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ABSTRACT We present experimental results in which a second-
order effect, namely two-photon ionization of atomic He in-
duced by a superposition of harmonics, is observed. The har-
monics are generated in a Xe gas-jet using a 790-nm 10-Hz fem-
tosecond Ti:sapphire laser and are subsequently focused into
a He gas-jet with a Kirkpatrick—-Baez arrangement. The super-
position is formed by using a thin In filter and it comprises the
7th to 13th harmonics. Solving the time-dependent Schrodinger
equation for He in a polychromatic laser field, the He™ ion yield
is calculated as a function of the total XUV intensity. Using the
calculated yield and taking into account the focusing and trans-
mission properties of the arrangement, the number of He™ ions
produced per laser pulse is estimated and is found to be in rea-
sonable agreement with its measured value. The total number of
ions produced non-resonantly follows a nearly quadratic depen-
dence on the harmonic intensity, thus establishing the feasibility
of a second-order auto-correlation measurement of the superpo-
sition of harmonics, i.e., of a direct temporal characterization of
attosecond pulse trains.

PACS 42.60.By; 42.65.Re; 42.65. Ky

1 Introduction

Recently, experimental evidence has become avail-
able that a superposition of harmonics may form attosecond
pulse trains [1,2] or even isolated attosecond pulses [3], in
agreement with earlier theoretical conjectures [4]. Motivated
by these developments, applications in atomic spectroscopy
have been suggested [5] and the first results involving single
attosecond pulses have been reported [6, 7]. The main prereq-
uisite for the use of these pulses in ultrafast spectroscopy and
non-linear optics is their detailed and precise temporal char-
acterization. Currently, most of the attosecond pulse charac-
terization approaches are based on indirect cross-correlation
methods [2, 3, 8], complicating the quantitative pulse analy-
sis. In contrast, higher order auto-correlation methods are
more direct and provide rigorous and unequivocal informa-
tion leading to complete pulse characterization. In connection
with these experiments, the observation of a non-linear pro-
cess, e.g. multi-photon ionization induced by short-pulse

B Fax: +49-89/3290-5200, E-mail: tsakiris@mpq.mpg.de

coherent XUV radiation, such as the high-order harmonics of
fs-laser radiation, has been a challenging problem for a long
time now. This is not only because of the interesting new
physics inherent to the process, but also because it paves
the way to utilization of well-established approaches in fs-
laser pulse metrology to short pulses in the XUV wavelength
region. Thus, second- or higher-order auto-correlation tech-
niques can be appropriately modified for XUV radiation and
applied for the temporal characterization of individual higher
order harmonics or of a harmonic superposition. However,
there are two main obstacles associated with such meas-
urements: (a) the lack of highly dispersionless devices in
the XUV spectral region and (b) the low intensity, com-
bined with the low photon-flux, of the harmonics relative
to that needed for observable signals according to the non-
linear XUV absorption cross-sections. Collinear propagation
geometries have been recently used as arrangements with neg-
ligible dispersion in cross-correlation measurements [2, 3].
Furthermore, we have recently numerically assessed and
experimentally tested the performance of a dispersionless
Michelson interferometer based on a transmission-grating
beam-splitter [9, 10]. As for the observation of a non-linear
interaction involving harmonics, only few experimental at-
tempts have been reported in the literature because of the low
multi-XUV-photon absorption rates. These include a near-
resonant two 3rd-harmonic-photon ionization of various
gases at 267 [10] and 83 nm [11], a two- and three-photon
non-resonant ionization of He with the 9th [12] and 5th har-
monics [13], respectively, of a Ti:sapphire laser, and more
recently, two and three photon non-resonant ionization of rare
gases [ 14] by the 5th harmonic of a Ti:sapphire laser. Higher-
order auto-correlation measurements of single harmonics are
reported as well in [10] (interferometric and intensity auto--
correlation), and in [12] and [13] (intensity auto-correlation).

