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Abstract

High harmonic spectroscopy relies on high harmonic generation (HHG) in aligned molecules.
The ﬁrst step of HHG is the ionization of the molecule in the intense femtosecond laser ﬁeld.
Here we present measurements of both ionization yield and high harmonic yield as a function of
molecular angle in N2 and CO2 molecules. Measurements were done at two wavelengths, 800
and 1200nm, and for a range of laser intensities, to study the sensitivity of laser conditions on
both processes. The behavior of N2 was relatively insensitive to laser conditions. However in
CO2, a minimum in high harmonic emission was observed that was sensitive to both laser
intensity and wavelength, and was attributed to interference in emission from the HOMO and
HOMO-2 orbitals.
Keywords: ionization yield, high harmonic generation, aligned molecules
(Some ﬁgures may appear in colour only in the online journal)
1. Introduction

tunnel-ionized from a given bound electronic state, in step2, it is
ﬁrst accelerated away then back towards its parent ion to, ﬁnally,
in step3, photorecombine back to its ground state via a dipolar
transition. When multiple electronic states contribute to HHG, the
coherent sum of their high-harmonic emission leads to an interference controllable by molecular alignment and the driving laser
ﬁeld parameters, such as the peak intensity [14, 18] and wavelength [19]. The ﬁrst step of HHG is the strong-ﬁeld ionization
(SFI) of the molecule. This step depends on the orientation of the
molecule relative to the polarization direction of the laser.
Depending on the orientation, different orbitals might be active.
SFI of atoms has been extensively modeled, based on the
Ammosov–Delone–Krainov (ADK) model [20–22]. This
atomic model has been developed further [23], and was
generalized to molecules in a technique called molecular
ADK, or MO-ADK [24, 25].
In this paper, we present the ﬁrst simultaneous measurements of SFI and high-harmonic yield as a function of the

High harmonic generation (HHG) has proven to be a sensitive
probe of electronic structure in molecules, allowing angströmsize reconstruction of molecular orbitals [1–3]. It holds the
promise of probing the instantaneous electronic structure of a
molecule during a chemical reaction [4]. Up to date, a broad
range of time-resolved experiments have conﬁrmed the sensitivity of HHG to molecular dynamics [5] such as: rotation
[6, 7], vibration [8, 9], bound [10] and chemically-induced
unbound nuclear motion [11]. Another class of dynamics,
electron-hole dynamics [12, 13], resulting from the participation of multiple electronic states has been inferred from
high-harmonic spectra in aligned molecules [14, 15].
The HHG process can be understood in the formalism of the
three-step recollision model [16, 17]. In step1, an electron is
3
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molecular alignment in aligned molecules: N2 and CO2. Keeping
the alignment conditions unchanged, we systematically survey
the effect of changing the driving ﬁeld wavelength (800 and
1200 nm) and intensity (Iprobe=0.8 − 2.3×1014 W cm−2).
We observe that, at 800nm probe wavelength, HHG and
SFI strongly depend on intensity for both N2 and CO2. In N2,
both ionization and HHG always peak when molecules are
aligned parallel to the driving ﬁeld (α = 0°). When the
intensity of the latter is increased, the angular modulation
becomes slightly weaker for the harmonic yield and signiﬁcantly less pronounced for the molecular frame (MF)
ionization. We observe the onset of ionization saturation
around Iprobe=2.0×1014 W cm−2. While the maximum
angular modulation of the high-harmonic signal always
occurs in the cutoff spectral region at 800nm, independently
of the laser intensity, it rather always occurs around 40eV at
1200nm probe wavelength. These measurements of HHG in
aligned N2 at longer wavelength (than 800 nm) provide evidence for dynamical effects that take place, along the lines of
multiple orbitals ionization-induced hole dynamics [26].
In CO2, we follow the position of the spectral minimum
at both 800 and 1200nm and see intensity-dependent structures which were not reported earlier [14]. In addition, the
simultaneous measurement of SFI allows us to observe the
onset of a sharp MF angular ionization proﬁle peaking around
42° as the laser intensity is decreased. This trend qualitatively
agrees with previous experimental results on SFI in CO2[27].

