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Relativistic effects of the interaction
of an intense femtosecond laser pulse with atomic clusters

V.S. Rastunkov, V.P. Krainov

Abstract.  The effects of the interaction of an intense
femtosecond laser pulse with large atomic -clusters are
considered. The pulse intensity is of the order of 10'
W cm 2. New effects appear when the magnetic component
of the Lorentz force is taken into account. The second har-
monic of laser radiation is generated. The second harmonic
generation (SHG) efficiency is proportional to the square of
the number of atoms in a cluster and the square of the laser
radiation intensity. The resonance increase in the SHG
efficiency at the Mie frequencies (both at the second-
harmonic frequency and fundamental frequency) proved to
be insignificant because of a fast passage through the
resonance during the cluster expansion. The mechanisms of
the expansion and accumulation of energy by electrons and
ions in the cluster are discussed in detail. The energy
accumulation by electrons mainly occurs due to stimulated
inverse bremsstrahlung upon elastic reflection of the electrons
from the cluster surface. The equations describing the cluster
expansion take into account both the hydrodynamic pressure
of heated electrons and the Coulomb explosion of the ionised
cluster caused by outer shell ionisation. It is assumed that
both inner shell and outer shell ionisation is described by the
over-barrier mechanism. It is shown that atomic clusters are
more attractive for generation of even harmonics than
compared to solid and gas targets.

Keywords: femtosecond pulses, superintense radiation, atomic clu-
sters, relativistic interaction, second harmonic.

1. Introduction

The interaction of an intense laser pulse of frequency w
with gases and plasma of solids is accompanied by the
generation of high harmonics. A rarefied atomic gas gene-
rates harmonics with frequencies nw, whose intensity slowly
decreases down to the break point at nw = 3.17F2/(4w2)
[1], where F is the laser field strength amplitude. We use
hereafter the atomic system of units (m=e="h=1).
However, the harmonic generation efficiency is low because
the gas is rarefied. In the case of dense solid-state plasma,
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the harmonic generation efficiency is low due to a strong
reflection of the incident laser beam.

Atomic clusters are attractive for the generation of
harmonics because, on the one hand, they have the density
of a solid and, on the other, their size is small compared to
the laser radiation wavelength even when a cluster contains
millions of atoms. Therefore, a skin layer is not formed
inside the cluster, and the electric field is homogeneous.
Because of a rapid expansion of the cluster, the cluster
plasma in the leading edge of a short laser pulse rapidly
becomes subcritical, i.e., transparent for laser radiation. At
the same time, the collective properties of the plasma are
preserved during a femtosecond laser pulse, and the
efficiency of dipole emission of harmonics is proportional
to the square of the number of particles in the cluster rather
than to its first power, as in a rarefied gas. However, this
advantage of clusters is somewhat reduced because the
distance between adjacent clusters in a typical cluster
beam used in experiments amounts to 5—10 of cluster
diameters.

In the nonrelativistic limit, only odd harmonics are
emitted. The intensity of the third harmonic emitted by
atomic clusters was studied in detail in the model of a
nonlinear oscillator for stimulated oscillations of the elec-
tronic cloud of the cluster [2]. This intensity increases at the
instant when the third-harmonic frequency coincides with
the Mie frequency wye = a)p/\/§, which is the eigenfre-
quency of the electronic cloud of a spherical cluster, whose
shape does not change during its expansion (surface
plasmon).

The even harmonics appear only at intensities above 10'®
W cm 2 due to the relativistic interaction of the field with
cluster particles. When solid targets are irradiated, these
harmonics can also appear at the intensity above 10
W cem 2 due to the plasma density gradient caused by
the axial pondermotive force of the laser pulse [3].

Second harmonic generation (SHG) due to quadrupole
surface plasma oscillations was discussed in [4]. Its intensity
is low because of the additional small parameter (R/Z)2 of
expansion in multipoles, where R is the cluster radius and 4
is the laser radiation wavelength.

Even and odd harmonics generated in the subcritical
relativistic plasma due to elastic collisions of electrons with
atomic ions in the laser field were considered in [5].
However, their yield decreases with increasing intensity
due to a decrease in the frequency of electron—ion
collisions. A model describing SHG upon the relativistic
interaction of a laser pulse with a subcritical plasma was
considered recently in [6]. The second harmonic was studied
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in reflected light. It was shown that the SHG efficiency was
saturated at high laser intensities.

