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Phase-sensitive electric modulation of photoluminescence
upon bichromatic excitation of atoms

V.A. Astapenko

Abstract. A new type of modulation of the photolumines-
cence intensity of atoms excited by a bichromatic laser
radiation with the frequency ratio 1:2 is proposed and
analysed. The modulation is produced by alternating electric
field acting on atoms and occurs due to the quantum
interference of the amplitudes of two excitation channels of
an atom, which proves to be possible because the applied
electric field removes the parity selection rule for one of the
excitation channels. An important feature of this process is
the dependence of photoluminescence on the phase difference
of monochromatic components of exciting radiation. The
calculation was performed for an alkali metal atom excited at
the s—s transition taking the saturation effect into account.

Keywords: photoluminescence, bichromatic radiation, quantum
interference.

1. Introduction

The control of the rate of a photoinduced process by
varying the phase difference between the monochromatic
components of radiation initiating the process is called
coherent (phase) control in a bichromatic field. This
phenomenon is based on the interference between the
quantum-mechanical amplitudes of two channels of the
system transition from the initial to final state excited by
the monochromatic components of the bichromatic field
representing a coherent mixture of the fundamental and
second-harmonic radiation.

Various types of coherent control in a bichromatic laser
field were studied theoretically and experimentally in many
papers (see reviews [1, 2]). The coherent control of photo-
ionisation of atoms [3— 5], photodecomposition of negative
ions [6], photoionisation [7] and photodissociation [8] of
molecules, external [9, 10] and internal [11] photoeffect was
considered, as well as the control of a number of ‘photo-
assisted’” processes in a bichromatic laser field was studied:
scattering of electrons [12] and X-rays [13] by atoms, the
generation of X-rays and radiative recombination [14], etc.

The author proposed in paper [15] a new method for the
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coherent control of photoexcitation of atoms in a discrete
spectrum by a bichromatic radiation field with the 1:2
frequency ratio, when the dipole transition in a centrally
symmetric system is forbidden in one of the channels by
parity selection rules. To overcome this, it was proposed [15]
to use an electrostatic field removing the parity selection
rules, thereby allowing the coherent control of excitation of
an atom in a discrete spectrum at different parities of the
number of photons in each of the channels of the process. A
substantial advantage of the coherent control of this type is
the presence of a new parameter — the electrostatic field
strength Fj.

It was shown in [15], in particular, that in the case of
destructive interference of the amplitudes of excitation
channels, the field strength value F exists at which the
total probability of the process proves to be zero, so that the
excited transition is ‘bleached’. It was proposed in [15] to
detect the coherent control by means of a photolumines-
cence signal at the adjacent electronic transition. Note that
the luminescent phase control method was first proposed in
[16] to analyse the excitation of an atom in a discrete
spectrum by bichromatic radiation with the 1 : 3 frequency
ratio.

This paper is devoted to the development and general-
isation of the method for coherent control of excitation of
atoms. The generalisation consists in the replacement of an
electrostatic field removing the parity selection rule by an
alternating electric field. In this case, photoluminescence
appearing upon such excitation is modulated in time, the
type of modulation being substantially dependent on the
phase difference of the bichromatic field. Thus, the phase-
sensitive electric modulation of luminescence is produced,
which represents a new type of coherent control in a
bichromatic laser field.

2. Calculation of the photoluminescence
signal intensity

To reveal the basic qualitative characteristics of the
proposed coherent control, we consider, as in [15], the
simplest case of excitation of an alkali metal atom from the
ground to the first excited s state (with the zero orbital
momentum) by bichromatic radiation of the type

F(t) = Fycos(wt + ¢,) + F, cosQwt + ¢,), (1)
where Fy, are the amplitudes of the electric field of

monochromatic components of radiation; ¢, , are the initial
radiation phases at the fundamental and second-harmonic
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frequencies. The fundamental frequency @ is determined
from the energy conservation law

2hw = AE; = hoyg, (2)

where AEj is the excitation energy; wy is the frequency of
the excited transition in the atom. Note that the character-
istic energy of the transitions of this type in alkali atoms lies
in the range from 2.2 to 3.4eV [17], so that the
corresponding fundamental frequency lies in the easily
accessible near-IR region.