volume-integrated ionization probability. The linearity of this
ion detector was veriﬁed [31]. The HHG spectra were
recorded by an extreme ultraviolet (XUV) spectrometer
composed of a concave XUV ﬂatﬁeld grating, a microchannel
plate detector backed by a phosphor screen and a camera
readout.
In ﬁgure 1, we present the time evolution of rotational
wave packets as probed by high-harmonic and ionization yield
measurements in (b) N2 and (c) CO2 molecules around their
respective half-revival times. The high harmonic yields are
spectrally integrated over a single harmonic order. The polarization directions of the aligning (Ialign=5×1013 W cm−2)
and probing (Iprobe=1.5×1014 W cm−2) pulses are parallel.
In N2 (CO2), the maximum degree of alignment is achieved at
∼4.12ps (∼21.15 ps) pump-probe delay corresponding to
half-revivals [6, 7, 32]. When alignment occurs, the molecular
internuclear axis distribution is prolate (cigar shaped) along the
pump pulse polarization. Shortly following is anti-alignment
(see ﬁgure 1(b) and (c)) where the alignment distribution
becomes oblate [32] (pancake shaped). At maximum alignment, for both N2 and CO2, our experimental conditions
(Pback = 2 atm., Trot = 30–40 K, Ialign=5×1013 W cm−2 and
τalign=70±5 fs) suggest a 3D degree of alignment of
á cos2 q ¢ñ = 0.60  0.05 based on calculations [33] and supported by supersonic gas expansion studies in similar conditions [34].
In N2 (ﬁgure 1(b)), both the high-harmonic and ionization yields maximize when molecules are aligned parallel to
the probing ﬁeld (delay∼4.12 ps). The ratio of signal
aligned:anti-aligned in ionization is around 1.5:1 and increases monotonically with high-harmonic order, exceeding 10:1
for cutoff harmonics.
In CO2 (ﬁgure 1(c)), in contrast to the case of N2, the
high-harmonic yield generally anti-correlates with ionization.
This anti-correlation, reported earlier in [7], suggested evidence for two-center destructive quantum interference taking
place at the recombination step in aligned CO2 molecules
[35]. However, the presence of a dynamical (laser-dependent)
local maximum in high-harmonic yield at alignment in the
cutoff region (see H33 in ﬁgure 1(c)) is due to the dynamical
interplay of multiple orbitals [14, 19].
We now proceed to study the dependence of both
ionization and high-harmonic yields as a function of alignment angle α between the alignment and HHG probe polarization axes. For this, in aligned N2 (CO2), we set the pumpprobe delay to ∼4.12ps (∼21.15 ps) and rotate the polarization axis of the pump pulse with a half wave plate.

2. Experimental results and discussion
2.1. Impulsive molecular alignment

A Ti:Sapphire multi-pass laser system (32 fs, 800 nm, 50 Hz,
12 mJ per pulse) was used to perform all measurements. The
molecules were ﬁrst impulsively aligned [28, 29] using a
stretched non-ionizing pump pulse (70±5 fs, 800 nm,
Ialign=5×1013 W cm−2). After a delay time, the molecules
were probed with a more intense laser pulse (800 nm:
32±2 fs or 1200 nm: 40±5 fs of variable intensity). The
probe pulse served to ionize the molecules, and at the same
time to create an XUV spectrum by HHG. In addition to the
800nm pulses from the Ti:Sa laser system, 1200nm pulses
(∼1 mJ) were generated by a high-energy optical parametric
ampliﬁer (HE-TOPAS) seeded by a fraction of the laser
output (∼8 mJ). The intensity was adjusted with neutral
density ﬁlters in both pump and probe arms of the Mach–
Zehnder interferometer. The polarization of the pump pulse
was controlled by a half-wave plate.
The linearly polarized pump and probe beams were
focused ( f = 50 cm) into the supersonic gas jet emanating
from a pulsed valve (Parker) that introduced the analyte
molecule (N2 or CO2). The laser pulses were focused ∼2mm
before the gas target to select the HHG short trajectories [30],
and ∼1mm away from the pulsed valve oriﬁce (250 μm
diameter) in order to obtain cooler molecules. A negatively
biased wire mesh located 10 cm from the nozzle oriﬁce
recorded the production of cations, which is a measure of the

