolved proﬁle of
HHG (Fig. 1(b), [21–24]), because each emitted harmonic
can be ascribed to a set of two discrete quantum paths,
the short and long electron trajectories. These trajectories
have a unique transit time of the continuum electron and
thus a well-deﬁned dipole phase that is imprinted on the
emission.
This origin of divergence in HHG has been understood
in a number of early seminal publications [20–23,25].
However, it only became clear very recently that the diﬀerent trajectories give rise to aberrations, which hinder refocusing of the pulses from HHG to high intensities [26,27].
This is caused by the diﬀerent virtual sources of the long
and short trajectories even if they correspond to the same
photon energy [illustrated in Fig. 1(a)]. Therefore, the refocusing of pulses from HHG does not give a clean Gaussian
proﬁle but, rather, a double-Gaussian focus, where the long
and short trajectories eﬀectively have diﬀerent focal planes
[Fig. 1(c)]. This makes a strong demagniﬁcation of the
focused beam challenging. The situation becomes worse
when considering the broadband spectra associated with
HHG. Every harmonic order and every trajectory have different virtual sources, which give rise to strong chromatic
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FIG. 1. Virtual sources and foci in HHG. (a) A schematic representation of an HHG source and refocusing of the harmonics (a
lens is shown for simplicity). For a given harmonic order q, the diﬀerent contributions of the dipole phases for the short and the long
trajectories give rise to diﬀerent positions of the corresponding virtual sources (dashed blue and black lines). When the harmonics are
refocused, the image of the long trajectories will be out of focus, leading to an overall smearing of the proﬁle in the observation plane.
(b) An experimental (green dashed line) spectrally integrated divergence-resolved intensity proﬁle in the far ﬁeld, ﬁtted with a doubleGaussian distribution (red solid line), representing the contributions of short (blue line) and long (black line) trajectories, respectively.
(c) The qualitative intensity distribution in the observation (focal) plane, obtained by Fraunhofer diﬀraction. An additional quadratic
radial phase distribution is added to the proﬁle for the long trajectories to account for the larger dipole phase of the long trajectories.
This additional phase gives rise to the diﬀerent divergences and virtual source positions of the long and short trajectories.

aberrations of HHG pulses [26,27]. The double-Gaussian
far-ﬁeld divergence, just like the diﬀerent virtual sources,
are both phenomena that arise due to the existence of both
long and short trajectories. Consequently, robust methods to control the divergence are needed, which should
simultaneously maintain or improve the overall ﬂux.
In this article, we demonstrate that orthogonally polarized two-color HHG can minimize the divergence and
improve the ﬂux at the same time by tuning the relative
phase of the two-color ﬁeld to selectively enhance the
short- over the long-trajectory emission.
Our work in this paper builds on a number of earlier papers on two-color HHG. The second harmonic in
two-color HHG introduces an additional momentum to
the strong-ﬁeld driven electron in the continuum. This
approach has enabled the reconstruction of electron transit
times [28,29] using a weak second harmonic for both short
and long trajectories [30]. Two-color HHG with a strong
second harmonic [31] has enabled the selection of long or
short electron trajectories by tuning the relative phase of
the two-color pulses. [32]. However, it remained unclear if
and how much this strategy would change the divergence,
possibly at the expense of the overall conversion eﬃciency
(CE). In a separate work, two-color HHG has been shown
to improve the ﬂux of plateau harmonics dramatically [33].
However, in Ref. [33], the cutoﬀ is not detected by the
spectrometer, which makes any quantitative assessment of

the total ﬂux diﬃcult. Parallel polarized multicolor ﬁelds
beyond the fundamental and the second harmonic have
been numerically demonstrated to simultaneously increase
the yield [34] and decrease the divergence of HHG [35,36].
Similar multicolor HHG schemes have been experimentally demonstrated to increase the HHG yield [37], as
originally proposed in Ref. [38].