The first photoexcitation channel of an atom is two-
photon absorption of radiation at the fundamental fre-
quency. In the case of the s—s transition under study, this
process is allowed by selections rules for a spherically
symmetric system. The second photoexcitation channel —
one-photon absorption of the second harmonic, is forbidden
by parity selection rules [18]. These rules are removed when
an electric field, which is assumed spatially homogeneous, is
applied. Unlike [15], we will consider below an alternating
electric field with a sufficiently low frequency. For sim-
plicity, we assume that this field is harmonic:

Fy(1) = Fycos(Q1). A3)

The frequency @ of this alternating field should be low
enough in order that the excited system could follow
adiabatically variations in the electric field strength. In this
case, the calculation of the probability of atom excitation
from the initial state [i) =|ns) to the final state
|} = |(n+ 1)s) by radiation (1) in the presence of electric
field (3) is completely analogous to calculations performed
in [15]. Therefore, by using the calculation method
described in [15], we can obtain the expression

43
wi™ (¢, 1) = 7202 Gﬁ(w)112|cl

+ 2rg; cos(Qt)\/ﬁexp(iq))cz|2 4

for the |i) — |f) transition excitation probability per unit
time, where Gg(w) is the line shape function of the excited
atomic transition; ro; = Fy/F) is the ratio of the amplitudes
of low-frequency electric field (3) and the electric field of
fundamental radiation; I, :cFlz/Srr is the fundamental
radiation intensity; # = I,/I; is the ratio of the intensities of
monochromatic components of the field; ¢ =2¢; — ¢, is
the controllable phase shift between monochromatic
components of radiation (1) — ‘bichromatic phase’. The
angle between the vectors F and F, is assumed zero. In (4),
¢; = c(w, — ) and ¢; = c(2w, 0), where cg(w, ') is the
scalar part of the tensor of electromagnetic radiation
scattering by an atom followed by excitation of the
transition under study, which also describes Raman
scattering of light by an atom [19]. The parameters c;,
together with the line shape function Gp(w) describe the
dynamics of an optical electron during excitation of an
atom via the first and second channels.

The above-mentioned adiabaticity condition for the
action of an alternating electric field on an atom, which
was used to derive expression (4), can be written in the form

Q<Af9 (5)

where A; is the excited-state decay probability (per unit
time). Because A; = 108 s7! in the case under study,
inequality (5) restricts a rather broad frequency range of
the electric field.

Expression (4) was derived assuming that the amplitudes
of electric fields involved in the process are much lower than
the characteristic atomic field strength (F, = 5.14 x 10°
A\ cm’l), i.e., the interaction of external fields with atoms
can be described with the help of the perturbation theory.
The perturbation theory can be applied in this case also due
to the absence of one-photon resonance at the allowed
dipole transition, in the presence of which even relatively
weak fields should be considered outside the framework of
the perturbation theory [20].

Figure 1 shows the scheme of bichromatic excitation of
luminescence from the ground state of a sodium atom. The
pump wavelength at the fundamental frequency is 4; =
777 nm and luminescence wavelengths /5 and Ag are 1140
and 590 nm, respectively. We neglect the fine splitting of the
intermediate 3p level. Below, we will consider for definite-
ness luminescence at the 4s — 3p transition (|f) — |j)). The
luminescence power density emitted at this transition from
the unit volume to the unit solid angle is

_ o 95 6)
qr = NeAg e

where N; is the concentration of atoms excited by
bichromatic radiation in the [|f) state; Ay is the Einstein
coefficient for spontaneous radiation; and /iwg is the
transition energy.

TN

Figure 1. Scheme of bichromatic excitation of luminescence in a sodium
atom.