2.2. Strong field ionization in aligned molecules

The ionization signal measured in the laboratory frame (LF)
S(α), is a convolution of the MF ionization proﬁle I(θ) with
the prolate molecular internuclear axis distribution P(θ′,f′).
Here θ is the angle between the laser ﬁeld polarization and
the molecule’s internuclear axis. The geometry is shown in
2
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Figure 1. Rotational wavepackets are created via impulsive alignment with an 800nm laser pulse. The molecules periodically rephase at

revival times that depend on the molecule (8.4 ps for N2 and 42.7 ps for CO2). Here the molecules are probed around the half-revival times
with an intense 800nm laser pulse with an intensity of 1.5×1014 W cm−2. (a) Shows that parallel polarizations were used for the pump and
probe pulses. The results for ionization yield and high-order harmonics are shown for (b) N2 and (c) CO2. At the time of maximum alignment
(shown by arrows), the molecular internuclear axis distribution is prolate along the pump pulse polarization and has a 3D degree of alignment
estimated to be á cos2 q ¢ñ = 0.60  0.05 for our experimental conditions. At the time of anti-alignment, the molecular axes are mostly aligned
perpendicular to the laser polarization.

θ(θ′, f′, α) is deﬁned by the LF to MF coordinate transformation [27]
cos q = cos a cos q ¢ - sin a sin q ¢ sin f¢

The experimental ionization yield S(α) is recorded as a
function of the angle α between the aligning pulse polarization
and that of the probe pulse. We wish to determine the molecularframe ionization probability I(θ), which is convolved with the
alignment distribution P(θ′,f′) via equation (1). We parameterize
I(θ) using the ﬁrst 4 even normalized Legendre polynomials
li(θ): I (q ) = ∣ å i3= 0 a 2i l2i (q )∣. We parametrize the molecular
axis distribution P(θ′,f′) following [27], using ácos2 q ñ=
0.55, 0.6, 0.65 to cover the uncertainty in the degree of alignment. A least-squared optimization procedure is used to determine the MF ionization probability I(θ).
Figure 3 shows the LF ionization of N2 (scatter) using a
800nm probe pulse at three peak intensities. The deconvoluted
MF ionization probability distributions I(θ) of N2 are shown
in green using á cos2 q ¢ñ = 0.55 (dashed), 0.60 (solid) and
0.65 (dotted). With a 800nm probe and Iprobe=1.0×
1014 W cm−2, the ∼3:1 ratio between parallel to perpendicular
alignment is consistent with previous studies and reﬂects the σg
symmetry of the highest occupied molecular orbital (HOMO)
of N2[27, 36–38]. The small local maximum of ionization
featured at θ=90° is real as it was also reported elsewhere at
lower intensity (Iprobe=3.0×1013 W cm−2) via COLTRIMS
measurements [39]. As the intensity of the ionizing pulse
increases, the parallel:perpendicular ratio decreases and the
angular proﬁle becomes almost isotropic. This is likely due to
saturation of the ionization probability, which smooths out the
angular dependence of ionization.
Figure 4 shows the same measurements in CO2. In
both N2 and CO2, more sharply peaked features in the MF

Figure 2. Deﬁnition of the molecular frame of reference. The

distribution of molecular angles in the laboratory frame is given by
P(θ′,f′). The angle of an individual molecule to the laboratory Z axis
is θ.

ﬁgure 2. In integral form
S ( a) =

q ¢= p

f ¢= 2p

òq¢=0 òf¢=0

(2 )

I (q (q ¢ , f¢ , a)) P (q ¢ , f¢) sinq ¢df¢dq ¢
(1 )

3
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Figure 3. N2 ionization signal versus alignment angle α with λ=800nm for different intensities of the driving ﬁeld. Iprobe=1.0 (a), 1.5 (b)
and 2.3 (c)× 1014 W cm−2. From the laboratory frame ionization signal (scatter) and its Legendre polynomial ﬁt (red dashed–dotted line),
we retrieved the MF ionization proﬁle I(θ) using the degree of alignment á cos2 q ¢ñ = 0.55 (dash), 0.60 (solid) and 0.65 (dotted).

