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We study high-order harmonic generation (HHG) from multi-center asymmetric linear molecules numerically and an-
alytically. Our simulations show that odd and even HHG spectra of the asymmetric multi-center system respond differently
to the change of the molecular structure. Specifically, when the internuclear distances between these nuclei of the molecule
have a small change, the odd spectra usually do not change basically, but the even spectra differ remarkably. Based on this
phenomenon, a simple procedure is proposed to probe the positions of these nuclei with odd—even HHG. Our results shed
light on attosecond probing of the structure of multi-center molecules using HHG.
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1. Introduction

In the past two decades, high-order harmonic generation
(HHG)!"?! from atoms and molecules has been a hot subject
in both experimental and theoretical studies of strong laser—
matter interaction. This interest in HHG partly arises from
the important applications of HHG in attosecond science,**]
including attosecond probing of the electron structure and
dynamics.!>%! The HHG process can be well understood by
a semiclassical three-step model:!”! (i) ionization of the active
electron by tunneling, (ii) propagation of the electron in the
laser field, and (iii) recombination of the freed electron into
the bound state with the emission of a high-energy photon.

Previous studies on HHG are mainly focused on atoms
and diatomic molecules. For symmetric diatomic molecules,
such as H2+ (B-111 and N,,['>"151 due to the central symmetry
of the potential, only odd harmonics are emitted. The phe-
nomenon is similar to the atomic case. In particular, the HHG
spectrum of symmetric diatomic molecules also shows a strik-
ing minimum, which is absent for the atomic spectrum and has
been identified as arising from the effect of two-center inter-
ference when the rescattering electron returns to and recom-
bines with these two atomic centers of the molecule.!®! This
minimum has attracted great interest in recent years.[10-24]
It can be used to probe the internuclear distance of the di-
atomic molecule!~281 and judge the sign of the dipole phase
in the molecular orbital tomography procedure.!!?! For asym-
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metric diatomic molecules, such as HeH?t,[29-38] CQ,[39-43]

and NO,*¥ due to symmetry breaking, both odd and even
harmonics are emitted. It has been shown that these odd and
even harmonics possess different spectral properties*~*8! and
carry different information of the target,3*°-3!] and therefore
need to be studied separately.

The odd-even HHG from asymmetric diatomic
molecules has shown promising applications in ultrafast mea-
surements. For instance, using odd—even HHG, one can probe
the electron dynamics of asymmetric molecules,>~°! image
the asymmetric orbital,[*3! and probe the nuclear dynamics
of asymmetric molecules.’’! The degree of orientation for
asymmetric molecules can also be calibrated with odd—even
HHG. [58:59]

Recently, attention is increasingly turning to the inter-
action of the laser field with polyatomic molecules (such as
CHy,[00-921 CH,Cl,, 1931 Cgp, 1941 and SF4 (1) and solids. 00721
For symmetric polyatomic molecules such as CO,, the orbital
symmetries can be complex with multiple nodal planes, and
multielectron dynamics can become significant with several
orbitals close to the highest occupied molecular orbital.!>’! For
asymmetric polyatomic molecules such as HCCL 73 0CS,B%
and N»0,!7 due to symmetry breaking, the situation is more
complex and some new effects can emerge. To probe the
structure of multi-center asymmetric molecules with odd—even
HHG, a detailed theoretical study on this issue is needed.
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In this paper, we study odd—even HHG from multi-center
asymmetric linear molecules H§+ and Hi+ with diverse inter-
nuclear distances at different orientation angles numerically
and analytically. The time-dependent Schrédinger equation
(TDSE) of the simple single-electron systems can be solved
exactly at present. Our simulations show that the emission of
odd and even harmonics from these asymmetric systems de-
pends differently on the change of the internuclear distance.
Specifically, as this distance between two neighboring nuclei
has a small change, odd spectra do not change usually, while
even spectra differ remarkably. As a result, the positions of in-
terference minima in odd spectra for the multi-center systems
are also insensitive to the internuclear distance, different from
two-center cases. We show that the phenomena are associated
with different HHG mechanisms of odd versus even harmon-
ics. With the sensitivity of even HHG spectra to the internu-
clear distance, a procedure is proposed to probe this distance
using the relative yields of odd versus even harmonics.

