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29 Abstract. In this workiwe, study the main features of the photoelectrons generated
30 . . .

31 when noble gas atoms are driven by spatially bounded inhomogeneous strong laser
32 fields. These spatial inhomogeneous oscillating fields, employed to ionize and accelerate
33 the electrons, result from the interaction between a pulsed low intensity laser and bow-
34 tie shaped gold nanostruetures. Under this excitation scheme, energy-resolved above-
35 threshold ionization (ATI) photoelectron spectra have been simulated by solving the
36 one-dimensional (1D) time-dependent Schrodinger equation (TDSE) within the single
37 active electron (SAEj*approximation. These quantum mechanical results are supported
38 by their classical ¢ounterparts, obtained by the numerical integration of the Newton-
39 Lorentz equation. By using near infrared wavelengths (0.8 — 3 um) sources, our results
40 show thatwvery high energetic electrons (with kinetic energies in the keV domain)
41 can besgenerated,/far exceeding the limits obtained by using conventional, spatially
42 homlogeneous;, fields. This new characteristic can be supported considering the non-
Zi recombining electrons trajectories, already reported by Neyra and coworkers (Neyra
45 Ejet al». 2018 J. Opt. 20 034002). In order to build a real representation of the
46 spatial dependence of the plasmonic-enhanced field in an analytic function, we fit the
47 generated ’actual’ field using two Gaussian functions. We have further analyzed and
48 explored this plasmonic-modified ATI phenomenon in a model argon atom by using
49 séveral driven wavelengths at intensities in the order of 10* W/cm?. Throughout our
50 contribution we carefully scrutinize the differences between the ATI obtained using
51 spatially homogeneous and inhomogeneous laser fields. We present the various physical
52 origins, or correspondingly distinct physical mechanisms, for the ATI generation driven
53 by spatially bounded inhomogeneous fields.

54
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1. Introduction

High-order harmonic generation (HHG) is one of the most instrumental examples in
strong field physics [1, 2]. It is considered the key process to generate coherent,radiation
in the range of the extreme ultraviolet (XUV) to soft X-Ray spectral range and the
workhorse for the generation of attosecond pulses. Invoking the so-ealled. three step
model, both the HHG and the above-threshold ionization (ATI) processessare easy to
understand, following an intuitive and simple way to describe their underlying physics
[3]. The sequence can be defined as follows: (i) the first step corresponds'to the ionization
of a bound electron, via a tunneling process. This occurs assa eonsequence of the non-
perturbative interaction between the atom and the laser electrie:field; (ii) the emitted
electron travels in the laser-dressed continuum, when it“gains a substantial amount of
kinetic energy, until the electric field reverses its diregtions, At this instant, the electron
drives back and return to the vicinity of its parent,ion; (iii)finally, and this is might
be the most instrumental process of the sequencegthe electronic wavepacket has certain
probability of recombination with the nucleus and, in this%way, to transform its kinetic
energy in harmonic radiation, in the form of photons /with frequency multiple of the
incoming one, typically of high order [4]."Omythe other hand, if the electron elastically
rescatters with the parent ion, it gains even meore kinetic energy in this subsequent
journey, reaching the detector with asmuch higher velocity, typically of the order of
10U,, where U, is the ponderomotive énergy, defined as U, = E?/4w? E and w being
the laser electric field peak strength and frequency, respectively.