Figure 4. CO2 ionization signal versus alignment angle α with λ=800nm for different intensities of the driving ﬁeld. Iprobe=1.0 (a), 1.5

(b) and 2.3 (c)× 1014 W cm−2. As in ﬁgure 3, we retrieved the MF ionization proﬁle I(θ) using the degree of alignment á cos2 q ¢ñ = 0.55
(dash), 0.60 (solid) and 0.65 (dotted) from the laboratory frame ion signal (scatter) and its Legendre polynomial ﬁt (red dashed–dotted line).

ionization proﬁles are found at the lowest intensity (1.0 ´
1014 W cm−2) while more isotropic responses that could
indicate saturation of single ionization are found at the highest
intensity (2.3×1014 W cm−2) . The most striking difference
between MF strong ﬁeld ionization proﬁles in N2 and CO2 is
the presence of a maximum peaked at 0° in N2 and a local
minimum at the same angle for CO2. In ﬁgure 4(a), the
ionization maximizes close to 42°. This can be understood
intuitively by considering the orbital structure of N2, N +
2 , CO2
and CO+
given
in
table
1.
While
the
ground
state
of
N
2
2 and
CO2 share the same S+
symmetry,
ionization
from
the
g
2
2
+
+
+
HOMO leads to X˜ Sg in N 2 and to X˜ Pg in CO2 . A
S  S + ∣ , k ñ transition has typically larger dipole
matrix elements along the internuclear axis (N2), and
S  P + ∣ , k ñ transitions (CO2) have larger dipole matrix
elements at some intermediate angle (≈42°) from the internuclear axis. Another way to state this is the Dyson orbital
that is ‘ionized’ is Σg for N2 and Πu for CO2[40, 41].
These results are consistent with those reported by
Pavičić et al[27]. For the case of CO2, the MF ionization
probability I(θ) in Pavičić are considerably sharper than the
present results in ﬁgure 4. There are several possible causes of
this difference. Pavičić used the lowest possible laser intensity

Table 1. Symmetry and energy of selected states of neutral and

singly ionized N2 and CO2.
Species

State
1

Σ+
g

Conﬁguration

ò (eV)

(1sg )2 (1su )2 (2sg )2 (2su )2 (1pu )4 (3sg )2

0
15.58
16.72
18.74

N2

X

N+
2

X˜ 2S+
g
A˜ 2 Pu
B˜ 2S+
u

-1
[X1S+
g ] (3sg )
+
[X1Sg ] (1pu )-1
-1
[X1S+
g ] (2su )

CO2

X1S+
g

(1sg )2 (1su )2 (2sg )2 (3sg )2 (2su )2 (4sg )2
(3su )2 (1pu )4 (1pg )4

X˜ 2Pg
A˜ 2 Pu
B˜ 2S+
u
C˜ 2S+
g

-1
[X1S+
g ] (1pg )
+
1
[X Sg ] (1pu )-1
-1
[X1S+
g ] (3su )
+
1
[X Sg ] (4sg )-1

CO+
2

0

13.78
17.31
18.07
19.39

to ionize the CO2 molecules, and we can see from ﬁgure 4
that the angular distribution becomes less well deﬁned with
higher intensities. Pavičić directly measured the distribution
function P(θ′,f′) by Coulomb-exploding the molecules.
Higher charge states showed a narrower angular distribution,
4
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Figure 6. High-harmonic yield in aligned N2 at λ=800 nm as a

Figure 5. Strong ﬁeld ionization versus alignment angle with

function of alignment angle α. (a) Shows the polarization
arrangement between pump and probe pulses. (b) Experimental
intensity of HHG from aligned N2 molecules for a probe laser
wavelength of 800nm. Iprobe = 2.3 × 1014 W cm−2. α=0
means that the molecular axis is parallel to the polarization of the
pulse the generates the high-harmonic emission. The radial axis goes
from 0 to 80eV. The color scale is linear with intensity.

λ=1200nm probe and intensity 1.1×1014 W cm−2
(a) N2 (b) CO2. Legend is the same as in ﬁgures 3, 4.

and so it may be that the direct measurement actually underestimated the degree of alignment. The ﬁtting procedure then
forced the molecular-frame ionization probability I(θ) to be
narrower to match the laboratory-frame measurement.
To investigate the dependence of the MF ionization I(θ) on
the wavelength of the ionizing laser, the OPA output at 1200nm
was used instead of 800nm. Figure 5 shows the measurements
done with a probe wavelength of 1200nm and intensity
1.1×1014 W cm−2. The MF ionization proﬁles do not strongly
depend on wavelength as proﬁles taken at 1200 nm (ﬁgure 5)
are similar to those taken at 800 nm (ﬁgures 3 and 4). A
clear comparison is difﬁcult to make, as the laser intensities are
difﬁcult to determine exactly for the different wavelengths. The
similarity between ionization at different wavelengths suggests
that intermediate resonances in the multiphoton ladder leading to
ionization do not play a major role in these molecules [42].