II. EXPERIMENTAL CONCEPT AND SETUP
In our experiments, we use an 800-nm titanium:sapphire
(Ti:Sa) laser with a 40-fs pulse duration and a 1-kHz repetition rate. The orthogonally polarized two-color ﬁeld
is generated with a 0.2-mm-thick β-bariumborate (BBO)
crystal that produces up to 25% relative intensity of the
second harmonic. We choose the second harmonic (400
nm) for controlling the divergence, as it allows for easy
and robust implementation. After the BBO, two calcite
plates compensate for the group delay between the 800and 400-nm pulses and a pair of fused silica wedges is
used for ﬁne adjustment of the group and phase delay of
the two-color ﬁeld. Both calcite plates are tilted slightly
oﬀ normal with opposite angles to compensate for possible spatial walk-oﬀs between the fundamental and the
second harmonic due to refraction, which would lead to
slightly nonlinear geometries and therefore smear out the
beam proﬁles. One calcite plate is motorized to scan the
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relative two-color phase delay. We have to scan for less
than 0.3◦ to achieve a 2π rad two-color phase shift.
The two-color pulses are focused with f = 50 cm focal
length to intensities of (1.8 ± 0.3) × 1014 W/cm2 and
intersect a very thin eﬀusive gas jet of Ar. This conﬁguration minimizes phase mismatch and reabsorption,
leading to the observation of a near-single-atom response.
The nozzle is connected to an xyz-translation stage for
ﬁne positioning of the gas jet relative to the focus. Subsequently, the HHG beam is spectrally dispersed with
a concave abberation-corrected ﬂat-ﬁeld grating onto a
double-stack microchannel plate detector backed with a
phosphor screen. This geometry serves as a far-ﬁeld spectrometer, where the spectrum is dispersed in the horizontal
plane and the beam freely propagates in the vertical direction. High-harmonic generation with orthogonally polarized two-color ﬁelds leads to odd-harmonic emission that
is polarized along the polarization of the fundamental driving laser (800 nm) and even-harmonic emission polarized
along the polarization of the second harmonic (400 nm)
[39]. All results are systematically compared to HHG with
800 nm only, obtained by detuning the BBO to eliminate
all second-harmonic conversion. In addition, we verify that
the pulse energies of the 800-nm pulses compared to the
(800 + 400)-nm pulses are identical. For these settings,
the cutoﬀs for HHG with 800 nm only and 800 + 400 nm
are the same or 800 nm only produces one harmonic order
more. We ﬁnd that the exact intensity does not inﬂuence
the divergence very much, but that it does inﬂuence the
overall ﬂux of the HHG. Therefore, our estimates for the
ﬂux improvement with two-color pulses are deliberately
very conservative and larger factors might be achievable.
The concept of the experiment is illustrated in Fig. 2,
which shows the classically calculated long and short
electron trajectories of harmonic order 13 (61 nm) in an
orthogonally polarized two-color laser ﬁeld for two diﬀerent two-color phases in (a) and (b). The ﬁgures also show
the relative instantaneous strong-ﬁeld ionization rate in the
two-color ﬁeld [40,41]. Many groups have previously studied the eﬀect of an low-intensity cross-polarized second
harmonic on HHG: only when the ﬁeld is chosen such that
the electron is returning to its origin at the time of return,
recombination is eﬃcient. That occurs when the initial lateral velocity is compensated by the lateral displacement
introduced by the second harmonic [29]. However, in the
present work, the ﬁeld of the second harmonic is strong, so
in addition the second harmonic has a profound inﬂuence
on the strong-ﬁeld-ionization step. For 0-rad phase [Fig.
2(a)], the long trajectory recombines to the origin and the
short trajectory misses the origin. In addition, the ionization rate at the time of birth of the short trajectory is about
1000 times lower than at the maximum of the pulse. For
a phase of 0.5π rad, the short trajectory recombines and
the long trajectory misses its ion. Moreover, the ionization
rate at the time of birth of the short trajectory is only 400
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FIG. 2. The concept of trajectory control in two-color HHG.