In the last years, there hashbeen a tremendous advance in the generation of
ultrashort few-cycle carrier-envelope-phase (CEP) stable laser pulses. These kinds of
sources are essential to push t,Qe limits of the HHG [5, 6]. For example, there exist
systems that can deliven substwo. optical cycles, with energies in the mJ regime, in
the spectral range of 0.8 =2 um [5, 8, 9]. The interest in obtaining these kinds of
pulses mainly relies omnthe possibility of generating isolated attosecond pulses (IAPs),
which would allowsthestudy.of atomic and molecular electron dynamics at their native
temporal, attosecond scale [3, 10, 11, 12]. Additionally, ATI driven by these peculiar
sources, has been-a particularly interesting research subject, both from the experimental
and theoretical viewpoints. The ATI phenomenon, which was experimentally observed
more than 30wears ago [13], occurs when an atom or molecule absorbs more photons
than theé minimum number required to ionize it, with the leftover energy being converted
to the ‘kinetic 'energy of the released electron. FEnergy-resolved ATI spectra are
characterized'by a sequence of peaks, spaced each other by the photon energy. Since
the first experimental observation, ATI has been re-investigated many times, in order to
deeplyunderstand its underlying physics. As it was demonstrated recently, the energy-
resolved ATI spectra show very clear low-energy electrons, with kinetic energies below
2U,. They account for the majority of the electrons generated in the process and are
attributed to a direct ionization process, i.e. to electrons reaching the detector without
returning to the region near the ion core. Additionally, since the first experimental
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: realizations, photoelectrons with energies up to 10U, or more have been observed‘as well.
6 These electrons develop a second energy plateau until reaching the already mentioned
; 10U, cut-off. They are known as high-energy above-threshold ionization (HATI), which
9 have been attributed to the rescattering process [7, 14]. Following the simpleémnan’s or
10 three step model, electrons that are freed from the target atom at some well-defined
:; ionization time ty, may be driven back to revisit its parent ion. Jf'these returning
13 electrons are back-scattered by the target ion, they can be further accelerated by the
14 laser electric field and emerge as high-energy electrons, reaching'kinetic energies up to
12 about 10U,. On the other hand, momentum conservation can alse beused to explain
17 the kinematics of the re-collision phenomenon. A more complete analysis is reported
18 in Ref. [15], where the authors have considered the 2D-electron momentum distribution
;g and demonstrated that the so-called back scattered rings (BSR) provide useful structural
2 information about the driven target, as well as a solid experimental confirmation that
22 the electrons have been re-scattered backward. Within this scheme, elastic scattering
;i cross section and the properties of the returningswavepackets can be obtained.

25 The energy-resolved ATI photoelectron spectra devel(’ps a cutoff at the end of the
26 re-scattering plateau. As it was reportedtin [14], it is possible to associate a particular
;é traveling time to the cutoff energy. Additionally, for energies below than the 10U, cutoft,
29 there are two different electron trajectories (namedyshort and long), each corresponding
30 to a certain (to,t,) pair, where ¢, ‘definessthe rescattering time. These electrons form
g; the plateau and its yield is primarily determined by the magnitude of the electric field
33 at the ionization time ty. Fimally, during the last years, ATI generated by few-cycle
34 driving laser pulses has been theroughly explored and is considered the cornerstone for
35 the absolute CEP characterization [16, 17]. To this end, the so-called backward-forward
36 .

37 asymmetry of the momentumsresolved ATI spectrum is measured and thus the absolute
38 CEP value retrieved [15, (18, 19].

zg In this contribution ‘we_study the underlying physics of ATI in a single atom
o driven by a plasmonie-enhanced spatially bounded inhomogeneous electric field. As
42 was stated, this field results from the interaction between an ultrashort laser pulse and
43 a metal nanostructure. A peculiar characteristic of this field is that it presents a spatial
2: dependence insfhe same.scale as the electron dynamics one (for more details see e.g. [12])
46 In particular, we explore:the ATI features considering an analytic fitting of the actual
47 electric near-field produced by a gold bow-tie shaped nanostructure, when illuminated
22 by a few-cycle laser pulse. Some characteristics of the ATI spectra were reported in [20],
50 where the.authors have considered an approximate version of the spatial inhomogeneous
51 electric field, to scrutinize the underlying electron dynamics. In order to accomplish our
gg mission, we numerically solve the time-dependent Schrodinger equation (TDSE) in one
54 dimension (1D) and extract the energy-resolved ATI spectra using a well established
55 technique [22]. As it was already demonstrated, the 1D-TDSE allows the treatment of a
g? very general set of spatial inhomogeneous fields [20]. Finally, the kinetic energy of both
58 the direct and re-scattered electrons are classically calculated and compared to that
59 obtained from our quantum mechanical approach. Throughout the paper, we highlight
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the differences between the ATI driven by the homogeneous and inhomogeneous driven
fields, for different laser wavelengths.