In [7], we considered the generation of relativistic
harmonics upon irradiation of atomic clusters by a super-
intense laser pulse, which was caused by elastic electron—ion
collisions in the laser field. The generation efficiency of these
harmonics is proportional to the number N, of free electrons
inside a cluster because during random collisions with
atomic ions each of the ions emits photons irrespective
of other electrons.

In this paper, we propose a simple model of the coherent
SHG upon the interaction of a moderate intense [F/(wc)
< 1] linearly polarised laser pulse with large atomic clusters.
The second harmonic is induced by the magnetic component
of the Lorentz force.

2. Interaction of superintense laser radiation
with atomic clusters

Due to the cluster expansion during a laser pulse, the
electron concentration 7., the plasma frequency w,, and the
Mie frequency wyiie = @,/ V/3 decrease with time. On the
other hand, all these quantities increase due to multiple
inner shell ionisation of atomic ions by the superintense
laser pulse. The Coulomb explosion of the cluster is manly
caused by its outer shell ionisation. The mechanism of laser
energy absorption depends on the oscillation amplitude of
an electron in the laser field. When this amplitude is smaller
than or comparable to the cluster size, the laser energy is
mainly accumulated due to elastic reflections of electrons
from the cluster surface. In the opposite limit, when the
dynamics of the electron motion is determined by its
thermal rather than the vibrational velocity, the mechanism
of inverse bremsstrahlung dominates. In both cases, the
collision ionisation of electrons with atomic ions is
insignificant compared to field ionisation.

Both the inner- and outer shell ionisation of clusters by
the field of a short superintense laser pulse is determined by
the over-barrier ionisation. Due to outer shell ionisation, a
static Coulomb electric field is produced inside an ionised
cluster. Let us find the charge Q accumulated in the cluster
by using the Bethe rule (as mentioned above, we use atomic
units everywhere)

15
Fn=36 (M

Here, I, = Q/R is the ionisation potential of the cluster; F,
is the electric field strength inside the cluster (taking into
account the Gaussian time envelope of the laser pulse).
Thus, due to the outer shell ionisation of the cluster at the
leading edge of the laser pulse, the cluster acquires the
charge

0 = 4F,R*. )

This charge increases with time at the leading edge of the
laser pulse and remains constant at the trailing edge
because the escaping electrons do not return back.

The inner shell ionisation of atoms in the cluster
produced by superintense fields of femtosecond laser pulses
also occurs according to the Bethe rule, which in this case
has the form

E;
Fy = i 3)
Here, E, is the ionisation potential of an atomic ion and Z
is the degree of ionisation. Let P, be a total number of ions
with the degree of ionisation Z in the cluster. Then,

Q=) ZP;—N. 4)
VA

The probability of outer shell ionisation per unit time is
described by the expression Wy = 8(¢ — fy). The parameter
ty is determined by using the Bethe rule (1). Similarly, the
probability of inner shell ionisation can be described by the
expression I', = 8(¢ — 1§). Here, the quantity ¢ is deter-
mined from expression (3) for the proper value of Z.
Finally, the balance equations have the form

ON.
a—tz =—Iy;Nz+T7 Nz,
5)
ON, (
5 = zzj IzNz — WiN,,

where N, is the number of ions with the degree of
ionisation Z.

The Drude formula for the permittivity of free electrons
in classical electrodynamics has the form

2
Wp

e=1—-———.
oo+ 1iv)

Here, v is the frequency of electronic collisions resulting in
the decay of electron cloud oscillations. The expression
relating the electric field strengths outside and inside the
cluster can be easily obtained in the form

(U2

F. | = F.
- (03 —0?) + ()]

Note that this expression uses the electric field strength
envelopes as functions of time.

Let us assume that the charge accumulated in the cluster
is localised on its surface, i.e., that radius of the ion sphere is
larger than the radius of the cloud of free electrons localised
inside the cluster. Then, the Coulomb energy accumulated in
the ionised cluster is Ey = Qz/(2R). The variation of this
expression during cluster expansion has the form

Here, V is the cluster volume and p, is the Coulomb
pressure. Therefore, we obtain

0* 2F; 20F?