40eV is observed as reported earlier [1, 15, 19, 26, 43, 44].
This minimum essentially remains present at all alignment
angles α and is independent of laser parameters [19], and is
attributed to a shape resonance in the photoionization cross
section of N2. Another study reported a small spectral shift
(∼5 eV) of this minimum [45].
There has been evidence reported of the appearance of a
structure near the cutoff at α=90° that is associated with
HOMO-1 [18, 26, 45, 46], but is not apparent here. To
explain this, it is suggested that, in addition to the HOMO
(XX) and HOMO-1 (AA) channels, an electron can crossrecombine from HOMO to HOMO-1 (XA). RABBITT measurements [15] that led to the tomographic reconstruction of
both HOMO and HOMO-1, suggest that the HOMO-1
channel is dominant at α=90°.
In ﬁgure 7, we present the high-harmonic yield of CO2 as
a function of alignment angle α at driving ﬁeld wavelength
λ=800nm and three intensities. HHG spectra taken at
α=0° are presented in ﬁgure 8 for three peak intensities. We
observe a spectral minimum which moves from H25
(∼39 eV) to H29 (∼45 eV) on the intensity range covered.
The intensity dependence of the position of this minimum
was previously observed [7]. This feature is believed to be
due to the interplay of multiple orbitals [14]. In aligned CO2,
at α=0°, the spectral minimum is attributed to destructive
interference between the HOMO (X) and HOMO-2 (B)
channels. Additional experimental observation of this dynamical minimum at α=0° and longer driving ﬁeld wavelength was reported (λ = 1200 nm [19] and λ = 1300 nm
[47]) and supports the multiple orbitals interference model
[14, 48–50].
Recent calculations [51] suggest that additional factors
must be considered in the HHG from CO2. They show that
electron–electron correlations and dipole interchannel couplings in the cation must be included. These calculations
support the experimental observation in ﬁgure 7 that the
spectral minimum at α=0° goes to higher energy as the
laser intensity is increased. The predicted minimum [51] of
42eV at 1.4×1014 W cm−2 agrees exactly with our observation at 1.5×1014 W cm−2 in ﬁgures 7(b) and 8.

2.3. High harmonic emission from aligned molecules

The same experimental setup in the previous section, that
measured the molecular-frame dependence of ionization
yield, was used to record the molecular-frame dependence of
HHG. As before, the polarization direction of the pump pulse
that aligned the molecules in space was rotated by an angle α;
the probe pulse that generated the high-harmonic emission
was always horizontal, so that the efﬁciency of the XUV
spectrometer was the same. The polarization arrangement is
shown in ﬁgure 6(a). The measurement covers the angular
range α=−100° to 100° in steps of 5°, where each angular
step is averaged over 1000 laser shots, and covers the spectral
range of high-harmonic orders H=17–41. The HHG yields
are plotted in polar coordinates, with the radial part corresponding to HHG photon energies from 0 to 80eV. The
emission occurs in discrete harmonics orders, but the color
plots interpolate between them. The polar angle is α, with
α=0 (horizontal) meaning that the molecular axis is parallel
to the probe polarization axis that generated the HHG. The
left and right halves of the polar plot are mirror images since
there is no difference between the molecules at 0° and 180°.
In ﬁgure 6(b), the HHG yield as function of angle is
shown for N2 molecules probed with 800 nm laser pulses. The
maximum emission occurs for α=0, and minimizes at
α=90°. This pattern is consistent with emission being primarily due to the 3σg orbital of N2. A prominent minimum at
5
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Figure 7. High-harmonic yield in aligned CO2 with λ=800nm as a function of alignment angle. Experimental measurements at

Iprobe=0.7 (a), 1.5 (b) and 2.3 (c) × 1014 W cm−2. The radial scale is 0–60eV. The intensity scale is logarithmic (log10). There is a
characteristic minimum in the HHG spectrum for α=0 that shifts with laser intensity.