To calculate Ny, we assume that luminescence is excited
in a quasi-stationary regime. This condition is satisfied if the
duration of a bichromatic radiation pulse exceeds the
characteristic relaxation times of the excited |f) and [j)
levels, which are of the order of 107® s in our case. By using
this assumption, we can easily obtain the equality (see
details in [16])

o (s) lefliot
=0 T Tt
1

™

where
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hog N,
(5 _ oG No 3
qy in T, ®)

is the luminescence power density in the saturation regime;
—1 -1

is the relaxation time of the three-level system shown in
Fig. 1; wi® is the bichromatic excitation probability (4);
and N, is the total concentration of sodium atoms.

Expressions (7)—(9) were obtained by neglecting relax-
ation caused by resonance energy transfer between sodium
atoms. This neglect imposes the restriction Ny < Ny on the
atomic concentration. The estimate shows [16] that
N§ ~ 10" ecm™ in our case.

3. Phase-sensitive modulation of luminescence

Let us use the expressions obtained in the previous section
to analyse the modulation of photoluminescence excited by
bichromatic field (1), which is caused by low-frequency
electric field (1) acting on the atomic transition.

One can see from expression (4) that the dependence of
the total excitation probability on the relative phase differ-
ence of monochromatic components is most distinct if the
terms under the modulus sign describing the amplitudes of
two channels have equal moduli. This condition determined
the optimal value of the parameter # (the intensity ratio of
the second harmonic and fundamental radiation). In the
case of electrostatic field (3) (2 = 0), the optimal parameter
n is described by the expression

2
Cl

(10)

’70pt - 2C2r01

Here, the tilde means that this equality is obtained for a
constant electric field. For excitation of a sodium atom
from the ground state to the first excited s state, when ¢; ~
715 and ¢, = 8.4, expression (10) can be rewritten in the
form

- 1800

nopt =5 - (1 1)

T'o1

This gives the dependence of the optimal intensity ratio of
monochromatic radiation components (1) on the parameter
ror = Fo/Fy.

It follows from expression (7) for the photoluminescence
power density that far from saturation, when the inequality

wi < Ty (12)
is fulfilled, the phase dependence of photoluminescence
coincides with that of the excitation probability (4). The
estimated fundamental radiation intensity at which the first
channel is saturated upon two-photon excitation of the
sodium atom (see Fig. 1) is

I*[Na] =~ 1.6 x 10° W cm 2. (13)
If I, < I}* (unsaturated regime), expression (7) takes the
form

haw

.
q5 ~ 4—1; Nowi. (14

By substituting expression (14) for the excitation proba-
bility into (14) and separating explicitly the dependence on
the bichromatic phase ¢ = 2¢, — ¢, and the phase y = Qr
of the low-frequency electric field, we obtain the lumines-
cence power density in the unsaturated regime

nsat (O)

a8 (1, @.p) = ¢ (14 p*cos® + 2pcos ycos @), (15)

where

2¢ T 172
=2V _ (L) (16)
Hopt

€1

is the low-frequency modulation parameter, which is
proportional to the amplitude ratio of one-photon absorp-
tion of the second harmonic (for Q =0) to two-photon
absorption of fundamental radiation. The dimensional
factor qé()) in the right-hand side of (15) is the luminescence
power density in the absence of the second harmonic. From
(15), we obtain the expression for the phase modulation

depth (with respect to the bichromatic phase ¢ =
20; — @)
{poy) = _4pcosy 17)
1= +p2cos?y’

This parameter determines the efficiency of coherent control
of the process under study [15]. The maximum efficiency is
achieved for p =1 and y = mn, when |{| = 2.