In this work we report the observation of two-photon ion-
ization of He induced by a broadband XUV spectrum consist-
ing of the 7th harmonic (~ 113 nm) up to the 13th harmonic
(~ 61 nm) of a Ti:sapphire laser. The harmonic intensity de-
pendence of the total number of ions produced gives unequiv-
ocal evidence that the measured signal is due to a two-photon
ionization process in He. The observed rate is compared
with that expected from the ab initio-calculated ionization
yield, obtained by numerically solving the time-dependent
Schrodinger equation (TDSE) for He in a polychromatic laser
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field. While a second-order auto-correlation measurement of
isolated attosecond pulses seems at the moment to be far from
realizable, due to the extremely low photon number per pulse,
the results of this work indicate that performing second-order
auto-correlation measurements of attosecond pulse trains ap-
pears to be within our reach and it can be confidently foreseen
for the near future.

2 Experimental setup

The experiment was performed with the first mod-
ule of the 10 Hz Ti:sapphire laser system at the Max-Planck-
Institut fiir Quantenoptik, ATLAS, which delivers 130-fs long
pulses, with an energy of up to 250 mJ and a spectral distri-
bution centered at 790 nm. A schematic of the experimental
set-up used is shown in Fig. 1. The input laser beam was
clipped down to 2.5cm in diameter. A beam stop of 1-cm
diameter was introduced into the beam cross-section, forming
an annular-shaped beam with an energy of about 20 mJ /pulse.
The beam was focused with a 1.5-m lens into a piezoelec-
trically pulsed Xenon gas-jet (Lasertechnics LPV) operated
at a backing pressure of 5atm. The orifice of the jet had
a diameter of 1 mm. In this jet harmonics were generated.
As was experimentally determined, the harmonic power in
the wavelength region of interest was maximized when the
focus of the laser beam was positioned 4 cm after the Xe gas-
jet, which is in agreement with previous observations and
discussions [15,16]. It is worth noting that theoretical cal-
culations predict poor phase locking of the harmonics when
the laser is focused after the gas jet [17]. However, here our
main concern is to demonstrate two-photon ionization, for
which the maximum possible harmonic power is required.
A Kirkpatrick—Baez [18] focusing system was introduced on
the propagation axis of the XUV radiation. This comprised
two 10-cm diameter gold-coated spherical mirrors of 5-m ra-
dius of curvature, one fixed in the x—y plane and the other
in the x—z plane. The angle of incidence of the XUV light
at the first and second mirrors was ~ 5°. At this nearly graz-
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FIGURE 1 The experimental setup

ing angle of incidence, the combined reflectivity of the two
mirrors within the spectral region of interest was >~ 50%. An
aperture with a diameter of 0.8 mm was placed 9.5 cm after
the center of the second spherical mirror, completely block-
ing the fundamental of the laser in the annular section, while
allowing the harmonics in the center to pass through. Di-
rectly after the aperture the harmonics were filtered through
a 0.16-pum thick indium filter exhibiting ~ 30% transmission
at 88 nm (9th harmonic). The Kirkpatrick—-Baez arrangement
focused the XUV light 44.5 cm after the center of the sec-
ond mirror in both directions transverse to the propagation
axis. A second pulsed gas-jet of the same type as the first one
was placed at the XUV focus, but was filled instead with He
at a backing pressure of 5atm. This second jet had an ori-
fice 1 mm in diameter and was equipped with a collimator tip
15-mm long with 1-mm inner diameter. The harmonic beam
focus was located 1.5-2 mm below the collimator tip and
was centered with respect to the gas-jet cone, where the He
atomic density was the highest, thus maximizing the height
and sharpness of the He™ peak in the TOF spectra. A 30-cm
long ion time-of-flight energy analyzer having its axis per-
pendicular to the XUV propagation direction and to the He
jet beam was employed for the detection of the He ions (see
Fig. 1). The harmonics were monitored simultaneously with
the ionization signal by means of an XUV monochromator
coupled to the exit of the ionization chamber via a gold mirror
with a 60-cm radius of curvature (see Fig. 1). The laser in-
tensity at the first jet was estimated to be 2—4 x 10'3 W /cm?.
Although the laser intensity was not very high, the length
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of the emitting Xe medium ensured a high conversion effi-
ciency, which has been measured under similar experimen-
tal conditions to be ~ 107 [16]. This intensity gives rise
to plateau harmonics with energies of 200 nJ/pulse, which
translates to ~ 8.8 x 10'° photons/pulse. Figure 2 shows the
harmonic spectrum recorded by the XUV monochromator
without (a) and with (b) the indium filter. After the indium
filter, the remaining harmonics were only the 7th, 9th, 11th,
and 13th with relative intensities of 0.4 : 1 : 0.4 : 0.08, respec-
tively. This intensity ratio was deduced after taking into con-
sideration the spectral response of the coupling mirror, that
of the XUV monochromator, and the quantum yield of the
detector.