2. Theoretical methods
2.1. Numerical procedure

The Hamiltonian of the molecular system studied here
is H(t) = p*/2+V(r) +r - E(t) (in atomic units of i =
e = me = 1). We assume the molecular axis is located
in the xoy plane and the laser field E(z) is linearly po-
larized along a direction parallel to the x axis. For linear
molecules H3" and Hj", the soft-core potential V(r) used
here has the following form: V(r) = —-Z/\/& + (r — R;)> —
Z/\E+(r—Ry)? — Z/\/JE+(r—R3)? for HI" and
Vir) = =Z/\é+(r—R\)? — Z/\JE+(r—Ry)?
Z/\E+(r—R3)? —Z/\/E+(r—Ry)? for HJ". Here
R;, R), R;, and R4 are the vectors between the ori-
gin and different nucleus, and Z is the effective charge
which is adjusted to obtain the desired ground-state energy.
Similarly, in our comparison studies, the soft-core poten-
tial for diatomic molecules HJ has the following form of
V(r)=-Z/\/é+(r—R/2)?— &+ (r+ R/2)>. Here,
R is the vector between these two nuclei of Hj. & is the
smoothing parameter which is used to avoid the Coulomb sin-
gularity. For comparison, we have used the value of & = 0.5
for all cases of multi-center molecules explored in the pa-
per. The main results associated with properties of odd—even
HHG from multi-center asymmetric molecules discussed in
the paper are not sensitive to the choice of the parameter &.
E(t) = e E(r) with E(t) = f(¢)E sinwyt is the external elec-
tric field, and e, is the unit vector along the x axis. f(¢)
is the envelope function. E and @y are the amplitude and
the frequency of the external electric field, respectively. In
our calculations, we use a ten-cycle laser pulse which is lin-
early ramped up for three optical cycles and then kept at a

constant intensity for four additional cycles and finally lin-
early ramped down for three optical cycles. Numerically,
the TDSE of iy(r) = H(t)y(t) is solved numerically us-
ing the spectral method.!””! We work with a grid size of
L, x Ly =409.6 x 102.4 a.u. for the x and y axes, respectively.
Details of our TDSE calculations can be seen in Ref. [76].
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Fig. 1. (color online) A sketch of the molecular geometry and the co-
ordinate system used in the 2D simulations for H%*. The polarization
direction e of the laser field is along the x axis. The molecular axis x’ is
located in the xoy plane with an angle 6 to the x axis and the center of
mass of the molecular system agrees with the origin of the coordinate
system 0. R, R, and R3 denote the positions of these three nuclei
of H%"’ to the origin, respectively. 7, 72, and r3 denote the positions
of the electron to these three nuclei and 7 denotes that to the origin. X
and X, are the internuclear distances between two adjacent nuclei.

The sketches of the coordinate systems of H%* and H?‘+
used in our two-dimensional (2D) simulations are presented in
Figs. 1 and 2. Once the TDSE wave function y(¢) is obtained,
the coherent part of the HHG spectrum parallel to the laser
polarization e can be evaluated using

F(o) = [(wile-wVIw@)edr, M)

where o is the emitted-proton frequency.

For comparison, the ground states of the linear molecules
with different molecular parameters studied here have the
same ionization potential of I, = 1.52 a.u.

2.2. Analytical description

In Ref. [31], it has been shown that for asymmetric di-
atomic molecules, there is a close relation between odd—
even HHG spectra and odd—even bound-continuum-transition
dipoles. This relation reflects the main HHG route for the
emission of one odd or even harmonic from asymmetric
molecules.!*¥! The main odd (even) HHG route is associated
with the rescattering electron ionizing from the gerade com-
ponent of the asymmetric orbital and recombining with the
gerade (ungerade) component of the asymmetric orbital. A
detailed discussion on the odd—even HHG routes can be found
in Refs. [32] and [54]. We now explore the relation for multi-
center cases. For comparison, the diatomic cases are also dis-
cussed here.
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Fig. 2. (color online) Same as Fig. 1 but for Hi*. R, R;, R3, and
R, denote the positions of these four nuclei of HE{Jr to the origin, re-
spectively. 71, 72, 73, and 74 denote the positions of the electron to

these four nuclei and = denotes that to the origin. X;, X, and X3 are the
internuclear distances between two adjacent nuclei.