Let us introduce the coefficient of luminescence mod-
ulation by a low-frequency electric field (3) (phase y = Q1)

(qu )max - (qu )min

Kmog = 2 <0/ max — At min
? (qu)max =+ (qu)min

(18)

This coefficient is a function of the bichromatic phase
@ =2¢, — ¢, and parameter p [see expression (16)]. Far
from saturation, when inequality (12) is fulfilled, this
function can be written in the form

(Ip| + | cos p|)°
2sin2 ¢ + (|p| + | cos o|)?

nsat

klnod((/)7p) =2

(19)

It follows from this equality that the maximum modulation
coefficient is achieved for ¢ = mn. In this case, ke = 2 for
all values of the parameter p. The coefficient has the
minimal value k23" = 2p?/(2 + p?) at ¢ = nn/2, when the
interference term in the expression for the excitation
probability is zero.

In the unsaturated regime, the ratio of the maximum and
minimum modulation coefficients is k53 /km3t — | 42/p?.
This ratio is large for small values of p and tends to unity at
large values of p.

The modulation of the photoluminescence power density
calculated from (15) for three values of the bichromatic
phase (¢ =n/3, n/2, m) and the parameters n = 1800,
L =10"Wem 2 < ", Ny=10"em™3, and ry =1
(Fp ~ 10 Vem™) is shown in Fig. 2. As expected [see
expression (19)], the minimal modulation k,,q = 2/3 takes
place when the bichromatic phase is ¢ = /2, and the
maximum modulation k,,,q =2 is obtained when ¢ = m.
When ¢ = n/3 (kpoq = 6/5), additional maxima and min-
ima appear on the photoluminescence modulation curve.
Figure 2 demonstrates the ‘top—bottom’ asymmetry of
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Figure 2. Modulation of the photoluminescence power density upon
monochromatic excitation of a sodium atom in a low-frequency electric
field in the unsaturated regime (I, = 10* W em™2 < I*") for different
values of the bichromatic phase ¢ and p = 1.

modulation curves when the interference between channels
is not zero: ¢ # m/2.

The dependence of the type of low-frequency modu-
lation of photoluminescence in the unsaturated regime [see
condition (12)] on the parameter p = (11/f10pt)]/2 for a fixed
bichromatic phase ¢ = n/3 is shown in Fig. 3. One can see
that, when the parameter p is small, the modulation curve
has ‘flat” parts and the modulation coefficient is low. Our
calculations show that, as the parameter p further decreases,
the modulation curves becomes symmetric and the modu-
lation depth decreases down to ky,q=2/7. As the
parameter p increases, the smaller maximum increases for
y =m, 3n, and the curve becomes symmetric in the limit
p — o0.

g (arb. units)
8

x/rad

Figure 3. Dependences of the type of low-frequency modulation of
photoluminescence on the modulation parameter p in the unsaturated
regime for the fixed bichromatic phase ¢ = /3.

In the saturation regime, when the inequality opposite to
condition (12) is fulfilled, the dependence of the lumines-
cence power density on the atom excitation probability, as
follows from (7), becomes weaker, except the values of the
phase y = Qr at which the excitation probability of the
atomic transition is low. Figure 4 shows the dependences of
the luminescence signal on the phase of a low-frequency

electric field for the same values of the bichromatic phase
and parameter p as in Fig. 2, but for higher fundamental
radiation intensity (; = 5 x 10° W em ™2 > I, It follows
from Fig. 4 that the high modulation coefficient kg = 2 is
preserved for ¢ = m, when interference between channels in
the excitation probability is maximal, and the values of the
phase y exist at which this probability is zero. In this case,
the hole width in the corresponding curve decreases and the
phase dependence is weak far from values y = 2nn. For
¢ =n/3 and nt/2, when wi® # 0 for all phases y of the low-
frequency field, the modulation coefficient drastically
decreases with increasing the laser radiation intensity due
to saturation. In the limit 7, > I, the modulation coeffi-
cient tends to zero for ¢ # mn, while forp = nn a hole in the
corresponding curve becomes infinitely narrow. Thus, in the
saturation regime the type of modulation of the lumines-
cence signal as a function of the phase of a low-frequency
electric field (3) substantially changes compared to the case
of a relatively low intensity of the laser field [when inequality
(12) is fulfilled].

qu/W em Jsr!
0.20
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\ ) \
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Figure 4. Dependences of the photoluminescence density power on the
phase ¢ of a low-frequency electric field in the saturation regime for
I =5%10° Wem™2 > I

4. Conclusions

The modulation of photoluminescence excited in an atom
by bichromatic radiation with the frequency ratio 1 : 2 has
been calculated and analysed. The modulation was
produced by an alternating low-frequency field removing
the parity selection rule for one of the excitation channels.