The short (blue) and long (black) trajectories for harmonic 13 (61
nm) as well as the two-color normalized ionization rate (green)
are shown for a relative two-color phase of (a) 0 and (b) 0.5π
rad. For a phase of 0 rad in (a), the short trajectory misses the
origin and the long trajectory recombines. The situation is the
opposite in (b). In addition, the relative diﬀerence in ionization
rates (calculated following Ref. [40]) between the long and short
trajectories is much less severe in (b) than in (a).

times lower than at the maximum of the pulse. So both
ionization and recombination favor the short trajectory for
this two-color phase.
While the steering of the continuum trajectories will
inﬂuence the divergence through trajectory selection, the
modulation in the ionization step will have a profound
inﬂuence on the overall HHG ﬂux. Orthogonally polarized two-color drivers have previously been reported to
cause a higher CE than in conventional one-color HHG
[33]. We will show here that these settings of maximum
CE correspond to a two-color phase that produces HHG
with close to minimum divergence, due to the selection of
short trajectories over long trajectories.
III. RESULTS AND DISCUSSION
Two-color HHG spectra for two diﬀerent phases (0 rad
and 0.5π rad) of the two-color ﬁeld are shown in Fig. 3 as
a function of both the wavelength and the divergence. A
relative two-color phase delay of π rad corresponds to a
delay of about 670 as. In general, two-color HHG leads
to the emission of both odd- and even-harmonic orders
due to the broken-inversion symmetry of the ﬁeld. For the
HHG conditions in Fig. 3(a), we observe a strongly divergent spectrum, whereas the beam is more collimated for a
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FIG. 3. Far-ﬁeld HHG spectra for two relative two-color phases. (a) A HHG spectrum for a relative phase of 0 rad, in which long
trajectories are selected. (b) A HHG spectrum for a relative phase of 0.5π rad, in which short trajectories are selected. The spectrum
in (b) shows less signal at higher divergences, higher counts in the central area, and higher overall counts as compared to the spectrum
in (a).

two-color phase of 0.5π rad, as shown in Fig. 3(b). In addition, the overall number of emitted photons is considerably
higher for two-color phases where a more collimated beam
is generated [Fig. 3(b)]. As described and simulated in
Fig. 2, a two-color phase of 0 rad corresponds to selecting
predominantly long trajectories, which explains the more
divergent proﬁle in Fig. 3(a), whereas a phase of 0.5π rad
selects short trajectories, leading to a less divergent beam
proﬁle.
We now turn to the results of a complete scan of the relative phase delay of the two-color ﬁeld. These results are
summarized in Fig. 4. Figure 4(a) is a compact way of plotting an entire scan of a divergence- and energy-resolved
HHG spectrum as a function of the two-color phase: the
sinusoidal modulations of the HHG signal as a function
of the two-color phase [oscillations of a few diﬀerent
energies and divergences are shown in Figs. 4(b)–4(d)]
are Fourier transformed pixel by pixel. The frequency
component with the highest amplitude from this Fourier
transform corresponds to an oscillation-cycle duration of
0.67 fs (equivalent to a relative two-color phase shift by
π rad). The amplitude of this frequency is displayed in
Fig. 4(a) as the brightness of the plot. The phase of this
frequency is encoded as color in Fig. 4(a). This phase of
the Fourier transform is determined by the phase of the
intensity oscillations in diﬀerent pixels [as shown in Figs.
4(b)–4(d)] and can thus be directly linked to relative twocolor delays in units of the phase of the two-color ﬁeld in
radians, or as a delay in femtoseconds, as shown in the
legend (round color map) in Fig. 4(a). Two pixels with
colors on opposite ends of this legend (e.g., red versus
light blue or turquoise) thus correspond to intensity modulations, where the intensity in one pixel is maximized,
whereas the other one is minimized for the same twocolor delay. Bright (as opposed to dark) regions indicate
an intense harmonic signal.