We assume that the wave functions of the ground states
|0) for Hy, H3" and H} " molecules have the forms of ¢ (r) =
Ni(e X1 4 e752), 93 (r) = Ne(e ¥ 4 e X2 4+ ¢ 7¥73), and
05 (r) = Ne(e ¥ 4 e7%n2 4 7K™ 4 e7K™4), respectively.
Here, k = /2I, and I, is the ionization potential of the ground
state. Nt is the normalization factor and r, withn =1,2... de-
notes the distance of the electron to the n-th nucleus of the
multi-center system. With approximating the continuum state
|p) using the plane wave, the odd bound-continuum-transition
dipole Dodq = Doad(®,0) = (Oleg - r|isin(p- 7)) at the an-
gle 0 (i.e., the angle between the molecular axis and the laser
polarization), which is mainly responsible for the emission of

odd harmonics along the laser polarization ey, can be written
2531321

Dlyy(@,6) o Gy (@,6) / drle " eg-rsin(pe-r)], ()

with
Gia(®,0) = cos(pcR/2c0s0),
Gaga(®,0) = cos(pxR; cosB) +cos(pgRy cos 0)
+ cos(pyR3cos0)
and

G14(®,0) = cos(prR; cos ) + cos(prRy cos 0)
+ cos(prR3cos 0) + cos(prRacos 0)

for the cases of Hj, H§+, and H " molecules, respectively.
Similarly, the even bound-continuum-transition dipole Deyen =
Deven(®,0) = (0]eg 7| cos(p-r)) which is related to the emis-
sion of even harmonics along the laser polarization can be
written as

Dle(©,6) = Glyen(@.8) [ drle"eq -rsin(pi-7)]. ()
with
G3

even

(0,0) = sin(pgR) cos0) + sin(pgRy cos 6)

+ sin(pgR3cos )
and

G2 on(,0) = sin(pR; cos ) + sin(pgRcos 0)
+ sin(pgR3 cos 0) + sin(prR4cos 0)

for the cases of H%Jr and Hffr molecules, respectively. Here,
Py is the effective momentum of the continuum state |p) o<
le'Pe™), with py = |pi| = [2(I, + Ep)]'/? that considers the
Coulomb acceleration.!!?! E, = @ —1I, is the energy of the con-
tinuum state |p).

Note, due to the selection rule in the integral of the dipole,
the odd dipole D,qq is associated with the gerade component
|0g) of the ground state [0) = [0g) 4 |0y) and the even dipole
Doqq is associated with the ungerade one |0,). The qualitative
relationship between the corresponding dipoles Dyqq(even) @and

the HHG power spectra Syqq(even) @long the laser polarization
: [12,43]
is

Sodd (@, 0) ~ a(®)Doaa(®, 0)*,
Seven(w7 9) ~ |a(w)Deven(wa 6)|27

o= (2n+1)ay,
w = 2nay. @

Here, a(w) is the spectral amplitude of the continuum elec-
tron which is not sensitive to the angle 6.!'?! In the following,
we will compare odd—even HHG spectra to the corresponding

odd-even dipoles.
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Fig. 3. (color online) Comparisons of odd HHG spectra of Egs. 1(a) and
1(b) and dipoles |D2;,(®,0)|>/»* of Eqgs. 2(c) and 2(d) for 2D linear
model molecules H;’ with the same ionization potential of /, = 1.52 a.u.
but diverse internuclear distances of X = 2 a.u. (solid black curves),
X = 1.9 a.u. (dash-dotted red curves), and X = 1.7 a.u. (dotted blue
curves) at 6 = 30° (the left column) and 6 = 40° (right). The laser
parameters used are I = 1 x 10'> W/cm? and A = 600 nm.

3. Results and discussion
3.1. Comparisons of HHG spectra and dipoles

In Fig. 3, we plot the odd harmonic spectra and rele-
vant dipoles from two-center symmetric molecules H2+ with

the laser intensity / = 1 x 10" W/cm? and the wavelength
A = 600 nm for different internuclear distances R at different

054213-3
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orientation angles 6. First of all, from Fig. 3, we can observe
that as the internuclear distance changes, the odd spectra at
an angle 0 differ remarkably from each other. Secondly, at a
certain angle, the relative yields of odd harmonics for differ-
ent internuclear distances in the HHG plateau region are well
predicted by relevant dipoles, as described by Eq. (4). Thirdly,
the HHG spectra and the corresponding dipoles show a strik-
ing minimum arising from two-center interference effects®! in
the HHG plateau region. The position of this minimum shifts
toward higher harmonic orders remarkably as the internuclear
distance decreases. As the position of the minimum is very
sensitive to the internuclear distance, it is possible to judge
the positions of the nuclei through this minimum in the spec-
tra. This ultrafast probing procedure with HHG is meaning-
ful especially for a chemical reaction where the positions of
the nuclei of molecules can change rapidly in the attosecond
scale. However, the situation is different for multi-center lin-
ear molecules, as shown in Figs. 4 and 5.