The calculation was performed for an alkali metal atom
excited from the ground to the first s state, when the two-
photon transition is allowed and one-photon transition is
forbidden for a spherically symmetric system. The expres-
sion was obtained for the power density of luminescence
excited by bichromatic laser radiation, which takes into
account the saturation of the excited transition. The atomic
dynamics is described in this expression by the scalar part of
the tensor of light scattering with simultaneous excitation of
an atom, which also determines the Raman scattering cross
section.

It was shown that the type of luminescence modulation
caused by the alternating electric field substantially depends
on the bichromatic phase ¢ =2¢, — ¢,, the modulation
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parameter p (16), and the intensity of monochromatic
components of pump radiation. The highest modulation
coefficient is obtained at moderate intensities of the laser
field [without saturation of the excited atomic transition,
when condition (12) is fulfilled] and the values of the
bichromatic phase and parameter p at which interference
between the channels upon excitation of an atom is
maximal. In the saturation regime, the modulation coeffi-
cient drastically decreases, except narrow regions of
variation in the low-frequency phase y = Q¢, where the
probability of the process is close to zero due to the
destructive interference between excitation channels.

It was found that the parameters of the problem required
for observing luminescence modulation such as the frequen-
cies and intensities of monochromatic components of
radiation and the strength of a low-frequency electric
field lie in the easily accessible region of values.

The process studied in the paper can be considered as a
new type of the phase coherent control of excitation of
atoms in a discrete energy spectrum, whose practical
application is facilitated by the luminescent detection
method.

References

1. Ehlotzky F. Phys. Rep , 345, 175 (2001).

2. Shapiro M., Brumer P. Rep. Prog. Phys., 66, 859 (2003).

3. Baranova N.B., Beterov .M., Zel’dovich B.Ya., Ryabtsev L.I.,
Chudinov A.N., Shul’ginov A.A. Pis’'ma Zh. Eksp. Teor. Fiz., 55,
431 (1992).

4. Cavalieri §, Eramo R., Fini L. Phys. Rev. 4, &5, 2941 (1997).

5. Fifirig M., Cionga A. Eur. Phys. J. D, 15, 33 (2001).

6.  Kuchiev M.Yu . Ostrovsky V.N. Phys. Rev. A, 59, 2844 (1999).

7.  LuS.P, Park SM., Xie Y., Gordon R.I. J. Chem. Phy: , 9, 6613
(1992).

8. Sheehy B., Walker B., DiMauro L.F. Phys. Rev. Lei!., 74, 4799
(1995).

9.  Baranova N.B., Zel’dovich B.Ya., Chudinov A.N.,

Shul’ginov A.A. Zh. Eksp. Teor. Fiz., 98, 1857 (1990).

10.  Astapenko V.A., Buimistrov V.M. J. Phys. D: Appl. Phys., 306,
1371, (2003).

11.  Hache A., Kostoulais Y., Atanasov R., et al. Phys. Rev. Leit., 78,
306 (1997).

12.  Ghalim M., Mastour F. /. Phys. B, 32, 3783 (1999).

13.  Milosevic D.3., Starace A.F. J. Phys. B, 32, 1831 (1999).

14.  Jaron A., Kammsli J.Z., Ehlotzky F. J. Phys. B, 34, 1221 (2001).

15.  Astapenko V.A. Kvan'ovaya Eleiciron., 35, 541 (2005) [ Quantum
Electron., 35, 541 (2005)].

16. Astapenko V.A., Dozortsev V.E. Izv. Vyssh. Uchebn. Zaved., Ser.
Fiz., (4), 7 (2005).

17.  Radzig A.A., Smirnov B.M. Parametry atomov i atomnykh
ionov (Parameters of Atoms and Atomic Ions) (Moscow:
Energoatomizdat, 1986).