2. Theoretical approach

In order to carry out the computational simulations, we have consideredithe polarization
of the laser field along the z axis. Additionally we modify the intera¢tion term Vi, (x,t) to
deal with a spatially inhomogeneous field, keeping its dipole condition,(for more details

see e.g. [20]). Thus, the interaction potential takes the form: -

Vi(z,t) = —/E(x,t) dz. (1)
We describe the spatio-temporal dependence of the electrie.field through

E(z,t) = Eof(t)h(x) sin(wt + ¢), (2)

where ¢ refers to the CEP, set as zero for the purpese of this work, and f(t) represents
the pulse envelope. We use sin?-shaped pulses, i.e. we set #(¢) = sin®(wt/2n,), where w
is the laser frequency and n, the number of total optical cycles (o.c.) inside the envelope
wave. Finally h(z) represents the non-propagating spatial inhomogeneous field induced
in the nanostructure surrounded by a gas, whichis described as a sum of two normalized
Gaussian functions, as in [23]. Writing. h(x) as a Taylor series expansion,

we can numerically perform the imtegral in Eq. (1), term by term. In order to get
convergence, we keep up to the 40" order. Other interesting functions to describe this
phenomenon, more complex tham thedinear one [20],can be seen in [21]. When running
our simulations, we assume the rare gas atoms are in the ground state before interacting
with the driven field./The 1D-TDSE is then solved numerically by implementing the
Crank-Nicolson scheme [20, 24]. To calculate the energy-resolved photoelectron spectra,
we use the window funetion technique developed by Schafer [22]. This observable can be
represented by plotting the electron yield vs. the energy of the photoelectrons arriving
at the detector. Hereptwo clear plateau regions are observed. The first one, the low
energy zone, presents the highest yield. On the contrary, the second plateau zone shows
less probability, butdt is the region where the electron develops its highest kinetic energy.

Additionally, starting from the Lorentz force equation and Newton’s second law,
we obtainnthe Kinetic energy of the photoelectrons, based on the so-called three step
model. This approach is a semi-classical one that is able to satisfactorily reproduce the
quantum mechanical direct and rescattered photoelectrons energy cutoffs. We suppose
the Coulomb field has only a strong influence in the departure and arrived positions and
timendts effect should be a spectral shift in energy and variations in linear momentum
and position. On this context, we consider that in spite of the limitation of the model,
the degree of reliability provided by the 1D-TDSE can be considered as a realistic
description of the electron dynamics involved in the ATI process. Considering only the
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: electric field of Eq. (2), and neglecting the action of the magnetic component within
6 a non-relativistic frame, the electron is thrown off to the continuum with4mo initial
; velocity, therefore with zero kinetic energy.

9 From the electron kinematical equations [20], we can extract the temporahintervals
10 of the driven electric field where the ionization and/or recombination take place, in
:; agreement with [6]. Here, we observe that 7 < wot < 1.7897 is thedntervalywhere the
13 electron returns at least three times close to the atom; in 1.7897 <wyt < m{the electron
14 comes back exactly once; and for 0 < wyt < 7 the electron never comes, back.