3 Experimental results

With the setup and conditions described above,
He™ ions were detected. Several tests were performed to en-
sure that the He was ionized through a two-photon absorption
process. Switching off the Xe gas-jet and hence the harmonic
generation, no He™ ions were observed. This presents un-
equivocal proof that the ionization was caused by the XUV
photons in the harmonic superposition. The He™ ion signal
was further measured (a) as a function of the total XUV in-
tensity, which was deduced from the area of the photo-peak
present at t = 0 in the time-of-flight signal, and (b) as a func-
tion of the intensity of individual harmonics obtained from the
harmonic peaks in the XUV spectrum (see Fig. 2). The XUV
intensity was varied by changing the voltage on the piezoelec-
tric crystal of the Xe gas-jet, thus by throttling the flow of the
Xe gas.
The results of these measurements on a log—log scale are
shown in Figs. 3 and 4, respectively. Each point is the average
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FIGURE 3 Number of He* ions per pulse as a function of the total intensity
of the XUV light consisting of harmonics passing through the In filter
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FIGURE 4 Number of He* ions per pulse as a function of the intensity of
the 7th (triangles), 9th (circles), and 11th harmonics (squares)

over 100 pulses for both the ion and XUV signals. The slope of
a fitted straight line in Fig. 3 is 2.3 +0.3. As can be seen from
Fig. 4, the variation of the ion number as a function of the in-
tensity of the 7th, 9th, and 11th harmonics, was also quadratic
within the experimental error. Since the number of He™ ions
measured is due to the total harmonic intensity, which in turn
is proportional to the intensity of each individual harmonic,
the results in Fig. 4 represent an independent confirmation of
the quadratic dependence of the ion yield on the harmonic in-
tensity. The number of ions observed in this experiment was
estimated to be ~ 1/pulse for the lower up to ~ 17 /pulse for
the higher intensities. Except for the He™ peak, two further
contaminant peaks of heavier elements were observed in the
spectra at longer flight times. The signal of one of them was
measured together with the He™ signal as a function of the ini-
tially incident laser energy. It was found that while the signal
scales as o 16.910.1 for He™, the corresponding scaling was
7793 for the heavier element. This is compatible with the
higher non-linearity of the ionization process for He due to its
high ionization potential (24.6 €V).

4 Theoretical analysis

The combination of He as ionization medium and
In as filter material for the selection of a group of harmon-
ics is a judicious choice presenting several advantages. This
becomes clear if one considers the possible ionization chan-
nels due to the available photon energies in relation to the
ionization threshold of 24.6eV for He. These channels are
schematically shown in Fig. 5. On the high frequency side,
only harmonics higher than the 15th (17th, 19th, ...) can give
rise to single-photon ionization. For the laser intensity used,
the cut-off harmonic for Xe is the 11th [19]. Therefore, the
17th harmonic is produced at a greatly reduced efficiency and,
in addition, the In filter further attenuates it by 2—3 orders of
magnitude. As can be seen in Fig. 2, in which the transmit-
ted spectrum through the 0.16-pm In filter is shown, there was
no measurable signal corresponding to the 17th harmonic at
46.5 nm. Although it is difficult to a priori ascertain whether
the 17th harmonic was sufficiently suppressed as not to cause
single-photon ionization, the experimental results presented
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FIGURE 5 Schematic diagram showing the possible ionization channels
for the harmonics in the superposition. Dashed lines indicate absorption
channels with negligible contribution under the present experimental condi-
tions

in Sect. 3 provide clear evidence that the influence of the 17th
harmonic was negligible. On the low frequency side, the 7th
harmonic was transmitted, but all lower harmonics were prac-
tically filtered out. Moreover, all harmonics below the 7th can
induce in the non-mixing combination three-photon ioniza-
tion only. As is discussed later on in this section, the corres-
ponding yield in this case is many orders of magnitude less
than that of the two-photon ionization process. With the ex-
emption of the 7th harmonic, the remaining harmonics in the
superposition can induce only two-photon ionization, either
by two photons of the same energy or by any combination of
the photon energies in the superposition.