As explained in Sec. II, the signal of the short trajectories will be enhanced at a diﬀerent two-color delay than
the signal of the long trajectories. The centers of most

plateau harmonics (between 50 and 75 nm) show a red
or purple shading (a relative two-color phase of about 1.2
rad, short trajectories), whereas the regions at larger divergence angles have a light blue color (a phase of about 2.7
rad, long trajectories), which thus indicates that the signals
maximize with a time (phase) delay of about 0.32 fs (1.5
rad). This shows that the outer and inner parts of the farﬁeld beam in the plateau, which are dominated by long and
short trajectories, respectively, modulate completely out of
phase (remembering that a relative two-color delay change
of 0.67 fs, or π rad, leads to one full signal oscillation).
This color contrast of the outer and inner parts of the farﬁeld proﬁle (e.g., the blue and red colors in the plateau)
thus directly visualizes the parts of the far-ﬁeld beam that
are dominated by long and short trajectories, respectively,
and is generally a compact way to represent the amplitude and phase of the sinusoidal intensity modulations of
two-color delay scans in HHG.
Figures 4(b)–4(d) show the intensity oscillations as a
function of the two-color phase in the far ﬁeld corresponding to selected harmonic orders 12 (67 nm), 16 (50 nm),
and 22 (36 nm) for both short (squares) and long (circles)
trajectories. The phase between two peaks corresponds to
π rad (0.67 fs). In Fig. 4(b), the relative delay for maximizing the short or the long trajectory is diﬀerent by
approximately 0.5π rad (0.33 fs), meaning that the short
and long trajectories are almost completely out of phase.
Comparing harmonic orders 12 in Fig. 4(b) and 16 in Fig.
4(c), we note that this phase diﬀerence between the two
trajectories becomes smaller for higher harmonics. This
eﬀect is even more visible for a harmonic in the cutoﬀ
region, as in Fig. 4(d). The long and short trajectories that
correspond to higher photon energies are becoming more
similar to each other in terms of ionization and recombination times as well as excursion amplitudes and merge
in the cutoﬀ, which explains the similar oscillation phases
for higher harmonics. Figure 4 thus demonstrates that we
can discriminate between the long and short trajectories by
adjusting the two-color phase.
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FIG. 4. HHG as a function of the two-color delay. (a) A pixel-by-pixel Fourier transform of the HHG intensity as a function of the
two-color delay. The brightness encodes the amplitude of the dominant frequency component of the Fourier transform and the color
encodes its phase. The legend (the round color map in the bottom right) indicates how the color is related to the phase (or delay) of the
two-color ﬁeld. The intensity oscillations as a function of the two-color phase for selected regions of interest marked in (a) are shown
for (b) harmonic order 12 (67 nm), (c) harmonic order 16 (50 nm), and (d) harmonic order 22 (36 nm) as a function of the two-color
delay τ2ω [in fs, a two-color phase shift of π rad corresponds to a delay of 0.67 fs, as illustrated in the legend of panel (a)]. The open
squares correspond to short electron trajectories and the open circles correspond to long trajectories. The open symbols in (b)–(d) are
raw data and the lines are ﬁve-point moving averages.

We now turn to analyzing and quantifying the divergence change and the signal level of the harmonics for
diﬀerent relative two-color delays in Fig. 5. The divergence of the harmonics is determined by summing the
intensity along the wavelength over a region of interest.
Figure 5(a) shows beam proﬁles for a region of interest
spanning harmonic 13 through harmonic 23. The proﬁles
in the main panel are normalized to their maxima to highlight the eﬀect of the two-color ﬁelds on the divergence.