CERT a0 — o)+ ()]

Po (6)

The equilibrium hydrodynamic pressure p. of the electron
gas is described by the expression

2F

- ()

De

where E is the total energy of the cluster.
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The hydrodynamic equation of the cluster surface
motion taking into account the Coulomb and hydrodynamic
pressures of the electron gas can be written in the form

d’R  3(po +p.)
dlz o MiniR ’

Here, n;(¢) is the concentration of atomic ions inside the

cluster and M, is the ion mass. Finally, we obtain the

equation

3 d’R 6w F?
=3p. +

MN, — ==
B

)
where N, = const is the number of atoms in the cluster.
This equation can be rewritten in the form
d*R  2E N 8nw*F?R*
P V3 2 2
dt M;N,R TcMiNa[(a)l%,[ie — a)z) + (vw) }

©)

3. Heating and cooling of a cluster
in the presence of superintense laser radiation

The laser energy is absorbed first of all by electrons inside
the cluster. Then, this energy is transformed into the kinetic
energy of atomic ions. The cluster expansion is a non-
equilibrium process caused by high expansion velocities.
Because the increasing pressure of the electron gas is not
compensated by the environment, it is impossible to use the
known equilibrium statistic expression for the differential
p.dV of the work spent for the cluster expansion for
calculating the interaction of radiation with the expanding
cluster in this problem. Instead, we will calculate the
differential of the kinetic energy of atomic ions in the
expanding cluster. We assume, as in the previous section,
that ions are uniformly distributed inside the cluster and,
therefore, the velocity v(r) of the radial motion of atomic
ions is a linear function of the radius r:

dR r
U(}) = E E .
The kinetic energy of atomic ions in a spherical layer of
thickness dr is described by the expression

2 nMiv*(r)

dE, = 4m 5 dr.

By integrating this expression with respect to r, we obtain
R 2 2
M 3 dR
E = J g M) 3 N.dMi(—dt > .

0 2 10
The time derivative of the latter expression gives the work
performed per unit time upon expansion:

dR d*R

dE, _3 4, dRd°R
AN dr de?

== 10
de 5 (10)
The cluster heating is determined from the energy balance
equation

3 dR d’R
—__N.M — ——
Y SNa Ydr de?

dE Fq

E: (Ne_Q)2w2

(11)

Here, E(7) is the total energy of electrons inside the cluster
as a function of time ¢.
Thus, we have the system of two equations
d’R  2E N 8nw*F?R?
2T M 2 2
4= " MENR T MN[0, — o) + ()]

s

(12)
dE (N, — Q)0 F*[2E/(N, - Q)"

At 2R (w2, — ) + RE/(Ne — O))(w/R)’}

3 dRd’R

570 dr de?
This system should be solved with the initial conditions of
the type

dR

R(—o0) = Ry, o

(—o0) =0,
E(—o0) =0.

The Mie frequency is determined by the expression wgy; =
(N — Q)R3, and the field inside the cluster by the
expression

F. (U2 F E%
" (@ -0 + RE/(Ne - Q)lo/RPYT T A7
(13)

4. Second harmonic generation upon irradiation
of clusters by relativistic laser pulses

Stimulated oscillations of free electrons inside the irradiated
cluster along the laser pulse propagation (along the z axis)
are described by the Newton equation with the magnetic
component of the Lorentz force, which for the coordinate =z
of the centre of mass of a spherical electron cloud has the
form

d?z dz

1 dx
P+Va+(})§,ﬁezz —EEHCOSCO[.

(14)

Here, oy = wp/\/§; H is the magnetic field strength in a
light wave; w, :(4nne)l/2; and v < w. We neglect rela-
tivistic corrections in the definition of the plasma frequency
and assume that a weakly relativistic regime takes place
[F/(we) < 1]. The amplitude of the external magnetic field is
H = F, where F is the amplitude of the external linearly
polarised electric field directed along the x axis. The right-
hand side of Eqn (14) is the magnetic component of the
Lorentz force directed along the laser pulse propagation
direction.

The electron movement along the electric field (along the
x axis) is described by the expression

d?x dx 2
? + v a + D)\fieX = —Fcos wt.