It follows that an estimation of the ionization rate under the
present experimental conditions has to take into account all
of the possible channels. For this estimation, we numerically
solved the TDSE of helium in a polychromatic laser field,
using an ab-initio, B-splines-based, configuration interaction
(CI) two-electron method [20,21]. We will briefly highlight
the main features of the technique. All equations that follow
are given in atomic units. The TDSE for an atomic system in
a polychromatic laser field is written as
10, y(t) = [Ho+ D]y (), ey
with Hj being the field-free helium Hamiltonian and D the
time-dependent interaction between the system and the laser
field. In the length gauge and within the dipole approximation,
the interaction operator is D(f) = —E(f) -r, wherer =r, +r,
is the position vector of the active electrons of the system and
E the electric field. In our calculations, we assumed harmonic
fields linearly polarized along the z-axis with

E®=2) Enfv@®sin(Not+oy) (N=7-15),  (2)
N

where fy(f) = cos?(rt/Ty) is the normalized pulse envelope
of total duration 7y for a field of angular frequency wy, and
Ey is the maximum field amplitude for the N-th harmonic.

In our two-electron calculations, we expanded the time-
dependent wave function onto a stationary eigenbasis con-
structed within a box, an approach that has been used in
calculations in many atomic systems [20, 22, 23]. Given that
the ground state of helium is an 'S, state and considering
that for linearly polarized light and dipole-allowed transitions,
AS =0, AM = 0, only the singlet states need to be included

in the expansion of the time-dependent wavefunction v(¢), we
have

Y=Y Croof +> f dECE(@L . 3)
nL L

The basic idea and the formal details of the construction of the
two-electron states (with total angular momentum L) can be
found elsewhere [24, 25]. We obtained the two-electron states
@3* by diagonalizing the Hamiltonian in the basis spanned by
two-electron basis functions ‘I/nS,Lz,,nzzz (r1, ry) constructed as
antisymmetrized products of one-electron hydrogen orbitals.
The radial part of the one-electron orbitals was expanded on
a set of 600 B-splines of order k =9 inside a finite interval
[0, R] with R up to 800 a.u. The two-electron basis func-
tions @3- were constructed in terms of about 2000 configu-
rations (n;ly, nyly) for the symmetry L = 0 and about 1500
for each of the other symmetries. Inserting the expansion in
(3) into the TDSE (1) we obtained a system of ordinary dif-
ferential equations (ODE) for the time-dependent coefficients
CL () — CLH(),

d L L L\ AL
i2-Cr (0 = E,Cr (0 + LZ (cpn \D(1)| D > CL @) )
Integration of the above system of differential equations, sub-
jectto the proper initial conditions, provides the coefficients at
the end of the pulse, t — oco.

For the calculation, we assumed a fundamental laser field
at 790 nm and a polychromatic field consisting either of one
of the four N =9, 11, 13, and 15 or the superposition of the
four harmonics N =7, 9, 11, and 13. In addition, we set their
phases to zero (phase-locked harmonics). The peak intensity
(In o< |En|?) of each of the harmonics followed the experi-
mental ratios I7 : Iy : I1; : [13 — 0.44:1:0.45:0.085. The
total duration at FWHM of each of the harmonics was as-
sumed to follow the rule 7y = 130/+/N fs. Although this is
a perturbation theory result, it is found that it does not de-
viate considerably from the values for the harmonic dura-
tion obtained experimentally [26]. The convergence of the
results was checked against the box radius (up to 800 a.u.),
the number of B-splines (up to 1000), the highest total angu-
lar momentum (up to L = 5), as well as in the total number of
two-electron states (up to 1000) included in the basis.