The intensity of the second harmonic is 25% of the fundamental. The spectrum is generated with the gas jet before
the focus. In this conﬁguration, the divergence of the shorttrajectory contributions is intrinsically small [26]. This
small divergence is achieved because the dipole phase and
phase-front curvature of the fundamental possess opposite signs and thus partially cancel each other out when
the gas jet is placed before the focus. This gas-jet position
is therefore the natural choice for divergence optimization
in two-color HHG, as the short trajectory component of
the beam already possesses the desired property. At the
same time, the more divergent long-trajectory contributions are eﬃciently phase matched with the gas before the
focus [25,42]. However, we show that this does not present
a problem, since the long-trajectory contribution can be
eﬀectively suppressed in two-color HHG [32]. The proﬁle of the beam generated with the 800-nm fundamental

only (red curve) in Fig. 5(a) is still clearly not monoGaussian, indicating the presence of both long and short
trajectories. The blue curve displays the HHG beam proﬁle for a relative two-color phase of 0.5π rad, at which the
short trajectories are enhanced. The black curve represents
the beam proﬁle for a relative phase of 0 rad, optimizing
the contribution of the long trajectories. The beam generated with an (800 + 400)-nm driver (blue curve) has
much less signal in the wings at larger divergence angles in
Fig. 5(a) compared to HHG with the fundamental 800-nm
ﬁeld only. Simultaneously, the total signal at this relative phase is enhanced by a factor of 2.2 compared to
the HHG with the fundamental ﬁeld, as can be seen in
the inset in Fig. 5(a), which shows the actual and not the
normalized intensity. Each beam proﬁle can be ﬁtted by
a double Gaussian, as previously illustrated in Fig. 1(b),
which allows estimation of the relative contributions from
the long and short trajectories. In the case of two-color
HHG optimized for short trajectories (blue), the amplitude
of the long-trajectory contribution is decreased by a factor
of 1.9 compared to the conventional one-color HHG (red).
This demonstrates that for a relative phase of 0.5π rad,
both the divergence and the total signal level are improved.
At this phase, the instantaneous ionization rate is modiﬁed
in favor of the short trajectories and the long trajectories
are prevented from recombining. At a relative delay of 0
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FIG. 5. Divergence control and signal enhancement in two-color HHG. All plots in the main panel show normalized beam proﬁles
for a two-color phase with minimized divergence (solid blue lines, corresponds to predominantly short-trajectory emission), maximized
divergence (dash-dotted black lines, corresponds to predominantly long-trajectory emission), and HHG with a one-color 800-nm pulse
(dashed red line). The insets show the same proﬁles with their actual intensities. Panel (a), for the spectrally integrated beam proﬁle
from harmonic 13 to 23, corresponds to the jet being placed before the focus and with 25% relative intensity of the second harmonic.
Panel (b) corresponds to the jet placed after the focus of the two-color pulses under otherwise identical conditions. Panel (c) corresponds
to the same geometry as (a), with a weaker second harmonic at 11% intensity. Panels (d)–(f) correspond to the same measurement as
panel (a) and show individual harmonic orders 13 (62 nm), 14 (57 nm), and 23 (35 nm).

rad, displayed by the black curve, the signal in the wings is
enhanced. In addition, the total signal level is comparable
to the signal for the HHG with the fundamental 800-nm
ﬁeld only.
The change of the instantaneous ionization rate as a
function of the two-color phase is, in general, small for the
long trajectories and, in particular, less signiﬁcant than for
the short trajectories. Therefore, a relative delay of 0 rad
does not enhance the signal level of the long trajectories
very much. Simultaneously, this phase deﬂects electrons
related to short trajectories, thus decreasing the overall
signal from the short trajectories.
Figures 5(d)–5(f) show the beam-proﬁle changes for
three separate harmonic orders 13 (62 nm), 14 (57 nm), and
23 (35 nm), taken from the same scan as the total proﬁle
shown in Fig. 5(a). In order to compare the even harmonics
with the fundamental ﬁeld, an average of the neighboring odd harmonics is taken for generating the red curve in
Fig. 5(e). For lower harmonics, the long and short trajectories have vastly diﬀerent excursion amplitudes. Therefore,
the low harmonics show a large diﬀerence in total intensity and divergence for the two diﬀerent relative phases.