12 After returning the first time, it is assumed that the electron.elastically rescatters
17 with its parent ion. If this process occurs before the field reaches zero, and at an angle of
18 180°, the electron is accelerated through almost another half-cyele, gaining much more
;g kinetic energy at the expense of the laser electric field [6, 24}, The maximum predicted
2 kinetic energy is obtained numerically and corresponds to,the value of ~ 10U,. This
22 shows that the larger energies only occur if the reSeattering phenomenon takes place.
;i Likewise, the maximum energy achieved by direét ionization corresponds to 2U,. We
25 compute the final energy of the measured direct E,; and réscattered E, electron by means
26 of the following relationships [20, 24]:

27

28 Ei = 3lo(to) — v(ty)] )
;? and

z B, = Slo(to) +afgy) — 200, o)
33 2

gg where ¢y and ¢, are the ionization and rescattering times, respectively and ¢y denotes
36 the end time of the laser pulse. For the calculation of the kinetic energy, we use
37 the spatio-temporal electric fieldlofEq. (2). However, note that, in contrast to the
gg quantum approach, the analytic form of the h(x) function can be used to represent the
40 inhomogeneous part of the eleetric field. The maximum kinetic energies values classically
41 obtained from Eqs. (4) and (5) are in excellent agreement with those extracted from the
fé quantum mechanical caleulations (see next Section).

44

22 3. Results and discussions

2; The spatialrinhemegeneous laser field corresponds to the local near-field distribution
49 around'a metallic nanostructure which results in a spatially confined electric field [25,
50 26]. ~We retrieve the electric near-field distribution by using a numerical simulation
g; software based on the finite difference time domain (FDTD) method [27]. In order to
53 calculate the near-field distribution, the longitudinal dimension of each bow-tie is set
54 to 175 nm and the separation between the bow-tie apexes to 20 nm. Figure 1 shows
gg the electric near-field amplitude distribution in a range around £+40 nm centered at the
57 middle of the gap. Here, we use a laser wavelength A = 800 nm and an intensity of
gg 10" W/cm?. In order to reduce the complexity of our study, without loosing accuracy,

we have considered the cross section between the bow-tie apexes. This point of view
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simplifies the representation of the electric near-field to one spatial dimension, as’it
is detailed in figure 1. Additionally, the field distribution is normalized with respect
to the strength at point A. The electric field distribution is then constructed by using
two Gaussian functions [23]. The maximum associated laser intensitysis 3lerders of
magnitude larger than the excitation laser intensity, i.e. ~ 10* W/cm?, in fair agreément
with other works [28].

Under this simplified scheme, representative of the non-propagating field spatial
shape, we point out three different points A, B and C, where we/placethe target atoms
and perform both the quantum mechanical and classical simulatiéns,. We focus our
analysis on atoms in the framework of the Single-Active Electron (SAE). The target
atom, argon, has a covalent radius closest to 2 Angstroms (approx 4 a.u.) a range for
which the electric field variation reaches 1% of the applied field, allowing to neglect this
effect. Additionally, it is possible to use the same effegtive mear-field shape for other laser
wavelengths, because the numerically calculated fiéld distribution for each wavelength
changes only its peak amplitude, leaving its horizontal, spatial extension practically
unchanged. Finally, note that in this work we suppose the plasmonic-enhanced electric
near-field oscillates at w, the frequency ofithe laser driving field.

Figure LisPictorical representation of the enhanced one-dimensional electric near-field
generated by adow-tie nanostructure under a laser excitation. The points A, B, and C
represent the different locations where the target atoms will be placed (see text).

In order to investigate the effects produced by the spatially inhomogeneous laser
field, we compare the resulting energy-resolved photoelectron spectra P(E) with the
ones 6btained when a conventional (spatially homogeneous) field drives the system. To
carry out the simulations we employ a sin-squared laser pulse with a total duration of
six optical cycles and an intensity of I = 1 x 10* W/cm?. In order to assess the role of
the laser wavelength we employ a set of As, namely 0.8,1,1.2,1.5,1.8 and 3 um and we
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: use argon gas as a driven media ([, = 15.7596 V).