For the oscillating motion, we have

dx o sin(wt + @) (15)

A (03 — o) + ()]
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where tan ¢ = vco/(co2 — o). A linear approximation of
the electron cloud oscillations is valid until F/wl\z,“e < R.
By substituting Eqn (15) into (14), we obtain

dZZ dZ 2
az g e
F’w sin(2wt + @)

— . 16
% [(@he—0?) + (0] 1o

The right-hand side of Eqn (16) is the effective electric field
directed along the laser pulse propagation direction. One
can see that the frequency of this field is 2w. Here, we
neglect the constant component of the electric field, which
induces the constant dipole moment. Equation (16) can be
written in the form

F’o

2¢

sin(2wt + ¢ + )
{08 —40) + @) [(05 — 0?)" + ()]}

7 (D)

Here, tany = 2vw/(4a)2 — o). The linear approximation
is valid when the condition z < R is fulfilled. This condition
is weaker than the condition x < R.

The dipole moment along the laser beam direction is
dy = —N.z, where

4nR3

3 (18)

2 3
Ne = N = wMieR .

The second harmonic power emitted by one cluster integ-
rated over angles is

4(|d
P :—<3{c!‘>. (19)

By substituting expression (17) into (19), we obtain
_8R°F*0°

Py
3¢3
4
DMie

e — 407 + @0)] [(0d — ) + (0)]

(20)

One can see that P, is a function of time because F = F(t)
and n, = n.(1).

The second harmonic is mainly emitted perpendicular to
the laser beam direction. The dipole power emitted by a
cluster in the fundamental (first) harmonic integrated over
all angles is

2F*R® oo

P = 3 3 3
3¢ (of — 0?) + (o)

@n

The power ratio of the second and first harmonics for the
Mie resonance (wy;e = ®) is proportional to the dimen-
sionless relativistic parameter

P, [ 2F Y
Pl B 3wMiec '

5. Decay mechanisms

(22)

Let us now elucidate the meaning of the collision frequency
v. The first of the possible decay mechanisms is inverse

bremsstrahlung. In this case, v is the electron—ion collision
frequency. However, because this frequency is proportional
to F~ in the case of superintense laser pulses, the
relativistic electrons inside a cluster do not virtually collide
with ions.

In the relativistic case, the decay appears due to elastic
reflections of electrons from the cluster walls. In the
presence of a laser field, an electron absorbs in each collision
the energy equal to F;2 / (2w?). Because the average collision
frequency is determined by the electron motion inside the
cluster, we obtain the estimate

QE)? 1 [ 26 \'?
i)

Vo~ =

where E. is the average energy of electrons inside the
ionised cluster.

Note the interaction of laser radiation with clusters was
described similarly in paper [8], but for lower laser radiation
intensities and, hence, for different ionisation and decay
mechanisms.

6. Numerical simulation

Let us select the parameters of a numerical experiment. We
will assume that the intensity of laser radiation is
10" W em™2. Clusters consist of krypton atoms. The
ionisation potentials of krypton ions as functions of the
electric field inside the cluster are presented in Fig. 1.

Ey/au

0.1 1 10 F/au

Figure 1. Inner-shell ionisation potentials of atomic krypton ions in a
cluster for a specified electric field strength F according to the Bethe rule.

The laser photon energy was taken to be 0.057 au (iw =
1.5 eV). An external electromagnetic pulse of duration 7 =
60 fs has a Gaussian shape. We assume for simplicity of
calculations that the initial electron energy is zero. Indeed,
the ionisation of atoms by a light wave with the superatomic
strength occurs according the Bethe rule (see section 2).
Therefore, an electron leaves an atom (or a multiply charge
ion) virtually immediately after the electric field inside the
cluster achieves a certain value. For this reason, the escaping
electron will have a minimal energy. We will assume that
ions at the initial instant are singly ionised. This simplifi-
cation eliminates the difficulties involved in the simulation
of a prepulse.

Figures 2—6 present the results of calculations per-
formed for the initial radii Ry, =5, 10, 30, and 50 nm.
Figure 2 shows the time dependence of the cluster radius.
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We considered above in our model only one cluster.
However, in fact the expansion of clusters in laser fields
should be studied taking into account the presence of other
clusters. When the cluster radius increases by several times,
it is necessary to consider other clusters as well. One can see
from Fig. 2 that clusters with small initial radii expand
faster. Therefore, the region of applicability of our model
for them narrows down. Note also that for clusters with
initial radii 5 and 10 nm, our model becomes invalid before
the maximum laser radiation intensity is achieved.