18.  Sobel’'man LI. Vvedenie v teoriyu atomnykh spektrov
(Introduction to the Theory of Atomic Spectra) (Moscow: Gos.
Izd. Fiz.-Mat. Lit., 1963).

19. Rapoport L.P., Zon B.A., Manakov N.L. Teoriya
mnogofotonnykh protsessov v atomakh (Theory of Multiphoton
Processes in Atoms) (Moscow: Atomizdat, 1978).

20. Delone N.B., Krainov V.P. Atom v sil'nom svetovom pole (Atom
in a Strong Light Field) (Moscow: Energoatomizdat, 1984).


http://dx.doi.org/10.1070/QE2005v035n06ABEH003422
OMIS
���/0	�)' ?��� ���
����˘� ˇ��ˆ���
�, &', �#˙ -����. D ˜��
���
ˇ��
���
�, &', �#˙ -����.E�

http://dx.doi.org/10.1016/S0370-1573(00)00100-9
OMIS
˜%&'�()* +� !�˘�� ˛���, &*', ˙˝� -���˙.�

http://dx.doi.org/10.1088/0034-4885/66/6/201
OMIS
�%/01
' 2�, !
��	
 �� ˛��� !��"� !�˘��, ,,, ��3 -���
.�

http://dx.doi.org/10.1103/PhysRevA.55.2941
OMIS
�/ /&1	
1 ��, ˜
/�' 9�, +1�1 ;� !�˘�� ˛��� ˚, '', �3#˙ -˙33˝.�

http://dx.doi.org/10.1007/s100530170180
OMIS
+1<1
1: 2�, �1'�:/ �� ˇ��� !�˘�� (� ), ˘', 

 -���˙.�

http://dx.doi.org/10.1103/PhysRevA.59.2844
OMIS
>�7%1	 2�8��, ˇ��
' �)* ?�4� !�˘�� ˛��� ˚, '-, ��## -˙333.�

http://dx.doi.org/10.1063/1.462600
OMIS
;� ����, �/
) ��2�, @1	 8�, A'
�'� 9�B� (� *���� !�˘��, -,, ==˙

-˙33�.�

http://dx.doi.org/10.1103/PhysRevLett.74.4799
OMIS
�%		%* !�, C/&)	
 !�, ˘12/�
' ;�+� !�˘�� ˛��� +����, .*, #˝33
-˙33�.�

http://dx.doi.org/10.1088/0022-3727/36/12/303
OMIS
���/0	�)' ?���, !�1�1��
' ?�2� (� !�˘�� )� ˚���� !�˘��, &,,
˙
˝˙, -���
.�

http://dx.doi.org/10.1103/PhysRevLett.78.306
OMIS
"/7%	 ��, >'��'�&/� 8�, ��/�/�' 9�, 	� /&� !�˘�� ˛��� +����, ./,

�= -˙33˝.�

http://dx.doi.org/10.1088/0953-4075/32/15/310
OMIS
A%/&1� 2�, 2/��'�
 +� (� !�˘�� ,, &ˆ, 
˝�
 -˙333.�

http://dx.doi.org/10.1088/0953-4075/32/8/305
OMIS
21&'�	 17 ˘�!�, ��/
/7	 ��+� (� !�˘�� ,, &ˆ, ˙�
˙ -˙333.�

http://dx.doi.org/10.1088/0953-4075/34/7/306
OMIS
B/
'� ��, >/�1��)1 B�5�, ˜%&'�()* +� (� !�˘�� ,, &*, ˙��˙ -���˙.�



<<
  /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