6 Figure 2 shows the energy-resolved photoelectron spectra corresponding. to the
; homogeneous (left) and inhomogeneous (right) cases, calculated for ‘different driven
9 wavelengths (see caption for details). As it can be seen, for the homegeneous case;
10 the spectra shows the well known characteristic plateaus corresponding to direet and
:; rescattering electrons, located at 2U, and 10U,, respectively. DBoth' cutoff energies
13 follow a A*-law, given the fact that U, oc A% It is well known that the first plateau
14 (direct) corresponds to ionized electrons that never return to the region/close to the
12 parent ion. This means they move in the laser-dressed continuum affer ionization. The
17 second plateau (re-scattering) is originated by electrons thatyonce iomized, come back
18 to the zone close to the parent ion and rescatter, reaching the detector after moving
;g in the laser-dressed continuum once again. Using classicalrarguments it is possible to
2 demonstrate that the maximum kinetic energies F/of the direct and the rescattered
22 electrons are Fy, ., = 2U, and F, . = 10U,, respectively. Tn a quantum mechanical
;i approach, however, it is possible to find electrons'with energies beyond the 10U, cutoft,
25 although their yield drops several orders of magnitudeﬁlél]. Experimentally, both
26 mechanisms contribute to the energy-resolved photoelectron spectra and, consequently,
;é any theoretical approach should include themy in order to give a correct description.
29 In that sense, the TDSE, which can be consideredyas a complete quantum mechanical
30 approach to describe the ATI phenomenongis able to simulate the P(E) (electron yield)
g; spectra in the whole range of electron energies.

33 On the other hand, for the.inhomogeneous cases, the cut-off positions of both the
34 direct and the rescattered electronsiare extended towards larger energies. Particularly,
35 the extension of the cutoff emergy forithe rescattered electrons is remarkable. For
g? instance, at an excitationswavelength of 1.5 pum (figure 2(e)), there is an important
38 increase of the maximum! kinetic energy of the photoelectrons, reaching the keV regime
zg (figure 2(e), right panel). This is in clear contrast to the homogeneous case, where a
41 maximum kinetic energy,of around 300 eV is observed (figure 2(e), left panel).

42 Additionally,/ fromy, the  results corresponding to the inhomogeneous case, a
43 noticeable increasing of the photoelectron yield is also observed. Previously, this effect
2: was observeddfithe photon flux [23]. In that paper was reported that many electron
46 trajectories did not récombine with their parents ions, so a large direct ATI yield could
47 be expected. In this‘sense, the low probability of recombination -the instrumental step
22 for HHG, can be justified by the low rate of recombining trajectories commented above.
50 Furthermore, in figure 2 we observe peak-like structures in some of the plateaus.
51 Asfexample, we can see this effect in the first plateau for all cases, with exception of the
gg figure 2(f) one. On the other hand, in the second plateau, these structures appears in all
54 the homegeneous cases, might be with the exception of 2(e) and at the inhomogenous
35 casesi2(a), (b) and (d)-(f). The visibility of such features is connected with the behavior
g? of the interference between different electron trajectories and is strongly affected by:
58 (i) the carrier-envelope phase (CEP) [29], (ii) the laser wavelength and (iii) the field
59 inhomogeneity strength and shape. Finally, from the 1D-TDSE results, it is important
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Figure 2: Photoelectron spectra (in logarithmic scale) obtained by solving the 1D-TDSE
for target atoms located at the point A, atidifferent wavelengths: (a) 0.8 um, (b) 1 um,
(c) 1.2 pm, (d) 1.5 pm, (e) 1.8 pm and (£),3 pm. In each panel, left plot: homogeneous
(conventional) case; right paneliyinhomogeneous case. We use a sin-squared laser pulse
with a total duration of six opti€al @ycles and an intensity of 7 =1 x 10" W/cm?.

N
to remark that the use of spatial inhomogeneous fields for ATI generation would open

a new avenue for the produetion of highly energetic electrons, reaching the keV regime.
This could be achieved, by tailoring both the spatial and temporal shape of the laser
electric field.