Figure 8. High-harmonic spectra in aligned CO2 for α=0°, i.e.
molecular axis is parallel to the probe laser polarization. The probe
wavelength is λ=800nm. Experimental measurements at
Iprobe=0.7 (black solid line), 1.5 (red dashed line) and 2.3 (blue
dotted line) × 1014 W cm−2. The minimum is seen to shift with
increasing intensity to higher photon energy.

Figure 9. High-harmonic yield in aligned N2 versus α with probe
driving wavelength λ=1200nm. Iprobe=1.1×1014 W cm−2.
The color scale is linear in HHG emission intensity. Compared with
measurements taken at 800nm (ﬁgure 6), the HHG spectrum has
changed little at this wavelength.

At low driving intensity (Iprobe=0.7×1014 W cm−2, see
ﬁgure 7(a)), we observe that the high-harmonic yield of CO2
peaks around α≈60°–70° across the spectrum. This is consistent with EPOLYSCAT [52, 53] photorecombination transition dipole moments of the HOMO [54]. As the intensity
increases, the angular proﬁle peaks more around α=90°, see
ﬁgures 7(b), (c) which suggests the dominance of the HOMO-1
participation at that angle as expected from both its corresponding angular ionization proﬁle and transition moments peaking
in that direction [14]. Finally, at the maximum intensity
(Iprobe=2.3×1014 W cm−2, see ﬁgure 7(c)), the local
maximum of signal above the spectral minimum ( 45eV) in the
vicinity of α=0° has grown relatively to the overall yield,
compared to Iprobe=1.5×1014 W cm−2 (see ﬁgure 7 (b)),
which roughly goes along with the increasing participation of
HOMO-2. Therefore, we have shown that the angular high-

harmonic yield proﬁle depends strongly on intensity, giving
insight into the participation of molecular orbitals.
HHG spectra of N2 taken with 1200nm probe pulses are
shown in ﬁgure 9. As discussed in [19], the position of the
HHG minimum in N2 is fairly insensitive to laser parameters,
as can be seen by direct comparison of ﬁgure 6(b) and of
ﬁgure 9.
Figure 10 shows the HHG yield in CO2 for a probe laser
wavelength of 1200nm. The minimum around α=0 moves
signiﬁcantly towards higher photon energy with increasing
intensity in the range Iprobe=1.2×1014 W cm−2[19]. It has
been reported to reverse direction at higher intensity [47]. We
have observed that when increasing the intensity to
Iprobe 1.5×1014 W cm−2, the minimum remains around
58eV (not shown) and we have not seen the direction to
reverse.
6
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Figure 10. (a) High-harmonic yield in aligned CO2 as a function of alignment angle for λ=1200nm for three probe intensities. The radial

axis goes from 0 to 80eV for all plots. The intensity scale is logarithmic (log10).

3. Conclusions and perspectives

ORCID iDs

The behavior of the HHG spectra for N2 and CO2 around
α=0, i.e. when the laser polarization axis is parallel to the
molecular axis, illustrates two contrasting mechanisms. The
minimum in N2 around 40eV is largely independent of laser
intensity and wavelength, and is an example of a structural
minimum. The Cooper minimum in argon is an example of a
structural minimum, whereby the photoionization cross
section minimizes due to a sign change in one of the partial
wave components [55].
On the other hand, the on-axis HHG minimum seen in
CO2 is an example of a dyamical minimum, which is caused
be the contribution of a deeper-bound orbital. In CO2 at
α=0, the contribution of the HOMO-1 orbital is minimized,
allowing the HOMO-2 to become apparent. Because the
HOMO-2 has a higher ionization potential compared with the
HOMO, it contributes to a higher cutoff energy in the HHG
spectrum, where the HOMO contribution is falling. It is the
coherent interference between HHG contributions from these
orbitals that leads to the minimum in the HHG spectrum near
the cutoff energy. As the laser intensity increases, so too does
the location of the interference minimum. By going to longer
laser wavelengths, the structural minimum of CO2 becomes
apparent [56].
HHG has three steps: ionization, acceleration, and
recombination. The simultaneous measurement of molecularframe ionization probability and the HHG yield will permit
the deconvolution of the HHG yield from the laboratoryframe measurement to the MF [57], effectively removing the
ﬁrst step from the three-step model. This will improve the
sensitivity of the measurement to the molecular-frame
recombination matrix elements, and may provide more
information on the molecular origins of HHG spectra.
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