Figures 6 and 7 summarize the results of the theoretical
simulation. Figure 6 shows the yield of two-photon ionization
by each of the individual 9th, 11th, 13th, and 15th harmonics
as a function of its intensity (points) and by the superposition
of the harmonics used in the experiment (7th, 9th, 11th, and
13th) as a function of the total XUV intensity (line). Within
the assumption of negligible phase difference between har-
monics, it is clear that the superposition of the 7th, 9th, 11th,
and 13th harmonics results in an approximately one order of
magnitude more efficient two-photon ionization yield of He
gas compared with the two-photon-ion yield caused by each
individual (9th, 11th, or 13th) harmonic at the same inten-
sity and about a factor of three higher yield than the sum of
the ionization yields caused by each harmonic, i.e. the ion-
ization yield caused by the incoherent sum of all harmonics.
A related study pertaining to the ionization of hydrogen by
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a group of harmonics shows similar effects [27]. As can be
seen in Fig. 7, the calculation shows also a negligible vari-
ation in the two-photon ionization yield produced by each
individual harmonic from the 9th to the 15th. These are two
notable results that open favorable perspectives for a second-
order auto-correlation measurement utilizing a superposition
of harmonics. The flat ionization yield found for the harmonic
wavelengths considered (see Fig. 7) merits special attention.
Our calculations and those reported in [23] have shown that
the response of a non-linear medium to a given set of har-
monics is very specific to the atomic system used. Thus, the
predicted rapid decrease for shorter wavelengths of the two-
photon ionization cross-section, o® (w) oc A°® for the case of
absence of intermediate near resonances [28, 29], appears not
to be generally applicable. Indeed, in the more detailed calcu-
lation of [23] it is seen that although He exhibits resonances
in the spectral range we have considered here, the harmonics
comprising the superposition do not fall within these reso-
nances. This is a unique property of He associated with its
large ionization potential (24.6 eV), which causes the first in-

termediate resonance |1s2 p) to be at ~ 20 eV. This fortuitous
coincidence results in a flat response without spectral “filter-
ing” or “enhancement” of the higher harmonics by the ion-
ization process itself. We also calculated (but do not show
here) the three-photon ionization yield by the 7th harmonic,
which was found to be at least 4 orders of magnitude lower
for the range of intensities of Fig. 6. The higher two-photon
ionization yield obtained by the coherent superposition of the
harmonics compared with that produced by any of the individ-
ual harmonics may be understood in terms of the additional
ionization channels opened by the mixing of two harmonics or
by the temporal profile of their coherent superposition.

5 Ionization estimates

In order to obtain an estimate of the number of
ions produced per pulse by the harmonic superposition, one
needs the harmonic intensity at the interaction region. This
was obtained by means of a ray-tracing analysis of the opti-
cal setup used in the experiment. The ray tracing calculations
gave for the laser beam at the Xe gas-jet a spot diameter of
dp, ~ 0.7 mm. For the diameter dy, the divergence ®y, and
the pulse duration 7y, of the N-th harmonic, we assumed
(perturbation theory) dy = di./ VN,Oy =6 / VN,and ty =
1. /+/N where ‘L’ indicates the corresponding quantity of the
fundamental. Table 1 contains the results of the ray-tracing
calculations and the estimated number of ions produced per
pulse for three different angles of incidence at the mirrors of
the Kirkpatrick—-Baez arrangement (i = 3°,5°, or 7°). The rea-
son for considering a variation in the angle of incidence is
that, in practice, it is difficult to accurately determine its value,
but the final result depends sensitively on it. The ray-tracing
analysis from the point of harmonic generation (Xe gas-jet)
to the interaction region (He gas-jet) was performed for the
9th harmonic, which is also the most dominant. The total har-
monic intensity was then obtained using Iy ~ aly, where the
factor o = 0.44 + 1.0+ 0.45 4 0.085 takes into the account the

i 3° 5° 7°
Rum 70% 54% 43%
Ta 92% 66% 55%
Roy (cm) 0.046 0.068 0.072
Ro. (cm) 0.045 0.028 0.048
S (cm?) 6.5x1073 6x1073 11 %1073
Tx 0.3
Iy (107 W/cm?) 13.7 8.3 3.0
In (107 W/cm?) 27.1 16.4 6.0
Y 22x 10712 8.1x10°13 1.1x10°13
1% (cm?) 6.0x 1074 5x107* 1.0x 1073
N (cm™3) 1x 10"
Fp 50%
Nions 66 20 5
(Niuns) 30+18
TABLE 1 Results of the ray-tracing analysis of the Kirkpatrick—-Baez ar-

rangement and the estimated number of ions per pulse Njons for three angles
of incidence i. Here Ry is the combined reflectivity of the two mirrors, Ta
the aperture transmission, Rgy and Ry, the spot radii at focus, S the focal
spot area, T the In filter transmission at 88 nm, Iy the 9th harmonic inten-
sity, Iy the total harmonic intensity, Y the calculated ion yield corresponding
to Iy (see Fig. 6), V the interaction volume, N, the atomic density, and Fp
the overall efficiency of the time-of flight detector
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relative contribution of each harmonic to the superposition.
This is also in accordance with the calculations described in
Sect. 4.