We now explain the extension of the energy-resolved photo-electron spectra using
classical argumentss, To/this end we integrate the Newton-Lorentz equations for an
electron moying in the spatio-temporal field of Eq. (2). Invoking the three-step model,
we can describe the/ATI process as follows: an atomic electron at the position x = 0
is releagsed or born at a given time, called ionization time t,, with zero velocity,
i.e. Z(to)h= 0. This electron now moves only under the influence of the oscillating
laser electriefield (the residual Coulomb interaction is neglected in this model) and will
reach the detector either directly or through the rescattering process. In the latter, the
recombination time, t,, is obtained from the condition z(¢,) = 0. Once t; and ¢, are
computed, the electron kinetic energies are calculated from Egs. (4) and (5).

In figure 3 we show the classical electron kinetic energies of both the direct (red
circles) and rescattered (green circles) electrons, as a function of the ionization and
recombination times (for more details see e.g. [20]), for different laser parameters and
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positions of the target atom (see figure 1).

As it can be seen, a noticeable extension of the cutoff is observed whenithe laser
driven field is spatially inhomogeneous. On the other hand, as it is expected, as longer
the driven wavelengths, a larger maximum kinetic energy is noticed. This is'so.because
we expect the ponderomotive energy U, scales with A as a power lagger than 2 (see
below). Besides, from this picture we note that, when stronger is gherinhemogeneous
character of the applied field (i.e. the atom is located in point B instead of Ay where the
field present a larger spatial asymmetry), a larger cutoff can be'réached. Similarly, as
was previously discussed, larger travel times in the laser-dressed comfinuum contributes
to obtain photoelectrons with higher kinetic energies.

A step further in the analysis is to go deeper in the underlying physics of the electron
trajectories, in particular for the spatially inhomogeneous field cases. The travel time
of the electrons is noticeable different for these electric fields.As a consequence, and
putting the emphasis in the short electron trajectories case, the electron is ionized
at earlier times and the recombination step takes place.at a later one. In this way
it spends more time in the laser-dressed continuum acqﬁiring more energy from the
laser electric field. Consequently, highetiwvalues of the kinetic energy are gained. A
similar behavior with the photo-electrons,was, observed recently in Above-Threshold
Photoemission (ATP) using metal nanotips.,According to the model presented in [30]
the localized near-fields modify the eleétron motion in such a way to allow sub-cycle
dynamics 'quenching’ the quiver radius;pand increasing in this way the production of
direct photoelectrons. In the present work, however, we consider both direct and re-
scattered electrons and the characterization of the their dynamics results much more
complex. Nevertheless, the higher kinetic energy of the rescattered electrons is a clear
consequence of the strong modifications of the laser electric field, i.e. due to its spatial
inhomogeneity character,in the region where the electron dynamics takes place.

In order to confitm the aforementioned features of the photoelectrons under the
spatial inhomogeneous excitation scheme, classical electron trajectories are presented
in figure 4 (b), for a driven'wavelength of 3 pm [31].Also in order to compare both
trajectories we add the homogeneous case figure 4 (a). Color change corresponds to
approximately half of .the laser pulse duration (six cycles). This is so, by considering in
the three firsts gyclesimaost of the direct and rescattered electrons are generated. From
this plot_we can clearly see the direct and rescattered electrons trajectories. These
regions/are pointed out by red arrows. Here, the slope (velocity) corresponding to both
the direethand re-scattered electrons is higher. As a consequence, this support the fact
that larger kinetic energies for both kinds of electrons is achieved (see figure 2).

Finally, and in order to complete the analysis of our results, in figure 5 we show,
in a log-log scale, the direct and rescattering cutoff energies versus the driven laser
wavelength, for different target atom positions and for both spatially homogeneous and
inhomogeneous driven fields. We have normalized the field strength for all the points,
so a fairer comparison can be made.