In Figs. 4 and 5, we show the odd spectra and relevant
dipoles for linear H%Jr and Hi+ at different internuclear dis-
tances and different angles. For comparison, the whole inter-
nuclear distances of the model systems are fixed at a certain
value with X; +X, =4 a.u. for H%+ and X; +Xo + X3 =6 a.u.
for Hi*. The laser parameters used in Fig. 4 for H%* are the
same as in Fig. 3. For HiJr, the energy gap between the ground
state and the first excited state is smaller and the system is eas-
ier to ionize than the case of H%*. So in Fig. 5, we have used
the laser parameters of / = 6 x 10'* W/cm? and A = 1200 nm.

30° 40°
=
R (b)) —Xx1=2 X,=2
8 - X1=19 X,=2.1{—6
& X1 =17 X»,=2.3
é »
5
g
g) —12
0 0
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o
5 -2 -2
g 4 —4

20 40 60 80 20 40 60 80
Harmonic orders/wyg

Fig. 4. (color online) Comparisons of odd HHG spectra of Egs. 1(a)
and 1(b) and dipoles |D3,(®,0)|*/w* of Egs. 2(c) and 2(d) for
2D linear model molecules H%*’ with the same ionization potential of
I, = 1.52 a.u., but diverse internuclear distances of X; =2 a.u. and
X> = 2 a.u. (solid black curves), X; = 1.9 a.u. and X, = 2.1 a.u. (dash-
dotted red curves), and X; = 1.7 a.u. and X, = 2.3 a.u. (dotted blue
curves) at 0 = 30° (left) and 6 = 40° (right). The laser parameters used
are ] = 1 x 10" W/cm? and A = 600 nm.

One can observe that the odd spectra in the first row of
Fig. 4 also show a striking minimum. However, as the inter-

nuclear distance has a small change, the position of the mini-
mum as well as the relative yields of harmonics do not change

basically. These phenomena are also well predicted by rele-
vant dipoles in the second row of Fig. 4. Results in Fig. 5 for
linear H?‘+ are similar to the cases of linear H%*, where the
spectra are not very sensitive to the change of the internuclear

distance.
. 30° 40°
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Fig. 5. (color online) Comparisons of odd HHG spectra of Eqs. 1(a)
and 1(b) and dipoles |ngd(w’ 0)|>/@* of Egs. 2(c) and 2(d) for 2D
linear model molecules H;Tr with the same ionization potential of I, =
1.52 a.u., but diverse internuclear distances of X| =2 a.u., X, =2 a.u.,
and X3 = 2 a.u. (solid black curves), X; = 1.9 a.u., X, = 2 a.u., and
X3 = 2.1 a.u. (dash-dotted red curves), and X; = 1.7 a.u., X, =2 a.u,,
and X, = 2.3 a.u. (dotted blue curves) at O = 30° (left) and 6 = 40°
(right). The laser parameters used are I = 6 x 10* W/cm? and A =
1200 nm.

The results in Figs. 4 and 5 imply that as the minimum in
odd spectra for multi-center linear molecules is not sensitive to
the internuclear distance, it cannot be used as a tool to probe
the positions of the nuclei in an ultrafast time scale.

One of the important characteristics for the HHG from
asymmetric molecules is the emission of even harmonics.
Next, we turn to even spectra for multi-center asymmetric lin-
ear molecules. In Fig. 6, we show the even spectra and rele-
vant even dipoles for asymmetric linear molecules H%+ at dif-
ferent internuclear distances and orientation angles. Different
from the odd cases in Fig. 4, one can observe from Fig. 6 that
the even spectra differ remarkably as the internuclear distances
change, in agreement with the predictions of relevant dipoles.
On the whole, the even spectra are stronger with the increase
of the molecular asymmetry (i.e., the increase of the difference
between the distances X; and X3). Results of even spectra for
linear Hffr are similar to those in Fig. 6. So we do not present
them here.