With the 9th harmonic energy of Eg¢ 2~ 200nJ per
pulse [16], the 9th harmonic peak intensity at the second jet
was calculated from

Iog ~ Ry X T X Tg X

o)

T9x S’

The expression (5) takes into account the reflectivity of the
gold mirrors Ry, the transmission T through the 0.8-mm
aperture (see Fig. 1), the spot size S, and the indium filter
transmission Tr (see Table 1). Due to the optical properties of
the Kirkpatrick—Baez arrangement the spot at focus was ellip-
tical with radii Rg, and Ry, in the two transverse directions,
hence S = 7w Ry, Ro,. For a total XUV intensity of Iy ~ alo,
the yield Y was then obtained from the theoretically calculated
ion yield produced by the coherent mixing of the harmonics
(line in Fig. 6).

The He pressure at the interaction volume was estimated
to be 3 Torr [30]. Thus the atomic density at room tempera-
ture was N, ~ 1.0 x 10'7 atoms/cm?. The longitudinal extent
of the interaction region was estimated from the divergence
angle of the atomic beam, which is o = 28° for this type of
gas-jet with flow collimator [30]. Thus the interaction length
was ~ 1.0 mm. The ray-tracing calculations show that the
length of the focal volume formed by the Kirkpatrick—Baez
arrangement was much larger that the atomic beam extent.
Consequently the interaction volume V was defined by the
width of the atomic beam in the propagation direction and the
focal spot in the transverse direction. The number of ions pro-
duced per laser pulse was calculated from

Nions Y X Na x V X Fp (6)
where Fp ~ 50% is the overall efficiency of the time of flight
spectrometer. From Table 1 it is seen that for an angle of in-
cidence i = 3° the number of ions per pulse Njops was ~ 66,
but only ~ 5 for i = 7°. Taking into account the uncertainty
in the angle of incidence, the estimated average number of
He ions for the conditions of our experiment was 30 & 18.
This is within a factor of 2-3 in agreement with the experi-
mental value of ~ 17 ions/pulse. Although our experimen-
tal conditions were quite different, the total number of ions
produced per pulse is almost the same as that observed in
a previous experiment using only the 9th harmonic [12]. In
the present experiment, besides using a superposition of har-
monics (including the 9th), the harmonic intensity employed
was relatively low (I ~ 2 x 108 W/cm?), but instead the in-
teraction volume (V ~ 5 x 10~* cm?) was large. In contrast,
in the experiment described in [12], a high harmonic inten-
sity (I9 2~ 1.1 x 10'' W/cm?) and a small interaction volume
(V ~ 6 x 1078 cm?) were used.

6 Conclusions and discussion

In summary, we have demonstrated two-photon
ionization of He-gas using the particularly broad-band XUV
radiation of the superposition of the 7th to 13th harmonics.
This is based primarily on the nearly quadratic dependence

of the average number of He ions produced per pulse on the
total harmonic intensity, as well as on the individual har-
monic intensities. The corresponding two-photon yield has
been calculated and found to be essentially constant for all
of the harmonics utilized in the experiment. This is of piv-
otal importance for an auto-correlation measurement. The
estimated average number of ions per pulse was found to
be within a factor of ~ 3 in agreement with the measured
absolute ion number. This provides additional evidence that
the ionization process is predominantly due to two-photon
ionization by the harmonics in the superposition. The uncer-
tainty of the experimentally determined average number of
He ions in this experiment does not allow any conclusions on
the deviation introduced by the use of the perturbation the-
ory under these conditions (high-order harmonic generation
being a non-perturbative effect). However, a more accurate
measurement of the number of He ions could provide some
information on the extent of the deviation from the perturba-
tion theory. Furthermore, given that the ion yield is by a factor
of 3 higher if the harmonics in the superposition add coher-
ently, it could give some indication on whether the harmonics
are phase locked or not. These results define the conditions
for, and open up the prospect of, conducting second-order
auto-correlation measurements of coherent superpositions of
higher harmonics aiming at the unambiguous quantitative
temporal characterization of attosecond pulse trains.
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