R/nm
300 7
/
y .
/ -~
100 7 =
i
30 - =
/ ...... Ry = 5nm
10 > —— Ry =10nm
. — —— Ry =30nm
...... — — Ry =50 nm
3 I I

-2 -1 0 1 2 it

Figure 2. Time dependences of the cluster radius R for different initial
radii Ry.

Figure 3 shows the time dependence of the total energy
of cluster particles. The total energy increases with time at
the leading edge of a light wave. This means that laser
heating of the cluster occurs. However, as the cluster radius
increases, losses of the cluster energy appear, which is also
demonstrated in Fig. 3. The time dependence of the energy
also characterises the applicability of the model; however,
this estimate is quite rough. A strong decrease in the energy
due to cluster expansion was obtained by neglecting the
interaction with adjacent clusters. Roughly speaking, this
estimate allows one to determine the instant when the
interaction between charged particles in the cluster can
be neglected. This gives the upper bound of the applicability
of our model. Under the conditions of applicability of the
model (Fig. 3), the energies for different initial radii are of
the same order of magnitude.

E/evV
1014
/_':_'—_< — —
102 — = v
1010 7 ‘
7| t
Z : I
8 / 0’. .
10 f :
106 H-

T =
10 ] Ry =10 nm
102 — — — Ry =30nm

N — — Ry =50 nm
100 L I T
-2 -1 0 1 2 i/

Figure 3. Time dependences of the total energy E of electrons in a cluster
for different Ry.

Consider the time dependence of the second harmonic
power (Fig. 4). This power increases with increasing the
initial cluster radius. A complex jump-wise structure of this
dependence is explained by the cluster ionisation. The
ionisation is confirmed by the time dependences of the
number of electrons in the cluster presented in Fig. 5. Jumps
in Figs 4 and 5 occur simultaneously. The final distributions
of ions over the degree of ionisation are presented in Fig. 6.
One can see that, as the initial radius increases, the average
degree of ionisation also increases (recall that the initial
condition for all clusters is single ionisation). Such a result
does not contradict to a common sense because clusters with
small initial radii fly apart before the laser field intensity
achieves its maximum.

P,/au
107 s>\
h P "'—/7- T\
10° ’\ _ Z AY
~
N A o f \
10 N, =7 5
/! /
1L .
10 / ’\/ ...... Ro = 5nm
0! : — Ry=10n0m
/ : — — = Ry =30nm
103 — — Ry =50nm
1079 ‘ ‘
-2 -1 0 1 2 it

Figure 4. Time dependences of the second harmonic power for different
R,.

Ne _— T — —t — — —
o
7 d --"T- """ -
10 —F
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10° /‘/_/ ””” Ry =5nm
S : Ry =10 nm
. ———Ry=30nm
10¢ — — Ry =50nm
” I I
-2 -1 0 1 2 i/t

Figure 5. Time dependences of the total number of electrons inside a
cluster for different R,.

Consider now Figs 7 and 8. The dependences presented
in them demonstrate the contribution of pressures py and p,
to the results of calculations. The pressure pg, ie., the
Coulomb pressure plays the main role. The electron gas
pressure p, only introduces a substantial correction to the
calculation. In particular, it is the pressure p, that causes a
drastic decrease in the energy (Figs 3 and 8). Therefore, the
contributions from both pressures should be taken into
account in calculations.

7. Conclusions

The model of macroscopic collective (coherent) oscillations
of the electron cloud along the laser beam direction
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Nz
106

10°

10*

Figure 6. Histograms of the distribution of the number N, of multiply
charged atomic ions over the degree of ionisation at the end of
calculations for different R,.

R/nm
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Figure 7. Comparison of the time dependences of the cluster radius R
calculated taking into account only py (1), pp and p. (2), and only p,
(3) for Ry = 30 nm.