From the results in Figs. 4-6, we conclude that for multi-
center asymmetric linear molecules, the odd spectra are not
sensitive to the molecular structure, nor even spectra. How-
ever, in the situation, it remains possible to probe the struc-
ture of multi-center asymmetric linear molecules in the ultra-
fast time scale, with the combination of odd and even HHG
spectra. Let us discuss this point in more detail. The exact
difference between odd and even cases shown above arises
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from different generation mechanisms of odd versus even har-
monics. As discussed in Ref. [43], the emission of odd har-
monics is mainly associated with the gerade component of the
asymmetric orbital in the recombination process and the emis-
sion of even harmonics is mainly associated with the ungerade
one. For multi-center asymmetric linear molecules, when one
center of the multi-center system has a small change at posi-
tion, the gerade component of the asymmetric orbital does not
change basically and the ungerade component differs remark-
ably from the previous one. This difference is mapped in the
odd-even HHG spectra, providing the possibility of probing
the structural change of the multi-center system with odd—even
HHG. Next, we explore the potential ultrafast probing proce-

dure with odd—even harmonics.

30° 40°
(a) (b) —Xi=19 X;=2.1
; L X =18 X;=221{-6
Xi=17 X;=2.3

|
[}

|
©

logio(Dipoles)  log;o(Harmonic intensity)

20 40 60 80 20 40 60 80

Harmonic orders/wg

Fig. 6. (color online) Comparisons of even HHG spectra of Eqs. 1(a)
and 1(b) and dipoles |D3.,(®,0)|?/o* of Egs. 3(c) and 3(d) for 2D
linear model molecules H3Jr with the same ionization potential of
I, = 1.52 a.u., but diverse internuclear distances of X; = 1.9 a.u and
X, = 2.1 a.u (solid black curves), X; = 1.8 a.u and X, = 2.2 a.u. (dash-
dotted red curves), and X; = 1.7 a.u and X, = 2.3 a.u. (dotted blue
curves) at 6 = 30° (left) and 0 = 40° (right). The laser parameters used

are I = 1 x 10" W/cm? and A = 600 nm.

logo(Harmonic intensity)

logo(Dipoles)

Harmonic orders/wq

Fig. 7. (color online) Comparisons of odd—even HHG spectra of

Egs. 1(a) and 1(b) and dipoles D}y, e (@, 8)*/@* of Egs. (2), 3c),

and (3d) for 2D linear model molecules H%Jr with X; = 1.7 a.u. and
X, =2.3 a.u. at 0 = 30° (left) and 6 = 40° (right). The dashed arrows
indicate the intersection points of odd—even spectra and dipoles. The
laser parameters used are / = 1 x 10> W/cm? and A = 600 nm.

In Fig. 7, we plot the odd—even HHG spectra from asym-
metric linear molecules H%* with X; = 1.7 au. and X, =
2.3 a.u. at different orientation angles in the first row. For
comparison, odd and even harmonics are presented using solid
and short-dashed lines, respectively. From Fig. 7, we can see
that the relative yields of odd versus even harmonics presented
here show a clear dependence on the orientation angle. For
example, in Fig. 7(a), the yields of even harmonics are lower
than odd ones for low and high harmonic orders. The situa-
tion reverses for intermediate harmonic orders, with the odd—
even HHG spectra showing two clear intersections. As the
orientation angle increases, the positions of the intersections
shift towards higher harmonic orders, as shown in Fig. 7(b).
The characteristics are also reproduced by the relevant dipoles
shown in the second row of Fig. 7. We use dashed arrows to
indicate the intersections located at harmonic orders with en-
ergy near or higher than 21, (about H40). For these harmonic
orders, the influence of the Coulomb effect on the continuum
electron is smaller and the plane-wave approximation for the
continuum electron in Eq. (4) is expected to be more applica-
ble.
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Fig. 8. (color online) Same as Fig. 7,but X; = 1.9 a.u. and X, =2.1 a.u.

In Fig. 8, we show results for other internuclear distances
with a small asymmetry in comparison with the case of Fig. 7.
On the whole, the odd—even HHG spectra also show some
striking intersections, the positions of which agree with the
predictions of relevant odd—even dipoles. The calculated odd—
even harmonic spectra and relevant dipoles for asymmetric lin-
ear H?‘Jr also show similar phenomena as those presented in
Figs. 7 and 8. Based on the above results, we propose the
probing of the structure of multi-center asymmetric molecules
using the intersections of odd versus even HHG spectra.