On the one hand, we can see that, for homogeneous fields, the position of the target
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atom (A, B or C) results irrelevant and both the direct and rescattering cutoff énergies
show a linear dependence with the driven laser wavelength. This becomes élear from
the proportionality between the cutoff energies and A\, E.yor o< A2, for'both the direct
and rescattered electrons. On the other hand, for the case of spatially inhomegeneous
fields, a much more complex dependence is observed. Indeed, the scaling law of 'both
cutoff energies is now function of the atom target position, as is expecteds We could
try to find scaling laws for these cutoff energies, using linear interpolation functions
with different slopes. Within this approximation, we can seesfhat, for the point A,
the cutoff energy of the direct electrons scales as the laser Wavelength\to the 4" power
(figure 5(a)), which makes this point, thus, particularly suitable for the production of
direct energetic electrons. For the same target atom location, theicutoff energy for the
rescattered electrons presents a slightly higher power than the conventional case, ~ 2.5
(figure 5(b)). In this sense, we confirm the behaviorfobserved by other authors within
simpler spatially inhomogeneous scheme [32, 33].

When we focus on the other atom locationsy points B and C, we observe a similar
behavior, i.e. the exponent of the Ad-power law is higher than the conventional case, with
the exception of the case of the direct eléetrons generated by atoms placed at point C
(figure 5(c)). The different exponents of the A-power law is result of the shape of the
spatial inhomogeneous fields, distinctive for'the different atom locations (figure 1). We
should mention that in some energy-resolved. photoelectron spectra is challenging to find
a clear cutoff energy, particularly for longer wavelengths (see 2). As a consequence, for
these extreme cases, the scalinglaw has to be taken with caution. Likewise, for all the
studied cases we note a ’saturation’of the cutoff energies for longer wavelengths. This
fact is related to the bounded character of electric field created by the nanostructure,
when it is excited by the lowfintensity incoming laser pulse [23, 25].

Finally, we have compared the cutoff energies from different ionized departure
points, in which the field peak strength is renormalized, as a consequence, we have
only considered the‘shape extension of the inhomogeneous electric field to solve the
classical energy for the photoelectrons. In particular we have studied the points A and
C, and from thetanalysis we have pointed out that the photoelectrons obtained at large
excitation wavelengths. (above 1.5 pm) present higher energy than electrons ionized in
the point Alinstead of these electrons ionized at point C. This fact can be understood
taking intesaccount the difference observed for the slope and spatial limits of the electric
field cotresponding to each analyzed points.

4. /Conclusions

In this'paper we studied the ATI driven by a spatially bounded plasmonic-enhanced
field.. Energy-resolved photoelectron spectra for an argon model atom are obtained by
émploying a quantum mechanical (1D-TDSE) model. These results are complemented
using a classical approach, based on the Newton-Lorentz equation of motion. This
spatially bounded plasmonic-enhanced field results, for instance, when a bow-tie gold
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Figure 5: Calculated direct (a, b, €).and rescattering (d, e, f) cut-off energies versus the
driven laser field wavelength (in log-leg.scale). Panels (a) and (d) correspond to atoms
placed at point A; (b) and (e) o point B and (c) and (f) to point C (see figure 1). Solid
blue circles: spatially hgmogeneous (conventional) field; solid red squares: spatially
inhomogeneous field. The solid and dash lines correspond to interpolated power laws
(see the text for details).

nanostructure is illuminated by a low intensity laser field, as a consequence of the
formation of Surface plasmon polaritons (SPP). Larger direct and rescattered cutoffs,
as well as higher photoeleetron yields, were obtained, compared to the homogeneous
(conventional) cases Electrons within the keV regime are obtained, for the largest laser
wavelength employed. These unexpected larger kinetic energies can be attributed to the
important changes in the electron trajectories, produced by the spatial changes in the
driven fields A similar behaviour for both the photon flux and energy was previously
observed for HHG as well (see [23]).

Our work shows that spatially inhomogeneous laser fields present an alternative
and suitable driver for the generation of highly energetic electrons. Additionally, by
tailoring the spatial distribution of the near-field, it would be possible to adjust not
only the maximum electron kinetic energies, but also to mould the electron trajectories,
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following a desired objective.
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