In all cases, the short-trajectory-optimized (800 + 400)nm-driven HHG emissions (blue curves) show less signal

in the wings, compared to the 800-nm-driven HHG (red
curves). Also, the overall intensity (insets) of the blue
curve compared to the red curve increases by factors of
10 and 2 for harmonics 13 and 14 [Figs. 5(d) and 5(e)]
but decreases for harmonic 23 by about a factor of 2 [Fig.
5(f)]. We note that this harmonic is close to the cutoﬀ and
the intensity of the two-color ﬁeld is likely slightly lower
than for 800 nm only, as observed by a reduced cutoﬀ.
However, harmonics near the cutoﬀ show less increase in
absolute signal or even a decrease in general. The reason is
that the relative excursions for the long and short trajectories become similar for higher harmonics and merge in the
cutoﬀ of the spectrum. In addition, the reshaped ionization
rate in the two-color ﬁeld favors a narrower range of trajectories (Fig. 2) and neighboring half-cycles will have very
diﬀerent peak intensities, giving rise to a reduced cutoﬀ
of the high-harmonic emission in every second half-cycle.
These combined eﬀects cause a reduced yield of cutoﬀ
harmonics in two-color HHG.
To further investigate the process of improving the
brightness of the HHG beam, the position of the gas jet
and the ratio between the power of the fundamental and
second-harmonic ﬁeld are varied. Figure 5(b) shows the
beam proﬁles in which the gas jet is positioned behind
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the focus. In this conﬁguration, phase matching favors
the short-trajectory contribution [25,42] but the divergence
is increased [26] and the yield decreased [42] compared
to the situation in which the jet is before the focus. As
a consequence of the intrinsically increased divergence,
the signal in the wings is suppressed even more in shorttrajectory-optimized two-color HHG (blue) compared to
the fundamental-ﬁeld case (red), namely by a factor of 2.2
as compared to a factor of 1.9 in Fig. 5(a). The overall
intensity of the signal is increased [inset in Fig. 5(b)] by a
factor of 2.9, also surpassing the factor of 2.2 obtained in
Fig. 5(a), where the gas jet is placed before the focus.
Figure 5(c) shows the beam proﬁles of an experiment
in which the percentage of the second-harmonic power is
lowered to 11%. Although the total intensity is slightly
improved at a relative delay of 0.5π rad compared to
800 nm only, the improvement of the divergence is less
pronounced with the lower second-harmonic ﬁeld power.
By having a lower contribution of the second harmonic,
the ionization rate will be changed less compared to the
fundamental-ﬁeld-only case. Also, the selection of trajectories by introducing a smaller lateral velocity component
will become less eﬃcient.
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IV. CONCLUSION AND OUTLOOK
We demonstrate that phase-controlled orthogonally
polarized two-color ﬁelds can be used to minimize the
divergence of HHG, while simultaneously improving the
overall ﬂux. The improvement of the divergence is predominantly attributed to the introduction of a lateralmomentum component that enables trajectory selection,
while the enhanced number of photons is mainly inﬂuenced by the reshaped strong-ﬁeld ionization rate in a
two-color laser ﬁeld. The suppressed long-trajectory contribution is synonymous with a smaller and cleaner monoGaussian focus when refocusing the harmonics. Such
improvements will be hugely beneﬁcial for attosecond science and lenless imaging with HHG sources. Pump-probe
experiments with two attosecond pulses from HHG, sometimes dubbed the “holy grail of attosecond science,” have
made tremendous progress [43,44], but remain challenging because the peak intensities attainable with individual
pulses from HHG are relatively low. All experiments that
aim at attosecond pump-probe or nonlinear processes in
the extreme ultraviolet and soft x-ray range will beneﬁt tremendously from our two-color strategy to achieve
brighter HHG with higher-quality foci.
Many imaging applications need a small focus, as too
large a ﬁeld of view can come at the expense of the resolution. In addition, a nonclean (i.e. not mono-Gaussian)
focus can cause problems in image-reconstruction algorithms that do not directly retrieve the beam, and it will
always cause problems when a ﬁne detail embedded in
a larger structure is imaged, where a non-mono-Gaussian
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