It should be stressed that at smaller orientation angles, the
intersections of odd—even HHG spectra are located at lower
harmonic orders near the threshold, where the influence of the

parent ions on the continuum electron is stronger. In this case,
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equation (4) based on the plane-wave approximation is not ap-
plicable. So we focus our discussion on these two larger angles
of 8 = 30° and 40° here. The proposed procedure discussed
below is also more applicable for larger angles.

3.2. Probing procedure

Here, all of the terms ngd and G, are functions of the

even
internuclear distances X; and X, (see the expressions below
Egs. (2) and (3)). The solution of the above equation gives the
predictions of these distances X; and X,. Similarly, one can
reconstruct the bond lengths of linear asymmetric molecules

Hﬁ+ using the following expressions:

Gédd(whel) = vaen(wla 91)>
Gﬁdd((oz? 62) = vaen<a)2a 92)7
ngd(a)?n 93) = vaen(w% 93) (@)

Here, w1, @», and @3 are also the harmonic energy correspond-
ing to the intersections of odd—even HHG spectra at three an-
gles of 0, 6, and 63, respectively. Note, for a certain an-
gle, the odd and even HHG spectra can have two intersections
located at higher harmonic orders (see Figs. 7 and 8). Both
of the intersections can be used in the reconstruction. In our
simulations, we change the orientation angles from 8 = 20°
to 6 = 60° and average the bond lengthes reconstructed with
odd—even HHG at different intersections and different angles.
Relevant results are presented in Fig. 9.

(a) Xi=19au (b) Xpi=18au (c) X, =17au.
Xp=2.1 a.u. Xp=22au X,=23au
—0—=0 @0 @0
—-@— ACC
@~ REC
X1=12au. e Xi=1lau f X;=15au
(d) Xo;=18au. ( ) Xo=2a.u. ( ) X; =2 a.u.
@9 -9 00
X1:1.9 a.u. X1:148 a.u. X1:1.7 a.u.
(g) X,=2 a.u (h) Xo=2au (l) Xo=2au
X3;=2.1au. X3=2.2a.u. X3=23a.u.
¢—Q—0—0
2 0 2 -2 0 2 -2 0 2
X/a.u.

Fig. 9. (color online) Comparisons of the exact results (big-black
spheres, ACC) and the reconstructed results of Egs. (5) and (6) (small-
red spheres, REC) for geometry of linear molecules H%* ((a)—(f))
and Hi+ ((g)—(1)) with the same ionization potential of , = 1.52 a.u.
and diverse internuclear distances. The laser parameters used are
1=1x 10" W/em? and A = 600 nm for H3", and I = 6 x 10'* W/em?
and A = 1200 nm for H3 .

In the first row of Fig. 9, we show the results for H§+
with X; + X, = 4 a.u. In the second row, those are for H%+
with X; + X, = 3 a.u. and in the third row for HiJr with
X1+ X, + X3 = 6 a.u. One can observe from Fig. 9, for all

of the cases, the reconstruction procedure based on Egs. (5)
and (6) basically reproduces the internuclear distances of the
multi-center molecules, implying the applicability of this pro-
cedure. We have validated our above discussions with per-
forming simulations at other laser and molecular parameters.

4. Conclusions

In summary, we have studied the HHG from multi-center
asymmetric linear molecules H%+ and Hi*. We have shown
that different from symmetric diatomic molecules such as H2+ ,
the odd HHG spectra, especially the interference minima in
the odd spectra of multi-center asymmetric molecules are not
very sensitive to the change of the internuclear distance, so do
the even spectra. The phenomena reflect the fact that when the
position of one of the atomic centers of the multi-center system
has a small change, the gerade component of the asymmetric
orbital (which is mainly responsible for the emission of odd
harmonics in the recombination process) does not change ba-
sically, but the ungerade component (which is mainly respon-
sible for the emission of even harmonics) differs remarkably
from the previous one. In this situation, the intersection of
odd versus even HHG spectra can be used as a sensitive tool
to probe the structure of multi-center molecules in an ultrafast
time scale. We expect that our studies on the HHG of these
simple systems will shed light on other multi-center molecules
with more complex symmetries.
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