E/10"%eV
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6 IR
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0 ¥
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Figure 8. Comparison of the time dependences of the total energy F
calculated taking into account only py (1), pg and p. (2), and only p,
(3) for Ry = 30 nm.

proposed in the paper predicts that the harmonic genera-
tion efficiency is proportional to NZ. The angular
distribution of the second harmonic dipole emission is

01>/

ﬁi

01>/

01>/

ii

01>/

01>

ii

01>/

determined by the quantity sin’0, where 0 is the angle
between the laser pulse direction and the propagation
direction of the second harmonic photons.

The generation of even harmonics in a skin layer of the
supercritical plasma upon the interaction of laser radiation
with dense targets was considered in our paper [9]. The
harmonic generation efficiency was determined by the
frequency of collisions of electrons with atomic ions inside
plasma. This efficiency decreases in a strong laser field with
increasing the field intensity [10]. In the case considered in
this paper, the second harmonic intensity increases with
increasing the laser pulse intensity. However, the role of the
Mie resonances at the fundamental and second harmonic
frequency proves to be insignificant because of the fast
passage through these resonances during cluster expansion.

Acknowledgements. This paper was supported by the Rus-
sian Foundation for Basic Research (Grant No. 04-02-
16499) and the Research and Teaching Center (Grant No.
MO-011-0).

References

1.  Corkum P.J3. Phys. Rev. Lett., 71, 1994 (1993).

2. Fomichev S.V., Popruzhenko S.V., Zaretsky D.F., Becker W.
J. Phys. B: Al Mol. Op!. Phys., 36, 387 (2003).

3. Mori M., Takahashi E., Kondo K. Phys. Plasmas, 9, 2812 (2002).

4. Fomichev S.V., Zaretsky D.F., Becker W. J. Phys. B: At. Mol.
Opt. Phys., 37, L175 (2004).

5. Krainov V.P. Phys. Fev. E, 68, 027401 (2003).

6. Singh K.P.,, Gupta D.N., Yadav S. Tripathi V.X. Phys. Plasmas,
12, 013101 (2005).

7. Krainov V.P., Rastunkov V.S. Zh. Eksp. Teor. Fiz., 125, 576
(2004).

8. Ditmire T., Donnelly T., Rubenchik A.M., Falcone R.W.,
Perry M.D. Phys. Fev. A, 53,5 (1996)

9. Rastunkov V.S., Krainov V.P. Zh. Eksp. Teor. Fiz., 126, 558
(2004).

10.  Silin V.P. Zh. Eksp. Teor. Fiz., 47, 1510 (1964).


http://dx.doi.org/10.1088/0953-4075/36/18/310
OMIS
�*�/˙0	$ ��1�, �*2
�30	�+* ��1�, 45
	6�+� ˝���, %	˙+	
 7�

OMIS
"�  ���� #� ˛�� $�
� %���  ����, 37, ˇ'˜ -���ˇ.

http://dx.doi.org/10.1063/1.1481506
OMIS
8*
/ 8�, 95+505�0/ #�, �*�:* ��  ����  
�����, :, �'˜� -����.�

http://dx.doi.org/10.1088/0953-4075/37/8/L05
OMIS
�*�/˙0	$ ��1�, 45
	6�+� ˝���, %	˙+	
 7� "�  ���� #� ˛�� $�
�

OMIS
%���  ����, 39, ;˜ � -���
.�

http://dx.doi.org/10.1103/PhysRevE.68.027401
OMIS
�
5/�*$ 1���  ���� ˝��� ˘, 7˘, �� 
�˜ -���ˇ.�

http://dx.doi.org/10.1063/1.1814999
OMIS
�/�<0 ����, =�265 ˝�>�, ?5:5$ ��, 9
/2560/ 1���  ����  
�����

OMIS
�ˆ, �˜ˇ˜�˜ -����.�

http://dx.doi.org/10.1103/PhysRevA.53.3379
OMIS
˝/6�/
	 9�, ˝*��	@@� 9�, ˘��	�˙0/+ ��8�, �5@˙*�	 ˘�7�,

OMIS
�	

� 8�˝�  ���� ˝��� ˛, 43, � -˜((�.

http://dx.doi.org/10.1103/PhysRevLett.71.1994
OMIS
�*
+�� ��%�  ���� ˝��� !����, 9�, ˜((
 -˜((ˇ



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [595.276 841.890]
>> setpagedevice


